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Feasibility study of the efficiency of carbon sorbents
based on pine sawdust for removing oil products

Abstract. Oil pollution of the environment in many ways stands out among others. It is known, for example, that a litre
of oil deprives oxygen of 40 thousand litres of water, and a tonne of oil pollutes 12 km? of the water surface. The content

of petroleum products in water above 0.1 mg/1 gives fish meat an overwhelming taste and a specific smell of oil during
any technological treatments. A wide variety of sorption materials for oil spill response are available on the domestic
and global markets. Sorbents are created based on various organic and inorganic materials. Many of them are quite efficient
and have a high sorption capacity, but the energy and material costs of their production determine the high cost of the
product, which often does not meet consumer requirements. At the same time, promising and cost-effective sorbents can
be produced from local secondary raw materials. In recent years, the development of oil sorbents for collecting hydrocarbon
leaks based on forest and agricultural industry waste has been actively underway, the use of this type of raw material is
conditioned by the rather high absorption capacity of the obtained sorbents, their low cost, availability as a local material,
and the possibility of further use. The purpose of the study is to summarise experimental data on the effectiveness of carbon
sorbents based on pine sawdust for cleaning petroleum products. The paper presents tabulated data on the structural and
sorption characteristics of various fractions of pine sawdust at a humidity of 50-60%. The authors proved experimentally the
existence of a dependence of the oil capacity of carbon sorbents from different pine fractions on the duration of carbonation
at different temperatures. The paper presents results on the absorption and sorption characteristics of carbon sorbents from
different fractions of pine sawdust. Conclusion — at each temperature when carbonation processes were studied, an optimal
duration value was obtained at which the oil capacity of the sorbent from different fractions of pine sawdust was the highest,
and the yield of the sorbent was maximum. Scientific significance — the authors proved that the carbonation temperature
of more than 350°C for pine sawdust of various fractions is not recommended, and for fractions smaller than 1 mm above
300°C, which have a small size and significant burnout and degradation due to the possibility of fire, as a result of which the
quantity and quality of carbon sorbent decreases
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INTRODUCTION

Petroleum products are a fairly common source of environ-
mental pollution [1]. As indicated in [2], almost 2% of the
total amount of fuel and lubricants produced is released
into the environment. Both the petroleum products them-
selves and the impurities they contain are dangerous [3].
In addition, when ingested in soil and water, petroleum
products, as a result of physicochemical reactions and

Suggested Citation:

biological interactions, turn into toxic substances that
cause harmful effects on biota [4]. Water and soil purifica-
tion from fuel and lubricants by sorption is organisation-
ally, technologically, economically, and environmentally
relevant today [5]. Carbon sorbents based on raw materi-
als of the woodworking industry are particularly important
and widespread [6]. The study of the essence of carbonation
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processes, physicochemical, absorbing, and structural sorp-
tion properties of carbon sorbents, when the raw material
is a by-product of the woodworking industry, namely, pine
sawdust, the processes of sorption of petroleum products
by them, their environmental and economic substantiation
and analysis, requires further study and evaluation.

Petroleum products entering the water and soil
environment cause significant environmental changes in
them [7]. There is a significant and dangerous pollution
of the environment with petroleum products and their
decomposition products [8]. Sorbents are effective and
widespread means for cleaning soil and aquatic ecosys-
tems [9]. Sorbents are known for their absorption proper-
ties in cleaning from various kinds of contaminants [10].
In recent decades, sorbents have become increasingly used
in all sectors of the national economy, including for soil
and water purification from petroleum products [11]. Car-
bon sorbents obtained on the basis of by-products of agri-
cultural production [12] and the woodworking industry dif-
fer significantly in their properties and characteristics [13].
The technology and processes [14] that occur in the pro-
duction of carbon sorbents have a significant influence on
the sorption parameters of sorbents [15]. Carbon sorbents
obtained on the basis of sawdust have better sorption and
absorption properties, compared to sorbents obtained from
tree leaves and straw [16]. The structure [17], properties [18],
ways of obtaining [19], and the use of carbon sorbents based
on plant raw materials are investigated [20]. However, the
nature, properties, sorption characteristics, physicochemical
properties and processes of transformation of by-products
of the woodworking industry, namely, sawdust, into carbon
sorbents, their complex use for cleaning water and soil eco-
systems, environmental and economic assessment, are not
thoroughly investigated.

