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1. A 30 kg piece of metal is dropped into a large pool of water until reaching thermal
equilibrium. The average specific heat of metal is 0.40 kJ/kg-K. The initial temperatures
of metal and water are respectively 450 K and 290 K. Find the entropy change of metal
and water, and the entropy generated during the heat transfer process (1 8%).

2. A gas follows van der Waals equation, p = V—R_% — v%, where ais 0.1350 J- dm?-mol? and

b is 0.0289 dm’-mol™. At 25°C, 1 mol gas is compressed from 3 dm’ to 0.2 dm?’,
Calculate Q, W, AU and AH. The whole process is isothermal and reversible (27%).

3. Aliquid phase reaction (A 2 B + C) occurred in a batch reactor. Consider the following
data and calculate the rate constant (k) and the order of reaction (20%).

Time (s) 0 500 1000 1500 2000

Ca (mol/L) 0.62 0.46 0.31 0.25 0.14

4. For a catalytic reaction A + B = C + D. The molar feed rate of A to the reactor is 40
mol/min. The reaction is operated at 32 atm and 500°C. The feed is composed of 35%
A, 40% B and 25% inerts. Assuming only A and C are adsorbed on the catalyst. B is
reacted and D is formed without adsorbing on the catalyst.
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. . .
(1) Derive the rate law in the form of —r = T KaPg P KoPe

(20%)

(2) Determine the catalyst weight (kg) in CSTR and the volume (m®) of the CSTR. The
bulk density of the catalyst in CSTR is 20 kg/m®. The conversion (X) of A is 30%.
In rate law, k = 1.8 mol/kg cat.- atm™ min™', Ka = 2.5 atm™, Kc = 3.2 atm™.. (15%)



