
What is molecular filtration?



Molecular Filtration Fundamentals
 Molecules are 1,000-10,000 times smaller than the particles removed by HEPA 

filters

 There are many, many more molecules in the air than particles
 34 grams of hydrogen sulfide occupies 22.4 liters (0.8 ft3) of space at  NTP
 There are 600,000,000,000,000,000,000,000
molecules in this space

 Particle filters will not remove molecules
 We need to do something different…



How do Molecular Filters 
Work?
 All adsorbents are porous – full of very small holes

 Very high internal surface area values
 Activated carbon:  > 1000 m2/gram

 Molecules diffuse from the external air into the pores, then trapped on the internal 
surface

 Different adsorbents for different customer problems:
 Activated carbon – Broad Spectrum behavior

 Impregnated activated carbon – targets specific molecules

 Impregnated activated alumina – targets specific molecules 



Broad Spectrum Visualization



Chemical Adsorption Visualization
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The effects of Molecular Pollutants
 Smell / odor

 Domestic waste
 Cooking smells
 Aviation fuel (airports)
 Waste water treatment

 Irritants (health effects)
 Ozone
 Nitrogen dioxide
 Ammonia
 Chopping onions

 Poison / Toxin
 War Gases
 Hydrogen cyanide
 Isocyanates
 Dioxins
 Radioactive isotopes

 Corrosion
 Acidic gases in paper mills
 Acidic gases in petrochemical refineries
 Reactive gases in  museums
 Acidic gases in semi-conductor fabs



Gas Source Typical City 
Concentration (USA)

Health Guidelines

Nitrogen 
dioxide

Vehicle 
emissions

20 – 60 μg/m3 (long 
term)

WHO   40 μg/m3 1 year  average,  200  
μg/m3 1 hour average.

BTEX Vehicle 
emissions

Benzene, toluene, ethyl benzene, xylene  
(hydrocarbons)

Sulphur
dioxide

Combustion 
processes

15 – 30 μg/m3 WHO   20 μg/m3 24 hour average,  500  
μg/m3 10 minute average

Ozone Atmospheric 
pollution +UV

100 – 200 μg/m3 WHO  100 μg/m3 8 hour average,  

External sources of Molecular Pollutants
Where does bad air 
quality come from and 
how do I stop it?

UV



What Are the Six Common Air 
Pollutants?
The Clean Air Act requires EPA to set National Ambient Air Quality Standards for the six contaminants 
below. These pollutants can harm your health and the environment, and cause property damage. 

 Particulate Matter 
 Enters with “fresh air,” can be generated 

internally
 Always removed with particulate filters 

(visible evidence)

 Lead
 Generated internally, can enter with 

“fresh air”
 Removed with high efficiency 

particulate filters when presence is 
known from application

 Carbon Monoxide
 No filters for CO and must be treated 

with fresh air

• Nitrogen Dioxide
• Enters with “fresh air”
• Sometimes removed with “molecular 

media”
• Not visible and odor threshold is

• Ozone
• Enters with “fresh air,” can be 

generated internally
• Sometimes removed with “molecular 

media”
• Sulfur Dioxides

• Enters with “fresh air”
• Sometimes removed with “molecular 

media”
http://www.epa.gov/airquality/urbanair/

5ppm
while exposure limit is 3 ppm.



Internal sources of Molecular Pollutants

• 100s or 1000s of VOCs
(Volatile Organic Compounds)

• Some chemicals are known, 
most are not

• Individually, concentrations are 
low

• What about the cocktail effect?

• Very expensive to measure



How is molecular filtration applied?



Fresh or Make-up air

Return or Recirculation air

Exhaust air

Typical Building (any)  Air Systems



Protecting people from odors and irritants
Comfort and IAQ (HVAC) applications

 City-center buildings
 Hotels
 Schools
 Hospitals
 Shopping malls
 Airports



Typical product solutions for Comfort/IAQ 
Issues Embedded Media 

Filters
 Contemporary solutions
 Molecular filter only
 Combination filters
 Broad Spectrum Adsorption
 Rapid Adsorption Dynamics
 Use for non-specific problems 



Typical product solutions for high concentration 
Comfort/IAQ Issues and Light Industrial

Loose Fill Thin Bed
 Traditional solutions
 Loose-filled media
 Very high initial efficiency
 Long lifetime
 Use for defined or specific problems



Loose Fill Cylinders



Protecting processes and artifacts from corrosive agents
Process and Corrosion Control Applications

 IVF clinics
 Formaldehyde, VOCs, NO2

 Cultural heritage establishments
 Acidic gases, ozone

 Petrochemical refineries
 Pulp and paper
 Waste water treatment
 Mining and ore refining



