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s distinct from elastomeric material, composite poly-
Amer materials (CPM) based on thermoplastics have not
yet achieved a stable position in the market for oil and
gas equipment in Russia. This is mainly related to the limited
heat-resistance of the first readily available polymers, which
were primarily based on polyamides. Therefore, despite such
advantages as resistance to harsh conditions, operability under
“dry friction” conditions, and possible functionality to over-
heating temperatures up to 300 °C, CMP are hardly used.
CPM product use statistics are further aggravated by the fact that
the number of wells over 2,000 m depth is constantly increasing.
Such wells are complicated by the GOR and, accordingly, the heat
load on components (especially on the movable operating ele-
ments of ESPs) is increasing. Recently, however, polymers with heat-
resistance of up to 320 °C have became available. This figure
exceeds the heat-resistance of polymers earlier applied in ESPs by

Mepabie Matepuansl (KITM) Ha 6a3e TepMOIIIacTOB OKa He 3aBOe-

BaJM TIPOYHBIX MO3MIMIA B HedrerasozobnBaomeM 060pyAoBa-
HUW, IpUMeHaeMoM B Poccun. 9To cBa3aHo0, TaBHBIM 06Pa30M, C OTPaHI-
YEHHOH TEIIOCTONKOCTBIO paHee JOCTYIHBIX IIOIUMEPOB, IIPEK/E BCETO
Ha OCHOBE TOJHAMHJOB. I105TOMY, HECMOTPSI HAa TAaKME MPEUMYIIECTBA,
KaK CTOMKOCTD B arpeCCHBHBIX CPeJiaX, CIOCOOHOCTL PabOTaTh NPH HAJIK-
YUK «CyXOTO TPEHMSA», BO3MOKHOCTDL OGECIeYeH s PabOTOCIOCOOHOCTH
npu TemuepaTypax Harpesa 1o 300 °C u ap., npumenenue KITM cymect-
BEHHO C/IEPKIBAETCS.

Ionoxenne ¢ npumenennem uszeanii u3 KIIM ycyry6aserca eme u
TEM, UTO O CKBAXMH IIyouHoit 601ee 2 000 METPOB, OCIOKHEHHBIX
ra3oBBIM (DAaKTOPOM, IOCTOSHHO YBEJIMYMBAETCH, U, COOTBETCTBEHHO,
YBEJIMYMBAETCS U TEIUIOBAsA HArpPy3Ka Ha JIETalH, OCOOEHHO Ha paboune
opranbl ctyneneir YOLIH. Oxuako, B HacTosAIIEe BpEMs CTAJIU JOCTYITHBI
momMepsI ¢ TerocToikocTsio 10 320 °C, uro nourn Ha 100 °C mpessr-

BOTJII/I‘-II/IC OT 3JIACTOMEPHLIX MATECPUATOB, KOMIIO3UITMOHHbIE ITOJIN-

©® CPM components.
® li3nenua U3 NoNMMepHbIX MaTepnanos..
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Table 2. Comparison of the properties of BAZALIT and Ryton R-4-200 materials
Tabn. 2. CpaBHeHue cBOMCTB maTtepuanoB BA3AJIUT, Ryton R-4-200

Property Unit of Measurement Measuring procedure BAZALIT Ryton R-4-200
CBoiicTBO Eaunnua namepexus Meton nsmepenuns BA3AIUT Ryton R-4-200
Density g/lcm? IS0 1183 1.65 1.65
MnoTtHoCTb r/cm3 ISO 1183 1,65 1,65
Water absorption . ISO 62 0.01 0.02
BoponornoueHne o IS0 62 0,01 0,02
Tensile strength MPa IS0 527 165 165
MPOYHOCTb MPU PACTSKEHNN Mra IS0 527 165 165
Flexural strength MPa IS0 178 265 265
Mpo4HOCTb MpK U3rnée Mra ISO 178 265 265
Flexural strength after boiling for 30 days MPa IS0 178 200 150
Mpo4HOCTb MpK M3rn6e nocne KUna4eHus B Teqenne 30 cyTok Mra ISO 178 200 150
Flexural strength after boiling for 120 days MPa IS0 178 192 149
lpo4HOCTb Npu 3rnbe nocne kunaveHus B Tederne 120 cyTok MMa ISO 178 192 149
Flexural strength after boiling for 300 days MPa IS0 178 190 149
lpo4HOCTb Npyn 3rnbe nocne kunaveHus B TedeHne 300 cyTok MnMa ISO 178 190 149
Heat distortion T at 1.8 MPa . IS0 75 260 260
Temnepartypa gecpopmauun nog Harpyskoin 1,8 Mila C ISO 75 260 260
Coefficient of Linear thermal expansion o ASTM D 696 40106 40*10-6
KINTP ¢ ASTM D 696 40*10-6 40*10-

almost 100 °C. Use of products made of these CPMs, the mechani-
cal strength of which is not inferior to metals on a number of
parameters, will significantly increase the reliability of the movable
operating elements in ESPs under high temperature conditions.

