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Chapter 21 Production of sulfuric acid

Q1.

Examine Figure 21.2, which shows concentrated sulfuric acid being diluted.

a
List the safety precautions in use.

b
Explain why each of these precautions is used.

c
For large spills of sulfuric acid on the skin, why is it often recommended that the bulk of the acid should be quickly wiped away before washing thoroughly with water? (Note: small-scale laboratory spills should be immediately washed with water.)
A1.

a
A laboratory coat, safety shield and gloves are being worn. The acid is being added to water slowly, with continuous stirring. The container of diluted acid is placed in a large trough of cold water.

b
The laboratory coat, safety shield and gloves are worn to prevent concentrated sulfuric acid from coming in contact with the skin or eyes because it dehydrates organic material, causing severe burns. Heat generated when the concentrated acid is diluted can cause localised boiling and, consequently, concentrated hot acid to spit from the container. The likelihood of this occurring is minimised by stirring and by adding the acid slowly. The trough of water helps to lower the temperature of the acid as it is diluted.

c
The heat generated when water is added to concentrated sulfuric acid can increase the injuries already sustained from a large acid spill on the skin. Quickly wiping spilled acid away with a dry cloth is the best course of action in some circumstances. The spill should then be washed with plenty of water.
Q2.

Prepare a flow chart to show the sequence of processes used to convert sulfur into concentrated sulfuric acid. Write equations for significant chemical reactions beside the appropriate section of the flow chart. Indicate how the conflict between rate and equilibrium considerations is dealt with.
A2.
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E1.

The water by-product formed during the nitration process slows the reaction down by diluting the sulfuric acid. Why does dilution of the sulfuric acid slow down the reaction?
AE1.

There are fewer collisions between reacting molecules and the sulfuric acid catalyst when the acid is diluted. The reaction rate is slowed as a result. 
E2.

What are the advantages of reducing the amounts of sulfuric acid needed during the nitration procedures?
AE2.

Reducing the amount of sulfuric acid needed in an industrial process would reduce safety risks as concentrated sulfuric acid is strongly acid, oxidising and dehydrating agent required special handling and storage procedures. Reduction in the amount of sulfuric acid used will also have economic and environmental benefits.
E3.

The researchers investigating the use of silica-sulfuric acid state that ‘a new feature of the reaction is the fact that it is heterogenous. This could be worthwhile in an industrial setting.’ Name one advantage of using a heterogeneous reaction system.
AE3.

The separation and recovery of sulfuric acid from a homogenous liquid reaction process is complex and difficult. The separation of solid silica-sulfuric acid from a liquid is simpler.
Q3.

Use the information about waste management in the text to construct a table that lists the main by-products of sulfuric acid production from sulfur dioxide and describes how these problems are treated or reduced.
A3.

	SO2
	Unreacted gases are recycled to the converter for one or two more passes over the catalyst before being returned for absorption. Improvements in catalysts also increase efficiency. Only small quantities are released to the atmosphere.

	Catalyst
	After recovery of vanadium from spent catalyst, the catalyst is disposed of in landfill sites.

	Cooling water
	Mainly recycled.

	Heat
	Used to heating within the plant and converted to electricity. 


Q4.

The principles of green chemistry can be used to evaluate the environmental impact of a chemical process.

Construct a table with two columns headed ‘Principles’ and ‘Practice’, as shown below.

	Principles
	Practice

	1. Prevent waste
	

	.
.
.
	

	12. Minimise the potential for accidents
	


In the first column, list the twelve principles of green chemistry (Table 18.3 p. 310). In the second column, indicate the ways a modern plant using the contact process could be regarded as complying with these principles.
A4.

The production of sulfuric is a mature industry established long before the applications of green chemistry practices were considered important. Nevertheless, a number of aspects of the industrial production of sulfuric acid can be related to green chemistry principles.
	Principles
	Practice

	Prevent waste
	SO2 from other industrial processes such as smelting or S removed from natural gas are used as feedstock. Unreacted SO2 is recycled through the converter.

