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Structure and properties of multiphase ionic-plasma coverings

In work results of research of process of formation of ionic-plasma multiphase coverings are discussed. It is
shown, that types of structures arising thus are not so diverse, as, for example, at crystallisation of alloys. Ba-
sically the globular structure and, less often, not closed and cellular structures is observed. It is shown,«hat
physical properties can essentially differ depending on element structure of coverings. Properties of coyerings
Cr-Mn-Si—Cu-Fe—-Al +Ti, received in the environment of argon and nitrogen, after a laser irradiatioh change
in the various image. It is connected with features of behaviour of nitrides of the titan and chrome atinfluence
of laser radiation. Properties of coverings Fe—Al after a laser irradiation practically do not change. It 1§kcon-
nected with features of structure of these coverings which represents not closed structure.

Key words: plasma, a covering, microhardness, a friction, a microstructure, ionic irradiation, @ laser irtadia-
tion.

Introduction

The first cutting plates with a covering have appeared in the foreign macket in 1968 when the Swedish
firm «Sandvik Koromant» had been developed and introduced in manufacture’a method of sedimentation of
carbide of the titan on the tool from firm alloys. In 1971 (USA) hayeibeen received by firm Teledyne Firth
Sterlig of a covering from nitride of the titan. At the Moscow,institute of'a steel and alloys in 1971 the meth-
od of sedimentation of a covering from niobium carbide has been developed. The next years researchers of
many countries (the USA, France, Japan, the Great Britaih, Germany, etc.) were developed technologies of
drawing of various coverings of various appointment#Fherc‘Wwas a big number of the works devoted to vari-
ous aspects of technology of drawing of coverings fil--11].

It has appeared, that properties of coveringssare influenced by a considerable quantity of factors: struc-
ture of sprayed cathodes and their physical and chemicalyproperties; properties of a substrate on which there
is a material sedimentation; technology fagtors— am arch current, pressure of reactionary gas, substrate tem-
perature, size of basic pressure etc. [1, 42=15].

A variety of influencing factor§yhas gemerated a considerable quantity of processing methods of for-
mation of coverings [16—19]. Last yearsithe greatest popularity was received by methods of sedimentation of
multiphase materials with high.entropy [20].

In the present work géneralisation of the experimental results received by us is spent, the part from
which is published in wotks [21-30].

Raole of @superficial tension in formation of ionic-plasma coverings

Experimental definitién of a superficial tension of solid states is complicated by that their molecules
(atoms) are deptived possibility freely to move. The exception makes a plastic current of metals at the tem-
peratures egloséto aimelting point when mobility of atoms on a surface becomes appreciable.

In works [31—-32] new methods of experimental definition of a superficial tension of solid states are of-
fered. [Theseymethods are based on measurement of the dimensional effects connected with change of some
physi¢€al properties of a small particle or a thin film at reduction of their size. Methods of definition of a su-
petficial tension of the besieged coverings are based on dimensional effects, offered by us in work [33] also.

In works [26-28, 34-38] we in detail consider results of measurement of a superficial tension of nitrides
of various metals, composite coverings. Here we will stop for roles of a superficial tension in formation of
structure of ionic-plasma coverings.

This role is especially visually shown at formation of coverings in multiphase streams. In drawings 1
and 2 it is shown, how the covering structure changes at simultaneous dispersion of the multiphase cathode
and the titan in the environment of nitrogen.
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Figure 1. The image of globular structures Figure 2. The image of cellular structure
of covering Cr—-Mn—Si—Cu—Fe—Al, Cr—Mn-Si—Cu—Fe—Al + Ti in thewes
received on a nuclear power microscope of the nitrogen, received on a nuclea

Influence of technological parametres on structure of ionic

Direct influence on structure and physical properties of the coverings ived by a method of ionic-
plasma sedimentation, render following parametres: pressure of reactionarygas in the working chamber; ba-
sis potential; a current of the category of an arch; properties og erial of the cathode; substrate tempera-
ture. In figures 3, as an example, electron-microscopic images of ¢ ite coverings are shown at tempera-
tures of a substrate 350 and 450 °C. From figure 3 it is visible, t temperature 450 °C there is a coagula-
tion of a zinc phase in larger fragments, and other (most part) more uniform.

