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PREPARATION OF A COMPOSITE BASED ON HUMIC ACID AND SILICON OXIDE

Abstract. Chemical analysis of humic acids based on brown coal from the Maikuben basin (Kazakhstan) 
and their carbonized modified form has been carried out. Humic acids (HA) were obtained on the basis of 
potassium humate. Carbonated humic acids (CHA) were obtained by carbonization in argon at 800 °C. To 
obtain a composite, the original HA is modified with SiO2 nanoparticles obtained from fly ash from the 
combustion of coal from the “Bogatyr” field (Kazakhstan) in a ratio of 1/1 and then heat treated in a tube 
furnace in an argon atmosphere under similar conditions. The physicochemical characteristics and surface 
morphology of the samples under study were studied. The specific surface area of   the samples was determined 
by the Brunauer - Emmett - Teller (BET) method: for HA-0.42, CHA - 42.38 and for the composite HA: 
SiO2 (1/1) - 69.66 m2/g. The method of Raman light scattering (RS) was used to calculate the degree of 
graphitization (Gf): HA-25.32%, CHA - 25.76%, HA: SiO2 (1/1) - 30.88%. The obtained samples were tested 
as an adsorbent for water purification from heavy metals and showed a high degree of purification (%): Zn 
99.00-100.00, Cd 91.57-96.70, Pb 78.40-91.66 and Cu 82.90-100.00.

Key words: humic acid, carbonation, silicon oxide, adsorbent, heavy metals.

Introduction. The problem of utilization of coal-containing waste and substandard oxidized coals is of 
particular relevance in large coal mining centers, therefore, there is currently a need to develop effective 
methods for utilization of these substandard coals as a secondary raw material. 

Carbon materials obtained by heat treatment (carbonization) and / or activation of carbon-containing raw 
materials are widely used as various sorbents, catalyst carriers, nanocomposite materials, substrates in new 
generation power sources (lithium-ion batteries, supercapacitors, ionistors and fuel cells), etc. [1]. 

Humic acids are viewed as a promising and inexpensive source of valuable products and new materials 
due to the green chemistry approach [2]. Chemical heterogeneity and metastable conformation of humic 
substances, as well as their various reactive functional groups, determine a wide range of useful properties, 
including adsorption capacity with respect to metals and organic pollutants [3,4]. Moreover, they show a 
strong effect of reducing reactive oxygen species due to their intrinsic paramagnetic properties, which leads 
to the fact that they are effective antioxidant agents.

Humic acid has a high ability to bind metal elements [5-7] due to the presence of carboxyl, phenolic and 
mixed ligands [8]. Unfortunately, the applicability of humic acid is difficult because of the difficulties in 
separating it from the liquid phase. This problem was solved by attaching humic acid molecules to larger 
inorganic or organic particles as a carrier, including zirconium clay [9], polymer resin [10] and silica gel [11]. 
Silica gel is one of the most popular carriers because of its advantages: stability, physical strength, and easily 
controllable structural parameters [12]. One of the most common schemes for the addition of a functional 
group, including humic acid, to the surface of silica gel is silylation [13], which has been the subject of many 
publications [14-16].

Recent studies have shown that the inorganic phase is capable of tuning biopolymer supramolecular 
structures, enhancing their intrinsic properties and tuning their overall biological activity [17]. Silica has been 
identified as an ideal support for this method because of its strong hydrophilicity, recognized biocompatibility, 
and controllable size, shape, porosity, and surface chemistry [18]. Immobilization of HA on silica is an 
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effective approach to using the large reaction potential of these fragments for several technological solutions, 
including separation chromatography [19], water purification [20] and antioxidant products [21], etc. 

Two different strategies are usually investigated for combining HA with a silica substrate. The physical 
incorporation of humic molecules into silica matrices provides a simple but effective way to obtain HA-SiO2 
composites with a high sorption capacity with respect to heavy metal cations [22], as well as to organic 
hydrophobic pollutants [23]. As an alternative, chemical immobilization was used to bind humic acids to the 
silica surface [24]. 