	Design safer chemicals and products
	

	Less hazardous synthesis
	

	Renewable raw materials
	

	Use catalyst
	V2O5 or Cs doped V2O5 catalyst is used

	Avoid chemical derivatives
	

	Maximise atom economy
	100% atom economy

	Use safer solvents and reaction conditions
	

	Increase energy efficiency
	Waste heat recycled or used for other 

	Design for degradation
	

	Analyse in real time to prevent pollution
	Continuous monitoring of production and plant

	Minimise the potential for accidents
	Stringent procedures for the storage, transport sand handling of sulfuric are in place. 


Chapter review
Q5.

In the mid eighteenth century, sulfuric acid was made from sulfur dioxide by heating it with potassium nitrate and then mixing the gases that were formed with water. The process can be written as:

4KNO3(s) + 4SO2(g) + 4H2O(l) ( 2K2O(s) + O2(g) + 4NO(g) + 4H2SO4(aq)

a
Use this equation to calculate the percentage atom economy for sulfuric acid production by this process.

b
In the contact process there are three main reactions involved:



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



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



H2S2O7(l) + H2O(l) ( 2H2SO4(l)

i
By adding these equations, write one overall equation that shows the production of H2SO4 from SO2. (Hint: before adding, you will need to double the coefficients of some equations and cancel identical reactants and products from both sides of the overall equation.)

ii
Use this overall equation to calculate the percentage atom economy for the contact process.

iii
Comment on the significance of the difference between the percentage atom economies of the two methods for producing sulfuric acid.
A5.

a 
4KNO3(s) + 4SO2(g) + 4H2O(l) ( 2K2O(s) + O2(g) + 4NO(g) + 4H2SO4(aq)

Mass of reactants: 4 × 63 + 4 × 64 + 4 × 18 = 580 

Mass of product: 4 × 98 = 392
% atom economy
= 
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2SO2(g) + O2(g)) ( 2SO3(g)




SO3(g) + H2SO4(l)
) (  H2S2O7(l)  (× 2)





 H2S2O7(l) + H2O(l)
) (  






2H2SO4(l)  (× 2)
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2SO2(g) + O2(g) + 2H2O(l)
) ( 2H2SO4(l) 
ii
All reactants are used, i.e. atom economy is 100%.
iii
The percentage atom economy for the production of sulfuric acid by the contact process is greater than the process used in the mid 18th Century. Assuming 100% conversion of reactants to sulfuric acid 100% of the mass of reactants would be present in the final product using the contact process i.e. all the reactant atoms are utilised and there is no waste. In the earlier process, again assuming all the reactants were converted to products, 68% of the mass of the reactant atoms was used in the sulfuric acid and 32% of the mass of reactant atoms is waste. Equilibrium yields would also need to be taken into account when making these comparisons.
Q6.

The sulfur dioxide gas used as the raw material for manufacturing sulfuric acid can come from either sulfur extracted from processing fossil fuels or from smelting metal ores. Write balanced equations for the production of sulfur dioxide from:

a
elemental sulfur

b
smelting iron(II) sulfide
A6.

a
S(l) + O2(g) SO2(g)

b
Cu2S(s) + O2(g)  2Cu(s) + SO2(g)
Q7.

In the commercial production of sulfuric acid, sulfur dioxide is oxidised to sulfur trioxide by oxygen gas.

a
Write a balanced chemical equation for the reaction.

b
Write an expression for the equilibrium constant for the reaction.

c
Predict the reaction conditions that would favour maximum equilibrium yield of sulfur trioxide. Explain your reasoning.

d
How would these conditions affect the rate of reaction?

e
Discuss the conflict that arises in the choice of reaction conditions for the contact process and the strategies used to deal with this conflict.
A7.

