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Background to the project
• Future power generation needs to be more efficient and flexible.

• Increasing demands on mechanical properties of the materials in critical components.

• Influence of cyclic high temperature deformation, creep and long-term service.

• Continuation of KME-501, 521 and 701.

Gärdstadverken Linköping. 
Photo Åke E. LindmanImage from Xcel Energy
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Project goals
The main purposes of this project are to evaluate the mechanical behaviors for structure safety and integrity 
analysis, namely:

1. To evaluate thermomechanical fatigue properties of new materials of critical components for 
safety and life evaluation since the biomass-fired power plants can start/shutdown quite often during 
service for energy saving and flexibility purposes in the future.

2. To evaluate the fatigue crack propagation behavior of new materials used in safety and reliability 
considerations since the material of critical components can undertake low cycle fatigue during the 
service.

3. To evaluate the creep resistance of new materials used in safety and reliability considerations since 
the material of critical components can undertake creep during the service.

4. To evaluate the structure stability and the toughness of welded and aged material after long term 
service at high temperatures for safety analysis.

5. To evaluate the new candidate material compared to currently used materials using FE-
models of the applications.
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Alloys
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Difference in price [SEK/kg] vs. Maximum service temperature [°C] for some power plant materials (From GRANTA EduPack 2021).
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Definition Alloy Approximate concentration of main alloying elements 
[wt%]

Nickel-base 
superalloy

Hastelloy X Cr=22, Ni=47, Mo=9, Co=1.5, W=0.6, Mn=0.5, C=0.7, Si=0.5, Fe=17.5

Highly alloyed 
austenitic 
stainless steels

Sanicro 31HT 
(alloy 800HT)

Cr=20.5, Ni=30.5, C=0.7, Mn=0.6, Si=0.6, Ti=0.5, Al=0.5 Nb=0.5, Fe=bal

Sanicro 25 (*) Cr=22.5, Ni=25, W=3.6, Cu=3.0, Co=1.5, Mn=0.5, Nb=0.5, N=0.23, Si=0.2, C=0.1, Fe=bal

Alloy 904L Cr=20.5, Ni=25.5, Mo=4.5, Cu=1.5, Mn=1, Si=0.5, C=0.1, N=0.05, Fe=bal

AISI 310M Cr=25.4, Ni=19.2, Mn=0.84, Si=0.55, Mo=0.11, Cu=0.08, N=0.04,  C=0.015, Ti=0.001, Fe=bal

Medium 
alloyed 
austenitic 
stainless steels

Esshete 1250 (*) Cr=15, Ni=9.5, Mn=6.3, Nb=1, Mo=1, Si=0.5, V=0.3, C=0.1, Fe=bal

AISI 304 Cr=18.3, Ni=10.3, Mn=1.4, Si=0.3, Cu=0.3, W=0.05, N=0.07, C=0.015, Fe=bal

AISI 316L Cr=17, Ni=12, Mn=1, Si=0.5, C=0.015, Fe=bal

Ferritic 
stainless steels

ASTM CB-30 Cr=19.5, Ni=1, Si=0.75, Mn=0.5, C=0.015, Fe=bal

Grade 91 Cr=9, Mn=0.5, Mo=0.9, V=0.2, Si=0.35, C=0.1, Nb=0.1, N=0.05, Fe=bal 

* Main investigated materials in this project.



Methods and selected results
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Thermomechanical fatigue testing (TMF)
• Cycle type

– Phase-shift: Out-of-Phase (OP)
– Heating/Cooling rate: 5°C/s
– Maximum temperature: 600, 650, 700 °C
– Minimum temperature: 100°C

• Instron 8801 servo hydraulic test machine
– Strain controlled

• Ageing for up to 10 000h at maximum 
temperature.

Upper right image: TMF test set up. Lower left image: Schematics of different TMF test cycles. Lower right image: The test 
specimen, (a) schematics (units in millimeters), (b) after testing of an OP-TMF Ehsshete 1250 specimen.



TMF – selected results
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OP-TMF stress amplitude vs cycles curves for Sanicro 25 a) virgin, b) aged (3000 h at 650 °C) and c) aged (10 000 h at 650 °C) 
and Esshete 1250 d) virgin, d) aged (3000 h at 650 °C), f) aged (10 000 h at 650 °C) and P91 g) virgin.

g)

Sanicro 25

Esshete 1250

P91 - Virgin

Virgin Aged 3 000 h @ 650 °C Aged 10 000 h @ 650 °C



10

Micrographs of OP-TMF tested (strain range 1.2 %) Sanicro 25 and Esshete 1250, both virgin and aged. (a) SEM image 
deformation at crack tip area, (b) EBSD image of crack tip area and (c) SEM image higher magnification of crack tip. LD = 
loading direction.

