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ABSTRACT

Introduction. Oil spills on sandy shores lead to the formation of stable emulsions that are difficult to eliminate. The research is aimed
at a comprehensive analysis of the physical and chemical properties of such an emulsion and the development of effective methods
for its separation using modern chemical and technological approaches that have aspects of nanolevel interaction at the phase
boundary. Methods and materials. The object of the study was a sample of contaminated soil. Visual inspection was performed;
density and dynamic viscosity were determined in the range of 25-90 °C. The separation of the emulsion was tested by centrifu-
gation (including the use of a demulgator) and water distillation (Dean-Stark method). The content of mechanical impurities was
determined gravimetrically, and their composition was determined using Fourier transform IR spectrometry. For demulsification and
viscosity reduction, dilution with diesel fuel and solvent was used, followed by centrifugation. Results and discussion. The sample
was a highly viscous (105 379 MPa-s at 25 °C) emulsion that could not be separated by standard centrifugation. The content of water
(33%) and mechanical impurities (23.8%) identified as sand (SiO,) was determined. The high stability of the emulsion is probably
due to the formation of strong interfacial layers. Dilution of the sample with diesel fuel and Nefras-C280 in a 1:1 ratio significantly
reduced the viscosity and achieved effective separation into the oil phase and mechanical impurities during subsequent centrifu-
gation. Conclusion. It is shown that traditional methods of emulsion destruction are ineffective without preliminary modification
of the system. The most effective strategy is chemical dilution followed by thermomechanical treatment, which disrupts the stable
nanostructure of the emulsion and facilitates separation. The data obtained are important for developing practical recipes for oil
spill response in coastal areas.
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AHHOTALMA

BBepeHme. Pa3nuBbl HedpTENPOOYKTOB Ha NecyaHblx beperax NPrYBOAAT K 06pPa3oBaHUI0 YCTONUMBBIX IMYIbCUNA, CIOXKHbBIX A5
nukBuaaumu. MiccnenoBaHve HanpaBieHO Ha KOMMEKCHbIN aHanm3 GU3MKo-XMMMYeCKX CBONCTB TaKoW IMySIbCUN U pa3paboTKy
3bdeKTVBHBIX METOAOB ee pasfeneHns C NpPUMeHeHeM COBPEMEHHbIX XMMMKO-TEXHONTIOMMYECKUX NOAXOA0B, UMEILMX acMeKTbI
HaHOYPOBHEBOro B3aUMOLENCTBUA Ha rpaHuLe ¢a3. Metogbl n matepuanbl. O6beKTOM UCCNeAOBaHMA CNyXua npoba 3arpss-
HEHHOro rpyHTa. [lpoBoAnnCA BM3yasnbHbIi OCMOTP, ONpefenAanncb NIOTHOCTb U AHaMMYecKasa BA3KOCTb B AnanasoHe 25-90 °C.
PazpneneHune amynbcmm TeCTMpoBanm MeTogamu LeHTpudyrnpoBaHnsa (BKOYas UCMONIb30BaHMe feMysibratopa) 1 OTTOHKY BOAbI
(meTog AuHa-Crapka). CoaepaHrie mexaHnyecKmx nprumecein onpegenanu rpaBUMeTpruyeck, NxX COCTaB YCTaHaBAUBanm C no-
moubto NK-Oypbe cnekTpomeTpun. [Ins gesMynbcalm 1 CHUXEHWA BAZKOCTU NPUMeHANN pa3basneHrie an3enbHbIM TOMNIMBOM
1 pacTBOpUTENEeM C nocelywmm LeHTpudyrnposaHuem. Pesynbratbl u o6cyxpaeHue. [Npoba npeacrtasnsana coboi BbICOKO-
BA3Kyto (105 379 mIMa-c npu 25 °C) sMynbcuio, He NOALAILLYIOCA Pa3feneHnto CTaHAAPTHBIM LeHTprdyrupoBaHemM. YCTaHOBNEHO
copepaHue Boabl (33%) 1 mexaHnuyecknx npumecent (23,8%), MAeHTMOGULNPOBAHHBIX Kak Necok (Si0,). Bbicokan cTabunbHOCTb
3MyNbCUW, BEPOATHO, OOycioBNieHa 06pa3oBaHMEM NPOYHbIX MexdasHbix cnoes. PazbaBneHune npobbl An3eNibHbIM TOMNBOM
n «Hedpacom-C2 80» B cooTHOWEHNUN 1:1 MO3BONMUIO 3HAUYUTENIBHO CHU3MTb BA3KOCTb 1 AOOUTbCA 3ODEKTMBHOIO pasaeneHuns Ha
HedTaHy0 Gasy 1 MexaHMYecKre Npumecy Npu nocneayoLlem LeHTpuoyrrnposaHun. 3aknoueHue. NokasaHo, YTo TpagnLUMOoH-
Hble MeTobl pa3pyLleHns amMynbcun HeabdeKTnBHbI 6e3 NpeaBapuTenbHo MoguduKauum cuctembl. Hanbonee sdbdektnBHoOM
cTpaTervieii ABNsAETCA XMMMYeCcKoe paszbaBrieHre C Nocsiefyiolelrl TepMOMEXaHNYECKO 06paboTKOM, UTO HapyLIAeT CTabuIIbHYIO
HaHOCTPYKTYpPY IMynbCUn 1 obneryaeT cenapauuio. MonyyeHHble faHHble BaXKHbl AN Pa3paboTKM NPaKTUYECKUX peuenTyp ans
JIMKBMAAUMMN NOCNeAcTBUA HedTepasnBOB B NPUOPEXHbBIX 30HaX.

