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Abstract. The CVD-method of organometallic compounds is a universal method of obtaining functional metal
coatings on substrates of various chemical composition and configuration. The essence of the method is the
evaporation (sublimation) of the organometallic compound in the reactor of the metallization unit and the deposition
of metal on the substrate heated to the decomposition temperature of the initial reagent. This article presents the
results of research work group of authors to create the algorithm of development safe methods foe depositing
metallic coatings by CVD-method. The increase of the industrial safety of metallization is achieved due to automation
of the process, equipping the plant for the application of metal coatings with locking and alarm systems. The
ecological nature of the CVD-method, in which extremely hazardous substances were used as initial reagents, was
ensured by sealing equipment and conducting the process in a closed cycle with the possibility of re-use of the
reagents. This eliminated the flow of pollutants into the environment and allowed the implementation of the principles
of resource and energy conservation.
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emissions of pollutants into the air (gaseous
substances, aerosols of organometallic compounds,
etc.), wastewater discharges of complex composition,
forming at the stages of preparation of substrates for
metallization (surfactants, metal cations) into water
bodies, the formation of solid waste production and
consumption (waste filters, packaging waste, etc.).

Introduction

The application of functional metal coatings is
characterized by a complex negative impact on the
environment, regardless of the method and apparatus
design of the process. The implementation of
technological processes, including restoration and

hardening of machine parts, the creation of composite
materials using the CVD method (Chemical Vapor
Deposition, that means, “chemical gas-phase
deposition”) come with the expenditure of natural
resources (energy, water, etc.), are accompanied by

This makes it necessary to apply a comprehensive
and integrated approach in the search for mechanisms
to ensure the required level of safety of relevant
technological processes and production [1 - 3].
When developing technological processes and
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introducing them into enterprises, it is necessary to
justify the safety of all elements of the production
system (feedstock, auxiliary materials, hardware
design, marketable product) for human health and the
environment [1, 2].

The purpose of this study is to create an
algorithm for the development of environmentally
friendly methods for applying metal coatings using
the CVD method.

Experimental part

The preparation of a metal coating on the surface
of a substrate can be carried out by various methods,
such as galvanic deposition, diffusion metallization,
gas-flame and plasma spraying, laser and gas-powder
surfacing [4 - 6]. Recently, the CVD method has been
of great interest, the use of which allows one to obtain
high-quality coatings and films on substrates of
various chemical compositions and configurations.
As starting reagents, various groups of
organometallic compounds (OMC) are used.

The essence of this method is as follows: the
initial compound, converted by evaporation or
sublimation into a gaseous state, enters the reaction
chamber, where it is deposited on the surface of a
substrate heated to the decomposition temperature of
the reagent.

The main safety problems in the implementation
of the CVD method in the production environment
are associated with the potential risk of
contamination of the air of the working area,
atmospheric air and surface water bodies with toxic
chemicals used as auxiliary and starting compounds,

as well as those formed as products of chemical gas-
phase deposition of organometallic compounds.

The discussion of the results

Analysis and assessment of the safety level of the
production cycle begins with the stage of preparatory
operations for metallization, including the following
main stages: washing, including interoperational and
final, degreasing, activation, sensitization or
chemical oxidation of the surfaces of substrates
(parts, filler elements of composite materials).

Parts washing at the stage of preparatory
operations is carried out in hot water (t =60 ... 70 °C)
without adding reagents, which is accompanied by
the formation of category | wastewater. The
remaining stages are characterized by the use of
reagents and the formation of wastewater of
categories I, II, Il and 1V [1].

To quantify the degree of environmental danger
of the components of technological solutions, it is
necessary to determine the value of their
environmental criterion, which is calculated as the
ratio of the final concentration of each component of
the solution in discharged waste water to its
maximum permissible concentration in the water of
the water body being exposed. Table 1 presents the
results of the analysis and calculation of the degree of
environmental danger of the solution components
used in the preparatory stages of the technological
processes of applying wear-resistant coatings and
metallization of the elements of the reinforcing phase
of composite materials by the CVD method of
carbonyl organometallic compounds [1, 6 - 10].

