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Question 1
() The phase diagrams of two alloys (alloy 1 and alloy 2) are illustrated below. In
which of the two alloys is there an energetic tendency for the A and B atoms to attract
to each other? Briefly explain your answer. (5%)
(b) Schematically draw the free energy curves vs concentration for the A-B alloy at
temperatures 77 and T3 for alloy 1, and T3 for alloy 2, and briefly explain how the
phase diagrams are constructed from the free energy curves. Make sure to clearly
label all the curves. (15%) |
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Question 2

(a) Determine the maximum allowed partial pressure of water vapor in wet hydrogen
(Hz + H20) at 1 atm in which manganese (Mn) can be heated without oxidation
occurring at 1100°C. (7%)

(b) Is the oxidation of Mn by water vapor exothermic or endothermic? Justify your
answer with data. (3%)

There is an Ellingham diagram on the next page for you to check the answer.
1
Data: Hz g +502(4) = H,0(4), AG® = —247,500 + 55.85T ]

2Mn) + Oz(g) = 2MnO0y), AG® = —777,800 + 152.64T ]
Gas constant, R = 8.314 J/mol-K
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The Ellingham diagram for selected oxides.
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Question 3

A fluid is held in a container that is covered with a frictionless piston. The container
and the piston are thermally insulated (no heat exchange with the environment), and
the environment is at constant pressure, P. A paddle is placed within the container,
which is rotated by dropping a weight of mass M attached to a frictionless pulley
contraption (see the figure below). Assume that the mass M drops by a distance # with
the gravity g.

Pressure P

You are lucky that the properties of this fluid, including the heat capacities, C, and G,
the isobaric thermal expansivity, a, and the isothermal compressibility, f, have all
been measured. It also turns out that they are constant for the process of consideration.
(a) Derive an expression for the change in temperature, A7, between the final
equilibrated state after M has been dropped and the initial state before M is dropped.
Write your answer in terms of M, A, g, and the properties of the fluid. (10%)

(b) Derive an expression for the change in volume AV with an initial volume 773.
(10%)

Question 4

Calculate the heat required to form a liquid solution at 1356 K starting with 1 mole of
Cu and 1 mole of Ag at 298 K. At 1356 K the molar heat of mixing of liquid Cu and
liquid Ag is given by AHM = —20,590X¢,X g J/mol. (10%)

Data:  Tycy = 1356 K, Tag = 1234K,
AHp oy = 12,970, AHp,ag = 11,090,
Cp,cugy = 22.64 + 628 X 1073T ] /mol - K,
Cpagyy = 21.30 +8.54 X 1073T + 1.51 x 105/T?]/mol - K,
Cpagg = 30.5]/mol - K
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Question 5

(a) Derive an expression for (%)s in terms of the state variables, including 7, P, S,

¥, and the measurable properties of the system, including the heat capacities, C, and
Cy, the isobaric thermal expansivity, a, and the isothermal compressibility, §. 4 is the
Helmbholtz free energy defined as U — TS. (7%)

(b) Like (a), derive an expression for (g—f—;)v in terms of the state variables and

measurable properties of the system. G is the Gibbs free energy defined as H —TS.
(7%)

(c) Do the quantities you derived in (a) and (b) depend on the size of the system (i.e.
is it intensive or extensive)? (6%)

Here are some useful relationships for you to use:

Question 6
One mole of a diatomic ideal gas (¢, = -Z-R, Cp = %R) initially at 1 Pa and 298 K

undergoes the following cycle:

a. A constant volume heating to twice the initial temperature.

b. An adiabatic reversible expansion back to 298 K.

c. An isothermal, reversible compression back to 1 Pa.

Calculate the heat (Q), work (), internal energy change (AU), and entropy change
(AS) of the entire cycle. (Gas constant, R = 8.314 J/mol-K) (20%)



