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INSTRUCTIONS:

1. ALL questions should be attempted.

2. Any programmable or non-programmable calculator may be used
provided it has been cleared of any information that would subvert the

purpose of the examination.

3. Calculations must be shown in sufficient detail to illustrate your
understanding of the procedure.
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1. Styrene is being produced in a catalytic reactor by dehydrogenation of ethylbenzene

(reaction 1). There are two unwanted side reactions, one of which is the decomposition
of ethylbenzene (reaction 2) to form benzene and ethene whilst the other is
hydrogenation of ethylbenzene due to the presence of the hydrogen formed in reaction

1 to form toluene and methane (reaction 3).

Reaction 1: CBH10 - CSHS + HZ
Reaction 2:  CgH;q = C4Hg + CoH,
Reaction 3: CBHIO + Hz - C7H8 + CH4

The reactor temperature is maintained by feeding superheated steam at a ratio of 11

mols steam/mol ethylbenzene into the reactor.

Under these conditions, the conversion of ethlybenzene is 40% through reaction 1, with

10% converted by reaction 2 and 5% through reaction 3.

After the reactor, the product gas is cooled in a partial condenser to room temperature

and enters a density separator.

Here, a waste water stream (from the condensed steam) is drawn off at the bottom, an
organic liquid stream comprising the remaining ethylbenzene, the styrene, benzene and
toluene is drawn off at the middle of the separator, and a gas stream containing the

hydrogen, ethene and methane is drawn off at the top.

A block diagram of the process is given on the next page. For a basis of 100 mol/minute

of ethylbenzene entering the reactor;
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a. Determine the degrees of freedom initially for the reactor and the density separator,
(10 marks)

b. Solve the balances to determine the molar flows in each of the streams from the

density separator. (20 marks)

TOTAL // 30 MARKS

2. Humid air at a flowrate of 10m*hour is being drawn into a cooling tower to cool waste
water from an air-conditioning system in an office block. The air entering the cooling
tower enters with a dry-bulb temperature of 18°C and a wet-bulb temperature of 10°C.

On exit from the cooling tower, the air is saturated at a temperature of 25°C.

a. How much heat is being removed from the waste water per hour of operation?
(15 marks)

b. How much of the waste water is transferred into the air (in kg/hour)? (10 marks)

A psychrometric chart is provided on page 5
TOTAL// 25 MARKS
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3. Saturated steam at 150°C, 1 bar pressure and a flowrate of 150 kg/minute is being mixed
with superheated steam at 400°C, 5 bar pressure to provide a utility heating steam at
300°C, 1 bar pressure. Using the provided steam tables, determine the flowrate of the

superheated steam used and the flowrate of the final utility heating steam formed.

Steam tables are provided on pages 6 and 7
TOTAL// 20 MARKS

4. One mole of an ideal gas undergoes the following reversible process.

a. The gas is compressed isothermally from 50°C, 1.5 bar pressure to a pressure of 4
bar.

b. The gas is then isobarically heated to 120°C

c. Itis finally returned to its initial state by adiabatic expansion.

For each stage of the reversible process, determine the work done by or on the gas (specify
which at each stage), the heat added or removed (specify which at each stage), and the change

in internal energy and enthalpy of the gas (specify whether these increase or decrease).

TOTAL// 25 MARKS
Data:
Cv=1.5R J/mol.K
R =8.314)J/mol.K
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Useful Equations:

Equations of State for Gases:

Ideal Gases: f;i =1
Virial Equation of State: 2—: =1+ g Where: B = Rp—:" (By + wBy)
And: B, = 0.083 — ‘;;:ff
B, =0.139 — %@

T, = Tiwhere T, Tc are in K
[

P =

&l

For reversible processes with one mole of an ideal gas:

PV
R 1
dU =dQ - dw
dl = C,dT
dH = dU + d(PV)
dH = CpdT
Cp=Cy+R
Isobaric Processes dW = pdv
Isochoric Processes daw =0
Isothermal Processes W= RTln%

2

o PV, P, V.
Adiabatic Processes W= 1—;—12—2 where y = gi
- v
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