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Development of technology for multi-hard and super alloys based
on ti, si, w and others with an ionizing radiation

Abstract. Complex researches on creation of scientific bases of receiving new and perspective firm and
superfirm materials with use of bunches of particles are carried out. Bases of radiating technology of receiving
multicomponent firm and superfirm alloys on the basis of Ti, by Si, W, etc., high-energy bunches of ions,
electrons, thermoinfluence and the microwave oven are developed. Works on search and a choice of modes
radiating and the microwave oven of processing of powders, components of polymers and agglomeration
modes (temperature, pressure) are carried out. The technique of manufacturing of samples is developed.
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Introduction

As show the literature data the ion-implanted
systems are formed by the introduction of
accelerated dopant ions in the surface layer [1-5].
In the interaction of ions with atoms of the material
it passes the energy that is greater than the energy
shift of an atom in a substance. Further, the primary
knock-on atom recoil, having sufficient energy,
generates a cascade of collisions resulting in the
displacement of a large number of metal atoms. In
this case are going the following processes: 1) the
introduction of ions in the solid; 2) the generation
of radiation defects, in which the lattice atoms are
displaced with respect to their location; 3) radiation
sputtering, in which the atoms are ejected from
a solid surface material; 4) the atomic mixing.
The changed physical and chemical parameters of
implanted ions have a significant effect on structure
and properties of the material, which are formed as
a result of the relaxation processes that take place
after the stage of collisions. The processes are
occurring in a given metal depends on the physical
and chemical properties of implanted ions and
their concentration in the collision cascade. The
generation of surface layers is a function of the
beam parameters of the bombarding ions (type,
energy and dose). When implanting by ions in small
doses at the room temperature or below the cascade
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of collisions is practically no overlap, as interstitial
atoms separated from each other at a great distance,
without the possibility of migration. In this case, the
dopant is distributed over the volume of the metal.
Ion implantation can form metastable structures
with special properties and it is accompanied by a
wide range of processes that have a significant effect
on the properties of the material [6-10].

As it is known the surface morphology
determines many properties of solids. The radiation
treatment of the surface by ion beams can change its
morphology. The surface of the material upon ion
implantation is heterogeneous: it is clearly defined
developed relief on which the concentration traces
of the ion beam and the various non-uniformity
is well observed. The presence of defects on the
surface in the form of pits, craters have a negative
impact on the performance of the material and are
stress concentrators, which reduce fatigue and lead,
ultimately to corrosion [4-10].

Experiment

In this paper the complex studies to establish
a scientific basis for obtaining new and advanced
hard and super hard materials with particle
beams were conducted. The fundamentals of
radiation technology were developed for obtaining
multicomponent solid and super alloys based on Ti,
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Si, W, etc., high-beams of ions, electrons, thermal
effects and microwave. The works on the search
and selection modes of radiation and microwave
processing of powders, polymer components and
sintering conditions (temperature, pressure) were
carried out. The method of fabrication of the samples
has been developed.

It was revealed that new technology of hard and
super hard materials based on Ti, Si, W, and others
can be used in the domestic industry. It was found
that the use of radiation treatment, laser, gamma,
thermal effects and microwave radiation can
significantly improve the properties of materials.
The consumers of these products will be plants for the
production of products and materials (Gidromash,
Vostokmashzavod, and plant Kirov, etc.).

The proposed radiation technologies should be
used in some special cases: in the production of
solid and heat-resistant materials, diamond-metal
alloys, and large objects (eg, carbide rolls). In addi-
tion, it can be used in the manufacture of thin plates,
discs, and other details that are jarred during sinter-
ing; making them by cold forming is difficult.

The approbation of the results (scientific publica-
tions, conference papers, etc.) was carried out.

The fundamentals of the new manufacturing
techniques and advanced materials based on Ti, Si,
W, etc. were developed and obtained results. They
tested in the laboratory and industrial applications.

The results suggest that these properties of
nano crystalline coatings as the size and orien-
tation of the grains, their structure is highly de-
pendent on the technological parameters of
the ion bombardment, the bias potential, sub-
strate temperature, flux density and energy, so
to achieve results in each case must seek to opti-
mize the deposition of coatings. The multifactor of
considered physical process and the com-
plex relationship between the parameters
cause the difficulty of mathematical modeling.

At the same time the individual questions can be
studied in detail and the physically-based regularities
can be defined for them. These results may include
the consideration of the processes associated with
the formation of the structure of binary and ternary
systems of transition refractory metals. In particu-
lar it was established a fact of a significant increase
in macro stress state of compression and hardness
forming a substitutional solid solution of transition
metals with different metal radii, compared with
the condensates of the corresponding binary alloys.

This is explained by the additional lattice distortions
due to the formation of substitutional solid solutions
of metals with different radii of the action, charac-
teristic for the method of ion bombardment, which
allows you to create high super saturation. The in-
creasing in hardness of ternary systems compared
with the binary systems is also due to the increase
of the energy barrier to dislocation motion through
crystallites as a result of the mechanism of deforma-
tion of the crystal lattice.

