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The article examines the extraction and purification process of fulvic acids derived from oxidized brown
coal from the Maikuben deposit using the Forsyth method. The purification process includes stages such
as adsorption, ion exchange purification, and dialysis, with activated carbon (Coconut) serving as the
adsorbent. The physicochemical properties of fulvic acid and its neutral dilute solutions were analyzed
using infrared (IR) and nuclear magnetic resonance (NMR) spectroscopy. The study focused on the unique
composition of fulvic acid, determining the content of trace elements and essential organic compounds
functioning as nutrients. The reliability of the results is confirmed by the consistency of repeated experiments
and the application of alternative analytical methods. In addition, antioxidant properties of fulvic acid
were determined, which opens up new prospects as biologically active additives and pharmaceuticals.
Forsyth’ s method has demonstrated its effectiveness, allowing to obtain a purer product with fewer losses
compared to traditional purification methods. This approach demonstrates the potential for developing
environmentally friendly technologies for extracting valuable substances from domestic coal resources.
Further research in this area will substantiate the specific properties and patterns in the interaction of
fulvic acid with other inorganic compounds, and expand the potential for application.
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Makananga MaiikeOeH KeH OpHBIHBIH TOTHIKKAH KOHBIP KOMipJIepiHeH albIHFaH (PyIbBOKBIIIKbLUTBIH Pop-
CHT 9JIiICIMEH aly jKoHe Ta3apTy KapacTelpblUiajpl. Ta3apTy Ke3eHaepi: aacopOuus, HOHIBIK Ta3apTy KoHE
Auanu3, MyHza aacopoeHT petinae «KokocTe» GenceHpaipiireH kemip KoaaaHbULIbl. PyIbBOKBIIIKbLUIBI-
HBIH JKoHE OHBIH OedTaparl CyWbUITBUFaH epiTiHAUIepiHiH (pu3nka-xumusuislik, Kacuettepi UK xone SIMP
CHEKTPOCKOMUSICHIHBIH, KeMeriMeH TangaHpl. PybBOKBIIIKbUIBIHEIH Oipereil Kypambl 3epTTeni, KOpekK-
TIK 3aT pPeTiH/e SPEeKeT eTeTiH MUKPOIJIEMEHTTEP MEH MaHBI3[Ibl OPraHUKABIK, KOCBUIBICTAPAbIH KYpPambl
aHbIKTaNAbl. HoTvkenepaiH ceHIMINr KalTalaHaThIH ToXipuoOesep MeH TalgayablH Oanama 9icTepiHiH
YKCaCTBIKTaphl Ke31HJe KaHaraTTaHapiblK. COHbIMEH KaTap, (pyIbBOKBILIKbUIBIHBIH aHTUOKCUAAHTTHIK, CU-
narTaManapbl aHBIKTAIIbL, OyJ1 OMOOTHSUIBIK, OeJiceH i Kocranap MeH (hapMaleBTUKAJIBIK, TpernaparTap
peTiH/ie kaHa NepcreKTuBaIap/pl amaasl. POpCUT 9Mici ASCTY Pl Ta3apTy 9/iCTepiMEH CalILICThIPFaH/Ia a3
HIBIFBIHMEH Ta3a eHIM ajly/la ©3iHiH TUIMALUTITH KepceTTi. By Toci OTaHABIK KeMip pecypcTapbiHaH Oara-
JIBI 3QTTAP/IbI ATTYAbIH SKOJOTUSIIBIK, TA3a TEXHOJIOTUSIAPBIH 931pJieyliH oieyeTiH kepceTei. By OarbTTarsl
3epTTeyJep/i Of1aH 9pi KYPrizy (pyTbBOKBIIIKBUIBIHBIH 0acKa OeopraHuKabIK, KOCBLTBICTAPMEH dpeKeTTe-
CYiHIH epeKIlie KaCUeTTepi MeH 3aHIbUIBIKTAPbIH HeT13Jieyre koHe MaigajiaHy MyMKIHIIKTEPIH KEHeUTyre
MYMKIHJIIK Oepeji.
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B ctatbe PacCMOTPEHDBI U3BJICUECHUE U OYNCTKA METOJOM cI)OpCI/ITa. (I)y)'[bBOBOfI KHUCJIOTHI, l'[OJ'Iy‘lBHHOfI nu3
OKHCJIEHHBIX U3 OypbIX yriien MecTopoxaeHus MaiikyoeH. [IpoBeaeHsl cTaiuy OYMCTKU: aAcopOIus, NOH-
Hasl OYMCTKA M WAJIN3, IJe B Ka4eCcTBe aIcCOPOSHTa MCIIOIb30BaIM aKTHBUPOBAHHBIN YroJIb «KOKOCOBBII».
[Tpoananm3upoBansl pU3UKO-XUMHUYecKre cBoricTBa Metogamu VK- nu AMP-cnekTpockomuu ¢ynbBOBOI
KHCJIOTHI ¥ €€ HeUTpPaJIbHBIX pa30aBIeHHBIX PacTBOPOB. MccienoBaH yHUKaIbHBIN cocTaB (hyJIbBOBOM KHC-
JIOTBI, OIIPEACJICHBI COACPKAHUE OCHOBHBIX MHUKPOIJIEMCHTOB, BAKHBIX OPraHUYC€CKUX COCHHHBHHﬁ, BbI-
CTyIarmux B Ka4C€CTBEC MHUTATCJIbHBIX BEIICCTB. ,HOCTOBepHOCTb PE3YJIbTATOB YAOBJICTBOPUTEIbHAA TIPU
CXOOUMOCTH IMMOBTOPHLIX OIIBITOB U aJIbTEPHATUBHLIX METOJOB aHAJIM34a. Hapfmy C OTUM, 6I>UH/I orpeaelic-
Hbl aHTUOKCUAAHTHBIC XapaKTCPUCTUKU q)ynLBOKI/ICJ'IOTbI, YTO OTKPLIBAET HOBBIC IIEPCIICKTHUBLI B KAYECTBE
OMOJIOTMYECKU aKTUBHBIX JI00ABOK M (hapMalleBTHUECKUX NpenapaToB. Metox dopcuTa mpoieMOHCTPH-
poBajl CBOIO Sq)q)eKTHBHOCTb, MO3BOJIAA TTOJIYYUTD 0o0JIee YUCTHIN MNpOAYKT C MCHbIIMMU IIOTEPAMU I10
CPaBHCHHIO C TPAAUITUOHHBIMU ME€TOAAMU OUYUCTKHU. HaHHbIﬁ noaxoa AEMOHCTPUPYET NOTCHIMA JIA pa3-
pa6OTKI/I SKOJIOTMYECKN YUCTBIX TEXHOJIOTUN U3BJICYEHUS LECHHBIX BEIIECTB U3 OTCYCCTBCHHBIX YT'OJIbHBIX
pecypcoB. JlajbHelIme uccaeJOBaHUs B 9TOM 00JIACTH MTO3BOJISIT 0OOCHOBATh CrielipuIecKre CBOMCTBA
1 3aKOHOMEPHOCTH I1pU B3aHMOHCﬁCTBHH (by.]'IbBOKI/ICIIOTH C JpYruMuU HEOPraHN4C€CKUMHU COCIUHCHUAMMU,
pacluiipuThb NMOTECHUHAT IPUMCHEHU .

