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Abstract. The increasing accumulation of stale tailings from mining operations poses both environmental risks and oppor-
tunities for the recovery of valuable metals. This study focuses on the development, additive manufacturing, and experimental
validation of a small-scale continuous reactor system for the extraction of nickel, cobalt, and iron from stale pyrite tailings at
the Sokolovsko-Sarbaisky Mining and Processing Plant (Kazakhstan). The reactor system was fabricated using additive manu-
facturing (3D printing) with PET-G polymer, allowing for rapid prototyping, modular assembly, chemical resistance, and cost-
effective production. The system comprises three sequentially connected reactors operating in continuous flow. Reagent and
slurry feeding were conducted using peristaltic pumps, while a stepper-motor-driven mechanical stirrer ensured homogeneous
mixing. Temperature was controlled by circulating a heat-transfer fluid through integrated heat-exchange channels, enabling
stable operation over 20-120°C. Before leaching, stale tailings were subjected to oxidative roasting in a fluidized-bed furnace
at 650-700°C for 1 hour, which facilitated the decomposition of sulfides into oxides. Subsequent leaching experiments were
conducted with sulfuric acid concentrations ranging from 25 to 175 g/dm?, varying residence times, and controlled thermal
conditions. Optimal parameters were established as 100 g/dm?® H,SO4, 100°C, and 120 minutes, resulting in recoveries of
93.01% for Ni and 91.49% for Co, with moderate Fe dissolution of 64.4%. The results confirm that the designed continuous
reactor system provides reproducible hydrometallurgical performance, stable process control, and scalability potential. This
approach highlights the combined advantages of continuous-flow chemistry and additive manufacturing in processing low-
grade, environmentally challenging raw materials.
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1. Introduction country. Over the course of its decades-long operation, it has
generated substantial volumes of tailings that have become
stale. These tailings contain residual concentrations of nickel
(N1i), cobalt (Co), and iron (Fe), along with associated gangue
minerals. Historically, the recovery of Ni and Co was not
prioritized in such operations, leading to their accumulation
in waste storage. As global demand for Ni and Co increases,
particularly due to their role in lithium-ion batteries and
clean energy technologies, the reprocessing of stale tailings
becomes both a strategic and environmentally necessary
initiative [2].

Hydrometallurgy has long been recognized as a viable
method for extracting metals from low-grade ores, concen-
trates, and secondary raw materials. Compared to pyrometal-
lurgical methods, hydrometallurgical processes generally
operate at lower temperatures, produce fewer gaseous emis-
sions, and allow for selective recovery of metals through
leaching, solvent extraction, and ion exchange [3]. Sulfuric
acid is the most widely used leaching reagent for Ni and Co,
especially when combined with oxidative pretreatments.

The global mining industry plays a pivotal role in supply-
ing raw materials that underpin modern technologies, from
energy storage devices and renewable energy infrastructure
to advanced alloys and everyday consumer products. How-
ever, alongside the production of concentrates and metals,
mining and mineral processing operations generate enormous
amounts of waste, particularly tailings. These fine-grained
residues are usually stored in impoundments or waste dumps,
which pose long-term environmental and social challenges.
Tailings storage facilities have been associated with cata-
strophic dam failures, leaching of toxic elements, dust emis-
sions, and land occupation. At the same time, tailings fre-
quently contain appreciable amounts of valuable metals that
were not fully recovered during initial processing due to
technological or economic limitations at the time [1].

Kazakhstan, as one of the major producers of iron ore,
copper, and polymetallic ores, faces similar challenges. The
Sokolovsko-Sarbaisky Mining and Processing Plant
(SSGPO) is among the largest producers of iron ore in the
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Oraby et al. [1] demonstrated that flotation tailings rich in Ni
and Co sulfides could be successfully processed using gly-
cine-ammonia systems, achieving metal recoveries above
85-90%. Likewise, sulfuric acid leaching is effective for
metallurgical slags, with hydrogen peroxide serving as an
auxiliary oxidant to enhance dissolution of Ni and Co [2].

