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Superheater

Á Cofiring of biomass leads to increased amounts 
of chlorides and alkali species

ĄCofiring commonly limited to low  
temperatures and small amounts of biomass
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Motivation
Coal-fired power plant

Goal of this study:

Development of coatings 
extending the lifetime of 

superheater tubes
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Motivation
Cofiring of Biomass: Corrosion mechanisms 

Phasesand Eutectics below 
(Na,K)2SO4 melting T

T [°C] 

K3Fe(SO4)3 618

Na3Fe(SO4)3 624

Na2SO4-NiSO4 671

Phases and Eutectics below 
(Na,K)Cl meltingT

T [°C] 

FeCl3 300

KCl-K2Cr2O7 368

KCl-K2SO4-Na2SO4 478

Cl

[T. Topodaet al. EPRI Report GS-6422, 36-1 (1988)]
[Müller, Kaiser et al. Korrosionin altholzgefeuerten
Biomasseanlagen(2013)]

Á Formation of eutectic salt mixtures 
(from alloying elements and deposit)

Á Dissolution of protecting oxide 
scales by fluxing mechanisms

Á ά!ŎǘƛǾŜ ƻȄƛŘŀǘƛƻƴέ ōȅ ŎƘƭƻǊƛƴŜ

metal

oxideFe + Cl2 = FeCl2 (s) = FeCl2 (g)

2FeCl2 (g) + 3/2O2 = Fe2O3 + 2Cl2

Cl Cl
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Coal-fired plants:
/Ǌҧ ǘƻ ŀǾƻƛŘ bŀ2SO4 - NiSO4 formation

Diffusion Coatings
Coating Concept

[Ikeshima. Bull. Jpn. Inst. Met, Y. Sawaragi(ed.), 22 (1983)]

[F. H. Stott et al., High Temperature Technology, 6, 115 (1988)];

[P. Gawendaet al., Materials and Corrosion, 48 176 (1997)];

[X. Zheng et al. Oxidation of Metals, 48, 553 (1997)]

Cl-rich environments:
²ƛǘƘ ҧbƛ ŀƴŘ ҨCŜ ǘƘŜ ǊŜǎƛǎǘŀƴŎŜ ƻŦ ǘƘŜ 
alloys in Cl-containing atmospheres 
increases, see also:
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Á Cost-Efficient Base Material:

Á (Optional) 1st Step: Interlayer 
Ni for protection against Cl-attack 

Á 2nd Step: Diffusion layer 
enrichment of base metal/interlayer 
with Cr as potentially protective element 
using the pack cementation process

Á High-Grade Reference Material:

Diffusion Coatings
Material Selection / Experimental Procedure

Alloy Ni Cr C Mn Si P S Mo V Al

X20CrMoV12-1 [wt.%] 0.60 11.30 0.22 0.63 0.33 0.02 < 0.01 1.01 0.26 < 0.01

Alloy Ni Cr C Mn Si P S Cu N Nb

DMV310N [wt.%] 20.93 25.18 0.06 1.21 0.45 0.02 < 0.01 0.09 0.28 0.46

[Tatay. Solution Processed Spin 

Electronics (2014)]

E L E C T R O P L AT I N G
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ΧōŀǎŜŘ ƻƴ ŀƴ 
electroplated Ni-layer

Diffusion Coatings
Overview of Cr-based coatings

X20 + Ni + CrX20 + Cr
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Cr23C6

Cr-DZ

Cr23C6

Cr-rich Ni-layer
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X20 + Cr

Cr23C6
Cr-DZ

Diffusion Coatings
X20 + Cr-Diffusion coating

Á Chromium enriched subsurface zone

ÁPack cementation: 1050°C, 2h (10 wt.% Cr, 2 wt.% MnCl2)
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ÁPack cementation: 1050°C, 2h (10 wt.% Cr, 2 wt.% MnCl2)

X20 + Ni + Cr
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Cr23C6

Diffusion Coatings
X20 + Ni + Cr-Diffusion coating

Cr-rich Ni-layer

Á Chromium enriched subsurface zone

Alloy Ni Cr Fe

DMV310N [wt.%] 20.93 25.18 51.32
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