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Media and Membrane Filtration

Section A: Detailed Explanations and
Examples

1. Classification and Pore Size Spectra

Filtration systems are classified by their separation mechanism and the physical size of the impurities they can
reject. This classification dictates the driving force required (usually hydrostatic pressure) and the structural
design of the filter. As pore sizes decrease, the resistance to fluid flow increases exponentially, requiring
significantly higher operational pressures to maintain a stable flux (the rate of fluid passing through a unit area
of membrane).

Examples: Media Filtration & MF: Used as the first stage in municipal water plants to drop turbidity.
Microfiltration (MF) is widely used in the beverage industry to clarify beer and wine by removing yeast cells and
large particulate proteins without altering flavor molecules. Ultrafiltration (UF): Used in downstream
biotechnology to concentrate therapeutic proteins or clear viral vectors out of biopharmaceutical harvests.
Nanofiltration (NF): Used in ‘'water softening' plants to remove divalent ions like calcium and magnesium without
needing chemical regeneration. Reverse Osmosis (RO): The gold standard for seawater desalination plants
(e.g., the Sorek plant in Israel), stripping monovalent sodium and chloride ions out of ocean water to create
drinking water.

2. Transport Mechanisms and Rejection Theories

The physics of how water moves through a filter determines its efficiency and energy consumption. Three
primary models define this transport: 1) Sieving (Size Exclusion): A purely geometric mechanism. If a particle is
larger than the physical pore opening, it cannot pass. 2) Depth Filtration Mechanisms: Within a granular media
bed, particles smaller than the physical gaps are still captured. This happens via interception (fluid streamlines
bring particles into contact with the media), inertial impaction (heavy particles cross streamlines due to
momentum and hit the media), and diffusion (Brownian motion causes tiny particles to drift into the media
surface). 3) Solution-Diffusion Model: Governs dense RO membranes. Instead of passing through physical
holes, water molecules dissolve into the polymer matrix of the membrane, migrate across it along a chemical
potential gradient, and dissolve out on the permeate side. lons are rejected because their size and hydration
energy prevent them from dissolving into the polymer.

Examples: Depth Filtration: A deep-bed dual-media sand and anthracite filter at a wastewater plant trapping
fine suspended solids throughout its 1.5-metre depth, rather than just forming a crust on top. Solution-Diffusion:
High-pressure seawater RO systems where the transport of water is governed by Fick's First Law: Jw = A(AP -
Am), where Jw is water flux, A is membrane permeability, AP is operating pressure, and Artis the differential
osmotic pressure across the membrane. If AP does not exceed AT, zero water flows.
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Media and Membrane Filtration

3. Membrane Fouling, Scaling, and Mitigation

Fouling is the inevitable accumulation of external materials on a membrane's surface or within its internal pore
structure, causing a severe drop in water flux over time. It can be classified into colloidal fouling (deposition of
clays/silts), organic fouling (adsorption of natural organic matter like humic acids), inorganic scaling
(precipitation of supersaturated mineral salts like calcium carbonate), and biofouling (growth of living microbial
biofilms). Mitigation relies on pre-treatment optimization, antiscalant dosing, automated forward flushing, and
specialized chemical cleans.

Examples: Scaling: In brackish groundwater RO systems, as pure water is squeezed out, concentration
polarization causes calcium sulfate to concentrate near the membrane until it crystallizes, forming a hard, white
crust that ruins membrane flux. Biofouling: Marine bacteria settling on an RO membrane surface, secreting
Extracellular Polymeric Substances (EPS). This creates a slippery, stubborn biofilm layer that shields the
bacteria from standard disinfectants and drives up feed pressure requirements.

4. Backwashing and Chemical Cleaning (CIP)

When reversible fouling builds up, physical or chemical intervention is required to restore performance. Physical
Backwashing is used in granular media and hollow-fiber MF/UF where clean water (and often compressed air)
is pumped backward through the filter. This expands/fluidizes the media bed or expands the fibers, shaking
loose the trapped cake layer and flushing it to waste. Clean-in-Place (CIP) is used when fouling is chemically
bound or irreversible via physical backwashing. Chemical solutions are circulated through the system at
elevated temperatures without dismantling.

Examples: Media Bed Backwashing: Every 24 to 48 hours, a rapid sand filter is taken offline. Air is scoured
through the bottom to vigorously rub sand grains together, followed by a high-velocity water backwash that
carries the dislodged sludge out to a settling pond. Membrane CIP Protocol: A typical multi-stage CIP cycle for
an RO system suffering from mixed fouling involves a low pH flush (pH 2 using citric acid) to dissolve inorganic
scales, followed by a high pH flush (pH 12 using sodium hydroxide and surfactants) to dissolve organic
substances and bio-biofilms.

5. Materials Science and Membrane Fabrication

The choice of material dictates a filter's longevity, chemical compatibility, and operational thermal limits.
Polymeric Membranes are fabricated primarily via Phase Inversion (Non-Solvent Induced Phase Separation, or
NIPS), where a polymer dissolved in a solvent is cast onto a substrate and submerged in a water bath, causing
it to solidify into a porous structure. Advanced RO membranes use Interfacial Polymerisation to create a
thin-film composite (TFC) featuring an ultra-thin polyamide active layer over a porous polysulfone support.
Ceramic Membranes are formed from inorganic materials like alumina, titania, or silicon carbide, providing
extreme structural and thermal resilience.

Examples: PVDF Membranes: Polyvinylidene fluoride is highly resistant to chlorine. It is selected for
wastewater plants where regular bleach shock-treatments are necessary to kill bacteria. Ceramic Systems:
Used in the pharmaceutical industry to filter hot, acidic fermentation broths (>80°C, pH <2) that would instantly
dissolve or deform a standard plastic polymeric membrane.
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Media and Membrane Filtration

6. System Configuration and Hydrodynamics

How fluid is directed across the separation surface alters the accumulation rate of rejected contaminants. In
Dead-End Filtration, the entire feed stream is forced directly against the filter medium. All rejected particulates
accumulate as a cake layer. This is highly energy-efficient but requires frequent backwashing. In Cross-Flow
Filtration, the feed fluid pumps parallel to the membrane face at high velocity. The shear force continuously
sweeps away accumulated particles, drastically reducing concentration polarization and cake layer thickness.

Examples: Spiral-Wound Modules: Used in RO. Flat membrane sheets, feed spacers, and permeate spacers
are rolled tightly around a central perforated tube. This pack configuration provides an exceptionally high
surface area per unit volume but is prone to clogging if large solids are present. Hollow-Fiber Modules:
Thousands of tiny, noodle-like membrane straws packed inside a pressure vessel. Feed water passes through
the center of the fiber or outside-in, offering easy physical backwashing capability.

