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Goal

ÁPaving the way for biomass-CLC

ÁTransport routes of ash forming elements

ÁBiomass ash ɬoxygen carrier interactions

ÁBiomass ash induced corrosion risks
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Chemical looping

ÁFluidized bed technology

ÁBed material

ÁHeat transfer

ÁSolid oxygen carrier 

(MexOy)

ÁMn

ÁFe-Ti

ÁEtc.
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Interaction with bed material

ÁCan interaction with the bed material provide a 

vehicle for transport of alkali?
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SEM: Ilmenite ore + 4 %wt
K2CO3

ÁK2CO3 reacts with ilmenite

No K2CO3 K2CO3 24h, 850°C

K+Ti

FeTiFe
Ti



XRD: Ilmenite ore

ÁBefore heat pre-treatment: 

ÁIlmenite (FeTiOƿȺ

ÁAfter heat pre-treatment

ÁPseudobrookite (Fe2TiO5)

ÁAfter heat treatment + K2CO3

ÁPseudobrookite (Fe2TiO5)

ÁKTi 8O16.5

ÁK2.3Fe2.3Ti5.7O16

Ilmenite

Pseudobrookite

Also
K-Ti-Fe

950°C

950°CK2CO3



SEM: Manganese ore+ 4%wt 
K2CO3

No K2CO3 K2CO3 24h, 850°C

ÁK2CO3 does not react with manganese

Mn

K, Ca, Al, Si

K
Ca

Mn

K, Ca, Al, Si



Interaction with bed material

ÁAre bed materials prone to agglomeration if

biomass is used in CLC?
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Tube furnace

Instrumental and 
exhaust section

Combustion 
section 

Pre-heater

150 mesh 
net

Primary air 
inlet

Feeding port 
for salts

Experimental set-up

ÅTemperature profile logged

ÅPressuremeasurement
ÅIn the pre-heater 
ÅAt the top of the reactor



Results: defluidization



Ilmenite with KCl, 
1.5 g/10 min, 850ÁC

Ti Fe

KCl

ÅOnly Fe and Ti in bed 
partices 

ÅMost KClvolatalizes

ÅHigh KCl feed needed to 
agglomeration



Ilmenite with K2CO3, 
1.5 g/10 min 950ÁC

Freshbed material Agglomeratedbed material



Ilmenite with KH2PO4, 
0.5 g/10 min 950ÁC

Ti Fe

KP

Å Only Fe and Ti in bed 
particles

Å The neck between the 
bed particles contains K, 
P some traces of Fe

15/21



Biomass induced corrosion

ÁWhat requirements do we have on (metallic) heat 

transfer surfaces?
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Chemical looping
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Adadet al, Chemical Engineering Journal 310 (2017) 226ς239



Candidate materials
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Candidate materials for air reactor, 
material temperature 700 ÁC
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Candidate materials for fuel reactor, 
material temperature 550 ÁC
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Fireside corrosion laboratory testing
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1. Test specimens cut from  super-heater tubes (2 x 2 x0.5 cm)

2. Surface ground with 600SiC and eventually covered with synthetic ash

3. 168 h exposure in test atmosphere/temperature

4. tǊŜǇŀǊŀǘƛƻƴ ƻŦ ǎŀƳǇƭŜ Ωǎ ŎǊƻǎǎ-section

5. SEM/EDX (oxide /corrosion layer thickness, corrosion product composition etc.)

Final: Results analysis



Corrosion layer thickness 

ÁCorrosion layer thickness 

determined using SEM 

images

ÁSemi-automatic image 

analysis

ÁMean, median, most 

occurring and maximum 

layer thickness determined
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Test matrix

ÁGas composition 

fuel reactor:

Á50 vol -% CO2, 50 vol -% H2O

Á+500 ppm HCl

Á+1 vol -% O2

ÁDeposit

ÁNo deposit

Á Ilmenite

Á Ilmenite with potassium

ÁKCl
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air reactor:

Á dry air



Results air reactor
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