Pretreatment is often essential to improve the solubility of
refractory minerals. Roasting transforms sulfides, silicates,
and refractory oxides into more leachable forms. Reduction
roasting, in particular, has been applied to oxidized nickel
ores, with temperatures between 400 and 850°C resulting in
nearly complete Ni recovery after sulfuric acid leaching [3].
In the case of cobalt-bearing pyrite, oxidative roasting re-
duced sulfur content and facilitated Co recovery by produc-
ing soluble oxide phases [4]. Such approaches demonstrate
that a combination of thermal and hydrometallurgical pro-
cesses is necessary to achieve efficient extraction from com-
plex tailings.

Despite the maturity of hydrometallurgical techniques,
most laboratory and pilot studies rely on batch systems,
which present limitations in scalability, reproducibility, and
process control. Continuous flow systems address these chal-
lenges by maintaining steady-state conditions, reducing rea-
gent fluctuations, and enabling tighter control of temperature,
pH, and residence time. Panda et al. [5] reviewed the hydro-
metallurgical recovery of valuable metals from industrial
wastes, highlighting the advantages of continuous processes
in terms of efficiency and energy consumption. Continuous
stirred-tank reactors (CSTRs), plug-flow reactors, and tubu-
lar reactors have been successfully applied in copper heap
leaching, rare earth element recovery, and nickel hydrometal-
lurgy, yielding improved yields and reduced reagent use
compared to batch operations.

Parallel to advances in process engineering, new ap-
proaches to equipment design are reshaping laboratory-scale
experimentation. Additive manufacturing, commonly known
as 3D printing, has emerged as a disruptive technology that
enables the rapid fabrication of complex geometries, modular
components, and chemically resistant reactors at a relatively
low cost. Kitson et al. [6] introduced the concept of “reac-
tionware”, demonstrating how 3D-printed reactors could be
configured as modular flow systems for organic synthesis.
Beauchamp et al. [7] extended these concepts to photochem-
ical reactions, highlighting the ability of 3D-printed reactors
to control reaction pathways and to enable scale-up. Moreo-
ver, the article's author designed and utilized a reactor system
to produce metronidazole derivatives [8].

The advantages of 3D printing for reactor design are
manifold. First, rapid prototyping enables researchers to test
and refine designs quickly, eliminating the need for expen-
sive machining. Second, features such as mixing chambers,
heat exchangers, or sensor channels can be directly embed-
ded into the printed structure, eliminating the need for post-
processing. Third, new materials such as PET-G, polypro-
pylene, and polymer—ceramic composites provide resistance
to acidic and oxidative environments [9, 10]. Nordin et al. [9]
fabricated corrosion-resistant 3D-printed microfluidic devic-
es for electrochemical studies, demonstrating their durability
under aggressive chemical conditions. Liravi and Toyserkani
[10] reported on polymer—ceramic composites tailored for
additive manufacturing of chemical reactors, enabling opera-
tion under harsher conditions than conventional polymer
devices.

While applications of 3D-printed reactors in hydrometal-
lurgy are still rare, examples from related fields illustrate
their potential. Chisholm et al. [11] designed 3D-printed
reactors for nanoparticle synthesis, achieving precise size
control unattainable in conventional batch reactors. Chen et
al. [12] developed 3D-printed flow reactors for polymer
synthesis, demonstrating reproducibility and scalability.
These studies suggest that additive manufacturing can bridge
the gap between laboratory research and industrial applica-
tions by offering modular, adaptable reactor systems.

Integrating additive manufacturing with continuous hy-
drometallurgical processing creates a powerful synergy.
Continuous operation provides process stability and scalabil-
ity, while 3D printing ensures flexibility, cost reduction, and
rapid design iteration. This integration is particularly promis-
ing for the treatment of low-grade ores and stale tailings,
where conventional equipment may be too costly or inflexi-
ble. Furthermore, compact 3D-printed reactors are well-
suited for decentralized operations, enabling in situ pro-
cessing at mine sites and reducing transportation of hazard-
ous wastes.

The present research seeks to explore this intersection by
developing a small-scale, continuous reactor system fabricat-
ed via 3D printing and applying it to the recovery of Ni, Co,
and Fe from stale tailings of the Sokolovsko-Sarbaisky Min-
ing and Processing Plant. The study involves designing reac-
tor modules with integrated mixing and heating, applying
oxidative roasting as pretreatment, and optimizing sulfuric
acid leaching conditions. The outcomes are expected to
demonstrate not only the feasibility of additive manufactur-
ing in hydrometallurgy but also its potential to provide scala-
ble, sustainable solutions for tailings reprocessing.

