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Abstract. Mining wastewater, characterized by elevated salt levels, necessitates effective treatment to prevent contamination of under-
ground and surface water. Traditional methods for treating large volumes of mining wastewater with high total dissolved solids
are expensive, and cost-effective alternatives are limited. In this study, we propose a solution to this challenge: the sorption
of dissolved substances using a carbonaceous sorbent derived from waste, specifically rice husk biochar. To enhance the sorbent’s
efficiency, we subjected it to electromagnetic activation, resulting in increased carbon content (from 43.3 to 78.5 % compared
to the initial biochar), reduced impurities, and particle size reduction to the nanoscale (1-50 nm) with the formation of mesopores
(mean diameter from the adsorption isotherm is 167 A) and micropores (4.92 A). This process contributes to improved composi-
tional homogeneity. The effectiveness of the proposed sorbent was validated through the treatment of wastewater from Kirov Mine
(Novoshakhtinsk, Rostov Region) under laboratory conditions. The removal rates for dissolved heavy metal ions (iron, zinc, manga-
nese) were found to be 89, 84 and 26 %, respectively. A recommended two-stage sorption treatment involves: (1) static sorption using
electromagnetically treated rice husk biochar at a concentration of 0.5 g/dm?; (2) subsequent reagent treatment of the suspension
(SKiF-180 reagent, 1.0 mg/dm?), addition of potassium permanganate for manganese removal, settling for 30 min, and non-pressure
filtration with a rice husk biochar filter.
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AHHOTayms. 3arps3HEHHAs [IaXTHas BOAa C OONBIIAM KOJMYECTBOM COJIeW [ellaeT HEHPHIOMHBIMU JUIS XO3SHCTBEHHO-TIUTHEBBIX

HYX]] TIOA3€MHBIE ¥ TIOBEPXHOCTHBIC HCTOUHHKN BOABL. B CBS3M ¢ HEOOXOANMOCTBIO OTPOMHBIX 3aTPAT HAa OYHUCTKY BBICOKOMUHE-
PaTM30BaHHBIX BOJ M HEAOCTATOYHOH Pa3pabOTaHHOCTBIO AEIIEBHIX TEXHOJIOTHI 00e3BPEKUBAHUS KPYIHBIX 00BEMOB MOIBITKH
OYHCTUTH COpAchIBAEMBbIE MM CTEKAIOIIHE HIAXTHBIE BOIBI 10 OE30IACHOTO YPOBHS OKA3bIBAIOTCSI MPAKTHUECKH Oe3pe3ynbrar-
HBIMU. B naHHO# paboTe npeanokeHo 0HO U3 PeIIeHHH 3TOH mpobaeMbl — COpOIHs paCTBOPEHHBIX B BOJE BEIIECTB Ha YIIIEPO.I-
coziepxKaiieM copOeHTe, TTOMyIeHHOM H3 OTXOI0B MPOM3BOACTB. B KauecTBe COpOLMOHHOTO yIIEpOAHOTO MaTeprana MPHMEHEH
OHOyToJb U3 IUIONOBBIX 000JI0YEK 3epeH puca (pucoBoii comomsl). s Hambonee 3¢(eKTHBHOTO NeiCcTBUsA copOeHTa BBIOpaH
CIOCO0 eT0 MOATOTOBKHU MMEKTPOMArHUTHBIM METO/IOM B YCTaHOBKE aKTUBALIUH TIPOIECCOB, YTO TMTO3BOJIMIIO ITOBBICUTH COJEPIKAaHNE
yraepona B copbente ¢ 43,3 1o 78,5 % 1o cpaBHEHHIO C HCXOAHBIM OHOYTIEM, CHI3UTh KOHIICHTPAIIUN B HEM IIPUMeCeii, a Takxke
M3MENBIUTH ero 0 1-50 HM ¢ 06pa3oBaHHeM Me3omop (CpeHmii guamerp mo gecopbuun — 167 A) u mukpomnop (4,92 A), Tem
CcaMBbIM YIy4IIUB OXHOPOAHOCTH cocTaBa. [loaTBeprkaeHa 3(h(HEeKTHBHOCTD MOTYYEHHOTO cOpOEHTa MpHu 00pabOTKE UM CTOYHBIX
Box maxTel M. Kuposa (r. HoBomaxtuuck, PoctoBckast 0011.) B 1a00paTOPHBIX YCIOBHUSX, B YACTHOCTH JOCTUTHYTO CHIDKCHHE
KOJIMYECTBA PACTBOPEHHBIX HOHOB TSDKEIIBIX METAJUIOB — JKelle3a, [IMHKa, Mapranna, Ha 89, 84 u 26 % coorBeTcTBeHHO. PexomMeH0-
BaHa JIBYXCTyINeHYaras copOIroHHas 00padoTka maxTHO# BoabL: (1) cCOpOIHs B CTATHYECKHUX YCIOBHX C IPUMEHEHHEM OUOYTIIS
U3 IUIO0BBIX 000IOYEK 3EPEH PHCa C HIEKTPOMATHUTHOM 06paboTkoi no3oi 0,5 r/mam?; (2) mocnemyromas peareHTHas 06paboTka
nonydennoit cycnensun CKu®-180 mnosoii 1,0 Mr/am?, BBOJ mepMaHraHaTa Kajius C HETbI0 yIaJeHns: CONEPIKALIErOCs Maprania,
3aTeM OTcTanBaHUE B TeueHHe 30 MUH B OTCTOWHBIX COOPYKEHHSAX W JOOYHCTKA (DUIBTPOBaHUEM yepe3 Oe3HANmOpHBIH (GUiIbTp,
3arpyKeHHBI OMOYTIIEM U3 PUCOBOM COTOMBI.

