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Sorption characteristics of fibers
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Sorption

Sorption describes the actions of absorption and adsorption 

Adsorption and absorption are important processes that occur in 
chemistry and biology. 
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Adsorption & Absorption

• The major difference between adsorption and absorption is that one is
a surface process and the other a bulk process.

• Adsorption — takes place on the surface of a substrate

• Absorption — one substance enters the bulk, or volume, of another
substance e.g. a gas absorbed by a liquid
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Adsorption

Adsorption is a surface process, the accumulation of a
gas or liquid on a liquid or solid. Adsorption can be
defined further based on the strength of the interaction
between the adsorbent (the substrate onto which
chemicals attach) and the adsorbed molecules.

Factors affecting adsorption:

The extent of adsorption depends upon the following factors:

• Nature of adsorbate and adsorbent.

• The surface area of adsorbent.

• Activation of adsorbent.

• Experimental conditions. E.g., temperature, pressure, etc.
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Adsorbate and Adsorbent
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Physisorption and Chemisorption

Physisorption — Van der Waals interactions between substrate and adsorbate (the
molecule that is adsorbed)
Chemisorption — Chemical bonds involved (covalent bonds usually) in sticking the
adsorbate to the adsorbent
Chemisorption involves more energy than physisorption. The difference between the two
processes is loosely based on the binding energy of the interaction.
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1. Physical adsorption (physisorption): If the force of attraction existing between adsorbate and adsorbent are
Vander Waal’s forces, the adsorption is called physical adsorption. It is also known as Vander Waal’s
adsorption. In physical adsorption the force of attraction between the adsorbate and adsorbent are very weak,
therefore this type of adsorption can be easily reversed by heating or by decreasing the pressure.

2. Chemical adsorption (chemisorption): If the force of attraction existing between adsorbate and adsorbent
are almost same strength as chemical bonds, the adsorption is called chemical adsorption. It is also known as
Langmuir adsorption. In chemisorption the force of attraction is very strong, therefore adsorption cannot be
easily reversed.

Physisorption Chemisorption

Low heat of adsorption usually in the range of 20-40 kJ mol-1 High heat of adsorption in the range of 40-400 kJ mol-1

Force of attraction are Van der Waal's forces Forces of attraction are chemical bond forces

It usually takes place at low temperature and decreases

with increasing temperature
It takes place at high temperature

It is reversible It is irreversible

It is related to the ease of liquefaction of the gas
The extent of adsorption is generally not related to

liquefaction of the gas

It is not very specific It is highly specific

It forms multi-molecular layers It forms monomolecular layers

It does not require any activation energy It requires activation energy
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Desorption

• Desorption is the release of one 
substance from another, either 
from the surface or through the 
surface. 

• Desorption can occur when an 
equilibrium situation is altered. 

Imagine a tank of water in
equilibrium with its surroundings.
The amount of oxygen entering and
leaving the water from the air will
be the same — and the oxygen
concentration in the water will be
constant. If the water temperature
increases, the equilibrium and
solubility are changed, and the
oxygen will desorb from the water
— lowering the oxygen content.
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Absorption

• Absorption is a phenomenon involving the bulk properties
of a solid, liquid or gas. It involves atoms or molecules
crossing the surface and entering the volume of the
material. As in absorption, there can be physical and
chemical absorption.

• Physical absorption — A non-reactive process e.g. when
oxygen present in air dissolves in water. The process
depends on the liquid and the gas, and on physical
properties like solubility, temperature and pressure.

• Chemical absorption — A chemical reaction takes place
when the atoms or molecules are absorbed. An example
is when hydrogen sulphide is removed from biogas
streams and converted into solid sulphur.
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Sorption- I
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Sorption- II
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Nature of Fibers
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Wetting - I
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Wetting - II
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Water sorption - I
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Water sorption - II
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Water vapor sorption
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Sorption isotherm

• A sorption isotherm is the graphic representation of the sorption behavior of a
substance. It describes the relationship between the water content of the
substance and the relative humidity of the ambient air at a particular
temperature.

• When determining the equilibrium states between the product and the ambient
air, differences are found between the values which are measured during water
vapor adsorption (adsorption isotherm) and those which are measured
during water vapor release (desorption isotherm).

• The values for the desorption isotherm are always somewhat higher than those
for the adsorption isotherm. The differences between adsorption and desorption
isotherms are at their greatest at moderate relative humidities

• The profile of a sorption isotherm is characteristic of the hygroscopicity of a
product.
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Equilibrium sorption
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Isotherms construction
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Equilibrium isotherms 
of water vapor
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Equilibrium isotherms 
of water vapor - Fibers
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Temperature effects -
Sorption
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Differential heat of sorption
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Integral heat of sorption



Properties of Fibers_KMI-VV Dr. Mohanapriya Venkataraman, M.Tech., M.F.Tech., Ph.D.

