PARTICLES IN ATMOSPHERE





AEROSOL



condensation

dispersion



fog

haze

mists

smoke



carbon black, silver iodide, combustion nuclei, sea-salt nuclei, cement dust, soil dust, foundry dust, pulverized coal, rain drops, sulfuric acid, viruses, bacteria, fungal spores, pollen



origin



grinding ----------> chemical synthesis



EFFECTS:



atmospheric phenomena

health problems

materials damage

visibility reduction

esthetics



AEROSOLS



carbonaceous materials

water

sulfate

nitrate

ammonium nitrogen

silicon

metal oxides

glasses

dissolved ionic species & ionic solids

SO2 ---> H2SO4





PHYSICAL BEHAVIOR OF PARTICLES:



1. DIFFUSION

























2. COAGULATION



























3. sedimentation



4. condensation of atmospheric water & other vapors











5. scavenging by precipitation













6. reactions with atmospheric gases





SETTLING:



StokeÕs Law:



�



n - settling velocity [cm/s]

g- acceleration of gravity [cm/s2]

r1- density of the particle [g/cm3]

r2- density of air

h- viscosity of air



when r1 = 1 g/cm3

��



 d - reduced sedimentation diameter



SIZE OF ATMOSPHERIC PARTICLES



MMD - median mass diameter



r = 1 g/cm3 at 50% mass collection efficiency











small particles do not obey StokeÕs Law



Brownian motion

random movement due to collisions with air molecules



Big particles

settle rapidly ===> turbulence



CHEMICAL PROCESSES FOR PARTICLE FORMATION



1. INORGANIC PARTICLES



3FeS2 + 8 O2 ---> Fe3O4 + 6 SO2



CaCO3 (heat)-----> CaO + O2



2SO2 + O2 + 2H2O ---> 2H2SO4



_____________________

H2SO4 + 2NH3 --->(NH4) 2SO4



H2SO4 + CaO ---> CaSO4 + H2O



2. ORGANIC PARTICLES



internal combustion of engines

nitrogen containing compounds

oxidized hydrocarbon polymers



emitted by gasoline out of engines:



n-alkanes, n-alkanoic acids, benzaaldehydes, benzoic acids, azanaphtalenes, polycyclic aromatic hydrocarbons, oxygenated PAH





PAH hydrocarbons





benzopyrene



Pyrosynthesis





































Tendency of HC to form PAH



aromatics > cycloolefines > olefines.> parafines



Pyrolysis

cracking of organic compounds to form smaller & less stable molecules & radicals



COMPOSITION OF INORGANIC PARTICLES



salts, oxides, nitrogen compounds, sulfur compounds, metals, radionuclides



trace elements:

aluminum, calcium, carbon, iron, potassium, sodium, silicon, copper, lead, titanium, zinc, antimony, beryllium, bismuth, cadmium, cobalt, chromium, cesium, lithium, Mn, Ni, Sr, V











SOURCES:



Al, Fe, Ca, Si

soil erosion, rock dust, coal combustion

C ---> incomplete combustion

Na, Cl : marine aerosols, chloride from incineration of organohalide polymer wastes

Sb, Se: combustion of oil, coal

V: combustion of residual petroleum

Zn: small particles from combustion

Pb: combustion of lead fuels



Particulate carbon

soot, carbon black, coke, graphite originates



Fly ash:

mineral particulate matter from combustion

oxides: aluminum, calcium, iron, silicon, magnesium, sulfur, titanium, phosphorus, potassium, sodium, elemental carbon



s - 0.1 mm; 100 mm



Asbestos

fibrous silicate minerals (serpentine group)



Mg2P(Si2O5)(OH) 4

* asbestosis, mesotheliuoma, bronchogenic carcinoma



Toxic metals



mercury, Hg

toxicity

volatility

mobility



source: coal combustion, volcanoes



organomercury:

dimethylmercury : (CH3) 2Hg

monomethylmercury: (CH3)HgBr

Lead, Pb



Leaded gasoline combustion



Pb(C2H5) 4 + O2 + hologenated scavengers ---> CO2 + H2O + PbCl2 + PbClBr + PbBr2



1970s ===> 200,000 tons of Pb/year !!!!



RADIOACTIVE PARTICLES



Radon 



�222Rn 	---> 218 Po



�						Pb



220Rn		---> 216 Po



Source of radioactivity:

construction based on uranium mine tailings

combustion of fossil fuels

nuclear reactors, 85Kr

nuclear weapon detonation





COMPOSITION OF ORGANIC PARTICLES



neutral groups

aromatic fractions

oxygenated neutral components: aldehydes, ketones, epoxides, peroxides, esters, lactones, acids



Acids:

lauric, myristic, palmitic, stearic, behenic, oleic, linoleic



Bases:

N-heterocyclic compounds

aridine:



PAH

Polyaromatic hydrocarbons ~ 20 mg/m3



carcinogenic effects:

benzopyrene, benzoanthracene, chrysene, etc.























benzopyrene							chrysene





PAH===> sorbed on soot particles



soot : 1-3 % H

�	5-10% O



promotes conversion:





















EFFECTS OF PARTICLES:

reduction & distortion of visibility

provide active S for conversion

condensation of water vapor (weather changes)

health damage (respiration)

WATER AS PARTICULATE MATTER



optical effects

carriers of pollutants

corrosive salts

ammonium nitrates & sulfate

solutions of strong acids

oxidation media



CONTROL OF PARTICULATE EMISSIONS



criteria for selection of the system:

particle loading

nature of particles (PSD)

type of gas scrubbing system)



sedimentation

gravitational settling chambers

take up space

low collection efficiencies



Inertial mechanisms

centrifugal force



Particle filtration

fabric filters (high efficiency)



Scrubbers

converging section

throat

diverging section











ionizing wet scrubbers

electrical charge on particle upstream

Force on particles : F=Eq

E-voltage ; q- electrostatic charge on the particle
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