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1. Air Stripping 

 A mass transfer process that enhances the volatilization 

of compounds from a liquid phase (water) into a vapor 

phase (air), by actively passing air through water. 

 This improves the transfer between air & water phases.  

 A cost-effective technique for removing VOCs from 

contaminated water. 

 Most commonly used for remediating VOC-impacted 

groundwater.  

 Most effective for low concentrations (<200 mg/L).  

1. Air Stripping 

 Can be performed by using stripping basins or towers. 

 Stripping basins consist of diffused aeration or 

mechanical aeration (aeration basins) 

 Stripping towers include towers, trayed towers and 

spray systems. 

 Aeration towers are simple & relatively inexpensive and 

may be used for groundwater containing highly VOCs if 

high efficiency is not required. 
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1. Air Stripping 

Packed tower air stripper 

1. Air Stripping 

 A mass balance equation for the column may 

be written by setting the mass of contaminant 

removed from the water equal to the mass 

added to the air: 

 

Qw[Cin-Cout] = QA[Aout-Ain]   (Eq.1) 
 

Qw= water flow rate (m3/s) 

C=   contaminant in water (kmol/m3) 

QA= air flow rate (m3/s) 

A=   concentration contaminant in air (kmol/m3) 
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1. Air Stripping 

 In order to develop a 

design equation, a 

section of the stripping 

tower is selected. 

 The section has a 

superficial surface 

area B, and a 

differential thickness 

dz.  

1. Air Stripping 

 The height of packing in the column is calculated 

using to the following formulas: 

 Liquid loading rate, L = B / (ρW.QW) 

 Height of transfer unit, HTU = L/(MW.KLa) 

 KLa: overall mass transfer  MW: molar density of water 

 Stripping factor, R = H’(QA/QW) 

 Number of transfer units, 

 Height of packing in column, z = NTU*HTU  
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1. Air Stripping 

Ex. 9-2: Preliminary design of air stripping column 

A groundwater supply has been contaminated with 

ethylbenzene. The maximum level of ethylbenzene in the 

groundwater is 1 mg/L and this must be reduced to 35 µg/L by 

an air stripping column. The following data are provided: 

KLa = 0,016 s-1; Qw = 7.13 L/s; Temperature = 20 oC (293.3 K); 

H = 6.44 x 10-3 atm.m3/mol 

Select: 

Column diameter = 0.61 m; Air-to-water ratio (Qa/Qw) = 20 

Determine:  

Liquid loading rate, L; Stripping factor, R; Height of packing in 

column 

1. Air Stripping 

An air stripping unit 
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2. Carbon Adsorption 

 Sorption is a process by which a 

component moves from one 

phase to another. 

 Most widely used absorbent is 

activated carbon which has 

large surface area. 

 Activated carbon adsorption is a 

well developed technology that 

is capable of effectively 

removing a wide range of 

soluble organic compounds. 

2. Carbon Adsorption 

Schematic of carbon contactor 
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2. Carbon Adsorption 

Carbon contactors 

2. Carbon Adsorption 

Schematic of activated carbon adsorption systems 
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2. Carbon Adsorption 

 Movement of an organic and/or inorganic molecule to 

a surface site requires 4 separate phenomena: 

 Bulk fluid transport 

 Film transport 

 Intraparticle (pore and/or 

surface diffusion) 

 Physical attachment 

2. Carbon Adsorption 

 Since film and intraparticle transport are slow compared 

to other rate mechanisms, these are rate-limiting steps 

that control design. 

 Diffusion rate tends to increase with increasing solute 

concentration and temperature. 

 The rate decreases with increasing molecular weight of 

the solute and decreasing pore size of carbon. 
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Factors affecting carbon adsorption 

 Factor Effect 

Solubility Less soluble compounds are adsorbed to 

greater extent than more soluble compounds. 

Molecular structure Branch-chain organics are more easily 

adsorbed than straight-chain organics. 

Molecular weight  Larger molecules are more easily adsorbed 

than smaller molecules. However, pore 

diffusion governs the absorption process, the 

adsorption rate decreases with molecular 

weight. 

Polarity Less polar organics are more easily adsorbed 

than polar organics. 

Hydrocarbon 

saturation 

Unsaturated organics are adsorbed more 

easily than saturated organics. 