KuiroueBble cJjioBa: yronp, QyJIbBOKUCIOTa, MEMOpaHHAs OYMCTKA, AUAIU3, aACOPOLMS, OPraHUYECcKue
KHCJIOTHI

Introduction. Currently, humic substances are in
demand and are widely produced naturally, as well
as synthetically by radical polymerization, abiotic
oxidation and enzymatic methods [1-3].

The ability of fulvic acids to enhance solubility
creates potential for the development of novel
drug delivery systems and the improvement of
various pharmacological effects, such as antioxidant
activity [4,5], anti-inflammatory properties, and
benefits for gastric health [5,6]. The influence
of fulvic acid on metal ion mobility in various
media has been established due to the abundance of
oxygen-containing functional groups. Water-soluble
salts of fulvic acid with alkali and alkaline earth
metal cations promote their release, as well as
precipitation, dissolution, or complex formation
with trivalent ions [7-9].

Fulvic acid is an essential fraction of the organic
composition of soil, demonstrating higher chemical
and physicochemical activity compared to humic
acid. The molecule of fulvic acid is small enough
to overcome any barriers in its path and contains

approximately 14 quadrillion electrons, which act
as free radical scavengers. When introduced into
a biological environment, fulvic acid molecules
convert accumulated waste into nutrients and
neutralize free radical waste products [9,10].

Additionally, fulvic acid serves as a transport
system capable of delivering nutrients while
binding toxins, pesticides, heavy metals, chemical
pollutants, mercury, and radionuclides into
complexes [8].

Furthermore, fulvic acids play a significant role in
the acid-base buffering capacity of soil, contributing
to the retention, release, and biological mobility
of metal ions and organic chemicals within soil
matrices [10].

