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ABSTRACT: Introduction. This article describes the results of the destruction processes studies of stable emulsion suspension sludge 
systems, conducted by the authors. Destruction processes are achieved by adding nanoparticles to demulsifying compositions. Cur-
rently, there is no universal composition demulsifier that effectively destroys emulsions formed in oil sludges. Research methods. To 
deal with this issues, the authors have conducted research on the creation of an effective demulsifier containing nanosized particles 
of fullerenes. The studies were carried out with dispersed oil-slurry emulsion-suspension systems, selected from open storage ponds 
of enterprises of JSC «Tatoilgaz» and JSC «TAIF-NK». For the destruction of the oil-containing system of the emulsion-suspension 
type, a composite mixture of complex action has been developed, which includes anionic wetting agents, nonionic surfactants, 
flotation reagents, detergents and alkaline buffer solutions that provide the required value of a constant indicator of the acid-base 
balance of the aqueous medium. Results and its discussion. A composite demulsifying mixture of complex action, which increases 
the effectiveness of the wetting washing action of surfactants, namely, the diphilic structure of the dispersed medium changes to 
hydrophilic, that is, the contacts of particles having a monophilic surface with the hydrocarbon phase of the emulsion medium are 
broken. When particles pass into the water volume from the phase separation boundary, the layer on the surface of the emulsified 
water is destroyed. The dehydration time of petroleum products is reduced by almost 2 times. Conclusion. During the research, 
the intensification and increase of the efficiency have been successfully reached.

KEYWORDS: emulsion, demulsifier, fullerene, oil sludge.

FOR CITATION: Vakhitova R.I., Saracheva D.A., Kiyamov I.K., Sabitov L.S., Oleinik V.Iv. Destruction of stable emulsions using nano-
dispersed fullerenes. Nanotechnologies in Construction. 2022; 14(6): 444–448. https://doi.org/10.15828/2075-8545-2022-14-6-444-
448. – EDN: WWJZMG.

Destruction of stable emulsions 
using nanodispersed fullerenes

© Vakhitova R.I., Saracheva D.A., Kiyamov I.K., Sabitov L.S., Oleinik V.Iv., 2022

INTRODUCTION

Currently, with the improvement and development 
of reagent technologies, there is a wide application 

of demulsifiers, surfactants, multifunctional reagents of 
complex action, demulsifying composites in systems for 
the collection, transport and preparation of superviscous 
oils, in the field of petrochemical technologies, in petro-
leum and gas processing plants during the technological 
processes of desalination and deep dehydration of oil field 
raw materials [1 - 9]. Nevertheless, researchers and sci-
entists have failed to develop a demulsifier of a universal 
composition that provides enough efficiency in the de-
struction of emulsion water-oil systems, especially stable 

ones, formed by natural bitumen and super-viscous oils 
in various oilfields. 

It is common practice to try to choose the most ef-
fective demulsifiers, to compose synergistic composite 
mixtures from various industrial reagents, but most often 
the required demulsification effect is not obtained.

The research is aimed at increasing the efficiency and 
intensity of the demulsification of oil-containing mixtures 
by dewatering stable oil-water emulsions, which include 
a large amount of mechanical impurities). As an object 
for research, we have selected emulsion-dispersed suspen-
sions from oil sludge taken from open storage ponds at an 
oil sludge plant, and areas for dehydration of oil products, 
cleaning from silt) [10–12].
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The oil sludge sample in Unit 1 is a waste of oilfield 
preparation in various small oil companies and oil and gas 
production departments. The intermediate stable emul-
sion layers separated from the settling tanks are tempo-
rarily stored in the form of storage or slop oils in large 
volumes of tanks, open or closed containers. The volumes 
of stable emulsions are sent for further preparation and 
processing.  (Oil sludge accumulates in large volumes at 
industrial plants, therefore, specific open-type storage 
ponds are built, where oil sludge is stored and settled. 
During the settling period, drainage of separated solids 
and water to the bottom of the pond also occurs).

