
1 

Research on high efficient and flexible plants 

EPERC  General Assembly,  Brussels, January 28, 2016 

COMTES+ 
Coordinated by VGB 

700 °C Demo Plant 
Commercial 
demonstration plant  

2011 

2015 

2004 

COMTES700 Component tests in a 
commercial power plant HWTI 

ENCIO HWTII Component tests in a 
commercial power plant 
(design phase) 
 
Design study 

MARCKO 
COORETEC 

Material Qualification 
Lab tests 

HWTIII 

2018 

PP4F 



2 

Research Framework:  
Material Qualification Programs and Field Tests 
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Research Framework: Marcko / COORETEC projects 

002 606px 

Boiler application Status
MARCK0 700 Material qualification for the 700/720 °C power plant Finished
DE-1 Fireside corrosion and steam side oxidation behavior of materials for        700°C 

power plant 
Finished

DE-2 Characterization of superheater materials after cold deformation Finished
FDBR02 Qualification of pipes with longitudinal welds made of Alloy 617 Ongoing
DE-4 Characterization of strength and deformation of pipes and forgings made of Ni-

based alloys
Finished
06/2013

725HWT (1)
Phase 2

Investigation of the long term service behavior of tubes for the future high-
efficiency power plant

Finished
Ongoing

HWT 2 Investigation of the long term service behavior pipes, bends and headers under 
static and cyclic loading

Ongoing

Turbine application
DT-3 Qualification of dissimilar welds between 10%Cr-steels and Ni-based alloys Finished
DT-4 Procedures and Fracture mechanics approaches for life assessment of 

components operating in high temperature regime
Finished

WK2 Advanced material concepts for forged and cast turbine components Ongoing

Turbine and pipe work application
TD-1 Optimization of non-destructive testing methods for thick walled components 

made of Ni-base alloys
Finished

EPERC  General Assembly,  Brussels, January 28, 2016 
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Material Testing (uni- 
and multiaxial) 

Reliable Database of all relevant 
characteristics  incl. welds 

What is needed? 

Advanced microstructural characterisation 

design 

Strength data 
Creep curves 

FE-calculation 
(DBA) 

Feature and component tests 

Component qualification 
Manufacturing,Welding… 

Microstructure  
precipitates 
dislocation 
structure 

 

Fracture Mechanics tests 
(short term, creep / fatigue crack) 

Life 
assessment 

Creep modelling  
constitutive equations 
Damage hypothesis  
Damage models 

Damage (cavitation) 
changes in precipation / 
dislocation structure 

FM: JR, 2Criteria Diagram (CCI), 
CCG (C*) 

integrity 

Validation Component  

Life cycle 

 Research on materials for components 

EPERC  General Assembly,  Brussels, January 28, 2016 



5 

Creep rupture of Alloy 263 
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 Creep resistance the most important property  
 Alloy 263: excellent creep rupture behaviour  
 Welded joints: similar behaviour as base material 

Tube 
Higher values than 
specification of manufacturer, 
many tests are still running  

Pipes 
Forged & seamless pipes: 
similar rupture behavior, 
highest values of all 
components  

running 
test 

Centrifugal cast pipe 
Lowest creep rupture 
properties compared to another 
components 
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4 = HAZ

Welded joints: 800°C/4h:
 WJ (pipe 380x60, welded in solid solution state)
 WJ (tubes 38 x 6,3, welded in solid solution state)
 WJ (tubes 38 x 6,3, welded in hardened state)

Base materials: 800°C/4h:
 BM (pipe 380x60)
 BM (centrifugal casting, pipe 440 x 40)
 BM (forged pipe 360 x 60)
 BM (tubes 38 x 6,3) Scatter band (800°C/8h): 

Special Metals
 mean value

VDM
 mean value

 

Ru
pt

ur
e 

st
re

ss
 / 

M
Pa

Rupture time  / h

Alloy 263; T=700°C



6 

Numerical analysis 
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 Development of material models to describe creep and 
creep-fatigue behaviour 

 Modified Graham-Walles creep law: 
 
 
 
 
 
 
 
 
 

 Norton and Garofalo type creep equations 
 Constitutive equation based on Chaboche,  

Nouailhas, Ohno and Wang for  
creep-fatigue 
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Damage after creep, Alloy 617 (OM) 
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 Creep damage behaviour at 700 °C  
(cross section of the creep specimens) 

T=700 °C, 200 MPa, tu=19.600 h, Au=15 %, 167 / 303 HV10 

T=700 °C, 164 MPa, tu=45.000 h, Au=22 %, 168/296 HV10 

 Creep damage due 
to the separation of 
grain boundaries 
(micro cracks) in 
the investigated 
stress and 
temperature range 
 

 Only limited creep 
void formation  
 

 Important for the 
inspections and 
remain life time 
assessment 
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Microstructure of Alloy 617 (TEM) 
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Few carbides M23C6 

As-received 

Characterisation by thin metal foils & EDS & SADP 
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Carbides M23C6 

Carbides 

After creep 

Gamma prime 

Carbides, two types: Cr-rich M23C6 & Mo-rich M6C 

Impact on the 
properties! 
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