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1. A). The fluid elements travel in different directions and therefore their ages are different. The 
distribution of residence times expressed in terms of mean, variance and skewness. 
B) Macro fluid contains number of micro fluid elements. each macro molecule approximated as a 
globule. Each macro molecule may behave like a batch reactor. higher conversions possible with 
micro fluids. 
C). is a measure of extent of surface reaction rate influenced by the pore diffusion resistance. 
D). these are foreign or unwanted substance present in feed mixture which inhibits the activity of 
a catalyst 
E). The reaction which occurs in single step are called single reactions. All elementary reactions 
are single step reactions. 
The reactions which occur in two or more steps are called multiple reactions like series and 
parallel reactions. 
F). It is an equilibrium relationship between concentration of solute adsorbed on adsorbent 
surface and concentration of solute in fluid medium at constant temperature. 
G) The mechanism which offer higher resistance or the slowest step is called rate controlling step 
or mechanism. 
H) Adsorption by strong chemical bonds which irreversible. 
I) A know quantity of tracer injected in one shot at time t=0 
J) For exothermic reactions, conversion decreases with temperature whereas conversion increases 
with temperature in case of endothermic reaction. 
K) The porous catalyst offers more surface area than non porous catalyst. The pore volume is 
measured using helium mercury method. 
L)  Ideal reactors assumes uniform and infinite mixing in case of CSTR, flat velocity profile in 
case of tubular reactors. Non ideal reactors are real reactors in which dead zones, channeling, 
bypassing and short circuiting of fluid generally observed.  

2. A)4M The equilibrium composition, as governed by the equilibrium constant, changes with 
temperature, and from thermodynamics the rate of change is given by 

 

 
When heat of reaction is function of temperature 

 

 



 

 
2M 
1. The thermodynamic equilibrium constant is unaffected by the pressure of the system, by the 
presence or absence of inerts, or by the kinetics of the reaction, but is affected by the temperature 
of the system.  
2. Though the thermodynamic equilibrium constant is unaffected by pressure or inerts, the 
equilibrium concentration of materials and equilibrium conversion of reactants can be influenced 
by these variables. 
3. For an increase in temperature, equilibrium conversion rises for endothermic reactions and 
drops for exothermic reactions.  
4. For an increase in pressure in gas reactions, conversion rises when the number of moles 
decreases with reaction; conversion drops when the number of moles increases with reaction.  
5. A decrease in inerts for all reactions acts in the way that an increase in pressure acts for gas 
reactions 
 
B). 2m: Definition of adiabatic operation, diagram 

 



 
4M: Balance equations 

 
2M : Final expressions 

 

 
3. A) 3M: We define the optimum temperature progression to be that progression which minimizes 

V/FA0 for a given conversion of reactant. This optimum may be an isothermal or it may be a 
changing temperature: in time for a batch reactor, along the length of a plug flow reactor, or from 
stage to stage for a series of mixed flow reactors. It is important to know this progression because 
it is the ideal which we try to approach with a real system. It also allows us to estimate how far 
any real system departs from this ideal. 
3M 



 
B)  Formula 

 
 

4. The Pulse Experiment  
Let us find the E curve for a vessel of volume V m3 through which flows v m3/s of fluid. For this 
instantaneously introduce M units of tracer (kg or moles) into the fluid entering the vessel, and 
record the concentration-time of tracer leaving the vessel. This is the C- curve. From the material 
balance for the vessel we find  

 

 

 
Tanks in series model 
2M 

 



 

 
4M 

 

 
5. . 

 
t 0 10 20 30 40 50 60 70 
tC 0 380 800 1200 1560 1850 2160 2450 
E 0.013 0.015 0.015 0.015 0.015 0.014 0.0136 0.013 
t-푡̅ -34.61 -24.61 -14.61 -4.61 5.39 15.39 25.39 35.39 
(t-푡 ̅) 퐸 15.57 8.48 3.2 0.32 0.43 3.31 8.75 16.28 



The variance 휎 = ∫ (t − 푡̅) E푑푡 = 390.33 

The number of tanks arranged in series, 푁 =
̅

= 3.07 

 
Mean residence time = 34.61 min 
Conversion using MFR = 63.4% 
PFR = 82.3%, TIS MODEL: 74.6% 

6. diagram and balance equation-2+3m 

 
The rate of reaction of A at any instant is given by its rate of diffusion to the reaction surface 

 

 

 
Integration and result -4m 

 



 
Complete conversion (2M), expression in term of conversion(2M) 

 

 
 

7. A)  
3x2=6m 
Film diffusion control  

 
Ash layer diffusion control 

 
Chemical reaction control 

 
For the given data, it is a chemical reaction controlled reaction. 
B)  Diagrams and description 



 
 

8. . 
diagrams and element analysis-2M 

 

 
3M: MOLAR BALANCE 
output - input + disappearance by reaction = 0 

 
2M  Simplification  



 

 

 

 
3M  Solution 

 
2M  Definition and answer 

   
 

9. A)  2M Catalyst description 
In a thermodynamically feasible chemical reaction, when addition of a small amount a chemical  
substance increases the rate of attainment of chemical equilibrium but the substance itself does  
not undergo any chemical change, then the reaction is called a catalytic reaction. The substance  
that enhances the reaction rate is called a catalyst. Catalysts work by providing alternative  
mechanism involving a different transition state of lower energy. 

 
2M Catalyst deactivation  



It is defined as decreasing catalyst activity or efficiency due to inert materials present in reaction 
mixture or presents of poisons and inhibitors.  
 
B) Single mechanism (1M) 
A + X  A.X   Adsorption of A on catalyst surface 
A.X + B  C.X Surface reaction 
C.X  C + X   Desorption of Product C 
3M 

 
Net rate expressions for individual steps 
1M 
Total site balance 
2M Simplification 
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