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MODELING OBTAINING OF DIFFUSION LAYERS BY USING A COMPOSITE
POWDER MATERIALS

The process of modeling the production of alitized, titanium, siliconized, nickeled coatings is
an effective method to increase the reliability and durability of machine parts, tools, and tooling due
to the creation of protective layers on the surface of the machined parts that have a unique set of phy-
sicochemical properties.

One of the most efficient methods of the development covering, possessing high mechanical,
physic and chemical characteristics is surface metal diffusion saturation using a composite powder
materials.

The alloys based on copper served the source data for study. The diffusion method of the sur-
face saturation from hard phase in active gas ambience on the basis of analysis of the requirements,
presented to copper covering and the way of the metal saturation for defensive covering obtaining has
been chosen. This method provides for high surface quality and it is the simplest and most suitable one
in laboratory practice being well reproduced in production condition and it does not demand for spe-
cial complex equipment whiles it’s realizing.

Keywords: composite saturating environment, thermodynamics, modeling; coatings.

Ilpoyec mooeniosanta ompuUMaHHA ATIOMIHIEGUX, MUMAHOBUX, CULIYIOBAHUX, HIKETbOBAHUX
NOKpUMmie € eexmusHuM MemoooM NIOSUWEHHS HAOIIHOCME Ma 008208IMHOCMI MAUUHHUX Jema-
Jell, IHCMPYMeHmi8 3a paxyHOK CMEOPEHHs 3aXUCHUX WAPI6 Ha NoeepXHi 00poO0sanux demanel, AKi
Maiomb YHIKAIbHUU HAOIP QI3UKO-XIMIYHUX 61ACTMUBOCMEN.

Oonum 3 HaUbILW ehekmusHUx Memodie po3poOKU 3AXUCHUX WAPIB, WO B0N00IIOMb GUCOKU-
MU MEXAHIYHUMU, DI3UMHUMU MA XIMIYHUMU XAPAKMEPUCTIUKAMU, € Ouy3iliHe HACUYeHHS NOBEPXHI
wapie i3 3aCMOCY8AHHAM KOMNOZUYILHUX HOPOUIKOBUX Mamepiais.

Cnnasu Ha 0CHOSI MIOI cyey8anu eUXIOHUMU OaHUMU OISl 8usderHs. Memoo ougysiiinozo Ha-
CUYEHHs NOBEPXHI i3 MBepOoi (ha3u 8 AKMUBHOMY 2A3080MY CePeO0BUULT HA OCHOBI AHANIZY BUMO2, WO
nped'ssnsiomscst 00 oughy3itinoco wapy, ma 0opano cnocié nacuuenns memany. Lleti memoo 3abesne-
Yye GUCOKY SIKICTb NOBEPXHI, 6IH € HAUNPOCMIWUM | HAUOLIbUL UKOPUCTIOBYBAHUM Y AAOOPAMOPHIL
npakmuyi, 000pe 8I0MEOPHEMbCI Y GUPOOHUYUX YMOBAX, | He NOMPeOYe CReYiaIbHO20 CKIAOH020 00-
JIAOHAHHSA, Peanizyiouu 1o2o.

Knrouoei cnoea: xomnosuyiiini Hacuuyioui cepedosuua,; mepmooOuHamiKa, MOOet08aHHs,; no-
KpUummsi.

Introduction

The choice of node construction material details development of friction while trying to get
high performance characteristics is one of the base problems in machine building. The main aim is a
selecting known and creating new materials, possessing optimum characteristics, providing necessary
resources for a given node development of friction. Alongside with getting necessary working charac-
teristics it is required to take into account the economic considerations minding market conditions.

In this connection it’s important that for node material development of friction to be obtained
from available undeficit components using technology, requiring standard equipment, high vacuum,
cryogenic temperatures and expensive technologies.

