
http://www.porefiltration.co.uk
http://www.porefiltration.co.uk


Contents
THE COMPLETE GUIDE TO MEMBRANE FILTERS

Introduction 3

What is a Membrane Filter? 3

How Membrane Filtration Works 4

Surface Filtration vs Depth Filtration 4

How Membrane Filters Are Manufactured 5

Common Membrane Materials 7

Understanding Membrane Filter Pore Sizes 9

Absolute vs Nominal Filtration 11

Filtration Efficiency 12

Flow Rate and Differential Pressure 13

Pleated Membrane Technology 14

Sterile Filtration & Regulatory Standards 14

Integrity Testing 15

Chemical Compatibility 16

Industry Applications of Membrane Filters 18

Choosing the Right Membrane Filter 21

Common Causes of Membrane Filter Failure 23

Membrane Fouling 25

Maintenance and Replacement 26

Frequently Asked Questions 27

Conclusion 28

PoreFiltration | Filtration Solutions 2



23

23

24

25

Membrane Fouling

Maintenance and Replacement

Frequently Asked Questions

Conclusion

Introduction

Membrane  filtration  has  become  one  of  the  most  important  technologies  in  modern  industrial  processing.  From

pharmaceutical  manufacturing  and  food  production  to  biotechnology,  microelectronics  and  water  treatment,

membrane  filters  provide  a  reliable  and  highly  efficient  method  of  removing  particulate  contamination  and

microorganisms from liquids and gases.

Unlike conventional depth filters that capture contaminants throughout the thickness of the filter media, membrane

filters operate using a tightly controlled pore structure that retains particles primarily on the membrane surface. This

provides highly predictable filtration performance, making membrane filters the preferred choice wherever process

validation, product purity and regulatory compliance are essential.

Whether sterilising pharmaceutical ingredients, protecting bottling lines, filtering high-purity chemicals or producing

laboratory-grade water, membrane filters deliver precise and repeatable filtration down to sub-micron levels.

This  guide  explains  how  membrane  filters  work,  how  they  are  manufactured,  the  different  membrane  materials

available,  how  to  select  the  correct  filter  for  your  application  and  the  technical  factors  that  influence  filtration

performance.

What is a Membrane Filter?

A membrane filter is a precision-engineered filtration medium manufactured with millions of microscopic pores of a

carefully controlled size. These pores allow liquids or gases to pass through while retaining particles larger than the

specified pore diameter.

Unlike depth filters, which rely on a tortuous path through fibrous media, membrane filters function predominantly by

surface filtration. Contaminants are captured at or very near the membrane surface, creating exceptionally consistent

filtration efficiency and allowing accurate validation of particle retention.

The result is a filtration technology capable of delivering:

Highly consistent filtration performance

Absolute particle retention

Sterile filtration capability

Low extractables

High purity processing

Excellent batch-to-batch consistency
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Regulatory compliance for critical industries

Because the pore size is tightly controlled during manufacture, membrane filters are commonly described as absolute-

rated filters,  meaning they are designed to retain virtually all  particles above their stated pore size under defined

operating conditions.

How Membrane Filtration Works

Unlike conventional filtration methods that rely on a thick filter matrix, membrane filtration separates contaminants

through  a  thin  porous  barrier.  As  fluid  enters  the  filter  cartridge,  pressure  forces  the  liquid  through  millions  of

microscopic  pores  distributed evenly  across  the membrane surface.  Particles  larger  than these pores  cannot  pass

through and remain on the upstream side of the membrane.

Meanwhile:

Clean liquid passes through

Bacteria are retained

Yeasts are removed

Fine particulates remain on the membrane surface

Process contamination is significantly reduced

Because the pores  are manufactured with exceptional  precision,  every part  of  the membrane provides consistent

filtration performance. This predictable behaviour is one of the main reasons membrane filters are extensively used in

validated pharmaceutical and food manufacturing processes.

Surface Filtration vs Depth Filtration

Understanding the distinction between membrane filtration and depth filtration is essential when selecting the correct

filter.

Membrane Filters Depth Filters

Surface filtration Depth filtration

Uniform pore structure Random fibre structure

Absolute retention Nominal retention

High validation capability High dirt holding capacity

Sterile filtration Pre-filtration applications

Lower contaminant loading Higher contaminant loading

Precision particle removal Bulk solids removal

• 
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Depth filters are designed to retain larger quantities of particulate contamination and are commonly used as pre-filters.

