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ABSTRACT

Background: This article presents the results of laboratory investigations of newly developed high-
performance formulations intended for the removal of asphaltene-resin—paraffin deposits (ARPD)
formed during oil production and transportation. ARPD are solid organomineral deposits composed
mainly of paraffins, asphaltenes, resins, and mechanical impurities that accumulate on the internal
surfaces of oilfield equipment, thereby reducing its productivity and causing operational problems.
This issue is particularly relevant for the oil fields of the Mangystau region, where crude oils
are characterized by a high paraffin content.

Aim: To develop an effective, readily available, and low-toxicity formulation for the dissolution
and removal of solid ARPD.

Materials and methods: A comprehensive set of laboratory studies was conducted to evaluate
the dissolving, removing, and cleaning performance of the developed formulations in accordance
with the approved methodology. The composition of ARPD samples was investigated in accordance
with the applicable regulatory documents (GOST).

Results: Laboratory experiments conducted at 25°C and 60°C demonstrated that temperature
significantly affects both the dissolution rate and the extent of ARPD removal. Formulations containing
more than 6 wt% surfactants achieved ARPD dissolution and removal efficiencies of up to 100%. Even
at lower temperatures of 25°C, ARPD removal efficiency exceeded 98%, indicating that the developed
formulations are suitable for application across a wide temperature range.

Conclusion: Within the framework of this study, the composition of paraffinic-type ARPD samples
collected from different sections of the investigated field was analyzed. Based on the obtained data,
hydrocarbon-based formulations were developed using a pentane—hexane fraction (PHF) as the solvent,
with the addition of nonionic and anionic surfactants (OP-10 and sulfonol). These components provide
a synergistic effect in dissolving and dispersing the deposits. The proposed formulations demonstrated
high efficiency in the destruction and removal of solid deposits within a short period of time, contributing
to reduced operating costs and improved operational reliability of oilfield equipment.

Keywords: asphaltene—resin—paraffin deposits; hydrocarbon solvents; surfactants; solvent formulations;
dissolution efficiency; removal efficiency; detergency; pentane—hexane fraction; oilfield deposits.
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Ana yaaneHusa accgansrocMornonapamMHOBbIX OTIIOXEHUN

X.A. TneyranueBa'?, E.O. Aan6epreHoB’, E.K. Oran? M.B. TypkmeHGaeBa®,
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AHHOTALMUA

O6ocHoBaHMue. B ctatbe npeacraBneHbl pesynsratbl abopaTopHbIX McCnefoBaHuin pa3paboTaHHbIX
3P(PEKTUBHBIX KOMMNO3WLUMIA, NpEeAHa3Ha4YeHHbIX [Ana  yaaneHus  acdanstocMononapaduHOBBLIX
otnoxeHun (ganee — ACIIO), obpasywowmxca B npouecce AOObIMM U TPAHCMOPTUMPOBKM HedTU.
ACIO npeactaenstoT cobon TBEpAblE OpraHOMUHEpanbHble OCadKW, COCTOSLME MPEenMyLLeCTBEHHO
13 napacuvHoB, acdansTeHoB, CMON U MEXaHWYeCcKUX MpUMECEN, KOTOpble OTKMNaAbiBalOTCs
Ha BHYTPEHHMX NMOBEPXHOCTAX HedpTenpoMbICIoBOro 060pyaoBaHNs, CHUXas ero NpoM3BOAUTENBHOCTb
1 Bbl3blBasi OCMOXHEHUsI B 3kcnnyaTaumm. OcobeHHO akTyarnbHa AaHHas npobnema Ans MeCTOPOXAEHUIA
MaHrucrayckoro permoHa, rage HedTb XapakTepmayeTcs NOBbILLEHHbIM COAepKaHWeM napacmHoB.
LUenb. [lpoBegeHve HayuyHbIX WCCNELOBaHWIA, HaMpaBrfeHHbIX Ha pas3paboTky addeKTUBHON
KOMMO3MLMW AA pacTBOPEHNst U yaaneHus Teepabix otnoxeHun ACIO, obnagatowien AOCTYNHOCTBIO U
He TOKCUYHOCTBIHO.

