Karlsruhe Institute of Technology

Solid Fuel Conversion under
Entrained-Flow Gasification Conditions

Christoph Schneider, Philipp Stoesser, Thomas Kolb

Motivation Objectives

Entrained-Flow Gasification, EFG - | |
Kinetic model for the gasification of solid char particles
Multi-Phase reacting system

Fuel from mm | = Characterization of char properties and reactivity
Burolvsis \ O,/ Steam at high temperature and pressure | |
St hndl 4 o = Fuel properties: morphology & catalytic ash components
= Development and validation of 5 ors T AT /d
QIoRIEt mathematical models for sub-processes rocess parameters T, dT'/dt, 7, p

evaporation
= Integration of sub-models into total

process model Approach

char pyrolysis

=» Design and scale-up of technical gasifier . .
J P J Pyrolysis Volatiles

iImization of pr rameters for
har -> O.ptlmlzatlo of p ocess. pa g eters fo T — 800 — 1600 °C
gasification wide range of fuel speuﬂcaﬂons dT/dt = 104 K/s

T = 100 — 1000 ms

nvi = Experimental Setups Properties
Syngas to Gas = Drop-Tube Reactor = Chemical Composition
Treatment - droplet / particle Pt = Pressurized TGA = Surface
trajectory pattern derived SEMimageiogeiC o = Chemisorption Analyzer = Pore Structure
from RANS simulation = Pressurized Fixed-Bed = Reaction Kinetics

Experimental methods for gasification kinetics validated, atmospheric

Reaction Regimes Reaction Kinetic Modeling Reaction rate determined in 4 different experimental setups
10° \ : : :
| b 1 dmg k pn , . _ipatide = Consistent results in
| intr — = K Pco 8 I b BT i-diffusion------ H— .
| | me dt ; N I C'Onfolf” = chemically controlled
| | : : . : .
N d_fl;ilm : d_fF]:ore \, !ntinsic . - TTORR SDT10 00 T-Y- W NN I\ N N S S— regime for all setups
— iffusion iffusion reaction — - control Q&) ~FPLN - . .
¢ | limitaton | limitaton | ot eff = TIPore Mintr e b o t—e et X - Chem'cf_'__ = True particle kinetics
= : : 1 1 1 x ' relevant for EFG
— 10° v FBR|d i BN e " -
Regime I : Regime II : Regime | Tpore 0 (tanh(3¢) 3¢) e TGA| _ ZOﬂdlthbnS In
| | { y A FFB  diffusion ¢ rop-tube reactor
| | 10 Rt SR R SR L
DTR . control : : : :
m— =eilil B Rkt S (pore diffusion regime)
d (n + 1)kp8521 ppC 107 i " : n i " : n i " : —
Boud 4 React ¢ = gp T T 04 05 06 07 08 09 10 11
ouaouar eaction \ off C 1000/T. 1/K
ﬁ
C+ CO; 2 CO Stoesser et al., Appl Energy 211, (2018)
Reactivity depends on morphology and active sites
“ ciihe gaaltyigagent 173K o o7 Specific and Reactive T~ ReacesA f o
T O e I SR P | = |~® - Specific , ,
. 2 0016 7 et ] '; : =& Surface Area o o l—Reactiviy | _— i < oone
£ S 0012 A o oL €O ] g e - ~ ' ' ' '
| S 5 e BN Y . 600§ = Specific SA remains almost - N
g Sooog g - P ot - 400 S constant for high X 2 400- [ 0.0015 —
time I , :: ¥ E ¢ g x
®) S 000 W ™2 = Reactive SA strongly increases g
cooling in inert gas(Ar) .h {4 : x’»k ] ] E 200 - 0.0010
K / awmi O o for high X due to catalysis > . . .
3 Timet / min .. 5 : § §
é gasification inert gas(Ar) Desorbing SpeCieS during TPD ) ReaCtIVIty COTI’ESpOndS We” OO.O 062 064 066 0;.8 1.00.0005
: h Experimental procedure for the with evolution of reactive SA Xe! -
fime - . Evolution of reactive / specific surface
Klose & Wolki, Fuel 84, (2005) determination of Reactive Surface Area Fuel: WC1600 (beech wood char) area and reactivity during gasification
Outlook Cooperation

= Model for char conversion accounting for the influence of
catalytic ash components and morphology
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= Transfer of char conversion model to high pressure conditions
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