CHBE 241 Material and Energy Balances
Department of Chemical and Biological Engineering
The University of British Columbia

Final Examination (3 hours) Monday, 10 December 2007

Answer all 6 questions. Present all your calculations!

1. (5%) A suspension of calcium carbonate particles in water flows through a pipe. Your as-
signment is to determine both the flow rate and the composition of this suspension. You
proceed to collect the stream in a graduated cylinder for 1 min; you then weigh the cylinder,
evaporate the collected water, and reweigh the cylinder. The following results are obtained:

Mass of empty cylinder: 65 g

Mass of cylinder + collected suspension: 565 g
Volume collected: 455 mL

Mass of cylinder after evaporation: 215 g.

Calculate:

(a) The volumetric flow rate and mass flow rate of the suspension.
(b) The density of the suspension.

(c) The mass fraction of calcium carbonate in the suspension.

2. (20%) According to http://www.mayoclinic.com/health/caffeine/ANO01211, a 12 oz cup of
Starbucks Tazo Chai Tea Latte contains 75 mg caffeine. If caffeine is eliminated from the
body at a rate of dm, sys/dt = —0.15m, 5,5, how long it will take for the caffeine in your
body to drop to 25 mg after you consumed one cup of Tazo Chai Tea Latte? (m, 55 (mg)
is the mass of caffeine in the body, and ¢ is time in hours.) You drink one cup at 8am and
another one at 4pm. Plot the caffeine content of your body as a function of time for a period
8am—10pm (step 2 hours).

3. (20%) Hydrogen is produced in the reaction of methane and steam:
CH4+ H20 =CO + 3H2

The fresh feed to the process contains methane, steam, and 0.25 mol% inerts (I). The reactor
effluent passes to a separator that removes essentially all of the CO and H, and none of the
reactants or inerts. The latter substances (reactants and inerts) are recycled to the reactor. To
avoid buildup of the inerts in the system, a purge stream is withdrawn from the recycle.

The feed to the reactor (not the fresh feed to the process) contains 30 mol% CHy, 69 mol%
H>0 and 1 mol% inerts. The single-pass conversion of methane is 75%.

(a) Sketch a flow diagram of the process and label all streams, compositions, and flow
rates.



(b) Do a DOF analysis.

(c) Calculate the molar flow rates and molar compositions of the fresh feed, the total feed

to the reactor, the recycle stream, and the purge stream for a hydrogen production rate
of 300 kmol H»/h.

4. (20%) A soap manufacturer is considering converting its excess glycerol byproduct to hydro-
gen for use in fuel cells, using a new catalytic process. The process operates the following
reaction:

C3HgO3 + 3H,0 = 3CO; + 7THs.

The reactor operates in the gas phase, at 1.2 atm and 200°C, with a feed ratio of wa-
ter:glycerol of 5:1 (mol/mol). The glycerol feed rate in the pilot plant reactor is 1.6 mol/hr,
and an exit stream hydrogen mole fraction of 0.54 is measured.

(a) What is the fractional conversion of the limiting reactant under these conditions?

(b) If the equilibrium constant for this reaction at 200°C is K, = 55 atm®, is the reaction
achieving equilibrium?

(c) Will an increase in pressure to 3 atm increase or decrease equilibrium conversion?

5. (15%) A 25 wt% solution of acetic acid in methylisobutylketone (MIBK), flow rate 100 kg/h,
and a second stream of pure water, are fed to a mixer. After complete mixing, the mixture is
fed to a separator where two phases form and are withdrawn separately at 25°C. How much
water must be fed to the process to reduce the acetic acid concentration in the MIBK-rich
phase to 5 wt%, assuming that the fluids remain in the separator long enough for equilibrium
to be achieved? What are the flow rates of the MIBK-rich and water-reach streams leaving
the separator? MIBK-acetic acid-water liquid-liquid phase diagram is given in Figure 1.
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Figure 1: MIBK-acetic acid-water liquid-liquid phase diagram at 25°C
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6. (20%) Steam produced in a boiler is frequently “wet”—a mist composed of saturated water
vapour and entrained liquid droplets. (Note: Droplets are at the same temperature as satu-
rated steam.) The quality of a wet steam is defined as the fraction of the mixture by mass
that is vapour.

A wet steam at a pressure of 7.5 bar with a quality of 0.90 is isothermally “dried” by evapo-
rating the entrained liquid. The flow rate of the dried steam is 50 m3/h.

(a) Use the steam tables to determine the temperature at which this operation occurs, the
specific enthalpies of the wet and dry steam, and the total mass flow rate of the process
stream.

(b) Calculate the heat input (kW) required for the evaporation process.

(Use Steam tables at the last page of the exam sheet.)
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