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Counter Current Operations 

 Most efficient arrangement [ least number of stages for a given separation]. 
 Each stage is identical in its action to a cocurrent process; however, the cascade (battery) 

has the characteristics of a counter current process. 
 Passing streams are not in equilibrium 
 Streams leaving a stage are in equilibrium 

 

 
Operating Lines: 

Operating line for any equilibrium stage (n) 

  

INPUT   (𝑋𝑛−1 , 𝑌𝑛+1 )          OUTPUT    (𝑋𝑛 , 𝑌𝑛 )  

Mole fractions: 𝑅𝑛−1. 𝑥𝑛−1  +   𝐸𝑛+1. 𝑦𝑛+1 = 𝑅𝑛. 𝑥𝑛  +   𝐸𝑛. 𝑦𝑛    

Mole ratios: 𝑅𝑠. 𝑋𝑛−1  +   𝐸𝑠. 𝑌𝑛+1 = 𝑅𝑠. 𝑋𝑛  +   𝐸𝑠. 𝑌𝑛   

 

𝑅𝑠(𝑋𝑛−1 − 𝑋𝑛 )   =   𝐸𝑠(𝑌𝑛 −  𝑌𝑛+1) 

𝐸𝑠 𝑌𝑛 − 𝐸𝑠 𝑌𝑛+1 =  𝑅𝑠 𝑋𝑛−1 −  𝑅𝑠 𝑋𝑛 

𝑌𝑛 =  − 
𝑅𝑠

𝐸𝑠
 𝑋𝑛 +  

𝑅𝑠. 𝑋𝑛−1  +   𝐸𝑠. 𝑌𝑛+1

𝐸𝑠
 

For example, take the first two stages: 

 

 

 

    𝑌1 =  − 𝑅𝑠
𝐸𝑠

 𝑋1 +  𝑅𝑠 𝑋0 +  𝐸𝑠 𝑌2
𝐸𝑠

              𝑌2 =  − 𝑅𝑠
𝐸𝑠

 𝑋2 + 𝑅𝑠 𝑋1 +  𝐸𝑠 𝑌3
𝐸𝑠
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Notes: 

 All individual stages have parallel operating lines of slope =− 𝑅𝑠
𝐸𝑠

 

 Points                  fall on equilibrium curve. They are exit streams from stage n [         , ……] 
 Points                  these are inlet streams to stage n [             , …….] 
 Points                   are compositions of passing streams [                                 ]. Lines like       ,         

have the same slope    = + 𝑅𝑠
𝐸𝑠

 and they all fall on the same line          . 

Operating line for the cascade: 

Entire cascade:              𝑅𝑠 (𝑋𝑜 − 𝑋𝑁𝑝)   =   𝐸𝑠  (𝑌1 −  𝑌𝑁𝑝+1) 

For any stage n:            𝑅𝑠(𝑋𝑜 − 𝑋𝑛)   =   𝐸𝑠 (𝑌1 −  𝑌𝑛+1) 

                                         𝑌𝑛+1 = + 𝑅𝑠
𝐸𝑠

  𝑋𝑛  +   𝐸𝑠 𝑌1− 𝑅𝑠 𝑋𝑜
𝐸𝑠

   ,    Slope           ;  This line also coincides with       .  
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Special Case: 

 

If the equilibrium-curve slope is 𝑚 = 𝑌𝑛+1
𝑋𝑛+1

 (straight line), and if an absorption 

factor (Extraction factor) A is defined as:   

A =  𝑅𝑠
𝑚𝐸𝑠

 , 

then based on material balance and equilibrium data, we can obtain the following 
equation: 

 

 

Therefore knowing terminal concentrations,  𝑋𝑛  can be calculated. 

In the opposite case where the transfer is from E to R, we define a stripping factor 
S as:   

S = 1
𝐴
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Kremser Equations:  (Kremser-Brown-Souders) 

In the case where 𝑛 = 𝑁𝑝 , then: 
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