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Selective Catalytic Reduction (SCR)

» Means of converting NO, into N,
and H,O using ammonia in \
/

presence of catalyst

» Types of catalyst include
honeycomb, plate and corrugated

—
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» Ammonia source can be
anhydrous ammonia, aqueous
ammonia or urea

» Exposure to combustion flue gas Amen//
results in SCR catalyst deactivation =
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Deactivation of SCR Catalyst by Arsenic

/>Deactivation by arsenic experienced on Eastern bituminous and lllinois coal \

» Independent of staged or un-staged combustion

» Calcium injection ties up gas phase arsenic, reducing concentration of gas
phase arsenic reaching catalyst and thereby the rate of deactivation of catalyst

» Recommended calcium to arsenic ratio is set based on coal being fired
» Trusted mitigation technique uses injection of combustion additive
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Deactivation of SCR Catalyst by Phosphorus

» Deactivation by phosphorus many times experienced on PRB coal

» Combustion conditions play major role in the deactivation process

» Commonly observed under staged combustion conditions as compared to

unstaged combustion

» Form of phosphorus at SCR inlet is important contributor to deactivation

» The two forms of phosphorus at SCR inlet are particulate bound & gas phase
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Particulate Bound Phosphorus

orus distribution by particle size
point effects
g studies @pH 5,7 and 9

| phosphorus leachability
ash

ate bound phosphorus
g ruled out

SO,?
gas phase phosphorus ?
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Staged Combustion Effects

Proprietary and Confidential

More CO in furnace due to staging

Carbothermic reduction of
phosphorus-bearing minerals

Phosphorus bearing inorganic
minerals are reduced by CO, thus
releasing gas phase phosphorus

Even unstaged, if poor combustion
exists in furnace the same effect is
observed

Front-Wall OFA Ports w8 Rear-Wall OFA Ports

Front-Wall Burners
= Rear-Wall Burners
Front-Wall Burners i

% Rear-Wall Burners

CO Concentration Profile
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Gas Phase Phosphorus Sampling

Tw Taffpatatn
N
(Initially high measurement variability Lg\.: j '
due to particulate break through Lot
» Developed a modified sampling method | b o
based on EPA M29 L? td L'il L"VL!'I L‘i' .
» Modifications to impinger solutions o R B T
» Extensive flue traverse to obtain
representative gas sample
» 2 hour sampling time for each run —
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Simultaneous Gas Phase Sampling
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Deactivation by Gas Phase Phosphorus

7> Explains why rapid deactivation observed only on staged units
Raman spectroscopy indicated formation of V-P bonds
Chemical deactivation by gas phase phosphorus

V-P bond formation indicated gas phase phosphorus adsorbs on
active sites just like ammonia does

Phosphorus adsorption more prominent on lower layers, causing
more deactivation than first layer

* In presence of ammonia, phosphorus adsorption
may be suppressed

e Second and third layers see less ammonia than -
first layer

More P accumulation at outlet section than inlet within a log P
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Combustion Additive Development

» Injection of calcium oxide to tie up gas phase arsenic

» B&W investigations for tying up gas phase phosphorus
» Impact on boiler performance

» Technical feasibility of injection

» Short term testing

» Long term testing

» US & International patent pending
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Proof of Concept Test Results at Wygen 2

Gas Phase P vs Time

MNo additive injection
Average gas phase P = 36 ppo

Additive Injection for 4 days
Average gas phase P =21 ppb

No injection of additive
Average gas phase P =8 ppb
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Repeatability Test Results at Wygen 2

Injection Test
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Long Term Injection

» To demonstrate a reduction in the rate
of catalyst deactivation

» Wygen 2 a2 100 MWe unit
» Wyodak mine PRB coal
» Deep Staged combustion

» Experienced rapid catalyst deactivation
due to phosphorus in the past with
new catalyst

» Present catalystis 6.9 mm pitch
single layer

» Regenerated with 5% plugging
at time of installation
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Long Term Injection

g

» Plant coal flow is around 135,000 |bs per hour

Completed 7950 hours of continuous injection of additive to date

» Test injection rate was less than 100 Ib/hr
» Simple Pneumatic additive injection system
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