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It was established that the application of modern chemical pour point depressant additives
makes it possible to reduce the pour point temperature of paraffinic crude oils by 10-30 °C and
decrease oil viscosity by 40-56%. It was shown that polymeric and composite depressant reagents
based on ethylene-vinyl acetate copolymers, polyolefins, and surfactants demonstrate the highest
efficiency. The introduction of depressant additives was found to inhibit the aggregation of paraffin
crystals, reduce the intensity of asphaltene-resin-paraffin deposit formation, and improve oil flowability
at low temperatures.

It was also determined that the use of modern depressant compositions contributes to improving
oil transportation efficiency, reducing hydraulic resistance, and increasing the operational reliability
of pipeline systems.

The practical significance of the study lies in the possibility of applying the obtained results for
selecting effective reagents for the treatment and transportation of high-paraffin crude oils.

KEYWORDS. depressants, oil, paraffin, emulsion, viscosity, crystallization, temperature,
rheology, sediments, transportation.

216 HE®Tb U TA3 &5 2026 3 (153)



HESTEXMNA

COBPEMEHHbIE XUMWYECKUE AENPECCOPHDLIE NMPUCAQKU
ANA CHWKEHUA TEMINEPATYPbI 3ACTbIBAHWUSA
NAPA®UHUCTDbIX HE®TEU

C.C. CATAEBA, PhD, accouununpoBaHHbI npodeccop, sataeva_safura@mail.ru
A.T. MYXAMBETbAPOBA, marvictpaHTt, mukhambetyarova@gmail.com
©.K. AMAHIENAUEB, npenogaearernb, MarvcTp TEXHUYECKUX HayK, alisher.amangeldiyev.99@mail.ru

3AMNAOHO-KASAXCTAHCKNW ATPAPHO-TEXHUYECKNW YHUBEPCUTET VM. XXAHTUP XAHA
Pecny6nuka KasaxctaH, 090009, r. Ypansck, yn. 2KaHrvp xaHa, 51

YcmaHoerneHo, 4mo npuMeHeHUe CoO8PEeMEHHbIX XUMUYECKUX 0ernpecCopHbIX npucadokK 1o3eo-
JI5em cHU3UMb memMrnepamypy 3acmbigaHusi napaguHucmeix Hechmet Ha 10—-30 °C u ymeHbwumsb
8s13Kkocmb Heghmu Ha 40-56 %. [Noka3aHo, Ymo HaubornbWy 3¢hheKMuU8HOCMb OEMOHCMPUPYOM
ronuMepHbIe U KOMMIO3UUUOHHbIe OenpeccopHble peageHmbl Ha OCHO8E SMUTeH8UHUIayemamHbIX
COornonuMepos, rnosuoIehuHO8 U rMo8epxHOCMHO-akmueHbIX sewecms. BoissierieHo, 4mo esedeHue
OernpeccopHbIx npucadok npensmemeyem azpeaayuu napaghuHoO8bIX KpUCMaIios, CHUXaem UH-
meHCcUBHOCMb 06pa308aHuUs acharibmocMosonapaghUHO8bIX OMIIOXKeHUU U yrydwaem meKy4ecms
Heghmu rpu HUSKUX memrepamypax.

YcmaHoerneHo, Ymo npuMeHeHUe cospeMeHHbIX OernpeccopHbIX KOMIo3uyutl criocobecmeyem
108bIWEHU0 3(hhEKMUBHOCMU MPaHCIIOPMUPOBKU HEGOMU, CHUXEHUIO 2UOpasuvecko20 corpo-
muerneHus U MoebllWeHUr0 HadexxHOCMU 3Kcrmyamauyuu mpy6onpo8odHbIX CUCMEM.

lMpakmuyeckas 3Had4uMocmpb pabombl 3aK/IH0Haemcsi 8 803MOXHOCMU UCIMOMb308aHUSI pe-
3ynbmamos uccriedosaHusi rnpu 8bibope aghchekmusHbIX peazeHmos 0715 10020moe8KU U mpaHc-
MopmMUpPOBKU 8biCOKonapaghuHUCmbIX Hegpmed.

