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23.- Data from the following table were obtained for the gas phase decomposition of reactant 

A in a constant volume batch reactor at 100°C fed with pure A. The stoichiometry of the 

reaction is 2A → R + S. Calculate the size of the plug flow reactor, operating at 100°C and 1 

atm, capable of treating 100 moles/h of a feeding that contains 20% inerts to obtain a 95% 

conversion of A. 

 

t (s) 0 20 40 60 80 100 140 200 260 330 420 

PA (atm) 1.00 0.80 0.68 0.56 0.45 0.37 0.25 0.14 0.08 0.04 0.02 

 

 

24.- The homogeneous gas phase reaction A → 2B is conducted under isothermal conditions 

of 100°C at a constant pressure of 1 atm in a batch reactor. When starting from pure A, 

experimental data obtained are those shown in the following table. Calculate the size of the 

plug flow reactor operating at 100°C and 10 atm (both values kept constant during the 

reaction) for a 90% conversion of A with a total feed rate of 10 mol/s containing 40% inerts. 

 

t (min) 0 2 4 6 8 10 12 14 

V/V0 1.00 1.35 1.58 1.72 1.82 1.88 1.92 1.95 

 

 

25.- A tubular reactor is going to be designed to treat 1000 m
3
/h of a gaseous mixture 

consisting of 80% acetylene and 20% inerts, measured at 550°C and 20 atm. The tubular 

reactor will consist of a combination of tubes in series. Each tube has a length of 3.5 m and an 

inner diameter of 20 cm. The reaction temperature will be 550°C and under these conditions 

acetylene is polymerized as 

 

4C2H2 → (C2H2)4   
2· acetyleneacetylene Ckr =−   (k = 0.6 L/(mol·s)) 

 

If pressure drop through the tubes is neglected, calculate the number of tubes required for a 

60% conversion of acetylene to tetramer complex. The pressure at the inlet of the first tube is 

20 atm. 

 

 

26.- Gas phase reaction 4A + B → R + S is performed in a plug flow reactor. Formation rate 

of R is empirically correlated by the equation 
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The plug flow reactor is fed with a flow rate of 200 kmol A/ h, and the feeding is 50% A and 

50% B. The reaction takes place at 3 atm and 150°C. 

 



a) Calculate the space time required to get 80% conversion of limiting reactant. 

b) How much R (kmol/h) will be produced using a plug flow reactor of 50000 liters, for 

the feeding and conditions specified? 

 

 

27.- In an adiabatic plug flow reactor the gas phase reaction A + B → R + S is carried out at an 

absolute pressure of 2 atm. The kinetics of the reaction is given by -rA = kpApB, where k(100ºC) 

= 0.05 and k(500ºC) = 50 (both in mol/(L·h·atm
2
)). The reaction enthalpy can be considered 

constant in the range of working temperatures with a value of ∆H = 41.8 kJ/mol A. The 

reactor is fed with 5 kg/h of an equimolar mixture of A and B at 250°C and a conversion of 

35% is desired. Calculate the volume of the reactor needed. 

 

Data:  

Cp reactant mixture = 1.5 cal/(g·ºC)  (assumed constant)  

MW reactant mixture = 40 g/mole 

 

 

28.- One of the key steps in the design of the equipment for the production of acetic anhydride 

is the cracking of acetone according to the reaction: 

 

CH3COCH3 → CH2CO + CH4 

 

This reaction occurs in gas phase and follows a first order kinetics with respect to acetone. 

The rate constant is given by the expression: 

 

 ln k = 34.34 – (34222/T)  (T in K, k in s
-1

) 

 

8000 kg/h of acetone are going to be fed into a plug flow reactor. Considering that the reactor 

works adiabatically, the feeding is pure acetone, inlet temperature is 1035 K and pressure is 

1.6 atm (the latter is constant along the reactor), which volume of reactor will be required to 

achieve a conversion of 20%? 

 

Data:  

Cp acetone = 164 J/(mol·K), Cp ketene = 96 J/(mol·K), Cp methane = 60 J/(mol·K) 

∆H(298K) = 80.8 kJ/molacetone 

 

 

29.- In an adiabatic plug flow reactor of 1.5 m
3
 volume, the elementary reaction A + B → C is 

performed in gas phase at constant pressure of 2 atm. The rate constant is given by the 

expression k = 9750exp(-4000/T) (T en K, k en L/(mol·s)). The reaction enthalpy at 298 K is 

50 kJ/molB. The feeding introduced into the reactor consists of 16 mol/s of A, 16 mol/s of B 

and 8 mol/s of inerts. The inlet temperature is 700ºC. The heat capacity values are: CpA = CpB 

= 75 J/(mol·K), CpC = 150 J/(mol·K) and Cp inerts = 10 J/(mol·K). Calculate the conversion 

degree obtained working under the conditions above indicated. 

