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Abstract 
Co-firing biomass with fossil fuels is increasingly 

relevant to thermal power plant operators due to new, 

stricter sanctions relating to carbon footprints. It has 

been found that the use of biomass results in an altered 

ash composition, which leads to increased corrosion of 

the superheater tube walls. This work presents results 

for corrosion depth, from testing on P91 samples 

exposed to synthetic salts representative of ash 

compositions obtained from operational plants. SEM 

images and EDX element maps are obtained and 

presented in order to gain an understanding of the 

complex corrosion mechanism which occurs. A finite 

element methodology is presented for combined 

corrosion with creep damage to assess the effect of 

corrosion tube wall loss on creep rupture life for 

pressurized tubes. 

1. Introduction 
This research focuses on the response of superheater 

tube materials, specifically P91, to the altered ash 

composition which is formed during biomass co-firing.  

The altered ash has been shown to lead to severe 

fireside corrosion of superheater and reheater resulting 

in a decreased life expectancy. [1] This process occurs 

primarily through a chemical process known as active 

oxidation as depicted in Fig.1. 

 
Fig.1 Schematic of corrosion via active oxidation. 

P91 consists of a complex microstructure containing 

packets, blocks, laths (sub-grains) and NbC/VC 

precipitates. This microstructure results in an improved 

creep strength compared to unmodified 9Cr-1Mo steel. 

Previous work has shown that the active oxidation 

process selectively attacks carbides present in P91 

resulting in a reduction of its creep strength and overall 

mechanical properties. [2] 

Experiments have been carried out with ash (non-

combustible fractions) representative of different levels 

of biomass-peat mixtures to provide insight into the 

complex corrosion process. Finite element models have 

also been developed which incorporate creep and 

corrosion damage effects to provide a life expectancy 

for tubes under a range of internal pressures.  

3. Experimental 
Experimental studies are carried out which mimic in-

situ superheater tube corrosion. Ash compositions are 

obtained from in-situ plant measurements. Salts with 

chemical compositions representative of the ash are 

created and applied to P91 specimens at 600C for 

times of up to 1 month. Samples are then fixed in 

epoxy, sectioned, polished until a mirror like finish is 

achieved and etched to reveal the material 

microstructure as shown in Fig.2. The samples are then 

analysed using scanning electron microscopy (SEM) 

and optical microscopy. 

 
Fig.2 SEM image of sample after 672h exposure time. 

 This provides the depth of corrosion as well as 

providing insight into the subsurface material 

degradation and structure of the corrosion layer. EDX 

analysis is also carried out which provides information 

regarding chemical composition at different depths.  

4. Modelling 
User subroutines have been developed for the finite 

element program Abaqus to incorporate corrosion and 

creep damage into the life prediction of tube walls. 

Creep damage is modelled based on the Kachanov, 

single variable creep damage equations. Corrosion 

damage is modelled using experimental data and a least 

squares minimization technique. This is then used to 

determine a corrosion rate which is written into a user 

subroutine to move the boundaries of the FE mesh 

resulting in the simulation of material removal. 
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