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n AS33 steel
dpa, T=290°C)
nm , p=10!% cm= [K.Fujii, 2004]

Dislocations behay
AS533 ( Nit 3Me)
Average diameter of loops ¢

Dislocation loops images in different diffraction conditions

:a) g =020, b) g =200.

Dislocation loops are visible as white dots. Absence of loops con
(b) means, that these dislocation loops have Burgers vector b =
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CHANGES IN
SSEL STEELS
,1999)
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alloy
230 dpa, BOR-60)

d dislocations of <a>-type Dislocatio
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Average size of dislocation loops <a>
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Dislocation
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.Griffits, 1988)
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alloy — 4, T=200°C

Amorphisation

Fluence
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in irradiated steel EI-847
0-dpa/s), a) D=0.5 dpa,
d) 15 dpa, e) D=25 dpa.

Stages of dislocation struct
(Cr3t, E=3 MeV, T,
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'y ce of the density of
1 b B d dislocation loops
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Volume misfit Base
elements

Radiation-induced
segregation

Cube Fm3m, Al

Fe,P Hexagonal P321,
C22
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Volume Base Radiation-induced
misfit elements segregation
1,08 0,1 Mo, Si, Cr, | Weak segregati
Ni, Fe
0,47 (c0/a0 -0,05 -

~0,77)

e Fm3m, D84

92 (73 Me)

Cube Fm3m,
Bl

Tetragonal
P4/mnm,
DSB

X

Cube 143m, A12
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Local varis ed by RIS leads to the

precipitates of two types

ates emerging in the result
solution decay (especially
to the segregation of Ni and Si)
are the sign of the loss of radiation
stability on the last stages of the
evolution of M.C structure and G-
phase.
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v -phase in irradiated steel ChS-68
(Cr3t, E=3 MeV, D=120 dpa, T, .=580°C
a,b) - light-field and dark—ﬁeld (in the reflection light of v -phase)
images, respectively;
¢) electron diffraction pattern, d) characteristic X-ray spectrum
from precipitates of Y -phases

Ni
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G-phase in ion irradiated steel EI-847
(BOR-60, D=46 dpa, T;,,.=500°C)
a) light field image; b) electron diffraction pattern,
¢) characteristic X-ray spectrum of precipitates of G-phase
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Phosphide 570°C, 92.5 dpa)

ay spectrum from
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Precipitates
a) primary carbi
b) secondary

bCr15Ni3MoND)

/s T;..—625°C, D=2 dpa,
deV, T, .= 650°C, D=2 dpa,
attern, d) X-ray spectrum
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ageing and after
. Maziasz, 1993)
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aterials

As a ma eels solid solution under
irradi ses precipitates system.
precipitates evolution is going.
an go by several ways:

be dissolved;

defiltration of the solid solution
o precipitate from solid solution or
ution)

olution and precipitates consists cl
ange their elements, according wi
diffusion coefficients and features o
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several phases in

Crystalline struc
I sitic steels

1ryr

Composition
(FeyyCrMo,Si,)C
(Cr Fe; ;Mo Si,WV)C,

Cr,(CN), (CrMo),C,
W,C

NbC, (CrV)N, Nb

aves phase

4. y- phase

5. o’ -phase
6. G- phase
8. o-phase
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steel EP-450
dpa, T, =412°C)
dark field image

o - phase (30%Fe-

o'-phase formation is common for irradiated F/M steels with
important that in any cases it can serve as radiation-induced
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rrite
pa, T, =510°C)

1

1 diffraction pattern
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s mainly the evolution of the
adiation 9% and 12% Cir steels to

uted mainly at grain boundaries and did not

inantly Cr (up to 85-90%), are <10 nm in size, a
ugh both ferrite and tempered martensite. Most
. Irradiation of lower Cr-content steels (9% to 10%
of Cr sufficiently to cause the formation of the a’-ph
exist in 13% as well in 9% Cr steels. They can have
steel) and are finely dispersed (in 9Cr-1Mo-NbVB s
se-the formation of Si-enrichment precipitate
ions (Cr,Fe)9Nb3Si8, as well as the enrichment of
silicon and vanadium, can serve as proof that
radiated ferritic steels

