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ABSTRACT

The current state of world mineral resources is characterized by a decrease in the quality of
minerals. An increase in production and processing volumes is possible only through the
development of new deposits and the involvement of off-balance ores, dumps and tailings, slags
and other industrial wastes in the integrated mining process. More increasing the need for
involving raw materials of complex composition, refractory, low-grade, with small reserves,
technogenic mineral waste. It becomes more and more relevant as the discovery and exploitation
of new deposits, allowing to increase the gold reserve of the Republic of Kazakhstan. The article
presents the results of sorption leaching of ore in order to extract gold associated with sulfides,
the processes of opening gold. A representative sample was taken and the phase composition of
an additional explored ore body was studied at one of the deposits in Kazakhstan. The ore sample
was prepared for research: three-time mixing by the ring-cone method, in general, three-stage
quarting and mixing were performed. It should be noted that the methods for processing gold-
bearing ore raw materials depend on many parameters, including the material composition and
technological properties. Samples from the last quarting materials were selected for chemical,
sieve and phase analyzes. It was found that the test sample contained 6.04 g /t Auand 7.9g/t
Ag, as well as fineness of gold within 0.01-0.25 mm phase analysis. Mineral gold formations can be
easily soluble in cyanide solutions (native gold, electrum), partially soluble (maldonite, or practical
are insoluble (tellurides). Gold in ores is present in the form of gold-colored sizes and shapes. Both
physical (gravity, flotation) and chemical (cyanide, etc.) methods are used to extract it. Rational
analysis also found that gold in the ore under study, crushed to a particle size of 90%, class 0.071
mm, gold is free and in intergrowths is 81.46%, gold associated with sulfides is 14.40%, in rock-
forming minerals 1.66%. Based on the data obtained, it can be stated that when cyanidating ore,
one should expect rather high rates of gold dissolution (80% or more). Gold extraction from ore
with a content of 85% fraction -0.071mm-90.2%, with a content of 85% fraction- 0.071mm-98%
with oxidative leaching. Full extraction of gold from ore is possible with sorption cyanide leaching
with their preliminary oxidation. The paper considers economically feasible existing and promising
technologies for gold extraction at the leading factories of Kazakhstan and abroad.
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Introduction

The current state of world mineral resources is
characterized by a decrease in the quality of
minerals. An increase in production and processing

volumes is possible only through the
development of new deposits and the involvement
of additionally explored raw materials in the
complex, as well as the development of off-balance
ores, heaps and tailings, slags and other industrial
wastes. The most contemporary important problem
of gold hydrometallurgy is the search for rational
methods for its extraction from refractory ores and
industrial wastes. It becomes more and more
relevant as the discovery and exploitation of new
deposits, allowing to increase the gold reserve of the
Republic of Kazakhstan.

Kazakhstan has significant potential for gold-
bearing mineral resources. One of these objects is
the ore of one of the deposits of East Kazakhstan.
The field was discovered in the 70s of the last
century. Exploration of the deeper horizons of the
deposit showed the presence of a richer sulfide type
of ore.

At present, most gold processing plants process
ores in which sulfide minerals are present. Gold in
such ores is partially associated with sulfides, and
partially is in a free state. In most cases, ores of this
type are classified as refractory, and circumstances
that exclude the use of enrichment methods are
possible.

Technological mineralogy methods allow to
identify useful and harmful minerals and their
associations in ores, determine the features of their
real composition and structure, the nature of
relationships between themselves and with rock-
forming phases, control, explain and predict the
behavior of ores in technological processes. Cyanide
leaching is the main method for extracting gold from
ores both in traditional technology and in
geotechnological mining. Sodium cyanide or
potassium cyanide salts with a concentration of
0.02-0.3% are used as a reagent.

