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ABSTRACT
Maintaining of high quality of petroleum products is an urgent task, since the use of low-quality fuel containing dissolved or emulsified water
can increase the likelihood of rapid deterioration or breakdown of an internal combustion engine which uses the fuel. Water is present in
petroleum products and in oil in various states: in a dissolved state, in a free state, and in the form of an emulsion. The t ransition of water
from one state to another is determined by the following factors: pressure, temperature, pH, viscosity and chemical composition of the fluid.
If free water is removed by conventional methods such as settling, coalescence, and centrifugation, then removal of bound wat er (emulsified
and dissolved water) is a difficult task. The method of chemical absorption of water was investigated for the purification of gasoline from
dissolved water, and polyacrylamide-based superabsorbent and cellulose fiber were considered as absorbents. The filtration rate of gasoline
with a content of 10.6% emulsified water through a layer of sorbent 10 cm and a diameter of 0.9 cm was 4.3 cm 3 / min. The degree of
removal of water by the absorbent containing 30% polyacrylamide was 99.8%. The absorbent can be used to clean fuels from emul sified
and dissolved water.
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At oil-producing and oil-refining enterprises there is an acute problem of utilization of water-in-oil
emulsions formed during the production of a number of petroleum products. Water in petroleum products
is in a dissolved, emulsified and free state. To separate these types of emulsions, various processes and
devices are used, which work is based both on centrifugal and gravitational forces, separation using
reagents and various adsorbents, and on specific processes such as ultrasound, magnetic field, and radio
emission [1-3].
The recently spread on the market coalescent filters which well separate water (for example, filter
elements manufactured by Pall Company), do not work efficiently enough when there is a large amount of
mechanical impurities in the initial diesel fuel.
In [4], the authors used calcium oxide to remove moisture from petroleum products. Oil containing water
was passed through a tube filled with an adsorbent under dynamic conditions at a speed of 0.5 m / h and
a temperature of 20-25° C. The consumption of calcium oxide was more than 0.21% by the volume of
refined petroleum products. To remove the formed calcium hydroxide flakes, the authors used filtration
methods.
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Also in the literature there are many works on the drying of various petroleum fractions and petroleum
products: fuels, oils, olefins, alcohols, etc. with the use of NaA molecular sieves. Compared with the
existing methods of drying oil and petroleum products based on heating them to the water evaporation
temperature, drying with the use of molecular sieves has significant advantages. Its disadvantages are:
clogging of pores and the formation of gels on the surface, what leads to a decrease in the filtration rate,
which requires frequent replacement and regeneration of zeolites.
The patent for the method of processing diesel fuel provides for that fuel is heated; the volumetric content
of water in the fuel is adjusted to 1-4 % and the fuel is homogenized. Then, by means of a filtering porous
partition made of a hydrophobic material with a cleaning fineness of 1-10 microns, joint processes of
dehydration and fine filtration are carried out [5].
In the study [6], superhydrophobic and super-ophilous silane-modified cotton fibers were obtained. The
obtained fibers showed selective sorption capacity for oils from water, a high sorption capacity, and high
sorption rate. Fibers also have outstanding superhydrophobic stability against various aggressive solutions
and hot water, which allows them to be used to separate oils from harsh waters. The efficiency of
separation water from oil is more than 91%.
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In the study [7], nanoparticles of Fe3O4 and a subsequent hydrophobic modification were applied on the
surfaces of cotton fibers. The results show that the prepared fibers exhibit excellent superhydrophobicity
and magnetic sensitivity. Compared to the original cotton fibers, the sorption capacity of the modified
fibers as to hexane, toluene, chloroform, gasoline, and diesel fuel increases by 70.8%, 58.5%, 23%, 37.3%
and 30.5%, respectively.
In the work [8], a hollow fiber membrane was used to remove water from motor fuel. The removal of water
is as follows: oil containing emulsified water flows along one side of the hollow-fiber membrane; air flowing
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on the other hand removes water from the oil through a hydrogel membrane available within the wall of
the hollow fiber membrane. The water content in the emulsion was 1-4%. The degree of removal of
emulsified water was more than 90%. The disadvantage of this method of removing emulsified water is
clogging of the pores of the membranes, what leads to an increase in working pressure.
In the studies [9-13], separation of emulsified water from petroleum products performed with the use of
absorbents from various composite resins, carbon nanotubes modified by teflon fibrils, super hydrophilic
oleophobic sponges, aerogels, zeolites, calcium chloride, nanoparticles and other sorption materials.
Also, to remove water from gasoline, ethanol is added to the fuel in a volume of from 1 to 15% [14].