The purpose of the study was to investigate: phys-
icochemical, structural, sorption, and absorption proper-
ties of pine sawdust and carbon sorbents obtained from it;

technological processes, technologies, and transformations
in the production of carbon sorbents from pine sawdust; the
degree and completeness of purification, environmental and
economic feasibility, and advantages of using carbon sorb-
ents obtained from pine sawdust in the purification of the
aquatic environment and soils from petroleum products.

RESULTS AND DISCUSSION

Pine sawdust accumulated in the woodworking industry has
the best physical, chemical, structural, sorption, and absorp-
tion characteristics and properties among other sorbents of
plant origin. According to the results of our research, sor-
bents have good efficiency when their absorption capacity
of petroleum products is 2-3 g mg-eq/g or more. They can
be directly used to clean the soil and water environment
in case of contamination with petroleum products. Pine
sawdust, at natural humidity, has an absorption capacity of
petroleum products in the range of 2.6-2.8 mg-eq/g, which
fully meets these requirements, and therefore, it can be used
for sorption in case of contamination. The studies (Table 1)
show that the physicochemical, structural, absorption, and
sorption properties of various fractions of pine sawdust at
a humidity of 60% do not significantly differ from each other.
The exception is non-sifted sawdust, the absorption capac-
ity of which is slightly lower compared to other fractions,
which is conditioned by the presence of small impurities
of wood and bark in it, which have low sorption indicators.

When using pine sawdust at a humidity of 60% for
cleaning the water or soil environment from petroleum prod-
ucts, it is not advisable to divide it into fractions. It is enough
just to install 5-7 mm sieves directly on sawmills, which will
separate the smallest particles of wood and bark from sawdust.

However, such sawdust during long-term stor-
age (even when all requirements are met), due to inten-
sive microbiological processes in a humid environment, can
quickly deteriorate, and therefore, requires careful and correct
storage conditions.

Table 1. Structural and sorption characteristics of various fractions of pine sawdust at humidity 50-60%

Fraction size SEC. mg-eq/g Vs (C.H)). g/cm® Vs (H,0). g/cm® :
<1mm 2.5 2.4 0.07 1.0 8.4
1-3 mm 2.8 2.7 0.07 1.0 8.4
>3 mm 2.6 2.5 0.07 1.0 8.4
0-5 mm 2.7 2.6 0.07 1.0 8.4

not sifted 2.3 2.2 0.06 0.09 8.0

The structural, physicochemical, absorption and
sorption properties of pine sawdust can be improved by the
carbonation process.

Carbonation is a method of obtaining carbon sorb-
ents from plant raw materials during heat treatment, which
begins when the raw material is heated above 110-120°C. It
was established that the carbonation of pine sawdust begins
at a temperature of 120-130°C.

Since the hydrocarbon part of pine sawdust consists
of cellulose and hemicellulose, and the complex of aromatic
compounds - lignin, then during carbonation there are com-
plex processes of destruction of their polymer chains with the

release of both resinous substances of complex structure and
a large number of volatile compounds. The carbonation pro-
cess was studied every 50°C, in the range from 100 to 400°C.

It was established that the process of carbonation of
pine sawdust begins at a temperature of 120-130°C. Within
the temperature range of 200-300°C, the main decomposi-
tion reactions of hemicellulose, cellulose, and lignin take
place, resulting in the release of simple carbon compounds
(carbon dioxide and carbon monoxide), a liquefied mix-
ture, and resins. At different stages of the carbonation pro-
cess, the intensity and energy of activation of destructive
transformations varies significantly, because at different

Machinery & Energetics, Vol. 13, No. 1

v



temperature ranges, various components of pine sawdust,
hemicellulose, then cellulose and lignin decompose. There-
fore, the results obtained indicate the complexity of the pro-
cess of pine sawdust carbonation.

