DQE January 2001

(35%)
1)
The following E(t) curve was obtained from a tracer test on a tubular reactor in which dispersion is believed to occur. (The E profile is symmetric about the centerline.)
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A first order reaction 
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is to be carried out in this reactor. There is no dispersion occurring either upstream or downstream of the reactor but there is dispersion inside the reactor.

a)
What is the Peclet number?

b)
What is the conversion?

Additional Information 


k = 0.02 min–1
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2)
The following F curve was obtained from a tracer test on a real reactor

a)
Can you suggest a system of ideal reactors to model the real reactors?

b)
What conversion can be expected for a 2nd order reaction
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with k = 0.02 dm3/mol/s ?


The entering concentration of A is 1.5 M.

(30%)
3)
The following elementary reaction is carried out isothermally at constant volume.
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Suppose that the starting charge to the reactor is 
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 with CB0 having the value of the equilibrium concentration 
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, corresponding to the initial charge of 
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, after infinite time 
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. Thus, B starts and ends at the same concentration.

a)
What is the value of CB0 in terms of the reaction rate constants and CA0 in order for the concentration of B to remain the same at the beginning of the reaction and at the final equilibrium? (The conc. of B may vary through the course of the reaction.)

b)
What is the condition relating the rate constants if CB were to remain a constant throughout the course of the reaction?

DQE May 2000

1)
The gas phase isomerization
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is to be carried out in this reactor. Experiments were carried out in a reactor that had the following RTD




E(t) = 10 e–10t  min–1

where t is in minutes.


a)
If the volumetric flow rate was 2 dm3/min, the conversion was 9.1%, what was the reactor volume?






V = ____________


b)
When the volumetric flow rate was 0.2 dm3/min the conversion was 50%. When the volumetric flow rate was 0.02 dm3/min, the conversion was 91%. What will the conversion be when the volumetric flow rate is 10 dm3/min?






X = ____________


c)
This reaction is now to be carried out in a 1 dm3 plug flow reactor at a volume metric flow rate of 1 dm3/min. What will be the conversion?






X = ____________


d)
It is proposed to carry out the reaction in a 10 m diameter pipe where the flow is highly turbulent (Re=106). There are significant dispersion effects. The superficial gas velocity is 1 m/s. If the pipe is 6 m long, what conversion can be expected. If you were unable to determine the reaction order and the specific reaction rate constant in part (b) assume K = 1 min–1 and carry out the calculation!






X = ____________

2)
Consider the gas phase n-merization reaction
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The order of the reaction is unknown.


a)
Under isothermal and isobaric conditions, prove that a CSTR and a PFR will require almost identical volumes to attain a specific conversion, if n>>1.


b)
If n is not much higher than 1, which reactor do you expect to require more volume to attain a specific conversion – CSTR or PFR?

3)
A reversible exothermic reaction
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is carried out in a PBR with heat exchange. For a given set of conditions the following temperature profile was obtained
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a)
Sketch the corresponding conversion profile

b)
On the figure below sketch the temperature profile that would result if the reaction were carried out adiabatically.
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c)
On the figure below sketch the temperature profile that would result if heat exchange parameter, Ua was reduced by say, approximately 20%
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d)
On the figure below sketch the temperature profile that would result if a small amount of inerts were added to the system.
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1)
The following E(t) curve was obtained from a tracer test on a reactor.
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The conversion predicted by the tanks-in-series model for the isothermal elementary reaction 
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was 50% at 300K.

a)
If the temperature is to be raised 10°C (E = 25,000 cal/mol), and the reaction carried out isothermally what will be the conversion predicted by the maximum mixedness model?

b)
The elementary reactions
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were carried out isothermally at 300K in the same reactor. What is the concentration of B in the exit stream predicted by the maximum mixedness model?

c)
For the multiple reactions given in part (b), what is the conversion of A predicted by the dispersion model in an isothermal closed-closed system?

2)
An anionic polymerization is to be carried out in a batch reactor. In order to obtain a certain set of physical properties it is desired to have the polydispersity index, D, as large as possible. The initial monomer concentration is 5M and the initiator concentration is 0.001M. At what time should the reaction be quenched by the addition of a base?


