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Abstract. Cd metals are established to form an alloy with a body-centered cubic structure up to a 64.5 at. % concentration as a
result of determining the limits existence of Cadmium in Niobium solid solutions, obtained by plasma-assisted ion sputtering
and ultrafine particles co-precipitation to a critical size. At this, two linear dependence sections in the range of 0 - 50.0 at. %
and 50.0 - 64.5 at. % of Cadmium (the rest is Niobium) are found described by the equations a [nm] = 8-10-°x +0.3306 and
a [nm] = 3-10"x +0.32188 (respectively), where x is the Cadmium content in the alloy, at. %. At 68 at. % of Cadmium, an
unknown phase was identified; no solid solutions of Niobium in the Cadmium were detected. The growth of the lattice parameter
is due to the fact, that Cadmium atoms have a larger radius than Niobium atoms: (ra)ca = 0,1727 um, (ra)no = 0,1625 nm. The
kink on the linear dependence of the lattice parameter of the Cadmium in Niobium solid solution as a result of Cadmium
concentration in the alloy is explained by the fact that Cadmium first replaces the Niobium atom in the center of the unit cell,
then is also embedded in the Niobium lattice with increasing its concentration replacing the Niobium atom in one of the cube
vertices. The latter causes a more intense increase in the size of the unit cell. The possibility of the alloys formation in a wide
range of concentrations as a result of thermal-fluctuation melting and the merging of very small unlike particles that have
significant differences in physical properties, metal particles was confirmed, which is unattainable with the traditional thermal
production method.
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YJIBTPAJIUCIEPCTI BOJIEKTEP BOJIBII KAJTBIIITACKAH HUOBUI1 MEH KAJIMUI1 BAJTKBIMAJIAPBIHBIH
KATAP 'KYPYIHIH KOHIIEHTPALIUSUIBIK ITEKAPAJIAPBI

Tyiiinaeme. YiaeTpamucnepcri OeIIeKTep i TYHABIPY KOHE MOHIBI-TLIa3Majibl TO3aHIATY apKbUIbl aJbIHFaH HHOOHMMIETi KaaMuil
KATThl EpITIHAUIEPIHIH KaTap Kypy LIeKapalapblH aHBIKTAy JXaWibl Kypriziiren 3eprreynepaid uotmwkecinme, Cd 64,5 ar. %
KOHIIEHTPALMSIChIHA IeHiH MeTasiap KelIeM/Ii-OpTalbIKTaHIbIPhUFaH KYOIbIK KYPBUIGIM/IbI OATKbIMaFa aifHAIAThIHABIFbI AHBIKTAFaH.
CoHbIMEH Katap ChI3BIKTHIK Toyeniuiri 0 — 50,0 at. % xone 50,0 — 64,5 ar. % uHTepBana KaaMuid (KaJaraHbl HHOOMIT) OONaThIH exi
ayMakK aHBIKTAIIFaH, OJap MblHagall TeHaeyMeH cunaranasl: a[am]=8-105x +0,3306 xone a[am]=3-10"x +0,3218 (Tunicinme), x —
KaJMUHIIH OanKpIMamarsl Kypamel, at. %. 68 ar.% - ma kaamuii Genrici3 ¢asza Gipi3aecTipiireH, KaAMHHAAETT HAOOUHIIH KaTThI
epITiHAiIepl aHBIKTAIMAABL. TOp emmeMIepiHiH ocyl, KaJMHU aTOMBIHBIH AaTOMABIK paJnyChl HHOOMA ATOMBIHBIH aTOMJIBIK
pajMychIHaH YIKeHAriMeHn Tycingipineni: (fa)ce= 0,1727 HM, (ra)no = 0,1625 Hm. BanksiMagarbl KaaMmuil KOHICHTPALMSCBIHAH
HUOOHIAIEr KaAMUMIiH KaTThI epiTiHAICiHIH TOPBIHBIH CHI3BIKTHIK TOYENIITIKTEPiHiH MapaMeTpiaepiHiH ChIHYbI, ObUTail TYCIHOipiIe T,
KaJMHUi aIbIMCH HUOOWI aTOMBIH 3JIEMEHTApPIIbI YAIIBIKTHIH OPTAChIHAA OPHBIH 0acaibl, COAaH KeWiH KOHIEHTPAIUSICHl YIFaiFaH
Ke3[le HUOOWHIIH TOphIHA €Hei, HUOOWMIIH aTOMBIH KyOTBIH Oip HIBIHBIHA BIFBICTBIPAABl. COHFBICHI AIEMEHTAPIbl YSIIBIKTHIH
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eNmeMiHiH OelceH/l YIFaroblHa aKemill COKThIpamsl. Ou3NKaIbIK KacHeTTepae eoyip alblpMambUIbIKTap 6ap, aTrTac eMec MeTal
OeNIIEeKTePiHIH TePMO(IYKTYAIMSIIBIK OaJKybIHAH XKOHE OTe a3 MeJepae OipiKTipilyiHiH HOTMPKECIHIe KOHIEHTPAIMSHBIH KeH
ayKBIMBIH/Ia KOPBITIIAJIAP/IBIH Maiiia 00y MYMKIHAIN pacTanpl, OyFaH JOCTYPIIi JKBUTY 9IiCIMEH KOJ )KeTKi3y MYMKIH eMec.