KJNKOYEBDIE C/IOBA: HedTAHaA aMynbcys, HaHOpa3MepHasa CTabrnmsauus, LMHaMUYeckas BA3KOCTb, e3My bCaLvs, MeXaHUYecKre
npumMecu, metod [inHa-Crapka, LeHTpudyrnpoBaHue, MMKBUAALNA Pa3IMBOB

NCTOYHUKU GPUHAHCUPOBAHUA HAYYHOW PABOTbI, PE3YJITATOM KOTOPOI CTAJIA MYB/IMKALUA: Pa6oTa BbinonHeHa
npv noafepxke MMHNCTepCcTBa HayKuM 1 Bbicliero obpasoBaHua Poccuiickon QOepepaumm no cornawwenuto N° 075-15-2022-297
B pamKax nporpammbl cosfgaHua n passutna HLUMY «PaunoHanbHoe 0CBOeHMe 3anacoB XUAKMX YINeBOJOPOAOB NIaHEeTbI».

AnAa UMTUPOBAHUA:

Abycan tOced A.1O., ixuH A. P, CunbHos [.B., ApacnaHosa [1.U., TopLukos B.A. BbiCOKOBA3KME HaHO3MYNbCMU HEPTENPOAYKTOB B Nec-
YyaHoW MaTpuLe: Npobnembl 1 peleHnsa. HaHomexHonozuu 8 cmpoumenscmae. 2026;18(3):349-362. https://doi.org/10.15828/2075-
8545-2026-18-3-349-362. - EDN: UXRVNE.

INTRODUCTION

Pollution of the environment, in particular coastal eco-
systems, as a result of oil and oil products spills is one
of the most urgent problems of modern ecology and the
oil and gas industry [1, 2]. Particularly difficult are cases
when oil products mixed with sand and water form stable
high-viscosity emulsions that are resistant to traditional
cleaning methods [3, 4]. Such systems are characterized
by the formation of strong interfacial layers stabilized
by nanosized particles of mechanical impurities, which
significantly complicates their separation into compo-
nents [5, 6].

Effective management of the consequences of such
spills requires a deep understanding of the physicochemi-
cal properties of the resulting emulsions and the develop-
ment of targeted methods for their demulsification [7,
8].Existing approaches, including centrifugation, thermal
and chemical treatment, often turn out to be insufficiently
effective without preliminary modification of the system
to reduce viscosity and destroy stabilizing barriers [9, 10].

The aim of this work was a comprehensive study of the
properties of a highly viscous oil-sand emulsion selected
in the contamination zone, and the development of an
effective method for its separation using chemical dilution
and thermomechanical methods.
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Methods and materials

Figure 1 shows the appearance of the obtained sam-
ples from different collection points.

Table 1 shows the result of the analysis of the appear-
ance and characteristics of the samples.

Analysis of the presented tabular data shows a signifi-
cant heterogeneity of contamination at various sampling
points. The nature of the samples varies from thick black
viscous masses to pasty and solid aggregate states, which
indicates differences in the aging processes of petroleum
products, evaporation of volatile fractions, and their in-
teraction with the soil environment. The presence of char-

Large pond point #1 (+2.1 m mark)

Fig. 1. Sample appearance

acteristic odors of bitumen and organic solvents indicates
a multi-component composition of the pollutant. For
an in-depth study, a sample with a maximum mass and
pronounced homogeneity — “ Large Pond, point No. 2
(mark +3.3 m)” — was selected for subsequent determina-
tion of physical and chemical characteristics and fraction-
ation into components (oil, water phase, solid impurities).