2. Materials and methods

2.1. Raw materials and reagents

As the feedstock, a roasted pyrite concentrate was used,
obtained from the stale tailings of the Sokolovsko-Sarbaisky
Mining and Processing Plant (SSGPO, Kazakhstan). The
material contained mainly iron oxides and sulfides with mi-
nor amounts of nickel (0.10 wt.%) and cobalt (0.21 wt.%).
Sulfuric acid (H,SOs, analytical grade) was applied as the
primary leaching reagent in concentrations ranging from 25
to 175 g/dm3. All chemicals used in the experiments were of
analytical purity (“hch”, “chda”, “osch”) and suitable for
spectroscopic analysis. Deionized water was used to prepare
all solutions.

2.2. Design and additive manufacturing of the continuous
reactor system

2.2.1. Design of the reactor system

The system consists of three reactors (Figure 1) connect-
ed in series, operating in continuous flow mode. Feeding of
solid and liquid reagents was carried out using peristaltic
pumps, and a stepper motor-driven mechanical stirrer en-
sured thorough mixing. Temperature control was achieved by
circulating a heat-transfer fluid through integrated channels
within the reactor body, enabling stable operation over a
range of 20 to 120°C. The configuration enables the continu-
ous introduction of leaching solution and tailings slurry,
efficient mixing, and collection of the product solution.
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Reactor 2

Reactor 1

Figure 1. Design of a continuous reactor system for extracting
nickel and cobalt from stale tailings

In Reactor 1, roasted pyrite concentrate and a sulfuric acid
solution are introduced into the system via peristaltic pumps,
where initial mixing and slurry preparation occur under con-
trolled temperature and agitation conditions. Reactor 2 serves
as the central unit for acid leaching, equipped with a mechani-
cal stirrer to ensure homogeneous mixing and with integrated
heat-exchange elements to maintain a stable thermal regime.
Reactor 3 represents the final stage of the process, where
leaching reactions are completed, yielding a pregnant solution
containing nickel and cobalt ions, which is collected in vials
for further analysis and separation.

2.2.2. Additive manufacturing of the reactor system

A small, continuous reactor system for extracting nickel and
cobalt from stale tailings was designed and manufactured using
additive manufacturing (3D printing). The reactor body, lid,
stand, stirrer, and heat-exchanger elements were fabricated from
PET-G polymer on a Bambu Lab X1 3D printer. Printing pa-
rameters were set as follows: nozzle temperature 240-250°C,
bed temperature 70-80°C, layer height 0.2-0.28 mm, and infill
density 20-40%. After printing, the supports were removed, the
surfaces were cleaned, and the parts were assembled into a
modular reactor unit.

2.2.3. Manufacturing of the reactor components

The manufacturing of reactor system components (reactor
lid, stand, reactor body, heat exchanger elements, and stirrer)
is carried out as follows (Figure 2). At the initial stage, 3D
models of all parts are designed in CAD software, taking into
account their structural features, and then exported in STL or
3MF format.
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Figure 2. AM-based reactor components (main body with heat
exchanger and mixer)

o —

The reactor body, lid, stand, stirrer, and heat-exchanger
elements were fabricated from PET-G polymer on a Bambu
Lab X1 3D printer.

Next, printing parameters are set in Bambu Studio: ex-
truder temperature 240-250°C, bed temperature 70-80°C,
layer height 0.2-0.28 mm, infill density 20-40%, and printing
speed 80-120 mm/s. Supports are enabled for parts with
overhanging elements (such as the lid and stand), and a brim
is applied to improve bed adhesion.

After loading the PET-G filament into the printer, auto-
matic calibration is performed, and printing begins. The
reactor body is produced as a cylindrical part with uniform
cooling to prevent warping, the lid is printed with supports
and mounting holes, the stand with vertical columns is print-
ed at a lower speed for stability, the stirrer is manufactured as
a separate part to be later connected to a stepper motor and
controller, and the heat exchanger elements are produced
with high precision to ensure tight connections.

After printing, post-processing is performed, including
support removal, surface cleaning, and optional sanding or
heat treatment to smooth the layers (Figure 3).

