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Abstract: Introduction. Most deposits of manganese ores in Kazakhstan are mined in an open way.
This creates large waste dumps that are not disposed of and have a negative impact on the environment.
Since these wastes contain various valuable components, they can be used as an alternative raw material
source in the production of various inorganic materials. However, there is no practice of involving
overburden waste in production in Kazakhstan. The purpose of this work is to study the process of
leaching overburden waste from the Zhayrem deposit with various mineral acids and the possibility of
using the resulting solutions as liquid mineral fertilizers enriched with trace elements. Results and
discussion. The process of leaching overburden waste from the Zhayrem manganese ore deposit with
various mineral acids was investigated. It has been shown that the optimal reagents of the leaching process
are nitric and orthophosphoric acids. It was revealed that leaching of overburden waste with 10%
solutions of these acids at T: JK = 1:25 and a temperature of 50 ° C leads to the formation of productive
solutions that can be recommended for use as a basis for the production of liquid phosphorus or nitrogen
fertilizers containing the trace element manganese.
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1. Introduction

Kazakhstan is home to over 100 manganese deposits and occurrences,
grouped into 19 major deposits. Approximately 60% of the reserves contain 10—
20% manganese, 32% contain 20-30%, and 11% have manganese concentrations
above 30%. The total reserves, including explored deposits, amount to about 700
million tons. About 98% of these explored reserves are located in Central
Kazakhstan, with approximately 70% comprising iron-manganese ores [1-2].

One of the largest industrial enterprises in Kazakhstan engaged in manganese
ore mining is the JSC "Zhairem Mining and Processing Plant", commissioned in
1972 to develop iron-manganese and barite-polymetallic deposits in the Atasui
ore district [3-4]. Manganese ore is extracted exclusively through open-pit
mining, which has led to the accumulation of large volumes of overburden rocks.
These overburden materials are currently underutilized and disposed of in waste
dumps [3].

Overburden rocks refer to geological materials overlying ore bodies and
removed during surface mining operations to access valuable minerals [5]. The
mineral composition of overburden and host rocks in polymetallic deposits is
generally diverse and predominantly composed of non-metallic minerals such as
shales, quartzites, clays, limestones, and granites, with silicon compounds as the
main components. Consequently, one of the main directions for their reuse is the
production of binding agents and construction materials [6-8].

Although overburden utilization is largely absent at most deposits in
Kazakhstan, including the Zhairem deposit, investigating the potential for
converting this anthropogenic raw material into new inorganic products is a
relevant scientific and practical challenge. Its successful implementation may
foster the development of new industries, diversify the country's chemical product
range, and improve the environmental conditions around mining operations.

Manganese is a vital micronutrient in phosphate fertilizers. It plays a role in
redox reactions, forms part of many enzymes, facilitates carbon dioxide reduction
in photosynthesis, aids phosphorus translocation in plants, and affects
carbohydrate and protein metabolism [9]. Conventional manganese fertilizers
typically use individual chemical compounds such as manganese sulfate [9-10],
which increases costs and limits accessibility for agricultural producers.

Therefore, it is scientifically and practically relevant to explore the potential
of using metallurgical waste, particularly overburden waste from the Zhairem
deposit, as a raw material source of micronutrients for producing mineral
fertilizers.

This study aims to investigate the acid leaching process of Zhairem
overburden using various mineral acids and assess the feasibility of using the
resulting leachates as micronutrient-enriched liquid phosphate fertilizers.

2. Experimental Section part

The study focused on crushed overburden materials from the Zhairem
deposit, characterized by a brownish color with earthy tones and particle sizes up
to 5 mm.
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The chemical composition of the raw overburden and solid residues after
acid leaching was analyzed using energy-dispersive X-ray fluorescence (EDXRF)
with a Rigaku NEX CG spectrometer.

The phase composition was determined by X-ray diffraction (XRD) using a
DRON-3 diffractometer with CuKa radiation and a p-filter. Parameters: U = 35
kV, I = 20 mA, scan mode: 6-26, scan speed: 2°/min. Phase identification was
based on the ICDD PDF2 database using the equal-weight and artificial mixture
methods to determine the semi-quantitative phase proportions.

