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MODIFICATION OF COAL-BASED SORBENTS FOR THE
PURPOSE OF REMOVING HEAVY METALS

Abstract. Sources of environmental and wastewater pollution with heavy metals
include chemical detergents used in everyday life, as well as various pollutants discharged
from large industrial factories. Even small amounts of heavy metals, including copper and
lead ions, can cause significant harm to the human body. In order to reduce the harmful
effects of heavy metals, various methods and approaches for their removal have been
investigated. Based on a comparison of many scientific studies, the beneficial properties of
natural sorbents have been identified. According to our research, it was found that coal
exhibits the highest sorption capacity among natural sorbents. In addition, elemental
analysis of both raw and modified coal was performed, showing changes in carbon and
oxygen content, as well as a reduction in mineral impurities. These changes are explained
by the formation of oxygen-containing functional groups on the coal surface and an
increase in active sites. Thus, modification of hard coal with hydrogen peroxide
demonstrated that its ability to remove heavy metals and its static exchange capacity
depend on temperature (60—120°C), contact time (60-120 minutes), and concentration (2.5
mol). Under these optimal conditions, the sorption capacity increases by approximately
40%.

Key words: hard coal, adsorption, sorption, modification, wastewater, heavy metals,
coal.
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Introduction. Introduction Pollution of the environment with heavy metals
leads to a huge environmental problem, as damage due to the toxicity and
bioaccumulation capacity of heavy metals [1-2]. The aim of the study is to modify
coal-based sorbents in order to enhance their efficiency in removing heavy metals
from aqueous solutions and to investigate their sorption properties. Heavy metals
are used in various industries, i.e. metallurgy and battery production, which leads
to losses due to their accumulation in aquatic ecosystems and soils [3]. Even a
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small concentration of copper and lead metals negatively affects living organisms
and ecosystems.

Among the various methods of removing heavy metals from aqueous
solutions, the method of sorption using natural minerals has the highest efficiency
[4-5]. At the same time, it is environmentally friendly and has economic
accessibility. Among such minerals, zeolite, bentonite clays, stone coal, activated
charcoal are widely used [6].

Materials and methods. The studied coal is first thoroughly rinsed with
distilled water and then dried in a drying oven in the amount of two hours at the
rate of one hundred and ten gardus until all unnecessary substances are removed. In
the process of improving the sorption capacity of pure processed stone coal, we
modify it with hydrogen peroxide, the ratio of solid and liquid phases undergoes
various changes (Table 1).

Table 1
Conditions for coal modification
Ne Mass Ratio (Coal : H202) T (°C) t (min)
1 1:3 60-110 30-120
2 1:25
3 1:2
4 1:15
5 1:1
6 1:05

Post-Modification Treatment and Analysis after modification, the residual
coal was washed with a 5% alkaline solution to remove unwanted dust and fine
particles. As a result, a loose black product was obtained. The effectiveness of the
modification was evaluated by determining the static exchange capacity (SEC)
method.

Research results. The static exchange capacity (SEC) increases depending
on the concentration of H.O. used in coal modification figure 1. However,
increasing the hydrogen peroxide concentration above 2.5 mol does not lead to a
further rise in SEC.

SEC mg. eq/g

]

0 0,5 1 1,5 2 2.5 3 3.5
C, H:0; mole

Fig. 1. Dependence of the static exchange capacity (SEC) of coal on the
concentration of the modifying agent
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The highest SEC value is observed when the temperature is increased up to
110°C figure 2. With further temperature increase, the high values gradually
decrease. During the synthesis process, a heating time of 120 minutes demonstrated
the best performance figure 3.

