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Motivation for This Presentation

 There’s more than activated carbon, when it
comes to mercury control in coal-fired boilers

* Chemistry of mercury in the boiler and the
Interaction of mercury with other control
processes, like SCR, affect the performance of
downstream mercury control from activated
carbon injection or scrubbers

e Topics to be discussed:. mercury chemistry in
boilers, halogen injection, impact of SCRs and
SO, on mercury control
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Hg Removal in the Boller

 Hgisn't removed in the boller

« But, some things that happen in the boller affect
how much mercury can be removed
downstream

 How is Hg removed?

e Adsorption on particles (fly ash, sorbents) and
removal in the particulate control device

e Absorption of oxidized mercury In scrubbers
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Adsorption

« How do we get more mercury onto particles?

 More halogens
generally mean
more particulate
Hg

e Other factors:
 Type of PCD
+ SO,
* Unburned

carbon in ash

%Hg, at PCD Inlet

© 2012 ADA-ES. All Rights Reserved

100% o 0o <O
@ Cold-side ESP & FF @
EHot-side ESP @ '
80% g
@
60% <
’ O ¢
40%
<@ ® o
@ o
20% O ¢
0 = 107
8 : ®
® o
0% MD!H:D-D B g @
10 100 1,000

Coal Chlorine, ppm dry

10,000

Source: 1999 ICR Data . b
.L\ADA



Unburned Carbon & ESPs
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Unburned Carbon & Fabric Filter

o T-fired boiler with
low-NOX
combustion
system, low-sulfur
fuel

 Unburned carbon
changed by
changing
combustion
parameters

Hg Removal across FF
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 How do we get more Hg into the scrubber?
* Higher fraction of

100%

oxidized Hg at s00s || @ D1y FGD, FF ‘M
o DED';'

OWet FGD

scrubber inlet =>
higher Hg
removal

e Factors:

* Halogen infuel=

e Re-emission of  10% -
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What Happens in the Boiler?

1. Hgis released from fuel, ,  |'meseconds ;
while UBC and SO, 2000 it
develop in the flame ® 1500 | R
Z0Nne ‘21000 : E i | 2000 Z

2. After the convective g |l \ L g
pass, halogens can g 500 i V| 1000 5
begin to oxidize Hg in E A—— o

the flue gas

3. If SCR present,
oxidation of Hg® and
production of SO, Gas-Gas Heat

4. Oxidation of Hg® across rrensien
APH and removal of
some SO,
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Mercury Chemistry in Flue Gas

"Pt_-rhapﬂ one U!I'":,F{ZILJ gcnf.h:tm:n would mind f.r:|]|'n§ me just

what it is outside the window that you find so attractive...?” RADA
i\ S gwifenton .
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Mercury Chemistry in Flue Gas

Adsorption &

Gas-phase  Oxidation
reactions

Heterogeneous
L2 reactions
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Oxidation Across Full-Scale SCRs

 Full-scale data

e Large variation in observed oxidation
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Oxidation of Hg Across APHSs
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Why Add Halogens?

« Adding halogens to fuel or flue gas:
— Halogen content of US coals varies widely

(NADA
LT
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Chlorine in Coal
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Why Add Halogens?

« Adding halogens to fuel or flue gas:

— Halogen content of US coals varies widely
* Bromine content typically 1% to 4% of chlorine content

Eastern Interior (lllinois Basin)
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Why Add Halogens?

« Adding halogens to fuel or flue gas:
— 500 ug/g Cl in coal = ~40 ppmv HCI Iin flue gas
— 500 ug/g Brin coal = ~17 ppmv HBr in flue gas
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Why Add Halogens?

Halogen addition at various

* Adding halogens to full-scale PRB bhoilers

fuel or flue gas: 100
I ” # NaCl
o 80 . mMgCI2 |
% R A CaCl2
%4_.60 | HCI |
=D X CaBr2
= n
— Oxidation of Hg and £ 40 "
capture of Hgon fly =& - A
ash enhanced with & o *
additions of B S
ha|0gens ||ke Cl and 0 500 1000 1500 2000 2500 3000

Halogen in Coal, ppmw dry

Br

Source: Dombrowski et al., 2006
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Why Add Halogens?

e Adding halogens to
fuel or flue gas:

Hg Removal across FGD

— Many plants’ APCDs
can take advantage of
native capture
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Effect of SCRs on Added Halogens

o Catalysts drive reactions toward equilibrium
— Results will be catalyst-specific

e Adding Br to the fuel makes the shift to Hg?* take
9place at higher temperatures (than Cl)

8l ¢ SCRInlet |+

7 ’\\ m SCRoutlet -| | Comparison of
E 6 Equilibrium{-{ | Plant Miller data
35 . of Berry et al.
54 \ with calculated
3 \\ equilibrium
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Effect of SCRs on Added Halogens

* Bromine is more Equilibrium at 720°F
efficient (equal 4.0 “
mass baSiS) than ® 2(5) | Subbituminous Coals
chlorine at S5 [ S
oxidizing Hg 220
across SCRs == Brominel |
— Results will be 0.5 - k —#—Chlorine |
0.0 + b ———— e ——
0

catalyst-specific

_ _ 100 200 300 40C
— Subbituminous Halogen, ug/g coal equivalent
(low-chlorine)
coals only
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Summary: Why Add Halogens?

