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Manufacture of Ammonia & Urea in IFI, Cobh 
 
Option 1a of the syllabus deals with Industrial Chemistry. Eight class periods are 

recommended. 

Option 1A .1: The General Principles of Industrial Chemistry (3 periods). This 

looks at the characteristics of effective and successful industrial processes. 

Option 1A .2: A Case Study (5 periods) of one of three Irish industrial processes: 

 

1) Manufacture of Ammonia (NH3)  and Urea (CO(NH2)2) by IFI 

in 

          Cobh. 

2) Manufacture of Nitric Acid (HNO3) and Calcium Ammonium 

      Nitrate (CAN) by IFI in Arklow. 

3) Manufacture of Periclase (MgO) by Premier Periclase in  

          Drogheda. 
It is strongly  recommended that students visit a local plant. 

 
General Principles of Industrial Chemistry 
 
Section 1A.1 of the syllabus states that when undertaking a case study of a particular 

chemical industry, the following ten characteristics must be studied: 

1) Feedstock (raw materials, preparation). 

 

2) Rate (temperature and pressure variables, catalysts etc.). 

 

3) Production Yield (temperature and pressure variables,   

           catalysts). 

 

4) Co-Products (separation of, disposal or sale). 
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5) Waste Disposal and Effluent Control (waste water treatment,  

           emission control). 

 

6) Quality Control. 

 

7) Safety (monitoring of hazards, safety features, safety training on  

           on site). 

 

8) Costs (fixed costs, variable costs, cost reduction by use of heat  

          exchangers, catalysts, recycling and selling of useful  

          co-products, cost of waste disposal).  

 

9) Site Location. 

 

10) Suitable Materials for the Construction of a Chemical Plant  
(unreactive, resistant to corrosion). 
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Manufacture of Ammonia by IFI in Cobh, Co. Cork 
 
In 1979 NET established a combined ammonia and urea plant at Marino Point near 

Cork using natural gas from the Kinsale gas field.  

 

Type of process 
 
The process is continuous, with the raw materials being fed in continuously and the 

ammonia being continuously produced. 

Feedstock : Raw materials are purified and may also have to undergo chemical 

reactions in order to form the feedstock, from which the products are made. 

 

1) Feedstock (raw materials, preparation) 
 

The raw materials are compressed air, natural gas and water. 

Compressed air is the source of nitrogen; natural gas and water are the sources of 

hydrogen. 

The air is filtered beforehand to remove dust. The water is passed through ion 

exchange resins to deionise it. The sources of methane are the Kinsale gas field and 

North Sea gas. A typical natural gas analysis from the Kinsale field is as follows: 

CH4 (99%) 

C2H6 and C3H8 (0.3%)  

Inert gases (N2,  He, Ar) 0.7%. 

The gas is piped underwater to Inch beach in East Cork, from where Bord Gais 

supplies it by underground pipeline to IFI. 

Natural gas is odourless, so for safety reasons Bord Gais adds a tiny amount of 

mercaptans which contains sulfur (9 ppm) to ensure the gas is detectable. 

 
Removal of Sulfur From Natural Gas 
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Since the active sites on the catalysts are easily poisoned, IFI’s first step must be to 

remove the sulfur compounds from the natural gas. This is brought about by mixing 

the incoming gas with hydrogen (recycled from later on in the process) and passing it 
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over a cobalt/nickel/alumina catalyst. Hydrogen sulfide is formed and removed by 

reaction with zinc oxide. 

ZnO(s) + H2S(s) →  ZnS + H2O(g) 

 

Primary Steam Reforming 
 
Methane gas is heated with steam in the presence of a catalyst to produce hydrogen. 

In this reaction 90% of the methane gas is consumed. The reaction occurs by 

introducing methane and steam into a reforming furnace. This furnaces contains 520 

catalyst filled tubes and is fired by 198 forced draught burners. 

           CH4(g) + H2O(g)                 CO(g) + 3H2(g)      ∆H= +210 kJ/mol  

 

Secondary Reforming 
 
The remaining 10% of the methane is then reacted with air in a refractory- lined 

vessel in the presence of heat and a catalyst.  

                               
             CH4 + 2O2 → CO2 + 2H2O           ∆H = - 

The gases leaving this stage now are  

• hydrogen (produced in reaction 1),  

• nitrogen (obtained by removing oxygen from the air in the above reaction) 

and, 

•  some carbon monoxide and carbon dioxide. These carbon oxides must be 

removed because they would poison the active sites on the catalyst used in the 

production of ammonia. 

To arrive at the pure feedstock (hydrogen and nitrogen), the following steps 

remove the oxides of carbon. 

