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| MOTIVATION

Nuclear energy

aero-engine

Nickel based superalloys are widely used in various industrial applications, particularly in the hot
sections, like nuclear energy installations, aero-engines, gas turbines, and other critical equipment.
However, during long-term service under cyclic mechanical and thermal load, the stability of the

superalloys may deteriorate as the formation of microscopic defects.
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| MOTIVATION

Characterization of defects with nanoscale microstructure is essential for accurately assessing the remaining service life.

Comparison of the sensitivity of various techniques in defect measurements with
respect to depth, size and concentration.
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| Results

Calculation of positron annihilation lifetime

Ni, Fe,Ct,Nb
a=b=c=7.1A

A:§:Y:900

Annihilation rate of e+-e- pairs using two component DFT method:

L A =mrc jn(r)m(r))/(?‘)d?‘ ‘46/
T / - Iﬁlt

Vacancy-Ni

Prefect lattice

Table 1 Calculated positron state lifetimes (ps) for perfect lattice and defects in Ni,,Fe,Cr,Nb

Prefect | Vacancy: | Vacancy: | Vacancy: | Vacancy: | Vacancy: | Vacancy: V;?E:iy :Cljl’ Edge
lattice Fe Cr N1 Fe, Cr Ni, Cr | Ny, Cr, Cr ’ Cr, > | dislocation
105.7 160.5 184.1 164.0 178.4 181.1 190.3 224.5 145.5

Prefect Vacancy dislocation
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| Results
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Trapping model
Assumption only one type Thermalization
defect in the sample: [ free state positron ]
Kq

dng(t) .

L= = —Apnp —xqny (1) Ae Cde m_l/1 Trapping
dnd(t) - A 4 \ 4 d

at _/ldnd T Kdnf (2) [ Annihilation radiation ] Annihilation

ng: the probability density of finding a delocalized (free) positron at the time ¢
ng: the probability density of finding a localized positron at a defect at the time ¢
K4: the trapping rates to the defects in the system

As: the free-positron annihilation rate

Ag4: the localized-positron annihilation rate.

The experimental spectrum can be described as:

_ _ Adkd —(Af+Kq)t Adka A4t
S(t)—lfnf+/1dnd—(/1f—m)e (f d) +me d
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CONCLUSIONS

m Two types of defects, dislocations and vacancies, can been identified with the
aid of density functional theory.

® The observed increase in positron average lifetime with incremental tensile
deformation can be used to characterized the defects in engineering materials
for industrial use.

® Our work also provides valuable information on the defect formation of
deformed samples contributing to a better understanding of fatigue damage.
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