Matepuanbl u MetoAabl. Komnnekc nabopaTopHbIX WCCNEefoBaHUA MPOBOAWUMACA MO  OLEHKe
pacTBopsiloLLen, yoansiowen u Mowen CnocobHOCTU paspaboTaHHbIX COCTaBOB B COOTBETCTBUM
c yTBepxxaéHHon metoamkon. CoctaBbl ACIMNO nccneqoBaHbl COrMacHO YTBEPXKAEHHBIM HOPMaTUBHBLIM
pokymeHTtam (FOCT).

Pesynbratbl. Pe3ynsratel nabopatopHbix nccnegosaHui npy temnepatypax 25°C n 60°C nokasanw,
YTO TEeMMNepPaTypHbIA PEXNM OKa3biBAET CYLLECTBEHHOE BMUSIHAE HA CKOPOCTb M rMyOuHy pacTBOpeHWs
ACIMO. Komnosuuun, copepxawme 6Gonee 6% NOBEPXHOCTHO-aKTUBHBIX BeLLecTB, obecneumBatoT
achbdekTnBHOCTL yaaneHns n pactBopeHus ACIMO pgo 100%. [Mpu NOHWXKEHHbIX TemnepaTtypax
(25°C) adbdpektBHOCTL yaaneHwuss ACIMO npeBblwaetr 98%, 4TO AenaeT coCTaBbl MPUrOAHLIMU
Ans NPYMEHEHNs B LULMPOKOM AnanasoHe TemnepaTyp.

3aknioueHne. B pamkax paboTtel u3ydeH coctaB ACIMO napaduHOBOro Tuna, OTOBPaHHbIX
C pasnunyHbIX Y4yacTKOB WCCMedyemMoro MecTopoxaeHus. Ha ocHOBe MNOMnyyYeHHbIX [OaHHbIX
ObinM  pa3paboTaHbl KOMMO3WLMKM Ha YrNeBO4OPOOHON OCHOBe (MeHTaH-rekcaHoBas dpakums)
¢ fo6aBneHneM HEMOHOTEHHOTO 1 @aHWOHHOTO NMOBEPXHOCTHO-aKTUBHbIX BellecTs (OM-10 u cynbdoHon),
obecneunBaoLLnX CUHEpPreTUYeckuin apdekT pacTBOpeHnss M aucneprupoBanus. [peanoXeHHble
KOMMO3WLMM  AEMOHCTPUPYIOT BbICOKYID 3(MEKTUBHOCTL B paspylleHnM W yaaneHuu TBEpAbIX
OTIOXEHUI 3a KOPOTKOE BPEMsi, COCODBCTBYHOT CHWXEHUIO 3KCMyaTaLUMOHHBIX 3aTpaT U MOBbILIEHMWIO
HagéxXHocTn paboTbl HedbTenpoMbICNOBOro obopyaoBaHus

Knroyeenble criosa: acghanbmocMononapauHoOsble OMIIOKEHUs, pacmeopumernu, Mo8epXHOCMHO-
aKmuseHble eeujecmea, KOMIMO3UUUsi, COCmaebl, pacmeopsirowasi crnocobHocms,  ydansawowas
€rnocobHoCMb, Motowasi cnocobHOCMb, MeHMaH-2ekcaHosasi hpakyus.
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TynHycka 3epTTey

AcdanbTt-lwanbip-napadpuH weriHAainepiH Ketipyre apHanfaH
KOMMO3ULUUANbIK Kypamaapabl 3epTrey

X.A. TineyranueBa'?, E.O. Aan6epreHoB’, E.K. Oran?, M.B. TypkimeHb6aeBa?,
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AHOATNA