Table 1 The degree of environmental hazard of the components of the solution at the stage of preparatory metallization

operations CVD-method

Name of the Maximum . o
. X . L Ecological criterion of
Solution technological operation permissible .
. X . Danger Class the solution
components in which the components | concentratio, component
are used mg/dm® P
OP-7 Chemlcal_degreasmg ofa 0.3 3 1,7-10*
metallized surface,
OP-10 including glass and carbon i
fibers 0,5 4 1,2:10
Cr3* Liquid phase oxidation of 0,07 3 0,4-10°
Mn?* a metallized surface,
including glass and carbon 0,01 4 0,5-10°
fibers
Sn2* 0,112
. 6
(SnCl2) Metallic surface activation (in t;airnn;s of 4 0,310
Pd?* - - 0,03-10°
Cr Sensitization of a 300,0 4 14108
metallized surface
5 -
SOy Carbon nanomaterial 100,0 ) 0.9-10°
purification oxidation
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According to table 1, the greatest environmental
danger is wastewater formed at the stages of liquid-
phase oxidation and activation of the metallized
surface, which suggests the need for organizing and
implementing complex multi-stage wastewater
treatment at this production site.

CVD metallization is carried out in sealed
reaction chambers. The release of harmful (polluting)
substances into the atmosphere can occur in several
cases:

1. Hazardous to the environment and human
health substances are formed in the form of products
of incomplete combustion of the MOC when non-
compliance (violation) of the technological
conditions of the process (temperature and pressure
in the reaction chamber, pumping speed of reagent
vapors, concentration of OMC vapors, volumetric
gas velocity, the presence of additives to vapors
OMC and others) and can enter the atmosphere when
using installations that are not equipped with an
afterburner.

2. Toxic compounds can enter the air of the
working zone during depressurization of the reaction
chamber during operation of faulty equipment.

This case can be attributed to the category of
emergency situations at the facility, which
determines the need for an accident risk analysis
procedure, which includes identifying the conditions
for the occurrence and development of a dangerous
situation and assessing the risk of accidents at the
metallization site of the enterprise.

For the CVD method, the essence of which is the
evaporation (sublimation) of an organometallic
compound and the deposition of metal on a substrate
heated to the decomposition temperature of OMC
(from 70 to 650 °C), it is rational to apply the hazard
and operability analysis method [5].

The main metallization risks are associated with
the initial reagents for the CVD process. In the
practice of modern plants, when choosing initial
OMC, preference is given to carbonyl,
cyclopentadienyl and diketonate compounds of
transition metals, which is determined by their high
volatility and ease of thermal dissociation at
relatively low temperatures. Moreover, many OMCs
are classified as highly toxic compounds (for
example, nickel tetracarbonyl, iron pentacarbonyl),
which imposes serious requirements on ensuring the
safety of the technological processes in which they
are used [3].

At the stage of experimental research, when the
search for optimal temperature and speed conditions
of metallization is carried out and the process is
carried out unidirectionally, the installation for
applying metal coatings should be equipped with a
afterburner in which, under the influence of high
temperatures, unreacted compounds are completely

decomposed to safe products. This will reduce the
risk of returning to the reaction chamber of non-
volatile compounds (products of incomplete thermal
decomposition of the starting reagents) and eliminate
the likelihood of their release into the environment.

In other cases, metallization is carried out in
optimal technological conditions in a closed circuit:
unreacted compounds (not more than 5%) are
returned to the reaction chamber, where re-
decomposition of the vapor-gas mixture occurs in
subsequent intervals of the working cycle [4, 5].

In order to ensure environmental safety
requirements and minimize the risk of accidental
emission of harmful substances formed in the event
of a change in technological process conditions, it is
necessary to ensure the possibility of placing
metallization plants in fume hoods, as well as equip
the CVD coating plants with aerosol (dust) emission
purification devices.

It is recommended to use filters of various
designs to clean the exhaust air from potentially
dangerous reaction products of the CVD process.

