JIT TERM 3: PHYSICAL SCIENCES
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Definition: Fertiliser	
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). Fertilisers are in general applied to the soil so that the nutrients are absorbed by plants through their roots.
Nitrogen is needed by plants for proteins which make strong stems and healthy leaves, otherwise the leaves would turn yellow if there is a shortage of nitrogen. 
Phosphorus help develop roots and conversion sun’s energy into food for plants (during photosynthesis). It also help crops to ripen. A shortage of phosphorus in plants may lead to sickly plants with low quality fruit or flower. In nature, phosphorus is found in bone meal (a mixture of crushed and coarsely ground bones). 

Potassium improves the quality of fruit and flowers. It is absorbed by plants as potassium chloride (KCl) and potassium chlorate (KClO3). These salts also make the plants to survive frost and to resist diseases. Calcium is found from mined potassium salts (known as POTASH in fertilisers), such as KNO3 and K2SO4 are used. It’s also found from guano (the excrement of seabirds, cave-dwelling bats, seals or birds).
The three non-mineral nutrients (nutrients that are not obtained from the soil) are Carbon, Hydrogen and Oxygen and are available in the atmosphere as carbon dioxide (CO2) and rain (H2O).


Definition : Organic and inorganic fertilisers
Organic fertilisers are derived mainly from plant material and animal 
              excretion. 
Inorganic fertilisers are made from chemical processing of plants.
	


The NPK ratio
Fertiliser packaging contains a set of numbers. These numbers are called the NPK ratio, and they give the mass ratio of nitrogen, phosphorus and potassium in the fertiliser.
The NPK ratio expresses the content of each nutrient as a percentage of N, P and K in this order. A number in brackets after this ratio indicates the percentage by mass of N, P and K that is present in the fertiliser (what percentage of the total fertiliser is N, P and K?). 
For example:
[image: Image]
38% of the total fertiliser is nitrogen, phosphorus or potassium.
% N: 3 in every 9 parts of the 38% contains nitrogen (N)
% P: 1 in every 9 parts of the 38% contains phosphorus (P)
% K: 5 in every 9 parts of the 38% contains potassium (K)
To calculate the percentage N, P or K in the fertilizer we use the following equation:
		[image: ]
Example:
% N = 

THE INDUSTRIAL MANUFACTURE OF FERTILISERS
In order to make fertilisers, we need to manufacture nitric acid, ammonia and sulphuric acid. All of these industrial processes make use of our understanding of equilibrium and rates. 

Producing Nitrogen (N2 )

Air is made up of 78% nitrogen. It is separated from other gases in the air by a process called the fractional distillation of liquefied air. 



Producing Hydrogen (H2) 

Hydrogen is produced at SASOL from coal / methane and steam to yield syngas. CO-H2 mixture is separated via Fischer-Tropsch process. Process developed by Franz Fischer and Hans Tropsch in 1925. The coal is subjected to high temperatures and pressures and the gas produced contains high quantity of hydrogen and carbon monoxide which are then separated.
Producing Ammonia (NH3)
Ammonia is produced by means of the Haber-Bosch process. This process is also governed by equilibrium principles. 

THE HABER-BOSCH PROCESS

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

Temperature 
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). 
[image: ]
Pressure 
 High pressure favours the forward reaction (200 atm). 
Concentration
Ammonia is continuously removed. This is done 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 (HNO3). 
Producing Nitric Acid (HNO3)
Nitric acid is produced by the Ostwald process. 

THE OSTWALD PROCESS 

4NH3(g) + 5O2(g) → 4NO(g) + 6H2O(g) 
2NO(g) + O2(g) → 2NO2(g) 
4 NO2(g) + 2H2O(g) + O2(g) → 4HNO3(aq)
· Ammonia is oxidised to nitrogen monoxide and water 
· Nitrogen monoxide is further oxidised to nitrogen dioxide 
· Nitrogen dioxide is then added to water from the first step and oxygen to make nitric acid. 
· Nitrate salts are highly soluble in water and, therefore, assist in allowing nitrogen to be absorbed by plants 

Producing Sulphuric Acid (H2SO4)

Sulphuric acid is produced in industry by the Contact Process. The Contact Process is made up of four steps:

THE CONTACT PROCESS 

S(s) + O2 (g) → SO2 (g) 						1	
SO2(g) + O2 (g) ⇌  2SO3 (g) (V2O5 catalyst), ΔH<0					2
SO3(g) + H2SO4 → H2S2O7 									3
H2S2O7 + H2O → 2H2SO4  									4

NOTE : SO3 formed in step 2 is not added to water because the reaction is highly
           exothermic and produces a mist or smog.
 
