
Chapter 10

Control of Volatile 

Organic Compounds
(VOCS)



VOCs: ID

 Volatile organic compounds (VOCs) are liquids or solids that 

contain organic carbon

 carbon bonded to carbon, hydrogen, nitrogen, or sulfur, 

 but not carbonate carbon as in CaCO3

 nor carbide carbon as in CaC2.

 VOCs are probably the second-most widespread and diverse 

class of emissions after particulates.

 VOCs are a large family of compounds: 

 Some (e.g., benzene) are toxic and carcinogenic and are 

regulated individually as hazardous pollutants.



Why Control VOCs?

 Direct human health impacts:

 Some of the VOCs are known Hazardous Air Pollutants (HAPs), or 

Air Toxics 

 Toxic, carcinogenic, mutagenic effects, e.g. benzene is a known 

human carcinogen

 Others related to motor vehicles, e.g. formaldehyde; 

acetaldehyde;1,3-butadiene; acrolein)

 VOCs are precursors to bad Ozone

 smog formation in the atmosphere by the reaction of VOCs and 

NOx in the presence of sunlight

 Some VOCs are powerful infrared absorbers and thus contribute to 

the problem of global warning.



VOCs: Sources

 Main sources are:

 solvent usage (e.g., paint thinners and other similar solvents), 

 the transportation and storage of hydrocarbons, 

 motor vehicles (including autos, airplanes and railroad engines), 

 other sources: incomplete combustion in fireplaces and forest 

fires, paint spray cans, turpentine and wood smoke. 

 Many VOCs are intermediates in production of plastics and other 

chemicals (e.g. vinyl chloride for PVC).

 VOCs emissions (mainly solvents and motor fuels) are petroleum 

based. 



VOCs: Sources



Primary VOC Emitters

 VOCs are emitted from 
a variety of sources,

 motor vehicles, 

 chemical plants, 
refineries, other 
industries, 

 consumer and 
commercial products, 

 architectural coatings,  

 natural (biogenic) 
sources. 

Typical allocation for man-made sources -

Specifics will vary by location



 Adhesive sealant use

 Surface cleaning

 Printing

 Film coating

 Timber preservation

 Crude oil production

 Oil refineries

 Chemical industry

 Alcoholic drinks 

manufacturer

 Paint manufacturer

 Vehicle manufacturer

 Furniture

 Agrochemical

 Industrial fuel combustion

 Bread baking

 Gas industry

 Rubber processing

 Pharmaceuticals

 OTHER

VOCs Producing Industries



VOCs: Vaporization

 Substances like ethane, propane, and n-butane (C2H6, 

C3H8, and C4H10) have vapor pressures above 

atmospheric pressure at room temperature. 

 These must be kept in closed, pressurized containers or 

they will immediately boil away at room temperature. 

 The vaporization behavior of these materials is 

summarized in Table 10.2. 





VOCs: basic properties 

 Organic liquid or solid compounds up to 12 carbon atoms

 Boiling  points up to 500 F (260 ⁰C)

 Compare with p*H20 = 0.34 psia at 68 F:

 Pure compounds

(A,B,C: empirical constant)

 Mixtures of similar compounds
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VOCs & H.Cs 

 The terms VOC and hydrocarbon (HC) are not identical, but often 

are practically identical. 

 Strictly speaking, a hydrocarbon contains only hydrogen and 

carbon atoms. 

 But gasoline is normally called a “hydrocarbon fuel” because

 it contains mostly hydrogen and carbon atoms, but 

 also some oxygen, nitrogen, and sulfur atoms. 

 Acetone, the solvent and polish remover, 

 is a VOC but is not strictly speaking a hydrocarbon because it 

contains an oxygen atom. 

 In common usage it would often be grouped with the 

hydrocarbons.



VOCs: water solubility

o Hydrocarbons are slightly soluble in water, so we can normally separate liquid 
HCs from liquid water by simple phase separation and decantation. 

o Water contains enough dissolved hydrocarbon cannot be discharged to the 
sewer or natural body of water without further treatment. 

o Polar VOCs (having N & O plus C & H atoms) including alcohols, ethers, 
aldehydes and ketones, carboxylic acids, esters, amines, nitriles are much more 
soluble in water. 

o Difference in solubilities makes the polar VOCs easier to remove from a gas 
stream by scrubbing with water, but harder to remove from water once they 
dissolve in it. 

o Table 10.3 shows some typical values of these solubilities.

o Polar organics are generally about 100 times more soluble than the 
hydrocarbons (compounds of H and C only) of the same molecular weight

o Within each chemical family, the solubility in water decreases with increasing 
molecular weight.





