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UNDERSTANDING BASIC OF ULTRAFILTRATION

ULTRAFILTRATION (UF) IS A HIGHLY EFFECTIVE METHOD OF WATER PURIFICATION THAT EMPLOYS A SEMI-PERMEABLE
MEMBRANE TO REMOVE CONTAMINANTS. THE PROCESS RELIES ON PRESSURE DIFFERENTIALS TO SEPARATE SUSPENDED
SOLIDS, BACTERIA, VIRUSES, AND MACROMOLECULES FROM WATER. THE MEMBRANE IN AN ULTRAFILTRATION SYSTEM IS THE
CORE COMPONENT RESPONSIBLE FOR THE FILTRAT ON PROCESS. IT CONSISTS OF A POROUS MATERIAL THAT ACTS AS A
BARRIER, ALLOWING WATER MOLECULES TO PASS THROUGH WHILE CAPTURING LARGER PARTICLES AND MOLECULES. THIS
MEMBRANE IS DESIGNED TO HAVE SPECIFIC PORE SIZES, TYPICALLY RANGING FROM 0.001 TO 0.1 MICROMETERS, EFFECTIVELY
PREVENTING THE PASSAGE OF MOST CONTAMINANTS.

TYPES OF UF MEMBRANE Polymer-based membranes:
ULTRAFILTRATION MEMBRANES CAN
Polyethersulfone (PES) PVDF
BE CATEGORIZED BASED ON THE
MATERIAL OF CONSTRUCTION (MOC) Properties: Properties:
OF THEIR FIBERS. COMMON TYPES e Mechanical Strength: PES e Chemical Resistance: PVDF
. membranes possess excellent membranes exhibit high resistance
INCLUDE: mechanical strength and to various chemicals, acids, and
e POLYMER-BASED MEMBRANES: dimensional stability, maintaining solvents, making them suitable for
MADE FROM MATERIALS LIKE their structure under varying harsh environments.
SOLYSULFONE conditions. e Mechanical Strength: They possess
B ’ e Chemical Resistance: Similar to strong mechanical properties,
POLYETHERSULFONE, OR polysulfone, PES membranes allowing them to withstand high
POLYAMIDE. exhibit resistance to various pressures and stresses.
e CERAMIC MEMBRANES: chemicals and solvents. e Wide Operating Range: PVDF
e High Purity Filtration: They offer membranes can operate
CONSTRUCTED FROM INORGANIC precise pore size distribution, effectively across a wide range of
MATERIALS LIKE ALUMINUM OXIDE enabling efficient filtration with pH and temperature conditions.
OR ZIRCONIUM OXIDE. minimal clogging. e Hydrophilicity : PVDF, being
A _  Hydrophilicity: PES membranes inherently hydrophobic due to its
* ORGANIC MEMBRANES: DERIVED exhibit high hydrophilicity, chemical structure, typically has
FROM NATURAL SOURCES LIKE reducing the likelihood of fouling low water affinity. However,
CELLULOSE ACETATE. and enhancing their performance surface modifications or
in filtration processes. treatments can be applied to
enhance its hydrophilicity.

FILTRATION FLOW OUT TO IN & IN TO OUT In-to-Out Filtration (Inside-Out)

ULTRAFILTRATION (UF) IS A MEMBRANE-BASED SEPARATION PROCESS In the in-to-out UF configuration:
1.Flow Direction: The feed solution flows from the

THAT OPERATES IN TWO PRIMARY CONFIGURATIONS: OUT-TO-IN i side of the membrane towards the outside.
(OUTSIDE-IN) AND IN-TO-OUT (INSIDE-OUT). THESE CONFIGURATIONS 2.Filtration Mechanism: Pressure is applied to the
DIFFER IN THE DIRECTION IN WHICH THE FLUID FLOWS CONCERNING THE inner side of the membrane. This pressure

gradient drives the feed solution through the

MEMBRANE. , .

membrane, with the membrane pores retaining

t 11 t e bcterar ol particles and solutes larger than the pore size.
-@T: -__@ __ I 3.Retentate and Permeate: The retained particles

BE ®s ® ® » @ 9 ® ! o o
_______ - Filtered water and solutes accumulate on the inner side of the
Al DAl o $ 1 membrane, forming the retentate, while the
L@’) filtrate, containing smaller molecules and
liLal ol solvents, permeates outward and collects as the
permeate.

Raw water

Outside-In Filtration

Higher fouling
Lower flux
Harder to clean
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Comparison

DESCRIPTION IN TO OUT OUT TO IN

Oberation Inside to outside
" (Luman)
- More efficient Less effective

Forward
Flushing

Outside to Inside (Luman)

Very effective Not effective

Backwash less effective;
sludge buildup

More effective; fiber

4 Backwashing lumen cleaned

Sludge
Accumulation

High; sludge forms cake

Lowandonly inlumen /4 cen fibers

Chemical Use More due to higher

Frequency Less suspended particles
: : Essential for removing
/ Air Scouring Not necessary :
suspended particles

Outer filtration area
accumulates particles

Desighing UF System

Designing an ultrafiltration (UF) system is a meticulous process crucial for ensuring
its efficiency and effectiveness in various industrial applications. The fundamental
steps and considerations encompass a range of factors to create a system tailored
to specific needs.

