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|ntroduction

Strict EPA regulations for mercury control.

Mercury control depends on the speciation of mercury.

Gas phase reactions don't influence the effluent mercury.
speciation.

Surface reactions in the post combustion zone control
mercury speciation in stack gases.

Surface composition plays an important role in mercury
transformation.

Study of mercury transformation in the post combustion
zone Is Important to determine the speciation ofi mercury.




Possible Mercury Transformation
Reactions iIn Combustoer Cool Zone

> Oxidation
- Activated Carbon
- Fly Ash
- Surface Oxygen Complexes
> Chlorination
- HCI (poor chlorinating agent)
- Conversion of HCI to Clz (Deacon Reaction)
- Role of Metals




Role ofi Surfaces

> Adsorption
- Dependence on carbon/calcium content

> Catalysis
- Dependence on metal content




Objectives

Understand how fly ash surface and composition
of flue gas affect mercury speciation, partitioning,
and reactions under post-combustion zone
conditions.

Use this knowledge to develop a predictive tool

that could estimate mercury speciation based on fly
ash characteristics and composition of flue gas.




Experimental Approach

Our Experimental approach is based on previous surface

>

>

catalyzed cool zone pollutant formation studies.

Fly ash is a very complex surface — do extensive
characterization.

Obtain preliminary data on mercury transformation reactions
using coal fly ashes. Use these results to determine the
range of catalytic activity of coal fly ashes in mercury.
transformation reactions.

Correlate fly ash composition and flue gas compaosition with
observed catalytic activity.

Divide overall mercury transformation process into several
manageable reaction systems. Use model fly ashes to
validate observed correlations.



Elemental Analysis of Fly Ashes (EDS)
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High Resolution SEM of Ashi Samples
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Mercury Desorption




Mercury Desorption at 400°C




Carbon Analysis

Fly Ash Sample 1 2 3 4 5 6 7

Carbon Content (%) 135 40 43 16 15 14 12 14 13

LOI = 13.5% LOI=4.0%

LOI=4.3 %
LOI=1.6 %




Thermo Gravimetric and LECO Analysis
of Originalland Desorbed Fly Ash

LOI=1-1.5%

Ash 7 Original Ash 7 Desorbed




Experimental System




Conversion of Mercury: at
Different Temperatures




Mercury Oxidation (same plant)

Ash 5 Ash 6 Ash 7 Ash 8 Ash 9 Ash 10
Unit 2 2 2 2 2 2
Date 3/14/2006 3/15/2006 3/15/2006 3/16/2006 3/16/2006 3/17/2006
Time 13:00 8:55 13:00 8:00 13:00 8:00




Mercury Oxidation (Different Plants)




Impact of HCI
Ely Ashes from Different Plants
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Surface Catalyzed Transformation at
Different Temperatures
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Surface Catalyzed Transformations :
Presence of HCI

> HCI not a good oxidizing agent

> But in the presence of surface it is
converted to chlorine: Deacon Reaction

2HCI + 20:; > H.O + Cl:

> Chlorine better oxidizing agent.




Surface Catalyzed Transformations
. Presence ofi HC




Surface Catalyzed Transformations
- HCI vs HBr




Surface Catalyzed Transformations
- HCI vs HBr
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Surface Catalyzed Transformation:
Presence of \Water and HCI




Mercury Oxidation en Model Fly Ashes




Surface Catalyzed Transformations
. Presence ofi HC




Conclusions

> Desorption modifies the ash and also removes
most of the extractable carbon

> Soot shows low adsorbtion and high oxidation
capabilities and hence may be responsible for
the oxidation properties of fly ash.

> Iron Oxide seems to be a good adsorber of
mercury.

> Addition off HC| seems to increase mercury
oxidation and' inhibits mercury adsorption.

> Under the post-combustion zone conditions HCI
IS ai slightly better oxidizing agent than HBr
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It's QUESTION TIME!!




Mercury Chlorination (same plant)




Data Analysis and Modeling




Background

> Gas-phase equilibrium assumption is not valid
for mercury containing species at Temp < 500°C.

> Post combustion zone temperatures range from
700°C to ambient and the gas residence times
are In the range of 2 to 10 seconds.

> Gas quench and surface catalyzed reactions
(cool zone reactions) should be important.

> The results of recent studies have clearly shown
that presence of fly ash enhances mercury
oxidation under post-combustion zone
conditions.




