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Due to its high solubility and low molecular weight, fulvic acid is a very active participant in natural chemical
processes. Due to its smaller molecule size than humic acid, it can act both inside and outside the cell. The work
presents the method of isolation and purification of fulvic acid obtained from oxidized brown coal and the analysis
of its physical and chemical properties by the methods of IR, NMR spectroscopy, and the amount of carboxyl
and hydroxyl groups studied. Conducted work on calculation of equilibrium constant (pK) and concentration
(C). Stages of purification: adsorption, ion purification and dialysis, where adsorbents obtained from brown
(”Shoptykol”) and hard (”Shubarkol”) coal and coconut activated carbon were used as adsorbents.
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JKoraps! epiritiriri MeH TeMEH MOJIEKYJIAJIbIK, MACCACBIHBIH acepiHeH (hYJIbBOKBIIIKBLIbI TAOUFU XMMUSUIBIK, ITPO-
LECTEpiH 6Te aKTHBTI KAaThICYIIbICHl OONBIT Tadbutagbl. ['YMUH KBIIKBUIBIHA KaparaH/aa MOJEKY/IANBIK eJIIeMi
KilllkeHe OOJFaH/IBIKTaH KACYIIAHBIH iIIKi OeJiriHeH e, CBIPTKHI OeJIiriHeH Ja ocep ere anmampl. Kymbicta To-
TBHIKKAH KOHBIP KOMipAEH aJIbIHFaH (DYIbBOKBIIKBUIBIH O6JIIT aly jkKoHe Ta3apTy, OJapiAbH (PU3HKa-XUMUSIIBIK
kacuerrepid UK, AMP crekTpocKOmusIChl apKbUIbI TAAAY KHE KapOOKCHIT XKOHE I'UAPOKCIII TONITAPBIHBIH CAHBIH
3epTTey 9/lici yChHbUFaH. «MaiikeOeH» OaccelliHiHeH aJIbIHFaH KOHBIP KeMipipHeH airail peT (yIbBOKBIIIKbUIbI
SKCTpaUMUIaHbI OiHIN ajbiHbi, POpPCUT 9MiciMeH Ta3apThUIBIN, Ta3aJblK ASPEKeci KOFaphl (PyTbBOKBIIIKEI-
7161 GemiHin anbiHApl. Terne-TeHik KoHcTaHTanapbiH (pK) koHe KoHUeHTpatwsiHb! (C) ecenTey KyMBICTaphl KYp-
risiani. Tazapry ke3eHaepi: aacopOLusl, HOHIBI TA3aPTY JKIHE AUAN3, MyH/Ia ajcopOeHT petinae KoHplp («[lor-
THIKOJI») KoHe Tac kemipaeH («IIlyOapkes») ajblHFaH aqcopOeHTTEep, COHBIMEH KaTap, KOKOCThI OeJICeH/Ii piireH
KeMipi maiijaJlaHbUIBL.

Tyiiin ce3/1ep: TOTBIKKAH KOMip, (PYJIbBOKBIIIKbUIbL, aJICOPOEHT, KATOHUT, AUAIN3, MeMOpaHabl Ta3asay.
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Braronapst BHICOKOW pacTBOPUMOCTH U HU3KOM MOJIEKYJISIPHOU Macce (pyIbBOKHUCIIOTA SIBISIETCSI OUYeHb aKTHUB-
HBIM KOMIIOHEHTOM IIPUPOIHBIX XMMUAYECKMX IIPOLIECCOB. biiaronapss MeHblIeMy pa3Mepy MOJIEKYJIBL, Y4eM I'YMUHO-
Bas KUCJIOTa, OHA MOXET BO3JEHCTBOBATh Kak BHYTPH, TaK ¥ CHAPYKH KJIeTKU. B paboTe npejcrasieHa criocod Bbl-
JeJIeHUs ¥ OYMCTKH (PYJIBBOKHCIIOT MOMYYEHHOTO N3 OKHMCIEHHOTo Oyporo yIiisl M aHaIn3 MX (PU3HKO-XUMUIECKHX
cpoiitetB Metonamu MK, SIMP criekTpockoriy, u3ydeHsl KOMMIECTBO KapOOKCHIIBbHBIX, THIPOKCUIBHBIX TPYIL.
Brepsble u3 Oyporo yrisi, HoiyueHHOro u3 GacceiiHa «MaiikyOeH», ouniiieHHoro metogiom dopcura, BhieleHa
(pynbBOKHCIIOTA BHICOKOH CTeneH! YUCTOTHI. [IpoBesieHs! paboThl O pacyeTy KOHCTaHT paBHoBecuu (pK) u KoH-
uentpaimu (C). CTaauy OYNCTKU: ajcopOMsl, MOHHAsE OYNCTKA U JMAJIN3, IIe B KauyecTBe afcopOEHTOB ObUIH
HCIIONB30BaHbI 4ICOPOSHTH TIONTydeHHbIe n3 Oyporo («IonTekomnk») i kameHHOro («I1ly6apkomb») yIis u KOKO-