SEMMY 000K WD 1500 mm

Figure 3. Electron-microscopic image of a covering Zn—Al

mperature of a substrate for all composite coverings has appeared equal nearby 400 °C.
in a current of the category of an arch leads to increase in a thickness of a covering, how-

in a film neutral particles of reactionary gas and the cathode «are immured», that promotes increase of con-
centration of defects of a covering.

We had been investigated dependence of properties of composite coverings on pressure of nitrogen in
the working chamber; thus force of a current, basic pressure, a material of the cathode, a fastening and heat-
conducting path condition, time of processes of clearing and a dusting remained constants. In table 1 results
on microhardness are presented.
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Table 1
Dependence of microhardness of a covering on pressure of gas in the chamber
Residual pressure Viker's microhardness, HV
of gas in the chamber Al-Fe Zn—Cu-Al Zn—Al Al-Fe
10" 0,662 0509
107’ 0,66 0,512
10° 0,60 0,573 0,569 0,514
107 0,61 0,600 0,520 0,470

At pressure of nitrogen P =0,058-0,81 Pa the small dense structure close to crexuome
structure which is characterised optimum, from the point of view of metal properties, is form
metal and ionic components of communication. Thus the maintenance of a drop phase
quantity of defects increases. At the further increase of pressure the big number of free ionsileads sharp de-
fects.

Having analysed results of research, it is possible to draw a conclusion that the
pressure of nitrogen P = 0,081-0,81 Pa, have in regular most intervals distributed
minimum maintenance of a drop phase and the greatest values of microhardness.

es received at
structure, the

Influence of an ionic irradiation on structure and property, Itiph verings

The basic influence of ionic bombardment on properties of coveri
origin owing to a relaxation of pressure in the field of ionic blow and re
Thus on a surface dot defects which are the active centres of adSorpti
plays, mobility of atoms on a surface (superficial diffusion) which
a growing film by ions of inert gas. To increase quantity o ot defects it is possible or increase in
energy of a stream of ions, or increase in density of a cugrent\ofyions. Simultaneously with formation of de-
fects there is also their return process of recombination w duees concentration of defects. As a result of
rmation of germs which it is possible to in-

d out at a stage of their
nisation of crystal structure.
n are formed. The important role also
ifies at low-energy bombardment of

fluence is established, changing parametres of an io
In figure 4-9 are shown AFM images of
by argon ions.

W18 Zum  Y:18.2um  Z:657.Omm [2.2:1] Z,nm Z,nm
5

Ba:r 76.lmm Ry 95.9nm 3 HK:30.2um T:30.Zum  Z:l.8um [1.7:1] 1640

Ba: O0.Zum  Bog: O0.Zum 1312

Figure 4. AFM the image of a surface Figure 5. AFM the image of a surface
of covering Fe—Al (to an irradiation) of covering Fe—Al (after an irradiation)
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Figure 6. AFM the image of a surface Figure 7. AFM the image of
of covering Zn—Al (to an irradiation) of covering Zn—Al (after an
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Figure 9. AFM the image of a surface
of covering Mn—Fe—Cu—Al (after an irradiation)

value of the Jung’s
communicates us wit
leads to clastic di
behaviour of t

asured before and after an irradiation. Such behaviour of covering Zn—Al
ngly pronounced of globular structure. Presence of such system of «spheres»

tion The structure of covering Fe-Al sharply differs from structure of covering Zn—Al.
e not closed structures (fig. 4). The roughness of this covering after an irradiation in-

course of anmitra
In this ¢ S

ases) almiost three times while the Jung’s module decreases in as much time. The same behaviour of the
@ odule’is observed and for covering Mn—Fe—Cu—Al.

Table 2

Value of the Jung’s module

Covering After an irradiation | To an irradiation
E, GPa E, GPa
Cr—Mn—Si—Cu—Fe—Al 1,0 0.5
Zn—-Al 0,6 0’ 6
Mn-Fe-Cu-Al 0,1 0.3
Fe-Al 0’2 0’ 7
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Table 3
The Roughness of covering R,
. After an irradiation | To an irradiation
Covering

R,, nm R,, nm
Cr—Mn-Si—Cu—Fe—Al 22,26 13,34
Zn—Al 76,39 78,0
Mn-Fe—Cu—Al 23,08 29,89
Fe—Al 147,06 56,14

