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The sorption capacity of natural clinoptilolite of the Transcarpathian field in relation to the
Boryslav field oil has been studied. It is shown that the sorption of oil occurs almost immediately
after its contact with clinoptilolite. This forms the absorption front, which moves up the zeolite
layer. Based on the analysis of the sorption process, it was concluded that lighter fractions of oil
are sorbed faster and play the role of 'solvent’ for heavier fractions. It is shown that the sorption
capacity of initial clinoptilolite is slightly higher than that of thermally activated. It was found that
with increasing dispersion of clinoptilolite the mass of sorbed oil increases significantly, but the
sorption capacity of different fractions, taking into account the height of the working layer differs

slightly.
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Introduction

During the extraction, transportation and
refining of oil, oil spills of various scales occur.
Emergencies due to the destruction of communi-
cations and technological equipment pose a signi-
ficant threat to both the environment and service
personnel. In these cases, it is mostly impossible to
localize the oil spill and prevent water pollution or its
penetration into the soil. As a result, soils, ground and
surface waters, road surfaces, etc. are polluted. For
example, the content of petroleum products in soils at
railway races is 2 g/kg, at stations — up to 100 g/kg
[1]. Self-cleaning of these media can take years. The-
refore, the search for cheap and effective ways to
extract oil from these media or its immobilization is
a very important task.

Sorption is practically the only method that
allows to clean various environments from oil and oil
products without the occurrence of secondary
pollution. The processes of sorption of these
substances from aquatic environments were mostly
studied. In particular, studies were conducted using
white and black activated carbon, cotton and
expanded polystyrene [2]. It is established that the
rate of oil sorption decreases in a number of cotton —
expanded polystyrene — white coal — black coal. In
the case of application of both types of coal on the
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oil slick, agglomerates are formed, which fall to the
bottom of the reservoir, which threatens aquatic
biota. Quite common sorbents based on natural
materials: sunflower husk [3], clay [4].

The greatest efficiency in the processes of
water purification from oil is inherent in hydro-
phobic materials. For example, the mass of sorbed
oil is 90 and 30 times greater than the initial mass of
polyurethane foam and polyimide [5]. These and
other synthetic sorbents [6-10], in particular, carbon
nanomaterials [11] have a high sorption capacity
against oil and can be regenerated. However,
synthetic materials have a fairly high cost, which
affects the economic performance of water treatment
processes. In addition, synthetic materials are
practically not used for soil cleaning, because in this
case they are almost impossible to reuse due to the
impossibility of removing them from the soil.

Much cheaper and more accessible sorbents
for both water and soil purification are natural
sorbents, such as perlite, kaolinite, etc. [12-16].
They are also often pre-hydrophobicized and mo-
dified.

However, in contrast to water, less attention is
paid to the cleaning of soils, railway embankments,
road surfaces and production sites, etc. with the use
of sorbents. This is due to the fact that sorbents are
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practically not reusable. Therefore, the search for
cheap and affordable oil sorbents is a very important
task.

Purpose: to establish the sorption capacity of
natural clinoptilolite relative to oil, to establish the
feasibility of its use in the elimination of emergency
and technological oil spills and to clean soils and
areas fromiit.

Materials and methods of research

Taking into account the proposed method of
using natural clinoptilolite to clean areas from oil
and oil spills, a method of studying the sorption
capacity of zeolite in static conditions is proposed.
Average mineral composition of clinoptilolite rock,
%: clinoptilolite — 70-80; montmorillonite — 2-5;
quartz — 5-10; feldspar — 5-10; calcium carbonate —
1-3; mica — 1-3. Chemical composition, % (the
content of elements is expressed through their higher
oxides): SiO, — 65.0-71.3; Al,O3 — 11.5-13.1; CaO —
2.7-5.2; KO — 2.2-3.4; Fe,0O; — 0.7-1.9; MgO —
0.6-1.2; Na,O — 0.2-1.3; TiO, — 0.1-0.3; MnO —
0.04; P,Os — 0.02. The cation exchange capacity of
clinoptilolite is 1.23-1.50 meqg/g. Physical charac-
teristics: porosity — 38-46 %; volumetric weight —
1.040-1.080 g/cm®; water absorption — 34-38 % by
weight, Mohs hardness — 3-4. The study was per-
formed using clinoptilolite fractions, mm: 0.1-0.25;
0.25-0.5; 0.5-1.0; 1.0-1.5; 1.5-2.0. The studies used
clinoptilolite in native form (without any treatment)
and after thermal activation at temperatures of
100+2 °C; activation in the field of ultra-high
frequency (microwave) electromagnetic radiation.
Thermal activation of clinoptilolite was performed in
a drying oven SNO-4.3/5, and microwave radiation —
in a microwave oven “Samsung” at a radiation power
of 100-500 W. In both cases, the activation was
carried out until a constant mass of zeolite samples.
The research was conducted using oil from the
Boryslav field (density 837—872 kg/m?®) with a high
content of paraffin-ceresine hydrocarbons.

