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	Industrial chemistry case studies
	



questions

12.1 Ammonia

1
Ammonia is made by the reaction of nitrogen and hydrogen gases. Nitrogen is sourced from air, and hydrogen is generated from the conversion of natural gas (methane) or liquid petroleum gas (LPG), which consists mainly of propane and butane.

2
The catalyst used is made from porous iron, made by treating iron(III) oxide with hydrogen gas and small amounts of aluminium and calcium oxides and potassium hydroxide. The reaction solidifies the mixture of materials and makes it porous, increasing its surface area and so its effectiveness. 

3
The theoretical conditions used to maximise rate of reaction are:

•
increase the temperature at which the reaction occurs

•
increase the gas pressure

•
employ the best catalyst available.


A compromise is reached with respect to all three of these conditions to ensure that the extent of reaction is maximised at an acceptable rate and as economically as possible.

4
According to Le Châtelier’s principle an increased yield can be achieved by:

•
increasing the concentration of one of the reactants

•
removing product from the reaction mixture as it forms

•
increasing the gas pressure (4 moles of reactant gases produce only 2 moles of product gases, so an increase in pressure would enhance the forward reaction)

•
decreasing the temperature, as the forward reaction is exothermic.


A compromise is reached with respect to temperature, as low temperatures will result in an unacceptably slow rate of reaction.

5
The Haber process is an energy-intensive one, with enormous amounts of energy required to compress the reactant gases and to liquefy the ammonia. As the reaction to produce ammonia is exothermic, the heat generated is not wasted, but rather it is harvested and used to heat the reactant gases. Similarly, the heat energy released by the ammonia as it is cooled is collected by heat exchangers for use elsewhere in the process.

6
About 85% of the ammonia is used in fertiliser manufacture. Equations representing the manufacture of urea and ammonium sulfate are shown below:


2NH3(g) + CO2(g) ( (NH2)2CO(s) + H2O(l)


2NH3(g) + H2SO4(l) ( (NH4)2SO4(s) 


Ammonia is also extensively used in the manufacture of nitric acid via the Ostwald process (see page 286 of the coursebook for relevant equations and explanations).

7
Ammonia itself poses some risks. The gas has a pungent and penetrating odour and is extremely irritating to eyes and lungs. As this substance is extremely soluble in water, it dissolves readily in the moist lining of the mouth, throat and lungs. Inhalation of ammonia at concentrations as low as 0.5 ppm will lead to discomfort, and concentrations in excess of 500 ppm can be fatal. Ammonia reacts readily and explosively with a wide range of chemicals, including acids, aldehydes and halide compounds. It is extremely toxic to the environment, both in its gaseous form and when dissolved in water.


In the generation of hydrogen gas from methane, carbon dioxide is the major gaseous waste product. As carbon dioxide is a significant greenhouse gas, its release into the atmosphere needs to be restricted. 

8
An MSDS is available on the Internet.

9
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12.2 Nitric acid

1
Ammonia and air are the key raw materials in the production of nitric acid. Ammonia undergoes catalytic oxidation to form nitrogen monoxide (nitric oxide), NO. A mixture of one part ammonia to nine parts air is passed over an electrically heated catalyst made of 90% platinum and 10% rhodium, where the highly exothermic reaction occurs. Once formed, the nitrogen monoxide is cooled to 200°C to 250°C and oxidised further to nitrogen dioxide by the excess air present in the reaction mixture. The final stage in the process is to allow the nitrogen dioxide gas to react with water to produce a dilute aqueous solution of nitric acid. 

2
The catalyst is an electrically heated woven metal mesh made of 90% platinum and 10% rhodium. The mesh increases the surface area of the catalyst and allows gases to pass through it unhindered.

3
To increase the rate of this reaction elevated temperatures and pressures should be used. A catalyst should also be employed. The precise conditions used vary somewhat for reasons of safety and effective yield.

4
The conversion of ammonia to nitrogen monoxide is an exothermic process. Maximum yield will be achieved at low temperatures and low pressures, as 9 mol of gaseous reactants is converted to 10 mol of products. In practice, the conditions used vary to meet safety and rate considerations.

