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DETONATION COVERINGS ON BASIS OF FeAl, FOR PROTECTION
OF FRICTION UNITS AGAINST WEAR PROCESSES

The generalization of results of the laboratory researches accepted in practice, shows, that the carried out re-
searches testify to expediency of use of the developed detonation coverings of system FeAl2-Ti-Si for increase
of wear resistance and durability of the rubed interfaces working in absence of greasing. Besides, the applica-
tion of the specified wearproof coverings as have shown the economic data, promote the improvement of qual-
ity and durability of the details working in conditions of friction, reduction in expenses for repair work and
manufacture of spare parts, that, finally, results in significant economy of metals.
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Introduction

The processes of friction, wear and greasing, re-
main one of the most actual areas of research because
they provide possibility of theoretical and applied meth-
ods of studying the questions with which are actual in
daily practice.

According to modern positions of a science about
friction and wear processes of materials the tribotech-
nics parameters which describe the contact interaction,
are defined, mainly, by a condition and properties of
superficial layers. And in the common complex of the
actions which are directed on development of methods
of increasing the efficiency of tribotechnic systems op-
eration, the great value is got with technologies of su-
perficial hardening. Practically in all industrial com-
plexes the interest continuously grows to the technical
opportunities of various technological methods of crea-
tion the strengthening, in particular, wearproof cover-
ings [1,2]. Today their development and application -
that focus in which concentrated the efforts of scientists,
experts, organizers of manufacture. And the level of
realization of their practical opportunities began not
only the generalizing characteristic of a degree of the
country development, but also a subject of the state
prestige which reflect the scientific and technical poten-
tial.

The coating of detonation coverings is one of
modern technological methods of increase the wear re-
sistance of friction pairs. However at a choice of a mate-
rial for coating, if proceed the real conditions of opera-
tion, it is necessary to take into account the technical
and economic restrictions caused by requirements of
manufacture, in particular, the charge of scarce and ex-
pensive components, for example, wolfram, cobalt,
nickel [3].

1. Experimentals

In the given research which includes the develop-
ment and tribotechnic tests of composite coverings, not
containing scarce components, the program which in-
cludes, in generally, some facts (speed of sliding, tem-
perature, etc.) is realized; the theoretical positions which
prove the resistance to wear process of a superficial
layer, were considered from positions of the structural -
power theory of friction and wear [4], the coating of
coverings was carried out on installation such as "Dnepr
- 3" by the technology stated in the source [3].

The characteristics of metal phases of a coating
layer, and also secondary structures with the certain
properties essentially depend on technology of reception
and a chemical compound of an initial material. So in
the given research the powder structures with applica-
tion of technology which allows to form structure on
nanometric level, in particular, mechanic and chemistry
synthesis of materials from elementary powders, which
is more effective for reception of compositions with
unique properties [6,7] have been received. So, as a ba-
sis of powder raw material for coverings have been used
the aluminide iron (FeAl,), in addition alloyed by the
titan and silicon. Thus it is necessary to note the nonde-
ficiency of initial raw material and potential low-cost of
the components. The optimum contents of alloying ele-
ments corresponding to the maximal wear resistance of
coating coverings is established. The injection in an
initial powder the additives of the titan has caused the
formation of intermetallic phases of type y - Tidl, Ti;Al
The additional alloying by silicon promoted the recep-
tion of strengthening connections such as 7i3Si, TisSis,
Fe;Si, FeSi. Besides, the interaction of aluminium and
iron causes the presence of firm solutions of iron in
aluminium and aluminium in iron, and also intermetallic
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eutectic. The aluminides of titan, iron, as well as sili-
cides, are characterized by sufficient durability of inter-
nuclear connections and thereof the high temperature of
fusion and the raised mechanical durability. The finely
divided phases of intermetallic render the significant
influence on the dislocation mechanism of formation the
defects of thin structure, in such way lowering a degree
of activation and raising the resistance against dripping.
Alloying additives substantially cause the kinetic of
formations and a complex of properties of secondary
structures. Varying the structures of a composite powder
in a coating covering, it is possible to influence a level
of structural activation, formation of superficial layers
with beforehand set properties and as a result to provide
minimization of tribotechnical parameters.

