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Qutline

« General CLG concept
« Control of oxygen in BCLG.
« Summary of BCLG tests at CSIC

- Experience in the 50 kW, CLG unit regarding agglomeration
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Chemical Looping Gasification
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. Pure syngas stream (no N, dilution and without using ASU unit)

« Autothermic

» Less steam consumption than conventional gasification processes
« Low tar generation (catalytic cproperties of the Me,0,)

« Less emission of CO, to the atmosphere (CO, concentrated in syngas)

* Less corrosion in heat exchangers (located in AR)
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Chemical Looping Gasification
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Control of the oxygen in BCLG
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« Controlled by the oxygen carrier circulation flow.
« The OC circulation flow is fixed for a given oxygen-to-biomass ratio, A

« The air-to-biomass ratio is higher to the oxygen-to-biomass ratio, A
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Control of the oxygen in BCLG
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« Controlling the air-to-biomass ratio.
« Oxygen lattice transferred, A, does not depend on the OC circulation flow
« Pure N, is obtained at the AR outlet
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Control of the oxygen in BCLG

OCM-1 is preferred than OCM-2
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Samproén et al. Energy 226, 2021, 120317
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Autothermic
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- Excess Oxygen
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Figure 3. Different chemical looping modes (a—d) dependent on the air-to-fuel equivalence ratio A and
the oxygen-carrier-to-fuel equivalence ratio ¢.

Oxygen carrier is highly reduced in FR and AR (OCM-1)

Dieringer et al. Appl. Sci. 2020, 10, 4271
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Redox pairs in BCLG
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Abad et al. Energy Fuels 21, 2007, 1843-1853.
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1.5 kW, CLG unit at ICB-CSIC

o

>

\4

Gas analysis
0,, CO, CO,

o

>

Stack

Stack

Gas analysis

Tar recovery

Air
Reactor

Sec.
Air

Air+N, N, H,0/CO, N,
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12 |— CH,, CO,, CO, H,

Stack

system : -
- . GC
~ 7 CH, C2-C5
Tar protocol
Tar analysis Tar
analysis
GC-MS
HZO content Titration
1.- Fuel Reactor 9.- Screw feeders
2.- Loop seal 10.- Furnace
3.- Air Reactor 11.- Vaporizer
4.- Riser 12.- Tar recovery

5.- Cyclone

6.- Diverting solids valve
7.- Control solids valve
8.- Biomass
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Summary of operating conditions at ICB-CSIC.

Unit Oxygen carrier Biomass Temperature Steam-to-fuel  Oxygen-to-fuel Gasification
ratio ratio (A) time at steady
state

°C ka/kQgrybiomass mol/mol h
1.5 kW, [Imenite WP 820 - 940 0-0.9 0.15-0.35 55
Fe ore WP 820 - 940 0-0.6 0.15-0.5 40
LD slag IWP, almond 820 - 940 0-0.6 0.15-0.5 60

shells, olive

stone

Mn ore WP 820 - 940 0-0.6 0.15-0.5 50
FelOAl Pine wood 820 - 940 0-0.6 02-04 34
Fe20Al Pine wood 820 - 940 0-0.6 0.2-0.6 38
Fe25Al Pine wood 820 - 940 0-0.6 02-04 31
50 kW, lImenite Wheat Straw 820 -990 0.7 0.2-04 37

pellets with

additives

« >300 h of CLG operation under steady state conditions.

* No agglomeration observed in spite of the high reduction level of the OC
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Summary of biomasses used at ICB-CSIC

| Wheat
Industrial Pine Olive Almond straw
wood

pellets wood Stone Shell pellets +

additives
Woody biomass Herbaceous or agricultural straw

SV, Vassilev ef ol / Fuel 89 (2010) 913-933

SiO,+Al,0,+Fe,0,+Na,0+TiO,
WWEB - wood and woody biomass (zamples 1-28)
HAB - herbaceous and agriculmral biomass (samples 29-72)
HAG - herbaceous and agricultural grass (samples 20-38)
HAS - herbaceous and agricultural straw (samples 39-47)
HAF. - herhaceous and agriculmral residue (samples 48-72)
AB - animal biomass (samples 73-74)
ME - mixture of biomass (samples 75-78)
CB - comtaminated biomass (samples 79-86)
AVB - all varieties of biomass (samples 1-86) S typc .
P - peat
L - lignita
5 - sub-binmminous coal
B - bimminous coal
A-algae