 

 

30.- (examen dic’06) In an adiabatic plug flow reactor working at constant pressure the following 

reversible and elementary reaction takes place: 



 

2CBA
1

2

→
←+  

 

The stream fed into the reactor consists of a gas phase mixture at 77°C and 580.5 kPa of A 

and B in stoichiometric proportion and molar flow of 20 mol A/s. 

 

a) Determine the conversion degree of equilibrium in adiabatic conditions for the PFR 

b) Determine the volume of PFR needed to achieve a conversion degree equal to 85% of 

the previous value 

 

Data: 

 
Components Cpj (J/(mol·K)) hj

*
 (25ºC) (J/mol) 

 A 25 -40000 
 B 15 -30000 
 C 20 -45000 

Note: Cpj independent of temperature 
 

 

Kinetics direct reaction  Kinetics reverse reaction 

k0d 1.45×10
7
 m³/(mol·s) 

Ead 70000 J/mol 
 

 

 k0i 1.85×10
6
 m³/(mol·s) 

Eai 90000 J/mol 
 

 

 

 

31.- The gas phase reaction 2A → B , with 2)/700014exp( AB CTr ⋅−=  (T in K, rB in 

mol/(L·min)) is carried out in a PFR of 1000 L at a given pressure. The feeding, with 

volumetric flow of 100 L/min (measured at 25°C and at the same pressure), contains 90% A 

and 10% inerts, and the concentration of A (measured under the same conditions as the 

volumetric flow) is CA0 = 20 mol/L. Other data are: 

 

∆H
*
(293 K) = 3.5 kcal/molB 

 CpA = 0.02 kcal/(molA·K), CpB = 0.03 kcal/(molB·K), Cp inerts = 0.01 kcal/(molinerts·K) 

 

a) Find the temperature at which the reactor would work under isothermal conditions to 

obtain a final conversion of 90% 

b) Find the temperature at which the reaction mixture should enter in order to achieve a 

final conversion of 90% working adiabatically 

 

 

32.- The gas coming from the oxidation of ammonia is rapidly cooled to room temperature to 

remove most of the water vapor that contains. Once cool, the mixture contains 9% NO, 1% 

NO2, 8% O2 (in moles), together with water vapor and N2. The cooled gas is assumed to be 

saturated with water vapor. Before using this mixture as feeding to produce nitric acid in 

absorption towers the mixture has to be oxidized so that the ratio is 5:1 NO2/NO. This 

oxidation is performed in an adiabatic PFR, introducing the feeding at 293 K. Which volume 

of reactor will be needed if a volumetric flow of 10700 m
3
/h is introduced (measured at 293 K 

and 1 atm) and the working pressure is 1 bar abs.? 



 

Data: 

 Kinetics of reaction NO + 0.5O2 → NO2 is: 

 
2

2)/11.629exp(119844 ONOCCTr −=   (r in kmol/(m
3
·s) and C in kmol/m

3
) 

 Vapor pressure of H2O (20ºC) = 17.5 mm Hg 

∆H (20ºC) = -56.6 kJ/mol NO2 

 Average heat capacities for the working temperature range: 

 

Compound O2 NO NO2 N2 H2O 

Cp (J/(mol·K)) 29.4 29.9 37.9 29.1 37.6 

  

 

33.- The temperature in a PFR must remain between 550 K and 750 K, with the following 

reversible reaction in liquid phase taking place: 

BA
1

2

→
←  

 

The feeding composition is 0.9 kmol/m
3
 of A and 0.1 kmol/m

3
 of B, while the product is 0.5 

kmol/m
3
 for both A and B. If the velocity of the fluid is 0.004 m/min, which is the minimum 

length of tubular reactor required and the corresponding temperature profile in the reactor? 

 

Data: 

 r1 = exp(19 - 12000/T)CA    r2 = exp(37 - 24000/T)CB 

 

(r1 y r2 in mol/(m3·min), with CA and CB expressed in kmol/m
3
) 

 

 

34.- A PFR is going to be employed to produce 1000 mol R/h from an aqueous solution of 

component A (CA0 = 1 mol/L). The reaction is A → R, with -rA = 2 CA (mol/(L·h)), at 

constant T. The cost of the reactant stream is 0.4 €/mol A and the cost of the reactor, 

complete, is 0.2 €/(L·h). If the reagent A that is not used is discharged, find the optimal 

operating conditions (V, ξA, nAo) to achieve a minimum cost of R. Which is the minimum 

cost of R under these conditions? 

 

 

35.- 100 moles R/h are going to be produced by the reaction A → R. The feeding consists of a 

saturated solution with a concentration of A of 0.1 mol/L. A plug flow reactor is employed, 

with and operating cost of 0.060 €/(L·h). Reagent cost is 0.45 €/mol. If the reaction kinetics is 

second order, with k = 2 L/(mol·h) at constant T, and the reagent A is discharged unused, 

calculate: 

 

a) Reactor volume to achieve a minimum total cost 

b) Conversion degree of the process 

c) Production cost of R  