Properties of coverings at simultaneous dispersion of various cathodes

The basic idea used in the present work consists in the following: for generation
streams of ions of the various metals besieged on a substrate, we use the multiphase comp
one gun of vacuum installation and the single-phase cathode from the titan on other
simultaneous dispersion of various cathodes ions of metals mix up in plasma and, afteggsedimentation, form a
covering. Such approach is «compelled» as reception of multiphase composite cat e set number
the component represents a challenge connected with reception of multic
properties which component can differ considerably. Results of measure
site coverings are presented to tab. 4.

ulticomponent
itc cathode on

ardness of compo-

Table 4
Microhardness of samples with the coveriJ infargon and nitrogen
Covering Quantity of tests The sample Ne 1 02 The sample Ne 2
(15 min) in nitrogeén in) in nitrogen (30 min) in argon
1 305,3 217,5
2 361,7 226,8
. 3 251,4 211,8
Zn-Al+Ti 4 206,0 2116
5 235,6 217,8
Average value 272,0 217,1
1 264,1 331,8
2 206,2 2572 334,7
. 3 208,5 263,9 339,2
Fe-Al+Ti 226.6 2784 3559
200,5 286,5 319,7
ge val 205,5 270,0 336,2
279,0 248,6 2220
207,6 2523 2177
291,2 2432 221,2
Zn-Cu-Al+ 4 185.7 252.5 218
5 191,1 249,3 2220
Average value 230,9 2492 220,9
1 298,4 2578 227.8
2 266,0 244,6 2257
3 286,4 246,0 229,6
4 270,8 2443 220,2
5 249,6 253,6 232,4
Average value 274,2 247,2 227,1

As microhardness in the environment of nitrogen more than in the inert environment of argon at the ex-
pense of formation of a phase of nitride of the titan follows from tables 4, in all cases.

For a long time it is known, that iron impurity make the big impact on quality of received aluminium,
that is with increase in the maintenance of these impurity corrosion firmness worsens, plasticity decreases,
durability of aluminium raises.
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Clearing of aluminium of iron filtering and in other ways is labour-consuming and expensive procedure.
Therefore as an alternative variant of use of technical aluminium with the raised maintenance of iron draw-
ing of coverings from it is at simultaneous introduction of the titan in the environment of nitrogen. Thus neg-
ative influence of iron sharply decreases for properties of aluminium.

Advantage of the offered approach is that high adaptability to manufacture of process which is difficult
for carrying out traditional methods is thus reached, at good technical and consumer properties of coverings.

Influence of laser radiation on properties of multiphase coverings

Laser radiation possesses high energy, monochromaticity and a narrow orientation. It allows to c@ncen-

persion. The structure of the layer strengthened by laser radiation, is characterised b
ered by chemical activity, mechanical characteristics, thermal stability, size and
residual pressure [39—42] vary.

On figures 10—11 the microstructure of coverings before laser pro

Figure 10. Covering microsfructure Figure 11. Covering microstructure
Cr—Mn-Si—Cu-Fe—-Al +Ti in the ga ironment Cr—Mn—Si—Cu-Fe—Al +Ti in gas to the environment
argon to a laser i i of argon after a laser irradiation

f samples Cr—Mn-Si—Cu—Fe—Al + Ti in the environment of argon with-
processing are resulted. Definition of factors of a friction was made in
g; a covering — aluminium; a covering — copper.

out laser processing
steam: a covering — &

Table 5
friction of covering Cr—Mn-Si—Cu-Fe—Al + Ti, received in the environment of argon
Factors of a friction
a covering — a covering a covering — aluminium a covering — copper
0,413 0,302 0,269
after a laser irradiation 0,274 0,265 0,264

In table 6 values of microhardness on Vikkers (HV) samples Cr—-Mn—Si—Cu-Fe—Al + Ti in the envi-
ronment of argon without laser processing and after laser processing are resulted.
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Table 6

Microhardness of covering Cr—Mn—Si—Cu—Fe-Al + Ti, received in the environment of argon

The sample Test loading, kg Microhardness, HV
Cr-Mn-Si—Cu—Fe—Al + Ti to a laser irradiation 0,01 190,5
Cr-Mn-Si—Cu—Fe—Al + Ti after a laser irradiation 0,01 328,0

On figures 12—13 the microstructure of covering Cr—Mn-Si—Cu—Fe—Al + Ti, the nitrogen received in
atmosphere is shown.

