
Polyethersulfone (PES) is a high-performance polymer known for its versatile applications
across various industries. Here's an in-depth article covering its chemical structure,
properties, utilization in manufacturing ultrafiltration (UF) membranes, production methods,
and advantages over polyvinylidene fluoride (PVDF) membranes.

Property Description

Thermal
Stability

Excellent; maintains structural
integrity at high temperatures,
suitable for elevated-temperature
applications.

Chemical
Resistance

Resistant to various chemicals,
acids, bases, and organic solvents,
ensuring durability in harsh
operating conditions.

Mechanical
Strength

Exhibits good mechanical
properties, high strength, and
toughness, ensuring dimensional
stability and resistance to
deformation.

Hydrophilicit
y

Possesses moderate hydrophilicity
compared to some hydrophobic
polymers, enhancing performance
in water-related applications.

Biocompatibi
lity

Biocompatible, making it suitable for
medical and biotechnological
applications.
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Introduction to Polyethersulfone
(PES).

Poly ether sulfone is a thermoplastic
polymer belonging to the family of sulfone
polymers. Its molecular structure
comprises ether (-O-) and sulfone (-SO2-)
groups within the polymer chain. The
repeating units in its structure consist of
phenylene rings interconnected by ether
and sulfone linkages.

Chemical Structure of PES

The chemical structure of PES is
characterized by its linear chain consisting
of aromatic rings joined by ether and
sulfone linkages. The backbone structure
offers robustness and stability, allowing
PES to withstand a wide range of
temperatures and chemical exposures. The
arrangement of the repeating units forms a
highly stable and amorphous polymer.



Preparation Of PES: 

The production of PES (Polyethersulfone) materials involves a meticulous chemical
process known as polymerization. In this process, specific monomers such as bisphenol-S
and 4,4'-dichlorodiphenyl sulfone are used as the primary building blocks.

Monomers:1.
Bisphenol-S: This compound serves as one of the essential monomers for PES
production. It contains two phenol functional groups that react during
polymerization.
4,4'-Dichlorodiphenyl Sulfone: This is another crucial monomer, providing the
sulfone functional group necessary for the formation of PES.

Polymerization Process:2.
The polymerization process combines these monomers under controlled
conditions of temperature, pressure, and catalysts.
Bisphenol-S and 4,4'-dichlorodiphenyl sulfone react to form polymer chains
through a condensation reaction, where molecules link together by releasing a
small molecule, often water.

Formation of PES Resin Pellets:3.
As the polymerization progresses, the formed polymer chains grow in length and
complexity. The resulting material, in its early stages, is typically a viscous
substance.
The polymerization reaction is controlled until the desired molecular weight and
characteristics are achieved.
This viscous mass is then solidified and processed into small resin pellets for ease
of handling and further application.

Role of PES Resin Pellets in UF Membrane Fabrication:4.
These PES resin pellets serve as the fundamental raw material for the fabrication
of Ultrafiltration (UF) membranes.
To create UF membranes, the PES resin pellets are melted or dissolved in a suitable
solvent to form a homogeneous solution.
This solution can be further processed using various membrane manufacturing
techniques like phase inversion or track-etching to form the final UF membrane
structure.



This widely used
method involves
dissolving the PES
resin in a solvent to
form a
homogeneous dope
solution. The
solution is cast as a
thin film and
immersed in a
coagulation bath.
During phase
inversion, the
solvent diffuses into
the coagulation
bath, leaving behind
a porous membrane
structure.

In this technique,
temperature changes
trigger phase separation
within the PES solution,
resulting in the formation
of a porous membrane
structure.

PES membranes can also be
produced through spray
coating, where a solution
containing PES is sprayed
onto a substrate followed
by solvent evaporation,
leaving behind a
membrane.

Phase Inversion  
Thermally Induced Phase
Separationrsion  Spray Coating

Manufacturing Technologies for PES UF Membranes

Manufacturing Ultrafiltration Membranes through  Phase Inversion

The phase inversion process typically starts with the dissolution of a polymer in a suitable
solvent to create a homogeneous solution. This solution comprises the polymer in a dissolved
state, along with additives or modifiers aimed at achieving specific membrane properties. In the
creation of Polyethersulfone (PES) ultrafiltration (UF) membranes, the dissolution of PES in a
solvent forms a critical step. This process aims to generate a homogenous solution that can be
used to produce membranes with specific characteristics. Additionally, the incorporation of
additives or pore-forming agents within the solution aids in adjusting the final membrane
properties.

