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The main task and relevance of this work are to develop the most effective sorbents for cleaning oil pollution or
accidental oil spills. A generalized criterion for evaluating the effectiveness of a sorbent is the local availability and
fast renewability of raw materials for biochar.

The features of obtaining biochar from cellulose-containing plant raw materials of corn cobs are described. The
effect was studied of the pyrolysis conditions of the selected plant material on the physicochemical properties of
biochar, which are responsible for the intermolecular interaction of the sorbent with the adsorbed substance and for
immobilization and viability of oil degrading bacteria, which indicates the possibility to control the properties of oil
destructive sorbent at the production stage. The optimal mode of carbonization of such raw materials has been worked
out to obtain a sorbent with porosity and chemical compatibility with oil-degrading bacteria.

Cultural cultivation for immobilization of oil-degrading bacteria was carried out in a nutrient medium and a
concentrate was prepared. It is shown that biochar with oil-oxidizing microorganisms fixed on its surface has
significant sorption and destructive properties.
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INTRODUCTION and xylene to benzoate [7]. Also important,
Pseudomonas putida can exist under conditions
when naphthenes are the only carbon source [8].

Such a type of microorganisms is well fixed
and held on the cellulose-containing particles of
biochars. The nature of biochar particle surface
and the branched porosity affects both the
physical sorption properties and the possibility of
immobilization of oil-degrading bacteria. Also,
the presence of micro- and mesopores in biochar
forms its high internal specific surface, which
plays an important role in chemical reactions
occurring at relatively low temperatures.
Macropores have a smaller contribution to the
change in the specific surface area of biochar, but
facilitate the access of bacteria during
immobilization [1, 2].

Immobilization of bacteria is possible with
chemical and biological compatibility with the
sorbent material, which is ensured by the required
concentration of carboxyl and phenol groups on
the surface of its particles and is determined by
the capability to retain bacteria due to covalent
bonds with —COOH, —COCl, —NH,, —N»" and
NCO- groups. These groups are formed during
the pyrolysis of the cellulose-containing material,
so qualitative breakthroughs in technologies for
the purification from oil pollution can be provided
in the development of sorbents based on the most

The sorption process is one of the most
effective methods for cleaning ecosystems from
oil pollution. The experience of localization and
clear oil pollution has led to the development of
technologies using a special group of bio-
sorbents, which possess not only physical
absorptional activity to oil products but also a
biological ability to decompose oil products using
a biodegradation process [1-5].

The biodegradation process performs by a
special group of Dbacteria destructors of
hydrocarbon [6-10]. The mechanism of oil
biodegradation using bacteria can be described in
the outline as follows [6]. The bacterium capsule
consists of chromosomes and a plasmid. A
plasmid is a physically separate genetic element
of a bacterium. The genes contained in the
biodegradation plasmids allow them to encode
independently the enzymes of oil hydrocarbon
compounds and use their carbon and energy to
increase the growth of bacterial biomass. Mass
growth enhances oil-destructive colonies of
bacteria's selective advantages over other bacteria
and further accelerates the destruction of
environmentally toxic oil pollutants. For example,
the bacterium Pseudomonas putida has a
biodegradation plasmid containing a number of
enzymes that convert cyclic hydrocarbons toluene
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effective natural raw material, its special disperse
shredding or granulation, and at the optimal
regime of pyrolysis. An obtained “biosorption
complex” must have directed high adsorption
capability and must meet the requirements to be
biocompatible, must significantly reduce the
period  of  adaptation of  introduced
microorganisms, and contributes to more
complete localization and destruction of oil
pollutants.

Therefore, the main task of research is to
found a dependence between the structural
features and sorption properties of the different
raw cellulosic materials - pine, oak, and corncobs
after pyrolysis that can justify their use as a carrier
material for oil destructive bacterias.

METHODS OF RESEARCH

The surface properties of the carbon material
were evaluated according to indicators measured
in accordance with standard methods: specific
surface; the content of acid and carbonyl groups
and the capability to regenerate. The
concentration of the absorbed substance was

Table 1. Chemical content of natural raw materials, %

determined by weighing, colorimetry, and UV
spectrometry. The specific surface of the sorbent
was determined by the argon thermal desorption
method. The sorption volume of pores was
determined by the desiccator method of benzene
vapor sorption, X-ray phase analysis. Changes in
the concentration and composition of oil on the
surface of the biosorbent were determined by the

methods of IR spectroscopy and
photocolorimetry.
RESULTS AND DISCUSSION

The study of the organic chemical
composition (Table 1) showed the same
concentration of cellulose and lignin as the
chemical components responsible for the sorption
capacity and immobilization of bacteria. But the
level of hectosan is low 4.06 % in oak and the
level of pentosan is high (2 times greater) in
corncob. Thus, a sufficiently high content of key
chemical components in the structure of corncobs
makes it possible to obtain an effective carbon
plant material for pyrolysis that is cheaper and fast
recovering than wood materials.