KJTOYEBBIE CJTIOBA: denpeccopsl, Heghmb, napaghuH, 3MyrbCusi, 813KOCMb, Kpucmarsiu-
3ayus, memnepamypa, peorioausi, OMIIOXeHUs], MPaHCIopmMuposKa.

NAPAGUHAI MYHANbIH KATAKO TEMMEPATYPACDIH
TOMEHAETYIE APHAJIFAH 3AMAHAYU XUMUAJIbIK
AENMPECCOPJIbIK KOCIAJIAP
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XKOHIIP XAH ATbIHOAFbI BATbIC KASAKCTAH AIPAPIbIK-TEXHUKATBIK YHUBEPCUTETI
KasakctaH Pecnybnukackl, 090009, Opan k., XaHrip xaH k., 51

Kasipei 3amaHfbl XumMusinblK denpeccopribik kocnanapobl KondaHy napaguHOi MyHalnapobiH
kamy memnepamypacbiH 10-30 °C-ka memeHdemyze xoHe MyHal mymKbipsibifbiH 40-56 %-ra
asalimyra MyMKiHOIk 6epemiHi aHbIKmandbl. dmuneH8UHUIauemam cornonuMepnepi, nonuosne-
puHdOep xoHe bemmik-6ericeHOi 3ammap HeziziHOezai MonuMepsiK XoHe KOMIo3uyusisibiK denpec-
copribiKk peaceHmMmepO0iH eH xorapbl muiMmOinik kepcememiri donendeHdi. [enpeccoprbik Kocrna-
napdbl eHeidy napaguH KpucmarndapblHbIH azpe2ayusicbiH mexer, acganbm-walibip-napaghuH
weeiHOinepiHiH my3iny KapKbiHObINbIFbIH MeMeHOememiHi XoHe memMeH memnepamypa xaroad-
bIHOa MyHaliOblH aKKbIUMbIFbIH XaKcapmambiHbl aHbIKMarnobl.

BamaHayu denpeccopribik KoMno3uyusinapobl KorndaHy MyHal mackimanday muimdinieiH apm-
mbipyFa, eudpasrnukarnbiK kedepeiHi azatimyra xaHe Kybbip xylenepiHid natidanaHy ceHimoiniaiH
JKOFapbliamyFa biKnasa ememiHi Kepceminoi.
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3epmmey HomuxenepiHiH npakmukasblK MaHbI30biblfbl XOfapbl napaguHOi MyHatnapobi
OalibiHOay MmeH macbimandayFra apHanraH muimOi peazeHmmepoi maHOayda KorndaHy MyMKiHOI-
eimeH cunammanaosi.

TYWIH CO3[EP: denpeccopnap, MyHall, napaghuH, 3MyrbCuUsl, MymKbIpbIK, KpucmandaHy,
mewmnepamypa, peonoaus, weeiHoinep, macbimanday

paraffinic crude oils with a high content of solid hydrocarbons, which significantly

complicates the processes of oil production, transportation, and refining. The main
problem associated with the use of such oils is the increase in pour point temperature and
the formation of asphaltene-resin-paraffin deposits (ARPD), which leads to an increase
in oil viscosity, a decrease in pipeline throughput, and higher energy consumption during
transportation [1].

Paraffinic hydrocarbons consist mainly of a mixture of solid alkanes with carbon
chain lengths ranging from C16 to C40, which crystallize at lower temperatures and form
a spatial network structure. The formation of paraffin gel causes a sharp deterioration in
the flow properties of oil and, in some cases, may completely stop the transportation of
the product through pipelines. In addition, the composition and properties of paraffin
deposits vary significantly depending on the chemical composition of the oil and its
operating conditions [2].

