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Abstract
New hydrophobic sorbents were developed to remove oil-derived pollutants. The process of hydrophobization
was conducted by the application of stearic acid and the commercially available silicone agent Sarsil H.
Three fractions of expanded perlite were studied, including the P100F fraction, which is a waste product
during the processing of perlite. By determining the beneficial influence of the modifiers upon the selected
sorption properties of various fractions of perlite one stated that there is a possibility to apply the modified
materials, as sorbents for the removal of petroleum-derived pollution. The process of hydrophobization
significantly enhanced the hydrophobic properties of all modified materials. All samples after modification
were characterised by lesser absorbability and significantly greater capability of the adsorption of diesel oil
from the soil and water surface in comparison with raw samples. One extended the range of the products
to remove oil-derived pollutants not only in the context of various means of modification methods and
modifying substances but one also demonstrated the possibility of the application of fine-grained fraction
of P100F perlite as a sorbent for the removal of petroleum-derived pollutions.
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1. INTRODUCTION

In the current conditions of the extent of the use of oil-derived
products they constitute one of the main sources of the pol-
lution of the environment (Eurostat, 2025; Mahmoud et al.,
2021), causing extensive contamination of soil, water and air.
Oil spills and derived substances float at the surface of the
water for a long period of time, blocking oxygen and light,
whereas heavy petroleum-derived substances undergo sedi-
mentation and they are deposited at the bottom. However,
one should not forget about less spectacular, minor but com-
mon cases of spillage of these substances to the environment,
caused by the use of machines, transport, fuel distribution
stations and other elements of fuel-based infrastructure (Bhat-
tacharjee and Dutta, 2022). A major problem is also associated
with (military) training areas, where, due to the degradation
of depots and transmission pipelines, harmful substances en-
tered the soil. Compounds such as, e.g. toluene, benzene,
phenol, xylene, polycyclic aromatic hydrocarbons (PAHs),
considerable amounts of which occur in petroleum-derived
substances, manifest strong carcinogenic, mutagenic and toxic
properties (Gray et al., 2013; Shukla et al., 2022). Against the
background of such conditions, the developing of new meth-
ods and new materials for removal of petroleum pollutants
is a priority action for the benefit of the natural environment.

There are many methods of the removal of petroleum-derived
pollution. They may be divided into mechanical, chemical
and biological methods (Bala et al., 2022; Chen et al., 2016;
Deschamps et al., 2003; Dong et al., 2016; Haque et al.,

2022; Nnaji et al., 2016; Periasamy et al., 2017). Mechanical
methods include the following: separators, mechanical devices,
natural and synthetic sorbents (Bhardwaj and Bhaskarwar,
2018; Bigui et al., 2019; Han et al., 2021). In the pursuit
of more and more efficient methods, one perceives particular
potential for these types of processes in adsorption methods.
The use of sorbents for the removal of oily substances allows
the transition of pollutants from the liquid phase to the semi-
solid, which makes it possible to remove them effectively from
the environment (Abdel-Aty et al., 2020; Adebajo et al., 2003;
Bai et al., 2020; Galblaub et al., 2016; Gupta and Tai, 2016;
Karki et al., 2019; Kukkar et al., 2020; Li et al., 2019; Vogt
and Płachta, 2017; Yao et al., 2019; Zamparas et al., 2020).

Mineral sorbents, in the form of granules, work well even in
hard to reach places, both when removing pollutants from
the water surface and from the soil. Sorption sleeves are
an indispensable aid in the event of limiting the leak zone
and oil adsorption as close as possible to the leak source.
Promising potential is represented by work associated with
the modification of the properties of natural sorbents, which,
due to the lack of certain properties cannot be completely
usable. Potential raw materials for such modifications may be
constituted by waste materials from agriculture or the industry
as well as natural materials, which are available in considerable
amounts, such as: perlite, ash, bark, sawdust, leaves of trees,
peat, straw, hay, reed, bran, chitin (Qi et al., 2013; Szerement
et al., 2021; Tauanov et al., 2020). The advantage of these
sorbents has to do with their considerable lightness and good
adsorption of pollutants and, after they are subjected to the
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appropriate modification processes, they may be applied to the
task of removing oil-derived pollution with the same efficiency
as the expensive zeolite or coal materials (Szerement et al.,
2021; Tauanov et al., 2020). A slight modification of selected
properties (especially water absorbability) may render these
substances a sorbent characterised by radically better usage-
related parameters than the input raw material, and decreases
the production costs (Bai et al., 2020; Bigui et al., 2019;
Davoodi et al., 2019; Deschamps et al., 2003; Gupta and Tai,
2016; Han et al., 2021; PERLIPOL; Perlit Polska Sp. z o.o.;
Roulia et al., 2003; Teas et al., 2001).

1.1. Perlite – a raw material for the production of
sorbents

Raw perlite is transformed volcanic rock, whose chemical
composition depends on the place of extraction, although
the content of the main oxides varies only slightly. In Poland,
the production of expanded perlite is about 40-50 thousand
tonnes per year, in companies which use mainly the raw mate-
rial imported from Hungary and Slovakia (PERLIPOL; Perlit
Polska Sp. z o.o.). The process of the production of expanded
perlite consists in the rapid heating of appropriately ground
perlite ore in a specific kind of a furnace at a temperature of
900–1000 ◦C (PERLIPOL; Perlit Polska Sp. z o.o.), where the
material is expanded from the size of a few dozen —m to that
of a few mm (the final size of the grains determines the class
of the product (PERLIPOL; Perlit Polska Sp. z o.o.). During
production, also small amounts of perlite powder arise, which
is difficult to be used due to its considerable fragmentation
and small volume density (PERLIPOL). Considerable water
absorbability is the basic disadvantage of expanded perlite
(80–300%). Raw perlite manifests porosity within the range of
ca. 45–55%, and after the process of expanding – even more
than 90%. The water absorbability of perlite may be reduced
in the process of hydrophobisation (Vogt and Płachta, 2017;
Vogt and Topolska, 2023). Some producers of perlite offer
a selected grain fraction of expanded perlite in the hydropho-
bic form, e.g. the Perlipol company (PERLIPOL, 2022), or
the Perlit-Polska company. Hydrophobised expanded perlite
is used particularly in the building industry, and also in envi-
ronmental protection in order to remove petroleum-derived
pollution (Bastani et al., 2006; EN 14316-1:2004; PERLIPOL;
Roulia et al., 2003). However, the line of hydrophobic perlite
which is currently used to remove oil-derived pollution does
not utilise the full potential of the raw material. There is a
possibility to increase the range of use of perlite by utilising
various raw materials, modifiers and modification methods.
The efficiency of pollutant sorption is also influenced by the
size of perlite grains, for the sorption capacity increases along
with fragmentation. The introduction of a greater amount
of products which represent various costs of production and
properties into the market will enhance the availability of the
means of protection of this kind. Hydrophobisation increases
the adsorption of oil, even in a water-based environment.