Components pine oak corncob

cellulose 41.93 44.17 30-34
lignin 29.52 23.93 15-17
hectosan 12.78 4.06 12-15
pentosan 10.80 24.60 17-20
resin and wax 3.17 0.68 -
protein 1.27 1.62 1.58
ash 0.53 0.94 0.96

The main requirement in the sorption capacity
of the carbon matrix is the interaction of its
hydrophobic surface with oil. The branched
natural porosity micro- and mesopores in pine and
corncob biochar form its wide internal specific
surface, which is an important factor for
absorption properties of searched optimal
material for sorbent. The pore distribution of
carbon material obtained from pine and corncob
is almost the same on poregram (Fig. 1). Minor
changes in the surface ratio of mesopores
(2-50 nm) and macropores (> 50 nm) in the
corncob particles were revealed.

Obtaining carbon sorbent from corncobs has
a number of features. The sorption capacity of
biochar in relation to oil depends on the

parameters of the corncob pyrolysis process and
the raw material preparation conditions. Thermal
treatment (pyrolysis) of raw materials containing
cellulose allows one to form and stabilize the
porous structure of the obtained carbon material,
as well as to obtain a large volume and a large
total share of meso- and marcopores responsible
for oil absorption. The temperature and duration
of pyrolysis affect the sorption properties of the
pyrolyzate. Pyrolysis of corncobs in a strictly
functional mode allows obtaining a carbon
sorbent with specific properties in relation to oil
it self and oil products.

A complex of oil-destroying microorganisms
of natural origin was used for bioactivation of the
sorbent. For the selection of strains of oil-
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destroying microorganisms, samples were taken
from oil-contaminated objects and pure cultures
of destructive microorganisms were obtained,
which were grown on a nutrient medium (Fig. 1).
Pyrolysis of cellulose-containing raw materials is

dV/d logR
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Fig. 1. Poregram of biochar (R — pore radii)

The final product of complete pyrolysis of
raw materials is practically pure carbon,
containing little potassium, sodium, calcium,
magnesium and iron oxides in the form of
impurities. The free-radical reaction of the
thermal destruction of hemicelluloses, cellulose
and lignin, which takes place at 200-260,
240-350 and 250400 °C, is the basis of
pyrolysis. Heat treatment at a temperature below
250 °C does not allow obtaining a stable porous
structure. For such a material, heating during
subsequent use can lead to changes in the
parameters of the porous structure. Heat treatment
at a temperature above 400 °C leads to a certain
decrease in the total volume and a change in the
part of meso- and macropores from the total
volume of pores. Structural and chemical
transformations in the process of pyrolysis of
cellulose, which contains the raw material,
determine the properties of the obtained carbon
material. During the thermal oxidation of the
primary material in an oxygen-free atmosphere,
amorphous carbon is formed. Amorphous
modification of carbon in coal from such raw
materials was proven earlier. If the pyrolysis time
is not enough, then the X-ray image (Fig. 2)
reveals two wide halos, typical for cellulose with
amaximum of 5.52 and 3.97 A. An increase in the
time and temperature of pyrolysis above 400 °C
leads to the destruction of the structure of
amorphous coal, crystallization of inorganic
compounds.

ISSN 2079-1704. X®DTT1. 2023. T. 14. Ne 2

100

257

the decomposition of the source material (wood,
plant residues) when heated to a certain
temperature without access to air with the
formation of gaseous (liquid) products, as well as
solid residues - coal.
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R, nm
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The optimal pyrolysis process and the
conditions for the synthesis of biochar were
determined - at a temperature of 300-350°C for
half an hour (Fig. 3). Under such conditions, an
exothermic reaction occurs with the formation of
an important property - the hydrophobicity of the
sorbent surface and a high level of adsorption:
5-7.5 g of oil per 1 g of sorbent.