Traditional methods for combating high pour point temperatures include thermal
treatment, dilution of oil with low-viscosity hydrocarbons, and deparaffinization processes.
However, these methods are characterized by high energy consumption and high operating
costs. In this regard, the use of chemical reagents — pour point depressant additives —
has become particularly important, since they make it possible to effectively regulate the
low-temperature properties of oil without significant technological costs [3].

Pour point depressants are high-molecular organic compounds capable of modifying
the crystallization process of paraffins and preventing the formation of a strong crystalline
structure. Their mechanism of action is based on the adsorption of additive molecules on
the surface of growing paraffin crystals, which leads to the formation of defects in the
crystal lattice and a decrease in the oil pour point. The use of such additives significantly
improves the rheological properties of oil and reduces the likelihood of paraffin deposit
formation[4].

Modern studies demonstrate that polymeric pour point depressants, such as ethylene-
vinyl acetate copolymers, alkyl (meth)acrylates, and polyolefin compounds, exhibit the
highest efficiency. These substances interact with n-paraffins, modify their morphology,
and reduce crystal size, thereby improving the flowability of oil at low temperatures [5].

In recent years, technologies for producing composite pour point depressants based
on by-products of vegetable oil processing, including cotton gudrons and soapstocks, have
been actively developing. The use of such raw materials makes it possible to reduce the
cost of reagents and increase their efficiency due to the synergistic effect of the components
in the composition.

Thus, the development and application of modern chemical pour point depressants
represent one of the most promising approaches for improving the efficiency of production

. ntroduction. In recent years, there has been a steady increase in the production of
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and transportation of paraffinic crude oils. A review of modern types of pour point
depressants, their mechanisms of action, and the factors affecting their efficiency is of
significant scientific and practical importance.

Materials and methods

Modern scientific publications focused on the development and application of chem-
ical pour point depressants aimed at reducing the pour point temperature of paraffinic
crude oils and preventing the formation of asphaltene-resin-paraffin deposits (ARPD)
were used as materials for the review study [6,7].

Scientific articles, dissertation studies, and experimental works examining the com-
position, properties, and mechanisms of action of pour point depressants with different
chemical natures were used as information sources [8]. Particular attention was paid to
studies investigating the influence of depressant reagents on the rheological and low-tem-
perature properties of crude oils, including pour point temperature, viscosity, and the ten-
dency to form paraffin deposits [9].

The analyzed materials included studies devoted to the development of composite
pour point depressants based on surfactants, polymer compounds, and solvents, as well as
investigations evaluating their effectiveness at different concentrations [6]. It was found
that the addition of depressant compositions in concentrations of 0.02—0.04 wt.% can
reduce the oil pour point from positive to negative temperatures, while the oil viscosity
decreases by 40-56%, demonstrating the high efficiency of chemical reagents [10].

In addition, materials related to the study of the effect of pour point depressants on
preventing the formation of asphaltene-resin-paraffin deposits were also used. Research
results showed that the application of chemical reagents reduces the amount of paraffin
deposits and improves oil flowability at low temperatures, significantly increasing the
efficiency of oil production and transportation processes [11, 13].

The following methods of scientific analysis were applied during the review study.

Analytical method

The main research method was an analytical review of scientific literature, includ-
ing the systematization and generalization of data on the composition and properties of
modern pour point depressants. The results of experimental studies investigating the ef-
fect of various chemical reagents on the oil pour point and its rheological characteristics
were analyzed.

Within the framework of the analytical approach, the dependence of depressant ef-
ficiency on their chemical structure, concentration, oil composition, and operating con-
ditions was considered. In addition, the mechanisms of interaction between additives
and paraffin crystals, as well as the features of their influence on paraffin crystallization
processes, were analyzed.

Comparative Analysis Method

To evaluate the effectiveness of different types of pour point depressants, a comparative
analysis of experimental data presented in scientific publications was carried out. Indica-
tors such as reduction in pour point temperature, changes in oil viscosity, and decrease in
the amount of paraffin deposits resulting from the use of various reagents were compared.