7. Pre-treatment Optimization

Advanced membranes are highly vulnerable. Large particulates can physically abrade thin polyamide surfaces,
while free chlorine will chemically oxidize and destroy an RO membrane's selective layer. Pre-treatment is an
optimized sequence of roughing filters and chemical additions designed to bring raw water conditions within
safe membrane operational tolerances before reaching the primary filtration unit.

Examples: Desalination Pre-treatment: Seawater is dosed with ferric chloride to clump fine marine algae into
larger flocs. The water passes through a multimedia depth filter (anthracite-sand) to trap the flocs, then through
a granular activated carbon (GAC) bed to strip out residual organic matter. Finally, it passes a 5-micrometre
wound cartridge thread filter directly before entering the high-pressure RO pumps to guarantee zero particulate
breakthrough.

8. Adsorption and Surface Chemistry

Filtration is not always purely mechanical; chemical reactions frequently drive the separation when impurities
are too small to be physically sieved out and are dissolved in solution. Physisorption occurs when contaminants
migrate into the highly porous structure of an adsorbent medium and are held by weak Van der Waals forces.
Chemisorption occurs when true chemical bonds are formed between the contaminant molecules and
functional groups engineered onto the media surface.

Examples: Granular Activated Carbon (GAC): Used globally to remove PFAS (‘forever chemicals'), microcystin
algal toxins, and taste/odor compounds like geosmin from municipal drinking water supplies. The target
compounds chemically cling to the vast carbon pore network. Charged Ultrafiltration Membranes: Specially
modified membranes embedded with negative sulfonic acid groups that actively repel negatively charged
natural organic matter via electrostatic repulsion.

Author: Belltes Khoza Page 4 of 25



Media and Membrane Filtration

9. Membrane Bioreactors (MBRS)

An MBR combines biological secondary wastewater treatment (activated sludge activated by microorganisms)
with a physical membrane separation step. In conventional wastewater treatment, gravity settling tanks
(clarifiers) are used to separate treated clean water from biological sludge blocks. MBRs replace gravity
clarifiers entirely by submerging MF or UF hollow-fiber membrane bundles directly inside the biological aeration
tank, drawing clean water out through the fibers using a vacuum pump.

Examples: Decentralized Water Recycling: Commercial skyscrapers or luxury eco-resorts use localized MBR
systems in their basements to treat blackwater on-site. Because the UF/MF barrier mechanically blocks 100%
of suspended solids and dangerous bacteria, the treated effluent is clear and sanitized enough to be fed directly
back into the building's infrastructure for toilet flushing and cooling-tower loops.

10. Analytical Techniques and Quality Testing

Maintaining system performance requires rigorous analytical verification to ensure no physical damage or
microbial bypass occurs. Core methods include non-destructive physical integrity tests (like pressure decay or
bubble point tests) used to verify that a membrane contains no micro-tears or bypasses, and microbiological
enumeration techniques.

Examples: Bubble Point Test: A membrane is completely wetted with a liquid, and gas pressure is slowly
applied to the underside. The pressure required to force air bubbles out of a wet pore is inversely proportional
to the pore diameter. A premature bubble reveals a defect. Municipal Lab Testing: A water plant operator
collects a 100-mL sample of finished drinking water and draws it through a sterile 0.45-um analytical membrane
filter disc. The membrane is placed directly on an agar Petri dish and incubated for 24 hours to accurately count
individual glittering colonies of E. coli.
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Section B: One Hundred Definitions,
Examples, and Analogies

Topic 1: Classification and Pore Size Spectra

1. Nominal Pore Size

Description: The average or approximate pore size rating of a filter matrix, indicating that it will stop the
majority of particulates at that size, though not necessarily 100% of them.

Example: A 0.45 um nominal cartridge used to pre-filter beverage fluids.

Analogy: A chain-link fence. It stops soccer balls completely and catches most footballs, but a deflated or
oddly shaped ball might occasionally slip through.

2. Absolute Pore Size

Description: The maximum pore size diameter of a membrane, strictly guaranteeing that 100% of particles
above this specific microscopic measurement will be physically retained.

Example: A 0.22 pm absolute-rated membrane used for cold-sterilizing pharmaceuticals.

Analogy: A high-security airport turnstile. If your bags are wider than the structural opening, there is a zero
per cent chance they can pass through.

3. Turbidity
Description: A measure of water clarity indicating the presence of suspended solids, measured by how much
light scatters when shone through a fluid sample.

Example: Raw river water turning brown and muddy after heavy rain measures high in Nephelometric
Turbidity Units (NTU).

Analogy: Fog on a highway. The denser the moisture patrticles in the air, the harder it is for your headlights to
cut through.

4. Silt Density Index (SDI)

Description: An empirical test measuring the rate at which a 0.45 um membrane plugs when fed with a
specific water source under constant pressure; used to estimate fouling risk for downstream RO systems.

Example: Municipalities demand an SDI of less than 3.0 before letting water enter an RO membrane.

Analogy: Timing how fast a vacuum cleaner bag fills up with dust to guess when the machine will lose suction.
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5. Molecular Weight Cut-Off (MWCO)

Description: The molecular weight (expressed in Daltons) at which a membrane rejects 90% of a specific
solute.

Example: An ultrafiltration membrane rated at 10,000 Da (10 kDa) used to separate large proteins from small
peptides.

Analogy: A bouncer at a club door who refuses entry to anyone weighing over 100 kg, letting only lighter
individuals pass.

6. Flux

Description: The volume of fluid passing through a given area of membrane surface over a specific unit of
time, typically calculated as Litres per Square Metre per Hour (LMH).

Example: Designing a water plant around a target flux of 25 LMH to balance water output against fouling
rates.

Analogy: Traffic flow. Counting how many cars pass through a highway toll lane every minute.

7. Recovery Rate

Description: The percentage of the raw feed water volume that successfully passes through the filter as
clean, treated water.

Example: An industrial RO system taking in 100 L of brackish water and outputting 75 L of pure water
operates at a 75% recovery rate.

Analogy: Squeezing an orange. The percentage of the total weight of the orange that turns into juice versus
the pulp left behind.

8. Permeate (or Filtrate)

Description: The purified liquid stream that has successfully passed through the filtering medium or
membrane barrier.

