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I. Introduction
The national energy security is a very important aspect required for 

the proper functioning of each state. It becomes particularly signiicant 
for those states, whose average range of temperatures is very low. 
For Poland it also means that, regarding its geopolitical and economic 
situation, the continuous supply of such energy resources as crude 
oil or gas is required [1]. Continuously increasing demand for energy 
resources can be observed in economy and transport sector as well as in 
the everyday life of each citizen. Intensiied transport and consumption 
of energy resources create a risk of possible failures, and at the same 
time they are a source of the environmental pollution. However, the 
most serious hazards are created by petroleum products which can 
enter into the natural environment during various processes.

The environmental contamination with petroleum products 
belongs to the most frequent accidents of anthropogenic origin and 
requires a rapid response from the services [2]. Such accidents usually 
occur during transport. They are short-term occurrences, however of 
a long-term impact on the environment – similarly, as in case of serious 
industrial accidents. Serious accidents are most commonly caused 
by land-based activities (reineries) or occur on the sea or ocean 
(drilling platforms).

In Poland, there are many soils polluted with unsaturated 
hydrocarbons (from fuel stations, installations in the reinery industry, 
pumping stations, fuel bases, vehicle service agencies or former military 
areas). Contamination level in many of these places is very high and 
exceeds the acceptable standard values several times, which presents 
a hazard to surface water and groundwater [2].

Accidents referring to saturated hydrocarbon spills most commonly 
occur in inland waters; however, the most dangerous spills are observed 
on seas or oceans (a drilling platform Deep Water Horrizon – the 
Mexico coast) [3].

Spilling effects are eliminated by using adsorbents. Adsorbents 
are usually mineral, synthetic, natural or chemical materials. Mineral 
adsorbents are the most commonly used.

In Poland, there are clay and siliceous rocks which, after slight 
chemical treatment, can be used as mineral adsorbents in a wide range 
of applications both for the industry, agriculture and environmental 
protection. However, they are not yet commonly applied.

1. Description of selected mineral adsorbents
Mineral adsorbents are commonly used to eliminate spills of 

petroleum products both in the soil and water. Adsorbents are mainly 
extracted from open pits, and after minor modiication improving their 
adsorption capacity, they are sold as products ready for use. They are 
mainly diatomite, halloysite and perlite adsorbents.

Diatomites and diatomaceous earth belong to raw materials 
which are mainly composed of opal – an amorphous form consisting 
of [SiO

4
]-4 ions in tetrahedral arrangement [4]. Unicellular algae, 

making a numerous group of 100 thousand varieties, form a structure 
of diatomites and diatomaceous earth. The algae live in reservoirs 
of both fresh and salt water. Each of diatoms has a durable frustule  
(Fig 1). When a diatom is dead, its frustule sinks onto the reservoir 
bottom where the so called sediment is formed. Diatoms in a geological 
form are present as diatomaceous earth (diatomite).

Fig. 1. Structure scheme of diatom’s siliceous crust (by Esser) [6] 
1) ornament (fringes); 2) cleft; 3) epitheca; 4) peripheral band; 

5) hypotheca

Diatomites appear in a compact form, and their porosity is much 
lower compared to diatomaceous earth. However, their porosity is 
high compared to other rocks. A mineral adsorbent from diatomite 
group is called moler and contains about 25% of clay. High porosity, 
low thermal conductivity and chemical inertness are characteristic 
for this adsorbent. They are usually used as iltration materials, 
adsorbents, carriers, illers, thermal insulation and polishing 
materials Bulk density of this deposit is typically within the range 
from 300 kg/m3 to 900 kg/m3 SiO2 content exceeds 75%.

Diatomite is mostly used for manufacturing insulation products; 
however, it can be also used in the chemical industry for iltration 
and as an agent adsorbing hazardous substances. It is manufactured 
by Damolin A/S company possessing extraction deposit on Mors and 
Fur Islands in the north of Jutland [4].

Diatomites have a better adsorption capacity for alkaline substances 
than neutral or acidic ones. Their adsorption capacity for benzene is 
very low. They can be chemically activated with bases, or acids and 
bases alternately in order to improve their adsorption properties. 
Adsorption capacity can be also increased by thermal activation within 
the temperature range between 423 and 673K. Higher temperatures 
cause worse sorption properties. Diatomite pores are not smaller 
than 15 Å, and the ratio of mezopores to macropores is higher than 
1000 Å. Their speciic surface is very developed. Diatomites owe their 
sorption properties mainly to the presence of voids and macropores. 
Adsorption takes place inside the frustules (with the width of tens or 
hundreds Å) and in inter-membrane compartments of valves [6].