KnioueBble csi0Ba: 1maxTHbIE CTOYHBIE BO/IbI, 3arpsA3HEHHUE BOJOEMOB, COp6HPI$[ B CTaTUYCCKUX YCIIOBUSAX, COpGHI/IH B JTUHAMHYCCKUX

YCJIOBUAX, OTXOAbI MPOU3BOACTB, IIOAOBLIE 000J104KH 3€pEH puca (pI/ICOBaH COJ'IOMa), SJICKTpOMarHuTHas 06p3.60TKa, YCTaHOBKa
AKTHUBallUU MPOLECCOB

BbnarogapHocTy: Viccnenosanns nposezieHs! 3a cueT cpeacts Gonpa conetictsus nanoBanmsiM (P®). Beipakaem GrmarogapHOCTh pyKo-

BOACTBY (DOHI[a 3a q)HHaHCOByIO TIOAJACPIKKY HAYyUIHBIX HM3BICKAaHUI U BO3MOJKHOCTH l'[y6JII/IKaLII/II/I TIOJTYYCHHBIX PE3YyJIbTaTOB.

Ana untupoBanmsa: Cvonsanuerko A.C., SIkosneBa E.B. Ouncrka nmpon3BoJCTBEHHBIX CTOYHBIX BOJ OT HOHOB TSDKEJIBIX METAJIOB

YIJIEPOJHBIM COPOSHTOM C 3IEKTPOMArHUTHOW 00paboTKOM (Ha mpuUMepe LIaXTHBIX BOM). M36ecmus 8y3086. [lopowikosas memaniyp-
eus u QhyHkyuonanvuvie nokpvimus. 2024;18(2):35-44. https://doi.org/10.17073/1997-308X-2024-2-35-44

tion, filtration, and the separation of solid particles
through centrifugal forces. Subsequent stages encom-
pass chemical processes (coagulation, flocculation,

Introduction

Discharge of highly concentrated mining waste-

water into the environment poses a significant hazard
due its elevated levels of heavy metal ions, including
iron, manganese, zinc, nickel and others, as well as high
total dissolved solids (5.0-15.0 g/dm?) [1; 2].