While selecting node material development of friction it must be taken account their compati-
bility, especially it’s property of dripping and the following edge fin those are connected with chemi-
cal affinity, proximity to constitution and value of parameter of crystal lattices. In more general form
compatibility is understood as the ability of materials to provide the optimum parameters of the node
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of friction at continuous exploitation, quickly adaptation to abrupt changes of the load, velocity and
temperature under adverse conditions of lubricant.
Analysis of recent research and publications

In the article Kukhareva N.G., Galynska N.A., Petrovich S.N. [1], when considering the
process of forming diffusion layers, usually attempt to trace this process using alloy state diagrams. At
the same time, they proceed from the position that has become almost the rule that the formation of a
layer on the diffusion isotherm follows an increase in the concentration of the diffusing element in the
alloy system and obeys the laws of phase transformations. In this case, first the phases of the lower
composition must occur, then the middle and finally the higher (pure or atomic diffusion theory) [1].
According to another theory (reaction diffusion theory), the formation of a diffusion layer can begin
with the formation of a phase of higher or medium composition, past the stage of formation of a phase
of the lower composition, if the thermodynamic conditions for the formation of these phases are more
favorable than for the phases of the lower composition [1].

The large theoretical and experimental material available [2—38], which is based on the appli-
cation of precision methods for the study of the phase and chemical compositions of the diffusion
layer, convinces us that in many cases the practice of chemical-thermal treatment of the formation of
the diffusion layer does not obey equilibrium conditions, intermittent and may begin with the forma-
tion of the phase of higher or middle composition. In this case, the structure of the diffusion layer is
not equilibrium. Among the various factors affecting the mechanism of formation of a diffusion layer
with non-equilibrium structure, the main ones are the initial conditions preceding the process of diffu-
sion of elements into metal, which directly or indirectly depend on a number of physicochemical and
kinetic saturation factors, especially significant when it comes to a multicomponent system the satura-
tion presented in this study.

With the emergence of the theory of nonequilibrium systems, it became possible to influence
the structure and properties of diffusion layers by changing the dynamics of the saturation process it-
self. By changing the composition of the saturating medium and the ratio of its components, it is poss-
ible to influence the system and thereby change the kinetics of the diffusion processes.

Presenting main material

In diffusion saturation, it is important to transfer the components to the surface through the sa-
turated gas phase. Obtaining protective coatings is carried out under non-stationary temperature condi-
tions, so chemical transport reactions are important.

Mechanical compression tests show that the role of the diffusion layer is not only limited by
the surface protection functions of the specimens, but also has a significant effect on its bulk proper-
ties. Diffusion saturation of titanium and aluminum alloys increases the compressive strength by 52%.

The high propagation velocities of the combustion wave, together with the high temperature,
determine the short synthesis times and high process performance. Typical linear combustion veloci-
ties are 0.5-5 cm/sec., and in some cases they can reach large values (up to 20 cm/sec.). Often, the
synthesis reaction does not have time to complete in the wave itself, and a volumetric reaction and
formation of the final structure of products behind the combustion front take place. But also such
process proceeds quickly enough because of high combustion temperatures.

Copper alloys protection with their chemist-thermal processing appears to be not only perspec-
tive, but sometimes and the only possible way of the obtaining product having necessary complex
working characteristics, with enlarged mechanical toughness, corrosion to stability, resistances to de-
tritions and oxidation under high temperature while keeping main copper alloy quality that is high
electrical and thermal conductivity. Saturation to surfaces alloys simultaneously with several elements
has main the advantage it allows to obtain, as a rule, more essential improvement of characteristic sur-
face layer [9].

On analysis reaction observation, taking place while chemical-thermal processing in mode of
the heat spontaneous combustion of powdered mixture, as well as the results of experiments and me-
tallographic examination, there has been got the scheme of the formation hardened layers on copper
alloys. It is possible to divide this process into several stages conditionally. First, the reactionary mix-
ture is warmed in a stove up to the temperature of ignition that is it passes so called stage of the inert
heating. Then occurs the interaction between powder oxides chromium, aluminum, as well as molyb-
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denum, aluminum and silicon, occurs at the same time temperature in a reactor increases up to a max-
imum value. It is a stage of the heat spontaneous combustion.

On the third stage — the stage of heating product if occurs leveling the temperature over the
volume of the reactor. At this chase active atoms of silicon, molybdenum and the other elements begin

diffuse into a substrate. On the following stage, the stage of isothermal endurances — further diffusion
a growing of the covering occurs.

As a result of diffusion surface saturation in condition of self-propagation high-temperature
synthesis alumina-silicon, titanium-silicon and alumina-molybdenum-silicon covering on copper alloy

were obtained. Herewith, the maximum thickness covering was 10—65 mm. The measurement of the
geometric sizes of samples were conducted before and after the chemicalthermal processing.