To study the process of oil absorption by
clinoptilolite, sorption cartridges were made — glass
tubes with an inner diameter of 10 mm and a height
of 200 mm; the lower end of the tube was closed
with a polymer mesh with holes of 0.05 mm, which
was fixed on the outer surface of the tube with an
elastic ring made of silicone rubber (Fig. 1). In all
samples, the height of the zeolite layer was 150+2 mm.
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The mass of zeolite placed in the cartridge was
determined gravimetrically by the difference bet-
ween its masses with and without zeolite. Weighing
was performed using an electronic scale Axis-AD
500 (measurement accuracy 0.001 g).

All zeolite cartridges were placed vertically in
a special tripod. The lower parts of each of the
cartridges were placed in separate oil tanks; in all
cases, the distance from the bottom of the tank to the
bottom end of the cartridge was 1 mm. After placing
all cartridges with tanks in a tripod, 15+0.1 g of oil
was added to these tanks; the height of the oil-
immersed layer of zeolite was 20+1 mm. The tripod
was placed in an air-dry thermostat TS 80M. The
study was performed at a temperature of 25+0.1 °C.

At certain intervals, the cartridges were
photographed (next to them vertically placed a ruler
with a division of 1 mm). The mass of sorbed oil was
periodically determined gravimetrically. To do this,
the cartridges were removed from the tank with oil
and fixed over it so that the oil from the outer surface
flowed (dripped) into the tank. Then the outer
surface of the tube and the grid was thoroughly
wiped with filter paper from residual oil, after which
the cartridge was weighed.

The dynamic sorption capacity of clinoptilolite
(DSC, g/g) was determined by the formula

_mp-my  my—m,
m,, 0,785d°hp’

where my; — mass of absorbed oil, g; My, — mass of
clinoptilolite in the working layer, g; m;— the mass
of the cartridge with clinoptilolite at some point in
time, g; mo — the initial mass of the cartridge with
clinoptilolite, g; d — inner diameter of the cartridge,
cm; h — the height of the working clinoptilolite layer,
cm; p— bulk density of clinoptilolite, g/cm®.

The sorption rate of oil (SR, g/lcm*h) was
calculated by the formula

DSC = e
mklin

— Moiy — m; =My

F.r 0,785d%r
where F — cartridge cross-sectional area, cm? T —
duration of sorption, hours.

SR

Research results and their discussion
Almost immediately after filling the tanks
with oil, the color of the zeolite layer was observed
above its level, ie the sorption of oil began almost
immediately. At the same time, a sorption front and a
working layer of zeolite was formed.
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Fig. 1. Sorption cartridge:
1 —glass case;
2 — sorption front;
zeolite layers:
3 —initial;
4 — “pure”, in which
the sorption of oil has not yet
occurred;
5 —working;
6 — “dark”

L

During the first 4-6 h, the rate of movement of
the sorption front by the zeolite layer, starting from the
oil level, was almost the same for each individual
zeolite fraction (Fig. 2). After 28-32 h, the increase in
the working layer height for all clinoptilolite fractions
was very insignificant or absent at all (Fig. 2).
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Fig. 2. The dependence of the height
of the working layer of zeolite on time for fractions, mm:
1-0.1-0.25; 2 - 0.25-0.5; 3-0.5-1.0;
4-1.0-15;5-15-20

At the same time, no clear dependence of the
sorption front displacement rate for 4-6 h on the
dispersion of clinoptilolite particles was found. Thus,
for fractions of clinoptilolite, mm: 0.1-0.25; 0.25-
0.5; 0.5-1.0; 1.0-1.5; 1.5-2.0, it was equal to 11.5;
8.1; 10.8; 3.75 and 4.1 mm/h, respectively. Sorption
of oil by zeolite is a heterogeneous process.
Therefore, with increasing dispersion and, accor-
dingly, increasing the contact area of the phases, the
sorption capacity should increase. The above results
can be explained by the fact that oil is a mul-