Such perlite floats on the water for a considerable period of
time and it may be conveniently collected by means of pumps
(Bastani et al,. 2006; Muratorplus, 2008; PERLIPOL; Perlit
Polska Sp. z o.o.; Qi et al., 2013; Roulia et al., 2003; Teas et
al., 2001; Vogt and Płachta, 2017; Vogt et al., 2021).

The novelty of the conducted research is the demonstration of
the usefulness of the proposed method for obtaining sorbents
based on different kinds of perlite fractions, with a smaller
grain size than currently produced sorbents for removing
oil-derived contaminants.

2. EXPERIMENTAL

2.1. The research material

For the purposes of this research, three fractions of expanded
perlite which differ according to granulation were used: ex-
panded perlite: P100F (class 0), P150 (class 1), P180 (class 2)
(PERLIPOL; PERLIPOL, 2025). The chemical composition
of these materials is available on the website of the producer
and it is as follows [% mass.]: SiO2 – 65–73; Al2O3 – 10–18;
K2O + Na2O – 6–9; CaO – 2–6; Fe – 1–2. The amount of
moisture determined by means of the drying oven method at
a temperature of 105–110 ◦C, in the samples of materials, was
the following, respectively [% mass.]: P100F – 0.996; P150
– 0.933; P180 – 1.067; Hydroperl – 0.797. Hydrophobised
perlite, whose commercial name is “Hydroperl”, was used in
the work as a comparison-related material. According to the
data provided by the producer, the maximum adsorption of oil
for Hydroperl is 350 l/m3 of the sorbent (PERLIPOL, 2022).

2.2. Conditions of the hydrophobisation process

The solutions of stearic acid in methanol and the commer-
cial, silicone agent for the hydrophobisation of mineral of
the ground, Sarsil H, were used as modifiers of hydrophobi-
sation (Silikony Polskie). One determined, by means of an
experiment, the supplement of stearic acid (97% w/w) to the
sample of the material at the level of 8% mass concentration
(Vogt and Płachta, 2017). The solution of stearic acid was
being continuously added to the solid material, without inter-
rupting the mixing of the components. The mixture was kept
in room conditions for the period of 48 h. Previous studies
were conducted using longer and shorter contact times of
the reagents. The materials obtained after modification in a
shorter time were characterized by worse properties. Extend-
ing the contact time beyond 48 hours did not improve the
properties of the modified materials described in the work.
After that time, the solvent was evaporated from the samples
by means of a rotary evaporator. Then the materials were
dried at a temperature of 105–110 ◦C. By conducting an ex-
periment one determined that 10% vol. of the Sarsil H agent
was a sufficient amount to cover a solid material thoroughly.
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The agent was added in portions, mixing it thoroughly with
perlite. It was kept in contact with the solid until the solvent
was evaporated completely.

2.3. The study of the properties of hydrophobic
materials

In a preliminary manner, the hydrophobic properties of the
materials were determined on the basis of the results of the
test associated with floating on the surface of water and water
absorbability. The contact angles were determined with the
use of Krüss DSA 100M apparatus (Alghunaim et al., 2016;
Buckton and Newton, 1986; Tohry et al., 2020).

2.3.1. Floating on the water test

Small amounts of perlite (ca. 2 cm3) were put into small
beakers filled with water. After an hour, after 24 h and after
a week, one observed which part of the material floated on
the water. Figure 1 presents examplary photographs related
to the test which was conducted.

2.3.2. Contact angles

The contact angles were measured on the surface of the
compacted material. The average values of the contact angles
for samples are presented in Table 1.

Table 1. Average contact angles.

Sample type Average contact angles [°]

P 100F 20.5

P 150 20.0Raw

P 180 23.8

P 100F 66.9

P 150 82.8Stearic acid

P 180 75.8

Sarsil H
P 100F 105.3

P 150 102.8

P 180 93.1

Reference material Hydroperl 62.3

2.3.3. Absorbability

The hydrophobic properties of materials were also evaluated
by measuring the absorbability, which consists in the deter-
mining of the amount of water which was not absorbed by the
sample during the flowing through the bad. In the majority
of cases, research is conducted in a pipe which is filled by the
material, at the end of which there is a sieve (EN 1097-6:2013;

Szułczyńska et al., 2020). Another method, which is highly rel-
evant in the industry, has to do with contacting a specific mass
of a solid with water, and then in measuring the change of the
mass after a specific period of time (CEN/TS 15366:2009;
EN 1097-6:2013; Szułczyńska et al., 2020). Research was
conducted both in reference to raw samples as well as the
modified samples, and the comparative material (Hydroperl).
2 g of each material was contacted with 100 ml of distilled wa-
ter over the period of one hour. After that time, the samples
were moved to the sieves for the period of 15 min. The ab-
sorbability [kgwater/kgperlite] of samples is presented in Table 2.

