
 

 
 

CHEMICAL INDUSTRIES               09 SEPTEMBER 2014 

 
Lesson Description 

In this lesson we: 

● discuss the Contact process 
● discuss the Haber process 
● discuss the Ostwald process 
● discuss how fertilizsers are made 
● discuss the impact and use of fertilisers 

 

 
Summary 

Sulphuric Acid 

The Contact Process 

Step 1:  Sulphur is burnt in oxygen. 

S (s) + O2 (g)  SO2 (g) 

Step 2:  Sulphur dioxide is further reacted with oxygen in contact with a vanadium pentoxide catalyst 
to form sulphur trioxide.  

SO2 (g) + O2 (g) ⇌ 2 SO3 (g) (V2O5 catalyst) 

This is a reaction that is governed by equilibrium principles. 

 Temperature: Exothermic reaction. Lowering the temperature shifts the equilibrium to the 
right. However, lower temperature also slows the reaction down so an optimum temperature 
must be found (723 K) 

 Pressure: 3 molecules on the left and 2 molecules on the right, therefore, high pressure 
favours the forward reaction. (1 atm is good enough without unnecessary high cost for high 
pressure reaction vessels) 

 Concentration: Sulphur(VI)oxide is continuously removed, to reduce concentration and shift 
the equilibrium to the right. The sulphur(VI)oxide is dissolved in water to form sulphuric acid. 

Step 3:  Sulphur trioxide is then added to sulphuric acid (note only 1 molecule) to form pyrosulphuric 
acid/fuming sulphuric acid/oleum 

SO3 (g) + H2SO4  H2S2O7 

Step 4: Pyrosulphuric acid is mixed with water and sulphuric acid is formed (note 2 molecules). One 
molecule of sulphuric acid is ‘invested’ to make two molecules. 

H2S2O7 + H2O  2 H2SO4 

Uses of sulphuric acid 

 drying agent – used by chemical engineers to mop up water. 

 electrolyte in car batteries (lead accumulator batteries). 

 recovery of metals such as uranium and copper. 

 clean metal surfaces. 

 produce fertilisers. 

Sulphate salts are often added to fertilisers especially in the form of ammonium sulphate and 
potassium sulphate. 

  



 

 
 

Ammonia 

Ammonia is produced by means of the Haber process. This process is also governed by equilibrium 
principles. 

Haber Process 

N2 (g) + 3 H2 (g) ⇌ 2 NH3 (g) (iron oxide catalyst)  ΔH = -46 kJ.mol
-1

 

 Temperature: Exothermic reaction. Lowering the temperature shifts the equilibrium to the 
right. However, lower temperature also slows the reaction down so an optimum temperature 
must be found (600 K - 800 K) 

 Pressure: 4 molecules on the left and 2 molecules on the right; therefore, high pressure 
favours the forward reaction. (350 atm) 

 Concentration: Ammonia is continuously removed, to reduce ammonia concentration and 
shift the equilibrium to the right. 

Uses of ammonia 

 as a cleaning agent when dissolved in water. 

 in the manufacture of fertilisers. Ammonium salts are highly soluble in water so they can be 
dissolved and absorbed by plants, thus making nitrogen available to the plant. 

 in the manufacture of ammonium carbonate used in the textile industry. 

 in the manufacture of nitric acid. 

Nitric Acid 

Nitric acid is produced by the Ostwald process. 

The Ostwald Process 

Step 1: Ammonia is oxidised to nitrogen monoxide and water (Catalytic oxidation of ammonia) 

4 NH3 (g) + 5 O2 (g)  4 NO (g) + 6 H2O 

Step 2: Nitrogen monoxide is further oxidised to nitrogen dioxide 

2 NO (g)+ O2 (g)  2 NO2 (g) 

Step 3:  Nitrogen dioxide is then added to water from the first step and oxygen to make nitric acid. 

4 NO2 + 2 H2O + O2   4 HNO3 

Nitrate salts are highly soluble in water and, therefore, assist in allowing nitrogen to be absorbed by 
plants 

Challenges for the Chemical Industry 

 safety issues regarding the transport of chemicals. 

 pollution control. 

 waste disposal. 

 energy consumption. 

The Fertiliser Industry 

Commercial fertilisers are described in terms of their relative proportions of nitrogen (N), phosphorus 
(P) and potassium (K). 

NPK numbers are printed on fertiliser bags. 

E.g  5:13:5  (26)  means the content of the bag is  

 5 parts out of 23 nitrogen (N) 

 13 parts out of 23 phosphorus (P) 

 5 parts out of 23 potassium (K) 

 26% of the bag is fertilizer, thus 74% is filler 

  



 

 
 

Sources of Potassium 

Salts containing potassium are referred to as POTASH when used as fertilisers. Mined potassium 
salts, such as KNO3 and K2SO4 are used. 