« Adding halogens to fuel or flue gas:
— Halogen content of US coals varies widely

— Oxidation of Hg (especially in SCRs) and capture of
Hg on fly ash enhanced with additions of halogens,
like Cl and Br

— Many plants’ APCDs can take advantage of native
capture
e Adding halogens to activated carbon increases
the ability to capture elemental Hg in low-
halogen flue gas
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How Effective Are Halogens?

 Halogens increase
oxidized mercury:  100%

Br more effective 90%

¥ 80% -

thanCl(onan ¢ _
equal mass basis)z g -

* Increased Hy 5 5%-
removal across & ]
L 30%

scrubbers EX
g 10% A

0%
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How Effective Are Halogens?

Plant Hardin: SCR/SDA/FF
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SO, Affects Hg Control

« SO, affects Hg control o
. . MRCResults: 10 Ib/MMacf, injection upstream of APH
W|th aCt|Vated Carbon APHnlet: 627 F; APH outlet: 300 F (assume 1 ppm baseline SO5)

: 100%
* Any SO, in gas phase
appears to affect Hg & 80% :\
capture with PAC 3 \'\
— SO, is used to condition & °0%
fly ash for better capture 3
in ESPs g 40%
- EOB higher in b_ltl:lmlnf(t)us T 20% 1o NoritHgLh
SL(I:eRgas, especially after = Calgon MC+
0% e
0 10 20 30 40
ppm SO, 24
(NAbpa

© 2012 ADA-ES. All Rights Reserved



The SO, Story

Time, seconds

1. SO;is produced iIn
the flame zone by
oxidation of SO,

2. In the convective
pass, high-iron fly
ash can act as a
catalyst and
produce more SO,

3. OR high-calcium
fly ash can reduce
SO, by adsorption
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SO, Production in SCRs

Selective Catalytic Reduction (SCR) process uses
a catalyst to destroy NOX

» But SCR creates SO, by oxidation of SO,

Example: SO; production in SCR with 3 layers
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Removal of SO, In Air Preheaters

 Two mechanisms for removal of SO; across APHS:

— Condensation on

SEWARD STATION
2-LAYER APH
NH3=30ppm; S03=30ppm

surfaces below dew ™ —yeaee
point temperature 600 | WoxFlacToms

--[F-- ABS Melting Temp.

—0o— ABS Formation Temp |

— Formation of
ammonium bisulfate

(ABS) solid
(reaction between
ammonia and SOy =]
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Source: Biggs et al., 2001
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Formation of Ammonium Bisulfate
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Dew Point of SO, In Flue Gas

340 ¢
n 320 e SO, dew point
> 300 | depends on flue
= - 10% H,0
S 280 1 gas temperature
S 260 | and water
D B

240 ¢ content

220 —————-

1 10 100
SO;, ppmv
L 276x10°-2.943x10°° In(P, . )-8.58x10° In(P, ¢, )+6.20x10°In(R, o )In(P, &5, )
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Condensation of SO; in APH: Example

 SO; measured
across duct
downstream of
regenerative APH

 Correlation
between APH
exit temperature
and SO,
concentration
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Summary: SO, Sources/Sinks

m
Catalytic
.OXIda'[IOI’I of SO, Adsorption on Stack
in furnace and/or alkaline fly ash
adsorption by
CaO
Condensation in APH
. . Boiler SCR \ Air
OX|d.at|on of  ——F— Heater
SO, in furnace —
Burners /
Fuel : N Particulate SO » Induced
Cata|yt|C OXIdatlon Of Collector Scrubber Draft
SO, by SCR catalyst \ Fan

Removal of sulfuric
acid aerosol in
scrubbers

Coal Coal
Pulverization Supply
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Fate and Impacts of Halogens
 What are the potential impacts of halogen
addition on the boiler, APCDs, and emissions?
— Corrosion Stack
— Fly ash
— Stack emissions Air

Boiler SCR Heat
— Scrubber Iinteractions —

'Burners _

Fuel Particulate SO Induced

Collector  Scrubber ID:raft
an

Coal Coal ' n DA
_ Pulverization Supply e :
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Corrosion In Flue Gas

e Chlorine corrosion in furnaces can occur for very
high levels of chlorine in coal (> 2000 ug/g)

