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Annotation. This article examines the main operational and technical issues encountered during the
use of Progressive Cavity Pump (PCP) installations, which are widely employed in oil wells worldwide. The
study analyzes the undesirable consequences arising from these issues, the key approaches to solving them,
various factors influencing the operational reliability of PCP systems, as well as the essential performance
characteristics of nanocoatings (titanium nitride, chromium nitride, Diamond-Like Carbon, titanium—
aluminum nitride) that reduce friction and wear. The results of implementing these technologies and their
advantages are also described. In addition, the article reviews modern innovative technologies for applying
nanocoatings, including physical vapor deposition and condensation, chemical vapor deposition, and the
introduction of nanoscale layers onto metal surfaces using high-energy plasma.

Changes in operational performance indicators of PCP installations with and without nanocoatings
are compared. Field test results from foreign oil companies are presented, along with actual production
performance data of the pumps in the form of tables and graphs demonstrating the effectiveness of
nanocoatings. The study findings show that nanocoatings increase equipment service life by 1.5-3 times,
enhance reliability, and significantly extend run time between overhauls. The article also proposes future
technological development prospects for the innovative sector within the oil extraction industry.

Keywords: progressive cavity pump, nanocoating, nanostructured coating, innovation, friction,
wear, corrosion.

Introduction. A progressing cavity pump (PCP) is a positive-displacement pump consisting
of a rotor (metal screw) and a stator (elastomer-lined housing). As the rotor rotates, the fluid is
moved from chamber to chamber and lifted from the bottom of the well to the surface.

e The key features of progressing cavity pump systems are as follows:
adapted for producing high-viscosity oil;

e capable of operating even with high contents of sand, gas, and water;

e mechanically simple, yet sensitive to wear.

Progressing cavity pump systems are among the most efficient technologies in global oil
production for lifting highly viscous, solids-laden, and high-gas-factor reservoir fluids. However,
the primary factor limiting their service life is the intensive abrasive and corrosive wear of the rotor
and stator.

The main issues encountered during the operation of PCP systems are as follows:

Mechanical wear — Oil and gas may contain various acids that damage the metallic parts of
the pump. Such corrosive effects reduce the strength and durability of PCP components.

Gas-factor impact — The presence of gas lowers the density of the fluid, complicating PCP
operation and reducing lifting capacity.

Impact of sand and solid particles — Abrasion caused by sand or hard particles rubbing
against the screw surface negatively affects pump performance.

Thermal and chemical effects — Temperature fluctuations at the surface and at well depth
cause expansion and contraction of metal parts, contributing to mechanical wear [1-7].

Figure 1 below shows worn elastomers and stators of progressing cavity pumps.

The issues listed above lead to several negative consequences.
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Pump wear reduces operating efficiency, resulting in decreased oil-lifting performance.
Pump efficiency may drop by 15-30%.

Increased energy consumption — Mechanical wear affects other pump components as well,
leading to higher energy costs and longer repair times.

Shorter mean time between failures — Worn pumps require more frequent repair or
replacement, increasing operational expenses.

?w-
o
ba

- W -t S ——

Figure 1 — Worn PCP elastomers and stators

Unstable oil production — Some pump sections may lift only gas, reducing liquid-lifting
efficiency. In such cases the pump operates “dry,” significantly decreasing performance.
Below, Figure 2 shows worn PCP rotors.

Figure 2 — Worn PCP rotors

There are many solutions aimed at reducing or mitigating these negative effects. The main
ones include: Material improvement (wear-resistant coatings, new elastomers) — use of high-
strength, corrosion-resistant coatings; Gas-handling optimization — installation of separators to
remove free gas from the wellstream; Sand and solids control (sand traps/filters) — prefilters to
remove sand and solids during production; Drive system enhancements — proper selection and
modification of pump components based on fluid properties; Monitoring and diagnostics —
controlling pump load to avoid overload [7-12].

Research materials and methods. In recent years, friction-reducing nanostructured
coatings have been proven to substantially increase the reliability of PCP systems by improving
rotor surface properties. The use of nanocoatings to reduce friction and wear is among the most
effective solutions. A nanocoating is a hard and durable protective layer typically 10-100
nanometers thick. On metal surfaces it:

e reduces friction;
e increases corrosion resistance;
e resists thermal and mechanical impacts.

The effectiveness of nanocoatings is directly related to their structure and physico-chemical
properties. Studies show that hard carbon and nitride nanolayers applied to rotor surfaces reduce
wear through well-defined scientific mechanisms.

Various chemical and physical methods are used to introduce nanostructured materials and
additives into coatings. These additives modify the structure and provide the desired properties of
coatings composed partly or fully of nanoparticles.

