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EXPLORING THE POTENTIAL OF HUMIC SUBSTANCES
AS EFFECTIVE SORBENTS FOR REDUCING GREENHOUSE
GAS EMISSIONS

This article explores the potential of humic substances, which are naturally occurring organic
compounds found in soil, water, and coal, as a solution for reducing greenhouse gas emissions. The
study specifically examines the humic substances extracted from the Maikube brown coal basin. The
properties and mechanisms of humic substances that make them effective in mitigating greenhouse
gas emissions are discussed, with early research results on the absorption processes of potassium
humate provided. The article also reviews current research on the use of humic substances for car-
bon capture and storage and highlights the potential for scaling up this technology as a low-cost and
efficient approach to reducing greenhouse gas emissions. The concentration of CO, was measured
at the inlet and outlet of the gas in a gas chromatograph. Within 4 days, the absorption capacity
of potassium humate (50%) was 4.99 g CO,/kg. The IR spectrum of potassium humate is presented
as well. The article concludes that while humic substances have the potential to be a promising
solution for reducing greenhouse gas emissions, further research and development are required to
determine their full potential.

Key words: greenhouse gases, humic substances, absorption, CO, capture, potassium humate.
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MapHMKTIK ra3aap WblFapblHAbIAAPbIH a3aMTY YLUIH
TUIMAi cOpOeHTTep peTiHAe TYMMHA| 3aTTapAblH, dAeYeTiH 3epTTey

BbyA Makaaapa MapHUMKTIK raspaap WbIFAPbIHAbIAAPBIH a3alTy LWeLiMi peTiHAe TOMblIpakTa,
CyAQa XoHe KemipAe Ke3AeceTiH TabMFU OpraHMKaAbIK KOCbIABICTAp GOAbIN TabGbIAATbIH TYMUHA]
3aTTapAblH 9AeyeTi KapacTblpbliAaAbl. 3epTTey Maiiky6GeH KOHbIp Kemip 6acceiHiHeH aAblHFaH
F'YMUHAIK 3aTTapAbl apHaibl KapacTblpaabl. [TapHUKTIK ra3aap WblFapblHABIAAPbBIH a3aiTyAd TUIMAI
eTeTiH TYMUHAI 3aTTapAblH KacueTTepi MeH acep eTy MexaHM3MAEpi TaAKblAaHaAbl, COHbIMEH
KaTap KaAMi TyMaTblHbIH CiHipy MNpoLecTepiH 3epTTeyAiH aAfallKbl HOTUXKEAepi KEATIpiAreH.
Makarapa COHbIMEH KaTap KeMipTekTi ycTay >o8He cakTay YLWiH FyYMMHAI 3aTTapAbl KOAAQHY
GOWbIHILIA aFbIMAAFbl 3epTTEYAEp KapacCTbiPbIAAAbl KOHE MAPHMKTIK raspap LibiFapbiHAbIAAPbIH
A3aMTyAbIH ap3aH >KaHe TUIMAI TACIAI peTiHAE OCbl TEXHOAOTMSHbI KEHENTy aAeyeTiHe 6aca Ha3ap
ayaapbiaaabl. CO2 KOHLEHTpaumachl ras xpomatorpadblHAaFbl Fa3ablH KipiCi MeH LWbIFbICbIHAQ
OALLEHAI. 4 KYH iLIiHAE KAAMI T'YMaTbIHbIH CiHipy KabireTi (50 %) 4,99 r CO2 / kr kypaabl. Makarasa
r'YMUHAIK 3aTTap MapHMUKTIK rasaap LbiFapbiHAbIAAPbIH a3alTy YLUiH NepCcrneKkTUBaAbl LewiM 6oAa
AAaTbIHBbIMEH, OAAPAbIH TOAbIK, DAEYEeTiH aHblKTay YLiH KOCbIMLUIA 3epTTeyAep MeH a3ipAemenep
Ka>XeT AereH KOpPbITbIHAbIFA KEAEAI.

