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Creative commons licence

Hard facings

Ocken (1985) ASTM G196 Galling

Pressurised water reactor

4Ocken, Howard. "Reducing the cobalt inventory in light water reactors." Nuclear 

technology 68.1 (1985): 18-28.
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Kim & Kim, Wear 237 (2000)
Button-on-block in air

Persson et al., Wear 255 (2003)
Linear sliding in air 

Lee et al.*, Wear 262 (2007)
Button-on-block in air and in 

pressurised water NOT PWR chemistry

* Same group as Kim & Kim

Stellite 6

Tristelle 5183

Burdett, Surf. Eng. 8 (1992)
Button-on-block in air

8



Why do iron-based hard-facings fail at 
elevated temperature?
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Technique 1: A very brief 
introduction to EBSD
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ÅElectron backscatter diffraction

ÅDƛǾŜǎ ǊƛŎƘ ƳƛŎǊƻǎǘǊǳŎǘǳǊŀƭ ƳŀǇǎ Ŧǳƭƭ ƻŦΧ
ÅOrientations 
ÅGrains ςshapes, size (distributions)

Å²ƛǘƘ ŀ ōƛǘ ƳƻǊŜ ŎŀǊŜ ǿŜ Ŏŀƴ ƳŜŀǎǳǊŜΧ
ÅStrains
ÅDislocations densities 

My colleagues: Zeiss Sigma 300 & Bruker e-flash HD
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A bit of help with 
chemistry for tricky 
phases
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Reference EBSP 

High-angular resolution EBSD

19Wilkinson, Angus J., Graham Meaden, and David J. Dingley. "High resolution mapping of strains and 

rotations using electron backscatter diffraction." Materials Science and Technology 22.11 (2006): 1271-

1278.

Single grain 



High-angular resolution EBSD
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Reference EBSP 

Arbitrary EBSP in 
same grain Computer

Britton, T. B., and Angus J. Wilkinson. "High resolution electron backscatter diffraction measurements of elastic 

strain variations in the presence of larger lattice rotations." Ultramicroscopy 114 (2012): 82-95.



High-angular resolution EBSD
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Reference EBSP Arbitrary EBSP in 
same grain

Compare 
using 
image 
correlationComputer
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Technique 2: A very quick 
introduction to DIC

ÅDigital image correlation

ÅPattern sample

ÅTrack motion of pattern

ÅCalculate strains/rotations
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1 ˃ m



Technique 2: A very quick 
introduction to DIC
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1 ˃ m

Scrivens, W. A., et al. "Development of patterns for digital image correlation measurements at reduced length 
scales." Experimental Mechanics 47.1 (2007): 63-77.



Pre- and post-deformation images
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We need features in both images
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We need features in both images
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Compare and calculate shifts 
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Convert the shifts into strain 
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Recapitulation
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HR-EBSD HR-DIC

ÅEx-situ 
ÅElastic residual strains -╔
ÅGeometrically necessary 

dislocation density -”

ÅEx-situ 
ÅTotal strains -╔
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loading conditions

Loading conditions
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Bending hot pieces of metal
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Indenter

Lower grip



Bending hot pieces of metal
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Specimen 

Indenter

Lower support pins
Thermocouple



Prepare 
sample (EDM, 

polish)

Experimental workflow
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Speckle 
application 

Speckle 
removal 
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Spot 
weld T/C
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Materials
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Nitronic 60 - Cast and extruded rod

100 ˃ Ƴ 30 ˃ Ƴ

Austenite

Ferrite

Tristelle 5183 ςPowder HIPed

Niobium carbide

Chromium carbide (7/3)



Nitronic 60
A simple microstructure with simple micromechanics? 
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300°C - specimen 1
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300°C - sample 2
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Tristelle 5183
{ƻƳŜǘƘƛƴƎ ŀ ōƛǘ ƳƻǊŜ ŎƻƳǇƭƛŎŀǘŜŘΧ
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30 ˃ Ƴ



Tristelle 5183 ς300°C 
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Focus on large grain regions
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