Different methods exist for forming nanocoatings:
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Adding a hard amorphous phase to an alloy reduces crystallite size, producing
nanostructured materials such as TiAIN+Si, TiMoN+Si, and TiCrN;

Use of multilayer coatings with alternating nanolayers;

Formation of nanostructures through high-speed sputtering of mosaic cathodes;

Formation of nanostructures using ion beams.

Table 1 below presents coating types and their main properties and advantages.

Table 1 — Types of nanocoatings and their main properties and advantages

Coating type Main properties Advantages
TiN (titanium nitride) High hardness, wear resistance | Extends rotor surface life by 2-3
times
CrN (chromium nitride) Corrosion resistance, stable at | High anti-wear performance
high temperature and friction
DLC (Diamond-Like Low friction coefficient, | Reduces energy consumption,
Carbon) energy-saving,  diamond-like | lowers surface heating
structure
TiAIN (titanium-aluminum For heavy-duty loads, high- | Reduces heat generation and
nitride) temperature resistance energy losses

One of the most widely used methods today is PVD (Physical Vapor Deposition) — a
technology in which material is vaporized in a vacuum and condensed onto a substrate as a thin
layer. This method applies thin films of metals, ceramics, glass, and polymers. Prior to coating, the
substrate is degreased, cleaned, and sometimes heat-treated or polished. The material (e.g.,
chromium or titanium) is vaporized via sputtering, e-beam, or thermal evaporation, and vapor
particles condense onto the substrate surface, forming a uniform thin layer 0.25—4 microns thick
[13-15]. CVD (Chemical Vapor Deposition) is another common method that uses gaseous
precursors to deposit thin solid films on substrates at elevated temperatures. CVD coatings are
durable, chemically resistant, and ideal for wear protection. Another method is plasma-ion spraying,
which uses high-energy plasma to deposit nanolayers onto metal surfaces. Vaporized ions
accelerated by electric fields strike the substrate, forming strong chemical-metallurgical bonds and
producing extremely hard, wear-resistant coatings. These technologies enable the formation of thin
yet very hard protective layers on rotor steel surfaces.

Results and discussion. The described methods are applied depending on the required
performance characteristics. Plasma-ion spraying is one of the most effective nanocoating
technologies for improving PCP reliability. It strengthens rotor surfaces, reduces friction, and
decreases corrosion and abrasive wear. CVD increases rotor durability, wear resistance, and
corrosion resistance. PVD enhances coating strength, wear resistance, and appearance.

The use of these technologies is economically advantageous, as pump downtime and repair
costs are significantly reduced. Nanocoated rotors reduce the friction coefficient by 40-60%, extend
service life by 2-3 times, and increase mean time between failures by 25-30%.

Table 2 below shows comparative indicators of coated and uncoated rotors.

Table 2 — Comparative characteristics of coated and uncoated rotors

Indicator Uncoated Nanocoated
Friction coefficient 0.35-0.40 0.10-0.15

Wear rate 100% 30-40%

Heat resistance Medium High

Service life 1000 hours 2500-3000 hours

These results clearly demonstrate the effectiveness and advantages of nanocoated rotors,
with performance improvements ranging from 2.5 to 3 times.
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Table 3 below presents examples of global companies using nanocoatings and their reported
results.

Table 3 — Global companies’ experience with nanocoatings and their results

Country / Company Nanocoating type Result
Canada (Kudu Pumps) DLC nanocoating Rptor wear decreased 2.5x in
high-sand wells
Russia (Tatneft, Lukoil) TiN and CrN layers Service life increased 1.7x
China (CNPC) . . Corrosion reduced by 50% in
Nanoceramic coating . .
hot, viscous media

Overall, the types of nanocoatings used worldwide continue to improve every year.
Compared to conventional methods, nanocoatings remain a relatively new and rapidly developing
technology.

Figure 3 below shows a comparative chart of wear rates for TiN- and DLC-coated and
uncoated rotors. The key observation from the chart is the continuous decrease in wear rate over the
years due to technological advances. This downward trend is expected to continue in the future.

Conclusion. This paper examines the use of nanocoatings as a solution to the major
operational problems of progressing cavity pump systems. Applying nanocoatings to pump rotors
and stators is a strategic direction fo r Kazakhstan’s oil industry, contributing to resource efficiency
and technological independence. The goal for the near future is the large-scale implementation of
these solutions combined with strengthening local research capability.

