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Chemical Industry 
The chemical industry has enormous importance in South Africa. This can be seen 
simply by considering the scope of the products of the industry and their applications 
in daily life: 

Chemical industry products Applications 

Fertilisers Food production 

Petrochemicals Fuels, Plastics, pharmaceuticals 

Batteries Cars, mobile appliances, computers 

Soaps & Detergents Cleaning products, health & hygiene 

Plastics Containers, piping, electrical insulation, 
gadgets 

Value of the industry  
  
The South African Chemicals industry produced chemicals to the value of R160,7 billion in  
2004, up from R138 billion in 2001; 
This was 5,5 % of South Africa’s GDP and made up approximately 25 % of its manufactured exports.  
The industry employed 200,000 people in 2003.  
Source: Department of Trade & Industry http://www.dti.gov.za/industrial_development/docs/fridge/SME_Support_Chemicals_Final_Draft.pdf 



Nutrients are absorbed by plants from the soil. Fertilizers are needed to replenish the nutrients as 
natural processes cannot cope. 
 

These nutrients are mineral nutrients that dissolve in water in the soil and are absorbed by the 
roots of plants.  
 
 
 
 
 
 
 
 
 
Fertilizers are needed because there are not always enough of these nutrients in the soil for healthy 
growth of plants. 
 

The fertilizer industry will be looked at under three  main parts : 

Fertiliser 

The Fertiliser Industry 

• Fertilisers – nutrients 

• Fertiliser - manufacture 

• Fertilizer effects - Eutrophication 

Plants absorb nutrients from soil Soluble fertiliser replace nutrients 



Life cannot exist without nutrients.  
 

Plants and animals both need chemicals which they cannot produce themselves. 
  
Nutrients needed by plants & animals:  
 
 Non-mineral nutrients 
         carbon, hydrogen, oxygen (atmosphere) 
 
 Mineral nutrients 
        Nitrogen, phosphorus, potassium (soil) 
 
These nutrients must be obtained from the environment.  
 
Mineral nutrients come from the soil – other non-mineral nutrients come from other parts of the 
environment like the atmosphere.  
 
Non-Mineral nutrients: carbon, hydrogen, oxygen  
 

Mineral nutrients: nitrogen, phosphorus, potassium. These are absorbed from the soil in the form of 
dissolved salts: Nitrates, phosphates and potassium salts. 

Fertilizers - Nutrients 



A fertiliser is a chemical compound that is given to 
a plant to promote growth. 

 
Fertilisers usually provide the three major plant nutrients (nitrogen, 
phosphorus and potassium – NP & K).  
 
Fertilisers are in general applied to the soil so that the nutrients are 
absorbed by plants through their roots. 
 

Organic fertilisers are made from natural products, like manure or 
compost.  
 
Inorganic fertilisers refer to industrially produced compounds. 

 

 Fertiliser 



Advantages and disadvantages of inorganic fertilisers 

Advantages  

• contain high levels of nutrients - sustain high intensity crop production.  

• provide accurate control over their nutrient supply 

• water-soluble so easily absorbed by plants.  

• Lower quantities needed 
 

Disadvantages 

• Costly in terms of both chemicals and the energy involved in the production.  

• Air pollution is also a result of these industrial processes. 

• Nutrients cause environmental problems – eutrophication.  



Nutrients 

Plants Humans 

Primary Elements Source Major Elements Source 

N 

         Soil 

O Atmosphere 

P C Food 

K H Food  

Essential Elements N Food 

C Atmosphere (CO2) 

H 
Rain (H2O) 

O 

Fertilizers 



Nutrients 

ELMENT 

Function 
From  

Absorbed 
Source 

Body Plants  

N Proteins Muscle 
Leaves, chlorophyll,  

Proteins growth 
Nitrates 

Manure /Guano 
Fertilizers 

P Bones & teeth 
Photosynthesis 

blooming, Energy 
transfer 

Phosphates 
Bone meal 
Fertilizers 

 K Cells electrolyte Cell growth (shape, size etc.) Potassium salts 
Pot ash/Mines 

Fertilizers 

C 
Proteins, 

carbohydrates etc. 
Organic molecules Food Food 

H 
All organic 

molecules; proteins 
etc. 

