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AHHOMayus. AkKmusupogaHHbill y2orb (AY) sensemcs HernonspHbIM MamepuasaoM C 8bICOKOU MOMEKysapHoU
adcopbyuoHHol crocobHocmbio. brnazodaps 6onbwol nnowadu nosepxHocmu, MUKporiopucmoul cmpykmype, ad-
copbyuoHHOU aghghekmusHocmuU U rpPU20OHOCMU K 8mopudHol nepepabomke, OH nodxodum Osisi UCMo1b308aHUsI C
pasnuyHbiMu Mamepuanamu 0151 adcopbyuu op2aHUYeCcKUX 3a2psi3HUMesell 8 CMOYHbIX 800ax C PasfuUYHbIMU YPOBHSI-
MU KOHUeHmpauuu. B cmambe obcyxdaemcsi yposeHb MUHepanusayuu 08yX pacrnpocmpaHeHHbIX 8udo8 akmueupo-
8aHHO20 yeris: 6epe308oli OpeseCuHb! U CKOPIYIbl KOKOCOB020 opexa. Pe3ynbmam roka3sbieaem, 4Ymo MakcuMasibHasi
371€KMpOonpo8ooOHOCMb 80OHO20 pacmeopa focse KoOHmaKkma ¢ akmueuposaHHbIM yeiieM Ha ocHose bepe3bl cocmasu-
na 978 mkCm/cm, a kokoca — 98 MkCmMm/cM. Mo yKa3bieaem Ha mo, Ymo akmueupo8aHHbIl y20/lb Ha OcHogee bepesbi
umeem boriee 8bICOKOE coOepaHUe MUHEPasos, YeM akmueupo8aHHbIl y20slb Ha OCHO8e KOKOCa.

Knro4deenlie crioea: akmusupo8aHHbIl y20sib, 371EKMPONPo80OHOCMb, 8PEMS, KOHUEHMpPayus, COsb.

BnazodapHocmu: asmop 8bipaxaem npu3HamesibHOCMb Kossie2zam 3a rnomowlb, brazodapHocme 3a QhUHaHCO-
8yr0 NoOOepPXKKy uccriefo8aHus.

Ans yumupoeaHusi: Taxa b. C., AnekceeB A. C., bxybapu M. K., Anekceea H. B. BrnimsiHe akTMBMpOBAHHOrO yrisi Ha
MUWHepanbHbIN cocTaB 0bpaboTaHHoro BogHOro pacteBopa // MonsyHoBckuin BecTHuMk. 2026. Ne 2, C. 235-238.
doi: 10.25712/ASTU.2072-8921.2026.02.033. EDN: https://elibrary.ru/VULSJO.

Original article

INFLUENCE OF ACTIVATED CARBON ON MINERAL COMPOSITION
OF TREATED AQUEOUS SOLUTION

Bilal Saad Taha !, Andrey S. Alekseev 2, Mohammed Qader Gubari 3,
Nadezda V. Alekseeva 4

.4 Tambov State Technical University, Tambov, Russian Federation

2 Derzhavin Tambov State University, Tambov, Russian Federation

3 Fuel and Energy Engineering Technologies Department, Oil and Gas Technologies Engineering — Kirkuk, Northern
Technical University, Mosul, Iraq

1.2.3.4 pilalsaad_t@yahoo.com

Abstract. Activated carbon (AC) is a nonpolar material with a high molecular adsorption capacity. Due to its large
specific surface area, microporous structure, adsorption efficiency, and reusability, it is suitable for application with vari-
ous materials for the adsorption of organic contaminants from wastewater with different concentration levels. This study
discusses the mineralization level of two common types of activated carbon derived from birch wood and coconut shell.
The results demonstrated that the maximum electrical conductivity of the aqueous solution after contact with birch-based
activated carbon reached 978 S/cm, whereas for coconut-based activated carbon it was 98 uS/cm. These findings indi-
cate that birch-based activated carbon contains a higher mineral content compared to coconut-based activated carbon.
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INTRODUCTION graphite microcrystals, and amorphous carbon, with

Activated carbon (AC) consists of three distinct gra.phite microcrystals constituting the majgr fraction.of
components: single-layer carbon with a crystalline lattice, activated carbon [1]. One of the most effective strategies
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for wood waste management involves the production of
activated carbon with a uniform pore size distribution and
a large specific surface area through the addition of
chemical agents to carbonaceous char, which can be
efficiently used for the removal of chemical contaminants
from wastewater [2].

