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PROSPECTS OF OBTAINING QUARTZ FLOUR

FROM IRON ORE ENRICHMENT WASTE STORAGE
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Abstract. Tailings storage facilities of iron ore beneficiation in the Kryvbas region currently contain more than 6
billion tons of mineral raw material. These waste deposits could become a source for obtaining iron concentrate and a
silicate product, primarily finely ground quartz sand. However, to date, no economically feasible solution has been found
for processing the waste to extract iron. Less attention has been paid to the issue of obtaining silicate material (mostly
quartz) from the waste. Quartz mining in Ukraine is carried out at only one deposit in Zhytomyr region, and while there
are many deposits of quartz sand, their quality (purity) is insufficient. Fine grinding is required to improve quality. In this
regard, the material from iron ore tailings is competitive because it does not require energy-intensive grinding processes.
The purpose of this work was to analyze iron ore beneficiation waste to determine the prospects for obtaining quartz
flour. To achieve this, the following tasks were solved: establishing the annual volumes of waste that fill the tailings
facilities of mining plants; studying the mechanism of waste formation and grain size; determining the quantity of
fractions ready for beneficiation with particle size less than 50 um contained in the tailings; and, based on an analysis of
the degree of mineral liberation, forecasting the parameters of the silicate material that can be obtained from tailings
finer than 50 ym. The study notes a significant resource of raw materials for obtaining quartz flour, and provides the
annual volume of waste from five mining-beneficiation plants in Ukraine. The mechanism of waste generation by
beneficiation operations in the traditional magnetic scheme is investigated, and it is found that in the coarsest waste from
the first stage of magnetic separation, the content of < 50 um size classes averages 23.7%. It is determined that in the
tailing material, the amount of <50 um size classes represented by liberated ore minerals averages 45%. This fraction is
suitable for further processing without energy-intensive crushing and grinding operations. A microscopic analysis of
mineral liberation was performed and a forecast is made for the characteristics of the silicate material that can be
obtained from tailings <50 um. The prospect of obtaining a silicate product in the form of quartz flour with a yield of 20—
30% of the processed volume and iron content of 4-5% is established. The obtained quartz product is technologically
competitive with sands of other origin; it has prospects as a raw material for the needs of radio electronics, the
manufacture of optical instruments, fiberglass, filtration systems, metallurgy, construction, and other industries.
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1. Introduction

In Ukraine, about 6 billion tons of material have accumulated in the tailings
storage facilities of magnetite quartzite iron ore beneficiation at the mining and
beneficiation plants (MPP) of Kryvbas. These waste products could serve as a source
for obtaining iron concentrate and a silicate product, predominantly quartz sand, for
use in construction. However, at present no practical solution has yet been found for
processing iron ore beneficiation waste in an economically feasible way [1, 2].

Currently, a small amount of iron ore waste is used in road construction, for
reinforcing tailings dam embankments, manufacturing paving tiles, etc. The obstacle
to broader use of the waste is the high residual iron content, up to 13—17%. Over time
the iron undergoes chemical transformations and oxidizes. This makes the waste
material friable, which negatively affects the strength of building products if used as
an aggregate.

At present, a significant base of theoretical and practical research on the
processing of fine mineral raw materials has been accumulated [4-9]. This includes
studies of fine vibratory classification [4], hydraulic processing [5-7], and
mechanical treatment methods [8, 9]. These developments can be applied to
processing the material in iron ore tailings storage with the aim of extracting both
iron and valuable silicate mass, which is represented mainly by fine quartz fractions.
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Extraction of iron from magnetite quartzite beneficiation waste is complicated by
the fact that the iron is present mostly in oxidized form. In this case, ordinary
magnetic separation is not effective; flotation, high-gradient magnetic separation, as
well as hydraulic and combined methods are recommended [3]

The tailings material is promising for obtaining silicate raw material. Magnetite
iron ore contains approximately 40% quartz (S10,). After beneficiation of the ore, the
quartz content in the waste is 70—75%, in the form of a finely ground product. Thus,
iron ore tailings can be a source for obtaining quartz flour. It is known that Ukraine
has a single deposit where quartz is extracted — the Volodarsk-Volynskyi deposit in
Zhytomyr region. Many deposits of quartz sand exist in Western Ukraine, Kharkiv
and other regions, but the quartz flour obtained from them contains too many harmful
impurities. It requires purification for use in optical and radioelectronic devices, for
manufacturing glass for rockets and submarines, etc. To increase the purity of quartz
flour, flotation (as in China, India) and chemical methods are used. Recovering quartz
from iron ore tailings, compared to processing natural sands, is a promising direction
of research.