Groundwater contamination by heavy metal ions,
such as soluble Fe?* and Mn(Il) compounds, further
exacerbates the environmental impact. Russian envi-
ronmental standards specify maximum allowable con-
centrations (MAC) for iron (0.3 mg/dm?) and manga-
nese (0.1 mg/dm?) in drinking water [3; 4].

It is essential to recognize that the treatment of mine
wastewater is a multifaceted process. The initial stage
involves mechanical treatment, including -clarifica-
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sorption, neutralization, decontamination), physi-
cal treatments (ultrasonic, UV, magnetic exposure),
and biological treatments [5; 6]. A mandatory step in
the treatment of mine and quarry wastewater involves
decontamination through chemical methods (ozo-
nation) and physical methods (UV) before discharge
into the environment [7-9].

This study proposes a sorption process for removing
heavy metal ions dissolved in wastewater. The process
utilizes a carbonaceous sorbent derived from agro-
industrial waste and subjected to electromagnetic treat-
ment. The suggested solution can be applied in mining
wastewater treatment plants.
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Fig. 1. The activator

a — general view, b — body

Puc. 1. YcTaHOBKA aKTHBAIMU TPOIIECCOB

a — obmwuii Buz, b — pabounii kopmyc

Materials and methods

We utilized biochar derived from rice husks (rice
straw) as the carbonaceous sorbent. This biochar was
produced by carbonizing pre-washed rice husks in a
muffle furnace at 600 °C for 30 min, followed by treat-
ment in an activator (Fig. 1). A portion of the biochar
was then mixed in distilled water, transferred to a non-
magnetic cylinder containing ferromagnetic particles
with a weight of m =200 g, and subjected to a rotat-

ing electromagnetic field for 30 s within the activator.
Subsequently, it was dried in a desiccator for 4 h at
t =105 °C (Fig. 2).

The rotation of ferromagnetic particles in the elec-
tromagnetic field induces a magnetostrictive effect,
leading to the reduction of oxides on the particle sur-
face. This process results in an increase in the carbon
content of the sorbent from 43.3 to 78.5 %, as compared
to the initial biochar, and a reduction in impurities,
including silicon, from 8.2 to 2.1 % (refer to Table 1).

Fig. 2. The sorbent at each stage of preparation

a — after carbonization of the initial fruit shells of rice grains in a muffle furnace at # = 600 °C;
b — after processing in the PAU; ¢ — after drying in an oven at 7 = 105 °C

Puc. 2. Baetnwuii Buj COpOEHTa HA Pa3HBIX CTAIUSIX MOATOTOBKH

a — nocie KapOOHU3ALMK UCXO/IHBIX TUIOIOBBIX 000JI04EK 3epeH puca B MyhenbHo neun npu ¢ = 600 °C;
b — mocne 06pabotku B YAIL; ¢ — mocie mpocyIiBanus B CyIIHIbHOM mikady mpu ¢ = 105 °C

Table 1. Chemical composition of rice husk biochar samples with and without electromagnetic activation

Ta6numya 1. XuMH4YeCKHI cOCTaB MOJIyYeHHbIX 00pa310B OHOYIVIsI U3 IJIOI0BLIX 000/1049€K 3epeH puca
€ 2JIEKTPOMATHUTHOH 00padoTKOH U 0e3 Hee

Content, wt. %
Sorbent sample
C (0] K Ca | Mg | Na Cl Fe Al
Original biochar 433 1425 | 82 | 1.0 | 1.1 09 | 04 | 0.1 - 2.7
After electromagnetic activation | 78.5 | 18.5 | 2.1 0.5 0.1 0.1 0.1 - 0.1 -
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The alterations in the chemical composition of bio-
char stem from various processes occurring within
the activator. The increase in carbon content can be attri-
buted to the disruption of intermolecular bonds [10].
Additionally, the interaction of SiO, with ferromagnetic
particles leads to the formation of chemical compounds
on their surface layer, resulting in a reduction in silicon
content [11]. The activation process not only pulverizes
the sorbent into the nanoscale range (1-50 nm) but also
generates mesopores (with a mean diameter of 167 A)
and micropores (4.92 A) while enhancing the homo-
geneity of the composition. Following the preparation
of the carbonaceous sorbent as described above, we
assessed its effectiveness for mining wastewater treat-
ment under laboratory conditions.