Typically, the first immobilization step is functionalization of the silica support surface with amino groups 
by silanization with 3-aminopropyltriethoxysilane. Binding can be carried out through electrostatic bonds 
(silylation) or through chemical binding, inevitably involving the functional groups responsible for the 
multiple reactivity of HA [25]. Therefore, both physical and chemical methods can affect the conformation 
of the supramolecular structure, thereby determining the availability of reactive centers and ultimately 
determining the reactivity of HA. 

The purpose of this work is to study the physicochemical properties of carbonized and modified composite 
material based on humic acids from oxidized coal of the “Maikuben” basin and silicon oxide obtained on the 
basis of fly ash obtained from burning coal “Bogatyr” of the Ekibastuz basin (Kazakhstan).  

Methods and materials. To obtain humic acid (HA), oxidized brown coal from the Maikuben field was 
used as a feedstock, previously ground to a particle size of less than 0.3 mm and having the following 
characteristics (wt%): Ad  25.8; Wr  9.3; Vd  46.6; St

d  0.71. The yield of free humic acids was 56%. 
Humic substances are obtained from oxidized brown coal, purified and determined in accordance with the 

recommendations of the International Society for Humic Substances (IHSS). Humic acids were obtained on 
the basis of potassium humate by acidifying them with a 5% acid solution; as a result of the reaction, humic 
acids precipitated in the form of amorphous brown sediments. The resulting gel is filtered and repeatedly 
washed with distilled water until neutral pH (pH = 6-7). Then the filtrate is dried at 80°C for 72 h.

For the extraction of silicon dioxide (silica or white soot), we used the waste of ash disposal of “Bogatyr” 
coal, a thermochemical treatment of the sample was carried out using sodium alkali at 900 ºC for 3 hours. 
Then the solution is filtered and the filtrate is precipitated with nitric acid at room temperature. The 
precipitated solution is washed in a centrifuge at a speed of 2000 rpm for 20-25 minutes at 7-10 times. The 
oxide composition of the sample is (%): SiO2-90.17, Al2O3-1.29, Fe2O3-0.46, CaO-0.29, MgO-0.10, K2O-
0.09, Na2O-4.07, Mn3O4-<0.04, TiO2-0.13, P2O5-0.06, other products-1.98.

To obtain the HA / SiO2 modification and its carbonized form, the dried HA sample is crushed to a powdery 
state and mechanically mixed with silicon oxide (SiO2) obtained on the basis of fly ash from the combustion 
of “Bogatyr” coal in a ratio of 1/1 (HA / SiO2). The resulting powder was carbonized in a tube furnace in an 
argon atmosphere of 800 °C for 1 hour at a heating rate of 5°C per minute.

The moisture, ash content and volatility of the samples were determined on a “Thermoster Eltra” 
thermogravimetric analyzer (according to ASTM D7582-12). The total pore volume, bulk density, pH of the 
aqueous extract, and methyl orange adsorption activity were determined in accordance with the procedures. 
The adsorption characteristics of the sorbents (specific surface area) were studied by the Brunauer - Emmett 
- Teller (BET) method; measurements were carried out on a KATAKON Sorbtometer M. Chemical analysis 
and surface morphology were studied by energy dispersive X-ray spectroscopy on an SEM instrument 
(Quanta 3D 200i) with an EDAX energy dispersive analysis attachment. The study of the type of carbon 
modification was carried out using Raman spectroscopy using the method of Raman light scattering (RS). 
The Raman spectra of the samples were recorded on an Integra Spectra scanning probe microscope using 
a laser with a radiation wavelength of 473 nm. Spectra were recorded with a 20 second accumulation. The 
samples were applied as a thin replica on a glass substrate. In the analyzes, a CCD3 spectral detector was 
used, the wavelength K = 632.8 nm (20 mV), the spectral line width was 2.08 cm-1. Installation parameters: 
power - 35 mW, solid-state laser, grating - 600/600.

