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Chemical Industries 
Key Concepts 
 

This lesson focuses on the following:  
 

• Fertilisers 

• Batteries 

• Chlor-alkali industry 
 

Terminology & definitions 
 

• Organic fertilisers – natural fertilisers derived from plants and animal remains, e.g., 
compost. 

•  Inorganic fertilisers – artificial fertilisers manufactured through chemical processes 
e.g., ammonium sulphate. 

• Primary nutrients – Nitrogen (N), Phosphorus (P) and Potassium (K). 

• Secondary nutrients – Calcium (Ca), Magnesium (Mg) and Sulphur (S) 

• Eutrophication – rapid blooming of aquatic plants resulting in the depletion of 
oxygen in the water, leading to the death of aquatic animals. 

• Battery – a number of cells connected together in series. 

• Primary cell – a cell that cannot be recharged. 

• Secondary cell – cell that can be recharged. 
 
X-planation of key concepts and terminologies 

Plants cannot absorb nitrogen, phosphorus and potassium as pure substances 
from the atmosphere and the ground. These primary nutrients are absorbed by plants 
as nitrates, phosphates and potassium containing compounds such as 
potassium nitrate respectively. Secondary nutrients (calcium, magnesium and 
sulphur) are also absorbed as compounds such as calcium sulphate, magnesium 
sulphate, etc. Nitric acid, sulphuric acid and phosphoric acid are essential in 
manufacturing fertilisers. These acids react with ammonia to produce various types of 
fertilisers. 
 
Haber process is used in industry to produce ammonia in large quantities. Nitrogen is 
extracted from the air through fractional distillation and allowed to react with hydrogen 
gas to produce ammonia as follows: 
 

 N2(g) + 3H2(g)         2NH3(g);  ∆H = - 92 kJ. 

The reaction is exothermic and reversible and, therefore, reaches equilibrium at some 
point. 
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Ostwald process is used in industry to produce nitric acid in large quantities. The 
process involves three stages as follows: 
 

Stage 1: Ammonia reacts with oxygen to produce nitric oxide (NO). 

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

Stage 2: Nitric oxide reacts with oxygen to produce Nitrogen dioxide (NO2). 

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

Stage 3: Nitrogen dioxide dissolves in water to produce nitric acid and nitric oxide.  

3NO2(g) + H2O(ℓ)          2HNO3(aq) + NO(g) 
 

Notice that nitric oxide (NO) is also produced in stage three to continue the process in 
stage 2. Also notice that all reactions outlined above are reversible reactions and, 
therefore, reach equilibrium at some point. It is, therefore, necessary for industry to 
conduct these processes under conducive conditions as explained by Le Chartelier’s 
principle, to ensure good yields of the products. 
 
Contact process is used in industry to produce sulphuric acid in large quantities. 
Three stages are followed when sulphuric acid is produced. 
 

Stage 1: Sulphur burns in oxygen to produce sulphur dioxide gas. 

 S(s) + O2(g) �  SO2(g) 

Stage 2: Sulphur dioxide reacts with oxygen to produce sulphur trioxide. 

 2SO2(g) + O2(g)            2SO3(g) 
 

Stage 3: Sulphur reacts with concentrated sulphuric acid to produce oleum. 

 SO3(g) + H2SO4(aq)             H2S2O7(ℓ) 
 

 Oleum then reacts with water to produce concentrated sulphuric acid as 
 follows: 

 H2S2O7(ℓ) + H2O(ℓ)            2H2SO4(aq)  
 
Fertilisers are produced using the various acids and ammonia as follows: 
 

1. Ammonium nitrate is produced as follows: 

 NH3 + HNO3 → NH4NO3 
 

2. Ammonium phosphates are produced as follows: 
 2NH3 + H3PO4 → (NH4)2HPO4 (ammonium biphosphate) 
 3NH3 + H3PO4 → (NH4)3PO4   (ammonium phosphate) 
 

For production of potassium containing fertilisers, the following chemical reaction may 
be used: 

 KCℓ + HNO3 → KNO3 + HCℓ 
 

Using fertilisers may have the following environmental impact: 

• Eutrophication is the rapid blooming of aquatic plants such as algae. This 
results in the depletion of oxygen in the water causing aquatic animals such as 
fish to die.  

• Nitrate rich water taken, in by animals and humans, reduces the  
 oxygen-carrying capacity of the blood. 
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Batteries are formed by a number of cells connected together in series. A primary 
cell is a cell that is not rechargeable. The alkaline dry cell and the mercury cell are 
examples of primary cells.  
 