Table 1 presents the properties of the initial bio-
char derived from rice husks and the biochar following
electromagnetic activation /.

We conducted thermogravimetric analysis (TGA)
of the sorbent, and the summarized results are provided
below:

Ashcontent,% ..................... 35.8
Moisture content, % . .. ........... ... Not found
Specific surface area, m*/g . ........... 7.45
The relative volume of pores

up to 900 A in dia.,cm?/g.......... ... 0.034
Average mesopore diameter

from the adsorption isotherm, A . ... ... 196
Micropore volume, cm/g . ........... 0.0026
Average micropore diameter, A . ... .. .. 4.08
Iodine adsorption, % . .. .............. 24
Methylene blue adsorption, % .. ....... None

The sorbent sample, post-activation, underwent cal-
cination at £ =450 °C for 3 h. During this process, its
color transitioned from black to brown, and there was
a slight reduction in volume. The observed 0.7 % loss
upon heating to 450 °C suggests the potential pres-
ence of a minimal amount of moisture absorbed during
sample preparation. Given the requirement for a very
small sample size (less than 20 mg) in thermal analy-
sis, even a minor influence from ambient air moisture
during sample preparation could impact the results.
Upon heating to 500 °C, the calcined sample experi-
enced almost negligible weight loss. In the temperature
range of 500 to 688 °C, a weight loss of approximately
3.3 % occurred, as indicated by the endothermic effect
in the DSC curve (Fig. 3).

The observed process is likely analogous to trans-
formations occurring at ¢=620+685 °C, involving
the release of chemically bound moisture and some
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Fig. 3. TGA derivatogram of the sorbent sample /

Puc. 3. JlepuBatorpamMmma TepMOrpPaBUMETPUUECKOTO aHAIM3a
o06pasiia / npUroToBICHHOTO copOeHTa

organic volatiles. Continued heating to 950 °C led
to a gradual decline in the rate of weight loss. The resi-
dual weight at 950 °C was determined to be 95.76 %.
Notably, the TGA curve does not reach a plateau, indi-
cating ongoing decomposition of the sample.

In this study, the wastewater sourced from the
Kirov mine (Novoshakhtinsk, Rostov Region) was
employed. The mine generates an estimated daily
volume of approximately 40,000 m® of wastewater,
which is pumped from the mine and directed to the pri-
mary settling basin for the removal of suspended solids.
Despite undergoing clarification, the treated wastewa-
ter remains unsuitable for discharge into the environ-
ment, leading to the imposition of environmental pol-
lution penalties.

An illustration of the mine wastewater composition
post-treatment at the existing treatment plant is provided
in Table 2. Notably, this composition does not adhere
to the stipulated environmental requirements [12; 13].

Our investigation encompassed both the steady-
state and dynamic reduction of dissolved heavy metal
ion concentrations, specifically iron, manganese, cop-
per, and zinc, under laboratory conditions. In static
conditions, a fluid element remains stationary rela-
tive to the sorbent particle, indicating that they move
together. Conversely, in dynamic conditions, the fluid
element moves relative to the sorbent particle, with
the absorbed substance present in a mobile liquid phase
that is filtered through the sorbent layer.