SEC mg. eq/g
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T,°C

Fig. 2. Dependence of the static exchange capacity (SEC) of modified coal on
heating temperature

SEC mg. eq'g

0 100 200 300 400

Fig. 3. Dependence of the static exchange capacity (SEC) of modified coal on
contact time

Hydrogen peroxide modification increases oxygen-containing functional
groups (-OH, —COOH) on the coal surface, leading to an increase in oxygen
content and a relative decrease in carbon content. A reduction in some mineral
impurities, especially iron, may also be observed. (Table 2).
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Table 2
Elemental composition analysis
Element Raw coal (Wt%) H>0>—modified coal (Wt%)
C 90.3 86
O 7.5 15
Si 0.6 1.3
S 0.9 1.2
Al 0.4 0.5
Fe 0.2 0.0
N 0.0 0.0

Cu(ll) mmol/g
015

12
t, min

Fig. 4. Time dependence of Cu(ll) ion adsorption on raw and modified coal

The given graph shows the time-dependent (t, min) adsorption of Cu(ll) ions
(mmol/g) and demonstrates that the modified coal has a significantly higher
sorption capacity compared to the raw coal figure 4.

Overall, the modified coal exhibits a gradual and steady increase in Cu(ll)
adsorption over time. At the initial stage, adsorption occurs rapidly, and then the
process slows down as it approaches equilibrium. This behavior is attributed to the
presence of a higher number of active functional groups (-OH, —-COOH) and an
increased number of active surface sites.

In contrast, the raw coal shows lower and unstable adsorption values. A
decrease and subsequent increase are observed at certain time intervals, indicating
an uneven distribution and a lower number of active adsorption sites on its surface.

The graph results confirm that hydrogen peroxide modification enhances the
ability of coal to effectively bind Cu(ll) ions and significantly improves its sorption
properties.

Discussion. According to the elemental analysis results, noticeable changes
were observed in the composition of coal after modification with hydrogen
peroxide (H20:). The carbon content decreased from 90.3 wt% to 86 wt%, while
the oxygen content increased significantly from 7.5 wt% to 15 wt%. This indicates
the formation of oxygen-containing functional groups such as hydroxyl and
carboxy! groups on the coal surface during the oxidation process. In addition, slight
increases were observed in the contents of silicon, sulfur, and aluminum, which
may be related to changes in the mineral composition of the coal after treatment.
The iron content decreased from 0.2 wt% to 0.0 wt%, indicating partial removal of
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mineral impurities during modification. No significant change was observed in the
nitrogen content.

Each ion exchanger is capable of adsorbing a certain amount of ions,
meaning it possesses a specific exchange capacity. The static exchange capacity
(SEC) represents the number of milliequivalents of ions absorbed per gram of dry
ion exchanger within a given period of time. As shown in Figure 3, the modified
coal adsorbs 4.00 mg-eq/g within 120 minutes.

Overall, the obtained results demonstrate that hydrogen peroxide
modification changes the surface chemistry and elemental composition of coal,
increases the number of active sites, and improves its sorption properties for heavy
metal removal.

Conclusion. The research results showed that modification of coal with
hydrogen peroxide (H=0.) significantly changes its structural and chemical
properties. During the modification process, the number of oxygen-containing
functional groups on the coal surface increases, leading to the formation of more
active sites. This positively affects the sorption and ion-exchange properties of
coal. Elemental analysis revealed a decrease in carbon content and an increase in
oxygen content, indicating that the coal surface underwent an oxidation process. In
addition, the reduction of mineral impurities demonstrated an improvement in the
purification degree of the coal. Overall, H.O--modified coal is a promising sorbent
capable of effectively adsorbing heavy metal ions, especially Cu(ll) ions. The
obtained results indicate the potential application of modified coal in wastewater
treatment processes.
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AYbIP METANOAPAODBI KOO MAKCATbIHOA KOMIP HETIBIHAETI
COPBEHTTEPAI MOANDUKALIMANAY