The material in iron ore tailings is also attractive for processing because it does
not require energy-intensive crushing and grinding to liberate the minerals
(Ostapenko P. Ye., Olevskyi V. A. et al.). These operations were already performed
earlier at the beneficiation plant. Nevertheless, iron ore tailings do contain coarse
fractions that must either be removed or ground before further beneficiation. It is
known that the liberation of minerals in iron quartzites occurs below a particle size of
50 um (L.A. Lomovtsev, V.V. Karmazin et al.). By separating from the waste the
fraction <50 pm, one can obtain a product with almost no intergrown particles, which
makes it suitable for further efficient processing.

The concept of this work is to isolate from the entire mass of waste only the fine
fraction with particle size less than 50 um, which is suitable for further processing
without additional grinding.

The aim of the work is to determine the quantity of the fine fraction <50 pm
contained in the tailings and to establish the prospects of processing it to obtain a
silicate material with minimal iron content.

2. Methods and methodology

The study applied methods of analysis of iron ore beneficiation indicators at the
mining and beneficiation plants, as well as experimental tests on the waste from iron
ore tailings storage facilities.

The methodology of the work consists in solving the following tasks:

1. Establish the annual volumes of waste from the iron ore mining plants.

2. Investigate the mechanism of formation and the grain size composition of
beneficiation waste.

3. Identify the amount of fractions ready for beneficiation with particle size less
than 50 um contained in the tailings.

4. Perform an analysis of mineral liberation and forecast the parameters of the
silicate material that can be obtained from the <50 um fraction of the tailings.
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3. Results and Discussion

Task 1. Annual volumes of waste from iron ore plants in Kryvbas.

Typical magnetite quartzite ores processed industrially have an iron content of
about 33% (ranging 31-35%). The rest is gangue that must be removed to tailings.
This does not mean that about 70% of the ore goes to waste and all the iron reports
completely to concentrate. In practice, the tailings yield is lower, and the concentrate
output is more than 33% due to some gangue being carried into the concentrate.
Typical production figures are: concentrate yield up to 40% of ore, waste (tailings)
yield up to 60%. Given this, and considering the concentrate production capacities of
various plants (from open sources), the volume of waste annually reporting to the
tailings storage of each mining plant was calculated (Table 1).

Table 1 — Volume of waste from Kryvbas mining and beneficiation plants depending on product
output by design (at commissioning) vs. actual in 2021

Name of plant Production volume Waste volume,
(product, Fe contelrjlt in product) (concentrate/pellets), million t/year million t /year
P ' P by design in 2021 2021
Southern — 11.0/5.0
concentrate 63—65 % (sinter) 13570 20.25
Northern —
concentrate up to 66 % 14.2/9.5 13.4/6.35 20.1
Poltavskyi —
concentrate 62-64%, 13.0/12.0 12.0/11.2 18
flotation concentrate up to 68%
Inhuletskyi —
concentrate 63.7-64.8%, flotation 14.0 11.8 17.7
conc. 67.0-67.5%
Tsentralnyi (Central) —
concentrate 65.0-68.2% 6.0/22 4.8/2.26 7.2

*Note: For Poltavskyi MPP in 2024: concentrate production 6.9 million t at 67% Fe, pellets
4.98 million t. For other plants, information is not available in open sources.

From Table 1 it is evident that each plant annually generates waste on the order of
millions of tons. These wastes are stored in a wet state in the tailings storage facilities
of the respective mining-beneficiation plants.

Task 2 Mechanism of formation and fine fraction content in beneficiation waste

The traditional magnetic concentration scheme at these plants includes three,
sometimes two, stages of ore grinding. After each stage, classification is performed
and the overflow is processed by wet magnetic separation (WMS) on drum separators
of type PBM, and on deslimers of type MD-5 or MD-9. The performance of the waste
streams from these operations for two plants is given in Table 2.