The study of the process of carbonation of pine saw-
dust fractions allowed establishing that at each studied tem-
perature of the carbonation process, for each fraction, there
is a certain optimal value of its duration, at which the oil
capacity of carbonate is the maximum, which is graphically
shown in Figure 1.
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Figure 1. Diagram of links of mobile robot components

The appearance of maxima in Figure 1 is conditioned
by changes in the porous structure of sorbents and chemical
transformations of the surface of pine sawdust during car-
bonation. Thus, at the initial stage of the process of carbon-
ation of pine sawdust and its fractions, due to the extraction
of moisture, the release of gases, volatile simple substances
and resinous compounds, pores are formed, which leads to
an improvement in physicochemical and structural parameters,
an increase in its sorption capacity of petroleum products
to a certain maximum value. This improves the porousity of
the carbon material.
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According to the studies, the obtained carbon sorb-
ents, due to carbonation of various fractions of pine saw-
dust, have several times higher oil capacity to petroleum
products, better sorption, physicochemical and structural
indicators, compared to the initial product (Table 2). Car-
bon sorbents from sawdust of 1-3 mm fractions have the
highest sorption capacity for petroleum products and reach
almost 12 g/g. Slightly lower sorption values (almost 10 g/g)
for sorbents from sawdust of 0-5 mm fractions. Carbon sor-
bents made from sawdust fractions larger than 3 mm have
a sorption capacity of 8 g/g, while fractions up to 1 mm have
a sorption capacity of about 7 g/g. Carbon sorbents made
from non-sifted sawdust had the lowest oil capacity, which
is conditioned by the presence of small particles of wood
and bark in it, which have low sorption properties. After
analysing the study results, which characterise carbon sor-
bents obtained from different fractions of pine sawdust, it
can be concluded that sorbents from sawdust fractions of
1-3 mm have the best sorption properties.

However, the oil capacity of the feedstock of sawdust
of different fractions did not differ much from each other.
The maximum value of the oil capacity of carbon material
from pine sawdust of the 1-3 mm fraction is conditioned by
the presence of the maximum number of pragmatic centres,
since other structural and sorption characteristics for all
sorbent fractions are approximately the same.

Special attention should be paid to the analysis of
carbon sorbents obtained from different fractions of pine,
in matters of their practical use, for cleaning water and
soil media from petroleum products (they can be used for
cleaning other pollutants). After analysing the sorption,
environmental, and economic feasibility and efficiency of
carbon sorbents obtained from different fractions of pine,
it was concluded that in practical use for cleaning the envi-
ronment, it is necessary to use carbon sorbents obtained
from (without dividing into fractions) sawdust (0-5 mm),
from which only wood and bark impurities were separated.
That is, sawdust in which all fractions are present (ordinary
sawdust). To do this, sawdust on sawmills should be sifted
on a sieve of more than 5 mm (up to 10 mm), from which
small remnants of wood and bark are removed).

Table 2. Absorption and sorption characteristics of carbon sorbents from various fractions of pine sawdust

Fraction size. mm a.g/g SEC. mg-eq/g Vs(CH)).g/cm®* Vs(H,0).g/cm®* S ..m%*g Number of PMCs. spin/g
<1 6-7 34 0.11 0.07 14 10.3-10%8
1-3 10-12 3.6 0.12 0.09 13 13.9-10%8
>3 7-8 3.5 0.11 0.08 12 12.810%
0-5 9.5-10.5 3.5 0.11 0.08 12 13.1.10"
not sifted 5-6 3.2. 0.10 0.06 11 9.2:10'8

Carbon sorbents obtained from sawdust (without
division into fractions), to a certain extent, are inferior in
sorption indicators to carbon material obtained from a saw-
dust of 1-3 mm fraction. However, these advantages do not
compensate for the cost of dividing sawdust into fractions,
given that the very separation of raw sawdust into frac-
tions is very difficult due to the clogging of the sieve, which
requires additional equipment and technology.