It is found as a result of the research that the aggregate 
state of the emulsion is abnormally stable to the possibility 
of destruction, as well as a change in the pour point of the 
hydrocarbon volume, i.e. the state of oil sludge depends on 
the low salinity of bound water, high content of mechanical 
impurities, high-molecular and refractory paraffins and 
ceresins, resinous-asphaltene substances in the oil sludge.)

Changes in the mechanical properties of the oil sludge 
emulsion (pumpability, mobility) in blocks for supplying 
raw materials to oil sludge plants in winter contributes to 
equipment malfunction. According to the technological 
regulations, the operation of oil sludge plants is seasonal 
(spring, summer and autumn seasons), which limits the 
time of disposal of oil sludge waste.

In the oil sludge storage ponds, substandard products 
are collected in the desalination processes, oily waste from 
the deep processing of oil production wells and emergency 
oil spills. Samples were taken from storage ponds at vari-
ous enterprises.

To destroy the oil-containing system of the emulsion-
suspension type, a composite mixture of complex action 
(KMKA) has been developed, which includes anionic 
wetting agents, nonionic surfactants, flotation reagents, 
detergents and alkaline buffer solutions, which provide a 
constant indicator of acid-base equilibrium pH = 7/8 of 
the water environment (separated and emulsified water).

EXPERIMENTAL PROCEDURE

When adding KMKA with a 250 g/t dosage to oil 
waste from oil sludge unit No. 1, the dehydrated oil sludge 
had the following composition: oil – 96.5% wt., Mechani-
cal impurities – 1.2% wt., Water – 2.8% wt. Previously, 
oil sludge demulsification was carried out using various 
demulsifiers, such as Demulsifer, Reapon, Disolvan, 
Doufax, and Separol. All other things being equal, the 
oil sludge treated with demulsifiers had the following 
composition: mechanical impurities – not less than 2% 
wt., Water – more than 5% wt.

To increase the efficiency of oil sludge preparation, the 
authors propose to add nanodispersed carbon particles to 
the surfactant composition, which have a spatial spherical 
structure (fullerenes) and unique properties.

The C60 nanoparticle is the most widespread among 
fullerenes. This nanoparticle forms a closed spherical 
surface from regular polygons (pentagons and hexagons) 
[13–20].

After studying fullerenes of various industries, two con-
trol samples have been taken. At the initial stage of com-
paring identification fullerenes by the method of determin-
ing the mass concentrations of nanodispersed fullerenes 
as compositions. In this method, dilution is performed 
using high performance liquid chromatography. Toluene 
was used as an eluent. The photometric detection process 
was carried out in the range up to 324 nm.

Chromatographic analysis determined the composition 
of the samples. Sample No. 1 had the composition: fuller-
ene С60 – 99.5%, С120О – partial presence, sample No. 2 
had the composition: С60, С60О nanoparticles and heavy 
nanoparticles – С70, С70О, С76, С78, С84. The compositions 
of the samples under study are presented in Table.

According to their properties, fullerenes С70–С120 do 
not particularly differ from fullerene С60. However, they 
differ in the size of nanoparticles and in the spatial shape 

Table 1
The composition of the control samples

Sample №1 Sample №2
Compounds Time, min Composition, % Compounds Time, min Composition, %

С60 8.500 99.520 С60 7.690 61.240

С60О 0.000 С60О 8.590 1.170

С70 0.000 С70 12.530 34.710

С70О 0.000 С70О 14.730 0.100

С120О 20.270 0.480 (С76, С78, С84)

17.420; 
18.770; 
19.570; 
23.590

2.780
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of a spherical structure, which tends to acquire an ellipti-
cal shape. The ability to easily capture atoms from other 
substances is at the heart of the processes of preparation, 
dosing and exposure to surface-active nanodispersed de-
mulsifiers.

The preparation of nanodispersed surfactants was 
carried out using an acoustic rotor pulsating apparatus. 
To achieve maximum efficiency in the process of homog-

enization of the nanodispersed medium, the optimal con-
ditions for the operation of the acoustic apparatus were 
selected. It was found that for 10 days the aggregate stabil-
ity of the studied nanodispersed mixture (0.5% fullerene 
was added to the KMKA) was 100%. In samples No. 1 
and No. 2, spontaneous separation of the nanodispersed 
system was not observed even during centrifugation at 
a rotational speed of 3500 rpm and for 5 minutes.