The mechanism of waste formation is as follows. In the first-stage mills, the ore is
ground and fed to a spiral classifier from which the fine fraction is removed as
overflow and goes to the first stage of magnetic separation (MMS-1). From Table 2,
it is seen that MMS-1 directs about 40—45% of the ground ore to waste. In practice it
is known that, regardless of stage, during wet magnetic separation the concentrate is
coarser than the tailings. In the second and third grinding stages, the hydrocyclone
overflows (which are finer than the spiral classifier overflow) are processed, yielding
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finer tailings in the subsequent separators. For example, the content of <50 um fines
in the tailings of Deslimers 1 and 2 is 90% and 95%, and in the tailings of magnetic
separators MMS-3 and MMS-4 it reaches 85% and 95-97%, respectively.

Table 2 — Yield and iron content in waste from operations of the traditional wet magnetic beneficiation
of magnetite quartzite iron ores

Northern MPP Inhuletskyi MPP**

Yield, % | Fe_total,% | Yield, % | o-0@VTe magnetc,
0

Beneficiation operation

MMS-1 (1st stage wet

: 43.16 12.4 44.7 12.9 /0.7
magnetic sep.)

Desliming-1 (after MMS-1) 4.17 11.75 4.6 13.4/2.5

MMS-2 (underflow of 2nd

*
stage mill) 3.35 14.81 (4.42%) 11.15/0.4

MMS-3 (overflow of

Desliming-l) 1.85 16.04 32 15.4 /2.0

Desliming-2 (after MMS-3) 2.62 12.79 0.04 12.9/5.0

MMS-4 (overflow of

Desliming-2) 145 18.3 0.5 17.5/4.0

Waste excluding MMS-1 13.44 14.01 17.16 12.74

Total (all stages) — 56.59 | 1278022 | 61.84 12.85/1.0

Fe total/Fe magnetic

Notes: *Three grinding stages at Northern MPP; *Two grinding stages at Inhuletskyi MPP, where the
second-stage hydrocyclone overflows of two subsections are combined and processed together.

The data in Table 2 show that the overall tailings yield is about 60% of the ore
(56.59% and 61.84% for the two cases). It is also seen that with each successive
operation the waste yield decreases, but the iron content in the waste increases,
reaching 18.3% and 17.5% at the last MMS stage. The largest portion of the waste is
produced at the first stage of magnetic separation (MMS-1). These tailings are the
coarsest; moreover, the majority of the oxidized ore is rejected in MMS-1, because
oxidized iron is weakly magnetic and is not captured by PBM-type magnetic
separators.

Not only oxidized iron ends up in the waste, but also magnetic iron. This is
evident from the last column of Table 2, which shows the losses of magnetic iron
across the operations. According to the regulations for the operation of beneficiation
plants at mining and processing plants (MPP), the content of magnetic iron in the
total waste should not exceed 2.5%, but in practice, it can reach 3-3.5%. However,
the major portion of the waste consists of oxidized iron - 83—85% of the total iron is
in the form of oxidized varieties such as hematite, martite, etc. The total iron content
in the waste ranges from 10-11% at the Lebedyn MPP, to 12-15% at the Kryvbas
MPP, and 20-21% at the Mykhailovskyi MPP, where mixed ores are processed. Due
to the presence of oxidized iron, conventional magnetic separation is ineffective for
waste processing, requiring flotation or combined processing schemes [3].

The content of coarse fractions in the waste is determined by the specifics of
MMS-I waste. They are the largest in quantity and size among the wastes from other
operations. Approximately 60% of the ore ends up as waste, of which 40—45% comes
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from MMS-I; the remaining 15-20% are other wastes with an iron content ranging
from 13—14% to 17%. The relatively large particle size of MMS-I waste is confirmed
by the data in Table 3.

Table 3 — Content of <50 um fraction in MMS-1 products (feed, concentrate, tailings)

Indicator/MPP Poltava | Inhuletskyi | Northern | Stoilenskyi Myil;iilov Average
gevee‘i égij)“iﬁer 45 43.30 435 46.6 41.97 44.1
f/l‘;\lj[‘ge_‘;“ate 19 16.15 23.88 22.89 18.87 20.2
gﬁtse_lfmm 25 27.15 19.62 23.71 23.1 23.7

The data in Table 3 confirm the typical pattern of magnetic separation: the
concentrate 1s coarser than the tailings. Overall, MMS-1 tailings are relatively coarse,
containing on average only 23.7% fine fraction <50 um

