ENCH 501 F2017 Quiz#7 Name:

December 5,2017  Time Allowed: 45 minutes al

Carbon dioxide (CO,) is a greenhouse gas that contributes to atmospheric warming. It has been suggested that the gas
produced at stationary sources such as coal power plants can be removed by absorption into solutions of sodium hydroxide
(NaOH) in water. CO; reacts with water in the solution to first produce carbonic acid (H2CO3) in dilute solutions (pH < 8). The
carbonic acid then reacts with the sodium hydroxide to form sodium bicarbonate. Both reactions can be combined to give a
reaction with a rate constant k (s-) for a first order reaction with respect to the concentration of CO; present at a location.

Consider a stagnant pool of a caustic solution at 20°C. The solution has no dissolved CO; at t = 0. Then

the surface was suddenly contacted with a gas mixture with CO,. The mole fraction of CO. dissolved at
the liquid side of the interface (xao0) was determined to be constant at 0.027. The reaction of CO, with

the hydroxide solution is first order in the concentration of CO; (k C xa) where k is 3.5 (10°) s,

a) Estimate the depth to which the CO; will have penetrated into the solution after 2 hours.

b) After 2 hours, how much molecular (or unreacted) CO; in mols/m? surface area would be in the
solution?

¢) How many moles total CO; (reacted plus unreacted) would have been absorbed in 2 hours per
m? of surface area?

Data: Assume that the molar concentration of the caustic solution is constant at 55.4 moles per litre.
The diffusivity of CO; in the caustic is 1.5 (10°°) m?/s.
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