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1. Consider the reaction mechanism:

i+S=>1-8 (1)
w+S2>w:+S {Z)
i*S+w+-S>t-8S+8S (3)
t-S>t+ S (4)

Derive a rate law assuming:

(a) (7%) The surface reaction is rate-limiting.

(b) (6%) The adsorption of i is rate-limiting.

() (7%) The surface reaction is rate-limiting and the reaction follows Eley-Rideal kinetics.
i«S+w=>t-S (hint: The reaction (2) and (3) should be modified or deleted.)

2. Consider the system with the reactors in series: PFR = CSTR -> PFR, the entering molar
flow rate (F40) is 50 kmol/h and the final conversion is 85%.

X 0.0 0.1 0.2 0.4 0.75 0.80 0.85

-ra (kmol/m’-h) 125  1.667 95 2.5 2.5 125 0833

(a) (10%) What are the reactor volumes if the two intermediate conversions (X; and X) are
40% and 60%, respectively?
(b) (10%) What are the conversions X, and X; if all the reactors have the same volume?

3. Carnot cycle heat engine receives 300 kJ from reservoir at 300 °C, releases heat at 25 °C.
(a) (8%)Calculate the work and the efficiency of the cycle.

(b) (8%)Calculate the entropy change of the high-temperature and low temperature reservoirs.
(¢) (4%)Show the cycle on a T-S diagram. The working fluid is the system.

4. The enthalpy of a binary system of A and B at constant temperature and pressure is shown
as follows.

H = 1OOXA+200xB+ xA'xB(ZOXA-l-leB)

(a)(6%) Determine expressions for H, and Hg as a function of x,.

(b)(6%)Determine the numerical values of enthalpy for pure A and pure B.

(c)(8%)Determine the numerical values of partial molar enthalpy for A and B at infinite
dilution.

5. Components A and B comprising a binary system with vapor and liquid phases in

equilibrium at temperature of 343.15 K. Activity coefficients for A and B are as follows.

In(y,) = x§ and In(y) = x}
Where x, and xg are the mole fractions of component A and B in the liquid phase,

respectively. The saturated pressures are P;? = 60 kPa and P§* = 30 kPa. At x, =

0.4, answer the following questions. Assume that the vapor phase is ideal.
(a)(10%)The bubble pressure.
(b)(10%)The vapor composition, y, and yp.