Tyiiinai ce3gep: ynprpa-OenmexTep, HIOOHH, KaAMUH, TUPpaKTorpamMMa, OipITiK )KacyIIackl, KATThl epiTiH/I, KOPBITIIA.
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KOHUEHTPAIIMOHHBIE I'PAHUIIBI CYHECTBOBAHUS
COOPMUPOBAHHBIX YJIBbTPA/IUCIIEPCHBIMU YACTULIAMM

CIINIABOB HHOBUA C

KAJIMUEM,

Pe3tome. B pesynbrate ompeznesieHHs TI'paHHIbI CYIIECTBOBAaHMS TBEPABIX PACTBOPOB KaJMHs B HHOOWH, IONYYEHHBIX HOHHO-
IUIa3MEHHBIM PACIbUICHHEM U COOCAXIECHHEM YIbTPAaIHMCIEPCHBIX YacTHIl 10 KPUTHYECKOrO pa3Mepa, YCTAHOBIEHO, YTO JIO
koHIeHTpaun 64,5 ar. % Cd meramwisl 00pa3yloT CIUlaB ¢ OOBEMHO-IIEHTPUPOBAHHOW KyOM4ecKoil CTpyKTypoi. Ilpu 3rom
OoOHapyXXeHBI 1Ba yJacTKa ¢ JIMHeitHoH 3aBucuMocThio B naTepBaie 0 — 50,0 at. % u 50,0 — 64,5 at. % kagMust (ocTasibHOE HHOOMIT),
OITMCHIBAEMBIX ypaBHeHHUAMH a [HM] = 8-10%x +0,3306 u a [AM] = 3+ 10" +0,3218 (COOTBETCTBEHHO), TJIE X — COAEPKAHHE KaIMHUS B
crutase, aT. %. [1pu 68 at. % kaxmus naeHTuduuupoBaHa Heu3BecTHas (aza, TBEPbIX PACTBOPOB HHOOUS B KaJIMHUH HE OOHAPYKEHO.
Poct mapamMerpa penieTkd 00yCIIOBICH TEM, YTO aTOMbI KaMHsI IMEIOT OONBIINIA paguyc, YeM aToMbl HHOOUS: (Ta)cd = 0,1727 HMm,
(ra)no = 0,1625 BM. M3110M Ha THHEHHOM 3aBUCHMOCTH NapaMeTpa PEIeTKH TBEPAOTro PaCcTBOpa KaAMMs B HHOOUH OT KOHLICHTPALHU
KaJIMHSl B CIUIaBe OOBSACHSETCS TEM, YTO KaJMMI CHadana 3aMellaeT aToM HHOOWS B LIEHTPE DJIEMEHTapHOH s4eiku, 3aTeM IpH
YBEIIMYEHUH €T0 KOHIIEHTPALlUH ellle BCTPanBaeTCsl B PEIIETKY HUOOUS, 3aMelnast aToM HHOOUsI B OJJHOM U3 BepIMH Kyoa. [Tocnennee
BBI3BIBAET O0JIee MHTCHCUBHOE yBEJIMUYEHUE Pa3MEpOB IeMeHTapHoH sueiiku. [TonrBepkaeHa BO3SMOXKHOCTb 0Opa30BaHUs CIIJIABOB B
IIMPOKOM MHTEpBae KOHIEHTPAlUi B pe3yinbTaTe TepMOGIIYKTYallMOHHOTO TUIABJICHHS U CIMSHUS BECbMa MalIbIX Pa3HOMMEHHbIX,
UMEIOLIMX 3HAYUTENIbHBIC pa3Inuis B (U3MYECKHX CBOWCTBAX, YACTUIl METAUIOB, YTO HEJOCTH)KHUMO IPH TpPaJHIHMOHHOM
TEPMHYECKOM CIIOCO0E MOMYYESHHS.

KiroueBble ci1oBa: ynbTpaaucrepcHas 4acTHIld, HUOOWH, KaaMui, naudpakrorpamma, 3JeMEHTapHas suelka, TBEpIbIH pacTBOp,

CILIaB.

