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Question One (Distillation) [Total: 20 marks]

As a chemical/ process engineer of TMI investments, a process engineering company in
Africa, you are presented with the following situation. A tray distillation column is fed with a
vapour at its dew point. The flow rates and compositions of the various streams associated
with the distillation column are given in the table below:

Compound Feed Distillate Bottoms Relative
volatility
kmol % kmoles % Kmoles % (04
Benzene 60 60 48.5 93.0 11.5 24 1 2.4
toluene 30 30 3.6 7.0 36.4 55.0 1.0
xylene 10 10 0 0 10.0 20.9 0.45
Total 100 100 52.1 100 47.9 100

Accordingly, advise management by way of answering the following questions:

1.1 Identify the light and heavy key components [2]

1.2 Identify the range of values of & that would be appropriate to use in the Underwood
equation to find the minimum reflux ratio required for distillation (Hint: use 1.2 as the initial

guess for 9) [6]
1.3 Use the Underwood equation to estimate the minimum reflux ratio [6]
1.4 Use the Fenske equation to estimate the minimum number of theoretical plates required
for the distillation [6]
Question Two (Crystallisation) [Total: 20 Marks]

2. A hot solution containing 1000 kg of MgSO. and water having a concentration of 30 wt%
is cooled to 288.8 K, where crystals of MgSQ4.7H20 are precipitated. The solubility at 288.8
K is 24.5 wt% anhydrous MgSOQy in solution.

2.1 Derive an expression for the crystal yield, y, as a function of the concentration of
anhydrous solute or salt, R (molecular mass of hydrate/molecular mass of anhydrous
salt) and E (ratio mass of solvent evaporated/mass of solvent in the initial solution).  [8]

2.2 Calculate the yield of crystals obtained if 10% of the original water evaporates on
cooling. [12]

M [Mg] = 24.305 g/mol; M [S] = 32.065 g/mol; M [O] = 15.999 g/mol; M [H] = 1.008 g/mol
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Question Three (Evaporation) ‘ [Total: 25 Marks]

3. A sugar company ITM in KZN produces a juice concentrate at rate of 4800 kg.hr'in a
single stage evaporator. The surface area for heat transfer is 150 m? and the overall heat
transfer coefficient is 1800 W.m?K". Heat is supplied as saturated steam at a rate 7075
kg.hr" and pressure of 150 kPa. The vapour space pressure is maintained at pressure of 65
kPa. If the feed is supplied at 25°C,

Calculate:
3.1 The boiling point rise for this unit [10]
3.2 The ratio of the mole fractions product and feed streams [15]

Given: C, =4000//kg/K

Question Four (Fluidisation) [Total: 25 Marks]
4.1 Explain the effect of fluid velocity on pressure gradient. [5]
4.2 State any THREE (3) applications of fluidized bed solid techniques [3]
4.3 State any THREE (3) advantages of the fluidized beds for chemical reactions [3]

4.4 Spherical catalyst pellets 4mm in diameter are to be fluidized with nitrogen at 101.3kPa
at 60°C. The density of the catalyst particles are 960 kg/m®. The molecular weight of nitrogen

is 29kg/kmol. If it is assumed that the point of incipient fluidization is reached at e, =0.430

Calculate the minimum fluidization velocity in the vessel. [14]

Nitrogen is considered here to be an ideal gas with =0.0000207 Ns/m?,

nitrogen

Question Five (Filtration) [Total: 10 Marks]

5. A plate and frame press gave a total of 8 m? of filtrate in 1800 s and 11.3 m? in 3600 s

when filtration was stopped.
Estimate the washing time if 3 m3 of wash water is used. [10]

The resistance of the cloth may be neglected and a constant pressure is used throughout.

END [Total: 100 Marks]
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Useful Formulae and Correlations

Fenske's Equation(s):
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Underwood’s Equation(s):
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Kirkbride's Equation(s):
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Molokanov’s Correlation:
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Erbar-Maddox correlation:
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LD

|

|

K Ié o-TE o Van Winkle and Todd [18] —
- — o Gilliland data points [13, 14] =
- — Molokanov Eq. for line [17]
- 4 Brown-Martin data [15]
0.01 t I N A R 1 L1 b1
0.01 0.1 1.0
R~ Rin
R +

Number of transfer units is given by:

Yy dY

Nog = fyl Yot and Ng;, = Nog (W)

Height of transfer unit is given by:

Gy

Hoo = 3 ap

Slope of g-line: — (l—f_J
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2. Steam Tables
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