COBBIIl aKTHBUPOBAHHBIN YTOIb.

KuroueBble c10Ba: OKUCIEHHBIIA Yroib, (DyIbBOKHCIIOTA, aJCOPOEHT, KATOHUT, IMaIn3, MEMOpaHHAast OUMCTKA.

Introduction. The current state of the global
coal industry and Kazakhstan shows that the
competitiveness of coal has decreased compared to
other energy sources [1-2]. Experience shows that
it is possible to increase the profitability of coal
enterprises and reduce environmental and economic
damage provided that the full potential of coal is used,
including the production of valuable products from it,
as well as coal waste during production. Water-soluble
polyelectrolyte acids are important because they are
active biological and chemical substances [3-5].

Fulvic acid belongs to the group of humic acids,
soluble in water, alkalis and acids. The salts are called
fulvates. The Swedish chemist J. Berzelius separated,
later in the 20th century S. Oden combined the two
acids and called them by the common name fulvic acid
[1].

Although it was discovered in the 20th century, an
effective extraction method only became known in
2015. In particular, the isolation and purification of
fulvic acid is a very expensive process, so the cost of
1 mg of fulvic acid averages US$59. Fulvic acid is a
fraction of humic substances that is soluble in water
in all pH ranges. Due to its high solubility and low
molecular weight, fulvic acid is an active participant
in many natural chemical processes. Due to its smaller
size than humic acid, it can affect the cell both from
the inside and outside. It contains 74 organic minerals,
18 amino acids and 10 vitamins. All minerals that make
up fulvic acid are small ions that are easily absorbed by
cells.

Humic substances contain 40-60% carbon, 30-50%
oxygen, 3-7% hydrogen, 1-5% nitrogen. The elemental

composition of humic substances varies due to the
diversity of their nature. Humic acid contains 52-62%
carbon, 3.0-5.5% hydrogen, 30-33% oxygen, 3.5-5.0%
nitrogen. Fulvic acid contains 44-49% carbon, 3.5-
5.0% hydrogen, 44-49% oxygen, 2.0-4.0% nitrogen.
Due to different objects, the nitrogen content of humic
acid varies. 20-50% of total nitrogen belongs to amino
acids, 1-10% to amino sucroses. Variations in the
elemental composition of humic acids (humic acids and
fulvic acids) are explained by the fact that they are
not chemically defined organic acids, but represent a
group of high-molecular chemical compounds similar
in composition and properties [6-7].

Fulvic acid has a wide range of uses in the medical
field. Fulvic acid has antibacterial properties and
affects replication, and also has the ability to destroy
viral cells. This is an effective and safe drug in the
treatment of various bacteriological and viral diseases.
In addition, it has been established that fulvic acid
exhibits immunomodulatory ability.

Fulvic acid and humic acid cannot be synthesized;
they can only be obtained by isolating them from
natural raw materials. However, the purity of the
isolated fulvic acid is very low. Isolation and
purification of high purity fulvic acids is a very
expensive process [8-10]. The biological activity of
fulvic acid is largely characterized by its physical
and chemical properties. Fulvic acid with a purity of
>95% is registered in the CAS catalog (CAS Registry
Number) (No. 479-66-3) as a chemical compound with
the molecular formula C,,H,,04 [11-13].

The purpose of the work is to isolate and purify
fulvic acid from coal “Maykuben” (Kazakhstan) to a
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high degree of purity, to analyze the physicochemical
composition of the resulting fulvic acid.