Both theory and practical experience show that overheating
up to temperatures above 200 °C is first local, around the zone
of the impeller center, and maximum temperatures develop in
the stages located behind the entrance module (after the gas
separator). Overheating in the impeller center zone is caused
by the high level of cavitation and local heat generation due to
friction; because polymers have low heat conductivity, over-
heating increases even more.

To solve this problem, REAM-RTT uses CPM of a specially
developed grade with increased heat conductivity due to the
presence of special graphite and coal-fiber in the composition.
Heat conductivity in this grade is increased by more than three
times — 25 Wt/m *°C for pure polymer becomes 92 Wt/ m *°C
for polymer filled with coal-fiber and graphite. Low heat con-
ductivity of polymers is also an obstacle in the development of
diffusers made of CPM. Therefore company experts have, at
this stage, made the decision to manufacture metal diffusers
with CPM polymer coating. Special grade polyphenylenesul-
phide (PPS), for example, is used for protection against cor-
rosion and scaling.

Use of engineering polymers (EP) based on polyether ether
ketone (PEEK) and polyphenylene sulphide (PPS) in crucial
components of oil and gas equipment provides a number of
advantages to the products, such as:

- low density and, as a consequence, low weight;

« corrosion resistance;

- stability to hydroabrasive deterioration;

* wear resistance;

- low vibroactivity;

- resistance to aggressive environments;

+ low friction factor;

- functionality under “dry” friction conditions;

« heat-resistance not lower than 230 °C;

- resistance against scaling.

In determining the direction of their developments, REAM-
RTI experts have taken the experience and opinions of lead-
ing world manufacturers of oil and gas equipment into

IIAET TEIIOCTOMKOCTD paHee npuMenseMbix B YOIIH nommmepos. Ilpu-
Menenue uszennit u3 51ux KIIM, mexanuyeckas IPOYHOCTH KOTOPBIX
IO PAJly HaPaMETPOB HE YCTYHAET METAJLIAM, MO3BOJHUT CYIECTBEHHO
YBEIMUUTD HAJEKHOCTh Pabounx oprano YOIIH B ycI0BHAX BBICOKUX
TEMIIEPaTYp.

Kax Teopwus, Tak 1 IPAaKTUYECKHIA OIIBIT TIOKA3BIBAIOT, YTO HEPETPEBDI 10
temmeparyp csbiie 200 °C TOKaII3yIoTCs MPesKe BCETo B 30HE CTYIHUITbI Pa-
60Yero KoJeca, IIpy STOM MAKCHMaTbHbIE TeMIIEPATypPhl PA3BUBAIOTCS B CTY-
HEHSX, PACHIO/IOKEHHBIX 32 BXOTHBIM MOJyIeM (TocJie TazocenapaTopa). Ie-
PErpeshbl B paiioHe CTYHUI, OOYCIOBICHB! OBBIIECHHON KaBUTALUEH 1 JIO-
KaJIbHBIM TEIUIOBBIJICJICHAEM 32 CYET TPEHMS, a TaK KaK MOJUMEpPBI
00J1aJ[AI0T HU3KOH TEIUIONPOBOJIAIIEH CIIOCOOHOCTHIO, TIEPErpeB elne Hoiee
YCHITBAETCS.

Jins pemenns naHHOH npo6aemsl kovmanus «PEAM-PTH» ucnonssyer
cHenuanbHO paspaborannyio Mapky KIIM ¢ yBemueHHOM TEIIOnpOBOJHOC-
TBIO, KOTOPas 00ECIIEYNBACTCS 38 CUET IPUCYTCTBHS B KOMIIO3UIIII CIEIH-
aIBHOTO rpaduTa 1 YIIEBOJIOKHA. TeIIONpOBOJHOCTD B JAHHOM MapKe yBe-
JmyeHa 6osee yeM B TpH pasa - ¢ 25 Br/ M *°C y uncroro momivepa 5o 92
Br/ M *°C y HanoJHEHHOT0 yIieBooKHOM 1 rpadurom. Huskas Temronpo-
BOJHOCTb IIOJIFIMEPOB SABJISIETCS MIPEATCTBAEM M IPH Pa3paboTKe HAIPaB-
nsmomux anmapatos 13 KITIM. TTostoMy Ha HACTOAIIEM JTalle CIENUATICTa-
MU KOMITAHUY IIPUHSATO PENIEHNE U3IOTABIUBATh METAUINUECKIE HATIPAB/Is-
IOV aIapaThl ¢ MOMMMEPHBIME NOKpbITHaMy u3 KITM, nanpuvep, it
3aIUTHI OT KOPPO3UHM U CONCOTIOKEHHI MCIIONb30BATh CIIEIMAIbHbIE Map-
k1 noymdenmiencyasduna (PPS).

