Tutorial 2
Material Balances on Multi-Unit Processes

Answer the following questions. Be sure to note any assumptions made in your calculations and be sure to include a completely labeled process flowchart for each question.

1. A liquid mixture consisting of 30.0 mole% benzene (B), 55.0 mole% toluene (T), and 15.0 mole% xylene (X) is fed to a distillation column. The overhead stream is analyzed and is found to contain 94.4 mole% B, 4.54 mole% T, and 1.06 mole% X. The bottoms stream is fed into a second distillation column. In this second column, it is planned that 92% of the toluene fed into the process (i.e., distillation column 1) be recovered in the overhead stream and that toluene should constitute 94.6 mole% of that stream. It is further planned that 92.6% of the xylene charged to the process be recovered in the bottoms stream of the second column and that xylene should constitute 77.6 mole% of that stream.

a. Draw and label a flowchart of this process and do the degree-of-freedom analysis to prove for an assumed basis of calculation, molar flow rates and compositions of all process streams can be calculated from the given information.

b. Calculate all unknown flowrates and stream compositions

c. Determine the percentage recovery of benzene in the overhead stream from the first column.

2. Problem 4.33 (parts (a) and (b) only) (F&R). For part (b), assume the process operates at maximum capacity.

3. Problem 4.34 (F&R) (parts (a) and (b) only). For part (a), do not worry about listing the equations you would solve and circling the variables you would solve for it. Just skip to solving the problem after completing the degree-of-freedom analysis.

4. A recycle system consisting of a distillation column and condenser is used to separate a three-component mixture consisting of 7.00 mole% acetone, 61.9 mole% acetic acid and 31.1 mole% acetic anhydride. The column is designed to yield a bottoms stream containing no acetone and a distillate containing 10.0 mole% acetone and 88.0 mole% acetic acid. The column is operated so that 60% of the overhead is returned as reflux. A schematic of the process is shown below. Calculate all unknown stream flowrates and compositions.
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