All the tailings, from MMS-1 and other stages (Table 2), are discharged together
into the tailings pond, because the tailings handling system at the beneficiation plants
is designed such that all waste streams are combined and transported via special
sluices lined with stone. However, for example, at Poltava MPP the MMS-1 tailings
are removed separately, dewatered, stockpiled, and used for road and dam
construction, etc. Yet the 12% iron content in MMS-1 tailings (Table 2) makes this
material unstable. Oxidized ore varieties break down easily under weathering, so the
direct use of MMS-1 waste is problematic. It has been noted by researchers that
MMS-1 tailings require additional grinding to liberate interlocked grains for further
processing [1-4]. We propose that it would be more economical to isolate the fine
fraction from MMS-1 tailings that can be effectively processed further. For this
purpose, a wet vibro-classification of MMS-1 tailings at 50 um is suggested [5].

Task 3. Determining the quantity of <50 um fraction in tailings ready for
beneficiation

We determine the quantity of the <50 um fraction in the aged tailings of a storage
facility, for example at Inhuletskyi MPP, assuming we plan to process this material.
From Table 2, for Inhuletskyi MPP the total tailings yield is 61.84%, of which MMS-1
contributes 44.7%. Expressed as a percentage of the total tailings mass, MMS-1
accounts for:

44.7-100/61.84=72.3 0,

From Table 3 it is seen that within the MMS-1 tailings themselves, 27.15%
consists of fine <50 um particles. Relative to the total mass of ore processed, this

constitutes:
72.3-27.15/100=19.63%.

Apart from MMS-1 tailings, the tailings storage also contains the material from
the other beneficiation operations, in the amount of:
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100-72.3=27.7%.

This portion represents the tailings from the other operations, and is composed
entirely of liberated fine fractions.
Thus, in the total mass of aged tailings, the proportion of fine fraction <50 um is:

27.7+19.63= 47.3%.

Similar calculations were performed for the Poltava and Northern MPPs.

At Poltava MPP, the final tailings yield is 61.17%, of which MMS-1 tailings
constitute 43.67%. From Table 3, the <50 um fraction in MMS-1 tailings is 25%. In
total, the proportion of <50 um fraction ready for beneficiation in the overall tailings
mass is:

(43.67-100/61.17-25/100)+ (100 - (43.67-100 / 61.17 ))= 46.46%.

For Northern MPP, from Table 2 the final tailings yield is 56.59%, including
43.1% from MMS-1. Assuming an average fine fraction content in MMS-1 tailings of
23.7% (Table 3), the proportion of <50 um fraction in the total tailings is:

(43.1-100/56.59-23.7 /100)+ (100~ (43.1-100 / 56.59 ))= 41.9%.

On average for the three plants:

(47.3 +46.46 + 41.9) /3=45.22%.

Therefore, by classifying the tailings material by any method, it is possible to
obtain about 45% of material with particle size <50 um that is ready for
beneficiation, out of the total mas. Beneficiation of this fine fraction is possible, for
example, by hydraulic methods, high-gradient magnetic separation, or flotation.

Task 4. Analysis of mineral liberation and forecast of silicate product parameters
from <50 um tailings

For the technological parameter forecast, a set of studies was carried out on the
distribution of liberated grains and intergrowths in the concentrate and tailings of
Inhuletskyi MPP. Both products had particle size <50 um (screened at 50 um). Grain
counting was performed under a microscope following standard methodology. The
calculated iron content in individual grains and in products assumed magnetite
contains 72.36% Fe. The chemical analysis showed the overall Fe content in the
initial samples was 64% for the concentrate and 14.5% for the tailings. Table 4
presents the yields of liberated particles and intergrown particles by category.

The data in Table 4 allow us to forecast the parameters of the silicate material that
can be recovered from the tailings as follow.
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Suppose that all particles have the same size and that we manage to recover only
the pure gangue particles. Let us denote this product as “silica product grade 1.” It
would have a yield of 41% (of the fine fraction) and an iron content of 3.6% Fe

This product can be obtained only from the <50 um classes, where mineral grains
are liberated. As shown above, the content of such classes in the tailings is 47.3%. It
follows that extracting the “purest” silica mass from the tailings would yield:

47.3-41/100= 19.3%.

