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Topic 5 : Fuels Revi sed April 1995

Fuel s are chem cal s which burn giving out energy. For exanple, coal,
oil and natural gas are all fuels. Wen a substance burns it reacts
with Oxygen. This reaction is called combusti on.

Exanple 1 : A glowing splint relights and burns in Oxygen. This is
the test for Oxygen.

Exanple 2 : Conbustion of Methane (Natural gas)
CH4 + 2 C)Z o> COZ + 2 H20 + ener gy

Coal, oil and natural gas are all fossil fuels i.e. they were
formed by decay of aninmal and plant remains over mllions of years.
They are a ' finite ' resource - they will not last forever. Unless
renewabl e forns of energy are devel oped there will be an energy
crisis when the fossil fuels begin to run out.

The Formation of Coal

Coal was formed when sedi ment was deposited, usually by a river at
its mouth, on top of dead vegetation. The intense pressure converted
the vegetation into coal

The Formation of Oil and Natural Gas

Ol was fornmed when sedi nent was deposited by a river on top of the
remains of small animals and plants Iying on the sea bed. The intense
pressure converted these remains into oil and natural gas. The oi
soaked up into porous rocks |ike sandstone but was trapped bel ow non-

porous rocks like clay. The gas forns a pocket above the oil. QI is
brought to the surface by drilling.

The thick, black oil (known as Crude) nust be transported with care.
It does not dissolve in water ; it floats on the surface of water. If
spilled at sea it therefore forns slicks which are washed up and
pol l ute beaches killing sea birds and other marine life.

Fractional Distillation of Crude Qil

Crude oil is a mxture of conpounds. It is refined to separate this
m xture. The mai n substances in crude oil are hydrocarbons -
conmpounds whi ch contai n Hydrogen and Carbon only. Fractiona
distillation is the process used to separate the hydrocarbons into
groups (fractions) of simlar size. It nakes use of the fact that
"The larger the nolecule the higher the boiling point'. Larger

nol ecul es have a bigger surface area, stick together nore and are
therefore nore difficult to separate and turn into a gas (a 'change
of state')

Exanpl e : Hexane CsHi4 B.P. 69 0C

Decane Ciotho B.P. 174 0C
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Six fractions are separated :

Fraction No. of Carbon | Boiling range | Uses
atoms per 0c
mol ecul e
Gases C -G bel ow 20 Cal or gas
Pet r ol & - Cop 20 - 170 Cars
Paraffin Cyo - Cg 170 - 300 St oves, aeropl anes
D esel Cs - G 270 - 370 Trains, lorries
Lubricating oil | Gy - G above 370 Machi nery
Bi t urren above 70 C solid residue | Roads

In the | aboratory we can use a sinple apparatus to distil crude oil:

Crude
oi |
|

Heat

- Distillate

GLe

The fractions boil off in the order : gases, petrol etc.

The anmounts of each fraction depend on the original source of the
crude oil. Gl fromthe Qulf is nore viscous and contains nore of the
heavi er fractions than oil fromthe North Sea.

W note three main differences in the different fractions :

1. Ease of evaporation

The heavier fractions (e.g. lubricating oil) evaporate |ess
quickly than the lighter fractions (e.g. petrol). Large

nol ecul es stick together nore and are nore difficult to separate
and turn into a gas.

2. Flammability (ease of catching fire)

The lighter fractions catch fire nore easily than the heavier
fractions. It is the mxture of hydrocarbon vapour and Oxygen
above the liquid which ignites. Since they evaporate nore

qui ckly, the lighter fractions have nore vapour above the liquid
and so catch fire nore easily than the heavier fractions.

3. Viscosity (thickness)

The heavier fractions are nore viscous (less runny) than the
lighter fractions. The larger the nol ecules the nore they stick
toget her. This nakes novenent difficult and therefore reduces
the flow of the Iiquid.
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The Combustion of Hydrocarbons

If there is plenty of Oxygen avail abl e hydrocarbons burn to produce
Water and Carbon dioxide ; if the Oxygen supply is restricted (in
smal |l roons or car cylinders) the products are Water and the

poi sonous gas Carbon nonoxide. It is dangerous to burn paraffin
stoves in an unventilated room

Exanpl e : Et hane

Plenty Oxygen gives 'conpl ete combustion’

Ghe + G, -2 CO, * H,0

Oxygen deficiency leads to '"i nconmpl ete combusti on’

CoHs * % > © * "0
[N.B. Practice balancing the above reactions!]

W can denonstrate the burning of hydrocarbons in a good supply of
Oxygen (air) by burning candl e wax (hydrocarbon) in the foll ow ng
appar at us :

002 + H,0 — to pump —

[ Cobalt chloride
/ Col d paper turns Li rewat er turns
wat er fromblue to nm | ky show ng
pi nk show ng t hat Carbon
that Water is dioxide is
\_/

é f or ned. f or med.

Notice that this experinment shows that hydrocarbons nust contain
Hydrogen : the Hydrogen in the Water formed can only have cone form
t he hydrocarbon. Simlarly the experinent shows that hydrocarbons
nmust contain Carbon : the Carbon in the Carbon di oxi de can only have
cone fromthe hydrocarbon.

Air Pollution

G|, natural gas and coal contain a snmall anount of Sul phur
conpounds. Wen these fuels are burned, the Sul phur conbines with
Oxygen form ng Sul phur dioxide which is released into the atnosphere.
Sul phur dioxide is an acidic gas causing acid rain and severe
bronchial troubles. The Sul phur can be renoved fromthe oil and
natural gas and used to nmake Sul phuric acid. This reduces air

pol I uti on.
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Burning petrol in a car engine causes nmajor pollution :-

(a) The petrol/air mxture is ignited by passing a spark through the
m xture. Unfortunately this spark al so provides the energy
required to get Nitrogen and Oxygen in the air to react together
to form N trogen nmonoxi de NO and N trogen dioxide NQ, an acidic
gas causing acid rain and throat cancer.

(b) Lead conpounds, added to petrol to slow down conbustion, burn
formng Lead oxi de which causes brain damage in snall children.

(c) The small anobunt of Oxygen available results in poor conbustion.
Unbur ned Carbon and hydrocarbons CH, are forned.
Car bon nonoxi de CO, produced as a result of the snmall anount of
Oxygen available, is also fornmed. CO causes heart disease. The
anount of CO produced can be reduced by increasing the anmount of
Oxygen avail able (using a 'l ean-burn' engine) so that Carbon
di oxi de is forned instead.

Catalytic Convertors in Cars

The toxic gases in car exhaust react with each other form ng non-
t oxi ¢ products:

NO + 0O + Np + GH > N o+ O + HO

Unfortunately this reaction is very slow A Platinun Rhodi um
catal yst, placed in the exhaust, speeds up the reaction:

Ceramic honeycomb
containing the catalyst

Exhaust >
“
gases

Exhaust pipe

Dr awbacks :

(a) 'Leaded petrol' cannot be used wth a catal ytic convertor
because the Lead sticks to the catal yst, 'poisons' it and
prevents it fromworking. New 'un-|eaded petrol contains no
Lead but contains other additives which nmay cause cancer.

(b) Increases the price of the car by about £500.

(c) Does not renove but actually increases, by 15% the anount of
Car bon di oxide in car exhaust.
[ Carbon dioxide is a 'greenhouse' gas]

(d) Only works when the catal yst begins to get hot after the car has
been running for about 20 mnutes and is therefore no use for
short j ourneys.



