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Abstract. The article presents the results of comprehensive studies and pilot-industrial trials aimed at the development
and implementation of an efficient technology for processing low-grade chromium tailings from the Donskoy Mining and
Processing Plant using KPFSH-50 type jigging complexes. The accumulated chromite ore beneficiation tailings, amounting
to approximately 3 million tons with a Cr,O3 content of 15-25%, are considered a significant source of secondary raw
materials while simultaneously posing a serious environmental burden on adjacent territories.

In order to enhance chromium recovery efficiency, the main technological parameters of the jigging process were
optimized, including an increase in pulsation frequency to 2.0-2.5 s7!, replacement of standard screens with slotted screens
featuring a 3 mm slot width, and adjustment of process water consumption. Pilot-industrial trials were conducted at the Aktobe
Ferroalloy Plant with processing of tailings in the 5—10 mm size fraction. As a result, chromium oxide recovery of up to 73.1%
was achieved, producing a concentrate containing 35-51% Cr,0O3, meeting the requirements for charge materials used in
ferroalloy smelting operations.

To assess the reproducibility of the developed technology, validation trials were carried out at the Aksu Ferroalloy
Plant, where Cr,O; recovery reached 66.7%. The estimated economic effect from industrial implementation of the technology
exceeds USD 21 million. The proposed technology enables the conversion of technogenic waste into a category of strategic
mineral raw materials and complies with the principles of resource efficiency and the circular economy.

Key words: chromium tailings, jigging, mineral beneficiation, chromium recovery, secondary resources, technogenic
waste, KPFSH-50.

Introduction

The accumulation of technogenic waste generated by mining and processing plants (MPPs)
represents one of the key challenges at the intersection of environmental protection and the economic
sustainability of the metallurgical industry [1]. Large volumes of beneficiation tailings stored in tailing
ponds lead to land withdrawal, landscape degradation, dust generation, and contamination of surface and
groundwater, thereby creating long-term environmental risks for industrial regions [2, 3].

In the Republic of Kazakhstan, this issue is of particular relevance due to the scale of ferroalloy
production and the high concentration of mining and metallurgical enterprises. One of the most
problematic facilities is the Donskoy Mining and Processing Plant (DMPP), where approximately 3
million tons of low-grade chromium tailings with an average Cr203 content of 15-25% have accumulated
over a prolonged period of operation [2]. Despite the relatively low content of the valuable component,
these materials possess considerable resource potential and may be regarded as a source of secondary
chromium raw materials.

At the same time, depletion of high-grade chromite ore reserves, increasingly complex mining and
geological conditions, and growing demand of the ferroalloy industry for chromium-bearing materials
necessitate the involvement of technogenic resources into economic circulation [4]. In this context,
processing of beneficiation tailings becomes not only an environmental priority but also a strategic
economic objective aimed at expanding the raw material base and reducing production costs.

For the processing of relatively coarse chromium tailing fractions (3—10 mm), gravity beneficiation
methods represent a promising approach. Among them, jigging occupies a special position due to its high
throughput, technological reliability, and comparatively low operating costs [5, 6]. However, the
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efficiency of the jigging process strongly depends on the proper selection and optimization of
technological parameters, as well as on the adaptation of equipment to the specific characteristics of

technogenic raw materials.

In this regard, the development and industrial validation of an adapted technology for processing
low-grade chromium tailings from DMPP using jigging complexes under operating conditions of
ferroalloy enterprises is of particular relevance. The aim of this study was to develop, optimize, and pilot-
test a technology for processing low-grade chromium tailings from DMPP at the jigging complexes of
the Slag Processing Shop of the Aktobe Ferroalloy Plant (AktFP).

Materials and methods of research

Industrial KPFSH-50 jigging complexes operated at the Slag Processing Shop of the Aktobe
Ferroalloy Plant (AktFP) were used as the main process equipment [7]. The initial material for the study
consisted of low-grade chromite ore beneficiation tailings from the Donskoy Mining and Processing
Plant, represented by 0—10 mm and 5—10 mm size fractions with an average chromium oxide content of
15-25%. Prior to feeding into the jigging machines, the material was classified by size in order to
stabilize the particle size distribution of the feed.