60

ticomponent substance. Therefore, the wetting of the
surface of particles by individual components and
their diffusion into their volume occurs at different
speeds. This is confirmed by the fact that during the
absorption of oil, the intensity of the color of
individual layers of zeolite is different. Con-
ventionally, we can distinguish a “dark” layer, the
color of which is due to the sorption of heavier
fractions of oil. During the first 4-6 hours of the
process, a clear dependence of the height of the
“dark” working layer on the dispersion of the zeolite
was not detected (Fig. 3). Probably this is due to the
fact that the sorption of oil fractions occurs in turn.
Initially, lighter fractions are absorbed, which serve
as a kind of eluent (solvent) and promote sorption
and diffusion of heavier oil fractions in the
clinoptilolite layer.
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Fig. 3. The dependence of the height of the “dark” layer
of zeolite on time for fractions, mm:
1-0.1-0.25;2-0.25...0.5; 3—-0.5-1.0; 4 - 1,0-1,5;
5-1,5-2,0
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Fig. 4. The dependence of the difference between the
heights of the working and “dark” layer of zeolite on time
for fractions, mm:
1-0.1-0.25; 2 - 0.25-0.5; 3-0.5-1.0;
4-10-15;5-15-2.0
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Such considerations are confirmed by the
dependence of the difference between the height of
the entire colored layer (working layer (Fig. 1, Item 5)
and its “dark” layer (Fig. 1, Item 6) on time for
different fractions (Fig. 4).

From the given data it is possible to draw a
conclusion that with decrease in dispersion of zeolite
rates of sorption of various fractions of oil are
practically identical. It can be assumed that in the
case of more dispersed fractions the contact area of
the particles is larger, and therefore the movement of
oil fractions, ie the formation of the sorption front, is
mainly due to oil absorption on the surface and in the
near-surface layers of zeolite particles. That is, we
can assume that the capillary effect plays a
significant role. Conversely, with the increase in
particle size and, accordingly, with the decrease in
their contact area, the diffusion of oil fractions into
their internal regions prevails. Therefore, both the
total height of the working layer and the height of the
“dark” layer for fractions of 1.0-1.5 and 1.5-2.0 mm
are almost the same.

Important from a practical point of view for
the efficient and rational use of zeolite as an oil
sorbent is its sorption capacity. As expected, with
increasing dispersion of zeolite, the mass of sorbed
oil increases, which generally correlates with the
values of the height of the working layer and the
“dark” layer (Fig. 5). For example, the mass of oil
absorbed during 28-32 h, zeolite fraction 1.5-2.0 mm
is equal to 1.6 g, and for the fraction 0.1-0.25 three
times more — 4.9.

However, taking into account the height of the
zeolite layer that absorbed the oil, the dynamic
sorption capacity for all fractions of clinoptilolite
differs slightly (Fig. 6).

Thus, for zeolite with an equivalent diameter
of 0.175; 0.375; 0.75; 1.25 and 1.75 mm sorption
capacity after 28-32 h is 0.59; 0.47; 0.53; 0.70 and
0.65 g/cm?, respectively. As can be seen, the largest
sorption capacity is observed for zeolite with larger
particle sizes. This somewhat unexpected effect can
be explained by the fact that in the case of highly
dispersed fractions there is a kind of chromatography
of oil fractions: lighter fractions move faster along
the height of the clinoptilolite layer. Accordingly, the
content of these fractions, which can serve as a
solvent or eluent for heavier fractions, in the
elemental layer of zeolite decreases. In the fractions
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of 1.0-1.5 and 1.5-2.0 mm, due to the much smaller
contact area between the particles, lighter oil
fractions are more completely sorbed by zeolite
particles, which promotes the sorption of heavier
fractions. As a result, the sorption capacity of these
fractions is greater than highly dispersed.
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Fig. 5. The dependence of the mass of absorbed oil
on time for fractions, mm: 1 —0.1-0.25; 2 - 0.25-0.5;
3-05-10;4-10-15;5-15-20
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Fig. 6. The dependence of the sorption capacity of zeolite
on time for fractions, mm: 1 — 0.1-0.25; 2 — 0.25-0.5;
3-0.5-1.0;4-1.0-15;5-15-2.0

The decrease in the dynamic sorption capacity
of clinoptilolite over time is relative, because
simultaneously with the increase in the mass of
absorbed oil, the height of the working layer incre-
ases.