To carry out research on the removal of heavy metals using humic acids and their carbonized and modified 
forms, a model solution of heavy metals was prepared from state standard samples (SSS). SSS 7256-96 of 
the composition of the solution of zinc ions is a solution of 7-aqueous zinc sulfate, SSS 7012-93 of lead ions 
is an aqueous solution of lead (II) nitric acid, SSS 7998-93 copper ions is an aqueous solution of copper (II) 
sulfate, SSS 6690- 93 cadmium ions - an aqueous solution of cadmium nitrate. In a conical flask (250 ml), a 
weighed portion of the sorbent (0.5 g) was stirred with a model solution (50 ml, pH = 3.26) and stirred in a 
shaker at room temperature (250ºC) at a stirring speed of 200 rpm for 3 h. process, the adsorbent with heavy 
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metals was recovered from the solution by filtration. The solution filtered from the adsorbent was analyzed 
for the content of heavy metals on a Ta-lab voltammetric analyzer.

Results and discussions. The results of the elemental analysis of the samples presented in Table 1 show 
that after the thermal treatment of humic acids, most of the volatile components are removed in the form 
of gaseous products, respectively, the concentration of mineral components increases. The carbon content 
almost doubles. In the elemental composition of the carbonized composite based on HA / SiO2 = 1: 1, the 
silicon content increases by almost ~ 46 times compared to the initial HA, which is associated with the 
addition of silicon oxide.

Table 1 - Chemical composition of samples 

Sample Content of elements, wt. %
C O Na Al Si K Fe Mg Ti S Cl Са Сu

Humic acids 19.47 40.03  0.72 0.58 38.06 1.15      
Carbonated 
humic acid 36.53 26.93 0.40 2.20 18.67 8.89 13.54 0.14 0.57 0.76 1.10  

Carbonated 
humic acid: 
SiO2 (1/1)

27,46 31,32 0,07 0.81 26.72 1.45 8.18 0.14 0.47 0.36 3.22 0.53 0.69

The physicochemical characteristics of the samples are presented in Table 2.
Table 2 - Physical and chemical characteristics of samples

Name Wr
t,% Ar,% Vd, % VΣ 

by water, cm3 / g r
рН water 

extract
Ам, 

mg/g
SBET, 
m2/g

Humic acids 13.32 25.73 62.25  0.95 4.09 28.0 0.42
Carbonated humic 
acid 5.28 48.42 34.30 0.46 0.86 5.00 29.0 42.38

Carbonated humic 
acid:SiO2(1/1) 6.60 34.54 12.82 0.72 0.79 8.44 30.5 69.66

Micrographs of samples of the initial humic acids and their carbonized form are shown in Fig. 1. When 
analyzing the surface morphology of the initial humic acids and their carbonized form, it was found that the 
cleavage surface is represented by structural heterogeneity and has dense formations with strong agglomerates. 
The results of the analysis of micrographs show that after heat treatment of the composite based on humic 
acids and silicon oxide, the surface structure changes and becomes more developed, where it is possible 
to observe flocculent formations with particle sizes from ~ 360.4 nm to ~ 448.5 nm, and the values   of the 
specific the surfaces of the carbonized HA and the composite based on it increase in comparison with the 
initial sample - from 0.420 to 42.38 and 69.66 m2 / g, respectively.  
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Figure 2. Results of the Raman spectrum of humic acid (2.1), carbonized humic acid (2.2), and carbonized composite based on 

humic acid and silicon oxide (2.3).
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Figure 1. Electron microscopic images of humic acid (1.1), carbonized humic acid (1.2) and 
carbonized composite based on humic acid and silicon oxide (1.3).

Raman results (Figure 2) are signals with characteristic peaks D (1372.6, 1365.8, and 1350.3 
cm1) and G (1568.5,1598.3 and 1594.2 cm1). The intensity ratio ID / IG of samples of HA, 
carbonized HA, and a HA: SiO2 composite (1/1) is 0.91, 0.72, and 0.59, respectively, which 
confirms a considerable number of sample defects that decrease after heat treatment of the initial 
HA, hence the ratio I (G) / I (D) increases from 1.1 to 1.38 and 2.2, respectively. The degree of 
graphitization (Gf) is 25.32% for HA, 25.76% for carbonized HA, and 30.88% for HA: SiO2 (1/1) 
composite, which indicates a high ordered structure of the obtained composite material.

