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Abstract

Pollution of water bodies in the world causes a growing need to find new, effective, selective, affordable
and environmentally friendly sorbents for the removal of pollutants. Analysis of existing research emphasizes
the importance of developing both highly effective and cheap, non-toxic and easily renewable sorbents.
Natural materials, such as lignocellulosic sorbents (e.g. sawdust) and mineral ones, are promising in this
regard. Among these natural materials, sawdust has its advantages as a waste of the woodworking industry,
which makes its use convenient and economically profitable. Natural raw materials do not always have the
desired sorption properties. However, they can be improved by modifying the surface with various functional
groups. Research and development of methods for purifying water bodies from heavy metals, such as copper,
are particularly important, since this metal can pollute natural water resources through industrial use and, as
a result, accumulate over time in the body. To date, the use of modified lignocellulosic sorbents, in particular
pine sawdust, for water purification from heavy metals has not been sufficiently studied. In this regard, in the
study, it was decided to study the sorption properties of pine sawdust modified with urea and ammonium
phosphate, since these reagents are able to generate functional groups with nitrogen and phosphorus, which
can retain d-metal ions, in particular copper. The process of modifying pine sawdust included the following
stages: sawdust samples were filled with solutions of ammonium phosphate and urea of appropriate
concentration, settled, dried in air, calcined in a drying oven, washed with hot distilled water to neutral pH
and dried to constant mass. The sorption properties of modified sawdust were studied by determining the
change in the concentration of a 2 mM copper (Il) sulfate solution before and after sorption, and the
concentration of Cu®* ions was determined by the back titration method. Before titration, the pH of the
solutions after sorption was also measured.

Keywords: water purification, sorption properties of pine sawdust, sawdust modification, modification
with urea and ammonium phosphate.

With the development of industry in the world, the relevance of cleaning water bodies from pollution is
becoming increasingly significant, both because of the harmful effects on human health and because of the
growing economic costs of controlling and restoring aquatic environments [1, 2]. Not the least role in these
issues is played by the threat of "invisible pollutants", which are resistant to traditional water purification
methods and can become increasingly toxic, affecting aquatic ecosystems and human health [3]. All this leads
to the need to find more effective and selective sorbents capable of removing pollutants from low-concentrated
solutions of various nature and at the same time affordable and cheap.

Having analyzed the known studies of various sorption materials for possible water pollutants, we see that
in addition to the development of new effective and highly selective sorbents, the issue of developing relatively
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cheap, non-toxic and easily renewable sorbents is also important. Among such materials, one can note the use
of natural sorbents, for example, lignocellulosic, such as sawdust, as well as various mineral sorbents. Speaking
of sorption by natural sorbents, one can also cite as an example the ability of Ukrainian kaolinite clay to purify
water from nickel, due to its sorption properties [4]. It is also worth noting that the purification of water bodies
using kaolinite clay is especially important for practical application in conditions of economic constraints,
taking into account the availability of the material. However, if we compare sawdust and mineral or other
natural sorbents, the advantage of sawdust is that its use is quite convenient and promising, both from the point
of view of economy, since it is waste from the woodworking industry, and in terms of secondary processing
of raw materials.

Naturally, natural raw materials do not always have the desired sorption properties or high efficiency in
relation to the components required for the extraction from water. However, such properties or efficiency can
be improved by modifying the surface with various functional groups-modifiers.

Among other pollutants that can enter aquatic ecosystems, no less important today is the research and
development of methods for purifying water bodies from heavy metals (metals that are poorly excreted from
the body and, accordingly, accumulate over time), or metals that can be used as a material for process water
pipes at any enterprise, but the increase in their content in natural water resources will also be considered
pollution. Among such metals, copper is common, which is also a heavy metal and, due to its resistance to
corrosion, can be used for the production of water pipes (for example, cooling systems).

