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What is the problem?

Material degradation 
reduces the lifetime of 
the superheaters.

As consequence, the 
biomass and waste 
fired boilers are 
operated at lower 
temperatures with 
decreased electrical 
efficiency, compared to
coal fired boilers. 
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Fossil fuel vs. biomass and waste
The long term goal is to replace fossil fuels by biofuel. 
However, the corrosion rates is higher…

The electricity efficiency depends on the steam temperature!

Fossil-fuel 
(Coal)

Biomass 
(Wood)

pO2 ~3% ~5%

pH2O ~10% 20-25%

Reactive alkali Low Medium

pSO2 High Low

pHCl High Low

Steam temperature
(state-of-the-art) 630°C 520°C

Fossil-fuel 
(Coal)

Biomass 
(Wood)

Biomass 
(Agriculture)

Waste

pO2 ~3% ~5% ~5% 6-11%

pH2O ~10% 20-25% 20-25% 20-25%

Reactive alkali Low Medium High High

pSO2 High Low Low Low

pHCl High Low Medium High

Steam temperature
(state-of-the-art) 630°C 520°C 450°C 420°C

Fossil-fuel 
(Coal)

Biomass 
(Wood)

Biomass 
(Agriculture)

pO2 ~3% ~5% ~5%

pH2O ~10% 20-25% 20-25%

Reactive alkali Low Medium High

pSO2 High Low Low

pHCl High Low Medium

Steam temperature
(state-of-the-art) 630°C 520°C 450°C
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Steam Steel tube

The fireside environment in a 
biomass/waste fired boiler

Oxide/Corrosion 
products

Deposit

Fe, Cr, Ni, 
Mn, Mo…

(Fe,Cr)2O3, Fe2O3, 
(Fe,Cr,Ni)3O4 …

The chemical environment at the 
superheater is very complex!

FeCl2, CrCl3…

NaCl, KCl, CaSO4, 
K2SO4, K2CO3, SiO2…

CO2, H2O, O2, HCl, SO2, NOx and particles…

K2CrO4, CaCrO4…
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What causes the corrosion 
problems on stainless steels?

• The corrosion resistance of stainless steels comes from their ability to 
form a chromium rich oxide film that grows slowly and  protects the 
material from further oxidation.

• The oxide usually consists of a corundum type solid solution with Cr and 
Fe, (Cr,Fe)2O3, where the Cr to Fe ratio determines whether it is 
protective (as chromia, Cr2O3) or poorly protective (as hematite, Fe2O3).

Cr2O3 Fe2O3(Cr,Fe)2O3
Protective
Slow growing

Poorly protective
Fast growing

(Cr,Fe)2O3 Fe2O3 + CrO2(OH)2(g)
O2 + H2O(g)
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The effect of chromium depletion 
on chromia forming steels

(Cr,Fe)2O3 Fe2O3 + K2CrO4 + HCl
O2 + H2O + KClO2 + H2O + K2CO3 + CO2
O2 + H2O + K2SO4 + SO2
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304L, 5% O2 + 40%H2O, 600°C

O2 (no salt)
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Reference exposure: 

pHCl =300 ppm    
pSO2 = 90 ppm 

Sulphur recirculation: 

pHCl =400 ppm    
pSO2 =270ppm

New ways to increase the SO2
content of the flue gas: 
Recirculation of sulphur
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Outtake of corrosion probes after 1000 hours 
exposure without sulphur recirculation

High Temperature Corrosion Centre
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Deposit

Corrosion
product
layer

Steel ring

Deposit

Steel ring

Corrosion 
product layer

The beneficial effect of sulphur recirculation on 16Mo3

Reference exposure, 525°C, 1000h 

Sulphur recirculation exposure, 525°C, 
1000h 
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Epoxi

Metal

Long term effect of sulphur recirculation on corrosion
Exposure time: 1000 hours
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The effect of sulphur recirculation on 
corrosion

Sanicro 28 exposed for 1000 hours at 525°C without sulphur recirculation
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The effect of sulphur recirculation on 
corrosion

Sanicro 28 exposed for 1000 hours at 525°C with sulphur recirculation

O

Si S

K
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Fe Cr
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steel

Deposit

Oxide

steel

Deposit

Oxide

2008 Lab studies
2009/2010 Large scale test in Savenäs
2014 Commercial product
2016 First installation (DK) + Research project

What’s special about HTC/KME

• Often short time between research results and application in reality

Sulfur additions in high alkali environments 
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New opportunities within HTC/KME
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New opportunities within HTC/KME
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Corrosion solutions – New materials
New alloy 
development in 
collaboration 
Sandvik

New coatings
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