AIR POLLUTION
Air is never found clean in nature, due to natural and man-made pollution. Gases such as CO, SO2 and H2S are continually released into the atmosphere through natural activities, e:g volcanic activity, vegetation decay, and forest fires. Beside tiny particles of solids or liquids are distributed throughout the air by winds, volcanic explosions etc. 

In addition to these ‘natural  pollutants’ , gases mist and particulate aerosols resulting from chemical and biological processes used by man. Air pollutants are present in atmosphere concentrations that disturb the dynamic equilibrium in the atmosphere and thereby affect man and his environment.
Pollutants
Any undesirable substance that cause adverse effect on environment.
Primary Pollutants

Pollutants are directly produced by any source. 
Carbon monoxide CO, 
Oxides of Sulphur (SO)x , 
Oxides of Nitrogen (NO)x , 
Hydrocarbon (CH) , 
Particulates part
Secondary Pollutants

Pollutants are directly produced by reaction of primary pollutants. 
H2CO3, 
H2SO4 , 
HNO3 ,
ozone, 
aldehyde, 
ketone 
Peroxylacetate nitrate

Peroxybenzol etc

Major sources of Primary pollutants                                                                                                                                                                                                                                
Some of the sources are discussed here.
Industrial pollutants, Automobile, burning of fossil fuel, aircraft emission, agricultural activities & ionization emission.

1.Industrial Pollutants
Pollutants produced from the chimneys of industries and power station. Different oxides are emitted in atmosphere due to following reasons:

1.Combustion of lignite coal)

2.Varoius fluorine compounds

3.Metalurgical process 

4.Peterleum refineries
5.Steel manufacturing
2.Automobile 
Smoke produced from all transport and vehicles and emitting in atmosphere. 

Sources are 

Fuel gases,  fuel exhausted lead gases, 

benzene, xylene, toluene (volatile compounds)
3. Burning of Fossil fuel

Major contribution of burning of fossil fuel is coal, burning of coal produce methane, ashes, soot particles due to aromatic hydrocarbons.
4. Aircraft Emission
Carbon monoxide CO

It is a colourless, odourless and tasteless gas. It is 96.5% as heavy as air and is not soluble in water. The basic chemical reaction yielding CO are:

1.Incomplete combustion of fuel or carbon-containing compounds

                    2C  + O2                          2CO

2. Reaction between CO2 and carbon-containing material at elevated temperatures in industrial processes, e:g in blast furances:

               CO2  + C                         2CO

3. Dissociation of CO2 at high temperature.

               CO2                     CO   +  O

Natural Sources

Volcanic eruption, natural gas emission, marsh gas production, electrical discharge, seed germination

Human Activitives

Transportation, Industries (e:g iron, steel, paper, petroleum), forest fires.

Sources and Sink of CO Pollution
Natural processes, e:g volcanic action, natural gas emission, electrical discharge during storms, seed germination, marsh-gas production etc. contribute in small measure to CO in the atmosphere. 

The significant contribution od from human activities.

1.Transportation

2. Industrial processes 

It include mainly iron and steel industries and petroleum and paper industries.

3. Agricultural burning

Agricultural burning implies controlled burning of debris, crop residue, brush, weeds and other vegetation.

The annual input of CO into the atmosphere by human activities is expected to its double concentration in the ambient atmosphere every five years.

Since the automobile remains the largest single source of CO pollutant, highly polluted urban area have the highest ambient CO concentration.

Control of CO pollution :

The transportation sources are responsible for 74% of all CO emissions and gasoline-fed internal combustions are primarily accountable for it. Hence the considerable efforts for control of CO pollution are mainly directed at automobiles.

It is well –known that the internal combustion engine emissions consists of a mixture of CO , NOx hydrocarbons and particulate matter .when one of these pollutants is subjected to control measures , the amounts of other pollutants are affected at the same time.

It follows that a low air-fuel ratio reduces NOx emission remarkably, but increase CO and CH emission. The stoichiometric ratio, is the ratio at which there is just the right proportion of oxygen in the fuel for complete oxidation of C and H2 into CO2 and H2O. Automobile carburetors are adjusted to the fuel rich side of the stoichiometric ratio since the engines tends to stall on the other side.

Extensive investigation have been and are being made for control of automotive emissions along the following lines:

1. Modification of internal combustion engines to reduce the amounts of pollutants formed during fuel combustion.

2. Development of exhaust system reactors which will complete the combustion process and change potential pollutants into more acceptable materials.

3. Development of substitute fuels for gasoline which will yield low concentrations of pollutants upon combustion.

4. Development of pollution free power sources to replace the internal combustion engine.

1.Use of Catalytic Converters:

Use of Catalytic Converters in two stages helps in eliminating pollutants from exhaust gases before they are discharged into the atmosphere. In the first converter NOx is reduced to N2 (+NH3) in the presence of finely divided Pt, a catalyst and the reducing gases, CO and Hydrocarbons .The production of NH3 is kept at a minimum under carefully controlled conditions.

In the second converter, air is introduced to provide an oxidizing atmosphere for complete oxidation of HC and CO into H2O and CO2 in the presence of finely divided pt catalyst. One problem of the Pt catalyst is that it is liable to be poisoned by heavy metals (Pb) present in gasoline itself. Hence Pb-free gasoline must be used for proper function of catalytic converters.