Medium acid

Ctype— /» &S W}Q
80 S L e
/ i . T e " 20.'_ow acid
90, . o 10

A— e , 0
0 10 20 30 40 50 60 70 80 90 100
Ca0+MgO+MnO | K,0+P,0,+S0,+CL,0

CK type

Fig. 4. Chemical classification system of the inorganic matter in high-temperature biomass ashes based on 78 varistise of hi
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Gas composition (vol%)

Xbu ccly g (%)

Ilmenite

limenite, 880 °C, S/B= 0.6

Tierga Fe ore

Tierga iron ore, 940 °C, S/B= 0.6

LD slag

LD slag, 930 °C, S/B= 0.6

Gabon Mn ore

Gabon Mn ore, 930 °C, S/B= 0.6
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oxygen-to-fuel ratio, A
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50 kW, Chemical Looping Gasification unit at CSIC

Air Reactor Syngas
exhaust gas Solids valves H,, CO, CH,,
N, for circulation H,0, CO,

measurement

T

Solids
reservoir

Double
Loop Seal
(LS-D)
Fuel Reactor
(FR)
AirR
Ir (Aes)ctor ‘ NZ
Sec. flow
Carbon Loop Seal Biomass
Stripper (LS-AF)
(CS)
é Screw
= feeders
0000
N,/O,(air) N, H,0/N, N, N, N, H,0 N,
Control of the process by limiting the oxygen fed in Air Reactor
€. CSIC
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Oxygen-carrier ][ ILMENITE

Fresh ilmenite from Titania, Norway:
Calcination: 950 °C in air for 2 h
Circulated 6 h at 800 °C in air

active phases
Oxidized Reduced

Fe,TiO, €= FeTiO,
Fe,O, -) Fe;O,

Calcined ilmenite

20 = 100
J // - 90
1 / - 80
1 Vi
° ] ,/ - 70 8
@ - 1 [~ 60 C_G
S i ! 2
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S d - 40 E
3 ' 30 2
o ] / r <
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> 7 /I [ 20
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0 EEs — " 0
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Particle size (microns)
Mean 50% 75% 90%
um um um um
224 <209 <273 <353
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Fe,TiOg 54.7 wt.%
Fe,O; 11.2 wt.%
TiO, 28.6 wt.%
Inerts 5.5 wt.%
Calcined
PROPERTIES {rrEmiie
Particle size (um) 100-300
True density (kg/m?3) 4100
Ro im (%) 4.0
Porosity (%) 1.2
Crushing strength(N) 2.2
Fe,TiOg,

XRD (main species)

Fe,O,, TiO,

€, CSIC




Fuel J [ Wheat Straw with additives — CENER-
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Proximate analysis

Moisture content wt.%; wb 10.3
Ash content wt.%; db 7.0
Volatile matter wt.%; db 77.7
Fixed carbon® wt.%:; db 15.3
Ultimate analysis

c wt.%; db 46.1

wt.%; daf 49.6
wt.%; db 5.8

H Wt9; daf 6.2
N wt.%; db 0.39
wt.%; daf 0.42
s wt.%; db 0.105
wt.%; daf 0.113
cl wt.%; db 0.100
wt.%; daf 0.108
Net calorific value
Mi/kg;db  17.2
NCV M/kg; daf 185
Major elemental ash composition in
additive wheat straw pellets
Al mg/kg (w/w) 158
Ca mg/kg (w/w) 11,500
Fe mg/kg (w/w) 172
K mg/kg (w/w) 7,330
Mg mg/kg (w/w) 982
Na mg/kg (w/w) 186
P mg/kg (w/w) 448
Si mg/kg (w/w) 10,200
Ti mag/kg (w/w) 10

@b . “CSIC




Relevant efficiency parameters
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Main Achievements

6 days CLG. 37 h of continuous CLG operation
18 kW, (4 kg/h of biomass)

Smooth operation

Several operating conditions analyzed

 Temperature, T=2800 - 980 °C
« Oxygen to fuel ratio, A=0.13-04
« Steam to biomass ratio, S/B=0.7

Tar recovery
Agglomeration analyzed
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Evolution of components (ICP)
5
0 T T T T
22 ] Major elemental ash
PN N i o am— L composition in
EL = o additive wheat straw pellets
B0 | e
N J— N ma/kg b (Wiw) 158
0 ‘ ‘ ‘ ‘ ‘ ‘ Ca mg/kg b (w/w) 11,500
5 Fe mg/kg b (w/w) 172
o K mg/kg b (w/w) 7,330
=2 Mg mg/kg b (w/w) 982
3 i Na mg/kg b (w/w) 186
o P mg/kg b (w/w) 448
3 Si mg/kg b (w/w) 10,200
_ Na Ti mg/kg b (w/w) 10
§; 15
21
: 0.5 L
0 [1 {1 \D—v-—. \ - —{} ‘
0 5 10 15 20 25 30 35 40
CLG operation (hours)
Dot line: already present in limenite 80 kg Oxygen carrier
Discontinuous line: ILM + fed in biomass 145 kg biomass

