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1. (30 points) (a) Using regular solution model to compute activity coefficients of
benzene (1) and isopentane (2) of the binary mixture of benzene- isopentane at

x, = 0.7 and temperature of 45 %
(b) Using regular solution model from part (a) calculate van Laar
parameters for the binary mixture of benzene- isopentane at x, = 0.5 and

temperature of 45 °c.



2. (30 points) (a) At 64.3 °C and P = 760 mmHg the system methanol(1) -methyl
ethyl ketone (2) forms an azeotrope containing 84.2 mol % of methanol. Use
these data to determine the parameters in the following activity coefficient

model:
2
Iny;=x; [W12 +“12(3—4X2)]
2
Iny, =X, [W12 + ”12(3_4"1)]
The constants in the Antoine equation are given as follows:

logP" (mmHg) = A — BI[C + t(celcius)]

A B C
Methanol (1) 7.8763 1474.110 230.0
Methy! ethyl ketone (2) 6.97421 1209.600 216.0

(b) Calculate dew point conditions (pressure and composition) of the

vapor mixture at 78 mol % of methanol and 55 °C. You have to use the activity

coefficient model from part (a).




3.

(30 points) You are interested in the methanol synthesis reaction:

CO(g) +2H,(g) = CH30H(g)
If the temperature and pressure of the reactor will be controlled at 353.15 K and
3 bar, respectively, and the feed of reactants will be accorded to stoichiometric

ratio. Calculate the equilibrium extent of reaction (f

o) (neglecting fugacity

coefficients of all components). Hint: Use equation 13.1.22b for obtaining

chemical equilibrium constant at reacting temperature.



4.

(30 points) Hydrogen necessary for ammonia production is usually produced
from natural gas via steam reforming: CH,(g) +H,0(g) = CO(g) + 3H,(9)

If a reactor operating adiabatically is fed with an equimolar mixture of methane
and steam and 15% conversion is obtained, calculate the temperature of the

product stream leaving the reactor. Methane enters at 1 bar and 370 °C, and

the steam enters at 1 bar and 900 °C. The reactor is operated at a pressure of

1 bar.