Herispey. Makanaga myHali eHgipy o8He TacbiMangay 6apbicbiHaa nanga 6GonatbiH acdanst-
wanblp-napacuH (ALWM) weriHginepiH keTipyre apHanfaH Tuvimai KoMnosvumsnapablH 3epTxaHanblk
3epTTey HaTwxenepi kenTipinreH. ALUM weriHainepi — HeridiHeH napaduHaepaeH, acansreHaepaeH,
WanblpnapoaH XeHe MexaHuKanblK KocranapgaH TypaTbiH KaTTbl OpraHoMuHepangblk TyHOanap
6onbin Tabbinagbl, onap MyHal KeH opblHAapblHAAFbI abablkTapablH iWwki 6eTTepiHe werin, XXyneHiH
eHiMAINiriH TemeHAeTIN, Nanganady yaepiciHae Typni KMblHAbIKTap TyblHAaTaabl. byn macene acipece
napaduH Menwepi xofapbl 6onatbliH MaHfbICTay eHipiHAeri KeH opblHAAapPb! YLUIH ©3€eKTi.

MakcaTtbl. KomkeTimai api ybITThiNbIFbl TeMeH kaTTbl ALUTM weriHainepiH epiTyre xoHe xotofa apHarnfaH
THIMAI KOMNO3WLMSAHBI 83ipneyre GarbITTanfFaH FbINbIMU 3ePTTEYNEP XYPri3y.

Martepuanpgap MeH agicTep. O3iprneHreH KypamaapablH epiTy, O XaHe Xyy kabineTttepiH Garanay
OovblHLWA KelleHai 3epTxaHarblk 3epTTeynep OekiTinreH agictemere cankec xyprisingi. ALUM weringinep
Kypambl 6ekiTinreH HopmaTumeTik Kyxattapra (MEMCT) cenkec 3epTTengi.

HaTtuxenepi. 25°C xxaHe 60°C TeMnepaTtypaga »yprisinreH 3epTxaHarnblk TaxipubenepaiH HaTwkenepi
Temnepatypanblk pexumMHii AL epiTy Xblngamablfbl MEH TepeHAiriHe anTapnblkTal acep eTeTiHiH
kepceTTi. KypambiHaa 6%-aaH actam BB3 6ap komnosunumanap AWM-Hel epity meH keTipyaiH 100%
TMiMZINIriH kamTamacbl3 etedi. TemeH Temnepatypanapaa (25°C) AFP-Hbl anbin Ttactay TWiMAiniri
98%-paH acagpl, 6yn kypamaapabl apTypni TemnepaTtypa Auanas3oHbliHAa KongaHyFa Konawnbl etegi.
KopbITbiHAbI. 3epTTey asicbiHAa KeH OPHbIHbIH, 9PTYPIi yYackenepiHeH anbiHFaH napaduHAaiK TUNTeri
ALLMM weriHainepiHiH KypaMbl 3epTTeni. AnbiHFaH ManiMeTTep HerisiHge KeMipcyTek HeridiHaeri (neHTaH-
rekcaH ppakumsicbl) xoHe OeTTik-6encenai 3attapabiH (BB3) — 6ennonabl (OMN-10) xaHe aHWOHABIK
(cynbdhoHon) kocnanapbl 6ap komnosuuusinap a3ipneHai. byn komnoneHTTep ALUM KypbinbIMbIH
epiTin, gucneprupney npoueciHae cuHepreTukanblk acep 6epeni. YCbIHbINFaH KOMNo3uuusinap Kbicka
yakbIT iWiHae KaTTbl WeriHainepai TviMai epitin, KeTipy apkbinbl MyHaw eHAipiciHaeri »xabablkTapabiH,
CeHimMainiriH apTTeIpbIn, NakganaHy WbIfbiHAAPbIH a3anTyFa biknan eTeqi.