Based on the obtained results, the following strategic priorities can be highlighted for
improving PCP equipment in Kazakhstan:

1. Establishing local nanocoating centers — building production and laboratory bases in
oil-producing regions;

2. Expanding coating material types — testing DLC, TiN, CrN, Al:Os, and multilayer
hybrid systems;

3. Designing coating structures based on operating conditions — developing specialized
solutions for paraffinic, saline, and high-solid wells;
4.
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Figure 3 — Comparative wear rates of TiN-, DLC-coated and uncoated rotors
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5. Introducing digital monitoring systems — real-time PCP performance tracking and
wear-rate modeling;

6. Strengthening scientific-industrial cooperation — joint projects with national research
universities and international engineering centers.

These measures will, in the long term, enhance technological independence, equipment
reliability, and efficiency in Kazakhstan’s oil and gas sector, while advancing the national scientific
and technical base to a new qualitative level.
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MYHAM YHFBIMAJAPBIHIAFBI BYPAHJIAJIBI COPATI KOHJIBIPFBLJIAPBIHBIH,
MAHJAJIAHY-TEXHUKAJIBIK CUTIATTAMAJIAPBIH XKETLJIIPYJIET'T UHHOBAIIMSJIBIK
TEXHOJIOT'UAJIAP

Tankapukos I1.A., TeXxHHKa FRUIBIMAAPBIHBIH KaHIUAATHI, TPOdEccop
MakameB A.B., 7M07158 - TexHomorusuIbIK MalmHanap xoHe xadnsikTap bbb 1-xypc maructpanTs

Kopxoim Ama amwvinoaewl Kvizviiopoa ynusepcumemi, Koizviiopoa k., Kazaxkcman

Annarna. by makanana MyHail yHFpIManapbIHIa ofieM OOWBIHIIA KEHIHEH KOJIIAaHBICKa ue OoJFaH
Oypanmanel copan KoHmeIpFeuiapeiHblH (PCP — Progressive Cavity Pump) mnaiinamany OapbichiHIa
Ke3JIeCeTIH HETri3ri AKCILTYaTalUsUIbIK, TEXHUKAIBIK MOCeNIeNep, oJlapAaH TYbIHAaUTHIH JKaFbIMChI3 canjap,
npobiaeManapasl MISHTyAiH HETi3r1 KoJuapbl, OypaHaaisl copan KOHABIPFBUIAPBIHBIH )KYMBIC CEHIMILTIriHe
ocep erywri Typ:ii ¢dakTopiap >KoHe YHKeINic ImeH TO3yIbl a3aTaThlH HaHOKANTaManapIblH (TUTaH HUTPHII,
xpom wuTpuai, Diamond-Like Carbon, TuTan-amoMuHHMI HHUTPWAi) HETi3ri NalijanaHy KacHeTTepi,
TEXHOJIOTHSIHBI €HIi3y HOTHIKENepi, apTHIKIIBUIBIKTapel TangaHaisl. COHbIMEH KaTap HaHOKanTaMalapibl
KacayJIblH Kazipri TaHJarbl WHHOBALMSJIBIK TEXHOJIOTUSIIAPH! ((prU3KKaIbIK OyNaHABIPY KoHE KOHIEHCAIUS
9MiCl, XUMHUSUIBIK OYJIaHIBIPY apKbUIbI IIOTIHIAI KabaT ajy, JKOFapbl SHEPIHsUIbl IJ1a3Ma apKbLIbl METaJLl
OeTiHe HaHOKAa0AT €Hri3y) KapacTeiphlUiraH. HaHokanrtamamMeH KanTajiFaH KOHE KanTajMmaraH OypaHIaibl
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coparn KOHIBIPFBUIAPHIHBIH TalalaHy KepCeTIMTEepiHiH e3repici canmbicThIpbutanbl. llletenmmik MyHait
KOCIOPBIHAAPBIHBIH KEH OPBIHAAFBl TOXKIpHOETep CaIBICTHIPBUIBIT, HAHOKANTAMAJAPABIH THIMIUIITIHE
KaTBICTBl COpanTapblH HAKTHI OHAIPICTIK KOPCETKILITEPi KecTe KoHe rpaduK TYpiHAE KeNnTipiireH. 3epTrey
HOTHKEJIepl HAHOKAaNTaMaJapAblH Kb3MET Mep3iMiH 1,5-3 ecere apTTHIPAThIHBIH, CEHIMAUTIKTI
YKOFAPBUTATATHIHBIH JKOHE XKOHJCY apaibIK JKYMBIC YaKbIThIH aUTapIibIKTail y3apTaThiHbIH KepceTTi. CoHai-
aK MHHOBAIMSUIBIK CAJIAaHBIH MYHAl OHIIpY KEIICHIHEeT] OoNallaK TEXHOJOTHSIIBIK JaMy TIepCIIeKTHBAIAPEI
YCBIHBUIAJIBI.

Tipek ce3nep: OypaHIaiel copamn KOHABIPFBICH, HAHOKANTaMa, HAHOKYPBUIBIMIBIK KanTaMma,
WHHOBAIMSJIBIK, OaFbIT, YHKEIiC, TO3Y, KOPPO3USI.