The natural clinoptilolite used in the studies
contains water in the form of physically sorbed and
chemically bound. It can impair the sorption of oil or
its individual fractions, which are generally hyd-
rophobic. Therefore, it could be predicted that zeo-
lite, at least free of physically sorbed water, should
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have a higher sorption capacity for oil than its native
form. That is why further in the studies used
clinoptilolite, dried at a temperature of 100 £ 2 °C
and and activated by microwave radiation. The
nature of the dependence of the height of the
working layer on time and the absolute values of the
height of this layer for different fractions were
similar to those for non-dehydrated zeolite (Fig. 7).

However, the mass of oil absorbed by
activated clinoptilolite was slightly less than that
absorbed by the original zeolite. In particular, for
fractions of activated zeolite 0.1-0.25; 0.25-0.5;
0.5-1.0 and 1.0-1.5 mm it was equal to (g) 3.9; 3.4;
2.5 and 2.2, while for the native form —4.9; 3.8; 3.5
and 2.7, respectively (ie from 11 to 40 % less). The
value of the sorption capacity of the original zeolite
is preferably greater than for activated from 8 to
40 %. Although for the fraction 1.0-1.5 the sorption
capacity of the activated and original zeolite was
almost the same (Fig. 8).
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Fig. 7. The dependence of the height of the working layer
of activated zeolite on time for fractions (mm)
by activation temperature: 100+2 <C: 1 -0.1-0.25;
2-0.25-0.5;3- 0.5-1.0; 4-1.0-15

Such somewhat unexpected results are
probably due to the presence of small impurities of
water in the oil, which contribute to its diffusion into
the zeolite, which contains moisture. However, this
effect requires further research.

Thermal activation of zeolite requires a signi-
ficant expenditure of energy, as much of it is inevi-
tably spent on heating the mineral — clinoptilolite. At
the same time, it is known that a number of minerals
of aluminosilicate nature are “transparent” t0 micro-
wave radiation, ie they do not absorb electromag-
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netic energy in the microwave range. Therefore,
further studies on oil sorption were performed with
clinoptilolite, activated by microwave radiation,
which causes the removal of physically sorbed
moisture [17].
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Fig. 8. The dependence of the sorption capacity

of activated zeolite on time for fractions (mm) by

activation temperature: 1002 C: 1-0.1-0.25;
2-0.25-05;3- 0.5-1.0;4-1.0-15

Microwave radiation with a power of 100 W
has almost no effect on the sorption properties of
clinoptilolite: the change in the height of the working
layer and the mass of absorbed oil over time are
almost the same as for the native form of zeolite
(Fig. 9, 10, curves 1). A further increase in the power
of microwave radiation in steps of 100 W causes an
improvement in oil sorption to reach a power of
500 W (Fig. 9, 10, curves 1). Further increase in
capacity has almost no effect on oil sorption.

Increasing the power of microwave radiation
causes an increase in the mass of sorbed oil. At a
power of 100 W, the mass of absorbed oil is almost
the same (4.9 g) as for its native form, and at a power
of 500 W, it is 6.2 g. However, the dynamic sorption
capacity of zeolite activated by microwave radiation is
slightly less than for native forms, due to the increase
in the height of the working layer of clinoptilolite.

When eliminating oil spills, especially fresh,
the speed of their sorption is important. The highest
rate of sorption is inherent in clinoptilolite, activated
by microwave radiation. For fractions 0.1-0.25;
0.25-0.5; 0.5-1.0 and 1.0-1.5 mm it was equal
(g/lcm?h): for the native form: 1.04; 0.79; 0.99 and
0.60; for activated at 100+2 °C: 0.85; 0.70; 0.90 and
0.66; for microwave-activated (fraction 0.1-0.25 mm)
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at power (W) 100, 200, 300, 400, 500 and 600: 2.80;
2.87; 3.18; 3.25; 3.41 and 3.44 respectively.
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Fig. 9. Dependence of the height of the working layer
of zeolite (0.1-0.25 mm), activated by microwave
radiation, on time; microwave power (W): 1 — 100;
2 —200; 3—300; 4 — 400; 5—500; 6 — 600
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Fig. 10. The dependence of the absorbed oil mass
on time for zeolite fraction of 0.1-0.25 mm: microwave
power (W): 1 —100; 2 —200; 3 —300; 4 — 400;
5-500; 6 — 600

