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Biomass Coal 

+ 

CO2 capture by chemical absorption (CCS) 

Will be presented on 11th May, in CCS section 
Oxyfuel (Callide Project) 

Co-firing  

CO2 Emission 
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Co-firing Technology 
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150MW-scale PC boiler 

 Ash deposition 

 

 Corrosion 

Challenges on co-firing at high ratio of biomass 
 Technical (burner, milling) problems  

 Ash-related problems Co-firing ratio : 25% on energy base (33 wt%) 

High 

Slagging/Fouling 

Tendency 

November  11 -12, 2015 

at Kamaishi, Iwate Pref 

Verification 
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Brief description about Co-firing test 
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1400-1500 C̄ 

1000 C̄ 



Co-firing test 
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Unit Coal Wood 

Pellet 

HHV MJ/kg 30.5 20.9 

Ash wt%-db 10.7 0.6 

VM wt%-db 35.3 82.5 

FC wt%-db 54.0 16.8 

Coal

Biomass/ Coal

Coal

Coal

Sampling point

Superheater

Furnace

1. Collect the initial deposits and Analyze 

their properties 

2. Investigate the effect on boiler tubes 

using synthetic ashes based on the 

properties of initial deposits 

Sampling point 

1. Furnace wall near burner 

2. Superheater 

Purposes 
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Co-firing test 
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Analysis Content Method 

Ash 

compositions 

  

  

  

SiO2, Al2O3, TiO2, 

CaO, Fe2O3, MgO, 

BaO, P2O5 

ICP-AES 

Na2O AAS 

K2O AAS 

SO3 AAS 

Water-soluble 

compounds* 

Cl, SO4, PO4, Ka, Na, 

Ca 

JISZ-7302-6 

Unburned 

carbon 

  TG-DTA 

*Water-soluble  analysis → detect compounds that affect corrosion on boiler tube 

Analysis procedure of ash 
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Properties of Initial Deposits Collected in Furnace Wall 
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Co-firing produces coarser ash particles 
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-d
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Morphology 
Unburned Carbon 

Co-firing produces high amount of 

char in deposits due to higher particle 

size of biomass 

Strong Reducing Atmosphere 

for Co-firing condition 
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3-4 times higher for co-firing 

Water-soluble elements 

S 

coal 

25% biomass 

Insoluble > Soluble compounds 

2 times higher for co-firing 

S >> Cl 

Na2SO4  

Main active compounds for corrosion  

W
t%

 -
a

s
h

SiO2 Al2O3 Fe2O3 Na2O K2O CaO BaO MgO SO3 P2O5 TiO2

0

10

20

30

40

50

60

70

0

1.0

1.5

2.0

2.5

3.0

W
t%

 -
a

s
h

25% biomass

Coal

Properties of Initial Deposits Collected in Furnace Wall 

Background Cofiring test Initial Deposits Corrosion Summary 



Copyright © 2017 IHI Corporation All Rights Reserved. 10 

Properties of Initial Deposits Collected in Superheater 

Unburned Carbon 
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Chemical Composition 
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Na, Ca 

Slight increase 

2-3 times higher for co-firing 

K, S 

Insoluble > > Soluble compounds 

Water-soluble K, Na, S 

Significant increase during co-firing 

S >> Cl 

25% biomass 

Coal 

Water Soluble 

Water Insoluble 

coal 

25% biomass 

K2SO4, Na2SO4  

Main active compounds for corrosion  

Water-soluble elements 

SiO2 Al2O3 Fe2O3 Na2O K2O CaO BaO MgO SO3 P2O5 TiO2
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Lab-scale corrosion test 
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Conditions Coal firing Co-firing Coal firing Co-firing

SiO2 71.6 70.9 70.1 59.2

Al2O3 22.1 21.9 21.7 18.3

Fe2O3 6 6 5.9 5

CaSO4 0.15 0.7 - -

CaCO3 - - 0.38 0.56

Na2SO4 0.11 0.14 0.09 0.22

NaCl 0.01 0.04 0.02 0.05

Na2CO3 - - 0.16 0.15

K2SO4 0.05 0.24 0.04 0.03

KCl 0.01 0.06 0.01 0.01

K2CO3 - - 0.08 0.02

C - - 1.5 16.5

Na2O+ K2O 0.09 0.25 0.23 0.25

O2 4 4 0.5 0.5

H2O 10 10 10 10

CO2 15 15 12.5 12.5

SO2 0.04 0.04 0.03 -

CO - - 2.5 2.5

H2S - - 0.01 0.01

N2 Balance Balance Balance Balance

Composition  of synthetic deposit (wt%)

Gas composition (vol%)

Superheater Env.

(650̄ C)

Furnace Wall Env.

(500̄ C)

Furnace wall’s tube materials 

- STB 410 (carbon steel) & STBA 22 (T2) 

Background Cofiring test Initial Deposits Corrosion Summary 

Superheater’s tube materials 

- Ka-SUS304J1HTB(UNS 30432),  

- Ka-SUS310J1HTB (TP310HCbN) 

Composition of ash synthetics and gases 

Exposure time :  500 h (250 x 2 ) 

Temperature :  500 C̄ (for furnace wall condition) 

       650 C̄ ( for superheater condition) 



 

 

 

20mm20mm 20mm20mm

20mm20mm 20mm20mm

a) Coal firing

b) Co-firing

SEM Fe O S

Strong

Weak

Effect on Furnace Wall’s tube  
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 How to mitigate ? 

Decreasing the reduction capacity 

of the atmosphere in furnace wall 
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Effect on Superheater’s tube  
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Summary 

 Co-firing produced two to three times as much alkali sulfates (K2SO4 and 

Na2SO4) in the furnace wall and superheater deposits compared to coal 

firing. 

 A higher amount of unburned carbon was also observed in the co-firing 

deposits obtained from the furnace wall  →  strongly reducing 

atmosphere 

 Co-firing produced a higher corrosion rate of furnace wall tubes at 500 C̄ 

compared to coal firing. However, it can be mitigated by decreasing the 

reduction capacity of the co-firing atmosphere 

 co-firing had a negligible effect on the corrosion of superheater tubes, 

particularly austenitic stainless steels at 650 C̄. 
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