Problem 1. (25 points)

a. Circle the case(s) below in which multiple steady states are possible.
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b. Given the elementary reaction steps: A—X—B—%2—s( , can you achieve a higher
concentration of B in a PFR or a CSTR if k;=k,? Explain your answer ﬁ Ewo sentences

or less. |
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c. On the curve below, draw arrows indicating how the adiabatic CSTR temperature
responds to a 20°C decrease in inlet temperature, given an initial inlet feed temperature of
380°C. Make sure that you draw the path of operating reactor temperatures that the
system follows as the inlet temperature decreases from 380°C to 360°C. Assume that the
heat of reaction and heat capacities are independent of temperature.
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d. A non-ideal steady state, wall-cooled reactor is described by the G(T) and R(T) curves
below. Indicate the steady states by clearly numbering each one. Determine the stability
of each steady state and justify your choices in two or three sentences. Assume that the
heat of reaction and heat capacities are independent of temperature.
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e. How does the mole balance curve (i.e. Xyp vs. temperature) shift for a first-order reaction
in a CSTR when you increase the inlet concentration and keep all other parameters
constant? Indicate and justify your answer with a sentence or a qualitative graph.
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Problem 2. (35 points) -

The temperature and conversion in an infinitely long isobaric PFR are shown below as a function
of the reactor volume. The reactor is surrounded by a jacket for heat transfer. The value of Ua is
100 cal dm™ s K'. The gas-phase elementary, reversible reaction is 2A < B + 2C and pure A
is fed to the reactor at a concentration of 0.05 mol dm™ and a volumetric flow rate of 1 dm’s™.
The absolute value of the heat of the reaction is 20,000 cal (mol of A)'1 at 500 K, and the heat
capacities of A, B, and C are 1.0, 1.0, and 0.5 cal mol K, respectively.
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a. The coolant temperature is constant. What is the coolant temperature? If you cannot find
T, and need it in a later section, take T, = 325 K (Note: This is an incorrect answer).
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b. Isthe reaction exothermic or endothermic? Briefly justify your answer.
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c. What is the instantaneous rate of consumption of A at V = 10 dm>? O \'35‘\ ﬂ* S %\&R)
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d. What is the numerical value of the equlllbrlum constant, including the units? You may
give the value at any temperature you choose, but the temperature must be specified.
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e. What is the total amount of heat removed from the reactor? (This part is worth 12 points.) .
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Problem 3. (30 points)-

An elementary, liquid-phase reaction A + B = 2C is to be carried out in an isothermal CSTR. A
and B enter the reactor at 27°C, with a total flow of 2 dm? s'l, and equal concentrations of 1 mol
dm™. The rate constant at 27°C is 0.01 dm® mol™ s™! and the standard heat of the reaction at 25°C
is -60 kJ (mol of A)"". The reactor coolant temperature is constant at 10°C and U=2.0 kJ m? s
K'!. The heat capacities of A, B, and Care 2, 1, and 1.5 kJ mol! K, respectively.

a. Determine the reactor volume required to achieve a 45% conversion of A.
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b. Determine the heat transfer area needed to run the reactor isothermally at 45%

conversion of A. 0 (woVWar W\O-k)
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)6 c¢. Would the answer to part b) be hlgher or lower (ChOOSC one) if we had included shaft
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work? Justify your answer in one sentence.
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d. The feed temperature is no longer 27°C. If the reactor were to operate adiabatically
and is at 27°C and 45% conversion of A, what new feed temperature would be
required?
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e. The reactor is still run adiabatically and the inlet temperature is changed to 27°C.
When this is performed, the conversion increases to 93%. Based on this observation,
what is the activation barrier for this reaction?
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f. Below is the curve of Xyp 4 (mole balance conversion of A)
\(\X(‘) Xgp.a (energy balance conversion of A) vs. T for parts b), d),
?\ You must accurately indicate the T* values (Fogler calls this

vs. T. Draw the lines for
and e) and label them.
Tc) for all cases.

Clearly show lines with parallel slopes by drawing equal signs through them.
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Problem 4. (10 Points)

An adiabatic, liquid-phase semibatch reactor initially at T, = 325 K is charged with N, = 100
mol of pure liquid A. At time t = 0, an equimolar liquid feed of B and inert I at temperature Treea
=300 K is fed to the semibatch reactor at a total molar flow rate Fr = 10 mol hr'. The reaction
A + B — 2C occurs in the reactor Assume a temperature independent heat of reaction of -100
kimol” of A, a Co=1kJ mol ™! K™ for all species, and A to be the limiting reactant for all times.
Also assume an Arrhemus temperature dependence for k where E, is 30 kJ mol”'. Given that a
50% conversion of A is achieved after 10 hrs, write out a thermochemical cycle and use it to
calculate the reactor temperature at this time.
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