Table 2. The water absorbability.

Modifier type

Raw Stearic acid Sarsil HMaterial

Absorbability [kgwater/kgperlite]

P100F 5.58 3.10 1.51

P150 8.47 5.02 3.06

P180 5.02 2.41 1.10

Hydroperl 3.30

2.4. The sorption of petroleum-derived compounds

2.4.1. The sorption of petroleum-derived substances from the
water surface

One conducted a study of the sorption of petroleum-derived
substances from the surface of water (PERLIPOL, 2022). One
placed 25 cm3 of the perlite sample to a glass container and
one added 30 cm3 of distilled water. Then, one added 15 cm3

of diesel fuel provided by the BP company (SPL2403 2006)
which was adsorbed by shaking for 10 min. After that time,
the material was separated by means of a porous plunger. The
separated solution was poured to a measuring cylinder, and
after the oil separated from the water one read the volume of
the non-adsorbed oil. The adsorption of oil was calculated on
the basis of a Equation (1) (PERLIPOL, 2022). The results
are indicated in Table 3.

Ads =
15− Vx

25
· 1000

»
l

m3

–
(1)

where: Vx – the volume of non-adsorbed diesel oil [cm3].

2.4.2. The sorption of petroleum-derived substances from the soil
surface

The sorption of petroleum-derived compounds from the soil
surface was conducted on the basis of research conducted by
Łuksa et al. (2010). Portions of 200 g of soil were poured to
bowls whose diameter was 12.5 cm. The soil was characterised
by a humidity of 19.1%. The thickness of the layer of the soil
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Figure 1. The photographs of the floating test of P100F and P150 expanded perlite – modified and raw samples – on the surface of
water.

was ca. 2 cm. On the surface of the soil one spread evenly,
by means of a spray system, 10 cm3 of diesel oil and one
kept it for 30 minutes. After that time one poured 60 cm3

of perlite on the soil. Such an amount of the sorbent yielded
a 0.5 cm-thick layer on its surface. Subsequently, the samples
were divided into three even parts (the division was made
according to the size of the field), which were acquired for

further research in specific intervals of time: after an hour (1),
after 24 h (2) and after six days (3). At the beginning, one
collected the sorbent from a given part of the soil, and then
the soil was moved to a beaker. By means of hot distilled
water one extracted non-adsorbed diesel oil from the soil. One
read the volume of the extracted diesel oil which was not
adsorbed by the sorbent.

4 of 8 https://journals.pan.pl/cpe



Chem. Process Eng., 2025, 46(3), e96 New sorbents for removal of petroleum-derived pollution on the basis of expanded perlite

The adsorption of diesel oil was calculated by means of Equa-
tion (2).

Ads =
(V − Vs1 − Vx)

Vs
· 1000

»
l

m3

–
(2)

where: V – the total volume of oil in the soil [cm3]

Vs1 – the oil volume adsorbed by the soil (blank) [cm3]

Vx – the non-adsorbed oil-volume [cm3]

Vs – the sorbent volume on the soil [cm3]

The results are presented in Table 3.

Table 3. The adsorption of diesel oil from the water and from the
soil: (1) after one hour, (2) after 24 hours, (3) after six
days.

Material
Modifier type

Raw Stearic acid Sarsil H

The adsorption of diesel oil from water [l/m3]

P100F 280 580 480

P150 120 440 420

P180 120 300 300

Hydroperl 240 – –

The adsorption of diesel oil from soil [l/m3]

(1) (2) (3) (1) (2) (3) (1) (2) (3) (1) (2)

P100F 75 125 125 100 125 125 75 100 100 133 183

P150 50 75 100 100 100 100 – – – 133 167

P180 50 75 100 75 75 100 50 75 75 150 167

Hydroperl 50 75 100 – – – – – – – –

2.5. The study of bulk density

One measured the loose bulk density (ȷb) and tapped bulk
density (ȷbp). Considering the conditions of the application
of the materials which are obtained, this property may greatly
influence the efficiency of their use. A material which is too
light will be more conveniently blown away from the area of
application. A material which is too heavy will not float on
the surface of water.

The study was conducted five times, by means of the Powder
Characteristic Tester apparatus, in reference to each samples.
One assumed three minutes as the time of the densification
of the deposit during the determination of the tapped bulk
density. On the basis of the results which were obtained
one calculated the Hausner ratio (Carr, 1965; Hausner, 1967;
Hosokawa Micron Corporation; Saker et al., 2019) (coefficient
of dynamic compressibility, IH) Equation (3), a parameter
applied for the characterisation of fine dispersive materials in
terms of their flow-related properties.

IH =
ȷbp
ȷb

(3)

The results are presented in Table 4.

Table 4. Hausner ratio.

Material
Modifier type

Raw Stearic acid Sarsil H

Hausner ratio

P100F 1.49 1.60 1.80

P150 1.16 1.24 1.21

P180 1.16 1.15 1.17

Hydroperl 1.13

3. DISCUSSION OF THE RESULTS

The process of hydrophobisation was conducted by the appli-
cation of two substances: stearic acid dissolved in methanol
and the commercially available silicone substance – Sarsil H.
One studied three fractions of expanded perlite whose granu-
larity varied, including the P100F fraction, which is a waste
product during the processing of perlite. The hydrophobic
properties of samples which were obtained in the work were
compared with the properties of trade hydrophobic perlite
Hydroperl, on the basis of the results obtained from the test
associated with floating on the surface of the water and the
study of absorbability. The contact angles were measured on
the surface of the compacted material. One evaluated the us-
ability of modified perlite in the removal of petroleum-derived
compounds from the surface of the water and the soil.