In Poland halloysite adsorbent is extracted near Legnica at the 
embankment of the Nysa Szalona River. It is one of the largest deposits 
of this mineral in the world. The extraction deposit is at the edge of the 
valley which is 800 m long and 15–20 m high.

Mineralogical composition of halloysite is diversiied. It includes 
smectite detritus, kaolinite and smectite-kaolinite detritus occurring 
in various proportions. Basalt detritus contain non-crystallized form 
of aluminosilicates of varying Al2O3

/SiO2.molar ratio. There can be 
also found feldspars, iron and titanium. Roentgenographic size of 
allotriomorphic grains in halloysit smectites measured perpendicularly 
demonstrates the extent of mineral packages from 50 to 100 Å. 
Halloysite occurs as tubes and plates, less often in a spherical form. 
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It usually has a compact agglomeration containing water. When 
halloysite is present in dry form, it crumbles into a smaller aggregate. 
It turns into metahalloysite in a temperature above 333K [5].

Halloysite is a compact mineral having the following molecular 
formula: Al2Si2O5(OH)

4
·2H2O [8]. A magniied image of halloysite 

structure is shown in Figure 2.

Fig. 2. Halloysite in zoom [9]

Perlite is a volcanic glass created from liquid magma, and during 
eruption it enters into sea water and immediately freezes. As a result, 
steam bubbles are entrapped inside perlite (Fig. 3). Perlite can increase 
in its volume when heated in a temperature from 1073 to 1273K. In 
this way the so called expanded perlite is obtained. Its density ranges 
from 55 to 500 kg/m3. Perlite is usually applied as insulation material, 
ilter media and lightweight aggregate. It is also successfully used as 
a perfect mineral adsorbent. There are no perlite beds in Poland. Thus, 
the majority of this raw material is imported. Since the middle of the 
1990s, an increase in perlite production has been noted. In 2008, it 
amounted to over 3.3 Mt/yr.

Fig. 3. Picture of perlite done using method SEM 100 µm [10]

Perlite is mostly used for manufacturing thermal insulation and 
sound adsorption materials. The price of unexpanded perlite used in 
the construction sector is ca. 185 USD/t (2009), whereas this material 
used for thermal insulation costs 525 USD/t (2009) [4].

 

II. Experimental part

1. Physical and chemical properties of raw materials used for tests
Adsorbents of mineral origin were used for tests.

Diatomite (D1)
Chemical composition of diatomite is as follows:
SiO2 – 75%, Al2O3

 – 10%, Fe2O3
 – 7%, TiO2 – 1%, MgO – 2%,

CaO – 1% and K2O + Na2O – 2%
Density – 509 g/dm3 [7].

Granulometric composition of diatomite used for the tests is 
presented in Table 1.

Table 1

Diatomit’s adsorbent size distribution

Diameter of granules, mm 2.00 1.20 0.60 0.49 0.38 0.30 0.20

Percent by mass, % 35.5 42.50 21.50 0.10 0.10 0.05 0.02

Halloysite (HE2)
Elemental composition of halloysite used for the tests was as 

follows:
Al – 13.31%, Si – 12.88%, Ca – 0.42%, Mg – 0.30%, Na – 0.13% 
K – 0.08%, P – 0.31%,
S – 0.02%, Fe – 12.55 and 1.50%.

Basic physical and chemical properties: bulk density 720950 g/
dm3; pH 6.5–7.5; colour – grey-brick; decomposition when exposed 
to hydroluoric acid; speciic surface 80 m2/g.

Perlite (PR3)
Chemical composition of perlite is as follows: SiO2 – 71–75%, Al2O3

  

– 12 to 16%, Na2O – 2,9 to 4.0%, K2O – 4 to 5%, CaO – 0.5 to 2,0%, 
Fe2O – 0.5 to 1.45%, MgO – 0.03 to 0.5%, TiO2 – 0.03 to 0.2%, MnO2 

– 0.0 to 0.1%, SO
3
 – 0.0 to 0.1%, FeO – 0.0 to 0.1%,

Ba – 0.0 to 0.1%, PbO – 0.0 to 0.1%, Cr – 0.0 to 0.1% [10].
Bulk density of adsorbent used for the tests was 120 g/dm3.