As a result of the comparative analysis, the most effective classes of pour point de-
pressants were identified, and the main factors affecting their efficiency were determined.
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Methods for Evaluating Low-Temperature Properties of Oil
During the analysis of literature data, information obtained using standard methods
for determining the low-temperature characteristics of crude oil was taken into account,

including:

— determination of oil pour point temperature;

— determination of dynamic viscosity of oil;

— investigation of paraffin crystal formation processes;
— determination of asphaltene-resin-paraffin deposit (ARPD) content using the “cold

finger” method;

— analysis of changes in the structure of paraffin crystals under the influence of pour

point depressants.

The application of these methods makes it possible to objectively evaluate the effec-
tiveness of pour point depressants and their influence on the technological properties of
oil under low-temperature conditions.

Method of Scientific Data Systematization

At the final stage of the study, the obtained data were systematized in order to iden-
tify the main development trends of modern pour point depressant technologies. The
main groups of pour point depressants, their chemical characteristics, and application
areas were identified.

The systematization results made it possible to form generalized concepts regarding
the mechanisms of action of modern pour point depressants and to determine the pros-
pects for their further development [12, 13].

Results and discussion

Classification of Modern Chemical Pour Point Depressants Analysis of modern
scientific studies has shown that chemical pour point depressants are among the most
effective means for regulating the low-temperature properties of paraffinic crude oils.
Depending on their chemical nature and mechanism of action, pour point depressants are
divided into several main groups|[13].

Table 1 demonstrates the classification of modern pour point depressants accord-
ing to their chemical composition, properties, and application areas. The analysis shows
that polymeric and composite additives exhibit the highest efficiency in improving the
rheological properties of paraffinic crude oils and reducing their pour point temperature.

Table 1 - Classification of Modern Pour Point Depressants

Additive Type

Chemical Basis

Main Properties

Application Area

Polymeric

Ethylene-vinyl acetate
copolymers (EVA)

Reduction of pour point
temperature

Paraffinic crude oils

Alkyl (meth)acrylates

Polymers of acrylic acid esters

Improvement of flowability

High-viscosity oils

Polyolefins

Polypropylene, polyethylene

Reduction of viscosity

Pipeline
transportation

Composite

Polymer + surfactants
(surfactants) + solvents

Complex action

Heavy crude oils

Ester-based

Complex esters of fatty acids

Modification of paraffin
crystals

Diesel fractions
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The most widely used are polymeric pour point depressants, among which ethylene-
vinyl acetate copolymers (EVA), alkyl methacrylates, and polyolefin compounds occupy
a special place [7]. These compounds are capable of interacting with paraffin crystals
and modifying their morphology, thereby preventing the formation of a dense crystalline
structure. As a result, the oil pour point decreases and its flowability at low temperatures
improves.

According to the results of conducted studies, composite pour point depressants
consisting of polymer components, surfactants, and solvents demonstrate the highest ef-
ficiency. Such compositions exert a complex effect on the paraffin crystallization process
and prevent the formation of asphaltene-resin-paraffin deposits [14].

Mechanism of Action of Pour Point Depressants

Analysis of literature data showed that the effectiveness of pour point depressants
is associated with their ability to modify the paraffin crystallization process. The main
mechanism of action is based on the adsorption of additive molecules onto the surface of
forming paraffin crystals. This leads to the formation of defects in the crystal structure
and reduces the ability of crystals to aggregate [15].

As the temperature decreases, paraffinic hydrocarbons begin to form a spatial net-
work structure, which causes an increase in oil viscosity and a rise in the pour point tem-
perature. The introduction of pour point depressants reduces the size of paraffin crystals
and prevents their agglomeration into large aggregates. As a result, the strength of the
paraffin framework decreases and the flowability of the oil improves.