» Typical for Laves phases Fe2(Mo,Nb) in 10Cr6
transformation to y(Fe36Cr12Mo10) phase
transformations.
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, observed In

Composition
(Fe;oCrMo,Si,,)C
(Cr,Fe,,Mo,Si,WV)C,

HCP Cr,(CN), (CrMo),C,
NbC, (CrV)N,

6. G- phase
8. 6- phase

National Science Center
“Kharkov Institute of Physics and Tech




Pha

Tec

Natienal Science Center
“Kharkov Institute of Physics an

als during irradiation
yudov, V.N. Voyevodin

stability

cleation and growth of
recipitates with coherent
boundaries

Loss of coherency. Creation on
interface sinks of point defec

Segregation. Elements
infiltration from matri
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Variation of p nder irradiation

Element, % m Si | Sc Phase
Without irr 11,3 | — | 31,2 (Ni,Sc),P
— | 81 | 42| 28,9 (Ni,Sc),P
221 29 |62 12,6 G-phase

ent , % mass

Without irradiation | 99 0,5
40 dpa 72 2
100 dpa 11 3
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on of elements
oundary:;

e ’boundary by vacancies
s the boundary by interstiti
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Phase boundary
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Microstructure of n EI-847 steel
(Cr3* E=3MeV, 00 dpa, T, =625°C
: 0 min;

b) S ) min + 10% CW:;

0 min + 30% CW.
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boundaries (neutral sinks) are
by Si and depleted by Cr, Mo, Nb.

» Preferential sink
loops with b=a

o
Si concentration (%mass)

@
—
&
=]
=N
0
=
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T
—_—
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Distance from dislocation (nm)

Segregation profile near dislocation loop

in EP-450 steel

(Cr3t, E=1MeV, T=575°C, D=48d
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aviour
The Cr behaviour i ainly the evolution of the
second phase precip adiation 9% and 12% Cer steels to

¢-MX an mainly at grain boundaries and did not
n.

ntly Cr (up to 85-90%), are <10 nm in size, and
oth ferrite and tempered martensite. Most of the
diation of lower Cr-content steels (9% to 10% Cr) can
fficiently to cause the formation of the a’-phase.

st in 13% as well in 9% Cr steels. They can have a nee
el) and are finely dispersed (in 9Cr-1Mo-NbVB steel).
e formation of Si-enrichment precipitates with stoichi
s (Cr,Fe)oNb;Sig, as well as the enrichment of Cr,N an
nd vanadium, can serve as proof that segregation proc

- Typical for Laves phases Fe,(Mo,Nb) in 10Cr6MoN
transformation to y(Fe;,Cr;,Mo,,) phase accordin

transformations. : )
o'-phase formation is common for irrad

Very important that in any cases it can ser
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(BOR-60, D=40 dpa,
G-phase; b) cube voids.

Morphology of voids
T,..=580°C): a) oc

a) containing isolated void;
b) containing void with the particle of G-ph

Electron beam

Specimen L.
X-ray radiation
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Results of
com

Element, mass % Number of
Studied object performed
experiments
Si Ti Cr Fe Ni Mn
Matrix 03 | 04 | 212|698 | 83 | - -
Void without | 1,2 | 01 | 160 | 679 | 148 | - 37
phase
Void with 02 | o1 | 202|714 81 | - 37
phase
100 25
G-phase 12,5 7,7 5,4 10 62 - 46 o
. g \./ g
Concentration profiles of alloyin AR
elements along the cube void i Fal £ g
o o 5 20 =
neutron irradiated steel 18C £ |3 g
- Z 5 -
V] | | I | 1 0

-150  -100  -50 0 50 100 150

Distance from void center, nm
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Evolution of n-phase , iIrradiated by Cr ions
635°C);

a; ¢) D= 160 dpa
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It is possible to responsible for evolution of

an irradiation:

(vacancy and interstitial loops, nuclei of voids);
growth of voids and dislocation net);

change (RIC of phase composition )

of these processes in researched experimental co
, influencing considerably each other.

olution of the materials properties under severe co
age, is a multiscale phenomenon, starting at th
article with matter ( at the piscosecond and nanom
defects and displacement cascades and leading up
year/decade and mascroscopic scales) with for
and changes of the mechanical properties. T
material evolution require knowledge at t
a complete picture of what is happeni
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