PHOTOCHEMICAL SMOG





SMOG


unpleasant combination of smoke and fog





oxidizing smog ====> photochemical smog


reducing smog (SO2 +..)





Ingredients required to generate photochemical smog:





UV


hydrocarbons


NOx





Automotive emissions


��





	hydrocarbons


�	NOx











			sources


exhaust (65% HC)


crankcase mist (lubricated oil + ÒblowbyÓ) (20%)


fuel system (evaporation of the gasoline to the atmosphere) (15%)









































Wall quench:


Cool wall causes the flame to be extinguished within several thousandths of cm from the wall


��








�		residual gas-----> emitted as pollution


�





retained in the cylinder	oxidized in exhaust system
























































FEATURES REDUCING EXHAUST HYDROCARBON EMISSION:





decrease in the combustion chamber surface/volume ratio


(spherical combustion chamber shape)


spark retard


exhaust gas is hotter ===> reaction consuming hydrocarbons are promoted


proper air/fuel ratio


(leaner in fuel than stoichiometric ratio)


decrease in hydrocarbon concentration in the quench layer


increase in oxygen concentration in the exhaust


catalytic converters


CATALYTIC CONVERSION:





�reducing catalysts (NOx)


oxidizing catalysts





objective:


to reduce NO to N2





Catalysts:


Pd, Pt, Ru, Rh, Co, Ni, Cu, CuO, CuCrO4








Reducing agent: CO





2 NO + CO ---> N2O + CO2





N2O + CO ---> N2 + CO2


___________________________





2NO + 2 CO ---> N2 + 2 CO2








Undesirable reaction:





2 NO + 5 H2 ---> 2H2O + 2 NH3








Oxidizing catalysts:





Pd, Pt, Ru, Fe2O3, CoO Cr2O3





FEDERAL EMISSION STANDARDS: (g/mile)





1993		HCs		CO		NOx		HCs(evap)





		0.41		3.4		1.0		2(g/test)





SOLUTIONS TO REDUCE EMISSION:


reduction in vapor pressure of gasoline


reduction in light alkenes & sulfur


SMOG FORMING REACTIONS OF ORGANIC COMPOUNDS IN ATMOSPHERE:





photochemical reaction eliminating HC from atmosphere


�





secondary pollutants intermediates


�





photochemical smog








CH4


�


				CH4 + O ----> H3C¥ + HO¥


abstraction reactions


				H3C¥ + O2 + M(N2, O2) ---> H3COO¥ + M


									metoxyl radical








HO¥ + CH4 ---> H3C¥ + H2O





H3COO¥ + NO ---> H3CO¥ + NO2


regeneration of NO2!!!





H3CO¥ + O2 ---> X, Y, Z.....





H3CO¥ + O2 ---> CH2O+ HOO¥





H3COO¥ + NO2 + M ---> CH3OONO2 + M


					peroxyacetyl nitrate





H2CO + hu ---> photodissociation products








ADDITION REACTIONS











											


dissociation of aldehydes








H3C - C - H + hu --->H3C¥ + HCO








Generation of HO¥























Chain termination:





2 HO¥ ---> H2O2





HO¥ + NO2 + M ---> HNO3 + M











reaction of radicals with solid particles:





oxidation on the surface


photochemical reactions








OVERVIEW OF SMOG FORMATION:





Conditions to form oxidants:


hydrocarbons, 


NO, 


intense sunlight, 


stagnant air masses





GROSS PHOTOCHEMICAL OXIDANT:


a substance in the atmosphere capable of oxidizing iodide ion to elemental iodine





COMBINATION OF:


O3; ¥ H2O2; ¥ ROOR¥ (organic peroxides)


ROOH (organic hydroperoxides)


peroxyacyl nitrates (PAN)


peroxybenzoyl nitrate (PBN)


peroxypropionyl nitrate (PPN)


peracetic acid, CH3(CO)OOH


acetylperoxide, CH3(CO)OO(CO)CH3








MECHANISM OF SMOG FORMATION (proposed)





1. primary photochemical reactions





NO2 + hu (l < 420 nm) ---> NO + O





2. reactions involving oxygen





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





O3 + NO ---> NO2 + O2





3. production of organic free radicals





O + RH ---> R¥ + X





O3 + RH ---> R¥ + X





4. Chain propagation, branching, & termination





NO + ROO¥ --->NO2 + X





NO2 + R¥ ---> X


	radical sorption on particle surface (aerosol)




















REACTIONS INVOLVING NOx





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





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





O + NO2 ---> NO + O2





O3 + NO ---> NO2 + O2





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





NO3 + NO2 ---> N2O5





N2O5 ---> NO3 + NO2





NO3 + NO ---> 2 NO2





N2O5 + H2O ---> 2 HNO3








REACTION INVOLVING HO¥





O* + H2O ---> HO¥





H2O2 + hu ---> 2 HO¥





HO¥ + NO2 ---> HNO3





HO¥ + NO + M ---> HNO2 + M





CO + HO¥ + O2 ---> CO2 + HOO¥





HOO¥ + NO ---> HO¥ + NO2





RH + HO¥ + O2 ---> ROO¥ + H2O












































RH + HO¥ ---> R¥ + H2O





R¥ + O2 ---> ROO¥





ROO¥ + NO ---> RO¥ + NO2


























								peroxyacetyl nitrate


_______________________________





RO¥ + NO2 ---> RONO2 	alkyl nitrates





RO¥ + NO ---> RONO 	alkyl nitrites





____________





HOO¥ + HOO¥ ---> H2O2 + O2





HOO¥ + ROO¥ ---> RO¥ + HO¥ + O2





ROO¥ + ROO¥ ---> 2RO¥ + O2











COMPOUNDS INITIATING CHAIN REACTIONS:





NO2 + hu (l < 420 nm) ---> NO + O





(formaldehyde) CH2O + hu ---> H¥ + HCO





(H2O2) HOOH + hu ---> 2 HO¥








organic peroxides:





H3COO¥ + HOO¥ ---> H3COOH + O2





H3COOH + hu ---.>H3CO¥ + HO¥








REACTIVITY OF HYDROCARBONS


(based upon the interactions with HO¥)





I		II		III		IV			V


CH4< C2H2, C2H4< C6H6, C3H8< p-xylene < 2-methyl-2-butene





		I-V








��INORGANIC PRODUCTS FROM SMOG





sulfates							nitrates








acidic precipitation


corrosion


reduced visibility


health effects








SO2 + O (O, RO¥, ROO¥) ---> SO3 ---> H2SO4 --->sulfates





HO¥ + SO2 ---> HOSOO¥





HNO3 + NH3 ---> NH4NO3











EFFECTS OF SMOG:





human health


damage to materials


effect on the atmosphere


toxicity of plants
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