Figure [ illustrates the mechanism of action of depressant additives. The additives
adsorb on the surface of paraffin crystals, disrupt their growth and aggregation, and

WITHOUT POUR POINT DEPRESSANT

1. Dissolution of 2. Formation of 3. Growth of 4. Formation of spatial 5. Formation of paraffin gel
paraffin molecules paraffin crystals paraffin crystals network structure p g
~— 0
Oil at high temperature Formation of Growth and enlargement Formation of network Increase in viscosity,
crystal nuclei of crystals structure and trapping of oil decrease in flowability
WITH POUR POINT DEPRESSANT
1. Dissolution of paraffin 2. Adsorption of additive 3. Growth of defective 4. No formation of dense 5. Reduction of pour point
and additive molecules molecules on paraffin crystals network structure temperature

crystals

TSI R ARE TRy BN
Lﬁ«} Y Pt N PSS
®@ @3%7? %i{% E‘j%;f;%

Oil at high temperature Coating of crystal surface Slowing of growth and 0il remains mobile Decrease in viscosity,
with additive destruction of structure improvement in flowability
{
o~ Paraffin Paraffin Pour point depressant oil
i molecules crystal LoV molecule o phase

L

Figure 1 — Diagram of the mechanism of action of depressant additives
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prevent the formation of a dense crystalline network structure. As a result, oil flowability
improves and the intensity of paraffin deposit formation decreases.

Studies have shown that when depressant compositions are added at concentrations of
0.02-0.04 wt.%, the oil pour point can decrease from +31 °C to negative values, reaching
a range from —3 to +4 °C. In addition, oil viscosity decreases by 40-56%, which confirms
the high efficiency of depressant reagents.

Influence of Oil Chemical Composition on the Efficiency of Pour Point Depressants

The analysis results demonstrated that the effectiveness of pour point depressants
largely depends on the chemical composition of crude oil, particularly on the content of
paraffins, resins, and asphaltenes. Each crude oil is characterized by a specific composition
of asphaltene-resin-paraffin deposits; therefore, the selection of additives should take into
account the characteristics of the oil system[16].

It was established that an increase in the content of high-molecular-weight paraffins
leads to an increase in the oil pour point and complicates the transportation process. Under
such conditions, the use of pour point depressants significantly reduces the intensity of
paraffin deposit formation and improves the rheological properties of oil.

Some studies have shown that the application of pour point depressants contributes
to a decrease in the amount of formed paraffin deposits, which is associated with changes
in the shape and size of paraffin crystals. In addition, oil viscosity decreases and its
flowability at low temperatures improves.

Effect of Pour Point Depressant Concentration

One of the important factors affecting the efficiency of pour point depressants is their
concentration. Analysis of literature data showed that an increase in additive concentration
leads to a noticeable decrease in the oil pour point temperature.

When depressant reagents are introduced in small amounts (up to 0.02 wt.%), an
initial decrease in pour point temperature and oil viscosity is observed. Increasing the
concentration to 0.04 wt.% allows achieving the maximum effect due to the uniform
distribution of additive molecules within the oil system. Table 2 presents the effect of
depressant additive concentration on the rheological properties of oil. The results indicate
that increasing additive concentration leads to a decrease in oil pour point temperature and
viscosity. The maximum efficiency was observed at a concentration of 0.04 wt.%, where
the pour point decreased to negative temperatures and viscosity was significantly reduced.

However, a further increase in additive concentration may lead to a decrease in its
efficiency due to the saturation of the paraffin crystal surface and changes in the structure
of the oil system.

Current Trends in the Development of Pour Point Depressants

At present, new approaches aimed at developing highly effective pour point
depressants are being actively explored. One of the most promising directions is the
development of composite reagents based on surfactants and polymer components.