Example: The crystal-clear, desalted water collected from the center core of a spiral-wound RO module.

Analogy: The brewed coffee that drips cleanly into your pot, leaving the grounds behind.

9. Concentrate (or Retentate)

Description: The waste stream containing all the rejected particles, bacteria, or concentrated salts that could
not pass through the filter.

Example: The highly salty brine rejected by a desalination plant and pumped back out into the ocean.

Analogy: The thick accumulation of pulp, seeds, and skins left inside a juicer after extracting fruit juice.

10. Transmembrane Pressure (TMP)

Description: The net driving force pushing fluid through a membrane, calculated as the average pressure on
the feed side minus the pressure on the permeate side.

Example: Monitoring a UF system's TMP rise from 0.2 bar to 1.5 bar, signaling that it is time for a backwash.

Analogy: How hard you have to blow into a clogged straw to get a sip of your drink.
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Topic 2: Transport Mechanisms and Rejection Theories

11. Size Exclusion

Description: The physical retention of a contaminant strictly because its geometric dimensions are larger than
the pore opening of the filter material.

Example: A microfiltration membrane blocking large Cryptosporidium cysts.

Analogy: Trying to push a basketball through a tennis racket mesh.

12. Cake Filtration

Description: A process where rejected particles accumulate on the filter surface, forming a thick, porous layer
that ironically acts as a secondary, finer filter bed.

Example: A layer of biomass forming on a microfilter, trapping finer particles than the membrane itself could.
Analogy: Leaves clogging a gutter. As leaves pile up over the drain hole, they form a dense mat that catches

tiny twigs and pine needles that would normally wash away.

13. Solution-Diffusion

Description: The transport mechanism in dense membranes where molecules dissolve into the polymer
matrix, migrate across by molecular diffusion, and desorb on the other side.

Example: Water molecules passing through a polyamide RO membrane layer while sodium ions are blocked.
Analogy: A crowded room with a single locked door. Only people who have a key (affinity) can step into the
door matrix, walk through, and step out into the hallway on the other side.

14. Tortuosity

Description: A measure of the winding, highly crooked, and complex path that fluid must travel through the
internal matrix of a deep filter bed.

Example: Designing a sand filter with a high tortuosity factor to maximize particle collision opportunities.
Analogy: Driving through a sprawling maze of narrow alleyways in an old city versus driving down a straight,

open highway.

15. Interception

Description: A depth filtration mechanism where a particle following a fluid streamline comes physically close
enough to touch a grain of filter media, causing it to stick.

Example: Silt particles attaching to sand grains inside a municipal deep-bed filter.
Analogy: Walking down a narrow hallway while wearing a wide, fuzzy velcro suit; you inevitably brush against
and stick to the walls.

16. Inertial Impaction

Description: A mechanism where heavy, high-velocity particles fail to follow changing fluid paths around a
filter grain due to momentum, smashing directly into the media and getting trapped.

Example: Dense mineral dust hitting granular anthracite grains in a rapid sand filter.

Analogy: A car failing to make a sudden, sharp turn on an icy bend and skidding directly off the road into a
guardrail.
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17. Concentration Polarization

Description: The localized accumulation of rejected solutes at the immediate surface of a membrane,
creating a concentrated boundary layer higher than the bulk fluid.

Example: High salt concentration building up right next to an RO membrane sheet, which increases osmotic
pressure and reduces flux.

Analogy: A crowd of fans rushing a concert stage. The area directly against the security barricade becomes
dangerously packed, even if the back of the arena has plenty of open space.

18. Osmotic Pressure

Description: The natural pressure exerted by dissolved salts trying to pull pure solvent across a
semi-permeable membrane to equalize salt concentration on both sides.

Example: Seawater possessing a natural osmotic pressure of roughly 27 bar that must be overcome to
desalinate it.

Analogy: Thirst. The more salty snacks you eat, the harder your body pulls and demands pure water to dilute
it back to normal balance.

19. Fick's Law of Diffusion

Description: The mathematical principle stating that the mass flux of a diffusing species is directly
proportional to its concentration gradient.

Example: Calculating salt passage through an RO membrane based on the concentration difference between
the feed and permeate streams.

Analogy: Dropping food coloring into a glass of still water; the color spreads rapidly out from the highly
concentrated drop into the clear areas until everything is even.

20. Steric Hindrance

Description: The slowing down or complete blocking of chemical or transport processes because the physical
shapes and configurations of molecules bump into each other.

Example: Long, linear organic molecules failing to pass through nanofiltration pores because their spatial
orientation prevents entry.

Analogy: Trying to carry a wide, awkwardly shaped sofa through a narrow apartment doorway; even if the
sofa's volume is small, its shape makes it stick.

Topic 3: Membrane Fouling, Scaling, and Mitigation

21. Biofouling

Description: The unwanted attachment and proliferation of living microorganisms on a filter surface, creating
a protective, slimy biofilm.

Example: Slime layers growing inside industrial RO membranes processing surface water.

Analogy: Barnacles tightly encrusting the bottom hull of a ship, dragging down its speed and fuel efficiency.
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22. Inorganic Scaling

Description: The precipitation and crystallization of supersaturated dissolved mineral salts directly onto the
active filtration surface.

Example: Calcium carbonate forming white, chalky stone blankets inside an RO element.

Analogy: Hard water crust scaling up the inside of your kitchen kettle over months of boiling tap water.

23. Organic Fouling

Description: The adsorption of natural or synthetic organic molecules, such as humic acids or proteins, onto
the surface or within the pores of a membrane.

Example: Wastewater treatment membranes turning brown from tea-like tannins present in the incoming
water.

Analogy: Spilling maple syrup on a kitchen counter; it leaves behind a sticky residue that catches everything
else that passes over it.

24. Colloidal Fouling

Description: The blinding of a filter by non-settleable suspended micro-particles like fine clays, silt, or silica
flakes.

Example: Clay particles choking out a surface-water ultrafiltration plant.

Analogy: Pouring thick, muddy water through a fine mesh kitchen strainer until the tiny clay particles pack
together and plug the holes completely.

25. Reversible Fouling

Description: Fouling that is loosely attached to the surface and can be easily removed using basic physical
methods like backwashing or air scouring.

Example: A loose cake layer of dust on a hollow fiber that blows off during a daily backflush.

Analogy: Loose dust sitting on a car windshield that can be instantly cleaned away by turning on the wipers.

26. Irreversible Fouling

Description: Severe fouling that cannot be removed by physical rinsing and requires targeted chemical
cleaning to break the bonds holding it to the filter material.