Depending on their methods of extraction,
fulvic acids find applications ranging from dietary
supplements to pharmaceuticals. Incorporating
fulvic acids into dietary supplements supports
immune system enhancement and protection against
diseases associated with oxidative cell damage, such
as cardiovascular and oncological disorders. Due to
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their antioxidant properties, fulvic acids can provide
protective effects on the cardiovascular system by
neutralizing free radicals that may damage vascular
and cardiac cells. Including fulvic acids in dietary
supplements may lower the risk of atherosclerosis
and inflammatory vascular processes, making them
promising for the prevention of cardiovascular
diseases such as hypertension and ischemic heart
disease [11-13].

Materials and methods. The Forsyth method
was employed to purify fulvic acid extracted from

domestic brown coal from the Maikuben deposit.
Through a three-stage purification process, a high
purity level of 99% was achieved. Commercially
available coconut-based sorbents were used as
adsorbents, specifically the activated coconut
charcoal Extrasorb GAC (12x40) from India.
With its high specific surface area and sorption
capacity, this charcoal effectively captured and
removed impurities, contributing to the successful
purification of fulvic acids. The characteristics of
the adsorbent are presented in Table 1.

Table 1 - Characteristics of coconut-based activated charcoal Extrasorb GAC (12x40)

Parameter

Value

Particle Size

12x40 mesh

Specific Surface Area

~1100 m?%g

Todine Number

1000 mg/g

Bulk Density

0.48 g/cm?

Hardness

98%

Moisture Content

<5%

Ash Content

<3%

pH

6-8

Pore Volume

0.55 cm®/g

The final purification stage was conducted using
a membrane method (dialysis) until a pH of 4-5
was achieved in distilled water, ensuring complete
removal of accompanying ions. By diluting the
fulvic acid with distilled water to a neutral medium,
a 1.5% model solution was prepared.

Results and discussion. The IR spectra of
fulvic acids were obtained in the Laboratory
of Organometallic Chemistry and Catalysis at
Nazarbayev University (Kazakhstan) using a Nicolet
1S10 FT-IR spectrometer.

In the IR spectrum of the initial sample,
distinct peaks for C=0O groups in saturated fatty
acids, carboxyl, aldehyde, and ketone groups are
absent. A weak band is observed at 1635 cm™,
which may indicate the presence of C=C bonds.

This suggests a low concentration of carbonyl

compounds or their strong association with other
functional groups. The broad band at 3000-
3500 cm™ corresponds to OH group stretching
vibrations associated with hydrogen bonding, but
it is poorly defined. This could be due to
the presence of strong intramolecular hydrogen
bonds that obscure the characteristic bands of
OH groups. In the IR spectrum of purified
fulvic acid obtained using sorbent, the following
bands are clearly observed: 3600-3000 cm™,
representing various OH stretching vibrations, with
sharp peaks identified approximately at 3035, 2945,
and 2880 cm™l. These peaks are characteristic
of CH stretching vibrations. The peak at 3035
cm™! suggests the potential presence of aromatic
CH, whereas the peaks at 2945 and 2880 cm™!
indicate aliphatic CH bonds found in alkanes or
alkyl groups. A relatively small and sharp peak was
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detected at 2185 cm™!, which falls within the region
associated with nitriles (C=N) or cumulenes. A
moderately intense peak around 1693 cm™ indicates
the presence of a carbonyl group (C=0), which
could signify ketones, aldehydes, carboxylic acids,
esters, or amides. A sharp peak at approximately
1401 cm™ suggests the presence of CH bending,
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likely due to CH, bending. The obtained spectral
data confirm the presence and changes in the
functional groups of fulvic acid after purification.
The observation of distinct C=0 and OH group
bands indicates the removal of impurities and the
improvement of the composition of the purified
sample (Figure 1).
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Fig. 1 - IR Spectra Analysis
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Fig. 2 - NMR Spectra Analysis

The NMR analysis of fulvic acid was performed
using a JEOL ECA-500 MHz NMR spectrometer.
Both the unpurified and purified samples exhibit
characteristic aromatic signals in the range
of approximately 6.9 to 8.2 ppm, indicating
the presence of aromatic rings in the fulvic
acid structure. The shifts of aromatic protons
(7.0-8.2 ppm) correspond to substituted benzene

or polycyclic aromatic systems. The complex
multiplets observed in both spectra suggest that the
substitution in the aromatic ring systems varies,
with nonequivalent aromatic protons displaying
spin-spin coupling. Relative integrations imply the
presence of similar aromatic components in the two
samples. The change in relative integration suggests
a modification in the chemical environment of the
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aromatic protons. These shift changes likely occur as
molecules alter their interactions with one another.

