
                                                 

 

Manufacture of Nitric Acid And Calcium Ammonium Nitrate in IFI, 

Arklow 
 

Introduction 
 
Option 1A of the syllabus deals with industrial chemistry. Option 1A.1 
is concerned with the general principles of industrial chemistry, which 
looks at the characteristics of effective and successful industrial 
processes. Option 1A.2 deals mainly with industrial case studies, where 
students are required to study one of three particular processes in detail 
in relation to the general principles. The characteristics that must be 
studied are as follows: 
Feedstock 
Rate 
Production yield 
Co-products 
Waste disposal and effluent control 
Quality control 
Safety 
Costs 
Site location 
Suitable materials for the construction of the plant 
In addition, the type of process (batch or continuous) and the uses of the 
product(s) must be identified. 
 
One of the case studies is concerned with the manufacture of nitric acid 
and calcium ammonium nitrate at IFI, Arklow. 
 
 
 
Manufacture of Nitric Acid. 
There are three stages in the production of nitric acid 

• The oxidation of ammonia, 

• The oxidation of nitrogen monoxide 

• The absorption of nitrogen dioxide in water. 
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Type of process 
The process is continuous, with the raw materials being fed in continuously and the 
nitric acid being continuously produced. 
 

1. FEEDSTOCK 
 

The raw materials are ammonia, which is made in IFI, Cork and transported to Arklow 

by train in pressurized tankers, air and fresh water. The air and ammonia are filtered to 

remove impurities, and the fresh water is deionised on site.  

Purified air, pure ammonia and deionised water are the feedstock. 

 

 

2. RATES OF REACTION and  3.  PRODUCT YIELD 
 
Oxidation of Ammonia 
The heart of the nitric acid plant is the catalytic reactor where the mixture of 
ammonia and air reacts to form nitrogen monoxide, on a Pt/Rh catalyst. The 
catalyst comprises several layers of fine Platinum-Rhodium (95%Pt and 5%Rh) 
mesh and the gases flow through this. 
  
 
 
   
       Pt/Rh 

4NH3(g) + 5O2(g)   →  4NO(g)  +  6H2O     ∆H = -903 kJ 
     890°C, 3-4 atm 

          
The catalyst gauzes are initially heated using a flaming bar, which uses hydrogen as 
the fuel. When the ammonia/air mixture containing 10.2% ammonia is passed over 
the catalyst, the reaction is very rapid and exothermic. Thus no further external 
heating of the catalyst is necessary. 
A pressure of 3-4 atm and an operating temperature of between 800 °C and 900 °C 
is used at the Arklow plant. These conditions help prevent any side reactions and 
approximately 95% conversion of ammonia occurs. 
 
 
Oxidation of Nitrogen Monoxide 
The second reaction is the oxidation of nitrogen monoxide to nitrogen dioxide.  
2NO(g)  +  O2(g)  →  2NO2(g)   ∆H = -115 kJ  
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50% of the nitrogen monoxide is converted to nitrogen dioxide as the gases are 
cooled, by passing through the boilers and the heat exchangers to the condenser. (As 
will be explained later, the unconverted nitrogen monoxide is oxidized to nitrogen 
dioxide during the final stage of the process.) In the cooler conditions of the 
condenser, the water formed in the oxidation of ammonia condenses and absorbs 
some of the nitrogen dioxide to form nitric acid. This acid is pumped into the 
absorption tower, in the final stage of the process. 
 
 
Absorption of Nitrogen Dioxide into Water 
The final reaction is the absorption of nitrogen dioxide in water. 
 3NO2(g)  +  H2O  →  2HNO3(aq)  +  NO(g)  ∆H = -16 kJ  
 
This is carried out in an absorption tower, which has trays at different levels. 
Deionised water is brought in at the top of the tower and cascades down through the 
trays as the gas is drawn upwards. In different trays, different concentrations of 
acid are formed. Nitrogen monoxide formed in the reaction will be oxidized to 
nitrogen dioxide providing sufficient air is present. 
 
The product contains approximately 60% nitric acid. 
 
The gas mixture entering the absorption tower still contains a large amount of 
nitrogen monoxide, formed in the first stage of the process, but not yet oxidized to 
nitrogen dioxide. In order to ensure complete conversion of this nitrogen monoxide 
to nitrogen dioxide, extra air is introduced at the bottom of the absorption tower. In 
fact sufficient air must be introduced to ensure that most of the nitrogen monoxide 
produced as a byproduct of the reaction between nitrogen dioxide and water in the 
absorption tower will also be oxidized to nitrogen dioxide. 
 