Figure 3. AM-based continuous processing reactor system for
the extraction of nickel and cobalt from stale tailings (1, 2 and 3
indicate the numbers of the respective reactors)

All parts are checked for dimensional accuracy, then as-
sembled into a single structure: the body is fixed to the stand
and lid with bolts, the stirrer is mounted and connected to a
stepper motor via a controller for mixing operations, and the
heat exchanger elements are installed. Cooling and heating of
the reactor are achieved by circulating liquid through the
system using peristaltic pumps.

2.3 Roasting and leaching procedure

Before leaching, the stale tailings were subjected to oxi-
dative roasting in a fluidized bed furnace at 650-700°C for
60 minutes with an oxygen-enriched air supply (15% O,).
The obtained calcine was cooled and fed into the continuous
reactor system for sulfuric acid leaching.

Leaching was carried out at a solid-to-liquid (S/L) ratio
of 1:2, with the slurry continuously circulated through the
three-stage reactor unit. Process parameters included acid
concentration of 25-175 g/dm®, temperature range of 20-
120°C, and residence times of 15-240 minutes. Optimal
leaching conditions were determined as 100 g/dm’> H,SOs,
100°C, and 120 min, under which the maximum extractions
of Ni and Co reached 93.01% and 91.49%, respectively.
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2.4 Analytical methods

Titrimetric and spectrometric methods were used to de-
termine the chemical composition of solid residues and leach
solutions. The phase composition of the roasted samples was
analyzed by X-ray diffraction (D8 Advance, Bruker) using
Cu Ka radiation (40 kV, 30 mA). The pH of the solutions
was monitored using a pH-150MP pH meter with standard
electrodes. Thermodynamic calculations and Pourbaix dia-
grams for the Ni-S-H20 and Co-S-H20 systems were
generated using the Outotec HSC Chemistry 5 software
package.

3. Results and discussion

The small-sized continuous reactor system fabricated via
additive manufacturing was tested for the extraction of nickel
and cobalt from roasted stale tailings of the Sokolovsko-
Sarbaisky Mining and Processing Plant (SSGPO, Kazakh-
stan). The experimental work demonstrated that continuous
leaching provides stable operating conditions, adequate mix-
ing, and reproducible recovery of valuable metals.

3.1 Effect of sulfuric acid concentration

The concentration of sulfuric acid has a decisive effect on
the leaching behavior of nickel, cobalt, and iron from ther-
mally decomposed pyrite concentrate. Figure 4 shows the
dependence of the extraction of Ni, Co, and Fe on the con-
centration of H»S,.
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Figure 4. Dependence of the extraction of Ni, Co, and Fe on
the concentration of H2SOy

At a low H,SO;4 concentration of 25 g/dm?, nickel extrac-
tion reaches about 59.6%, cobalt extraction is initially negligi-
ble, while iron extraction is around 39.1%. Increasing the acid
concentration to 50 g/dm? enhances nickel recovery to 70.0%,
cobalt to 32.5%, and iron to 50.0%. A pronounced improve-
ment is observed in the 100-150 g/dm® range, where nickel
extraction increases to 86.7-92.0%, cobalt to 75.0-91.5%, and
iron to 58.0-64.4%.

Further increasing the acid concentration up to 175 g/dm?
results in a saturation effect: Ni and Co recoveries reach about
93%, while Fe extraction increases only slightly to 66.0%.
Thus, the optimal acid concentration lies in the range of 100-
150 g/dm’, ensuring maximum recoveries of nickel and cobalt
while maintaining moderate iron dissolution. This creates
favorable conditions for subsequent selective separation of the
target metals, followed by solvent extraction or precipitation.

3.2 Effect of leaching time

The effect of leaching time on the dissolution of nickel,
cobalt, and iron from roasted stale tailings was investigated
over a range of 5-240 minutes. Figure 5 shows the time de-
pendence of the extraction of Ni, Co, and Fe.
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Figure 5. Dependence of the extraction of Ni, Co, and Fe on
leaching time

The results show that nickel extraction increases rapidly
from 40% at 5 minutes to 75% at 60 minutes, reaching a
maximum of 93.0% at 120 minutes. After this, only a slight
increase to 93.5% is observed at 240 minutes, indicating that
equilibrium has been reached. Cobalt follows a similar trend,
with lower initial rates: 20% at 5 minutes, increasing to 65%
at 60 minutes. At 120 minutes, the maximum extraction of
91.5% is achieved, with only marginal improvement to 92%
at 240 minutes. Iron dissolution is a gradual and continuous
process, increasing from 25% at 5 minutes to 64.4% at 120
minutes, and reaching 70% at 240 minutes. These results
indicate that the optimal leaching time is 120 minutes, at
which nickel and cobalt recoveries exceed 91% while iron
dissolution remains moderate. Prolonged leaching beyond
this time provides no significant improvement in Ni and Co
extraction but increases Fe dissolution, thereby complicating
downstream purification and separation processes.

