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Reliability and profitability of NPP operation of any type to a large extent depend on the reliable operation of
the system of its pipelines. From literary sources is shown that the most dangerous zone, in terms of erosion wear, is
a pipeline fluctuation. Solving the problem of erosion wear of the zone of the twists of the pipelines is possible by gas
phase depositing protective coatings based on boron carbide, which slow down the cavitation processes of wear. This
paper presents the results of studies on the production of a cavitation-resistant coating based on boron carbide by
hydrogen reduction of boron trichloride BCl; and toluene C;Hg. Boron carbide was carried out on a plant with a
horizontal flow-type reaction chamber. The principle of its operation consists in passing through the reaction
chamber of the vapor-gas flow of reagents entering the chemical reaction on the surface of the heated substrate
located inside the reaction chamber. Solid phase reaction products form an increasing condensate layer on the
substrate surface and gaseous products are removed from the reaction chamber and neutralized. Trichloride boron
BCl; and toluene C;Hg were selected as reagents. Carrying gas and activator was hydrogen H,. Deposition was
carried out on the austenitic steel substrate. It was shown that morphology of the surface is characterized by
grapple-scraped globules. X-ray spectral studies have shown that the distribution of elements is uniform, this
indicates that when austenitic steel is heated, no significant changes in properties occur. Diffractometric studies have
shown that coating contains grain of Fe,B iron boride and Fe;Cs iron carbide. measurement microhardness have
shown that from the center of the substrate to the side of the coating is increased in double. Destruction of samples
under the influence of cavitation was studied on the installation of ultrasound cavitation. The cavitation zone was
formed between the end of the emitter, which is connected with an ultrasonic generator of UZG-3 0.4 type, and the
surface of the test specimen installed in water having the temperature of 293 K. For comparison, the kinetic curve of
the destruction of the standard A18H10T austenitic steel and a boron carbide-based sample is given. Under the same
test conditions, the nature of the kinetic curves is different. A sample with a carbide-borne coating is 2.5 times less
cavitation wear than austenitic steel.
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INTRODUCTION wear, is a pipeline fluctuation. Consequently,
cavitation wear is formed on the inner surface of
the pipeline turns due to the mechanical impact of
the cavitation flow with the material of the
pipeline. This leads to serious localized
destruction of structural materials.

Solving the problem of erosion wear of the
zone of the twists of the pipelines is possible by
depositing protective coatings based on boron
carbide, which slow down the -cavitation
processes of wear. Boron carbide has a high
melting point, high hardness, mechanical
properties, low specific gravity, high resistance to
the influence of chemical agents, therefore this
material is promising for protecting the surface of
pipelines from cavitation wear.

Reliability and profitability of NPP operation
of any type to a large extent depend on the
reliable operation of the system of its pipelines.
The total mass of NPP pipelines is 12—15 % of the
total mass of mechanical equipment of the station,
which emphasizes the importance of studying the
physical processes that occur in them. From the
literature data, for the most part, the work is
devoted to the modeling of the control of erosion
wear of the twists of the steam generators
pipelines. In [2] the thickness of erosion wear of
the pipeline wall is calculated and it is shown that
erosion wear occurs in the pipeline's spin zone. In
work [3] the results of calculations of trajectories
of motion of particles of different diameters at
collision rates of droplets with the wall of the METHOD OF EXPERIMENT
pipeline are given. Calculations have shown that

. . Boron carbide was prepared on a plant with
the most dangerous zone, in terms of erosion prep P

a horizontal flow-type reaction chamber. The

© A.Yu. Zhuraviov, A.V. Shijan, B.M. Shirokov, 2018 368



Gas-phase deposition of cavitation-resistant coatings based on boron carbide

principle of its operation consists in passing
through the reaction chamber of the vapor-gas
flow of reagents entering the chemical reaction
on the surface of heated substrate located inside
the reaction chamber. Solid phase reaction
products form an increasing condensate layer on
the substrate surface and gaseous products are
removed from the reaction chamber and
neutralized. The thrichloride boron BCl; and
toluene C;Hg were selected as reagents. Carrying
gas and activator was hydrogen H,. Deposition
was carried out on the austenitic steel substrate.

While depositing boron carbide coatings, it
is important not only to keep the precipitated
layer uniform, but also observe constancy of the
condensate composition on the surface coated. In
the CVD techniques, these requirements depend
on the temperature field uniformity on the coated
surface and vapor-gas mixture gas-dynamic
parameters throughout the reaction volume. The
substrate heating uniformity was achieved by
properly shaping the heater.

The gas-dynamic parameters in the flow-
through type reactor were chosen by matching
consumables to the flux velocity, number of
yielded reaction products, pumping system
throughput. It was of especial importance to
match those parameters in the diffusion region of
the precipitation conditions where the deposition
rate was controlled, mainly, by the vapor-gas
velocity and dependent weakly on the
temperature of the process.