Sulfuric (H2SOs), phosphoric (HsPO.), and nitric (HNOs) acids at 40 wt.%
concentration were used as leaching agents, with a solid-to-liquid (S:L) ratio of
1:25. Each leaching experiment used 2-2.5 g of overburden and 50 mL of acid.
The mixture was stirred for 30 minutes on a shaker, filtered, washed to neutral pH
(6-7), dried at 105°C for 1 hour, and then analyzed using XRF and EDXRF
methods. Filtrate composition was determined using titrimetric and
photocolorimetric methods. Experiments were conducted at 25°C and 50°C.

3. Results and discussion

The relative solubility (%) of the overburden in different acids was
determined gravimetrically (Table 1). The chemical and mineral compositions
before and after leaching are shown in Tables 2 and 3.

Table 1 — Dependence of overburden solubility on acid type and temperature

Temperature (°C) Leaching Agent
HsPOu HNOs | H2S04
Solubility (%)
20 59.50 62.50 38.20
50 61.56 60.20 28.05

Table 2 — Elemental Composition of Solid Residues After Acid Leaching of Zhairem Overburden Waste
Using Mineral Acids at Different Temperatures (Based on EDXRF Data)

Content of Composition Leaching Agent
Main of Initial HsPOs HNO: | H2S04
Components, | Overburden
Wt.% Waste Temperature (°C)
20 50 20 50 20 50
MgO 471 2.81 0.00 2.94 2.93 3.63 0.00
Al03 5.35 6.13 5.78 7.09 7.50 5.73 4.58
SiO2 23.90 39.20 39.80 41.80 48.90 31.30 27.70
P20s 0.10 3.25 9.04 0.07 0.00 0.07 0.00
SOs 1.01 0.81 0.89 0.77 0.61 1.60 22.10
K20 0.57 0.75 0.84 0.86 1.00 0.52 0.56
CaO 29.90 0.32 0.30 0.37 0.30 14.90 12.60
TiO2 0.34 0.41 0.43 0.38 0.50 0.62 0.39
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MnO 24.50 32.60 29.20 32.20 27.10 30.60 21.60
Fe203 6.52 11.70 11.60 11.70 9.82 9.24 8.60
BaO 1.23 0.75 0.95 1.06 0.42 0.55 0.79
PbO 0.18 0.15 0.13 0.16 0.12 0.17 0.19

Maximum solubility (62.5%) was observed with 40% HNOs at room
temperature. Increasing the temperature to 50°C slightly decreased solubility to
60.2%. HsPO.s showed similar behavior (59.5-61.56%), while H2SO.
demonstrated significantly lower solubility, decreasing from 38.2% at 20°C to
28.05% at 50°C (Table 1).

The low solubility in sulfuric acid is attributed to the formation of poorly
soluble CaSO. as per reaction:

CaCOs + H:SO4 — CaS0s4] + CO:1 + H.0 1)

XRF and XRD data confirmed CaSO. precipitation on particle surfaces,
hindering further leaching. XRD also revealed the presence of CaSO.-0.5H-0 and
CaS0.-2H-0 in the solid residue (Table 3).

Table 3 — Semi-Quantitative X-Ray Phase Analysis Results of Zhairem Overburden Rocks and Solid
Residues After Acid Leaching at 20°C

Phase Name | Chemical Formula Pre- Content, wt.%
Leaching HsPOq4 HNO3 H2S04
Waste
Content,
wt.%
Calcite CaCOs3 29.5 0.0 0.0 46.0
Kaolinite Alz(Si205)(OH)4 19.8 0.0 0.0 0.0
Braunite (Mn203)3sMnSiO3 14.6 35.0 48.0 21.0
Quartz SiO2 10.7 33.0 34.0 23.0
Hematite Fe203 9.6 6.0 6.0 2.0
Barite BaSO4 8.5 6.0 3.0 3.0
Albite Na(AlSiz0s) 3.9 10.0 8.0 2.0
Muscovite KAI2(AlSisO10)(OH)2 1.8 0.0 0.0 0.0
Orthoclase KAISi3Os 1.7 0.0 0.0 0.0
Birnessite Nao.3sMn204¢1.5H20 0.0 3.0 0.0 3.0
Lipscombite Fe2.95(PO4)2(0H)2 0.0 7.0 0.0 0.0