3.3 Effect of temperature

The effect of temperature on the extraction of nickel, co-
balt, and iron from roasted stale tailings was investigated in
the range of 20-120°C. Figure 6 shows the temperature de-
pendence of the extraction of Ni, Co, and Fe.
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Figure 6. Dependence of the extraction of Ni, Co, and Fe on
temperature
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At low temperatures (20-40°C), nickel and cobalt recov-
eries were limited to 50-65% and 30-50%, respectively,
while iron dissolution remained at 20-35%. Increasing the
temperature to 60-80°C significantly enhanced metal recov-
ery, with nickel extraction rising to 75-85%, cobalt to 70-
82%, and iron to 45-55%. The maximum recoveries of nickel
(93.0%) and cobalt (91.5%) were achieved at 100°C, accom-
panied by moderate iron dissolution of 64.4%. Further tem-
perature increases to 110-120°C resulted in only marginal
improvements in nickel and cobalt extraction (up to 93.3%
and 92.2%, respectively), but were accompanied by a sharp
rise in iron dissolution, ranging from 80% to 94.2%. These
results indicate that the optimal leaching temperature lies
between 100 and 110°C, where high recoveries of nickel and
cobalt are achieved while maintaining iron dissolution at a
manageable level. Exceeding this temperature range reduces
process selectivity and complicates downstream purification
due to excessive iron content in the pregnant solution.

4. Conclusions

The study successfully demonstrated the feasibility of fab-
ricating a small-scale continuous reactor system by additive
manufacturing (3D printing) and applying it to the hydrometal-
lurgical recovery of nickel, cobalt, and iron from stale tailings
of the Sokolovsko-Sarbaisky Mining and Processing Plant.

Pretreatment of the tailings by oxidative roasting signifi-
cantly improved the subsequent acid leaching efficiency. The
optimal operating conditions 100 g dm= H,O4, 100 °C, and
120 min of residence time yielded recoveries of 93.0 % Ni and
91.5 % Co with moderate Fe dissolution (64.4 %). These re-
sults confirm the efficiency of combining thermal pretreatment
with continuous sulfuric acid leaching. The research also
demonstrated the practical advantages of additive manufacturing
for the design of laboratory-scale hydrometallurgical equipment.
The modular and cost-efficient 3D-printed system enables rapid
prototyping, integration of multifunctional components, and
straightforward scaling to pilot-plant operations.

