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Outline

» Context: Concentrated Solar Power (CSP) and Cr-based materials (1min)

» Development of novel Cr-NiAl bcc-superalloys (9min)
+ Cr-NiAl alloy design with Fe addition: phase diagram calculations & microstructure validation
» Microstructure stability at elevated temperatures
* Mechanical properties at elevated temperatures

» Development of novel Cr-Si alloys and coatings (9min)
- Alloy design
- Advantages and Challenges of alloying by Si
« Cr-Si slurry coating on Ni superalloys and austenitic steels

» Conclusions and perspectives (1min)
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Context (1 /2) Heat exchanger (HX)

» Development of materials for HX tubes in advanced CSP

Advanced Concentrated Solar Plant (CSP)
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=> Cr-based materials
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Context (2/2)

» Development of bcc-bcc superalloys

Property balance of Cr (bcc)

Advantages:

High melting point (1907°C)
Low price (<Ni, <other
refractory metals.

Good oxidation resistance.
Good thermal conductivity.
(low mass density)

Drawbacks:

- Insufficient strength &
creep resistance

- High DBTT (brittle @ RT)

- Nitrogen embrittlement

at HT
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Approach 1
: Cr (A2) strengthened by
BCC-BCC ordered bcc precipitates
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Outline

>

» Development of novel Cr-NiAl bcc-superalloys (9min)

+ Cr-NiAl alloy design with Fe addition: phase diagram calculations & microstructure validation
Microstructure stability at elevated temperatures
Mechanical properties at elevated temperatures
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Novel Cr'NlAI bCC'SuperaI IOyS Alloy design & Microstructure
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NOVE' Cr-NIAl bcc-su pera"oys Alloy design & Microstructure

Alloy design instructed by phase diagram
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» Fe addition increasing the solublity of Ni+Al
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Novel Cr-NiAl bcc-superalloys

Microstructure characterisation

Alloy design & Microstructure
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Novel Cr-NiAl bcc-superalloys
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Novel Cr-NiAl bcc-superalloys
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Mechanical properties
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Conclusions

1. Low solubility of NiAl in Cr-matrix and uncertainty of current database for Cr phase diagram

2. Fe addition increasing the NiAl solubility
» enables a homogenized microstructure and the tailoring of microstructure by heat treatment

3. Good thermal stability of B2-NiAl precipitates in Cr matrix
» precipitate coarsening follows the LSW rule (controlled by diffusion)
» small coarsening rate at the end-application (Concentrated Solar Plants) temperature range

COMPASSCO2 project website
) lattice misfit https://www.compassco2.eu

Perspectives [ corrosion behavior Tweets de @Co2Compa

! deformation behavior
k.ma@bham.ac.uk
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Outline

» Development of novel Cr-Si alloys and coatings (9min)
- Alloy design
« Advantages and Challenges of alloying by Si
« Cr-Si slurry coating on Ni superalloys and austenitic steels
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Design of Cr_.-Cr;Si alloys EC DECHEMA

»Approach: Cr-based materials alloyed with silicon

»Duplex Cr,0O5-SiO, scale for high oxidation&carburization resistance
precipitation of hard intermetallic silicides for erosion&creep resistance
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[Cr-Si Phase diagrar.n‘ of the C-li-Si systerrrl revi;ed(;:b\:; \Oka] " “ [A.S. Ulrich, PhD Thesis, University of Bayreuth, 2020]
» Two phase microstructure: toughening bcc Cr + strengthening A15 Cr,Si
precipitates
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Alloying by Si: Advantages
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» Increasing amount of Si: improved oxidation and nitridation resistance, but
e m b rltt I e m e nt A. Soleimani Dorcheh, W. Donner, M. C. Galetz, Materials and Corrosion, 2014
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E<C DECHEMA

FORSCHUNGSINSTITUT

Heat treatable Cr_.-Cr;Si alloys

»Heat treatment 100 h @ 1200°C: diffusion controlled precipitation of Cr;Si-phase

A15 CrSi
PR oy e 400
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LR med Ol o
100 h @ 1200°C S E i Mot mof |
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Sanicro 25 Inconel 740 CrSig
As cast: oversaturated Crg,Sig: Two-phase HV of CreoSig compgre*d to
single phase Crgg of Crg,Sig microstructure Cr,, + A15 ﬁﬁ?gwa?tha!amﬂd?ii'gf January 2022
CI’3Si 2 hngs;//www:azom.corﬁ, Janue{ry 2022
»Increased hardness by precipitation hardening - promising for improved
erosion behavior
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Challenge: Ductile to Brittle Transition Temperature

»DBTT was determined by compression tests at different temperatures

KN RN

Fracture pattern for Crg,Sig Fracture pattern for Crg,Sig Fracture pattern for Crg,Sig
after compression test @ after compression test @ after compression test @
500°C 600°C 700°C

»Up to temperatures to 700°C very limited deformation - DBTT between
600°C and 700°C; no improvements by alloying with Fe and Ni

»“Make or break” criteria for structural applications - Development of Cr-Si
coatings on state of the art materials as substrates
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Process Chart of Cr-Si Slurry Coating E@ EREEUQSE.NMT‘?#

*Patent applied

» Newly developed coating process by the slurry technique for applying Cr-Si
diffusion coatings

Slurry with particles Heat Treatment | Heat Treatment Il Enrichment of the
+ binder sprayed on - Removal of binder - Interdiffusion @ substrate’s surface
substrate @ 350°Cfor3 h 1150-1200°C for 6 h by Cr-Si
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R. Vermaet al., Journal of Thermal Spray [M.C. Galetz, Coatings for superalloys
Technology (2016): 1289-1301 (2015): 277-296)

» Enrichment of Cr and Si in surface zone to specifically modify the properties
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Cr-Si Coatings: Cross-sections E<' DECHEMA

FORSCHUNGSINSTITUT
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Conclusions and next steps

»Cr-Si alloys show high potential for high temperature
applications

»Mechanical properties and in particular DBTT remains ,make
or break® criteria for structural applications

CrsSi  CrysNisSiy

> CSP-application: Use Cr-Si in the form of diffusion coatings COMPASSCO2 project website

on state-of-the-art materials: Novel slurry process https://www.compassco2.eu
successfully developed
Tweets de @Co2Compa
»Next Step: Testing of coatings in CSP heat exchanger galetz@dechema.de

environment
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