
Transfer Units: Application to Gas Absorption 
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Definitions: 

S: total effective interfacial surface for mass transfer per unit cross section (dimensionless) 

Z: Packed volume OR packed height for a tower of unit cross section (Dimension L)  

    = volume of packing per unit cross section 

a: Specific interfacial area = surface per unit cross section / packed volume (Dimension L-1) 

therefore, by definition:       S = a Z 

dZ: Differential Volume 

dS: Differential interfacial area 

 

Consider the differential volume dZ: 

Interfacial area is:                dS = a dZ 

The net flux of solute A passing through the differential surface is given by: 

𝑁𝐴 =  𝑑𝑚
𝑑𝑆

;      𝑁𝐴 =  𝑑𝑚
𝑎𝑑𝑍

 

m = mole of A / area / time   ;       m = G y  (both G and y vary inside the tower) 

dm = d(Gy) 

𝑑𝑚 = 𝑑 ( 𝐺𝑠𝑦
(1−𝑦))    ;     𝑑𝑚 = 𝐺𝑠𝑑 ( 𝑦

(1−𝑦))       ;        𝑑𝑚 = 𝐺𝑠
(1−𝑦)2 𝑑𝑦      ;         𝑑𝑚 = 𝐺

(1−𝑦) 𝑑𝑦 

∴     𝑁𝐴 =  
𝐺𝑑𝑦

(1 − 𝑦) 𝑎 𝑑𝑍
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It can be seen that d(Gy) can be related to the mass transfer coefficients and the driving forces at 
this section of the column. 

In terms of local coefficients, in the general case the flux of component A (𝑁𝐴) is: 

𝑁𝐴 =  
𝑁𝐴

∑ 𝑁
𝐹𝐺𝑙𝑛

𝑁𝐴
∑ 𝑁⁄ −  𝑦𝐴,𝑖

𝑁𝐴
∑ 𝑁⁄ − 𝑦𝐴,𝐺

𝐹𝐺𝑙𝑛
𝑁𝐴

∑ 𝑁⁄ −  𝑦𝐴,𝑖

𝑁𝐴
∑ 𝑁⁄ − 𝑦𝐴,𝐺

=
𝑁𝐴

∑ 𝑁
𝐹𝐿𝑙𝑛

𝑁𝐴
∑ 𝑁⁄ − 𝑥𝐴,𝐿

𝑁𝐴
∑ 𝑁⁄ − 𝑥𝐴,𝑖

  

Where 𝐹𝐺 𝑎𝑛𝑑 𝐹𝐿  are the gas and liquid phase mass transfer coefficients for substance A.  They 
have dimensions of : mole/L2 time 

For binary mixture the net flux ∑ 𝑁 =  𝑁𝐴 + 𝑁𝐵 ;    NA and NB are molar fluxes A and B 

For absorption NB = 0 (A diffusing through stagnant B) 𝑎𝑛𝑑 ℎ𝑒𝑛𝑐𝑒 𝑁𝐴
∑ 𝑁

= 1 

⸫ 𝑁𝐴 =  𝐹𝐺𝑙𝑛 (1−𝑦𝑖
1−𝑦

) 

∴ 𝐹𝐺𝑙𝑛 (
1 − 𝑦𝑖

1 − 𝑦 ) =  
𝐺𝑑𝑦

(1 − 𝑦) 𝑎 𝑑𝑍 

 

𝑍 =  ∫ 𝑑𝑍
𝑍

0
=  ∫

𝐺
𝐹𝐺 𝑎

𝑦1

𝑦2

 .
𝑑𝑦

(1 − 𝑦) ln[(1 − 𝑦𝑖)/(1 − 𝑦)] 

Let (y-yi) = (1-yi) – (1-y) 

𝑍 =  ∫
𝐺

𝐹𝐺 𝑎

𝑦1

𝑦2

 .
(1 − 𝑦𝑖) − (1 − 𝑦)𝑑𝑦

(𝑦 − 𝑦𝑖)(1 − 𝑦) ln[(1 − 𝑦𝑖)/(1 − 𝑦)] 

