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THE NATURE AND MECHANISMS OF AIR POLLUTION 

DEVELOPMENTS IN AIR FILTRATION 
Hal Alper, President, MYCELX Technologies Corporation, Gainesville, GA. 

 

When one studies the arc in the development of technology it is hard not to notice the 

similarities to evolutionary development. Although the perception of evolution is one of 

steady sequential adaptation, the truth of the matter in most cases is that species remain 

fairly constant for long periods of time until the advent of a major significant event such 

as an asteroid. In this contingency major changes and adaptations occur quickly resulting 

in a new steady state, which remains fairly constant for a long period of time. Air 

filtration technology is currently undergoing a similar revolutionary period. Some of the 

contributing factors for this state of flux are: 

• Our increased understanding of the nature of air pollution and its impact on air 

quality due to advances in analytical techniques and detection methods. 

• Increased understanding of the impact of air quality  to the incidence of almost all 

types of maladies due to stress on the immune system 

• More stringent performance requirements of air filters in order to address the 

types of contingencies presented in the advent of post September 11th events. 

Until recently the evaluation of the performance of air filters, for the most part has 

been somewhat one-dimensional. Indoor air filters are generally evaluated based on 

ability to remove particulate matter from the air stream. Typically, this is done in the 1-10 

microns range utilizing a standard particulate such as Arizona Road Dust and or Molocco 

Black and No.7 Cotton linters (4mm mesh screen). The efficiency of the filter in 

removing the range of particle sizes is measured versus the pressure drop across the 

filters. For the majority of commercially available air filters this is the extent of 

qualitative quantification. In some cases filters with impregnated adsorbent are also 

utilized in and evaluated for removal of VOC’s and other gaseous phase compounds (for 

purposes of this article we will not be considering gaseous phase inorganic compounds 

such as hydrogen sulfide. Inorganic gaseous phase compounds are generally neutralized 

utilizing Acid-Base or Redox reactions with media impregnated into the filter matrix). 
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Generally carbon impregnated filters are used for VOC removal and the filters are  

typically challenged with one of the BTEX (Benzene, Toluene, Ethylbenzene, Xylene) as 

the test VOC (Volatile Organic Compounds). Often this data is used as a measure of 

effectiveness of the filter in removing airborne organic compounds. This is probably not 

an accurate picture. It is very unlikely that generated VOC’s remain gaseous for very 

long. It has been shown that VOC’s under ambient conditions will quickly adsorb on to 

airborne particulate matter and or will form liquid aerosol droplets with microparticulate 

nucleation sites usually as a result of condensation processes. 

The simple model implied by the above tests belies the true complexity of indoor air 

pollution and mechanisms, which occur on the filter surface. Air pollution exists in many 

more forms in addition to particulate matter and gaseous phase compounds and each of 

these forms have different surface properties and bulk characteristics. A somewhat more 

complete picture of the nature and mechanisms of formation of the components of indoor 

air pollution is as follows: 

1.  1.a. Primary mechanisms of air pollution formation 

1. Formation of volatile organic compounds through evaporation and incomplete 

combustion. 

2. Biological generation of volatile organic compounds. 

3. Formation of liquid aerosol droplets through shear and turbulence related 

processes, from cooking and household solvent-based cleaners. 

4. Anthropogenic generation of particulate aerosol. 

5. Biological formation of particulate aerosols through decomposition and spore 

formation. 

6. Particulate aerosol formation from geological and weather based phenomena. 

 

     1.b. Secondary mechanisms of air pollution formation 

1. CONDENSATION - Liquid aerosol droplet formation due to condensation of 

gaseous phase components. 

2. ADSORPTION - Adsorption of gaseous phase and liquid aerosol components 

onto particulate surfaces resulting in particulate aerosols with modified surfaces 

from adsorption of organic compounds and hydrous inorganic phases. 
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3. NUCLEATION - Liquid aerosol formation through precipitation onto micro 

particulate nucleation sites. 

 

2. Forms of airborne pollution 

The above processes will result in the following types of airborne species. 

• Dry and hydrous carbonaceous material resulting from anthropomorphic and 

natural processes.  

• Inorganic micro particulates such as aluminum oxide, silicates and other 

compounds resulted from geological processes. 

• Spores, pollen seeds of biological origin. 

• Endotoxins and other detritus resulting from biological decomposition processes. 

• Liquid non-polar aerosols (all liquid). 

• Liquid polar hydrous aerosols (all liquid). 

• Liquid aerosol with particulate nucleation sites. 

• Particulate aerosol with adsorbed non-polar liquid organic constituents on surface. 

• Particulate aerosol with adsorbed hydrous liquids (polar). 

• Particulate aerosol with mixed emulsion of hydrous and non-polar constituents. 