· Sulphur is burnt in oxygen. 
· Sulphur dioxide is further reacted with oxygen in contact with a vanadium pentoxide catalyst to form sulphur trioxide. This is a reaction that is governed by equilibrium principles. 
· Sulphur trioxide is then added to sulphuric acid (note only 1 molecule) to form pyrosulphuric acid/fuming sulphuric acid/oleum. 
· 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. 

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 
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 (however, this reaction is highly exothermic, as mentioned above).
Uses of Sulphuric Acid
 
· acts as a drying agent – used by chemical engineers to mop up water. 
· used as an electrolyte in car batteries (lead accumulator batteries). 
· used in the recovery of metals such as uranium and copper. 
· used to clean metal surfaces. 
· used to produce fertilisers. 

Producing Ammonium Nitrate
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 often used in fertilisers. The reaction is as follows:
NH3(g)+HNO3(ℓ) → NH4NO3(s)
[image: Image]
Producing Ammonium Sulphate ((NH4)2SO4))
Ammonium sulphate ((NH4)2SO4) can be produced industrially through a number of processes, one of which is the reaction of ammonia with sulfuric acid to produce a solution of ammonium sulphate according to the acid-base reaction below:
2NH3(g)+H2SO4(ℓ)⇌ (NH4)2SO4(s)
The ammonium sulfate solution is concentrated by evaporating the water until ammonium sulfate crystals are formed.
Advantaged and Disadvantages of Inorganic Fertilisers
Advantages
· Inorganic fertilisers provide a more accurate control over their nutrient supply. 
· They are supplied in a water-soluble form which ensures that they are easily absorbed by plants.
Disadvantages
· Inorganic fertilisers are costly to produce as high energy is involved in their production. 
· Nutrients which are not taken up by plants, will either accumulate in the soil therefore poisoning the soil, or leach into the ground water where they will be washed away and accumulate in water sources like dams or underground rivers.
Eutrophication 

· Extensive utilization of fertilizers leads to pollution of surface and ground water and eutrophication of lakes, dams and rivers. This is mainly due to fertilizer 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. 
PAST EXAM QUESTIONS
Question 2 (ieb Hilton College Trial 2010)
In the Haber Process hydrogen gas obtained from the Chlor-Alkali Process is reacted with nitrogen gas to produce ammonia (NH3). The ammonia gas produced in this process is used as the starting material in the Ostwald Process for the industrial preparation of nitric acid (HNO3). The steps involved in these reactions are shown below.	


	Process
	Reaction
	Conditions

	Haber Process
	
N2(g) + 3H2(g)          2NH3(g)	               ΔH< 0
	450 oC ; 
200 atmospheres ; 
iron catalyst

	Ostwald Process
	4NH3(g) + 5O2(g)     4NO(g) + 6H2O(g)    ΔH< 0        
2NO(g)  + O2(g)       2NO2(g)	               ΔH< 0
3NO2(g) + H2O(l)     2HNO3(aq) + NO(g)  
	1 000 oC ; 
platinum catalyst



2.1	Describe the type of reaction represented by the Haber Process.			(2)
2.2	State Le Chatelier’s Principle.										(2)
2.3	When considering the effect of each of the following changes answer only 
increase, decrease or no effect. 
2.3.1	What effect does the use of an iron catalyst have on the yield of ammonia in the Haber Process?										(2)
2.3.2	What effect does increasing the temperature have on the yield of NO in 
the first step of the Ostwald Process? 							(2)
2.3.3	What effect does increasing the pressure have on the solubility of NO2 in the last step of the Ostwald Process?								(2)


Graph to show the distribution of molecular energies at constant temperature 
Number of molecules
Molecular (kinetic) energy