The alkaline dry cell: No visible liquid available. Only moist NH4Cℓ, ZnCℓ2 and MnO2 

are used to make the cell. The cell produces energy due to the following oxidation-
reduction reaction: 

• Oxidation: Zn + 2OH- → ZnO + H2O + 2e- 

• Reduction: 2MnO2 + H2O + 2e- → Mn2O3 + 2OH- 

• Nett reaction: Zn + 2MnO2 → ZnO + Mn2O3  
 
The mercury cell: The mercury cell produces energy due to the following oxidation-
reduction reaction: 

• Oxidation: Zn + 2OH- → ZnO + H2O + 2e-  

• Reduction: HgO + H2O + 2e- → Hg + 2OH- 

• Nett reaction: Zn + HgO → ZnO + Hg 

• Mercury is one of the products of the mercury cell and so is unfriendly to the 
environment. Mercury is poisonous and also causes cancer when contact is 
made with the skin. 

 
A secondary cell is a cell that can be recharged. An example of a secondary cell is 
the lead-acid storage cell used in the making of car batteries/accumulators. The 
energy produced by one cell in lead-acid car battery is due to the following 
oxidation-reduction reaction: 
 

• Oxidation: Pb + SO4
2- → PbSO4 + 2e-    E0 = -0,356 V 

• Reduction: PbO2 4H+ + SO2
2- + 2e- → PbSO4 + 2H2O  E0 = 1,685  V 

• Net reaction: Pb + PbO2 + 2SO2
2- + 4H+ → 2PbSO4 + 2H2O E0

nett = 2,041 V 

Since a lead-acid battery consists of six cells connected together in series, the total 
out put of the battery is, therefore, 6 x 2, 041 = 12,246 V. To minimise pollution and 
other negative environmental impacts, the materials used in the making of the lead-
acid batteries are recycled as follows: 

• The plastic materials are broken up and remolded into new battery casings. 

• Battery acid is neutralised before dumping it into the environment. 

• The lead grids are melted in a smelting furnace and remolded to be used again.   
 
Chlor-Alkali industries produce chlorine gas in large quantities using electrolytic 
processes. Electrical energy is used in the electrolysis of molten or highly 
concentrated solution of sodium chloride (brine). The products formed are: chlorine 
gas, hydrogen gas and the alkali, sodium hydroxide. Three types of cells that may 
be used during the electrolysis process are: the mercury cell, the diaphragm cell and 
the membrane cell.  
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1. The mercury cell 

• Very pure chlorine is produced 

• Hg/Na amalgam formed 

• Sodium reacts with water to form sodium hydroxide: 2Na + 2H2O → 2NaOH + 
H2(g) 

• Mercury is a carcinogen and is poisonous 
 
2. Diaphragm cell 

• Permeable to ions but not gases 

• Asbestos used to make diaphragm but may be replaced by synthetic polymeric 
fibres for health reasons. 

• Asbestos causes asbestosis to humans 
 
3. Membrane cell 

• Membrane only allows cations to pass through. 

• Membrane cell is environmentally friendly. 
 
X-ample Questions 
1. Write down chemical equations to show how the following artificial fertilisers are 
 manufactured: 

1.1 ammonium nitrate  1.2 ammonium phosphate 

1.3 ammonium sulphate 
 

2. Write down one word/term for the following statements: 
 

2.1 The process whereby decaying plant materials containing huge amounts of 
 nitrogen leads to the death of aquatic animals such as fish. 

2.2 The industrial process used in the preparation of ammonia 

2.3 The industrial process used in the preparation of nitric acid. 

2.4 The highly concentrated sulphuric acid produced at the end of the contact process. 
 

3. A mercury cell is an example of a primary cell. The half-reactions occurring in this 
 cell are shown below: 
 

Oxidation: Zn + 2OH- → ZnO + H2O + 2e-  

Reduction: HgO + H2O + 2e- → Hg + 2OH- 
 

3.1  What is a primary cell? 

3.2  Write down the overall cell reaction. 

3.3  Why does the use of this cell pose an environmental hazard? 
 

4. The production of chlorine in industry is done through the electrolysis of 
 concentrated/molten sodium chloride. One other product formed during the process 
 is sodium hydroxide. The sodium chloride is oxidised while water is reduced. 
 

4.1 What is the highly concentrated/molten sodium chloride called? 

4.2 Write down the oxidation and reduction half-reactions that occur. 

4.3 Write down the net equation and show how sodium hydroxide as one of the 
 products is formed. 
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X-ercise 
 
1. 
The diagram below is a simplified version of a membrane cell, one of the electrolytic 
cells used in the chlor-alkali industry. The letters P and Q represent the two gases 
formed during this process. 