Example: Chemically adsorbed organic compounds lodged deep inside the internal pore channels of a PES
membrane.

Analogy: A dark oil stain soaked deep into a white cotton shirt; simply running it under water will not clean
it—it requires specialized bleach or detergent.

27. Antiscalant

Description: A specialized chemical injected into the feed water upstream of a membrane to delay or stop
dissolved minerals from precipitating and forming scale crystals.

Example: Dosing polyphosphates into an RO feed line to prevent calcium scaling.

Analogy: Adding anti-freeze to a car radiator to prevent the liquid water from turning into solid ice crystals
during cold weather.
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28. Extracellular Polymeric Substances (EPS)

Description: A sticky polymer slime secreted by bacteria that acts as a structural glue, locking microbial
communities onto surfaces and shielding them from chemicals.

Example: The defensive slime layer that keeps a biofilm firmly attached to a wastewater membrane during
high-flow flushes.

Analogy: The protective, sticky mucus layer on a slug that keeps it hydrated and helps it cling tightly to
slippery surfaces.

29. Irrecoverable Fouling

Description: Permanent membrane degradation where fouling or physical matrix collapse cannot be resolved
by either physical backwashing or intensive chemical CIP cycles, marking the end of the membrane's useful
life.

Example: Severe, years-long biofouling that has hardened and permanently clogged an RO module beyond
rescue.

Analogy: A frying pan that has been so badly burned and charred black over a campfire that no amount of
scrubbing or soap can ever make it usable again.

30. Critical Flux

Description: The specific threshold value of flux below which fouling remains low and manageable, but above
which fouling escalates rapidly as particles are forced violently against the membrane.

Example: Operating a wastewater UF membrane strictly at 20 LMH because exceeding 25 LMH causes
instant cake compaction.

Analogy: Driving a car at a speed where you can easily dodge potholes versus driving so fast that you smash
straight into every bump before you can react.

Topic 4: Backwashing and Chemical Cleaning (CIP)

31. Bed Expansion

Description: The physical swelling and lifting of a granular media bed during a backwash cycle, caused by the
upward force of reversing water lifting the grains.

Example: A sand filter bed expanding by 30% in volume during its cleaning cycle to let trapped dirt escape.
Analogy: Stepping on a plush shag rug and fluffing it up with a rake to let all the trapped crumbs shake loose

from the deep fibers.

32. Fluidization

Description: The state achieved when an upward flow of fluid through a granular bed matches the
gravitational weight of the particles, causing the solid grains to behave like a boiling liquid.

Example: A rapid sand filter entering fluidization during an air-water backwash, causing the sand grains to
churn and roll.

Analogy: The bubbling, swirling movement of plastic balls inside a children's play ball-pit when an air blower is
turned on underneath.
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33. Clean-In-Place (CIP)

Description: An automated system method designed to thoroughly clean membrane systems by circulating
chemical solutions through the units without dismantling any pipework or housing.

Example: Hooking an RO system to a dedicated CIP skid to flush it with heated citric acid for two hours.

Analogy: Running a cleaning cycle on your household dishwasher or washing machine using a special
cleaning tablet while the machine remains closed and installed.

34. Air Scouring
Description: Injecting compressed air into the bottom of a media or membrane filter to create violent bubbling,
physically shaking loose stubborn debris before flushing it away with water.
Example: Blowing air into a submerged hollow-fiber UF module to rattle the individual fibers and shake off
sludge.

Analogy: Shaking a dusty floor mat vigorously out the window to knock the heavy dirt loose before throwing it
into the wash.

35. Saponification
Description: A chemical reaction where a strong base (like NaOH) breaks down fats, oils, and biological
grease layers, turning them into water-soluble soap compounds that easily wash away.

Example: Using a high-pH CIP solution at pH 12 to melt away oily organic layers coating an ultrafiltration
membrane.

Analogy: Using heavy-duty dish soap to strip thick bacon grease off a frying pan, turning grease into slick
bubbles that rinse down the drain.

36. Forward Flush

Description: Running feed water or permeate across a membrane surface at high velocity in the normal
direction of flow but with the waste valve wide open, sweeping away loose surface debris without applying
filtration pressure.

Example: A 2-minute high-speed forward flush executed before an RO system starts up to clear stale salt
accumulation.

Analogy: Using a high-pressure garden hose to spray loose dirt off your driveway rather than letting it soak
into the concrete.

37. Chemical Enhanced Backwash (CEB)

Description: A brief, frequent physical backwash that incorporates low doses of cleaning chemicals (like
bleach or acid) into the backflush water to kill bacteria and dissolve minor scaling on the fly.

Example: An automated UF system performing a CEB with chlorine every 12 hours to prevent biofouling
buildup.

Analogy: Brushing your teeth daily with toothpaste to stop plaque from forming, preventing the need for a
deep, painful scrape at the dentist later.
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38. Backwash Flux

Description: The volumetric flow rate per unit area used when pumping clean liquid backward through a filter
during a cleaning cycle; typically much higher than normal operating flux.

Example: Operating a system at 30 LMH production flux but using 250 LMH backwash flux to force dirt out.
Analogy: Coughing or sneezing violently to clear a blockage out of your airway rather than taking a normal
breath inward.

39. Sequestering Agent

Description: A chemical component in cleaning solutions that binds with metal ions (like iron or calcium),
wrapping around them so they cannot re-precipitate back onto the filter.

Example: Adding EDTA to a CIP cleaning blend to keep dissolved calcium floating safely in the waste stream.
Analogy: A police officer handcuffing a disruptive person and escorting them clean out of a building so they

cannot break anything else.

40. Drawdown

Description: The process of lowering the water level in a media filter tank down near the surface of the sand
bed before initiating an air scour or backwash cycle.

Example: Draining the top water layer out of a multimedia vessel to avoid over-diluting the incoming cleaning
chemicals or wasting water.

Analogy: Lowering the water level in a boiling pot before adding ingredients so that the liquid does not
overflow onto your stovetop when it begins to bubble.

Topic 5: Materials Science and Membrane Fabrication

41. Thin-Film Composite (TFC)

Description: A multi-layered membrane structure consisting of an ultra-thin, highly selective active layer
(usually polyamide) cast on top of a highly porous, durable mechanical backing material.

Example: Standard industrial RO membranes built with a polyamide active skin on top of a polysulfone
support matrix.

