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INVESTIGATION OF THE SORPTION OF HEAVY METALS ON MODIFIED 
COAL

Abstract. This study shows that the combined use of sulfuric acid as a stabilizing 
additive and the unique porous structure of modified carbon (MC) makes it possible to 
form associates of metal cations about 3 nm in size, uniformly distributed over the entire 
surface of modified carbon (MC).

The choice of the optimal sorbent depends on the task set for the researcher. It has 
been shown for the first time that the MC structure affects the formation and distribution 
of Me(II) cations on the surface: two types of Me(II) cations are observed: 0.5–3 nm in 
size, localized mainly inside the MC pores, and larger particles (4-8 nm) located on the 
outer surface of the MС.

To study the influence of modifier deposition conditions on the distribution of pores 
in the porous structure and on the outer surface of the MC and on the activity of the 
resulting sorbents, a series of modified carbon carriers were synthesized. The essence 
of the approach consists in applying the active composition to the surface of an inert 
nanostructured MС carrier. In this case, MU acts as a primary carrier that provides the 
necessary textural characteristics, thermal and mechanical stability of the sorbent, and 
also as a substrate for stabilizing associates of Me(II) cations.

The experimental part shows the study of the phase composition of samples by 
X-ray fluorescence analysis (XRF). The results obtained will serve as the basis for the
creation of a sorption system for the adsorption of heavy metals from water of natural
and technical origin, including chemical enterprises, pharmaceutical, metallurgical,
underground parking lots, as well as for the treatment of waste water from chemical,
pharmaceutical and other enterprises.

Key words: Аdsorption, modification, heavy metals, cation, activated carbon.
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МОДИФИКАЦИЯЛАНҒАН КӨМІРДЕ АУЫР МЕТАЛДАРДЫҢ 
СОРБЦИЯСЫН ЗЕРТТЕУ

Аннотация. Бұл зерттеу жұмысында күкірт қышқылын тұрақтандырғыш 
қоспа және бірегей кеуекті құрылым және модификацияланған көмір (МК) ретінде 
шамамен 3 нм металл катиондарының құрылымын құруға мүмкіндік береді, және 
модификацияланған көмірдің (МК) бүкіл бетіне біркелкі бөлінеді. 

Тиімді сорбентті таңдау зерттеушінің алдына қойылған мақсатына байланысты. 
Алғаш рет МК құрылымының беткі қабатына Me(II) катиондарының түзілуіне және 
таралуына әсер ететіні көрсетілген: Me(II) катиондарының екі түрі байқалады: 
өлшемі 0,5-3 нм МК кеуектерінің ішінде және МК сыртқы бетінде орналасқан 
(4-8 нм) үлкенірек бөлшектер. Модификаторды қолдану жағдайларының кеуекті 
құрылымдағы және МК сыртқы бетіндегі кеуектердің таралуына және алынған 
сорбенттердің белсенділігіне әсерін зерттеу үшін бірқатар тасымалдаушылар, 
соның ішінде модификацияланған көмір синтезделді. Зерттеу мақсаты 
инертті наноқұрылымды бөлшектердің тасымалдаушысының бетіне белсенді 
композицияны қолдану болып табылады. Бұл жағдайда МК сорбентіне сипаттама 
ьеретін болсақ, термиялық және механикалық тұрақтылығын, сондай-ақ Ме(II) 
катион аурыр металлдарын тұрақтандыру үшін субстратты қамтамасыз ететін 
бастапқы тасымалдаушысы ретінде әрекет етеді. 

Эксперименттік бөлімде рентгенофлуоресцентті талдау (РФ) әдісімен үлгілердің 
фазалық құрамын зерттеу көрсетілген. Нәтижелер табиғи және техникалық 
шыққан судан ауыр металдарды сорбциялау үшін, және де оның ішінде химиялық 
кәсіпорындар, фармацевтикалық, металлургиялық, жерасты автотұрақтары, 
сондай-ақ химиялық, фармацевтикалық және басқа да кәсіпорындардың ағынды 
суларын тазарту үшін сорбциялық жүйені құруға негіз болады. Яғни зерттеп 
отырған модификацияланған көмір ауыр металлдарды сорбциялауға экологиялық 
залалсыз, экономикалық тиімді сорбент ретінде қолануға ұсынылады. 