— Bromine addition at much lower concentrations

e Indirect evidence that HBr Ooli ® Baseline
might be more corrosive &, | % e :
than HCI at flue gas $ 06
temperature fos | "
» No direct comparison, but 02
HBr corrosion higher than ~ ° % = =

baseline (no HBr) In Temperatuire, °F

- Zhuang et al., 2009
simulated flue gas
(6-month study) (NADA
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Bromine Addition: Fly Ash Impacts

e Bromine additive or brominated PAC results in
Increase In Br in fly ash

 Example: Br injection at Monticello (C-ESP)

® Brinfly ash —Brinjected
8 350
7 o 300 =
6 o
w 5 @
E . PS zoo;:f
o U
o 3 o O 150:
2 [ ] 100 °
1 I - 50 @
0 |q ] 1 1 { ] I I I : q ] 1 1 I 1 O
11/1/05 11/15/05 11/29/05 12/13/05

Bromine injection at Monticello (EERC, URS data)
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Bromine Addition: Fly Ash Impacts

e Bromine additive or brominated PAC results in
iIncrease In Br in fly ash

 Example: Br injection at Plant Miller (PRB, C-ESP)
e According to the authors:

Fly Ash, ug/g

14 < Brin Fly Ash 04 . .
12 B | Do i Leachate e Hg concentration in fly ash
10 g 03 o didn't increase with Br
g A o £ injection
0—> 0.2 2

6 O ¢ * 1% of Br captured by fly ash
2 01« 509% of Br on fly ash leached
8. - in SPLP test

0 20 40 60

Added Br, pg/g coal equivalent
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Chlorine Emission from APCDs

WFGD M Bituminous

DEGD B Subbituminous

0% 50% 100%
Percent of Fuel Cl Emitted

3
&
Source: 2010 ICR bADA
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Bromine Emission from APCDs

PIPP

__ Brominated
PAC injection

Meramec

Boiler 1 C-ESP

Fuel
Boiler 2 C-ESP — addition
Boiler 3 C-ESP _

0% 50% 100%
Percent of added halogen emitted in stack
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Al.bollers arg Riygrized coal, burning subbituminous coal



Chlorine Emission from APCDs

’ H Bituminous
DEGD B Subbituminous
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Halogens in Wet Scrubbers

« Adding halogens (CI or Br) increases oxidized Hg,
which increases capture of Hg in scrubber

 Wet FGD scrubbers remove halogens efficiently

— Average Cl removals for wet FGDs (2010 ICR): 81% for
subbituminous, 97% for bituminous

— Removal of Br at Plant Miller wet FGD: 94-96%
(Dombrowski et al., 2008)

« Halogens build up in wet scrubber liquor

| A
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Halogens in Wet Scrubbers

 Halogens and Hg build up in wet scrubber
liguor... slowly, depending on scrubber design

A Brin FGD liquor Hgin FGD liguor =—Brinjected

500 350
- 300 =
= 400 g
53300 - 200 ¥
; £
S5 200 1508
£ N A 100
o 100 A -
A - 50 oo
Al A_aAA 1
0 +— — . EEE— I - — ' 0
11/1/05 11/15/05 11/29/05 12/13/05

Bromine injection at Monticello (EERC, URS data) .' .
NADA
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Halogens and Wet Scrubbers

* |Increased Cl, Br concentration in scrubber liquor
can decrease Hg re-emission
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Halogens and Wet Scrubbers

* Recent observations (Air Quality VIII) that Br

addition to the fuel increases Se in scrubber liquor
Data from bituminous site with C-ESP, wet FGD

Sein fly |% Se capture| Sein FGD
ash, ug/g| by fly ash [liquor, pg/L
Baseline 24 70% 300

Br addition 10 20% 4900
(Dombrowskietal., 2011)

— Less uptake of Se by fly ash means more Se enters
FGD

(h\AbA
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Halogens Summary

e Halogen fuel/flue gas additives OR halogenated PAC
 Where do halogens go?

e Some removal in
. I
particulate control Inocton Stack

devices

Stack
77 EmMmission

« Efficient removal in FGDs soier || SCR AT

* Bris“newkidonthe “ | |~ [ m

. . Fuel '/ Particulate SO 2 Induced
block” — information AT el
Halogenated Fan
. Carbon
needed njection Fly  Scrubber
« Corrosion Ash  Blowdown
« Multi-media fate Coal e
_ _ Pulverization Supply {o
 Trace metal interactions @%3“”‘
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Hg Removal in the Boller

 How is Hg removed?

o Adsorption on particles (fly ash, sorbents) and
removal in the particulate control device

o Absorption of oxidized mercury in scrubbers

« How can we improve removal by what happens
In the boiler?

e |Increase unburned carbon — if you can

e Consider adding more halogens if
 There’s enough LOI, but halogens are low
 There’s a scrubber

« Keep SO, low post-APH R oA
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Questions?
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“If you're not confused then you really don't

kriow what's going on...!"
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