Operating the technological process of reception of
composite powders, it was possible not only to provide
a desirable chemical compound, but also to receive at
coating the set structure which optimizes a complex of
the properties causing, in a certain range of parameters
of friction, the steady display of structural accomoda-
tion.

The tribotechnical properties of detonation com-
posite coverings in absence of greasing were estimated
at the face friction of modelling samples in a wide range
of speeds, loadings, temperatures in the air environment
at normal atmospheric pressure. At research of proc-
esses of friction and wear of detonation coverings of
system FeAl,-Ti-Si for comparison under the same con-
ditions and under similar programs the samples with
coating coverings from powders of alloy with wolfram
BK15 and on a basis of nichrome, alloyed by aluminium
and a pine bor, and also samples from tempered steels
45, 30XI'CHA, antifrictional bronze bpOCIL16-6-3 were
tested. The thickness of coverings after operational de-
velopment was made 0,18-0,2 mm, a roughness of sur-
face R,=0,63 ... 0,32.

At disclosing interrelations between properties of a
material of a covering in conditions of friction, their
structure, influence of the external factors determining
reliability and serviceability of friction system, the lead-
ing part is played with a choice of methods of re-
searches. Opportunities of used techniques and equip-
ments in many respects determines depth and reliability
of representations about the processes proceeding at
contact interaction of connected surfaces.

2. Analyses

The analysis of physical and chemical properties
of coverings, the microphase analysis were carried out
with the help of scanning microanalyzer "Camscan".

During research of a microstructure of the devel-
oped covering it has been established, that at coating,
except for aluminide FeAl,, are present aluminides of

iron such as Fe;Al, FeAl which at the presence of the
titan form aluminide, alloyed by the titan (Fe, Ti) Al
The light zones contain a firm solution of components
of a covering on the basis of connection Fedl (Hu =
9500+400P). The intermetallic sites with disperse inclu-
sions represent connections on a basis of y-Tidl, Ti;Al,
and also 7i3Si;. The presence of oxide type a-A/,0; in
firm solutions as disperse crystal inclusions is caused,
probably, its oxidation in process of exothermic reac-
tions at coating. Laws of curves of distribution of the
chemical elements included in a covering on basis
FeAl,, correlates with character of distribution of the
structural components, established on corresponding
pictures in x-ray characteristic radiation. Besides, the
structure of coverings represents sites of a firm solution
of iron and finely divided mixes of intermetallics such
as TisSis3, FeSi, and TiSi.

From the results of researching the influence of
speed of sliding on intensity of wear processes it is visi-
ble, that the resistance to wear processes possess cover-
ings of system FeAl,-Ti-Si, not worse then conceding
values of covering BK15. In all a range of speeds (up to
1,0m/sec at the constant loading equal 5,0MPa) the
mechanochemical wear process is the leader for devel-
oped coverings.

The condition of a superficial layer in which
there are processes of activation at the friction, which
influencing on intensity of oxidations and dripping,
were studied by a method electron diffraction analysis
on installation 9MP-100. The electron diffraction pat-
tern, that fixes the change of thin structure shows, that
in the most thin superficial layer of a covering occurs
the dispersion with a crushing of crystallite, to what
the presence of maxima of intensity on diffusion auras
testifies.

On the type of the leading process of wear a sig-
nificant influence is rendered with properties formed
superficial films which on the data of electron diffrac-
tion analysis represent the oxides A5,0; SiO,, which
with the protoxide of iron form spinels such as Fe4/,0,
and silicate of fielitic type such as Fe,SiO,, besides, is
established the presence of [ —thialitum (A4/,7i0;)

which carry out a role of firm greasings, as result of
tribooxidation. The mechanism of formation the secon-
dary structures of the given type is caused by plastic
deformation therefore a superficial layer change struc-
ture and passes in the activated condition. In the table 1
the basic properties of the metal oxydes included in a
covering are resulted.