Indicators of sorption capacity of sifted pine sawdust
and carbon sorbents presented in Tables 1 and 2 indicate
that during heat treatment it increases by almost 1.5, and
oil capacity by almost 4 times.

At each temperature of carbonation process, an opti-
mal duration value was obtained at which the oil capacity
of the sorbent from different fractions of pine sawdust was
the highest, and the yield of the sorbent was maximum. The
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carbonation temperature of more than 350°C for pine sawdust
of various fractions is not recommended, and for fractions
smaller than 1 mm above 300°C, which have a small size and

significant burnout and degradation due to the possibility of
fire, as a result of which the quantity and quality of carbon
sorbent decreases (Table 3).

Table 3. Weight loss by various fractions of pine sawdust during carbonation

No. Tk. °C 7. min. Weight loss. %
1 250 9.5 55
2 300 9.5 60
3 350 7.0 70
4 400 4.5 75
5 450 4.0 80

The optimal carbonation temperature for all pine
sawdust fractions is 300°C with a process duration of
9-9.5 minutes, and for fractions — up to 1 mm 250°C with
a duration of 10-10.5 minutes.

CONCLUSIONS

1. Carbonation of pine sawdust should be carried out at
a temperature of 200-300°C, for 8-10 minutes, which
increases the structural, sorption, and absorption charac-
teristics of carbon sorbents.

2. Carbon sorbents obtained in the process of car-
bonation of pine sawdust (without admixtures of wood and
bark) have a sorption capacity of almost 1.5 times, and oil

capacity is almost 4 times higher compared to the corre-
sponding indicators of the initial product.

3. Carbon sorbents obtained from the 1-3 mm pine
sawdust fraction have the best physicochemical, structural,
sorption, and absorption characteristics.

4. For cleaning water and soil from petroleum prod-
ucts, it is economically and practically advisable to use car-
bon sorbents obtained directly from pine sawdust without
dividing it into fractions (ordinary sawdust from 0-5 mm
from which wood and bark impurities are removed). Such
sorbents are somewhat inferior in sorption characteristics
to sorbents obtained from pine sawdust of 1-3 mm fractions,
but they are much cheaper.
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TexXHiKo-eKOHOMiUHe O6I'pyHTYBaHHS e peKTUBHOCTI Byr/ieLueBux
cop6eHTIB Ha OCHOBI TUPCU COCHU AN OUULLEHHS HadToNpoAyKTiB