HcnonpaoBanne mHxkeHepHbIX nomumepos (MIT) Ha ocHOBe momahups-
¢upxerona (PEEK) u nomdpenmnencymsguaa (PPS) B oTBeTCTBEHHBIX fie-
tansax HI'O obecrieunsaeT u3zie/ st psaoM IPEUMYIECTB, TaKUX KAK:

* HU3Kas IVIOTHOCTD ¥, KaK CJIE/ICTBIE, HU3KUIT BEC 3/ICIIMIA;

* CTOMKOCTD K KOPPO3WH;

* CTOMKOCTD K TH/[POAOPasIBHOMY M3HOCY;

* I3HOCOCTOUKOCTD;

* HU3Kasl BUOPOAKTUBHOCTD U3JIEIHIA;

* CTOMKOCTD K arPECCUBHBIM CPEJAM;

* HU3KUIA KO3(D(DUIIIEHT TPEHNUS;

* CIIOCOOHOCTH PAabOTATh P HATMYNHM «CyXOTO» TPEHH;

+ paboyas TemocToikocTs He Huke 230 °C;

* CTOMKOCTB K COIEOTIOKEHHIO.

YuuTpIBas ONBIT ¥ MHEHHE BEYIIUX MUPOBBIX IIPOU3BOAUTEIEH HI'O,
Pa3paboTaBmuX U IpUMeHSIOmMUX cryneHn YIIH u3 maTepuanos Map-
ki Ryton PPS, o6ajaomux BbICOKOI TeMIIEPaTypHO# CTOMKOCTBIO, CIIe-

Ne9 September 2005 CeHTAGPbL

SOURCE ¢ UCTOYHUK: REAM-RTI

0il&GasEURASIA

HedTbulrasEBPA3UA



Oil&GasEURASIA
HedTtbulasEBPA3UA

o]
(-]

COMPOSITE MATERIALS | KOMMNO3UTbI

account. Such manufacturers have developed and are using
high temperature grade Ryton PPS stages on ESPs.

Rotor components in Boretz gas separators were the first
products made of EP. An experimental batch of gas separator
components, which is now being tested, was also made for
NOVOMET-PERM.

The main products which are planned for mass production,
however, are centrifugal oil pump impellers. REAM-RTT will
manufacture impellers for Boretz using the new composite
polymer material BAZALIT, based on polyphenylene sulfide
(PPS). These products will replace impellers made of Niresist
in wells where increased corrosion resistance, chemical stabil-
ity, stability to hydrogen sulfide and carbon-dioxide gas, and
resistance to scaling are required. New technology and the
new composite polymer material BAZALIT (see Table 2) were
specially developed for the manufacture of these products.

Basalt fibre filling (instead of fiber glass filling) provides a
number of advantages in BAZALIT material. The main advan-
tage is improved hydrolysis resistance. This means that
impellers made of BAZALIT will be exposed to fewer destruc-
tive effects from hot water while in operation and, according-
ly, will be durable for longer.

New lost core technology developed by REAM-RTT experts
makes the manufacture of a monolithic product possible (as
opposed to the present manufacture of impellers made of
polymer materials consisting of two parts welded together).
The absence of a weld seam essentially increases durability
and design reliability, especially during extended product use
(up to three years). Lost core technology also enables the
manufacture of impellers with inclined blades of practically
any complex flow channel geometry without a significant
change in product price. At the same time, the following
operational advantages are provided:

- high, stable durability due to the absence of a weld seam;

- longer service life due to excellent hydrolysis resistance;

+ heat resistance up to 260 °C;

- extended operation temperature of 220 °C;

- the component does not require balancing;

- it is three times lighter than the component made of
Niresist;

- excellent corrosion and chemical resistance;

- high stability to the influence of hydrogen sulfide and car-
bon dioxide;

- a low tendency to hydrate deposition;

- higher impeller efficiency due to the smoothness of the
surface.