3. The above sources and processes will result minimally in the following general 

categories of airborne pollutants based on surface characteristics and affinities. This is 

important because the components of the filtration device must have complementary 

affinities. 

• Particulate aerosol (charged or polar surface) 

• Particulate aerosol (neutral or conductive surface) 

• Liquid aerosol (organic) 

• Liquid aerosol (hydrous) 

• Liquid aerosol (mixed) – shown in Fig 1 
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Fig. 2 illustrates narrowing of particle size distribution and reduction in average 

particle size resulting from recirculation without adhesion through the filter. 

Decrease in particle size results in more robust droplets, which remain buoyant in 

air longer. Membrane of smaller diameter droplets is most easily opened by 

reduction in surface tension through physiochemical interactions such as in lung 

tissue and mucous membranes.   

 

   It is much harder to remove pollutants, which are entrapped in aerosol droplets 

than it is to remove single source free flowing compounds. The filter material must have 

complementary affinity for the surface of the suspended aerosol in order to entrap 

particulate aerosol material and in the case of liquid aerosols in order to reduce the 

surface energy at the interfacial membrane in order to expose the pollutants entrapped 

within the droplets. Picture # illustrates this. Note accumulation of micro fine dust 

particles on surface modified filters which have affinity for and or able to reduce surface 

tension of oily droplets. The particles entrapped in the oily droplets can be seen 

accumulated on the surface modified filters. By contrast standard air filter has no 

accumulation of micro fine particles demonstrating that the particles are protected from 

occlusion on to the filter due to being entrapped within the oily droplet. 

Each one of the earlier mentioned general categories will have somewhat different 

surface characteristics and affinities in addition to size ranges to well below 0.1 micron. 

Processes such as aerosol formation due to condensation from vapor phase are capable of 

generating particle sizes much smaller than have been addressed to date. Such small 

entities are probably removed from the air stream much more effectively through affinity 

interactions, as conventional filtration techniques would yield untenable differential 

pressures. The above types of pollutants can probably be reduced to 3 or 4 general 

categories based on affinity. Any air purification device must be able to address all of 

these categories in order to be generally effective. 

The concentration distribution of the proportion of each type of constituent of air 

pollution must be determined under ambient conditions in a statistically rigorous fashion 

in order to gauge the physical effectiveness of air filtration devices and to subsequently 

design the optimal configuration based on complementarily to ambient distribution. 
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In order to design the optimal air filter or air filtration device it is necessary to 

ascertain the concentration distributions of the components of the various categories of 

airborne contaminants. In this way the device or filter can be designed to have 

complementary capacity.  There are potentially hundreds of chemical compounds and 

other materials present in air pollution. It is quite unlikely that these compounds remain 

in gaseous state for very long. Typically a gaseous phase molecule will encounter 

thousands of collisions per second. Due to weak molecular interactions (van der Waal’s 

forces, pi-pi interactions and others) most natural systems will tend toward organizational 

self-assembly. Although it is facile to consider filter affinity for each pollutant 

individually it is very unlikely that the filter is exposed a procession of individual 

compounds and materials. In reality in most cases under ambient conditions what the 

filter is exposed to are liquid/solid conglomerate aerosols into which many of the 

pollutants are incorporated. Therefore the problem reduces to the chemical affinity of the 

filter media and its ability to overcome the surface tension of the interfacial membrane 

within the droplet. Once the droplet membrane is cleaved all the pollutants trapped within 

are able to be adsorbed. This is not as simple as it sounds because when droplet sizes 

become smaller than 100 microns the membrane strength due to surface tension is many 

orders of magnitude greater than the mass of the droplet. Molecular affinity is required to 

reduce the surface tension and therefore increase the contact angle so as to burst the 

bubble. Fig. 3 illustrates that before adhesion the contact angle is effectively nonexistent 

and therefore the substrate does not have access to the pollutants. When the surface has 

affinity to the membrane a low contact angle is achieved and the filter material is able to 

adsorb and absorb the entrapped pollutants. 

Fig. 3 
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In the case of the particulate aerosols the most difficult to remove tend to be less than 

3 microns in size and to have a neutral or insulating surface. In this case filtration 

efficiency can be increased by modifying the filter substrate surface to have affinity for 

the non polar particle surface. Without filter affinity if one relies wholly on physical 

filtration mechanisms untenable differential pressures quickly develop across the system. 

Part 2 of this article will address kinetics and dynamics at the filter interface and the 

interfacial affinities that are requisite in addressing the categories of airborne pollution. 

The author will discuss a novel chemical surface modification, which exhibits affinity for 

particulate and liquid aerosols without any increase in differential pressure across the 

filter eliminating the problems associated with corona charged filters. 
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