Analogy: A heavy winter jacket featuring a tough, thick outer shell for structure, topped with a micro-thin,
specialized Gore-Tex layer to keep water out while letting air breathe.
42. Hydrophilicity

Description: The physical property of a material surface that causes it to attract water molecules strongly,
forming a defensive water film that repels organic materials and oils.

Example: Ceramic membranes are naturally hydrophilic, giving them a high natural resistance to organic oily
fouling.

Analogy: A freshly waxed car hood where water refuses to bead and instead sheets off smoothly, taking
surface dust along with it.
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43. Hydrophobicity
Description: The property of a material surface that repels water molecules, making it highly prone to
catching oils, fats, and organic molecules that try to escape water.

Example: Untreated polypropylene membranes are hydrophobic and foul rapidly if exposed to organic-rich
wastewater.

Analogy: An oil slick on a puddle. Oil avoids mixing with water at all costs, actively seeking out dry or plastic
surfaces to cling to.

44. Phase Inversion

Description: A manufacturing process where a liquid polymer solution is cast onto a surface and transformed
into a solid, porous membrane structure by immersing it in a non-solvent bath (like water).

Example: Casting polyethersulfone (PES) into hollow fibers via a wet spinning phase-inversion process.
Analogy: Making homemade gelatin or pudding. You pour a hot, uniform liquid into a mold, and as it cools or
sets, it solidifies into a firm, spongy structure with an internal web matrix.

45. Polyamide

Description: The highly dense polymer material used to create the incredibly thin, active rejection layer in
modern nanofiltration and reverse osmosis membranes.

Example: Interfacially polymerized aromatic polyamide sheets used to filter out dissolved sea salt.
Analogy: A tightly woven safety net made of microscopic high-strength fibers that are woven so close together
that nothing bigger than an actual molecule can squeeze through.

46. Polyvinylidene Fluoride (PVDF)

Description: A highly durable fluorine-based polymer popular for making MF/UF membranes due to its
excellent mechanical strength and resistance to harsh oxidizers like chlorine bleach.

Example: Submerged PVDF hollow-fiber bundles used in aggressive industrial wastewater MBRs.
Analogy: Heavy-duty Teflon cooking pans that can take scraping, high heat, and intense scrubbing without

peeling or corroding.

47. Polyethersulfone (PES)

Description: A high-performance thermoplastic polymer widely used to make asymmetric hollow-fiber
membranes because of its excellent temperature tolerance and uniform pore distribution.

Example: Dialysis filters and biotech UF systems built using PES fibers to process blood components safely.

Analogy: Medical-grade structural plastics used in hospitals—smooth, highly durable, sterile, and built to
handle precise flow dynamics without degrading.
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48. Cellulose Acetate

Description: An older, bio-derived polymer membrane material made from chemically treated wood pulp;
highly susceptible to biological degradation but completely resistant to degradation by chlorine.

Example: Legacy RO systems running on heavily chlorinated tap water where modern polyamide would
dissolve.

Analogy: A classic pair of wooden oars. They work beautifully and don't care about chemicals, but if left wet
and neglected in the mud, they will eventually rot away.

49. Interfacial Polymerization

Description: A chemical manufacturing reaction that occurs directly at the boundary line between two
immiscible solvent solutions, forming an ultra-thin polymer film.

Example: Reacting m-phenylenediamine in water with trimesoyl chloride in hexane to create an RO
membrane's active polyamide skin.

Analogy: Pouring milk into hot tea and watching that skin form instantly across the top surface where the hot
liquid meets the air.

50. Sintering

Description: The process of heating packed ceramic or metal powders just below their melting point until the
particles fuse together at their edges, leaving behind a rigid, highly porous structural filter.

Example: Creating industrial alumina ceramic membrane tubes by baking raw mineral powders in a
high-temperature kiln.

Analogy: Packing wet snow tightly with your hands to make a snowball. You don't melt the snow into ice, but
the pressure fuses the crystals together into a solid shape that still contains tiny air gaps.

Topic 6: System Configuration and Hydrodynamics

51. Cross-Flow Filtration

Description: A filtration method where the feed fluid pumps rapidly parallel to the membrane face, utilizing
high shear force to continuously sweep rejected solids away from the surface.

Example: Industrial desalination systems running in cross-flow mode to prevent salt ions from piling up on the
membrane.

Analogy: A sweeping wind blowing leaves across a mesh grate. The wind prevents the leaves from landing
and covering up the holes, keeping the air flowing freely down through the mesh.

52. Dead-End Filtration

Description: A filtration method where 100% of the incoming liquid is pushed directly against the filter surface,
forcing all rejected contaminants to pile up into an immediate cake layer.

Example: Standard household Brita pitchers or cartridge tap water filters.

Analogy: Driving a car directly into a dead-end wall. Everything in the car slams flat against the windshield
with nowhere to escape sideways.
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53. Spiral-Wound Module

Description: A compact membrane design where flat sheets of membrane, feed spacers, and permeate
collectors are rolled like a jelly-roll around a central perforated core tube.

Example: The standard 8-inch diameter elements packed inside long fiberglass pressure vessels at
desalination plants.

Analogy: Rolling up a sleeping bag tightly along with a mesh layer inside; water flows through the sides,
spirals inward through the fabric, and travels out through the center pole.

54. Hollow-Fiber Module

Description: A filter arrangement containing thousands of thin, flexible, noodle-like plastic tubes packed
inside a protective cylinder, offering massive surface area and easy backwashing.

Example: Submerged ZeeWeed-style UF systems used to clarify raw surface water reservoirs.
Analogy: A giant handful of drinking straws packed tightly inside a pipe. Water goes into the hollow center of
the straws and squeezes out through their porous plastic walls.

55. Feed Spacer

Description: A plastic mesh netting rolled between membrane layers in a spiral-wound module to create an
open channel for feed water to move through while generating turbulence to reduce fouling.

Example: A 30-mil thick diamond-patterned polypropylene spacer sandwiched between RO membrane
leaves.

Analogy: Placing a textured rubber mat underneath a heavy carpet to keep an open air gap so water can
drain out underneath instead of getting squashed flat.

56. Shear Rate

Description: The gradient of velocity change within a fluid layer flowing parallel to a solid boundary; high
shear rates physically tear away fouling layers from membrane surfaces.

Example: Increasing recirculating pump speed in a cross-flow loop to drive up the surface shear rate and
scrub away organic cake layers.

Analogy: Using a high-pressure leaf blower held close to the grass to break the grip of wet leaves stuck to the
lawn.

57. Permeate Spacer

Description: A dense, tricot-knit fabric backing layer inside a spiral module that holds the membrane sheets
open against high pressure, allowing pure water to flow toward the collection tube.