Table 4 — Particle composition of concentrate and tailings from beneficiation by the traditional
magnetic scheme (Inhuletskyi MPP, fraction <50 um)

: : : Particle yield,%
Particle type Magpetlte sha‘re n Fe cqnten::) in
particle (fraction) particle, % concentrate tailings
Ore (liberated ore grain) 0.98 71 87 3
Ore—gangue 1ptergrowth (ore- 0.75 543 3 9
rich)
Gangue—ore 1nt.ergrowth 0.25 18.1 16 23
(gangue-rich)
Disseminated ore in gangue 0.1 7.2 24 24
Gangue (hber‘ated non-ore 0.05 36 6 41
grain)
Total yield of particles, % 100 100
Overall Fe content in product, % 64.0 14.3

Under hydraulic separation, most likely the disseminated ore particles will be
recovered along with the gangue grains. Let us call this product “silica mass grade 2.”
The yield of this silica mass (among the fine fraction) would be 41+24=65%, which
relative to the entire tailings material is: 47.3-65/100= 30.75%. The iron content in
this material would be: (24:7.2+41:3.6)/65=4.93%. The parameters of the potential
silica products that can be recovered without additional grinding are given in Table 5.

Table 5 — Forecasted parameters of silica products obtainable from tailings

Yield ,% Fe
Silica product (grade) fraction (% of relative to total content,
<50 um) tailings %
Type 1. Extraction of gangue minerals 41.0 19.3 3.6
Type 2. EX"[ractlon of disseminated and 65 307 50
gangue grains

5. Conclusions

The quartz content in magnetite-rich ferruginous quartzites subjected to
beneficiation at Ukrainian mining and processing plants is approximately 40%, while
the quartz content in the beneficiation waste is about 70—75%. The aim of this study
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was to analyze the waste accumulated in tailings storage facilities to assess the
prospects of obtaining quartz flour with minimal iron content.

The following tasks were addressed in this work.

1. The volume of waste annually added to the tailings of five Ukrainian MPPs
was determined. At the same time, the production of concentrate according to design
and as of 2021 was presented. It was shown that millions of tons of waste are added
to the tailings annually.

2. The mechanism of waste formation and the amount of fine fraction below
50 um by beneficiation operations using the traditional magnetic separation scheme
were studied. It was found that the content of particles smaller than 50 um in the
coarsest waste from the first stage of magnetic separation averages 23.7%

3. It was determined that the amount of material in the tailings of iron ore MPPs
suitable for further processing without energy-intensive crushing and grinding
operations averages 45%. These are size fractions below 50 pm, consisting of
liberated minerals from ferruginous quartzites.

4. A microscopic analysis of mineral liberation was conducted, and projections
were made for the silicate mass that could be obtained from tailings material smaller
than 50 um. The study revealed the potential to obtain a silicate product in the form
of quartz flour with a yield of 20-30% of the processed volume and iron content
of 4-5%.

The resulting quartz product is technologically competitive with sands of other
origins due to the absence of additional grinding and the need for washing out clay
impurities. It has potential applications as a raw material for the radio electronics
industry, optical device manufacturing, fiberglass production, filtration systems, and
more.
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MEPCMNEKTMBU OTPUMAHHSA KBAPLIOBOI MYKU 3 LLMAMOCXOBWLL BIAXOLIB 35ArAYEHHSA
SANIBHUX PY

LlegueHko I., Yonuwkina B., Timoe O., Kypinos B.

