 Classnote – 12

VOC  Pollution Control

Recalling Classnote-3 where we discussed carbon-containing compounds and mentioned that volatile organic compounds (VOCs) are just part of the carbon-containing compounds.  Here we treat VOCs as a group of compounds subjected to the same type of air pollution control mechanism.

Volatile Organic Compounds (VOCs)

VOCs are compounds containing organic carbons (carbons bound to carbon, hydrogen, nitrogen, or sulfur, but not carbonate carbon nor cabide carbon) with significant vaporization potential (with vapor pressures greater than 0.01 psia).  VOCs are not the same as HCs (hydrocarbons).  By definition, hydrocarbons contains only compounds made from hydrogens and carbons.  For practical purpose, the term VOC is interchangeable with HC or VOC contains HC.

Often time, the definition of 0.01 psia is replaced with 1 mm Hg.  Clearly, it refers to compounds with high volatile potential and not numerically restricted by the value of the vapor pressure. 

To understand evaporation of VOC, we need to know the following terms:

Raoult’s law: the mol fraction (yi) of component i in vapor form is equal to the product of the mol fraction of the component i in liquid phase (xi) and the ratio of the partial pressure of pure component i  (pi) to the total pressure (P).
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Raoult’s law governs the equilibrium between liquid and gaseous phase of a pure component in single, binary, or multiple components system.  For diluted solution in water, Raoult’s law does not apply and Henry’s law should be used.   

Clausius-Clapyron equation: a empirical relationship developed for use in estimating vapor pressure of a compound at different temperature.
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where p is the vapor pressure at temperature T and A, B are empirical constants for the specified compound.

Antoine equation: another empirical relationship with better accuracy developed for use in estimating vapor pressure of a compound at different temperature.  
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where p is the vapor pressure at temperature T and A, B, C are empirical constants for the specified compound.

Saturation vapor pressure: The concentration in a close head space when the partial pressure of the compound is the same as the vapor pressure of the compound.  

Henry’s law: Henry’s law depicts the partition between the gas phase and water for a compound.  For a diluted solution in water, vapor concentration of a compound is no longer controlled by Raoult’s law.  The concentration in vapor phase is proportional to the compound’s concentration in water and the proportionality is called a Henry’s law constant, H.

Cl = H pi 

Where Cl 
= the equilibrium concentration in aqueous phase;

H
= Henry’s law constant;

pi 
= equilibrium partial pressure of the species in vapor phase.

Henry’s law constant, H, can be estimated from
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Another way of expressing the Henry’s law constant is to compute the dimensionless form of Henry’s law constant through the saturation concentration,
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Thus,
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or
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or Ca = KH Cl ,       where  
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Control of VOCs 

Control by Prevention

· Substitution

Paint

Ink

Motor emissions

others

· Process Modification

Gasoline (reduce working losses): 
0.1 % of the gasoline filled






2.4 % of the total VOC emissions in the U.S.

Paint booth design

etc

· Leakage Control

Control by Concentration and Recovery

· Condensation: by patrtitioning between gaseous and aqueous phases

· Adsorption: attachment of VOC molecules onto surfaces of solid

· Absorption: dissolution and bond by solutions

Control by Oxidation

· Thermal Destruction

· Biological Oxidation

Vapor Control for Gasoline Storage Facilities

Stage 1 vapor control systems capture gasoline vapors during the filling of underground storage tanks at gas stations. The systems capture 95 percent of volatile organic compound (VOC) emissions and are a cheap way to reduce ground-level ozone.

Stage 2 & 3
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