Adsorption isotherms 

Langmuir isotherm 

 

q = abC/(1+bC)      (Eq.2) 

q : mass of contaminant absorbed 

a,b : constants 

C : concentration 
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Freundlich isotherm 
 

q = KCf
1/n      (Eq. 3) 

q = (Ci -Cf)xV / mass of carbon (mg) 

 

q : mass of contaminant absorbed (mg) 

V : Volume of solution (L) 

Ci  : initial concentration of contaminant in solution (mg/L) 

Cf  : final concentration of contaminant in solution (mg/L) 

K, n : empirical constants 

Adsorption isotherms 

2. Carbon Adsorption 

Carbon adsorption breakthrough curve showing movement of 

an adsorption zone. 



10/5/2013 

11 

3. Steam Stripping 

 Used for the removal of volatile or 

semi volatile compounds from 

groundwater or wastewater. 

 Capable of reducing VOCs in 

water to very low concentrations 

 Higher concentration of organics 

in a steam stripper requires more 

complex design techniques than 

for an air stripper. 

3. Steam Stripping 

Functional differences between steam- and air stripping: 

o Steam, rather than air, is used as the stripping gas. 

o The stripping gas, steam, is infinitely soluble in the 

liquid phase , water. 

o Steam strippers operate at much higher temperatures 

than air strippers. 

o The organics in the water may be recovered as a 

separate liquid phase. 
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3. Steam Stripping 

Atmospheric pressure steam stripping column 

 The contaminated water enters the column at the feed 

point, the water flows downward. 

 Steam passes counter currently up through the column. 

 The column operates at a temperature that is slightly 

higher than the normal boiling point of water. 

 The VOCs in the water vaporize . 

 VOCs transferred from the liquid phase into the gas 

phase. 

3. Steam Stripping 

 The steam exits the top of the column and enters the 

condenser. 

 This supersaturated liquid enters the decanter to 

separate by floating or sinking. 

 The aqueous phase from the decanter is returned to the 

top of the column. 
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3. Steam Stripping 

Atmospheric pressure steam stripping column. 

3. Steam Stripping 

Vacuum steam stripper 

 Since it is operating at reduced pressure, the boiling 

point of water is reduced. 

 Hence, vacuum stripping column operates at a lower 

temperature than an atmospheric stripping column. 
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3. Steam Stripping 

 

 

Vacuum steam stripper 

3. Steam Stripping 

 Steam stripper can also operate at elevated 

pressures. 

 Pressurized steam stripper is commonly used in 

refineries to strip hydrogen sulfide and ammonia 

from the wastewater. 

 A steam stripper could be applied to water 

containing VOCs that are highly soluble in water.  
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4. Chemical Oxidation 

 Its objective is to detoxify waste by adding oxidizing 

agent to chemically transform waste components 

such as VOCs, mercaptans, phenols. 

 Most commonly used oxidizing agents are ozone, 

hydrogen peroxide, chlorine and UV light is usually 

added along with ozone and/or hydrogen peroxide 

to accelerate the reaction. 

 Soils may also be amenable to these process. 

4. Chemical Oxidation 

 Chemical oxidation is typically conducted in 

completely mixed tanks or plug flow reactors. 

 Oxidizing agent is either injected into contaminated 

water just before it enters the tank or is dosed 

directly into the tank. 

 Complete mixing must be provided to prevent 

short-circuiting in the tank. 
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4. Chemical Oxidation 

 Ozone (O3) is added to the liquid waste as a gas.  

 Hydrogen peroxide (H2O2) and UV light are 

generally used together.  

 Chlorine (Cl2) is a dense gas that readily liquefies 

under pressure. 

UV/H2O2 system 
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4. Chemical Oxidation 

 A disadvantage of ozone is its rapid dissociation to 

oxygen in the atmosphere.  

 Hence, ozone must be generated and immediately 

applied at the treatment location. 

 The principle disadvantage of using ozone are its 

cost and inability to inject the gas efficiently 

 Phenol is readily degraded by ozone. 

Degradation of phenol by ozone 
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4. Chemical Oxidation 

 Application of H2O2 + UV light is a well-established 

technology with operating cost ranging from $1 to 

$10 per thousand gallons (1 gal. ~ 3.8 L) treated. 

 Chlorine is frequently utilized as oxidizing agent.  