Condlition 1. Static sorption conditions:

— introduction of rice husk biochar, subjected
to electromagnetic treatment, into the original mine
wastewater at various amounts (0.1; 0.3; 0.5; 0.7
and 1.0 g/dm®), followed by mixing in a flocculator
at 45 rpm for 30 min;
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Table 2. Composition of mine wastewater before and after treatment at the existing water treatment plant

Ta6nuya 2. CocTaB HIAXTHBIX BOJ /10 U MOCJI€ CYLIeCTBYIOLIElH BOT0OYHCTKH

Concentration of contaminants, mg/dm?
. Total
Mine . . Petro- H | hard
wastewater | Suspen- | Dissolved | Chloride | Sulfate | Total | Ca*" | Mg(Il) b BICHESS,
. . . . . . BOD, | leum me ea/L
ded solids | oxygen ions ions iron ions ions 9 &¢q
products
Original 52 11.58 443 2805 3.5 386 320 17.5 0.06 7.7 40.1
After 28 10.63 252 2641 095 | 362 | 309 | 25 | 004 | 79 40.1
treatment
Environ-
mental 0.75 4.0 350 500 03 | 35| 20 | 20 | 03 |6585 -
require-
ments”
* Standard values for recreational water and water bodies in populated areas [12; 13].

—treatment of the resulting suspension with
the SKiF-180 reagent, consisting of aluminum poly-
oxychloride as the coagulant and polydiallyldimethyl-
ammonium chloride (PolyDADMAC) as the cationic
flocculant, at a dosage of 1.0 mg/dm?. This treatment
involves stirring for 2 min at 200 rpm and an additional
10 min at 45 rpm;

— allowing the wastewater to settle for 30 min
to facilitate coagulation;

— filtration through a quartzite pressure filter.

Condition 2. Dynamic sorption conditions (filt-
ration):

— treatment of the initial wastewater with the
SKiF-180 reagent (1.0 mg/dm?) through stirring for
2 min at 200 rpm and an additional 10 min at 45 rpm;

— settling the wastewater for 30 min to induce
coagulation;

— filtration through a non-pressure filter containing
rice husk biochar particles sized 1-3 mm.

Results and discussion

All mine drainage samples collected during testing
were analyzed by a certified laboratory, following stan-
dardtestprocedures fortotaliron (PNDF 14.1:2:4.50-96),
manganese (PND F 14.1:2:61-96), copper (PND F
14.1:2:4.48-96), and zinc (PND F 14.1:2:4.60-96).
The laboratory employed a UNICO 1201 spectropho-
tometer (UNITED PRODUCTS & INSTRUMENTS,
USA).

Table 3 presents the concentrations of the men-
tioned chemical elements in mining wastewater after
static sorption using rice husk biochar (condition 7).
A notable reduction in iron ion concentration, ranging
from 44 to 89 % compared to the initial concentra-
tion, was observed. The optimal treatment efficiency

was achieved at a sorbent concentration of 0.5 g/dm?>.
The largest decrease in zinc ion content, by 84 %,
resulted in a concentration of 0.059 mg/dm?. A mar-
ginal drop (4-26 %) in manganese ion concentration
occurred when 0.3, 0.7 and 1.0 g/dm? of the sorbent
were added, while in other cases, the concentration
increased. Therefore, it is recommended to oxidize
manganese using potassium permanganate. To remove
1.0 mg of Mn(Il), 1.88 mg of KMnO, is required.
As the initial copper ion concentration in the waste-
water is below the rated threshold, evaluating copper
removal efficiency is not feasible.

Fig. 4 depicts concentration curves illustrating
the variation of controlled chemical elements (iron,
manganese, zinc, and copper) in relation to the amount
of sorbent (rice husk biochar after electromagnetic
treatment).

Throughout the tests, we monitored the following
parameters:

— redox potential, serving as an indicator of the sub-
stance’s ability to accept or donate electrons (oxidation-
reduction capability);

—total dissolved solids, quantifying the amount
of salts dissolved in water, measured using a TDS-3
meter, and pH levels.

The summarized results of these measurements are
presented in Table 4 and visually represented in Fig. 5.