5
This process is very energy efficient and produces little waste. The oxidation of ammonia is highly exothermic; it produces sufficient heat energy to meet the energy needs of the rest of the plant. 

6
Nitric acid is both a strong monoprotic acid and a strong oxidant, particularly when hot and concentrated. It is widely used in the laboratory in the synthsesis of numerous organic reagents. It is also extensively used in the manufacture of a range of explosives, such as nitroglycerine and trinitrotoluene. A major fertiliser formed by the reaction of ammonia with nitric acid is ammonium nitrate. The relevant equation is shown below:


NH3(g) + HNO3(l) ( NH4NO3(s) 

7
This process is very energy efficient and produces little waste. Any nitrogen monoxide lost to the atmosphere will slowly oxidise to nitrogen dioxide, which forms a weak solution of nitrous and nitric acids in rain water. Nitrogen dioxide is a brown gas that contributes the characteristic colour of photochemical smog.

8
An MSDS is available on the Internet.

9
Research

12.3 Sulfuric acid

1
Major raw materials are sulfur dioxide and oxygen from the air. Sulfur dioxide is obtained from three principle sources: the burning of elemental sulfur mined directly via the Frasch process; as a by-product of the desulfurisation of petroleum in the petrochemical industries; and as a waste product generated in the smelting of the sulfide ores of non-ferrous metals such as copper, zinc and lead. Traditionally, much of the sulfur dioxide required was generated by burning imported sulfur, but this procedure has now been superseded in this country by sourcing it from smelting operations. 

2
The first catalyst used industrially in this process was platinum. Unfortunately, platinum is very expensive and tends to be poisoned quickly and so lose its effectiveness. A much cheaper, but still acceptable, catalyst is vanadium(V) oxide, V2O5. It is laid out in a series of three or four trays in pellet form. By using trays of pellets the surface area of the catalyst is increased, and so is its effectiveness.

3
The theoretical conditions used to maximise rate of reaction are:

•
increase the temperature at which the reaction occurs

•
increase the gas pressure

•
employ the best catalyst available.


A compromise is reached with respect to all three of these conditions to ensure that the extent of reaction is maximised at an acceptable rate and as economically as possible.

4
According to Le Châtelier’s principle an increased yield can be achieved by:

•
increasing the concentration of one of the reactants

•
removing product from the reaction mixture as it forms

•
increasing the gas pressure (3 mol of reactant gases produces only 2 mol of product gases, so an increase in pressure would enhance the forward reaction)

•
decreasing the temperature, as the forward reaction is exothermic.


In practice, elevated temperatures are used to improve the rate of reaction, and atmospheric pressure is used to reduce the costs associated with high pressure equipment.

5
This process is very energy efficient and produces little waste. The oxidation of sulfur dioxide to sulfur trioxide is highly exothermic; it produces sufficient heat energy to meet the energy needs of the rest of the plant. Indeed surplus energy is produced and converted to electricity, so that plants are sometimes described as electricity producers that also produce sulfuric acid.

6
About 75% of the sulfuric acid produced in Australia is used in the production of fertilisers, as our soils are typically low in nitrogen and phosphorus. Typical reactions, which rely on the acidic properties of sulfuric acid, are:


2NH3(aq) + H2SO4(aq) ( (NH4)2SO4(aq)

sulfate of ammonia


Ca3(PO4)2(s) + 2H2SO4(l) ( Ca(H2PO4)2(s) + 2CaSO4(s)


‘superphosphate’


Due to its high boiling point (338(C) and strength as an acid, sulfuric acid can be used to prepare the more volatile hydrochloric (–85(C) and nitric acids (86(C) from the relevant salts.


H2SO4(l) + NaCl(s) ( HCl(g) + NaHSO4(s)


H2SO4(l) + NaNO3(s) ( HNO3(g) + NaHSO4(s)


Sulfuric acid is a strong oxidant (particularly when hot and concentrated), with sulfur in its highest oxidation state of +6. Sulfuric acid can be reduced to SO2 (+4), S (0) or H2S (–2), depending on the strength and temperature of the acid.


