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1. Arigid vessel of 0.1 m® volume contains an ideal gas (C,=3.5R) at 400 K and 1 bar. If heat in the
amount of 20000 J is transferred to the gas, determine its entropy change.
(A)525J/K (B)36.7J/K (C)22.7J/K (D)389J/K (E)458IJ/K

2. One mole of a monatomic ideal gas at 500 K and 2000 kPa expands adiabatically to four times its initial
volume. Assuming these processes are mechanically reversible, the work done by the gas is
(A)2178J (B)4207] (C)1984J] (D)3761J (E)S53221.

3. At 25°C, the standard heats of formation of HCI(g) and H,O(g) are 92370 J and —241818 J, respectively.
The standard heat of reaction for 4HCI(g) + Ox(g) — 2H,0(g) + 2Cly(g) is
(A)-114408J (B)-334188J (C)-149448] (D)-1276627] (E)-391266 1.

4. Calculate the internal energy change for 1 kg of water when it is vaporized at 100°C and 1 atm. The
specific volumes of liquid and vapor water at theses conditions are 0.00104 and 1.673 m’/kg,
respectively. For this change, heat in the amount of 2256.9 kJ is added to the water.

(A)2051.6k] (B)2256.9k] (C)2436.3k] (D)2165.8kJ (E)2087.5kJ

5. For a binary solution at 1 atm, the excess Gibbs energy is given by G*/RT =x Xg(—Ax, —2x,)
The Gibbs free energies of species A and B at 500K are 2250 J/mol and 3670 J/mol, respectively.
Determine the total Gibbs energy of this binary system at 500K and x4 = 0.3.

(A)-1785J/mol (B)-1565J/mol (C)-1680 J/mol (D)-1455J/mol (E)-1835 J/mol

6. For a bimolecular reaction, the reaction rate at 500 K is 10 times faster than that at 400 K. Please calculate
the activation energy by collision theory.
(A) 38287 cal/mol (B) 9150.5 cal/mol (C) 36432 cal/mol (D) 8707 cal/mol (E) 4354 cal/mol
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7. A first-order liquid phase reaction A — B is carried out in a batch reactor. The reaction is exothermic.
An inert coolant (C) is added to the reaction mixture to control the temperature. The temperature is
kept constant by varying the flow rate the coolant. At initial, vessel contains only A (no B or C present)
and the initial volume is 50 ft>. The concentration of Cy4p is 0.5 b-mol/ft>. What is the flow rate of the
coolant 2 h after the start of the reaction?

(A)1.581b/s (B)3.161b/s (C)4.931b/s (D)6.321b/s (E)7.39 1b/s

Additional information:

- Temperature of reaction: 100°F - Temperature of coolant: 80°F
- Value of k at 100°F: 1.2 x 10 s™! - Density of all components: 50 Ib/ft
- Heat capacity of all components: 0.5 Btu/Ib-°F - AHgx%: =25000 Btw/1b-mol

8. A liquid phase reaction of A (2™ order) is conducted in a batch reactor. 25% of A is converted in 3 min.
How many minutes would it take to reach 80% conversion?
(A6 (B)12 (C)18 (D)24 (E)36

9. For the 1%-order reactions in series 4—%—>B—%2>C with k;=k,=0.4 min”', calculate the time
required to reach the maximum concentration of B. '
(A)25 (B)4 (O45 D5 (E)6

10. A second-order liquid phase reaction, A — products, is carried out in a CSTR reactor and the
conversion is 0.5. If the volume of the reactor is enlarged to 6 times the original size and other
conditions are unchanged, what is the conversion of A?

(A)0.25 (B)0.5 (C)0.75 (D)0.8 (E)0.85
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1. Consider a binary mixture (A and B) system at vapor-liquid equilibrium at 25°C and 12 bar. The molar
fraction of component A in the liquid phase is 0.05. The molar fraction of component B in the vapor
phase is only 0.08. The compressibility factor of pure component A gas at 25°C is given by
Z=1-3x107P (P:bar).

(a) Calculate the fugacity of component A in the liquid phase. (7%)
(b) Calculate the Henry’s constant of component A dissolved by component B liquid. (4%)

(c) Assumed the species B follows the Lewis/Randall rule, calculate the saturated pressure of B. (4%)

2. Consider the following system of gas-phase reactions:

A>X r,=kKCY¥ k; = 0.004 (mol/dm®)"*min
A—B  r,=kC, k>= 0.3 min”
A>Y  n=kC: ks =0.25 dm*/mol-min

B is the desired product, and X and Y are foul pollutants that are expensive to get rid of. The specific
reaction rates listed above are at 27°C. The reaction system is to be operated at 27°C and 4 atm.

Pure A enters the system at a volumetric flow rate of 10 dm’®/min.

(a) Consider a series of reactors for maintaining the selectivity (Sg/x+y) as high as possible. What
should be the volume of the first reactor? (10%)

(b) What is the effluent concentration of B from the first reactor? (3%)

(c) What is the conversion of A in the first reactor? (2%)