The further formation of secondary structures, in
opinion of authors, is accompanied by mechanochemi-
cal microalloying, including dispergation of surface
materials, grinding the dispersoid with particles of oxy-
des, intermetallic and transformations of these ultradis-
perse phases on working surfaces of friction under ac-
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tion of local temperatures and pressure in new ultradis-
perse structure. Distinctive feature of this structure that
in particles of the small sizes the superficial layers of
atoms create the superfluous pressure essentially de-

forming a crystal lattice and influencing energy of acti-
vation; in a result they are characterized by a complex
of the new properties determining the high tribotechnic
characteristics of coverings [8, 9].

Table 1
The properties of secondary structures oxydes
Oxide Syngynonum Microhardness, MPa ThermalSifilclt'(l)Béi f ;:gle_?r expan- Dgil/lssrlrtlg”
a-Al,03 hexagonal 20673 9,7 3,97
y-Al,0; cubic 24321 8,9 4,2
a-Si0, hexagonal 11130 3 2,26-2,65
S-SiO, - 12356 4,3 -
TiO cubic 15197 4,2 4,93-5,53
TiO, tetragonal 19614 - 4,17
Ti,03 hexagonal 12786 9,6 3,94
FeO cubic 4413 12,4 5,7
o -Fe,0;3 hexagonal 10787 14,9 5,24
y -Fe,0; cubic 7257 13,4 54
The character of changing the factors of friction is 3. Surface

coordinated to the established laws of friction and wear
processes. Their stability at increase of speed of sliding,
testifies to high operational opportunities of coverings
both on basis of FeAL,, and from firm alloy BK15.

Physical basis of development the materials of cov-
erings is providing their compatibility in friction pairs and
realization of structural accomodation in working ranges
for provide the durability. For research of influence of
temperature on intensity of mechanochemical wear proc-
ess at loading by friction, the heating of samples during
the tests have been stipulated. The changing of tempera-
ture causes the intensity of diffusive processes, speed of
chemical reactions, transformations in a firm phase, de-
fines the course of plastic deformation on which the de-
gree of structurally and thermal activation [10] depends.
The tests were carried out at the constant loading equal
3,0 MPa, and speed of sliding 0,6m/sec.
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The coverings of system FeAl, - Ti - Si have a
high wear resistance under the set conditions of friction.
The microstructures possess and electron diffraction
pattern surfaces of friction of coverings on basis of
FeAl,, tested at various temperatures, are submitted in
figure 1. As it has been established, the oxyde films,
which formed in a zone of contact , shielding a surface
of friction from mechanical and physical and chemical
destruction. By the stoichiometrical structure they
represents finely divided mixture of oxydes on the basis
of metal components of a covering of spinel, class of
silicates such as A[SiOs. Wear resistance of system
FeAl, - Ti - Si is determined as a structure and property
of metal phases of coating layer, and a condition and
properties of formed oxyde films, which, as a firm
greasing, interfere with processes of contact dripping.

Fig. 1. Microstructures and the electron diffraction patterns of friction surfaces
of detonation coverings on basis of FeAl, tested at temperatures:
a - 3000C (x320); b - (x28000)
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Conclusion

Thus, the generalization of results of the labora-
tory researches accepted in practice, shows, that the
carried out researches testify to expediency of use of the
developed detonation coverings of system FeAl,-Ti-Si
for increase of wear resistance and durability of the
rubed interfaces working in absence of greasing. Be-
sides, the application of the specified wearproof cover-
ings as have shown the economic data, promote the im-
provement of quality and durability of the details work-
ing in conditions of friction, reduction in expenses for
repair work and manufacture of spare parts, that, finally,
results in significant economy of metals.
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PenensenT: n-p TexH. Hayk, npod. A.A. Tamaprasun, HanroHaapHbIN aBHAITMOHHBIN YHUBEepcUTET, Kues.

