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EFFICIENCY OF NATURAL AND ARTIFICIAL OIL SORBENTS
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The prospect of using the most widespread in the industry and national economy natural and synthetic materials in the purification
of the environment from oil is considered. The maximum absorption capacity of cotton as a natural material is identified, that quickly
absorbs oil components and does not require the use of additional resources to combat water contamination. It is found that natural
charcoal absorbent is inefficient in comparison with other methods of water purification from oil and requires a long time and additional
pollution catchers, which is economically unprofitable. Synthetic polymer foam and white coal absorb oil in a short time, but in the
latter case, nevertheless, small spots remain on the surface of the water. According to the efficiency of oil absorption by natural and
synthetic materials, we can distinguish the following series of investigated materials: black coal — foam — white coal — cotton. Key
words: oil, pollution, water resources, purification, methods, sorbents.

EdexTuBnicts npupoanux i mryynux copdentiB HadTu. [midosnnbka H.I., Ilnakciii JI.B. ¥V crarti po3rsHyTO nepcnek-
TUBHICTb BUKOPUCTAHHS HAUIIOMIMPEHIMINX Y MPOMUICIOBOCTI i HAPOJHOMY TOCIIOAPCTBI MPUPOTHUX | CHHTETUYHHUX MaTepialiB B
OYHIIEHH] JOBKULIA Bif HaQTH. BUsABIECHO MakcHManbHY HMOTIMHAIBHY 3/1aTHICTH OABOBHU SIK MPUPOIHOTO Marepiaiy, SKHA MIBHIKO
abcopOye KOMITIOHEHTH Ha(TH it He BUMarae BUKOPUCTAHH JOAATKOBUX PECYpCiB it 60poThOH 3 KOHTaMiHALIE0 BOAM. 3’sICOBAHO,
1[0 MPHUPOHiil aOCOPOEHT YOpHE BYTLIA Majdoe(EKTUBHE MOPIBHIHO 3 iHIIMMU METOJAMH OYMIICHHS BOJM BiJl HAPTH Ta BUMArae
TPUBAJIOTO Yacy ¥ JOJAaTKOBHX YJIOBIIOBAdiB 3a0pyIHEHHS, IO € eKOHOMIUYHO HeBUTinHNM. CHHTETHYHHIT oJIiMep IiHOoIDIACT i Oine
BYTUUIA TIONIMHAIOTH HAPTY 32 KOPOTKUI Yac, OJHAK B OCTAHHHOMY BHITAJIKy Ha MOBEPXHI BOAW 3AJIUINAIOTHECS HE3HAYHI IUISAMH. 3a
e(eKTUBHICTIO NMONIMHAHHA Ha(TH NPUPOJHUMHU Ta CUHTETUYHUMHU MaTrepiajlaMi MOXHA BUIUIMTH TaKUH P AOCITIIXKEHUX Mare-
piaJiiB: YOpHE BYTriuiss — MiHOIUIACT — Oisie Byriuis — 06aBoBHA. Kiouogi criosa: Hadra, 3a0pyAHEHHS, BOJHI PECYPCH, OUHINCHHS,
METOZHU, COPOEHTH.

¢ PeKTUBHOCTD €CTECTBEHHBIX M HCKYCCTBEHHBIX copOeHTOB HedTH. [TudoBunkas H.U., Ilnakcuii JI.B. B cratbe paccmo-
TPEHA MEPCHEKTUBHOCTh UCTIOJIE30BAHUS CaMbIX PACIIPOCTPAHEHHBIX B IPOMBIIICHHOCTH M HAPOJAHOM XO3SHCTBE PUPOIAHBIX U CHH-
TETUYECKUX MATePUAlIOB B OYKMCTKE OKPYKarolieil cpenpl oT HedTu. BosiBieHa MaKCHMabHast MOMIOMIAOIIAs CIOCOOHOCTH XJIOMKA
Kak HOPHPOIHOTO MaTepualia, KOTOpblil ObICTpO abcopOUpyeT KOMIIOHEHTHI He(TH U He TpeOyeT MCIOJIB30BaHUS IOMOIHUTEIbHBIX
pecypcoB i 60phObI ¢ KOHTAMUHALIUCH BOJIbI. BBISICHEHO, YTO €CTCCTBEHHBIN a0COPOCHT YepHbIH yroib Maio3(h(HEKTHBEH MO CpaB-
HEHHIO C IPYTHMMHU METOAaMH OYMCTKH BOJBI OT HE(PTH U TpeOyeT JIUTEIHHOTO BPEMCHH U JOTIONHUTENBHBIX JIOBYIICK 3arps3HEHHS,
YTO IKOHOMHIECKHU HEBBITOMHO. CHHTETHUESCKHI MOJIUMEp MEHOILTACT M OeNbIil YToMb MOIOIIA0T He(Th 32 KOPOTKOE BPEeMs, OIHAKO
B MOCJIETHEM CIIydae Ha MOBEPXHOCTH BOJbBI OCTAIOTCS He3HA4YnTeNbHbIe MiaTHA. [1o addexTuBHOCTH MoronieHus HeTH eCTeCTBEH-
HBIMU U CHUHTETHYCCKUMH MaTepHaIaMHd MOXXHO BBIICIUTH CIICAYIONIHIA Psl UCCIACOBAHHBIX MAaTEPUANIOB: YEPHBIH Yroib — MEHO-
iactT — Genblil yroib — XJIOMoK. Kiiouesvle cosa: HedTh, 3arpsi3HEHNE, BOIHBIE PECYPCHI, OYUCTKA, METOBI, COPOEHTHI.