It is established that when a certain critical thresh-
old of the hydrogen ion concentration (pH) is reached,
doubly and triply charged simple and hydrolyzed cati-
ons react to form practically or poorly soluble metal
hydroxides [14]. However, the measured pH values fall
within the range of 6.15 to 6.39, indicating a neutral
environment. The total dissolved solids (TDS) range
from 258 to 271 mg/dm?, which falls within the category
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Table 3. Results of mining wastewater treatment under Condition 7/

Ta6bnuya 3. Pe3yabTaThbl HCIBITAHUI 00PA00TKH IIAXTHBIX CTOUHBIX BOJ B pexkume /

il min Wastewater after sorbent treatment, g/dm?
Property Ilz)lvt;:tervr&ig}clelig (Removal efficiency, %)
0 0.1 0.3 0.5 0.7 1.0
Totaliron, | 5 ., 5 | 22.82£2.28 | 2034+2.03 | 1888189 | 3.99+0.60 | 17.92=1.79 | 1146 1.715
mg/dm? : ' (37 %) (44 %) (48 %) (98 %) (51 %) (69 %)
Niﬁﬁa' 56194 1 1og 32885 10587356+ 1471 4.150+0.83 | 6.047 + 1209 4.321 +0.864 5.386 £ 1.077
mg /dr;13 ) ’ (6 %) ) (26 %) ) (23 %) 4 %)
Copper, | o 0124 0,002 ©-007 £ 0.002 | 0.008 % 0.002 | 0.023 £ 0.005 | 0.016 % 0.003 | 0.011 £0.002 | 0.012  0.002
mg/dm’ ’ ’ (42 %) (33 %) ) ) (8 %) )
zine, | 376 1og)| 0177%0.060 | 0.064 +0.022 0185+ 0.063 | 0.059%0.02 | 0.147+0.05 | 0.153 +0.052
mg/dm? | : (53 %) (83 %) (51 %) (84 %) (61 %) (59 %)

of low TDS, resembling potable water conditions [15].
Notably, these TDS values exhibit independence from
the amount of sorbent used. Given these findings, it can
be inferred that a broader range of values for pH and
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Fig. 4. Concentrations of iron and manganese (a),
zinc and copper (b) ions vs. sorbent amount

1—-Fe,2—-Mn,3-Cu, 4-Z7Zn

Puc. 4. 3aBUCUMOCTH KOHIICHTPAIIMK HOHOB Kelie3a
n Mapratua (a), unHka u Meau (b) ot xonudecTsa
BBCJICHHOTO COpOcHTa

1-Fe,2—Mn,3-Cu,4—7Zn

TDS may be necessary to establish a relationship with
the amount of sorbent.

Upon introducing the coagulant (SKiF-180 reagent
with pH = 0.5+3.0), the redox potential shifts from neg-
ative to positive, signifying a transition from reducing
to oxidizing water properties. With an increase in sor-
bent quantity, the water’s oxidizing properties intensify.
However, at a biochar dose of 0.5 mg/dm’, the redox
potential decreases from +108 to +50 mV. This reduc-
tion is attributed to the decline in iron concentration at
this specific sorbent quantity (Fig. 5).
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Sorbent concentration, g/dm3

Fig. 5. Redox potential of water vs. sorbent amount

Puc. 5. 3aBucumocts OBII 06pabarsiBaeMoii BOIbI
OT KOJIMYECTBA BBEACHHOTO COPOCHTA

Table 4. Results of mining wastewater treatment under Condition

Tabnnya 4. Pe3yabTaThl KOHTPOJISI IAPAMETPOB cpe/bl Mocje 00padoTKu B pe:kume 1

Initial mining Wastewater after sorbent treatment, g/dm?
Property
wastewater 0 0.1 0.3 0.5 0.7 1.0
pH 6.76 6.35 6.39 6.30 6.35 6.15 6.20
TDS, mg/dm? 267 278 258 262 271 266 262
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Using iron as an example, we calculated its removal
efficiency (E, %) and the sorption capacity of the sor-
bent (4, mg/g) using the following formulas:

L_G-ar
m b

(1)

where C, and C are the initial and equivalent concentra-
tions of iron, mg/dm?; V is the volume of the adsorbate
volume, dm?; m is the weight of the sorbent, g;

Nee

0

E

100 %, ©)

where C, and C are the iron concentrations in the initial
and treated wastewater, mg/dm?>.

