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Chapter 18 The chemical industry: risks and rewards
Q1.

Compare the tasks of chemical engineers, analytical chemists and research chemists by filling in the Venn diagram (Figure 18.4) with the following characteristics: scientist, problem-solver, detective, discoverer, communicator, mathematician, production supervisor, quality controller, accountable, specialist. The example shows ‘chemist’ applying to all three roles.
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Figure 18.4
The role of the industrial chemist.
A1.
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Note: This suggested answer may vary according to specific job situations.
Q2.

Would you expect to find qualified chemists working in the sales or management sections of a chemical company? Explain how chemical skills could be useful in such commercial roles.
A2.

Many chemists work in sales or management positions, their expertise helps them to understand and communicate knowledge of their product (e.g. applications) or production processes (e.g. yields and costs) to clients and co-workers.
Q3.

Is a typical school chemistry experiment batch or continuous processing? Use an example to explain your answer.
A3.

Most school chemical experiments are batch processes because of fixed input amounts and one-off reactions.
Q4.

Platinum is a useful catalyst. Explain how its rising cost (platinum has outstripped gold over the last few years largely in response to demands from industry) is related to the size of the global chemical industry.
A4.

Catalysts are widely used in chemical production and in applications such as car exhausts
Q5.

How might new legislation to enforce stricter safety and pollution control measures affect the price of the next product you buy? Who should pay this cost—the manufacturer or the consumer?
A5.

Price usually increases due to increased costs. Ultimately the consumer pays for the cost of production.
Q6.

Which chemist would you call on to improve yields in a chemical manufacturing process—a chemical engineer, a research chemist or an analytical chemist? Explain.
A6.

A chemical engineer is the specialist for routine production processes dealing with yields but the services of a research chemist or analytical chemist may also be required to work on a particular problem where more information is required.
Q7.

How would the price of a chemical product affect what yields are acceptable to the manufacturer?
A7.

A higher market price can make lower yields profitable.
Q8.

We communicate in different ways. Some of us are better readers and listeners, and others may have excellent visual communication skills. This means a multi-media approach to hazard warnings may be appropriate. The age or training of a message’s target audience is also relevant to effective communication.
a
Draw a cartoon or warning poster (e.g. ‘Read the label, Mabel!’) to communicate a threat from a dangerous good or hazardous substance to schoolchildren.
b
Write a jingle or rap to remind people to read warning signs and labels (e.g. write new lyrics for an existing tune).
c
Who is the target audience for a chemical label? a HAZCHEM sign?
A8.

a
Various responses
b
Various responses
c
 All users (label); emergency services personnel (HAZCHEM sign)
Q9.

a
The ‘2WE’ HAZCHEM code for liquefied petroleum gas means that water fog should used for fighting any fire (‘2’), full protective clothing should be worn (‘W’) and evacuation may be required (‘E’). The code for acetone, another flammable substance, is ‘2YE’. Explain the difference. Hint: refer to Figure 18.11.
b
Translate the hazard label diamonds in Figure 18.12 into plain English. Are the meanings clear from the graphics alone?
c
Design a hazard label diamond for a new class of dangerous goods that freeze living tissue on contact. Test your design on a partner—is it effective?
A9.

a
Same as 2WE except ‘Y’ means ‘use breathing apparatus’
b
Hazard class 1.1 is ‘most explosive’, 1.6 is ‘least’ explosive and 1.3 is in‑between, relative to each other. The graphics for 1.1 and 1.3 communicate an explosion, but not its degree. 1.6 uses only text and colour to communicate meaning.
c
Various responses
Q10.

a
Complete a risk assessment for your next chemistry experiment.
b
How might the age of the students, the concentration of a chemical or its amount affect a risk assessment for a school experiment?
A10.

a
Various responses
b
Risk generally decreases with the age of students and increases with the concentration of a hazardous substance.
Q11.

Despite obvious hazards, tobacco and its products are generally exempt from the requirement for an MSDS. However it is possible to find MSDS for some components of tobacco products. Some MSDS data for nicotine includes:
Poison: May be fatal if inhaled/swallowed/absorbed through skin. May cause liver/kidney/respiratory/reproductive/cardiovascular/nervous damage/disease/injury. Adverse delayed/cumulative effects.
Toxicity: Oral-rat LD50 50 mg kg–1, Skin-rat LD50 140 mg kg–1, Intravenous-mouse LD50 0.8 mg kg–1
Risk codes: R23 R24 R25.
Safety codes: S23 S24 S25 S37 S38 S39
a
What do these risk and safety codes mean? (Refer to the student CD.)
b
Use the above information and the label from a pack of cigarettes (Figure 18.13) to complete a risk assessment for smoking in a public place.
c
What legal controls have been imposed in response to the health hazards associated with harmful chemicals in tobacco and tobacco smoke?
A11.