One may observe (see Figure 1 – the testing associated with
floating on the surface of water) which materials are subject to
moisturisation. A considerable part of the finest-grained, raw
fraction of perlite P100F instantly settled at the bottom of the
beaker, and the rest of the particles which were floating on the
surface were clearly moist. After a week elapsed, one noticed
that almost the entire material settled at the bottom. In the
case of P100F perlite modified by stearic acid, one observed
that even after a week the entire material was floating on the
surface of the water and it was not moist. Similarly behaved
the greater grains of the raw fraction of expanded perlite:
P150 and P180. They were clearly moist. It was observed that
perlite P150 and P180 modified by stearic acid even after
a week was floating on the surface of the water and it was
not moist. Perlite hydrophobised by means of the Sarsil H
silicone agent floated on the surface of the water during the
entire period of the observation (one week) and one did not
observe surface moisturisation of the material.

All samples after modification were characterised by lesser
water absorbability in reference to the raw samples and some
of them had lesser absorbability than that of the commercial
Hydroperl. The tested contact angles of all modified materials
were higher than in the case of raw materials.
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After modification, all samples of expanded perlite were char-
acterised by much better capacity of the adsorption of diesel
oil as compared to raw samples. The greatest level of adsorp-
tion was manifested by the sample of P100F perlite (which is
a waste product during the processing of perlite), which was
subjected to modification with stearic acid, this value was
580 l/m3. The greatest increase of the adsorption capabilities
after modification was manifested by P150 perlite, regardless
of the modifier which was applied. The samples of perlite:
P100 F and P150, which were subject to modification with
a silicone substance manifested slightly lesser values of the
adsorption of diesel oil than the samples modified with stearic
acid. Perlite which represented the greatest grain size, P180,
modified with Sarsil H, manifested the same capability for ad-
sorption as in the case of the perlite modified with stearic acid.
All samples after modification manifested greater capability
of diesel oil adsorption from the surface of water than the
comparative material – Hydroperl. By studying the adsorption
of another diesel oil from water on the same perlite fractions
but the ones which were modified with stearic acid dissolved
in ethanol and petroleum ether (Vogt and Płachta, 2017) one
stated that the adsorption capability was also the greatest in
reference to P100F perlite and it was 520 l/m3.

As far as the samples which were modified with stearic acid
are concerned, one may observe that already after an hour
the adsorption of oil from the surface of the soil increased in
comparison with raw samples. The values of adsorption which
were acquired after 24 h and after six days were the same as
those of the raw samples after the same period of contact. The
best adsorption of diesel oil from the soil was represented by
samples of perlite which were modified by means of a silicone
substance. In the case of these samples the adsorption was
not measured after six days because satisfactory results were
obtained in a lesser amount of time. Considering that the com-
parative material, Hydroperl, was characterised by the same
adsorption capability as the raw samples P150 and P180, one
may state that modification with Sarsil H enhances adsorp-
tion properties. The results which were obtained may carry
errors resulting from small amounts of oil used in the research,
although they do enable us to notice differences between the
particular materials during the sorption of oil from the soil.

On the basis of the measurements of the tapped bulk density
one may characterise the flow properties of the materials
under study on the basis of the values of the Hausner ratio:
1.00÷1.10 free flowing; 1.10÷1.25 relatively unimpaired flow-
ing; 1.25÷1.40 poorly flowing (semicohesive); > 1:40 very
poorly flowing/non-flowing (strongly cohesive). The fractions
of P150 and P180 perlite after modification, in comparison
with raw materials, did not change their flow properties. Sim-
ilarly as in the case of Hydroperl, they are materials which
flow relatively well. This accounts for the fact that the proba-
bility of them being blown away from a contaminated area is
the same like for raw material. The finest-grained fraction of
P100F perlite, both in the raw form and after the process of
modification, is a material which is very poorly flowing. The
process of hydrophobisation reduces the susceptibility of the
perlite to being blown away.

4. CONCLUSIONS

The process of hydrophobisation which was conducted signifi-
cantly enhanced the hydrophobic properties of all modified
materials. During the entire period of observation, samples
modified with Sarsil H and stearic acid, floated on the surface
of water and they did not become moist, similarly as in the
case of Hydroperl.

The study of the absorbability of water enables one to conduct
a quantitative evaluation of the hydrophobic properties of the
modified materials. All samples after modification were char-
acterised by lesser absorbability, and the fractions of perlite
which were modified by Sarsil H are characterised by lesser ab-
sorbability than the commercial Hydroperl. This is particularly
manifest in the case of P100F and P180, whose absorbability
constitutes ca. 30% of the value obtained for Hydroperl. In
the case of these two materials, also after modification with
stearic acid, one obtained, in the measurements, lesser values
of absorbability than in the case of Hydroperl.

The tested contact angles of all modified materials were higher
than in the case of raw materials.

The process of hydrophobisation also enhanced the sorption
properties in reference to petroleum-derived substances. All
samples were characterised by significantly greater capability
of the adsorption of diesel oil from the surface of water in
comparison with raw samples. It is worthwhile to emphasise
that the greatest adsorption was manifested by samples of
perlite whose grain was the finest (P100F). Samples modified
with Sarsil H were characterised by slightly lesser adsorption
of oil from water, in reference to samples modified with stearic
acid. However, practically all the samples manifested greater
capability of the sorption of diesel oil than the comparative
material, Hydroperl.

In the case of the sorption of diesel oil from the soil, the
greatest capability of adsorption was characterised by samples
modified with Sarsil H.

The study of bulk density of samples after hydrophobisation
indicates that the proposed processes of hydrophobisation
does not unfavorably influence the increase of the volatility of
the materials and they do not increase their weight. Thus, they
will not sink to the bottom during the removal of pollution
from the surface of water, and they will not be blown away
from the area of application, to a greater extent than the
perlite sorbents which were used before.

By determining the beneficial influence of the hydrophobic
modifiers that were used upon the selected sorption properties
of various fractions of expanded perlite one stated that there
is a possibility to apply the materials, after modification, as
sorbents for the removal of petroleum-derived pollution. One
extended the range of the products of this type not only in
the context of various means of modification and modify-
ing substances but one also demonstrated the possibility of
the application of fine-grained fraction of P100F perlite as
a sorbent for the removal of petroleum-derived pollutions.