The dissolution of gold in cyanide solutions
occurs in the presence of oxygen by the reaction:

2Au+4NaCN+S0,+H,0 = 2Na[Au(CN),] + 2NaOH (1)
From the reaction it is clear that gold passes into
the solution in the form of a gold-cyanide salt of

sodium, which dissociates in solution into ions:

Na[Au(CN),] = Na*+[Au(CN)2] (2)

The possibility of the occurrence of an
electrochemical dissolution of gold is determined by
the electromotive force equal to the potential
difference of the anodic and cathodic processes. In
addition, in the presence of a complexing agent, in
particular, a CN ion, the activity of Au ions in solution
decreases during the formation of a very strong
[Au(CN),]" complex.

The instability constant of this complex is
characterized by a very small value:

_ [Aupx[eN]? -38
= Tann, - 5x 10 (3)

Therefore, in the presence of CN ions, the activity
of Au ions decreases sharply, which means that the
potential of gold decreases and its oxidation
becomes thermodynamically possible [[1], [2], [3],
[4]]. The potential for dissolving gold with the
formation of a cyanide complexis -0.611 V, while the
potential of gold itself is equal to + 1.8 V.

At the same time, studies noted that an increase
in the oxygen concentration in the solution increases
the passivation of the gold surface and, as a result,
there is a strong anodic inhibition of the dissolution
process. An excess of alkali in a solution (pH-12) of
hydrogen peroxide leads to the same effect, which
contribute to the formation of thick oxide films on
the metal surface. However, it should be noted that
the addition of chloroactive compounds increases
the rate of dissolution of the noble metal. This is in
favor of the adsorption mechanism of passivation of
gold by oxygen. A.N. Frumkin noted that when
oxygen is adsorbed, along with a change in the
double layer, the chemical nature of the metal
surface changes, which should affect the rate of the
dissolution process [[5], [6], [7]]. The addition of a
chloroactive compound to the solution leads to the
adsorption displacement of oxygen from the gold
surface, its partial depassivation, and an increase in
the dissolution rate. All of the above applies directly
to free metallic gold. At the same time, the main
problem for the gold mining industry is persistent
sulfide ores and concentrates, in which gold is
closely associated with pyrite and arsenopyrite.
These minerals are chemically stable and are not
amenable to direct leaching with solutions of acids
and alkalis. For such raw materials, various methods
of opening, grinding, bioleaching, roasting, oxidation
of autoclaves, etc.,, were proposed before the
cyanide process. The study of the decomposition of
arsenopyrite and pyrite. showed that their chemical
resistance is largely dependent on the nature of the
solvent used. The most favorable conditions for the
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oxidation of these minerals are created in alkaline
solutions in the presence of an oxidizing agent.

The aim of the work was to conduct research and
development of a sorption technology for the
extraction of gold from further explored ores [[8],
[9], [10], [11], [12], [13]].

Methods of analysis

X-ray phase analysis was carried out on a D8
Advance diffractometer (BRUKER), a-Cu radiation.
Diffraction pattern shooting conditions: U = 35 kV; |
=20 mA; scale: 2000 imp; time constant 2s; shooting
theta-2ta; detector 2 deg / min

Currently, most GEFs process ores in which
sulfide minerals are present. Gold in such ores is
partially associated with sulfides, and partially isin a
free state. In most cases, ores of this type belong to
the category of resistant. The raw material for gold
extraction is gravity-flotation concentrate from ore
enrichment. The methods of technological
mineralogy make it possible to identify useful and
harmful minerals and their associations in ores, to
determine the features of their real composition and
structure, the nature of relationships between
themselves and with rock-forming phases, to
control, explain and predict the behavior of ores in
technological processes [[14], [15], [16], [17], [18]].

The raw material base of the gold mining industry
of Kazakhstan is mainly represented by small (with
reserves up to 25 tons) and medium (from 25 to 100
tons) deposits. However, the leading position is
occupied by the deposits of Eastern, Northern and
Central Kazakhstan. The search for the most
effective integrated technology for extracting gold
from mineral raw materials is an urgent task of the
gold mining industry of Kazakhstan.

One of the key processes in the technology of
processing of resistant fine-grained ores is the
process of their opening, which provides access of
the leaching reagent to the surface of micro- and
nanoparticles of gold. The conducted studies of
hydrometallurgical methods for extracting gold from
low-sulfide ores allowed us to make a choice and
justify the prospects for the use of pre-oxidation
[[19], [20], 21]].