In addition, use of the new CPM, together with construc-
tional features, assumes a reduction in the cost of impellers by
20-25 percent in comparison with similar products made of
Niresist.

The use of modern technologies and their promotion on
the Russian oil and gas equipment market in service of new
solutions are hindered by the absence of precise normative
requirements for the units and by the absence of accessible
information on operational features and problems.

At present, REAM-RTT experts constantly feel the ineffi-
ciency of norms and standards operating in the Russian oil
and gas production industry. Technical regulation lags behind
oil and gas production stimulation. This hinders competitive
mass production, an integral part of which is products made
of elastomers and polymer composites.

As such, the active work of national associations and insti-
tutes (e.g., the Russian State Oil and Gas University, the
National Institute of Oil and Gas) should help to overcome
lag in quality of oil and gas equipment (as compared to for-
eign equipment) by means such as the application of progres-
sive standards and management directives.

mamuctsl «PEAM-PTH» B3sn 3a 0CHOBY pa3paboTOK MMEHHO 3TO Ha-
HpaBJieHueE.

IMepsbmvu uspemsvu u3 UIT cram getanm poTOpHO# YacTH ra30BbIX Ce-
napaTopos 1t OAO «Bopern». OnpITHAS MAPTHS A€Talell Fa30BOTO Cerapa-
TOPA, B HACTOSIIEE BPEMS POXOJSIAS UCIIBITAHNUS, TAKKE ObLIA U3TOTOBJIE-
na i kommanuu «<HOBOMET-TIEPMb».

OJHAKO, OCHOBHBIMU U3/IETUAMHU, KOTOPBIE IIAHUPYIOTCS JUIS MACCOBO-
TO IIPOM3BOJICTBA, ABAAIOTCA paboune xoseca (PK) meHTpo6ekHbIX HedTs-
HbIX HacocoB. Mx npoussoacrso ocsausaercas OOO «PEAM-PTH» s
OAO «bopern» 13 HOBOrO KOMIIO3HIJOHHOTO IIOJUMEPHOTO MaTepHaIa
«bA3AJINT> Ha ocHoBe mompenmieHcyabduaa (PPS). 9tu uszgenmsa mra-
HUpYIOTCS 11 3aMeHbl PK 13 MaTepuana HUPE3HCT B CKBAXKHHAX, TJE TPe-
OyeTcsl HOBBbIMEHHAS KOPPO3HMOHHAS CTOMKOCTB, @ TaK K€ XMMHUUeCKas
CTOMKOCTb, CTOMKOCTD K CEPOBOAOPOJY, YIIEKUCIOMY a3y U COICOTIONKE-
HIIo. /11 MPOM3BO/CTBA YKA3aHHBIX M3/IE/IMH ObIIN CHEMHANLHO Pa3pado-
TaHbI HOBAs TEXHOJIOTHUSA U HOBBIA KOMIIO3UIJMOHHBIN OJIMMEDPHBIA MaTe-
puax «<bA3AJIUT> (cm. Tabi. 2).

HanonHenre MaTpUYHOTrO HOJIUMePA 6a3aTUTOBLIMU BOJIOKHAMU BMEC-
TO CTEKJIOBOJIOKHA obecnednsaeT Marepuany «bA3AJIMT» psax npeumy-
mectB. OCHOBHOE IIPEUMYIIECTBO — 3TO yAyYlleHHAs CTOMKOCTh K TUAPO-
Jm3y. ITO 03HAYAET, uTO padoune xoxeca u3 «bA3AJIMTa» B mponecce
SKCILTyaTaIiX Oy/yT MEHBIIE MO/BEPTaThCs PA3PyIINTEILHOMY BO3EHCT-
BHIO TOPSYEH BOABI U, COOTBETCTBEHHO, GYAYT AOJbIIE CIYKUTh 6€3 CHU-
JKEHUS TPOYHOCTH.

