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Sorption Phenomena in soils
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Adsorption definition: The phenomenon of attracting and retaining the
molecules of a substance on the surface of a liquid or solid resulting in to
higher concentration of the molecules on the surface is called adsorption.

Causes of adsorption: Unbalanced forces of attraction or free valences
which is present at the solid or liquid surface, have the property to attract
and retain the molecules of a gas or a dissolved substance on to their
surfaces with which they come in contact
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Rules of ion exchange

e Process is Reversible
e Charge by charge basis

e Ratio Law:

e ratio of exchangeable cations will be
same as ratio of solution cations




Energy of adsorption

A3 > Ca*2 > Mg*2 > [K* = NH,* ] > Na* > H*

(based on charge and hydrated radius)




lon exchange example:
Add H" ions to soil :

Ca+ solution

exchangeable solution exchangeable solution




Cation Exchange Hustrated
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Negatively charged Soil
particle surface solution
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Add K fertilizer...

™~ Same ratio ~




Clay-Water Interaction
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Dry condition The water molecules
wedge into the interlayer
after adding water

Clay

layers O

(Interlayer)

Na* crystal radius: 0.095 nm
radius of hydrated ion: 0.358 nm
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The cations are fully hydrated,
which results in repulsive forces
and expanding clay layers
(hydration energy).
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Physisorption Chemisorption

v

Low heat of adsorption High heat of adsorption
——— -9
Van der Waal's forces Chemical bond forces
- —g-
Takes place at low temperature Takes place at high temperature
. - . -
Its reversible It is irreversible
Related to the eas: of liquefaction of Extent of adsorpti:))n is generally not
the__gas ) related to liquefaction of the gas '
v <
Not very specific Highly specific
£ kY

It forms multi-molecular layers Forms monomolecular layers
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No requirement of activation energy Requires activation energy




Cation Exchange Capacity(CEC) (4 s:5811) dxa gall 48 g1 Adatl) dadl)

The cation Exchange Capacity(CEC) of soils is defined as the capacity of
soils to adsorb and exchange cations. Scientifically it is related to the
surface area and surface charge of the clay. This relation is expressed by
the equation :-
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CEC=Sxo0o
Where :
S = Specific surface 4= sl Lalaudl dalul)
O'= Surface charge densitydsahal) Liail) 43US(esu/mu’; 100A°%)

The surface charge density is defined as the number of charge per formula
weight divided by the surface area:



O =e/S
e=number of charge per unit formula,

S= Specific surface

The surface charge density can be calculated using the equation :-
O = (2enkT/mt ) ®° sin( zey, /2kT

Where:-

€ = dielectric constant (Sb_gsl Joal s

N= electrolyte concentration in number of ions /ml 3= JS&u <l g 3sY) 3.8 3
Sa [ b oM

K= Boltzmann constant Ol 3l s <l (1.38 x 1022 jK™)
T= absolute temperature 4ilkaal) 3 ) al) 4 3
Z= valence j¥sil)

e= electron charge in esu Oy AslY) 4dad

Y, = Surface electrical potential (volts) (~L ¢Sl mlawl) aga



Y, =(RT/F) InC/C, (Nernst equation)
where;-
C= concentration of potential determining ion in solution
A Al Jolaa A g S i
Co= concentration of potential determining ion at {,=0
Ana = mhad) aga sSs Laie @lig) 58 5
F= Faradays constant ()32 culs
T= Temperature 3_)all 43 5
(6.022 x 10%°) sSgdl 33 X CEC = <liadll ase
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.~ Some basic terms used in adsorption
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Adsorbate : The substance which gets adsorbed on any
surface is called adsorbate for example, if a gas gets
adsorbed on to the surface of a solid, then the gas is termed
as the adsorbate.

The substance on the surface of which adsorption takes
place is called adsorbent.

Absorption : When the molecules of a substance are
uniformly distributed throughout the body of a solid or
ligquid. This phenomenon is called absorption.

Desorption : The removal of the adsorbed substance from
a surface is called desorption

Sorption : The phenomenon in which adsorption and
absorption occur simultaneously is called sorption.



Adsorption Equilibrium

® Adsorption vs. Absorption

- Adsorption is accumulation of molecules on a surface

(a surface layer of molecules) in contact with an air
or water phase

- Absorption is dissolution of molecules within a phase,

e.g., within an organic phase in contact with an air or
water phase

® adsorbate: material being adsorbed

® adsorbent: material doing the adsorbing. (examples
are activated carbon or ion exchange resin).
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Adsorption

o ® o
FIYYT Y YYYY)

PP IIPIIIEIIIIIIIIII TSI LTI ITIIIIILISIEIIEIITIITSISIEIIESITIIESIII I ST S IEI IS LI LI SIS I LIS TSI TSI SIS 7

D I IV I I VIV Iry.

B P PP PP
ISP IIIILIIIIISIILI IS I LI IIIISIIIIISISIIIIISIIIITIISIIIIISIIIITSISIIIIISIIIIISI LIS IILIIII TSI IS II IS IEY
B I VIV Y YIS IIry.
PP IPIILI I IILI LI LIS I II LI LI LI LI LI LI IIILILI I IT LI LI LI LI EIII LI LI L I I I I I LI LI LIS I I IS I 77
ISP IIIILIIIIISIILI IS I LI IIIISIIIIISISIIIIISIIIITIISIIIIISIIIITSISIIIIISIIIIISI LIS IILIIII TSI IS II IS IEY
B I VIV Y YIS IIry.
PP IPIILI I IILI LI LIS I II LI LI LI LI LI LI IIILILI I IT LI LI LI LI EIII LI LI L I I I I I LI LI LIS I I IS I 77
ISP IIIILIIIIISIILI IS I LI IIIISIIIIISISIIIIISIIIITIISIIIIISIIIITSISIIIIISIIIIISI LIS IILIIII TSI IS II IS IEY

D D D D D DO OODs

Absorption (“partitioning”)
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The heat of adsorption of the first The heat of adsorption of the first layer is
monolayer is much stronger than the heat comparable to the heat of condensation of
of adsorption of the second and all the subsequent layers. Often observed
following layers. Typical for during Physisorption
Chemisorption case




Adsorbate molecule
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a) At beginning of anv adsorption Saturated bond

Tnsaturated bond

Bullkk material

b) Anvphwvsisorbed condition

c)} Anv chemisorbed conditon
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