Solvents for PES UF Membranes:
N-Methyl-2-pyrrolidone (NMP): This solvent is commonly utilized due to its ability to
dissolve PES effectively, forming a homogeneous solution. NMP offers good solubility for
PES and can be easily removed during the membrane formation process.

1.

Dimethylacetamide (DMAc): Similar to NMP, DMAc is another solvent known for its
capability to dissolve PES efficiently. It enables the formation of a uniform PES solution,
contributing to membrane fabrication.

2.



Additives for PES UF Membranes:
Pore-Forming Agents: These additives help in controlling the pore size and porosity of the
UF membrane. Substances like polyethylene glycol (PEG) or polyvinylpyrrolidone (PVP) are
often used as pore formers. During the membrane fabrication process, these additives are
included in the PES solution, and upon membrane solidification, they create voids or pores,
influencing the membrane's permeability.

1.

Modifiers: Additives such as surfactants or polymer modifiers may be introduced to fine-
tune membrane properties like hydrophilicity, surface charge, or fouling resistance. These
modifiers alter the surface characteristics of the resulting membrane to enhance its
performance in specific applications.

2.

Role of Solvents and Additives:
Homogeneous Solution Formation: The solvents, NMP, or DMAc play a crucial role in
dissolving PES effectively, ensuring the formation of a uniform solution. This solution is
essential for creating membranes with consistent properties.
Adjusting Membrane Properties: Additives like pore-forming agents and modifiers allow for
the customization of UF membrane characteristics. Pore-forming agents influence the
membrane's pore size and distribution, impacting permeability, while modifiers alter surface
properties for improved functionality.

Considerations:
Solvent Removal: Following the membrane casting process, it is crucial to effectively
remove the solvent from the membrane structure. Residual solvents can impact membrane
performance and may require appropriate post-treatment steps for their complete removal.
Additive Concentration: The concentration and type of additives used need careful
consideration. Too high or low concentrations may affect membrane structure and
properties adversely.

Membrane Formation:
Upon reaching a critical point, the phase inversion process triggers the transformation of this
homogenous polymer solution into a membrane structure. This transformation occurs through
various mechanisms, such as non-solvent-induced phase separation or thermally-induced
phase separation.

Non-solvent-induced phase
separation
In this mechanism, the homogeneous
polymer solution is brought into
contact with a non-solvent or a
mixture of non-solvents. This
exposure induces a change in the
solution's thermodynamic
conditions, causing the solvent to
demix from the polymer. As a result,
a two-phase system forms, where
one phase constitutes the solid
polymer structure, and the other
phase forms the pores within the
membrane.

Thermally-Induced Phase Separation:
Alternatively, phase inversion can occur via a
thermal process, where changes in temperature
alter the solution's miscibility. This temperature-
induced shift prompts the separation of the solvent
from the polymer, leading to the creation of a
porous membrane structure.
Pore Formation and Structure:
During phase inversion, the kinetics of solvent
demixing and the rate of solvent removal
significantly impact the resulting membrane
structure. The nature of this process, whether
controlled or rapid phase separation, determines
the pore size, morphology, and overall structure of
the membrane.



Polymer Extrusion into Membrane Fibers
Melting and Mixing: Uptill now The PES pellets are fed into an extruder where they are
heated and melted. During this process, any additives or pore-forming agents necessary
for modifying the membrane properties can be introduced into the molten polymer.

Extrusion Die: Further the molten PES polymer is then forced through a specially
designed extrusion die. This die shapes the polymer into hollow fibers of precise diameter
and thickness, usually diameter OD 1.5 mm and ID 0.9 mm 

Cooling and Solidification:
Quenching Bath: As the extruded PES fibers exit the die, they are immediately submerged
in a quenching bath. This bath contains a cooling medium, usually water or another
suitable liquid, that rapidly cools and solidifies the molten polymer into solid hollow
fibers.

Washing and Post-Treatment:
Washing: The newly formed hollow fibers undergo a thorough washing process to remove
any residual solvents, additives, or impurities.
Post-Treatment: Optionally, the hollow fibers might undergo additional treatments such
as heat treatment, chemical modification, or surface functionalization to improve
performance or durability.

 Module Assembly:
Bundle Formation: The hollow fibers, now solidified and cleaned, are bundled together
and sealed at both ends to create a module. These modules form the core structure of
the ultrafiltration system.

System Integration:
Module Installation: The UF modules are integrated into a filtration system, often housed
within pressure vessels. The system includes pumps, valves, and controls necessary for
the filtration process.


