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1. a)
What is  differential distillation? Derive Rayleigh equation. 



    b)
Explain the T-x, y diagram with a neat sketch.
2.
Explain the step-by-step procedure for the calculation of theoretical number of plates of a distillation column by McCabe-Thiele method.  Mention the assumption made and its limitations.

3.
Explain the different types of azeotropic mixture. How will you separate an azeotropic mixture?
4.
Nicotine (C) in a water (A) solution containing 1% nicotine is to be extracted with kerosene (B) at 20oC. Water and kerosene are essentially insoluble. (a) Determine the percentage extraction of nicotine if 100 kg of feed solution is extracted once with 150 kg solvent. (b) Repeat for three theoretical extractions using 50 kg solvent each.

Equilibrium data are as follows, expressed as kg nicotine/kg liquid:

x’ (kg nicotine   0 0.001011  0.002460  0.00502  0.00751  0.00998  0.0204

       


 /kg water)

y’* (kg nicotine 0 0.000807  0.001961  0.00456  0.00686  0.00913  0.0187

   


 /kg kerosene)

5.
If 8000 kg/h of an acetic acid (C)-water (A) solution, containing 30 % acid, is to be counter currently extracted with isopropyl ether (B) to reduce the acid concentration to 2 % in the solvent free raffinate product, determine (a) the minimum amount of solvent which can be used and (b) the number of theoretical stages if 20,000 kg/h of solvent is used. 

The equilibrium data are given below.


	Water layer                                       
	Isopropyl ether layer

	Wt % acetic acid,
	Isopropyl
	Acetic acid,
	Isopropyl

	100x
	Water
	Ether
	100y*
	Water 
	Ether

	0.69
	98.1
	1.2
	0.18
	0.5
	99.3

	1.41
	97.1
	1.5
	0.37
	0.7
	98.9

	2.89
	95.5
	1.6
	0.79
	0.8
	98.4

	6.42
	91.7
	1.9
	1.93
	1.0
	97.1

	13.30
	84.4
	2.3
	4.82
	1.9
	93.3

	25.50
	71.1
	3.4
	11.40
	3.9
	84.7

	36.70
	58.6
	4.4
	21.60
	6.9
	71.5

	44.30
	45.1
	10.6
	31.10
	10.8
	58.1

	46.40
	37.1
	16.5
	36.20
	15.1
	48.7
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6.
With suitable figures explain the working principle of: 

           
a) Dorr agitator.
b) Bollman extractor

7. a)
What are the basic models to predict adsorption? 
    b)
Write about the equilibrium relation for adsorbents?
8. a)
List out the steps involved in the design of fixed bed ion exchange column.


    b)
 What are ion exchange materials? Explain.
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1. a)
Methanol and ethanol form an ideal solution. Compute vapour-liquid equilibrium data from the following pure component vapour pressure data given below.

	Vapour pressure in mm Hg.
	200
	400
	760
	1520

	Temperature (C for ethanol
	48.4
	62.5
	78.4
	97.5

	Temperature (C for methanol
	34.8
	49.9
	64.7
	84


    b)
Explain the principles of steam distillation.
2. a)
Define reflux and reflux ratio.

    b)
Explain the importance of reflux in a distillation column.

    c)
How will you calculate the optimum reflux ratio?

3.
Explain in detail the methods available to separate the components of binary system forming an azeotrope. Illustrate with one typical example.
4. a)
A 10% by weight aqueous solution of acetic acid is to be treated with isopropyl ether to reduce the concentration of the acid in the raffinate to 1% by weight by liquid-liquid extraction operation. Determine the number of cross current ideal stages required if solvent to feed ratio is maintained at 2 in each stage.

b)
If the same operation is carried out using the same number of ideal stages in a counter current contact, evaluate the amount of solvent required per kg of feed. Solvent is pure and is immiscible with the aqueous layer.

kg of acetic acid                          kg of acetic acid 

 per kg of water                             per kg of ether

     

 0.0197                                          0.00403

     
 
 0.040                                            0.0103

     
 
 0.0827                                          0.0227

     
 
 0.129                                            0.0379 

     
 
 0.179                                            0.0558

5.
A mixture containing 40% p-chloronitrobenzene (B) and 60% 0-chloronitrobenzene (C) is to be separated at the rate of 100 kg/h into products containing 80 and 15% respectively, of the para isomer after removal of solvents. The insoluble solvents to be used are 2400 kg/h heptane (A) and 2760 kg/h aqueous methanol (D). The distribution coefficients are constant and independent, yB’*/xB’ = 1.35 and yC’*/xC’ = 0.835. Determine the number of theoretical stages required.
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6.
Explain Continuous-Countercurrent Decantation (CCD).

      
i) With simple flow sheet.







 

     
ii) Flow sheet with intermediate agitation and filtration of washed solids.
7. 
List out 8 adsorbents along with production method and its applications.