JETOHAIIMHI TOKPUTTS HA OCHOBI FeAl, 1J151 3AXUCTY BY3JIIB TEPTS BIJI 3HOCY
B.B. Illenemos, O.1O. Cudopenko

Pe3ysnpraTn 1abopaTopHUX BUIPOOYBaHb, MIPUHHSATHX B MPAKTUIIl, BKa3yIOTh, L0 MPOBEIEHI JOCIIIPKEHHS CBi-
JT4aTh MO JOIUIBHICTH BUKOPUCTAHHS PO3POOJICHUX NETOHALINHUX MOKPUTTIB cucteMu FeAl,-Ti—Si mis minsu-
LIEHHSI 3HOCOCTIMKOCTI Ta Yacy poOOTH TEPTHOBUX CIONYUYEHbB, SIKI MPAIIOIOTH IIPU BiICYTHOCTI MacTuia. Kpim mpo-
r'0, BAKOPHCTaHHS BKa3aHUX 3HOCOCTIMKMX MOKPHTTIB, SIK TIOKAa3aJId €KOHOMIYHI JIaHi, CHPHUSIOTH ITiIBUICHHIO KO-
CTi 1 CpOKY pOoOOTH JieTalieil, sSiKi IpaIol0Th B YMOBaX TEPTsl, 3HIKEHHIO BUTPAT HA PEMOHTHI pOOOTHI 1 BUPOOHUIIT-
BO 3allaCHUX YaCTHH, 1110, B KIHIIEBOMY PaxyHKY, IIPU3BO/IE /10 3HAYHOI €KOHOMIT METaJIiB.

KaroueBsie cioBa: Tepts, CIIaB, alIOMIHU, TPOTH3HOCHICTh, TPHOOOKUCIICHHS, IETOHAIIHE TOKPHUTTSL.

JAETOHAIIMOHHBIE ITOKPBITUSA HA OCHOBE FeAl, 1JIA 3AIIIUTHI Y3JI0OB TPEHUS
OT NU3HALINBAHUA

B.B. Illenemos, A.1O. Cudopenko

Pe3ysbraThl 1a00paTOPHBIX MCHBITAHWM, NPUHATHIX B MPAKTUKE, IOKA3bIBAET, YTO MPOBEAEHHBIEC HCCIIEN0BA-
HUSI CBHJIETENILCTBYIOT O LIEJIECOOOPA3HOCTH HCIOJIb30BaHUS Pa3pabOTaHHBIX JIETOHAMOHHBIX MOKPBHITHH CUCTEMBI
FeAl,-Ti—Si nyis noBBIIEHUsT U3HOCOCTOMKOCTH | JOJITOBEYHOCTH TPYIINUXCS CONPSDKEHUH, padOTaIONINX B OTCYTCT-
BUHU cMa3ku. KpoMme Toro, npuMeHeHne yKka3aHHbIX H3HOCOCTOMKHX MOKPBITHI, KaK MOKa3aJd YKOHOMHYECKHE JaH-
HBIE, CIIOCOOCTBYIOT TIOBBIIICHHIO KAa4ecTBa ¥ JOJITOBEYHOCTH JieTallel, padoTalomuX B YCIOBUSIX TPEHHS, CHUKE-
HUIO 3aTPaT Ha PEMOHTHBIE paOOTHI U TIPOU3BOJICTBO 3aMlaCHBIX YaCTeH, 4TO, B KOHEUHOM CYETe, MPUBOIUT K 3HAUH-
TENbHOM YKOHOMMHU METAaJIIOB.

KoaroueBrble ciioBa: TpeHue, CIUIaB, ATIOMHHH], TIPOTHBOU3HOCTD, TPUOOOKHCIICHUE, IETOHAIIMOHHOE MTOKPBITHE.

leneroB Butanuii BragumupoBu4 — 11-p TexH. Hayk, npo¢., npod. HHCTUTYTa a3ponopToB, HanmoHans-
HBIJ aBUAIIMOHHBINA yHUBepcuTeT, Kues, Ykpauna

Cunopenko Anexcanap KOpseBnu — KaHJ. TeXH. HayK, JIOIIEHT Kadeapbl TEXHOIOTHI a’sporopToB, Hamuo-
HaJbHBIA aBUAIIMOHHBINA yHUBepcuteT, Kues, Ykpauna.