Having analyzed the current experience on the problems of sorption of various pollutants of water bodies
by various materials, it is clear that the areas of using natural raw materials for sorption of heavy metals, in
particular copper as a frequently used material for water mains in industry, as well as the use of modified
lignocellulose sorbents for water purification from inorganic pollutants, in particular heavy metals, remain
understudied. In this regard, we decided to investigate the sorption properties of pine sawdust modified with
urea (CO(NH>),) and ammonium phosphate ((NH4);POs), - reagents that are capable of generating functional
groups with nitrogen and phosphorus, which have the potential to retain d-metal ions, due to the formation of
stable complexes with them [5, 6].

The process of modification of pine sawdust was carried out as follows. To modify the sawdust, a series
of solutions with ammonium phosphate and urea were prepared in the concentration range of 0-0.5 M for
(NH4)3PO4 and 0-2.0 M for CO(NH:),. Each individual sample of sawdust was filled with the appropriate
modifying solution and left to settle. After drying the obtained samples in air and calcining in a drying oven,
they were washed on a filter to neutral pH with hot distilled water. After that, the samples were dried to constant
mass.

The study of the sorption properties of the modified sawdust samples was carried out by determining the
change in the concentration of 2 mM aqueous solution of copper (II) sulfate (CuSQOy) before and after sorption.
The concentration of Cu?* ions was determined by the back titration method. Before titration, the pH of the
solutions after sorption of Cu®* ions and 2 mM copper (II) sulfate solution used to study the sorption properties
of the modified sawdust was measured. The table 1 below shows the results of studies on the sorption of Cu**
ions by modified sawdust.

After analyzing the results of the sorption of modified sawdust, it is clear that for the modification of pine
sawdust, ammonium phosphate solutions are better to use with a concentration 3-4 times lower than the urea
concentration.

The ratio of urea:ammonium phosphate = 3-4 for pine sawdust modification resulted in higher efficiency
of copper removal. Higher concentrations of modification solutions possibly promoted higher level of
introduction of N and P into cellulosic material. Heavy metal can be retained in lignocellulose by several
mechanisms, mainly ion exchange and complexation. Higher N and P content in pine sawdust is revealed in
lower pH drop after sorption with simultaneous low residual copper concentration.
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able 1. The results of studies on the sorption of Cu2+ ions by modified sawdust

Concentration Name of the modified sawdust sample
of modifying 2 mM
solution and CuSO;
main 00" 1 2 3 4 Co C1 C2 C3 | C4 SOll:}iOIl
parameters
studied

Cwm ((NH4)3POy) 0 0,2 0,3 0,4 0,5 0,5 0,5 0,5 | 0,5 ] 0,5 -
Cum (CO(NH2),) 0 0,5 1,0 1,5 2,0 0 0,5 1,0 L5 | 2,0 -
Concentration of
Cu’" ions after 89,0 | 17,5 | 24 0,8 0,8 | 350 | 334 | 159 | 0,8 | 0,8 135,0
sorption, mg/l
% sorbed ions
Cu2+

pH of solutions
after sorption of | 3,99 | 3,31 | 3,31 | 3,57 | 3,73 | 2,90 | 3,01 | 3,26 | 3,56 | 3,73 5,22
Cu*" ions
* —the name "00" corresponds to distilled water, without modifying reagents, as a blank sample.

** — 2 mM aqueous solution of copper (I) sulfate used for sorption studies; the results in this column are
given for comparison with the sorption properties of samples of modified pine sawdust.

34,1 | 87,1 | 98,2 | 99,4 | 99,4 | 74,1 | 75,3 | 88,2 | 99,4 | 99,4 -
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AHoTanis