Zn(s) + 2H2SO4(l) ( ZnSO4 (aq) + 2H2O(l) + SO2(g)


3Zn(s) + 4H2SO4(l) ( 3ZnSO4(aq) + 4H2O(l) + S(s)


4Zn(s) + 5H2SO4(l) ( 4ZnSO4(aq) + 4H2O(l) + H2S(g)

7
Sulfur dioxide and sulfur trioxide are both potential waste products in the context that they might escape from the plant. Both are significant respiratory irritants and contributors to acid rain, which is why their emission is minimised as far as possible.

8
An MSDS is available on the Internet.
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12.4 Ethene

1
Ethene is made from a variety of feedstocks, all of which consist largely of saturated hydrocarbons derived from natural gas and petroleum.

2
The theoretical conditions used to maximise rate of reaction are:

•
increase the temperature at which the reaction occurs

•
increase the gas pressure

•
employ the best catalyst available.

A compromise is reached with respect to all three of these conditions to ensure that the extent of reaction is maximised at an acceptable rate and as economically as possible. Most ethene is produced by thermal cracking in which a catalyst is not used.

3
The cracking reactions are endothermic, hence the use of high temperatures, as this favours the endothermic reaction and increases the equilibrium yield of products. Reactions are typically carried out at 1000oC. Low pressure (typically less than 1 atm) also favours products, as there is an increase in the number of molecules in the forward reaction. However, working with gases at pressures below atmospheric is hazardous, since a leak would cause air to be drawn in, possibly to form an explosive mixture. Using steam as an inert dilutant allows the higher yield from lower pressures of reactants without the problems caused by working at lower overall pressures. The steam also reacts to help prevent deposits of carbon forming in the tubes.

4
Production involves huge temperature gradients, so careful design is essential for efficient energy conservation. Products pass through heat exchangers. Thermal energy from the hot cracked gases is used in heat-recovery boilers to generate high-pressure steam. This drives compressors and pumps and heats distillation columns. 

5
Ethene undergoes addition reactions, including polymerisation, to produce a wide range of products (see coursebook figure 12.4.7). Ethene is also used to make many intermediate compounds, which in turn are used to make other products. For example, ethene reacts with benzene to form styrene, which is then used to make polystyrene. The main use of ethene, however, is to make polyethene. About 60% of the ethene produced in Australia is used in this way.

6
Leaks of hydrocarbons are minimised, which has both environmental and economic benefits. Waste hydrocarbons may be burned (flared). The flare system includes high-pressure steam to ensure that smoke is not produced. Unconverted feedstock is recycled, so there is very little wastage of hydrocarbons.


Ethene itself poses risks as it is an asphyxiant, causing nausea and headaches at moderate levels, so there is a need to control emissions. Ethene is a flammable gas. In general, the volatility and flammability of the hydrocarbons in this process pose a significant threat to the environment. Industries that use the products of the refining process are usually placed next to each other to allow easy access to the raw materials for each process. It also means that potentially dangerous materials do not have to be transported any further than a few metres from one plant to another.

7
An MSDS is available on the Internet.
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Examination questions

Extended response

a
i
B. The reaction is endothermic. Raising the temperature favours the forward, energy-absorbing reaction, resulting in an increased yield of hydrogen.

ii
A. The catalyst increases the reaction rate (steeper graph), but does not alter the yield of hydrogen.

iii
Low pressure would favour the forward, pressure-increasing reaction (2 mol of reactants exerts less pressure than 4 mol of products).

b
i
The desired product (hydrogen) does not need to be separated from an equilibrium mixture.

ii
Electrolysis is an energy-intensive, and hence expensive, process.

PAGE  
	Page 1


© Pearson Education Australia (a division of Pearson Australia Group Pty Ltd) 2008. 
This page from the Chemistry Dimensions 2, Teacher’s Resource may be reproduced for classroom use.


[image: image1.jpg]