Reactions with phosphoric and nitric acids proceeded with significant
calcium removal due to the following:
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CaCO0s + 2HsPOs — Ca(H:PO4). + CO.1 + H20
CaCO0s + 2HNOs — Ca(NOs)2 + CO:1 + H0

At elevated temperatures and with decreased HsPO. availability, secondary

phosphate minerals such as insoluble aluminum and iron phosphates form:

(2)
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2(Al,Fe)(H:POs)s — (Al,Fe)2(HPO4)s + 3HsPOx (4)
(Al,Fe)(H2PO4)3 - (A',FG)PO4 + 2H3PO4 (5)

This is confirmed by the XRD data (Tables 3—4), which show the presence of
the lipscombite phase Fe».95(PO4)2(OH) in the solid residue after leaching with
phosphoric acid. The XRD findings are further supported by the EDXRF results
(Table 2).

Table 4 — Semi-Quantitative X-Ray Phase Analysis Results of Solid Residues After Leaching of
Overburden Waste at 50°C with Different Acids

Mineral | Chemical Formula Content, wt.%
Initial Residue Residu | Residu
Sample After e After | e After
HsPOa HNO: H2SO04
Calcite CaCOs 29.5 0.0 0.0 35.0
Kaolinite Alx(Si205)(OH)4 19.8 0.0 0.0 0.0
Braunite (Ca0.00Mgo.13Mno g6) (Fe0.0sMno.e7)6Si 14.6 31.0 30.0 15.0
O
Quartz SiO2 10.7 45.0 52.0 16.0
Hematite Fe203 9.6 7.0 7.0 5.0
Barite BaSO4 8.5 8.0 7.0 5.0
Albite Na(AlSizOs) 39 5.0 4.0 3.0
Muscovite KAI2(AlSiz010)(OH)2 1.8 0.0 0.0 0.0
Orthoclase KAISi3Os 1.7 0.0 0.0 0.0
Lipscombite Fe2.95(POAIlL)2(0H)2 0.0 4.0 0.0 0.0
Bassanite Ca(S04)(H20)05 0.0 0.0 0.0 17.0
Gypsum Ca(S04)(H20)2 0.0 0.0 0.0 4.0

Based on the results, the leachates obtained after overburden treatment with
phosphoric and nitric acids at 50°C show particular promise for further
investigation as potential liquid fertilizers. The salt composition of these
productive solutions was analyzed using titrimetric methods (for Ca?* and Mg**)
and photocolorimetric methods (for Mn?*, Fe', and AI*Y). The results are
presented in Table 5.

Table 5 — Salt Composition of Productive Leachates After Acid Leaching of Zhairem Overburden Waste
at S:L = 1:25 and 50°C

Acid Content of Main Components, g/L
concent Phosphoric Acid Leachate
r?gj(;n Ca(H2POa4)2 Mg(H2POs)2 Mn(H2POs)2 Al(H2PO4)3 | Fe(H2PO4)3 | H3POs
0
40 51.6 10.6 19.6 8.2 44 421.2
10 50.7 10.6 14.5 6.1 2.1 30.6
Nitric Acid Leachate
Ca(NO3)2 Mg(NOs)2 Mn(NOs)2 Al(NOz)3 Fe(NOs3)3 HNOQ3¢re0
40 36.2 7.2 14.2 4.6 3.0 450.0
10 36.2 5.4 12.2 4.2 1.8 59.0
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The results indicate that the use of 40% HsPO. and HNO:s as leaching agents
leads to a high concentration of residual free acid in the productive leachates
(Table 5), rendering them unsuitable for use as liquid fertilizers. Consequently,
additional leaching experiments were conducted using 10% acid solutions under
the same conditions (S:L = 1:25, temperature 50°C). It was found that the
concentrations of key components such as Ca(H:PO.). and Ca(NOs). remained
nearly unchanged (Table 5), although a slight decrease in the concentrations of
manganese-, aluminum-, and iron-containing compounds was observed.