The composition of the forming aerosol includes
particles of metal oxides and carbides, atomic carbon;
particle size less than 1 micron. In this case, the
efficiency of the dust collection will be significantly
affected by the electric charge of the particles: the
presence of unlike charges on the particles increases
the filtration efficiency. This effect is weaker with
increased moisture content (up to 70%) and high gas
and dust flow velocities (up to 6 m/ min) [1, 3].

To implement the CVD method in the conditions
of production of a unigue high-tech commaodity
product, it is recommended to equip the metallization
plants with fine filters, which are designed to capture
predominantly submicron particles from the exhaust
gases with a low input concentration (less than 1 mg
/ m®) and a filtration rate of less than 10 cm / sec.
These filters cannot be regenerated. The degree of
dust collection reaches 99% [1, 8].

Conclusions

Thus, in order to reduce the degree of negative
impact on the environment, to ensure the safety of
metallization processes using the CVD method, a
comprehensive analysis and assessment of the
process safety level with the justification of
organizational, managerial, technical and design
solutions for its optimization is recommended. For
the CVVD method, it is relevant:

v"introduction of low-waste and resource-
saving technologies,

v/ organization of
treatment systems;

v' reduction of pollutants hazardous to the
environment and human health into the

local wastewater
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v oair.

Among technological and technical approaches
to optimizing production, the main attention should
be paid to the following:

v the use of high-performance
technologies in the lines, allowing to

obtain high-quality coatings in the
optimal high-speed mode of
metalization;

v" introduction to the line of devices of
operational information on the status of
the implementation of individual stages
of technological processes;

technological processes.

Management approaches include the
implementation of environmental and energy
management systems or the use of their tools
(auditing, environmental and energy efficiency
programs).
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MeTann opraHukanbIK KocbinbictapabiH CVD-agiciMmeH MeTtann XabblHAapbIH
XaryablH Kayinci3 agictepiH asipney anroputmi

Kosbipena J1. B., ®ageeB O. B., lOguH A. O.

Tyitinneme. Metamn opranukaibik KocsuibicTapabiH CVD-o/ici XUMUSITBIK KypamMbl MeH KOH(UTypalusuiapbl opTypii
TeceHilmTepae (QYHKIMOHAIIBl MeTaJl XKaObIHIAPBIH aXylIblH oMOeOan amici Oombln TaObuIambel. TociimiH MoHI —
MeTalliay KOHIBIPFBICHIHBIH PEaKTOPhIHAA METalul OpraHHWKAJIBIK KOCBUIBICTAPABIH OylaHybl (CyONMMAIHACKH) >KOHE
OacTaInKpl peareHTTIiH BIABIPAY TEMIIEpaTypachlHa AeiiH KbI3IBIPhUIFaH TOCCHIIITE MeTalabl TYHABIpY. Makanaga CVD-
o/liCiIMEH MeTaJul >KaObIHAAPBIH Kary[blH Kayillci3 OICTEepiH 93ipiey alrOpUTMIH jxacay OOWBIHIINA aBTOpPIAp/AbIH
FBUIBIMHU-3€PTTEY KYMBICTAPBIHBIH HOTHXKENEPI KeNnTipiireH. Metan anbIpyIblH OHEPKCIIITIK KaylNCi3AiriH apTThIpyFa
— YpIiCTi aBTOMAaTTaHIBIPY, METaUl KaObIHAAPIbl JKajaTyFa apHAIFaH KOHIBIPFBIHBI OyFaTTay >KOHE CHTrHal Oepy
KyhernepiMeH xaOnplkTay eceOiHeH KOl JKeTKiinmenmi. bacTamkpl peareHTTep peTiHAE aca KayilnTi 3aTTap
naiinazassuaTeiH CVD-0micTiH KONOTHSITBIFEI KaOIBIKTH TePMETU3ANNIIaAYMEH JKOHE YPIICTI TYHBIK IUKIIAE KYPTizy
apKBUIBl peareHTTepli KaiiTa malanaHy MYMKIHIOITIMEH KaMTamachl3 eTineni. Byn KopimaraH opTara JiacTayIibl
3aTTap.IbIH TYCYiH OOJABIPMAAbI 5KOHE Pecype - ’KOHE YHEPTHs YHEMIEY KaFHIaTTaphlH iCKe acBIpyFa MYMKIHIIK Oeperi.
Tyitinai ce3nep: XumMusiiblk ra3ha3aiblk TYHIBIPY, METAIUT OPIraHUKAIBIK KOCBUIBICTAp, KAYINCI3 K, aBTOMATTaHIBIPY,