The results of these calculations are presented in
Table 5.

Based on these computations, we generated curves
illustrating the sorption capacity and iron removal effi-
ciency as functions of the amount of sorbent (Fig. 6).

The results from tests conducted under Condition 2
are presented in Table 6. The most effective removal was
observed for divalent iron, with an efficiency of 98 %,
leading to a residual concentration of 0.6 mg/dm?. While
this slightly exceeds the maximum allowable concen-
tration, it suggests that a two-stage sorption process
may be advisable. Manganese removal efficiency from
the initial mining wastewater reached 52.07 %, meeting
the maximum allowable concentration of 5.619 mg/dm?
(actual concentration: 2.693 mg/dm’). As the cop-
per concentration in the initial wastewater is below
the threshold, evaluating copper removal efficiency is
not feasible.

Analyzing the obtained data, the following observa-
tions can be made. After coagulating the initial waste-
water with the acidic SKiF-180 reagent (pH = 0.5+3.0),
the redox potential of the solution changes its sign

Table 5. Sorption capacity and iron
removal efficiency vs. sorbent amount

Tabnunya 5. OnpenesieHne cOpOLMOHHON eMKOCTH
1 G (PEeKTHBHOCTH yAaJICHHS Kejie3a
B 32aBHCHMOCTH OT KOJIHY€CTBAa BBEJICHHOI0 COPOEeHTa

Sorbent concentration, g/dm?3
Property
01 | 03 | 05 | 07 | 1.0
Sorption capacity, | | ¢) 3| 563 | 64.96 | 17.92 | 11.46
mg/g
Removal 4423 | 48.23 | 89.06 | 50.87 | 68.58
efficiency, %

from “—"to “+”, indicating oxidizing properties. The pH
value of the water experiences a slight change from 6.76
to 6.35, remaining within the rated range. Following fil-
tration, the redox potential further increases from +73
to +215, along with a rise in the pH value (8.47), cor-
responding to a slightly alkaline environment.

As previously mentioned, the optimal sorbent
amount for iron and zinc removal is 0.5 mg/dm?.

180 100
s 160 90
s X
g 140 80 .
- | 70 2
B 120 g
g 100 F 60 2
=3 50 %
S 80 5)
o 40 =
1) 60 >
= 30 o
2 40 20 g
2 ~

©“ 20 10

0

0 0.2 0.4 0.6 0.8 1.0

Sorbent concentration, g/ dm’

Fig. 6. Sorption capacity (1) and iron
removal efficiency (2) vs. sorbent amount

Puc. 6. 3aBucumoctu copbrronHoit emxocT (1)
u 3¢ dexTrBHOCTH ynaneHus (2) xeneza
OT KOJIMYECTBA BBEJICHHOTO COpPOCHTA

