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Pulsed electrodeposition modes allowed to obtain amorphous Co-W alloys. Using X-ray phase and spectral
analysis methods, it was established that the deposition modes and the concentration of the amorphizing component
(sodium tungstate salts) in an aqueous electrolyte solution affect the amorphization of alloys. The short-range
atomic order was studied by X-ray diffraction analysis and the sizes of the regions of ordered arrangement of atoms
were determined in X-ray amorphous Co-W alloys obtained by pulsed electrodeposition. The radial distribution
function of atoms was analysed. The assumption is made that cobalt and tungsten atoms combine into

configurations that are irregular polyhedrons.
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Introduction

X-ray amorphous metal alloys belong to the class of
materials of great theoretical and practical interest [1-3].
They are characterized by short-range atomic ordering
and, unlike crystals, by the absence of translational
symmetry in the arrangement of atoms. The parameters
characterising the short-range order are the values of the
closest distances - the first, second, and third distances
defining the coordination spheres, and the number of
atoms around the atom chosen as the initial atom in the
first, second, and third coordination spheres, i.e. the
coordination number. The study of the short-range atomic
order is an important and urgent task necessary for a
deeper understanding of the physical processes and
properties that occur at the initial stages of the formation
of a solid phase under conditions far from equilibrium [4—
7].

This work is devoted to the study of the phase
composition of Co-W films electrodeposited using a pulse
current, as well as to the determination of the short-range
order of X-ray amorphous Co-W alloys based on X-ray
research methods.
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I. Materials and methods

Co-W alloy films were obtained by electrodeposition
from ammonia electrolytes of the following composition
(g/): CoSO4 — 10, CgHgO7 — 60, Na,WO4 — 6+16. The
pH=11 was achieved by adding aqueous ammonia. The
electrolyte temperature was maintained constant and equal
to 333 K.

Plates of pure cobalt were used as an anode for
electrodeposition. This allowed to keep constant the
concentration of crystallising metal ions, which positively
influenced the repeatability of experiments. Copper foil
was used as a substrate during electrodeposition. The foil
for the substrates was prepared as follows. First, the
substrates were mechanically and chemically polished.
The solution for chemical polishing was 5% nitric acid
solution. Chemical polishing reduced the roughness and
removed the work hardening formed after mechanical
polishing. Then the substrates were degreased in the
Vienna lime solution and washed in distilled water.

Electrodeposition was carried out with rectangular
current pulses with a current pulse repetition frequency of
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20 Hz and a pulse duty cycle of 2. The average current
density remained constant and was equal to 6 A/dm?. The
average pulse current density was chosen so that the
forming film had a qualitative appearance.

Studies of the phase composition of Co-W films were
carried out on an X-ray diffractometer DRON-2 using a
scintillation registration of X-rays. Imaging for the phase
composition of the films was carried out in

monochromatized Co-Kg radiation. The elemental
composition was determined on X-ray spectrometers
VRA 20, VRA 30 by measuring the intensity of analytical

K lines for iron elements (35 kV, W - anode), and for
phosphorus (35 kV, Rh - anode).

An automated experimental complex DRON-3.0-
IBM was used to take diffractograms for the construction
of RDF of atoms. Imaging was carried out in
monochromatised Mo-K radiation (with a curved LiF
monochromator) point by point with an interval of 0.1
degrees at least 100 seconds of exposure per point and
averaging over five scattering intensity curves. The radial
distribution function (RDF) of atoms was used to describe
the structure of the X-ray amorphous systems. To obtain
the RDF of atoms, a Fourier analysis of the experimental
intensity curve was performed by X-ray diffraction.
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I1. Results and discussion

The study of the phase composition of Co-W alloys
obtained by electrodeposition at direct and pulse currents
showed that, depending on the concentration of sodium
tungstate salts (Na,WOQ4) in the aqueous electrolyte
solution, the alloys have an amorphous, amorphous-
crystalline or crystalline structure (Fig. 1).

Co-W alloys obtained using pulse current at a low W
content (less than 12 at.%) were a mixture of X-ray
amorphous and crystalline phases (Fig. 1b). The
comparison of the diffractograms of pure Co (Fig. 1a) and
CogoWio alloy (Fig. /b) shows that the lines of the
crystalline phase in Fig. 1(b) correspond to ¢ -Co lines,
from which we can conclude that the CogoWjo alloy is a
solid solution of W in & -Co. When the W content in the
alloy increases (more than 12 at.%), the alloy is formed in
the X-ray amorphous state, i.e. the diffraction maxima
corresponding to the & -Co-based crystalline phase are
absent on the diffraction pattern of this alloy, and only a
diffuse halo is observed (Fig. 1(c)). Thus, W is an
amorphizing agent. With increasing its content in the
alloy, the amount of X-ray amorphous phase increases and
the amount of crystalline phase decreases. When the W
content in the alloy reaches 12 at.%, the lines from the
crystalline phase disappear in the diffraction patterns, i.e.,
the alloy is formed in the X-ray amorphous state.
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Fig. 1. Intensity of scattering by substances: (@) Co; (b) CogoWio; (¢) CogaWie.
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The sizes of regions of ordered arrangement of atoms
(ROAA) of X-ray amorphous alloys were estimated by
their dependence on the width of the diffraction maximum

(8]
L~ 21/(A20 - cos0),
where 1 — wavelength; ® — diffraction angle; A2@ — width

of the diffraction maximum.
The obtained values of the dimensions of the ROAA

of CogsWi2 and CogsWis alloys were 1.03 nm and
1.27 nm, respectively, which is consistent with the
literature data for X-ray amorphous materials [9].