Diesel oil class D was used as adsorbate. Its basic properties are 
shown in Table 2.

Table 2
Chosen physical and chemical properties of fuel oil type D

Properties Values

Physical state: Liquid

Colour light-yellow

Freezing Point - 20°C

Initial boiling point 180°C

End boiling point 360°C

Flash point >56°C

Auto-ignition temperature: 270°C

Density (at 15°C) 820 – 845 kg/m3

Viscosity (at 40°C) 2.00 – 4.50 mm2/s

Vapour density in relation to air: ~ 6

2. Test stand
The test stand includes a pressure reactor with the capacity of 

500 cm3 equipped with pipes for delivering raw materials and with 
a drain valve (Fig. 4).

Fig. 4. View on laboratory test stand: 1) electronic weigher; 2) 
evacuator; 3) pressure reactor with insulating shell; 4) thermostat
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The reactor is connected with a thermostat which is responsible 
for maintaining the set measurement temperature. Inside the reactor, 
there is a mesh basket, where samples of the tested adsorbents are 
placed. A line connects the basket with the electronic scale which is 
above the reactor.

3. Research methodology
The basket, connected with the weigher with a line, containing 

the tested adsorbent was placed inside the reactor, in its upper part. 
Then, 200 cm3 of diesel oil was added. Liquid was kept in the reactor 
until the set temperature was achieved, and the basket containing the 
tested adsorbent was lowered to immerse it in the adsorbate at the 
level of 2–3 mm below liquid surface. Changes in a weight of the basket 
with adsorbent were recorded. When the weigher did not detect any 
increases in weight, the sample was assumed to completely adsorb 
the substance on its surface. Then, diesel oil was poured into a beaker 
through the drain valve and wait until the sample drained (the weigher 
recorded no losses in weight). After stabilisation, the inal weight of the 
basket with adsorbent and adsorbed oil was recorded.

The weight of the basket and adsorbent was determined 
before starting the measurements. Adsorbent which adsorbed the 
largest amount of oil was used in the tests on adsorption in variable 
temperatures from 291°C to 331K. For heterogeneous systems [12], 
amounts of adsorbed substances were determined from the equation 
(1) of material balance [11]:

mA=mr (cp–c
K
)  [kg]  (1)

where:
mA  – mass of adsorbed substance, kg
cp  – initial concentration of adsorbate in liquid, kg of adsorbate kg of 
    solvent
ck  – end concentration of adsorbate in liquid, kg of adsorbate / kg of
     solvent
mr  – mass of solvent, kg
m

w 
 – mass of adsorbent, kg
The formula for liquid-solid adsorption balance according 

to the Freundlich equation [11] was used for calculating adsorption. As 
adsorbate system is homogeneous and contains no solvent, the mass 
of adsorbed diesel oil is assumed to be the mass of adsorbate. The 
equation for adsorption capacity is simpliied (2).

 [kg/kg] (2)

The same volumes of adsorbents were used during the test. 
However, their masses differed depending on bulk densities.

4. Discussion of test results
Adsorption capacity for diesel oil was determined for three tested 

adsorbents during the irst batch of tests. The tests were conducted in 
the temperature of 291K under the pressure of 101 000 Pa. Figure 5 
shows a diagram of adsorption process for individual adsorbents.

Fig. 5. Adsorption of investigated sorbents – I batch of research

The lowest adsorption capacity was observed for halloysite HE2. 
Adsorption capacity of diatomite D1 sample was 2.3 times higher. 
The highest adsorption capacity was demonstrated by perlite PR. Its 
adsorption was ca. 6.9 higher compared to halloysite HE2 sample.

Adsorption time for particular adsorbents was also recorded 
during the tests. A moment at which the mass of a tested sample did 
not change was assumed to be the maximum adsorption time (t

nas
). 

Thermodynamic balance between adsorbate and adsorbent was 
stabilised under such conditions (Fig. 6).

Fig. 6. Maximal time of adsorption t
nas

 assigned for investigated adsorbents

The analysis of data presented on the diagram show that the 
shortest adsorption time was determined for halloysite HE2 sample; 
whereas the maximum adsorption time was 70 min. Adsorption time 
was determining for the longest period for perlite PR3 sample, and 
maximum adsorption time was 122 – ca. 1.7 times longer than for 
halloysite HE2 sample. For diatomite D1 adsorbent, the maximum 
adsorption time was 80 min.