To maximize the yield of nitric acid, the temperature is kept low (50 °C) and the 
pressure high (9-10 atm) in the absorption tower.  The absorption of nitrogen dioxide 
in water forming nitric acid is 99.9% efficient. Therefore the yield of nitric acid from 
ammonia is 95 x .999 = 94.9%. 
 
 
4.  CO-PRODUCTS 
 

There are no co-products. 

 

 

 

 

                                                          3 



                                                 

 

 

Manufacture of Calcium Ammonium Nitrate (CAN) 
 

There is a granulation plant on site for the formation of calcium ammonium nitrate. There 

are two stages in the production of calcium ammonium nitrate 

• Formation of Ammonium Nitrate 

• Granulation 

 

 

Type of Process 

 This is a continuous process. 

 

  

1.    FEEDSTOCK 
The feedstock is ammonia, which comes from IFI, Cork, nitric acid that is made on site 

and limestone/dolomite, which comes from Kilkenny. 

 

 

2.    RATES and  3.   PRODUCT YIELD 
Gaseous ammonia and 60% w/w nitric acid react in a stainless steel vessel to produce an 

aqueous solution of ammonium nitrate (80%). 

 NH3(g)  +  HNO3(aq)     →   NH4NO3(aq)  ∆H = -92 kJ mol-1 

 

Concentration of the Aqueous Ammonium Nitrate 
The heat produced in the reaction will evaporate some of the water present from the nitric 

acid solution. The ammonium nitrate solution is also heated by steam in a heat exchanger, 

operating at reduced pressure. This concentrates the ammonium nitrate solution by 

evaporating the water and a 96%-99% ammonium nitrate solution is formed. 
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Formation of Granules of CAN (Calcium Ammonium Nitrate) 
To form granules of calcium ammonium nitrate, the hot ammonium nitrate solution is 

mixed with ground limestone/dolomite and recycled product at 180°C, in a granulator. 

The granules formed have a moisture level of 3%, which would lead to the final product 

caking or sticking together. Thus they are fed into a rotary dryer, where they are dried to 

a 0.2-0.3% moisture content in a hot current of air. To ensure easy spreading by the 

farmer, the granules must be in the range of 2-4 mm. The granules are screened to remove 

the oversized and undersized product. This is crushed and is recycled to the granulator.  

The granules are then cooled and coated with oil and china clay because the uncoated 

granules are hygroscopic. 

 

Calcium Ammonium Nitrate is no longer prepared by prilling. 
 
    4. CO - PRODUCTS 
 
There are no co-products. 

 

STAGES 5 TO 10 REFER TO THE PRODUCTION OF BOTH NITRIC 

ACID AND CALCIUM AMMONIUM NITRATE. 

 

5. WASTE DISPOSAL and EFFLUENT CONTROL 
 
Liquid effluent and air emissions from the plant must be monitored according to IFI’s 

integrated pollution control licence.  

• Air emissions are analysed for the presence of the oxides of nitrogen. 

• Liquid effluent is analysed for the presence of ammonia and nitrates. 

 

All gas emissions are measured.  A new 900 tonne/day nitric acid plant was installed in 

1992. This has more up to date technology than previous plants and as a result the NOx 

emissions have been reduced to below 200 ppm. The measurement of the concentration of 

the oxides of nitrogen in the exhaust gas and at ground level is based on the 
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chemiluminescence reaction between nitrogen monoxide and ozone. Energy is given out, 

the amount of which is proportional to the nitrogen monoxide concentration. 

  NO + O3 → NO2
* + O2 

  NO2
* → NO2 + Energy 

 

The analysis of ammonia and nitrates in the effluent is based on ion-selective and gas-

sensing probe techniques. These are continuous analysers. Samples of effluent are also 

taken off at intervals and analysed for ammonia and nitrates by titration. The pH and the 

level of suspended and dissolved solids in the final effluent discharge are also measured. 

The turbidity of the effluent is found by measuring the amount of light absorbed, which is 

proportional to the amount of suspended solids. 