Introduction. The thermal-fluctuation effect
of particles melting appears not only at the
temperature of phase transitions and transformations
reducing [1, 2], the synthesis capability of various
chemical entities and materials [3], but also in a
significantly increasing solubility limits, including in
the solid state. Despite the relatively large amount of
researches regarding impact simulation of the
nanoparticles surface energy on their properties [4],
there is currently no single approach to predict the
course of chemical and physical processes to acquire
the double alloys.

The author [5, 6] has specified the change in
the melting temperature of thin films with a decrease
in their thickness is similar to that for the small
particles, due to the fact that they are formed
according to the “island like” principle, that is,
ultrafine formations are placed on the substrate in the
form of islands.

The authors have pointed out the importance
of studying the phase transitions in the highly
dispersed materials and nanocomposite structures
with a purpose of a fundamental realizing of
nucleation during melting and crystallization, as well
as the limits of appearance of stable and metastable
phases [7].

We [8] used the method of consistently
reducing of the sublayers thickness during the

formation of the total coating thickness to fix the
critical sizes of Niobium (less than 2 nm) and
Cadmium (less than 3 nm) clusters, whereby the
metals alloy is produced at a low temperature.

The study was aimed to obtain Niobium and
Cadmium alloys by co-precipitation of ultrafine
clusters at a low temperature, in particular,
determination of the concentration limits of the alloys
appearance obtained in a similar way.

Research Methods. The method of samples
forming of different concentrations alloy coatings
lied in plasma-assisted ion sputtering of Niobium and
Cadmium and their joint deposition on unheated
substrates moving relative to plasma flows, with a
thickness less than the critical size for each of the
metals.

The process was localized on the substrate
surface owing to the streams with unlike metals
particles have been separated by 180° relative to each
other. The time interval of substrate moving from the
axial line of one spraying eguipment to the second
was 3 s, which is enough for crystallization of the
very small particles on the theory of this process
existence. The solid solution formation, in this case,
became a confirmation of the metal particles being
initially in the liquid state, their merger and
subsequent crystallization. In the experiments, the
Niobium containing 99.95 wt. % (Irtysh
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Metallurgical Plant) of the main element and
Cadmium - 99.98 wt. % obtained by the vacuum
distillation from a rough metal [9, 10] were used.

The substrates” moving velocity relative to
plasma flows is 5:102 m-s™. The ratio of electric
power supplied to the Niobium and Cadmium
sputtering magnetrons were changed in order to
control coating composition. The ratio of the
precipitated metals was controlled by the gravimetric
method according to the number of sputtered metals
during the coating formation. The total film thickness
was determined by the Rutherford backscattering of
protons at the UKP-2-1 tandem accelerator of the
Institute of Nuclear Physics and by a calculation
based on the amount of deposited metals and their
density, the thickness of Cadmium and Niobium
sublayers by dividing the total thickness by the
number of passes relative to plasma flows.

A Bruker’s D8 Advance diffractometer with
copper radiation Ay, = 0.154051 nm with a graphite
monochromator was used to carry out X-ray
diffraction studies. The value of the phase lattice
parameter is calculated as an average when using all
the diffraction lines from this phase.

The other coating phases than the solid
solution - alloy discovered as a result of
diffractometric studies, of different Niobium and
Cadmium composition were considered the limits of
its existence.

The coating samples with a Cadmium
concentration of 13.8 to 84.2 at. % were formed in
order to determine the concentration limits of the
solid solutions existence in the Nb-Cd system by
plasma-assisted ion sputtering taking into account
the size factor. The thickness of the single layers of
Niobium (dNb) and Cadmium (dCd) during the
coatings sputtering, its proportion and the phases
formed when sputtering are provided in Table 1.

The diffractometric study determined the
concentration of Cadmium in the coating is in the
range of 0 - 64.5 at. % (68.7 wt. %) of the films are
represented by solid solutions of Cadmium in the
Niobium with a BCCA-structure. If 32,0 at. % of the
Niobium and 68 at. % of the Cadmium content in the
coating, an unknown phase was detected, denoted by
us as "X". The X-phase and Cadmium were presented
in the coating at the concentration range of 72.5-84.5.

Two sections with a linear dependence in the
range of 0 - 49.0 at. % and 49.0 - 64.5 at. % of
Cadmium (the rest is Niobium), described (except for
the corresponding to 46.1 at.% Cd composition and
possessing a large deviation) by the equations
a [nm]= 8-10°x+0,3306 and a [nm]=3-10"x+0,3218
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(respectively), where x is the Cadmium contain in the
alloy, at. % were discovered when considering the
parameter dependence of the body-centered cubic
lattice on the Cadmium concentration in the alloy
(Figure 1).

0,34
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Lattice parameter «,nm
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e
Lot
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Figure 1 - The parameter dependence of the solid solution
lattice on the Cadmium concentration in the Niobium

The lines intersection is observed to be
corresponded to the Cadmium concentration in the
alloy of 50 at. % and formally to the stoichiometry of
NbCd potential compound.

