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One of the most promising means of lifting oil is the installation of a downhole screw pump with
a drive that rotates the rod column by rotating the plunger. Screw pumps are capable of producing
high viscosity oil, characterized by a high sand content. The use of screw pumps reduces capital
and operating costs by 25-95% compared to other types of mechs. production. Efficiency increases
by 40-80% and transportation costs are reduced, as the screw pumping system has a compact
design and is easily mounted on the well.

The structural parts of screw pumps made of elastomers are fundamental factors in determining
the service life and performance of the pump. Studies of changes in swelling and hardness of
various series of elastomers within 96 hours revealed the most suitable commercial elastomer of
a screw pump for the oil fields of Kumkol, Aryskum, Maybulak.

KEYWORDS: elastomer, screw pumps, swelling of elastomers, hardness of elastomers, wear
resistance.
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MyHaldbl kemepydiH eH nepcrnekmuesarnsi KypandapbiHa nopuweHb0i aliHandblpy apKbiibl
wmaHearblK baraHObl aliHanObipamsiH xemeai 6ap yHfFbiMa OypaHOaribl COPFbICbIH OpPHamy xa-
maodsl. bypaHdaribl coprbiniap KYMHbIH Kern MenwepiMeH cunammasnambiH MymKbIpIibifbl XXOFapbl
myHal eHOipyze Kabinemmi. bypaHdarnbi coprbinapObl KondaHy 6backa myprnepiMeH carbICmbi-
praHOa Kypoeri XoHe onepayusinbiK WblFbIHOapObl 25-95% memeHdemedi mex. omxa. TuiMOinik
40-80% - Fa apmadbi xoHe macbiManday wbiFbiHOapbl memeHOelodi, elimkeHi bypaHdarnsi CopFbl
XKydeciakmam KypblfibiMFa Ue XoHe YHFbIMara oHali opHambliadb!

SnacmomepriepOeH xacarnraH bypaHdarbi copfbinapibiH KypbliibiMObIK 66niKmepi COpFbIHbIH
Kbl3Mem emy Mep3imi MeH eHimOinieiH aHbikmayda Hezaizai cpakmopnap 6onbin mabbinadsl. 96
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caram iwiHOe anacmomepnepdiH epmypri cepusinapbiHbiH iCiHYi MEH KammbifblfbIHbIH 632epYiH
3epmmey Kymken, Apbickym, Malibynak keH OpHbIHbIH MyHaunapbl YWiH eH Konalsibl mayapribik
bypaHOarbl Copfbl 3r1aCMOMeEPiH aHbIKmaodkbl.

TYWIHLI CO3LEP: anacmomep, bypaHdaribl coprbinap, anacmomepnepdiH iciHyi, anacmo-
mepnepOdiH Kammbifibifbl, Mo3yra me3iMOiriiK.
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K Haubornee nepcriekmusHbiM cpedcmeam nodbema Heghmu OMHOCUMCS YCMaHOBKa CKBaXUH-
HO20 BUHMOB020 Hacoca € MPueoOOM, 8palLalWUM WMaH208YyH KOTIOHHY Mocpedcmeom epauie-
HUS ryHxepa. BuHmosbie Hacockl criocobHbI 00bbi8amb 8bICOKOBSA3KYIO He(hmb, OMIIUYaKOWYHCS
8bICOKUM codepxxaHueM recka. [pumMeHeHuUe 8UHMOBbIX HACOCO8 CHU)Xaem KarnumarbHble U ore-
pauyuoHHbIe 3ampamsl Ha 25-95 % o cpasHeHuto ¢ Opyaumu sudamu mex. 006b14u. Shghekmus-
Hocmb yeenudueaemcsi Ha 40-80 % u mpaHcrnopmHbie pacxodbl CHUXaOMCs, mak Kak euHmosasi
HacocHasl cucmema umMmeem KOMIaKmHyH KOHCMPYKYUI U 51€2K0 MOHMUPYEMCS Ha CK8aXUHe.