Ty#iiH ce3aep: NapHUKTIK rasaap, ryMunai 3attap, CO2 ciHipy, KaAui rymatbl.
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Exploring the potential of humic substances as effective sorbents for reducing greenhouse gas emissions

M.K. Kasankarnosa*, b.T. Epmarambet, XX.M. KaceHoBa,
C.P. Opaabaesa, Y.M. Koxkamypartosa

TOO «MHCTUTYT XMUKM YTASE M TeXHOAOTMM», KasaxcTaH, r. AcTaHa
*e-mail: coaltech@bk.ru

M3YHEHME NnoTeHuaAa ryMMHOBDBIX BeLLLeCTB KakK 3(1)CbeKTMBHbIX COpﬁeHTOB
AASA CHUIKEHUSA Bbl6p0COB NMapHUKOBbIX ra30B

B 3TOIM cTaTbe MCCAEAYETCS MOTEHLUMAA T'YMWHOBbIX BELLECTB, KOTOPbIE SBASIOTCS €CTeCTBEHHbIMM
OpraHMYeckUMK COEAMHEHMSIMM, COAEPXKALUMMUCS B MOYBE, BOAE M YrAe, B KayecTBe pelleHus
AAS COKpalleHust BbIGPOCOB MapHMKOBbIX ra3oB. B MCCAEAOBaHMM CrieLMaAbHO PACCMaTPUBAIOTCS
r'YMUHOBbIE BeLECTBa, W3BAeYeHHble M3  OypoyroAbHoro 6acceriHa Markybe. O6cy>aal0TCS
CBOMCTBA M MeXaHM3Mbl AENCTBMS T'YMUHOBBIX BeELLECTB, KOTOPble AEAAIOT MX 3(PQEKTUBHbIMK B
CHUXKEHWMM BbIOPOCOB MAapPHMKOBBIX FA30B, a TakXKe MPUBOASTCS pPaHHME pe3yAbTaTbl MCCAEAOBaHUI
npoueccoB abcopbummn rymara kKaausi. B cratbe Takke pacCMaTpuBAIOTCSl TEKYLUME UCCAEAOBAHMS
MO MCMOAb30BaHMIO NYMUHOBBIX BELLECTB AAS YAQBAMBAHUS M XPaHEHMS YrAepoAa U MoAYepKMBaETCS
MOTEHLMAA AAS PACLIMPEHUs MaCLLTaboB 3TON TEXHOAOTMU KaK HEAOPOroro 1 3(eKTUBHOIO NOAX0AQ
K COKpallleHMIo BbIGPOCOB NMapHMKOBbIX ra3oB. KoHueHTpaumio CO, M3MepsiAM Ha BXOAE U BbIXOAE
rasa B ra3oBom xpomarorpade. B TeueHune 4 cyT noraoutaiolias cnoco6HocTb rymara kaamns (50 %)
coctaBunAa 4,99 r COZ/KF. Takxe npeactaBaeH MK-cnekTp rymata Kaaus. B cTaTbe AenaeTcs BbiBOA,
0 TOM, UTO, XOT$l TYMMHOBbIE BELLECTBA MOIYT CTaTb MHOrOOOELAIoLMM PELLEHMEM AAS COKPALLLEHUS
BbIGOPOCOB MApHUKOBbLIX ra30B, AAS OMPEAEAEHMS MX MOAHOrO MoTeHLMaAa HEOOXOAMMBI AdAbHENLLIME

MCCAEAOBaAHUS M pa3paboTKu.

KAtoueBble cAOBa: MapHMKOBbIE rasbl, F'yMUHOBbIE BellecTsa, abcopbuusi, yaaaveanune CO,, rymat

KaAus.

Introduction

Global warming caused by increased
emissions of greenhouse gases such as carbon
dioxide (CO,), methane (CH,) and others has been
recognized as a serious environmental problem
for humanity. Today there is a massive production
and consumption of fossil hydrocarbons, which
leads to huge emissions of carbon dioxide into the
atmosphere. Its concentration, which is a measure
of human consumption of energy from fossil fuels,
is growing rapidly. The natural utilization of CO,
by plants and water bodies can no longer cope
with such volumes. At present, the annual increase
in CO, is 3200-3600 million tons. According to
the calculations of the Intergovernmental Panel
on Climate Change (IPCC), if CO, emissions
continue to grow at such rates, the average annual
temperature on Earth will increase by 1.5-4.5
°C by the end of the 21st century. This means
an increase in temperature of 0.3°C per decade,
which is three times the level of adaptability
of natural ecosystems. Therefore, the effective
utilization of carbon dioxide is an urgent scientific
and environmental task of the world scientific
community. This article considered the methods
by which humic substances absorb greenhouse gas
(GHG) pollutants from flue gases.