6 of 8 https://journals.pan.pl/cpe



Chem. Process Eng., 2025, 46(3), e96 New sorbents for removal of petroleum-derived pollution on the basis of expanded perlite

ACKNOWLEDGEMENTS

This study was funded for subvention of AGH Univer-
sity of Krakow, Faculty Energy and Fuels (project No.
16.16.210.476).

REFERENCES

Abdel-Aty A.A.R., Abdel Aziz Y.S., Ahmed R.M.G.,
ElSherbinyc I.M.A., Panglisch S., Ulbricht M., Khalil
A.S.G. 2020. High performance isotropic polyethersulfone mem-
branes for heavy oil-in-water emulsion separation. Sep. Purif.
Technol., 253, 117506. DOI: 10.1016/j.seppur.2020.117467.

Adebajo M.O., Frost R.L., Kloprogge J.T., Carmody O., Kokot S.,
2003. Porous materials for oil spill cleanup: A review of synthesis
and absorbing properties. J. Porous Mater., 10, 159–170. DOI:
10.1023/A:1027484117065.

Alghunaim A., Kirdponpattara S., Zhang Newby B.M., 2016.
Techniques for determining contact angle and wettabil-
ity of powders. Powder Technol., 287, 201–215. DOI:
10.1016/j.powtec.2015.10.002.

Bai W., Chen K., Chen J., Xu J., Lin H., Lin Y., Xu Y., Lin J.,
2020. Natural highly-hydrophobic urushiol@TiO2 coated cotton
fabric for effective oil–water separation in highly acidic alkaline
and salty environment. Sep. Purif. Technol., 253, 117495. DOI:
10.1016/j.seppur.2020.117495.

Bala, S., Garg, D., Thirumalesh, B.V., Sharma, M., Sridhar, K.,
Inbaraj B.S., Tripathi, M., 2022. Recent strategies for biore-
mediation of emerging pollutants. A review for a green and
sustainable environment. Toxics, 10, 484. DOI: 10.3390/tox-
ics10080484.

Bastani D., Safekordi A.A., Alihosseini A., Taghikhani V., 2006.
Study of oil sorption by expanded perlite at 298.15 K. Sep. Purif.
Technol., 52, 295–300. DOI: 10.1016/j.seppur.2006.05.004.

Bhardwaj N., Bhaskarwar A.N., 2018. A review on sorbent devices
for oil-spill control. Environ. Pollut., 243(B), 1758–1771. DOI:
https://doi.org/10.1016/j.envpol.2018.09.141.

Bhattacharjee S., Dutta T., 2022. Chapter 1 – An overview of
oil pollution and oil-spilling incident, In: Das P., Manna S.,
Pandey J.K. (Eds.), Advances in oil-water separation. Elsevier,
3–15. DOI: 10.1016/B978-0-323-89978-9.00014-8.

Bigui W., Cheng Y., Jianlin L., Gang W., Liang D., Xiaosan S.,
Fuping W., Hua L., Qing C., 2019. Fabrication of superhy-
drophilic and underwater superoleophobic quartz sand filter for
oil/water separation. Sep. Purif. Technol., 229, 115808. DOI:
10.1016/j.seppur.2019.115808.

Buckton G., Newton J.M., 1986. Assessment of the wettability of
powders by use of compressed powder discs. Powder Technol.,
46, 201–208. DOI: 10.1016/0032-5910(86)80027-4.

Carr R.L., 1965. Evaluating flow properties of solids. Chem. Eng.
72, 163–168.

CEN/TS 15366:2009. Winter and road service area maintenance
equipment – solid absorbents intended for road usage. Available
at: https://standards.iteh.ai/catalog/standards/cen/f203af49-
bcc4-47a9-81eb-f0f5fc7e685f/cen-ts-15366-2009?srsltid=Afm
BOooKf0zyAM2vzOwF4zQ87N9dPKyZ0giS3rbgkSJLr4m1lb3
AWzaV.

Chen Y., Yu B., Lin J., Naidu R., Chen Z., 2016. Simultaneous
adsorption and biodegradation (SAB) of diesel oil using im-
mobilized Acinetobacter venetianus on porous material. Chem.
Eng. J., 289, 463–470. DOI: 10.1016/j.cej.2016.01.010.

Davoodi S.M., Taheran M., Brar S.K., Galvez-Cloutier R., Mar-
tel R., 2019. Hydrophobic dolomite sorbent for oil spill clean-ups:
Kinetic modeling and isotherm study. Fuel, 251, 57–72. DOI:
10.1016/j.fuel.2019.04.033.

Deschamps G., Caruel H., Borredon M.-E., Albasi C., Riba J.-P.,
Bonnin C., Vignoles C., 2003. Oil removal from water by sorption
on hydrophobic cotton fibers. 2. Study of sorption properties
in dynamic mode. Environ. Sci. Technol., 37, 5034–5039. DOI:
10.1021/es020249b.

Dong T., Cao S., Xu G., 2016. Highly porous oil sorbent
based on hollow fibers as the interceptor for oil on static
and running water. J. Hazard. Mater., 305, 1–7. DOI:
10.1016/j.jhazmat.2015.11.030.

EN 1097-6:2013. Tests for mechanical and physical properties of
aggregates – Part 6: Determination of particle density and water
absorption. Available at: https://standards.iteh.ai/catalog/
standards/cen/efd7df30-eac1-4445-90eb-9b2958fb2564/en-
1097-6-2013.

EN 14316-1:2004. Thermal insulation products for build-
ings – In-situ thermal insulation formed from expanded
perlite (EP) products – Part 1: Specification for bonded
and loose-fill products before installation. Available at:
https://standards.iteh.ai/catalog/standards/cen/64c44b84-
8c71-4130-85fa-4d603a2c6f91/en-14316-1-2004?srslt
id=AfmBOoqGRxPE9gJ3yHXZ_DcaP47guWIFOQ9xybvnFYJ
0FaVvLeR4fp3c.