Membrane filters, by contrast, are typically installed as the final filtration stage where product quality and sterility are

critical.

Using  a  depth  filter  upstream  of  a  membrane  filter  can  significantly  extend  membrane  service  life  by  reducing

particulate loading.

How Membrane Filters Are Manufactured

The exceptional performance of membrane filters begins with a highly controlled manufacturing process.  Different

membrane materials require different production techniques, but the overall objective remains the same: to produce a

uniform porous structure with precisely defined pore sizes.

1. Polymer Selection

The manufacturing process starts by selecting the appropriate polymer for the intended application. Common

membrane polymers include:

Polyethersulfone (PES)

Polytetrafluoroethylene (PTFE)

Polyvinylidene Fluoride (PVDF)

Nylon

Each  polymer  offers  different  mechanical  strength,  hydrophilicity,  chemical  resistance  and  temperature

capabilities.

2. Membrane Formation

The membrane itself is produced using advanced techniques such as:

Phase inversion

Stretching

Track-etching

Sintering

Solvent casting

During manufacture, microscopic pores are formed throughout the membrane material. Tight process control

ensures the final pore size distribution remains highly consistent. Even slight variations in temperature, solvent

concentration or polymer composition can influence membrane performance, so manufacturers employ rigorous

quality control throughout production.

3. Membrane Support

Because membranes are extremely thin, they are laminated onto robust support layers. These support materials:

Increase mechanical strength
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Prevent tearing

Improve pressure resistance

Maintain pleat stability

Support layers are often manufactured from polypropylene or polyester nonwoven materials.

4. Pleating

The membrane is pleated to dramatically increase the available filtration surface area. Pleating offers several

advantages:

Higher flow rates

Lower pressure drop

Greater dirt holding capacity

Longer service life

Reduced operating costs

A pleated cartridge can contain several square metres of effective filtration area within a compact housing.

5. Cartridge Assembly

The pleated membrane pack is assembled into a filter cartridge using thermally bonded end caps and a central

core. Depending on the application, cartridges may be manufactured in lengths such as:

5"

10"

20"

30"

40"

The completed cartridge undergoes stringent quality assurance procedures before packaging.

Common Membrane Materials

Selecting the correct membrane material is one of the most important decisions in any filtration process. The chemistry

of the membrane determines its compatibility with different fluids, operating temperatures, sterilisation methods and

cleaning procedures.
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Polyethersulfone (PES)

PES  is  one  of  the  most  widely  used  membrane  materials  in  pharmaceutical,  biotechnology  and  beverage

manufacturing.

KEY CHARACTERISTICS

Naturally hydrophilic

High flow rates

Low protein binding

Excellent biological compatibility

Sterilisable by steam

Low extractables

TYPICAL APPLICATIONS

Sterile pharmaceutical filtration

Vaccine production

Cell culture media

Bottled water

Wine filtration

Beer filtration

Polytetrafluoroethylene (PTFE)

PTFE membranes provide outstanding chemical resistance and are available in both hydrophobic and hydrophilic

configurations.

ADVANTAGES

Excellent solvent resistance

Broad chemical compatibility

High temperature resistance

Ideal for aggressive chemicals

Suitable for gas filtration

COMMON APPLICATIONS

Compressed air filtration

Vent filtration

Chemical processing

Solvent filtration

Acids and alkalis

High-purity gas systems

Polyvinylidene Fluoride (PVDF)

PVDF membranes offer an excellent balance between chemical resistance and mechanical durability.

APPLICATIONS

Biopharmaceutical production

Protein solutions

High-purity chemicals

Electronics manufacturing

Laboratory filtration
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Nylon

Nylon membranes provide:

High mechanical strength

Excellent solvent compatibility

Low extractables

Broad chemical resistance

They are commonly selected for laboratory filtration and chemical processing applications.

Understanding Membrane Filter Pore Sizes

One of the most important characteristics of any membrane filter is its pore size, often referred to as the micron rating.

The pore size determines the size of particles that the membrane can retain and directly influences filtration efficiency,

flow rate, and suitability for different applications.