Hezizai ce3dep: acghanbm-walibip-napaguH weeiHdinepi, epimkiwmep, 6emmik-6enceHdi 3ammap,
KOMMo3uyus, Kypam, epimkiwmik Kabinemi, kemipy Kabinemi, Xyy Kabinemi, neHmaH-2ekcaH ¢hpakyusicol.
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Introduction

The formation of asphaltene—resin—paraffin de-
posits (ARPD) is one of the most significant
challenges affecting the uninterrupted operation
of oil production systems. Throughout the entire
lifecycle of oil and gas field development, paraffin
deposition remains one of the most critical and
technologically complex issues encountered during
oil production, transportation, and processing [1, 2].
ARPD are formed as a result of the precipitation
of high-molecular-weight components, including
paraffins, resins, and asphaltenes, from crude
oil due to changes in thermobaric conditions
and phase composition during fluid flow from
the reservoir to the wellhead, as well as during
subsequent transportation through trunk pipelines.
The accumulation of ARPD within the flow passages
of oilfield equipment and on the internal surfaces
of pipelines leads to a reduction in the overall
productivity of the production system, a decrease
in the time between well interventions, and dimi-
nished pumping efficiency [3, 4]. The issue of ARPD
formation is particularly acute in regions such
as the Mangystau Region, where crude oils are cha-
racterized by a high paraffin content.

It is well established [4-7] that ARPD constitute
a complex multicomponent system comprising
asphaltenes, paraffins, resins, and mechanical im-
purities, as well as minor amounts of oil and water
retained within the pore space of the deposits.
The principal components directly involved in ARPD
formation are asphaltenes and paraffins. Resins
do not participate directly in the deposition process;
however, they co-precipitate with asphaltenes,
contributing to the stabilization of the deposit
structure. Paraffins are nonpolar, non-aromatic com-
pounds that are incapable of spontaneous self-asso-
ciation. They are readily soluble in light alkanes and
tend to crystallize as the temperature decreases.
In contrast, asphaltenes are the most polar and
aromatic constituents of crude oil and exhibit a strong
tendency toward self-association even in highly
diluted solutions. They are insoluble in alkanes
and do not crystallize upon cooling. The removal
of ARPD using organic solvents is a complex physi-
cochemical process involving the simultaneous
dissolution and dispersion of deposit components.
Significant differences in the solubility behavior
of paraffins, asphaltenes, and resins in various
classes of hydrocarbons necessitate the careful
selection of solvent formulations and deposit-remo-
val compositions, taking into account the molecular
characteristics of each ARPD component.

In oilfield practice, the mitigation of ARPD formation
is generally carried out through two main approaches:
preventing deposit formation and removing already
formed deposits. Both approaches are implemented
using physical and chemical treatment methods [8].
The use of solvents for the removal of already for-
med solid ARPDs is one of the most well-established
and widely applied methods for enhancing oil pro-
duction, transportation, and processing operations [9].

Patent studies reported in [10, 11] describe va-
rious formulations developed for ARPD removal.
However, their application is associated with several
limitations, including insufficient removal efficiency
(less than 90% with respect to ARPD), high pro-
cess duration and energy consumption, as well
as considerable cost resulting from the limited
availability of chemical reagents incorporated
in the formulations. These reagents are generally
petroleum-derived products or intermediates with
high added value. An additional drawback is the use
of toxic aromatic hydrocarbons as solvents.

Therefore, the development of efficient multicom-
ponent formulations capable of exerting a compre-
hensive effect on all ARPD constituents at reduced
temperatures and with minimal operating costs
remains an important and relevant research challenge.

Materials and methods

To address the problem of ARPD dissolution
and removal, a formulation based on a pentane—
hexane fraction (PHF), a nonionic surfactant, and
an anionic surfactant (sulfonol) was developed.
The formulation was designed to reduce interfacial
tension, improve surface wettability, and promote
the dispersion of ARPD components through
surfactant action.

