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Air Pollution Control Devices: Part – 3 

Hello, friends. So, these days we are discussing about Air Pollution Control devices. And in that 

series we have already discussed the devices which are used for capturing or controlling the 

particulate matter. And today we will start about the devices which are used for capturing the 

gaseous pollutants. So, in two parts we discussed about air pollution control of particulate matter, 

now in two parts we will discuss about gaseous pollutant control techniques. So, today we will 

discuss like adsorption, absorption and biofiltration and then we will conclude. 
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So, when we talk about gaseous pollutants, how to capture them, so whether it is criteria pollutants 

of gaseous nature or volatile organic compounds that is VOCs or other gaseous toxic, air toxic all 

these are controlled by means of the following techniques and which can be listed like adsorption, 

absorption, biofiltration. So, these three today we will discuss. Then there are oxidation and 

condensation, so that we will discuss in the next lecture. 
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So, when we talk about adsorption, so this adsorption is nothing but basically it occurs because of 

interaction between gaseous contaminants or pollutants that we call it as adsorbate, and the surface 

of a solid adsorbent. So, that is the basically interaction or the process of that interaction is the 

adsorption. So, the adsorbent can be in a wide variety of these materials like pellets in a thick bed 

or small beads in fluidized beds or fiber pressed onto a flat surface. 

So, basically two mechanisms are used in adsorption, one is physical, other one is chemical. So, 

this is adsorbate which is captured or which is deposited or chemically adhered and this is the 

surface area, this is the adsorbent where they stick to it. So, this phenomenon could be like physical 

process or chemical process. 



(Refer Slide Time: 02:54) 

 

In chemical adsorption process basically, a chemical reaction occurs between this adsorbent and 

the gaseous contaminant or the adsorbate. And in physical process what happens, the gas or vapor 

molecules is weakly held on to the solid surface by intermolecular cohesion. So, the characteristics 

when we talk about this chemisorption or physical absorption, so like in chemisorption or chemical 

adsorption this releases high heat, this chemical process, because of chemical process like 10 

kilocalorie per gram of the mole. 

And in physical adsorption basically releases low heat like 0.1 kilocalorie per gram of mole. If we 

talk about like it forms chemical compounds, this gas is retained by dipolar interaction. It does not 

change its state or nature. In chemical process, chemical adsorption, this can form some sort of 

chemical compound. And desorption is difficult means it is very difficult to get back that particular 

adsorbate which has been absorbed chemically. And this desorption is easy, means you can get 

again if you want to resource recovery is to be done then this is the physical adsorption is a good 

process. Then in chemical process adsorbate recovery impossible and adsorbate recovery is easy 

in this physical process. So, that is the consequence basically. 
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Now, if we look into like types and components of this adsorption system, then basically when we 

talk about adsorbents, which kind of adsorbents are available, so during this adsorption process 

basically these upper phase compounds in the gas stream which is called adsorbate, as we have 

already discussed, this passes through a bed or layer of the highly porous material, which is called 

as adsorbent.  

So, the porosity is something which is very helpful to give the characteristic of adsorbent. So, the 

types of absorbent depending upon their porosity we can see different materials like activated 

carbon which is the excellent adsorbent basically, because the surface area is very high 600 to 

1600 square meter per gram. See the activity carbon surface area is very high. So, the lot of porosity 

exists there and this lot of surface area is there where gases and other things can stick to or this 

cohesion can occur. 

Then zeolite if you talk, these molecular sieves, they have also good surface area, but it does not 

go beyond 700, 590 to 700 square meter per gram of the mole. Synthetic polymers the surface area 

is around more than 1000 square meter per gram. So, this is also a good in that sense. It is 

comparable to the activated carbon. When we talk about the silica gel, it has again surface area 

similar to zeolite like 750 square meter per gram also. Activated alumina is also another adsorbent 

which is aluminum oxide and, but its surface area available for this adsorption process is not more 

than 200 to 300 square per gram. So, that way activated carbon is the best sort adsorbent. 
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When we see different physical properties or characteristics of these major type of adsorbents like 

this is the list of the adsorbent and here are internal porosity. So, the maximum porosity is of the 

activated carbon as we have seen because of this surface area. Then zeolite is the second one in 

that sense 40 to 55. Third one is activated alumina. But the surface area basically, even if surface 

area again synthetic polymers have 1080 to 1100, 600 to 1600 is activated carbon depending upon 

its quality and 600 to 700 zeolite molecular sieves which we have already seen. 

Pore volume maximum like 0.8 to 1.20 cubic centimeter per gram in case of activated carbon, then 

the second one is this one 0.94 to 1.16. So, it is comparable. Activated carbon and synthetic 

polymers are almost same in terms of pore volume. When we talk about the bulk dye density, so 

the activated carbon has 0.35 to 0.5 gram per cubic centimeter, activated alumina has 0.9 to 1. So, 

this is maximum in that sense, after that this zeolite 0.80 or so. 