A micron (µm), also known as a micrometre, is one-millionth of a metre (0.001 mm). To put this into perspective, the

table below compares typical particle sizes with micron ratings.

Object Approximate Size

Human hair 70–100 µm

Fine sand 90 µm

Pollen 20–60 µm

Red blood cell 7–8 µm

Yeast cell 3–10 µm

Most bacteria 0.2–5 µm

Tobacco smoke 0.1–1 µm

Many viruses 0.02–0.3 µm

Selecting the  correct  pore  size  is  essential.  A  filter  that  is  too  coarse  may allow unwanted contaminants  to  pass

through, while an unnecessarily fine filter may reduce flow rates and increase operating costs.

• 

• 

• 

• 

The Complete Guide to Membrane Filters 8

The Complete Guide to Membrane Filters 8



Nylon

Nylon membranes provide:

High mechanical strength

Excellent solvent compatibility

Low extractables

Broad chemical resistance

They are commonly selected for laboratory filtration and chemical processing applications.

Understanding Membrane Filter Pore Sizes

One of the most important characteristics of any membrane filter is its pore size, often referred to as the micron rating.

The pore size determines the size of particles that the membrane can retain and directly influences filtration efficiency,

flow rate, and suitability for different applications.

A micron (µm), also known as a micrometre, is one-millionth of a metre (0.001 mm). To put this into perspective, the

table below compares typical particle sizes with micron ratings.

Object Approximate Size

Human hair 70–100 µm

Fine sand 90 µm

Pollen 20–60 µm

Red blood cell 7–8 µm

Yeast cell 3–10 µm

Most bacteria 0.2–5 µm

Tobacco smoke 0.1–1 µm

Many viruses 0.02–0.3 µm

Selecting the  correct  pore  size  is  essential.  A  filter  that  is  too  coarse  may allow unwanted contaminants  to  pass

through, while an unnecessarily fine filter may reduce flow rates and increase operating costs.

• 

• 

• 

• 

The Complete Guide to Membrane Filters 8

Common Membrane Filter Pore Sizes

0.1 Micron Membrane Filters

A 0.1 µm membrane provides extremely fine filtration and is often selected where maximum microbial reduction

is required. These filters are capable of retaining extremely small bacteria and provide a high level of product

protection.

APPLICATIONS & BENEFITS

Pharmaceutical production

Sterile injectable manufacture

Ultra-pure water

Biotechnology

Critical laboratory applications

0.2 Micron Membrane Filters

The 0.2 µm membrane filter is widely regarded as the industry standard for sterile filtration. A properly validated

0.2  µm  membrane  is  capable  of  removing  bacteria  such  as  Brevundimonas  diminuta,  the  microorganism

commonly used during bacterial retention validation. Because of its proven performance, the 0.2 µm rating is

recognised worldwide as the preferred pore size for sterile liquid filtration.

APPLICATIONS & BENEFITS

Pharmaceutical manufacturing

Medical device production

Vaccine manufacture
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0.65 Micron Membrane Filters

0.65  µm  membranes  are  often  used  where  larger  particles  need  to  be  removed  while  preserving  higher

throughput.

APPLICATIONS & BENEFITS

Chemical processing

Paint manufacture

Industrial coatings

Process water

0.8–1.2 Micron Membrane Filters

These larger pore sizes are generally used as pre-filters to protect finer downstream membranes.

APPLICATIONS & BENEFITS

Increased dirt holding capacity

Reduced membrane fouling

Longer final filter life

Lower operating costs

Absolute vs Nominal Filtration

Understanding the difference between absolute and nominal filtration is one of the most common sources of confusion

within industrial filtration. Although these terms are sometimes used interchangeably, they describe two very different

filtration performances.

Absolute Filtration

Most  membrane  filters  are  classified  as  absolute  filters.  An  absolute-rated  membrane  is  manufactured  with  an

extremely consistent pore structure, allowing it to retain virtually all particles above its stated pore size under defined

operating conditions.

For example: a validated 0.2 µm absolute membrane is designed to consistently retain microorganisms larger

than 0.2 µm.

This high level of consistency makes membrane filters suitable for:

Pharmaceutical manufacture

Sterile filling

Biotechnology

Laboratory testing
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High-purity chemicals

Nominal Filtration

Nominal filters are more commonly associated with depth filtration technologies. Rather than guaranteeing complete

particle retention, nominal filters capture a percentage of particles of a given size.