AHoTauiqa. Hadrosi 3a6pygHeHHs TOBKi/UIs 6araTo B YOMY BUIUISIIOTBCS cepefl iHmmx. Bimomo, Hanpukiia, mo JiTp
HadTy mo36asssie KucHIo 40 TUCAY AiTPiB BoAM, ToHHA HadTU 3a6pynHIoe 12 KM? BOAsIHOT moBepxHi. BMmicT y Bomi
HabTonpoaykTiB Bume 0,1 Mr/in Hagae M’sicy pub HerepeObOpHMIT MPY SKOTHMUX TEXHOIOTiYHNX 06p0OO6KaX MPUCMAK i
crienyiivunmit 3anax HagTU. Ha BiTUM3HIHOMY Ta CBiTOBOMY PMHKAaX € BeJIMKa Pi3HOMaHITHICTb COpOLifiHNX MaTepiasiB
118t mikBiganii HadhToBMX po3yBiB. COPOGEHTHM CTBOPIOIOTHCS HA OCHOBI Pi3HUX OPraHiYHMX Ta HEOPTAHIYHMX MaTepiasiB.
BaraTo 3 HUX € 1OCUTb e)eKTUBHMMMU i MalOTh BUCOKY COPOIIifiHy EMHICTh, IPOTe eHepreTUYHi Ta MaTepianbHi BUTpATU
Ha iX BUPOGHUIITBO BM3HAYAIOTh BYCOKY BapTiCTh MPOAYKTY, IIO YaCTO He 3aI0BOJIbHSIE BUMOT CITOXKMBauiB. BogHouac
MePCIeKTMUBHI Ta eKOHOMIYHO BUTiIHI COPOEHTM € MOKIVBUM BUTOTOBJISITY 3 MiCIIeBO1 BTOPMHHOI CMPOBMHM. B ocTaHHi
POKM aKTUBHO BEAYThCSI PO3POOKY 3 OTpMMaHHSI HAdTOBMX COPOEHTIB JIJIst 300pYy ITPOTOK BYIJIEBOHIB HA OCHOBI BiiX0/iB
JIiCOBOI Ta CiJIbCbKOTOCITOAAPChKOI MTPOMMCIOBOCT, BUKOPUCTAHHS 1IbOTO TUITY CUPOBMHY 0OYMOBJIEHO TOCUTh BUCOKOIO
MOIMHAIOYOIO0 3JATHICTIO OeP;KYBAHMX COPOEHTIB, iX HM3bKOK BapTiCTIO, JOCTYITHICTIO SIK MiCII€BOTO MaTepiany Ta
MOXK/TUBICTIO TIOZAIBILIOTO 3aCTOCYBaHHS. MeTa CTaTTi — y3araJbHeHHSI eKClIepUMeHTaTbHUX TOCTiIkKeHb 3 e(eKTUBHOCTI
BYIVIELIEBUX COPOEHTIB Ha OCHOBI TUPCYU COCHM /ISl OUMIIIeHHSI HadTONPOAYKTiB. B cTaTTi mpescTasieHi TabyboBaHi qaHi
PO CTPYKTYPHi Ta COPOIIiitHI XapakTepucTuKy pisHux dbpakiiiit Tupcu cocHu mpu Bosorocti 50—60 %. ABTopaMii JOBeIeHO
€KCIIePYMEHTATIbHUM IIISIXOM iCHYBaHHST 3a7IeXKHOCTI BeTMUMHY HaQTOEMHOCTI ByI/ielieBUX COPOEHTIB i3 pi3HUX (pakiriii
COCHM BiJi TpuBasIoCTi KapboHi3allii mpu pisHKUX TeMIiepaTypax. B cTaTTi mogaHo pe3yinbTaTyl PO MOTIMHAIBHI Ta COPOIIiiiHi
XapaKTePUCTUKH BYTIELleBUX COPOEHTIB i3 pisHMX dpakiliii TMpCU COCHU. BMCHOBOK — IIpY KOKHiii TeMIepaTypi, Ko
IOCTiIKYyBTMCS TIPOLieCy KapOoHi3allii, MaeMo ONTUMa/IbHe 3HAUEHHSI TPUBAIOCTI, TPU SIKOMY HaTO EMHICTh COPOEHTY
3 pi3HMX dpaKLiii TMPCHU COCHU € HAMBUILOIO, @ BUXiJ, COPOEHTY MaKCMMaIbHMIL. ABTOpaMu 10BeJeHO, 1[0 TeMIlepaTypa
KapOoHi3allii Tupcu cocHu pisHux dpaxkiiiit 6inbire 350°C He peKOMeHIYeThCs, a AJis dbpaxiii meHie 1 mm moxaz 300°C,
sIKa Ma€ MaJli po3Mipyu Ta 3HaYHe BUTOPSIHHS i leTpajallito, Yyepe3 MOK/IMBICTh 3arOpsSIHHS, BHACIITOK YOTO 3HUXKYETHCS
KiJIbKiCTh Ta SIKiCTh BYIJIEIIEBOTO COPOEHTY

KrnouoBi crioBa: MOKa3HUKY BYIJIELeBUX COPOEHTIB, OBKIJI/ISL, eKOHOMIUHI MOKa3HMKM, KapboHizallisi, HabTOTIPOAYKTH,
cop6iiiiiHa eMHiCcTb, Ghpakiiii cocHM

Machinery & Energetics, Vol. 13, No. 1




