Accepted Manuscript

VACUUM

Influence of irradiation temperature on properties change of AIN ceramics

A. Kozlovskiy
PII: S0042-207X(18)31270-3
DOI: 10.1016/j.vacuum.2018.09.048

Reference: VAC 8261

To appearin: Vacuum

Received Date: 18 July 2018
Revised Date: 23 September 2018
Accepted Date: 24 September 2018

Please cite this article as: Kozlovskiy A, Influence of irradiation temperature on properties change of AIN
ceramics, Vacuum (2018), doi: https://doi.org/10.1016/j.vacuum.2018.09.048.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to

our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.


https://doi.org/10.1016/j.vacuum.2018.09.048

Influence of irradiation temperature on properties change of AIN ceramics
A. Kozlovskiy?

The Institute of Nuclear Physics of Republic of Kazakhstan, Astana, Kazakhstan
2 L.N. Gumilyov Eurasian National University, Astana, Kazakhstan

E-mail: kozlovskiy.a@inp.kz

Abstract

The paper presents the results of studying thetedfieirradiation of F& ions with an energy of
1.5 MeV/nucleon on structural properties of AINamics at an irradiation temperature of 300,
500, 700 and 1000 K. The choice of ion type anadiation conditions was made by studying
the processes of defect formation as a result dices effect with energies close to fission
fragments of nuclear fuek®0-100 MeV) and temperatures 0.1 - 0 typical for annealing
defects. From the data obtained by the XRD, SEMXHEDethods, it is established that an
increase in irradiation temperature above 500 Kdde#o a reduction in distortions and
deformation of the crystal lattice under irradiatidt was found that with an increase in the
irradiation dose, amorphous-like grains with a higtygen content are formed in the structure,
which are characteristic for the impurity phaseAdOs, the content of which in the ceramic
structure does not exceed 5%. In this case, aeaserin the irradiation temperature leads to a
decrease in impurity phase concentration in thecgire. It has been established that for samples
irradiated at high temperatures 700-1000 K, theedese in strength properties is less than for
samples irradiated at a temperature of 300 andkc0Buch a difference can be explained by
partial annealing and annihilation of defects assallt of elevated temperatures. The decrease in
thermal conductivity coefficient in irradiated sdegp is due to an increase in defects
concentration in structure, as well as a decreatgeir mobility.
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I ntroduction

The development of nuclear industry and nuclear ggorequires the use of new classes of
materials that meet high mechanical, thermal, atguh requirements, and must have high
radiation resistance to various types of ionizimgliation [1-3]. One of the classes of new
materials corresponding to these requirementsexaatc materials based on oxides or nitrides.
Because of their unique physical-chemical, stradtuthermal conductivity and insulating
properties, ceramics based on aluminum nitridecansidered as one of the promising materials
of the reactor core of IV generation reactors [48he of the crucial conditions for the
applicability of ceramic materials is their resigta to radiation and ionizing radiation [6-10].
lonizing radiation can cause structural distortjionsn-equilibrium and amorphous regions,
capable of causing a significant change in thelatslg and heat-conducting properties, may
arise in it [11-15]. At present, there are numerevisiences of defects formation, and changes in
their form, shape, speed, depending on the typadétion and irradiation conditions [16-20].
The study of ionizing radiation effect is compagabi energy to fission fragments of uranium
nuclei €90-100 MeV) on structural properties and operatiotiaaracteristics of ceramic
materials and has both scientific and practicahiicance. In this case, irradiation with heavy
ions at temperatures from 0.1 to 0.3.d characteristic for annealing defects in the $tne;
makes it possible to estimate the contributionaafiation defects to the change in the structural
properties of ceramics, and also to simulate timelitions closest to reality. During irradiation at
high temperatures in ceramic materials, point defeecome more mobile, that leads to their
accelerated migration along the structure and splesd annihilation. However, an increase in
the time and dose of irradiation leads to defeasumulation that does not succeed in
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