a
R23 Toxic by inhalation, R24 Toxic in contact with skin, R25 Toxic if swallowed, S23 Do not breathe gas/fumes/vapour/spray, S24 Avoid contact with the skin, S25 Avoid contact with eyes, S37 Wear suitable gloves, S38 In case of insufficient ventilation wear suitable respiratory equipment, S39 Wear eye/face protection.
b
Responses should cover: Identification of hazardous chemicals (e.g. nicotine); Assessment of the risk; Control of the risk and documentation.
c
Compulsory health warning labels, restrictions on age of purchaser, restrictions on venues for smoking.
Q12.

a
What properties of some organic compounds make them long-term threats to the environment?
b
Would DDT or dioxins present the same hazards if these substances had short half-lives? (The half-life is the time taken for half the mass of a pesticide to break down.) Explain.
A12.

a
Toxicity, persistence and properties (such as state, density and solubility) that affect dispersal to susceptible organisms.
b
Reduced half-lives would decrease the chance of toxic chemicals moving through the environment and reaching susceptible organisms.
Q13.

a
List at least three options for disposing of excess acetone left over from a science experiment in class. What is the best disposal method? Explain.
b
Are leftover chemicals or by-products always a waste? Explain.
A13.

a
Collect for disposal by experts (generally preferred for large quantities); evaporate (okay for small quantities in well-ventilated area); flush down sink (not recommended); burn (not recommended).
b
Leftover chemicals are not waste if they are benign or harmless or can be cost-effectively re-used or recycled.
Q14.

a
With reference to Figure 18.17, suggest at least three ways to prevent marine pollution.
b
Heavy metals and some persistent organic toxins can contaminate land, making it unfit for habitation or food production. Suggest what safeguards could be made to reduce the chances of building a new home on land affected by chemical contamination from past uses.
c
Why might prevention be technically and economically more desirable than clean up and rehabilitation in the above cases?
A14.

a
Reduce wastes at sources, capture wastes and treat wastes before release to marine environment
b
Apply legislation and technology to reduce waste generation, improve disposal methods, document hazardous sites
c
Once dispersed it can be technologically impractical or too expensive to retrieve and treat wastes spread over large areas.
Q15.

Match each of the twelve principles of green chemistry listed above with none, one or more of the three Rs of ‘reduce, re-use and recycle’.
A15.

‘Reduce’ applies to most principles of green chemistry; ‘Reuse’ applies to catalysts; and ‘Recycle’ applies to biodegradable substances.
Q16.

Apply the relevant principles of green chemistry to your next school chemistry experiment. Why would application of the principles usually be more relevant to large-scale commercial chemical manufacture than a school science activity?
A16.

Various responses.
Q17.

Why might waste disposal be considered as a last resort in dealing with hazardous substances?
A17.

Waste disposal is essentially dealing with a problem that is best minimised in the first place if this is a technological, economic and environmentally sound option.
E1.

Is it likely that a steelworks will be built near Melbourne, Victoria, in the next decade? Explain the reasons for your answer.
AE1.

It is unlikely that a steelworks will be built near Melbourne in the next decade. There are no major sources of iron ore or black coal near the city and there would be many environmental problems associated with siting a steelworks near a city with such a large population.
Q18.

a
Why are many of Melbourne’s chemical industries sited in Footscray, 5 km from central Melbourne?
b
Do you think this is a good site? Why, or why not? What would be the features of a better site? Explain your choice.
A18.

a
The industry has developed at this site due to its market convenience, including its port location and the proximity of other interacting chemical manufacturers.
b
Various responses. Consider economic, social, technological and environmental factors.
Q19.

Residential areas have grown to encircle the industries at Footscray. Some residents near the industries are concerned about their safety and want the factories relocated.
a
What would the residents consider to be the main risks?
b
Why do you think that residential areas have been allowed to develop so close to these industries?
c
What do you think should be done?
A19.
a
The residents would consider possibilities such as fire or explosions, or occurrences which might lead to poisonous fumes escaping to nearby residential areas among the main risks.
b
Factors leading to the development of residential areas close to the industries include a lack of community and government appreciation of potential dangers and a lack of government control at the time of the original development, plus the fact that the residential areas provide relatively inexpensive housing close to a centre of employment.
c
Various actions could be considered. The industries are already subject to extensive monitoring and regulation and it could be argued that existing arrangements offer the best compromise. However, increased monitoring and regulation could be instituted. Alternatively, some or all of the industries could be required to close or relocate.
Chapter review
Q20.
In what ways is the industrial production of a chemical such as sulfuric acid likely to differ from the way it is made in the laboratory?
A20.
In an industrial synthesis, heat generated during the reaction must be removed in order to prevent accidents. In the laboratory, smaller quantities of reagents and constant personal monitoring minimise risks. Reactants used in industry must be cheap and readily available, whereas reactants used in laboratory syntheses may not need to meet these criteria. Processes involving high temperature or high pressures are often better able to be performed on an industrial scale.
Industries involved in the manufacture of sulfuric acid often use the heat released by the process as a source of energy within the manufacturing plant and may even convert it to electrical energy for sale.
Q21.