The role of tetraethyl lead, in gasoline in internal combustion engines should be clearly understood. Free radicals are formed in the engine due to the high temperature produced by the compression.These free radicals cause preignition (knocking) and small explosions which decrease the efficiency of engine. Tetraethyl lead is a good scavenger of such free radicals. Gases containing is major source of Pb pollution in the environment. 

2. Development of exhaust system
Honda Corporation of recommended stratified  Japan charge engine as an alternative to catalytic converters.It contains an extra combustion chamber where a fuel-rich mixture is introduced and ignited with a spark. This sets in combustion at relatively low temperature as a result of which NOx formation is minimized. The burning mixture is then fed in to the larger main chamber where it gets mixed with a lean fuel mixture. The combustion proceeds to completion without stalling the engine. The presence of excess air ensures complete combustion of HC and CO but the temperature remains low enough to limit the build up of NOx .Such engine however are still in the experimental stage.

3. Substitute Fuel for gasoline

The third possible solution of CO pollution is substitute fuel of gasoline.Natural gas  in both compressed (CNG) and liquefied form (LNG) has been used as fuel. Although it is an attractive pollution free fuel, There are problems of steady supply and economic storage. Alcohols are other , but their combustion products aldehyde which is highly irritants.

3. Power Sources

The fourth possible solution to automotive emission problem is alternate power sources e:g steam, electric and gas turbine engines. But none of these are economically viable as compared to gasoline.
Oxides of Nitorgen (NO)x
NOx represents composite atmospheric gases, nitric oxide NO, and nitrogen dioxide NO2, which are primarly involved in air pollution. NO is a colourless gas, odourless gas but NO2 has a reddish brown colour and pungent suffocating odour.

The basic reaction leading to formation of NO and NO2 are:
N2 and O2 reacts at high temperature of 1210-1765oC.
                    N2    + O2                          2NO

                    NO  + O2                                      2NO2
The formation of NO is favored at high temperature, normally attained during many combustion process. Rapid cooling of the combustion products prevents dissociation of NO.

2. Reaction between CO2 and carbon-containing material at elevated temperatures in industrial processes, e:g in blast furances:

               CO2  + C                         2CO

3. Dissociation of CO2 at high temperature.

               CO2                     CO   +  O

Natural Sources

Bacterial action, Nitrigen fixing.

Human Activitives

Combustion of coal, gasoline and natural gas.

Sources and Sink of NOx Pollution
Natural bacteria action discharge tonnes of NOx, every year all over the world. The distribution of NOx from natural source is more or less uniform on a global basis, but that from man- made sources are various depending upon urban or rural areas.

The significant contribution of from human activities.

1.combustion of coal

2. combustion of oil

3. combustion of gasoline 

4. combustion of natural gas

The annual input of NOx of 10 million tonnes from stationary combustion sources, power plants, industries, domestic and commercial heating plants.
The residence time of NO is about 4 days and NO2 is 3 days in the atmosphere. These residence time imply that natural processes including photo chemical reactions, take care of NOx the end product of HNO3 which is precipitated as nitrate salts in either rainfall or as dust. 

                         O3    +    NO2                                          NO3       +   O2

                         NO3      + NO2                         N2O5

                            N2O5   +  H2O                               2HNO3
 Concentration profile of NO

In Urban areas, ambient NOx level follow a regular pattern depending on sunlight and traffic density. Before day light, NO and NOx levels remain fairly stable at concertation slightly higher than the daily minimum.

As the traffic rush begins and increase the level of NO increase and become maximum. At midday with increase ultra violet light , the NO2 level increase due to conversion of NO into NO2.

    Control of NOx pollution :
The use of catalytic converter of control of automotive emission provides for removal of NOx in the first stage.

Power plants emit about 50-1000ppm of NOx. Such emission can be reduced by 90% by two stage combustion process.

1.The fuel is fired at a relatively high temperature with a sub-stoichiometric amount of air, say 90-95% of the stoichiometric requirement. This yield of NO is limited in the absence of excess O2.

2.Fuel burn out is completed at a relatively low temperature in excess air. Under this condition NO is not formed.

Chemical Sorption :
A possible approach to NOx removal from stack gas is the chemical sorption process using H2SO4 solution or alkaline scrubbing solution containing Ca(OH)2 and Mg(OH)2. Simultaneously, SO2 is also removed. NO is converted into N2O5 which is easily absorbed. Then 

                        NO2 + NO            N2O3

NO2   is recycled. Four steps are involved in this scrubbing process:

(i) Flue gas and NO2    are introduced into an oxidizer.

NO2   + SO2   + H2O             H2SO4  + 
(ii)NO and NO2 react to form N2O3 which is scrubbed by H2SO4 in a scrubber.  
The cleaned flue gas is released into the atmosphere.

NO2   + NO                        N2O3

N2O3 + H2SO4                     2NOHSO4 + H2O

(iii)The reaction product from the scrubber is next decomposed in a decomposer and the resulting H2SO4 recycled to the scrubbers.

2NOHSO4    +  1/2O2   +  H2O               2H2SO4   +  2 NO2   
(iv) NO2    produces HNO3 in the HNO3 reactor:

3NO2   + H2O                 2 HNO3  + NO

And excess NO and NO2 are recirculated through the oxidizer in step (i).         
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