Figure 12. The microstructure of covering
Cr—Mn-Si—Cu-Fe—-Al + Ti in the gas
environment of nitrogen to a laser irradiation

Mn-Si—Cu—Fe—Al + Ti in the gas
ironment of nitrogen after a laser irradiation

In table 7 factors of a friction of samples Cr— u—Fe—Al + Ti in the environment of argon with-

out laser processing and after laser processingf

Table 7

Factors of a friction of coverin Si—Cu-Fe-Al + Ti, received in the environment of nitrogen

Factors of a friction

The sample

Cr-Mn-Si—Cu—Fe-Al + Ti
to a laser irradiation

Cr-Mn-Si—Cu—Fe-Al
after a laser irradiation

ring — a covering a covering — a covering

0,243 0,304 0,431

0,229 0,370 0,320

microhardness on Vikkers (HV) samples Cr—Mn-Si—Cu—Fe—Al + Ti in the envi-
ithout laser processing and after laser processing

In table
ronment o

Table 8

Microhardness of covering Cr—Mn-Si—Cu-Fe-Al + Ti, received in the environment of nitrogen

The sample Test loading, kg Microhardness, HV
Cr— Si—Cu—Fe—Al + Ti to a laser irradiation 0,025 804.,4
Cr-Mn-Si—Cu—Fe—Al + Ti after a laser irradiation 0,025 365.5

As follows from tables 5 and 6 for covering Cr—Mn—Si—Cu—Fe—Al + Ti in the environment of argon the
factor of a friction after laser processing decreases, and microhardness increases. We connect the first effect
with reduction of a roughness of a covering at its fusion by a laser beam. The second effect is caused by for-
mation of structure of a covering with dispositions at sharp heating-cooling that is clearly visible from com-
parison figures 10 and 11.
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At drawing of coverings Cr—Mn—Si—Cu—Fe—Al + Ti in the environment of nitrogen in the last the areas
containing nitrides of the titan and chrome, and the maintenance both component approximately equally are
formed. The size of particles of nitride of the titan and chrome according to electronic microscopy makes
100-150 nanometers. Microcrystals of nitrides of the titan and chrome have primary orientation (presumably
in a direction (200)), that is distinct from spherical symmetry of microcrystals of the pure titan. All it, along
with cellular structure of a covering, leads to its high microhardness (table 8). After laser processing of cov-
ering Cr—Mn—Si—Cu—Fe—Al + Ti, received in the environment of nitrogen, the friction factor changes slight-
ly, and microhardness decreases more than in 2 times (tab. 8). It means, that in this case we deal not about
covering hardening, and with its holiday as it is observed in the tempered steels at heats. However the\mech-
anism of loss of hardening in our case is distinct from the mechanism of holiday of a steel where last is
caused by phase transition. One of the probable reasons of loss of hardening of covering Cr—Mn—Si=@€u-Fe—
Al + Ti, received in the environment of nitrogen, is formation of a congestion of microcry$tals of the titan
and the chrome, clearly visible on fig. 11 both 13 and occurring at cooling of the fused covening after a aser
irradiation.

The conclusion

The results of research of process of formation of ionic-plasma multiphasefédyerinigsfresulted in the
present work show, that types of structures arising thus are not so diverse,@s, for example, at,crystallisation
of alloys. Basically the structure and, less often, globular, not closed and\cellular structures is observed.
However, physical properties can essentially differ depending on elementystruetuce of coverings. As the size
of a superficial tension (superficial energy) in most cases is size additive gach element which is a part of a
covering, brings the contribution to the general superficial energy: In case of simultaneous dispersion of mul-
tiphase cathodes coverings with the high entropy, possessing the ordeted structure and the raised mechanical
properties are formed. Thus, some overall picture appears: Forteception of the superfirm structured cover-
ings it is necessary to use multiphase (multielement) cathodes, it is‘desirable at their simultaneous dispersion.
Certainly, it is impossible to forget and about optimisatiofijtechnolegical parametres of process of sedimenta-
tion of coverings.