By analysing the test results, we can assume that perlite PR3 
turned out to be the most effective adsorbent, for which the highest 
adsorption capacity was determined. Lengthening the maximum 
adsorption time under conditions for eliminating real contaminants 
may be of less signiicance.

In the next batch phase of tests, adsorption isobar for variable 
temperatures within the range from 290 to 330K was determined 
(Fig. 7). The tests were conducted under constant pressure of ca. 
101 000 Pa. Perlite PR3 regarded as the most effective adsorbent was 
used during the tests.

Fig. 7. Isobar of fuel oil adsorption on perlite PR3

The same length of diesel oil sorption for each temperature lasting 
30 min. was assumed to obtain the repeatability of test results.

The analysis of test results showed that perlite had the 
highest adsorption capacity within the temperature range from  
291 to 300K. Adsorption eficiency was clearly dropping when the 
temperature exceeded 300K. It is crucial information as applying 
the adsorbent in various weather conditions would be relected 
in logistics planning for its use in normal conditions. According 
to the analysed test results, about 1 kg of adsorbent would adsorb 
as many as 3.16 kg of diesel oil during 30 min. at 291K, while only 
1.79 kg would be adsorbed at 331K. When effects of contamination 

mA 
a = ——mW
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due to accidents are eliminated on a large scale, this is a notable 
difference. If adsorption time becomes longer, an indicator for an 
amount of adsorbed diesel oil will clearly become higher.

 

5. Conclusions
An increasing demand for energy resources requires transporting 

an increasing amount of fuels. Intensiied transport and processing of 
energy resources create a risk for the occurrence of accidents involving 
uncontrolled spills to the environment. The model systems were 
used for testing sorption of diesel oil on selected mineral sorbents. 
Halloysite, diatomite and perlite were used as adsorbents. Perlite had 
a high sorption capacity for fuel oil under the standard conditions It 
adsorbed 3.16 g of fuel oil per 1 g of sorbent. Adsorption capacity of 
halloysite turned out to be ca. 6.9 times lower, and that of diatomite 
was 2.3 times lower compared to the perlite sample. The maximum 
time of fuel oil adsorption was found to be inversely proportional to the 
adsorption capacity of samples containing the tested adsorbents. The 
temperature effect on the adsorption process was tested using perlite. 
Adsorption determined under constant pressure was decreasing with 
an increasing temperature.

Literature
Gawłowski S., Listowska-Gawłowska R., Piecuch T.: 1. Uwarunkowania i pro-

gnoza bezpieczeństwa energetycznego Polski na lata 2010–2110. Środkowo-
Pomorskie Towarzystwo Ochrony Środowiska, Rocznik Ochrona Środo-

wiska 2010, 12 (7), 127–176.
Łuksa A., Mendrycka M., Stawarz M.: 2. Bioremedacja gleb zaolejonych z wyko-

rzystaniem sorbentów. Politechnika Radomska im. K. Pułaskiego, 2010.
Use of sorbent materials in oil spill response3. . The International Tanker 
Owners Pollution Federation Limited, 2012.
Smakowski T., Neya R., Galosa K.; aut. Burkowicz A. et al.: 4. Bilans gospodarki 
surowcami mineralnymi Polski i świata 2008. Instytut Gospodarki Surowcami 
Mineralnymi i Energią PAN. Pracownia Polityki Surowcowej, 2010, XXIX.
Praca zbiorowa pod red. Z. Kłapyty i W. Żabińskiego: 5. Sorbenty Mineralne Polski. 
Wyd. Uczelniane Wydawnictwa Naukowo-Dydakaktycznego, 2008, 83–89.
Rakowska B.: 6. Okrzemki – organizmy, które odniosły sukces. Kosmos Pro-

blemy Nauk Biologicznych, Polskie Towarzystwo Przyrodników im. M. 
Kopernika, 2003, 52 (2–3), 259–260.
Iwaniec R., Suchecki S.: Sprawozdanie z badań Nr 363/BM-2/01 wykona-7. 

nych przez Centrum Naukowo Badawcze Ochrony Przeciwpożarowej im. 
Józefa Tuliszewskiego.
Kondej D., Sosnkowski T.R.: 8. Oddziaływanie nanocząsteczek haloizytu na sur-
fuktant płucny. Inżynieria i Aparatura Chemiczna 2011, 50, 5, 56–57.
Karta charakterystyki substancji. Przedsiębiorstwo Techniczno-Handlowe 9. 