Overall, the findings demonstrate that combining contin-
uous-flow hydrometallurgy with additive manufacturing
presents a sustainable technological approach for processing
low-grade ores and tailings, promoting efficient resource
utilization and minimizing environmental impact.
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Eckipres KaJaabIKTapJaH HUKeJb, KOOAJIBT 7KIHE TeMip aJIyra
APHAJIFAH IIAFBIH KOJIeM/Ii Y3IIKCi3 peaKTOPJIbIK Kyiie
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Anpatna. Tay-KeH >KYMBICTapbIHAH €CKIpTeH KaJIBIKTapIbIH XKHHAKTATYBIHBIH apTybl 3KOJIOTHSIBIK TIyeKeIJIepAi e,
Oaranpl MeTanappl KallblHAa KeNTipy MYMKIHAIKTepiH ne Tynsipansl. byn 3eprrey CokxonoB-Capsibait Tay-Ken baitbity
koMOWHATHIHBH (Ka3zakcTaH) ecKipreH NMUPHUT KalIbIKTaphlHAH HUKENh, KOOANhT JKOHE TEMip OHIIpyre apHaiFaH IIaFrbIH
KeJeMIi Y3MIKCi3 peaKkTOpiIbIK KYHEHi a3ipiieyre, Kocmanapabl OHIIpyTe XKoHe TOXKIpHOeTiK Tekcepyre OarpITTanFaH. Peakrop
JKYHeci JKpUIAaM MPOTOTHIITEYTe, MOIYJIBAIK KYpacTBIPyFa, XUMHSUIBIK TO3IMIUTIKKE XOHE YHEeMIl OHMAIpiCKe MYMKIHAIK
6eperin PET-G momumepimen xocma eHzipiciH (3d Oacen msiFapy) maiinamaHa OTBHIPHIN kacanraH. JKyie Y3miKCi3 aFrbIH
JKaFJalbIHIA SKYMBIC ICTCHWTIH Oipi3[ai KOCBUIFaH YVII PEaKTOpIaH Typaasl. PeareHTTep MEH CycCHeH3usIapabl Oepy
NEepPUCTABTUKANIBIK COPFBUIAPIBIH KOMETIMEH JKy3ere achIpbUIAbl, ajl OIpTeKTI apalacThlpy CaTbhUIbl KO3FAITKBILINEH
OacKapblIaThIH MEXaHUKANBIK apallaCThIPFBIINEH KamTamachl3 etiiii. Temnepatypa 20-120°C apanbiFblHIa TYPAKThI JKYMBIC
Icreyre Mywmkingik BeperiH wHTerpanmsuiaHFaH >KbUTy aiMacy apHajgapbl ApPKBUIBI KBUTYy TachIMAJIIAFBIN CYHBIKTHIKTHI
aitHaBIpy ApKbUibl Oakputanssl. lllaiimManay anapiHAa eckipreH KanibikTap Oip carat iminge 650-700°C temmeparypania
CYHBIK TOCEK IEeNIiHe TOTHIKTHIPFBIII KyBIpyFa YITBIpaasl, Oy cynbpuaTepaiH OKCHATEpre bIABIPayhIH KeHimaeTTi. Kerinri
maiManay ToKipuOenepi KyKipT KbIIKGUIBIHBIH KOHIEHTPAHACH 25-175 1/mM°, op Typii TYpy yaKBbITHI KoHe GaKbLIAHATHIH
XKBUTy JKaFmainapbl GolbiHma Kyprizimm. Onrainel mapamerpnep 100 r/mm® HxSOs, 100°C xome 120 muHYT peTiHze
6enrinenni, HoTmkecinae Ni ymin 93.01% xone Co ymin 91.49% kanmeina xentipingi, Oprama Fe epyi 64.4% 6omnnpsr.%.
Hotmxenep sxobananraH Y3IIKCi3 peakTop JXyHeci KaWTalaHATHIH THAPOMETAIUTYPTISUIBIK OHIMAUTIKTI, HMPOIECTi TYPaKTHI
OacKapyIsl XKoHE MacCIITa0TAIaTHIH JIEYeTTI KAMTaMachl3 €TeTiHIH pacTaiiibl. Bysl Tocia TeMeH CYphINTHI )KOHE YKOJIOTHSITBIK
TYPFBIIAH KYpAEN INHMKI3aTThl OHACYJAEe Y3/IKCi3 aFblHAbI XHMHUS MEH Kochanapibl OHAIpYAiH OipikTipiireH
APTHIKIIBUIBIKTAPBIH KOPCETEIN.

Heczizzi co3dep: y30ikciz peaxmop, KOChanap OHOIpICi, HUKelb, KoOanbm, memip, cCiiminey, ecKipeeH Kaloblkmap,
2UOPOMEMANTYPRUSL.