Organic molecules 
Water 

 
Food 

 

O 
Organic molecules; 

carbohydrates, 
energy 

Organic molecules Water & oxygen  
Atmosphere – rain 

air 



NPK Ratio 
The amount (%) of the nutrients nitrogen (N), phosphorus (P) and potassium 
(K) in a fertilizer is given by the NPK ratio. 

   N P K 

  3 1 5      (38) 

This can be used to find the amount of each nutrient in  

the Fertiliser. 

Nitrogen Phosphorus Potassium 
Fertiliser 
Content 

N P K (% of Total) 

eg 3 1 5 (38) 

In 100g 
=(3/9)*38 =(1/9)*38 =(5/9)*38 

12.67g 4.22g 21.11g 



Example NPK ratios 
Description Grade (NPK ratio) Fertilizer % 

Ammonium nitrate 34:0:0 (36) 

Urea 46:0:0 (35) 

Bone meal 4:21:1 (20) 

Seaweed 1:1:5 (30) 

Starter fertilisers 18:24:6 (34) 

Equal NPK fertilisers 12:12:12 (28) 

High N, low P and 
medium K fertilisers 

25:5:15 (40) 

1. What mass of potassium would you get in a 50 kg bag of bone meal? 
2. What would be the total mass of fertilizer content in a 25 kg bag of Equal NPK fertiliser? 
3. Which fertilizer would give you the highest nitrogen content? 
4. What is the maximum mass of potassium you could obtain from a 1 kg bag of fertilizer? 
5. What is the maximum mass of fertilizer you could obtain from a 25 kg bag? 

 



Industrial Production of Fertilizers 

Fractional 

distillation 

of  air 

Coal + Steam  
(SASOL) 

Urea 

Ammonium nitrate 

Ammonium  
sulphate 

Phosphates 



Oxygen liquid  
(O2) 

Nitrogen gas  
(N2) 

Fractional distillation of air 

6.  Liquid air 
allowed to 
expand warm 
slightly – 
nitrogen gas  
and oxygen 
liquid separate.  

1 

3 

1.  Air is compressed to 
very high pressures. 

2.  Pressurizing the 
air causes the air to 
heat up. 

5. Super cooled air liquefies. 
. 

3.  Compressed 
air is allowed to 
cool (energy 
escapes). 
 

4.  Cooled 
compressed air is 
allowed to expand 
– temperature 
drops further. 

4 
6 

5 

2 



Haber Process 
• Nitrogen and hydrogen combine to form ammonia. 

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

• Reaction does not take place easily. You should be able to predict from Le 
Chatelier’s principle what conditions would favour a high yield of ammonia. 

 

•  Iron (Fe) is used as a catalyst and the equilibrium must be pushed to the right.  

 

• This requires high pressure (less moles of gas on RHS) 

 

• And low temperature (forward reaction is endothermic) 

 

• A compromise temperature (450 ~ 500o) is used as rate is too slow at very low 
temperatures. 



Ostwald Process – HNO3 
Since nitrogen cannot be absorbed by organisms directly from the air (the Nitrogen atoms are 

held by a very strong triple bond.) Nitrogen must first be converted into nitrates by reacting it 

with oxygen. This requires a lot of energy (it takes place naturally during lightning strikes). 

 

1. Catalytic oxidation of ammonia:  Firstly ammonia is oxidised by heating it with oxygen, 

in the presence of a platinum (Pt) catalyst, to form nitrogen monoxide (NO) and water. 

This step is very exothermic, the heat generated is sufficient to keep the process going.   