Separation of the emulsion by centrifugation
The method of separation of the emulsion system is

based on the centrifuge effect and includes the following
steps: preheating the sample to 80 °C followed by mixing
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Large pond point #3 (+2.8 m mark)

ol
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Fig. 1. The End

to achieve homogeneity, loading into centrifuge tubes
and processing at 5000 rpm for 30 minutes. As a result of
centrifugal action, phase separation occurs: heavy frac-
tions (water and solid particles) settle to the bottom, while
the light oil phase migrates to the upper layer (Fig. 2).

When centrifuging the sample “Big Pond point #2
(+3.3 m mark)”, the separation into layers did not oc-
cur. To improve separation, a demulgator was added to
the sample, thoroughly mixed and centrifuged. Sample
separation did not occur.

© HMS .\ A
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Determination of water content by the Dean-Stark
method

Dean-Stark method (GOST 2477-2014 “ Oil and
petroleum products. Water determination method”) is
a standard method for determining the water content in
oil and petroleum products, based on the distillation of
water with an organic solvent. During the analysis, the
sample weight is mixed with a water-removing solvent
(toluene or nephras) in a special flask of the Dean-Stark

http://nanobuild.ru

352

info@nanobuild.ru


http://nanobuild.ru/ru_RU/

2026; 18 (3):
349-362

Nanotechnologies in construction
HaHoTexHonornn B cTponTenbCcTBe

1SSN 2075-8545 (online)

THE RESULTS OF THE SPECIALISTS’ AND SCIENTISTS’ RESEARCHES

Table 1. Appearance and characteristics of samples

Nanob%

Selection point Appearance Smell Weight, g

Large pond point #1 Black viscous mass The smell of petroleum products 190
(+2.1 m mark) and bitumen breaks during mixing
Large pond point No. 2 Black liquid mass, when mixed The smell of petroleum products,

. 270
(mark +2.7 m) bitumen stretches
Big pond point #2 Sticky black solid mass, when mixed | The smell of petroleum products,

. 680
(mark +3.3 m) bitumen stretches
Big pond point #3 Sticky black solid mass, when mixed | The smell of petroleum products, 500
(mark +2.8 m) bitumen, roofing material stretches
Small pond point No. 1 Top with a transparent layer of Smell of fresh paint, possibly sol-
(mark +5.0 m) liquid, possibly water. Black liquid vents 520

paste
Small pond point #3 A stationary black mass with solid Smell of a universal solvent
LT . 160

(3.6-4.2 m mark) mechanical impurities

==

4 \
Q|

Fig. 2. The process of separation of the emulsion by
centrifugation

apparatus. When the mixture is heated, solvent and water
vapors are formed, which enter the refrigerator, where
they condense and drain into a graduated receiver (Fig. 3).

The water content in the sample” Big Pond point
No. 2 (mark +3.3 m) “ was 33% (Table 2).

Content of mechanical impurities in petroleum
products

The method for determining mechanical impurities in
petroleum products is based on gravimetric analysis. The

Fig. 3. Determination of water content by the Dean-
Stark method

oil product sample is filtered through a pre-weighed paper
filter with a hot solvent or a mixture of solvents (alcohol-
benzene, alcohol-toluene, chloroform) to a transparent
drop. After filtration, the filter is dried at 105 °C to a con-
stant weight and re-weighed (Fig. 4).

The content of mechanical impurities (X, %) is calcu-
lated by the formula:

mp; —mp
m

100

bl

X =
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Table 2. Physical and chemical characteristics of the emulsion

i . Emulsion density, kg/m? o Mechanical
Sampling point 25°C 50°C Matencontenton I aire content, %
Big pond point #2 (mark +3.3 m) 0.976 0.974 33 23.8

Fig. 4. Determination of the content of mechanical impurities

where m — is the mass of a clean filter; m, — mass of
the filter with impurities; m — is the mass of the sample.

The content of mechanical impurities in the sample
“Big Pond point No. 2 (mark +3.3 m)” was 23.8% (Ta-
ble 2).

