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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

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

a horizontal flow-type reaction chamber. The
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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 BCIl; 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

ISSN 2079-1704. CPTS 2018.V.9.N 4

369

distances from 100 to 225 um, 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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Fig. 1. Morphology of the surface of the coatings
based of carbide boron, X650
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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 CuK, radiation using Ni
and Fe of selectively absorbent B-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.
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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 Kkinetic 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¢dasne ocakeHHs KABITAliHHOCTIIIKOr0 MOKPUTTHA HA OCHOBI KapOiny 0opy
0.10. Kypapasos, O.B. llusax, 5.M. lllupoxos
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Haoiinicme i exonomiunicmo excniyamayii AEC 6y0b-axozo muny 6 3HayHiti mipi 3anexcams 6i0 HAOIIHOT
pobomu cucmemu it mpy60onpoeodis. 3 nimepamyprux oxcepen NOKA3aHO, WO HAUOitbw Hebe3neyHa 30Ha, ¢ MOYKU
30py eposiiino2o 3Hocy, — ye 3a60pom mpy6onpoeody. Po3e’azanns npobremu epositinoco 3HOCY 30HU 3A80POMi6
mpy6onpoeooie ModcIUuge WIAXOM 2a30QDA3HO20 OCAONHCEHHA 3AXUCHUX NOKPUMMIE HA OCHO8I Kapbioy Oopy, saKi
3azaneMyloms Kagimayitini npoyecu 3xocy. Y Oaniti pobomi npedcmasieHi pe3yriomamu 00CHONCeHb OMPUMAHHS
Kasimayitinocmitiko2o NOKpUMmsi Ha OCHO8I Kapbidy b6opy 800Hesum 6i0HO8IeHHsAM mpuxiopucmozo 6opy BClg i
monyony C;Hg. Ompumanns kap6idy 6opy 30iicHIO8anu HA YCMAHOBYI 3 20PUOHMAILHON DEAKYIUHOK KAMEPOH
npomounozo muny. Ipunyun ii 0ii ckradaemvcsi 6 NPoONyCKaHHI wepe3 peakyiliHy Kamepy napo2azo8020 NOMOKY
peazenmis, Wo 6CMynaromy y XiMiuHy peakyito Ha n08epxHi po3iepimoi niOKIaoKu, po3miueHol ycepeOuHi peakyitHoi
kamepu. Teepooghasni npodykmu peakyii ymeoprowome HA NOSEPXHI NIOKIAOKU HAPOCMANYUL Wap KOHOeHcamy, a
2a30n00iOHI NPOOYKMU 8UOANAIOMbCA 3 pearkyitinoi Kamepu i Heumpanizyiomsca. Ak peazenmu 6yn0 00paHo
mpuxnopucmuti 6op BCly ma monyon C7Hg. Ax 2az-nociii i akmueamop 6ysé 6ooenv H,. Ocadcenns 30iticniosanocs
Ha niokaaodky 3 aycmenimuoi cmani. Hasedeno mopghonocito xonoencamis. Ilokazano, wjo mopgonozia nogepxwi
DpOCmy Xapakmepu3yemucs MiyHozuenienumu nodyiamu. Penmeeniecoki cnekmpanvHi 00CHioHceHHs NOKA3AAU, WO
PO3N0OINL eneMenmi6 € PIGHOMIPHUM, WO 6KA3VE HA me, WO NpU HASPI6l ayCMeHimHOI cmani iCMmOmHUX 3MiH
enacmugocmetl ne 8iooysacmucs. [ugppaxmomempuuni 00CnioHcenHs NOKA3AU, WO NOKPUMMSA MICMUMb 3ePHO
b6opudy 3aniza Fe,B ma kap6ioy saniza Fe;Cs. Bumiproeanns mixpomeepoocmi nokazanu, wo 6i0 yeHmpy niokiaoxku
00 CMOpOHU NOKpumms OHA 30inbuiyemvbes 606iui. PylinyeanHs 3paskie npu enaugl kagimayii eueuanocs Ha
yemanosyi  ynempazeykosoi kasimayii. Kasimayiiina 30na opmysanracs Mmiogc mopyem SUNPOMIHIO8AYA, KU
3’eOnanuil 3 ynompazeykosum cenepamopom muny Y3I-3 0.4. Bunpominiosau € KOHYeHMpamopom yibmpa3eyKosux
KOMUBAHb eKCNOHEeHYIaNbHO20 Npo@inio. s NopieHAHHA HABEOeHO KiHeMUYH) Kpugy DPYUHYBAHHS CMAHOAPMHOL
aycmenimuoi cmani A18H10T ma spaska na ocnosi kapbioy 6opy. ¥V mux camux ymosax mecmyeaHus. Xapakmep
KIHEMUYHUX KPUBUX 8IOPISHAEMBCA. 3pA3KU 3 NOKPUMMAM 3 MEEPOOCNIABHO20 MAMEPIany Maioms 8 2.5 pasu meHue
KAimayitiHo20o 3HOCY, HIXHC AYCMeHimHA CMab.

