GASEOUS INORGANIC AIR POLLUTANTS








CO, SO2, NO, NO2





NH3, N2O, N2O5, H2S, Cl2, HCl, HF





X00,000,000 tons/year





CARBON MONOXIDE, CO





CCO ~ 0.1 ppm





oxidation of methane





CH4 + 1.5 O2 ---> CO + 2H2O





degradation of chlorophyll (20%)


anthropogenic sources (6%)


decay of plant matter


production by siphonophores





reduction of emission:


high air to fuel ratio


catalysts exhaust reactors





CO ---> CO2





FATE OF CO





lifetime ~ 4 months





CO + HO¥ --->CO2 + H





O2 + H + M ---> HOO¥ + M





HOO¥ + NO ---> HO¥ + NO2





HOO¥ + HOO¥ ---H2O2 + O2





H2O2 + hu ---> 2HO¥





* soil microorganism act to remove CO





SO2





 S ---> H2S, SO2, SO3, sulfates





human activities


combustion of coal


nonanthropogenic sulfur


H2S- volcano


decay of organic matter (1,000,000)






























































H2S + 3/2 O2 ---> SO2 + H2O





H2S + HO¥ ---> HS¥ + H2O





HS¥ + O2 ---> HO¥ + SO





SO + O2 ---> SO2 + O


combustion of pyrite, FeS2





4FeS2 + 11 O2 ---> 2Fe2O3 + 8SO2





REACTIONS OF SO2 IN THE ATMOSPHERE





factors:


temperature


humidity


light intensity


atmospheric transport


surface of particulate matter





��SO2 ===> particulate matter








	settled						scavenged (rainfall)


___________________





reduction of visibility


aerosol formation


oxidation of SO2 to H2SO4


sulfate salts creation (NH4) 2SO4, NH4HSO4)





MECHANISMS OF SO2 REACTIONS





photochemical reactions


photochemical & chemical reactions with NOx, CnH2n


chemical properties in water droplets


reactions on solid particles





1. slow process, no significance





l < 218 nm





2. oxidizing species:





HO¥, HOO¥, O, O3, NO3, N2O5, ROO¥, RO¥





5-10 %/ hour (LA)


HO¥ + SO2 ---> HOSO2¥ ===> converted to sulfate








Oxidation inside water droplets:


transport of gaseous SO2 & oxidant


diffusion of species in the droplets


hydrolysis & ionization of SO2


oxidation of SO2





____________________





ÒOÓ -oxidizing agent (H2O2), HO¥)


SIV - SO2 (aq), HSO3-(aq) , SO32- (aq)





ÒOÓ + SIV ---> 2H+ + SO42-


_______________________





0.5 O2 (aq) + SO2 (aq) + H2O ---> H2SO4 (aq) 	slow





SO2 (aq) + H2O2 (aq) ---> H2SO4 (aq)





SO32- (aq) + O3 (aq) + H2O ---> SO42- (aq) + O2





NH3 + SO2 + H2O ---> NH4+ + HSO3- 		fast


�


faster with catalysts: FeIII, MnII, pH   , NO2, HNO2


heterogeneous oxidation on soot particles, on oxides particles





EFFECTS OF ATMOSPHERIC SO2


respiratory problems


harmful to plants (leaf necrosis)


��


when relative humidity 





sulfuric acid aerosols


detoriation of building materials





CaCO3  MgCO3 + 2SO2 + O2 + 9 H2O ---> CaSO4  2H2O + MgSO4 7H2O + 2 CO2





Removal of SO2





physical separation of pyritic sulfur from coal


fluidized bed combustion





CaCO3 ---> CaO + CO2





CaO + SO2 ---> CaSO3





gas scrubbing systems (wet and dry)





1. Lime slurry scrubbing





Ca(OH) 2 + SO2 ---> CaSO3 + H2O





2. Limestone slurry scrubbing





CaCO3 + SO2 ---> CaSO3 + CO2





3. magnesium oxide scrubbing





Mg(OH) 2 + SO2 ---> MgSO3 + H2O





4. sodium-base scrubbing





Na2SO3 + H2O + SO2 ---> 2NaHSO3





2 NaHSO3 + heat ---> Na2SO3 + H2O + SO2





5. Double alkali





2NaOH + SO2 ---> Na2SO3 + H2O





Ca(OH) 2 + Na2SO3 ---> CaSO3 + 2 NaOH





6. Dolomite





CaCO3 MgCO3 + SO2 + 0.5 O2 ---> CaSO4 + MgO + 2CO2








ACID -BASE REACTION WITH SO2 (removal)





SO2 (g) ===SO2 (aq)





[SO2 (aq) ] = K PSO2





in the presence of base:





H2O + SO2 (aq) ====H+ + HSO3-





HSO3- === H+ + SO32-





in the presence of CaCO3





CaCO3 + H+ === Ca2+ + HCO3-





CaCO3 + CO2 + H2O === Ca2+ + 2HCO3-





_________________





Ca2+ + SO32- + 0.5 H2O === CaSO3  0.5 H2O





SO32- + 0.5 O2 ---> SO42-





Ca2+ + SO42- + 2H2O === CaSO4  2H2O (gypsum)





in the presence of Ca(OH) 2





H+ + OH- ---> H2O





CO2 + OH- ---> HCO3-


�


when lime slurry is used pH   > so OH- reacts with CO2





OH- + CO2 --- > HCO3-





1 ton of limestone === 5 tons of coal recovery process are required











________________________


reaction with synthesis gas (H2, CO, CH4)