Humic acids are complex organic polymers of
uncertain structure, containing acidic carboxylic
and phenolit groups, which may be extracted from
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coal, peat, and soil [1]. Humic substances, including
humate and humic acid are types of amorphous
organic molecular compounds, most of these
extensively exist in nature. Due to its “sponge-like”
structure, humic substances produce a large surface
area (330-340 m?/g) and surface energy and have a
strong adsorption capacity. The adsorption capacity
of humic acid is not only related to its surface area
and surface energy, but also the swelling property of
humic acid to water [2].

Humic substances also are known to have a high
capacity for absorbing and binding a wide range of
organic and inorganic compounds. This is due to
their complex molecular structure, which includes
a variety of functional groups such as carboxylic,
phenolic, and hydroxyl groups. The absorption
mechanism involves both physical and chemical
processes, including adsorption, complexation,
and chelation. The adsorption process involves the
binding of molecules to the surface of the humic
substance, while complexation and chelation involve
the formation of stable complexes with metal ions
and other organic compounds. Additionally, humic
substances have been found to have a high cation
exchange capacity, which allows them to exchange
cations with pollutants, further enhancing their
absorption capacity [3]. Functional groups, such as
carboxylic and phenolic groups, present in humic
substances form strong complexes with metal ions,
and the adsorption of metal ions is influenced by the
pH of the solution [4].
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Humic substances have been found to play a
significant role in various biological and chemical
processes, including the suppression of GHG
emissions and the absorption of metal ions and
other contaminants from water and soil. In terms
of GHG emission suppression, humic substances
have been shown to act as electron acceptors in the
decomposition process in wetlands, affecting the
activity of methanogenic cultures and promoting
direct interspecies electron transfer with activated
carbon. Humic substances have also been found to
interact with microorganisms and affectthe biological
transformation of organic pollutants in water and
soil, shifting anaerobic microbial transformation
towards CO, production instead of CH, generation.
The redox properties of humic substances have been
studied using electrochemical analysis, revealing
their ability to transfer protons and electrons [5].
In terms of metal ion and contaminant absorption,
the mechanism of absorption by humic substances
is complex and involves several factors, including
the chemical properties of the humic substances, the
properties of the metal ions or contaminants being
adsorbed, and the properties of the soil or water
matrix.

Humic substances have also been found to
adsorb other contaminants, such as arsenic and
herbicides, with the absorption influenced by the
chemical properties of the humic substances and
the soil or water matrix. Further research is needed
to fully understand the multifaceted mechanism of
absorption by humic substances [4].

Humic substances are a complex organic
compound with high molecular weight ranging
from 700 to 20,000 amu, obtained from brown coal
in Kazakhstan. These substances contain various
functional groups, including positively charged
groups such as peptide (-CO -NH-), azo groups
(-N=N-), amines (-NH,, -NH -, >N-), amides
(-CO-NH,), imines (>C=NH), and negatively
charged groups such as alcohol, phenolic and
hydroxyquinone hydroxyls (-OH), aldehyde, ketone
and quinone carbonyls (>C=0), carboxyls (-COOH),
methoxyls (-O-CH,), and others. Therefore, humic
substances are polyfunctional polyelectrolytes,
specifically polyampholytes, allowing them to
participate in various reactions such as carboxylation,
polycondensation, copolymerization, nitration,
amination, sulfonation, and complex formation.
The interaction between humic acids and carbon
dioxide, as well as hydrogen sulfide, follows several
pathways due to the presence of potassium humate,
amine, carboxyl, and hydroxyl groups.

Materials and Methods

The study was conducted at the Institute of
Coal Chemistry and Technology LLP, Astana,
Kazakhstan.