Example: The stiff, ribbed fabric sheets that support the delicate backside of an RO membrane sheet.

Analogy: The corrugated plastic channels inside a cardboard box sheet that prevent it from being easily
crushed flat when heavy boxes are stacked on top.
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58. Multi-Stage System

Description: A system layout where the concentrated reject stream from the first group of membrane vessels
becomes the incoming feed water for a second, smaller group of vessels to maximize water recovery.

Example: A'2:1 array' configuration in an industrial RO skid, where the concentrate lines of two vessels feed
into one final vessel.

Analogy: A multi-level sorting recycling facility. The items rejected by the first coarse belt are sent straight
onto a second, tighter belt to catch any valuable materials left behind.

59. Multi-Pass System

Description: A system layout where the purified permeate water from a first filtration system is fed into a
second, completely separate membrane system to achieve ultra-pure water quality.

Example: Passing water through a first RO system to remove 99% of salt, then running that clean water
through a second RO system to hit electronics-grade purity.

Analogy: Running your clothes through a full laundry wash cycle twice in a row to ensure absolutely zero
stains or soap residues remain on the fabric.

60. Hydraulic Retention Time (HRT)

Description: The average length of time a volume of water spends inside a filtration vessel or bioreactor tank
from the moment it enters until it passes out the other side.

Example: Designing an MBR system with an HRT of 4 hours to give biological bacteria enough time to break
down dissolved pollutants.

Analogy: The amount of time you sit inside a restaurant from the moment you walk through the door, order,
eat, and pay your bill before walking back out.

Topic 7: Pre-treatment Optimization

61. Coagulation

Description: The chemical process of adding positively charged metal salts (like alum) to water to neutralize
the negative electrical charges on fine suspended patrticles, allowing them to clump together.

Example: Injecting ferric chloride into raw reservoir water to turn microscopic cloudiness into visible, dense
flakes.

Analogy: Spreading a magnet through a pile of loose metal shavings; it instantly forces all the separate bits to
snap together into big, easy-to-grab clumps.

62. Flocculation

Description: The gentle, slow mixing stage following coagulation where small chemical particle clumps collide
and bind together into large, heavy, easily filtered ‘flocs.’

Example: Moving water through large, slow-turning paddle wheels before it flows onto rapid sand filters.

Analogy: Rolling a small snowball across a snow-covered lawn; as it rolls slowly, it picks up more loose snow
and grows into a massive ball.
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63. Cartridge Filter

Description: A disposable, replaceable yarn-wound or pleated fabric filter element placed directly upstream of
high-pressure pumps as a final safety check against particulate damage.

Example: Running water through a 5-micron spun polypropylene cartridge filter right before it strikes an
expensive RO booster pump.

Analogy: A screen door on your house. It doesn't purify the air, but it strictly stops bugs, leaves, and large
debris from blowing inside when you open the main door.

64. Sodium Bisulfite (SBS)

Description: A chemical reducing agent injected into water lines to instantly react with and neutralize free
chlorine, protecting sensitive polyamide membranes from oxidative chemical destruction.

Example: Dosing SBS upstream of an RO system after a heavy chlorine wash has been completed.
Analogy: Applying a chemical burn-neutralizing cream onto an acid spill to stop the chemical reaction from
eating away at the surface below.

65. Media Layering (Grading)

Description: Arranging granular media inside a deep filter tank with coarse, lightweight materials on top and
dense, fine materials on the bottom to optimize particulate trapping throughout the entire depth.

Example: A classic multimedia bed using large anthracite coal on top, medium sand in the middle, and fine
garnet sand at the bottom.

Analogy: A sorting sieve stack. Big rocks are caught by a wide top mesh, gravel is caught by a middle mesh,
and fine sand drops down to the tight bottom screen.

66. Anthracite

Description: A hard, high-carbon type of coal that is crushed and graded for use as the top, coarse filtration
layer in multimedia deep-bed filters due to its low density and angular shape.

Example: A municipal water plant using an 450 mm thick top layer of anthracite over sand to trap heavy mud.
Analogy: A thick layer of coarse pine bark mulch spread over garden soil that catches heavy rain leaves while

letting water pass down to the fine soil below.

67. Greensand

Description: A specialized mineral granular filter medium coated with manganese oxide, used explicitly to
oxidize and filter out dissolved iron, manganese, and hydrogen sulfide gas.

Example: A groundwater treatment plant running well water through a greensand filter bed to prevent iron
from staining sinks brown.

Analogy: A specialized rust-converter spray applied to bare metal that chemically changes red rust into a
stable, solid black layer that stops flaking.
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68. Shock Chlorination

Description: The intermittent injection of high concentrations of chlorine gas or liquid bleach into water
systems to rapidly kill off bacterial populations and blast away growing biological biofilms.

Example: Shocking a seawater intake pipe with 10 ppm chlorine for one hour every week to keep marine
growth clear.

Analogy: Flooding an overgrown weed patch with heavy-duty weed killer once a month to clear out the jungle
instead of pulling weeds daily by hand.

69. Scaling Potential

Description: A chemical calculation estimating whether dissolved minerals in water are likely to stay safely
dissolved or drop out of solution to form hard crystal scales based on pH, temperature, and concentration.

Example: Utilizing software to monitor the Langelier Saturation Index (LSI) of feed water to determine if
calcium scaling is imminent.

Analogy: Predicting weather conditions to guess if water vapor in the air will stay as a cloud or drop down as
solid, freezing frost on the grass.

70. De-chlorination

Description: The total removal of residual chlorine disinfectants from water before it touches a membrane
system, usually achieved via chemical injection (SBS) or passing through carbon beds.

Example: Using a carbon filter tank to strip municipal chlorine out of water before feeding a dialysis machine
loop.

Analogy: Using a chemical odor-remover on your pool clothes to strip out that strong, sharp bleach smell
before throwing them into a delicate washing machine.

Topic 8: Adsorption and Surface Chemistry

71. Physisorption

Description: An attraction mechanism where contaminant molecules stick to an adsorbent surface via weak
intermolecular forces (Van der Waals forces) without altering their chemical identities.

Example: Volatile organic odor compounds binding loosely inside the microscopic pore walls of an activated
carbon block.

Analogy: Static electricity pulling dust onto a television screen. The dust sticks firmly to the plastic surface but
can be wiped away easily without changing what the dust is made of.

72. Chemisorption

Description: An adsorption mechanism driven by a true chemical reaction where valence bonds are formed
between the contaminant molecules and specific active sites on a filter medium.