Formulation of the problem. Oil is one of the main
and most dangerous pollutants in water ecosystems,
which leads to the death of their inhabitants. Each year
more than 3 million tons of oil comes into the water
areas of the seas and oceans as a result of accidents
on drilling rigs and platforms, mainly on gas and oil
pipelines. Construction and technological defects and
corrosion of the pipelines lead to breakthrough and
destruction of equipment with the subsequent emer-
gency oil spill (V.F. Kablov, Yu.P. loschenko, 2004;
V.A. Vladimirov, 2014).

On the water surface oil can form a film, be in the
form of substances dissolved or emulsified in water, or
settle down to the bottom of the reservoir. Toxic influ-
ence of oil components on water inhabitants leads to
their death and poisoning of organisms that are at the
higher trophic levels of the food pyramid. Low molecu-
lar weight aliphatic, naphthenic, aromatic hydrocarbons,

as well as heavy metals present in oil are harmful to the
circulatory, nervous systems of a man (L.V. Plaksiy,
2016). That is why the search of ways to defeat the prob-
lem of environmental oil pollution is very important.

Connection of the author's work with import-
ant scientific and practical tasks. The highest levels
of oil pollution are observed in the Mediterranean and
the Baltic seas, respectively, 17 and 14% of all pollution
of the world's oceans. The highest concentrations of oil
are recorded mainly in the water surface, bottom layer
and in the coastal zone. The main components of oil —
hydrocarbons of various classes — have low solubility in
water, which decreases with an increase in the length of
the carbon chain in their molecules (N.N. Brakorenko,
T.V. Korotchenko, 2016).

As an insoluble in water mixture, the oil forms an
emulsion of the next types — “oil in water” and “water
in oil”. Particular hazards are aggregates — oil lumps in
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the size of 1-20 mm — since they can be stored for a long
time in water, move the flow and settle on the bottom of
the reservoir. The aggregates are formed as a result of
the combination of high molecular weight hydrocarbons
such as resins and asphaltenes in a single mixture that
is a trap for water inhabitants — invertebrates and lower
plants (M.R. Tsibulnikova et al., 2015).

In Ukraine, where more than 0.5 million tons of oil
comes into the aquatic ecosystems every year, the fol-
lowing gradation to determine the mass of oil on the sur-
face of the water is used (Table 1) (V. Maksimov, 2004).

Analysis of recent researches and publications.
To combat oil pollution, the following methods are used
(O.V. Pogharnitskaya et al., 2016; N.I. Glibovytska,
L.V. Plaksiy, 2018):

— mechanical — use of equipment, in particular sep-
arators, for the purification of oil-contaminated water;

— biological — decomposition of petroleum products
by microorganisms of Calanus, Penicillium, Candida
types, capable to metabolizing toxic components of
oil and detoxifying them to harmless compounds. This
method, also known as bioremediation, is environment-
ally safe and can be used to restore the abiotic medium
transformed under the influence of oil (T.M. Yatsyshyn,
N.I. Glibovytska, 2016);

— dispersant — the use of dispersants brands DN-75
and EPN-5, which emulsify the oil film to individual drop-
lets, subjected to further biochemical decomposition;

— sorption — is the use of natural or synthetic porous
materials that can effectively absorb oil — coal, perlite,
wood sawdust, bentonite clay, cotton, peat, polystyrene,
foam, aluminosilicates, sapropel.

Relevance of research. It is the sorbent method that
is one of the most promising ways to clean water-con-
taminated water, since it is least cost-effective and fast-
est in dealing with pollution problems compared to
others. Therefore, the purpose of this work is to assess
the effectiveness of natural and artificial sorbent materi-
als in purifying water from oil pollution.

The allocation of previously unsettled parts of
the general problem to which this article is devoted.
Among all the methods known today for purifying the

environment from oil, the sorption method is least stud-
ied. Therefore, analysis of materials’ properties that
would help to cope with environmental oil pollution is
extremely important. The problem of methods combat-
ing the oil contamination of natural resources lies in their
expensiveness and labor-intensiveness. Each method
has both advantages and disadvantages, but the first rea-
son to choose the method is its environmental safety. In
this context, there is a wide range of substances that pos-
sess adsorbing properties, help to get rid of pollution of
various origins. Therefore studies of oil absorption by
materials, widely used in everyday life and in various
areas of industry, are of great practical importance.