These mechanical impurities were studied on a Fou-
rier transform IR spectrometer and the main character-
istic signals were isolated. Comparison with the database

showed that the impurities are similar in composition to
SiO, (sand, silica) (Fig. 5).

Emulsion density
The method is based on accurate measurement of the

mass of a known volume of the emulsion using a cali-
brated pycnometer according to GOST 3900 (Fig. 6).

mmm:mmmm:soumnmaomzsuozamzmmzmzmmmzmzn

:ozsoumnmnmmm:zoo:zoosmnsmmzamzmzmzmmmmzmm

Fig. 5. IR spectrum of the mechanical impurities isolated from the sample “Big pond point #2 (+3.3 m mark)”
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Fig. 6. Density determination

The densities of the “Big Pond point # 2 (+3.3 m
mark)” sample were determined at 25°C and 50°C and
amounted to 0.976 and 0.974 kg/m?, respectively (Table 2).

The density of the emulsion at ~0.976 g / cm? (at
25 °C), which is comparable to that of water, indicates
a high degree of water cut and mineralization of the
system. The proportion of water (33%) and mechani-
cal impurities (23.8%) emphasizes the multicomponent
composition, in which the sand fraction (SiO,) functions
as a stabilizer, forming a stable structure that prevents
natural phase separation.

Dynamic viscosity of the emulsion

The viscosity parameters were determined on a Rheo-
test RN 5.1 rotary viscometer in the temperature range
25-90 °C (step 10 °C). Before each test, the sample was
kept in the device’s thermostat for 20—30 minutes to
establish thermal equilibrium. The measurement mode
provided for a fixed shift rate of 10 s~!, guaranteeing re-
producibility of the data (Fig. 7).

The change in dynamic viscosity with temperature is
shown in Fig. 8 and Table 3.

The significant dynamic viscosity at 25 °C
(105,379 MPa - s) makes it possible to classify the emul-
sion as a highly viscous system. A well-defined tempera-
ture dependence (a decrease in viscosity by more than two
orders of magnitude to 90 °C) reflects the thermal sensi-

Fig. 7. Determination of the dynamic viscosity of the
sample

tivity of its structure. At the same time, even at elevated
temperatures (90 °C), the viscosity exceeds 1000 MPa s,
which justifies the combined approach to demulsification
using thermal and chemical influences.

Extraction of light fraction (oil) from the emulsion
sample

Upon completion of the Dean-Stark water content
analysis, the solvent was completely removed from the
flask by distillation. Mechanical impurities and an oil
phase remained in the residue. The liquid oil fraction was
separated by decanting into a clean laboratory container
for further physico-chemical studies, while solid impuri-
ties with residual oil remained in the initial flask (Fig. 9).

Next, the contents of the flask were dissolved in an
alcohol-toluene mixture, followed by filtration through
a blue ribbon. Mechanical impurities were retained on the
filter, and the solvent was removed on a rotary evaporator.

Characteristics of the purified sample

In the purified sample “Large Pond, point # 2 (+3.3 m
mark)” without mechanical impurities and water, dynamic
viscosity was measured in various temperature conditions,
as well as density at 25 °C and 50 °C (Table 4, Fig. 10).

After removing water and mechanical impurities, a sig-
nificant drop in dynamic viscosity was recorded — from
105,379 to 7,771 MPa * s (measurements were carried out
at 25 °C). At the same time, the density also decreased:
from 0.976 to 0.918 g/cm?. The obtained data clearly con-
firm that these components make the greatest contribu-
tion to the stability of the emulsion disperse system. At the
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120000
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Dynamic viscosity, MPa-s
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20 30 40 50

Big pond point No. 2 (mark +3.3 m)

Temperature, °C

60 70 80 90 100

Fig. 8. Dynamic viscosity of the sample as a function of temperature

Table 3. Dynamic viscosity of a sample collected from a large pond point #2 (+3.3 m mark)

Dynamic viscosity, MPa * s

Sample location
25°C 30°C 40 °C

50°C 60 °C 70°C 80°C 90 °C

BP No.2 (+3.3m) 105379 75721 32446

13300 6527 3046 1820 1181

e

Fig. 9. The process of extracting the oil component from the “Large Pond point # 2 (+3.3 m mark)” sample

same time, the dependence of viscosity on temperature
does not disappear, but the current viscosity values are
already comparable with the characteristics typical for
heavy oil products.

