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Amorphous alloy samples based on Zr with additional metals were irradiated using He ions at operating energy of 40
KeV under room temperature conditions with fluence from 5-10 to 7-10% cm. The phase analysis of the samples is
conducted using an X-ray diffractometer (Rigaku). XRD analysis revealed formation of amorphous, crystalline and amor-
phous+crystalline structure of Zr base foils. It was found that irradiation with helium ions does not lead to a change in the
structure of the foils. It was found that irradiation with helium ions leads to a shift in the diffraction peaks of crystalline
phases to the region of smaller angles for all crystalline and crystalline amorphous foils. And irradiation with helium ions

leads to a decrease in the angular position of the amorphous halo.
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Introduction

The development of nuclear energy in the
world places high demands on the structural
materials used, their production technology,
and performance monitoring. Under the action
of irradiation, these materials undergo struc-
tural-phase transformations that have a nega-
tive effect primarily on mechanical properties.
Therefore, the development and creation of
materials with high radiation resistance are rel-
evant.

In this generation, most upcoming research
shows that this problem can be solved if the
metallic alloy glass has or possesses some
nanocrystals with some radii or a few nanome-
ters.

Amorphous alloys are defined as a combi-
nation of a metal with at least two or more
metal. Amorphous alloys which are known as
metallic glass [1], are important materials for
different sector applications. Typically

amorphous alloys exhibit unique physical and
mechanical properties which cannot be
reached in materials with crystalline structures.
Zirconium (Zr) alloy consider type of amor-
phous alloys which have several types of fea-
ture [2].

The paper aims to explain the features of
amorphous alloys after helium ion irradiation
with different dose.

The main idea of work focus on how the el-
emental composition and amorphous structure
of the alloys influence on its radiation stability
after ion irradiation.

Materials and methods

The initial samples based on zirconium al-
loy were obtained by ultrafast quenching from
the melt in the form of ribbons with a thickness
of 30-60 um. The main element of samples is
based on Zr with Cu and some additional
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metals with several compositions for each ele-
ment (Table 1).

Table 1. Elemental composition of samples based on
zirconium allo

Sample | Elements | Composition, at. %
Fe 8.11
Ni 1.43
zr-1 Zr 88.32
Sn 2.15
Ti 17.54
Ni 15.18
Zr-2 Cu 14.61
Zr 51.32
In 1.35
Ti 19.6
Ni 17.41
2r-3 Cu 15.37
Zr 47.63
Ti 65.23
Zr-4 Zr 34.77

After preparing the samples, they had two
different sides: the inner side, which was adja-
cent to the drum, and the outer side of the foil.
The inner side was visually observed as mir-
rored, and the outer side as matte.

X-ray Diffraction (XRD) analysis was em-
ployed for structural identification using an Ul-
tima IV Rigaku X-ray diffractometer operating
in parallel configuration and equipped with
CuK, wavelength (0.15418 nm).

lon implantation of the HEAs was carried
out using 40 keV He?' ions at the DC-60
heavy ion accelerator of the Astana branch of
the Institute of Nuclear Physics at the fluence
from 5.0-10'7 to 7-10'7 cm2. The implantation
temperature was 300 K. The beam current was
200 pA, and water cooling of the target sub-
strate was used.

Results and discussion

The results of studying the phase composi-
tion showed that the initial samples are in
three different states which are amorphous,
amorphous with crystalline, and crystalline
(Table 2).

Figure 1 shows the XRD spectrum of a typ-
ical amorphous and crystalline sample (Zr-1-
inner). As can be seen from Fig. 1, the spec-
trum contains narrow diffraction peaks corre-
sponding to the crystalline phase and wide

halos corresponding to the amorphous phase.
The crystalline peaks correspond to the fcc-
zirconium phase modified mainly with iron.

Table 2. Structure of samples based on zirconium alloy

Sample Side of Structure
sample
711 inner amorphous +crystalline
outer amorphous
inner morph
712 e amorphous
outer amorphous
71-3 inner amorphous
outer amorphous
754 inner amorphous +crystalline
outer crystalline
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Fig. 1. XRD spectra of initial Zr-1-inner sample and
after He (40 keV) irradiation with fluence of 5-10'7 and
7-10 cm?

120

Figure 2 shows the XRD spectrum of the
crystalline sample (Zr-4-outer). Only crystal-
line peaks are visible. In this case, a solid so-
lution (Ti, Zr) with a preferred orientation
(200) is formed. Figure 3 shows the XRD
spectrum of a typical amorphous sample (Zr-
3-outer). Only wide amorphous halos are
present.

Analysis of tables 1 and 2 showed that at a
Zr concentration of about 50 at.% And the
presence of Ti, Ni and Cu in the same concen-
tration, only an amorphous structure is
formed. At a high concentration of zirconium
(more than 88 at.%) Or low (about 35 at.%),
A crystalline or amorphous crystalline struc-
ture is formed.

XRD studies of irradiated samples showed
that irradiation with helium ions at a fluence
of 7-10%" cm™ does not lead to a change in
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Fig. 2. XRD spectra of initial Zr-1-outer sample and
after He (40 keV) irradiation with fluence of 5-10'7 and

7-10Y cm?
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Fig. 3. XRD spectra of initial Zr-3-outer sample and
after He (40 keV) irradiation with fluence of 5-10%" and
7-10% cm?

the structure of zirconium-based foils (Fig. 1-
3). It was found that irradiation only leads to
a change in the lattice parameter of the crys-
talline phases and a shift in the angular posi-
tion of amorphous halos (Fig. 1-3).

It was found that irradiation with helium
ions leads to a shift in the diffraction peaks of
crystalline phases to the region of smaller an-
gles for all crystalline and crystalline amor-
phous foils. This is due to an increase in the
lattice parameter of crystalline phases as a re-
sult of defect formation processes. An in-
crease in the irradiation fluence to 7-10%" cm™
does not lead to a change in the lattice param-
eter of the crystalline phases.

Table 3 shows the results of determining
the angular position of the amorphous halo of

the initial samples and samples irradiated with
helium ions.

As can be seen from Table 3, the angular
position of the amorphous halo depends on the
concentration of elements in the sample, as
well as on the side of the sample (which is as-
sociated with the ultrafast cooling rate). Irra-
diation with helium ions leads to a

Table 3. Angular position of the amorphous halo of
initial and after He (40 keV) irradiation with fluence of
5-10Y7 and 7-10Y7 cm samples based on zirconium
alloy

Side of 20, degrees
sample | initial |5-107 cm?|7-10Y cm?

Sample

Zr-1 outer | 35.85 35.70 35.60

inner | 37.50 37.40 37.05
outer | 37.15 37.10 37.05
inner | 38.15 38.05 37.70
outer | 38.10 38.10 38.20

Zr-2

Zr-3

decrease in the angular position of the amor-
phous halo (Table 3). For Zr-3-outer specimen
only, the angular position does not change. An
increase in the fluence of irradiation with he-
lium ions leads to a further decrease in the an-
gular position of the amorphous halo. Table 3
indicates the stability of the amorphous struc-
ture of the Zr-3-outer sample.

Conclusions

XRD analysis revealed formation of amor-
phous, crystalline and amorphous+crystalline
structure of Zr base foils.It was found that irradi-
ation with helium ions does not lead to a change
in the structure of the foils. It was found that ir-
radiation with helium ions leads to a shift in the
diffraction peaks of crystalline phases to the re-
gion of smaller angles for all crystalline and crys-
talline amorphous foils. And irradiation with he-
lium ions leads to a decrease in the angular posi-
tion of the amorphous halo.
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