10.3 Control by Prevention

 Substitution, 

 Process modification, 

 Leakage control

10.4  Control by Concentration & Recovery

 Condensation , 

 Adsorption, Absorption (Scrubbing)

10.5 Control by Oxidation 

 Chemical Oxidation (Burning or Incineration)

 Biochemical Oxidation (Biofiltration)

VOCs CONTROL



VOC Control Technologies



10.3 CONTROL BY PREVENTION: 

Substitution

 A  less volatile solvent can be substituted for the more volatile 

one. 

 This normally reduces but does not eliminate the emission of VOCs. 

 A less toxic solvent can be substituted for a more toxic one.

Examples:

 Gasoline can be replaced as a motor fuel by compressed natural gas or 

propane to reduce VOCs emissions.

 Petroleum industry is working to improve the burning properties, 

handling and use of gasoline as to make it a low-emission fuel.



10.3 CONTROL BY PREVENTION: 

Substitution

 Oil-based paints, coatings and inks harden by the evaporation 

of VOC solvents.

 Water-based paints are concentrated oil- based paints, 

emulsified in water. 

 Switching from oil- to water-based paints, coatings, and inks 

greatly reduces but does not totally eliminate the emissions of 

VOCs.

 Water-based paints have not yet been developed to produce 

automobile body finishes as bright, smooth and durable as the 

oil-based paints and coatings now used.



10.3 CONTROL BY PREVENTION:

Process Modification

Examples:

 Replacing gasoline-powered vehicles with electric-powered vehicles 

or hybrid systems are form of process modification to:

 Reduce vehicle emissions of VOCs

 Reduce vehicle emission of CO and Nox

 Causes other emissions where the electricity is generated. 

 Improved public transport and car pooling are modifications of the 

“transport process” that reduce emissions of VOCs (and of CO and 

NOx).



10.3 CONTROL BY PREVENTION:

Leakage Control

Working losses

 Tanks containing liquid VOCs can emit VOC vapors 
because of filling and emptying activities as well as 
changes in temperature and atmospheric pressure.

 These “working” emissions are three kinds:

filling or displacement losses, 

breathing losses, and

emptying losses.



1- Filling or displacement losses: 

 Figure 10.2 shows a simple tank of some kind being filled with liquid 

from a pipeline. 

 As the liquid enters the tank and the liquid level rises, the vapor space 

above the tank must decrease in volume. 

 Normally that vapor space (called headspace) is connected by a vent 

to the atmosphere so the vapor, which is mostly air, will be expelled. 

 When liquid is withdrawn from the tank, air will flow in through the vent 

to fill the space made available by the fall in liquid level. 

 If the tank were not vented, changing the liquid level would cause an 

overpressure during filling or a vacuum during emptying. 

Leakage Control



Figure 10 .2 de Nevers

 Displacement losses

Leakage Control



2- Breathing (diurnal) loss: 

 A  tank must “breathe” in and out whenever its temperature 

changes, normally out every day and in every night. 

 Assumption of plug flow displacement of the vapor is

 plausible for a stationary tank, but 

 not for the fuel tank of a moving vehicle, where sloshing of the 

liquid will keep the vapor close to equilibrium at all times. 

 Temperature increase causes:

 increase in vapor pressure

 expansion of the liquid, the vapor and the tank

Leakage Control



 Breathing loss due to changes in atmospheric pressure 

is normally much smaller than that due to changes in 

temperature.

3- Emptying loss:

 arises from slow vaporization of the contents of the 

tank after partial emptying.

Leakage Control



10.3 CONTROL BY PREVENTION:

Leakage Control



GASOLINE DISTRIBUTION

 The greatest interest in these types of losses concerns gasoline.

 Gasoline is a complex mixture, typically containing perhaps 50 

different hydrocarbons in concentrations of 0.01 percent or more, 

plus traces of many others. 

 The smallest molecules have 3 carbon atoms; the largest, 11 or 

12. 

 A “typical” gasoline has an average formula of about C8H17 

and thus an average molecular weight of about 113. 