𝑍 =  ∫
𝐺

𝐹𝐺 𝑎

𝑦1

𝑦2

 .
(1 − 𝑦)𝑖𝑀𝑑𝑦

(𝑦 − 𝑦𝑖)(1 − 𝑦)    ;  (1 − 𝑦)𝑖𝑀 = log 𝑚𝑒𝑎𝑛 𝑜𝑓 (1 − 𝑦𝑖)𝑎𝑛𝑑 (1 − 𝑦) 

 
𝐺

𝐹𝐺 𝑎
 has units of height and can be determined experimentally.  

It is called the height of a transfer unit. 

𝐻𝑡𝐺 =  
𝐺

𝐹𝐺 𝑎
=

𝐺
𝑘𝑦 𝑎(1 − 𝑦)𝑖𝑀

=
𝐺

𝐾𝐺𝑝𝑡𝑎(1 − 𝑦)𝑖𝑀
 

G and (FG.a) are not constant but they seem to compensate for each other so that: 

                               Htg ≈ constant 

 The ratio of the terms including y is dimensionless and when integrated gives the number 
of transfer units to make up Z. 
 

𝑁𝑡𝐺 =  ∫
(1−𝑦)𝑖𝑀𝑑𝑦

(𝑦−𝑦𝑖)(1−𝑦)
𝑦1

𝑦2
  This integral is evaluated graphically or numerically 

𝑍 =  𝐻𝑡𝐺 . 𝑁𝑡𝐺  
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Transfer Units in Terms of Liquid Concentrations: 

𝑍 =  ∫ 𝑑𝑍
𝑍

0
=  ∫

𝐿
𝐹𝐿 𝑎

𝑥1

𝑥2

 .
𝑑𝑥

(1 − 𝑥) ln[(1 − 𝑥)/(1 − 𝑥𝑖)] 

 

𝑍 =  ∫
𝐿

𝐹𝐿 𝑎

𝑥1

𝑥2

 .
(1 − 𝑥)𝑖𝑀𝑑𝑥

(1 − 𝑥)(𝑥𝑖 − 𝑥) 

𝑍 =  𝐻𝑡𝐿 . 𝑁𝑡𝐿 

The same relations apply for strippers. 

 

Simplifications: 

1. log mean ≅ Arithmetic Average 

(1 − 𝑦)𝑖𝑀 ≅  
(1 − 𝑦𝑖) + (1 − 𝑦)

2
 

∫
(1−𝑦𝑖)+(1−𝑦)
2(1−𝑦)(𝑦−𝑦𝑖)

 𝑑𝑦𝑦1
𝑦2

  

𝑁𝑡𝐺 =  ∫
1

(𝑦 − 𝑦𝑖)
 𝑑𝑦

𝑦1

𝑦2
 + 

1
2

 𝑙𝑛 (
1 − 𝑦2

1 − 𝑦1
) 

2. For dilute gases (1 − 𝑦2) ≅ (1 − 𝑦1) 
 

𝑁𝑡𝐺 =  ∫
1

(𝑦 − 𝑦𝑖)
 𝑑𝑦

𝑦1

𝑦2
  

 
3. If we consider (𝑦 − 𝑦𝑖) ≅ constant = average driving force in the column, then it can 

be seen that: 
 

𝑁𝑡𝐺 =  ∫
1

(𝑦 − 𝑦𝑖)𝐴𝑣𝑒𝑟𝑎𝑔𝑒
 𝑑𝑦

𝑦1

𝑦2
    =    [

𝑦1 − 𝑦2
(𝑦 − 𝑦𝑖)𝐴𝑣𝑒𝑟𝑎𝑔𝑒

] 

 
Which describes the number of times the driving force must divide into the change in gas 
concentration. This is a measure of the difficulty of the mass transfer operation and in an 
integrated form is called the number of transfer units. 
 

Basal
orsquid

ver
->this is

equl to

2 =H6U.NLU.



 
 

 

 



 
 

 

 

 

 

 

 

 

 

 

&


