Extracting Oxygen from Moon Rocks
About 85% of the mass of a rocket is
taken up by oxygen for the fuel, and for
astronaut life support. Thanks to the Apollo
Program, we know that as much as 45% of the
mass of lunar soil compounds consists of
oxygen. The first job for lunar colonists will be to
'crack' lunar rock compounds to mine oxygen.
NASA has promised $250,000 for the
first team capable of pulling breathable oxygen
from mock moon dirt; the latest award in the
space agency's Centennial Challenges program.
Lunar soil is rich in oxides of silicon, calcium and iron. In fact, 43% of the mass of
lunar soil is oxygen. One of the most common lunar minerals is ilmenite, a mixture of
iron, titanium, and oxygen. To separate ilmenite into its primary constituents, we add
hydrogen and heat the mixture. This hydrogen reduction reaction is given by the ‘molar’
equation:

FeTiO3 + H2 --- >

Fe + TiO2 + H2O

A Bit Of Chemistry - This equation is read from left to right as follows: One mole
of ilmenite is combined with one mole of molecular hydrogen gas to produce one mole of
free iron, one mole of titanium dioxide, and one mole of water. Note that the three atoms
of oxygen on the left side (O3) is 'balanced' by the three atoms of oxygen found on the
23
right side (two in TiO2 and one in H2O). One 'mole' equals 6.02 x 10 molecules.
The 'molar mass' of a molecule is the mass that the molecule has if there are 1
mole of them present. The masses of each atom that comprise the molecules are added
up to get the molar mass of the molecule. Here’s how you do this:
For H2O, there are two atoms of hydrogen and one atom of oxygen. The atomic
mass of hydrogen is 1.0 AMU and oxygen is 16.0 AMU, so the molar mass of H2O is 2
(1.0) + 16.0 = 18.0 AMU. One mole of water molecules will equal 18 grams of water
by mass.
Problem 1 -The atomic masses of the atoms in the ilmenite reduction equation are Fe =
55.8 and Ti = 47.9. A) What is the molar mass of ilmenite? B) What is the molar mass
of molecular hydrogen gas? C) What is the molar mass of free iron? D) What is the
molar mass of titanium dioxide? E) Is mass conserved in this reaction?
Problem 2 - If 1 kg of ilmenite was 'cracked' how many grams of water would be
produced?

Inquiry Question - If 1 kg of ilmenite was 'cracked' how many grams of molecular
oxygen would be produced if the water molecules were split by electrolysis into

2 H2O -- > 2H2 + O2?
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Answer Key
Problem 1 -

A) What is the molar mass of ilmenite?
1(55.8) + 1 (47.9) + 3(16.0) = 151.7
grams/mole
B) What is the molar mass of molecular hydrogen gas? 2(1.0) = 2.0 grams/mole
C) What is the molar mass of free iron? 1(55.8) = 55.8 grams/mole
D) What is the molar mass of titanium dioxide? 1(47.9) + 2(16.0) = 79.9 grams/mole
E) Is mass conserved in this reaction?
Yes. There is one mole for each item on
each side, so we just add the molar masses for each constituent. The left side
has 151.7 + 2.0 = 153.7 grams and the right side has 55.8 + 79.9 + 18.0 = 153.7
grams so the mass balances on each side.

Problem 2 Step 1 - The reaction equation is balanced in terms of one mole of ilmenite (1.0 x
FeTiO3 ) yielding one mole of water ( 1.0 x H2O ) . The molar mass of ilmenite is
151.7 grams which is the same as 0.1517 kilograms, so we just need to figure out how
many moles is needed to make one kilogram.
Step 2 - This will be 1000 grams/151.7 grams = 6.6 moles. Because our new reaction
is that we start with 6.6 x FeTiO3 that means that for the reaction to remain balanced,
we need to produce 6.6 x H2O, or in other words, 6.6 moles of water.
Step 3 - Because the molar mass of water is 18.0 grams/mole, the total mass of water
produced will be 6.6 x 18.0 = 119 grams of water.

Inquiry Question - The reaction is:

2 H2O -- > 2H2 + O2

This means that for every 2 moles of water, we will get one mole of O2. The ratio is 2
to 1. From the answer to Problem 2 ,we began with 6.59 moles of water not 2.0 moles.
That means we will produce 6.6/2 = 3.3 moles of water. Since 1 molecule of oxygen
has a molar mass of 2(16) = 32 grams/mole, the total mass of molecular oxygen will be
3.3 moles x 32 grams/mole = 106 grams. So, 1 kilogram of ilmenite will eventually
yield 106 grams of breathable oxygen.
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