Kop (pecypc) yHemzey.

AnropunTtm pa3paboTkm 6e3onacHbIX CNOCOOGOB HAHECEHUA MeTannnyYecKux
nokpbiTun CVD-mMeTOAOM MeTannoopraHM4eCKMX CoOeguHeHUn

KozbipeBa 1. B., ®ageeB O. B., lOguH A. O.

AnHotamusa. CVD-meron MeTalIoOpraHW4ecKuX COCAWHEHHWH SBISAETCS YHUBEPCAJbHBIM METOIOM MONy4eHHUS
(YHKIIMOHAIBHBIX METAJUIMYECKUX TOKPBITHH Ha MOAJIOKKAX Pa3NIUYHOrO XHMHYECKOTO COCTaBa M KOH(UTypamum.
CymHocTs crocoba 3akmodaeTcs B HCMApEeHWH (CyONMMAalM) METaUIOOPTaHWYECKOrO0 COEAWHEHHUS B pPEaKTope
YCTAHOBKHM METAJUTH3AIMU W OCAKICHUN METajula Ha MOAJIOKKY, HATPETYIO0 J0 TEMIEPAaTyphl Pa3oKeHUs] HCXOJHOT O
pearenTa. B cTathe mpencraBiieHbl pe3ynbTaThl HAyYHO-MCCIIEJ0BATENbECKOW pabOTh aBTOPOB IO CO3JAHUIO AITOPUTMA
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pa3paboTku  Ge30IacHbIX CIOCOOOB HaHeceHWs MeTauinueckux mHokpeituii  CVD-meromom.  [loBsiiieHue
MIPOMBIIIICHHON 0€30MaCHOCTH METAJTM3AIUK JTOCTUTAETCS 38 CUET aBTOMATH3AIMU TPOIECCa, OCHAIIEHUST YCTAHOBKH
JUTSl HAHECEHUsI METAJUTHYECKHUX TIOKPBITUI CUCTeMaMu OJIOKUPOBKH M cUrHaimm3anuu. Dxonornynocts CVD-metona, B
KOTOPOM B KaueCTBE MCXOJHBIX PEAreHTOB HUCIOIBb3YIOTCS 0CO00 OMAacHbIE BEIIECTBA, 00ECIICUMBACTCS repMETH3AIINEH
000py/I0BaHUSI U ITPOBEACHUEM MPOIIECCA B 3aMKHYTOM IHKJIE ¢ BO3MOYKHOCTHIO TIOBTOPHOI'O UCIIOIb30BAHMUS PEareHTOB.
DTO HCKIIOYHUT MOCTYIUICHHE 3arpsI3HSIONIMX BEIIECTB B OKPYXKAIOUIYIO CPEAy U IMO3BOJUT PEATM30BATh MPUHIIUIIBI
pecypco- U 3HeprocoepeKeHusI.