METHODS
The scientific significance of solving the problem lies in the development of methods for the cleaning of
petroleum products from emulsified and dissolved water based on chemical adsorption methods.
For the cleaning of petroleum products from dissolved water, a method of chemical water absorption was
investigated, and superabsorbent based on polyacrylamide and cellulose fiber were considered as
absorbents (desiccants).
The absorbent was obtained from polyacrylamide and recycled cellulose fiber. The recycled cellulose fibers
have different lengths, from 100 microns to 2000 microns. The thickness of the cellulose fibers is from 10
to 100 nm. Cellulose fibers are insoluble in water, acids and alkalis, and in organics; they hold and absorb
liquid well. Cellulose fibers are the main component of the sorbent on the surface of which polyacrylamide
powder with a size of 100-300 microns is applied.
Super absorbents (SA) are hydrophilic polymer networks that, when swelled, absorb and retain huge
amounts of water and aqueous solutions, going into gels. The water-holding capacity of super absorbents
ranges from 50-100 g / g to 2200 g / g. For example, for the commercially available water-holding polymer
"Aquasorb" this value is more than 500 grams of water per gram of absorbent. Hydrogels are obtained by
the method of radical polymerization of acrylic acid or its salts (acrylates) at temperatures above 56 oC in
an atmosphere of nitrogen or carbon dioxide. A crosslinking agent is introduced into the reaction mass to
create a three-dimensional structure at the stage of polymerization. In this case, crosslinking occurs
simultaneously with the growth of the polymer. The mass content of cellulose fiber in the sorbent is 70%,
and 30% of polyacrylamide.
Dissolved and emulsified water was removed from the model emulsion prepared as follows. 30 ml of water
and 10 g of sodium dodecyl sulfate were added to 300 ml of gasoline AI-92. To obtain an emulsion, the
mixture was stirred at 3000 rpm for 15 minutes.
The model emulsion was filtered under dynamic conditions through a column filled with a sorbent weighing
2 g, the height of the sorbent was 10 cm.
The filtration rate was determined by passing 100 ml of gasoline and emulsion through a column with
absorbent for a certain time.
The scheme of the laboratory installation for absorption of the inverse emulsion of the “water in oil” type in
dynamic conditions is shown in [Fig. 1]. Original emulsion is fed into the column with filter loading, the
emulsion is filtered through a polymer load under the action of gravity, and the filtrate is collected in a
flask.

Fig. 1: Scheme of laboratory: 1 - column with superabsorbent; 2 - the crane; 3 - a flask for collecting oil.
……………………………………………………………………………………………………………………………
The water content in petroleum products is determined before and after treatment in accordance with
GOST 2477-2014 (Oil and petroleum products; method for determination of water content). The essence
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of the method is as follows: the product being tested is heated inside a flask with a refrigerator in the
presence of a solvent not miscible with water, which is distilled along with the water in the sample.
Condensed solvent and water are constantly separated in the trap, with the water remaining in the
graduated compartment of the trap, and the solvent is returned to the distillation vessel.

RESULTS AND DISCUSSION
[Fig. 2] and [Table 1] present the results of measurements of particle sizes and ζ-potential of the
dispersed phase of the inverse emulsion of water in gasoline.

