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Nitric Acid Production 
The first part of the nitric acid process involves the reaction of ammonia and air under pressure 
over rhodium-platinum gauze to give nitric oxide: 

4NH3 + 5O2  4NO + 6H2O 

After the process gases have been cooled in a series of heat exchangers, boilers and steam 
super-heaters, they pass into an oxidizing adsorption tower where, with air and water, they react 
to form nitrogen dioxide and subsequently nitric acid. 

2NO + O2    2NO2 

3NO2 + H2O    2HNO3 + NO 

The residual nitric oxide is, in practice, re-oxidized to nitrogen dioxide for further conversion to 
nitric acid. There is an economic limit to the size of the absorption tower that is practical and the 
adsorption efficiency achieved is generally in the range 98.2 to 99.3%. It is the residual 
concentrations of nitrogen dioxide and nitric oxide (commonly referred to as NOx) that give rise to 
the pollution problem in the vent stack.  

Case No. 601: Reducing NOx Emissions from Nitric Acid 

Manufacturing Plants with NOx Abatement or NSCR 

NOx Abatement is a Non-Selective Catalytic Reduction (NSCR) technology that has a long and 
proven track record for controlling NOx emissions from nitric acid manufacturing plants.  It can be 
used to alter the NO to NO2 balance (decolorization) or to eliminate NOx through catalytic reaction 
with a fuel as a reductant. 
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NOx Pollution 
Nitrogen dioxide (NO2) is a red-brown acidic gas with a pungent odor, whereas nitric oxide (NO) 
is colorless and odorless but is oxidized by the oxygen in air to form nitrogen dioxide. The toxic 
effects of nitrogen dioxide are well documented. For example, human exposure to 300 ppm of 
NO2 may cause fatal bronchopneumonia. Long-term exposure of plant life to NO2 levels below 
1ppm can cause leaf damage and decreased fruit yield. 

Example of NOx emissions prior to application of NSCR abatement technology 
The effluent gas from a typical nitric acid plant of 385 tons/day capacity has a volume of about 
20,000 scfm (34,000 Nm

3
/hr) with a typical composition in the following range: 

NOx: 0.3 – 0.8% 

Oxygen: 2 – 3% 

Nitrogen, water:  Balance 

Expressed in weight terms, the total NOx emissions would be over five tons/day. 

NOx Removal 
After the gases leave the absorption tower, they possess considerable energy at plant pressure 
up to eight atmospheres. This energy is recovered on passing through an expansion turbine; the 
rotational energy is normally used to drive the plant’s compressor. Several methods exist by 
which tail gas NOx concentration can be reduced to more acceptable levels. 

Absorption 
By increasing the size of the plant’s absorption tower its efficiency may be increased. This 
generally requires a high capital outlay, particularly for an existing plant, and this outlay is not 
compensated by the small increase in nitric acid production that results. 

Catalytic Combustion 
The catalytic reduction of NOx to nitrogen gas takes place on a catalyst such as platinum or 
rhodium on a ceramic honeycomb support or alumina pellets or nickel-chromium alloy ribbon. 

The catalytic method for removing the NOx is based on the reaction of NOx with a fuel to give a 
colorless and harmless exhaust containing nitrogen and water. The reducing fuel is generally 
determined by availability and price.  Typical fuels are hydrogen (for example ammonia synthesis-
loop purge gas or refinery off-gas), light naphtha, methane (natural gas) or LPG (butane or 
propane). 

The tail gas from the plant’s absorption tower is pre-heated in the heat exchangers using the hot 
gases from the rhodium-platinum ammonia-oxidation gauze to a temperature which is dependent 
on the design of the plant and the fuel used. The minimum inlet temperature required for high 
NOx conversion with specially developed catalysts are shown below for commonly used fuels: 

Hydrogen 390°F 

Naphtha, LPG  660°F 

Natural Gas  890°F 
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The fuel gas is introduced into the exhaust or tail gas stream and a homogeneous mixture of tail 
gas and fuel passes into a reactor containing a bed of catalyst as shown below: 

 

Johnson Matthey NOx Abatement catalyst consists of PGM (platinum group metals) deposited 
onto ceramic honeycomb monoliths. The catalyst bed comprises several layers of catalyst blocks. 
The reaction taking place on the catalyst involves the reaction of the fuel with oxygen and NO2, 
reducing the NO2 to NO or to nitrogen. These reactions are referred to as the decolorization 
reactions and depend on the type of fuel used. 