Methods of chemical activation of carbonaceous
raw materials are highly effective for the production of
microporous carbon materials. These methods are based
on the introduction of chemical additives into the precur-
sor material, followed by carbonization in an inert atmos-
phere or in the presence of a gaseous oxidizing agent.
Chemical promoters such as ZnCl,, Al,O3;, H3;PO,, car-
bonates, and alkali metals are commonly employed as
activating agents [3]. Activated carbon can be produced
from biomass through thermal treatment either by direct
activation or direct carbonization, or by preliminary car-
bonization of biomass followed by activation of the result-
ing biochar into activated carbon [4]. Chemical activation
reduces the energy consumption required for raw materi-
al activation while simultaneously increasing the specific
surface area of the final product [5].

Birch-based activated carbon is widely used for
drinking water purification as well as in water treatment
processes involving natural water sources [6]. On the
other hand, coconut shell is one of the most commonly
used raw materials worldwide for the production of acti-
vated carbon [7]. The production of activated carbon is
aimed at obtaining materials with desired pore volume,
specific surface area, and pore size distribution charac-
teristics [4]. Activated sorbents derived from birch wood
and coconut shell possess highly porous surfaces. The
pore size ranges from 2 to 30 nm for birch wood-based
activated carbon and from 2 to 10 nm for coconut shell—
based activated carbon [8]. Coconut shell is considered
an important precursor for activated carbon production
because the resulting material exhibits a high micropore
content, low ash content, and high reactivity [9]. For ex-
ample, it is effectively applied in the catalytic oxidation of
hydrogen sulfide to elemental sulfur or in water dechlo-
rination through the redox reaction: Cl, + C — C-0 + CI".

On the other hand, chemical activation leads to an
increase in the content of chemical components in acti-
vated carbon, which may subsequently leach into aque-
ous solutions upon contact with the adsorbent. Du-ring
the application of activated carbon in water treatment
processes, organic water-soluble compounds are re-
moved from the solution; simultaneously, organic compo-
nents are adsorbed onto the sorbent, while water-soluble
inorganic components may migrate from the activated
carbon into the solution. The aim of this study is to evalu-
ate the mineralization level of solutions in contact with
activated carbon, assessed through changes in electrical
conductivity. This parameter may depend on the charac-

Table 1 — Characteristics of the activated carbon used

teristics of the activated carbon (mass fraction, particle
size and shape, and pore geometry) as well as on the
properties of the electrolyte (type of dissolved compo-
nent, concentration, temperature, and acidity).

The mechanisms of electric current transfer in
these systems differ significantly: electronic conduction
occurs within the activated carbon, whereas ionic con-
duction takes place in the electrolyte [11]. Therefore,
activated carbon represents a solid material lacking ionic
conductivity and can be considered a dielectric within the
heterogeneous system under investigation. An exception
arises at high activated carbon concentrations, where
particle agglomerates may form conductive pathways
between the electrodes. However, in systems with low
activated carbon concentrations (less than 15 wt.%),
such agglomeration is unlikely, and electrical conduction
occurs predominantly through ionic transport. Under
these conditions, the ion transport pathway becomes
longer, resulting in a decrease in the electrical conductivi-
ty of the suspension [12].

MATERIALS AND CHEMICALS
Activated Carbon Used

Two types of industrial activated carbon were em-
ployed in this study:

1. Activated carbon from birch BAC-A.

2. Activated carbon from coconut shells CAC.

The industrial crushed activated carbon served as
the primary source material for this study, with its charac-
teristics presented in Table 1 (parameters as specified by
the manufacturer). Samples with a particle size of 1-1.5
mm were selected for each carbon type for experimental
purposes. The bulk density of each material was deter-
mined gravimetrically.

Distilled water with an electrical conductivity of
4 uS/cm at a room temperature of 21 °C was used in the
experimental investigations and for washing the activated
carbon granules.

The mineralization level was determined by con-
ductometric analysis based on changes in the electrical
conductivity of the contacting water. Electrical conductivi-
ty measurements of the aqueous solution were per-
formed using an HM Digital COM-100 conductivity meter.
Each measurement was repeated multiple times, and the
mean value of the measured parameter was calculated.

The pH of water in contact with the activated carbon
was measured using an HM Digital PH-200 pH meter.

