HaykoemHi TexHonorii Ne 1 (29), 2016

UDC 629.083(045)

STRUCTURE AND PHASE COMPOSITION OF THE SURFACES
RECOVERED BY ELECTROSPARKING COATINGS. RESULTS
OF MICROSTRUCTURAL AND X-RAY DIFFRACTION ANALYSIS

A. A. Tamargazin, n-p TexH. Hayk, npod.; Y. V. Brusilo, kaHJ. TexH. HayK,
E. P. Puhachevska, xanj. TexH. HAyK

National aviation university
JaneD2003@ukr.net

Pozensanymo oocniooicennss cmpykmypu ma (pazoe020 ckiady nogepxoms GIOHOGIEHUX eNeKMPOOy208UM HANU-
JIEHHSM IO 4AC MPAHCNOPIYBANHSL YACMOK, WO PONUTIOIOMbCSA NOGIMPSAM Ma NPOOYKMAMU 320PAHHSA NPONAHO-
so-nosimpsanoi cymiui. Ilokazano, wo npu enrekmpooy2o80My HANULEHHI CIPYKMYPA NOKPUMMSL S6SIE COO0I0
eemepoghaszuy cucmemy, wo cKiaoaemoscs 3 060X abo Oinbuie has, po3noOLIeHUX MINC COO0I0 ePAHUYEI0 PO3NO-
Oiny, Wo GIOPIZHAMbC MIdIC COO0K  3a XIMIYHUM CKAadomM ma eéracmueocmamu. Lle 6 ceorw uepey 0o3eonse
ompumamu 8I0HOGIIOEAIbHI NOBEPXHI 3 HEOOXIOHUM KOMNIEKCOM eKCHIYAMmAayiuHux e1acmueocmeil i mum ca-
MUM 8UpiuUmu npoobaemy YRpaeuiHH Pecypcom BIOHOBNIOBAILHUX Oemanell NOKPUMMAMU 3 3ai308Y2NeyesUx
CNIAasi8 3a80SIKU YRPAGIIHHIO CIPYKMYPHO-(DA308UMU NEPEMBOPEHHAMU 8 YUX NOKPUMMSX Y npoyeci ix naHe-
CeHHsL Ha BIOHOBTIIOBANbHY OeMAlb.

KntouoBi cnoBa: enekTpoickpoBe NOKpUTTS, AKICTb, CTPYKTYpa, pa3oBui cknag.

The investigation results of structure and phase composition of surfaces recovered by electrosparking spraying
at transportation of spraying particles by air and combustion products of propane-air mixture have been dis-
cussed in the article. It was shown that the structure of coating at electrosparking spraying represents itself het-
erogeneous system consisting of two and more phases separating between each other by interface and differ by
chemical compound and properties. This allows to obtain recovered surfaces with set complex of operating
properties and to solve the problem of resource control of recovered details by controlling spraying of recovered

coatings from iron-carbon alloys regulating its structure-phase changes.

Keywords: electric-arc coating, quality, structure, phase composition.

Introduction

The surface structure recovered by electrospark-
ing coatings, differs on the structure from structure
of initial materials of a coating [3, 5, 9]. The reason
of such distinction is, first of all, coating formation
process on a recovered surface.

The transportation conditions of sprayed particles
and formation of coating by electrosparking method
which is differ from other methods of gas thermal
spraying [2, 3, 5, 9].

The structure of electrosparking coatings is con-
nected with their following features [5]:

— Superfast crystallization of the sprayed drops of
alloy which leads to high density of defects of a
crystal lattice (dislocations, vacancies) in coating
particles;

— A structure of a coating particle which reflects
conditions of crystallization with development of
front of growing crystals in a direction opposite to
heat removal, i.e. it is perpendicular to a surface of
coating layer formation;

— Presence of a pores and a branching network of
boundaries (Fig. 1);

— Intensive interaction of the elements which are
a part of a coating with environment and working
gases at its spraying, in particular, with oxygen that
leads to change of phase composition and properties
of coatings.
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Fig. 1. The structure of electrosparking coating

The light sites on Fig. 1 represent a metal surface
of particles from which the oxide film is removed in
the process of microsection manufacture by the me-
chanical way, dark threadlike and pointwise oxides,
black points — a pores.

The surface oxide film bordering light metal sites
is faltering and pointwise. It is a consequence of that
the metal particles having high temperature, at flight
in jet are oxidized uniformly, but at the moment of
particles blow at a firm surface the film cracks and
organizes a faltering and pointwise head loop in
section.

The area occupied by dark sites, is more at the
electrosparking coatings received at spraying of

© Tamargazin A. A., Brusilo Y. V., Puhachevska E. P., 2016



10

HaykoemHi TexHonorii Ne 1 (29), 2016

coating material particles by air (Fig. 2), than at the
electrosparking coatings received at dispersion of
particles by combustion products (Fig. 2).

