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WEAR-RESISTANT COATINGS ON THE IRON BASIS, WAS OBTAINED AT
NONEQUILIBRIUM CONDITIONS OF ELECTROSPARK METHOD

Bcmanosneno 3aKOHOMipHOCI’I’li qbop/vzyeanml 6 HepieHoeanCHux ymoeax CMpyKmypu ma
MPUGOMEXHIUHUX BACMUBOCEN eeKMPOICKPOSUX NOKPUMMIG 13 3Ae6MeKMUYH020 CNIAsy HA OCHOGL 3ali3d,
uwo micmumao 470314 6)’!]706‘(1()9K'€HH}1. Bracnioox 6ucokoi umeuokocmi 0xon004ceHts noxpummi@ 3ae6meKmuyHULL
cnaae mae oyice oucnepcry cmpykmypy. Obuoea KOMROHEeHMU CIMPYKMYpPU 00CAIONCEHUX NOKPUMMIE, MICIMb
oducnepcui Kpucmanu ¢az enposaddicents. 3a805AKU OUCHEPCHI CMpYKmypi ma niosuwjeHomy emicmy a3z
enpoeadafceHH;z 3ae8meKmuyHi nokpumms  mMaronbv 3HOCOCMIUKICMb  ICIMOMHO suwye, HidIC noKkpummesi
E€6MEKMUYHO20 CNIABY NIEL IHC CAMOL CUcmemu

Knrwouoei cnoea: 3aesmexmuunuii cniaé Ha OCHO8I 3aﬂi3a, (j)a3u BnPOBGanCQHH}Z, exzexmpoic;cposi
NOKpUmMmsi, CmpyKmypa, 61acmugocmi, 6UCOKa 3HOCOCMIUKICb

The creation of newest technologies to drawing coatings and a surface processing which are based on
use of sources with high energy concentration can be a productive method to improvement of properties both as
known and developing alloys. The development of new materials which answer the extraordinary conditions,
which inherent in these technologies, opens just more wide opportunities to satisfaction of actual requirements of
practical materials technology.

The electrospark method is one of the most wide world methods to deposition coatings with using
energy of the electric arc discharge. This method was developed by N.I. Lazarenko [1,2]. It is characterized by
high density of power which initiated at the elementary arc discharge on the cathode. As a result of such
discharge for a small time interval (0.001sec) in local area of the cathode (100um) is allocated an energy
considerable quantity (about 5 Joule). It leads to a strong overheat of a surface, its intensive evaporation, fusion.
Intensive mixing takes place also. Owing to occurrence of the big pressure there is an emission of the fused zone
of the cathode in surrounding space, mainly on an opposite electrode. Also on this cathode occurrence the fused
zone from which the fused volumes of a material of both electrodes mix up. At disappearance of an electric arc
the fused zones very quickly is cooling thanks to intensive heat removal both in a direction of both electrodes,
and in surrounding space. The fused zones are cooled with big speeds that essentially influences a structurally-
phase condition of substance which is deposited on a substrate.

The basic idea of our work it was to use influence resulted above prominent features of a method
electrospark deposition on behavior hypereutectic alloy of a system 12H18N9-TiB,-CrB, [3] for the purpose to
studying of structure changes, phase composition and properties which occur at formation of electrospark
coatings. It is known that eutectic alloys of metal systems at cooling with different speeds from a liquid state can
crystallize according to three mechanisms, and, accordingly, to have three types of structures [4].

At rather small of cooling speeds the mechanism of independent origin from a liquid and independent
growth of phases, which consist of eutectic, is realized. The structure, «a rough conglomerate of phases» [5] (fig.
1) is as a result to form.

In the big range of cooling speeds, bigger than in the first case, owing to restriction diffusion mobility of

atoms before front crystallization, take place the changing of crystallization
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Fig. 1. The structure of primary cast alloy XTH40 with initial crystals of interstitial phase TiB,-CrB,
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Fig. 2. It is outward an electrospark coating to hypereutectic alloy XTH40. a - a fractures and

heterogeneity in coating; b - resolutions of rough initial crystals (4) in areas with smaller cooling rate
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Fig.3. The structure obtained electrospark coating to hypereutectic alloy XTH 40 (a) and measurement of
microhardness (b): A — the area with colonial structure; B — the area with structure of thin conglomerate
phases. By arrow the direction of heat rejection is shown: from a surface to depth an alloy
mechanism. At first in the overcooled liquid there are nucleators of more refractory phase which lead eutectic
crystallization. The crystallization front of the second component eutectic follows a leading phase, filling space
between the branched to monocrystals of a leading phase. As a result of such co-operative growth the colonial
structure is formed. The colonial structure is most extended among known eutectic systems in almost realized
ranges of cooling speeds. At the bigger speeds of cooling crystallization occurs again on the mechanism of
independent origin and the independent growth, but to essentially smaller crystals of phases. The structure of a
thin conglomerate phases is formed. According to the listed three types eutectic structures the properties eutectic

alloys essentially differ among themselves owing to the different hardening mechanism.