Oil-absorbing properties of the carbon
material of corncobs under different pyrolysis
conditions are shown in Fig. 4. In laboratory, the
optimal conditions of pyrolysis of raw materials
for obtaining high-quality oil-absorbing carbon
material, which is used as a matrix for
immobilization of oil-oxidizing microorganisms,
have been found. The optimal pyrolysis
temperature is 300-350 °C, pyrolysis time is
25-30 min. The oil content strongly depends on
the time and temperature of pyrolysis and reaches
values of 5-7.5 g/g.

The quality criterion of the sorbent material is
the sorption properties, which were evaluated by
oil capacity (the number of grams of oil absorbed
by one gram of sorbent) and the retention of
sorbed oil on the surface. The porous structure
and chemical nature of the surface of the carbon
sorption matrix based on pyrolyzate of corncob
determine its sorption properties in relation to oil
hydrocarbons. But the dominant factor in the
carbon material - oil interaction is the
hydrophobic interaction.
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The concentration of functional (carboxyl and
phenolic) groups on the surface of the carbon
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Fig. 3. Conditions for the synthesis of biochar
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material determines the capability to retain
biological molecules on the surface.
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Fig. 4.

The capability to use hydrocarbons as the
only source of energy allows destructive
microorganisms attached to the surface to
biodegrade directly oil and oil products localized
on the biosorbent. A complex of oil-oxidizing
microorganisms of natural origin was used for
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Influence of pyrolysis temperature on the sorption properties of carbon sorbent from corncobs

bioactivation of the sorbent. For the selection of
strains of oil-degrading microorganisms, samples
were taken from oil-polluted objects and pure
cultures of destructive microorganisms were
obtained, which were grown on a nutrient medium

(Fig. 5).
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The adaptation of a complex of
microorganisms to the destruction of oil
hydrocarbons and oil products of various genesis
allows them to be used for various objects. Under
natural conditions, there is an accumulation of
positive properties of combined microorganisms.
The development of microorganisms and the
intensity of their vital activity are determined by
environmental conditions. Cultivation and
adaptation of NOM was carried out in a nutrient
medium with oil composition (g/cm®): Na,CO; —
0.1, CaCl, — 0.01, MnSO4 — 0.02, NaCl — 3.0,
NazHPO4 — 1.5, KH2P04 — 1.0, KzHPO4 — 1.0,
nutrient agar for cultivation of MO — 20.0 g, oil —
1 cm?, distilled water up to 1 dm’.

The most active oil-oxidizing
microorganisms that were isolated are classified
as: Pseudomonas, Arthrobacter, Rhodococcus,
Acinetobacter, Flavobacterium, Corynebacterium,
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Nocardia, Candida, Mycobacterium, Bacillus,
Enterobacteriaceae, Micrococcus.

After cultivation of the bacteria-destructors,
the culture fluid was separated to a concentration
of 10°~10" cells in 1 cm® to obtain a concentrate
of isolated cultures of microorganisms. In our
experiment, we abandoned the stage of separation
of the culture fluid and cells of oil-destroying
microorganisms and immobilized the obtained
substrate, firstly, to obtain nutrients, to maintain
the life of microorganisms during storage, and,
secondly, to provide better sorption on the surface
of the carbon carrier.

The rate of microbial decomposition of oil
localized on the surface of the sorbent was much
higher than that of the biodegradation of a
continuous layer of oil on the water surface
(Fig. 6) with the same amount of oil-oxidizing
cultures of microorganisms and oil.
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Fig. 5. Growth of oil destructive bacteria in nutrient medium without oil (a) and on nutrient medium with oil (b)
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Fig. 6. Kinetics of destruction of oil on the surface of water (/) and adsorbed on a biosorbent (2)

The rate of destructive action depends on the
total surface area of hydrocarbons decomposed by
microorganisms. The greatest activity is
manifested in the dispersion of hydrocarbons,
when the largest plane of the contact surface per
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unit mass is provided. Dispersion or
emulsification of hydrocarbons contributes to the
active development of biogenesis.

For further bioactivation of the carbon carrier,
the most active aerobic 779x10" and anaerobic
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736x10" microbial cultures per 1 g of biosorbent
were selected (Table 2).

Immobilization of microorganisms on the
surface of the sorbent provides selective
conditions for the biodestruction of oil in the
sorbed state. The wuse of cultures of
microorganisms from the environment has a

number of advantages: first, the original natural
population is well adapted to environmental
conditions; secondly, high stability and synergism
can ensure more complete use of the target
substance as the only source of power; thirdly, the
return of the microorganism to the original
environment provides a selective advantage.