Fig. The process of destruction of oil sludge emulsion: graph 1 – the depth of destruction of the emulsion of oil 
sludge, %; graph 2 – residual water content in oil, % mass.; graph 3 – residual content of solids in oil, %; graph 4 – 
residual salt content in oil, mg/l; graph 5 – oil content in the studied layer, % mass.; graph 6 – water content in the 
studied layer, % mass.; graph 7 – the content of solids in water, % mass.; graph 8 – the content of petroleum prod-
ucts in water, % mass.

a
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The process of dispensing the demulsifying composi-
tion was carried out through the nozzle devices of the re-
agent dispenser using an aerosol, which makes it possible 
to uniformly distribute nanodispersed fullerene particles 
by surfactant molecules in the suspension-emulsion me-
dium of the oil sludge under study.

The specific consumption of the created demulsifier 
(0.5% fullerene was added to the KMKA) for the destruc-
tion of oil sludge was 180 g/t of oil. During the storage 
period of oil sludge in open storage ponds, its fractional 
composition changes. Therefore, together with the demul-
sifying composition, a middle distillate fraction was used 
(n.c. – 350оC in a volume of 20% wt. For oil), which re-
duced the viscosity of the dispersed oil medium and inten-
sified the destruction of the emulsion-suspension mixture.

RESULTS AND DISCUSSION

The process of destruction of the oil sludge emulsion 
is shown in Figure 1. similar results were obtained when 
the destruction of the oil sludge mixture sampled in the 
storage ponds of TAIF-NK JSC.

As a result of the research, it was found that, despite 
the presence of a low content of water, salts, and me-
chanical impurities in oil (0.50 wt%; 396 mg/l; 0.050 wt%, 
respectively), the depth of destruction of the considered 
emulsion reaches 85% (Fig. a, b). This fact indicates the 
presence of an intermediate layer, which contains oil, 
mineralized water and particles of mechanical impurities 
(Fig. c). Therefore, during the preparation and processing 
of oil sludge in production conditions, it is necessary to 
organize a recycle in order to re-process the main stream 
and the intermediate (newly formed) layer. Also, drain-
age water must undergo additional processing from small 
dispersed globules of oil and mechanical impurities by 
settling and filtration, if necessary (Fig. d).

When analyzing the results of the process of de-
struction and separation of emulsion suspension oil 
sludge of control samples, the destructive ability of a 
composite demulsifying mixture in the composition 
with nanodispersed fullerene particles was theoretically 
substantiated.

When dosing the reagent into the oil sludge com-
position, fullerene nanoparticles, distributed uniformly 
in the volume of the demulsifier, entrain hydrophobic 
molecules of surfactants, facilitate transportation and 
diffusion processes in the continuous medium of the 
latter to the phase separation boundary, and increase 
adsorption on the smallest particles of mechanical im-
purities. These particles, in turn, act as emulsion sta-
bilizers. At the same time, the detergent and wetting 
effect of surfactants is improved. The structure of the 
dispersed medium changes from diphilic to hydrophilic. 
In this case, the contacts with the hydrocarbon part of 
the emulsion are broken for particles with a monophilic 
surface. Then, from the phase separation boundary, the 
particles pass into the water volume, this process stimu-
lates the destruction of the layers on the surface of the 
emulsified water. The process of dehydration of oil prod-
ucts begins to occur faster.

CONCLUSION

This paper examines the processes of destruction of 
stable emulsion suspension oil sludge systems, which are 
achieved by adding fullerene nanoparticles to demulsify-
ing medium. When conducting experiments with control 
samples, the destructive ability of the proposed demulsi-
fier in the composition with nanodispersed fullerenes in 
relation to stable emulsions has been demonstrated. It is 
possible to intensify and increase the efficiency of the oil 
dehydration process.
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