 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1.1 Write down the letters P and Q in your answer book. Next to each, write down 

the half-reaction that shows how gas P and gas Q respectively, are formed. 
 

 
 

1.2 Water (H2O(ℓ)) and sodium ions (Na+(aq)) are both present in the cathode side of 
the membrane cell. Explain why hydrogen gas, and not sodium metal, is formed 
in the membrane cell. Refer to the relative strengths of oxidising agents to 
explain your answer. 

 

 
 

1.3 State ONE function of the membrane.   
 

1.4 State TWO uses of chlorine.   
 
Adapted from February/March Grade 12 Chemistry Paper 
 

+ 
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2. 
A learner who is revising for a test on fertilisers, summarises her notes as follows:   
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.1 Write down the NAME of the industrial process in Step I used to extract nitrogen 
gas from the atmosphere. 

 
(1) 

 

2.2 The Haber process, indicated in Step II, is represented by the following 
equation:  

3H2(g) + N2 � 2NH3(g)                   ∆H < 0 
 

In this process, high temperatures of approximately 450 °C are used. 
 

Explain in terms of reaction rate, equilibrium and temperature why such a high 
temperature, and not a lower temperature, is used. 

 

(4) 
 

2.3 Write a balanced chemical equation for the reaction that produces the nitrogen 
fertiliser in Step IV. 

  
(3) 

 

2.4 The learner decides to educate the community about the possible negative 
effects of the overuse of nitrogen fertilisers on the environment.  
 

Write down the main arguments that she will raise to convince the community to 
avoid excessive use of nitrogen fertilisers. 

  
 
 
 
(4) 

 

2.5 The learner notes that fertiliser with an NPK ratio of 7:1:1 is needed for the 
growth of maize plants. 

 
 

 

 2.5.1 State what the term NPK ratio means.     (2) 
 

 2.5.2 Will the fertiliser with this NPK ratio lead to a good crop yield?  Explain 
the answer. 

  
  (3) 
[17] 

 

NITROGEN FERTILISER 

H2 production 

(SASOL) 
N2 (Industrial) 

NITRIC ACID (OSTWALD PROCESS) 

Step I 

Step II 

Step III 

Step IV 

H2 

procti
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Answers 
1. 
1.1 P: 2Cℓ-   → Cℓ2(g) + 2e-   OR   Cℓ-(aq)→ ½Cℓ2(g) + e- 

 

Q:  2H2O(ℓ) + 2e- → H2(g) + 2OH-(aq)    
 

1.2 H2O is a stronger oxidising agent (than Na+) and is more readily 
reduced than the Na+.   

 

1.3 Allows only the cation (Na+) to move across to the cathode 
compartment  or To separate the Cℓ- ions from the OH-.   

 

1.4 Any two:  
 

As chemical reactant in the production of: 
 

• Medicines to cure diseases 

• Polymers  
o PVC to make plastic products e.g., pipes, insulation, handbags 
o Nylon for carpeting, clothing, etc. 

• Household products e.g., toiletries, cosmetics, CD’s etc. 

• Hydrochloric acid used in building industry and swimming pools 

• Bromine used in photography 

• Solvents used for dry cleaning 

• Titanium dioxide used as white pigment in paint 

• Dyes used in textile industry 

• Pesticides used to protect crops 

• Compounds that can be used to sterilise medical equipment 

• Extraction of titanium used in aircrafts 

As disinfectant to: 

Purify/sterilise drinking water 

As bleaching agent in the textile  and paper industries 

 
 
 
 
 
 
 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
     

 
2. 
2.1 Fractional distillation   
 

2.2 Low temperature increases the amount of NH3. 
Rate is too slow.  
At higher temperature NH3 is produced at a faster rate.    

 

2.3 HNO3(aq) + NH3(g) → NH4NO3(aq)     
 

2.4 • Rain washes excess of fertilisers into dams, lakes, streams and 
rivers causing eutrofication that leads to dead zones.  

• Excessive fertiliser in the environment promotes excessive alien 
growth at the expense of indigenous plants.  

• Groundwater can be contaminated when excessive fertiliser 
seeps into it.  

• Nitrates in water that can result in blue baby syndrome.  

 
 

 
 

 
 

 

2.5.1 The ratio (proportion) in which nitrogen, phosphorous and potassium 
occurs in a certain quantity of fertiliser. 

 
  

 

2.5.2 No 
The higher proportion of N will enhance leaf growth  
and less crops.  

 

 
 