Adsorption isotherm models
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Isotherm models

The linear isotherm model has been used to represent the partition of 

adsorbates between solid and liquid phases.

Analytical isotherm equations such as Langmuir and Freundlich isotherms 

are widely used for modeling adsorption data.
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The International Union of Pure and Applied 
Chemistry (IUPAC) divides adsorption pairs into 
eight groups based on the type of adsorption 
isotherms

• this type is used to describe narrow microporous 
adsorbent that has a pore size ≤1 nm.Type-I(a) isotherm

•this type is used to describe monolayer adsorption. The 
adsorption rises steadily with pressure until it reaches a halt at 
saturation pressure.

The Type-I(b) isotherm

• this type is used to describe multilayer adsorption. It is approximately analogous to the 
Type-I(b) shape, however, the difference being the absence of plateau in Type-II. Even 
when the pressure ratio is close to unity, the adsorption continues to rise.Type-II isotherm

• the shape of this type of isotherm is convex. The 
adsorption is minimal at low pressures, but it increases 
dramatically at high pressures.

Type-III adsorption isotherm

• Type-IV(a) isotherm: it is with hysteresis, and pore width greater than 4 nm.

• Type-IV(b) isotherm: it is without hysteresis, and pore width smaller than 4 nm. It is 
observed for adsorbents that have cylindrical and conical mesoporous with a smaller 
width, which is completely reversible closed at the tapered end.

Type-IV isotherm

this isotherm is divided into two

• this type is notable by its characteristic S-shaped 
isotherm. This type demonstrates a hysteresis loop.Type-V isotherm

• in this type, the adsorption occurs in steps.
Type-VI isotherm
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Linear Isotherm Model

The linear isotherm model, or Henry's law, is 
the relation between the equilibrium 
concentration of adsorbate (Ce) and adsorption 
capacity at equilibrium (qe in mg adsorbate/g 
adsorbent). The model describes the partition 
of adsorbates between the liquid and solid 
phases. Generally, the mechanisms of the 
partition processes include electrostatic 
interaction, van der Waals interaction, and 
hydrophobic interaction
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Comparison of different linear 
and Langmuir models
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Redlich–Peterson Isotherm

The Redlich–Peterson (R–P) isotherm is
considered a three-parameter empirical
adsorption hybrid model which incorporates
elements from the Langmuir and Freundlich
isotherms. Generally, the adsorption
mechanism is unique in nature. It does not
follow ideal monolayer adsorption
characteristics. It has been commonly used in
heterogeneous and homogeneous adsorption
processes.

Redlich–Peterson adsorption capacity constant
is achieved via trial and error to attain the
maximum linear regression value of the
isotherm plot



Properties of Fibers_KMI-VV Dr. Mohanapriya Venkataraman, M.Tech., M.F.Tech., Ph.D.

The Sips isotherm is a hybrid form of Langmuir and Freundlich 
models, and it is deduced to predict the adsorption in heterogeneous 
systems and circumvent the limitation of the rising adsorbate 
concentration associated with the Freundlich isotherm.

In brief, Sips model becomes the Langmuir model when ns = 1 and 
becomes the Freundlich model at low C0. Nevertheless, Sips model 
does not satisfy Henry's law at low C0.
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Adsorption models based on 
Polanyi's potential theory

Polanyi's potential theory describes that the
adsorption comprises an “adsorption space,”
where molecules lose potential energies.
These energies are temperature independent
and increase in the spaces closing to the
adsorbent. Mostly, the highest potential
energy is attained in the cracks or pores inside
the used adsorbent.

The D–R isotherm is used to define the
adsorption mechanisms; it helps distinguish
between chemisorption and physisorption. The
D–R isotherm does not reduce to Henry's law
at low pressures, which is an essential for
thermodynamic consistence.



Properties of Fibers_KMI-VV Dr. Mohanapriya Venkataraman, M.Tech., M.F.Tech., Ph.D.

Chemical adsorption models
This class of models considers the monolayer
adsorption processes where the adsorbate
molecules are adsorbed onto the adsorption sites of
adsorbents.

Volmer isotherm model
The Volmer model is an adsorption
model with a monolayer
distribution. It assumes that
adsorbate molecules migrate over
adsorbent surfaces. The
interactions between adsorbates
are, however, minimal in this
model.
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Brunauer-Emmett-Teller (BET)

Aims to explain the physical
adsorption of gas molecules on
a solid surface and serves as
the basis for an important
analysis technique for the
measurement of the specific
surface area of a material.

