CHE 205 --- Chemical Process Principles
Fall 2005
TEST #2.   Open book–closed notes.  Put your name, section (1–Bullard, 2–Felder), and “Test #2” on the outside of your blue book. Any work on the back of a page will not be considered scratch work and will not be graded. Begin each numbered problem on a new page, show all your work, and box your final answers.
1.  (10 pts) The following are short answer questions.  You should not spend more than two minutes answering each one.
(a) (3) A gas mixture containing 90.0 mole% methane and the balance ethane is contained in a cylinder of known volume at a specified temperature and pressure.  The total number of moles of gas has been calculated assuming ideal gas behavior. You wish to evaluate the validity of that assumption. Give the numbers of the equations in the text you would use to do it in two different ways. 

(b) (2) Why does it take longer to make a hard-boiled egg at a ski resort than at the beach? 

(c) (2) Use data in the text to determine which is more volatile, cyclohexane or ethylbenzene. (State how you know—no credit will be given for a lucky guess.) 
(d) (3) You need to know the normal boiling point of toluene (i.e., the boiling point at 1 atmosphere).  Give the page numbers of three different sources of this value in your text. 

2.  (10 pts) A variable-volume cylinder contains 1.00 mol of pure water vapor at T=30.0oC and P=5.00 mm Hg. The cylinder volume is decreased at a constant rate and constant temperature until P = 100.0 mm Hg.
(a) (3) Sketch a plot of P vs. time from the beginning to the end of this process. Label the initial and final values of P and the values at ny points where there is a sharp break in the curve. (No calculations should be necessary, but you might find it helpful to trace the path of the process on the phase diagram for water.)

(b) (7) Calculate the volume of the cylinder contents at the beginning and end of the process.
3.  (35 pts) Liquid benzene is kept in a sealed tank at 60.6oC.  The gas above the liquid contains benzene vapor (mole fraction = yB) and nitrogen at equilibrium at a total pressure P=1000.0 mm Hg. The vapor pressure of benzene at 60.6oC is 400.0 mm Hg.   

(a). (2) Is the dew point of the gas in the flask <60.6oC, =60.6oC, or >60.6oC, or is it impossible to say without more information?  (Consider benzene to be the only condensable substance.)
(b). (5) What is the partial pressure of nitrogen (pN2) and the mole fraction of benzene (yB) in the gas? (Show your calculations.)
(c). (8 pts) If the flask temperature were slightly increased and the system again came to equilibrium, would each of the following variables increase(↑), stay constant(→), or decrease(↓)?  (i) total pressure, (ii) mole fraction of nitrogen in the gas, (iii) relative saturation of benzene in the gas, (iv) dew point of the gas. Neglect changes in volume of the gas and liquid phases.

(d). (20 pts) 100.0 mol of the gas at its original temperature of 60.6oC is transferred to another container in which its temperature is decreased to 26.1oC (at which its vapor pressure is 100.0 mm Hg) and its pressure increased to 2000.0 mm Hg. 


(i)   Draw and completely label a flow chart of the process, 


(ii)  Show that the process has zero degrees of freedom, and 

(iii) Write the complete set of equations you would use to determine the percentage of the   

            benzene initially in the gas that condenses, labeling each equation you write ( ___  

            balance, etc.). Do not do any algebra or calculations.
4. (45 pts) Ammonia (NH3) is formed from N2 and H2 in a continuous steady-state reaction-separation process. The fresh feed to the process has a flow rate of 224 L(STP)/s and contains 25.0 mole% N2 and the balance H2.  This stream is joined by a recycle stream which contains 24.8 mole% N2, 74.4% H2, and 0.827% NH3, and the combined stream flows to the reactor. The reactor product stream, which contains all three reacting species, passes to a separation unit in which 95.2% of the ammonia is transferred to a liquid phase and sent out as the product stream from the process. The gas stream leaving the separation unit is the recycle stream mentioned previously.
(a) (10 pts) The attached page contains a partially labeled flow chart for the process. On that page, 
i) finish the labeling to ensure that all process streams are completely labeled, 
ii) identify the basis of calculation, and 
iii) in terms of your labeled variables, write expressions for the overall conversion of nitrogen and the single-pass conversion of nitrogen. If you can state the value either of those conversions without doing any calculations, do so. 
(b) (15 pts) 
i) Do the degree-of-freedom analysis for the overall process, basing it on atomic balances, and noting that you are only allowed one atomic balance for this system. (You might find it helpful to draw a box on the flow chart to identify the overall process.) 
ii) Explain why only one atomic balance is allowed. 
iii) Calculate the production rate of ammonia (mol/s). 

(c) (10 pts) Do additional DOF analyses on the three subsystems shown on the flow chart and determine an efficient order in which the subsystems should be analyzed to determine all remaining unknown variables on the chart. (Remember to count molecular balances for nonreactive systems.)  Do not write any equations or do any calculations in this part. 
(d) (8 pts) Making use of your analysis of Part (c), write the complete set of equations you would solve to calculate the recycle stream flow rate (mol/s), identifying each equation you write. You should have n equations in n unknowns. Do not do any algebra or arithmetic—just write the equations, and don’t write more than you need to solve for the recycle flow rate.   Note: If you were unable to do part (c), just write the equations for the separator to receive partial credit for this part. 
(e) (2 pts) Suppose the feed to the process contained trace amounts of argon, an inert gas.  Why and how would the process have to be modified? 
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HONOR PLEDGE:  “I have neither given nor received unauthorized aid on this test.”


_________________________________________________________________
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Your Name ______________________________      Section (1=Bullard, 2=Felder) _____________
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