For example: a nominal 5 µm filter may remove approximately 85–95% of particles measuring 5 microns,

depending on its design and operating conditions.

Nominal filters are ideal for:

Pre-filtration

Bulk particulate removal

Water treatment

Process protection

Why Absolute Ratings Matter

In  critical  manufacturing  processes,  consistency  is  essential.  A  pharmaceutical  manufacturer  producing  sterile

injectable medicines cannot rely on an approximate filtration efficiency. Instead, they require:

Validated bacterial retention

Consistent pore size

Regulatory compliance

Batch repeatability

This is why membrane filters dominate sterile processing applications.

Filtration Efficiency

Modern membrane filters routinely achieve efficiencies approaching 99.99% for particles larger than their rated pore

size. Efficiency depends upon:

Membrane structure

Pore size distribution

Flow conditions

Differential pressure

Fluid viscosity

Particle characteristics

Unlike  many  traditional  filters,  membrane  filtration  performance  is  highly  predictable  because  every  pore  is

manufactured to an extremely narrow tolerance.
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Flow Rate and Differential Pressure

Choosing the correct membrane filter is not simply about selecting the smallest pore size. Flow rate and pressure drop

are equally important considerations. As liquid passes through the membrane, resistance develops across the filter

media. This pressure difference is known as differential pressure (ΔP).

Several factors influence pressure loss:

Membrane pore size

Membrane surface area

Fluid viscosity

Flow rate

Temperature

Contamination loading

Generally speaking:

Smaller pores create greater resistance.

Higher flow rates increase pressure drop.

Greater contamination accelerates pressure build-up.

Correct filter sizing therefore becomes essential. A larger filter cartridge containing more membrane area can often

provide significantly higher flow rates while maintaining a lower pressure drop. This improves:

Energy efficiency

Filter lifespan

Product throughput

Operating costs

Pleated Membrane Technology

Modern membrane cartridges are almost always pleated. Pleating dramatically increases the available filtration surface

area without increasing the cartridge diameter.

For example: a standard 10-inch cartridge may contain over one square metre of effective membrane area once

pleated.

This provides several important advantages:

Higher flow capacity

Lower pressure loss

Improved dirt holding
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Longer operating life

Lower replacement frequency

Pleating  is  therefore  one  of  the  reasons  membrane  cartridges  outperform  flat  membrane  discs  in  industrial

applications.

Sterile Filtration & Regulatory Standards

Sterile filtration refers to the physical removal of microorganisms from liquids or gases without the use of heat. Unlike

pasteurisation or chemical sterilisation, membrane filtration does not alter the product itself. This makes it ideal for

temperature-sensitive products such as:

Vaccines

Biological medicines

Cell culture media

Protein solutions

Beer

Wine

Fruit juices

Because microorganisms are physically removed rather than destroyed, product quality remains unchanged.

Regulatory Standards

Industries such as pharmaceuticals and food manufacturing operate under strict quality regulations. Membrane filters

intended for these applications are often manufactured to comply with internationally recognised standards.

FDA Compliance

Many membrane materials  comply  with United States  Food and Drug Administration regulations for  food contact

materials.

EU Food Contact Regulations

Filters intended for beverage and food manufacture may also comply with relevant European food-contact legislation.

USP Class VI

Pharmaceutical-grade  membrane  filters  may  be  manufactured  using  materials  that  meet  USP  Class  VI  biological

reactivity requirements. These materials have undergone testing to demonstrate their suitability for pharmaceutical

processing.

Good Manufacturing Practice (GMP)

Leading membrane filters are manufactured in cleanroom environments using Good Manufacturing Practice (GMP)

principles to minimise contamination during production.
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Integrity Testing

Unlike  many  other  filtration  technologies,  membrane  filters  can  be  tested  before  and  after  use.  Integrity  testing

confirms  that  the  membrane  remains  undamaged  and  capable  of  achieving  its  specified  retention  performance.

Common methods include:

Bubble Point Test

Diffusion Test

Pressure Hold Test

Water Intrusion Test (for hydrophobic membranes)

Integrity testing provides confidence that every production batch has been filtered using an intact membrane.