TR, N LGN N

P R e

iy s ""-f.‘-'.'l:‘?:!;-.sf',-- :

WA e

Fig. 2. Microstructure of surfaces recovered
y electrosparking coatings received at spraying
by air («) and combustion products of propane-

air mixture (b)

The thickness of oxide films is much less at dis-
persion of particles by combustion materials of pro-
pane-air mixture Fig. 3, which inform about smaller
oxidation of these coatings.

The dark interlayers between metal layers on mi-
crostructures (Fig. 1-3) are oxides.

Electrosparking coating is the original material
received as a result of blow, deformation and
extremely fast crystallization of small (5-100 mi-
crons) particles of the metal sprayed on recovered
surfaces of details.

The sprayed particles transported by a high-speed
jet of combustion products, in the process of colli-
sion with a recovered surface are mushroomed and
mixed up [3, 5, 9].

The sprayed particles forming a coating are ex-
posed to difficult thermochemical processing: to
melting, interaction with a sprayed jet, to evapora-
tion, blow, a spreading. These processes occur si-
multaneously. The crystallization front moves in a
direction of the fused particle.
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Fig. 3. The microstructure of coatings obtained
by spraying of combustible products
of propane-air mixture (a) and air (b)

The solidified material of a particle is exposed to
pressure from side of no crystallized melt of a parti-
cle and is laying through which this pressure is
transmitted to a recovered surface [3, 5, 9].

As a result after complete solidification the parti-
cle saves the spread shape (Fig. 4). At blow about a
recovered surface particles have a various condition
and take the shape mostly strongly deformed, but
also there are particles of the round shape. These are
particles which have stiffened in flight, not capable
to the big plastic deformations.

Sequentially being imposed against each other,
particles create an electrosparking coating which has
a strongly pronounced stratified structure (Fig. 5).
Lamination gives elasticity to coatings [3, 5, 9].

Thus, the structure of an electrosparking coating
is represented the heterophase system consisting of
two and more phases, seperated among themselves
by section boundary (Fig. 6) and differ among them-
selves by a chemical compound and properties [5].



HaykoemHi TexHonorii Ne 1 (29), 2016

11

x500
Fig. 4. The morphology of hardened particles after blow
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Fig. 5. The fragment of coating on restored
surface obtained at spraying of steel wire
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Fig. 6. The microstructure of electrosparking coating

The structure of electrosparking coatings from a
wire steel 40X13 which was used in the research
process, represents the stratified system consisting of
prolonged pellets — lamels (Fig. 7) which phase com-
position corresponds to a hard chrome solution in a-iron,
with fine-dispersed additives of compounds of oxides
and iron and chrome carbides [4-9].
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Fig. 7. The lamellar structure
of electrosparking coatings

Thus, electrosparking coating have lamellar
structure of crystallized particles of metal and ox-
ides, and oxides are settle down, as a rule, on
boundaries of lamels. Formation of fragile oxides
and intermetallids, along with formation of harden-
ing structures, create premises for application of an
electrosparking spraying method of coatings at res-
toration of details of aviation ground equipment and
essentially expand their spectrum [3-5].

© Tamargazin A. A., Brusilo Y. V., Puhachevska E. P., 2016



12

HaykoemHi TexHonorii Ne 1 (29), 2016

If for a compact material two types of bounda-
ries — intergranular and phase-to-phase are charac-
teristic, for coating three more varieties of bounda-
ries are added: between the deformed particles; be-
tween layers; the boundary separating a coating and
a base metal. For structure of the electrosparking
coatings received by dispersion of particles by com-
bustion products of propane-air mixture, small pres-
ence of visible boundaries between particles, small
volume of a pores and additives, absence of not de-
formed particles in a coating (see Fig. 1, 2 and, 4) is
characteristic. There are adjacent particles, not se-
perated by a surface film of oxides in coatings: the
electrosparking coatings received by dispersion by
combustion products have a lot of such particles (see
Fig. 1b, 2a), than at the coatings received by disper-
sion of a compressed air (see Fig. 15, 2a). It occurs
when films of oxides at blow are failed, uncover
pure metal of particles. It is observed in these places
spot welding of pure surfaces of metal parts. The
particle of the spraying metal stops to be deformed,
if following sprayed particles of the small sizes and
force of their pressure is insufficient for a plastic
deformation. On Fig. 3 the morphology of hardened
particle after blow about a cold recovered surface is
shown. The particles sprayed by air, are covered by
oxide film in flight which is cracked after blow
about a recovered surface. The surface of the particle

sprayed by combustion products with a great speed
in the protective warmed up environment, is almost
free from oxides [5, 9] that is confirmed by results of
other researches [3].

At research of the surfaces recovered by electro-
sparking coatings, and comparison of their structure
and properties the conclusion has been done that the
better surface is obtained at its restoration by disper-
sion of wire steels 40X 13 by combustion products of
propane-air mixture (see Fig. 1-2, 4). The porosity is
essentially decreased.