Powdered activated carbon (both birch wood-based
and coconut shell-based) was produced by grinding pre-
washed crushed activated carbon in a laboratory mill.
The resulting powder was subsequently dispersed in
either an aqueous sodium chloride solution or distilled
water to prepare a suspension.

Ta6nwua 1- XapaKTepVICTI/IKI/I NCNoJib3yemMoro aktTuBMpoOBaHHOIO yrisa

Parameter Type of Activated Carbon
Birch wood BAC-A GOST 6217-74 | Coconut TU 20.14.71-001-2009357701-2023
parameters declared by the manufacturer
Type of coal Crushed
Particle size 1.0-3.6 mm 0.4-1.7 mm
Adsorption activity for iodine, not less 60 % 60%
Bulk density, not more 240 g/dm?® 500 g/dm?
Ash mass fraction, not more than 6 % 3%
Measured parameters
Particle size 1.0-1.5 mm 1.0-1.5 mm
Bulk density 210 g/dm?® 700 g/dm?®
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METHOD

In the first stage of the study, the change in the miner-
alization level of water in contact with granular activated
carbon was evaluated. For this purpose, 25 g of the carbon
sample was immersed in 250 mL of distilled water and agi-
tated for a defined period of 24 hours, after which the water
was filtered and the carbon was replenished with fresh dis-
tilled water (250 mL). The degree of mineralization was as-
sessed by measuring the electrical conductivity of the filtered
water. The experiment was terminated upon reaching a
constant electrical conductivity level as a function of contact
time, after which the spent granular activated carbon was
filtered and dried for subsequent analyses.

The second stage of the study aimed to determine
the effect of powdered activated carbon concentration on
the electrical conductivity of the suspension. Distilled
water and aqueous sodium chloride solutions at concen-
trations of 2.5 and 5 g/L were used as electrolytes, to
which varying amounts of powdered activated carbon
(0.5, 1.0, 1.5, and 2.0 g) were added, yielding corre-
sponding concentrations of 0.5, 1.0, 1.5, and 2.0 g/L.

During the suspension experiments, powder parti-
cles were maintained in a suspended state by continuous
magnetic stirring at 300 rpm, resulting in a mean particle
velocity of 0.2 m/s within the container. The particle sed-
imentation velocity, calculated on the basis of the mean
powder particle size and system parameters according to
Stokes' law for the laminar flow regime (Ar < 36), was de-
termined to be 2.3 mm/s for birch wood-based powder
and 0.7 mm/s for coconut shell-based powder.

RESULTS AND DISCUSSION

For systematic presentation and discussion, the re-
sults were organized into two sections as outlined below.

In all experiments, the granular activated carbon
concentration was maintained at 100 g/L. During the ex-
periment, the activated carbon was agitated using a
magnetic stirrer; at defined time intervals, the carbon was
filtered and the electrical conductivity of the resulting
solution was measured. The obtained results are
presented in Figure 1.
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Figure 1 — Electrical conductivity of water in contact with
activated carbon depending on the contact time

PlllcyHOK 1- 3ﬂeKTp0I‘IpOBO,D,HOCT b BObl NPU KOHTAKTE C aKTu-
BWPOBaHHbLIM Yyrriem B 3aBUCUMOCTU OT BPpEMEHU KOHTaKTa

As shown in Figure 1, the electrical conductivity of
the solution in contact with birch wood-based activated
carbon powder is higher than that of the coconut shell-
based activated carbon solution, owing to the greater salt
content in birch wood-based activated carbon compared
to its coconut shell-based counterpart. Furthermore, the
electrical conductivity of the solution following treatment
with coconut shell-based activated carbon can be con-
sidered to exhibit negligible variation over time. Accord-
ingly, throughout the entire experiment, the following
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quantities of soluble salts were leached from crushed
activated carbon with a particle size of 1-1.5 mm into
water, expressed as sodium chloride equivalent:

- Birch wood-based activated carbon: 0.01 g NaCl/g
activated carbon.

- Coconut shell-based activated carbon: 0.001 g
NaCl/g activated carbon.

The residual electrical conductivity of the aqueous
solution saturated with powdered activated carbon was
determined to be 41.6 uS/cm for birch wood-based car-
bon and 10.2 pS/cm for coconut shell-based carbon.

