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PCCH 4305
Sixth Semester Examination — 2012

CHEMICAL REACTION ENGINEERING
Full Marks —70

Time : 3 Hours

Answer Question No. 1 which is compulsory and any five from the rest.

The figures in the right-hand margin indicate marks.

Answer the following questions : 2x10

(a)
(b)

(c

)
(d)
(e)

(f)
(9)

(h)
0]

0

What are the factors affecting the rate of the reaction ?

Write the difference between elementary and non elementary reaction.
What is Arrehenius Law ?

What is space time and space velocity ?

1 litre/sec of gaseous reactant A is introduced into a mixed reactor of
volume 2 litres. The space time is .............. 2

What are the factors decided in the design of a reactor ?

The overall selectivity of product B in the following reaction is ...... ?

The residence time distribution of an ideal CSTR is. ......... °

For the gaseous reaction 2A — B, the feed consists of 50 mole % A and
50 mole % inert. The expansion factor is ........... ?

The rate constants of a certain reaction are 1.6 x10-3and 1.625 x 102
(s™") at 10°C and 30°C. Calculate the activation energy.
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2. (a) Write advantages and disadvantages of a continuous stirred tank reactor

(CSTR) 5
(b) Derive the performance equation of CSTR. 5
3. (a) For irreversible first order series reaction : 5

Afi,p %8
The values of rate constants k, and k, are 0.17 min~" and 0.11 min”'
respectively. Calculate
(i) The time at which the concentration of R is maximum and
(i) Maximum concentration of R.
Take C,,=1.25mol/|
(b) Calculate the first order rate constant for the disappearance of A as per
the gas phase reaction A - 1.6R if the volume of the reaction mixture,
starting with pure A increases by 50% in 4 minutes. The total pressure
of the system remains constant at 1.2 atm and the temperature is 25°C.
5
4 A second order reaction carried out in a single CSTR results in 80%
conversion of reactant A. It is proposed to put another similar CSTR in series
with the first one. For all other parameters remain identical
(@) How will this addition affect the conversion of the reactant ? (5}
(b) If same 80% conversion is maintained by how much treatment rate would
be increased ? 5
5.  Liquid reactant A decomposes as per the reaction scheme

R
A
\s

With rate equations : r,=k,C2,  k, =0.4m?/(mol.min)

rg = K,Ca, k, = 2(min™")
An aqueous feed A (C,,= 40 mol/m?) enters a reactor, decomposes and a
mixuter of A, R and S leaves. Find the operating condition (X,, 7, and Cg)

Which maximizes Cq in a mixed flow reactor. 10
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6. The elementary irreversible aqueous phase reaction A+B —> R+S is carried
out isothermally as given below :

Equal volumetric flow rate of two liquid streams are fed into a 4 litres mixing
tank. One stream containing A with C, = 0.020mol/l and the other contains
B with C,, = 1400mol/I. The mixed stream is then passed through a 16 litres
plug flow reactor. It is found that some R is formed in a mixing tank, its
concentration being 0.002 mol/I. Assume that the mixing tank acts as a mixed
reactor. Find the concenfration of R at the exit of the plug flow reactor and
the fraction of initial A that has been converted in the system. 10

7. The data given below represent a continuous response to pulse input into a
closed vessel which is to be used as a chemical reactor. Calculate the mean
residence time of fluid hi the vessel t and tabulate and construct the E curve.

10
t,min 0|5 |10 (15 |20 |25 |30 |35
Cpulse’g/l(trace OUtPUt 0|3 9219 4 .2 1 0
concentration)

8. Write short notes on any two of the following : 5x2

(a) Batch reactor
(b) Residence time distribution (RTD)

(c) Difference between integral and differential method of analysis.
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