Sanicro 25

Virgin (strain range 1.2 %) Aged (3 000 @ 650 °C, strain range 1.2 %)

Esshete 1250
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• Strain controlled fatigue part 
• Load controlled dwell time
• Temperature: 700°C
• Dwell time: 300, 600 and 1 800 seconds
• Strain amplitudes: 0.25%-0.5%

Low cycle fatigue (LCF) and creep testing

Left image: Schematics of the test specimen (units in millimetres). Middle image: Sketch of the fatigue and creep test cycle. 
The solid lines represent the load controlled (creep) parts and the dotted lines represents the strain controlled (fatigue) parts. 
Right image: Sketch of a hysteresis curve, blue correspond to fatigue and red to creep loading.



Creep and LCF – selected results
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Sanicro 25

Esshete 1250

Dwell time: 300 s 1 800 s

Hysteresis curves of Sanicro 25 and Esshete 1250 with dwell time of (a) td = 300 s, (b) td = 1800 s



13

Sanicro 25 with dwell time: 300 s Esshete 1250 with dwell time: 300 s

Micrographs of Sanicro 25 and Esshete 1250 with dwell time 300 s: (a) crack propagation overview and for Sanicro 25 a 
zoomed in area of crack junction, (b) EBSD-image of crack propagation overview.



Crack propagation in Sanicro 25
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Image to the left: crack overview of Sanicro 25 (a) overview of the crack path, with EBSD and recrystallized fraction analysis of a 
zoomed in area of a highly plasticised zone containing a crack tip, (b) at the end of the crack path. Image to the right: schematic 
overview of the crack propagation and interaction process between creep and fatigue of Sanicro 25.



Precipitation – selected results
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Sanicro 25 after testing (~200 h @ 700 °C) Esshete 1250 after testing (~150 h @ 700 °C)

Micrographs of virgin Sanicro 25 and Esshete 1250 after fatigue and creep testing at 700 °C (a) STEM dark field imaging and 
(b) STEM bright field imaging. EDS-analysis of grain boundary precipitates in (a) or (b).
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Sanicro 25 aged (3 000 h @ 650 °C) Esshete 1250 aged (3 000 h @ 650 °C)

Micrograph of aged (3 000 h @ 650 °C) Sanicro 25 and Esshete 1250 (a) BSE image which show the EDS point spectrum 
positions and (b) enlarged BSE image which show the EDS point spectrum positions (zoomed image in (a). The quantitative 
EDS spectrum results (in wt.%) of the aged microstructure in the figure above.



Feasibility study – short summary
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In this study one currently used boiler designs where final header material is P92 was compared to Sanicro 
25.

• It was shown that a benefit offered by Sanicro25 is the high strength that allows a thinner wall thickness 
to be used.
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Summary
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This project has resulted in new knowledge and understanding of the two candidate austenitic 
stainless steels mechanical and microstructural evolution during TMF, fatigue and creep as well as 
the precipitation process.

This new knowledge can be used as a base for material selection regarding the future use of these 
materials in heavy section components in biomass-fired power plants.

In addition, the new knowledge and understanding can be used for material development and to 
some extent lighter power plant design.



Thank you for your attention!

Final report at Energiforsk.se

https://energiforsk.se/program/kme/rapporter/heavy-section-austenitic-stainless-steel-for-headers-and-piping-in-high-efficient-biomass-fired-power-plants/

https://energiforsk.se/program/kme/rapporter/heavy-section-austenitic-stainless-steel-for-headers-and-piping-in-high-efficient-biomass-fired-power-plants/
http://www.elforsk.se/Templates/Public/Pages/NewsItem.aspx?id=1681

	Heavy section austenitic stainless steel for the future header and piping material in high-efficient biomass-fired�power plants�KME-801
	Acknowledgement
	Outline
	Background to the project
	Project goals
	Alloys
	Bildnummer 7
	Methods and selected results
	TMF – selected results
	Bildnummer 10
	Bildnummer 11
	Creep and LCF – selected results
	Bildnummer 13
	Crack propagation in Sanicro 25
	Precipitation – selected results
	Bildnummer 16
	Feasibility study – short summary
	Publication list from KME-801
	Summary
	Thank you for your attention!��Final report at Energiforsk.se��https://energiforsk.se/program/kme/rapporter/heavy-section-austenitic-stainless-steel-for-headers-and-piping-in-high-efficient-biomass-fired-power-plants/