The samples obtained have been tested for the purification of heavy metals under dynamic 
conditions. Analysis of the data obtained showed that after water purification, the values of all 
heavy metals decrease (Table 3).
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Figure 1. Electron microscopic images of humic acid (1.1), carbonized humic acid (1.2)  and carbonized 
composite based on humic acid and silicon oxide (1.3).
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Raman results (Figure 2) are signals with characteristic peaks D (1372.6, 1365.8, and 1350.3 cm-1) and G 
(1568.5,1598.3 and 1594.2 cm-1). The intensity ratio ID / IG of samples of HA, carbonized HA, and a HA: 
SiO2 composite (1/1) is 0.91, 0.72, and 0.59, respectively, which confirms a considerable number of sample 
defects that decrease after heat treatment of the initial HA, hence the ratio I (G) / I (D) increases from 1.1 to 
1.38 and 2.2, respectively. The degree of graphitization (Gf) is 25.32% for HA, 25.76% for carbonized HA, 
and 30.88% for HA: SiO2 (1/1) composite, which indicates a high ordered structure of the obtained composite 
material.
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Figure 2. Results of the Raman spectrum of humic acid (2.1), carbonized humic acid (2.2), and carbonized composite based on 
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Figure 2. Results of the Raman spectrum of humic acid (2.1), carbonized humic acid (2.2), and 
carbonized composite based on humic acid and silicon oxide (2.3).

The samples obtained have been tested for the purification of heavy metals under dynamic conditions. 
Analysis of the data obtained showed that after water purification, the values   of all heavy metals decrease 
(Table 3).

Table 3 - Results of the degree of water purification from heavy metals

Heavy metals, 
mg / l

Purification degree, %
Humic acids Carbonated humic acid Carbonated humic acid:SiO2(1/1)

Zinc 99.00 100.00 100.00
Cadmium 96.70 93.80 91.57

Lead 78.40 81.60 91.66
Copper 82.90 97.50 100.00

As a result of sorption, the obtained carbon materials adsorbed most of the heavy metals from the solution 
and showed a high degree of purification: 99.00-100.00% zinc, 91.57-96.70% cadmium, 78.40-91.66% lead 
and 82.90-100.00% copper. This is due to the fact that when interacting with heavy metals, humic acids and 
their activated form form a chelate complex due to carboxyl, phenolic and amine groups. The initial HA, 
when interacting with heavy metals at pH = 4-5, form coordination bonds with carboxyl groups, since at pH 
below 6, strongly acidic carboxyl functional groups, as well as carboxyl groups of medium strength, will be 
completely dissociated. The carbonated form of humic acids binds to a large extent copper cations (the excess 
is ~ 15%) in comparison with the original humic acids. This is due to additional physical adsorption of the 
porous material and complexation by phenolic groups at pH = 7-8, at which the adsorption of the carbonized 
form of humic acids with heavy metals took place. As you know, under alkaline conditions, metals are bound 
due to phenol and alcohol groups. As a result of sorption, the resulting composite showed the highest degree 
of purification with respect to heavy metals such as lead and copper in comparison with analogs, which may 
be associated with additional adsorption with silicon oxide nanoparticles.

The high sorption property of the obtained carbon materials can also be associated with their magnetic 
properties, since the samples contain a sufficient amount of iron - 1.15-13.54 wt. %. In a number of works, 
the microstructure and the use of magnetically controlled materials for the removal of heavy metal ions 
from water are shown in detail due to the high sorption capacity and the possibility of applying an external 
magnetic field.

