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« Austenitic stainless steels can be subjected
to high temperatures for extended periods
of time in service. This can cause the
formation of secondary phases.

- Sigma Phase and M,;C, can degrade the
mechanical properties and corrosion
resistance of the material.

* Regions of ferrite transform fastest.

« Previous work has relied heavily on TEM
Investigations to detect and characterise
these phaseS Tseng, C. C. Shen, Y et al, “Fracture and the

formation of sigma phase, M,;C,, and austenite
from delta-ferrite in an AlSI 304L stainless steel”

e \Workis needed to understand how the Metallurgical and M;;erliglgs4Transactions A, Vol
microstructure of these metals develop |
during time in service.
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 Material: Cast 304L Stainless Steel:

70.0% 18.7% 8.86% 0.0136%

« Thermal aging of stainless steel components at 750°C and
650°C up to 10,000HTrs.

 Characterisation of the microstructure:
» Optical Microscopy

« Scanning Electron Microscopy - Electron Backscatter Diffraction
(EBSD)

« Transmission Electron Microscopy - Samples prepared using Focus
lon Beam (FIB)
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Optical Image EBSD Phase Map

I - 200 pm; Map4; Step=0.5 um; Grid2187x2256

- Ferrite - Austenite

Austenite matrix

Ferrite Austenite Zero
Solutions

2.03% 97.55% 0.42%




M Loughborough

Initial Condition of Material University

Phase Color 46
Optical Image

L
¢ Austenite matrix
’.U Iron bee (old)
! 100um !
32 ,
J . e
./) 0\.?@6@“ 2 /
' ( / . 24 \ Austenite = bﬂ%‘ﬂ;\o 0&& /
' Ferrite £ s |,
2 20 \\ 77 /ﬁk:“y
= . - R 2 16 \ A+M /A/ ///’*"*[
. - ® ‘,_e“\\
+ Ve Plo
z 12 '\\ / / }*F 7}/
£
Equivalent: " armoais \/%jﬁ%/&/ g e
Cr 20.23% A REER
Nl 967% f\ M+F N Ferrite
oM ,/ —]

o
s

8 12 16 20 24 28 32 38 40
Creq=Cr+Mo+1.5xSi+05xNb




Loughborough

Thermocalc "% University

304L Equilibrium Property Diagram
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Investigation of Aged Material

750°C 200HTrs

CrLal,2 ' Ni Lal,2

- —
2.5um

Phase Map
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Contrast

¥ x10,000 10.0kV BED-C SEM
B = 2-m; BC; Step=0.0356 um; Grid288x227
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t
Pt
-deposit

6/21/2021 HV WD |[mag 8| HFW [mode WD |mag B | HFW |mode
x10,000 . 1:48:01 PM|10.00 kV|5.0 mm | 5 000 x |25.6 ym| SE M 10.00 kV|4.9 mm | 5 000 x [25.6 um| SE

£
Z
Removed and ‘ Final thinned
thinned sample sample

[ 62172021 HV WD [mag @ HFW [mode| 5 ym . [6/R1/2021] HV | WD [mag 8| HFW |[mode|— 5pm
2:46:26 PM [10.00 kV|5.0 mm | 6 500 x [19.7 ym | _SE | Loughborough Universi 3:07:18 PM[10.00 KV[5.0 mm | 7 500 x |17.1 ym| SE | Loughborough Universi
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TEM Results

200 rim
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Updated EBSD CCD Detector
Close couple device

650°C 500HTrs
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EBSD Data from “Symmetry” Detector gwm Loughborough
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Microscope v
750°C 5000HTrs

Band
Phase Map Contrast

Results Achieved Using:
« Sensitivity Binning Mode

» Refined Accuracy Indexing Mode
 Centre Band Detection Mode
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EDS for 750°C 5000Hrs Sample

Forward Scatter
Diffraction

Map Data 24
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e AZtecCrystal “Classify” tool

* Plotted maps showing the band slope,
and the KAM value (using a 7x7 array),
and then trained the system to separate
the carbides and ferrite.

* Protected the sigma phase, zero
solutions and the austenite.

. Austenite :
Original Trained
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« Long term thermal aging has created more complex
transformations than previously observed.
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o Carbides were observed to form within the delta ferrite
and not just at the interface.

* New grains of ferrite have also formed within the original
delta ferrite.
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Any Questions?