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

b
K = 
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c
Low temperature (the reaction is exothermic); high pressure (one molecule of oxygen produces two molecules of sulfur dioxide); and excess air (excess reactant shifts the equilibrium in favour of the products).

d
Lowering the temperature decreases the rate of reaction. Increasing pressure increases the rate of reaction.

e
Conflict arises over temperature. A catalyst is used to allow a lower temperature to be used but maintain an acceptable reaction rate.
Q8.

During the contact process, the temperature of the gas increases as it passes through each catalyst bed in the converter. The gas must be diverted for cooling before returning for another pass.

a
Why does the temperature of the gas rise?

b
Why is it necessary to cool the gas?

c
What side-benefit is obtained from the need to cool the gas?
A8.

a
During the contact process the temperature rises in the converter because the reaction between sulfur dioxide and oxygen is exothermic.

b
Since the reaction is exothermic, the value of the equil​ibrium constant increases as temperatures decrease. The gases must be cooled to obtain higher equilibrium yields of sulfur trioxide.

c
Heat exchangers permit heat energy from the converter to be removed and used elsewhere in the plant. In some plants heat energy is converted to electricity which is then sold to the local electricity authority.
Q9.

Although water reacts directly with sulfur trioxide to form sulfuric acid, this reaction is not employed when sulfuric acid is made.

a
Explain why not.

b
Describe the process that is used.

c
Write equations for the reactions that occur in the process described in part b above.
A9.

a
Direct reaction between sulfur trioxide and water is not employed in the contact process because the large amount of heat evolved would lead to the formation of a fine mist of sulfuric acid which would be difficult to collect.

b
Sulfur trioxide is mixed with concentrated sulfuric acid in an absorption tower to form oleum. The oleum is then mixed with water to produce sulfuric acid.
Q10.

A number of different oxidation states of sulfur are involved in the industrial production of sulfuric acid from elemental sulfur.

a
Give the equation for the reaction in which sulfur is oxidised from the +4 to the +6 oxidation state.

b
Give the equation for the reaction in which sulfur is oxidised from the 0 to the +4 oxidation state.

c
Give the equation for the reaction in which a gaseous compound containing sulfur in the +6 oxidation state reacts with a liquid.
A10.

The sequence of reactions that occur in the manufacture of sulfuric acid from elemental sulfur and the change in oxidation state of sulfur may be summarised as 
0            +4              +6                 +6                  +6

S → SO2 → SO3 → H2S2O7 → H2SO4
a
2SO2 (g) + O2(g) → 2SO3(g)

b
S(s) + O2(g) → SO2 (g)

c
SO3(g) + H2SO4(l) → H2S2O7(l)
Q11.

If you were designing a new sulfuric acid plant, briefly list important factors that you would consider when deciding:

a
whether to use powdered sulfur from a local supplier or molten sulfur transported a greater distance

b
if sulfur were to be burnt in air or oxygen

c
whether to obtain sulfur dioxide by burning sulfur or from the waste gases of a copper smelter

d
whether to use air or oxygen for the reaction in the converter
A11.

The following are some of the factors to consider when making the decisions.

a
Availability and cost of energy required to melt powdered sulfur and store molten sulfur; equipment and maintenance costs; cost of transporting molten sulfur.

b
Cost involved in fractional distillation of air; yields of sulfur dioxide using air and oxygen; pumping cost of air compared with a smaller volume of oxygen.

c
Quantity and concentration of sulfur dioxide in the waste gases (this is a particularly important consideration); cost involved in purifying the waste gas to prevent poisoning of the catalyst.

d
Effectiveness of each catalyst; relative cost; likelihood of the catalysts being poisoned.

e
Cost involved in fractional distillation of air; increase in yield of sulfur dioxide using oxygen; pumping costs of air compared with a smaller volume of oxygen.
Q12.

Air is thoroughly purified before it is used in the contact process. Explain the reason for this.
A12.

To prevent poisoning of the catalyst.
Q13.

