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Outline of Talk

1. T91 Ferritic-martensitic and Oxide Dispersion Strengthened Steel
2. Characterisation of ODS Steels

3. Irradiation Techniques

4. Analysis of irradiated T91

5. Conclusions



Objectives of my PhD Project

1. Investigate the nano-oxide particle nature of oxide dispersion
strengthened steel and how these particles influence the radiation
resistance and effect the mechanical properties.

2. Investigate the induced chemical segregation from neutron and ion
irradiation of Si, Ni, Mn, and Cr in T91 steel at low temperatures (100 to
3000C)



1. Ferritic-Martensitic T91 and Oxide Dispersion
Strengthened (ODS) Steel

What are these materials and why are they important to the
nuclear industry?
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Advanced nuclear fuel cladding
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A T91 is the fuel cladding and duct structural material for sodium-cooled fast
fission reactors
A ODS steels are the potential future fuel cladding material for these reactors
A Withstand greater radiation damage > fuel can stay in the reactor for longer

Allncreases the structural integrity safety margin
Fuel Assembly Fuel Rod

Co—

Schematic of a f - {
sodium-cooled // \\ ea
fast reactor

Cold plenum

— Hot plenum ? + J
ppppp
Control

)
a~
I}
=

0
W)

Page 5

T.P. Davis, ONR-RRR-088, 2018, Office for Nuclear Regulation http://www.onr.org.uk/documents/2018/onr-rrr-088.pdf
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T91 Steel ODS Steel

(0),430)23D)
A 9% Cr - 1M0% steel, tempered, ferritic A Ferritic 9-14Cr, 3W, 0.25Ti steels with
martensitic microstructure dispersed Y,0O5 before consolidation, ferritic
A Used in Fast Flux Test Reactor (USA) as test microstructure
cladding and proposed in multiple future A Reaction between Ti and Y,05; and forms
sodium-cooled fast reactors as the cladding stable nano-sized (2-10nm) Y,Ti,O, oxide
and duct material. particles (generally). Typical features of these

nano-oxides are:
A Radiation recombination zones
A Thermodynamically very stable
A Dislocation motion barrier
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C. Keller et al., Materials Science and Engineering A, 527, 24-25, p 6758-6764 g'éb('\)ﬂ;(gm;o;kget al. Journal of Nuclear Materials, Volume 392, Issue
: , 353-35




19

00 <0<

MA957 ODS Wilshire 2004
12Cr ODS uniaxial Ukai 2012
12Cr ODS hoop Ukai 2012
9Cr ODS Ukai 2012

14Cr ODS Yurechko 2014
12Cr ODS Yurechko 2014
12YWT ODS Klueh 2005

MAS57 ODS Klueh 2005
14Cr ODS Steckmeyer 2012
Eurofer97 Rieth 2003

P92 Yurechko 2014

F82H Shiba 1997
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2. Characterisation of ODS Steel

T91 is well characterised in the literature

ODS steel 60s c mamo-xidetparticle distributiom,n :

grain structure and nano-hardness




First: How does Atom probe work?

A Sharp needle sample; tip radius 50-100nm; 50K temp; high vacuum

A Apply an electric field (2000-10,000V); the field is concentrated at the sharp tip to
~40 V/nm.,

A Produces field evaporation at the tip of the needle when a short additional
voltage or laser pulse is applied.

A 1f we know when the ions leave the tip then their time-of-flight can be related to
their mass-to-charge ratio:

mass time 2
= 2eV ( )

charge flight distance

Detector Event Histogram

2D-detector
Local electrode

sharp sample m

EE)

D

©




Atom Probe of As-Received ODS Steel 14YWT

Oxide Dispersion Strengthened Steel (14YWT)
W isosurface 1.8 at%, TiO, ¥ - T.P. Davis 2018-08-03




Unirradiated ODS 14YWT nano-hardness

14YWT Un|rrad|taed 250nm Indentatlon Hardness
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Y-Ti-O particle distribution effect on hardness
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High hardness (5.7 GPa) indent Y-Ti-O distribution: 2.77nm, 3.6X1024 clusters per m3

TEM by Dr Jack Haley
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Y-Ti-O particle distribution effect on hardness
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A Another high hardness (6.4 GPa) indent 4 Low hardness indent (4.0 GPa) has significant

shows little Y-Ti-O particle distribution amount of Y-Ti-O particle distribution

25 nm — # i Pk
W TiO % W TiO Y 50 n E—

Y-Ti-O distribution: 2.61nm, 1.9X10%* clusters per m3 Y-Ti-O distribution: 2.47nm, 5.62X1024 clusters per m3
Conclusion: Y-Ti-O nano-oxide appears might not directly impact the hardness

of ODS materials, as previously believed. Further examination is ongoing (TEM).
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3. Neutron and lon Irradiation of both T91 and ODS steel



lon Irradiation: Dalton Cumbrian Facility
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A Fe 4+ ions are used to simulate neutron damage
A Experiments conducted over 1 week in April 2018

Material Dose (dpa) Doserate |[Temp C
CIED))

0.41 (x2) 1.0E-5 301

0.39 (x4) 5.6E-4 311

7.33 (x4) 5.0E-4 300

T91 0.39 (x4) 4.4E-4 111
7.33 (x4) 5.4E-4 105

0.2 (x1)(surrey) 9.0E-6 290

0.2 (x1)(surrey) 1.0E-5 290

1.6 (x1)(surrey) 1.0E-6 290

0.42 (x1) 1.0E-5 301

0.41 (x2) 5.8E-4 311

14YWT (HIP) 7.56 (x2) 5.1E-4 300
0.40 (x2) 4.6E-4 111

7.56 (x2) 5.6E-4 105