 It is evaporated to a gas and mixed with water to 

provide a hypochlorous acid (HClO) solution: 

 Cl2(aq) + H2O  HClO +H+ + Cl- 

 Hypochlorous acid ionizes as follows: 

 HClO  H+ + ClO-  

4. Chemical Oxidation 

 An application of oxidation with chlorine is the 

destruction of cyanide.  

 Under alkaline conditions cyanide is converted to 

the less toxic cyanate: 

 CN- +OCl-  CNO- + Cl-   
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4. Chemical Oxidation 

Ex. 9-9: Chemical quantity determination 

A waste stream of 75 m3/day contains 270 mg/L cyanide as 

NaCN. Determine the theoretical (stoichiometric) amount of 

chlorine required daily to destroy this waste. 

Solution: 

2NaCN + 5Cl2 + 12NaOH  N2 + Na2CO3 + 10NaCl + 6H2O 

This implies that 2.5 moles of Cl2 are required for each mole of 

NaCN.   

 

5. Supercritical Fluids 

 Supercritical fluids (SCF) are materials at elevated 

temperature and pressure that have properties 

between those of a gas and a liquid. 

 In SCF extraction, organics in soils, sediments, or 

water are dissolved in the fluid at elevated 

temperature and pressure conditions and released 

at lower temperature and pressure. 
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5. Supercritical Fluids 

 Contaminated stream (liquid or solid) is introduced into 

an extraction vessel and pressurized and heated to the 

critical point in a compressor. 

 The organic contaminant dissolves in the SCF. 

 The SCF is then expanded by passing it through a 

pressure reduction valve and organic contaminant is 

separated from extracting fluid. 

 The SCF is then recompressed and recycled to the 

extraction vessel. 

5. Supercritical Fluids 

Schematic diagram of an SCF process for extracting 

organic compounds from water using CO2 
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5. Supercritical Fluids 

Process schematic diagram for SCF oxidation of an 

aqueous waste. 

5. Supercritical Fluids 

 

 

Pressure temperature phase diagram for water. 
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6. Membrane Processes 

 Electrodialysis 

 Reverse osmosis 

 Ultrafiltration 

 

 

Electrodialysis 

 Consists of the separation of ionic species from water 

by applying a direct-current electrical field. 

 The ion-selective membrane (CEM/AEM) used in 

electrodialysis permit the passage of selected ions 

through the selective membrane. 

 Electrodialysis is used in the electroplating industry for 

the recycling of metals and purified water. 
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Electrodialysis 

 

 

Operation of electrodialysis systems. 

Reverse osmosis 

 A solvent is separated from a solution by applying a 

pressure greater than the osmotic pressure, thus 

forcing the solvent through a semi permeable 

membrane 

 The driving force is the gradient of the chemical 

potential of the solvent in the direction of flow. 

 Water flows from the pure water side to the salt side 

because the concentration of salt is higher and the 

system tends to move toward an osmotic equilibrium 

state. 
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 Reverse osmosis (RO) occurs if mechanical pressure 

greatly in excess of the osmotic pressure is applied to the 

salt solution. 

 RO is used in the electroplating industry to recover both 

metals and water. 

 RO can be applied both organic and inorganic hazardous 

waste problems 

Reverse osmosis 

 

 

Pictorial explanation of reverse osmosis 

Reverse osmosis 
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Flow diagram for a reverse osmosis system treating 

plating rinse-water 

Reverse osmosis 

 

 

Reverse osmosis unit.  

Reverse osmosis 
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Ultrafiltration (UF) 

 UF separates solutes from a solvent on the basis of 

molecular size and shape by passing the solution 

through a membrane module, where the a pressure 

difference is maintained across the membrane. 

 To improve separation efficiency, the feed is recycled 

through the UF unit several times. 

 In UF, solutes of molecular weight greater than about 

500 and less than 500,000 can be separated from a 

solution. 

Ultrafiltration (UF) 

 The lower limit is related to the pore size of membrane. 

 Upper limit of molecular sizes are no longer separated 

by UF, but by conventional filtration. 

 UF systems operate at lower pressures than RO 

because the osmotic pressure of the larger molecular 

weight solutes are generally lower. 

 UF can be operated as a batch or continuous operation 
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Ultrafiltration (UF) 