Experimental part

The object of research was the ore of the
processing plant of the deposits of East Kazakhstan.
In preparation for research, the sample was crushed
in stages to a particle size of -2.5 + 0 mm, was

guarting, mixed, and reduced in accordance with the
standard sampling methodology (samples) for
technological studies and the study of material
composition. Ore crushing was carried out on
laboratory jaw and roll crushers and grinding on ball,
rod and bead mills and vibro-crusher. The ore
sample is a finely ground material with a particle size
of 100 % class — 0.071 mm. The chemical
composition of the studied tailings sample is
represented by the following main components, %:
4.27 Fe; 9.02 Fe;03; 8.1 FeO; 0.010 As; 0.072 Zn;
0.016 Cu; 6.04g/tAu; 79g/tAg.

Ore cyanidation products — solution and cake —
were subjected to atomic adsorption and assay
assays, respectively.

Electron microscopic studies of the basic sulfide
mineral arsenopyrite extracted from the initial
tailings sample were carried out using a JEOL JXA-
8230 scanning electron microscope (Japan)
equipped with an energy dispersive analyzer. As can
be seen in fig. 1, pyrite in addition to the basic
structural elements - iron and sulfur also contains
gold and trace elements of copper and zinc.

From the results of a rational (phase) analysis of
the gold in the ore, finely ground to a fineness of 90
% of the class —0.071 mm (table 1), it follows that the
content of free gold in the intergrowths (cyanide
gold) is 81.46 %. The presence of finely disseminated
gold in sulfides is one of the main reasons for the
technological persistence of mineral raw materials.
14.4 0% of gold is associated with sulfides, 2.48 % is
associated with acid-soluble compounds. In the
rock-forming minerals, the gold content (0.10 g / t,
or 1.66 %).

Table 1 - The results of a phase (rational) analysis for gold
of a crushed sample of the original ore with a particle size
of 90 % of the class -0.071 mm

Forms of gold in Gold allocation
ore g/t %

Free form 4.92 81.46
Associated with
acid-soluble
minerals 0.15 2.48
(carbonates,
hydroxides,
chlorites, etc.)
Associated with
Sulfides 0.87 14.40
Finely interspersed
in rock-forming 0.10 1.66
minerals
Total in sample 6.04 100.0
(balance sheet)
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Figure 1 - energy dispersive analysis of the
microstructures of gold (a) in pyrite and
(b) in a fragment of arsenopyrite

The data of X-ray phase analysis of the sample
showed that the bulk of the sample is represented
by silicon oxide (54.7%). The proportion of pyrite in
the sample (3.4%). Clinochlor is a mineral belonging
to phyllosilicate ammonium and aluminum with
hydroxyl, the proportion of which is 11.2% (figure 2).
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Figure 2 - Diffractogram of an ore sample

To find the forms of gold, a rational analysis of
the ore sample was performed with the initial size
class -0.05 mm and +0.05 mm. Under an optical
microscope Axio Scope.Al, a polished section (& =
25 mm, M weights = 12-17 grams) formed from this
material was studied. As a result, found 33 golden
particles, of which:

* 26 particles in free form - 78.8%, Au dimension
from 0.5 to 6.9 mkm, i.e. ultrafine, finely dispersed
gold (Figure 3, 4);

e 7 particles in intergrowths with waste rock -
21.2%, with parameters - Au from 0.4 to 8.4 mkm
(Figure 3). The particle size is in the range: Au (0.4-
8.4 mkm), i.e. ultrafine (0.1-1.0 mkm) and finely
dispersed gold (1.0-10.0 mkm) (according to
Petrovskaya's classification "Native gold").
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Figure 3 - Free gold in binder polystyrene

Below, in Figure 4, gold particles in the free state
are noted, covered with oxidation films, possibly of
goethite-limonite composition, which, in turn, gives
them a reddish tint.