A PHF, consisting of a mixture of low-molecular-
weight aliphatic hydrocarbons, was employed
as the primary solvent. The selection of this solvent
was dictated by its high dissolving capacity toward
paraffinic hydrocarbons and its relatively low toxicity
compared with aromatic solvents.

An ethoxylated nonionic surfactant (OP-10)
and an anionic alkylbenzene sulfonate surfactant
(sulfonol) were used as surface-active agents.
The use of a mixture of anionic and nonionic sur-
factants was motivated by the possibility of achieving
a synergistic effect, resulting in reduced interfacial
tension, enhanced dispersing ability, and disruption
of the structural matrix of ARPD.

Characterization of the
samples

The physicochemical composition of ARPD samples
collected from various locations within the investiga-
ted oil field was examined as part of the laboratory
study. The analytical results obtained for the selected
samples are presented in Tab. 1.

investigated ARPD

Table 1. Composition of ARPD samples collected
from different locations of the investigated oil field

Content, wt%
mecha- .
Sample .| asphal- . nical |P/(A+R) IR
paraffins resins | . type

tenes impu-

rities
No.1 19.3 0.5 9.8 9.2 1.9 paraffinic
No.2 124 1.9 7.0 11.03 14 paraffinic
No.3 19.2 0.6 10.0 66.8 1.8 paraffinic
No.4 20.6 0.1 7.7 0.2 26 paraffinic
No.5 19.3 0.1 6.5 2.8 2,9 paraffinic

....................................................... 53
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Content, wt%
mecha- .
Sample .__| asphal- . nical |P/(A+R) Deposit
paraffins resins | . type
tenes impu-
rities
No.6 19.2 0.2 75 2.8 2,5 paraffinic
No.7 18.0 0.5 6.7 71 2,5 paraffinic
No.8 17.2 0.2 6.0 0.1 2,8 paraffinic
average 18.2 0.5 7.7 12.5 2,3 paraffinic
The laboratory analyses demonstrated

that the investigated ARPD samples belonged
to the paraffinic type, exhibiting a melting point
of 74°C. AQuantitative compositional analysis
showed that the deposits contained 0.1-66.8 wt%
mechanical impurities, 0.1-1.9 wt% asphaltenes,
12.4-20.6 wt% paraffins, and 6.0-10.0 wt% resins.

Experimental procedure for evaluating ARPD
solvent performance

A series of laboratory experiments was
conducted to evaluate the dissolving, removal,
and detergency performance of the developed
formulations in accordance with the methodology
described in Measurement procedure No.05-2021,
«Laboratory Investigation of Chemical Rea-
gents Used in Oil Production and Treatment Pro-
cesses», developed by the Branch of ‘KMG
Engineering” LLP “KazNIPImunaigas” under
No.KZ.06/01/00327-2021 dated  October 8,
2021 [12].

To determine the dissolving capacity, model
ARPD samples were prepared from solid deposits
in the form of spherical pellets with diameters
ranging from 10 to 15 mm. The prepared samples
were weighed using an analytical balance both
without and together with a metal mesh.

For evaluating ARPD removal efficiency, the mold
surface was initially prepared by polishing
with No.0 abrasive paper, degreasing with acetone,
drying, and determining its initial mass. Subsequently,
a weighed portion of ARPD was placed in a glass
beaker and melted in a water bath at (80+0.5) °C.
The molten material was homogenized by stirring
and then poured into the prepared mold. Excess melt
was removed using a metal plate to ensure complete
filling of the mold cavity. The surface of the sample
was required to be smooth, and the deposit had
to completely occupy the mold volume. The prepared
samples were maintained at room temperature for
24 hour until a constant mass was attained. Prior
to testing, the masses of the mold coated with ARPD,
the ARPD sample without the mesh, and the sample
together with the mesh were determined.

To evaluate the dissolution and removal efficiencies,
the prepared samples were immersed in 50—100 cm?
of the investigated formulation placed in a glass
beaker.

