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QUESTION 1: DISTILLATION

A mixture of benzene (1) and toluene (2) with a mole fraction xr1 = 0.4 should be
separated in a plate column in a distillate (D) and bottoms streams (B) with mole
fractions xp, = 0.96 and xz = 0.04 respectively. The constant relative volatility & of the
mixture, whose behaviour can be considered ideal is 2.42 (a,, =2.42). The column
operates with a reflux ratio R = 1.3Rmin and the feed enters the column at the boiling
point (saturated liquid) and at a rate of 100kmol/hr.

1.1 Calculate the amount of distillate and bottoms products (4)
1.2 Calculate the minimum of stages Nmin applying the Fenske equation. 4)
1.3  Minimum reflux ratio Rmis applying Underwood equation. - (10)
1.4  Determine the theoretical number of stages using the Gilliland diagram /

correlation. (10)

1.5  Determine the theoretical number of stages using the Molokanov’s correlation (7)

[35]

QUESTION 2: DISTILLATION

i Xir *ip Xy K

A 0.40 0,6197 . 0.0011 13.12
B 0.25 0.3489 0.0704 1.38
C 0.15 0.0310 - | 0.5068 0.60
D 0.10 0.0004 0.4217 0.28

The light and heavy keys are B and C respectively. The liquid is fed at its boiling point.
The minimum number of stages at total reflux is N +1= 5.40. The distillate (D) and

bottoms (B) compositions are 64.484 kmol/h and 35.516 kmol/hr respectively.

Calculate

2.1 Minimum reflux ratio using the Underwood Method (8)

2.2 Number of theoretical stages at an operating reflux R of 1.5 R, using the Erbar —
Maddox correlation, ©)

2.3 The location of the feed tray using the method of Kirkbridge 6)

{20}




QUESTION 3: ABSORPTION

A gas containing 88 mol % CHy, 4% C2Hs, 5% C:Hz and 3 % n-CsHjo is fed to an
absorber that is operated isothermally at 38°C and 5 bar (abs). the tower contains 7
equilibrium stages and 85% Of C;Hg must be removed. The lean oil is used as the
absorbent. It contains 1% C4Hio but none of the other constituents and the rest of the oil
is nonvolatile. It can be assumed that the values of A and S can be based on the entering
values of L and V. On a basis of 100 mol of vapour entering the absorber, calculate the
amount of lean oil and the amount of n-C4H;g in the exit vapour,

K values are as follows: CHs = 32; C2Hg = 6.7; C3Hs = 2.4; n-CsH10=0.74

(Hint: 0.8 > Acsus > | and solve the equation that the error is within 0.01%)
[25]

QUESTION 4: SOLVENT EXRACTION

To remove acetone (C) from an aqueous feed supplied at the rate of 1000 kg/h, it was
decided to use a three-stage cross-current cascade with different amounts of the solvent
TCA (trichloroethane-B). The solvent is pure TCA and is added in successive stages in
the following amounts: 250, 300 and 350 kg. The feed contains 60 mass% acetone.
Given the following LLE data; Determine the fraction of the acetone removed if the

stages are ideal. (40)

_Raffinate arm (mass fraction) Extract arm (mass fraction)

X4 Xp Xc : Va Y Ye
0.35 0.1 0.55 0.13 0.27 0.60
0.43 0.07 0.50 0.04 0.46 0.50
0.57 0.03 -0.40 0.03 0.57 0.40
0.68 0.02 . 0.30 0.02 0.68 0.30
0.79 0.01 0.20 0.015 0.785 0.20

0.895 0.005 ' 0.1 , 0.01 0.89 0.10
[
Tie-line data
Extract {mass Raffinate (mass
fraction acetone) fraction acetone)
0.18 0.12
0.40 0.29
0.56 0.44

[40]




QUESTION 5: EVAPORATION

A double-effect forward-feed evaporator is required to give a product consisting of 30
percent crystals and a mother liquor containing 40 per cent by mass of dissolved solids.
Heat transfer coefficients are 2.8 and 1.7 kW/m?K in the first and second effects
respectively. Dry saturated steam is supplied at 375 kN/m? and the condenser operates at
13.5 KN/m?.

(a) What area of heating surface is required in each effect, assuming they are both
identical, if the feed rate is 0.6 kg/s of liquor, containing 20 per cent by mass of dissolved
solids, and the feed temperature is 313 K?

(b) What is the pressure above the boiling liquid in the first effect?

The specific heat capacity may be taken as constant at 4.18 kl/kg K, and the effects of

boiling point rise and of hydrostatic head may be neglected.
' [20]

QUESTION 6: FILTRATION

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

[10]

QUESTION 7: FLUIDISATION

Solid particles with size of 0.12mm, shape factor ¢ of 0.90 and a particle density of

1200kg/m® are to be fluidized with air at 2 bar (abs) and 25°C. The bulk density of the
solid material is 1000kg/m® and the height of the packed bed is 1.12m. The voidage at
minimum fluidizing velocity is 0.40. The bed is charged with 400kg of solid material and

the diameter of the empty bed is 0.64m. Take u =1.845x107 Ns/m?
Calculate

3.1 The minimum height of the fluidized bed (7
3.2 The pressure drop at minimum fluidizing conditions (N
3.3 The minimum fluidizing velocity (6)

[20]




FORMULAE AND CORRELATIONS
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Gilliland correfation: Number of ideal plates at the operating reflux
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