Midterm 2017W solution 1+2

November 9,2017  1:33 PM

1. (40 points) An unknown quantity of methane, ethane and oxygen are beiné fed into a process. They are fed at such a rate so as to
ensure that after mixing with a recycle stream an equimolar mixture of methane (CHs) and ethane (C;Hg) is fed to a reactor at a rate
of 200 mol/s. Oxygen is not contained in the recycle stream, but the amount fed into the process and therefore the reactor isin
excess of what is required. Combustion takes place in the reactor. The single pass conversion of methane is 80% and the single pass
conversion of ethane is 70%. The gas leaving the reactor contains 30 mole% O,. This gas is sent to a separator where all the reaction
products and 10% of the methane and ethane in the entering stream are sent out of the system as exhaust. The remaining methare
and ethane form the recycle stream. In the reactor, for every 5 mol of CO produced, 95 mol of CO, are produced.

a. Draw a diagram for the system, listing the compounds present in each stream. (15 points)

b. Find the overall conversions of methane and ethane. (10 points)

c. Find the percent excess oxygen in the feed to the reactor (15 points)
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2. (30 points) A liquid stream at a temperature of 60 °C and a pressure of 21 bar contains equimolar amounts of two chemically similar
components A and B (ie. an ideal solution). A has a molecular weight of 60 g/mol and B has a molecular weight of 70 g/mol. In a
steady-state flow process, the stream undergoes a decrease in pressure to 1.0 bar at a constant temperature of 60°C. This mixture is
then allowed to equilibrate and a vapour and liquid stream exit the process. The vapour stream exits the process flows at a molar flow
rate equal to 60% of the molar flow rate of the entering liquid. The rest of the fluid exits the process as a liquid. The vapor pressure of
component A is known to be 0.74 bar at 60 °C.

a. Draw a block diagram to represent this process, labelling known and unknown quantities. Using the Gibb’s phase rule is the
equilibrated mixture in the process is fully thermodynamically specified? Why or why not? (10 points)

b. What is the molar composition of the vapor stream and liquid streams exiting the process? (8 points)

c. What is the vapor pressure of component B? Note that if you cannot find the compositions from part a use the following
compositions: liquid mole fraction of component B being 0.7, vapour mole fraction of component B being 0.3. You do not need to
change these if you solve part b later (2 points)

d. In a separate adsorption system 10 litres of a mixture containing only A and air at 40% relative saturation of A is put into contact with
activated carbon. A is a pollutant and is adsorbed onto the carbon and the system pressure at 1 bar, and volume at 10 L, is held
constant by pumping pure air into the system. The temperature remains at 60 °C throughout the process. The system follows the
Langmuir isotherm below. If we want to significantly reduce the amount of A in the system down to to 5,000 parts per million by
volume, what will be the amount of carbon required? (10 points)
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