8. a)
Explain the working principle involved in Higgins contactor with a neat diagram. 


    b)
Write short notes on simulation of moving beds.
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1. a) 
Generate X-Y and T-X-Y diagrams for an ideal solution of methanol-ethanol system from the data given below:  






	Vapor pressure in mm Hg.
	200
	400
	760
	1520

	Temperature (C for ethanol
	48.4
	62.5
	78.4
	97.5

	Temperature (C for methanol
	34.8
	49.9
	64.7
	84


      b) 
Calculate and report the mean relative volatility for the above system.
2. a)
Derive Fenske’s equation for determining the number of plates at total reflux in the case of a binary system.
    
b)
A binary liquid mixture containing 3.5 mole % of A is to be rectified to give a product of 95 % A.  Calculate the minimum number of plates required assuming ideal system with a constant volatility of 1.10.
3.
Write notes on: 

a) 
Packed bed distillation

b)
Azeotropic and extractive distillations.

4. a)
Explain how minimum solvent rate required can be obtained for an extraction operation in a counter current multistage contactor.

b)
Acetaldehyde (5%) is in solution in toluene and is to be extracted with water in a five stage co-current unit. If 25 kg of water is used per 100 kg feed, find the amount of acetaldehyde extracted and the final concentration. If Y = kg acetaldehyde/kg water and X = kg acetaldehyde/kg toluene, then Ye = 2.20 X represents the equilibrium relation.
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5.
If 8000 kg/h of an acetic acid (C)-water (A) solution, containing 30 % acid, is to be counter currently extracted with isopropyl ether (B) to reduce the acid concentration to 2 % in the solvent free raffinate product, determine the number of transfer units NtOR if 20,000 kg/h of solvent is used.

	Water layer
	Isopropyl ether layer

	Wt% acetic acid,
	Isopropyl
	Acetic acid,
	Isopropyl

	100x
	Water
	Ether
	100y*
	Water
	Ether

	0.69
	98.1
	1.2
	0.18
	0.5
	99.3

	1.41
	97.1
	1.5
	0.37
	0.7
	98.9

	2.89
	95.5
	1.6
	0.79
	0.8
	98.4

	6.42
	91.7
	1.9
	1.93
	1.0
	97.1

	13.30
	84.4
	2.3
	4.82
	1.9
	93.3

	25.50
	71.1
	3.4
	11.40
	3.9
	84.7

	36.70
	58.9
	4.4
	21.60
	6.9
	71.5

	44.30
	45.1
	10.6
	31.10
	10.8
	58.1

	46.40
	37.1
	16.5
	36.20
	15.1
	48.7


6.  a) 
With a schematic arrangement explain continuous horizontal extractor.


b) 
With a typical flow sheet arrangement explain the operation of a horizontal-        filter leaching.

7. a)
Draw a graph showing different types of adsorption isotherms for vapors and explain.







   b)
Explain in detail about single stage adsorption.

8. a)
Discuss with neat sketch thermal swing adsorbers.






    b)
Draw a schematic diagram for pressure swing adsorber. Explain in detail.
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1. a)
A binary Mixture of A and B components have the following temperature and vapour   pressure characteristics (vapour pressure in mm Hg)

	T(C
	38.5
	42
	46
	50
	54
	58
	62

	Vapour pressure A 
	400
	458
	532
	615
	708
	812
	948

	Vapour pressure B 
	160
	185
	217
	254
	295
	342
	400


Calculate the T-x-y diagrams for the above system at 400 mm Hg total pressure.


b)
Explain the p-x-y characteristics of binary liquid system with a neat schematic diagram.
2.
Derive the relationship for the intersection of the operating lines corresponding to the rectifying and stripping sections of distillation column for various thermal conditions of the feed.
3.
Discuss the use of OPEN STEAM in seperation processes and write the material and enthalpy balances pertinent to the use of open steam.                                                  

4.
A feed solution containing 4000 kg of water and 20 kg of acetic acid is to be extracted with benzene solvent to recover 80% acetic acid by weight. The equilibrium data is:

gm acetic acid 

per kg water             0.920       1.140      1.525      2.04      3.29        5.23

gm acetic acid 

per kg benzene        1.020        1.620      2.910      5.35     20.10     36.0   

Calculate (a) the number of cross-current stages required, if 1000 kg of benzene per stage is used and (b) the concentration of acetic acid in the combined extract.

5.
Solute A is to be extracted counter currently from a mixture of A and B containing 40% by weight of A, using a solvent C. Raffinate should not contain more than 5% A. Evaluate minimum solvent per kg of feed and actual number of stages needed when actual solvent rate is twice the minimum and stage efficiency is 75%. The equilibrium test data available is

	Extract Layer, wt %
	Raffinate layer, wt %

	C
	B
	C
	B

	95
	2.5
	2.5
	92.5

	85
	2.9
	3.0
	87

	75
	3.5
	5.5
	65

	65
	5.0
	8.5
	5.

	55
	10.0
	15.0
	40
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6. a) 
Explain single stage leaching with a flow chart.





b) 
Obtain the various coordinate systems used in single stage leaching and           represent the same in a plot.

7. 
Discuss the applications of Freundlich equation in

     

a)
Single stage operation 







     

b)
Multistage cross current operation






     

c)
Multistage counter current operation

8. a)
Draw and explain the working principle involved in a Adsorber for solvent vapor at high  pressures.










    b)
Explain the term LUB. How do you calculate?
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