2.4	A platinum catalyst is used in the first step of the Ostwald Process. Copy the 
above graph into your answer book and use it to explain how the catalyst 
increases the rate of the reaction. Add suitable labels to your graph to assist 
in your explanation.									(5)
2.5	How will the mass of the platinum catalyst change during the course of the 
reaction? Explain your answer.							(2)
The Haber Process and the Ostwald Process provide important reactants for the manufacture of nitrogenous fertilisers. These processes were developed at the start of World War 1.
N : P : K
5 : 2 : 8 (42)














2.6  Use the information given on the label of the 2 kg box of fertiliser 
       shown opposite to determine what percentage of the contents of the 
       box is nitrogen containing compounds.			            (4)
  
2.7	Explain how fertilisers can lead to eutrophication of dams.      (4)

Question 11 (DBE November 2013)
11.1) A farmer wants to produce the following fruit and vegetables for the market: 
         spinach; potatoes; apples.
	11.1) Root growth of potato plants.  								 (1)
	11.2) Leaf growth of spinach.									 (1)
	11.3) Flower and fruit production of apple trees						 (1)
11.2) Ammonia must be produced in large quantities to produce nitrogen-based   
         fertilisers. 
11.2.1) Write down the name of the process used in the industrial preparation         
            of ammonia. 										 (1)
	11.2.2) Write down a balanced chemical equation for the reaction that takes 
                        place in the process named in QUESTION 11.2.1.			 (3)
11.3) Ammonium hydrogen phosphate, (NH4)2HPO4, is a type of fertiliser used in 
         agriculture. 
       
         Refer to the type of elements of which this fertiliser is composed to give a 
         reason why it will be advantageous for a farmer to use this fertiliser instead of a 
         fertiliser such as ammonium nitrate, NH4NO3 . 						(2)
11.4) Describe ONE negative impact on humans when fertiliser runs off into dams 
         and rivers as a result of rain.						          		 (2)

Question 7 (IEB NOVEMBER 2009)

FERTILISER AND SULPHURIC ACID

The manufacture of sulphuric acid is a key industrial process. Sulphuric acid is used to make a huge number of other chemicals, including fertiliser. The process for manufacturing sulphuric acid is called the Contact Process. The flow diagram below represents the Contract process. 
[image: ]
7.1) Name the product of the burning of sulphur (at A).				 (1)
7.2) The Contact step can be represented by the equation:
	2SO2(g) + O2(g) ⇋ 2 SO3(g) ΔH = –197 kJ
Can the Contact step be considered to ever reach equilibrium in this non-closed
system? 														(1)

7.4) The final stage of the Contact Process (Step B) actually consists of two steps.  
      The first step is the addition of SO3 to concentrated sulphuric acid. The second 
      step is the addition of water to the product.
	7.4.1) Name the product that forms when SO3 is added to sulphuric acid.   (2)
	7.4.2) Why is SO3 generally not added directly to water? 				(2)
7.5) The fertiliser superphosphate is made by treating calcium phosphate from rock 
       with sulphuric acid. Calcium phosphate rock is found in North Africa where it is 
       cheap and freely available.
	7.5.1) Write down the formula for calcium phosphate.					(3)
	7.5.2) Write down the formulae of the products of the reaction. 			(2)
	7.5.3) Is calcium phosphate a mineral which is soluble in water?			(1)
7.6) Farmers have been using increasing amounts of inorganic fertiliser worldwide 
       over the past 30 years.
	7.6.1) Why do we need to use fertiliser for planting and growing crops? 	(2)
	7.6.2) List two possible risks which farmers encounter when using inorganic
                     fertiliser.											(2)
7.6.3) How should farmers manage these risks? 					(2)
7.7) Many waterways in South Africa are threatened by eutrophication. Your teacher
has given you the task of analysing some proposals to solve this problem. The key
ideas are as follows:
	Proposal 1: Ban inorganic fertiliser.
            Proposal 2: Triple the cost of inorganic fertiliser by imposing a tax.
	7.7.1) What is eutrophication? 									(4)
	7.7.2) What is the cause of eutrophication? 						(2)
	7.7.3) Consider how the banning of inorganic fertiliser would affect farmers'
                     ability to produce food on a large scale and critically analyse how   
                     effective proposal 1 would be as a solution to the problem of 
                     eutrophication.										 (4)
	7.7.4) How might proposal 2 force farmers to reduce the impact of 
                     eutrophication and hence, critically analyse proposal 2 as a solution to 
                     the problem of eutrophication.						 	(4)