Additional information



kP = 0.2 dm3/mol/min
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1)
A liquid phase reaction




A 
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was carried out isothermally in a PFR and in a CSTR.


CSTR


A stream of pure A having concentration 1 kmol/dm3 was fed into the CSTR (volume 50 dm3) at a flow rate of 10 kmoles of A/min. The conversion of A achieved was 0.5.


PFR


A diluted stream of A having concentration 0.5 kmol/dm3 was fed into the PFR (volume 50 dm3) at a flow rate of 5 kmoles of A/min. The conversion of A achieved was 0.5.


Is it possible to find the rate law of the reaction?


If yes, then is the order of reaction second order and if so what is the rate constant?

2)
The elementary series reaction




A 
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was carried out in a real reactor. A tracer test gave the following results
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What is the concentration of B exiting the reactor predicted by the segregation Model?


Additional Information



k1 = 0.2/min



k2 = 0.4/min



CA0 = 1.0 mole/dm3
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1)
The following liquid enzymatic reactions with substrate inhibition
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were carried out in a non-ideal reactor.


Which model (segregation model or maximum mixedness model) and under what reaction conditions would predict the greatest conversion of substrate, S.


Explain your reasoning.

2)
The reaction
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are carried out isothermally at 300K in a 100 dm3 CSTR with heat exchange. Pure A at a concentration of 5M enters the reactor at 300K and a volumetric feed rate of 10 dm3/min.



The coolant, C, enters the heat exchanger at a temperature of 280 K and a molar flow rate of 500 mol/min.


What is the temperature of the coolant exiting the exchanger?


What is the product UA in J/min/K?


Additional Information



CPA = 40 J/mol/K



CPB = 80 J/mol/K



CPC = 100 J/mol/K



HRx1A = –20,000 J/mol A



kA = 0.1 dm3/mol min at 300 K with E = 210,000 J/mol



R = 8.31 J/mol/K

3)
The elementary liquid phase reaction
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was carried out in a non-ideal reactor that has the following RTD
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The entering concentration of A is 2 mol/dm3.


For isothermal operation, what is the concentration of B predicted by

a)
the segregation model.

b)
the maximum mixedness model.

c)
Suppose the reaction is carried out adiabatically with an entering temperature of 325K. Outline your solution showing all equations and procedures. Write a POLYMATH program if you wish. Calculate 
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Additional Information
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4)
It is desired to neutralize an anionic polymerization at the point when the polydispersity is the greatest.

a)
For an initial concentration of monomer and initiator of 5 M and .1 M, at what time should the reaction be neutralized in a batch reactor?

b)
What is the concentration of R9 at this time?


Additional Information



ko = 10,000 min–1


kp = 10 dm3/mol•min
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1.
The first order isomerization is carried out in a flow reactor. 




A 

 B




with  k = 0.1 min–1

The volumetric flow rate to the reactor is 2 dm3/min. The outlet concentration of a pulse input tracer is shown below as a function of time in minutes
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a)
What is the reactor volume?

b)
What would be the conversion in a PFR and in a CSTR of this volume?

c)
What is the conversion predicted by the segregation model?

d)
What is the conversion predicted by the maximum mixedness model?

e)
What is the conversion predicted by the tanks-in-series model?

2.
The elementary first-order irreversible liquid-phase reaction








is to be carried out in a jacketed CSTR. Pure A is fed to the reactor at a rate of 0.5 g mol/min. The heat-generation curve for this reaction and reactor system,








is shown in Figure P8-21.

a)
To what inlet temperature must the fluid be preheated for the reactor to operate at a high conversion?

b)
What is the corresponding temperature of the fluid in the CSTR at this inlet temperature?

c)
What is the extinction temperature for this reaction system?


Additional Information:



Heat of reaction (constant): –100 cal/g mol A



Heat capacity of A and B: 2 cal/g mol °C



UA: 1 cal/min • °C



Ambient temperature, Ta: 100°C
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3.
Consider the following multiple reactions

a)
What reaction schemes and conditions would you use to maximize the selectivity parameters S for the following parallel reactions:








where D is the desired product and U1 is the undesired product?

b)
State how your answer to part (a) would change if C were to react with D to form another undesired product,
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