Materials and methods: 0.1 N HCI, 0.1 N NaOH,
5% HCI, acetone, KU-2-8 cation exchanger, potassium
humate, distilled water, laboratory centrifuge TsN-12,
laboratory stirrer IKA RH "basic 2, rotary evaporator
RV 3 IKA, ion chromatograph "Dionex” ICS 6000, FT-
IR spectrometer Nicolet iS10, JEOL ECA-500 MHz
NMR spectrometer.

Humic acid is formed in the form of an amorphous
brown precipitate as a result of the neutralization
reaction of potassium humate obtained from Maykuben
oxidized brown coal with a 5% solution of nitric acid
to pH=2-3. An unprecipitated organic compound is
called a fulvic acid. The Forsyth method was used for

purification. Purification of fulvic acid by the Forsyth
method consists of several stages. As adsorbents
for fulvic acid cleaning, sorbents «Shubarkol» and
«Shoptykol» produced by LLP «Institute of Coal
Chemistry and Technology» and sorbents «Coconut»
presented on the market were used. The last stage of
purification was carried out at the stage of membrane
purification (dialysis) to pH = 4-5 using distilled water
for complete purification of fulvic acid from ions
during purification.

Discussion of the results. The functional groups
of the fulvic acid passed through each step were
determined by the Forsyth method using an acid-base
titration. Table 1 shows the functional groups of the
samples

Table 1 - Functional groups of samples

Total acidity, | Carboxyl group, | Phenolic group,
Ne | Name
mmol/g mmol/g mmol/g
1 | Initial FA before purification 0,411 0,027 0,384
2 | FA after cleaning with sorbent «Coconut» 0,269 0,105 0,164
3 | FA after cleaning with «Coconut» sorbent 0,322 0,139 0,183
and cation exchanger KU-2-8
4 | FA after «Coconut» sorbent, cation 0,366 0,152 0,187
exchanger KU-2-8 and membrane treatment
5 | FA after cleaning with the sorbent 0,378 0,096 0,282
«Shoptykol»
6 | FA after cleaning «Shoptykol» sorbent and 0,287 0,127 0,16
cation exchanger KU-2-8
7 | FA after «Shoptykol» sorbent, cation 0,292 0,146 0,159
exchanger KU-2-8 and membrane treatment
8 | FA after cleaning with the sorbent 0,298 0,078 0,22
«Shubarkol»
9 | FA after cleaning «Shubarkol» sorbent and 0,263 0,109 0,154
cation exchanger KU-2-8
10 | FA after «Shubarkol» sorbent, cation 0,26 0,128 0,152
exchanger KU-2-8 and membrane treatment
Table 2 - Changing the pH at each stage of fulvic acid cleaning
Name pH after | pH after cation pH after
sorbent | exchanger KU-2-8 | membrane
FA after «Shubarkol» sorbent, cation exchanger KU-2-8 0,49 0,09 2,28
and membrane treatment
FA after «Shoptykol» sorbent, cation exchanger KU-2-8 0,95 0,04 2,24
and membrane treatment
FA after «Coconut» sorbent, cation exchanger KU-2-8 0,25 0,02 2,53
and membrane treatment
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Determination of carboxyl groups is based on acid-
base titration using 0.05 N sodium hydroxide as titrant
using the acetate method. Total acidity is determined
by acid-base titration using 0.1 N HCI as titrant using
barium hydroxide. Phenolphthalein was used as an
indicator. Phenolic groups were determined by the
difference between the carboxyl group and total acidity.

As a result, it can be seen that the carboxyl
groups of the fulvic acid isolated from the original
coal and the fulvic acid that passed the purification
stage increased, while the phenolic groups and the
total acidity decreased. Fulvic acid contains many
carboxyl functional groups. It can exchange or transfer
electrons with the organic acid redox polymer, ions and
molecules that react with fulvic acid [3]. Table 2 shows
the pH changes at each stage of fulvic acid purification.