Conclusion. Thus, as a result of the high-temperature process of carbonization (in an inert atmosphere) 
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and modification (SiO2) of HAs based on coal from the Maikuben basin (Kazakhstan), a carbonized and 
composite form of humic acids has been obtained, which has a more developed and ordered surface structure 
and high adsorption properties. In this regard, the obtained samples based on HA from the coal of the 
Maikuben basin can be considered as an adsorbent for water purification from ions of heavy metals such as 
zinc, cadmium, lead and copper.
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ГУМИН ҚЫШҚЫЛЫ ЖӘНЕ КРЕМНИЙ ТОТЫҒЫ НЕГІЗІНДЕ КОМПОЗИТ АЛУ 

Аннотация. Майкөбен бассейнінің (Қазақстан) қоңыр көмірінен гумин қышқылдары мен 
олардың карбонизацияланған және модификацияланған түріне химиялық талдау жүргізілді. Гумин 
қышқылдары (ГҚ) калий гуматы негізінде алынды. Карбонизацияланған гумин қышқылдары 
(КГҚ) 800°С температурада аргонмен карбонизациялау арқылы алынды. Композитті алу үшін 
бастапқы ГҚ  «Богатыр» кен орнының көмір күлінен алынған кремний тотығымен 1/1 қатынасында  
модификацияланған және содан кейін ұқсас жағдайларда аргон атмосферасында түтікше пеште 
термиялық өңделді. Зерттелетін үлгілердің физико-химиялық сипаттамалары мен беттік морфологиясы 
зерттелді. Үлгілердің меншікті бетінің ауданын анықтау үшін Брунауэр – Эммет – Теллер (БЭТ) әдісі 
қолданылды: ГҚ-0,42, КГҚ - 42,38 және ГҚ: SiO2 (1/1) композиті үшін 69,66 м2/г құрады. Жарық 
сәулесінің комбинациялық шашырау (СКШ) әдісін қолдана отырып, графитизация дәрежесі (Gf) 
есептелді, ол ГҚ үшін 25,32%,КГҚ үшін 25,76%, ГҚ:SiO2 (1/1) модификациясы үшін 30,88% құрады. 
Алынған үлгілер ауыр металдардан суды тазарту үшін адсорбент ретінде сыналды және нәтижесінде  
тазартудың жоғары дәрежесін көрсетті (%): Zn 99.00-100.00, Cd 91.57-96.70, Pb 78.40-91.66 және Cu 
82.90-100.00.

Түйінді сөздер: гумин қышқылы, карбонизация, кремний оксиді, адсорбент, ауыр металдар.
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ПОЛУЧЕНИЕ КОМПОЗИТА НА ОСНОВЕ ГУМИНОВОЙ КИСЛОТЫ И ОКСИДА 
КРЕМНИЯ

Аннотация. Проведен химический анализ гуминовых кислот на основе  бурого угля Майкубенского 
бассейна (Казахстан) и их карбонизованной, модифицированной формы. Гуминовые кислоты 
(ГК) были получены на основе гумата калия. Карбонизованные гуминовые кислоты (КГК) были 
получены методом карбонизации в средах аргона при 8000С. Для получения композита  исходный ГК 
модифицирован с наночастицами SiO2, полученным из золоуноса от сжигания угля месторождения 
«Богатырь» (Казахстан) в соотношении 1/1 и далее  термически обработан в трубчатой печи в 
атмосфере аргона в аналогичных условиях. Изучены физико-химические характеристики и морфология 
поверхности исследуемых образцов. Методом Брунауэра – Эммета – Теллера (БЭТ) определена 
удельная поверхность образцов составила: для ГК-0.42, КГК - 42.38 и для композита  ГК:SiO2 (1/1) 
- 69.66 м2/г.  Методом комбинционного комбинационного рассеяния света  (КРС) рассчитан степень 
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графитизации (Gf):ГК-25.32 %, КГК - 25,76 %, ГК:SiO2 (1/1) - 30,88 %. Полученные образцы  
апробированы в качестве адсорбента для очистки воды от тяжелых металлов и показали высокую 
степень очистки (%): Zn 99.00-100.00,  Cd  91.57-96.70, Pb  78.40-91.66 и  Cu 82.90-100.00. 

Ключевые слова: гуминовая кислота, карбонизация, оксид кремния, адсорбент, тяжелые металлы.
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