KnroudeBble ciioBa: XHMHYECKOE Ta30(pa3HOE OCaXKICHHE, METAIUIOOPTAaHHUECKUE COCMHCHHs, Oe30MacHOCTb,
aBTOMATHU3ALHS, pecypcocOepeKeHHeE.
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BnunsHue Kaydyyka Ha mexaHn4eckme cBOMCTBa
3NoKcuaHou cmornbl U yrnennactuka (O63op)
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AHHoTanus B pabore npencraBieHbl IUTEpaTypHbIE JaHHBIE 110 BIUSIHUIO 3JaCTOMEPOB-KayYyKOB Ha MPOYHOCTHBIC
cBotictBa snokcuaHoi cmonbl (OC) u yriemnactuka. Beenenne 10% kayaykoB B OC 3/1-20 mpUBOIMT K MOBBIIIECHUIO
NpOYHOCTH IpHu cxatu Ha 50%, MpOUHOCTH HpH pacTshkeHud Ha 51%, ynapHoit BsiskocTd Ha 133% u oTHOCHTEIbHOE
yanuHeHue Ha 128%. OntuManbsHoe cofiep kaHue Kaydyka ¢ KapOokcribHbIME rpynmnamu i cMecu OLDEN cocrasuito
10-12,5%, npu 3TOM yBeNn4eHHE IPOYHOCTH Ha C)KATHU COCTaBMWIO 48%, yaapHOW BA3KOCTH - 73% M OTHOCHUTEIHHOTO
yamuaenust - 187%. st emorbl DER 331 uccrnenoBanne npoBoauiuch ¢ aAByms oteepaurensimu Piperidine u JIDTA.
Jlyame pe3ynbTathl i oTBepautenst Piperiding momydueHsl Ha Kaydyke C TMAPOKCHIBHBIMU TPYIIAMH, HPH €ro
ONTHUMAJIBHOM COJepKaHuu 2,5 %, ynapHas Bs3KocTb Bo3pocia Ha 170%. [{nst orBepaurens IO TA nydmine pe3ynbTaTsl
HOJTy4eHbl Ha KaydyKe ¢ KapOOKCHUIBHBIMY IPYNIAMH IIPU €ro ONTUMAaIbHOM copepxanuu 10%, MoBbILIeHHEe yaapHOU
BA3KOCTU COCTaBUI 66%. Ilpu MonuuKanuy yrieminacTUKa KaydyKaMH NPUBOAUT K CYIIECTBEHHOMY YBEIHYCHUIO
nperena TeKy4ecTH IpH pacTshkeHUH Ha 42%, MOIyIs YIPYTroCTH IpH U3rube Ha 63%, u Ipy He3HAYUTEIbHOH [OTEPH
YIapHOU BSI3KOCTH.

KnroueBbie ciioBa: 31acTomMepbl, MOAUGUKAIMS, KaydyKd, SIIOKCHAHAs CMOJA, YIJICINIACTHK, YIPOYHEHHE, yIapHas
BA3KOCTb
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Beenenne JOMHAMUYECKMM HArpyskaM, Mailyl0 Maccy, H
obecrieunBaTh HOBBILICHHYIO HaJIOKHOCTD
JIns TpOM3BOACTBA KOPIYCOB M CHIIOBBIX ~ KOHCTpyKimM. Takumu Matepuanamu, Hambonee
3JIEMEHTOB, a TAKXKE OTACIBHBIX KOMIUICKTYIOIMX  [IONHO  OTBEYAIOIMM  JAHHBIM  TPEOOBAHUSM
KOCMHYECKOM TEXHUKH npexbsBisercss  ABIAIOTCS  —  yrmemnactukd. B rabmmne 1
IOBBILICHHBIA KOMIUIEKC TpeOoBaHMil, KOTOpble  IPEICTAaBICHbl CPABHUTEIBHBIC —XapaKTEePUCTUKHU
JOJDKHBI OJHOBPEMEHHO COdYeTaTh B ceOe¢ BhICOKME  CICHHANBHBIX  KOHCTPYKIMOHHBIX — MAaTepHaoB
[IPOYHOCTH W HKECTKOCTH, XOPOLIYID CTOMKOCTh K  @9POKOCMHUYECKOro HasHaueHus [1].