We utilized various wet laboratory research
methods in our investigation. The first method is
thermogravimetric analysis, which allows us to
determine the technical characteristics of coals such
as moisture content, volatile substances, and ash, as
per the ISO techniques ISO 589-81, ISO 562:1998,
ISO 5071-1:1997, and ISO 1171:1997 [6-9]. This
analysis was performed using an Eltra Thermostep
thermogravimetric analyzer, as outlined in ASTM
D7582-12. Another method we used is for
determining humic acids, following the ISO 5073
[10] technique. We used a method for determining
both the total yield of humic acids and free humic
acids, involving processing an analytical fuel sample
with an alkaline solution of sodium pyrophosphate,
extraction with a solution of sodium hydroxide,
and precipitation of humic acids with an excess of
mineral acid. We will then determine the mass of the
precipitate obtained.

We also employed methods for the determination
of fulvic acids, involving determining the amount of
carbon of fulvic acids by calculating the difference
between the total carbon content in the extract and
its content in humic acids. We will express this as a
percentage of the mass of the soil and as a percentage
of the total carbon content in the original soil.

In addition, we used gravimetric and titrimetric
analysis methods for precipitation, isolation,
stripping, and determining the mass of dried humic
acids, mass of ash residue of humic acids, ash content
in solution and ash content in dry humic preparation
brought to air dry state (%), and alkali concentration
in liquid humic acids (g/dm?).

IR analysis of potassium humate (HA-K)
was performed at “Nazarbayev University Core
Facilities” laboratories using Nicolet iS10 FT-IR
spectrometer.

Coal samples were taken from the Maikube
brown coal basin, the Shoptykol deposit. The
Maikube section has a design capacity of 20 million
tons/year [11]. The coals of the basin are humus,
brown, with a high degree of carbonification (B3),
and medium ash (25-28%). Refractory ash with a
high content of Al,O, (up to 30%), low-sulfur coals
(0.5-1.0%) and multiphosphorous coals (0.1%). The
heat of combustion per combustible mass is 29.3-
31.4 kJ/kg. The total coal reserves of the basin are
estimated at 5.3 billion tons, including 1.8 billion
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tons suitable for open-pit mining at stripping up to
10 m¥/t [12].

Oxidized brown coal of the Maikube deposit,
pre-crushed to a size of less than 0.5 mm and having
the following characteristics (wt.%) was used as a
feedstock for humate production: Ad 66.09; W r
5.73; V.d 17.78; Std 0.71; Ctd 21.01; Htd 1.68; Ntd
2.09; Na 0.61; A10.89; K 0.58; Ca 0.31; Ti 0.22; Fe
1.11; Zr 0.08.

The size of coal particles was: 2.95 microns
(10%), 63.8 microns (50%), and 452 microns
(90%). The X-ray phase composition of the sample
contains  halloysite  (ALSi,O,(OH),), silicon
oxide (Si0,), and albite Na (AlSi,O,). The yield
of HS from brown coal was 56%. Further, the

physicochemical properties of the obtained fraction
were studied.

The dissolution of CO, in the HA-K" solution is
as follows: first, CO, diffuses from the gas phase at
the gas-liquid interface, where solubility equilibrium
is established. CO, hydrate forms H*, HCO,™ and
CO./* by ionization that diffuses into the liquid
phase. HA-K™ in the liquid phase mainly ionizes
carboxylic (COQ") acid groups and is transferred to
the gas-liquid interface. H+ diffused into the liquid
phase interacts with COO™. As a result, HA-K* is
converted to humic acid precipitation. In addition,
K" and CO/- react to form potassium carbonate
(K,CO,). Corresponding reactions are given in
equations 1, 2, 3 [13].

HA—K++C02+H20=HA+HCO3_+K+ (1)

HCO, =H"+ Cog-

2- =
COY~ + K+ =K,CO,

HA-K" solution is a pH buffer because it is a
salt of a strong base and a weak acid. Therefore, it
is necessary to consider the ionization equilibrium
and the hydrolytic equilibrium in the solution.
With the increase in the number of cycles, the
concentration of K* ions increases. An increase in
the concentration of K" ions can interfere with the
ionization of K" and reduce the amount of HA-K",
which reduces the hydrolysis of K'. Therefore, the
concentration of H" ions increases and the initial
pH decreases [14].

