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Dual Function Catalyst: Removing CO and NOXx
Gas Turbine Catalyst
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Outline

= Principles for SCR and CO oxidation catalysis
= Positioning in combined cycle plants
= CO oxidation catalyst

— Dual function

= SCR catalyst

— Gas turbine SCR
= Vanadia based catalyst
— Optimizing volume and pressure drop

= Catalyst impact on plant performance
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Basic catalyst structures
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Plate Honeycomb Corrugated
= Rolled = Extruded = Composite
= Coated = Coated = Hybrid

Composition; Titania catalyst support with Vanadium as principal
active component, with other promoters, including Tungsten
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Basic - SCR reactions

= 4NO+4NH,+0, — 4N,+ 6H,0
= NO + NO, + 2 NH, — 2N,+ 3H,0
= 2NO,+4NH,+#+O0, — 3N,+ 6H,0

NH5; NO H,O N, ®

Laminar-
gas film

Catalyst
surface

Catalyst
pore
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Heterogeneous catalysis

= |mpact of temperature
— Activation energy, Arrhenius law k1 — Aexp(_ F\’ETj

= Reactions proceed faster at higher temperature

— Also side reactions:
= SO, oxidation

= Direct oxidation of NH,
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Side reactions SO, oxidation

Flue gas flow
Catalyst wall

NO

N
SO, SO, NG N, ?

Microfpore
Magro-pore

Mesotpore
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Basic - CO oxidation

= CO+%0,— CO,

1st order reaction
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Combined cycle - HRSG layouts
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DNX® GTC catalysts

= Developed from CO & VOC oxidation catalyst in
challenging environments

— Iron sinter plants

— Gas engines (landfill gas)
— Diesel engines

— Chemical plants

= Pd based
— High temperature — DNX GTC-801
— Medium temperature — DNX GTC-802
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CO-oxidation catalyst positioning

Classic Layout

GTC-801
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Dual Function position - DNX® GTC-802

= Simultaneous NO, conversion and CO oxidation

Dual Function Layout O
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Optimal CO Catalyst Positioning

Higher catalyst activity (also for side reactions) Lower catalyst activity (also for side reactions)
Smaller catalyst volumes Larger catalyst volumes
Higher specific pressure drop Lower specific pressure drop
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_CO oxidation over GTC catalysts
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Dual Function - DNX® GTC-802

= Dual action CO oxidation catalysts cleans up
— Allows operation with higher NO, and NH, slip from the SCR

Relative SCR activity
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DNX® GTC Series

= Common features

— SO, tolerance
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Catalyst impact on HRSG efficiency

= SO, oxidation benchmark
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Dual Function - DNX® GTC-802

= NH; oxidation selectivity

1.0

0.8 |

0.6

Selectivity

0.2 I
NOX

OO | — 1 ]
325 350 375 400

Temperature inlet °C

HALDOR TORrsoE (M



C1-C4 oxidation
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SCR Catalyst Position
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SCR Catalyst Performance

= Mass transfer enhancement

— Wall porosity

— Surface area
New
GT-201

— Wall thickness

GT-301

New DNX-929

GT-101

Activity
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DNX-1029
J= 500 600 700 800 900
| | | | | |
[ [ [ [ [ [
°C 250 300 350 400 450 500
HALDOR TORrsoE (M

Temperature



Impact on plant performance

300 MW gas turbine benchmark

720 kg/s (5,710,000 Ib/hr)
25 ppm NOx (full load)
60 ppm CO (full load)

Classic layout (GTC-801 + GT-201)
— CO-slip < 5 ppm (for load = 50%)
— NO,-slip <5 ppm and NH;-slip < 3 ppm

Dual function layout (GT-201 + GTC-802)
— CO-slip < 5 ppm (for load = 50%)
— After GT-201
= NH;-slip ~10 ppm
— After GTC-802
= NO,-slip <5 ppm and NH;-slip < 3 ppm
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Benchmark, 300 MW plant
Volumes and pressure drop, classic layout

= Classic layout - optimized catalyst

— 20 % reduction of SCR volume

— 20+ % reduction of SCR catalyst pressure drop
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Benchmark, 300 MW plant
Volumes and pressure drop, dual function

= Dual function layout
— 45 % reduction of SCR catalyst

= 15 % increase of CO catalyst volume

— 28+ % reduced total pressure drop O
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Benchmark, 300 MW
DNX® GT catalysts series
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Catalyst impact on HRSG maintanence

= Simultaneously reducing SO, oxidation and ammonia
slip
— Maintenance

— Lowering Ammonium Bisulphate precipitation
— Efficiency

— Reducing fouling in HRSG cold-end
— Lower sulfuric acid dew point ~20 F
— Increasing heat recovery

— Construction material
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TAKINGISCRIS 27 s |
Performance to Ne T Questions?

Heigl

Thank you

Contact Information:
Klavs Beldring
Technical Manager
(281) 450-8606
KIBe@topsoe.com
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