Novelty. For the first time, the comparative effect-
iveness of simple and affordable natural and artificial
materials that can be used as adsorbents of oil in the case
of its entry into water resources is evaluated. These eco-
nomically advantageous and low-cost products do not
pollute the environment, do not threaten the safety of
living organisms and quickly cope with this problem.

Methodological or general scientific significance.
Under laboratory conditions an oil was added to the
water with the aid of a dispenser and formed an oil spot
with a diameter of 50-70 mm on the surface of the water.
The sorbent was added to the surface in an amount that
would provide a full coverage of the formed spot and the
time of the oil absorption was determined. The repetition
of the experiment is threefold.

As sorbents, foam, cotton, white and black coal were
used.

Cotton today is one of the main types of raw materials
of the textile industry. This natural material is extracted
from an annual bush plant — cotton. By chemical com-
position 95% of cotton consists of cellulose, and also
contains a small amount of natural waxes, proteins and
neutral fats. Cotton fibers are characterized by durability,
flexibility, softness, clarity, heat-shielding properties.

Polyfoam is a synthetic material with a porous struc-
ture, obtained by foaming polystyrene granules. It is
characterized by low density, high thermal insulation
characteristics. Polyfoam has advantages over other arti-
ficial materials used in different branches of industry.

Table 1

Visual indicators for determining the oil mass on the water surface

Determination of the mass of oil per 1 m? of water surface Mass of oil per 1 m?
on the appearance of film oil (average data) of water surface (g)
1 | Pure water surface without signs of coloring under various lighting conditions 0
5 Lack of film and stains, individual rainbow strips, which can be seen under the 0.1
most favorable conditions and calm condition of the water surface. ’
Separate stains and gray films of silver on the surface of the water, which are
3 |visible at a calm condition of the water surface, the appearance of the first signs 0,2
of coloration
4 | Spots and films with bright colored stripes that can be seen with minor waving 0,4
Oil in the form of spots and films that cover significant areas of the surface of the
5 . > the 1.2
water that do not burst during agitation
The surface of the water is covered with a solid layer of oil, well visible in waving,
6 : 1,5
the color is dark, dark brown
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Table 2
Features of the oil absorption by sorbents
Experiment 1 Experiment 2 Experiment 3

Ne Type of The time The spot The time The spot The time | The spot diam-

sorbent of sorption, | diameter, | of sorption, | diameter, of sorption, eter,

sec. cm sec. cm sec. cm

1 Black coal 8.26 5.0 9.12 6.5 8.45 5.7

2 White coal 3.02 5.3 1.56 5.5 1.76 5.4

3 Polyfoam 6.26 5.1 3.56 7.0 5.22 53

4 Cotton 1.49 5.5 0.18 5.5 1.48 5.4

One of the advantages is its waterproofness, which is
especially important in case of its application in the fight
against oil pollution. Another advantage is the low cost
of raw materials and foam production technology.

Black coal is a natural substance with a porous car-
bon structure with high adsorption properties and hydro-
phobicity. Due to its effective absorbing properties,
black coal is widely used in medicine, chemistry, food
industry and everyday life.

White coal — a natural inorganic substance — silicon
dioxide — has a high dispersion and sorption properties.
The commercial name “white coal” the preparation
received by analogy with black coals due to known sorp-
tion characteristics, but its composition does not con-
tain coal. Sorbent properties of white coal significantly
exceed the same indicators for black coal. However,
whether this property of white coal allows us to cope
better with oil pollution, the experiment has shown.

Presentation of the main material. In the case
of the use of black coal, there is a process of thicken-
ing of the oil spill (Table 2). The process of sorption is
slow, part of the sorbent with sorbed petroleum products
formed a precipitate.

As a result of the use of white coal, the process of
thickening of the oil spot takes place quite intensively.
The big part of the sorbent that entered the reaction fell
into the precipitate.

In the case of foam there is a process of adhesion
(sticking to the bottom of the foam). Oil is closely linked

with foam, which indicates the passage of the process of
sorption (absorption) of oil.

As a result of the use of cotton as a sorbent, the pro-
cess of adhesion is observed when the oil spot adheres
very quickly to the surface, after which it is possible to
separate water pollution easily.

Main conclusions and prospects for using research
results. According to the type of sorbent used to clean
water from oil pollution, the time and quality of oil
absorption depends.

Experimental research has shown that cotton is the
most optimal option for water purification from oil. In
this case, it is not necessary to use additional sediment
traps. Cotton is the fastest way to absorb oil. The water
remains clean as a result. This is the fastest and most
effective way.

Absorption of oil by white coal is carried out in a
small amount of time, part of the sorbent falls into the
precipitate. Since not all of the mass of white coal has
come into contact with oil, on the surface partly there
are minor spots.

Polyfoam absorbs oil in a short time, but inferior to
the efficiency of absorption of white coal and cotton —
natural materials.

Absorption of oil by black coal requires a consider-
able amount of time and traps, since coal is largely dis-
persed and quickly precipitates. This method of purify-
ing water from oil is most economically disadvantageous
and requires more time to reach the goal.
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