(Demonstration video)  

4NH3(g)+5O2(g) → 4NO(g) + 6H2O(g)   ∆H << 0 

 

2. Nitrogen monoxide is then oxidised to yield nitrogen dioxide (NO2) : 
 

2NO(g)+O2(g) → 2NO2(g) 
 

 

3. Nitrogen dioxide is then absorbed by water to produce nitric acid (HNO3): 
 

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

The nitrogen monoxide by product is then recycled. 

 

Highly exothermic 
oxidation of 
ammonia. 

../../../Resources/Software/Videos/CatalyticOxidationofAmmonia.3GP


Contact Process – H2SO4 

Sulfur is burned in oxygen to produce sulfur dioxide (SO2): 

S(s)+O2(g) → SO2(g)     
 

Sulphur dioxide is then oxidised to sulfur trioxide (SO3) using oxygen and a 

vanadium (V) oxide catalyst: 

     V2O5  

2SO2(g)+O2(g) ⇌ 2SO3(g)  H < 0 
 

This step again involves a reversible reaction and optimum conditions are again 

necessary to ensure the equilibrium lies to the right. (High pressure, moderate 

temperature, catalyst.) 
 

The sulfur trioxide could be treated with water to produce sulfuric acid: 

SO3(g)+H2O(ℓ) → H2SO4(ℓ) 
 

In practice however it is usually done in a two step process: 

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

      H2S2O7(ℓ)  + H2O    2H2SO4(ℓ)   



Specific Fertilisers 
Nitric acid and ammonia can react together in an acid-base process to form the salt, 
ammonium nitrate (NH4NO3). 

 Ammonium nitrate is soluble in water and is an effective fertilisers:  

NH3(ℓ) + HNO3(ℓ) → NH4NO3(s)   

      

    
Urea ((NH2)2CO) is produced by the reaction of ammonia with carbon dioxide in a two step 

process:     2NH3(g) + CO2(g) ⇌ H2NCOONH4(s) 
H2NCOONH4(s) ⇌ (NH2)2CO(aq) + H2O(ℓ) 

Ammonium sulfate can be produced industrially through the reaction of ammonia with sulfuric 

acid: 

2NH3(g) + H2SO4(ℓ) ⇌ (NH4)2SO4(aq) 

Phosphate fertilisers includes a number of processes. Sulfuric acid is used in a reaction with phosphate rock 

(e.g. fluorapatite (Ca5(PO4)3F)) to produce phosphoric acid (H3PO4).  

Ca5(PO4)3F(s) + 5H2SO4(ℓ) ⇌ 5CaSO4(s)+HF(ℓ)+3H3PO4(ℓ) 

Sulfuric acid can be reacted further with phosphate rock to produce super phosphates (SSP): 

2Ca5(PO4)3F(s) + 7H2SO4(ℓ) ⇌ 3Ca(H2PO4)2(s) + 7CaSO4(s) + 2HF(ℓ) 



Eutrophication 

Eutrophication refers to an over-supply in chemical nutrients (nitrogen of 
phosphorus), leading to the depletion of oxygen in a water system through 
excessive plant growth.  

 

 

The impacts of eutrophication are the following: 

A decrease in biodiversity 

• When a system is enriched with nitrogen, plant growth is accelerated. 
When the number of plants increases in an aquatic system, it can block 
light from reaching deeper water. Plants also consume oxygen for 
respiration, depleting the oxygen content of the water, which can cause 
other organisms, such as fish, to die. 

Toxicity 

• Some plants that flourish during eutrophication can be toxic and these 
toxins may accumulate in the food chain. 

Source: 
http://www.bbc.co.uk/schools/gcsebitesize/science/edexcel/problem
s_in_environment/pollutionrev4.shtml 



Source: 
http://www.bbc.co.uk/schools/gcsebitesize/science/e
dexcel/problems_in_environment/pollutionrev4.shtml 