Fig. 2: Graphs of particle size distribution of the dispersed phase of the reverse emulsion of water in gasoline.
……………………………………………………………………………………………………………………………
Table 1: The values of the particle size and the ζ-potential of the dispersed phase of the reverse emulsion
"water in gasoline"
Emulsion
Emulsion "water in gasoline"

Particle size, nm

ζ-potential, mV

86-124; 355-542

-19 ± 2

According to the data presented in [Fig. 2], the inverse emulsion “water in gasoline” is a poly disperse
system with particle sizes from 86 to 542 nm. From the data of [Table 1], it follows that the emulsion has
the absolute value of the ζ-potential equal to -19 mV and is a stable system. The higher the absolute value
of the ζ - potential of the emulsion, the stronger the particles repel each other, what does not allow the
emulsion to separate.
The filtration rate for gasoline and the inverse emulsion "water in gasoline" through a column with
absorbent are presented in [Table 2].
Table 2: The rate of filtration of gasoline and emulsion water in gasoline through a column with absorbent
(30% polyacrylamide, 70% cellulose fiber)
Name of liquid
Gasoline
Emulsion water in gasoline

Water content in
gasoline,%
<0.01
10.6

Filtration rate through
3
absorbent, cm / min
9.7
4.3

The filtration rate of gasoline through the sorbent layer of 10 cm and a diameter of 0.9 cm is 9.7 cm 3 /
min, and when filtering gasoline with a content of 10.6% emulsified water, the filtration rate falls to 4.3 cm
3 / min.

Fig. 3: Left to right: source gasoline; emulsion with 10.6% water in gasoline; gasoline, purified from water
absorbent.
……………………………………………………………………………………………………………………………
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[Fig. 3] shows that the emulsion “water in gasoline” is turbid and has sediments at the bottom of the flask;
after filtering the emulsion, the water is trapped in cellulose fiber and is set by polyacrylamide. The cleaned
gasoline in [Fig. 3] (right) is transparent. The water content in gasoline was determined by the method of
GOST 2477-2014, the results are presented in [Table 3].
Table 3: Degree of removal of water from gasoline by an absorbent
Absorbent

Water content in gasoline,%

10% polyacrylamide, 90%
cellulose fiber
30% polyacrylamide, 70%
cellulose fiber

Degree of water removal,%

before

after

10.6

0.5

95.3

<0.01

99.8

From the results of [Table 3], the water removal degree with an absorbent containing 10% polyacrylamide
is 95.3%, and when the mass content of polyacrylamide is 30%, the cleaning rate is 99.8%.
Inverse emulsion water in gasoline is a poly disperse system with particle sizes from 86 to 542 nm. Having
an absolute value of the ζ- potential equal to -19 mV, the emulsion is a stable system. The higher the
absolute value of the ζ - potential of the emulsion, the stronger the particles repel each other, what does
not allow the emulsion to separate.
The filtration rate of gasoline through the sorbent layer of 10 cm and a diameter of 0.9 cm is 9.7 cm 3 /
min, and when filtering gasoline with a content of 10.6% emulsified water, the filtration rate falls to 4.3 cm
3 / min. The emulsion “water in gasoline” is turbid; it has sediments, and after filtration through a layer of
sorbent it becomes transparent.
The water removal degree with an absorbent containing 10% polyacrylamide is 95.3%, and when the mass
content of polyacrylamide is 30%, the cleaning rate is 99.9%. For comparison, the degree of removal of
emulsified water from petroleum products using cotton fiber modified with silane is 91%, and the
application of Fe3O4 nanoparticles onto cotton fiber increases the degree of water removal from gasoline
by 37% compared to the original fiber [6, 7]. The degree of removal of emulsified water from the engine oil
using a hollow-fiber membrane, on which the hydrogel is applied, is more than 90% [8].
Thus, the proposed absorbent from cellulose fiber and polyacrylamide has a high degree of removal of
emulsified and dissolved water from gasoline.

CONCLUSION
According to the research results, it was determined that a superabsorbent consisting of polyacrylamide
and cellulose fiber effectively cleans gasoline from emulsified and dissolved water under dynamic
conditions. When the content of polyacrylamide is no less than 30% (by weight) in the composition of the
absorbent, the water removal degree reaches 99.8%. The fuel filtration rate is from 4 to 5 cm 3 / min. This
absorbent can be used to clean fuels and waste solvents from emulsified and dissolved water.
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