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Ql The elementary gas phase reaction with first order reaction is carried out in a plug flow
reactor (PFR) with no pressure drop in which the volumefic flow rate is, u, is constant.

A+B
(a) List the assumption made in the derivation of the design equation for pFR.

(2 marks)

(b) Describe the changes of concentrations of the reactants and products with respect to
time for the reaction carried out in a plug flow reactor.

(a narks)

(c) Derive an equation relating the reactor volune to the entering and exiting
concenfration of A, the rate constant k, and the volumefic flow rate. u.

(8 marks)

(d) Determine the reactor volume to reduce the exiting concentration to l0% of the
entering concentration when the volumetic flow-rate is l0 dm3/min il ;;
constant k, is 0.23 /min.

(3 marls)

(e) Calculate the reactor volumes if the reaction consume 99yo of A at the enteringmolar flow rate is 5 mollh. The reaction is a second orider reaction and the reaction
rate, k, is 3 dm3/mol.min.

(8 marks)

Q2 In the , digestion occurs as an autocatalytic reaction in the stomach followedby a catalytic reaction in the intgstines This system can be modeled as a series of CSTR-PFR' The volumetric flow rate of food intake ioto th" system can be assumed to be 100 L/d.at a concenhation of 7.5 mollL. The volume of the stomach (modeled as Csrnir, +io'ilReciprocal rates (in mol/Ld) for the two types of reactions are'providJ in Table e2 (i) andTable Q2 (ii):

Tabla e f$utocatalytic reaction in the stomachx 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.9ll-rs
_(moULd)

8.0 5.0 1.5 2.0 2,5 3.5 5.0 7.0 9.0

Tabl

(a)

(b)

Calculate the volume of the intestines if the totat conversion of 50%ois observed.
(15 marks)

qI lot-u gaph which can indicate the volume of the i4{qsfi{oei* _.(ii) Shaded the area represent the volume in the grdi.='

e Q2 (ii): C atalytic reaction in the intensitiesx 0 0.1 o.2 0.3 0.4 0.5 0.6 0.7 0.9ll-ra
Jmol/Ld)

8.0 5.0 1.5 2.0 2.5 3.5 5.0 7.A 9.0



CONFIDENTIAL BNe2o3o4

Q3 The isothermal reaction of nitic oxide produced by the gas phase oxidation of ammonia in a
flow reactor is shown by the following reaction.

4NH3 + 50, -+ 4N O + 6FlrO

The feed consists of 15 mol Yo annoma in air atl.2 atn and 227"c.

(a) Calculate the total entering concentration.

(3 marks)

O) Determine the entering concentration of ammonia
(2 marks)

(c) Develop a stoichiometic table for the reaction with ammonis as your basis of
calculation.

(10 marks)

(d) Evaluate the concentration for each species involve in the reaction in terms of
conversion.

(10 marks)

Q4 Consider the following reaction to produce 300 million pounds of ethylene a year from afeed stream of pure ethane in plug flow reactor.

CzFIe-+ Czll+ + Hz

The reaction is irreversible and follows an elementary rate law. We want to achieve g0o/o
conversion of ethane, operating the reactor isothermally at ll00K at a pressure of 6atn.Assume that the reaction is first order with k : 0.a72s-t ui roood

(a) Express the concenhation of each species in terms of conversion.

(6 marks)

(b) Calculate the entering conce,lrtation of species A.
(3 marks)

(c) Determine the volume atg}%conversion.

(7 marks)

(d) ExarniXejlgSossible conversion that would achieved if the reaction occur in two600dm: 9lT "ryg"d 
in parallel reactor with entering volumetric fed to mainstream is l0 dm, with l<=. 0.044 min-r .

(9 marks)

." {-. /l r
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QS Tho following complex liquid pbse reaction is curicd out in a 50 L CS1R :

2A tt) 28+C l-rra = krCo'
A+2C h2> D i-rrc =k2CACc

The coccntnation of A fed into the reastor is lfi) molll. Tk flow rate into tte rcacnor is
oonstmt and at 20 UmiL Th valtre of specific coMnts h ed kz are 0.35 (Umol min) and
0.25 (Umol.min) rcspectively.

(a) Carry out the ret rate ofreaction for d B, C d D.
(14 narts)

O) Using the rypropriate d€sign eqrntion, calculate:(i) the yield of C (y6)
(il) the selectivity of C over D (ScD) tbat can be rchievodafter 90Zo A is

consrmed.

(5 ma*s)

(c) Prropose on how would you design the syseem to gpt naldmun product of C.
(6 ns*s)

- ENDOFQIIESTTONS-

nA[thA tTr.|g /r ; ii.; i,tiTr$A{: .tO

cirnir n$u*'lrx iffifr-HlXl
nltr$utrri.i. .,;rrlorrfel glgtf

rirtd;M nrr0 firtfl$t lrrl ilntrifi|,,
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