Eurostat, 2025. EU imports of energy products – recent develop-
ments. Available at: https://ec.europa.eu/eurostat/statistics-
explained/index.php?title=EU_imports_of_energy_products_-
_recent_developments&oldid=571112.

Galblaub O.A., Shaykhiev I.G., Stepanova S.V., Timirbaeva G.R.,
2016. Oil spill cleanup of water surface by plant-based sorbents:
Russian practices. Process Saf. Environ. Prot., 101, 88–92. DOI:
10.1016/j.psep.2015.11.002.

Gray T.M., Simpson B.J., Nicolich M.J., Murray F.J., Verstuyft
A.W., Roth R.N., McKee R.H., 2013. Assessing the mammalian
toxicity of high-boiling petroleum substances under the rubric
of the HPV program. Regul. Toxicol. Pharm., 67(2), Suppl.,
S4–S9. DOI: 10.1016/j.yrtph.2012.11.014.

Gupta S., Tai N.-H., 2016. Carbon materials as oil sorbents:
a review on the synthesis and performance. J. Mater. Chem. A,
4, 1550–1565. DOI: 10.1039/C5TA08321D.

Han L., Wu W., Huang Z., Lei W., Li S., Zhang H., Jia
Q., Zhang S., 2021. Preparation and characterization of
a novel fluorine-free and pH-sensitive hydrophobic porous di-
atomite ceramic as highly efficient sorbent for oil–water sep-
aration. Sep. Purif. Technol., 254, 1117620. DOI: 10.1016/
j.seppur.2020.117620.

Haque S., Srivastava N., Pal D.B., Alkhanani M.F., Almalki A.H.,
Areeshi M.Y., Naidu R., Gupta V.K., 2022. Functional mi-
crobiome strategies for the bioremediation of petroleum-
hydrocarbon and heavy metal contaminated soils: A review.
Sci. Total Environ., 833, 155222. DOI: 10.1016/j.scitotenv.
2022.155222.

https://journals.pan.pl/cpe 7 of 8

https://doi.org/10.1016/j.seppur.2020.117467
https://doi.org/10.1023/A:1027484117065
https://doi.org/10.1016/j.powtec.2015.10.002
https://doi.org/10.1016/j.seppur.2020.117495
https://doi.org/10.3390/toxics10080484
https://doi.org/10.3390/toxics10080484
https://doi.org/10.1016/j.seppur.2006.05.004
https://doi.org/https://doi.org/10.1016/j.envpol.2018.09.141
https://doi.org/10.1016/B978-0-323-89978-9.00014-8
https://doi.org/10.1016/j.seppur.2019.115808
https://doi.org/10.1016/0032-5910(86)80027-4
https://standards.iteh.ai/catalog/standards/cen/f203af49-bcc4-47a9-81eb-f0f5fc7e685f/cen-ts-15366-2009?srsltid=AfmBOooKf0zyAM2vzOwF4zQ87N9dPKyZ0giS3rbgkSJLr4m1lb3AWzaV
https://standards.iteh.ai/catalog/standards/cen/f203af49-bcc4-47a9-81eb-f0f5fc7e685f/cen-ts-15366-2009?srsltid=AfmBOooKf0zyAM2vzOwF4zQ87N9dPKyZ0giS3rbgkSJLr4m1lb3AWzaV
https://standards.iteh.ai/catalog/standards/cen/f203af49-bcc4-47a9-81eb-f0f5fc7e685f/cen-ts-15366-2009?srsltid=AfmBOooKf0zyAM2vzOwF4zQ87N9dPKyZ0giS3rbgkSJLr4m1lb3AWzaV
https://standards.iteh.ai/catalog/standards/cen/f203af49-bcc4-47a9-81eb-f0f5fc7e685f/cen-ts-15366-2009?srsltid=AfmBOooKf0zyAM2vzOwF4zQ87N9dPKyZ0giS3rbgkSJLr4m1lb3AWzaV
https://doi.org/10.1016/j.cej.2016.01.010
https://doi.org/10.1016/j.fuel.2019.04.033
https://doi.org/10.1021/es020249b
https://doi.org/10.1016/j.jhazmat.2015.11.030
https://standards.iteh.ai/catalog/standards/cen/efd7df30-eac1-4445-90eb-9b2958fb2564/en-1097-6-2013
https://standards.iteh.ai/catalog/standards/cen/efd7df30-eac1-4445-90eb-9b2958fb2564/en-1097-6-2013
https://standards.iteh.ai/catalog/standards/cen/efd7df30-eac1-4445-90eb-9b2958fb2564/en-1097-6-2013
https://standards.iteh.ai/catalog/standards/cen/64c44b84-8c71-4130-85fa-4d603a2c6f91/en-14316-1-2004?srsltid=AfmBOoqGRxPE9gJ3yHXZ_DcaP47guWIFOQ9xybvnFYJ0FaVvLeR4fp3c
https://standards.iteh.ai/catalog/standards/cen/64c44b84-8c71-4130-85fa-4d603a2c6f91/en-14316-1-2004?srsltid=AfmBOoqGRxPE9gJ3yHXZ_DcaP47guWIFOQ9xybvnFYJ0FaVvLeR4fp3c
https://standards.iteh.ai/catalog/standards/cen/64c44b84-8c71-4130-85fa-4d603a2c6f91/en-14316-1-2004?srsltid=AfmBOoqGRxPE9gJ3yHXZ_DcaP47guWIFOQ9xybvnFYJ0FaVvLeR4fp3c
https://standards.iteh.ai/catalog/standards/cen/64c44b84-8c71-4130-85fa-4d603a2c6f91/en-14316-1-2004?srsltid=AfmBOoqGRxPE9gJ3yHXZ_DcaP47guWIFOQ9xybvnFYJ0FaVvLeR4fp3c
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=EU_imports_of_energy_products_-_recent_developments{&}oldid=571112
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=EU_imports_of_energy_products_-_recent_developments{&}oldid=571112
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=EU_imports_of_energy_products_-_recent_developments{&}oldid=571112
https://doi.org/10.1016/j.psep.2015.11.002
https://doi.org/10.1016/j.yrtph.2012.11.014
https://doi.org/10.1039/C5TA08321D
https://doi.org/10.1016/j.seppur.2020.117620
https://doi.org/10.1016/j.seppur.2020.117620
https://doi.org/10.1016/j.scitotenv.2022.155222
https://doi.org/10.1016/j.scitotenv.2022.155222