As the dispersion of its particles decreases,
there is also a tendency to decrease the speed of
movement of the sorption front along the height of
the layer. For fractions of activated zeolite 0.1-0.25;
0.25-0.5; 0.5-1.0 and 1.0-1.5 mm it was equal to
(mm/h) 6.9; 5.2; 5.5 and 3.0, while for the native
foom - 10.0; 6.3; 82 and 3.7, respectively.
Increasing the power of microwave radiation leads to
an increase in the speed of movement of the sorption
front of oil. Thus, at a power of 500 W for the zeolite
fraction 0.1-0.25 mm, it is equal to 15.2 mm/h (for
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the first 6 hours), which is 1.5 times more than for
the native form. Under the action of microwave
radiation, the temperature of clinoptilolite increases
by only 2-3 degrees, because dehydrated zeolite is
“transparent” to this radiation, and all the energy is
spent on dehydration. Therefore, energy consump-
tion for dehydration of clinoptilolite is two orders of
magnitude lower than in an electric furnace.

Based on the results obtained, we can recom-
mend the main ways to use natural clinoptilolite:
dispersed - to eliminate fresh oil spills, while coarse -
for old spills, in particular, to clean the rubble of the
railway. It is also advisable to use clinoptilolite
activated by microwave radiation.

When eliminating oil spills, especially fresh,
the speed of their sorption is important. With an
increase in the equivalent diameter of the zeolite
(decrease in the dispersion of its particles), there is a
tendency to decrease the speed of movement of the
sorption front along the height of the layer (Fig. 9).

Oil-saturated zeolite can be used as an additive
in the production of cement clinker.

As the sorption of heavy oil fractions inten-
sifies after the previous absorption of lighter frac-
tions, it is advisable to use clinoptilolite, previously
partially saturated with lighter but relatively volatile
fractions, such as kerosene, to eliminate old oil
spills — this will be the subject of further research.

Conclusions

The high sorption capacity of natural clinop-
tilolite has been confirmed even in the inactivated —
native — form for oil sorption. Thermal activation of
natural clinoptilolite is not advisable, because
partially dehydrated zeolite is characterized by lower
sorption capacity compared to inactivated. For the
elimination of fresh, for example, emergency, oil
spills, it is advisable to use dispersed zeolite, and for
obsolete - with a larger equivalent diameter.
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2TOB “AKC Minepan”

JTOCJIIXKEHHS COPBIII HA®THA IPUPOJHAM KJIUMHONTHJIOJITOM

Hocainxeno copOuiiiny 37aTHiCTH NPUPOTHOr0 KJIMHONTHIONITY 3aKapmaTChbKOro PONOBHINA IIOA0
Ha¢Tu Bopuciascskoro ponosuma. Iloxkaszano, mo copouisa HagTH BiAOyBaeTbcs NMPAKTUYHO OApa3y micas
il KOHTaKTy 3 KJAMHONTHJI0JdiTOM. IIpN oMY (popMYyeEThCSI (PPOHT MOTIMHAHHS, IKUH PyXa€TbCsl Bropy mo
mapy ueoxaity. Ha migcraBi anamni3zy mpouecy cop6uii cpopMy1b0BaHO BUCHOBOK, 1O Jieri ¢ppakuii HagTn
copOyoThes WIBUALIE i BigirpaoTh poap “po3unHHUKA” 1 Bak4yux ¢pakuiii. [Tokazano, mo copouiiina
€MHICTh BUXITHOT0 KJIMHONTHJIOIITY /Iell[0 BUINA, Hi’K TEPMOAKTHBOBAHOro. BcTaHoBj1eHo, 110 3i 30i1bIIeH-
HSIM THCIEPCHOCTI KIMHONTHJIOIITY Maca cop0oBaHoi HaTH 3HAYHO 3POCTAE, ajie copOUiliHa 31aTHICTH pi3-
HUX (pakuiii 3 ypaxyBaHHAM BHCOTH P000YOro mapy BiAPi3HAECTHCA HEiCTOTHO.

Kiro4oBi ci10Ba: KIMHONTHIOIT; HadTa; copOuisi; nudy3is; copOuilina 31aTHICTD.
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