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The aim of this work is to study effects of an intense action on metal
glasses — in this case, on the Zrs;Cuys4AlNigsNbs alloy — of deuterium
plasma particles of several tens of eV. The peculiarity of this approach
reflects more closely some problems of thermonuclear energy than diffusion
and even electrochemical saturation with hydrogen or deuterium.

! Thanks to V.G. Konovalov Researcher, for active participation in this work.

Blessed memory of Vladimir Sergeevich Voitsenya Doctor of Science, ideological
leader of the work.
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A sample of Zrs;Cuys4AlgNigNbs alloy, high mirror quality,
20x10x3 mm®, was cleaned at the DSM-2 stand [1] with Ar plasma ions
(300 eV) obtained under conditions of electron cyclotron resonance (ECR)
[1]. During the experiment, the sample was placed in D-plasma obtained
under similar ECR conditions. Then it was exposed (at room temperature) by
D?" deuterium ions with a flux density of 1-10% ions/cm?s (2-10% D/cm?s)
and an ion energy of 100 eV, at which the mass gain of the sample of this
kind is maximum [2, p. 144].

Ten treatment sessions were carried out for 3 hours every day, excluding
weekend, until a fluence of 1.10* ions/cm? (2-10% D/cm?) was reached.

After each session, the weight gain of the sample was measured and,
since the sample was bent during exposure [2, p. 145], its curvature was
obtained optically by measuring the focal length.

During the experiment, a study of the relative changes in the average
interatomic distance (Ar/r,) was also carried out for the irradiated near-
surface layer of the material. This was determined from the shifts of the
CuK, X-ray reflection halo from this surface, what was carried out on the
DRON4-07 diffractometer.

Simulation of experimental data with an estimate of the diffusion
coefficient and determination of the volume of deuterium atoms in the
material was also carried out.

During the entire experiment, the mirror quality of the sample and the
amorphous state of its working surface practically did not change without
visible signs of crystalline formations. However, after a fluence of
9-10% ions/cm?, a fragment chip off from the edge of the sample working
surface.

It has been established that the content of absorbed deuterium increases
in proportion to its fluence, and its fraction is 27...32% of the atomic fluence.

Figure 1 shows the changes in the curvature 1/R and the interatomic
distance of the sample Ar/r, (a(T)) with increasing of the fluence (R is the
curvature radius of the sample). As Figure 1a shows, the 1/R changes are
proportional to fluence.

The initial changes in Ar/r, (Fig. 1b) exhibit nonlinearity, which is
associated with the diffusion of deuterium. Different relaxation processes in
the sample explain the irregularity of subsequent changes. Such processes
are associated with the action of high stresses, initiating the interatomic
redistribution of deuterium and acts of chipping, visually observed near the
working surface at 9-10% jons/cm?.
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Fig. 1. Changes in the sample curvature (a) and the interatomic distance
in the material (b) with ion fluence. The simulation results are presented (¢)

Simulation of the results obtained has been carried out. To simulate the
dynamics of the sample curvature, a centrally symmetric model of curvature
of a plate with a thickness T under the action of surface volumetric dilatation
3a (T << L << R; L is the size along the plane of the original plate) is
considered. In this case, the condition of elastic equilibrium for normal
distortions of the plate is reduced to the equation 2&y + €, = 38, where p is
the coordinate along the radius vector R (0 < p < T), and x is the designation
of a pair of coordinates along a spherically curved plane of plate. For g, the
solution is sought in the following form: &, = (p— po)/R.