The ARPD samples were exposed to the inves-
tigated formulations at temperatures of 25°C
and 60°C. The temperature was maintained
using a thermostatically controlled water bath.
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The duration of the experiments was 3 hour for
dissolution tests and 1 hour for removal tests. During
the experiments, visual observations of deposit
destruction and dissolution behavior were carried
out.

Upon completion of the experiment, the samples were
removed from the solution, dried at room temperature
for 24 hour, and subsequently reweighed. At least
two parallel measurements were performed for each
formulation, and the arithmetic mean of the obtained
values was reported as the final result.

The efficiency of dissolution or removal ( ) was
calculated according to:

my —mp
E=———-100,wt%
m

M
where m, — the mass of the deposits used for the
experiment, g; m, — the mass of the deposits after
the experiment, g.

The average efficiency (Eavg) was determined
as the arithmetic mean of two parallel measurements
according to:

Ey—Ep

Eavg ==

)

Results and Discussion

At present, the removal of ARPD from tubing
strings recovered from wells at the Uzen oil field
is carried out in dedicated cleaning units (washing
baths), where a washing solution containing
a surfactant additive (commercial grade «PAN») at
concentrations ranging from 0.6 to 3.5 wt% is used
at temperatures not exceeding 95°C.

To establish an appropriate temperature regime
for the study, experimental investigations were
conducted to determine the melting temperature
of solid ARPD samples. The measurements were
performed using an automatic MCR 702 rheometer
(Anton Paar, Austria) (Fig. 1).

Figure 1. Determination of the melting temperature
of solid ARPD deposits from the Uzen oil field

The experimental results demonstrated that
the melting temperature of the solid ARPD deposits
ranged from 82.9 to 87.2°C. Therefore, laboratory
investigations aimed to evaluate the dissolution
and removal efficiencies of the reference reagent,
commercial-grade “PAN,” were conducted at tem-
peratures not exceeding 90°C.

At the initial stage of the laboratory study, the opti-
mal working concentration of the commercial surfac-
tant «PAN» was determined based on the dispersion
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behavior of solid ARPD deposits. Representative deposits using aqueous solutions of the commercial
photographs of the prepared washing solutions are «PAN» surfactant at 60°C, 75°C, and 90°C.
shown in Fig. 2. The obtained results are summarized in Tab. 2.
Subsequent laboratory investigations were performed

to evaluate the efficiency of removing solid ARPD

Table 2. Removal efficiency of aqueous PAN» surfactant solutions for ARPD deposits from metal
surfaces after 1 hour of treatment

Ne «PAN» concentration, wt% T,°C A TEE Efficiency, %
before after
60 0.5241 0.5229 0.23
1 m’;\z jfgﬂle) 75 0.6076 0.6054 0.36
90 0.6094 0.0181 97.03
60 0.5391 0.5297 1.74
2 0.25 75 0.5080 0.4986 1.85
90 0.4986 0.0011 99.78
60 0.7170 0.7031 1.94
3 1.0 75 0.4935 0.4828 217
90 0.4828 0.0008 99.83
60 0.3800 0.3777 0.61
4 10 75 0.3553 0.3523 0.84
90 0.4565 0.0046 98.99
60 0.3668 0.3608 1.64
5 30 75 0.4646 0.4474 3.70
90 0.5302 0.0015 99.72
a) b)
c) d)

Figure 2. Precision-Confidence Curve based on bounding rectangles
a) 1 wt% aqueous solution of the «PAN» surfactant; b) 1.5 wt% aqueous solution of the «PAN» surfactant; c) 5 wt% aqueous
solution of the «PAN» surfactant; d) 10 wt% and 30 wt% aqueous solution of the «PAN» surfactant
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The laboratory results demonstrated that the re-
moval of solid ARPD deposits from the surface was
achieved only at the investigated concentrations
when the treatment temperature was increased
to 90°C. However, removal efficiencies exceeding
90% were primarily attributed to the dissolution
of ARPD at 90°C, which corresponds to the mel-
ting temperature range of the deposits themselves.
Under all other test conditions, the efficiency
of the aqueous PAN solutions did not exceed 4%.
Furthermore, to achieve the objectives of the present
study, a series of solvents commonly used for
ARPD removal was investigated (Tab. 3). Both
individual solvents and multicomponent formulations
containing modifying additives were evaluated.