Tadanua 1 ITpoyHocTHBIE XapaKTEPUCTUKH KOHCTPYKIMOHHBIX MaTepUaioB

Martepuan [Tnor- | Ilpenen Monynb VY napHas BA3KOCTb OTtHOcHTENBHOE
HOCTb | npounocTH YIIPYTOCTH, K oK/ M yIuHeHue, %
r/em® | MIla I'Tla
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Cruias 2,7 500 70 400 15
AIIOMUHUSA

Cruias 1,8 380 45 120 18
Mar"us

Vrne- 15 700-1500 130-140 50 1,1
[IACTHK

HpI/IMe‘IaHI/IeZ *MaKCI/IMaJ'H)HI)Ie 3HA4YCHUA

Kak BumHO M3 TaOmuiel 1, yriemiacTuku
UMET Oosiee BBICOKHE TOKa3aTeNld IPOYHOCTH,
OJHaKoO, YyJdapHasd BA3KOCTb MW  OTHOCHUTCIIBHOC
yIUIMHEHHE OCTAIOTCS CIa0bIMHU, YTO CHHXKAeT €ro
KOHKYPEHTOCIIOCOOHOCTh ~ MO0 OTHOLIGHWIO K
METAJUIMYECKUM  CIIjlaBaM. 3ajjadya TOBBIIIEHUS
yIapHOIl BA3KOCTH YIJIENIACTHKa OYE€Hb aKTyaJbHa.

W3BectHo [2], 4Yro yriemnacTuk, Oymydu
KOMIIO3UTOM, COCTOMUT H3 JBYX COCTABIISIFOIIUX:
MaTpuibl U3 dnokcuaHoN cMmonbl (OC) u apMaTypsl
U3 YraepoJHbIX HUTEH. WM3BECTHO Takxke, YTO
cmabbpIM  3BEHOM yruieriactuka sBisiercss  OC,
uMeromaa Mmoo OTHOMICHUIO K YIJICPOAHBIM HUTAM
Oosiee HU3KHME TTOKA3ATENHN YIPYTOCTH U MPOYHOCTH.
I[Io »TOM npUYMHE MEXaHWYECKUE CBOMCTBa
yriemiacTuka Hanoonee 3Q(GEKTHBHO MMOBBIIIAIOTCS
YIOPOYHEHHEM MAaTPULBI U TIOBBIIICHWEM aJre3uH
MaTpHILIbI K apMaType.

Momudukamus OC  ocymiecTBIseTcs B
MIEPBYIO OYEpPEIb BBEACHHWEM Pa3IUYHBIX J00aBOK
TakMX Kak, miactuduratopbl [3,4], TepMoOILIacThI
[5,6], Hamouactuis [7-9] u smactomepst [10-16].

K smacromepam OTHOCSTCS TOMUMEpPHI Tpex
KJIACCOB: Kay4yKH, pe3uHa, TepMoruiacTsl. Kayayku
— 9TO KIacC TEPMOPEAKTHUBHBIX TIIOIHMEPOB C
BBICOKMMU 3JIACTUYHBIMHU CBOMcTBaMu. Kayuyk, non
BO3JICHCTBUEM  Ja)k€ MajblX yCHJIUH, Jaer
obpatumyro nepopmaruto pactsxerus 1o 1000%, a
Yy OOBIYHBIX TBEPIBIX TeJ 3Ta BENWYHHA OOBITHO HE
npeBbimaer 1%. PaznmyaroT nBa BHIa KayIyKoB

HaTypanbHble (TIPUPOAHBIE) W CHHTETHYECKHE
Kayayku. B kadectBe wmomuduxatopo IC m
yriemacTuka Haubojee 4YacTo HCIONB3YIOTCA

kayuyku. Hactosmmas paGora mocBsiieHa aHaIU3y
JIUTEPATyPHBIX TAHHBIX OTHOCHUTEIJIBHO
BO3MOYXHOCTEU MOBBIIICHUSI YJAPHOU BA3KOCTH U
npoydHoctu  OC  HU  yIVEIJIACTUKAa  IyTEM
MoIu(UKaLIMKM MX D3JAaCTOMEpaMH Ha MpUMEpe

KayuyKa.