MaJjiorabapuTHasi peakTOPHAas CUCTEMA HeNPEPbIBHOIO AeMCTBUS ISl
NpoBeIeHNS U3BJICUYEHUS HUKEJISA, KOOAIbTA M KeJle3a U3 JIeKaIbIX
XBOCTOB
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AHHOTanus. PacTymiee HakoIIeHHE 3a€XalbIX XBOCTOB TOPHBIX Pa0OT CO3/a€T KaK 3KOJIOTHYECKHE PUCKH, TaK U BO3-
MOJKHOCTH JJIsI MU3BJICUEHHS IEHHBIX METAIIIOB. JaHHOE MCCIIeI0BAaHUE TTOCBSIIIICHO pa3paboTKe, aAJUTHBHOMY IIPOU3BOJICTBY
1 SKCIIEPHUMEHTAIFHON TIPOBEpKE MajorabapuTHONH peaKkTOPHOI YCTaHOBKH HEMPEPHIBHOTO JCHCTBHS, MPEIHA3HAYCHHONW IS
W3BJICUCHHS HHKEs, KOOanbTa M JKeje3a M3 OTPabOTAHHBIX MHUPHUTHBIX XBOCTOB CoKOJIOBCKO-CapOaiickoro ropHo-
oboraturenpHoro kombunara (Kaszaxcran). PeakropHas cucrema Oblia M3rOTOBJCHA C HCIIOJB30BAaHHMEM TEXHOJIOTHH alIH-
THBHOTO TIpon3BojicTBa (3D-nedarn) ¢ ucnonp3zoBanuem noaumepa PET-G, uro obecrnieunBaeT ObICTpOE CO3AaHHME MPOTOTH-
MIOB, MOJYJIBHYIO COOPKY, XUMHUYECKYIO CTOMKOCTh ¥ SKOHOMHYHOE IPOU3BOACTBO. CHcTeMa COCTOUT U3 TPEX MOCIea0BaTelNb-
HO COEIMHEHHBIX PEaKTOpPOB, PabOTAaIOIMX B peXUME HEIpephIBHOro NoToka. Ilogaya peareHToB U CyCHEeH3UH OCYIECTBIIS-
JIach C TIOMOUIBIO MEPUCTATBTUYECKUX HACOCOB, @ OJJHOPOAHOE MEepPEMEIINBAHNE 00ECTIEYNBATIOCh MEXaHNUECKOH MEIIaIKON ¢
[IaroBBIM IPUBOAOM. TemIieparypa peryiupoBaiach IyTeM LUPKYISLUHA TEIUNIOHOCHTEINS 10 BCTPOEHHBIM TEIIOOOMEHHBIM
KaHaJlaM, 4T0 oOecreynBaino cTrabmibHyto padoty B auarnasone 20-120°C. Iepen BblenauyMBaHNeM 3ajexkajble XBOCTHI O~
BEprajil OKHCIUTEILHOMY OOHTY B IIEUH € IICEBIOOXKIKEHHBIM cjIoeM Ipu Temneparype 650-700°C B TeyeHne oHOTO 4aca,
YTO CIIOCOOCTBOBAJIO PA3IOKEHHIO CyIb(pHUI0B Ha OKcHIBI. [locieayromue SKCIEpUMEHTHI 0 BIIIETaYMBAHUIO TIPOBOJHINCH
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C KOHLIEHTPAIUSIMHU CEPHON KUCIOTHI 25-175 r/aM3, pasnuuHbIM BPEMEHEM BBIIEPKKH U KOHTPOJIUPYEMBIMU TETLIOBBIMH Pe-
’KUMaMH. BbLIM ycTaHOBJIEHb! onTUMaibHble napametpbl: 100 r/am’ HSOs, 100°C u 120 MUHYT, B Pe3ysIbTaTe YEro CTEreHb
usBneueHus Ni cocrasuia 93.01%, Co — 91.49%, npu ymepenHom pactBopenuu Fe — 64.4%. Pe3ynbraThl HOATBEPIKIAIOT, YTO
pa3paboTaHHasi CHCTEMa PEaKTOPOB HENPEPBIBHOIO JEHCTBHUsI 00ecrieunBaeT BOCIPOM3BOJMMBIE THIPOMETAILTYpPIUYECKUE
XapaKTEepPUCTHUKH, CTAOWIBHOE YIpaBJIEHHE IPOLIECCOM M BO3MOXKHOCTh MaciiTaOupoBaHHs. Takoil momxonx MmoauepKuBacT
MIPEUMYILECTBA HETIPEPHIBHOIO XUMUYIECKOTO MTPOIIecca U MPOU3BOACTBA J00ABOK IPH NepepadoTKe HU3KOCOPTHOTO M 3KOJIO-
THYECKHU OIIACHOTO CHIPBSI.

Knrouegvle cnoea: peakmop nenpepvigHozo 0eticmsus,; a0oumusHoe npousso0Cmeo; HuKelb;, KoOaibm, dcene3o; evluyend-
uueanue, ompabomanuvle X60CHbl;, 2UOPOMEMALLYPIUSL.
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