The data represented show that in the range
of parameters studied the vapour-gas flow is
laminar and have a viscous nature of the flow,
convective currents are absent. This flow
provides uniform delivery of reagents to the
surface to be coated and virtually the same
growth rate of the layer at all points of the base.

Fig. 1 shows the morphology of condensates.
According to the figure, the morphology of the
surface is characterized by grapple-scraped
globules.

Investigation of elements distribution in
samples from the center of the substrate in the
direction of the coating is performed on a
microanalyzer — a raster microscope REMMA-200.
X-ray spectral studies used standards for pure
substances (Fe, Cr, Ni). As can be seen from
Fig. 2, at a distance from 0 to 100 um, the
distribution of elements is uniform, this indicates
that when austenitic steel is heated, no
significant change in properties occurs. At
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distances from 100 to 225 pm, the distribution of
elements varies by diffusion of boron and
carbon, which characterizes the formation of
mixed phases of boron, carbon with iron,
chromium and nickel.
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Morphology of the surface of the coatings
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Fig. 2. Distribution of main elements in austenitic

steel with coating

Diffractometric studies of samples, Fig. 3,
were carried out on X-ray diffractometer
DRON-4-07 in copper CukK, radiation using Ni
and Fe of selectively absorbent p-filter. The
diffracted radiation was recorded by a
scintillation detector. The shooting of the
diffractograms was done in step-by-step mode.

As a result of the phase analysis of the
samples, a phase was detected: iron boride Fe,B.
The coating contains a texture (100), that is, the
grain of Fe,B iron boride is mainly oriented
crystallographic planes {100} parallel to the
surface of the sample. Fe-y austenite and Fe;Cs
iron carbide were also detected. The lining (steel
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X18H10T) is textured, the grains are mainly
oriented with the crystallographic planes {110}
in parallel with the surface of the sample.

Metal grit samples were made and their
microhardness ~ was  measured with a
microhardness measurement unit PMT-3 (Nm —
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Fig. 3. Diffractometric study of samples

Table.

kg/mm” — load 200 grams, from the center of the
sample to the edge with a step of 30 microns),
Table. As can be seen from the table, the
microhardness from the center of the substrate to
the side of the coating is double increased.

4000 -Fe,C,-0
+ - Feq

I, cps

2000

Distance from
center to tip of 50 75 100
sample, pm

The value of
microhardness, 357 379 405
H,, kg/mm’

Destruction of samples under the influence
of cavitation was studied on the installation of
ultrasound cavitation. The cavitation zone was
formed between the end of the emitter, which is
connected with an ultrasonic generator of UZG-3
0.4 type, and the surface of the test specimen
installed in water having the temperature of
293 K. The radiator is a concentrator of
ultrasonic vibrations of the exponential profile.
Experimental results on the determination of the
size of erosive destruction are shown in Fig. 4.

For comparison, the kinetic curve of the
destruction of the standard A18H10T austenitic
steel and a boron carbide-based sample is given.
As can be seen from Fig. 4 under the same test
conditions, the nature of the kinetic curves is
different. A sample with a carbide-boron coating
is 2.5 times less cavitation wear than austenitic
steel.
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Fig. 4. Cavitational wear of a specimen of austenitic
steel and that with coating
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CONCLUSIONS grapple-sculpt globules. Experimental results on
the determination of the amount of erosive
destruction have shown that the sample with a
boron carbide coating is 2.5 times less cavitation
wear than austenitic steel.

The process of gas phase deposition of
coatings on the basis of boron carbide on
austenitic steel has been worked out, in which
the surface of the coating is characterized by

I'azo¢da3ne ocakeHHs KaBITAlIHHOCTIIIKOr0 MOKPHUTTHA HA OCHOBI KapOiny 0opy
0.10. Kypapasos, O.B. lusux, .M. [llupoxos

Hayionanvuuii naykoeuii yenmp «Xapxiecokuii (pisuxo-mexHiuHutl iHcmumymy»
eyn. Akademiuna, 1, Xapxis, 61108, Yrpaina, shirokov@kipt.kharkov.ua