Then we talk about the mean pore diameter, so the maximum is basically of this activated alumina 

and the second one is the activated carbon. So, that way different physical properties, which 

influence behavior of this adsorption process in totality. 
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When we see about this adsorption system, non-regenerative adsorption system basically, so these 

are the absorbent bed which are discarded when it approaches saturation with the contaminant and 

is termed as non-regenerative. We cannot regenerate it. So, we have to discard it after saturation 

state is there. If regeneration is possible, then we can regenerate it and reuse it again. But that is 

not possible in case of non-regenerative type of adsorption systems. And they are designed 

basically for odor control or some low contaminant concentrations applicable like less than 10 

ppm or so. 
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Well, when we talk about regenerative adsorption systems, so adsorbent is treated and placed back 

in service after regeneration. So, these adsorption process are termed as regenerative because of 

this property and this can be used for large scale applications like contaminant of high 

concentration 10 to 10,000 ppm or so. Then types of regenerative adsorption systems further can 

be subdivided in terms of like fixed bed designs or moving bad designs or fluidized bed designs.  
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Like operating principles if we discuss, the adsorption steps are basically in these three figures it 

is shown like Step 1 diffusion to absorb surface. So, diffusion occurs at the adsorb surface and 

contaminant molecules are visible here. Then the migration into pores, the secondary stage is these 

molecules start to migrate into the pores which are available in these adsorbents. Then this 

monolayer buildup of adsorbent at the, means the pores are packed and this kind of layer starts to 

build-up at the surface. 

So, these Step 1 and Step 2 are diffusional processes that occur because of the concentration 

difference between the bulk gas stream passing through the adsorbent and the gas near the surface 

of the adsorbent. And the Step 3 is the actual physical bonding between the molecules and the 

absorbent surface. So, this step occurs more than, rapidly than Step 1 and 2. The third stage is kind 

of having the fastest speed. 
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When we see like absorption  forces, which are responsible for this adsorbent and adsorbate 

sticking together, so this is basically electrostatic nature in physical adsorption. In chemical, this 

is the chemical interaction between the gas and the solid. So, both these two things are different in 

that sense in fact. So, these adsorption forces of physical adsorption and chemical, this 

chemisorption has different way, because the physical adsorption uses this electrostatic force kind 

of thing and in chemical absorption, chemical interaction occurs basically. 
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Then the capacity, the adsorption capacity relationships again depend upon equilibrium. So, 

adsorption equilibrium is the set of conditions at which the number of molecules arriving at the 

surface of the adsorbent equals to the number of molecules leaving, so that kind of steady state 

equilibrium state has to be achieved and the adsorbent bed become saturated with the vapors and 

cannot remove any more vapors from the exhaust system that kind of state happens to be there. It 

determines the maximum amount of vapor that can be adsorbed at a given set of operating 

conditions and three types of equilibrium graphs are used to describe these absorption capacity 

basically, like isotherms or isobars and isostere. 
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So, these are the partial pressure versus this capacity weight. So, when we talk about isotherms 

these, isotherm is a plot of the adsorbent capacity versus the partial pressure as it is shown in the 

figure. Though the title is not shown in the figure, but basically this is the isotherm. And for a 

constant temperature basically this adsorption capacity increases as the partial pressure increases. 

The partial pressure increases so the capacity also increases with the fixed temperature whether it 

is 212 or 140 means whatever temperature you take if it is constant then with respect to the partial 

pressure the capacity of adsorption also increases. 
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When we talk about isobar, when this pressure is constant, in that case, when you increase the 

temperature, this adsorption decreases. The capacity of the adsorption decreases. It decreases like 

this. So, that is you know kind of inversely proportional or so. 
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When we talk about these isosteres, these are the plots of the natural log of the pressure versus the 

reciprocal of the absolute temperature. So, again the slope of the isostere corresponds to the 

differential heat of the adsorption and the, this total heat of adsorption is determined by the 



integration over the total quantity of the material which is adsorbed. So, more is the slope more is 

the material which can be adsorbed. 
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Well, when we talk about the bed depth, so the sufficient depth has to be there of the adsorbent, 

because it is important for achieving the efficient gas removal mechanism. And because like you 

want to remove these VOCs etc. so this particular principle has to be taken into account. The 

minimum depth is based primarily on the length of Mass Transfer Zone, MTZ and that is related 

to the rate of adsorption.  