Possible ways of obtaining recovered surfaces
with a demanded complex of operation properties
and resource increasing of aviation ground equip-
ment is restoration of their surfaces by electrospark-
ing coatings from iron-carbonaceous alloys and con-
trol of structurally-phase transformations in these
coatings during planting process on a recovered sur-
face.

The phase composition of the electrosparking
coatings received at dispersion of wire steel by a
compressed air is defined by method of the X-ray
analysis:

—40X13 — a-phase (martensite), y-phase (aus-
tenit), oxides Fe;O4 and FeO (Fig. 8a). FeO content
in a coating from a steel 40X13 is rather insignifi-
cant;

—CB-08 — a-phase and oxide FeO (Fig. 8b).
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Fig. 8. The fragments of X-ray diffraction patterns (CoKa) of restored surface layers by electrosparking
coatings at spraying wire steels 40X13 (a) and C—08 (b) by compressed air
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It is determined at research of phase composi-
tion of the recovered surfaces by electrosparking
coatings from wire steels of CB-08 and 40X13 at
their dispersion by combustion products of pro-
pane-air mixture that in a recovered surface with a
coating from a steel:

— CB-08 contains a-phase, oxides FeO and ox-
ides Fe;O4 (Fig. 9a). Thus the content in a coating
of oxide FeO essentially exceeds content Fe304;

—40X13 contains a -phase (martensite), y-phase
(austenit), oxides Fe;0, and oxides FeO (Fig. 9b).

Unlike a coating from a low-alloy steel CB-08,
FeO content is rather insignificant (Fig. 9a).

The results of researches of phase composition
of restored surfaces of samples with electrospark-
ing coatings from wire steels 40X13 and Cs-08 are
shown in Table.
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Fig. 9. Fragments of diffraction patterns of recovered surface layers by electrosparking coatings
at spraying wire steels C-08 (a) and 40X13 (b) by combustion products of propane-air mixture
Table
The phase composition of coatings from wire steel Ce-08 and 40X13
Coating The phase composition of surfaces restored by electrosparking coatings at spraying wire steels
material By combustion products of propane-air mixture cmecu By compressed air
Cs-08 a-Fe; FeO; Fe;0, o -Fe; FeO
40X13 a-Fe; FeO; Fe;0y;y-Fe a-Fe; y-Fe; FeO; Fe;0,4

The phase composition of the surfaces restored
by electrosparking coatings by dispersion of wire
steels CB-08 and 40X13 by a compressed air
(see Fig. 8) is close to phase composition of the
corresponding surfaces restored by the same coat-
ings by dispersion of the same wire steels, but only
by combustion materials of propane-air mixture

(Fig. 9). At spraying of wire steels by a com-
pressed air in process of an electrosparking spray-
ing rather lower temperature of the spraying parti-
cles and their big size are characteristic that leads
to greater burn out in them of alloying elements
and to oxidizing spraying layers in comparison
with the layers received at spraying of these wire
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materials by combustion products of propane-air
mixture. The data of X-ray analysis testifies about
lower concentration of oxidizing products in the
coatings received by electrosparking spraying of
wire steels by combustion products. Besides for
coatings from a steel 40X13 the extend content in
them of carbon and oxides (see Fig. 8a and 9b) and
the highest level of hardness and a microhardness
(Fig. 10, a curve 1) is characteristic. It is possible
to see that depth of hardening is spreaded practically
to all area of a coating and makes =0,2-0,25 mm
(Fig. 10). The increased microhardness of a coat-
ing from a steel 40X13 is caused by high concen-

tration of carbon in it. It is interesting to underline
that crackings in a layer are not registered.

The specified features promote to following
changes of structure in surface layers of an electro-
sparking a hard solution of carbon in a-Fe, and
also additives of carbides (see Fig. 8a and 9b).
Thus presence coating from a steel 40X13 — for-
mation of the structures containing at a coating
from a steel 40X13 of high-tensile phases of a mar-
tensite and carbides (see Fig. 8a and Fig. 9b) will
ensure increased microhardness and wear resis-
tance of the recovered surfaces [6—9], and conse-
quently, their resource.
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Fig. 10. The distribution of microhardness by depth of electrosparking coatings
from steel 40X13 (curve /) and steel CB-08 (curve 2)

Conclusions

Thus, it is established on the base of conducted
researches that at restoration of surfaces by an elec-
trosparking spraying:

— Wires from steels of Cp-08 the layers with
rather low level of a microhardness (Fig. 10a

curve 2) which is caused by small concentration of

oxides are formed;

— Wires from steels 40X13 the layers with a high
microhardness (Fig. 10a curve 1) which is ensured
with high concentration of alloying elements
(chrome and carbon) are formed.

The reason of higher microhardness of the sur-
faces restored by electrosparking coatings from a
steel 40X13 (Fig. 10) is higher concentration in them
of alloying elements (chrome and carbon) at com-
plete dissolution of chrome carbides at wire melting
and saturation of melt drops by carbon from a flame,
in comparison with steels of Cs-08 (see Fig. 8-9).
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The absence of particles of carbides Cr;Cg testi-
fies about this.
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