To achieve maximum efficiency of the jigging process, a set of measures aimed at optimizing the
operating conditions of the equipment was implemented, based on the analysis of preliminary industrial
observations and literature data.

Optimization of the kinematic regime. The pulsation frequency of the jigging bed was increased
from 1.5-2.0 to 2.0-2.5 s”!, which intensified the loosening of the material layer and improved particle
segregation by density within the pulsating flow.

Modernization of the screen deck. Standard screens with a 2 mm slot width were replaced with
slotted screens featuring a 3 mm slot width. This modification reduced clogging by fine particles (0—1
mm), stabilized the hydrodynamic regime, and ensured a uniform distribution of the upward water flow
across the entire bed area.

Adjustment of the hydraulic regime. The supply of under-screen water to the jigging machines was
increased to reduce pulp viscosity, decrease friction forces between particles, and enhance their mobility
under pulsation conditions, thereby improving density-based mineral separation.

Pilot-industrial trials (PIT) were conducted in June 2023 at two production sites: the Aktobe
Ferroalloy Plant (for the 0—10 mm and 5-10 mm fractions) and the Aksu Ferroalloy Plant (AksFP) to
assess the reproducibility of the developed technology. Monitoring of technological parameters, sampling
of beneficiation products, and their analysis were carried out in accordance with the requirements of the
temporary technological regulation VTR 04.02.07-09-2025 and the applicable enterprise standards [7].

The efficiency of the process was evaluated based on Cr2O3 recovery to the concentrate, chromium
oxide content in the beneficiation products, and the operational stability of the equipment under
prolonged continuous operation conditions.

The results and its discussion

The results of the pilot-industrial trials confirmed the high efficiency of the optimized technology
(Figure 1).

The highest recovery rate (73.1%) was achieved for the more homogeneous 5—-10 mm fraction,
which can be explained by the optimal conditions for gravity separation. The obtained concentrate fully
meets the technological specifications for charge materials used in ferroalloy smelting shops (not less
than 32-35% Cr203). A comparable result obtained at the Aksu Ferroalloy Plant (66.7%) demonstrates
the reproducibility and versatility of the developed technology.

In addition to the concentrate, the process allows the production of an intermediate product (Cr203
content of 32—40%), which can be subjected to further beneficiation or directly used in the charge
mixture. Two types of tailings are also generated: low-grade tailings (3.17-5.25% Cr203), requiring the
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development of utilization routes (for example, in the construction industry), and slime tailings (22.95—
36.09% Cr203), which are planned to be involved in the production cycle after drying and mixing with

filter-press cake as a charge component [7].
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Figure 1 — Technological performance indicators for the beneficiation of low-grade chromium
tailings

Conclusion

The implementation of the technology ensures a significant multiplicative effect:

* Economic: The creation of a stable source of secondary raw materials reduces dependence on the
purchase of primary concentrate. The preliminary assessment of the total economic effect for the Aktobe
and Aksu Ferroalloy Plants amounts to USD 21 million (USD 15 million and USD 6 million,
respectively).

* Environmental: Systematic processing of accumulated tailings makes it possible to reduce the
area of tailing storage facilities and minimize dust generation.

» Resource-related: The technology transforms technogenic waste from a category of
environmental hazard into a strategic raw material reserve.