Procedure for diluting the purified sample

The purified sample was diluted with diesel fuel. For
this purpose, the initial material taken at point No. 2 “Big

Pond” (mark +3.3 m) was mixed with fuel in equal volume
fractions (1:1). The process was carried out using a top-
driven agitator at a speed of 700 revolutions per minute until
a homogeneous suspension was formed. After intensive
mixing was completed, the upper diesel layer was selected.
Visual observation showed that the viscosity of the resulting
system decreased (the results are shown in Fig. 11).

The resulting sample was heated to 90 °C and held for
30 minutes, after which it was centrifuged at a speed of
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Table 4. Dynamic viscosity value of a sample taken from a large pond, point #2 (+3.3 m mark) without mechanical
impurities and bound water

Dynamic viscosity, MPa * s E"."‘ISi°" R
Sample location density, kg/m

25°C | 30°C | 40°C | 50°C | 60°C | 70°C | 80°C | 90°C | 25°C 50°C

BP t. no. 2 (+3.3 m) without

. . 7771 58.75 2954 1689 1009 646 380 249 0918 0.915
mechanical admixtures and water

Big Pond point No. 2 (mark +3.3 m) without mechanical impurities and

bound water"
9000

8000
7000
6000
5000
4000
3000

2000

Dynamic viscosity, mPa-s

1000

20 30 40 50 60 70 80 90 100

Temperature, °C

Fig. 10. Dependence of the dynamic viscosity of the sample on the temperature according to Table 4

g P
5

Fig. 11. Appearance of the mixture “sample + diesel fuel”in the ratio 1:1
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4000 rpm. As a result, the mixture was stratified into two
components: the upper (mobile, which is an oil phase)
and the lower, formed by mechanical impurities (Fig. 12).
It should be noted that no water phase was detected in
the sample.

Additionally, the temperature dependence of the vis-
cosity was measured for a mixture consisting of a sample
and diesel fuel in a ratio of 1:1. The measurement range
was from 25 to 90 °C (the results are shown in Fig. 13
and Table 5).

When adding diesel fuel in a one-to-one ratio, a pro-
nounced drop in viscosity was recorded. At a tempera-

B el
% au s |

Fig. 12. Sample appearance after centrifugation of the “sample + diesel fue

Table 5. Value of dynamic viscosity of the mixture “sample + diesel fue

ture of 25 °C, this indicator decreased to 836 MPa *s.
Such a significant reduction in viscosity allows us to
consider the resulting system technologically acceptable
for subsequent operations — in particular, for processing
by centrifugation. Low viscosity values over a wide tem-
perature range confirm the effectiveness of this approach
as a method of preliminary modification of the emulsion.

The effect of the Nefras-C280 “ hydrocarbon solvent
on sample separation and temperature-dependent changes
in viscosity was studied (Fig. 14).

To do this, the sample “Large Pond point # 2 (mark
+3.3 m)” was mixed with a solvent in a ratio of 1: 1 at

Ill

mixture

In

in the ratio 1:1

Dynamic viscosity, MPa * s
Place of sampling
25°C 30°C 40°C 50°C 60 °C 70°C 80°C 90 °C
BP t. no. 2 (+3.3 m) + Diz. Fuel 1:1 836.0 728.7 616.2 431.9 242.7 167.1 151.4 125
Big Pond point No. 2 (mark +3.3 m) + diesel fuel 1:1"
900
800
w 700
£
€ 600
z
T 500
2
S 400
g 300
>
8 200 Fig. 13. Depen-
100 dence of the
dynamic viscosity of
9 ' ' ‘ ' ‘ ' ' ) the sample on the
20 30 40 50 60 70 80 90 100
. temperature accord-
Temperature, °C X
ing to Table 5
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Fig. 14. Sample separation after centrifugation of the sample + Nefras C2 80 1:2 mixture

700 rpm for 30 minutes. Then the upper part of the sol-
vent was drained and further studies were continued on
the sample-solvent mixture.

After centrifugation, the sample was divided into two
phases: mechanical admixtures and the oil component.
Water separation was also not observed.

The obtained dependence of the dynamic viscosity of
the mixture “sample + Nefras C2 80 1:1” of the tempera-
ture is shown in Fig. 15 and Table 6.

Although Nefras-C2-80 significantly reduces the vis-
cosity compared to the initial sample, diesel fuel is a more
effective agent for pre-preparation of the emulsion for me-
chanical separation (centrifugation), as it provides much
lower viscosity values over the entire temperature range.
“Nefras” can be useful for other tasks, for example, for
extraction of certain fractions, but not for optimal viscos-
ity reduction.

