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Question 1 (8 marks)

a.  Sketch the Bohr model of a deuterium atom, annotate each particle, and state the charge polarity of each particle.  (3 marks)

b.  State Bohr’s three postulates. (1 mark)

c.  Explain why hydrogen emits light at discrete frequencies forming a spectrum which is unique to hydrogen. (3 mark)

d.  State some practical uses for this phenomenon. (1 mark)

Question 2 (15 marks)

a.  Name the 8 groups of elements in the periodic table. (1 mark)

b.  Define the mass number A and the atomic number Z for an element. (2 marks)

c.  State the number of electrons in the outer shell of nitrogen, oxygen, fluorine, and neon. (4 marks)

d.  State the valency of nitrogen, oxygen, fluorine, and neon. (3 marks)

e.  Explain the reactivity of this sequence of elements in terms of the number of electrons in the outer shell. (4 marks)

f.  Which elements have most application to explosives and pyrotechnics? (1 mark)

Question 3 (18 marks)

a.   Explain the meaning of stability in the context of explosives chemistry. (1 mark)

b.   What is Boltzmann energy distribution? (3 marks)

c.   What is activation energy? (3 marks)

d.   Explain why nitrocellulose (NC) with an activation energy of 86 kJmol-1 is less stable than RDX with an activation energy of 199 kJmol-1. (3 marks)

e.  Explain how stabilisers extend the life of NC-based propellants. (3 marks)

f.  Artillery propelling charges formulated to have a 30-year life at 20°C are to be shipped to an equatorial operational theatre for field storage in ISO shipping containers.  Assume the charges are 20 years old, having been stored at 20°C. The average temperature in the shipping containers is 50°C.  Using a rule of thumb for how the rate of chemical reactions increases with temperature, estimate the life of the propelling charges in this container.  (4 marks)

g.  Explain a possible hazard if the propelling charges are left in the storage container after the time calculated. (1 mark)

Question 4 (11 marks)

a.  State Hess’s law (1 mark)

A pyrotechnic composition is to be made from ammonium nitrate and magnesium in a stoichiometric ratio.

b.  Set out a balanced equation for the decomposition of this mixture. (3 marks)

c.   Using the standard heats of enthalpy below, calculate the heat of reaction for molar quantities of the reactants. (4 marks)

Ammonium nitrate -365 kJmol-1
Magnesium oxide -601 kJmol-1
Water (gas) - 242 kJmol-1

d.  How does the heat of reaction from this reaction compare with 2.8 kJg-1 provided by one gram of TNT. (3 marks)

Question 5 (18 marks)

A charge of 130 g is initiated and decomposes to form nitrogen and sodium.

a.   Write a balanced equation for the decomposition of sodium azide. (2 marks)

b.  How many grams of nitrogen are formed by the decomposition of 130 g of sodium azide? (2 marks)

c.  At standard temperature and pressure (0°C, 100 kPa) how many litres of gas are formed? (2 marks)

d.  Suppose 130 g sodium azide is mixed with other substances which give decomposition products of negligible volume but raise the nitrogen temperature.  The composition is placed in a cylinder closed at one end, confined by a piston providing a perfect forward obturation. Assume the piston moves to maintain constant pressure.  Calculate the volume of gas at 100 °C. (2 marks)

e.  Suppose 130 g sodium azide is mixed with other substances which give decomposition products of negligible volume, but raise the nitrogen temperature.  Assume the piston is fixed to maintain constant volume.  Calculate the pressure of the gas at 100 °C. (2 marks)

f.   Suppose 130 g sodium azide is mixed with other substances which gives decomposition products of negligible volume, but raises the nitrogen temperature to 100 °C.  Suppose the mass of the piston is 500 g.  Calculate the highest theoretical velocity which could be attained by the piston. (3 marks)

g.   State reasons why this velocity cannot be attained in practice. (2 marks)