Work is executed under the program of the Ministry of science and education of Republic Kazakhstan
055 «Scientific and/or scientific and technical®@étivitiwthe subroutine 101 «Grant financing of scientific
researchesy.
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V.Ch.Laurinas, S.A.Guchenko, O.N.Zavatskaya

B.U.Jlaypunac, C.A.I'yuenko, O.H.3aBaukas

Kendazanblk HOHABI-IJIA3MAJIBI KA0BIHABIHBIH KYPbUIBIMBI JKOHE KacueTTepi

Makanana HOHABI-IIa3MaIBIK Ka0yIapIblH MUKPOKATAHABIFBIH 3epTTEY HOTIXKeNepi Tanganasl. JKadymap st
JKacay YIIH Oip oHe KeIl KaMepassl IUIa3MallbIK aFblHaap KosmaHeuiasl. JKaOGymapipl xkacaraHIa aproH
JKOHE a30T aTMocdepacs MalJaNaHBUIBI, 9P TYPJi e3TepiCKe YINBIpaiThIHBI OaiiKaaraH. DKCIEePHMEHTTIK
MoiMeTTep OOHbIHINA, >KaOynapAbIH MHUKPOKATAHIBIFE YITI OETiHe KBa3UIEPHOITHI ©3TepeTiHi KepiHesi.
XKaOynapaplH TNEpHONTHIK KYPBUIBIMBIH ~ KAJBIITACTBIPYFa apHAIFaH MOJENb YCHIHBULABL —Mojenb
TEOPHUSICHIHBIH HeTi3i, xabynapasl KaJbIITacThIpFaH Ke3/e OyJaHIbIPbUIATHIH aFbIHAApD KOMIOHEHTTEpiHiH
KOHILCHTPALMSJIBIK TpajueHTi ecebiHeH maiiga OonaThlH aBTOTEPOENICTIK KO3FaIBICTApAbIH TYybIHA
HETi3/Ie/ITeH.

B.U.Jlaypunac, C.A.I'yuenko, O.H.3aBankas

CTpyKkTypa 1 cBOiicTBAa MHOT0()a3HBIX MOHHO-TIA3MEHHbIX MOKPBLT Nl

B pabGote obcyxnmaroTcs pe3yibTaThl UCCIEIOBaHMA Tporecca (OPMHUPOBAHHS HOHHO-INIA3MCHHBIXSMHOTO-
(hasHbIX MOKphEITHH. [10Ka3aHO, YTO TUIBI BO3HHUKAIOIINX TIPH 3TOM CTPYKTYp HENCTOIb MHOTOOOpa3HbI, KakK,
HaTmpuMep, TPU KPUCTAJUTU3AIMN CIUIAaBOB. B 0CHOBHOM HalItoaeTcs rio0ysipHasi CTpYKTYpa 1, pexke, He-
3aMKHYTBIC TUCCUIIATUBHBIE U SUYEUCTHIE CTPYKTYpHI. [lokazaHo, uTo (u3HlecKie cBONHCTBafMOTYT CyLIecT-
BEHHO OTJIMYATHCS B 3aBUCUMOCTH OT 3JIEMEHTHOTO COCTaBa MOKPBHITHN. ABTOPaMI OTMEHYEHO, YTO CBOMCTBA
nokpeitiii Cr—Mn—Si—Cu-Fe—Al + Ti, nony4deHHbsle B cpeie aproHa U a3oTa, MOCIE JIa3epHOro OOIydeHUs
W3MEHSIOTCS Pa3IMYHBIM 00pa3oM. JTO CBS3aHO C OCOOCHHOCTSIME MOBEACHHS HUTPUIHOHN (a3l mpu BO3-
JIEHCTBHH Ja3epHOTo u3imydeHus. OnpeneneHo, 4To cBoicTBa MOKPHITHH Ee—Al mocie na3zepHOro o0mydeHus
TIPAaKTHIECKH HE M3MEHSIOTCS. DTO CBSI3aHO C OCOOEHHOCTSIMH CEPYKTYPBINTHX MOKPHITHH, KOTOpas Mpex-
CTaBJISIET COO0I HE3AMKHYTYIO CTPYKTYPY.

Kniouesvie cnosa: mna3ma, IOKPBHITHE, MUKPOTBEPIOCTh, ZPCHHE, MHKPOCTPYKTYpa, HOHHOE O0IydeHue, Ja-
3epHOE 00IyUYeHue.
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