Biausinue kayuyyka Ha MeXaHHYecKHe
coiicrBa JC

[pu pa3pabotke CBSI3YIOLLIMX Uit
KOMIIO3MIIMOHHBIX ~ MaTepHaioB B KauecTBe
OCHOBHOTO KOMIIOHEHTa IIHPOKO HCIONb3YETCs
snoKcuauaHoBas cMona Mapku OJ1-20, koTopas

OTBEpXKJAeTcss IpH KOMHATHOM  TeMmIeparype,
nuHaMuueckas BsaskocTh pu 25°C cocrasnser 13-20
ITa-c. 9C 2]/1-20 mupoko pacopocTpaHeHa B CTpaHax
CHI', wucmonmp3yerca B DJIEKTPOTEXHHUYECKOM W
PaaMOdIEKTPOHHON TMPOMBIIUIEHHOCTH, MPHOOpO-,
aBHa-, CyI0- ¥ MallIMHOCTPOEHUH, B CTPOUTEIHCTBE,
JUTST OBITOBBIX HYX]I.

B pabore [11] wucciemoBaHo BIHSHHE
OJTUTOMEPHBIX KayYyKOB C PEaKIIMOHHOCTIOCOOHBIMH
rpymmnamu: kapookcuinbHbiME (Mapkun CKH-10KTP);
ruapokcuibHbIMU (Mapku CK/[-I'TP, CKH-14I'TP);
SMOKCHIHBIMU (Mapku CK-0-2);
amunruapazoHasivu (Mapku CKU-1"3), cmocoOHBIME
B3aumozericteoBath ¢ OC DJI-20 orBepauTenem
amuaHOTO THNA [I1DITA. B Tabnume 2 npeacTaBicHb!
pe3ynbTathl uccnenoBanus npu 10% comepxaHum
KaydyKa, KOTOpble YBEIMYMBAaeT TMPOYHOCTh Ha
pactspkenue (op), cxatue (oCk) W M3rud (ousr),
YIapHYIO BSI3KOCTh (A) M cTeneHb aedopMaIiy Iph
paspymieHuu (€).

Tabauua 2 BiusHue OJMrOMEepHBIX KaydyKoB Ha
csoiictBa OC DJI-20

MapKa Op, Oy Owusr,y A €,
kaydyka | MITa | MIla | MIa | xJlx/M* | %
Bes 21,6 | 142 | 84 72 |73
Kaydyka
CKH- 325 | 212 | 160 | 16,8 |16,7
10KTP
CKU-T3| 29,9 | 194 | 145 | 161 |142
CKIO-0- | 24,0 | 138 | 82 10,0 |13,22
€]

CKH- 28,0 | 168 | 120 | 151 |[13,7

14 TP
CKJ- 26,9 | 137 | 89 10,7 | 13,4
I'TP
CKJ- 26,1 | 138 | 86 10,1 | 12,7
KTP

W3 Tabnunpl 2 cienyer, 4To BBEACHHUE TaHHBIX
Kay4yKOB B 3IOKCHIHYIO CMOIY BO BCEX CIIy4asx
NOBBIIAET HMX NPOYHOCTHBIE XapaKTEPHCTUKH.
Haubonee s¢dextuBapiM okazancs CKH-10KTP,
KOTOPBIN YBEIWYWI NMPOYHOCTh Ha cxaTtne Ha 50%,
IIpY pacTsHKEHUU Ha 51% M yAapHYIO BA3KOCTh - Ha
133%. I1lo MHEHUIO aBTOPOB, OJIMTOMEPHBIE KaYyUyKH
¢  (QYHKUMOHAJIBHBIMH  TPYNIIAMH  CIOCOOHBI
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pearupoBaTh C 3MOKCHIHBIMU TpyMNaMu cMoibl /1 -
20, KoTOopble B CBOIO O4YEPEIb Y4YacTBYIOT B
00pa3oBaHMM  TPOCTPAHCTBEHHOH  CTPYKTYPHI
MOU(PHUIIMPOBAHHBIX 3MOKCHTHO-Kay4dYKOBBIX
KOMITO3UIIMH, YTO CIIOCOOCTBYET BKJaxy SHEpruu
BA3KOTO JeOpPMUPOBaHMsI B OOIILYI0 DHEPTHUIO
e opMarvH.

