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ME529 Combustion and Air Pollution

Topic 11. PAH
Besides carcinogenic and mutagenic hazard, unburned HCs also are an ingredient in photochemical smog.

I.1 mechanism

HC emissions from combustion systems result from incomplete combustion.  The oxidation of HCs is relatively fast, but HCs can avoid complete oxidation if poor mixing allows pockets of fuel-rich mixtures to exist, or if oxidation reactions are quenched.

Polycyclic aromatic hydrocarbons (PAH) are an important class of unburned HC emissions since they include many carcinogens and mutagens (remember the bay area). These compounds are found in extremely fuel-rich (or oxygen starved) regions of the flame where HC polymerization reactions are favored over oxidation.
Combustion may not be the only source of HC emissions.  Evaporation of fuel and lubricants is also a major source of PAH in urban air.

I.2 control

1.2.a during combustion

Combustion conditions that minimize the formation of CO will also minimize the formation of PAH.

1.2.b post-combustion

The 3-way catalytic converters on SI engines remove CO and NO with the reaction

CO + NO <===> CO2 + N2
and also oxidize HC to carbon dioxide and water.

Activated charcoal filters on gasoline tank vents trap volatile HCs, at least until the canister is saturated.

Vapor recovery systems on gasoline fuel pumps are required in some states.

II. Compounds from waste incineration

Chlorine present in municipal waste (for example, PVC) can form dioxins and furans.  Waste that is not shredded and mixed well with air during incineration burns inefficiently with pockets of fuel-rich conditions.  However, government regulations and improved technology have greatly reduced dioxin and furan emissions from municipal waste incineration.  Backyard trash burning is now suspected to be the most significant anthropogenic source of these compounds in the USA.  The chemical industry
dioxins - polychlorinated dibenzodioxins




2,3,7,8-TCDD (tetrachlorodibenzo-p-dioxin) is considered to be the most toxic:
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The 6-member ring in the middle with the 2 oxygen atoms is called dioxin.  The –p- in the  2,3,7,8 TCDD name is for ‘para,’ which means the O atoms are opposite each other.
furans - dibenzofurans




Four parameters impact the thermodynamics of TCDD formation in combustion:  the presence of chlorine in the fuel, a high C/H ratio (the presence of H would encourage the formation of HCl), moderate temperatures (500°C to 1,500°C), and very low oxygen partial pressure (10-20 bar).
Dioxins are taken up by plants from the air through leaves.  Bioconcentration follows through the food chain: animals eat the plants, the dioxins concentration in their fat, and then people eat the animals. Since the of majority dioxin intake to humans comes from food sources, dioxin emissions impact a wide population when they land on feed crops and are concentrated in the bodies of farm animals.  

While it seems easier to blame anthropogenic emissions of dioxins and furans on municipal waste incinerators, we need to look no further than our own back yards. A 1992 study in Minnesota by the EPA found that dioxin emissions generated from residential burning of household trash were about 20 times greater (per unit mass of trash) than those from controlled incinerator emissions.  A 1994 Illinois study found that emissions of dioxins and furans were 17 times greater than those from an incinerator.  In 2000, the EPA predicted that ‘burn barrels’ will become the single largest quantifiable source of dioxins and furans in the USA.
A 1997 EPA report of a study for New York did a more detailed comparison of emissions from burn barrels in comparison with those from municipal waste incinerators.  
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a municipal waste combustor (MWC data from reference 22); all emissions are in ig/’kg waste burned

Avid Recycler Non-Recycler Mwe
PCDD 467 3825 0.0016
PCDF 229 605 0.0019
CBs 10075 4242 116
PAHs 239747 66035.65 1658

VOCs 2052500 4277500 117





[Table from Lemieux, 1997]  
PCDD = polychloro dibenzodioxin (2 or more Cl)

PCDF = polychloro dibenzofuran (2 or more Cl)

CBs = chloro benzenes (no dioxin or furan structure)

PAHs = polycyclic aromatic hydrocarbons (aromatics without Cl)

VOCs = volatile organic hydrocarbons (no aromatics or Cl)
This discussion just brushes the many technical aspects of dioxin and furan formation during combustion.  For example, copper can act as a catalyst to form TCDD/F at relatively low temperatures (400 C or 673 K).  Some researchers theorize this is how PCDDs and PCDFs are made on fly ash particles downstream of waste combustion, and why better particulate trapping lowers air emissions of these pollutants.
A 2001 Canadian survey indicated that many rural residents find it convenient to burn their trash; even more feel they are helping out by saving space in the local landfill.  Because rural homesteads are widely separated, residents may also feel that there is little environmental impact from smoke.  However, rural homesteads are also usually located in farmlands where dioxin-containing smoke from a burn barrel enters the food chain through crops.
Waste incinerators are also sources of easily vaporized heavy metals including mercury, lead and cadmium.   The materials are discarded in household waste in the form of batteries (for example, the button batteries in watches and calculators), compact fluorescent lights (a source for mercury), and mercury switches.
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