Question 11 (DBE Feb/March 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.
			[image: ]

11.1)Write down the name of the Process A.						 (1)
11.2) Write down the balanced equation for the reaction which takes place in  
         process B. 							  			 (3)
11.3) Write down the balanced equation for step 2 of process C.			 (3)
11.4) Write down the formula and the name of product X in step 3 of process C.	 (2)
11.5) Write the formula and the name of the fertiliser represented by Y. 		 (3)
11.6) Fertiliser prices increased by more than 200% since 2007. This rise is fuelled 
         by new demand. 
	11.6.1) Give two reasons why there is a continuous demand for fertilisers.	 (2)
	11.6.2) Give two reasons why there is an increase in the price of fertilisers. (2)



Question 12 (DBE Feb/March 2010) 

A learner, who is revising for a test on fertilisers, summarises her notes as follows:
 
[image: ]
 12.1) Write down the name of the industrial process in Step I used to extract 
          nitrogen gas from the atmosphere. 						(1)
12.2) The Haber process, indicated in Step II, is represented by the following equation: 
			[image: ]
In this process, high temperatures of approximately 450oC are used. Explain in terms of reaction rate, equilibrium and temperature why such a high temperature, and not a lower temperature, is used.

Explain in terms of reaction rate, equilibrium and temperature why such a high temperature, and not a lower temperature, is used.						 (4)

12.3) Write a balanced chemical equation for the reaction that produces the nitrogen 
         fertiliser in Step IV. 											(3)
12.4) The learner decides to educate the community about the possible negative 
         effects of the overuse of nitrogen fertiliser on the environment. 
         Write down the main arguments that she will raise to convince the community 
         to avoid excessive of nitrogen fertilisers. 							(4)
12.5) The learner notes that fertilisers with a NPK ratio of 7:1:1 is needed for the 
         growth of maize plants. 
12.5.1) State what the term NPK ratio means. 						(2)
12.5.2) Will the fertiliser with this NPK ratio lead to a good crop yield? Explain
            your answer.								 		(3)


Question 10 (FREE STATE SEPTEMBER 2015)

Different processes used in the preparation of fertiliser C are represented in the flow diagram below.
Nitrogen
Hydrogen
NO(g)
NO2(g)
Process X
NH3(g)
Reaction Y
Compound B
Fertiliser C
H2O, O2



                                              



 


Use the above information and write down the:
10.1	NAME of the industrial preparation of nitrogen.							  (1)
10.2	NAME of process X.							  					(1)
10.3	NAME of reaction Y								  				(1)
10.4	NAME or FORMULA of compound A.					  			(1)
10.5	Balanced equation for the preparation of compound B from NO2(g).			  (3)
10.6	Balanced equation for the preparation of fertiliser C.			  			(3)
QUESTION 10 (GAUTENG SEPTEMBER 2015)
10.1) The diagram below illustrates the Haber process for the preparation of 
         ammonia. 
[image: ]
10.1.1) NAME the catalyst used in this process.				 	(1)
10.1.2) Using the COLLISION THEORY, explain why the FINELY DIVIDED  
            catalyst will be more effective than a LARGE SOLID catalyst of the 
            same mass. 										(2)
10.1.3) Give ONE reason, other than cost, why the unreacted nitrogen and 
            hydrogen are recycled. 								(2)
10.2) A farmer adds calcium hydroxide, Ca(OH)2, and ammonium sulphate, 
        (NH4)2SO4 alternately to the soil. 
	
10.2.1) Explain the USE of EACH substance.							(2)
10.2.2) The following reaction can occur when these two substances react: 
		
Ca(OH)2(aq) + (NH4)2SO4(aq)  CaSO4(s) + 2 NH3(g) + 2H2O(ℓ) 
Explain why the farmer should NOT add both substances at the same time.	(1)

10.3) In one of the steps of the Ostwald process, the following reaction takes place, 

4NO(g) + 2H2O(ℓ) + 3O2(g)  4HNO3(aq)  
 
Calculate the maximum mass of nitric acid which can be made from 720 dm3 of nitrogen(II)oxide (NO) at room temperature. 
Assume that the molar gas volume at room temperature is 24 dm3.			(3) 
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