Sulfur dioxide is present in emissions from sulfuric acid plants.

a
Why is the release of large amounts of sulfur dioxide in the atmosphere undesirable?

b
What is done to limit the extent of these emissions in sulfuric acid plants?

c
What other industries emit sulfur dioxide?
A13.

a
Sulfur dioxide in the atmosphere is harmful to both plants and animals. It can combine with water to form acid rain. Acid rain has been blamed for the degrad​a​tion of city buildings, the decimation of fish popula​tions in waterways and the destruction of large forest areas in some parts of the northern hemisphere.

b
Stringent regulations regarding sulfur dioxide emissions apply to companies that manufacture sulfuric acid. Most sulfuric acid plants convert over 99% of sulfur dioxide to sulfur trioxide in the Contact process. The double absorption process increases the efficiency of this conversion.

c
Smelting of sulfide ores; coal-fired power stations; fractional distillation of petroleum.
Q14.

Under the title ‘Sulfuric acid: the world’s most wanted chemical’, write a paragraph that uses the words: fertilisers, contact process, smelting, converter, absorption tower, equilibrium, reaction rate and catalytic oxidation.
A14.

‘Sulfuric acid: The world’s most wanted chemical’

Sulfuric acid is used extensively by chemical industries and the major use of the acid is the manufacture of synthetic fertilisers. It is manufactured from sulfur dioxide by the contact process. A principal source of sulfur dioxide is from the smelting of metal ores. The contact process involves catalytic oxidation of sulfur dioxide to sulfur trioxide in a vessel called a converter. Conditions are chosen so that the position of equilibrium and reaction rate give the most economical yield of sulfur trioxide. The sulfur trioxide is then mixed with water in an absorption tower to produce sulfuric acid.
Q15.

Describe two ways that expenses are minimised in the contact process.
A15.

Unreacted gases are recycled; waste heat from the converter is used for heating within the plant and to make electricity.
Q16.

Imagine a major accidental emission of sulfur dioxide gas occurred at a sulfuric acid plant. As a consequence, the local council invited the plant manager to speak to the local citizens about their health, safety and environmental concerns.

a
Design a flyer advertising the meeting and highlighting the main issues of concern.

b
List the points that the manager might wish to make to the concerned residents.
A16.

a
The flyer might mention safety issues, such as the risk of spillage and concerns about gas emissions. It might also mention the safety record of the company and visual pollution. (A flyer advertising a public meeting would also give the date, time and venue.)

b
The plant manager might describe the safety precautions in place, the company’s safety record, operation to strict government guidelines, provision of employment, incentives for associated industries with employment and the trade spin-offs for local community.
Q17.

Construct a concept map that includes the following terms: sulfuric acid, fertilisers, oxidation, contact process, converter, absorption tower, oxidation, reaction rate, equilibrium yield and catalyst.
A17.
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Q18.

Design a safety notice that summarises:
a
the effects to a person’s health that may result from contact with sulfuric acid

b
the first aid treatment that should be used to treat contact with sulfuric acid
c
the personal protective equipment that someone working with sulfuric should use or have access to
A18.

a
The notice should include the following information. 
Harmful if swallowed, burns throat and digestive tract

Irritant and corrosive to eyes

Corrosive to skin, causes severe chemical burns

Vapour is corrosive to respiratory tract
b
Medical treatment should be sought if a person is exposed to concentrated sulfuric acid.

First aid treatment. (This is a summary only. Refer to MSDS for full details.)


If swallowed – drink water, rinse mouth for 20 minutes, do not induce vomiting



If splashed into eyes – flush eyes for 20 minutes



If splashed onto skin – flush skin with water, remove contaminated clothing



If inhaled – remove from source of exposure, take patient into fresh air

c
Protective equipment to prevent skin and eye contact and the inhalation of vapours.



Respiratory masks



Eye goggles or face mask



Protective clothing, including gloves and boots



Access to eye bath and safety shower



Access to MSDS
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