Knrouosi cnosa: cazopasne ocadicenist, kapoio 60py, KagimayitiHuil 3HOC
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I'azo¢asHoe ocakaeHHe KABUTAIIHOHHOCTOHKOIO MOKPBITHSI HA OCHOBE KapOuaa 6opa
A.1O. Kypasies, A.B. llluan, 5.M. Illupokos

Hayuonansnwiii nayunsiii yenmp «Xapoko8cKutl pu3uKo-mexHudecKuti UHCIumym»
yn. Akademuueckas, 1, Xaporos, 61108, Vkpauna, shirokov@Kkipt.kharkov.ua

Haoeoxcnocmo u sxonomuunocme sxcnayamayuu A3C 1106020 muna 6 3HAUUMENIbHOU CMeEneHu 3a6Ucsim om
HaoexcHol pabomuvl cucmemvl ee mMpyoboOnposooos. M3 numepamypuvix UCHOYHUKO8 NOKA3AHO, YmMO Haubonee
OnacHas 30HA, ¢ MOYKU 3PEHUs IPOZUOHHO20 USHOCA, — BMO NOB0pom mpybonposoda. Pewenue npobnemv
9PO3UOHHO20 USHOCA 30HbL NOBOPOMO8 MPYOONPOBOOOE BOMONMCHO HYMeM 2a30(a3H020 OCAHCOEHUA 3AUJUMHBIX
ROKpbIMULl Ha OCHOGe Kapouda b6opa, Komopwvle 3amopMo3Am KasumayuouHvle npoyeccyl usHoca. B oannou pabome
npeocmagienvl pe3yIbmamsl UCCIe0068aHull NOTYUeHUs KABUMAYUOHHOCNOUKO20 NOKPBIMUA HA OCHO8e Kapouoa
b6opa 6000podHbIM 60ccmanosienuem mpexxiopucmozo 6opa BCly u monyona C;Hg. Honyuenue xapbuoa 6opa
0CYWecmsian Ha YCMaHogKe ¢ 20pU3OHMANbLHOU PeakyuoOHHOU Kamepol npomouno2o muna. Ipunyun ee delicmeus
cocmoum 6 NpONyCKaHUU 4Yepe3 PeakyuoHHYIO Kamepy napo2azoeo20 MNOMOKA pPeazeHmos, 6CHYNarouux
XUMUYECKYIO DeaKyuio Ha NOGEPXHOCU DPA30SPEmOl NOONONCKU, PASMEUJeHHOU 6HYMPU DeaKyuoHHOU Kamepul.
Tsepooghasuvie npodykmel peakyuu 06pA3yIOM HA NOBEPXHOCHU NOONONCKU HAPACMAOWUl ClOl KOHOeHcamd, a
2a3000paszHvle NPOOYKMbl YOAIOMCs U3 PEaKyUOHHOU Kamepbl U Helmpanuszylomes. B kauecmee peacenmos 6vin
uzopan mpexxnopucmoiti 6op BCly u monyon C;Hg. Hecywum 2asom u axmusamopom sensics 6000opod Hy.
Ocasicoenue ocywecmensiioch Ha NOONONCKY U3 aycmeHumuou cmanu. Ilpugedena mop@onozusi KOHOEHcamos.
Iloxaszano, umo Mop@ono2us NOBEPXHOCMU POCMA  XAPAKMEPUYemcs Kpenko-cyenieHHuIMu  2no0ynamu.
Penmeenosckue chexmpanvuvle ucciedosanus noKa3amu, Ymo pacnpeoenenue d1emMenmos A6iaemcs pagHOMePHbIM,
Ymo yKaszviéaem Ha MO, UMO NPU HaAzpese AyCMEHUmHOU CMAU, CYUeCTNBeHHbIX UMEeHeHUll COlCmE He
npoucxooum. Juppaxmomempuynvie uccie0o08anus nOKA3anU, Ymo NOKpblmue cooepiucum 3epHo 6opuda dHcenesd
Fe,B u kapouoa sceneza Fe;Cs. HUsmepenus muxpomeepoocmu nokazamu, 4mo Om yYeHmpa NOON0ICKU K CIMOPOHE
ROKpbIMUsA OHa ysenuyusaemcs 806oe. Paspyuienue 06pasyos noo enusAHUeM KAGUMAYUU U3YYANIOCh HA YCIMAHOGKe
YIbmMpazgykogoll kagumayuu. Kagumayuonnas 30Ha 06pazosana meicoy KOHYOM ULYUAMes, KOmopblil COeOUHEH ¢
yavmpazeykosvim eenepamopom muna Y3I-3 0.4, a nogepxnocms ucneimyemozo obpasya yCmauosieHa 8 800e ¢
memnepamypou 293 K. [ns cpasnenus npusedenvl KuHemuueckue Kpuseble paspyuleHus CmManoapmHou
aycmenumuou cmanu A18H10T u obpasya na ocnoge kapbuda bopa. B mex dice ycnosusix mecmuposanusi xapaxmep
KUHemuyeckux kpusvix omauiaemcs. O0pasyvl ¢ nOKpvimuem u3 meepooCniagHoco Mamepuaia umerom 6 2.5 pasa
MeHblUle KABUMAYUOHHIN USHOC, YeM AYCIMEeHUMHAsA CIab.

Knroueswte cnosa: cazopasnoe ocaxcoenue, kapouoa 6opa, KasUmMAayuOHHbIL U3HOC
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