Table 6. Results of mining wastewater treatment under Condition 2

Tabnuya 6. Pe3yabTaThl HCNBITAHUIT 00Pa00TKH INAXTHBIX CTOYHBIX BOJ B pe:kume 2

Rated Coagulation
Initial mining . (SKiF-180 Filtration through the Removal
Property concentrations, 2 Q
wastewater me/dm? reagent) sorbent efficiency, %
& D= 1.0 mg/dm?
Total iron, mg/dm? 36.47 +£3.65 0.3 22.82+2.28 0.60 + 0.09 98.35
Manganese, mg/dm? 5.619+1.124 0.1 5.288 +1.058 2.693 +0.539 52.07
Copper, mg/dm? 0.012 +0.002 1.0 0.007 +0.002 0.020 £ 0.004 -
Zinc, mg/dm? 0.376 £0.128 5.0 0.177 £ 0.060 0.181 +0.062 50.68
Redox potential -0.07 - +073 +215 -
pH 6.76 - 6.35 8.47 -
TDS, mg/dm? 267 - 278 262 -
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However, when increased to 0.7 mg/dm?, the efficiency
of biochar sharply decreases. Iron removal efficiency
drops from 89.06 to 50.86 % (Fig. 4, a and Fig. 6), and
zinc removal efficiency drops from 84.31 to 60.9 %
(Fig. 4, b). A similar drop in zinc removal efficiency
is observed with increasing sorbent dose in the 0.1
to 0.3 mg/dm? range. This phenomenon might be attri-
buted to a reduction in the effective specific surface area
accessible to metal ions due to overlapping or aggrega-
tion of adsorption centers, thereby increasing the diffu-
sion path length for these ions [16]. This aggregation
tends to increase with the weight of the sorbent. Another
plausible explanation is that a higher quantity of sorbent
provides more active adsorption centers, causing them
to remain unsaturated after adsorption [17-19].

Using equation (2), we estimated the removal effi-
ciency for iron, manganese, copper, and zinc under
static conditions using rice husk biochar as the sorbent
in a range of concentrations, followed by electromag-
netic treatment in condition / and filtration in condi-
tion 2 (Fig. 7).

120

100

80

60

40

Removal efficiency, %

20

Zinc

Total
iron

Manganese  Copper

Fig. 7. Removal efficiency at different stages of mining
wastewater treatment in two treatment conditions

1 - coagulation of SKiF 1.0 mg/dm? (condition 2);
2 — dynamic sorption (condition 2);
3 — static sorption, D = 0.1 mg/dm? (condition 7);
4 — static sorption, D = 0.3 mg/dm? (condition 7);
5 — static sorption, D = 0.5 mg/dm? (condition 7);
6 — static sorption, D = 0.7 mg/dm? (condition /);
7 — static sorption, D = 1.0 mg/dm? (condition /)

Puc. 7. DpdexTrBHOCTD yaaaeHuss XUMUYSCKHUX IIEMEHTOB
Ha pa3HbIX dTanax 0OpadOTKH HIAXTHBIX BOL
B 2 pexXHUMax O4YHUCTKH

1 — xoarynsiuus CKu® 1,0 mr/am?® (pexum 2);
2 — nuHAMHUYecKas copomus (pexum 2);
3 — crarnaeckas copouus, J1 = 0,1 mr/am? (pesxum 1);
4 — crarnaeckas copouus, J1 = 0,3 mr/am? (pesxum 1);
5 — craruueckas copouus, 1 = 0,5 mr/am? (pexum 1);
6 — craruueckas copbuus, [l = 0,7 mr/am® (pexum 1);
7 — crarnaeckas copouus, JI = 1,0 mr/am? (pexum 1)
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Conclusions

In summary, the following conclusions can be drawn.

1. The proposed electromagnetic activation of rice
husk biochar [20] demonstrates efficiency in treating
mining wastewater under laboratory conditions.

2. The sorbent exhibits a chemical composition that
is comparable to activated carbon, widely utilized in
water treatment, affirming the applicability of the sor-
bent in water treatment plants.

3. To optimize the efficiency of mining wastewater
treatment, we recommend a two-stage sorption process:
static sorption utilizing electromagnetically treated rice
husk biochar at a concentration of 0.5 g/dm? (Table 3)
(Stage 1), followed by reagent treatment of the suspen-
sion (SCiF-180 reagent, 1.0 mg/dm3), addition of potas-
sium permanganate for manganese removal, settling for
30 min, and non-pressure filtration with a rice husk bio-
char filter (dynamic sorption, Stage 2).

4. Implementation of this process in mining waste-
water treatment facilities is anticipated to reduce
the concentrations of dissolved heavy metal ions, par-
ticularly iron, zinc, and manganese, below the maxi-
mum allowable concentrations, enabling the discharge
of treated water into the environment.
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