Question 6 (18 marks)

a.  State why nitrocellulose is a technically a misnomer and give a more correct name. (2 marks)

b.  Describe the stages in manufacturing nitro-cellulose. (3 marks)

c.  Explain the role of the nitronium ion in the manufacture of nitrocellulose and how it is formed. (2 marks)

d.  What is ‘poaching’ of nitro-cellulose and why is it done? (2 marks)

e.  What is meant by ‘low-nitrogen’ nitrocellulose and ‘high-nitrogen’ nitrocellulose? (1 mark)

f.  What is meant by single-base, double-base and triple-base propellant and what would be suitable applications for each? (6 marks)

g.  Name two major hazards of double-base propellant.  (2 marks)

h.  Given the above hazards, why is nitrocellulose still in service? (3 marks)

Question 7 (17 marks)

a.   Explain the meaning of sensitivity and sensitiveness as used within UK government services in the context of explosives engineering. (2 marks)

An emulsion explosive is made from the following components, shown below as % by mass, for packaging in cartridges.

ammonium nitrate 78%
sodium nitrate 5%
water 7%
oil 5%
aluminium 2%
sorbitan sesquioleate 2%
glass micro-balloons 1%

b.   State the main use for emulsion explosives and the merits of emulsion explosives in this use. (3 marks)

c.   Explain role of each component. (7 marks)

d.   Explain the microstructure of an emulsion explosive. (2 marks)

e.   Explain how the glass micro-balloons achieve their purpose. (3 marks)

Question 8 (16 marks)

a.  State three ways in which the pressure-time profile of a rocket propellant can be controlled. (3 marks)

b.  Sketch the pressure-time profile for a tubular rocket grain burning on the inside surface only. (3 marks) 

c.   State Veille’s Law.  Explain each term and its units. (4 marks)

d.  Calculate the Pressure Index α and Burning Rate Coefficient β from the burning rate of a strand of propellant measured using a strand burner, as recorded in Table 1 below. (6 marks)
	Pressure [MPa]
	Rate r [mms-1]

	25
	71

	50
	139

	75
	206

	100
	273

	125
	338

	150
	404

	175
	469

	200
	534



Table 1.  Record of burn rate vs pressure.

Question 9 (19 Marks)

A red smoke signal is required to designate a parachute drop zone and indicate wind direction and speed.  A pyrotechnic smoke composition is to be made from potassium chlorate, lactose and a volatile red dye (methylaminoanthraquinone). 

a.  Explain how volatile dyes can make coloured smokes. (4 marks)

b.  Propose a practical form for the pyrotechnic composition in a hand-held signal and describe in a few steps how this could be made. (3 marks)

c.   Before starting any practical work, what key activities must be carried out? (4 marks)

d.  State factors which would change the rate of smoke production. (3 marks)

e.  What is to be avoided when considering a rapid reaction? (1 mark)

f.  What is the role of the gas produced in the smoke signal? (1 mark)

Consider the reactions below:

Reaction 1:  8KClO3 + C12H22O11 = 8KCl + 12 CO2 + 12 H2O (4.43 MJkg-1)

Reaction 2:  4KClO3 + C12H22O11 = 4KCl + 12 CO + 12 H2O (2.63 MJkg-1)

g.  Assuming the water produced by the reactions to be gaseous, and that the reactions take place at atmospheric pressure, compare the volume of gas generated in Reaction 1 with the volume of gas in Reaction 2.  Think carefully before answering! (3 marks)


Question 10 (16 marks)

The Al-Cu phase diagram is shown below.  

[image: Principles for Understanding Heat Treating Steel & Aluminum: Age Hardening  - Nevada Heat Treating]
Figure 1.   Al-Cu phase diagram

a.    Sketch and explain the microstructure of the L, α, θ, α + θ, θ + L, phases. (5 marks)

b.   Describe the phenomenon of dislocations. (4 marks)

c.    Explain why the α + θ phase is likely to be stronger and less ductile than the α-phase. (2 marks)

d.  Cups to contain booster pellets are to be drawn from discs of aluminium alloy containing 4% copper.  Describe a suitable treatment process with reference to the phase diagram. (5 marks)
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