The differences in quality of surfaces, as structure, phase, composition, micro hardness and
contents doping elements in diffusion layer on alloys are defined by the temperature of the process, the
time of the endurance and the composite saturating environment. The mode of the heat spontaneous
combustion, characterized by small duration, is recommended to use instead of traditional ways of
chemical-thermal processing alloys (nitration, chrome plating and others.).

Structure x-rays analysis has shown that except 6-hard solution aluminum and nickel in alloy
on base copper in diffusion layer there are following phases CuyAly, NiAl, Ni;Al. Stabildross of sam-
ples saturated with aluminum, silicon and nickel simultaneously, in many times exceeds the resistance
to oxidation of the uncovered alloy. So, when testing during 12 ch weight up of diffusion-saturated
samples is 6 times less. Microstructure of a diffusion layer after testing keeps column extended grain
0-phases and a number of mechanical mixture phases, but the general depth of a layer is somewhat
bigger. Presence refractory chemical compounds in diffusion layer such as NiAl, must promote in-
creasing hot-resistance sample [10].

The influence of diffusion saturation aluminum, silicon and nickel on wear capability copper
alloy was defined on a universal machine MI-1M in condition of dry friction and the swing under load
25 kg [11]. The following conditions of friction were accepted, meeting the usage terms of the nodes:
V =1,5 m/s, P = 0,8 MPa. The behavior of diffusion-saturated sample in condition of the wear-out test
has shown perspectives of dopins surface as a method of increasing alloy wear capability. It gave pos-
sibility for normal working conditions of mechanism optimum thickness of the defensive covering on
details, being subjected to wearing out is 0,02—0,09 mm. Using of mechanical tests on compression it
is proved that the role of diffusion layer is not limited only a function of surfaces sample protection,
but it influences essentially threedimensional characteristics. Diffusion saturation of alloy aluminum
and nickel raises the limit to toughness at compression of 52 %.

Consequently, diffusion saturation alloy aluminum and nickel raises such characteristics of
bronze and brasses, as stabildross, wear-out resistance and mechanical toughness, and can beused in
the industry aiming increase of reliability and longevity of a copper product.

Research of reliability of mechanisms is proved in most cases quick wear-out of the details,
made from bronze C62300 (the bushings, anything numbered six), occurs because of roughness of the
associate detail. Most wear-out of the bronze details occurs at period of the wear-in, during which val-

ue break-in wear-out can form 60—70 % general tolerance for wear-out.

Research of the influence of the nickel covering on a wear-out sample (V = 2,5 m/s, P = 1,0
MPa) were made on installation for test material on detritions. As rear body was used the bar from
fast-cut steel R6MS, hardened to hardness HRC 62—65. To two parties samples of 10 pieces each
were subsected to the test: the first party was without covering, the second was with nickel and silicon

covering by thickness 10—65 mm. It was accepted that for criterion of the wear-out the ability
process surfaces to exercised sample to resist to detrition, which was valued with a gap of time from
the beginning of test before appearance of hits on diagram tape grapher, caused by process of grasp a
material sample and rear body.
Conclusions
As a result of physico-chemical modeling, it is established that the process of obtaining pro-
tective coatings is possible only if the solubility of the diffusing element in the metal and a sufficiently
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high temperature that provides the necessary energy to the atoms. The possibility of chemical transport
in the combustion wave is based on the fact that in the combustion process there is a consistent change
of temperature modes and the temperature at each point of the mixture runs a series of continuous val-
ues from T, to Tg. Thus, a non-stationary temperature process combined with chemical transport reac-
tions can be used to obtain coatings.

Using nickel saturation of allows in 1,4—1,8 times raises wear capability a sample in conse-
quence of reduction of the factor of friction. Herewith improve the steady-state factors to resistivity of
the surfaces sample to detritions. The Analysis shows that using on sample of the nickel covering
promotes increasing to reliability of the product as a whole. Thereby, executed studies point to pers-
pective using silicon saturation and nickel saturation as a efficient tribotechnical covering. Herewith in
process of the mechanical processing the details of the nodes of friction it is necessary to provide al-
low to come near for thickness of the inflicted covering.
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MOJIEJIIOBAHHSI OTPUMAHHSA JIA®Y3IMHUX IAPIB 3 BAKOPUCTAHHSM
KOMIIO3UIIMHUX MTOPOIIKOBUX MATEPIAJIIB
Kpyrask L.B.