 

Removal of Carbon Monoxide  
 
           CO(g) + H2O(g)                CO2(g) + H2(g)           ∆H = - 
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This reaction is carried out using heat and a catalyst. The amount of CO is reduced to 

0.2%. 
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An advantage of this reaction is the extra hydrogen production. This is another 

exothermic reaction, so it allows for more heat recovery, again emphasising the 

thermal efficiency of the ammonia process. 

 

Removal of CO2 
 
The gas is scrubbed with a hot potassium carbonate solution under high pressure and 

high temperature.            

CO2(g) + K2CO3(aq) + H2O(l) → 2KHCO3(aq) 

The potassium hydrogencarbonate solution is then removed. 

 

Methanation 
 
The gas mixture leaving the absorption column is then catalytically hydrogenated. 

The aim is to convert any remaining CO and CO2 into methane. Methanation is 

necessary as even trace amounts of CO and CO2 would poison the catalyst in the 

ammonia synthesis. 

 CO9g) + 3H2(g) → CH4(g) + H2O(g)          ∆H = - 210 kJ 
 
  
This is the reverse of the steam reforming process and is exothermic. The gas mixture 

is now ready for ammonia synthesis. The mixture is composed of 24.7% N2, 74% H2, 

1% CH4 and 0.3% inert gases (e.g. Ar). 

 

 

2) Rates and   3) Product Yield 
 
 N2 + 3H2                 2NH3  ∆H = - 

In theory to obtain a high yield of ammonia from this exothermic reaction, the 

favourable conditions are low temperature, high pressure and the presence of a 

catalyst. However, to achieve an acceptable rate of reaction, a compromise is reached 

whereby a higher temperature, high pressure and a catalyst is used. 
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 High pressure (100 to 200 atm) is achieved using a large steam driven compressor. 

A catalyst of finely divided iron is used. Catalyst promoters are also used. High 

temperature is used.  

 

Only 17% of the nitrogen and hydrogen react to form ammonia. The unreacted 

nitrogen and hydrogen is recycled back into the reaction vessel. The ammonia is 

cooled, liquefied and stored at -33°C at atmospheric pressure or is sent directly to the 

urea plant. 

 
1500 tonnes of ammonia are produced everyday at Marino Point. 40% of this is used 

to make urea on site. The remainder goes by train to Arklow or by ship to Belfast. 

 

4) Co-Products 
 

The co-product  in the synthesis of ammonia is carbon dioxide. It is removed from the 

synthesis gas as potassium hydrogencarbonate. To release the carbon dioxide the 

potassium hydrogencarbonate solution is heated and the pressure is reduced. 

 2KHCO3(aq) → CO2(g) + H2O(l) + K2CO3(aq) 

Uses of carbon dioxide: It is used for the manufacture of urea on site and sold to soft 

drinks manufacturers and breweries. 
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Manufacture of Urea by IFI in Cobh 

Urea Production in IFI 

1) Feedstock 
 
Anhydrous ammonia and potassium hydrogencarbonate solution are the raw materials, 

both of which are produced in IFI, Marino Point. The potassium hydrogencarbonate 

solution is heated and the pressure is reduced. This releases the carbon dioxide  

 2KHCO3(aq) → CO2(g) + H2O(l) + K2CO3(aq) 

The feedstock is ammonia and carbon dioxide. 

 

2) Rates and  3) Product Yield 
 

Ammonia and carbon dioxide react to form ammonium carbamate. A high temperature 

and pressure favour a higher reaction rate, but to obtain a high yield of ammonium 

carbamate  low temperature and high pressure are needed. Hence a compromise is 

reached.  

This reaction takes place in the carbamate condenser. It is carried out at high pressure to 

push the reaction forward and the heat produced by the exothermic reaction is removed 

as it is formed to ensure completion of the reaction.   

 2NH3 + CO2                 ΝΗ2COONH4                              ∆Η = − 

   

The next reaction occurs in the urea reactor. Ammonium Carbamate loses water to form 

urea. 

 NH2COONH4                 CO(NH2)2 + H2O         ∆Η = + 
 
This is a slow reaction and must be carried out at high temperature to make it 

economical. Since it is an endothermic reaction anyway, high temperature favours it. 

Steam is used to provide the heat needed for this reaction. 

The solution formed in the urea reactor contains urea, ammonium carbamate and water. 
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The residual ammonium carbamate is decomposed into ammonia and carbon dioxide by 

heat and these are released as gases, which are recycled to the carbamate condenser, 

where they react.  

 

Concentration of the Aqueous Urea 
 
The solution of urea is transferred to an evaporator, where the water is evaporated under 

vacuum to give molten urea. 