Chemical Compatibility

One of the most important considerations when selecting a membrane filter is ensuring compatibility between the

membrane  material  and  the  process  fluid.  Different  polymers  respond differently  when exposed  to  acids,  alkalis,

solvents and oxidising agents.

Selecting an incompatible membrane can result in swelling, loss of mechanical strength, changes in pore structure or

premature  filter  failure.  For  this  reason,  chemical  compatibility  should  always  be  reviewed  alongside  filtration

performance.

Polyethersulfone (PES)

PES membranes are naturally hydrophilic and offer excellent performance with aqueous solutions.

TYPICAL USES

Pharmaceutical products

Cell culture media

Purified water

Beverages

Biological fluids

ADVANTAGES

High flow rates

Low protein binding

Excellent sterilisation performance

Broad pH tolerance
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PTFE

PTFE provides one of the broadest chemical compatibility ranges of any membrane material. Hydrophobic PTFE is

particularly suited to gas and air filtration, while hydrophilic PTFE variants can be used for liquid filtration where

wetting is required.

IDEAL FOR

Strong acids

Organic solvents

Aggressive chemicals

High-purity gases

Vent filtration

Polyvinylidene Fluoride (PVDF)

PVDF exhibits excellent compatibility with a wide range of chemicals and is particularly well suited to applications

requiring low protein binding and high flow performance. Hydrophilic PVDF membranes are commonly used for

aqueous solutions in pharmaceutical and biotechnology processes, while hydrophobic PVDF membranes are ideal

for vent filtration and gas sterilisation where moisture resistance is required.

TYPICAL USES

Biopharmaceutical production

Protein and enzyme filtration

Cell culture media

High-purity water systems

Electronics manufacturing

Fine chemical processing

Laboratory filtration

ADVANTAGES

Excellent chemical resistance

Low protein binding

High mechanical strength

Excellent thermal stability

Suitable for steam sterilisation and autoclaving

High flow rates

Available in hydrophilic and hydrophobic grades
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Nylon

Nylon  membranes  provide  excellent  mechanical  strength  and  broad  chemical  compatibility,  making  them  a

popular choice for laboratory, industrial and chemical filtration applications. Their naturally hydrophilic surface

enables  efficient  filtration  of  aqueous  solutions  without  the  need  for  pre-wetting,  while  also  offering  good

compatibility  with  many  organic  solvents.  Nylon  membranes  are  particularly  valued  for  their  durability  and

versatility across a wide range of process conditions.

TYPICAL USES

Laboratory sample preparation

Chemical processing

Solvent filtration

Paints and coatings

Inks and dyes

Analytical testing

General industrial filtration

ADVANTAGES

High mechanical strength

Broad chemical compatibility

Naturally hydrophilic

Good resistance to many organic solvents

Low extractables

High flow rates

Durable under demanding operating conditions

Although  Nylon  membranes  perform  well  with  many  chemicals  and  solvents,  they  are  generally  not

recommended  for  highly  acidic  or  strongly  oxidising  solutions.  Careful  review  of  chemical  compatibility  is

recommended when filtering aggressive process fluids.

Industry Applications of Membrane Filters

One of the greatest advantages of membrane filtration is its versatility. Membrane filters are used in almost every

industry where contamination control, product purity or process protection is critical. Their ability to deliver consistent

particle retention makes them indispensable across manufacturing, laboratory and utility applications.
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Pharmaceutical Manufacturing

The pharmaceutical industry is one of the largest users of membrane filtration technology. Medicines, vaccines and

injectable products must be manufactured under tightly controlled conditions to ensure patient safety and regulatory

compliance.  Membrane  filters  are  used  throughout  pharmaceutical  production  to  remove  bacteria,  fungi  and

particulate contamination without affecting the product's chemical composition.

TYPICAL APPLICATIONS

Sterile filtration of injectable medicines

Vaccine production

Intravenous (IV) solutions

Antibiotic manufacture

Active pharmaceutical ingredients (APIs)

Cell culture media

Buffer preparation

Water for Injection (WFI)

Purified Water (PW)

Final product filtration before filling

In these applications, validated 0.2 µm PES membrane filters are commonly selected due to their excellent bacterial

retention, high flow rates and low protein binding characteristics.

Biotechnology

Biotechnology processes frequently involve delicate biological materials that cannot be exposed to heat sterilisation.