Түйін сөздер: адсорбция, модификация, ауыр металдар, катион, модифи
кацияланған көмір.
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ИССЛЕДОВАНИЕ СОРБЦИИ ТЯЖЕЛЫХ МЕТАЛЛОВ НА 
МОДИФИЦИРОВАННОМ УГЛЕ

Аннотация. В данном исследовании показано, что комбинированное 
использование серной кислоты в качестве стабилизирующей добавки и уникальной 
пористой структуры модифицированный уголь (МУ) позволяет сформировать 
ассоциаты катионов металлов размером около 3 нм, равномерно распределенные 
по всей поверхности модифицированного угля (МУ).

Выбор оптимального сорбента зависит от задачи, поставленной цели перед 
исследователем. Впервые показано, что структура МУ влияет на формирование 
и распределение катионов Me(II) на поверхности: наблюдается два типа катионов 
Me(II): размером 0,5-3 нм, локализованных преимущественно внутри пор МУ, и 
более крупных частиц (4-8 нм), находящихся на внешней поверхности МУ.

Для исследования влияния условий нанесения модификатора на распределение 
пор в пористой структуре и на внешней поверхности МУ и на активность 
полученных сорбентов синтезированы серии носителей, модифицированных 
углей. Суть подхода состоит в нанесении активной композиции на поверхность 
инертного наноструктурированного носителя МУ. В данном случае МУ выступает 
в роли первичного носителя, обеспечивающего необходимые текстурные 
характеристики, термическую и механическую стабильность сорбента, а также 
подложки для стабилизации ассоциатов катионов Me(II). 

В экспериментальной части показано изучение фазового состава образцов 
методом ренгенофлуоресцентный анализ (РФА). Полученные результаты послужат 
основой создания сорбционной системы для адсорбции тяжелых металлов из воды 
природного и технического происхождения, в том числе химические предприятия, 
фармацевтические, металлургические, подземные парковки, а также для очистки 
сбросовых вод химических, фармацевтических и других предприятий.

Ключевые слова: адсорбция, модификация, тяжелые металлы, катион, 
активированный уголь.

Introduction. Methods of sorbent modification. Chemical modification. Chemical 
modification methods are the most widely used, since they allow obtaining materials 
characterized by increased resistance to various environmental influences and, as a result, 
greater stability of the action of surface-modified materials. They are characterized by 
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low energy consumption, no need for complex equipment and technologies, ensuring 
the possibility of obtaining a given selectivity and capacity of the sorbent, as well as the 
possibility of effective desorption with certain modifiers (Comier .2019)

In (Yuanyan, 2015) it was found that the surface treatment of the carrier also affects 
the activity of sorbents during the adsorption of Me(II) cations. For example, by varying 
the content of OH groups on the surface of the carrier, it is possible to achieve a higher 
activity of the sorbent. In addition, using different methods of pretreatment of the carrier 
and sorbent, it is possible to achieve different sizes of Me(II) cation associates on the 
surface, which also affects the sorption capacity (Makarova et al., 2019).  MС belongs to 
the class of ordered mesoporous surfaces (Zhao D. et al. 2019). Its structure is a system 
of ordered cylindrical pores with a diameter of 6-8 nm (Fig. 1.5) (Sanz R. et al. 2018). 
Due to its unique porous structure and surface properties similar to those of silica gel, it 
is a very promising carrier for various sorbents (Belenova et al., 2015).

The authors of the work claim that the sorbent they use is quite effective, and its 
porous structure promotes the adsorption of formaldehyde and acid vapors, which also 
leads to an increase in the activity of the sorbent. In (Kataev et al.2016), the influence 
of pretreatment conditions on the activity of the sorbent in the Me(II) sorption reaction 
on its surface is already being investigated.  The authors of the work showed that, as 
in the case of silica gel, pretreatment can have a significant effect on the activity of 
the resulting sorbent. Also, the activity of sorbents modified with acids (LC/MC) was 
studied during the adsorption of Me(II) cations (Pyanova et al. 2017). This type of 
sorbents is also quite effective in the adsorption of Me(II) cations. Its activity can be 
successfully varied by changing the processing conditions of the carrier, applying acid 
and further processing of such a sorbent.