.
-k Au-0.9x0.9-mkm

Au-0.8x1.0-mkm Au-1.7x1.7-mkm

Figure 4 - Free gold particles covered with
oxidation films
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Table 2 - the results of the leaching of gold from the
source ore

Parameters
N 85% - 85% - 85% -
Nomination
0,071lm | 0,071 | 0,071mm
m mm
Sample weight, g 300 300 300
The mass of the 900 900 900
solution, g
CaO0, kg/t 70% 1.5 1,5 1.5
activity
The density of the 30 30 30
pulp during
cyanidation,% solid
The concentration 0.1 0.1 0.1
of NaCN,%
pH 11.3 11.4 11.2
Type of sorbent / - Gold Ca(ClO)2
oxidizing agent, g Carb +*CIm
207C 2.5
Au content in initial 6.04 6.04 6.04
sample by assay, g/t
Au content in the 0.59 0.5 0.12
tailings solid residue
(cake), g/t
The degree of 90.2 91.6 98.0
dissolution of Au,%
Under conditions of ore treatment with

preliminary oxidation by a chloroactive complex of
compounds (= 30% Ca (ClO), + 70% * CI™),
subsequent washing of the cake with water and
cyanide leaching (pH = 11.2 solid: liquid = 1: 3, and 1
g / dm3 NaCN, the duration of 24 hours of gold
recovery is 98.0%. With direct cyanidation, the
recovery rate was only 90.2%. Sorption recovery
reached 91.6%.

Discussion of the results

The results presented in table 2 indicate that
during direct, sorption and pre-oxidation leaching,
the gold content in the leaching tailings decreases to
0.59-0.12 g/t and the degree of gold dissolution
increases to 90.2-98.0%. During sorption
cyanidation, the consumption of sodium cyanide
and alkali (calcium oxide) increased slightly (Table 2).
This is due to the fact that GoldCarb 207C activated
carbon has the ability to sorb cyanide compounds
and hydroxide ions. The increase in the consumption
of sodium cyanide during the transition from direct
cyanidation to sorption is associated with the
sorption of CN-activated carbon ions.

Based on the results of the conducted research,
the following modes for hydrometallurgical
processing of ore from the Sekisovsky deposit are
recommended:

- grinding fineness 55% -0.071 mm;

- the concentration of sodium cyanide in the
liquid phase of the pulp is 0.1%, pH 10.5-11.0;

- the ratio of solid to liquid in the pulp S:L = 1:3
(the solid content in the pulp is 33.3%);

- cyanidation time is 24 hours;

- cyanidation of gold from ore is carried out in the
presence of a sorbent (sorption leaching).

Carrying out the process in this mode allows
91.6% of gold to be dissolved from the ore with its
almost complete extraction by the sorbent and to
obtain tails of sorption cyanidation with a minimum
gold content of 0.5 g/t.

When comparing test 1 and test 3 on a crushed
product, it follows: after preliminary oxidative
treatment of the material, the extraction is higher by
7.8% (98.0% compared to the test without oxidative
treatment - 90.2%).

It follows from the above: in order to increase the
extraction of gold from the ore of the Sekisovsky
deposit by cyanidation, preliminary oxidative
treatment has a positive effect.

Conclusion

It was revealed that the sulfide ore under study
according to assay data contains 6.0 g /tgold, 7.9 g
/t silver and belongs to the sulphide gold-quartz
type. The ore is characterized by a multicomponent
mineral composition with a predominance of iron-
containing pyrite and is practically not affected by
oxidation processes. The study of mineralogical and
x-ray phase analysis and samples showed that the
bulk of the ore is represented by pyrite with rare
fragments of gold-bearing arsenopyrite. The only
valuable component in the sample of industrial
interest is gold, and silver recovery can be
considered as an associated metal. Rational analysis
found that in the ore under study gold is free and in
intergrowths is 85.51%, gold associated with sulfides
is 11.81%, in membranes 1.46%, in gangue 1.22%.
However, the formation of various types of
membranes covering the surface of free gold can to
some extent slow down the cyanidation process.
Thus, the use of preliminary oxidation by
chloroactive compounds promotes a more complete
recovery of noble metals by eliminating impurities of
various types of membranes forming on the surface
of free gold. In addition, the oxidizing properties of
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chlorine can reveal sulfide gold-bearing minerals,
such as pyrite and arsenopyrite, which also
contributes to a more complete extraction. Thus, the
use of a complex of chloroactive compounds made
it possible to extract an additional 7.8% of gold from
the sample under study compared with direct
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Lamanay npoueciHge 60c anTbiH anyabl apTTbipy