Membrane filtration allows microorganisms and particulate contamination to be removed without damaging sensitive

proteins, enzymes or living cells.

TYPICAL APPLICATIONS

Cell culture

Fermentation

Monoclonal antibody production

Gene therapy

Protein purification

Laboratory media preparation

Bioprocess fluids

The predictable performance of membrane filters is particularly valuable in biotechnology, where product consistency

is essential.
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Food & Beverage Production

Food manufacturers rely on membrane filters to improve product quality,  extend shelf  life and protect production

equipment. Unlike thermal treatment methods, membrane filtration removes microorganisms while preserving taste,

colour, aroma and nutritional value.

TYPICAL APPLICATIONS

Brewing & final beer filtration

Cold sterile filtration

Yeast removal

Haze reduction

Wine microbial stabilisation & clarification

Bottling protection

Bottled water final polishing

Process water purification

Soft drinks ingredient & syrup filtration

Dairy process water treatment

Many food manufacturers use membrane filtration as the final stage before packaging to minimise the risk of product

spoilage.

Water Treatment

High-purity water systems depend heavily on membrane filtration.

TYPICAL APPLICATIONS

Reverse osmosis pre-filtration

Laboratory water

Pharmaceutical purified water

Industrial process water

Cooling water

Boiler feedwater

Final polishing

Membrane  filters  protect  downstream equipment  by  removing  fine  particulate  contamination that  could  damage

sensitive components or reduce system efficiency.
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Chemical Processing

Chemical manufacturers often process aggressive fluids that require chemically resistant membrane materials.

TYPICAL APPLICATIONS

Solvent filtration

Acids

Alkalis

Fine chemicals

Electronic chemicals

Process intermediates

PTFE and PVDF membranes are frequently selected because of their exceptional resistance to corrosive chemicals.

Electronics Manufacturing

Modern  semiconductor  manufacturing  requires  some  of  the  cleanest  process  fluids  found  in  any  industry.  Even

microscopic contamination can damage electronic components worth thousands of pounds.

TYPICAL APPLICATIONS

Ultra-pure water systems

Chemical delivery systems

Photolithography chemicals

Wafer cleaning solutions

Particle  control  is  measured  in  fractions  of  a  micron,  making  membrane  filters  an  essential  part  of  electronics

manufacturing.

Laboratory Applications

Laboratories worldwide use membrane filters for sample preparation and analytical testing.

TYPICAL APPLICATIONS

HPLC sample preparation

Microbiological analysis

Water testing

Air monitoring

Sterility testing

Microbial enumeration

The availability of multiple membrane chemistries allows laboratories to select the most suitable material for each

analytical technique.

Choosing the Right Membrane Filter

Selecting the correct membrane filter involves far more than simply choosing a micron rating. Engineers must consider

the entire process, including the product being filtered, operating conditions and regulatory requirements.
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1 Identify the Fluid

Start by understanding the process fluid. Ask questions such as:

Is it water-based?

Does it contain solvents?

Is it acidic?

Is it alkaline?

Does it contain proteins?

Does it contain oils?

Is it sterile?

The answers will help determine the most appropriate membrane material.

2 Select the Membrane Material

Each membrane polymer offers unique advantages.

Material Typical Applications

PES Pharmaceuticals, beverages, biotechnology

PTFE Solvents, chemicals, compressed air

PVDF High-purity chemicals, biotech

Nylon Laboratory filtration, solvents

Cellulose Acetate Low protein binding applications

Mixed Cellulose Ester Microbiological testing

3 Choose the Correct Micron Rating

Typical recommendations include:

Application Typical Micron Rating

Coarse clarification 1.2 µm

Fine clarification 0.65 µm

Beverage clarification 0.45 µm

Sterile liquid filtration 0.2 µm

Critical pharmaceutical processing 0.1–0.2 µm
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4 Determine Flow Requirements

Engineers should calculate:

Required flow rate

Maximum differential pressure

Operating temperature

Fluid viscosity

Expected contamination loading

This determines cartridge size and quantity.

5 Check Chemical Compatibility

Never assume all membranes are chemically compatible. Always verify compatibility with:

Acids

Alkalis

Solvents

Cleaning chemicals

Sterilisation methods

Selecting the wrong membrane can dramatically reduce service life.

