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High-temperature exposure:
Oxidation

Hot Corrosion

High-temperature coatings are required!

Gas turbine

uncoated coated

Fig. Two Siemens gas turbines (produced in Finspång, Sweden): (a) SGT-750 (38 MW), (b) SGT-800 (47 MW). 
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 Metallic coatings (oxidation and hot corrosion resistance)

 Ceramic coatings (heat insulation)

MCrAlX

Nickel+Cobalt

Chromium Aluminum

others

or MCrAlY

Yttrium

High-temperature coatings

Protective oxide
scale (TGO)

MCrAlX
Atmosphere
(oxygen)

Substrate

Al2O3

……

Overlay Bond coat



6Challenge to mcraly

Oxidation

Hot Corrosion

bond coat in TBC

Solution?KME703/713-Durable MCrAlX coatings
For gas turbines with operational flexibility 

TMF (DBTT)

Substrate interdiffusion



7Strategy-alloying composition design

Phase I: KME503/520

Phase II: KME703/713



8Test

Oxidation

Hot Corrosion

bond coat in TBC

TMF (DBTT)

Modelling

Substrate interdiffusion
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10Test

Oxidation

Hot Corrosion

bond coat in TBC

TMF (DBTT)

Substrate interdiffusion
• Alloying element
• Coating microstructure
• Surface treatment
• Deposition technique

Coating life prediction?

Improve oxidation reistance?



11Oxidation- element effect
TGO thickness (µm)

No Hf Hf

low Fe high Fe

50 % increase !

Similar!



12Oxidation-life prediction
□ Y: alloys are able to form a single scale of alumina;
△ M: alloys are able to form an alumina scale with other oxides; 
◇ N: alloys are unable to form a continuous alumina (internal alumina).

𝑎𝐴𝑙,𝑐𝑟𝑖 = exp(−  10235 𝑇 − 11.1)

Please find more details in my poster

A good life criterion:



13Test

Oxidation

Hot Corrosion

bond coat in TBC

TMF (DBTT)

Substrate interdiffusion



14Hot corrosion-Mixed gas



15Hot corrosion-salt deposition

High Al Low AlLow Al – thin thickness

 High Al
 Proper thickness
 Less defects
 Y, Si helps

A better resistance against type I?



16Test

Oxidation

Hot Corrosion

bond coat in TBC

TMF (DBTT)

Substrate interdiffusion



17TMF

low DBTT

high DBTT

−ε

Out phase

coated

DBTT-coating composition



18Test

Oxidation

Hot Corrosion

bond coat in TBC

TMF (DBTT)

Substrate interdiffusion

DICTRA



19Substrate interdiffusion

 Reduce coating life
 Reduce substrate mech properties
 Negative elements from substrate

Interdiffusion?



20Substrate interdiffusion



21Substrate interdiffusion-matching

No COAT SUB

1

high c(Al)

Low

2 Med

3 High

4

low c(Al)

Low

5 Med

6 High

7
med c(Al)
high ac(Al)

Low ac

8 Med ac

9 High ac

Al activity (coating & substrate) important



22Substrate interdiffusion

Ru, Fe reduce substrate interdiffusion



23Test

Oxidation

Hot Corrosion

bond coat in TBC

TMF (DBTT)

Substrate interdiffusion



24Bond coat in tbc

Good performance!

60 % increase !TBC tcf life



25Conclusions
1. Surface treatment improves oxidation resistance
2. A reliable coating life criterion is established
3. Hot corrosion

• Al content
• Coating thickness
• Corrosive environment

4. TMF: coating ductility 
5. Al-activity is important in both substrate and coating
6. Element function

• Hf: accelerate oxidation
• Fe: reduce interdiffusion
• Ru: reduce interdiffusion

7. A better tcf life of new MCrAlX coating in TBC system

Good performance of new MCrAlX coating!! 



26Future work

• Refine parameters of surface treatment

• Extend the scope of the criterion – life modelling

• TMF testing – crack propagation behavior

• Experiment on coating/sub matching

• Improve hot corrosion resistance
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