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Learning about FIRE: Safely.

(Notes for teachers)

Alan Goodwin, Manchester Metropolitan University (He is now retired as Head of Dept. of Sciences Education and is a Visiting Research Fellow in Chemistry and Materials.)
alangoodwinuk@yahoo.co.uk
N.B. Although this lecture has been given a number of times it is always changing. Any comments or suggestions for improvement – to either the presentation or to these notes – will be gratefully received.


Introduction:

The use of fire is probably the oldest technology known to man – indeed it probably predates the evolutionary emergence of  Homo sapiens and there is even speculation that fire and its use was the key driver of human evolution. (See note at the end of this paper.)
For most of human history, everyone ‘knew’ that fire was an important substance. (We are now fairly sure that it is not a substance.) Indeed, in the early days of science it was believed to be one of the four elements of which everything else was made: earth, air, fire and water (Aristotle 384-322 BC).
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Thus:

· Water has the qualities moist and cold

· Air has the qualities hot and moist

· Fire has the qualities dry and hot

· Earth has the qualities cold and dry

During the eighteenth century at the beginning of modern chemistry, it was considered that when things burned, ‘something’ called phlogiston escaped into the air and that fire and flames were the evidence of this escape.  For teachers there is a lovely book published by the ASE (Cartwright J, 2000) that gives details of the change from one idea to the other.  It is interesting to note that although Joseph Priestly (1733-1804) is credited with the discovery of oxygen (he called it dephlogisticated air) in 1774, he never accepted that the phlogiston theory was wrong. Priestly argued against the idea of Antoine Lavoisier (1743-1794), who believed that oxygen was the basis of the new theory of burning or combustion and that substances react with oxygen when they burn. This is the idea we use today.
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Fire is not quite the same as burning. Fire is what we see when burning takes place sufficiently quickly for light and heat – the energy given out by the reaction - to be visible in the reaction zone.  Sometimes the process takes place very slowly (as with the rusting of iron – when wet iron reacts with oxygen from the air to form iron oxide) so that the energy given out is not easily detected. The total AMOUNT of energy given out is just the same whether the reaction takes place slowly or quickly.

A very important example of slow burning (slow combustion) is the process of ‘respiration’ by which most living organisms gain their energy from the reaction of glucose (or other ‘digested’ food substances) with oxygen. 

The reverse of respiration is photosynthesis.  This occurs in green plants, with the help of chlorophyll, allowing the plants to capture the energy of sunlight and use it to make glucose. Starch and cellulose are ‘polymers’ – long chains of glucose molecules joined in slightly different ways. (These can be broken down to glucose in the stomachs of plant-eating animals and this glucose used in respiration to produce energy required to live. Plants also respire – and break down glucose to use for making energy for their life processes.)
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The connection between burning and respiration can be indicated by the fact that both form carbon dioxide. The air we breathe out contains much more carbon dioxide than the air we breathe in. It is possible to show the presence of carbon dioxide by the fact that it will turn ‘lime water’ a milky colour. Carbon dioxide reacts with the lime to form calcium carbonate, which is white and does not dissolve in water. (You can make lime-water quite easily by shaking calcium hydroxide (‘slaked lime’ from the garden centre or chemist). with water and then leaving the mixture to settle for about 24 hours. The clear solution should be poured off carefully and stored in a closed bottle. One teaspoonful of lime will be sufficient to make a pint or two of lime water. (Note: Limestone can not be used – this is calcium carbonate and does not dissolve in water.)

From a more practical point of view – and one, which is very much applied in considering fire safety – the FIRE TRIANGLE provides a useful guide as to how to get fires going or put them out.  For a fire to burn three things are necessary (a) a supply of fuel, (b) oxygen (air), (c) a sufficiently high temperature. (This is not a precise temperature since the lowest temperature at which a mixture of fuel and oxygen can ignite depends on the nature of the fuel.) If one of these is absent, a fire cannot start and if one is removed from a fire, the fire will go out.
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Once a fire is burning the heat produced by the reaction is usually at least equal the rate at which heat is being lost – so the fire will keep burning as long as fuel and oxygen are available.
A.
Things that burn (fuels)
1. There is a wide variety of things that will burn – some of them quite surprising (like steel wool). Of course they can only be useful as fuels if they are sufficiently plentiful and cheap and do not produce too much dangerous substance when they burn that would poison people or damage the environment. (Our ideas about this keep developing.) Almost all common fuels contain carbon and hydrogen and, sometimes, oxygen as well. Hydrogen and carbon (charcoal and coke) can also be used as fuels themselves.

2. The carbon in fuels reacts with oxygen to form carbon dioxide (carbon monoxide can form as well if there is insufficient oxygen for complete burning.) Carbon monoxide is also a useful fuel since it can still react with more oxygen to form carbon dioxide. However, unlike carbon dioxide, it is dangerously poisonous to most animals which is why car exhaust fumes must be avoided and the air supply to gas fires/boilers must not be restricted. 

The hydrogen in fuels reacts with oxygen to form water. 