Elżbieta Vogt, Otmar Vogt, Anna Papież Chem. Process Eng., 2025, 46(3), e96

Hausner H.H., 1967. Friction conditions in a mass of metal
powder. Int. J. Powder Met. 34(4), 7–13.

Hosokawa Micron Corporation. Powder Characteristics Tester
PT-X. Available at: https://www.hosokawamicron.co.jp/en/
product/machines/detail/240.html.

Karki H.P., Kafle L., Kim H.J., 2019. Modification of 3D
polyacrylonitrile composite fiber for potential oil-water mix-
ture separation. Sep. Purif. Technol., 229, 115840. DOI:
10.1016/j.seppur.2019.115840.

Kukkar D., Rani A., Kumar V., Younis S.A., Zhang M., Lee S.-S.,
Tsang D.C.W., Kim K.H., 2020. Recent advances in carbon
nanotube sponge–based sorption technologies for mitigation of
marine oil spills. J. Colloid Interface Sci., 570, 411–422. DOI:
10.1016/j.jcis.2020.03.006.

Li N., Yue O., Gao B., Xu X., Su R., Yu B., 2019. One-step
synthesis of peanut hull/graphene aerogel for highly efficient
oil-water separation. J. Cleaner Prod., 207, 764–771. DOI:
10.1016/j.jclepro.2018.10.038.

Łuksa A., Mendrycka M., Stawarz M., 2010. Bioremediacja gleb
zaolejonych z wykorzystaniem sorbentów. Nafta-Gaz 9, 810–818.
Available at: https://inig.pl/magazyn/nafta-gaz/NAFTA-GAZ-
2010-09-07.pdf.

Mahmoud A.R., Keshawy M., El-Sayed Abdel-Raouf M., 2021.
Chapter 15 – Organogels as oil sorbers for oil spill treatment,
In: Núñez-Delgado A. (Ed.), Sorbents Materials for Controlling
Environmental Pollution. Elsevier, 387–413. DOI: 10.1016/B978-
0-12-820042-1.00017-1.

Muratorplus, 2008. Perlit ekspandowany. Available at:
https://www.muratorplus.pl/technika/izolacje/perlit-
ekspandowany-aa-Dd51-CovV-2WxE.html.

Nnaji N.J.N., Onuegbu T.U., Edokwe O., Ezeh G.C., Ngwu A.P.,
2016. An approach for the reuse of Dacryodes edulis leaf: Charac-
terization, acetylation and crude oil sorption studies. J. Environ.
Chem. Eng., 4, 3205–3216. DOI: 10.1016/j.jece.2016.06.010.

Periasamy A.P., Wu W.-P, Ravindranath R., Roy P., Lin G.-L.,
Changa H.-T., 2017. Polymer/reduced graphene oxide function-
alized sponges as superabsorbents for oil removal and recovery.
Mar. Pollut. Bull., 114, 888–895. DOI: 10.1016/j.marpolbul.
2016.11.005.

PERLIPOL, 2022. Karta techniczna – Perlit hydrofobizowany.
HYDROPERL. Available at: https://www.perlipol.com.pl/doku
menty/Karta_Techniczna_HydroPerlu_2022.pdf.

PERLIPOL, 2025. Perlite and its applications. Available at:
https://perlipol.com.pl/en/perlite-and-its-applications.

Qi P.-S., Lin N., Liu Y.-Z., Zhao J.-J., 2013. Improvement of
oil/water selectivity by stearic acid modified expanded perlite
for oil spill cleanup. J. Shanghai Jiaotong Univ., 18, 500–507.
DOI: 10.1007/s12204-013-1426-x.

Roulia M., Chassapis K., Fotinopoulos Ch., Savvidis Th., Katakis
D., 2003. Dispersion and sorption of oil spills by emulsifier-
modified expanded perlite. Spill Sci. Technol. Bull., 8, 425–431.
DOI: 10.1016/S1353-2561(02)00066-X.

Saker A., Cares-Pacheco M.-G., Marchal P., Falk V., 2019. Pow-
ders flowability assessment in granular compaction: What about
the consistency of Hausner ratio? Powder Technol., 354, 52–63.
DOI: 10.1016/j.powtec.2019.05.032.

Shukla S., Khan R., Bhattacharya P., Devanesan S., AlSalhi
M.S., 2022. Concentration, source apportionment and poten-
tial carcinogenic risks of polycyclic aromatic hydrocarbons
(PAHs) in roadside soils. Chemosphere, 292, 133413. DOI:
10.1016/j.chemosphere.2021.133413.

Silikony Polskie. Water repellent agents. Available at: https://
www.silikonypolskie.pl/en/produkty/impregnaty/.

SPL2403 2006. Technical card SPL2403, 2006 of BP Diesel Fuel.
Available at: https://www.bp.com/content/dam/bp/country-
sites/pl_pl/poland/home/dokumenty/sds-diesel.pdf.

Szerement J., Szatanik-Kloc A., Jarosz R., Bajda T., Mierzwa-
Hersztek M., 2021. Contemporary applications of natural
and synthetic zeolites from fly ash in agriculture and envi-
ronmental protection. J. Cleaner Prod., 311, 127461. DOI:
10.1016/j.jclepro.2021.127461.