Haoiiinicme i exonomiunicmo excniyamayii AEC 6y0b-axozo muny 6 3HauHiti mipi 3anexcams 6i0 HAOIIHOT
pobomu cucmemu it mpybonpoeodis. 3 nimepamypHux Odcepen NoKa3aHo, wo Haubiibw Hebe3neyHa 30Hd, ¢ MoYKu
30py eposiino2o 3HOCY, — ye 3a60pom mpybonposody. Po3e’sizanus npobiemu eposiiiHo20 3HOCY 30HU 3060POMIG
mpybonposooie MOJCIUBEe WIISIXOM 2A30QaA3H020 OCAONCEHHs 3AXUCHUX NOKPUMMIE HA OCHOSL KapOidy 6opy, sKi
3azanemMyloms Kagimayitini npoyecu 3xocy. Y Oaniti pobomi npedcmasieHi pe3yromamu 00CHiONCeHb OMPUMAHHS
KAiMayitiHoOCmiliko2o NOKpUmmsl Ha OCHOGL Kap0idy 060py 600HesuM GIOHOGNeHHAM mpuxiopucmozo oopy BCIl; i
monyony C;Hg. Ompumanns kap6ioy 6opy 30[ICHIOSANU HA YCMAHOBYI 3 20PUZOHMAILHON DEaKYIUHOK KAMEPOK
npomounozo muny. Ipunyun ii 0ii ckradaemvcsi 6 NPoONyCcKaHHI uepe3 peakyiliHy Kamepy Rapo2da308020 NOMOKY
peazenmis, Wo 6CMynaromy y XiMiuHy peakyito Ha no8epxHi po3iepimoi nioK1aoKu, po3mieHol ycepeOuHi peakyitHoi
kamepu. Teepoogpasni npodykmu peakyii ymeoprowoms HA NOSEPXHI NIOKIAOKU HAPOCMANYUL wap KOHOeHcamy, a
2a30n00i6HI NPOOYKMuU 6UOANSIOMbCSL 3 Peaxyiiinoi kamepu I Heumpanizyiomvcs. Ak peazewmu 6yn0 o06pano
mpuxaopucmuii 6op BCl; ma monyon C;H. Ak eaz-Hociii i akmueamop 6yé ooenv H,. Ocaodowcenns 30iticH08anocs
Ha niokaaodky 3 aycmenimuoi cmani. Hasedeno mopghonozito xondencamis. Ilokazano, wo mopghonozcis nosepxui
POCmY Xapaxmepu3yemvcs MiyHOHenieHumy 2nooyiamu. Penmeeniecoki cnekmpanbHii 00CiONCeHHs NOKA3AAU, WO
PO3NOOIL eNeMeHmi8 € PIGHOMIDHUM, WO 6KA3YE HA me, WO Npu HASPISI AYyCMeHIMmHOI cmani iCMOMHUX 3MIH
enacmugocmeti He 6i0bysacmucs. [Juppakmomempuuni OOCIIONCEHHS NOKA3AAU, WO NOKPUMMS MICIUMb 3€PHO
b6opudy 3aniza Fe,B ma kap6ioy 3aniza Fe;Cs;. Bumiproeanns mikpomeepOocmi ROKA3anu, wo 6i0 YyeHmpy niokiaoxku
00 CMOpOHU NOKpumms GOHA 30inbuiyembes 606iui. PylinyeanHs 3paskie npu enaugl kagimayii eueuanocs Ha
yemanosyi  ynempazeykosoi kasimayii. Kasimayiiina 30na opmysanacs Mmiogc mopyem SUNRPOMIHIO8AYA, KU
3’€OHanull 3 ynompaszeykosum 2enepamopom muny Y3I-3 0.4. Bunpominiosau € KOHYEHMPamopom yibmpa3eyKosux
KOTUBAHb eKCNOHEHYIaNbHo20 npo@inio. s NOpIBHAHHA HABEOEHO KIHEeMUUYHY KPUugy DYUHY8AHHA CMAHOAPMHOL
aycmenimuoi cmani AISHI10T ma 3pasxka Ha ocHosi kapbidy 6opy. ¥V mux camux ymosax mecmysamHs xapaxmep
KIHeMUYHUX KpUSUX 8iOpPI3HAEMbCA. 3pa3Ku 3 NOKPUMMAM 3 ME8epOOCHIABHO20 Mamepiany Maoms 8 2.5 pasu MeHue
KagimayitiHo2o 3HOCY, HidC AyCMeHimHa CMab.

Knrouosi cnosa: cazopasne ocadxicenns, kapoio 60py, KagimayitiHuil 3HOC
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I'azo¢asHoe ocakaeHHe KABUTAIIHOHHOCTOHKOIO MOKPHITHSI HA OCHOBe KapOuaa 6opa
A.IO. Kypasies, A.B. Illnan, 5.M. Illupokos

Hayuonansuwiii nayunsitl yenmp «Xapoko8cKutl ou3uKo-mexHudecKuti UHCIunmymy
yi. Akademuueckas, 1, Xapvros, 61108, Yipauna, shirokov@kipt.kharkov.ua