Thus, the use of surfaces as carriers for sorbents can be very promising. Depending 
on the type of MC used, various indicators of sorption capacity can be achieved. In 
addition, a wide range of porous structures makes it possible to significantly expand 
the scope of application of acid-treated mesoporous systems, which is interesting for 
practical use. Modified mesoporous ion-exchange resins and MC for sorption of Me(II) 
is of great scientific and practical interest, but their practical application is limited by 
low stability and specific surface area. Stabilization of this system on the surface of 
highly porous MC is a promising approach for the synthesis of sorbent. In this context, 
mesoporous carbon MC is of great interest, whose unique porous structure and high 
specific surface area can positively affect the properties of the resulting system.

Sorption methods of concentration of metal ions.
A large amount of experimental data on the methods of concentration and separation 

of metal cations have been generalized and presented in recent monographs by Y.A. 
Zolotov, N.M. Kuzmin, L.N. Moskvin, L.G. Tsaritsina, A. Mitsuike (Salnikova et 
al., 2000), including other authors (Gulevich et al., 2009). In these works, both for 
concentration and for separation, basically the same methods are used. Of these, sorption 
methods (ion exchange sorption and chromatography), extraction, flotation, deposition 
and co-deposition, electrochemical, physical, physico-chemical and membrane methods 
are often practiced.
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When analyzing natural and wastewater for the content of trace elements, the latter 
are pre-concentrated and separated, most often using sorption methods, in which ion-
exchange and complexing sorbents are widely used, therefore, the search for effective 
and cost-effective sorbents for analytical purposes is an urgent problem today. Carriers 
modified by functional–analytical groups have found wide application in analytical 
chemistry: they are used for concentration and determination of metal ions.

The high efficiency of sorption concentration makes it possible to determine traces 
of metal ions in various objects using common laboratory equipment (photometers, 
atomic absorption spectrometers with atomization in flame). One of the most promising 
areas of modern analytical chemistry is the creation of hybrid methods of analysis. The 
essence of these methods is the preliminary concentration of the analyzed substance, 
followed by detection. The latter are used: photometry, luminescence, IR spectroscopy, 
X-ray fluorescence, EPR, X-ray photoelectron spectroscopy (XPS), photoacoustic
spectroscopy, atomic adsorption spectroscopy (AAS), atomic emission spectroscopy
with inductively coupled plasma (AES-ICP), mass spectrometry with inductively
coupled plasma (MS-ICP) and others methods.

Pre-sorption concentration has a number of advantages over other concentration 
methods.

Firstly, during sorption, substances are concentrated, which leads to a decrease in the 
detection limit.

Secondly, the spatial separation of the molecules of the analyzed substance on a solid 
surface should reduce the intermolecular interaction, leading to a decrease in intensity 
and a change in the characteristics of the signal.

Thirdly, hybrid methods have great selectivity. This is achieved as a result of selective 
absorption of the analyzed substance and its separation from interfering components. 
Sorption concentration provides selectivity of micro-component selection, high 
values of concentration coefficients, easy adjustment of process parameters. Sorption 
concentration and separation of elements using modified ion exchange layers and MC 
sorbents can be performed by static and dynamic methods (Nefedova et al., 2020). The 
term “Sorbents modified with a mesoporous surface” refers to polymer (both organic 
and inorganic) compounds, the structure of which includes functional groups capable 
of forming stable associates and complexes with element ions (Bektenov et al., 2020). 
Sorbents often modified with a mesoporous surface, along with chelate groups, may 
also contain ion exchange groups. As a consequence, during the sorption of metals with 
these sorbents, both the process of complex formation and ion exchange takes place. 
The concentration of metal ions using modified ion-exchange layers and MC sorbents 
is characterized by the simplicity and expressiveness of the concentration, shows high 
extraction efficiency (so the distribution coefficients can reach 105-106). The use of 
sorbents modified by ion-exchange layers and MC allows concentration from large 
volumes of solutions to be carried out fairly quickly, for example, the transmission rate 
of solutions can be 30-50 ml * min-1 (Gavrilenko 2016).