As described in the introduction carbon dioxide and water are the same substances that are formed when our bodies use digested foods as fuel during ‘respiration’. The foods are reacted with oxygen to produce energy. In this case ‘fire’ is not involved and the reactions take place at normal body temperature.

3. Oxygen does not burn. It is not a fuel. (This is because it is oxygen that happens to be the reactive gas in our atmosphere. It does not react with itself. IF the atmosphere consisted of hydrogen or methane then oxygen would ‘burn’ in it and we would call it a ‘fuel’ but none of the other substances we now call fuels would then burn.)

4. Some examples of things that will burn:

	Substance
	Chemical Formula
	Notes
	Fuel

	Petrol
	C8H18
	A mixture of hydrocarbons. Traces of sulphur containing impurities.
	Yes

	Methane
	CH4
	Natural Gas
	Yes

	Alcohol (Ethanol)
	C2H5OH
	As in alcoholic drinks
	Yes

	Coal
	Composition varies. (Mainly C, H and O)
	Some e.g. Anthracite is mostly carbon. Most coal also contains sulphur compounds.
	Yes

	Sulphur
	S
	Burns to give sulphur dioxide.
	No

	Iron
	Fe
	Burns to give iron oxide (Fe3O4)
	No*


* This is not now ‘strictly true! See the following item from New Scientist. The clean, green car of the future will cruise the highway on a tank-full of powdered metal - welcome to the new Iron Age

22 October 2005 

5.   Some substances will NOT burn:


Nitrogen (about 78% of the air by volume)

Carbon dioxide (CO2) and water (H2O) 

Concrete, brick, most rocks and sand

Asbestos (but this has been found to be very harmful since its dust can cause lung-cancer)

Helium

Gold, silver and platinum

B.
Oxygen (Air contains about 21% oxygen by volume.)

1. An interesting investigation is to see how long a candle will stay alight when covered by jam jars of different volumes. This needs to be organised carefully to make the tests fair and safe. It is possible to show that the bigger the volume of air the longer the candle will burn – however, the candle goes out long before all the oxygen has been used, so this reaction cannot be used to find out how much oxygen there is in air.
2. Things that will burn in air will burn much more vigorously in oxygen. A very simple test to show that a gas is probably oxygen is to dip a glowing wooden splint into it. If there is more than 30% of oxygen then the splint will re-light and burn brightly.

3. Some substances, which themselves contain a lot of oxygen (often called oxidising agents), are able to allow fuels to burn even if there is no air present. e.g. gunpowder is a mixture of saltpetre (potassium nitrate KNO3), carbon powder and sulphur powder. Nitro-glycerine (Used in Dynamite) has the formula C3H5N3O9 and, as you can see contains enough oxygen ‘inside itself’ to react with all the carbon and hydrogen. This is a dangerous high explosive.

4. Fire trails: Using a small paintbrush draw a ‘pathway’ or a shape on a sheet of old newspaper using potassium nitrate solution as the ‘paint’. (First mark the beginning of the trail with a pencil or you may forget where it is.) Allow the paper to dry naturally. Hang the paper on a ‘clothes-line’, preferably outside or in a large, well ventilated room, then ignite the beginning of the trail with a piece of smouldering string. A glowing area will travel slowly around the trail as the paper burns away where some potassium nitrate has been left behind. (It is just possible – although it very rarely happens - that the paper may burst into flames so do not leave it unattended.) The potassium nitrate provides the extra oxygen necessary to keep the paper smouldering.

5. Some of these oxidising agents also act as a convenient source of pure oxygen if they can be easily and safely decomposed. Perhaps the most convenient way of making small amounts of oxygen gas is by decomposing 10 or 20 volume hydrogen peroxide solution (H2O2) (10cm3 of 20 volume hydrogen peroxide will give 200 cm3 of oxygen gas.) This can be done by adding a few crystals of potassium permanganate to the solution in a glass beaker or other suitable (non-flammable) container.

6. If all sources of oxygen can be removed then a fire will go out – however much fuel is present. This is why, for small fires, smothering it with sand, or with a suitable cloth or blanket is often a good way of putting them out. (You must be careful – if the cloth burns through it can allow the air in and then act as fuel itself! For this reason is often better if the cloth is wet – with water.) If you get your clothes on fire rolling on the floor– if possible in a carpet or rug - will help to cut off the air supply. Do NOT run about!

7. Carbon dioxide gas is often used to ‘smother’ fires – it can be especially useful for automatic fire extinguishers since it is safe with electricity and does not cause damage itself. However, although carbon dioxide is NOT poisonous it will smother animals too by removing the air they need to breathe. Since carbon dioxide is denser than (heavier than an equal volume of) air it can be ‘poured downwards into a container of air. If the container contains a number of burning candles of different heights it is possible to pour in the carbon dioxide so that the candles are extinguished in turn – the shorter one first.

8. Fuels can only burn where they are in contact with oxygen – this is usually on the surface. If they are thoroughly mixed with air or oxygen before the fire is lit then they burn MUCH faster and may explode. (See 4 above. This is why substances that contain carbon hydrogen AND sufficient of oxygen can be explosive since they do not need oxygen from the air.)