And this Mass Transfer Zone or MTZ basically depends on six separate factors which are like 

adsorbed particle size or gas velocity or adsorbate concentration, fluid properties of the gas stream, 

temperature of the system and pressure of the system all these factors really govern the efficiency 

of this adsorption process. 
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So, bed depth if you want to calculate basically this is the empirical relationship which can be used 

like MTZ equals 1 upon 1 minus Xs D into 1 minus CB upon CS [1/(1 − 𝑋_𝑠 ) 𝐷(1 − 𝐶_𝐵/𝐶_𝑆 )]. 

CB is breakthrough capacity in percentage, CS is saturation capacity in percentage, MTZ already 

given length of the MTZ here acts as degree of saturation.  

𝑀𝑇𝑍 =
1

1−𝑋𝑠
𝐷 (1 −

𝐶𝐵

𝐶𝑆
)   

 

 



So, this breakthrough capacity is basically defined as the capacity of the bed at which unreacted 

vapor begins to be emitted. And the saturation capacity is the maximum amount of vapor that can 

be adsorbed per unit weight of the activated carbon determined from the adsorption isotherm.  

From this we can determine these values. 
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So, in summary, we can say the adsorption summary can be like general applicability of adsorption 

is like acid gases and organic compounds can be removed by these adsorption process. So, the 

typical concentration range can vary like it can be less 1 ppm and up to 25 percent of LEL. LEL is 

Lower Explosive Level. So, that range can be easily handled.  

And the typical gas temperature which it can handle is said to be like less than 130-degree 

Fahrenheit. It can be applicable for control of multiple contaminants that is possible and the 

applicable for control of gas streams with particulate matter. So, the pretreatment often required 

for removal of the particulate matter in that case basically. 
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Now, if we go for absorption, so adsorption is over, now we go for absorption, both are thing, two 

different things. Adsorption means at the surface, absorption means like liquid or so. So, 

absorption refers to the transfer of gaseous components from the gas phase to the liquid phase 

basically like these gases are there, SO2 or so. So, they go into the liquid and there is a liquid film 

and ultimately this liquid phase turbulent mixing can be there for removal purpose and the liquid 

surface area available for mass transfer and that time available for the diffusion of the gaseous 

molecules into the liquid are basically important to factors affecting the performance of the system. 

And the gaseous contaminant being absorbed must be at least slightly soluble in the scrubbing 

liquid, otherwise it would not possible, termed to the absorbent. The mass transfer to the liquid 

continues until the liquid approaches the saturation level. And at saturation equilibrium is 

established between the mass transfer rate of the contaminate into the liquid and the mass transfer 

rate of the dissolved species back into the gas phase. So, up to that stage this process can go that 

saturation level is achieved at certain point of time. 
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Different types of components of absorbers are like spray tower absorbers or packed bed absorbers 

or tray tower absorbers or venturi and ejector absorbers. Some of them already we discussed during 

second part of the particulate matter removal if you recall. 
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Then we can have this mechanism of absorption. So, this gas film is there, liquid film is there, and 

then bulk liquid phase is there. So, this is the particular important design and operation part. This 

provides sufficient liquid so there the dissolved contaminants do not reach their solubility limit. 

And chemically it can react to the dissolved contaminants so that they cannot return to the gas 



phase. So, that is why it is important when we are designing and we are operating that absorbers 

so that the equilibrium conditions are not reached so that we can remove more and more of the 

required those pollutants. 
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Well, these mechanisms of absorption basically the relationship between this gas phase 

concentration and the liquid phase concentration as you know it is governed by Henry's law. here 

p* equals Hx. The partial pressure of the contaminant in the gas phase of equilibrium, Henry’s law 

constant, Hx, mole fraction of the contaminant dissolved in the liquid phase at the equilibrium. So, 

we can use this particular relationship to see how much it can be removed by this process of 

absorption. 

𝑝∗ = 𝐻𝑥 

𝑦∗ = 𝐻𝑥 
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When we talk about like alkali compounds in contrast to the acidic such as soda ash, caustic and 

limestone etc. so the scrubbing liquid, the dissolved acid gases species are neutralized in this 

process basically. So, the alkali compound is to be used for that purpose. And like calcium sulfate 

can be produced in that particular process. 
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Then the size if we look into liquid to gas ratios basically that determines the size of the particular 

this device. So, the liquid to gas ratio is defined as the quantity of recirculation liquid used in the 

absorber divided by the outlet gas flow rate. So, the liquid to gas ratio is important for two reasons 



like there must be sufficient liquid to avoid mass transfer equilibrium and there must be good gas 

liquid contact within the absorber so that determines the size of the particular the system. 