Table 2. The total number of aerobic and anaerobic microorganisms as dependent on the presence of oil in a

nutrient medium

Total amount of MO in 1 g of sample

Sample aerobes anaerobes
carrier (carbon sorbent) no growth no growth
biosorbent (nutrient medium without oil) 448x10? 736x10?
biosorbent (nutrient medium with oil) 779x10"3 614x10"

An oil sorbent based on corncobs pyrolyzate
and oil-destroying microorganisms immobilized
(fixed) on its surface, isolated from natural
objects, ensures the ecological safety of the use of
such a biosorption complex. A comprehensive
approach to solving the problem of liquidation of
oil pollution - sorption + microbial destruction -
allows to increase the efficiency and
environmental friendliness of works.

CONCLUSIONS

The possibility of obtaining carbon oil-
absorbing material from corncob for the
immobilization of oil-oxidizing microorganisms
during the creation of a biocarbon sorbent with a
high capability to break down oil is substantiated.

It has been found that the pyrolyzed raw
material (corn cobs) has significant indicators of

surface oleophilic and sorption properties in
relation to oil. The porous structure and chemical
nature of the surface of the carbon sorption matrix
based on corncob pyrolyzate determines its
sorption properties for oil hydrocarbons. But the
dominant factor in the carbon material is oil
interaction is the hydrophobic interaction.

According to the research results, the carbon
sorbent from corncob is biocompatible with
fluorine-degrading microorganisms, which is
explained by the presence of centers of different
chemical nature on its surface: polar and non-
polar. Bioactivation makes it possible to obtain an
effective ecological carbon material of a
destructive type for the neutralization of oil
pollution in the environment.

XiMiko-(i3n4Hi 0c00,IMBOCTI HAPTOAECTPYKTYBAJBLHOI0 COPOEHTA HA OCHOBI 0iOBYTiNIsSI
A.B. XoxJi0B

Inemumym copbyii ma npodnem endoexonoeii Hayionanonoi akademii Hayk Ykpainu
eyn. I'enepana Haymosa, 13, Kuis, 03163, Ykpaina, techsorb@gmail.com

OcHOBHUM 3A80AHHAM [ aKMyaabHicmo O0aHOi pobomu € po3podka Hatbilbwl eeKmusHux copdOenmie Ol
OuUUeHHs HAhmMOo8UX 3a0pyOHeHb abo asapiliHux po3nueie Haghmu. Y3azanvHeHum Kpumepiem oyiHKu eqoeKmusHocmi
copbenma € 0KANbHA OOCMYNHICMb | WBUOKA BIOHOBNIOBAHICIb CUpOBUHY Ois Oiogyeinia. Onucano ocobaugocmi
ompumanHs 6i08y2iniA 3 Yenro10308MiCHOI POCTUHHOI CUPOBUHU KAYaHi8 KYKYpYO3u. [locniodceHo 6naue ymoes niponisy
8I0iOparol pociunnol cuposunu Ha Qizuko-ximiuni eracmueocmi 0io8y2inis, sSKi GION0GIOAIOMb 30 MINCMOLEKYISPHY
63a€M00il0 copbeHma 3 adcopbOBaAHOI0 PEeHOSUHOI MA 3a IMMOOINI3aYilo ma dcumme30amuicms bakmepitl, sKi
PO3KNA0AIOMb HAGMONPOOYKMU, WO BKA3YE HA MONCIUBICMb KOHMPOIIO8AMU 61ACMUBOCMI HAGMOPYUHIEHO20
copbenma na emani 8upooHuymea. Pospobneno onmumansruii pesicum kapoouizayii maxoi cupogunu 0k OMpUMAHHS
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copbenma 3 ROpUCMICMIO mMa XiMIYHOW CyMicHicmio 3 Hagpmooecmpykmopamu. [Ipogoounu KyibmugyeaHHs O
iMMOOINI3ayii Maciopo3xknaonux bakmepill Ha HCUBUILHOM) cepedosuwyi ma 2omysanu konyenmpam. Ilokasano, wo
6iogy2inna i3 3aKpIinAeHUMU HA 11020 NOBEPXHI MIKPOOP2AHIZMAMU-HADMOOKUCHIOBAUAMU MAE 3HAYHI COpOYILiHI ma
0eCcmpyKmusHi 61ACMUGoCmi.

Knrouosi cnosa: nagpmoszabpyonenns, oecmpykyis Hagpmu, 6bioakxmusHuti copbenm, abcopbyis, Oaxmepii

biodezpadayii, niponis

10.
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