Example: Arsenic molecules chemically bonding to iron oxide media grains inside a specialized heavy-metal
removal canister.

Analogy: Two pieces of metal being permanently welded together by a torch rather than being loosely taped
together.
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73. Granular Activated Carbon (GAC)
Description: Highly porous, baked carbon particles (often made from coconut shells or coal) that provide an
immense internal surface area designed to chemically pull dissolved organic contaminants out of water.

Example: Large GAC filter columns used to strip industrial pesticides and PFAS chemicals out of
contaminated town wells.

Analogy: A single teaspoon of GAC granules contains so many microscopic internal tunnels and caverns that
its unfolding surface area could easily cover an entire football field.

74. Powdered Activated Carbon (PAC)

Description: Activated carbon ground down into a super-fine, flour-like powder that can be dumped directly
into water basins during seasonal water emergencies to quickly soak up taste and odor chemicals, then
filtered out as sludge.

Example: Adding PAC to a municipal reservoir intake during a summer blue-green algae bloom to absorb
musty geosmin toxins.

Analogy: Tossing a handful of fine baking soda onto an oil spill on a carpet to soak up the grease and smell
before vacuuming it all away.

75. Van der Waals Forces

Description: Weak, short-range electrostatic attraction forces that exist between completely neutral atoms
and molecules, acting as the primary sticking mechanism in physical adsorption.

Example: The subatomic force that pulls organic chemical rings close against the carbon sheets of an
activated carbon filter pore.

Analogy: The microscopic hairs on a gecko's foot that let it walk upside down across a smooth glass ceiling
without using glue or hooks.

76. Zeta Potential

Description: The measure of the electrical charge layer surrounding a colloidal particle suspended in liquid;
monitoring zeta potential helps determine how much coagulant is needed to neutralize the particles so they
clump together.

Example: A water plant adjusting alum dosing until the zeta potential of the water sample reads near zero
millivolts, signaling perfect conditions for filtration.

Analogy: Measuring the static charge on a balloon. If two balloons have high negative charges, they will
violently push away from each other; if you drain the charge, they can sit touching.

77. lon Exchange (1X)

Description: A process where water passes through a bead matrix of porous resin that swaps unwanted
dissolved mineral ions for harmless ions attached to its chemical structure.

Example: A home water softener swapping hard calcium ions for soft sodium ions to stop pipe scaling.

Analogy: A valet parking service. You hand over your muddy, messy truck (Calcium), and the valet hands you
back a clean, compact rental car (Sodium) in its place.
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78. Regeneration

Description: The process of restoring the spent capacity of an adsorption medium or ion exchange resin bed
by flushing it with a concentrated chemical solution to strip off contaminants and reload active sites.

Example: Flushing a water softener resin bed with a dense saltwater brine solution to wash away captured
calcium.

Analogy: Plugged your dead mobile phone battery into the wall outlet overnight to fully pump it back up with
electrical charge for the next day's use.

79. Breakthrough Curve

Description: A plotted graph tracking the concentration of an impurity in the clean water output over time; it
shows a sharp spike (‘breakthrough’) when the carbon or media bed runs out of capacity and lets pollutants
leak through.

Example: Engineering labs plotting a breakthrough curve to schedule exactly which month an industrial
carbon bed must be replaced.

Analogy: Watching a sponge absorb water. For a long time, zero water leaks out the bottom, but the moment
the sponge hits 100% capacity, water instantly breaks through and floods the floor.

80. Hydrophobic Interaction

Description: The thermodynamic force that drives non-polar, oil-loving molecules to cluster together and stick
tightly to hydrophobic filter surfaces to escape being surrounded by water molecules.

Example: Oil droplets instantly flattening out and binding tightly onto a polypropylene microfiltration fiber
sheet.

Analogy: Drops of rain grouping together into large beads on a freshly waxed car hood to minimize their
contact with the repelling wax surface.

Topic 9: Membrane Bioreactors (MBRS)

81. Mixed Liquor Suspended Solids (MLSS)

Description: The total concentration of active microorganisms, bacteria, and suspended organic matter
contained within the aeration tank of a biological wastewater treatment system.

Example: Maintaining an MBR tank at an incredibly high MLSS concentration of 10,000 mg/L to rapidly break
down dense waste.

Analogy: The density of bakers inside a massive commercial bakery kitchen. The higher the number of
workers packed inside, the faster they can process raw flour into baked bread.

82. Sludge Retention Time (SRT)

Description: The average number of days that biological microorganism cells are kept alive and working
inside the bioreactor system before they are purged out as waste sludge.

Example: Running an MBR plant with a long SRT of 25 days to allow slow-growing bacteria to develop and
consume tough industrial chemicals.

Analogy: Keeping experienced senior employees working at a company for decades rather than firing and
replacing the entire staff every two weeks.
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83. Submerged Membrane

Description: An MBR configuration where the membrane filtration modules are lowered directly into the
biological liquid sludge tank, using a vacuum to suck clean water through from the inside out.

Example: Hanging large cassettes of hollow-fiber UF membranes directly inside a municipal sewer aeration
basin.

Analogy: Dropping a tea bag or a straw directly into a cup of dirty liquid to pull clean fluid out, rather than
pouring the fluid through an external funnel filter.

84. Side-Stream MBR

Description: An MBR layout where the biological liquid is pumped completely out of the main aeration tank at
high pressure through an external, independent membrane module loop, and then returned.

Example: Using high-pressure tubular ceramic membranes mounted on a wall next to an industrial chemical
reactor vessel.

Analogy: An external kidney dialysis machine pulling blood out of a patient's arm, running it through an
external cleaning filter unit, and pumping it straight back into the body.

85. Aeration

Description: The process of pumping massive volumes of compressed air bubbles into the bottom of a
bioreactor tank to provide essential oxygen to bacteria while physically mixing the liquid.

Example: Large floor-mounted coarse bubble diffusers roaring inside an MBR tank to keep sludge from
settling to the bottom.

Analogy: An aquarium air pump bubbling away inside a fish tank to ensure the water stays rich in oxygen so
the fish can breathe and stay alive.

86. Biomass

Description: The total mass of living biological organisms (primarily bacteria and protozoa) actively engaged
in feeding on and breaking down the organic pollutants present in wastewater.

Example: The thick, earthy-smelling microbial culture cultivated inside an active municipal MBR basin.
Analogy: A massive colony of earthworms living inside a garden compost bin, working around the clock to
chew up food scraps and turn them into soil.