(Refer Slide Time: 20:34) 

 

Well, again, this material balance calculation minimum liquid to gas ratios can be seen here with 

these empirical relationships, where this gas flow, molar rate, mole fraction of contaminant in 

gases stream or liquid molar flow rate, mole fraction of the contaminant in the pure liquid all these 

parameters are to be used for calculation purposes. 
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Then this alkali requirement basically when we talk about absorption systems they sometimes need 

alkali additions as we have seen if we are removing these acidic gases. So, these alkali 

requirements are usually calculated based on the quantities of the acidic gases which need to be 

captured. So, these molar ratios necessary for reactions can be used in these particular equations 

and you can determine that quantity. 
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In summary, for the absorption we can say that this is applicable for removal of acid gases, organic 

compounds. And the concentration again 1 ppm to 100,000 ppm it can go. Wide range is there. 

So, that is wonderful thing in that sense. Less than 150-degree Fahrenheit temperature typically 

we go for. And then this is applicable for control of multiple contaminants. And yes, it is applicable 

for control of gas systems with particulate matter that is possible because of this scrubbing process. 

So, that is advantage, double advantage of this particular process. 
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Now, the third one we come to the biofiltration basically. So, the biological treatment systems 

which are termed either biological oxidation or biofilter systems, the fundamental process involved 

in this particular process is a collection of these pollutants on the surface media of which contains 

viable microorganisms some surface media has to be there where microbes can, microorganisms 

can grow basically. The layer can be of microorganisms there. 

The contaminant is metabolized by these organisms and the carbon dioxide and vapor, water vapor 

are emitted into that process. So, that way they can remove those particular contaminants or 

pollutants. And accordingly, this biofiltration can be classified as a special type of absorption 

system using irreversible processes to control the gaseous contaminants because those gaseous 

contaminants will be like food for those microorganisms which are there in this particular system. 
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Well, when we talk about operating principles, so this after absorption into the thin water layers 

surrounding those packing materials which are the habitats for microorganisms, the metabolic 

system occurs there. So, they are dissolved organic compounds which are the food of those 

microorganisms and the rate of destruction of the organic compounds which is available that is 

independent of the concentration in the waste gas stream, because that is governed by the number 

of microorganisms basically, and their kinetics. The rate of destruction or consumption is usually 

measured in terms of the grams of pollutant per unit volume per hour and this rate depends on the 

type of pollutant and the prevailing temperature only. 
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Then if we go into this operating principle for the general operation considerations, so the Empty 

Bed Residence Time (EBRT) or the True Residence Time (TBRT) they can be calculated by these 

relationships, where medium porosity between 20 percent to 80 percent, volume of given space, 

volume of solid support, then volume of the biofilter bed and airflow rate all these parameters have 

to be considered for these relationships. 
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Well, when we talk about volumetric mass loading, then this Af into CI divided by Vf, where CI is 

concentration of influent, Af air flow rate, Vf volume of the biofilter unit, C0 concentration of 



effluent where this is used for removal efficiency calculations. Elimination capacity can be 

calculated by this empirical relationship. So, all these you know relationships are there depending 

upon these variables which are available in the system which we can measure and accordingly we 

can determine the systems efficiency. 

𝑉𝐿 = (
𝐴𝑓 × 𝐶𝐼

𝑉𝑓
) 

𝑅𝐸 = (
𝐶𝐼 × 𝐶0

𝑉𝑓
) × 100 

𝐸𝐶 =
(𝐶𝐼×𝐶0) × 𝐴𝑓

𝑉𝑓
  or 𝐸𝐶 = 𝑅𝐸 × 𝑉𝐿 
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Well, in summary of the biofiltration we can say that it is applicable for organic compounds 

removal basically. And the typical concentration range 1 ppm to 1000 ppm it can go but, means 

the range is not as wide as of the absorption if you can remember. Typical gas temperature around 

110 degree Fahrenheit applicable for control of multiple contaminants, yes, it is possible, and 

applicable for control of gas streams with particulate matters.  

Pretreatment often required for removal of the particulate matter like adsorbent. So, absorbance in 

absorption, this was not the limitation, but in adsorption and biofiltration, you have to first remove 



the particulate matter only then gases component will be removed efficiently. So, that remember, 

please remember that difference. 
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In conclusion, we can say that the activated carbon is the most used adsorbent because of the high 

internal porosity and high surface area where they can capture the gases, those pollutants. 

Minimum bed depth for the adsorption is based primarily on the length of the mass transfer zone 

that is related to the rate of adsorption. And sometimes these alkali addition is required in 

adsorption systems if we are treating the gas streams which are having acidic gases. And 



biofiltration is the most cost-effective technology for dilute large volumes of air stream serving 

these organic compounds as we have discussed like this. So, this is all for today. In next lecture 

we will discuss about oxidation and condensation processes to remove these gaseous contaminants 

or pollutants. 
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This is the reference list. You can go through at your free time to have more information about 

these processes which we have already discussed. So, thank you for your kind attention and see 

you in the next lecture. Thanks again. 