What methods might be used by a chemical industry to save on the cost of energy used for their processes?
A21.

A variety of methods may be applied in order to save on energy costs in industry. Catalysts allow reactions to occur rapidly at lower temperatures. Heat released by exothermic chemical reactions is recovered to heat water for use in other parts of the site or is even converted to electrical energy. Low-temperature purification processes, such as concentrating mineral ores, can be employed to reduce the amount of material that is subjected to more energy-intensive processes.
Q22.

Suppose a major chemical industry, employing about 200 people, wishes to build a large plant in a country town. List:
a
five potential benefits to residents
b
five potential disadvantages to residents.
A22.

a
Potential benefits to residents include: employment opportunities; improved local economy; development of subsidiary industries; improved transport, schools, libraries and other infrastructure.
b
Potential disadvantages include: damage to the environment from pollution and construction of plant and roads; damage to the health of residents as a consequence of increased pollution; changes to the character of the town.
Q23.

The Australian chemical industry operates at a disadvantage compared with some overseas chemical industries. What do you think these disadvantages could be?
A23.

The relatively small population of Australia means that local markets are limited, and the distance from other major markets adds to transport costs. Australian labour costs are also higher than in some other countries.
Q24.

Only a few companies in the world are prepared to develop a new substance, such as an insecticide, and produce it commercially. Suggest reasons for this.
A24.

There are high costs involved in the research and development of new substances such as insecticides. Long-term testing is required. Safety precautions must be built into the plant producing the substance and the manufacturer may be held liable for any damage that the substance or its manufacture causes to people or the environment. Each country has its own regulations which add to the cost and complexity of international marketing. Even once a product is on the market, monitoring of its effectiveness must continue.
Q25.

Give an example from an industrial process to show the significance of the following factors in the chemical industry:
a
concern for the environment
b
energy costs
c
availability of raw materials
d
transportation costs.
A25.

a
Waste gas from refineries is burnt to avoid the need to release it into the atmosphere; waste water from a polyethene plant may be recycled within the plant; manufacturers convert over 99% of sulfur dioxide to sulfur trioxide during the Contact process and so limit emissions of sulfur dioxide.
b
It is common practice in industry to recycle waste heat in order to reduce energy expenditure. For example, heat produced in the furnace during the manufacture of ethene is used to generate more steam for the process.
c
Ethene is made from either ethane, naphtha or gas–oil fractions, depending upon their availability; sulfuric acid can be made from either sulfur or sulfur dioxide gas released during the smelting of sulfide ores.
d
Sulfuric acid plants are often located near refineries or smelters which supply sulfur or sulfur dioxide to reduce transportation costs.
Q26.

a
Name a process in which the choice of raw materials varies, depending upon where the plant is located.
b
List three factors, apart from location, that influence the choice of raw materials for an industrial process.
A26.

a
Different raw materials are used for the production of ethene and sulfuric acid, depending on where the plant is located. For example, sulfuric acid can be made from sulfur or, if a metal smelter is nearby, from sulfur dioxide. The production of ethene depends on the composition of the crude oil being refined.

For sulfuric acid, it depends on the availability of sulfur dioxide as a by-product of another process.
b
Three factors that influence the choice of raw materials for an industrial process are:
· environmental issues
· cost and availability of energy
· market
(Individual student responses may vary. Other possibilities include social issues, such as labour availability), technology availability and the cost of the process.
Q27.

a
Match the caution symbols shown in Figure 18.23 with the following hazard descriptions: corrosive, oxidising, flammable, radioactive, explosive.
b
State which of these hazard descriptions you would expect to find on:
i
a bottle of concentrated sulfuric acid
ii
a cylinder of ethene gas.
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Figure 18.23
Hazard warning symbols.
A27.

a
From top to bottom: explosive, flammable, oxidising (left), radioactive (right), corrosive
b
i
corrosive

ii
flammable
Q28.

a
Obtain Material Safety Data Sheets for HCl, NaOH, CH3COOH and Na2CO3. (You might be able to download these from the Internet.)
b
Compare the R and S codes and determine the two most and two least hazardous chemicals to use in a junior science experiment that involves mixing an acid with a base.
c
Do a risk assessment for a titration of 0.1 M HCl with 0.1 M NaOH. Would you take the same precautions when titrating 0.01 M ethanoic acid with 0.01 M Na2CO3? Explain.
d
Suggest basic safety precautions you might take when handling any chemical in a laboratory.
A28.