The plant for saturating liquids with carbon
dioxide consists of several sections. Carbon dioxide
was released from a special cylinder, and the gas
flow was monitored using a rotameter. The amount
of primary gas was constant 15 %. An aqueous
solution of potassium salt of humic acids was poured
into the absorption column. Then the solution was
saturated with CO, gas.

The CO, absorption process was carried out
at constant temperature (23°C). The concentration
of CO, was measured at the inlet and outlet of the
gas in a gas chromatograph “CrystalLux”. The
experiment was carried out until the concentration
of carbon dioxide reached the initial concentration
and became saturated.
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Results and Discussion

The IR spectrum of potassium humate (HA-K)
in nujol is depicted in Fig. 1. The adsorption bands
of HA-K were observed at the wave numbers
of 3500-3000 cm!' (-OH stretching phenols,
carboxylic acids and water, as well as -NH stretch
of amines and carboxamides), 2919 cm-1 (refers
to the asymmetric and symmetrical features of
the methylene (-CH,-) group, which is typical for
aliphatic and undeformed cyclic hydrocarbons,
but is also masked and may be the corresponding
N-H/O-H signal), 2880 cm-1 and 2823 cm-1
(both correspond to aliphatic C-H stretching),
1560 cm! (could be referred to asymmetrical
vibration of carboxylate -COO- ion; a shoulder of
this band towards higher wavenumbers could be
related to double bond stretching, e.g.-C=C-, and
—C=N-), 1425 c¢cm-1 and 1370 cm™ (correspond
to a combination of O-H bending, CH, and CH,
deformation, alkene C-H bending, carboxamide
C-N stretching and symmetric —CO,- stretching
vibrations of carboxylate ion), 1200 cm™ (C-O
stretching), 1033 cm™!, 1007 cm™! (C-O stretching
vibrations in polysaccharides or polysaccharide-
like substances), 914 cm™' and 882 cm™ (C-N/C-C
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stretching vibrations), 756 cm™' (out-of-plane
bending vibrations of aromatic C-H), 541 cm™!, 468
cm!and 440 cm™! (out-of-plane bending vibrations
of aromatic -(CH,)n- groups), which were ascribed
to humate and humic species.

CO,+ [HumK+ KOH] — — — HumK+ KHCO ,+ H,0

CO ,+ [HumK + KOH] — — — HumK+ K ,CO ,+ H,O

100-
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Other investigations have been conducted to
explore the potential absorption capabilities of
humic substances.

The mechanism of carbon dioxide absorption
with potassium humate (HK) solution is as follows:

“)
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Figure 1 — IR spectrum of potassium humate (HA-K)

Carbon dioxide is converted into potassium
bicarbonate or potassium carbonate.

As a result of the experiment, the sorption
capacity of the humic absorbent was calculated
according to the following formula (6):

_pV 1
A =—-44,01- — (6)

Co, RT m

Table 1 — Absorption capacities of humic absorbent

Here, A_,, is the amount of absorbed CO,
(gCO,/kg), P-atmospheric pressure, Pa, V- volume
of CO, released, dm3, R — gas constant, 8314 J/
mol, T-temperature, K, 44.01-CO, molar mass, g/
mol; m -sample mass, kg. The calculation results are
given in Table 1.