C.
High Temperature:

1. So many things that we have around us are able to act as fuels (our clothes, our houses – wood especially, furniture and furnishings, and even much of ourselves.) that it is important that we learn to keep fire firmly in its place. Fortunately most substances will only start to burn (ignite) when a certain fairly high temperature is reached. (An electrical spark has a temperature of well over 1000oC so this might be sufficient to start a fire.) Once a fire has started, the energy given out by the reaction makes the temperature rise even more – so if fuel and oxygen are available it will keep going and get bigger – usually until the fuel runs out.

2. It is possible to put out a candle by cooling the flame down – even when there is plenty of air available. (See question 2 below.)

3. Pouring water on a fire may be able to cool it down sufficiently to make it stop burning but it is not always safe to do this. 

(There are some occasions where putting water on a fire is a very dangerous thing to do – and may help the fire to burn even more.

· If there are live electrical circuits with mains voltage or higher.

· If it is hot oil or fat that is burning then water – especially in small amounts – will boil in contact with the fat and cause small droplets of fat to spray into the air where they can burn much better perhaps explosively.

· If certain metals are on fire (e.g. magnesium, aluminium) the metals can react with the water, remove oxygen from it, leaving hydrogen gas. This burns VERY well.)

Some Questions:

1. If you are escaping from a building in which a fire has started why is it important to close as many windows and doors as possible when you leave? (For the same reason it is important that ‘fire doors’ in a building are not fixed open.)

2. If a thick piece of cold copper wire is put into a candle flame, the flame often goes out even though there is still plenty of air available. How would you explain this?

3. You blow on a candle flame to make it go out and you blow on a campfire or a bonfire to try to make it burn better. How can doing the same thing have different effects? (Do you blow in exactly the same way in each case?)

4. Carbon dioxide gas is often used to smother fires. One reason is that it is safe if there is electricity involved can you think of others? 

5. Carbon dioxide contains oxygen and some very reactive substances can take the oxygen away from the carbon and burn in it. Carbon dioxide fire extinguishers will not  put out burning metal fires – can you give an example of a metal that will burn in carbon dioxide?
6. If a number of burning candles of different heights are put into a transparent aquarium tank and a ‘bucketful’ of carbon dioxide is carefully poured into the tank, then the candles usually are extinguished in turn – starting with the shortest. Explain why this happens. (This makes an interesting demonstration – a very strange feature is that you are pouring a completely invisible gas from the bucket – you only see the candles going out. You need to practise first!)

7. Sometimes a wide pathway is cut through a forest of trees to try to prevent the spread of a forest fire. How does this help? Does the pathway help if it is up-wind or down-wind of the fire? Would it be any use in stopping the fire spreading if the trees that are cut down are left lying on the ground where they fell? 

8. Apart from possible dangers from breathing in fine dust, how else can a very dusty (with flour, coal dust or dust from corn) atmosphere be dangerous?

9. What special care is it necessary to take when extra oxygen is being used to help people to breathe?
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Note: A recent review of two books about fire (Das S R, New Scientist 6th June 2009 p 47) points to a number of fascinating possibilities relating to fire as a main driver of human evolution. Anthropologist Frances Burton suggests that the taming of fire millions of years ago when our ‘ape-like’ ancestors overcame their fear of fire, perhaps to pick at delicacies such as an animal accidentally cooked in a forest fire. Subsequently they learned haw to keep a fire going by feeding it twigs and how to use it to frighten predators and for heat and light. This use led to changes in natural biological cycles that depend on light and darkness that changed patterns of growth and development.
Primatologist Richard Wrangham considers that it is the use of fire for cooking food that has been another central development since cooking allows more food to be more easily digested and thus for humans to ‘manage’ with a much smaller gut than would otherwise be the case. Thus, they needed to spend much less time and energy hunting and gathering food. There is archaeological evidence that Homo erectus may have conquered fire: the oldest known hearths date from about 800,000 years ago, about 600,000 years before modern Homo sapiens emerged.
SAFETY NOTE: It is with good reason that ‘playing with fire’ has come to mean doing something that is potentially very dangerous and could bring considerable harm to people that do it and to people and things around them.


None-the-less human life without fire is almost unthinkable and it is vitally important that we learn to use it well (usefully and efficiently) whilst treating it with appropriate caution and respect.





Understanding the processes involved go a long way to allowing us to control fire. It should certainly be clear why fire is a ‘good servant but a bad master’.





A few important GENERAL rules are:


NO ONE, not even experienced adults and scientists, should ever experiment with fire (or any other dangerous processes, substances or machines) when on their own. And inexperienced people should always seek guidance from someone experienced – preferably qualified – for working with it.


When experimenting always make sure you are using SMALL quantities of inflammable/flammable** materials. Also, that you are working well away from other things that might burn, in a well-ventilated area and that all surfaces are well protected. Make sure that you know where the fire extinguisher is and that you know how to use it. 


Before working with pupils with this, or any other potentially hazardous activity, it is important that you undertake an appropriate risk assessment.





** please remember that, unexpectedly, the words ‘flammable’ and ‘inflammable’ both mean the same thing – THAT THE MATERIAL WILL BURN WELL. 
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