With increasing temperature the depositions be-
come more stable to subsequent temperature effects
on the structure and phase composition and proper-
ties of the formed materials that can be explained
by the equilibrium conditions of film formation
with increasing temperature of their formation. The
physical and chemical properties of the test samples,
depending on the physical factors (particle beams,
mechanical stress) and the concentration of compo-
nents were studied.

Within the framework of the cascade-probabilis-
tic method the computer modeling of radiation pro-
cesses was conducted.

It is shown that the interaction of ions with
matter is a Markov process and is described by
the probabilities ¥, (h' ,h, 0{0) , Y, (h' , h, 0{0) yeees
v, (h', h, 0(0), since all the probabilistic character-
istics in the future depends on only in what state this
process is at the present time and do not depend on
the way in which this process took place in the past.

The Markov chain is a type of Markov process
in which the future depends on the past through the
present.

The physical characteristics of the interaction of
particles (including ions) with the substance, includ-
ing solid are described as a Markov chain, since the
conditional probabilities occurrence of each event in
this study are uniquely determined by the result of
the previous state.

The Markov chain is completely de-
scribed by giving all possible probabilities.
In general, the Markov chain is not uniform, since
the transition probabilities ¥,, k =0,1,...n vary
at each step k, intensity of the flow is independent
of the depth of penetration, ie all flows that take the
system S from one state to another, is a simple, sta-
tionary Poisson. This Markov chain has a stationary
regime, because it has an ergodic property.

In some cases, the interaction of charged parti-
cles with solids in the consideration of multi-process
must take into account, in particular, the total energy
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losses for ionization and excitation in the generation
process of primary knocked-out atoms.

For ions, forming primary knocked-out atoms,
the approximation function of energy was calculat-
ed, which in turn is a function of penetration depth.
In this case, the intensity of flow depends on the
depth of penetration; therefore, the system transi-
tions of S from state to state are caused by the non-
stationary Poisson process.

The ions most of their energy are lost for ion-
ization and excitation of the atoms of the medium
(99%) and only 1% goes to the formation of the
atomic structure of defects. In the interaction of
charged particles with the material can be formed
the point defects, Frenkel pairs, large concentrations
of vacancy and interstitial atoms.

The calculation of the concentration of radiation-

n h

W(Ey,Eph)=Y, | w,(h)exp| -

n=y h—kA,

where n0, n1 — is the initial and final value of the
number of interactions in the domain of the cascade-
probability function.

Results and Discussion

Let us note some of regularities that arise when
finding the real domain of the results, depending on
the depth of penetration. (at irradiation of titanium,
silicon and tungsten charged ions in particular nitro-
gen, carbon, etc.):

1. The calculations show that at low atom-
ic weight of the incoming particle and shallow
result area of CPF depending on h is close to h,
which corresponds to h/l. With increasing depth of
the observation area, the result is shifted to the right
and is narrowed.

2. With decreasing the initial energy of the par-
ticles (the incoming particle is the same) at the same
depth of the observation area, the result is shifted to
the right and is narrowed.

3. With increasing depth of the observation for
any of the incoming particle the area result is shifted
to the right and the percentage of the inner region is
reduced. The shift percentage of the left border re-
gion decreases, sometimes at the end of run slightly
slower. The right border region varies, at the end of
run is reduced, but the percentage of the interior of
the result always decreases.
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induced defects (Cascading areas) under ion irradia-
tion is performed using the formula:

EZmax
Cy(Eyoh) = |W(Ey, E,. h)dE, , 0
E,

2, 2
_Amictmye

E2 —_—— = 1.
e (mlcz+mz(:2)2 ’

mlc2 - is the rest energy of the ion. Ck(EO,h) is
determined by taking into account the fact that the
energy of a particle at a depth h is E1 (h). Since E1
(h) =EO0-DE (h), then setting the energy loss due to
ionization and excitation DE, we obtain the corre-
sponding depth observations h of the Bethe-Bloch
formula. The spectrum of primary knocked-out at-
oms defined by the following relation:

2

o) AU

4. The depending on the atomic number of the
incident particle with the same values of the depth h
the area result is shifted to the right and the percent-
age of the inner region is reduced.

5. For large values of the atomic number of the
incident particle the area result is shifted to the
right relative h, corresponding to h/l even at shallow
depths.

As an example, the dependences of the concen-
tration of radiation-induced defects (Cascading ar-
cas) on the depth of bedding under irradiation of
titanium and other nitrogen ions were calculated. As
follows from the calculations, the depth of the ions
is less than one micron. The concentration of the
cascade region has a pronounced maximum. To ob-
tain a uniform distribution it is necessary to produce
the thermal or radiation annealing (for example, by
the high-energy electrons or gamma rays).

