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1.a)
What is distillation? Explain how it is different from other unit operations used in chemical process industry.








  b)
Write the Rayleighs equation for simple distillation.





  c) 
What are the assumptions made in deriving the above equation?


2.
A binary mixture containing 45 mole percent of A is separated into a top product 
containing 10% of B. The column is assumed to contain 6 theoretical stages. The 
feed is saturated vapor. The reflux is at saturation temperature with a flow rate of 
0.5 mole per unit time. The relative volatility of A with respect to B is 2.0. 
Calculate the amount of top product, bottom product and composition.
3.
Describe by means of a neat sketch and write material and enthalpy balances for :

(a) Exhaust Section – Reboiled Vapor in Equilibrium with Residue.                         

         
(b) Introduction of Feed.

4.a)
Discuss about the applications of liquid extraction.

   b)
Write about the notation scheme used to describe the concentration and amounts 
of ternary mixtures for the purpose of discussing both equilibrium and material 
balances.
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                      58.9         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
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6.a)
Explain percolation method of leaching.




 

   b) 
Describe the different types of tanks used in percolation operation.

 

   c) 
Describe the sequence of procedures to be followed in percolation tank 
 


operation. 

7.a)
For adsorption from dilute liquid solutions in stage wise counter current operations where the freundlich equation describes the adsorption equilibrium, derive analytical expression in terms of n,m ,Y0 ,and YN p  for the minimum adsorbent / solvent ratio  when fresh adsorbent is used.



  b)
Distinguish between  van der Waals adsorption and chemisorption.    
8.a)
Explain about solvent recovery adsorption plant?






   b)
Write short notes on idealised break through curve.
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1.a)
Write about the construction of enthalpy – concentration diagram for a binary liquid mixture.










   b) 
Give the characteristics of an enthalpy-concentration diagram.



   c) 
Explain, how the enthalpy-concentration diagram and x-y diagram are related.

2.
A plant is to distill a mixture containing 80 mole% of methanol and water. The 
overhead product must contain 99.9 mole% methanol, while the bottom product 
should not contain more than 0.4% of methanol. Assuming that feed and the 
reflux are at their respective bubble points, calculate:



(a)The minimum number of ideal plates.   (b)The minimum reflux ratio.




(c)The number of ideal stages if reflux ratio is 1.35.



The equilibrium data is given below.



	x
	0.1
	0.3
	0.5
	0.7
	0.9

	y
	0.417
	0.66
	0.78
	0.871
	0.959


3.

Describe by means of a schematic diagram two tower system for partially 



miscible   systems. 
4.a)  Write about the use of equilateral triangular coordinates to describe the 
concentrations in ternary systems. 

   b)

What is mixture rule? Explain how it is used to determine mixture composition 


on a triangular graph.                     
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.
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        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)
What is Shanks system of leaching?





 

   b) 
Explain countercurrent multiple contact shanks system.


 

   c) 

Explain briefly about extraction battery.

7.a)
Apply the Freundlich equation for two stage counter current operation and derive the equation to estimate intermediate concentration of the fluid stream.


  b)
What is the effect of pressure on adsorption isotherms for binary gas mixtures?  


8.
Explain the continuous counter current adsorption of one component. Derive the equation to calculate the number of transfer units and discuss about the controlling mass transfer resistance.
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1.a)
A feed mixture of benzene and toluene containing 30 mole% of benzene is to be distilled in a batch still by differential distillation process. A distillate product having an average composition of 45mole% benzene is to be obtained. Calculate the quantity of residue if 100 moles are taken in the batch initially.

The equilibrium data is given below:

	“x”
	0.1
	0.2
	0.3
	0.4
	0.5
	0.6
	0.7
	0.8
	0.9

	“y”
	0.21
	0.35
	0.51
	0.64
	0.72
	0.79
	0.86
	0.91
	0.96


  b)
Explain the principles of flash vaporization.