Based on the positive results of the pilot-industrial trials, the management of JSC “TNK
Kazchrome” decided to organize regular shipments of low-grade raw materials from the Donskoy Mining
and Processing Plant to the Aktobe and Aksu Ferroalloy Plants for continuous processing. To regulate

the process, the Temporary Technological Regulation VTR 04.02.07-09-2025 was developed and
implemented [8].
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Anparna. Makanana JloHckoii Tay-keH 6aiibiTy komOuHaThIHbIH (II'OK) keneiinenren xpomasik xsoctapsia KITDIII-
50 THOTI OTCAaKANBIK KeMICHIEP Il KOIIaHa OTHIPBII KalHTa OHJIEYAiH THIM/II TEXHOJIOTHACKHIH d3ipJiey JKOHE OHIIPiCKe CHIi3y
OOMBIHIIIA KYPTi3iJreH KemeH i 3epTTeylIep MeH TOXKipHOeTiK-0HEPKICINTIK CBIHAKTapABIH HOTIDKETIepi KeNTipinreH. XpoMuT
KeH/IepiH OalbITy HOTIDKECIH/IE )KHHAKTAIFaH KeJieMi IIaMaMeH 3 MJTH TOHHAHBI KypalThIH, KypaMbiHaa CroO3; memmepi 15—
25 % OosaThIH XBOCTAp EKIiHIII PETTIK IIHMKI3aTTHIH MaHBI3IBI K631 PEeTiHAE KapacTHIPBIIYMEH Karap, ipreiiec ayMakTapra
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€JIeyITi IKOJIOTHSIIBIK JKYKTEME TYCipesi.

Xpomapl Oerin aimy THIMIUTITIH apTTBIPy MaKcaTBIHAA OTCaaKa MPOIECiHIH HETi3Ti TeXHOJOTHIBIK IapaMeTpiepi
OHTaNIaHABIPBUIABI, OHBIH iIIiHE MyTbCaIs XKHUiIrina 2,0-2,5 ¢! neffin apTTHIpY, CTAaHIAPTTHI eJIEKTEpIi CaHpIIay €Hi 3 MM
OO0JaTBIH CaHBUIAYIBl eJEeKTepre aybICTBIPY, COHOAal-aK TEXHOJNOTHSUIBIK CYABIH LIBIFBIHBIH PETTEy JKY3ere achIphUIIbL.
ToxipuOenik-eHepKaCIiNTiK ChIHAKTap AKTeOe (eppociiiaB 3aybITHl 0a3ackiHAAa (PaKIUsUIIBIK KypaMbl 5—10 MM OonarsiH
XBOCTap/bl ©HEY apKbUIbI XKYprisinai. 3eprrey HoTIKecinae Cr,O3; okenainig anbHys! 73,1 Y%-Fa neiin jkeTin, KypaMbIlHIa
Cr203; memnmepi 35-51 % Oonarbin, ¢eppocmiaB eHAIPICIHIH OaMKBITY IEXTapbIHBIH LIMXTA TajaNTapblHa COUKEC KENEeTiH
KOHIICHTPAT aJIbIH/BL.

O3ipJIeHreH TEXHOJIOTHSHBIH KaWTallaHFBILITHIFBIH Oarajay MakcaThiHIa AKCY (eppocIuiaB 3aybIThIHAA OakbpLIay
CBIHAKTapbI XKypriziin, onna Cr,03 ansiHysl 66,7 % neHredinne kamTaMachl3 eTinai. TeXHOIOTUSIHBI OHEPKACINTIK ayKbIMIa
SHT13y/IeH KYTUIETiH eCenTiK 9KOHOMUKaNBIK THiMIimiK 21 mma AKI nomnapsiHan acabl. ¥ CHIHBUIBIN OTBIPFaH TEXHOIOTHS
TEXHOTCH/IIK KaJIIBIKTaP/Ibl CTPATETHSJIBIK MIUHEPAIBIK IIHKi3aT CAHAThIHA KOIIipyre MyMKIHIIK Oepil, pecypcThl YHEMICY
KOHE IIUPKYIIAPIIBIK SIKOHOMHUKA KaFMJAaTTapblHA TOJBIK COMKEC Kelei.