KoHcmpyKuyuoHHbIe demarnu 8UHMOBbIX HAacoC08, 8bINMOMIHEHHbIE U3 31acmomMepos, S6/som-
€51 OCHoBoMonazawumu ghakmopamu 8 orpedesieHuUU Cpoka Cryxbbl u Mpou3sodumernbHOCMu
Hacoca. ViccnedosaHusi uameHeHusi Habyxaemocmu u meepdocmu pasuyHbIX cepuli sracmome-
pos 8 meveHue 96 yacos ebisigunu Haubosnee nodxodsuwuli Mo8apHsbIli 3rracmomep 8UHMO8020
Hacoca 0n1s1 Hegpmel mecmopox0eHusi Kymkonb, Apbickym, Matibynak.

KITOYEBbBIE CJIOBA: anacmomep, 8UHMO8bIe Hacockl, HabyxaeMocmp 351acmomMepos,
meepdocmb 351acmomMepos, U3HOCOCMOUKOCMb.

which significantly reduces the cost of pumps, increases their service life due to

better resistance to abrasive wear [1-3]. Elastomers have a dynamic ability, they

continuously correspond to the movement of the pump. The ability of the elastomer to

withstand the action of injection and the impact of the pumped liquid directly affects the
operating costs of pumping systems [4-5].

One of the most important conditions affecting the wear resistance of elastomers is

the environment in which it is operated, namely oil and gas fluids. During operation in

ntroduction. Some structural elements of the pumps are made of elastomers,

196 HE®Tb U TA3 &5 2024 1 (139)



HESTEXMNA

aggressive environments, changes in the physical and mechanical properties of parts made
of various elastomers are observed, depending on the characteristics of the oils. A properly
selected elastomer is a fundamental factor in determining the service life and performance
of the pump. As practice shows, choosing the wrong elastomer can turn into a disaster
for the equipment and the entire installation as a whole [6]. The results of precision and
laboratory studies of elastomers available in the scientific literature show that the issues
of the influence of operating conditions on their physico-chemical properties have not
been sufficiently studied.

The purpose of the study is to identify the type of commercial and synthesized
elastomer screw pump that is most suitable for the downhole conditions of the Kumkol,
Aryskum, Maybulak deposits. To achieve this goal, studies of elastomers in the oils of the
Kumkol, Aryskum, Maybulak deposits taken from various wells (sle.) were carried out.

Materials and methods

Swelling and hardness

One of the most significant characteristics of the performance properties of elastomers
is their swelling and hardness in a hydrocarbon medium over time. Elastomers of four
industrial series used in the development of deposits were used for research: series 159
(acrylonitrile-butadiene copolymer), series 194 (nitrile rubber), series 199 (butadiene-nitrile
elastomer), series 204 (butadiene- fluorocarbon copolymer) and elastomer synthesized
on the basis of acrylonitrile and styrene (styrolacrylonitrile).

Styrolacrylonitrile combines several modified qualities of the components —
acrylonitrile and styrene. In terms of physical properties, styrolacrylonitrile elastomer
occupies an intermediate position between polystyrene and extrusion polyacrylonitrile.
Compared with polystyrene, styrolacrylonitrile has increased impact resistance, surface
hardness, weather resistance, resistance to aggressive media and dimensional stability. It is
lighter than polyacrylonitrile and has higher bending strength, but worse light transmission.
Styrolacrylonitrile is characterized by an increased softening temperature and a low
coefficient of linear thermal expansion compared to other plastics.

Determination of hardness.

Determination of hardness by the Shore method with a Mitutoyo durometer. The
determination is carried out on a scale of Shore A (Sh A) and Shore D (Sh D) according
to the standard, DIN 53505. Shore hardness refers to the resistance of the material to the
indentation of the tip of a certain shape under the influence of the spring pressure force
(Fig. I). The higher the number, the higher the hardness. The letter A defines softer values,
the letter D defines harder values, and the areas intersect.