2.
Explain in detail the Ponchon-Savarit method to calculate the number of 
theoretical plates in a distillation column. What are the advantages of this method 
over McCabe-Thiele method?
3.
By means of neat sketches, describe schematically, the different forms of reboiler 
arrangements in common use.  
4.
It is required to extract picric acid from a dilute aqueous solution containing 0.1 
mole picric acid per liter of solution using benzene as solvent with a recovery of 
80% of the picric acid originally present. Determine the quantity of benzene 
required per liter of aqueous solution by employing (a) single-stage extraction and 
(b) three-stage extraction (cross current) using equal amounts of fresh solvent in 
each stage. The equilibrium data for benzene-picric acid-water system at 25oC is 
given by:


CB x 102        0.0932     0.225       1           2            5            10            18


m = CB/CA    2.23        1.45          1.705    0.505     0.32       0.24        0.187    


where CB and CA are the equilibrium concentrations of picric acid in benzene and 
aqueous phases respectively in moles/liter.




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 
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	  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                  50

	  
  55             10.0                                        15.0                  40


6.a)
Explain different types of agitated vessels with neat sketches.


 

   b) 
With a neat sketch explain the working of Pachuca tank.

7.a)
Differentiate van der Waals adsorption isotherm and chemisorption.  

   b)
Define adsorption? 

   c)
List out the properties of Adsorbents?
8.a)
Explain about break through concentration curve.





   b)
How will you determine the capacity of the column from break through 
concentration curve?
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1.a)
A liquid mixture containing 60 mole% acetone, 40 mole% water at 26.7(C is differentially distilled at 1 atmosphere to vaporise 30 mole% of the feed. Compute the composition of the composite distillate and the residue.         

           
Equilibrium data in mole fraction of acetone

	X
	0.1
	0.2
	0.3
	0.4
	0.5
	0.6
	0.7
	0.8

	Y
	0.76
	0.82
	0.83
	0.84
	0.849
	0.859
	0.874
	0.898

	T(C
	66.6
	62.2
	61.0
	60.4
	60.0
	59.5
	58.9
	58.2


   b)
What is relative volatiltiy? Write about the significance of relative volatility with 
reference to distillation.

2.
Explain with figure the effect of different feed conditions in a distillation column. 
Write about the importance of q–line.




3.a)
What is an azeotrope? Give example.

   b)
What is the importance of extractive distillation.

   c)
With neat figure explain the process of extractive distillation. Mention its 
application in the industries.

4.
A binary mixture of 1,4-dioxane and water is subjected to liquid-liquid extraction 
with benzene as the solvent. The fresh solvent contains 2% by mass of the 
dioxane. Calculate the final concentration of dioxane in water if 150 kg of 20% 
solution of dioxane is processed consecutively with five 100 kg lots of benzene. 
Equilibrium may be assumed to be reached at each extraction stage. The solubility 
of dioxane in water and benzene at 25oC is as follows:


Mass % dioxane in water                   

5.1                  18.9                  25.2


Equilibrium mass %


Dioxane in benzene                            

5.2              
22.5                  32.0

5.
200 kg of aqueous acetic acid solution containing 25% acetic acid is to be 
extracted with 150 kg of isopropyl ether solvent at 20oC. Two batch extractions 
are to be done with fresh and pure solvent. Estimate the quantities and 
compositions of the raffinate and extract products using right triangular diagram 
method. The tie line data for the above system are:
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Water layer, wt %                                  Ether layer, wt%


-----------------------------------            -------------------------------------

   
   A              B                C                     A                B                 C


98.1           1.2              0.69                0.50           99.3              0.18 


95.5           1.6              2.89                0.80           98.4              0.79


84.4           2.3              13.3                1.90           93.3              4.82 


71.1           3.4              25.5                3.90           84.7            11.40 


59.8           4.4              36.7                6.90           71.5            21.60 


37.1         16.5              46.4              15.10           48.7            36.20


A – water, B – ether, C – acetic acid.
6.a)
Compare percolation with agitation.





 

   b) 
Write briefly about the importance of grinding in leaching.


 

   c) 
Explain the different mechanisms involved in leaching.


 

   d) 
Describe briefly about rate of leaching.

7.
Adsorption on 6x10mesh activate carbon is being considered to recover methyl 
ethyl ketone from an air stream at 25deg C and 1 atm. The air flow is 12000m3 / 
min. an the air has 0.40 kg MEK / 1000m3.If the superficial velocity is 0.5m/s and 
an absorption cycle of at least 8hr is desired. About what bed dimensions should 
be used assume the bulk density of the carbon is 30Kg /m3.

8.a)
What is the role of adsorption in waste water treatment? Explain.


   

   b)
What will be the effect of feed concentration on the break through curve.
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