87. EPS (MBR Context)

Description: The specific sticky bacterial secretions that inside an MBR system act as the primary cause of
severe, stubborn membrane fouling by cementing sludge flocs tightly onto the plastic fibers.

Example: Tracking the ratio of bound-to-free EPS in an MBR tank to predict when a major chemical cleaning
cycle will be forced.

Analogy: Industrial superglue leaking out of packages inside a shipping container, sticking all the products
together into an unmanageable block.
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88. Permeate Pump

Description: The suction pump connected to the clean side of a submerged MBR module that creates a
gentle vacuum to pull pure water out through the microscopic membrane pores.

Example: A rotary lobe vacuum pump running at a gentle suction pressure of -0.2 bar to harvest clean water
from hollow fibers.

Analogy: Someone using their muscles to suck liquid upward through a straw dipped into a thick fruit
smoothie.

89. Screen Filtration

Description: An absolutely critical pre-treatment step for MBR systems using tight mesh screens (typically 1-2
mm) to trap hair, lint, and rags that would otherwise wrap around and destroy membrane fibers.

Example: Installing a rotary drum micro-screen at the headworks of an MBR plant to catch wastewater lint.
Analogy: Cleaning out the lint trap mesh inside your clothes dryer before a cycle to prevent fabric strings from
wrapping around the spinning motor shaft.

90. Sludge Wasting (WAS)

Description: The daily physical removal of a calculated portion of excess biological sludge from the reactor
system to keep the bacterial population age and density at optimal operating levels.

Example: Pumping 5,000 L of biological liquor out to a drying centrifuge daily to maintain a stable tank
concentration.

Analogy: Pruning back an overgrown rose bush by cutting away dead or excess branches to keep the core
plant healthy and blooming perfectly.

Topic 10: Analytical Techniques and Quality Testing

91. Bubble Point

Description: The specific gas pressure required to force air bubbles through the largest pore of a completely
liquid-wetted membrane; used to instantly verify pore size and detect physical tears.

Example: A pharmaceutical lab technician running an automated bubble point test on a sterile filter disc
before signing off on a batch of medicine.

Analogy: Submerging a patched bicycle tire inner tube into a bucket of water and inflating it; the exact spot
where bubbles start shooting out reveals where the hole is.

92. Pressure Decay Test

Description: An automated integrity test that pressurizes a membrane housing with gas and monitors the rate
of pressure drop over time; a rapid drop indicates a ruptured or leaking membrane element.

Example: A drinking water facility running a 5-minute automated pressure decay sequence on their UF racks
every morning at 4:00 AM.

Analogy: Pumping air into a car tire, turning off the pump, and watching a digital pressure gauge for ten
minutes to see if a slow nail leak is draining the pressure.
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93. Diffusion Flow Test

Description: An integrity test used for large-scale membrane systems where gas pressure is applied just
below the bubble point, measuring the tiny, normal rate of gas diffusing through the liquid layer to check for
defects.

Example: Verifying massive sterile multi-cartridge filter housings used in industrial vaccine manufacturing
plants.

Analogy: Looking at a closed soda bottle under pressure; you see tiny, individual gas bubbles slowly drifting
through the liquid rather than a violent eruption of foam from a leak.

94. Log Reduction Value (LRV)
Description: A mathematical logarithmic measurement showing the efficiency of a filtration system in
destroying or removing target microorganisms, where each log unit represents a 10-fold reduction.

Example: A UF membrane demonstrating an LRV of 4.0 means it blocks 99.99% of incoming viruses from
passing into the finished water.

Analogy: A video game ranking system. Level 1 eliminates 90% of enemies, Level 2 eliminates 99%, Level 3
clears 99.9%, and hitting Level 4 leaves practically zero enemies standing.

95. Dye Intrusion Test

Description: A destructive or analytical quality control test where a highly visible colored dye solution is forced
through a filter; if dye spots appear on the clean side, it proves a structural bypass exists.

Example: Quality assurance teams testing random membrane roll samples using bright pink Rhodamine dye
before rolling them into spiral modules.

Analogy: Spilling bright red fruit punch onto a folded white napkin to see if the liquid leaks all the way through
to stain the wooden table underneath.

96. Membrane Filter (MF) Technique

Description: A regulatory laboratory standard method where a fluid sample is drawn through a grid-marked
analytical membrane filter disc, which is then incubated on agar to count individual bacterial colonies.

Example: Testing public beach swim water for fecal contamination by filtering 100 mL of water and checking
for blue E. coli growth circles.

Analogy: Spreading a giant sticky flypaper sheet across an outdoor patio for an hour, then counting the exact
number of bugs stuck to the paper to judge how bad the insect problem is.

97. Porosimetry

Description: An analytical laboratory technique used to measure the precise pore size distribution, total pore
volume, and internal surface area of solid filter materials using gas condensation or mercury injection.

Example: A materials science lab utilizing a capillary flow porosimeter to chart the exact pore distribution
curve of a newly invented polymer.

Analogy: Pouring different sized marbles through a series of sorting grates to find out exactly what
percentage of large, medium, and tiny holes make up the sorting tower.
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98. Scanning Electron Microscopy (SEM)
Description: An advanced imaging technique that fires a focused beam of electrons at a sample to map
ultra-high-resolution 3D microstructural images of membrane surfaces and pore throats.

Example: Using SEM imaging to take a picture of a fouled membrane surface to see if the blocking shapes
are crystalline mineral spikes or smooth organic sheets.

Analogy: Flying a drone with a high-definition thermal camera low over a city to map out the exact texture,
ridges, and shapes of every roof and street below.

99. Salt Rejection Rate

Description: The percentage efficiency of a nanofiltration or reverse osmosis membrane in blocking dissolved
mineral salts from crossing over into the clean permeate water stream.

Example: A high-rejection brackish water RO membrane boasting a verified 99.5% sodium chloride rejection
rate.

Analogy: A castle gate guard turning away 995 out of every 1,000 uninvited travelers who try to sneak into the
city walls.

100. Fouling Index (MFI)

Description: An advanced analytical value derived from measuring the rate of flow decrease over time
through a test filter sheet under constant pressure; it offers a highly accurate prediction of particulate fouling
rates.

Example: Running an MFI analyzer at a pilot desalination plant to optimize how much chemical coagulant
needs to be injected before the main pumps.

Analogy: Keeping track of how many seconds it takes for your sink to drain every week; if it goes from 2
seconds to 20 seconds, you can mathematically predict exactly what day the pipe will back up completely.
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