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Rocket 
science
How do you make a space rocket  
launch vehicle more powerful?  
Strap three together… Joseph Lloyd 
explains the chemistry behind the 
Falcon Heavy, the most powerful 
operational rocket in the world

Essentially composed of three Falcon 9 rockets, 
the SpaceX company’s Falcon Heavy can carry 
nearly 64 tonnes of payload into lower Earth orbit 

(LEO), more than twice what the Space Shuttle was 
capable of. At $90 million per launch, the price tag of 
the Falcon Heavy is also remarkably cheap. Providing 
the recyclable boosters return without incident, the 
price is around a third of the cost of competitors such 
as the Delta IV Heavy.

In the Falcon Heavy’s test flight on 6 February 
2018, the two side boosters touched down almost 
simultaneously on the Florida coast. However, on the 
third booster, two of the three required engines failed 
to reignite. This resulted in the booster smashing into 
the Atlantic Ocean, 100 m away from the spaceport 

drone ship it was supposed to land on. Nonetheless, 
the successful return of two boosters is a remarkable 
achievement, especially given the fact that these two 
had previously been used during missions in 2016.

Rocket fuel
The immense power of the Falcon Heavy is down to 
the chemicals used as fuels. Spacecraft can use a range 
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The side boosters return to the ground
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Questions
1 How could liquid oxygen be stored at higher 

temperatures?
2 Why might other rocket companies prefer to 

work with spark ignition? (Hint: think about the 
disadvantages of hypergolic ignition.)

Check your answers at www.hoddereducation.

co.uk/chemistryreviewextras

of propellants. SpaceX opted for a liquid propellant 
system to launch the 1420-tonne Falcon Heavy into 
space, specifically a blend of highly refined kerosene, 
known as rocket propellant 1 (RP-1), and liquid oxygen 
(LOX). This system has multiple advantages over solid 
fuel, including the ability to control thrust and even 
shutdown and restart engines at a later date, but it does 
result in a heavier machine.

The biggest advantage is the ability of liquid 
propellants, more specifically liquid oxidisers such 
as LOX, to produce a higher specific impulse. By 
quantifying the change in momentum per unit of 
propellant, specific impulse indicates how efficiently a 
rocket fuel is being used. More specifically, it gives a 
measure of the thrust of an engine. When it comes to 
getting spacecraft off the ground, thrust is the essential 
element.

Creating liquid oxygen at near-atmospheric 
pressures requires cooling to 90 K (–183°C), making 
LOX a cryogenic oxidiser. Crucially, LOX is not a fuel (a 
substance that burns in the presence of oxygen), but an 
oxidiser (in this case, a source of oxygen for RP-1).

Expending all this energy to get oxygen into its 
liquid state is justified by the fact that it occupies 
significantly less volume than its gaseous equivalent. 
This means that less storage space is required and hence 
less mass of material in building the rocket. Therefore, 
using LOX as an oxidiser gives higher specific impulse 
with less weight, making it far easier to get the payload 
off the launch pad.
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Figure 1 
Triethylaluminium 
(left) and 
triethylborane 
(right)

Thrust and ignition
Despite the power of these propellants, throwing RP-1 
and LOX together is not enough to create thrust — the 
mixture must be ignited. While it is possible to use the 
rocket equivalent of a spark plug, as we do in internal 
combustion engines, the Falcon Heavy utilises a 
different method. Instead of using electrical energy to 
start the chemical reaction, energy is transferred from 
one chemical reaction to another, as is often the case 
with RP-1 engines.

This is achieved by the introduction of a mixture 
of triethylaluminium and triethylborane, known as 
TEA-TEB (Figure 1) to create a hypergolic ignition system 
(hypergolic propellants are those that spontaneously 
ignite on contact). Simultaneous injection of LOX and 
TEA-TEB causes ignition prior to the introduction of 
RP-1 to initiate burning. Once ignited, the exhaust 
produced from the burning of RP-1 with the LOX 
oxidiser is funnelled down through a nozzle and, 
thanks to Newton’s third law of motion, propels the 
rocket upwards.
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