At the same time, the content of free Hs:PO. in the leachate was reduced by
nearly an order of magnitude, while free HNOs decreased by a factor of 7.5
(Table 5).

By partially neutralizing the residual acidity with ammonia to a pH of 5.5-
6.0, it is possible to obtain complex NP fertilizers enriched with the micronutrient
manganese. Under these conditions, aluminum and iron precipitate as hydroxides,
while calcium, magnesium, and manganese remain in solution, as the
precipitation pH of their hydroxides lies in a more alkaline range.

Thus, the study demonstrates that one of the viable technological approaches
for recycling overburden waste from the Zhairem mining and metallurgical
complex is the development of a process for producing liquid complex fertilizers
based on phosphoric or nitric acid leachates.

4. Conclusion

The acid leaching process of overburden waste from the Zhairem manganese
ore deposit was investigated. It was found that the use of sulfuric acid reduces the
solubility of the overburden to 28-38% due to the formation of poorly soluble
calcium sulfate on the surface of solid particles, as confirmed by EDXRF and
XRD analyses. This surface layer hinders further interaction with the acid reagent.

The solubility of the waste in 40% orthophosphoric and nitric acids was
found to be comparable, ranging from 59.50 to 61.56% for HsPO. and from 60.20
to 62.50% for HNOs. However, these leachates contained a significant amount of
residual free acid.

It was also established that during leaching with phosphoric acid, increasing
the process temperature causes part of the readily soluble iron and manganese
dihydrogen phosphates to transform into poorly soluble hydro-phosphates, which
remain in the solid phase.

Leaching with 10% phosphoric and nitric acids at an S:L ratio of 1:25 and a
temperature of 50°C produced leachates that can be recommended as a basis for
the production of liquid phosphate or nitrate fertilizers enriched with the
micronutrient manganese.
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metallurgical complex and creation of an innovative engineering center” for 2023-2025, supported by the
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JKOMPEM KEH OPHBIHBIH )KbIHBIC KAJJIBIKTAPBIH KbIIIKBIJIMEH CUITUIEY
IPOLECIH 3EPTTEY
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Tyiiinaeme. Kipicne. Ka3zakcrangarbl Mapranell KeH OpbIHAAPBIHBIH KO alllbIK 9J[iCHeH oHipinesi.
Byn aiitapnbikrail KeyemJe KbIHBIC KaJABIKTAPBIHBIH YHIHIUICpIH Ty3edi, onap KalTa eHienMeif,
KOPpIIaFaH OpTara Tepic acep eTe/i. ATaaFaH KajIslKTapaa OpTypili KYHIbI KOMIIOHEHTTEp OOJIFaH/IBIKTaH,
onapzpl OeHOpraHUKaNIbIK MaTepHajijap eHMIpiciHAe Oanamaibl HIMKI3aT KO3l peTiHAe MaijanaHyra
Oonanpl. Anaiina, Kasakcranga Oyl KanJpIKTap/bel ©HAIpicCKe eHri3y TaxipuOeci koK. Ocbl drcymblcnbly
makcamovr — JKolipeM KEH OpHBIHBIH JKBIHBIC KAJABIKTAPBIH JPTYPJIl MUHEPAIAbl KBIIIKbULAAPMEH
CLITINIEy TPOLECIH 3EPTTEy JKOHE AaJbIHFAH EPITIHAUIEPi MHKPO3JIEMCHTTEPMEH OalbIThUIFAH CYHBIK
MHHEpaJ/bl THIHAWTKBIIITAD PETiHJe MalaanaHy MYMKIHIITIH KapacTelpy. Homuoicenep men mankwinay.
JXKolipem MapraHel] KeH OpHBIHBIH KbIHBIC KAJLABIKTAPBIH dPTYPJIi MHUHEPAJIbl KbIIIKbUIIAPMEH CLITiNeY
mporeci 3eprrenai. Cinriney mnpomeci yiriH €H KOJNAHIbsl peareHTTep — a30T JkoHe optodocdop
KBIIIKBIIIAPbl eKeHi aHbIKTaabl. byn kpimkeuiaapasiH 10%-asik epitinainepimen, K:C=1:25 kaTbiHacra
xoHe 50°C Temmeparypana cuITiiey HOTHXKECIHAE, ©HIMAI epiTiHiinep anmbiHaabl. byn epitinninepai
MHKpPO3JIEMEHT — MapraHelTi KAMTUTBIH CYIBIK (ochopibl HeMece a30TThl THIHAWTKBIITAD OHIIpiCiHIK
Heri31 peTinze naiinananyra 6oaapl.