 Its composition varies with season of the year and from refinery 

to refinery.



Storage Tanks

For large-scale storage, 

the petroleum industry 

stores large amounts of 

such liquids in floating 

roof tanks, as shown in 

Fig. 10.4.



Gasoline transfer & storage

 The transfer of gasoline from tank trucks to underground storage tanks at 

service stations uses the scheme shown in Fig. 10.5. 

 Service station tanks are placed underground both to save ground space 

and to reduce the fire hazard of a leak or spill from such a tank.

 With time, these tanks corrode and leak, polluting groundwater. 

 This has caused conflict between

 the environmental engineers, who want the tanks aboveground, where 

leakage can be seen and corrected, and 

 the local fire fighting officers, who want the tanks underground so they 

cannot cause a fire. 





 Many small emissions of VOCs occur as leaks at 

seals. 

 In recent years these have come under regulatory 

control because, as the larger sources are 

controlled, these become a more significant part of 

the remaining problem.

 Figure 10.7 shows three kinds of seals. 

10.3.3 Leakage Control: Seal leaks



Kinds of 

Seals



VOC Control by adsorption

 Adsorption:

 physical adsorption: reversible attachment of gas (or vapor) 

molecules to a solid  surface

 Chemisorption: attractive forces between gas molecule and 

surface are closer to chemical bonding than physical attraction. 

 Adsorbents used are high surface area ( ca. 1000 m2/g) micro-

porous particles, e.g.  Alumina (Al
2
O

3
), Silica (Si

2
O

3
),  activated 

carbon.

 Adsorbent capacity w*:  mass of adsorbate per mass of 

adsorbent



Figure 10.10 (10.12) de Nevers

 Equilibrium curves for toluene on activated carbon



Figure 10.8 (10.10) de Nevers

 Schematic diagram for complete recovery system



VOC control by Absorption (Scrubbing)

 VOC selectively absorbed by bringing gas and solvent 
in contact in a packed column.

 Solvent and VOC separated in another column 
operating at lower temperature or pressure.

 Operational principles similar to adsorption but physical 
basis is different.

 Design principles covered at length in Unit Operations

 See Fig. 11.1 (deNevers)



Figure 10.5 de Nevers



VOC control by Incineration 

 Combustion 

 is responsible for most of the air pollutants of concern.

Can be a solution if practiced properly (i.e. 

sufficiently high temperatures, long residence times, 

and good mixing)

 Incineration is the term used when the purpose of 

combustion is the destruction of pollutants rather then 

energy production.



COMBUSTION AS A SOLUTION

 Examples of Reactions:

(typically applied for low concentrations of pollutants
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KINETICS OF VOC INCINERATION

 Typically, CO2 >> CVOC and does not change

 Thus, for first order kinetics we have:

 Effect of temperature (Arrhenius equation):
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Table (10.3) de Nevers



Combustion of VOCs: benzene example

 Incineration of benzene with first order kinetics.

a) Relatively small changes in temperature result in large differences in the 

time required for a particular efficiency of destruction.  

b) In most incinerators the residence times are of the order of seconds.

c) If the temperature drops, destruction efficiency drops significantly.
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 In the above example, penetration increased 100 
times by reducing the residence time from 0.24 s to 
0.12 s at a temperature of 1400 F.

 How much does penetration increase by reducing the 
temperature from 1400 F to 1000 at a residence time 
of 0.12?

 
t, s 

 
T, F 

 
k, 1/s 

 
C/C0  

0.12 
 

1400 
 

38.59 
 

0.00975  
0.12 

 
1000 

 
1.10E-04 

 
0.99999 

 

Combustion of VOCs: benzene example



Incineration 

arrangements:

A) simple thermal 

incinerator

B) regenerative heat 

recovery

C) catalytic incinerator

Figure 10.14 de Nevers



The Three T’s of Combustion*

 We have seen that good mixing is important even in homogeneous 

systems and that incomplete combustion can result even when we have 

excess oxygen. 

 For heterogeneous systems, large surface area and turbulent mass 

transfer at that surface become paramount.

 Thus the temperature of reaction, how long the reactants stay at that 

temperature, and how well they are brought in contact define whether 

combustion reactions are complete and offer a solution (incineration) 

to air pollution problems.

* Time, Temperature, Turbulence