The quantities R and p, are determined from the minimization of the
elastic energy Jeo2dp by their variations, which leads to the equations of
equilibrium of the dilatation forces along x, and of their moments. As a
result, these quantities are determined from the system of the following
equations:

— T ep T p
—__F d’ ok PO d
fw TR R TI (p)dp T 3R 2R TZI (p)pdp- (1)

At small thicknesses of the intercalated deuterium layer (t << T), there is
po = T/3 (note: g(po) = 0), and the dilatation associated with the volume v
of the deuterium atom and their concentration ¢ in the layer of the front side
is determined by the value cvt = T%2R. In other words, for such layer
thicknesses, the curvature changes linearly with the concentration of
deuterium in it. The subsequent estimation of the deuterium diffusion made
it possible to clarify the value of its atomic volume: v=2.6 + 0.2 A®,
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Based on the calculation results, the experimental value
gp(T) = 3a(T) — 4T/3R (1), determined from the halo displacements, an
analogue of the Ar/r, value on the working surface of the plate, was used to
calculate the true value of Ar(T)/r, = a(T) = ¢(T)v/3. Just this value is shown
in Figure 1b together with the results of modeling the effect of deuterium
diffusion.

The values of Ar(T)/r, (Fig.1b) for the initial exposures are used to
simulate the diffusion change in the deuterium concentration deep into the
sample (c(y,t); y = T —p), according to the general formula:

c(y,t)=K\1/;':[\7t(_%exp[—‘M(J;2_%)jdto, 2

where f(t) is the particle flux density during the time t (t;) of the entire
experiment, equal to f, = 2-10% D/cm?s during exposure periods and zero
outside the sessions; k? — diffusion coefficient. On the working surface of the
sample (p =T, y = 0), solution (2) for Ar/r, takes the following form:

Ar(T)/rO:a(T,t):%K‘if/(’gzi:(\/t—tﬁm[—\/t—t,.), ©)

where At; (3 h) is the time duration of individual sample processing sessions;
t; is the end time of a regular session, dated from the end of the first session;
t is the total time from the end of the first session up to scanning the X-ray
reflection profile from the exposed sample — up to passage of the halo peak.
As a result of modeling (Fig. 1b), the diffusion coefficient
of deuterium in a sample of the given composition was estimated:
K2 =(1.75..2.45)-10° cm?/s (3). The limiting characteristics of the deuterium
concentration in the sample were also estimated. So, at the border of the
experimental graph regularity (Fig. 1b; fluence 3.67-10% ions/cm?), the
numerical ratio D/M of deuterium atoms — with their penetration depth of
0.03 mm — to BMG atoms is 1.6. Before the chipping of the sample (fluence
9.0-10% ions/cm?) D/M = 2.3 in such a layer. However, according to Fig. la,
possibilities of BMG saturation with deuterium are in principle much higher.
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Juns Gi3uKy pinuH 1 piAMHHUX CHCTEM 3HAYHUH iHTepec MarTh (QyHIa-
MEHTAaJbHI aCIeKTH BHBUCHHS T'aJIOTCHIIOXITHUX CHOIYK: (GTOp3aMillleHHs B
MOJIEKYJII OpPraHigHOI CIIOJYKH YacTO TPHU3BOJAWTH JIO HEOUIKYBaHUX 3MiH
¢i3ngHNX BIACTHBOCTEH pimuHHU. 3 IHIIOTO OOKY, HOCTIDKEHHS (i3HUKO-
XIMIYHHX BJIACTUBOCTEH (hTOp3aMIlIEHNX CIIOJNYK aKTyaJlbHe, OCKUIBKH TaKi
PEYOBUHH IIMPOKO BUKOPHCTOBYIOTHCS SIK XOJOIMIIBHI aTr€HTH 1 TEIUIOHOCI],
OapBHUKHM Ta NCCTUIUIW, IHTAIAINHI aHECTETHKH 1 KPOBO3aMIiHHHUKH,
MIPOMDKHI MPOAYKTH OPTaHIYHOTO CHHTE3y I MOHOMEpPH IS OTPHUMAaHHS
noJiMepHux Matepiaiis [1].

O6’exTOoM jmochimkeHHS HaHoi pobotu € piakuid  ¢TOp3amimeHui
¢deninmernncynbdara — peninaupropmermncynsdar ( C,H,SO,CHF, ), sxwuit
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