- Gas adsorption or Nitrogen 
adsorption

- Stephen Brunauer, Paul 
Hugh Emmett, and Edward 
Teller

- Directly measures surface 
area and pore size distribution

- BET theory deviates from 
ideal to actual analysis

Physical adsorption models
Multilayer adsorption processes are simulated using
theoretical physical adsorption isotherm models. The main
driving factor of physical adsorption is the van der Waals
force.
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The following are the assumptions of the isotherm of BET:
➢ BET theory assumes physisorption to result in the formation of 

multilayer adsorption. Thus, claiming that adsorption is a multilayer 
homogeneous process.

➢ The theory assumes that the solid surface has uniform sites of 
adsorption, and adsorption at one site does not affect adsorption at 
neighboring sites.

➢ The adsorption energy in the first layer differs from other layers.
➢ The adsorption rate equals the desorption rate for each layer.
➢ After the formation of the monolayer, the adsorption process can 

continue with the formation of multilayers involving the second 
layer, third, and so on.
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Basic principle
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The Aranovich isotherm is a theoretically corrected polymolecular adsorption
isotherm with two parameters. It is applied to represent adsorption over a larger
range of adsorbate concentration. This method can be used to properly compute
the surface areas of porous adsorbents.

The following are the assumptions of the model:

Aranovich model

Only the “nearest neighbors” interact on the adsorbents' 
surfaces, which are flat and uniform.

The desorption energy is proportional to the number of layers.

The model can handle the problem of lateral interactions not being taken 
into consideration, as well as the prohibition of voids in the adsorbate.
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Classification based on parameters

One-parameter isotherm
This is the simplest adsorption isotherm where 
the amount of surface adsorbate is 
proportional to the partial pressure of the 
adsorptive gas or concentration of adsorbate 
in liquid solution. The most commonly used 
isotherm in this class is:

➢ Henry's Isotherm

Two-parameter isotherm
There are several isotherm models 
under this category. Examples include 
the following:

➢ Hill-Deboer Model
➢ Fowler–Guggenheim Model
➢ Langmuir Isotherm
➢ Freundlich Isotherm
➢ Dubinin–Radushkevich Isotherm
➢ Temkin Isotherm
➢ Flory–Huggins Isotherm
➢ Hill Isotherm
➢ Halsey Isotherm
➢ Harkin–Jura Isotherm
➢ Jovanovic Isotherm
➢ Elovich Isotherm
➢ Kiselev Isotherm
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Three-parameter isotherms
There are several isotherm models under this 
category. Examples include the following:

➢ Redlich–Peterson Isotherm
➢ Sips Isotherm
➢ Toth Isotherm
➢ Koble–Carrigan Isotherm
➢ Kahn Isotherm
➢ Radke-Prausniiz Isotherm
➢ Langmuir–Freundlich Isotherm
➢ Jossens Isotherm

Five-parameter isotherms
Fritz and Schlunder derived an empirical
equation that can fit a wide range of
experimental results due to the large number
of coefficients in the isotherm. The model is
called:

➢ Fritz and Schlunder five-parameter 
empirical isotherm model

Four-parameter isotherms
There are several isotherm models under this 
category. Examples include the following:

➢ Fritz–Schlunder Isotherm
➢ Baudu Isotherm
➢ Weber–van Vliet Isotherm
➢ Marczewski–Jaroniec Isotherm
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Applications of adsorption isotherms

➢ To compute the capacity and percentage removal of adsorbates from a certain media or 
environment.

➢ To acquire the greatest adsorbent absorption and affinity between adsorbent and 
adsorbate, Langmuir parameters can be applied.

➢ Freundlich parameters can be used to obtain adsorption capacity of adsorbents.
➢ To calculate the adsorption capacity of adsorbents using Freundlich parameters.
➢ To calculate the specific surface area and pore size distribution from BET isotherms using 

BET curves.
➢ D–R parameters are used for adsorption mechanism.
➢ Temkin parameters can be used for understanding adsorbent–adsorbate interactions.
➢ To understand the spontaneity of a system.
➢ To have more information on the exothermicity of a system.
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• Surface area is related to;

- Particle size

- Particle morphology

-Surface texturing

-Porosity

• The accessibility of active sites 
requires pores that allow 
molecular transport.

• Porosity: fraction of the total 
void volume with respect to the 
volume of the catalyst.

• Texture: -pore size

-pore size distribution

-pore shape
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Porosity

Pore size
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Influence on fiber porosity
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Swelling
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Swelling anisotropy
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Standard regain Vp