. . Amount of Integral
[ _ ]
At, min Time of test | V 0131t gaz | CO, % vol.| CO, 113) CO, absorbed CO., | calculation (total Absporbed | g CO, kg of
(min) dm’/min outlet out, % vol 5 2 3 g CO the solution
dm CO,), dm 2
1 day
10,000 10 0,41 1,51 28,49 0,117 1,166 2,06 0,092
10,000 20 0,41 1,93 28,07 0,116 2,323 4,11 0,182
10,000 30 0,41 2,16 27,84 0,115 3,479 6,15 0,273
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Table continuation

s |Tmestist| Yowgar | €O ol | €O, CO. o bl o, | cluion | AFresd £ O b
g dm® C0,), dm’ 2
10,000 40 0,41 1,97 28,03 0,116 4,646 8,21 0,365
10,000 50 0,41 1,43 28,57 0,117 5,820 10,29 0,457
10,000 60 0,41 1,5 28,5 0,117 6,993 12,36 0,549
10,000 70 0,41 1,47 28,53 0,117 8,166 14,43 0,642
10,000 80 0,41 1,49 28,51 0,117 9,310 16,46 0,731
10,000 90 0,42 3,46 26,54 0,111 9,310 16,46 0,731
2 day
10,000 10 0,41 1,02 28,98 0,119 1,172 2,07 0,092
10,000 20 0,41 1,99 28,01 0,116 2,336 4,13 0,184
10,000 30 0,41 1,61 28,39 0,117 3,509 6,20 0,276
10,000 40 0,41 1,4 28,6 0,118 4,680 8,27 0,368
10,000 50 0,41 1,7 28,3 0,117 5,848 10,34 0,459
10,000 60 0,41 1,66 28,34 0,117 7,004 12,38 0,550
10,000 70 0,42 2,45 27,55 0,114 8,150 14,41 0,640
10,000 80 0,42 2,38 27,62 0,115 9,294 16,43 0,730
10,000 90 0,42 2,52 27,48 0,114 10,440 18,45 0,820
10,000 100 0,41 2,29 27,71 0,115 11,586 20,48 0,910
10,000 110 0,42 2,51 27,49 0,114 12,733 22,51 1,000
10,000 120 0,41 2,25 27,75 0,115 13,887 24,55 1,091
10,000 130 0,41 2,05 27,95 0,116 15,044 26,59 1,182
10,000 140 0,41 2 28 0,116 16,202 28,64 1,273
10,000 150 0,41 1,97 28,03 0,116 17,356 30,68 1,363
10,000 160 0,42 2,35 27,65 0,115 18,503 32,71 1,454
10,000 170 0,42 2,38 27,62 0,115 19,649 34,73 1,544
10,000 180 0,42 2,41 27,59 0,115 20,793 36,75 1,634
10,000 190 0,42 2,52 27,48 0,114 20,793 36,75 1,634
3 day
10,000 10 0,41 1,18 28,82 0,118 1,176 2,08 0,092
10,000 20 0,41 1,61 28,39 0,117 2,336 4,13 0,184
10,000 30 0,41 2,22 27,78 0,115 3,482 6,16 0,274
10,000 40 0,42 2,58 27,42 0,114 4,618 8,16 0,363
10,000 50 0,42 2,92 27,08 0,113 5,751 10,16 0,452
10,000 60 0,42 2,79 27,21 0,113 6,887 12,17 0,541
10,000 70 0,42 2,65 27,35 0,114 7,956 14,06 0,625
10,000 80 0,44 7,08 22,92 0,100 8,933 15,79 0,702
10,000 90 0,44 8,48 21,52 0,095 9,910 17,52 0,779
10,000 100 0,44 7,04 22,96 0,100 10,900 19,27 0,856
10,000 110 0,44 7,68 22,32 0,098 11,891 21,02 0,934
10,000 120 0,44 7,04 22,96 0,100 12,838 22,69 1,009
10,000 130 0,45 10,2 19,8 0,089 13,718 24,25 1,078
10,000 140 0,46 10,96 19,04 0,087 14,612 25,83 1,148
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Table continuation