The most significant difference between the
spectra is observed in the aliphatic region. The
first spectrum (unpurified sample) exhibits a
broader range of signals between & -0.1 and 3.0
ppm, indicating a higher complexity of aliphatic

components in the unpurified fulvic acid. These
signals likely correspond to varying chain lengths,
branching, and substitution patterns in the aliphatic
components of the raw sample, which probably
contains other biomolecules. After purification, a
noticeable reduction in the number of signals in the
aliphatic region is observed.

Table 2 - Chemical indicators of purified fulvic acid solution with ’Coconut” sorbent

Name of indicators, units of measurement | Permissible concentrations | Results

1 2 3

- antioxidant content, mg/dm3 1356.0+0.058
- toxic elements, mg/dm3:

- Lead (Pb) 0.3 Not found

- Arsenic (As) 0.1 Not found

- Cadmium (Cd) 0.03 Not found

- Mercury (Hg) 0.005 Not found

Table 3 - Chemical Indicators of the Model Solution

Name of indicators, Norm according to the | Results
units of measurement regulatory document

1 2 3

toxic elements, mg/dm3:

- Lead (PDb) 0.3 Not found
- Arsenic (As) 0.1 Not found
- Cadmium (Cd) 0.03 Not found
- Mercury (Hg) 0.005 Not found
- antioxidant content, mg/dm3 138.16x£0.042
- dry matter content. % Not found
- aflatoxin Bi. mg/1 1.0-3.5 Not found
- titratable acidity, % 0.7-3.8 0.24+0.02
Pesticides, mg/kg, not more than:

- Hexachlorocyclohexane (alpha, beta, 0.01 Not found
gamma isomers)

- 4,4 - dichlorodiphenyltrichloromethylmethane | 0.005 Not found
and its metabates

Amino acid composition, % Not found
- water soluble, mg/100 g

- B1 (thiamine chloride) Not found
- B3 (pantothenic acid) Not found
- B6 (pyridoxine) Not found
- Bc (folic acid) Not found
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Fig. 3 - Chromatograms of organic acid content in the model fulvic acid solution
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Fig. 4 - Chromatograms of amino acid content in the model fulvic acid solution

The second spectrum shows a pronounced singlet
at 0 2.17 and a multiplet at 6 1.36, suggesting
that some aliphatic components were removed or
altered during purification. A large peak at 4.7
ppm in the unpurified sample implies a higher
content of water or residual solvent. The inverted
peak in the purified sample suggests that the
sample was saturated to suppress the signal and
improve its clarity. The simplified aliphatic region
in the purified fulvic acid sample implies that the
purification process was effective in removing or
altering many of the original aliphatic components.
This simplification may include the removal of free
fatty acids, carbohydrates, or other small molecular

contaminants. (Figure 2).

The results of the spectral analysis reveal
significant changes in the composition and structure
of fulvic acid before and after purification. The
IR spectra indicate improved clarity of bands
associated with functional groups such as C=0
and OH in the purified sample. The NMR
spectra confirm an increase in the concentration
of saturated hydrocarbon chains and a decrease in
ester and alcohol groups. These changes highlight
the effectiveness of sorbents in purifying fulvic acid
and enhancing its properties.

The chemical analysis of the concentrated fulvic
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acid solution was conducted using atomic absorption a small amount of vitamin B2 (riboflavin) was
spectrometry to determine the levels of toxic metals, detected.

such as lead, cadmium, mercury, and arsenic. Thus, the obtained results of the component
High-performance liquid chromatography (HPLC) analysis and chemical composition of fulvic acid and
methods were applied to analyze the model solution  jis peytral solutions contribute to the development of
to detect the presence of antioxidants (Tables goyrces for the production of beneficial products.
2-3). The results indicated the absence of toxic The processing of carbon-containing raw materials
elements in the solutions and a substantial presence ,nq the extraction of valuable substances will
of antioxidants in the fulvic acid solution, in gjepjificantly enhance the advancement of efficient

line with the regulatory requirements of GOST pethods for obtaining competitive components for
26932-86, "Raw Materials and Food Products. eefyl products.

Methods for Determining Toxic Element Content.”
The parameters of the model solution fully meet
the established standards, confirming its safety and
compliance with regulations.

Conclusion. The results indicated that the
neutral solution based on fulvic acid contains a
significant amount of particularly important organic

compounds with high potential for the production of
The organic composition of the samples was pepeficial food products.

thoroughly investigated, with results presented
in Figures 3-4. High-performance liquid
chromatography (HPLC) identified the presence
of oxalic, formic, tartaric, and malic acids in the
sorption-purified fulvic acid solution. Additionally,

In the future, additional physicochemical analysis
of the composition of fulvic acid extracted from
coal feedstock under various conditions will be
conducted, along with a detailed examination of its
antioxidant properties.
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