Tokrtap ., KoitxkaHosa A.K., Maromepgos [.P., A6abinaaes H.H., bakpaesa A.H.

CoTbaeB yHuBepcuTeTi, «MeTannyprus xaHe KeH 6aibITy MHCTUTYTbI» AK, , AnmaTbl, KasakcTtaH

TYWIHAEME

OneMaik MUHepanapliK-WKKI3aT pecypcTapbiHbiH, Kasipri *Kali-KyWi nainganbl Kazbanap canacbiHbIH,
TOMeHAeYiMeH cunaTtTanagpl. OHAIPY MeH KalTa eHAey KenemiH yiFaiTy aHa KeH opblHAapbIH
urepy »aHe 6anaHCTaH TbiC KEHAEPAI, YNIHAINEP MEH KanabIKTapabl, WAAKTap MEH OHEPKICINTIH,
6acka Aa KanabIKTapbiH KewweHai urepyre TapTy ecebiHeH FaHa MyMKiH 6onagbl. Kypambl Kypaeni,
Te3iMAi, TOMEH CypbINTbl, a3 KOopbl 6ap, TEXHOrEeHAIK LWNKI3aTTbl @HAEYre TapTy KaXKeTTiniri 6bapfFaH
caiblH apTbin Kenedi. On KasakcTaH PecnybAuKacbiHbIH, anTblH KOPbIH YAFalTyFa MYMKIHAIK
6epeTiH KaHa KeH OpbiHAAPbIHbIH, AlWblNyblHA KaHe MaianaHbinyblHa Kapait 6apbiHWa ©3eKTi
6ona Tycype. Makanaga cynbduaTepmeH acTackaH anTbiHAbI any MaKCcaTbIHAA KeHAi Copbumanbik,
cinTicisgeHaipy HaTuenepi, AnTbIHAbI ally NnpouecTepi KenTipinreH. OKiNAjK cbiHamaHbl ipikTey
JKy3€ere acbipbingbl oHe KasaKCTaHHbIH, KeH OpbliHAAPbIHbIH, BipiHiH, KeTe 3epTTenreH KeH
AeHeciHiH da3anblk Kypambl 3epaeneHsi. KeH cbiHamacbiH 3epTTeyre AaliblHAay OpblHAANAbI:
"cakMHa-KOHYC" 94iCiMEH YL PeT apanacTbipy, *Kanbl YL CaTbl/bl KBApTaNay KaHE apanacTbipy
opblHAanabl. KypambiHaa antbiH 6ap KeH LWKMKI3aTbIH eHAeY a4icTepi MaTepuanabiK Kypambl MeH
TEXHONIOTUANBIK KACUETTepPiH KAMTUTbIH KenTereH napameTp iepre 6alinaHbICTbl EKEHiH aTan eTKeH
KOH. XUMMANbIK, enek »aHe ¢asanblk TangaynapFa COHFbl TOKCaHAAFbl MaTepuangappaH
CbiHamanap anblHAbl. 3epTTeneTiH cbiHamaga 6,04 r/T Au skaHe 7,9 r/T Ag, coHaal-aK dasanblk,
Tanpay apkpinabl 0,01-0,25 mMm weriHae 30N0TUHHIH, ipiniri 6ap ekeHi aHbIKTanabl. ANTbIHHbIH,
MWUHepanabl Ty3inimaepi umaHug epitiHginepiHae oHa epuai (Tabusn anTbiH, 31eKTpym), iwiHapa
epuai (ManbLoHUT HEMece iC XKy3iHAae epimenai (Tennypuarep). Pyaagasbl anTbiH antbiH MesLwepi
meH dopmacbl TypiHae 6onagpl. OHbl any ywiH ¢u3MKanbiK (rpaBuTaums, dnotaumn) kaHe
XUMUANDIK (LMaHU3aums KaHe T.6.) agictep KongaHbinagbl. PaumMoHanabl Tangay CoOHbIMEH KaTap
3epTTeneTiH KeHaeri anTbiHHbIH, 0,071 MM KnacbiHbiH, 90% - biHa AeWiH ycaKTanfaHbl, anTbiH 60C
KoHe KewetTepae 81,46%, cynbbuarepmeH 6aiinaHbicKaH antbiH 14,40%, Tay KbIHbICTapbIH
KYpanTblH MuHepangapaa 1,66% ekeHairi aHbiKTanabl. ANblHFaH [epekTep HerisiHae KeHai
unaHAaay KesiHge ANTbiHAb! epiTy 6oMbIHLLIA KETKINIKTI KoFapbl KepceTkiwTepai (80% aHe ofaH
JKOFapbl) KYTY Kepek aen aiTtyra 60naabl. KypambiHaa 85% dpakuma -0,071 mm-90,2% 6onca, 85%
bpakuma-0,071 mm-98% 6onca, anablH ana TOTbIFy KesiHae KeHHeH anTbiH any. ANTbIHAbI KEHHeH
TONbIK any 01apAbl anablH ana TOTbIKTbIPA OTbIPbIN, COPOUMANBIK LUMAHUATI Waimanay KesiHae
MYMKiH 6onagpl. ymbicTa KasaKCTaHHbIH, angplHFbl  Katapabl ¢dabpukanapbiHaa KaHe
weTengepae antblH anyAblH 3KOHOMMUKaNbIK TYPFblAaH OpPbIHABI  KOMAAHbICTaFbl  KaHe
nepcnekTUBasbl TEXHONOTMANAPbLI KAapacTblpbliabl.