Intermark Józef Sołtys.
Vijayakumar G., Tamilarasan R., Dharmendirakumar M.: 10. Adsorption, Kinetic, 
Equalibrium and Thermodynamic studies on the removal of basic dye Rhoda-

mine – B aqueuos solution by the use of natural adsorbent perlite. Journal of 
Materials and Environmental Science 2012, 3(1), 157–170.
Paderewski M.L.: 11. Procesy adsorpcyjne w inżynierii chemicznej. WNT, War-
szawa, 1999.

Raczyński W.W.: 12. Zarys teorii dynamiki sorpcji i chromatograii. WNT, War-
szawa, 1966.

Piotr Marek PIJAROWSKI – M.Sc., in ire science graduated from the 
Faculty of Mechanical Engineering at Opole University of Technology in 
2012 and from the Faculty of Fire Safety Engineering at the Main School of 
Fire Service in Warsaw in 2010. He is doing the PhD course at the Chair of 
Environmental Engineering at Opole University of Technology. Nowadays, 
he is an active ireman at the State Fire Service in Świdnica, a member 
of the Association of Fire Engineers and Technicians. Research interests: 
sorbents and adsorption processes, environmental protection, chemical 
and ecological rescue service, ire safety engineering. He is an author of 
2 chapters in monographs, 2 articles published in scientiic and technical 
journals, an author and a co-author of 3 papers and posters presented at 
national and international conferences.

e-mail: p.pijarowski@doktorant.po.edu.pl

Wilhelm Jan TIC – (Sc.D., Eng), Professor at Opole University of 

Technology, graduated from the Faculty of Chemistry at Silesian University 

of Technology in 1986. He completed his doctorate studies at the Faculty 

of Chemical Technology at Poznań University of Technology in 2000 and 

habilitation at the Faculty of Chemistry at Łódź University of Technology 

in 2012. He is currently employed in the Department of Environmental 

Engineering, in the Waste Management and Chemical Technology 

Teaching Unit. Research interests: chemical technology, chemical catalysis, 

environmental protection. He is the author and co-author of 5 monographs, 

21 chapters in monographs, 62 articles published in scientiic and technical 

journals, 12 patents as well as 73 papers and posters presented at national 

and international conferences.

Nowy gatunek HDPE do folii rękawowej

Basell Orlen Polyoleins Sprzedaż poszerza ofertę handlową 

o Hostalen GX 9254 – polietylen dużej gęstości o odpowiednio 

dobranej masie cząsteczkowej. Dzięki takiej  właściwości  wytwa-

rzane  cienkie i grubsze folie rękawowe charakteryzują  się  uni-

kalnym  połączeniem  dwóch  cech: doskonałą sztywnością przy 

zachowaniu wysokiej wytrzymałości mechanicznej.

Nowy gatunek może być przetwarzany z dużą wydajnością 

na liniach do folii rękawowej, zapewniając doskonałą stabilność ba-

lonu, bardzo  małą  zawartość  wtrąceń  żelowych  oraz  jednorodny  

wygląd  folii.  Te  zalety  są  pożądane  przez przetwórców  i  odbior-

ców  końcowych  w  produkcji  zarówno  cienkich,  jak  i  grubszych  

folii  rękawowych. Wprowadzenie nowego gatunku Hostalen GX 

9254 rozszerzyło ofertę Basell Orlen – na rynku znane są już dwa 

inne gatunki HDPE do produkcji folii: Hostalen ACP 9255 Plus oraz 

Hostalen ACP 9240 Plus.

Proces  produkcji  folii  z  wykorzystaniem  nowego  gatunku  

Hostalen  GX  9254  może  przebiegać  w szerszym oknie pro-

dukcyjnym. Dodatkowo, folia nie wykazuje tendencji do sklejania 

się i zawijania oraz doskonale układa się na rolce w porównaniu 

do innych typów HD i MDPE o niższej sztywności. Proponowane 

zastosowania folii wytwarzanej w oparciu o GX 9254 to: worki 

na śmieci, torby sklepowe   i  woreczki  śniadaniowe,  wewnętrzne  

wkładki,  folie  do  pakowania  żywności,  folie  laminowane  oraz 

modyikacja właściwości w przypadku użycia w mieszaninie z inny-

mi rodzajami PE. (kk)

(http://eplastics.pl, 20.09.2013)