Haoexcrnocms u sxonomuunocme sxcnayamayuu AIC 1106020 muna 6 3HAUUMeNbHOU CMeneHu 3deuUcsam om
HaoexcHol pabomul cucmemvl ee mMpyoboOnposooos. M3 numepamypHvix UCHOYHUKOE NOKA3AHO, YmoO Haubonee
ONACHAsL 30HA, C MOYKU 3PEHUsl 3PO3UOHHO20 U3ZHOCA, — MO NoGopom mpybonpoeoda. Pewenue npobremvl
9POUOHHO2O UZHOCA 30HbL NOBOPOMOE MPYOONPOBOO0E BOIMONCHO NYMEM 2a30(A3HO20 OCANCOCHUST 3AUUMHBIX
HOKpBIMULl Ha 0CHO8e Kapbuoa bopa, Komopbvie 3amopMo3am KasUMayuoruvle npoyeccyl usnoca. B dannoi pabome
npedcmaeiensbl pe3yibmanmvl UCCIe008AHULL NOTYYEHUS KAGUMAYUOHHOCOUKO20 NOKPbIMUS HA OCHO8e Kapouoa
bopa 6000poOHbIM 60CCmanosIeHUemM mpexxaopucmozo 6opa BCl; u monyona C,Hg Ilonyuenue xapbuoa 6opa
0CYWeCmBIANY HA YCMAHOBKE C 20PU3OHMANbHOU PEAKYUOHHOU Kamepoll npomounoz2o muna. Ilpunyun ee oeticmeus
cocmoum 8 NponyCKAHuu uepe3 pPeaKkyuoHHYIO Kamepy napo2azn6020 NOMOKA pedazenmos, GCMYNaloujux 6
XUMUYECKVIO Peakyuio Ha NOBEPXHOCMU DPA302PEemoi NOONONCKU, PAIMEUSeHHOU GHYMPU DEeaAKYUOHHOU KAMEDbI.
Tsepooghasusie npodykmel peakyuu 06pA3yIOM HA NOGEPXHOCHU NOONONCKU HAPACMAOWUl Cloll KOHOeHcamad, a
2a30006pasnvie NPOOYKNbl YOWISIIOMCSL U3 PEAKYUOHHOU KamMepbl U Heumpamuzylomcs. B kauwecmee peacenmos OvLn
usopan mpexxnopucmuiii 6op BCl; u monyon C;Hs. Hecywum 2aszom u axmueamopom A6iaicsi 6000poo H,.
Ocasicoenue ocywecmensinioch Ha NOONONCKY U3 aycmenumuou cmanu. Ilpugedena mop@onozusi KOHOEHcamos.
Hoxkasano, umo Mmopghonocus noeepxHOCMU pocma  XApaKmepuzyemcs Kpenko-CYEnieHHbIMU  2100YIaMU.
Penumeenosckue cnexmpanvhvle uccied08anus NOKA3AIU, YMo pacnpeoeieHue JNeMeHMOos A6Isemcs PAGHOMEPHbIM,
YUmo yKazvleaem HA MO, YMO NpU HaAspee aYCMEHUMHOU CMAU, CYWeCmMEeHHbIX UIMEHEeHUll C80UCm8 He
npoucxooum. [Jugppaxmomempuutvle UCCIeO08AHUSL NOKA3AMU, YMO NOKPbIMUE COOepICUm 3epHO bopuda dcene3a
Fe;B u kapouoa ocenesa Fe,Cs. Hzmepenusi Mukpomeepoocmu noKa3au, 4mo om yenmpa nOON0NMCKU K CMOPOHe
NOKpblmMUs OHA yeenudusaemcs 606oe. Paspywenue 06pazyoe noo eiusanuem Kasumayuu u3y4aiochb Ha YCMAaHoKe
VILMPA38YK08oU Kasumayuu. Kagumayuonnas 30na 06pazoeana mexicoy KOHYOM U3IYYames, KOmopblil COeOUHEH ¢
VILMPa3zgykosuim 2enepamopom muna Y3I-3 0.4, a nosepxnocmv ucnvimyemo2o obpazya YyCmaHoeieHd 8 800e ¢
memnepamypoti 293 K. /i cpagnenusi npueedenvi KUHeMUYecKue Kpugble paspyuleHusi CmanoapmHou
aycmenumuoti cmanu AISHIOT u obpazya na ocHoge kapouoa 6opa. B mex e YCi108UAX MeCmMupo8aHus xapaxmep
KuHemuyeckux Kkpugblx omaudaemcs. O6pazyvl ¢ NOKpblmuem u3 meepooCniagHo2o mamepuaia umeom 6 2.5 paza
MeHbuie KaBUMAYUOHHbIU UHOC, YeM AYCIEeHUmMHAs CMmdJb.

Knroueswie cnosa: cazopasnoe ocaxcoenue, kapobuoa 6opa, KasumayuoHHbLL U3HOC
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