I)l.jl—lArr_nm l)l.jl—l.ai’:lm

35" 30°

D 0.79 mm—-}-ﬁ RO.1 mm_>j

Figure 1 — Determination of hardness by the Shore method with a durometer

1 0-225mm
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The method is characterized by a relatively large range of measurement results, but
is convenient for its simplicity (including the design of the measuring device) and the
efficiency of measurements, allowing them to be made, including on finished products,
large-sized parts and curved surfaces of sufficiently large radii. Because of this, it has
become widespread in production practice.

The depth of indentation into the material of a certain indenter is measured by force
under specified conditions. The indentation hardness is inversely proportional to the depth
of indentation and depends on the modulus of elasticity of the viscoelastic properties of
the material. The results obtained are influenced by the shape of the indenter and the force
applied to it, therefore there can be no direct relationship between the results obtained
during tests with durometers of different types or other devices for measuring hardness [7].

Determination of elastomer swelling

Elastomers used in the screw pump come into contact with various organic substances
with which interaction is possible. The elastomer surface is exposed to a variety of washes,
oils, and solvents. The task of reliably assessing their effect on elastomers according to
the swelling parameters obtained by various methods remains urgent. Various methods
are used to determine the swelling parameters: weight, volume and optical methods. To
determine the parameters of elastomer swelling under the influence of oils from various
fields, a weight method was used, which is characterized by simplicity of execution and
accuracy of the measured parameters [8].

Synthesis of copolymers

The synthesis of styrene - acrylonitrile copolymer (SAN) was carried out by radical
polymerization in an ethylbenzene solution using benzoyl peroxide as an initiator at an
initial monomer ratio of 50:50 (wt.h.) at a temperature of 150° C. [9, 10].

Results and Discussion

Tables 1-5 show the values of changes in the swelling and hardness of the studied
elastomers in Kumkol, Aryskum, Maybulak oils for 96 hours.

Table 1 - Results of changes in mass and hardness over time for the well 48 M-1 (g)

Elastomers Time, hour Changein
0 6 24 48 96 mass
series 199 2,7556 2,7943 2,7998 2,8001 2,8802 1,62%
series 159 2,8672 2,8782 2,8801 2,8857 | 2,8842 0,59%
series 194 2,6274 2,6509 2,652- 2,6558 | 2,6544 1,03%
series 204 3,9840 3,9849 3,9853 3,9857 | 3,9864 0,06%
SAN 2,9865 2,9869 2,9873 2,9879 | 2,9882 _— gr?eg;)/:
Time, hour

Elastomers i z >4 8 5% A

series 199 71 71 71 71 70 -1,41%
series 159 79 78,8 78,5 78,5 78 -1,27%
series 194 61 60 60 60 60 -1,64%
series 204 78 78 78 78 78 0,00%
SAN 84 84 84 84 84 0,00%
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Table 2 — Results of changes in mass and hardness over time for well 302 Yu-2 (g)

Time, hour Change in
e 0 6 24 73 96 | mass
series 199 2,7946 2,8018 2,8051 2,8073 2,8082 0,49%
series 159 2,9250 2,9325 2,9348 2,9382 2,9387 0,47%
series 194 2,6256 2,6350 2,6398 2,6403 2,6416 0,61%
series 204 3,9694 3,9729 3,9731 3,9737 3,9743 0,12%
SAN 29116 2,9125 2,9147 2,9150 2,9163 0,16%
Elastomers Time, hour Gl

0 6 24 48 % change

series 199 71 71 71 71 71 0,00%
series 159 79 79 78 78 78 -1,27%
series 194 61 61 60 60 60 -1,64%
series 204 78 78 78 78 78 0,00%
SAN 84 84 84 84 84 0,00%

Table 3 — Results of changes in mass and hardness over time for well 100 Yu-3 (g)