Effect of Dispersed Activated Carbon Powder
on the Electrical Conductivity of the Suspension

The powder obtained from washed crushed activat-
ed carbon was used for dispersion purposes. The electri-
cal conductivity of suspensions containing both types of
activated carbon, free of mineral impurities, was investi-
gated. In this experiment, quantities of (0.1, 0.5, 1, 1.5,
and 2) g of activated carbon were added to (2.5 and 5) g/L
NaCl solutions for a contact period of 20 minutes. The
results are presented in Figure 2 below.
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Figure 2 — Comparison of the conductivity of suspensions
containing two types of salt-free activated carbon, with
the addition of different masses of activated carbon to

(2.5 and 5) g/l NaCl

PucyHok 2 — CpaBHeHWe aneKTponpoBOAHOCTY CYCNEH3NIA,
cofepxalluux ABa TUna akTMBUPOBAHHOTO YIS,
He cofepallero conu, ¢ obasneHnem akTMBUPOBaHHOIO
yrnsi pasnuyHon maccel k (2,5 n 5) r/n NaCl

Figure 2 presents a comparison of the electrical
conductivity of suspensions containing the two types of
washed activated carbon. Varying quantities of activated
carbon were added to 2.5 and 5 g/L NaCl solutions: birch
wood-based activated carbon (Fig. 2(a)) and coconut
shell-based activated carbon (Fig. 2(b)). It is evident that
the electrical conductivity increases with increasing acti-
vated carbon concentration in the solution.

According to classical suspension conductivity theo-
ry [13], at low volume fractions of the dispersed phase
that does not participate in electrical current transmission,
the electrical conductivity of the suspension decreases
with increasing solid-phase concentration. However, the
experimental data demonstrated an increase in electrical
conductivity, which can be attributed to the presence of
residual water-soluble components in the activated car-
bon powder that are released into the solution upon dis-
persion, resulting in a conductivity increase that out-

237



B. C. TAXA, A. C. AlIEKCEEB, M. K. IXXYBAPW, H. B. AJIEKCEEBA

weighs the expected decrease. In addition to mineral
salts, the powder particles may contain water-soluble
acids or alkaline compounds that can influence the pH of
the solution. Figure 3 illustrates the dependence of sus-
pension acidity on the quantity of dispersed powder.

Birch wood-based activated carbon induces a
greater shift in suspension pH than coconut shell-based
activated carbon. The pattern of pH variation is consistent
across both carbon types, with the suspension acidity
shifting toward higher pH values, indicating the presence
of alkaline components in the activated carbon. These
experimental findings are in agreement with data report-
ed in the literature, according to which an increased alka-
line content in the precursor mixture is required to en-
hance the specific surface area and pore volume of car-
bon materials produced by thermal decomposition [6].
Furthermore, coconut shell-based activated carbon is
characterized by a high carbon content and low inorganic
matter content [10], which is consistent with the lower
electrical conductivity of its contacting solution compared
to that of birch wood-based activated carbon.
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Figure 3 — Change in suspension acidity depending on
the concentration of activated carbon powder of birch AC
and coconut AC

PucyHok 3 — NameHeHne KUCNOTHOCTM CyCneH3nmn
B 3aBMCMMOCTM OT KOHLIEHTPaLIMK NOpOLLKa
aKTUBUPOBAHHOTO Yrnsi 6epe30BOro U KOKOCOBOIO

CONCLUSION

Birch wood-based and coconut shell-based activated
carbons are among the most widely used carbonaceous
adsorbents for the purification of water and aqueous solu-
tions, owing to their large surface area and well-developed
porous structure. Upon contact with aqueous solutions,
these carbons preferentially adsorb organic water-soluble
components. The present study demonstrated that the inter-
action of aqueous solutions with activated carbon can lead
to an increase in the mineralization level of the solution,
attributable to the mineral constituents present within the
activated carbon matrix. The results indicate that birch wood-
based activated carbon elevates the mineralization level of
the contacting solution to a greater extent than coconut
shell-based activated carbon. In both cases, the pH of the
contacting solutions shifts toward higher values.

Overall, the findings demonstrate that plant-derived
activated carbon can alter the mineralization level of a
solution upon contact, through the transfer of mineral
components from the activated carbon phase into the
solution. The results obtained may be applied in the de-
sign and optimization of water treatment processes em-
ploying adsorption units with activated carbon, enabling

the prediction of the mineralization level of the treated
water. They may also be utilized in the modeling of pro-
cesses involving low-concentration water-carbon suspen-
sions for the estimation of the electrical conductivity of
the suspensions employed.
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