Filtration Filtration area cleaned

Surface during backwash

Understanding System Purpose and Feed Solution Characteristics

At the outset, defining the system's purpose and comprehending the feed solution's
attributes are pivotal. Analysis of contaminants, particle size, flow rates, and the
intended application helps in selecting the most suitable membrane material and
configuration.

Selecting Membrane Material and Configuration

The choice of membrane material—be it Polyethersulfone (PES), Polyvinylidene
Fluoride (PVDF), or others—is based on compatibility with the feed solution and
desired separation efficiency. Additionally, deciding on the membrane
configuration (in-to-out or out-to-in) hinges on factors like fouling tendencies,
cleaning effectiveness, and the nature of substances being filtered.

Optimizing Operating Conditions

Determining the optimal operating conditions involves fine-tuning parameters such
as pressure, temperature, and flow rates. This optimization is critical to achieving
the desired filtration efficiency and maintaining the longevity of the membrane.

Pre-treatment Processes and System Components

Incorporating pre-treatment processes like pre-filtration or chemical treatments
minimizes fouling and extends membrane lifespan. Sizing the system components—
pumps, tanks, and others—to match feed flow rates and pressure requirements is
indispensable for seamless system functionality.

Monitoring and Control Systems

Integrating monitoring and control systems is essential to oversee pressure, flux
rates, and overall system performance. This ensures operational reliability and
allows for timely interventions if deviations occur.

Scalability and Flexibility

Desighing for scalability and flexibility enables the system to accommodate future
expansions or alterations In capacity as needed. This foresight facilitates
adjustments to meet changing requirements without compromising system
efficiency.

Integration for Effective Separation

A well-desighed UF system seamlessly integrates these considerations, delivering
effective separation, purification, or treatment of fluids or substances. By
meticulously addressing each facet, it optimizes performance while maintaining
operational reliability.

In conclusion, the comprehensive design of an ultrafiltration system demands a
holistic approach that considers the feed solution's characteristics, membrane
material and configuration, operating conditions, pre-treatment processes, system
components, monitoring systems, and scalability. This integration ensures the
system's efficacy in delivering the desired outcomes across various industrial
applications.

Flux rate refers to the rate at
which permeate (filtered liquid
passing through the membrane)
flows through the membrane
surface area per unit time. It's
usually measured in volume per
unit area per unit time (e.g., liters
per square meter per hour -
LMH).

Backwash flux rate refers to the
flow rate of liquid (often clean
water or a cleaning solution)
used during the backwashing
process to clean the membrane.

Backwash

CEB (Cleaning-in-Place) dosing
involves adding specific cleaning
chemicals or solutions to the
system during the cleaning
process to remove fouling or
deposits from the membrane
surface.

CIP refers to a cleaning method
where the equipment or system,
including UF membranes, is
cleaned without disassembly. It
involves circulating cleaning
solutions through the system's
components.

Air scouring involves injecting
compressed air or gas into the
system during the backwashing
process to enhance the cleaning
efficiency by dislodging
accumulated particles or debris
from the membrane surface.

Significance

Flux rate indicates the
efficiency of the membrane
in allowing the passage of
desired substances
(permeate) through it. It's
influenced by factors like
pressure, membrane pore
size, fouling, and
concentration polarization.

Higher backwash flux rates
help dislodge and remove
accumulated particles or
fouling materials from the
membrane surface,
enhancing cleaning
efficiency and restoring
membrane performance.

CEB dosing is crucial for
effective membrane
cleaning, reducing fouling,
and preventing microbial
growth, thus maintaining the
membrane's performance
and longevity.

CIP cleaning ensures
efficient and thorough
cleaning of UF membranes,
preventing fouling, scaling,
or biofilm formation without
the need for manual
disassembly, thereby
reducing downtime and
maintaining system
performance.

Air scouring aids in loosening
and removing accumulated
particles from the membrane

pores or surfaces, improving
backwash effectiveness and

preventing fouling or
blockages.These terms
collectively describe various
processes and methods used
in ultrafiltration systems to
maintain membrane
performance, enhance
cleaning efficiency, and
ensure the continued
effective  separation or
purification of fluids.




Important Formulas

Feed Flow (Liters)
Calculation for No. of Membranes =
Flux (LMH) * Membrane Area (m2)

No. of Mem *B/W Flux (LMH) *Mem Area (m2)
Backwash Pump Capacity (m3/hr) =
1000

B/W Flow Rate (m3/hr)* Dosing Concentration (ppm)

Chemicals Flow Rate (LPH)) =
Available Concentration (%)

No.of Mem *CIP Flux (LMH) *Mem Area (m2)
CIP Pump Capacity (m3/hr) =
1000