Protecting people and the environment 
from toxic gases 
Industrial Exhaust  Applications

 Nuclear power
 Radio-iodine

 Uranium enrichment
 Hydrogen fluoride

 Manufacture of polyurethane foam
 Isocyanates, amines

 Military applications
 War gases

 Domestic waste processing
 Odors , 100’s of different gases

 Food and beverage



Media Embedded media 
(RAD)

Loose-fill media
Thin bed

Loose-fill media
Deep bed

Product Form Compact, 
Panel, Cell, Bag

Cylinder, Panel, V-
-Cell

Loose-fill media
Deep bed

Application Area IAQ
Traditional 

Comfort, Light 
Process

Process, 
Industrial and 

Corrosion Control 

Primary Air System Re-circulation / 
Return Make-up Make-up, Exhaust 

/ Re-circulation

Product Type and Application Area
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Factors affecting performance



Labs, Resources, and 
Capabilities



Molecular Filtration Laboratory

4 PhD’s



Molecular Filter Test Rig  (Schematic)
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Test duct

• Test full size molecular filters tested under application real 
conditions
‐ Set and control airflow, temperature  and relative humidity



ASHRAE Testing
 In our lab in the Tech Center, Sweden we can test full 
size molecular filters and samples adsorbents in 
accordance with ASHRAE 145.1 and ASHRAE 145.2

 ANSI/ASHRAE standard 145.1 – 2008, ʺLaboratory 
Test Method for Assessing the Performance of Gas‐
Phase Air‐Cleaning Systems: Loose Granular Mediaʺ.

 ANSI/ASHRAE Standard 145.2‐2011, ʺLaboratory Test 
Method for Assessing the Performance of Gas‐Phase 
Air‐Cleaning Systems: Air‐Cleaning Devices”



Gas or solvent vapor injection

• Challenge filter with gases

• Realistic application gas 
concentrations
‐ The results are meaningful
‐ Not artificially high 
concentrations (ASTM D6646)



ASTM D6646 
 “This method compares the performance of granular or pelletized 

activated carbons used in odor control applications, such as sewage 
treatment plants, pump stations, etc. The method determines the relative 
breakthrough performance of activated carbon for removing hydrogen 
sulfide from a humidified gas stream.

 “The mass transfer zone in the 23 cm column used in this test is 
proportionally much larger than that in the typical bed used in industrial 
applications. This difference favors a carbon that functions more rapidly 
for removal of H2S over a carbon with slower kinetics.”

present in field operations may affect the H2S breakthrough capacity 
of the carbon; these are not addressed by this test.”

Other organic contaminants 

• “This test does not duplicate conditions that an adsorber would 
encounter in practical service.”



Gas detectors

• Sensitive upstream / downstream 
gas detectors
‐Measure: real time concentrations
‐ Output: real time efficiency curves



CLD Software
 Equations taken from established scientific 

adsorption theory.
 Data from > 16 years of continual tests in the 

molecular filtration laboratory
 Filtration media test rig
 Full-size filter test rig
 Data derived from application-real test protocols  

(unlike some competitors)
 50 years of experience of real world experience in diverse 

molecular filtration applications
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Coupon Service
(reactivity or corrosivity monitoring)

 Measurement of a corrosive atmosphere.

 More relevant than measuring individual gases. 

 Is air treatment is required? What type?

 Is air filtration equipment effective?

 Room pressurization and tightness

 Strips of pure copper and pure silver, exposed to the corrosive 

atmosphere, 30 days.

 Passive technique – only shows average conditions over time.

 Results available after lab analysis after exposure period.



Filter condition analysis
 A sample is removed from the filter and returned to the laboratory  for 

analysis
 The condition of the sample is compared to the spec for new material
 The condition of the sample is compared to material known to be 

“exhausted”.
 The sample can then be positioned on a scale from “new” to 

“completely used”
 A series of samples should be taken every 3 or 6 months for 

“predictive” results. 



Corrosivity Monitor – ISA-Check II
 Continuous reading corrosivity monitor.
 Copper and silver thin-film sensors.
 No need to hard wire.
 Portable.
 Windows based software.
 Very easy to set-up and download data .

ISA-CHECK II
sensor



Molecular Filtration Application 
Assessment
 New or Existing Facility
 Where in system

 Make‐up, recirc, exhaust
 Application Type

 IAQ, Process, Corrosion Control, etc
 Process Details

 Flow rate
 Temperature
 RH%

 Contaminants
 Name(s) or Chemical formula(s)
 Concentrations
 Usage (24/7 or intermittent)



Contact Information
 Camfil

 Trent Thiel
 trent.thiel@camfil.com
 (510) 325‐9759
 San Francisco, CA