On a Dionex ICS 6000 ion chromatograph, the
ionic composition of fulvic acid, which was completely
purified by the Forsyth method, was studied. As a
result, it was found that the amount of all ions, in
comparison with the amount of the initial content
of fulvic acid, significantly decreased after the last
stage of purification the membrane (dialysis) method.
Initially, fulvic acid contained a large amount of nitrate
and chloride ions. It can be assumed that this is due
to the use of 5% nitric acid in the extraction of fulvic
acid from coal, and the presence of a large amount of
chloride ions is due to the effect of cleaning the sorbent
with 0.1 N hydrochloric acid solution before passing the
fulvic acid through the sorbent. Shubarkol was chosen
as an effective sorbent in terms of ion purification
in the purification of fulvic acids, the degree of ion
purification was 66.12-99.75%.

IR analyzes of fulvic acids were carried out
in the laboratories of the «Nazarbayev University»
(Kazakhstan) using a Nicolet iS10 FT-IR spectrometer.
There are no stretching vibrations of C=0O groups
of saturated fatty acids, carboxyl, aldehyde and keto
groups in the spectrum (although there is a very weak
band at 1635 cm™!). Stretching vibrations of OH bound
by hydrogen bonds are poorly visible (very wide band
at 3000-3500 cm™).

There is a band at 1350 cm™! with a shoulder in
higher wave numbers (may correspond to combinations
of O-H bend, CH, and CH; deformation, C-H
alkene bend, C-N stretching vibrations of carboxamide,
and symmetrical stretching vibrations of the -CO,-
carboxylate ion (assuming 1635 cm’' asymmetrical),
832 cm! (out-of-plane defarmation vibrations of C-
H in substituted aromatics). The IR spectrum of fulvic

acid purified by the Shubarkol sorbent, obtained from
potassium humate, shows the OH group (broad band
3000-3500 cm™'), and the C=0 stretching vibrations
(1717 ecm’'; C=0 stretching vibrations of saturated
fatty acids, carboxyl, aldehyde and keto groups) and
C=C stretching (1653 cm™!).The bands at 1361 cm™!
may correspond to combinations bending vibrations of
CH, and CHj; groups, C-H alkene bend), at 1103 cm_;
- stretching vibrations of C-O, C-O-C stretching.

The IR spectrum of fulvic acid purified by the
sorbent "Shoptykol” obtained from potassium humate
is very similar to the spectrum of fulvic acid from
potassium humate purified by the sorbent ”Shubarkol”,
but the bands for vibrations of OH groups and at
1718 cm! related to stretching vibrations of C=0 are
less intense . At the same time, there is a significant
broadening of the bands in the range of 1300-1450,
1400 cm'! (with reduced intensity) and in the range of
1100-1200 cm™! (all these bands are typical for bending
vibrations of CH, and CHj; groups, C-H alkene as well
as C-O valence vibrations). A clearly pronounced band
appears at 953 cm™!, which may be related to out-
of-plane bending vibrations of the C—H bond in the
substituted aromatic.

The following bands are clearly visible in the IR
spectrum of fulvic acid purified by the “Coconut”
sorbent, obtained from potassium humate: 3000-
3650 cm’! (stretching vibrations of various OH
groups), 1716 cm™! (stretching vibrations of C=0),
approximately 1620 cm™! (stretching C=C), 1316 cm
O-C stretching), 1043 cm’! (stretching vibrations
of C-O in polysaccharides or polysaccharide-like
substances), 821 cm™ (out-of-plane deformation
vibrations of C-H in a substituted aromatic) (Figure
D).

NMR analysis of fulvic acid was carried out on
a JEOL ECA-500 MHz NMR spectrometer. In the
spectrum of the original potassium salt sample (before
cleaning with sorbents), resonances of the methyl group
(1.20 ppm) and aliphatic protons in the alpha position
to aromatic, alkenyl and carbonyl groups (2.04 and 2.18
ppm) are visible. In the range from 3.0 ppm to 4.0
ppm, there are resonances corresponding to aliphatic
protons in ester groups and in the alpha position to
OH and OR groups, as well as aliphatic OH protons.
In the range of 6.90-9.00 ppm, there are resonances
of aromatic and heteroaromatic protons. Also, a very
broad signal of 6.50-9.50 ppm can correspond to
phenolic and carboxyl OH groups (broadening due to
hydrogen bonds).
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Fig. 1 - Initial fulvic acid obtained from potassium humate, 2- FA, passed through the «Shubarkol» sorbent, 3-
FA passed through the «Shoptykol» sorbent, 4- FA passed through the «Coconut» sorbent
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Fig. 2 - Initial fulvic acid obtained from potassium humate, 2- FA, passed through the «Shubarkol» sorbent, 3-
FA passed through the «Shoptykol» sorbent, 4- FA passed through the «Coconut» sorbent
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Table 3 - Equilibrium constants (pK) and sample concentrations