Dots: ICP content in OC
Square: ICP content in AR fines

37 hours CLG
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Calcined

Particles with edges Rounded particles Some particles with Good appearance
Fines sticked Some cracks detached shell No agglomeration
White particles: Fe, Ti
Black particles: Si, Al
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Calcined Day 1 CLG Day 3 CLG Day 6 CLG

i.‘ ¢ :»‘ 2

100um Ci SECH 100um

Particles with edges Rounded particles External layer Good appearance
Some internal cracks White and black particles =~ Some internal cracks No agglomeration
External layer

e CSIC
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Day 3 CLG_FR

Fe TiCaSiK

R —— Fe-KA
400 H .' | TiHA

. [ Vo i i | — Ca-kA
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0 50 100
Distance / um

Fe migration towards the external surface of the particles (Fe oxide)
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EDX Day 6 CLG_AR

K goes to Si-enriched
locations

—TFeiA]

el |FeTiCa Si K

— O-HA
Si-kA

K-KA
Coatay

Distance / pm
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Looking for K, Ca and Si

Some migration of Fe occurs towards the external surface of particle in form
of Fe oxide (no Titania).

K penetrate inside the particles when cracks are present.

Si and Ca are preferentely deposited in the external layer of the particle.

.
cb
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Day 6 CLG-AR

* Fe migration outwards

« Kis enriched in zones where Si is present (even if it is inside the particles).

Dark zone is mainly Si,Al-Mg

Mapping IIMARDG6-6-x230

Jcb
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Looking for agglomeration, looking for K

» Particles after 37 h under CLG operation
behaved well and no operational problems
were observed.

« SEM-EDX studies showed separate particles.

* No agglomeration was produced.

* In the whole study, only 1 small agglomeration
case was observed in day 4 in a patrticle.

Fe TiCaSiK ' ek

1| " I \ In I
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N ™ N ) . . ! -—"ﬁ‘v"-.l 1
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. | r_..-"l i) 'v/_h\____."l _|||I ﬂ 4 \ "I

A4 A | 2
T T T |
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Linescan IImFRD4-4-x650 ] 50 5 100 150
Mapping ImMFRD4-3-x800 istance / pm
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Mapping IImFRD4-3-x800

Looking for agglomeration, looking for K

The shell detached is Fe-O (no Ti)
K concentrates preferably in Si sites

Ca and Si seems to be concentrated in the
external surface of the particle

“cb
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Summary (from 50 kW,,, unit tests)

NO agglomeration was detected during 37 h continuous CLG operation
using wheat straw pellets with Ca additive.

« Some migration of Fe outwards the particle surface.

« Some layers detached from particles, but not so relevant as expected.

« Ca, Sian K present in biomass is partially deposited in the oxygen catrrier.

« Caand Si are deposited preferably in the external surface of particles.

« K appeared preferably in Si locations already present on ilmenite.

« Kalso appeared in internal zones of ilmenite

Jcb
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http://chemical-looping2020.com/

6th
International
Conference on

Chemica I .
2022 looping

Hotel Hiberus. Zaragoza (Spain), September 19-22, 2022

Zaragoza (Spain), September 19-22, 2022

Topics of interest:

* Chemical looping combustion « Novel chemical looping processes

» Chemical looping gasification/reforming - Carbonate looping technology

« Chemical looping oxygen carriers « Modeling of chemical looping process
« Chemical looping reactor design and operation « Pilot plants and scale-up

We are looking forward seeing you in Zaragoza in 2022

Prof. Juan Adanez
Chairman of the Conference


http://chemical-looping2020.com/
http://chemical-looping2020.com/
http://chemical-looping2020.com/

CSIC funding in BCLG

e Chemical Looping Gasification for Sustainable
S Cba ra Production of Biofuels

Nov 2018 - Nov 2022
H2020-No. 817841 https://clara-h2020.eu/

* 4k

%- e )I Gasificacién de biomasa mediante tecnologias de
§ O RN w4  Chemical Looping para produccion de gas de

sintesis/H, con captura de CO,
Jan 2018 - Sep 2021

ENE2017-89473-R

.
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Combustion and Gasification Group
Instituto de Carboquimica (ICB) Zaragoza
Consejo Superior de Investigaciones Cientificas (CSIC)

WWww.icb.csic.es

Research on
Chemical Looping

o Many Thanks. Questions?

2015 2016 2017 2018
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