Ql. Humberstone was a town in the desert of Northern Chile in South America. It was built for the
people who worked in the nearby sodium nitrate mines.

The sodium nitrate was used as a fertiliser.
The sodium nitrate was exported by ship to countries all around the world.
Today the mines have closed and nobody lives in Humberstone.

One of the reasons for the mines closing was the invention of the Haber process.

By Sznegra (Own work) [CC-BY-SA-3.0], via Wikimedia Commons

(a) The Haber process is used to make ammonia (NH.).

N.(g) + 3H(g == 2NHg)

The forward reaction is exothermic.
(i) Name the raw materials that are used to supply the nitrogen and hydrogen.
NITFOZEN oot

HYArOZEN ..evveeiciieee ettt
(2)

(ii) The Haber process uses a temperature of 450 °C.

Explain, as fully as you can, why a temperature of 450 °C is used rather than a much
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higher temperature or a much lower temperature.

(3)
(iii) Ammonia can be converted to ammonium nitrate by adding an acid.
Name this acid.
(2)
(b)  Suggest and explain why the invention of the Haber process caused the closure of the
Humberstone mines in Chile.
(2)

(Total 8 marks)
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Q2. Ammonia is made from nitrogen and hydrogen in the Haber process.

N,(g) + 3H, (g) == 2NH, (g) (+ heat)

Flow Chart for the Haber Process
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Effect of temperature and pressure on the amount of ammonia at equilibrium
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(a)  Use the information given above and your knowledge of the Haber process and reversible
reactions to help you to answer this question.

State which conditions of temperature and pressure would give the highest percentage of
ammonia at equilibrium. Explain why.

(4)
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(b)  The Haber process uses a temperature of 450 °C and a pressure of 200 atmospheres.

Explain why these conditions are chosen.

(3)
(Total 7 marks)
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Q3. The Haber process is used to make ammonia (NH.) which is an important substance.

The equation below shows the reaction in which ammonia is formed.

P
N,g@ + 3H,¢g =~ 2NH.g) + Heat

The graph below shows how temperature and pressure affect how much ammonia is produced in
the reaction.
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In the industrial process a mixture of nitrogen and hydrogen is passed over iron at a temperature
of about 450 °C and 200 atmospheres pressure.

(a)  Use the graph to find the percentage of ammonia present when the temperature and
pressure are 450 °C and 200 atmospheres.

()
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(b)  Explain why the nitrogen and hydrogen mixture is passed over iron.

()

(c)  Explain, as fully as you can, using the graph and your knowledge of the Haber process why
450 °C and 200 atmospheres were chosen as conditions for this process.

(8)
(Total 12 marks)
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Q4. (a) Ammonia is manufactured from nitrogen and hydrogen. The equation for the reaction

between them is:

N.(g) + 3H(g) = 2NH.(g)

(i) What is the source of the nitrogen?

(1)

(i)  Why does increasing the pressure increase the chance of molecules of hydrogen

reacting with molecules of nitrogen?

(1)

The percentage yield of ammonia is the percentage, by mass, of the nitrogen and
hydrogen which has been converted to ammonia. Calculate the mass, in tonnes, of
ammonia which can be produced from 90 tonnes of hydrogen when the percentage

yield is 50%. The relative atomic masses are: H 1; N 14.

(iii)

Show clearly how you get to your answer.

()

The percentage yield of ammonia depends on the temperature and pressure inside the
reaction vessel. The set of graphs show this.

(b)
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(i) MPa is the symbol for which unit?

(1)

(i)  What is the percentage yield of ammonia produced at a temperature of 450 °C and a
pressure of 20 MPa?

(1)

(iii)  Suggest what changes the chemical engineers should make to both the temperature
and the pressure to increase the percentage yield of ammonia.

TeMPEIATUIE .. e e e e e e e e e e e e e e e et e e

PhysicsAndMathsTutor.com



Pressure

(1)

(iv) How can the rate of ammonia production be increased without changing the
temperature or pressure or the mass of hydrogen and nitrogen?

(1)

(c)  About four-fifths of ammonia production is used to produce fertilisers. One of them is
known as NPK. It is made in the following way.

. Some ammonia is converted to nitric acid which is then mixed with phosphoric acid.
. The mixture is neutralised with more ammonia and the solution is partly evaporated.
. Potassium chloride is added to form granules.

. The granules are coated to make the fertiliser free-flowing.
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Complete the flow-chart for the production of NPK by writing in the names of the correct

chemicals in the six boxes.

Convetter

f
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Meutralizer Evaporator Grarmlatar
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MPE fertiliser Coater

(N |
(2)
(Total 10 marks)
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Q5. (@)  Iron powder is used in the manufacture of ammonia. Why is it used?

(1)
(b)  Ammonia is manufactured from nitrogen and hydrogen. The equation for the reaction
between them is:
"
N.(g) + 3H.(g) = 2NHi(g)
(i)  Which two raw materials are used to make the hydrogen?
.......................................................... AN o
(2)
(i)  Why does increasing the pressure increase the chance of molecules of nitrogen
reacting with molecules of hydrogen?
(2)
(iii)  Calculate the mass, in tonnes, of ammonia which could be produced from
560 tonnes of nitrogen.
The relative atomic masses are: H 1; N 14.
Show clearly how you get to your answer.
Mass of ammonia = ......cccceeevciiie i, tonnes
(3)
(Total 6 marks)
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Q6. Ammonia is manufactured in the Haber Process, from nitrogen and hydrogen.

(a)  Balance this symbol equation for the process.

N, + Hy i = MNH 5
(2)
(b)  The graph below shows the percentage of reacting gases converted into ammonia, at
different temperatures and pressures.
9
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(i)  What does the graph suggest about the temperature and pressure needed to convert
the maximum percentage of reacting gases into ammonia?
(2)
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(ii)  Suggest reasons why the manufacture of ammonia in the Haber Process is usually
carried out at about 400°C and 200 atmospheres pressure.

(2)
(Total 6 marks)
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Q7. Ammonia is manufactured from nitrogen and hydrogen. The reaction is shown in the equation

below.
. IH exothermic ML
: > :
nitrogenn  hydrogen ndothermic ammoma

The diagram shows some details of the manufacturing process.
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The graph shows the percentage of reacting gases converted into ammonia at different
temperatures and pressures.
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At room temperature and pressure, the reaction is very slow and only a small percentage of the
reacting gases is converted to ammonia.

Use the information on the diagram and graph to:

(a) describe the conditions used in the manufacture of ammonia to increase the rate of
reaction.

(4)
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(b)  describe and explain the conditions used in the manufacture of ammonia to increase the
yield.

(7)
(Total 11 marks)
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