3a0pyaHeHHsI BOJOHM Y CBITI 3yMOBIIIOE BCe OUIBIY MOTpeOy B MOIIYKY HOBUX, €(EKTHBHHX,
CENICKTUBHHX, JOCTYITHUX Ta €KOJOTIYHO OE€3MeYHUX COpPOCHTIB ISl BHIIyYEHHS 3a0pyIHIOBaUiB.
AHani3 iCHyIOYMX JOCIHIPKEHb IMiJKPECIIOE BaKIMBICTh PO3POOKU SK BUCOKOS(EKTHUBHHUX, TaK 1
JeIeBUX, HETOKCMYHUX Ta JIETKO BiJHOBIIOBaHUX cOpOeHTiB. Ilpupoani marepianu, Taki SK
JITHOIEIIONIO3H1 COPOSHTH (HApUKIIaA, TUPCa) Ta MiHEpPaJbHI € MEePCIEKTUBHUMH B IIbOMY ITIaHI.
Cepen 1mmux mNpUPOJHIX MaTepialiB THpPca Mae CBOi IepeBaru, SK BIOXiJ AepeBOOOPOOHOT
MIPOMHCIIOBOCTI, IO pOOUTH i BUKOPUCTaHHS 3pYYHMM Ta E€KOHOMIYHO BUTigHMM. He 3aBxau
MPUPOJHA CUPOBHMHA Mae OaxxaHi copOIiiiHi BiacTUBOCTI. OHAK 1X MOXHA MOKPAIIUTH HUITXOM
MoudiKkalii MoBEepxXHi PI3HOMAHITHUMH (YHKIIOHAILHUMH Tpynamu. JlociipkeHHs Ta po3poOka
METO/IIB OUMILICHHS BOJOMM BiJ] BAXKKUX METAJIIB, TAKUX K MiJlb, € OCOOJIMBO BAXKJIMBUMU, OCKIIbKH
el MeTas Moxe 3a0pyIHIOBAaTH MPHUPOJIHI BOJHI PECYpCH uepe3 MPOMHUCIOBE BUKOPUCTAHHS 1, K
HACJIJIOK, HAaKOMUYYyBaTHUCA 3 YacoM B opraHi3mi. Ha chOromHimmHiii JeHb 1€ HEIO0CTaTHBO
JOCIHIDKEHO BUKOPUCTAHHSA MOAM(DIKOBAHMX JITHOLETIONO3HUX COPOEHTIB, 30KpeMa COCHOBOI
TUPCH, JUIS OUYMIICHHS BOAM BiJ BOXKKUX METAJIB. Y 3B'A3KY 3 UM, Y JOCITIUKEHHI OyJI0 BHPIIIEHO
BUBYHTHU COPOIIiifHI BIaCTUBOCTI COCHOBOI TUPCH, MOIM(DIKOBAHOI CEYOBMHOIO Ta aMOHii (ocdarom,
OCKUJTBKM 1l peareHT! 3[aTHI reHepyBaTH (YHKLIOHAJBHI TPYIH 3 HITporeHoMm Ta (ocdopom, sKi
MOXYThb 3aTpuMyBaTu Mouu d-meraniB, 30kpema wmini. IIpomec moamdikamii cocHOBOI THUpCH
BKJIIOYAB TaKi €Talu: 3pa3ku TUPCH 3aJIMBAJIM PO3UMHAMH aMOHIN ¢ocdaTy 1 CeHOBHHH, BiAMOBIAHOT
KOHIIGHTpALlii, BiJICTOIOBAJM, BHUCYIIYBJIM Ha IMOBITPI, MNPOXKAPIOBAIM Yy CYIIWIbHIA Mmadi,
MIPOMHUBAIIN TapsU0I0 AUCTHIIHOBAHOIO BOJIOIO 10 HeTpansHOro pH Ta cymmimm 10 nocTiitHOi MacH.
CopOuiiiHi BIacCTUBOCTI MOIU(IKOBAHOT THUPCH JOCHIKYBAIM IIJIIXOM BHU3HAYCHHS 3MIiHU
KoHIeHTpauii 2 MM po3uuny kyrpyMm (II) cyasdary mo ta micns copOuii, a KOHIIEHTpaIil0 HOHIB
Cu*" BM3HaYaIM METOJOM 3BOPOTHOrO TUTPYBaHHs. Ilepe/ TMTPYBaHHAM TakoX BuMiproBaiu pH
PO3UUHIB micis copOIii.

Karouosi cioBa: ouncTka BogoitM, copOI1iiiHi BIACTUBOCTI COCHOBOT THPCH, MOAU(DIKAIlisl TUPCH,
MoauikaIlisi CeHOBUHOIO Ta aMOHi# ochaTom.
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