TyiiH ce3gep: (KypambiHAa anTbiH 6ap KeH, copbUUANbIK CINTICI3AEHAIPY, X/I0PAKTUBTI KOCbIAbIC,
COpP6EHT, TOTBIKTbIPFbILL.
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AHHOTALMA

CoBpeMeHHOe COCTOSIHMEe MMUPOBbIX MUHEPanbHO-CbIPbEBbIX PECYPCOB  XapaKTepusyertcs
CHUMKEHMEM KayecTBa MOJIe3HbIX MCKOMaembix. YBenndeHne obvemos Ao06biun 1 nepepabotku
BO3MOJHO /ML 33 CYET OCBOEHWA HOBbLIX MECTOPONAEHWUWA U BOB/MEYEHUA B KOMMIEKCHYIO
0TpaboTKy 3a6aNaHCoBbIX PyA, OTBANOB U XBOCTOB, LUIAKOB U APYIMX OTXOA0B MPOMBbILLIEHHOCTU.
Bce 6onee Bo3pacTaeT HEO6XOAMMOCTb BOB/IEYEHUA B NEPEPaBOTKY CbIpbA CIOXKHOIO MO COCTaBy,
YNOPHOro, HU3KOCOPTHOTO, C HE6ONBLWMMM 3anacamu, TexHoreHHoro. OHa cTaHoBWTCA Bce Bonee
aKTyaZlbHOW MO Mepe OTKPbITUA W 3KCM/AyaTalMM HOBbIX MECTOPONKAEHMWIA, NO3BONAIOLLUX
yBEAMYUTbL 30M0TOM 3anac Pecnybavku KasaxctaH. B cratbe npuBegeHbl pesynbTathbl
COpOLMOHHOrO BbILWENAYMBAHNUA PYAbl C LENblo WM3BAEYEHMA 30/10Ta, acCOLUMUPOBAHHOMO C
cynbduaamm, npoueccbl BCKPbITUA 3010Ta. OcylecTBAeH OTO6Op NpeacTaBuTENbHOW Npobbl U
n3yyeH $pasoBbIii COCTaB A0Pa3BEAAHHOIO PYAHOIO TeNa OAHO U3 MECTOPOXKAEHUIM KasaxcTaHa.
BbinosHeHa noAroToBKa Npobbl pyabl K UCCNeA0BaHMAM: TPEXKPATHOE NepeMeLlMBaHne MeToAoM
«KO/IbLO-KOHYC», B LE/JIOM BbIMONHEHO TpexcTyrneH4yaToe KBapTOBaHWE W NepemellvBaHMe.
CneflyeT OTMETUTb, YTO METOAbl NepepaboTKM 30/10TOCOAEPIKALLErO PYAHOMO CblpbA 3aBUCAT OT
MHOTMX NapameTpoB, BKNIOYAIOLWMNX B ce6A BELLECTBEHHDbIV COCTaB U TEXHONOIMYeCKue CBOMCTBA.
Ha xumuyeckuid, cutoBol 1 $a3oBbi aHanM3bl 0ToBpaHbl NPO6bl U3 MaTepManos nocieaHero