Tyiiin ce3ep: Mapraner KeHIEpi, xKep YCTi KaJJbIKTaphl, KbILIKbLIIbI CLITLICY, OHIMII epiTiHAl
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Pestome. Bgedenue. BONBIIMHCTBO MECTOPOXKAEHMI MapraHueBblx pyn Kaszaxcrana orpabarbiBaioT
OTKPBITHIM CIIOCOO0M. DTO cO37aeT OOMBIINE OTBAIBI BCKPHIIIHEIX OTXO0B, KOTOPbIE HE yTHIU3HPYIOTCS
1 OKa3bIBAIOT HETaTHBHOE BIUSHUE HA OKPY’KAIOIIYIO cpefy. Tak Kak 3TH OTXOABI COIAEPIKAT Pa3IUyHbIC
LICHHbIE KOMIIOHEHTBI, TO OHH MOTYT OBITh MCIHOJIB30BaHbl KaK albTEPHATHBHBIN CHIPHEBOH MCTOUYHHK B
MPOU3BOACTBE PA3IMYHBIX HEOpraHMueckux MarepuanoB. OJHAKO NPAKTHKA BOBIEYEHHS OTXOJOB
BCKPBIIIN B IPOM3BOACTBO B Ka3saxcrane oTcyTcTBYET. Lenvio dannoil pabomul SABISETCS UCCIEIOBAHNE
Tpolecca BhIILEIaYUBaHUS BCKPBILIHBIX OTXOI0B MecTOpoxaeH s JKalipeM pa3InuHbIMU MHHEPaIbHBIMU
KHCIIOTaMH M BO3MOKHOCTH HCIIOJIb30BAHHS MOTYUSHHBIX PACTBOPOB B KaUECTBE KUIKUX MHHEPATBbHBIX
yHOoOpeHHii, 0OOTaIllleHHBIX MHKPO3IEMEHTaMH. Pesyismamoul u o6cysxcoenue. McciaenoBaH mporecc
BBIIETAUMBAHUA BCKPBIIIHBIX OTXOZOB MECTOPOXIEHUS MapraHueBblx pyn JKalipeM pasmudHbIMH
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MHHEpaJIbHBIMU KHCIOTaMH. [loka3aHo, 4TO ONTUMAJILHBIMM pPEareHTaMM IPOLecca BbILIENAUYHBAHUS
SBIISIFOTCSL a30THast M opToocopHasi KUCIOTHL. BEIABICHO, YTO BBIIENAYNBAHUE OTXOJOB BCKPBIIIN
10%-ubIMu pacTBOpamMu 3THX KUcioT mpu T:2K=1:25 u temneparype 50°C npuBOAuT K 0Opa30BaHHUIO
MPOJAYKTHUBHBIX PACTBOPOB, KOTOPbIE MOYKHO PEKOMEHJIOBATh K MCIOJIb30BAHUIO B KaUeCTBE OCHOBBI JUIS
MPOU3BOACTBA KUAKUX (POCHOPHBIX HIIM a30THBIX yIOOPEHUH, COJlepKaMX MUKPOIJIEMEHT MapraHell.

KiroueBble CJI0OBa: MapraHuEBbIC pyJbl, BCKPBIIHBIC OTXOJbl, KHCIOTHOE BHIIICIaYNBaHUE,
MIPOAYKTUBHBII PacTBOP.
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