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ENCH 501: Mathematical Methods in Chemical Engineering
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Time Allowed: 50 minutes December 5, 2000

Sodium bicarbonate (baking soda) is made by dissolving carbon dioxide in a saturated
solution of sodium carbonate (soda ash). Saturated solution at 40°C is supplied to the top of a
wetted-wall column and flows on the inside surface. Compressed carbon dioxide is sent in at the
bottom. This operation is to be modelled in the laboratory by flowing the solution over a vertical
flat plate.

The liquid flows downwards with a thickness & over the plate. As the CO, dissolves and
diffuses into the solution, it is consumed by a first order reaction (the rate per unit volume, ry= -
k{Cp: B=CO,). Given that the liquid flow is laminar (no ripples) and the solution inifizlly did not
contain dissolved CO, or bicarbonate (at z=0),

(a) derive the equation and the boundary conditions for the concentration of carbon dioxide
as a funtion of position in the film of height L at steady state;

(k) obtain an expression for the amount of bicarbonate in the sclution at z=L. For this,
assume that the concentration of CG; in the solution is low.

Assume that the solvent (water) is non-volatile, the total number of moles per unit volume in the
solution is essentially constant, and the feed gas, supplied at a high rate, contains 90% CO, and
the remainder is insoluble. State all other assumptions and identify the parameters you need to

know 1o obtain quantitative results for (b).

Na,CO, + CO, + H,0 - 2NaHCO,
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