Name Equilibrium | Concentration,
constant (pK) | mg/l
Initial FA before purification 7,58 163
FA after «Shubarkol» sorbent, cation exchanger KU-2-8 8,62 137
and membrane treatment
FA after «Shoptykol» sorbent, cation exchanger KU-2-8 12,31 127
and membrane treatment
FA after «Coconut» sorbent, cation exchanger KU-2-8 | - 125
and membrane treatment

When cleaning with the Shubarkol sorbent, a
significant part of the aromatic signals disappears,
while the aliphatic part of the spectrum changes, where
several resonances of terminal methyl groups (1.13-
1.30 ppm) can be distinguished, as well as proton signals
in the alpha position to aromatic, alkenyl and carbonyl
groups (1.90 and 2.19 md) and protons in ester groups,
in the alpha position to OH and OR groups and aliphatic
OH protons (2.82 and 2.98 md). When cleaning with
«Shoptykol» and «Coconut» sorbents, changes are also
observed in the aliphatic and aromatic regions of the
spectra. In the first case («Shoptykol»), there are
fewer protons of ester groups and aliphatic protons
in the alpha position to OH and OR groups (range
3.0-4.0 ppm), although there are more aromatic and
heteroaromatic protons (6.97-8.40 ppm). In the second
case («Coconut»), the number of terminal saturated
hydrocarbon groups (1.05-1.60 ppm) and protons in
the alpha position to aromatic and carbonyl groups
(2.03-2.17) increases, and the number of protons of
ester groups and in the alpha position to OH and OR
groups decreases (range 3.0-4.0 ppm), while almost no
changes compared to the original sample are observed
in the aromatic region of the spectrum (6.90-9.00 ppm)
(Figure 2).

The titration curves of fulvic acid, determined by
the pH-metric titration method, were constructed, and
the equilibrium constant was determined. Table 3
shows the equilibrium constant and concentration of the
samples.

Research  work continues to study the
physicochemical properties of the obtained FA and
the possibility of their application.

Conclusion: Fulvic acid was isolated from
«Maykuben» oxidized brown coal (Kazakhstan). The
resulting fulvic acid was purified by the Forsyth

method. Purified fulvic acid can be used in medicine as
a medicine, as an antiviral drug, and also as a flavoring
agent for drinks in the food industry. Fulvic acid is
widely used as a plant growth stimulant, as a drug and
dye, as an antiallergic drug, as an immunostimulant and
as an antiviral drug. Based on the results of the study, it
was proven that the molecular structure of fulvic acids
is an aromatic structure with aliphatic substituents. As
a result, the amount of all ions compared to the amount
of the initial fulvic acid content was significantly
reduced at the final stage of purification - membrane
purification. Fulvic acid improves metabolic processes,
restores energy reserves of cells, has antioxidant
properties, neutralizes heavy and toxic metals, and
helps remove toxins from the living body. Fulvic acid
has antibacterial properties and affects replication, and
also has the ability to destroy viral cells. This is an
effective and safe drug in the treatment of various
bacterial and viral diseases. Fulvic acid is also known to
be used for agricultural purposes such as fertilizers and
soil amendments, as fulvic acid has the highest degree
of biological activity and nutrient complexing ability
among humic substances and does not bind to many
pesticides. Fulvic acid can be used by people living
in environmentally polluted areas for gastrointestinal
diseases, allergic conditions, poisoning and weakened
immunity.

Due to its high solubility and low molecular weight,
fulvic acid is a very active participant in natural
chemical processes.
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Science Committee of the Ministry of Science and
Higher Education of the Republic of Kazakhstan (Grant
No. AP 23489939. Study the process of isolation and
purification of fulvic-acids obtained from oxidized-coal
and the study of their biologically active properties).
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