Paspa6orannas cnerpamcramu «PEAM-PTIH» HOBas TeXHOIOI M TUIIA
lost core mO3BONSAET U3rOTABIUBATHL MOHOJUTHOE UBJICAUE B OTIMYUE OT
CYIIECTBYIOIMX B HACTOSAIIEE BPEMsI PAOOUMX KOJIEC U3 HOIMMEPHBIX Ma-
TEPHAJIOB, COCTOSIMIX U3 IBYX CBAPEHHBIX MEX]y C000i yacTeil. OTcyTcT-
BHE CBAPHOTO IIBA CYIIECTBEHHO IIOBBIMIAET MPOYHOCTb M HAJIEKHOCTDH
KOHCTPYKIIMU OCOOEHHO PU JUIUTEIBbHOM (JI0 TPEX JIET) SKCIUIyaTAI[N 13-
Jenuil. JlJaHHas TeXHONOTHA MO3BOJSIET TaKkKe IPOU3BOJUTL Paboume KO-
JIeca ¢ HAKIOHHBIMU JIOATKAMU U IIPAKTUYECKH JI0O0H CI0KHOU reoMeT-
pUeil IPOTOYHOTO KaHama 6e3 CymecTBeHHOTO U3MEHEHN IIEHbI Ha U3JTe-
mae. Ilpm »sToM, obecmeywBalOTCA TAKME  IKCIUTyaTAIIMOHHBIE
HPEUMYIECTBA, KAK:

* BBICOKAs CTAOMJIbHAS IPOYHOCTD M3JIEIUS M3-32 OTCYTCTBHSI CBAPHOTO
IITB2;

+ 6oJree BHICOKHIT CPOK CITy>KOBI M3/Ie/IMs GIaroaps IPeKpacHoi CTOMKOC-
TH K TH/[POJIU3Y;

* TerocToikocts 0 260 °C;

« TeMIepaTypa umrenbHo skcruyaramun 220 °C;

* IeTaIb He TpedyeT GATaHCHPOBKH;

* Macca B TP pasa MEHbIIE [0 CPABHEHUIO C JI€TABIO U3 HUPE3UCTa;

* OTIMYHAS KOPPO3UOHHAS U XUMUYECKAs CTOUKOCT;

* BBICOKasl CTOMKOCTD K BO3JEHCTBUIO CEPOBOIOPO/A U YIIEKHMCIOTO T'a3a;

* HU3Kas CKIOHHOCTD K OTIOXKEHHUIO THPATOB;

- 6onee Boicokuii KIT/I koneca 6aroapst IafKOCTH MOBEPXHOCTHL.

Kpowme Toro, ucnonszosanue Hoporo KIIM, B COBOKYITHOCTH € KOHCTPYK-
IUOHHBIMU OCOOEHHOCTSIMU, TIPETIONArAeT CHIDKEHUE CTOMMOCTH Pab0umX
Kostec Ha 20-25% 10 CPABHEHHIO € AHATOTMIHBIMU U3/IC/THAMI 13 HIPE3UCTA.

OjiHako, NPUMEHEHUIO COBPEMEHHBIX TEXHONOTUI M MPOJBMKEHUIO HA
poccuiickuii ppinok HI'O 1 B cepBuC HOBBIX pEIIEHUIT IIPENATCTBYET OTCYT-
CTBHE YETKIX HOPMATUBHBIX TPEOOBAHMIA K Y37IaM, JOCTYIIHON HH(POPMAIIIN
0 OCOOEHHOCTSM X SKCILIyaTal[ui 1 UMEIOIIX MECTO IPO0GIeMaXx.

B nacroamee Bpems cnenuanmuctsl OOO «PEAM-PTH» nocrosuHO
omymaioT HeaddekTUBHOCTD AeiicTByiomux B Poccun HOpM U cranjap-
TOB B Heprerazogo6pBaometi oTpacan. Texamyeckoe peryImpoBaHye OT-
CTAET OT 3aj[a4 MHTEHCU(PUKAINK JOOBIYM HE(DTH U Ta3a, 9TO IPEHATCTBY-
€T MacCOBOMY IPOUBBOJICTBY KOHKYPEHTOCIOCOOHOM IPOYKIUH, HEOTD-
eMJIEMOl YaCThl0 KOTOPOH SIBISAIOTCA WU3JENUS U3 3MACTOMEPOB U
HOJIMMEPHBIX KOMIIO3UTOB.

B 3701 cBA3M, aKTHBHAA PabOTA HAIMOHANLHBIX ACCOIMAIINI, THCTHTY-
ToB, Hanpumep, PI'Y nedru u raga mv. MI.M. Iy6xnna, HanponarsHoro nu-
CTHUTyTa HE()TU ¥ ra3a, JOLKHA HOMOYB IIPEOI0IEHMIO OTCTABAHMS KaueCT-
Ba 000pyROBAHUS I HE(TEHOOBIBAIOIIETO KOMILIEKCA OT 3apyOeKHOTO
HTO, B ToM uncie, 32 C4€T IPOIPECCUBHBIX CTAHJAPTOB U PYKOBOJANIIX
JIOKyMEHTOB. é
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