Pedepar

[Iporec MozeMIOBaHHS BUPOOHUIITBA AJIFOMiIHIEBUX, TUTAHOBUX, CHIIILIHOBAaHMX, HIKEJIbOBA-
HUX TOKPUTTIB € €()eKTUBHUM METOJIOM ITiJIBUIICHHS HAJ[IHHOCTI Ta JOBIOBIYHOCTI MAIlMHHUX JIETa-
JIeH, IHCTPYMEHTIB 32 paXyHOK CTBOPEHHSI 3aXMCHHUX IIapiB HA MOBEPXHI 00OPOOIIOBaHUX JeTaNeH, sKi
MaroTh VHIKaTbHUN Habip (i3MKO-XIMIYHUX BiacTHBOCTeH. OMHUM 3 HaWO1LIhIT e(DEKTHBHUX METOMIB
PO3pOOKH 3aXHCHHX MIAPIB, IO BOJOAIIOTH BUCOKUMH MEXaHIYHUMH, (PI3UMHUMH Ta XIMIYHHUMH Xapa-
KTePUCTUKaMH, € NuQy3iifHe HaCHUEHHS MOBEPXHI MIApiB i3 3aCTOCYBaHHSAM KOMIIO3HIIHHUX MOPOIII-
KOBHX MaTepiaiB.

HasBHMII BeMKHI TEOPETUYHUH 1 eKCTIEpUMEHTAIbHUN MaTepiall, SIKUi IPYHTYETbCS Ha 3a-
CTOCYBaHHI NMpenn3iiHUX METOAIB IOCTIKeHHS (a30BOT0 1 XIMIYHOTO cKiIaAiB AUQy3iiHOTO Mmapy,
MEPEeKOHY€E HAC B TOMY, M0 Y 0araTb0X BHITaIKaX MPaKTUKH XiMIKO-TepMI4HOT 0OpOOKH YTBOPEHHS
IQy3iHHOTO MIapy He MiJKOPSIETHCS PIBHOBaXHAM YMOBaM, a MPOTIKAE MEPEPHUBYACTO 1 MOXKE PO3IIO-
YaTUcs 3 YTBOPEHHs (a3u BUIIOro abo cepeanporo cknany. CTpykrypa audy3iiiHOTO miapy B LOMY
BUIAJKy HE € piBHOBaXkHOI0. Cepex pi3HMX YMHHHUKIB, IO BIJIMBAIOTH HA MEXaHI3M (OopMyBaHHS AU-
(hy3iifHOTO mapy 3 HEPIBHOMIPHOIO CTPYKTYPOIO, TOJOBHUMH € ITOYATKOBI YMOBH, TIEPEIyIOUi IIPOIIECy
mudy3ii eneMeHTIB y MeTa, siKi IpsiMo a00 MOOIYHO 3aliekaTh Bif psiny (i3UKO-XIMIYHHX 1 KIHETHY-
HUX YMHHMKIB HACHMYEHHS, OCOOJMBO 3HAUYMMHX, SKIIO HAETHCS MPO 0araTOKOMIIOHEHTHY CHCTEMY
HAaCHYCHHS, PEJCTABICHY B IOMY TOCIIIKCHHI.

CruiaBy Ha OCHOBI MiJli CJIY>KWJIM BUXIJTHUMHU JaHUMU JJIs BUBUEHHs. Ha ocHOBI aHami3y BH-
Mor a0 audysiiiHoro mapy ta oOpaHoro cnoco0y HacHUYeHHs MeTainy obpaHo meron audysii Hacu-
YEeHHS OBEPXHi Bix TBepHoi a3y B aKTUBHOMY ra3oBoMy cepenoBuili. Lleit MmeTox 3a0e3neuye BuCO-
KY SIKICTh TIOBEpPXHi, 1 BiH € HAUIIPOCTIIIAM 1 HAWO1IBIII BUKOPHUCTOBYBAHUM Yy JTA0OPATOPHIN MTPAKTHIII,
Jno0pe BiATBOPIOETHCSI y BUPOOHUYMX YMOBAX, 1 BiH HE BUMAarae CleliaJbHOTO CKJIaJHOro oOJjagHaH-
H$l, peaji3yloun Horo.
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