 

Prilling of the Urea Melt 
 
The molten product is sprayed downwards from the top of a tall prill tower (50m) against 

the upward flow of air. Air is drawn up through the tower by fans in the roof. The cool 

air solidifies the urea into prills (very small spherical particles).  

 

4) Co-Products 
 
There are no co-products. 

 

STAGES 5 TO 10 REFER TO THE PRODUCTION OF BOTH 

AMMONIA AND UREA. 
 

5) Waste Disposal and Effluent Control 
 
Waste water treatment at IFI is carried out within the plant to facilitate recycling of the 

ammonia and carbon dioxide back into the production stream. Ammonia plant effluent is 

treated with ion exchange resins where ammonia is replaced by hydrogen ions and carbon 

dioxide is replaced by hydroxide ions.  A total of 255 m3 of water per hour is recovered, 

treated and reused in this way. 

Urea plant effluent is treated with steam to hydrolyse urea to ammonia and carbon 

dioxide, which is then recycled. 
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Air emissions are monitored for the presence of ammonia, oxides of nitrogen and urea 

dust. 

 

   Emissions include: 

a) Carbon dioxide, which is emitted to the atmosphere; 

b) Steam, emitted through steam vents; 

c) Nitrous oxides (flue gases); 

d) Ammonia, which is flamed and emitted as nitrogen; 

e) Water, removed from the urea in the evaporator and from washing the ion 

exchangers in the demineralising plant  

 

6) Quality Control 
 
Detailed analyses of the gas mixtures at all stages of the ammonia and urea production 

are carried out using gas chromatography and infra red spectroscopy. This is done to 

monitor the performance of the catalysts in particular. 

 

7) Safety 
 
There are two alarm systems, a fire alarm and an alarm to indicate gas release. Part of the 

workforce is specifically trained in first aid and fire fighting. The site is designed so as to 

allow access by vehicles (e.g. fire engines) to central parts of the plant. 

 

8 ) Costs 
 
Water 
4.5 million litres of fresh water is needed everyday. This is bought from the local council. 
 
Cost Reduction 
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Cost reductions are achieved by recycling in both processes and by the sale of the useful 
co-product carbon dioxide in the case of the ammonia process. The use of heat 
exchangers and catalysts also help to reduce costs. 
 
 
Heat Exchangers 
 
Some of the reactions are exothermic, e.g. ammonia synthesis. The heat is recovered 
using heat exchangers. A heat exchanger is a collection of tubes in a circle with water in 
them. The tubes are then surrounded by the hot gas (or liquid).  
 
The heat is recovered by producing approximately 300 tonnes per hour of steam at 100 
atm of pressure in a number of high pressure boilers. This provides the steam required for 
the reaction in the primary reformer, and also is a source of power for operating some 
process equipment in the plant. Approximately 45 MW of power is provided in this way. 
This is equivalent to the electrical consumption of a town like Tralee. 
 
 
 Catalysts 
 
Recent developments in technology have resulted in manufacturers producing more 
effective catalysts, which allow the reactions to occur at lower temperatures and so 
reduce costs. 
 
 
 
Fixed costs are those that do not depend on the level of production. These include labour 
costs and the cost of plant depreciation and repayment of loans. Variable costs depend on 
the level of production. They include the costs of raw materials, heat and electricity, and 
the costs of waste disposal. 
 
 Natural Gas 
 
Up to the year 2000 all the natural gas was obtained from Kinsale, but this has begun to 
run out, so now some of it is obtained from the North Sea. The cost of the gas has 
therefore increased due to increased transport costs. 
 
 
9) Site Location 
 
Why Marino Point? 

1) Convenient Supply of natural gas from the Kinsale field.  
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2) Good supply of skilled personnel in the Cork area. 

3) There is a sea water cooling system available. 

4) Transport of products easy.  

The adjacent railway line is used to transfer ammonia to Arklow. There is a jetty to ship 

products to Belfast and to the export markets. Marino Point is situated in a deep water 

harbour, so ships up to 25,000 tonnes can be used. 

 

 

10) Construction Materials 
 
Mild steel on a deep solid concrete foundation is used in some parts of the plant. 

Stainless steel with a very high specification is used in parts of the plant like compressors 

and reaction chambers, so that corrosion can only occur at a very slow rate.  

 

 

Uses of Ammonia 
 

1) Manufacture of urea. 

2) Manufacture of nitric acid. 

3) Manufacture of fertilisers. 

 

Uses of Urea 
 

1) Used on runways as a non-corrosive de-icer. 

2) Manufacture of MDF (medium density fibreboard). 

3) Used as a nitrogenous fertilisers. 

 

Industrial Synthesis of Ammonia 
Natural Gas 
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Desulfurisation 
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