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14.- The reaction of saponification:  

 

NaOH + C2H5(CH3COO) → Na(CH3COO) + C2H5OH 

 

is second order and irreversible at low concentrations. In a batch reactor at constant 

temperature a water solution is loaded containing NaOH and ethyl acetate, both with initial 

concentrations 0.1 N. After 15 minutes, conversion of ethyl acetate is 18%. Calculate the 

reaction time needed to obtain a conversion of 25% NaOH when loading the reactor with a 

solution 0.2 N NaOH and 0.1 N ethyl acetate. 

 

 

15.- The liquid-phase exothermic reaction A + 2B → 3C is conducted in a batch reactor. The 

feeding consists of 100 moles of A, 500 moles of B and 10 moles of inerts. The reaction 

temperature is kept constant at 200°C, for which a heat exchanger with circulating water is 

used. The water is introduced at 25°C and exits the cooling circuit at 50°C. The area through 

which the heat transfer occurs is 2.5 m
2
 and the overall coefficient of heat transmission is 45 

J/(s·m
2
·K). The heat of reaction at 25°C is -10500 kcal/(kmol C). Calculate the flow of 

cooling water and the time needed to reach a conversion degree of 85%. 

 

Data:  

 CpA = 75 kJ/(kmol·K), CpB = 95 kJ/(kmol·K),  

 CpC = 80 kJ/(kmol·K), CpInerts = 20 kJ/(kmol·K),  

 (constant in the range of temperatures) 

  

 

16.- The third-order endothermic reaction 3A → 2B + C takes place in a liquid-phase batch 

reactor. The reaction mixture is first heated to 400°C, and then the reaction proceeds 

adiabatically. During the heating period a conversion of 10% A occurs. From that moment, 

how long will it take to reach a final conversion of 70% A? 

 

Data:  

 ∆H = 25000 kcal/(kmol A)   (assumed constant) 

 V = 1 m
3        

 M = 950 kg 

 NAo = 10.2 kmol       

 Cp averaged = 0.59 kcal/(kgmixture·K) 

 ln k = -5000/T + 5           (T in K, k in (m
3
/kmol)

2
/h  referred to r, not to rA) 

 

 

17.- In a stirred batch reactor at laboratory scale, the gas-phase elementary reaction A + B → 

2C + D  is to be conducted. For this, an equimolar mixture of gases A and B together with 

other inert species is introduced into the reactor. The amount of A that is introduced is 4 

moles and the total amount of mixture fed to the reactor is 500 g. The average molecular 

weight of the mixture fed is 40 g/mol. The initial temperature of the gases is 200°C and 



pressure is 1 atm, working at constant P and adiabatic conditions. Reaction is exothermic and 

the reaction enthalpy at reference temperature of 20°C is -12500 J/(mol C). The kinetic 

constant expression of the reaction is: ln k = 8.2 - 1000/T (with T in K and k expressed in 

L/(mol·h)). 

 

Calculate the reaction time necessary to achieve a degree of conversion of 90%. 

 

Other data: 

CpA = 10 J/(molA·K), CpB = 15 J/(molB·K), CpC = 15 J/(molC·K), CpD = 12 J/(molD·K),  

CpInerts = 20 J/(molInerts·K) 

 

 

18.- (exam jul’08) For the production of propionic acid, the corresponding sodium salt is 

dissolved in HCl according to: 

 

   C2H5COONa + HCl  ↔  C2H5COOH + NaCl 
 

The reaction is reversible and second global order in both directions (first order for each 

reagent, in both direct and reverse direction). In the laboratory, a stirred batch reactor is tested 

at 50°C, a value that remains constant. Samples of 100 mL at different times are collected. In 

order to find the concentration of HCl in each sample it is necessary to neutralize HCl with 

NaOH 0.979 N. The initial concentrations of acid and salt are equal. Initially there was 

nothing of propionic acid or NaCl. 

 

Data from the laboratory tests (neutralizing 100 mL of sample): 

 

t (min) 0 8 16 23 30 39 ∞ 

VNaOH (mL) 52.5 32.1 23.5 18.9 16.7 14.4 10.5 

 

a) From the table of experimental results, determine the value of the conversion in the 

equilibrium and kinetic constants of direct and reverse reactions. 

b) How long will it take to reach a conversion of 75% with the initial concentrations and 

temperature above mentioned? 

c) This reaction will also be carried out on an industrial scale in a stirred tank batch 

reactor, starting from those moles of reagents that would produce 453 kg of propionic 

acid with a conversion of 75%, with the initial concentrations and temperature above 

mentioned. Knowing that in the manufacturing process there is an additional 

load/heating time of 20 min and a discharge/cooling time of 10 min, at which time the 

maximum production rate (moles/min) of propionic acid will be reached? Assuming 

that the process stops at that point, which will be the total production time in that case? 

 

 

19.- The first-order reaction A → 2.5 B is carried out in a gas-phase batch reactor at 2 atm and 

constant T with 20% of inerts and the rest of A. Under these conditions, the volume increases 

by 60% in 20 min. In a similar reactor operating at constant volume and the same T: 

 

a) Calculate the time required to reach a pressure of 8 atm if the initial pressure is 5 atm, 

2 of which correspond to inerts 



b) Calculate the value of the conversion degree to give the maximum production per day 

if the time of loading, unloading and cleaning of the reactor is 40 min 

 

 

20.- The temperature in a batch reactor should not exceed 500ºC, taking place in it the 

following liquid-phase reaction: 

     A B
2

1

← 
 →  

 

If the composition of the feeding is CAo =1 kmol/m
3
 and CBo = 0, and if the conversion degree 

to be achieved is 80% A, obtain: 

 

a) The constant temperature at which the process must be carried out to get the reaction 

time minimized, and the value of this 

b) The optimum temperature profile versus concentration of A (graph or table) so that the 

reaction time is minimized, and the value of this 

 

Data: 

 

 r1 = 1.785·10
5
·exp(-12000/T) CA 

       in kmol/(m
3
·min) 

 r2 = 1.172·10
13

·exp(-24000/T) CB 
 

 

21.- The manufacturing process of a product B from a raw material is planned to be conducted 

by production cycles in a batch reactor. It is estimated that deadtime due to preparation, 

loading, unloading and cleaning of each cycle is 0.5 h, corresponding to an average cost of 75 

€/h. 

 

If the reaction A → B is first-order and takes place in liquid phase at constant T, with rate 

constant k = 2 h
-1

, the value of the reactant A is 5 €/kmol, and the value of product B is 105 

€/kmol, calculate the reaction time so that the net profit per time is maximized. The hourly 

cost due to the reaction process is 5 €/h and the reactor volume is 1 m
3
. The initial 

concentration of A is 1 mol/L. Assume that unreacted reagent A is not reused. 

 

 

22.- The reversible reaction A ↔  B takes place isothermally in a batch reactor. This reaction 

is carried out at constant volume and is first-order in both directions. In the beginning there is 

only reagent A. Working at 373 K, the following variation of the conversion degree (ξΑ)  
versus reaction time was obtained: 

 

t (min) 42 90 115 145 173 205 280 482 

ξ / ξξ / ξξ / ξξ / ξeq (%) 10 20 25 30 35 40 50 70 

 

being ξeq the equilibrium conversion. If the time of loading, unloading and cleaning of the 

reactor is 20 minutes, which value of (ξ / ξeq) will give the maximum production per day? 


