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STRUCTURAL FEATURES OF CHROMIUM CARBID COATINGS
OBTAINED BY THE MOCVD METHOD FROM THE COL “BARKHOS”
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Investigations of the structure and properties of gas-phase coatings obtained with the use of chromium organic

liquid (COL) “Barkhos” have been carried out. The studies were carried out by the methods of nanoindentation,
fractography, and X-ray photoelectron spectroscopy. It was found that such coatings have a two-level horizontal-

layered structure.

One of the ways to increase the wear resistance of
parts is to apply protective coatings on their working
surfaces. In this case, the operational properties of
products are determined by their structural and phase
characteristics.

Chromium carbide coatings have high corrosion and
erosion resistance, which leads to their wide industrial
application. Of particular interest are coatings obtained
from bis-arene chromium compounds [1-7]. These
coatings have a higher, in comparison with coatings
based on chromium carbide, both wear resistance and
resistance to chemical dissolution in aggressive media
[1, 5, 7]. However, the widespread use of such coatings
is limited by the high cost of individual bis-arene
compounds. In this regard, it is of interest to study the
possibility of obtaining coatings using a cheap technical
product COL “Barkhos”, produced by an industrial
method (TC-6-01-1149-78). Coatings obtained using
this COL can have an amorphous, horizontally layered,
columnar and dendritic structure.

Of particular interest are chromium carbide coatings
with a horizontally layered structure. Such chromium-
based laminated metal-ceramic coatings of the type
Cr/CrCy in their mechanical and tribological properties,
they are noticeably superior to single-component
coatings obtained from individual components of these
layers [8, 9]. The reason for the anomalously high
resistance of such coatings can be both the features of
their chemical and phase composition, structure, and the
size of the structural elements of the coating. Studies
[10] showed that with a decrease in the thickness of
layers in a layered coating, there is a decrease in the size
of nanocrystallites in the layer and an increase in the
hardness of the coatings, which leads to an
improvement in their operational properties.

The aim of this work is to study the features of the
structure of coatings obtained by the MOCVD (Metal-
organic chemical vapor deposition) method using the
technical product COL “Barkhos” at various deposition
parameters, as well as to clarify the reasons for their
abnormally high corrosion and erosion resistance.

MATERIAL AND RESEARCH METHODS

The deposition of coatings was carried out on a
flow-through installation at a reduced pressure, a
schematic diagram of which is shown in Fig. 1. The
reaction volume was heated to the required temperature

ISSN 1562-6016. PAST. 2021. N25(135), p. 126-130.

by high frequency currents. The deposition of coatings
was carried out both with the use of dibenzyl ether
(DBE) additives and without it. DBE (3%) was added to
the original precursor. The temperature of the substrate
during deposition was 400...530 °C, and the feed rate of
the Barkhos liquid chemical liquid was 3...7.5 g/h, with
constant evacuation from the reaction zone.

The study of the structure and properties of the
coating was carried out on transverse thin sections using
the Murkami reagent as an etchant, as well as by
fractography methods using a JSM-7001F scanning
microscope and Nano Indentor G-200. Also, to study
the elemental and phase composition of chromium
carbide coatings, methods of X-ray photoelectron
spectroscopy (XPS) were used.

EXPERIMENTAL SECTION

As a result of the experiments, chromium carbide
coatings with amorphous, horizontally layered and
layered columnar structures were obtained (Fig. 2).

An increase in the deposition temperature to
400...430 °C led to the formation of coating layers with
a thickness of 350...400 nm (Fig. 3,a). With an increase
in the deposition temperature, the growth of horizontally
layered coatings was also observed (see Fig. 3,b). The
deposition process was carried out in the cooling mode
of a massive sample for 2...2.5 min, the average
deposition rate of the coating was at the level of
5...6 um/min, and its thickness was ~ 14 pm. The
precursor was fed once, which led to a gradual decrease
in the rate of its entry into the deposition zone. As a
result, in the process of deposition, more and more thin
layers of the coating were formed (see Fig. 3,b).

The formation of a thin sublayer with a columnar
structure ~1pum thick at the initial stage of the
deposition process is due to the higher substrate
temperature, which decreases due to the high
endothermicity of the deposition process and the
absence of decomposition products at this stage, which
complicate the access of precursor vapors to the
deposition surface.

The next coating layer has a less pronounced
columnar structure. Further, the deposition process
proceeds with the formation of clearly defined
horizontal layers of the coating. The thickness of these
layers decreases from =1 to = 0.5 um. This is due to
the establishment of a certain ratio between the rate of



formation of gaseous decomposition products and the
rate of their pumping out of the reaction zone. Image
processing Fig. 3,b made it possible to reveal the
existence of sublayers in the coating layers, which are
hardly noticeable in the original photo. Further studies
of such chromium carbide coatings using XPS methods
and analysis of fractograms of oblique fractures of the
coating confirmed the presence of such coating
sublayers.
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1 - feed container
2 - dispenser

3 - upper flange reaction
chamhber

4 - guartz wall of the
reaction chamber

4 - RF inductor

B - pumping holes

7 - reaction valume

8 - distribution nozzle

9 - input rotation

10 - the lower flange of the
reaction chamber

11 - sluice chamber

12 - nitragen trap

13 - container

14 - pumping system

15 - engine rotation

16 - pressure sensors

Fig. 1. Schematic diagram of the installation for the
deposition of chromium carbide coatings