“Decolorization” Reactions: 

CH4 + 4NO2   CO2 + 2H2O + 4NO 

H2 + NO2    H2O + NO 

C4H10 + 13NO2  4CO2 + 5H2O + 13NO 

In the past, plants were designed where sufficient fuel was added to raise the temperature of the 
tail gas for the purpose of increasing the amount of power recovered at the expansion turbine.  
The higher temperature also resulted in the added bonus of decolorizing the exhaust.  While the 
decolorization does not reduce the total acidity of the tail gas, it does improve the appearance of 
the plant. However, no new plants are being built with decolorization. 
 
The abatement of NOx does not commence until all of the oxygen in the exhaust is consumed by 
the fuel to achieve a reducing environment.  These reactions will depend on the type of fuel used. 
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“Abatement” Reactions: 

CH4 + O2 
 
2H2 + O2 
 
2C4H10 + 13O2 
 
CH4 + 4NO 

 
 
 
 
 
 
  

CO2 + 2H2O 
 
2H2O 
 
8CO2 + 10H2O 
 
CO2 + 2H2O + 2N2 

2H2 + 2NO  2H2O + N2 

C4H10 + 13NO   4CO2 + 5H2O + 6-1/2N2 

Provided that a sufficient quantity of fuel is added to react with the oxygen and the NOx, the 
gases leaving the catalyst reactor will consist almost entirely of nitrogen gas and water vapor. 
The advantages of operating a fuel-rich system are lower light-off temperature and higher 
conversion efficiency when compared to operation under decolorizing or oxidizing conditions. 

The reaction of the fuel gas with the oxygen in the tail gas is, of course, an exothermic reaction 
and the gas leaves the catalyst at an elevated temperature. This temperature rise or exotherm is 
proportional to the oxygen content of the tail gas.  As a general rule, the following exotherm can 
be used for each one per cent of oxygen that is burned with the chosen fuel: 

Hydrogen   300°F 

Methane, naphtha, butane, propane   230°F 

This exotherm limits the amount of oxygen that can be removed in a single stage. Since there is a 
maximum temperature that can be tolerated by the catalyst, the applicability of this catalytic 
process will depend on the oxygen content of the stream.  The maximum oxygen content can be 
calculated by subtracting the inlet temperature required with the chosen fuel from the maximum 
permissible operating temperature of 1400°F and dividing by the temperature rise obtained if 1% 
oxygen were burned with that fuel. For example, with hydrogen fuel and inlet temperature of 
400°F, the maximum temperature rise is 1000°F and the maximum permissible oxygen 
concentration is 3.12%. 

Catalyst Form 
Depending on the degree of NOx abatement required and the type of fuel available, the 
composition and form of the catalyst used for the above reactions is chosen to provide maximum 
efficiency of fuel combustion and maximum catalyst life. 

The advantages of using ceramic honeycomb supported catalysts over pelleted or metal ribbon 
catalysts for gas-phase reactions such as those required for odor and NOx removal are compact 
reactor design, high conversion, low pressure drop and long catalyst life.  These advantages 
have led to widespread use of honeycomb-based systems for the removal of NOx from nitric acid 
plant tail gas streams. 

Johnson Matthey NOx abatement catalysts contain platinum (Pt), which has high stability and 
activity and inhibits carbon formation under reducing conditions.  The catalyst formulation is 
particularly important when methane is used as the reductant because the methane molecule is 
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difficult to oxidize due to its high stability. For methane combustion, a specialized catalyst 
formulation was developed, which combines high activity with resistance to carbon formation. 

NOx Abatement Operating Guidelines 
Economics dictates that operators use whatever fuel is available for the NOx abatement reaction.  
In the following example, operating guidelines are provided for typical tail gas composition and 
typical fuel composition for a typical NOx Abatement process: 
 

Typical Tail Gas Conditions 

Flow Rate 5,000 – 50,000 SCFM 

Pressure 70 – 120 PSIG 

O2 0.5 – 3.0% (v) 

NOx 0.3 – 0.8% (v) 

N2 Balance 

  
Typical Fuel Gas Composition 

Natural Gas: Volume % 

CH4 94 

C2H6 3 

CO2 1.5 

N2 1.5 

  

Ammonia Purge Gas:  
H2 60 

NH3 1 

CH4 10 

Ar 6 

N2 23 

  
NOx Abatement Operating Guidelines 

 Hydrogen purge Natural Gas 

Min. operating temp. 400°F 900°F 

Exotherm generated 
(max. catalyst outlet temp. of 

1400°F) 

 
300°F per 1% O2 

 
230°F per 1% O2 

Exotherm generated per 1000 
ppm NOx 

 
20°F 

 
20°F 

Recommended fuel usage 2.2% per 1% O2 
0.22% per 1000 ppm NOx 

0.55% (as CH4) per 1% O2 
0.055% per 1000 ppm NOx 

Total pressure drop across the 
catalyst 

 
< 1 PSIG 

 
< 1 PSIG 

 