AHpaTtna. KoplwafaH opTa KoHe afblHAbl CyNapAblH, ayblp MeTasfiAapMeH aacTaHy
Ke34epi e3iMi3fiH, KYHAENIKTI TYPMbICTbIK Kafdaigda KOALAHbIAbIN OTbIpFaH XUMUANDIK,
JKYFbILL 3aTTap COHbIMEH KaTap ipi eHgipic ¢abpukanapbiHaH TerinreH TypAai nacTafbiw
3aTTapAblH, cangapbiHaH 60bin OTbIp. Ayblp MeTanAapablH COHbIH, iliHAE MbIC, KOPFACbIH
WOHAAPbIHbIH, LUIaMaibl Me/WepPiHiH, 63i a4am afF3acbliHa YAKEH 3UAHbIH TUTI3in oTbip. AybIp
MeTangapablH, af3ambli3fa 3UAHbIH O0AAbIpMAy MaKCaTbiHAA ONapAblH KOKAbIH, TypAi
KoMJapbl MeH ajicTepi  KapacTblpbingbl. KentereH fanbiMaapAbliH, — 3epTTeyaepiH
canbICTbipa Kene Tabusn copbeHTTepAiH, TMiMAi KaKTapbl aHbiKTanabl. bisgin 3eptreyimis
60lbIHWA Tabufn copbeHTTepAiH iWiHae TacKkemipaiH, copbuuanbik Kabineti »Kofapbl
eKeHairi anKkbiHganabl. AfHWM, Tac Kemipai cyTeri acKblH TOTbIfbIMEH MoAMdbUKaumuanay
bapbicbiHAa ayblp MeTangapabl Ko KabineTi, CTaTWMKaNbIK anmacy CUbIMAbIbIFbI
Temnepatypafa (60-120°), yakbitka (60-120 MUHYT), KOHUeHTpaumara (2,5 monb) Tayenai
KepceTKilTepimeH cMnaTtTanbiHbiN copbuma Kabineti 40% apTaTbiHAbIFbI A2NENAEHAI.

TipeKk ce3aep: Tac Kemip, agcopbuma, copbumnsa, moanduKkauma, afbiHAbl cynap,
ayblp meTangap, Kemip.
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MOAUDPUKALUA COPBEHTOB HA OCHOBE YI/14 C LLE/1bIO YAANEHUA
TAXENbIX META110B

AHHOTauMA. VCTOUYHMKM 3arpasHEeHUs OKpyKatowel cpedbl M CTOYHbIX BOA,
TAXKENbIMW  MEeTalZlaMU  XMMWYECKME MOIOLWME CPEACTBA, MNPUMEHAEMble B  HaLIMX
NMoBcegHEBHbIX ObITOBbIX YCNOBUAX, TaKXKe ABAAOTCA CNeACTBUEM  Pa3/IMYHbIX
3arpAsHAOLLMX BeLWecTB, cbpacbiBaeMblX C KPYMHbIX NPoun3BoAcTBEHHbIX GabpuK. daxe
He3HauyuTeslbHOE KO/IMYECTBO WMOHOB TAXENbIX META/N/0B, B TOM YMCne MeAM, CBUHLZA,
HaHoOCUT 60/bLLON Bpes OpraHU3My Yenoseka. bblin paccMoTpeHbl pasnnyHble cnocobbl 1
MEeTOZbl YAANEeHUA TAMKENbIX METANNoB C LEe/blo NPefoTBPALLEHUS MX MOBPEXKAEHUA
Hawero opraHuama. CpaBHMBas WCCNeAOBaHMA MHOTMMX Y4YeHbIX, ObliM  BbIABAEHbI
NpeuMmMyLLecTBa NpUPoAHbIX copbeHToB. Hawe wuccnepgoBaHMe NoKasano, 4To cpeam
NPUPOAHbIX  COpPBEHTOB  KaMeHHbIh  yronb obnagaetT  BbICOKOW  cOpbUMOHHOM
cnocobHoctblo. To ecTb, B npouecce MOAMOUKALMM KAaMEHHOro YrAs MepeKucbio
Bogopoaa Obl10 [AOKasaHo, 4TO crnocobHocTb K copbumu ysenunumsaetca Ha 40%,
XapaKTepusyowasncsa MoKasaTensmu, 3aBUCAWMMKU OT TemnepaTtypbl (60-120), BpemeHu
(60-120 MUHYT), KOHUEHTpauUUK (2,5 MO/b), EMKOCTM CTaTUYeCcKoro obmeHa.

KnioueBble cnoBa: KaMeHHbIM yronb, agcopbuma, copbuma, moamdukaums,
CTOYHbIE BOAbI, TAXKE/bIEe METANJbI, YroNb.
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