SO2 + (H2, CO, CH4) === H2S + CO2





2H2S + SO2 === 2H2O + 3S





NITROGEN OXIDES





nitrous oxide, N2O


nitric oxide, NO


nitrogen dioxide, NO2





N2O + hu ---> N2 + O





ozone layer depletion:





N2O + O ---> N2 + O2





N2O + O --- 2 NO





NO, NO2 (red brown)





NOx


natural sources (lightening, biological processes)


pollutant sources


combustion of fossil fuels (100,000,000 tons)





Internal combustion engines





N2 + O2 ----> 2 NO














								in mixture: 


								75% N2 + 3% O2











mechanism of NOx formation from N2 & O2 during combustion:





O2 + M ---> O + O + M





N2 + M ---> N¥ + N¥ + M





M - energetic third body


O2 - 118 kcal/mol


N2 - 225 kcal/mol





N2 + O---> NO + N





N + O2 ---> NO + O


_____________________


N2 + O2 ---> 2NO





Other species in combustion mixture:





RH + O ---> R¥ + OH¥





N + HO¥ ---> NO + H¥





ATMOSPHERIC REACTIONS OF NOx





conversion to :


nitric acid


inorganic nitrate salts


organic nitrates


peroxyacetyl nitrate





troposphere : NO ===> NO2





NO2 + hu ---> NO + O 		l < 398 nm





l > 430 nm





NO2 + hu ---> NO2*








O + O2 + M ---> O3 + M


NO + O3 ---> NO2 + O2





NO2 + O3 ---> NO3 + O2





O + NO2 ---> NO + O2





O + NO2 + M ---> NO3 + M





NO2 + NO3 ---> N2O5 (dinitrogen pentoxide)





NO + NO3 ---> 2NO2





O + NO + M ---> NO2 + M


��___________








HNO3, NO3-, organic nitrogen





N2O5 + H2O ---> 2HNO3


�


HO¥ + NO2 ---> HNO3





HO¥ + HNO3 ---> H2O + NO3		===>stratosphere





HNO3 + hu ---> HO¥ + NO2





NO


attaches to hemoglobin, reduces oxygen transport efficiency





NO2





effects:


50-100 ppm : inflammation of lung tissue


150-200 ppm : fatal lung disease


> 500 ppm : death





damage to plants (decrease in photosynthesis)


fading of dyes and inks


destruction of stratosphere ozone layer





l = 242 nm





O2 + hu ---> O + O





O2 + O + M ---> O3+ M





O3 + O ---> O2 + O2





O + O + M --- O2 + M





NO + O3 ---> NO2 + O2





NO2 + O ---> NO + O2


_________________________


O + O3 --->O2 + O2





In the presence of water





O + H2O ---> HO¥ + HO¥





HO¥ + O3 ---> HOO¥ + O2





************


Regeneration of ozone:





l  < 420 nm





NO2 + hu ---> NO + O





NO + HOO¥ ---> NO2 + HO¥





CONTROL OF NITROGEN OXIDES





reduction of O2


reduction of temperature


circulated exhaust gas, cool air, inert gas








low = excess- air firing





disadvantages:


incomplete fuel burnout


emission of hydrocarbons


Soot, CO





solution ===> two-stage combustion





high temperature, stoichiometric air (90-95%)


low temperature, excess are





30 % reduction of NO emission








REMOVAL OF NOx from stock gas:





catalytic decomposition


catalytic reduction


sorption of NOx by liquids & solids


(oxidation to water soluble spices: NO2, N2O3, N2O4, HNO2, HNO3)





Catalytic reduction





CH4 + 4NO ---> 2N2 + CO2 + H2O





CO + NO ---> CO2 + 0.5 NO2





side reaction:


SO2 + 3CO ---> 2CO2 + COS (Carboxylic sulfide-toxic)





Alkaline scrubbing solutions:





Ca(OH) 2, Mg(OH) 2





Introduction of NO2 to combustion





NO2 + NO ---> N2O3














ACID RAIN








H2SO4, HNO3, HCl





effects???


_______________


NH3, ammonia





natural biological and chemical processes


decay of animal wastes


sewage treatment


coke manufacture


ammonia manufacture


leaks from NH3 based refrigeration systems





NH3 + HNO3 ---> NH4NO3





NH3 + H2SO4 ---> NH4HSO4


__________________


FLUORINE





industrial pollutants


manufacture of aluminum


��conversion of fluoroapatite


superphosphate fertilizers





Ca5F(PO4) 3 + 5 H2SO4 + 10 H2O ---> 5CaSO4 2H2O + HF + 3H3PO4


��





									recovery as H2SiF6


									(fluorosilisic acid)


very corrosive


toxicity to humans


plant damage





SiF4 - silicon tetrafluoride


(steel & metal smelting operations)





2CaF2 + 3SiO2 ---> 2 CaSiO3 + SiF4





SF6 -sulfur hexafluoride (OK)


__________________


Cl2





poisonous gas (Ward War I)


toxic gas, reactive , oxidant





H2O + Cl2 ---> H+ + Cl- + HOCl


____________________


HCl





combustion product of incineration of chlorinated plastics (polyvinylchloride)





SiCl4 + 2H2O ---> SiO2 + 4 HCl





AlCl3 + 3 H2O ---> Al(OH) 3 + 3 HCl


_________________________


H2S (hydrogen sulfide)





microbial decay of sulfur compounds (reduction of sulfate)


geothermal steam


wood pulping


natural & anthropogenic sources





toxic


destroys plants


materials damage (pigments (Pb))


_______________________


COS - carbonyl sulfide





significant sulfur species in atmosphere





COS + HO¥ ---CO2 + HS¥





�HO¥ + CS2 ---> COS + HS¥





�						SO2


								SO42-
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