Table 3. Dissolution and removal efficiencies
of individual solvents and solvent formulations

. o Removal Dissolution

Solvent / Formulation T, °C efficiency, %| efficiency, %
PHF_(pentane—hexane 30-60 <80 43-70
fraction)
HS (hydrocarbon solvent) 30-60 <87 42-75
Gasoline 60 ~81 ~4
Acid formulations (HCI,
H,PO,, CH,COOH) 60 63-79 2,8-49
Blank systems (water, water 60-85 <1 <13
+ surfactant)

The hydrocarbon solvent and the PHF exhibited
relatively high dissolution efficiency but low removal
efficiency. Moreover, their application in pure form
is associated with several drawbacks, including
phase separation during temperature stabilization,
partial precipitation of asphaltenes, and limited
stability under field operating conditions.

Thus, the conducted investigations demonstra-
ted the limited effectiveness of both individual
and modified solvents, which can be attributed
to the complex multicomponent nature of ARPDs
and the differences in the chemical characteristics
of their constituents. These findings necessitated
the development of a multicomponent formulation
comprising a hydrocarbon solvent (PHF) in combi-
nation with various surfactants (OP-10 and sulfonol).
The compositions of the investigated formula-
tions intended for ARPD removal are presented
in Tab. 4 [10].

Table 4. Composition of formulations developed
for ARPD removal

Composition of the formulation, wt%
Composition
Ne1 Ne2 Ne3 Ne4 Ne5 Ne6
OP-10 - 1,75 3,5 10,5 21 33,25
Sulfonol - 0,5 1,0 3,0 6,0 9,5
PHF 100,00 | 97,75 95,5 86,5 73,0 57,25
The experimental conditions and the results

of evaluating the dissolution and removal efficiencies
of the developed formulations are presented
in Tab. 5 and Figs. 3-5.

The conducted investigations demonstrated
that the temperature regime significantly affects
the performance of formulations intended for ARPD
removal. In all cases, increasing the temperature
from 25°C to 60°C resulted in enhanced ARPD
dissolution, removal, and detergency efficiencies.

Analysis of the obtained results revealed that
the individual hydrocarbon solvent, namely the PHF
(Formulation No.1), provided ARPD dissolution
and removal efficiencies of no more than 76%,
indicating its limited capability to disrupt solid
paraffinic and asphaltene structures (Figs. 3-5).

Table 5. Dissolution and removal efficiencies
of the developed formulations toward ARPD

Formu- Degree of efficiency, %
lation | T, °C ARPD ARPD removal Detercg,ency'
U2, dissolution (3 h) (1h)
25 64.33 69.10 64.3
k 60 7165 75.77 717
25 96.40 95.92 96.4
2 60 98.82 99.87 98.8
25 95.21 96.85 95.2
° 60 100.00 100.00 100.0
25 95.77 96.09 95.8
¢ 60 99.44 99.90 99.5
25 94.20 96.87 94.2
° 60 99.26 100.00 99.3
25 97.05 97.69 97.1
° 60 99.40 100.00 99.4

Figure 3. Evaluation of the dissolution efficiency
of the formulations after 3 h at 25°C and 60°C

Figure 4. Evaluation of the ARPD removal
efficiency of the formulations after 1 h of treatment
at 25°C and 60°C
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Figure 5. Evaluation of the detergency
performance of the formulations at 25°C and 60°C

