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Influence of Additive Sintering on Fine Particle Formation during
Biomass Pulverised-Fuel Combustion
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1. Motivation — Why Burning Biomass? Tum

+ ,CO,-neutral” fuel for heat and power supply.

* Negtive Emissions possible using BECCS.

» Possibility to replace hard coal in chp plants (retrofitting).

« Which fuels? Wood, forestal residues, bark, straw and other agricultural residues.

« Advanatage of pulverized-fuel combustion are higher steam parameters and higher

flexibility regarding load changes compared to fluidized-bed and grate firing.
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2. Introduction

Fine Particles = Deposits (slagging/fouling) = Corrosion

» High alkali concentrations cause high fine particle concentrations.
» Large shares of alkalies and chlorine are causing ash-related challenges.

» Decreased efficiency due to deposits and higher corrosion rates.
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3. Additives — Coal Fly Ash and Kaolin TUm

Aluminium Silicate-based additives used for capturing gaseous Alkali species.

Reduced number of fine particles and change in chemistry of fine particles. 0

Capturing reactions of Alkalis:
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AlLO, - 2 SiO,(s) + 2KCl + 2H,0(g) = K,0 - ALO3 - 2 SiO,(s) + 2 HCI(g).

N
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The use of Coal fly ash as additive is already state of the art at industrial scale
(QDrsted, Studstrup and Avedgare)
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Adapted from Kerscher et. al
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Additives — Coal Fly Ash and Kaolin Tum
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TUT

4. Kaolin Sintering Experiments in Furnace Test rig

« Sintering of kaolin powder measured by BET analysis with nitrogen (3 g)
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5. Pulverised-Fuel Combustion of Biomass with Additives at TUM
BoCTeR (Biomass Combustion Test Rig) | Fuel  Addiive
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Temperature Distribution in Combustion Chamber measured by M
IFRF-suction pyrometer (120 kW)

Natural Gas flame Beech wood flame
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Gas flame without and with Kaolin Injection at Port Level 8 Tum

23.03.2021 12:49:01 2880352021 13:13:21

CAMOE

Kaolin Injection via Tube
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Surface Area Development of Kaolin in Natural Gas Flame TUT
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Beech Wood Properties
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TUTI

Transition of Natural Gas Flame to Beech wood Flame (120 kW)

“ 04.01.2018 15:25:23

CAMO3
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Fine Particle Measurements with ELPI

ELPI (Electrical Low Pressure Impactor)

Extraction of Flue gas with a sampling probe

Removal of large fly ash particles > 10 uym with heated cyclone

Dilution with Fine Particle Sampler System

Classification and Detection of Particles in the Impactor Cascade of ELPI
12 Stages from 0.007 — 6 ym aerodynamic diameter

Online Measurement possible
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13th INFUB 2022 | 22.04.2022 | Chair for Energy Systems | Richard Nowak Delgado

14



Fine Particle Measurements with ELPI — Variation of Kaolin

Injection Port
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» Reference Case without Kaolin

* 1 wt.% Kaolin based on Fuel (dry/dry)

» Reduction of PM1 with minimum at port level 6
« Entrainment of kaolin particles detected by ELPI
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6. Summary

« Kaolin as additive looses active surface area due to sintering in the boiler.
« Temperature and residence time are the important parameters for sintering.
« Experiments showed that the kaolin injection position important for the alkali capture efficiency.

« Potential for saving kaolin as additive when using the optimum temperature window for injection.
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/. Future Work

« Evaluation of Experiments with Injection of Kaolin via the Swirl burner under same conditions.

» Validation of results in larger combustion units necessary.
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Swirl Burner Design
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Injection System

» Gravimetric Dobble screwfeeder for dosage of kaolin powder

* Injection tube which is tangentially bent into swirl direction of burner
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Venturi Zerstauber
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