b
0.01 M CH3COOH and 0.01 M Na2CO3 are less hazardous than the more corrosive 0.1 M HCl and caustic 0.1 M NaOH
c
0.1 M HCL and 0.1 M NaOH irritate skin and eyes. Care must be taken in handling burettes and pipettes, both have pointy ends that could damage eyes. Protective clothing and eye protection must be worn. 0.01 M CH3COOH and 0.01 M Na2CO3 are less hazardous than the more corrosive 0.1 M HCl and caustic 0.1 M NaOH. The same warning about handling glassware should apply.
d
A risk assessment plus a set of safety rules, particularly for junior students, and the routine use safety glasses/goggles, lab coats/aprons and gloves are recommended all school chemistry experiments
Q29.

Why are you unlikely to find ORL-HUM LD50, the lethal dose for 50 per cent of a human population, on the MSDS for most substances?
A29.

It neither legal nor ethical to kill humans in drug trials to establish lethal doses.
Q30.

a
Why is it poor practice to store HCl in a metal container?
b
How should the products of a reaction between 50 mL 0.1 M HCl and 50.0 mL 0.1 M AgNO3 be disposed of? (Hint: refer to MSDS on the Internet.)
A30.

a
HCl reacts with metal.
b
Collect for disposal (silver can be recycled).
Q31.

a
Carbon dioxide is produced in huge quantities by coal-burning in the power industry. Is the carbon dioxide a waste? Explain.
b
Once a waste is released into the environment, the industry it came from has little, if any, control of it. Debate the proposition: That the cost of managing wastes should be borne by chemical manufacturers. Give at least three arguments for and against this proposition.
A31.

a
Carbon dioxide emissions over and above atmospheric levels required to maintain stable global temperatures and photosynthesis are unwanted and therefore a waste product.
b
Various responses.
Q32.

a
A company intends to locate an aluminium smelter at one of the four sites, A, B, C, or D, on the island shown in Figure 18.24. Large amounts of electricity are used to extract aluminium from its ore, bauxite. Which site would you choose? Discuss the reasons for your choice with a partner.
b
A company intends to locate a high temperature incineration plant at one of the four sites, A, B, C, or D, on the island shown in Figure 18.24. Large amounts of organic compounds and medical wastes will be treated. The predominant winds are westerly. Which site would you choose? Discuss the reasons for your choice with a partner.
c
Investigate answers to parts a or b by performing a role play with members of the class representing four competing companies, each owning one of the sites A, B,C or D. Other class members can represent the the local communities, industrial producers or conservation groups. A panel of judges, representing the government, will hear each case and reach a decision based on the arguments presented.
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Figure 18.24
Map of the island.
A32.

a, b, c
Various responses. Consider economic, social, technological and environmental factors.
Sample of suitable response
Site D is preferred since it has road and rail links with the bauxite mine, an existing high-current powerline that can deliver low-cost electricity from the hydro-electric power station, a local population to provide the work force for the smelter, and a deep-water port which would facilitate the export of aluminium.
While Site C is closer to the bauxite mine, the cost of generating electricity from imported coal might be greater than the cost of using hydro-electricity. It is unlikely that the lower cost of transporting the bauxite would com​pensate for this higher cost.
Use of Site A would be impractical since access to all facilities would have to be built and the presence of the National Park would mean that very tight environmental controls would be imposed.
Site B lacks port facilities.
Q33.

Acetone in used as a solvent in the production of fibreglass, a material widely used for boats, canoes and surfboards.
a
Why is it a poor idea for workers to use acetone in an enclosed space?
b
What special precautions might be wise for smokers in a speedboat factory?
c
What are the risks of autoignition in the boat factory?
d
Why might polyester overalls, plastic shoes and wool carpet be a particularly bad idea in a speedboat factory? (Exclude fashion statements from your answer!)
A33.

a
Acetone is a respiratory irritant that can cause drowsiness, dizziness or death.
b
Acetone is highly flammable.
c
The risk of auto-ignition at 538oC is low.
d
Sparks from static electricity may ignite acetone vapours.
Q34.

Although the following scenarios appear far-fetched in developed countries, use an example to predict what might happen to workers in a chemical plant (or others in society) in each of the following scenarios:
a
There are no Occupational Health and Safety laws requiring employers to apply a duty of care.
b
Chemicals are stored in unlabelled containers.
c
Material Safety Data Sheets are unavailable, ignored or out of date.
d
Wastes are disposed by flushing down the sink or into waterways.
e
The national government chooses to ignore international agreements to minimise waste production.
A34.

a, b, c, d, e
Increased risks to human health and the environment. Long-term high costs to repair damage.
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