Tyiiin ce3nep: XpOMIBIK KaJABIKTap, OTCAAKA, OalbITY, OO ary, eKiHII PeTTiK pecypcTap, TeXHOTeH K KaABIKTap,
KII®PIII-50.
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AHHoTanusl. B craTtee mpencTaBiIeHbl pPe3yabTaThl KOMIUIEKCHBIX HCCICIOBAHMH U ONBITHO-IPOMBIIIIEHHBIX
UCMBITAaHUH 1O pa3pabOTKe W BHEAPEHHIO I(P(EKTHBHOW TEXHOJOTMH NepepadOTKH OOeJHEHHBIX XPOMOBBIX XBOCTOB
JIoHCKOTO TOPHO-000TaTUTEIHHOTO KOMOWHATA C UCTIONB30BaHIEM 0Tca0uHbIX KoMILiekcoB Tuna KITDII-50. HakorienHsie
XBOCTBI 000TaIllEHNs] XPOMUTOBBIX Py B 00bEMe Topsiaka 3 MiH TOHH nipu copepkanuu Cr20s 15-25 % paccmarpuBarorcst
KaK 3HAYMMBIH MCTOYHUK BTOPHUYHOTO CHIPBS, OHOBPEMEHHO NMPEICTABISIOMNN CEPbE3HYIO 3KOJOTHMYECKYI0 Harpy3Ky Ha
MIpUJIETAIOIINE TEPPUTOPHN.

C uenpro noBeIIIeHUs! 3GPEKTUBHOCTH M3BJICUEHUSI XPOMa BBITOJHEHA ONTUMH3ALNS OCHOBHBIX TEXHOJIOTHUECKUX
rapaMeTpoB Ipolecca OTCAIKH, BKIIIOYAONas yBEJIMUECHHE YacTOThI mysbcanun 10 2,0-2,5 ¢!, 3aMeHy CTaHAApTHBIX CUT Ha
IIeNeBble ¢ MHUPHHOW HIeNH 3 MM, a TaKkke KOPPEKTHPOBKY pacxofa TEXHOJOTHYECKOHW BOIbI. ONBITHO-NPOMBIIIICHHBIE
UCTIBITAaHWS TIPOBE/ICHBI HA 0a3e AKTIOOMHCKOTO 3aBojia (DeppOCIIaBoOB ¢ nepepabOTKOH XBOCTOB (PPaKIIMOHHOTO cocTaBa S5—
10 mMm. B pesynbrare 1OCTUTHYTO U3BIEYEHHE OKCHaa Xpoma 10 73,1 % npu nomydeHnu KoHLIEHTpaTa ¢ coaepxkanueM Cr20s3
35-51 %, cOOTBETCTBYIOIIETO TPEOOBAHHSM IIMXTOBBIX MATEPHUAJIOB TUIABMIILHBIX 11EXOB (PeppOCIUIaBHOTO POU3BOACTBRA.

JIis OIIEHKH BOCHPOHM3BOAMMOCTH pa3pabOTaHHOI TEXHOJIIOTHH BBIITOJHEHbI KOHTPOJIBHBIE UCTIBITAHNSA HA AKCYCKOM
3aBoze (eppocCIuIaBoB, rae mocTuruyto m3mieueHue Cr:0s Ha ypoBHE 66,7 %. PacuérHbiii skoHOMHYecKuil 3ddexr ot
IIPOMBIIIJICHHOTO BHEJPEHMSI TEXHOJOTHH OlleHuBaeTcs 6osiee deM B 21 muH pomutapoB CHIA. Ilpeanmaraemas TexHomorus
obecrieynBaeT MEPEeBOl TEXHOTEHHBIX OTXOJOB B KaTE€rOPUIO CTPATErMYECKOT0 MHHEPAIBHOTO CHIPbS M COOTBETCTBYET
MIPUHITUIIAM pecypcocOepekeHus U UPKYISIPHON SKOHOMHKH.

KnaioueBbie c10Ba: XpoMOBBIE XBOCTBI, OTCa/IKa, OOOTralleHHe, M3BJIEUEHHE, BTOPHUYHBIE PECYpPCHI, TEXHOTCHHBIE
otxonpl, KITPIII-50.
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