Conclusion

The conducted works on the modeling of the ra-
diation processes have allowed a deeper understand-
ing of the processes, in particular to determine the
depth of bedding of the ions and their distributions,
the generation of high-strength joints, depending on
the energy of the incident particle, the atomic num-
ber of the target, that has allowed more qualitatively
carry out the works on technology development.
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Next were calculated the distributions of im- its concentration decreases at small depths and in-
planted silicon with the energies of 10, 20 and 30 creases at large. The distribution of the energy loss
keV in tungsten ions in depth (figures 1-3). is also a Gaussian form. However, with increasing

As follows from the figures the distribution of particle energy the maximum losses grow and shift
silicon is given by Gaussian and shifted to the right, to the right.
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Figure 1 — The distribution of implanted silicon ions in depth of W
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Figure 2 — The distribution of energy loss by ionization of irradiated W by the flow of silicon ions of different energies
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Figure 3 — The distribution of sputtered atoms of W in the depth of the target when irradiated with ion flux ofsilicon
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AUN. Kymmunmws, T.A. [lMmeranesa, E.B. [lmeranes, K K. Kanp6ekos
KarTbl K6n KOMIIOHEHTTI KJHe 0Te :KOFapbl KATThI 0aJIKbIMAJIAPAbIH TEXHOJIOTUSJIbIK OH/1eJIyi THTAH,
KpeMHH, BOJIb(pam, T.0. Herizinge HOHAAJIFAH CIyJlesepliH KoMeriMeH aJabIHAAbI

Kemenzi 3eprre- 1ma »xaHa KOHE MEPCHeKTUBAIbI KATTHI KOHE CBEPXTBEP/IbIX MATEPUAIIBIH all- FHUIBIMH HETI3iHIH
JKapaJFaHbIHA MEH UTEPYIILTIK OONIIeKTIH MOKIIaIapbIHBIH OTKI3Iip-0TKi3y. MHOTOKOMIIOHEHTHBIX KATTHI )KOHE CBEpPX-
TBEPIBIX KYHUBIHABIHBIH ajl- paIualldsuIbK TeXHOJOTHICHIHBIH Heri3nepi 6ac Heri3 Ti o3ipme-, Si, kone ap. W, BBICOKO-
SHEPreTUKANBIK IIOKIIaTapAblH HOHHBIH, ICKTPOHICPAiH, TepMoBo3aeicTBua xone CBY. JKymbicTap m1a i3aeHic xoHe
PEKUMHIH TaTFaMBIHBIH PaIHAHSIBIK OTKi3Hip-0TKi3y jkoHe CBY YHTaKTHIH, IIONMMEPIiH XKOHE CIIeKaHH (KbI3Y, KBICHIM)
PEeXUMiHIH KOMIIOHEHTIHIH OHAeyIepi. YTiHIH H3TOTOBICHHUS dIiCTeMeci a3ipIe-.

Tyiiin co3oep: Ti, Si, W, cyniepTBepasle KYWbIHABLIAP.

AN. Kymuaumus, T.A. IlImeiranesa, E.B. lMeranes, JK.K. Kanpoekon
Pa3pa6oTka TeXHOJOIHHU MOJy4eHHs] MHOTOKOMIIOHEHTHBIX TBEPABIX H CBEPXTBEPABIX CIJIABOB HAa ocHoBe Ti,
Si, W u 1p. ¢ noMoub10 HOHU3UPYIOLIEro U3JIy4eHHUs!

IIpoBeneHbI KOMIIJIEKCHBIE HCCIIEOBAHUS 110 CO3IaHUIO HAyYHbIX OCHOB IIOJYyUYEHUS HOBBIX U IIEPCIIEKTUBHBIX TBEPIBIX
U CBEPXTBEPAbIX MATEpHAJIOB C HCIIOIH30BAHMUEM ITyYKOB HACTHI. Pa3paboTaHbl OCHOBBI PaJHALMOHHOW TEXHOJIOTUHU
TMOJTyYeHHs] MHOTOKOMITOHEHTHBIX TBEP/IBIX M CBEPXTBEP/IbIX CIIIaBOB Ha ocHOBE Ti, Si, W 1 Jip., BHICOKOIHEPreTHYECKHUX
ITy4YKOB MOHOB, DJIEKTPOHOB, TepMoBo3/ieiicTBus 1 CBY. [IpoBeeHb! paboThI [0 TIOMCKY U BEIOOPY PEXKUMOB paIialluOHHOM
n CBY 00paboTKu MOPOIIKOB, KOMIOHEHTOB MOJIMMEPOB U PEKMMOB CIIeKaHus (Temreparypa, nasienue). Pazpadorana
METOJIMKA U3TOTOBJIEHUS 00Pa3LIOB.

Knrouesote cnosa: Ti, Si, W, cynepTBepbie CIUIaBbI.
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