Recently, among the methods of concentrating metal cations from solutions, sorption 
extraction with the use of modified ion exchange layers and MC sorbents is increasingly 
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used. Bottom sediments, surface waters and soils are typical objects of chemical 
analysis, for which methods based on modified ion exchange layers and MC sorbents 
are used with high efficiency. The use of modified ion exchange layers and MC sorbents 
in the process of sample preparation makes it possible not only to isolate metal ions, 
simultaneously separating them from the sample matrix, but also to reduce the volume 
of analysis, significantly reducing the number of preparatory stages of analysis and time 
spent on their implementation; in some cases, the concentration of metal ions directly 
from the sample can be used.

It should be noted that by now there is no single classification that would cover the 
entire spectrum of such sorbents. This circumstance can be explained by a complex 
composition, an extraordinary variety of structures and properties, which can also 
strongly depend on the conditions of modification of the equipment. Nevertheless, it is 
possible to distinguish certain basic classification features: the nature and structure of 
the MC, the method of functionalization of the sorbent. The most well - known among 
inorganic matrices: active carbons, ion-exchange resins and silica. Ion-exchange resins 
and their processing products (cellulose, viscose silk, pectins, lignin, chitin, chitosan, 
etc.) are used as an organic polymer base for the synthesis of sorbents. Polymers of linear 
or spatial structure obtained by polycondensation or polymerization (polystyrene and its 
copolymers, polymetracrylate, polyethylenimine, polyacrylonitrile, polyvinylpyridine, 
etc.) (Mentbaev et al. al., 2012).

Result and discussion. Study of the phase composition of samples by the XRD 
method. Figure 1. shows radiographs from 2 to 90o for MC and T/MC samples. As can 
be seen from the data in the figure, an amorphous MC reflex is observed for all samples 
at 2Θ 23o. On all radiographs, there is a small-angle reflex below 5o2Θ, this reflex is 
typical for carriers of type MC and characterizes the long-range order of the hexagonal 
packing of the corresponding d100 (Marina et al., 2014). The intensity of the small-angle 
reflex of the MC decreases with the introduction of sulfuric acid, which indicates a 
partial decrease in the ordered porous structure due to the filling of the porous space 
of the MC. In the case of a T/MC sample, the intensity of the reflex decreases more 
strongly than in the case of T/MC-culf, which indicates a significant loss of order of 
the porous structure. For the T/MC-culf sample, a slight decrease in the intensity of the 
small-angle reflex may indicate a more uniform distribution of C in the MC structure, 
which is consistent with the data of low-temperature adsorption. 

I,r.u. .
Figure 1. Radiographs for test samples
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For T/MC samples, sulfuric acid reflections are observed in the 2θ 28.6, 32.9, 47.2, 
56.3, 76.6, and 88.3o regions. For the sample prepared without the use of sulfuric acid, 
the intensity of these reflections is higher, indicating the formation of larger particles 
(OKP = 5.9 nm), compared with the T/MC-sulf sample (OKP = 3 nm) (Table 1).

Table 1. Properties of the studied samples

Samples
X-ray fluorescence analysis u l t rav io le t 

view
Absorption of H2, m.mol/g (%)

d220, Å Δd, Å ОКР, нм Eg (эВ) Surface (100-250oC) Volume (100-200oC) Σ
Т/MC 1,912 0,002 5,9±0.2 3,2 294 (53,8) 252 (46,2) 546
Т/MC-culf 1,925 0,010 3,0±0.3 3,0 427 (77,1) 127 (22,9) 554

An increase in the parameters of the interstitial distance for all reflections of the ES 
phase and an increase in the value of Δd for the T/MC-culf sample (Table 1) indicate a 
high concentration of defects in the ES particles in this sample.

Conclusions. Thus, based on the X-ray fluorescence analysis data, it can be 
concluded that the introduction of sulfuric acid onto the MC surface without the use 
of temperature leads to the formation of larger particles (~6 nm) compared to those 
controlled by stabilization with sulfuric acid (3 nm). These data are in good agreement 
with the results obtained by the method of low-temperature nitrogen adsorption.
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