Studies of the structure of chromium carbide
coatings using a scanning electron microscope (SEM)
showed that, in addition to layers with a thickness of 0.5
to 2 pum, there are thinner layers in the coating. These
layers are not visible when fractured along the normal to
the growth surface, but they are clearly visible when the
coating is fractured at an angle of ~ 45° (Fig. 4).
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Fig. 2. Structures of chromium carbide coatings
obtained by the MOCVD method from the Barkhos
liquid cooling system in the temperature range
of 400...500 °C: a — amorphous;

b — horizontally layered; ¢ — layered-columnar

The section of an oblique fracture of the coating
obtained at a higher magnification (Fig. 5) allows one to
more accurately estimate the thickness of the layers.
According to our estimates, the height of these steps is
at a level of ~ 40...60 um.

The data of studies carried out by the method of
XPS also showed that the thickness of the coating
sublayers corresponds to the data obtained using SEM
(Fig. 6).

The distribution of elements in the near-surface layer
of a chromium carbide coating to a depth of 150 nm is a
consequence of the final stage of the deposition process.
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After stopping the supply of the precursor and
turning off the heating of the samples, they were taken
out into the airlock, which was cut off from the reaction
volume, and the atmosphere was puffed into it
(0.5...1 min). Due to the presence of a certain amount
of precursor on the walls of the lock chamber, the
presence of oxygen and the high temperature of the
samples, the surface layer of the coating is enriched
with oxygen and carbon. Upon completion of the
deposition process and cooling of the samples inside the
reaction volume, the surface of the sample was covered
with “tarnishing colors” due to the presence of
incomplete decomposition products of the precursor
(hydrocarbons) in the reaction volume and a
temperature sufficient for their interaction with the
coating surface. In this case, it was possible to observe a
smooth color change on the surface of the samples
during their cooling [11]. As a result, the samples had a
“non-marketable appearance”, and the duration of the
process increased significantly.

Studies of the effect of the layering of coatings on
their operational properties [12, 13] indicate that with a
decrease in the thickness of the layers, the resistance of
the coatings is higher than that of the materials included
in their composition.

Measurements of hardness and Young's modulus of
chromium carbide coatings, carried out by the Oliver
and Farr [14] method, and an assessment of their
performance properties showed that they have higher
hardness, wear resistance and resistance to plastic
deformation than chromium carbide included in their
composition (Fig. 7). Cavitation tests of these coatings
showed that their resistance is several times higher than
that of such steels as KhVG, 12Kh18N10T, 20Kh13
[15].

CONCLUSIONS

It has been shown experimentally that chromium
carbide coatings obtained from COL “Barkhos” and
having a horizontally layered structure at the microlevel
(05...2 um) have sublayers 30...50 nm thick,
consisting mainly of chromium, carbon and oxygen.

The increased durability of such coatings is due to
both the thickness of the layers in the coating and the
dimensions of the structural elements of the coating
layers.

To analyze the chemical compounds that make up
the coating, further studies are required by XPS
methods with a resolution of 0.1 eV of the analyzed
electron energy.
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OCOBEHHOCTH CTPYKTYPbI KAPEUJIOXPOMOBBIX ITOKPBITHI,
MNOJYYAEMBIX METOJIOM MOCVD U3 XOXK «BAPXOC»

C.A. Kpoxmanw, IO.I'. Kazapunos, T.H. 3yesa

[IpoBeneHo uccnenoBaHUE CTPYKTYPHI M CBOWCTB Ta3o()asHBIX IOKPBITHI, MOJYy4YaeMBIX C HCIOJIb30BaHHEM
xpomoopranuueckort xugkoctu (XOX) «bapxoc». MccnenoBanust MpoBOIWIN METOJAaMH HaHOMHJEHTHPOBAHUS,
¢dpakTorpaduu 1 peHTTeHOBCKOI (pOTORIEKTPOHHON CIIEKTPOCKONHH. YCTAHOBJICHO, YTO TaKUe MOKPHITUS UMEIOT
JIByXyPOBHEBYIO FOPU30HTAIBHO-CIIOUCTYIO CTPYKTYPY.

OCOBJIMBOCTI CTPYKTYPU KAPBIJOXPOMOBHUX ITIOKPUTTIB,
OTPUMAHUX METOAOM MOCYVD 3 XOP «<BAPXOC»

C.0. Kpoxmans, IO. I'. Kazapinoe, T.M. 3ycea

[IpoBeneHo NOCHiIKEHHS CTPYKTYPH 1 BJIaCTHBOCTEH ra3o(asHUX MOKPUTTIB, OJIEPKYBAHUX 3 BUKOPHCTAHHSIM
xpomoopraniunoi piguau (XOP) «bapxocy. JlocmimkeHHS MPOBOIMIA METOIaMU HaHOIHJCHTYBaHH!, ppakTorpadii
1 pEeHTreHiBChKOI (DOTOCIEKTPOHHOI CIEKTPOCKOIii. BcTaHOBICHO, IO Taki MOKPUTTS MAlOTh JBOPIBHEBY
TOPH30HTAJIBHO-IAPYBATY CTPYKTYDY.