Thus, the use of a hydrocarbon solvent alone
is insufficient to completely destroy the complex
multicomponent matrix of ARPD. To improve
performance, formulations with broad-spectrum
action capable of affecting both paraffinic and resin—
asphaltene components should be developed.
Formulations No.2-6 exhibited high efficiencies
(> 99%) in both the dissolution and removal of solid
ARPD deposits, which was further confirmed
by their pronounced detergency performance.
The high efficiency of these formulations can
be attributed to the synergistic interaction
between the solvent (PHF) and surfactants,
as well as to the optimal balance between polar
and nonpolar components. These formulations not
only promote the dissolution of the solid ARPD phase
but also ensure effective desorption of deposits from
the surfaces of pipelines and oilfield equipment,
thereby enhancing ARPD removal efficiency.

Visual observations of the interaction process
revealed that the investigated formulations induced
swelling and partial dissolution of ARPD samples
within the first few hours of treatment, whereas
complete dissolution was achieved within 3 hour.
It was established that increasing the surfactant
content in the formulations proportionally enhanced
the dissolution, removal, and detergency efficiencies
of ARPD, reaching values of up to 100%, in contrast
to the control hydrocarbon solvent (Formulation
No.1).

It should be noted that the investigated formula-
tions maintained high efficiency even at 25°C,
which represents an important practical advantage
for their application under low-temperature
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conditions and in situations where preliminary
heating of the system is not feasible.

The test results demonstrated that the developed
formulations provided ARPD removal efficiencies
of up to 98% at 25°C and 100% at 60°C after 1 hour
of treatment. Under otherwise identical conditions,
the dissolution efficiency of solid ARPD deposits
reached 95-97% at 25°C and complete dissolution
was achieved at 60°C within 3 hours.

The authors suggest that the developed formulations
have significant potential for reducing operating costs
through lower energy consumption, shorter treatment
times, and the use of readily available components.
Therefore, the developed formulations can effecti-
vely dissolve and remove solid organic deposits
from the surfaces of oilfield equipment over a wide
temperature range within a relatively short period
of time. Their application is expected to reduce oil
production operating costs and mitigate production-
related problems associated with the high content
of high-molecular-weight components in crude oil.

Conclusions

The results of the present study demonstrated
that the developed multicomponent formulations
based on a pentane—hexane fraction and a mixture
of anionic and nonionic surfactants exhibit
high efficiency in the removal of asphaltene—resin—
paraffin deposits (ARPD).

It was shown that the use of individual solvents
does not ensure complete destruction of the comp-
lex multicomponent structure of ARPD, whereas
the application of combined formulations enables
removal efficiencies of up to 100% owing
to the synergistic interaction among the formulation
components.

The developed formulations were found to retain
high performance even at 25°C, which represents
a significant advantage over conventional treatment
methods that require heating to temperatures
approaching or even exceeding the melting point
of paraffins.

The practical significance of this work lies
in the potential to reduce operating costs associated
with  ARPD mitigation, extend the maintenance
interval of oilfield equipment, and improve the relia-
bility and stability of oil production and transportation
processes.

OONOJIHUTENbHO

UcTtouHuk cpuHaHcupoBaHUA. ABTOPbLI 3asBMASIOT
06 OTCyTCTBMM  BHELUHEro  (bUHaHCUPOBaHUSI
npv NpoBEAEHNN UCCIEA0BaHUSI.

KoHcdnukt wuHTepecoB. ABTOpbl AeKnapupylot
OTCYTCTBME SABHbIX W MOTEHLManbHbIX KOH(rMKTOB
MHTEPECOB, CBA3aHHbIX C Nybnukauuen HacTosLen
cTaTby.

Bknag aBTopoB. Bce aBTOpbl noaTBepxaatoT
COOTBETCTBME CBOEr0 aBTOPCTBA MEXAYHapOAHbIM
kputepuam ICMJE (Bce aBTOpbl BHECNW CyLLECT-
BEHHbIN BKMag B pa3paboTKy KOHLenuuu, npose-

....................................................... 57
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