
Design of a new generation of 
12% chromium steels

KME - 710
Fang Liu 

fang.liu@chalmers.se

mailto:fang.liu@chalmers.se


2018-03-28 2

Cooperation partners

Project participants: Lennart Johansson Siemens Industrial Turbomachinery

John Hald Technical University of Denmark

Masoud Rashidi Chalmers

Hans-Olof Andrén Chalmers

Fang Liu Chalmers

Reference group: Bo Jönsson Sandvik Heating Technology AB,

Chalmers



3/28/18 Chalmers 3

• Alloy design concept
• Nb vs. Ta
• Pathways for Z–phase formation
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Better 9–12% Cr steels

650°C 

9% Cr 

Creep Corrosion

9% Cr

CorrosionCreep

Aim

600°C     

9% Cr 

Creep Corrosion

600°C

Current status 

9% Cr

Creep Corrosion

Current status 

650°C 

12% Cr 

Creep Corrosion

12% Cr

CorrosionCreep

650°C !

12% Cr !

Creep ! Corrosion!



3/28/18 Chalmers
5

Conventional 12% Cr steels

New alloy design concept

New generation of 12% Cr steels

Danielsen and Hald. 
VGB power Tech. 5/2009
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Z-phase

CrMN



Ta vs Nb
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Creep: Ta-containing steel stronger than Nb-containing



Coarsening rate – CrTaN and CrNbN

CrTaN

CrNbN KP=1.11×10-30 (m3s-1) 

KP=1.04×10-31 (m3s-1)



Diffusivity of Nb vs Ta
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Pathways of Z-phase formation
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CrTaN

Ta NCr C
Cr2N



ZLC – C 0.015 wt.%
ZMC – C 0.028 wt.%
ZHC – C 0.050 wt.%



Z-phase formation from different pathways
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Thank you for your attention



Cu addition

Material Rp
(MPa)

Rm
(MPa)

A5
(%)

Z
(%)

Impact
(J)

Z3 647 798 18.0 70.8 10.3
Z4 770 890 16.0 67.4 3.0

ZL1 - - - - 46.3

Fe Ni Co Cr W Ta Cu C B N Si Mn

Z4 bal. 0.48 7.01 12.84 0.89 0.12 – 0.02 0.02 0.13 0.60 0.49

ZL1 bal. 0.99 6.22 13.00 0.76 0.12 0.89 0.02 0.04 0.23 0.58 0.58

Modify Laves phase, improved toughness.
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