At electrospark deposition, depending on composition of metal system, there can be conditions at which
the third mechanism of crystallisation is realised. At the big speeds of cooling, characteristic for this method, the
structure of a thin phases conglomerate is formed. In a case hypereutectic alloy 12X18H9 — 5,5 weight % TiB, —
7,5 weight. % CrB, [6] (marking XTH40) it is just occurs. On fig. 1 the initial structure of a cast alloy with
primary crystals of interstitial phases TiB, — CrB;, and eutectic colonies which settle down between them is
resulted. It is well visible that crystallisation of eutectic colonies begins with a surface of primary crystals.

According to the N.S. Kurnakov's rule [7], in hypereutectic alloys mechanical properties should decrease in
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comparison with eutectic alloy. It occurs thanks to rough structures - to occurrence of primary crystals. But,
transitions to structure of a thin conglomerate phases can reduce, at least, speed of properties loss even in
hypereutectic alloys. On fig. 2, 3 appearance and structure obtained electrospark coatings to hypereutectic alloy
XTH40 are presented. The alloy composition displacement to hypereutectic area provides high dispersion of
structure which veils effect decreasing the properties by the big speeds of cooling. However, some tribotechnical
properties, for example, it is possible even to rise by the increasing a quantity interstitial phase at hypereutectic
alloy. Thus, high dispersion of crystals phases, which formed eutectic, will promote wear resistance increase.
The micro-hardness obtained coating decries at the direction from a surface to substrate and changes in a range
(2000-800) MIIa. On fig. 4 the dependences of wear resistance for an electrospark coating to hypereutectic alloy
XTH40 in comparison with wear resistance of an electrospark coating for eutectic alloy are presented, the
tribotechnical properties of the cast state of the eutectic it is investigated in the robot [8].
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Fig. 4. It is intensity of wear electrospark coatings as dependants of specific loading:
a — hypereutectic alloy XTH40; b — eutectic alloy; 1 — experimental curve; 2 — approximation by a second
degree polynomial
The tests of friction were made by the scheme a ring on a ring under the conditions of a dry sliding
friction [9]. The analysis was obtained dependences wear resistance from specific loading shows that the
working capacity area of electrospark coating has essentially extended in comparison with eutectic composition.
The hypereutectic coating can work at the bigger loadings, than eutectic coating. The magnitude of wear,
obtained coating, also have essentially decreased at transition to hypereutectic area.
Conclusions
In case an electrospark coating deposition to hypereutectic alloy the 12H18N9-TiB,-CrB, system the
changing of mechanism eutectic crystallization takes place. The coating contains two types of structures: a thin
conglomerate of phases and colonial; Due to high speed cooling a coating to hypereutectic alloy has very
disperse structure. Both components of structure of the obtained coating contain disperse (@<1um) interstitial
phase crystals; Due to disperse structure and the raiser containing the interstitial phases in a coating it is wear
resistance obtained hypereutectic coatings essentially higher, than in a coating to eutectic alloy to the same
system.
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Kueeéckuil nayuonanvHulll yHusepcumem mexHono2utl U Ou3auna

VYCTaHOBIIEHBI 3aKOHOMEPHOCTH (DOPMHPOBaHMS B HEPABHOBECHBIX YCIOBHSX CTPYKTYpHl |
TPUOOTEXHUYECKUX CBOMCTB 3JIEKTPOUCKPOBBIX MOKPBHITHH W3 3a3BTEKTHUYECKOTO CIUIaBA Ha OCHOBE JKeJe3a,
cojieprkamiero ¢aspl BHeIpeHHs. BcnencTBue BBICOKOH CKOPOCTH OXJAXJICHHS NOKPBITHH 3a3BTEKTHYECKUH
CIIaB UMEET OUYCHb JAUCIIEPCHYIO CTPYKTYpy. O0a KOMIIOHEHTa CTPYKTYPBI IOJyYEHHBIX MOKPBITHH, COAEpKaT
JCTIIepCHBIE KpucTaiuisl (a3 BHeapeHus. biarogaps qucnepcHoi CTpyKType U MOBBIIIEHHOMY COAep)aHuio (a3
BHEJIPEHHS 3a3BTEKTHUCCKHE MOKPHITHS HMEIOT H3HOCOCTOMKOCTh CYIIECTBEHHO BBIIIE, YEM ITOKPBITHSA
HBTEKTHYECKOT'O CIIJIaBa TOM K€ CaMON CHCTEMBI.

KnroueBble cj10Ba: 3a9BTEKTUYECKHH CIJIAB HA OCHOBE XKene3a, (ha3bl BHEAPEHHS, JICKTPOUCKPOBbIS
MOKPBITHUS, CTPYKTYPa, CBOWCTBA, BEICOKAsI H3HOCOCTOWKOCTb.

Wear-resistant coatings on the iron basis, was obtained at nonequilibrium conditions of
electrospark method
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Laws of formation and properties hypereutectic electro-spark coatings on the iron- basis alloy
containing interstitial phases under nonequilibrium conditions are established. Due to high speed cooling of the
coatings to hypereutectic alloy has very disperse structure. Both components of structure the obtained coating
contain disperse interstitial phase crystals. Due to disperse structure and the raiser containing the interstitial
phases in a coatings it is wear resistance obtained hypereutectic coatings essentially higher, than in a coatings to
eutectic alloy to the same system.

Keywords: hypereutectic iron-based alloy, interstitial phases, electro-spark coatings, structure,
properties, wears resistance.
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