NHHOBALIMOHHBIE TEXHOJIOI'MX B COBEPIIEHCTBOBAHUU DKCIIJITYATAHUMOHHO-
TEXHUYECKHUX XAPAKTEPUCTUK BUHTOBbBIX HACOCHBIX YCTAHOBOK B
HE®TAHBIX CKBAZKUHAX

Tan:kapukoB Il A., KaHIUIAT TEXHUIECKUX HAYK, TIpodeccop.
MakameB A.B., maructpant 1 kypca OIl 7M07158 — TexHonormdeckrue MauHbl 1 000pyAOBaHNE

Keizvinopounckuil ynusepcumem umenu Kopkoim Ama, 2. Kvizvinopoa, Kazaxcman

AnHoTanus. B 1aHHOHW cTaThe pPacCMOTPEHBI OCHOBHBIC JSKCIUTyaTallMOHHBIE M TEXHHYECKHE
MPO0JIeMbl, BOSHUKAOIIIME ITPH MCIIOIB30BAHUN BUHTOBBIX HAaCOCHBIX ycTaHOBOK (PCP — Progressive Cavity
Pump), KOTOpBIE MOMYYMJIM HIMPOKOE PACHPOCTPAaHEHHE B HE(MTSIHBIX CKBOKHHAX II0 BCEMY MHDY.
[Ipoananu3upoBaHbl BOZHHUKAIOIIME BCIEACTBHE STHX MPOOJIEM HeKelaTeNbHBIE IOCIEACTBUSI, OCHOBHBIC
MYTH UX pEIICHUs, pa3IryHble (PaKTOphl, BIUSIOMINE HA HaJIS)KHOCTh pabOThl BUHTOBBIX HACOCOB, a TAKXKe
KITFOUEBBIE IKCIUTyaTallMOHHBIE CBOMCTBA HAHOMOKPHITHHA (HUTPHUI THTaHA, HATpUJ Xxpoma, Diamond-Like
Carbon, HUTpH] THUTaHA-aJIOMUHHS), YMEHBIIAIOIINX TpeHHE M M3HOC. ONMUCaHBl Pe3yNbTaThl BHEAPCHUS
3THX TEXHOJOTMH M MX MpeumymniectBa. Kpome TOro, paccMOTpeHBl COBPEMEHHbIC HHHOBALMOHHBIE
TEXHOJIOTHM HAHECCHHs HAHOMOKPHITUH (METOAbl (PU3UUECKOTO HUCIApEeHUs] M KOHJCHCAIMH, TMOJyYeHHE
OCaJIOYHBIX CIIOEB METOJOM XHMHYECKOTO WCIApeHMs, HAHECEHHE HAHOCIOS Ha METaTHYECKYIO
MOBEPXHOCTH C UCIIOIb30BAHNEM BBICOKOIHEPTETHUECKOH TIJIa3MBbl).

CpaBHEHBI U3MECHEHHsI IKCILTYyaTAlMOHHBIX IMOKa3aTeleil BUHTOBBIX HACOCOB C HAHOMOKPBITUEM U
0e3 Hero. IlpencraBieHsl pe3ynbTaThl MOJEBBIX UCIBITAHUI 3apyOeKHBIX HE(PTSHBIX KOMIAHUMA, a TaKkxke
peanbHble TPOW3BOACTBEHHBIE IIOKAa3aTeId HACOCOB B BHAE TaOnMI W TpadUKOB, MOATBEPIKIAIOIINE
3G PEKTHBHOCTh HAHOMOKPBITHIA. Pe3ynbTaThl HcclieIoBaHUs TTOKA3bIBAIOT, YTO IPUMEHEHHE HAHOIIOKPBITHI
YBEIMYHMBACT CPOK CIIYKOBbI 000pynoBanus B 1,5-3 pa3a, HOBBIMIAIOT HAJAEKHOCTh M 3HAYUTEIBHO YUIHHSET
MEKPEMOHTHBIN Tiepros padoThl. Tarke MpeanokeHbl NEepPCIEeKTHBBI JAIBHEHIIET0 TEXHOJIOTHYECKOTO
Pa3BUTHSI MHHOBAIIMOHHOTO HarpaslieHHus B HeTe00bIBatoIeM KOMITIEKCE.

KaroueBbie cjioBa: BUHTOBasi HACOCHAS! YCTAaHOBKA, HAHOMOKPBHITHE, HAHOCTPYKTYPHOE TOKPHITHE,
WHHOBAIIIOHHOE HAINPaBIICHUE, TPEHUE, U3HOC, KOPPO3HSL.

18