The use of by-products and secondary raw materials from the petrochemical and oil-
fat industries is of particular interest. The application of such materials makes it possible
to reduce the production cost of pour point depressants and improve their environmental
safety [17].
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Table 2 — Classification of Modern Pour Point Depressants

Additive Pour Point Viscosity, Effect
Concentration, % Temperature, °C mPa:-s
0 (without additive) +30 46.3 Formation of deposits
0.02 +7 27.7 Improved flowability
0.03 +4 22.1 Optimal effect
0.04 -3 16.6 Maximum reduction

Figure 2 shows the main directions in the development of modern depressant additives.
Current research is focused on the creation of multifunctional composite reagents,
environmentally friendly additives, and polymer systems capable of simultaneously
reducing viscosity and preventing paraffin deposit formation.

-
1. MODIFICATION OF POLYMER ADDITIVES

+ Synthesis of new polymers
* Modification of molecular structure
« Introduction of functional groups

+ Improvement of efficiency and stability

~
2. DEVELOPMENT OF COMPOSITE FORMULATIONS 3. NANOCOMPOSITE ADDITIVES
+ Combination of polymers, surfactants * Use of nanoparticles
and solvents + Creation of hybrid systems
* Synergistic effect I + Control of crystal growth
) « Enhanced low-temperature performance « Improved
« Reduced dosage ) /5 low-temperature performance
DEVELOPMENT
4. STUDY OF MECHANISM OF POUR POINT 5. DEVELOPMENT OF MULTIFUNCTIONAL ADDITIVES
AND INTERACTION
DEPRESSANTS « Simultaneous viscosity reduction
+ Study of additive-paraffin interaction P i &
° parat i « Pour point depression
« Analysis of crystallization mechanism + Prevention of asphaltene-resin-
« Evaluation of synergistic effects paraffin (ARP) deposits
« Rational design of formulations « Corrosion protection
-
6. USE OF ALTERNATIVE AND SECONDARY RAW MATERIALS 7. APPLICATION OF DIGITAL TECHNOLOGIES 8. ENVIRONMENTALLY FRIENDLY SOLUTIONS
+ Use of by-products of ofl refining e + Use of non-toxic raw materials
g ry testing and modeling &
. Procesflng ofsecondlary raw materials @ + Machine learning and prediction 3 :';t?:‘::'i;n“r:‘;:‘r;;an
o of prodaction cost 1| ll Optimization of additive formulation + Compliance with environmental
« Encouragement of circular economy o Accalaration of devalopmant ity

[ ( /) MAIN GOAL: Reduce the pour point temperature, improve flowability, prevent paraffin deposits, ]

and ensure safe and efficient transportation of crude oil.

Figure 2 — The main directions for the development of modern depressive supplements

In addition, modern studies are aimed at developing multifunctional additives capable
of simultaneously reducing the oil pour point temperature, decreasing viscosity, and
preventing the formation of paraffin deposits. Such reagents exhibit a complex effect and
ensure improved efficiency of oil production and transportation processes [17].

Comparative Analysis of the Efficiency of Different Types of Pour Point Depressants

A comparison of results from various studies showed that polymeric and composite
pour point depressants demonstrate the highest efficiency. They provide a significant
reduction in oil pour point temperature and improve oil flowability at low temperatures.

As a result of applying pour point depressants:

* the oil pour point decreases by 10-30 °C;

* 01l viscosity at positive temperatures decreases by 40-56%;
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« the intensity of asphaltene-resin-paraffin deposit formation decreases;
« the efficiency of oil transportation through pipelines increases.
The obtained results demonstrate the high efficiency of modern chemical pour point

depressants and confirm their important role in ensuring the stable operation of oilfield
equipment.

Conclusions
The analysis of modern studies showed that chemical pour point depressants are

an effective means of reducing the pour point temperature of paraffinic crude oils and
improving their rheological properties. The use of these reagents makes it possible to
decrease oil viscosity, prevent the formation of asphaltene-resin-paraffin deposits, and
improve the efficiency of oil production and transportation processes.

It was established that polymeric and composite pour point depressants demonstrate

the highest efficiency, and their effect is associated with modifying the structure of paraffin
crystals and reducing their ability to aggregate. One of the promising directions is the
development of multifunctional depressant formulations and their optimization considering
the composition of crude oil and operating conditions. €
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