A sample mixed with “Nefras C280” was also exam-
ined, followed by the removal of bound water and me-
chanical impurities. Dynamic viscosity at various tem-
peratures (Fig. 16, Table 7) and densities at 25 °C and
50 °C. were determined.

4

The use of the solvent “Nefras-C2 80” also led to
a significant decrease in viscosity, although less pro-
nounced compared to diesel fuel. The density of the
resulting oil phase decreased to 0.908 g/cm?, which is
typical for light oil products. This indicates that the sol-
vent not only reduced the viscosity, but also changed the
composition of the continuous oil phase, contributing to
more efficient separation from mechanical impurities.

DISCUSSION OF THE RESULTS

The study revealed that the initial sample of contami-
nated soil is a highly stable emulsion of the “water in oil”
type, stabilized by mechanical impurities of sand (SiO,).
High dynamic viscosity and resistance to standard cen-
trifugation, even with the use of a demulgator, are due to
the formation of strong interfacial nanolayers, where sand
particles act as natural emulsifiers, preventing coalescence
of water droplets [11—13].

The key problem is precisely the nanoscale character
of stabilization, which is consistent with modern ideas
about the role of solid particles in the stabilization of
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Table 6. Dynamic viscosity of the mixture “sample + Nefras C280 1:1"

Dynamic viscosity, MPa s
25°C 30°C 40 °C 50°C 60 °C 70°C 80 °C 90 °C

Sample collection point

BPT.No. 2 (+3.3 m) + Nefras C2 80 1:1 5711.2 | 46804 | 3741.8 | 21214 | 1329.1 | 8914 848.8 787.4
Big Pond pomt No. 2 (mark +3.3 m) + Nerfac C2 80
6000
5000
E 4000
£
Z 3000
2 2000 Fig. 15. Depen-
& dence of the
& 1000 dynamic viscosity
of the mixture”
° " - o - o o o - 100 sample + Nefras
C2 80 1:1"from the
Temperature, °C
temperature

Table 7. Dynamic viscosity of the mixture “sample + Nefras C280 1:1", which does not contain bound water and
mechanical admixtures

Dynamic viscosity, MPa * s Emulsll(on d:’msny,
Sample location g/m

25°C | 30°C | 40°C | 50°C | 60°C | 70°C | 80°C | 90°C 25°C 50°C

BPt.no.2 (+3.3m)
without mechanical 5197 4028 3459 1892 1269 884 836 762 0.908 0.907
admixtures and water

"Big Pond point No. 2 (mark +3.3 m) + Nerfac 80 1:1
without (mechanical impurities and bound water)
5000
& 4000
o
=
e Fig. 16. Depen-
g dence of the
; 2000 glynamic vis.cos-
£ ity of the mixture
E‘ 1000 ~— . “sample + Nefras
— C2 80 1:1 without
mechanical impuri-
0 : ; . ‘ . .
20 30 40 50 &0 70 20 %0 100 ties and bound
Temperature, °C water”on the
temperature
emulsions [14, 15]. Traditional demulsification methods, films, were ineffective in this case without first destroying

which are mainly aimed at destroying surface-stabilized  the entire structure of the system.
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The most effective strategy was chemical dilution,
which leads to two main effects:

1. Viscosity reduction: a diluent (diesel fuel or sol-
vent) reduces the viscosity of the continuous oil phase,
which facilitates sedimentation and kinetics of separation
processes under the action of centrifugal forces [16, 17].

2. Violation of interphase stabilization: the introduc-
tion of a large volume of hydrocarbon liquid changes the
phase ratio, the thickness of interphase layers, and the
wettability of solid particles, which leads to destabilization
of the emulsion and aggregation of sand particles [18, 19].

Subsequent thermomechanical treatment (heating and
centrifugation) completes the separation process, provid-
ing sedimentation of coagulated mechanical impurities.
The absence of visible separation of the aqueous phase
after dilution and centrifugation can be explained by its
dispersion in excess of the hydrocarbon phase or the for-
mation of microemulsions.

A comparative analysis of diluents showed that diesel
fuel is a more effective agent for reducing viscosity, while
Nefras-C280, being a lighter solvent, probably copes bet-
ter with solubilization of asphaltene-resinous components
that contribute to the stability of the emulsion [20, 21].
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