KBapTOBaHWA. YCTaHOB/IEHO, YTO B Uccaeayemoit npobe coaepxutca 6,04 r/Tt Au n 7,9 r/t Ag, a
TaKXe KpynHOCTb 30/10TMH B npegenax 0,01-0,25mm ¢a3oBbiMm aHanv3om. MwuHepanbHble
06pa3oBaHMA 3010Ta MOryT 6bITb JIEFKO PACTBOPUMbI B LMAaHUAHbIX pacTBopax (camopogHoe
30/10TO, 3/71EKTPYM), YaCTMYHO PACTBOPWUMbI (MaNbAOHWUT, WAM NPAKTUYECKU HEPACTBOPUMBI
(Tennypuabl). 3010TO B pyAax NpUCYTCTBYET B BUAE 30/10TMHPA3HbIX pasmepos U dopm. s ero
M3BJIeYEHUA NPUMEHAIOT Kak ¢usmyeckme (rpasutaumsa, ¢notauma), Tak M XMMUYECKUe
(umaHupoBaHWe U T.n.) MeToApl. PaUMOHaNbHbIM aHAN30M YCTAaHOB/IEHO TaKKe, YTO 30/10TO B
nccaeayemon pyae, usmenbyeHHol 4o KpynHocti 90 % knacca 0,071 mm, 301070 cBO6OAHOE U B
cpoctkax coctasnser 81,46 %, 30/10TO accoumupoBaHoro c cynbbdugamm 14,40 %, B
nopoaoobpasyowmnx muHepanax 1,66 %. Ha OCHOBaHMM MOMYYEHHbIX AAHHLIX MOMKHO
KOHCTaTUPOBaTb, YTO MPU LMAHUPOBAHMM pPyAbl CAeAyeT OXuAATb [OCTaTOMHO BbICOKMX
nokasatenelt no pactsopeHunio 30s0ta (80 % wn Honee). U3BneyeHne 3on0Ta M3 pyapl Npu
cofeprkaHun 85% dpakumm -0,071mm-90,2%, npu cogepxaHum 85% dpakumumn-0,071mm-98% npu
npeABapuTesIbHOM OKUCAeHUU. [lonHoe u3BfeYeHWe 3010Ta M3 pyAbl BO3MOXKHO Npwu
COpPOLMOHHOM LMAHUAHOM BbILENAYMBAHUM C NPESBAPUTENbHBIM UX OKUCNeHWem. B pabote
pPaccMoTpeHbl SKOHOMMYECKM LienecoobpasHble AelCTBYIOWME U NepCreKTUBHbIE TEXHONOTUU
M3B/IeYeHUA 30/10Ta Ha NepeoBbix pabpukax KasaxcrtaHa 1 3a pybexom.

KnioueBble cnoBa: 30/10TOCOAEPKALLAA PyAa, COPOLMOHHOE BbILLENAUYMBAHWNE, XIOPAKTUBHOE
coefIMHeHue, COpbeHT, oKUCAUTENb.
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