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Introduction
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Secondary Fuel Types in Coal-Fired Power Plants

VRN

Renewable Fuel Residues
CO, Reduction Thermal Recycling
by Coal Substitution of Waste with a high
Calorific Value
Straw, Wood, Processed Municipal
Peat Waste, Sewage Sludge,

Meat and Bone Meal



Introduction
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Reported Effects on SCR Activity during
Co-Combustion

Wood + Straw MBM + sewage sludge

» Deactivation by alkali metals ¢ Rapid decrease in activity
» Aerosol formation (30 % in 4000 h)
« KCl and K,SO, strong poisons e High P surface concentrations
(up to 5 wt-%)
* High amount of Na (bulk and surface)
 Reduced surface area



Ash Composition
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hard coal wood straw sewage MBM
sludge
Na as NayO in wt.-% 1,51 1,3 1,2 0,4 5,9
K as K0 in wt.-% 2,91 10,7 18,4 D 0,7 2,75
P as P,Os in wt.-% 0,19 5,1 3,1 14,2 36,2




Set-up for Lab-Scale Potassium Deactivation
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flue gas
cooling path

natural gas
firing system
with KCI dosing
system

catalyst sample
for deactivation
tests




SEM-EDX Analysis Lab-scale Exposed Catalyst
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K/V molar ratio

Distance along the cross section (um)

K/V ratio profile along the wall
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Deactivation of SCR catalyst by K
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Straw/wood, grate-fired boiler,

40 Nm3/h through SCR plant
NO added to 500 ppmv,
NH, to 600 ppmv during activity measurement

Flue gas duct




SEM Analysis of Full-Scale Exposured Catalysts
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Location: 50 cm downstream of catalyst inlet

Cross section of catalyst,
exposed for 1140 h




Lab-Scale Phosphorus Deactivation Tests SRR
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8
] Flue gas:
Catalyst é 590,
= 150 mm| - e
% =380°C 600 ppm NO
1 455 ppm SO,
T =400 °C Remainder N,
Sa{{g?ggi:?m | _; Na Evaporator Turbulent flow
T=20 SKCJJ\\RR\I J L

s ‘ Variations:
| workso,| Q T: 325 and 380 °C
NO

— o % P-conc.: 500, 1000, 1500 ppm
NH,

Air




Equilibrium Calculations
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1400 °C 550 °C 400 °C

deactivation
EH ERIEINE

a) Surface Layer
b) H,PO,

c) P,O,,
d) Phosphate glas

<—— Formation of reactive compounds >< Phosphorus deactivation —



Lab-Scale Deactivation Tests
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Lab-Scale Deactivation Tests
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Reference Catalyst 500 x Catalyst exposed to 1000 ppm P,0;

800 x

Reference Catalyst, P-surface Reference Catalyst, P-surface
distribution 800 x by EDX distribution 800 x by EDX




Lab-Scale Deactivation Tests
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Full-Scale Samples
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Surface Bulk
2,0 - 2.0 -
1.8 1 mP205 wiw] 1,8 [ mP205 [wi%]
1,6 | MNa20 wi%] 1,6 | MNa20 [wt%]
1,4 +— DOK20 [wt%] 14 | DKO W%
1,2 - l 1,2
10 | £ 10
0,8 = 0,8
0,6 — 0,6
04 - i — 0.4 -
2 ml - 2 [ -
o i T M e ML AU &mmmwdm

inlet ‘ouﬂet inlet ‘outlet inlet ‘outlet inlet ‘outlet inlet ‘outlet inlet ‘outlet inlet ‘outlet inlet ‘outlet inlet | outlet

inlet | outlet
A1 A2 A3 c1.2 C13 Al A2 A3 c1.2 C13
honeycomb | honeycomb | honeycomb | platetype 4% | platetype 4% honeycomb | honeycomb | honeycomb | platetype 4% | platetype 4%
100% coal | 4% sludge | 4% MBM sludge MBM 100% coal | 4% sludge 4% MBM sludge MBM



Summary
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Potassium

» High deactivation by Potassium aerosols

» Aerosol deposition on the catalyst surface

» Combined deactivation mechanism assumed
(pore blocking and chemical)

Phosphorus
» PO,3 has been identified as strong catalyst poison

» Chemical deactivation assumed since no change in surface
composition

» Penetration into the catalyst surface layer
» Influence of the physical catalyst properties




Outlook
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>

>

Determination of catalyst poisons in fuels

Release mechanisms

Behaviour of catalyst poisons in the flue gas

Influence of fly ash components (CaO, Na,O, SO,, ..

Deactivation mechanisms of catalyst poisons

)

Development of countermeasures, e.g. additives, ...
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