Elastomers Time, hour i
0 6 24 48 96 mass
series 199 2,7566 2,7671 2,7686 2,7702 2,7709 0,52%
series 159 2,9306 2,9408 2,9447 2,9469 2,9448 0,48%
series 194 2,6403 2,6511 2,6537 2,6557 2,6560 0,59%
series 204 3,9792 3,9832 3,9835 3,9856 3,9842 0,13%
SAN 2,8690 2,8699 28715 2,8733 2,8747 0,20%
Elastomers Time, hour L izt
0 6 24 43 96 change
series 199 71 71 71 71 71 0,00%
series 159 79 79 78 78 78 -1,27%
series 194 61 60 60 60 60 -1,64%
series 204 78 78 78 77 77 -1,28%
SAN 84 84 83,5 83 83 -0,85%

Table 4 — Results of changes in mass and hardness over time for well 309 Yu-1 (g)

Time, hour Change in
Elastomers 0 6 24 48 96 mass
series 199 2,7899 2,8005 2,8036 2,8065 2,8081 0,65%
series 159 2,8582 2,8696 2,8725 2,8769 2,8778 0,69%
series 194 2,6278 2,6394 2,6425 2,6469 2,6482 0,78%
series 204 3,9471 3,9506 3,9515 3,9533 3,9536 0,16%
SAN 3,9471 3,9506 3,9515 3,9533 3,9536 0,16%
Elastomers Time, hour el

0] 6 24 48 926 change
series 199 71 71 71 71 70 -1,41%
series 159 79 78 78 78 78 -1,27%
series 194 61 60 60 60 60 -1,64%
series 204 78 78 78 77,5 77 -1,28%
SAN 84 84 83 83 83 -0,96%
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Table 5 — Results of changes in mass and hardness over time for a 240 M-2 (g) well

Elastomers Time, hour Ehangeih
0 6 24 48 96 mass
series 199 2,7637 2,7638 2,7699 2,7703 2,7704 0,24%
series 159 2,9329 2,9413 2,9435 2,9462 2,9465 0,46%
series 194 2,6363 2,6365 2,6401 2,6424 2,6429 0,25%
series 204 3,9795 3,9928 3,9929 3,9930 3,9937 0,36%
SAN 2,8752 2,8763 2,8794 2,8801 2,8823 0,25%
Elastomers Time, hour e
[0] 6 24 48 96 change

series 199 71 71 71 71 70 -1,41%
series 159 79 78 78 78 78 -1,27%
series 194 61 60 60 60 60 -1,64%
series 204 78 78 78 78 78 0,00%
SAN 84 84 84 84 84 0,00%

The obtained values showed that the largest relative change in the mass of the
elastomer in oil is observed for the series 199 - (1.62- 0.24) %, while the largest decrease
in stator density is observed for the elastomer series 194 — (-1.64%).

The best indicators were observed for the elastomer of the 159 series, so the relative
change in the mass of the elastomer in oil did not exceed 0.69%, and the hardness decreased
by a maximum of (-1.27%). And in some cases, the hardness of the elastomer did not
change even after 96 hours.

The synthesized styrene — acrylonitrile (SAN) copolymer showed a stable minimum
change in the mass of the elastomer (from 0.09% to 0.25%) and minimal changes in the
hardness of the elastomer in all oils of the presented fields after 96 hours of exposure
period.

Obviously, this is due to the fact that the acrylonitrile contained in the material
increases its viscosity and resistance to chemicals, neither dilute acids nor fats and oils
can damage this material.

Conclusion

In conclusion, screw pumps with stators made of elastomer series 159 and a new
elastomer of styrene — acrylonitrile copolymer can be recommended for use in the Kumkol,
Aryskum, Maybulak deposits.

At the same time, it should be noted that a direct correlation between the expressed
dependence of changes in the swelling of the elastomer and changes in the hardness of
the elastomer over time was not revealed for all the oil fields considered.
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