Institut fur Verfahrenstechnik und Dampfkesselwesen
Institute of Process Engineering and Power Plant Technology

Prof. Dr. techn. G. Scheffknecht Universitat Stuttgart

Trace Element Behaviour In

Air Pollution Control Devices

H. Thorwarth, S. Unterberger, G. Scheffknecht



Motivation
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Trace elements are:
* Inherent fuel constituents
« emitted from coal-fired power plants
e a potential threat to the environment and human health

Trace elements can:
* be transported in the atmosphere over long distances
e enter the human food chain
e can be adsorbed by the respiratory system



Legislative Background
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UN-ECE convention on long-range transboundary air pollution
e 8 protocols on NOx, VOCs, SOx, heavy metals, ...

EC-Directive 2000/76/EC on the incineration of waste
e 3 groups of toxic metals

EC-Directive 2001/80/EC on the limitation of emissions of certain pollutants
Into the air from large combustion plants

« NOx, SOx and particulate, concerns about heavy metal emissions

US EPA

 Clean Air Interstate Rule, 10 March 2005, SOx & NOx
e Clean Air Mercury Rule, 15 March 2005, Hg

German 13" federal immission control ordinance (13. BImSchV), 20 July
2004, Ordinance on large combustion and gas turbine plants

* Mercury limit for coal-fired power plants (30 pug/Nm3)



Conventional Coal-Fired Power Plant
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Behaviour of Trace Elements in Coal Boilers
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Behavior of Mercury
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Test Set-Up for Catalyst Investigations
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Hg Behaviour at SCR-DeNOx Catalysts @
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Hg Behaviour at SCR-DeNOx Catalysts
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Conclusions SCR-DeNOx Catalysts
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Expected mechanisms at full scale SCR-DeNOx catalysts

NOx reduction and Hg oxidation are competing reactions
At first catalyst layer NOx (and HgCI, reduction)
Ammonia is consumed within 2" and 3 [ayer

Hg oxidation takes place downstream 1St layer

=> Catalyst deactivation causes shift of mechanisms downwards
In the catalyst

=> Catalyst deactivation can cause reduced Hg oxidation by
SCR-catalyst
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Hg Removal at Particulate Control Devices @
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Data based on US-EPA Information Collection Request (ICR)
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Hg Removal at Particulate Control Devices
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Data based on US-EPA Information Collection Request (ICR)
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Hg Interaction with Fly Ash Components
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Hg-Oxidation at Fly Ash Components @
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Hg Behaviour at CaO
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Conclusions Fly-Ash Interactions
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Mercury sorption
e at CaO sorption detectable at low temperatures
« on other metal oxides no sorption observed

Elemental mercury oxidation
 strong oxidising effect of V,O.
* increasing oxidation with increasing temperature

Influence on mercury speciation
* most of metal oxides interact with gaseous HgCl,
 strong effects for CaO (at high temperatures) as well as for WO,, MoO,
« weak effects for Al,O,, TiO,



Current RTD Projects
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 Influences from Biofuel (Co-)Combustion on Catalytic Converters in Coal
Fired Power Plants (CATDEACT)
European Commission, 01.11.2001 - 31.10.2004, ENK5-CT-2001-559

WWWw.eu-projects.de/catdeact

 Reduction of Toxic Metal Emissions from Industrial Combustion Plants -
Impact of Emission Control Technologies (TOMERED)
European Commission, 01.11.2001 - 31.10.2004, ENK5-CT-2002-699

Www.eu-projects.de/tomered

 Mercury Behaviour in Dust-Loaden Flue Gases
DVV/AIF, 01.10.2003 — 30.09.2005, 13 534 N/1
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source: Fahlke, 1993