Szułczyńska D., Gniazdowska J., Małek J., 2020. Sorption prop-
erties of chemically modified extinguishing powders. Przemysł
Chemiczny, 99(11), 1673–1676. DOI: 10.15199/62.2020.11.18.

Tauanov Z., Azat S., Baibatyrova A., 2020. A mini-review on
coal fly ash properties, utilization and synthesis of zeolites. Int.
J. Coal Prep. Util., 42, 1968–1990. DOI: 10.1080/19392699.
2020.1788545.

Teas Ch., Kalligeros S., Zanikos F., Stournas S., Lois E.,
Anastopoulos G., 2001. Investigation of the effectiveness of
absorbent materials in oil spills clean up. Desalination, 140,
259–264. DOI: 10.1016/S0011-9164(01)00375-7.

Tohry A., Dehghan R., Oliveira A.V., Chehreh Chelgani S.,
Leal-Filho L.S., 2020. Enhanced Washburn Method (EWM):
A comparative study for the contact angle measurement of
powders. Adv. Powder Technol., 31, 4665–4671. DOI: 10.1016/
j.apt.2020.10.014.

Vogt E., Chmura G., Vogt O., 2021. Modification of the hy-
drophobic properties of mineral adsorbents for the removal of
petroleum pollutants, In: Pikoń K., Bogacka M. (Eds.), Contem-
porary problems of power engineering and environmental protec-
tion. Gliwice, Silesian University of Technology, Department of
Technologies and Installations for Waste Management, 63–72.

Vogt E., Płachta Ł., 2017. The new method of modifying the
hydrophobic properties of expanded perlite. E3S Web Conf.,
14, 02034. DOI: 10.1051/e3sconf/20171402034.

Vogt E., Topolska K., 2023. Hydrophobization of diatomaceous
earth used to remove oil pollutants. Mineral Resources Man-
agement, 39(2), 209–222. DOI: 10.24425/gsm.2023.145888.

Yao H., Lu X., Xin Z., Zhang H., Li X., 2019. A durable bio-based
polybenzoxazine/SiO2 modified fabric with superhydrophobicity
and superoleophilicity for oil/water separation. Sep. Purif.
Technol., 229, 115792. DOI: 10.1016/j.seppur.2019.115792.

Zamparas M., Tzivras D., Dracopoulos V., Ioannides T., 2020.
Application of sorbents for oil spill cleanup focusing on
natural-based modified materials: A review. Molecules, 25,
4522. DOI: 10.3390/molecules25194522.

8 of 8 https://journals.pan.pl/cpe

https://www.hosokawamicron.co.jp/en/product/machines/detail/240.html
https://www.hosokawamicron.co.jp/en/product/machines/detail/240.html
https://doi.org/10.1016/j.seppur.2019.115840
https://doi.org/10.1016/j.jcis.2020.03.006
https://doi.org/10.1016/j.jclepro.2018.10.038
https://inig.pl/magazyn/nafta-gaz/NAFTA-GAZ-2010-09-07.pdf
https://inig.pl/magazyn/nafta-gaz/NAFTA-GAZ-2010-09-07.pdf
https://doi.org/10.1016/B978-0-12-820042-1.00017-1
https://doi.org/10.1016/B978-0-12-820042-1.00017-1
https://www.muratorplus.pl/technika/izolacje/perlit-ekspandowany-aa-Dd51-CovV-2WxE.html
https://www.muratorplus.pl/technika/izolacje/perlit-ekspandowany-aa-Dd51-CovV-2WxE.html
https://doi.org/10.1016/j.jece.2016.06.010
https://doi.org/10.1016/j.marpolbul.2016.11.005
https://doi.org/10.1016/j.marpolbul.2016.11.005
https://www.perlipol.com.pl/dokumenty/Karta_Techniczna_HydroPerlu_2022.pdf
https://www.perlipol.com.pl/dokumenty/Karta_Techniczna_HydroPerlu_2022.pdf
https://perlipol.com.pl/en/perlite-and-its-applications
https://doi.org/10.1007/s12204-013-1426-x
https://doi.org/10.1016/S1353-2561(02)00066-X
https://doi.org/10.1016/j.powtec.2019.05.032
https://doi.org/10.1016/j.chemosphere.2021.133413
https://www.silikonypolskie.pl/en/produkty/impregnaty/
https://www.silikonypolskie.pl/en/produkty/impregnaty/
https://www.bp.com/content/dam/bp/country-sites/pl_pl/poland/home/dokumenty/sds-diesel.pdf
https://www.bp.com/content/dam/bp/country-sites/pl_pl/poland/home/dokumenty/sds-diesel.pdf
https://doi.org/10.1016/j.jclepro.2021.127461
https://doi.org/10.15199/62.2020.11.18
https://doi.org/10.1080/19392699.2020.1788545
https://doi.org/10.1080/19392699.2020.1788545
https://doi.org/10.1016/S0011-9164(01)00375-7
https://doi.org/10.1016/j.apt.2020.10.014
https://doi.org/10.1016/j.apt.2020.10.014
https://doi.org/10.1051/e3sconf/20171402034
https://doi.org/10.24425/gsm.2023.145888
https://doi.org/10.1016/j.seppur.2019.115792
https://doi.org/10.3390/molecules25194522

	INTRODUCTION
	Perlite – a raw material for the production of sorbents

	EXPERIMENTAL
	The research material
	Conditions of the hydrophobisation process
	The study of the properties of hydrophobic materials
	Floating on the water test
	Contact angles
	Absorbability

	The sorption of petroleum-derived compounds
	The sorption of petroleum-derived substances from the water surface
	The sorption of petroleum-derived substances from the soil surface

	The study of bulk density

	DISCUSSION OF THE RESULTS
	CONCLUSIONS

