Module 2812 Chains and Rings


Fuels
Crude Oil

Describe how crude oil is formed;
Fractional distillation

Because crude oil is made up of a mixture of different sized hydrocarbons, the individual components may be separated by distillation.
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Remember that long chain alkanes have higher boiling points than short chain ones? Fractional distillation utilises this property of hydrocarbons.
_________  _______ is heated in a furnace to about 600 C until the mixture boils and turns to vapour.

The vapour then enters the bottom of the fractional distillation column. The temperature of the column changes from bottom to top.

Inside the column are trays, each tray has holes or bubble-caps which allow vapour to pass though.

As the vapour rises through the trays in the column it cools. When the vapour reaches its boiling point, it will condense to form a liquid.

The various liquid fractions are collected in the trays.
The substance with the __________ boiling point will condense at the highest point in the column; substances with ___________ boiling points will condense lower in the column.
Utilising the Fractions
Cracking
Some fractions of crude oil are more useful than others; we therefore need a way to turn less useful products into useful ones.Breaking up large hydrocarbon molecules into smaller and more useful bits is known as cracking. This can be achieved in two ways; by using high pressures and temperatures without a catalyst, or lower temperatures and pressures in the presence of a catalyst.
Catalytic Cracking

Zeolite catalysts are used (large lattices of aluminium, silicon and oxygen atoms carrying a negative charge).
When an alkane is brought into contact with the catalyst, (at conditions of around 500°C and moderate pressure) the zeolite removes a hydrogen and the two bonding electrons, leaving a positively charged carbonium ion. Rearrangement produces hydrocarbon chains of 5 to 10 carbon atoms. It also produces branched chain and aromatic hydrocarbons.

Thermal Cracking
Long chain hydrocarbons are heated to between 450 and 750 C at a pressure of around 70 atmospheres. These conditions cause bonds to break homolytically and form free radicals.

Thermal cracking gives mixtures of products containing high proportions of hydrocarbons with double bonds - alkenes.
Reforming

Reforming is the rearrangement of fractions into arenes using a bimetallic catalyst.
The catalyst is typically a mixture of platinum and iridium or platinum and aluminium oxide. Reactions carried out with such platinum catalysts are known as “platforming”.

For example, hexane, C6H14, loses hydrogen and turns into benzene. 

Similarly, methylbenzene (toluene) is made from heptane:
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Isomerisation
Hydrocarbons used in petrol are given an octane rating which relates to how effectively they perform in the engine. A hydrocarbon with a high octane rating burns more smoothly than one with a low octane rating.

"Straight chains" have a tendency to explode when the petrol / air mixture is compressed, and then explode a second time when the spark is passed through them. This double explosion produces knocking in the engine.
Octane ratings are based on a scale where heptane is given a rating of 0, and 2,2,4-trimethylpentane (an isomer of octane) a rating of 100. (Petrol from the fractionating column is 60 octane, 4-star petrol is 93 octane). Addition of lead to petrol increases the octane rating, helps the petrol to burn more slowly and helps prevent knocking.
In order to raise the octane rating of the molecules, straight chains are rearranged into their branched chain isomers using a platinum catalyst, a temperature of about 250°C and a pressure of 13 to 30 atmospheres.
Questions
Why is lead no longer used as an additive to petrol? What is used instead and is it any better?

What makes a good fuel? Discuss this with your partner and come up with a list of characteristics for the ideal fuel.

Problems with chemical fuels. What are the problems associated with the use of coal oil and gas? Where would we be without them?
What are the alternatives?
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