i |Tmestist| Yowgas | €O ol | €O, inCO. |y i o, | caiion o] At £ b o
m CO,), dm 2
10,000 ‘ 150 0,45 9,44 20,56 0,092 15,492 27,38 1,217
10,000 160 0,46 11,69 18,31 0,084 16,337 28,88 1,283
10,000 ‘ 170 0,46 11,41 18,59 0,085 17,140 30,30 1,347
10,000 180 0,47 13,95 16,05 0,076 17,158 30,33 1,348
10,000 190 0,46 12,38 17,62 0,082 17,177 30,36 1,349
10,000 200 0,46 11,29 18,71 0,085 17,196 30,40 1,351
10,000 210 0,46 12,49 17,51 0,081 17,215 30,43 1,352
10,000 220 0,46 12,62 17,38 0,081 17,234 30,46 1,354
10,000 230 0,47 13,91 16,09 0,076 17,234 30,46 1,354
4 day
10,000 10 0,42 2,85 27,15 0,113 1,130 2,00 0,089
10,000 20 0,42 3,02 26,98 0,113 2,253 3,98 0,177
10,000 30 0,42 3,31 26,69 0,112 3,370 5,96 0,265
10,000 40 0,42 3,46 26,54 0,111 4,362 7,71 0,343
10,000 50 0,45 10,86 19,14 0,087 5,225 9,24 0,410
10,000 60 0,46 11,25 18,75 0,086 6,045 10,69 0,475
10,000 70 0,47 13,21 16,79 0,078 6,786 11,99 0,533
10,000 80 0,48 15,46 14,54 0,070 7,533 13,31 0,592
10,000 90 0,47 12,89 17,11 0,080 8,350 14,76 0,656
10,000 100 0,46 11,72 18,28 0,084 9,163 16,20 0,720
10,000 110 0,47 13,17 16,83 0,079 9,934 17,56 0,780
10,000 120 0,47 13,94 16,06 0,076 10,707 18,93 0,841
10,000 130 0,47 13,06 16,94 0,079 11,471 20,28 0,901
10,000 140 0,47 14,37 15,63 0,074 12,212 21,59 0,959
10,000 150 0,47 14,32 15,68 0,074 12,938 22,87 1,016
10,000 160 0,48 15,15 14,85 0,071 13,647 24,12 1,072
10,000 170 0,48 15,14 14,86 0,071 14,340 25,35 1,127
10,000 180 0,48 15,98 14,02 0,068 14,340 25,35 1,127

As can be seen from table 1, within 4 days, the
absorption capacity of potassium humate (50%) was
4.99 g CO /kg.

Unfortunately, obtained absorption capacities are
much lower than for benchmark 30% MEA. The MEA
solution reached maximum saturation after 187 and
154 minutes at 25°C and 40°C respectively. Despite
the significantly lower absorption capacity compared
to MEA, the use of humic salts for CO, capture can be
justified. Namely, the advantage is that the solution of
humic salts after absorption can be used as a fertilizer.

In addition, it is harmless and non-toxic. Therefore, it
can probably be considered a green solvent.

Further research is needed to determine the
effect of temperature and to learn more about the
chemistry between humic salts and CO,.

After absorption of carbon dioxide with humate
potassium salt, methods of back titration with
acetate Ca are used for determination of carboxyl
groups, and method of titration with Ba(OH), for
determination of total acidity. The result of the study
is presented in Table 2.
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Table 2 — Results of functional groups research

Name Total acidity, mmol/g Phenol groups, mmol/g Carboxyl groups, mmol/g
HA-K" before sorption 6,60 5,029 1,517
HA-K" after sorption 10,17 6,688 3,482
Sediment 12,85 8,654 4,196

Based on the results, it can be observed that the
content of carboxyl groups increased by 2.3 times,
phenolic groups by 1.3 times, and total acidity by
1.5 times, compared to the original solution.

Conclusion

In conclusion, the sorption capacity of CO,
absorption with 50% potassium humate solution
was equal to 4,99 g CO, /kg at room temperature
(230C). The considered method has the following
advantages: it avoids the regeneration of the
absorbent, reduces capital costs, the absorbent-
organic substrate is saturated with carbon dioxide,
when it is used, it accelerates the growth process
of plants, the used absorbent is a polymeric
substance capable of forming complex compounds
with many metals, sulfur, and greenhouse gases,
the obtained product is used as an organic

polymicrocomponent fertilizer saturated with CO,,.
That is, the advantage of using humic salts is that
the solution after absorption of CO, can be widely
used in agriculture as an organo-mineral fertilizer
saturated with K,CO,.

Overall, humic substances have unique physical
and chemical characteristics that make them a
promising candidate for developing effective CO,
capture methods.
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