6 Consider Regulatory Requirements

Depending on the industry, filters may require compliance with:

FDA food contact regulations

EU food contact legislation

USP Class VI

ISO quality standards

GMP manufacturing requirements

Common Causes of Membrane Filter Failure

Membrane filters are highly reliable when operated within their design limits. However, several common issues can

reduce performance or shorten service life.
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Premature Blocking

The most common cause of early filter replacement is excessive particulate loading.

No pre-filtration

High suspended solids

Poor process control

Solution: Install a suitable depth filter upstream to remove larger particles before they reach the membrane.

Incorrect Membrane Material

Using the wrong membrane chemistry can lead to:

Swelling

Chemical attack

Reduced flow

Membrane damage

Solution: Always confirm compatibility before installation.

Excessive Differential Pressure

Operating beyond the recommended pressure limit may:

Damage pleats

Reduce flow

Compromise integrity

Solution: Pressure should always remain within the manufacturer's operating limits.

Improper Installation

Incorrect installation can result in:

Seal leakage

Bypass

Product contamination

Reduced efficiency

Solution: Always ensure cartridges are correctly seated and O-rings are compatible with the process fluid.
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Inadequate Cleaning

Where reusable membrane systems are employed, poor cleaning procedures can cause:

Permanent fouling

Reduced permeability

Microbial growth

Shortened membrane life

Solution: Cleaning procedures should follow validated process instructions.

Membrane Fouling

Fouling is the gradual accumulation of contaminants on or within the membrane, reducing filtration performance over

time. The four main fouling mechanisms are:

Particulate Fouling

Solid particles accumulate on the membrane surface, increasing pressure drop and reducing flow.

Organic Fouling

Proteins, oils and natural organic matter can coat the membrane surface, restricting permeability.

Biological Fouling

Microorganisms form biofilms on the membrane, reducing efficiency and potentially compromising product quality.

Scaling

Mineral salts such as calcium carbonate or silica precipitate onto the membrane surface, creating hard deposits.

Preventative measures include:

Effective pre-filtration

Correct cleaning procedures

Optimised flow rates

Routine monitoring

Scheduled maintenance

Maintenance and Replacement

Routine maintenance is essential to maximise filter life and maintain process performance.

Operators should monitor:

Differential pressure

Flow rate

Product quality

Microbial test results
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Operators should monitor:

Differential pressure

Flow rate

Product quality

Microbial test results
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Inadequate Cleaning

Where reusable membrane systems are employed, poor cleaning procedures can cause:

Permanent fouling

Reduced permeability

Microbial growth

Shortened membrane life

Solution: Cleaning procedures should follow validated process instructions.

Membrane Fouling

Fouling is the gradual accumulation of contaminants on or within the membrane, reducing filtration performance over

time. The four main fouling mechanisms are:

Particulate Fouling

Solid particles accumulate on the membrane surface, increasing pressure drop and reducing flow.

Organic Fouling

Proteins, oils and natural organic matter can coat the membrane surface, restricting permeability.

Biological Fouling

Microorganisms form biofilms on the membrane, reducing efficiency and potentially compromising product quality.

Scaling

Mineral salts such as calcium carbonate or silica precipitate onto the membrane surface, creating hard deposits.

Preventative measures include:

Effective pre-filtration

Correct cleaning procedures

Optimised flow rates

Routine monitoring

Scheduled maintenance

Maintenance and Replacement

Routine maintenance is essential to maximise filter life and maintain process performance.

Operators should monitor:

Differential pressure

Flow rate

Product quality

Microbial test results
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Visual condition of the cartridge

Membrane cartridges should generally be replaced when:

Pressure drop exceeds the recommended limit.

Flow rate becomes insufficient.

Integrity testing fails.

Product quality is compromised.

Scheduled maintenance intervals are reached.

Following a documented maintenance programme helps reduce unplanned downtime and supports consistent process

performance.

Frequently Asked Questions

What is a membrane filter?

A membrane filter is a precision-engineered filtration medium with controlled pore sizes that removes particles and

microorganisms from liquids or gases by surface filtration.

What is the difference between a membrane filter and a depth filter?

Membrane filters capture contaminants on the surface and provide absolute retention, whereas depth filters trap

particles throughout a fibrous matrix and are generally used for pre-filtration.

Which membrane material is best?