AHortauis. LLinamocxoBuwya Bigxogis 30arayeHHs 3anisHnx pyg Kpusbacy Ha TenepiluHiit Yac MicTATb noHag 6 MIH
TOHH MiHEparnbHOi CUPOBMHK. Bigxoau manm 6 ctath mKepernom Ans OTPUMaHHS 3ani3HOrO KOHLEHTpATY i cunikaTHOro
NPOAYKTY, NEpeBaxHO TOHKO 3MENeHOro KBapLoBOro nicky. Afe Hapasi NPakTUYHOTO BUPILLEHHS MUTaHHS nepepobku
BiAX0AiB ANS BUNYYeHH 3ani3a, sike byno 6 eKoHOMIYHO JOLiNbHE, NOKW WO He 3HanaeHo. MeHLwa yBara npuainsnacb
MUTAHHIO OTPUMaHHSI 3 BIOXOAIB CUNIKATHOI Mack NPeACTaBMNEHOK NepeBaxHO kBapuoMm. BupobyTok kBapuy B YkpaiHi
3OINCHIOETBCA NULIE Ha OOHOMY pogoBMLLi B XKMTOMMPCHKi 06nacTi, xoua noknagiB KBapLoBoro nicky 6arato, ane ix
AKiCTb (uMcToTa) HepocTaTHs. LWo6 nigBuWMTY SKiCTb, B nepLuy Yepry, noTpibHO 3aCTOCOBYBAaTW TOHKE 3MeneHHs. B
UbOMY NnaHi CMpOBWHA 3ani3opyAHMX LUMAMOCXOBULY € KOHKYPEHTOCMPOMOXHOK, 60 He notpebye eHeproemHux
npoueciB 3meneHHs. MeTtow poboTu € aHani3 BigxomiB 30arayeHHs 3anisHUX pyd AN BM3HAYEHHS MepCrekTuB
OTPUMaHHS KBapLoBOI MykW. [N LbOro BWpIlLEHi HACTynHi 3ajadyi: BCTAHOBMEHi LIOPiYHi obcsark Bigxomdis, AKi
MOMOBHIOKTb LUNAMOCXOBULLA 3ani3opyaHnX KOMOIHATIB; LOCMIMKEHUA MeXaHi3M (hOpMyBaHHS i KPYMHICTb BiOXOAIB;
BU3HAYeHa KiMbKiCTb rOTOBMX A0 30arayeHHs KraciB KpymHICTI0 MeHWwe 50 MKM, L0 MICTSThCS B LUMAMOCXOBMLLi; Ha
nigcTasi aHanisy CTyneHio po3KPUTTS MiHEpaniB BUKOHAHO MPOrHO3 MOKA3HMKIB CUMIKATHOT MacK, sIKy MOXHa OTpUMaTK 3
CUPOBUHY LLINTAMOCXOBMLL, KPYMHICTIO MeHLwe 50 Mkm. B poboTi Bia3HauYeHO 3HaYHUit pecypC CUPOBUHW 415 OTPUMAHHS
KBapLOBOI MyKU, NpuBeaeHui WwopiyHui obcsr Bigxoais n'atn 3K Ykpainu. [ocnigxeHo MexaHi3m OTpUMaHHs Bigxoais
3a onepavjisimn 36arayeHHst Mo TPaAWLiAHIA MarHiTHIN CXeMi | BCTAHOBMEHO, WO B HANGINbLU KPYMHMX Bigxogax nepLuoi
CTagiji MarHiTHOI cenapalii BMICT Krnacie MeHLe 50 MkM cTaHOBUTL B cepeaHbomy 23,7%. BctaHoBneHo, Wo B MaTepiani
LUSIAMOCXOBMLL, KifbKICTb KNAciB KpYNHICTIO MeHLWwe 50 MKM, SKi npeCcTaBneHi posKpUTUMU MiHepanamu pyau, CTaHOBUTb
B cepeaHbomy 45 %. Lleit npoaykT npuaaTtHnin 4ns noganbluoi nepepobku 6e3 BUKOPUCTAHHS EHEPrOEMHUX onepaLin
ApoBreHHs Ta 3MeneHHs. BUKOHAHO MIKPOCKOMIYHUIA aHani3 posKpUTTS MiHepaniB i 3pobfeHo MPOrHo3 MokasHWKiB
CUNiKaTHOI Macu, §Ky MOXHa OTpUMaTh 3 CMPOBWHM LUNAMOCXOBMLY, KPYMHICTIO MeHwe 50 MkM. BcraHoBreHa
NepcnekT1Ba OTPUMAHHSA CUAIKATHOrO NPOAYKTY Y BUMMAAi kBapLoBoi Myku npu Buxoai 20-30% Big ob'emy nepepobkm i
BMIiCTi 3aniza 4-5%. OTpuMaHuit KBapLOBWA NPOAYKT TEXHOMOMYHO KOHKYPEHTOCMPOMOXHWA i3 Mickamu iHLIOMO
MOXOKEHHS, BiH Mae NepcnekTUBM Sk CUPOBMHA ANs NoTpeb pafioenekTPOHiKK, BUrOTOBAEHHS OMTUYHUX NpUagis,
CKIMOBOMOKHA, c1cTeM inbTpaii, BUKOPUCTaHHS B MeTanyprii, OyAiBHALTBI Ta iHLUMX rany3sx.

KntouoBi cnoBa: 3anisHa pyaa, 36arayeHHs, Bigxoau, KBapL, BMICT 3aniaa.
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