The construction and analysis of the RDF of atoms
provided data on the effect of the introduction of tungsten
atoms into the alloy on some short-range order parameters,
i.e. the distance between the nearest neighbours and the
number of the nearest neighbours. The RDF of atoms of
the binary system was found by the formula [10, 11]

G(r) = 4mpo(nycy + nycy)?r? + 2;rfosm'l"[i(s) — 1] se=%*sin(sr)ds

where n; — relative number of particles of the i-th variety,
po — average interatomic density, S — wave vector, i(S) —

2
current value of the structure factor, ¢; = (%) , Fi —
[

scattering amplitude of particles of the i-th variety,
F? =n,F? + n,FZ, a — attenuation coefficient, which
reduces false maxima and takes values from 0.01 to 0.02
[12]. The average interatomic density po for CogsWi2 and
CossWi6 alloys was determined experimentally.
Experimental X-ray diffraction data were used to find the
structure factor. Normalisation of the scattering intensity
curves was carried out according to the standard technique
[13, 14].

Figure 2 shows the radial distribution functions of
atoms of Co-W alloys with tungsten content of 16 at.%
(Fig. 2 a) and 12 at.% (Fig. 2 b).
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The data of the RDF analysis, as well as some short-
range order parameters of amorphous and crystalline
cobalt, are given in the table (where r is the distance
between the nearest neighbors, Z is the coordination
number). The coordination number was determined by the
“symmetric RDF of atoms” method [15].

Table
Short-range order parameters for Co and Co-W alloys

Substance State r,nm Z
CogsWig X-ray amorphous 0.2857 | 14.61
CoggWi2 X-ray amorphous 0.281 14.0

Co amorphous 0.251 11.0
Co crystalline 0.25 12.0

From the analysis of the obtained results (Table), it
follows that with increasing tungsten content in the alloy,
an increase in the distance between the nearest neighbours
is observed. This is obviously due to the fact that the radius
of the tungsten atom (0,37 nm) exceeds the radius of the
cobalt atom (0,125 nm). When tungsten atoms are
introduced into clusters consisting of cobalt atoms, their
“swelling” occurs. The increase in the coordination
number with increasing tungsten content in the alloy is, in
turn, associated with an increase in the distance between
the nearest neighbours.

Attention should be paid to the fact that although in
the closest atomic packings the number of the nearest
neighbours should not exceed 12, the coordination number
of X-ray amorphous Co-W alloys is greater than 12. This
is probably due to the fact that tungsten and cobalt atoms
combine into irregular polyhedra, the structure of which
represents regions of space divided into irregular
polyhedrons. Such structures have an increased density.

Conclusion

Based on the analysis of the RDF of atoms, it is found
that an increase in the tungsten content in the Co-W alloy
leads to an increase in the coordination number and the
distance between the nearest neighbours. It is suggested
that tungsten and cobalt atoms combine to form irregular
polyhedra. The ROAA dimensions of the X-ray
amorphous alloys CogsW12 and CogsW1e are estimated, the
values of which are 1.03 nm and 1.27 nm, respectively.
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J.B. T'epacumenko?, B.B. Tutapenko?

BuB4eHHst 0JIMKHBOT0 MOPAAKY cIuIaBiB Co-W, eJleKTPoocauKeHNX 3a
AOMOMOI 00 IMITYJIbCHOT'O CTPYMY

LVipaincoruii Oepocasnuii ynieepcumem nayku i mexnonozit, m. Juinpo, Ykpaina
2HTY Jlninpoecvka nonimexuixa, m. Jninpo, Yxpaiua, tytarenko.valentina@gmail.com

3a JONOMOTOI0 IMITYJICHOTO PEXHUMY €JIEKTPOOCaKeHHs oTpuMaHi amop¢Hi cmaBu Co-W. Meronamu
peHTreHo(ha30BOro Ta CIIEKTPAILHOTO aHANI3iB BCTAHOBIICHO, IO Ha aMOP(i3allifo CIIIaBiB BIUIMBAIOTh PEXXUMHU
OCaJDKEHHS Ta KOHIIEHTpAIliss KOMITOHEeHTa, o amopdisye (conell BombdpaMary HaTpir0) y BOAHOMY PO3YMHI
enexrpomiry. Ilpu 36insmenni Bmicty W y crimasi (6inbme 12 at.%), cmaB pOpMyeThes y peHTTeHOaMOp(GHOMY
cTa”i. MeToIoM PEHTIeHOCTPYKTYPHOTO aHaNi3y BHBUECHO OJVDKHIH aTOMHHII IOPSIOK Ta BU3HAYEHO PO3MIpH
obyacTell yHOpsIKOBAHOTO PO3TAalIyBaHHS aTOMIiB peHTreHoamopHux cruiaiB Co-W, OTpHMaHHX METOIOM
IMITYJIbCHOTO  eNleKTpoocakeHHs. [IpoBeneHo aHami3 pamianbHoi (yHKHii posmominy aromiB. 3poOiieHO
NPUIYLICHHs, [0 aToMH KoOaibTy 1 Boibdpamy oO'enHyroThest y KoHQirypaumii, € HenpaBHUIbLHUMHU
OaraTorpaHHUKAMH.

KoarouoBi cioBa: pentreHoamopdHM cTaH, paiianbHa (YHKIIS PO3NOAUTYy aToMiB, 00JacTi
BIIOPAKOBAHOTO PO3TAIIYBaHHS aTOMIB, KOOPAWHAIIIHE YHCIIO0, ONKHINA TOPSIIOK.
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