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HINTS AND INSTRUCTIONS TO CANDIDATE(S):  

 

 Purpose of assessment is to determine not only if you can write down an answer, but also 

to assess whether you understand the concepts, principles and expressions involved. Set 

out solutions in a logical and concise manner with justification for the steps followed. 

 ATTEMPT ALL QUESTIONS. Please answer each question to the best of your ability. 

 Write your details (module name and code, ID number, student number etc.) on script(s). 

 Number each question clearly; questions may be answered in any order. 

 Make sure that you read each question carefully before attempting to answer the question. 

 Show all steps (and units) in calculations; this is a ‘closed book’ test.  

 Ensure your responses are legible, clear and include relevant units (where appropriate). 
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Question One (Multi-component Distillation)              [Total: 30 Marks] 

 

A distillation column is used to separate a hydrocarbon mixture containing 25% C2, 30% C3, 

30% nC4 and 15% nC5. The aim is to recover 96% of C4 in the bottom stream. It can be 

assumed that all C2 reports to the distillate and the mole fraction of C3 in the bottom stream is 

0.005. The feed is at its dew point and its flow rate is 1200 kmol/hr. The column operates at 

4.5 bar, 250C and 1.3Rm. The relative volatilities with respect to nC4 are 10.69, 3.466, 1 and 

0.31. 

Use the shortcut design method (Fenseke – Underwoood – Gilliland) to estimate the actual 

number of trays at 75 % overall efficiency.  

  

Question Two (Liquid –Liquid Extraction)              [Total: 30 Marks] 

 A counter-current solvent extraction system is used to treat 500 kg/h of a 40%wt mixture of 

DPH in Docosane. The aim is to recover the DPH until the final raffinate only contains  

5%wt DPH. It is suggested to use 500 kg/h of solvent containing 98% wt of Furfural and 2% 

DPH. The equilibrium and tie-line data is given below. 

 

Equilibrium data (mass%) 

A 96.0 84.0 67.0 52.5 32.6 21.3 13.2 7.7 4.4 2.6 1.5 1.0 0.7 

B 4.0 5.0 7.0 10.0 20.0 30.0 40.0 50.0 60.0 70.0 80.0 90.0 99.3 

C 0 11.0 26.0 37.5 47.4 48.7 46.8 42.3 35.6 27.4 18.5 9.0 0.0 

 

Tie-line data 

Raffinate (Docosane) phase, mass% Extract (Furfural) phase, mass% 

A B C A B C 

85.2 4.8 10.0 1.1 89.1 9.8 

69.0 6.5 24.5 2.2 73.6 24.2 

43.9 13.3 42.6 6.8 52.3 40.9 

 

2.1.Using the right angle diagram, determine the number of theoretical stages required. [25] 

2.2.Determine the amount of the raffinate and extract phases exiting the counter current 

extraction cascade. [5] 
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Question Three (Multicomponent Absorption)             [Total: 15 Marks] 

A mixture of alkanes is to be separated by continuous counter-current absorption in a non-

volatile oil. The feed flow is 1000 kmol/hr and the ratio of solvent to untreated vapour is 2.5 

kmol solvent/1kmol vapour. The feed composition and K –values are given in the Table 

below. The pressure is 3 bar, and the temperature is 200 oC. It is desired to recover 90% of 

the n –butane in the liquid. Find the number of theoretical stages, and the gas and liquid 

outlet compositions for C1. 

Component Mol% K 

CH4 80 46 

C2H6 4 8.1 

C3H8 6 2.8 

n-C4H10 3 0.7 

n-C5H12 0.3 0.22 

 

Question Four (Crystallization)               [Total: 15 Marks] 

A feed solution of 2268 kg at 328 K that contains 48,2 kg MgSO4/100 kg water is cooled to 

293 K where MgSO4. 7 H2O crystals are removed. The solubility of the salt at 293 K is 35,5 kg 

MgSO4/100 kg water. Calculate the yield of crystals assuming no water is vapourised. 

 

4.1. Use mass balance. [8] 

4.2. Use formulae.        [7] 

  

[Mw: Mg = 24g/mol., S = 32 g/mol] 

 

 

Question Five (Fluidization)                [Total: 10 Marks] 

 

Non-spherical catalyst pellets, 4 mm in diameter, shape factor of 1.1, are to be fluidized with 

air at 101.3 kPa at 70 oC. The density of the catalyst particles is 1100 kg/m3. Take the 

molecular weight of air as 26.9 kg/kmol.  

If it is assumed that the point of incipient fluidization is reached at 𝜀𝑚𝑓=0.43               

Calculate the pressure gradient at this point (incipient fluidization). 

 

 
 

 

___________________________________________________________________________ 
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END                  [Total: 100 Marks] 
 

 

 

 

 

Useful Formulae and Correlations 

McCabe-Thiele Method: 𝑦1 =  
2,1 (𝑥1)

1+ (𝑥1)( 2,1 −1)
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Fenske’s Equation(s):  
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Minimum Reflux Ratio by Underwood’s Equation(s): 
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Feed Plate Location by Kirkbride’s Equation(s): 
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Erbar-Maddox correlation: 
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Bubble and Dew point calculation(s): 
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Gilliland correlation (number of ideal plates at the operating reflux): 

 

 
Molokanov’s Correlation: 
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Slope of q-line: 
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Number of transfer units is given by: 𝑁𝑂𝐺 = ∫
𝑑𝑌

𝑌𝑒−𝑌

𝑌2

𝑌1
  ; 𝑁𝑂𝐺 =

𝑍

𝐻𝑂𝐺
 ; 𝑁𝑂𝐿 = 𝑁𝑂𝐺 (

𝑚𝐺𝑀

𝐿𝑀
) 

 

Height of transfer unit is given by: 𝐻𝑂𝐺 =
𝐺𝑀

𝐾𝐺𝑎𝑃
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Equilibrium partial pressure: o
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Water balance: Ew
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