 

 

When ammonium nitrate is concentrated, the water lost contains dissolved ammonia. An 

ammonia recovery plant in the CAN plant strips this ammonia. A counter current stream 

of air recovers 99% of the unused ammonia. The “clean” water is then used in the 

absorption towers for the manufacture of nitric acid, and the air, which is now laden with 

ammonia, is recirculated to the lower section of the tower where the ammonia reacts with 

nitric acid to form ammonium nitrate.  The ammonium nitrate is sent for use in the CAN 

plant. The clean air is recycled through the ammonia recovery plant. 

 

6.    QUALITY CONTROL 

• The gas streams at the nitric acid plants are analysed to determine the efficiencies 

of the oxidation of ammonia and of the absorption of nitrogen dioxide in water.  

• The fertilizer product is analysed for size and nitrogen content. There is an 

autoanalyser on site which uses colorimetry to analyse for example the % NPK of 

a sample. 
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7.   SAFETY 
The staff are trained in safety. There is a fire-fighting team and a first-aid team on site. 

There is a fire alarm, which is checked once a week and a special warble alarm sounds if 

there is a gas leak. An automatic safety shutdown is built into the plant. Any limits of e.g. 

temperature or pressure that are exceeded, automatically results in the plant being shut 

down.  

 

 

8.   COSTS 
Operating costs, which are the variable costs, i.e. costs which depend on the level of 

production, include:  

a) The cost of ammonia, 

b) The cost of the catalyst, which has to be replaced every sixteen weeks. 

Recovering the platinum as it falls off the gauze reduces the cost of the catalyst. 

c) The cost of the dolomite/limestone,  

d) The cost of pallets and plastic bags,  

e) The cost of electricity.  

 

Fixed costs, i.e. costs which do not depend on the level of production, include  

a) The cost of plant maintenance,  

b) Plant depreciation and, 

c) Labour. 

 

Cost reduction is achieved as follows: The heat produced by the three reactions during 

the formation of nitric acid is recovered in the waste-heat boiler to generate steam and the 

steam turbine drives the air compressor, thus reducing the cost of electricity. Deionised 

water is needed for the proper functioning of the heat exchangers on site. The cation and 

anion exchangers are regenerated daily using hydrochloric acid and sodium hydroxide. 

The mixed bed exchangers are regenerated once a week. 
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9.  SITE LOCATION 
 
Why Arklow? 

• The plant has a direct rail link for incoming ammonia.  

• Close access to the harbour means raw materials and products can be imported 

and exported easily.  

• It has a good road network for the transport of raw materials ( five truckloads of 

dolomite come daily from Kilkenny), and product. 

• Availability of a skilled workforce 

 

10.    CONSTRUCTION MATERIALS 
Stainless steel vessels are used due to the corrosive nature of the reactants. 

 

USE of NITRIC ACID 
• Manufacture of CAN on site 

 

USE of CALCIUM AMMONIUM NITRATE 
• Fertiliser 

 

 
 

RESOURCES 
1. Industrial Chemistry For Schools And Colleges Video, Royal Society Of 

Chemistry, Turpin Distribution Services Ltd, Blackhorse Rd., Letchworth, 

Herts SG6 1HN, England. Tel: 0044 1462 672555 

2. The Chemistry Teachers’ Handbook, Department Of Education And 

Science.  
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Manufacture of Nitric Acid – Flowchart 

 

RAW MATERIALS 

 

 

 

Ammonia Air Water 

 

FEEDSTOCK 

 
 
 
 
            

      
                                        
                 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
               In Absorption Tower 
 
            
 
          PRODUCT 

Filtered Ammonia Filtered Air Deionised Water 

Water Nitrogen Monoxide 

Nitrogen Dioxide 

Nitrogen Monoxide Nitric Acid 
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Manufacture of Calcium Ammonium Nitrate – Flowchart 

 
RAW MATERIAL 
          
  

Ammonia  Limestone/Dolomite 
 
 
                  
                   
FEEDSTOCK 
 
            
            
            
      
      Stainless Steel Vessel 
     
 
 
 
         
 
 
 
 
 
 
      
      Granulator 
        Oversized 
        And 
        Undersized 
       Granules 
        Crushed 
 
       Rotary Drier 
 
 
 
 
 
 
 
 

Filtered Ammonia Nitric Acid

80% Ammonium Nitrate  

Evaporation of H2O & Concentration of Solution to 
Produce 96 –99% Ammonium Nitrate 

Calcium Ammonium Nitrate Granules (3% H2O)  

Calcium Ammonium Nitrate Granules 

Calcium Ammonium Nitrate Granules Coated with 
Oil & China Clay (2-4 mm) 

Ground Limestone/Dolomite 
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