
 



 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Ans 3(ii) 

 

 

 

 



 

 



Ans (4) 

 



 



 



 



 



Ans (5) 

 



 



Ans (6) 

(i)

 

 

 

 



 

  

 

 

 

 

 

 

 

 

 

 

 

 

 



(ii) 

 

 



Ans (7) 

Fick’s law: 

 

An empirical relation for the diffusional molar flux, first postulated by Fick and, accordingly, often 

referred to as Fick’s first law, defines the diffusion of component A in an isothermal, isobaric 

system. For diffusion in only the Z direction, the Fick’s rate equation is 

 

                                         
Zd

Cd
DJ A

BAA   

 

where D AB  is diffusivity or diffusion coefficient for component A diffusing through component B, 

and dCA / dZ is the concentration gradient in the Z-direction. 

 

 

Diffusivity of Co 2 in mixture 
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Diffusivity of O 2 in the mixture, 
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Diffusivity of N 2 in the mixture  
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can be calculated, and is found to be, D 3m = 1.588 * 10 –5 m 2/sec. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Ans (8) 

 (i)  BAA
A

ABA NNy
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yd
DCN   

 given: N B = - 0.75 N A  

  

Therefore  AAA
A

ABA NNy
zd

yd
DCN 75.0  

 

  AA
A

BA Ny
zd

yd
DC 25.0  

 
zd

yd
DCNyN

A
ABAAA  25.0  

 

A

A
ABA

y

yd
DCzdN

25.01
  

for constant N A and C 

 

 



2

1

2

1
25.01

A

A

y

y A

A
AB

Z

Z
A

y

yd
CDzdN  

         










 xba

bxba

xd
ln

1
 

      2

1
25.01ln

25.0

1
A

A

y

yAABA yDCzN 






 
  

 



















1

2

25.01

25.01
ln

4

A

AAB
A

y

y

z

CD
N   ---------------------------------- (2) 



 

Given: 
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Substituting these in equation (2), 
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Rate of diffusion = N A S = 7.028 * 10 –6 *  * (0.5 * 10 –2) 2 

          = 5.52 * 10 –10 kmol/sec 

          = 1.987 * 10 –3 mol/hr. 
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Rate of diffusion = 1.349 8 10 –5 *  * (0.5 * 10 –2) 2 

 

       = 1.059 Kmol / sec 

       = 3.814 mol/hr 

 

 

 

 

 

 

 

 

 

 

 

 



Ans (9) 

(i) 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



(ii) 

Two Film Theory 

 

 



 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 



Ans (10) 

 



 



Ans (11) 

 



 

 
 

 

 

 

Ans (12) 

 (i) ELUTION 
 

Desorption of the adsorbed solute by a solvent is called elulion. The desorption solvent is 

the elutant, and the effluent stream containing the desorbed solute and eluting solvent is the 

eluate. The elulion curve is a plot of the solute concentration in the eluate against quantity of 

eluate, as in Fig.. The initial rise in solute concentration of the eluate, OA in the figure, is found 

when the void spaces between the adsorbent particles are initially filled with fluid remaining 

from the adsorption. For liquids, if the bed is drained before elution, the elution curve starts at A. 

If elution is stopped after eluate corresponding to C has been withdrawn, the area under the curve 

OABC represents the quantity of solute desorbed. For a successful process, this must equal the 



solute adsorbed during an adsorption cycle; otherwise solute will build up in the bed from one 

cycle to the next. 

 

Figure. Elution of a fixed bed 
 

 

(ii)ION-EXCHANGE PROCESSES 

Introduction and Ion-Exchange Materials 

Ion-exchange processes are basically chemical reactions between ions in solution and 

ions in an insoluble solid phase. The techniques used in ion exchange so closely resemble those 

used in adsorption that for the majority of engineering purposes ion exchange can be considered 

as a special case of adsorption. 

In ion exchange certain ions are removed by the ion-exchange solid. Since 

electroneutrality must be maintained, the solid releases replacement ions to the solution. The first 

ion-exchange materials were natural-occurring porous sands called zeolites and are cation 

exchangers. Positively charged ions in solution such as Ca
2+

 diffuse into the pores of the solid 

and exchange with the Na
+
 ions in the mineral. 



                                                                                                (1) 

        (solution)     (solid)       (solid)    (solution) 

where the R represents the solid. This is the basis for "softening" of water. To regenerate, a 

solution of NaCl is added which drives the reversible to reaction above the left. Almost all of 

these inorganic ion-exchange solids exchange only cations. Most present-day ion-exchange 

solids are synthetic resins or polymers. Certain synthetic polymeric resins contain sulfonic, 

carboxylic, or phenolic groups. These anionic groups can exchange cations. 

                                                                                                     (2)        

      (solution)    (solid)      (solid)     (solution) 

Here the R represents the solid resin. The Na
+
 in the solid resin can be exchanged with H

+
 or 

other cations. Similar synthetic resins containing amine groups can be used to exchange anions 

and OH
- 
in solution. 

                                                                                              (3)            

(solution)     (solid)               (solid)     (solution) 

   

Equilibrium Relations in Ion Exchange 

The ion-exchange isotherms have been developed using the law of mass action. For 

example, for the case of a simple ion-exchange reaction such as Eq. (2), HR and NaR represent 

the ion-exchange sites on the resin filled with a proton H
+
 and a sodium ion Na

+
. It is assumed 

that all of the fixed number of sites are filled with H
+
 or Na

+
. At equilibrium, 

   
         

         
                                                                                                       (4) 

 

Since the total concentration of the ionic groups  on the resin is fixed, 

                                                                                                    (5) 

 

Combining Eqs. (4) and (5), 

       
          

           
        (6) 

If the solution is buffered so [H
+
] is constant, the equation above for sodium exchange 

or adsorption is similar to the Langmuir isotherm. 

 