Sources of Phosphorus 

 Bone meal that was acidified to yield phosphoric acid H3PO4 

 Mined calcium phosphate Ca3(PO4)2.  Calcium phosphate is insoluble in water and cannot be 
absorbed by plants.  Calcium phosphate is treated with sulphuric acid to yield water soluble 
superphosphate that can be absorbed. 

Ca3(PO4)2  +  H2SO4  →  2CaSO4 +  Ca(H2PO4)2 

Eutrophication 

Extensive utilisation of fertilisers leads to pollution of surface and ground water and eutrophication of 
lakes, dams and rivers. This is mainly due to fertiliser wash off 

Eutrophication is caused by excess phosphates and nitrates in rivers, lakes and dams.  

Phosphates promote the growth of algae which cover the surface of the water and kill aquatic plants 
below.  

Bacteria decompose the dead aquatic life causing oxygen levels in the water drop to such a low level 
that aquatic animals suffocate and die.  

 
Test Yourself 

Select the most correct answer from the options given. Write down only the correct letter 

Question 1 

Nitrogen, phosphorus and potassium are ingredients in fertilisers.  They are essential nutrients for 
plant growth and have the following functions: 

 Nitrogen – for rapid growth and green leaves 

 Phosphorus – for strong roots and flower development 

 Potassium – protects against cold and dry weather 

Your lawn has a well-developed root system.  You need a fertiliser that will provide nutrients for rapid 
growth and green leaves, and to protect the lawn during extreme dry conditions.  Which ONE of the 
following fertiliser mixtures will you use on your lawn? 

A. 7:1:1 
B. 1:1:5 
C. 2:5:1 
D. 8:1:5 

Question 2 

Eutrophication in water is caused by: 

A. Algae bloom 
B. A depletion of oxygen concentration 
C. Bacterial nitrogen fixation 
D. An increase in plant nutrients. 

  



 

 
 

Question 3 

Which ONE of the following correctly describes the initial product (s) formed during the industrial 
fixation of nitrogen? 

A. Ammonia 
B. Ammonium nitrate 
C. Nitrogen dioxide 
D. Nitrogen and hydrogen 

Question 4 

Which one of the following substances cannot be used as a fertiliser? 

A. Nitrogen gas 
B. Guano 
C. Bone meal 
D. Ammonium sulphate 

Question 5 

Which one of the following is a primary nutrient needed by plants? 

A. N 
B. C 
C. Mg 
D. Na 

 
Improve your skills 

Question 1  

(Adapted from DBE Feb – March Examination 2009) 

About one third of the protein by humans comes from fertilisers.  The flow diagram below shows three 
industrial processes, A, B and C, that result in the production of fertilisers.  

 

1.1. Write down the name of the Process A.       
1.2. Write down the balanced equation for the reaction which takes place in process B.  
1.3. Write down the balanced equation for step 2 of process C.   
1.4. Write down the formula and the name of product X in step 3 of process C. 
1.5. Write the formula and the name of the fertiliser represented by Y 
1.6. Fertiliser prices increased by more than 200% since 2007.  This rise is fuelled by new demand. 

1.6.1. Give two reasons why there is a continuous demand for fertilisers. 

1.6.2. Give two reasons why there is an increase in the price of fertilisers.    

 



 

 
 

Question 2 

(Adapted from DBE November Examination 2010) 

Ammonia, ammonium nitrate and ammonium sulphate are three important nitrogen-containing 
fertilisers.  The flow diagram below shows how these fertilisers are produced in industry. 

 

2.1. Use the information in the flow diagram above and write down the following: 
2.1.1. Name of Process 1.        
2.1.2. Balanced equation for Process 2.       
2.1.3. Name or formula of compound X.        
2.1.4. Balanced equation for the preparation of ammonium sulphate using sulphuric acid and 

compound Y.       
2.1.5. Name or symbol of the primary nutrient in ammonium sulphate.   

2.2. Write down one positive impact of fertilisers on humans.     
2.3. Write down two negative impacts of the use of ammonium nitrate, as fertiliser, on humans.  

Question 3  

(Adapted from DBE Feb - March Examination 2013) 

Different processes used in the preparation of fertilisers C and F are represented in the flow diagram 
below.  

 

3.1. Write down the name or formula of: 
3.1.1. Gas A          
3.1.2. Gas B          
3.1.3. Fertiliser F          

3.2. Sulphuric acid is used to prepare fertiliser C.   
Write down 
3.2.1. The name of the industrial process used to prepare sulphuric acid.    
3.2.2. A balanced equation for the preparation of fertiliser C.   

3.3. Gases D and E are prepared during the Ostwald process 
Write down the: 
3.3.1. Name given to the preparation of gas D form ammonia   
3.3.2. Balanced equation for the preparation of gas D.     
3.3.3. Name or formula of gas E.        