However, the diffractometric studies of the
obtained alloys on a glass substrate (Figure 2)
resulted in the presence of nothing but Cadmium
solid solution phase in the Niobium.

The glass substrate allowed us to identify only
the reflections of the phase under study. In all cases,
the Cadmium solid solution is performed by a cubic
body-centered lattice in the Niobium.

An increase in Cadmium concentration leads
to a predictable increase in the lattice parameter, due
to the fact that Cadmium atoms have a larger atomic
radius than Niobium atoms: (ra) Cd = 0.1727 nm, (ra)
Nb =0.1625 nm. As well as an increase in the coating
texturing in the direction [110], emerged in the reflex
disappearance with Miller indices (200), observed in
the solid solution from 13.8 at. % of Cadmium.
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Table 1 — Coating compound, sublayers thickness of the Niobium and Cadmiun and discovered phases

20 30 40 50 60 70O 80 90
Angle of 20 deg

Cadmium consentration in the Niobium, at. %:
1-13.8;2-20.9;3-28.9;4-60.4;5—-64.5.

Figure 2 — Diffractograms of alloys of different
consentration of Cadmium and Niobium

The total data obtained resulted in our making
the structure of the elementary cells of the Cadmium
solid solution in the Niobium with a concentration of
50 at. % Cd (a) and 57.3 at. % Cd (b) (Figure 3).

The total data obtained resulted in our making
the structure of the elementary cells of the Cadmium
solid solution in the Niobium with a concentration of
50 at. % Cd (a) and 57.3 at. % Cd (b) (Figure 3).

Coating compound,
at. %: dnp, NM dcg, NM Phase compound
Nb Cd
86.2 13.8 2.1 0.4 solid solution Cd B Nb a = 0.3322+0.0005
79.1 20.9 1.1 0.36 solid solution Cd B Nb a = 0.3321+0.0002
71.1 28.9 1.1 0.53 solid solution Cd B Nb a = 0.3331+0.0002
54.9 46.1 0.58 0.60 solid solution Cd B Nb a = 0.3359+0.0003
51.0 49.0 1.17 1.35 solid solution Cd B Nb a = 0.3343+0.0004
39.6 60.4 0.77 1.4 solid solution Cd B Nb a = 0.3370+0.0003
35.5 64.5 0.57 1.25 solid solution Cd B Nb a = 0.3383+0.0002
32.0 68.0 0.37 1.46 X-phase
27.5 72.5 0.58 1.83 X- phase + Cd
23.2 76.8 0.57 1.25 X- phase + Cd
15.8 84.2 0.3 1.9 X- phase + Cd
As far as Cadmium accumulates in the lattice,
ey it first replaces the Niobium atom in the center of the
Y unit cell (Figure 3a), then as its concentration
@11 increases, another Cadmium atom is embedded in the
l 2‘;]] Niobium lattice, replacing the Niobium atom in one
— — o2 s of the cube vertices (Figure 3b).
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Figure 3 — Elementary cell of Cadmium solid
solution in the Niobium with a concentration of
50 at. % Cd (a) and 57.3 at. % Cd (b)

The latter, in our opinion, entails a change in
the rate of the Niobium lattice parameter alteration
and an “alien” Cadmium atom emerges in it and
manifests itself in a dependence break of the latter on
the Cadmium concentration in the Niobium more
than 50 at. % (Figure 1).

Summary. The study to determine the limits
existence of the Cadmium solid solutions in the
Niobium, obtained by plasma-assisted ion sputtering
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and ultrafine particles co-precipitation has resulted in
fixing the metals form an alloy with a body-centered
cubic structure up to a 64.5 at. % Cd concentration.
At this, the lattice parameter increases linearly in the
intervals of 0-50 at. % and 50 - 64.5 at. % of
Cadmium with a break in dependencies at
50 at. % Cd.

The growth of the lattice parameter is
stipulated by the Cadmium atoms have a larger
atomic radius than the Niobium atoms: (ra) Cd =
0.1727 nm, (ra) Nb = 0.1625 nm. The change in the
growth rate of the lattice parameter in the provided
intervals is explained by the fact that Cadmium first
replaces the Niobium atom in the center of the unit
cell, then as its concentration increases, it is further
embedded in the Niobium lattice, replacing the
Niobium atom in one of the cube vertices.

An opportunity to produce alloys in a wide
range of concentrations as a result of the thermal-
fluctuation melting and the merging of very small
unlike particles that have significant differences in
the physical properties of metal particles was proved
by the study conducted, which is uncapable to reach
by the traditional thermal production method.

The paper is accomplished owing to the
financial support of the Ministry of Education and
Science of the Republic of Kazakhstan (grant
AP05132506 / GF).
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