There is no universal "best" material. PES is often preferred for aqueous sterile filtration, PTFE for aggressive chemicals

and gases, PVDF for high-purity applications and Nylon for many laboratory processes. The correct choice depends on

the fluid, operating conditions and compatibility requirements.

What micron filter removes bacteria?

A validated 0.2 µm membrane filter is widely used for sterile liquid filtration and is capable of retaining most bacteria

under validated operating conditions.

Can membrane filters remove viruses?

Some viruses are smaller than the pore size of standard sterilising-grade membranes. Virus removal generally requires

specialised ultrafiltration or nanofiltration membranes designed for that purpose.

Can membrane filters be steam sterilised?

Many membrane cartridges, particularly PES and selected PTFE designs, can be steam sterilised or autoclaved. Always

follow the manufacturer's recommendations for temperature, pressure and cycle limits.

How long does a membrane filter last?

Service life depends on the application, contamination level, operating pressure and maintenance regime. Using

appropriate pre-filtration and monitoring differential pressure can significantly extend cartridge life.

What causes membrane filters to block?

The most common causes are excessive particulate loading, biological fouling, mineral scaling and organic deposits.

Correct pre-filtration and regular maintenance help minimise these issues.
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Visual condition of the cartridge

Membrane cartridges should generally be replaced when:

Pressure drop exceeds the recommended limit.

Flow rate becomes insufficient.

Integrity testing fails.

Product quality is compromised.

Scheduled maintenance intervals are reached.

Following a documented maintenance programme helps reduce unplanned downtime and supports consistent process

performance.

Frequently Asked Questions

What is a membrane filter?

A membrane filter is a precision-engineered filtration medium with controlled pore sizes that removes particles and

microorganisms from liquids or gases by surface filtration.

What is the difference between a membrane filter and a depth filter?

Membrane filters capture contaminants on the surface and provide absolute retention, whereas depth filters trap

particles throughout a fibrous matrix and are generally used for pre-filtration.

Which membrane material is best?

There is no universal "best" material. PES is often preferred for aqueous sterile filtration, PTFE for aggressive chemicals

and gases, PVDF for high-purity applications and Nylon for many laboratory processes. The correct choice depends on

the fluid, operating conditions and compatibility requirements.

What micron filter removes bacteria?

A validated 0.2 µm membrane filter is widely used for sterile liquid filtration and is capable of retaining most bacteria

under validated operating conditions.

Can membrane filters remove viruses?

Some viruses are smaller than the pore size of standard sterilising-grade membranes. Virus removal generally requires

specialised ultrafiltration or nanofiltration membranes designed for that purpose.

Can membrane filters be steam sterilised?

Many membrane cartridges, particularly PES and selected PTFE designs, can be steam sterilised or autoclaved. Always

follow the manufacturer's recommendations for temperature, pressure and cycle limits.

How long does a membrane filter last?

Service life depends on the application, contamination level, operating pressure and maintenance regime. Using

appropriate pre-filtration and monitoring differential pressure can significantly extend cartridge life.

What causes membrane filters to block?

The most common causes are excessive particulate loading, biological fouling, mineral scaling and organic deposits.

Correct pre-filtration and regular maintenance help minimise these issues.
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Conclusion

Membrane  filters  play  a  vital  role  in  modern  industrial  filtration  by  delivering  precise,  repeatable  and  validated

separation of particles and microorganisms. Their consistent pore structure, high filtration efficiency and broad range of

membrane materials make them suitable for applications ranging from pharmaceutical production and biotechnology

to food processing, chemical manufacturing and high-purity water systems.

Selecting  the  correct  membrane  involves  more  than  choosing  a  micron  rating.  Engineers  should  consider  fluid

compatibility, flow requirements, operating conditions, regulatory standards and the overall filtration train to achieve

reliable long-term performance.

Whether your priority is sterile filtration, process protection or product quality, understanding membrane technology

allows you to make informed decisions that improve efficiency, reduce operating costs and maintain compliance.

For organisations looking to specify or upgrade membrane filtration systems, PoreFiltration’s range of membrane

filter cartridges, available in multiple membrane materials and pore sizes, can be matched to a wide variety of

industrial applications.

Precision Filtration. Proven Performance.

www.porefiltration.co.uk  |  +44 (0)20 3750 8060  |  enquiries@porefiltration.co.uk
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