B  Hacrosmiee BpemMs OpH  CO3AAHUU
apMHMpOBAHHBIX  MaTepuajoB  IEPCIEKTUBHBIMU
aBisaroTcss ngobaBka B OC  3MOKCMHOBOJIAYHBIX
oIuromMepoB. B kadecTBe 3MOKCHHOBOJIAYHOI'O
oJIMTroMepa MCHOoNb3yoTcs cMolbl Mapku DEN 425,
DEN 431 u T.1. [12]. [To cpaBHEHHIO C STTOKCUIHBIMA
OJIMTOMEpPaMU ATOKCUHOBOJIAYHbIE onuromepsl DEN
00J1a1at0T CIEeTYIONMMA MTPEUMYILECTBAMHU:

- JuHamuuyeckas  Bsaskocth npu  25°C
AMOKCHHOBONAYHBIX onuromepoB DEN cocrasiser
9,5-12,5 Ila-c, aTo mmxke Ha 36% ot Bsaskoctu DC
3J1-20, 4TO0 CIOCOOCTBYET BBICOKOW TMPOIUTKE U
aZre3uu K apMatype;

- MPOYHOCTH SMOKCHHOBOJIAYHOTO OJMTOMEpa

MIpEBOCXOAUT IIPOYHOCTH HUCXOOAHOT' O
AITOKCUANAHOBOTO ouromepa Ha 12%.
Cwmecu AITOKCUHOBOJIAYHOTO u

STIOKCHIMAHOBOTO  OJIUTOMEPOB, TIPH MAacCOBOM
cootHomennn 1:1, mpucBoeHa yciOBHAas Mapka
OLDEN [13]. [Ipu MoIu(pUKALIUH
snokcucoaepkatommii  cucremsr  OLDEN ¢
HU3KOMOJIEKYJISIPHBIM ~ OyTaJIu€HOBBIM ~ KaydyKOM
(Makcumym npoxonuT B paiioHe 10-12,5% ot maccer
CMECH) JOCTUTHYTO YBEIWYCHHE IIPOYHOCTH Ha
pacTspkenue Ha 34% W OTHOCHTEIBHOTO YUTHHEHHS
Ha 131%. OLDEN [14].

B pabore [15] wuccienoBaHo BIHSHHE
nonuOyTanneHoBeix kayaykoB CKJCH n CKIH-H
Ha cBmywmee OLDEN. Kayuyxk CKJICH
MIPECTaBIIIET COOOW HU3KOMOIIEKYIIAPHBINA MTPOIYKT
noiauMepusanuu OyTagueHa B  pacTBOpE IOJI
BIMSHAEM  KaTaju3aropa  aHUOHHOIO  THIIA,
o0ecIednBarouIero COICp)KaHWE  BHUHWIBHBIX
3BeHbeB B monmumepHod mermn. Kayayx CKJ/IH-H
MPEACTABIISACT co0oif SKUIKAN MPOIYKT
noauMepuszauuy  OyTragueHa mox — AEHCTBHEM
KaTaIUTHYECKOH CHUCTEMBI Ha OCHOBE HHKEJS
AJTIOMUHUAOPTaHUYECKUX COeAUHEHU. Pe3ynbraTsl
9KCIIEPUMEHTOB IPUBENEHBI B TabmuLe 3.

Taonanua 3 Brustaue 10% nonuOyTaaueHOBBIX KayqyKOB
Ha cBoiictea OLDEN

Op, Oy A, g,

Cocras 3C MIla | MITa | xx/M> | %

f'E)EéEN4(2§)IL'20 10 | 49 20 |27
90% OLDEN +

10% CKJICH 13 65 28 4.0

90% OLDEN +

v cqln | 14| 68 36 |59

[IpoBenennble uccneOBaHUE MOKA3aJld, YTO
00a kay4yyKa MPUBOASAT K MOBBIIICHUIO TPOYHOCTH HA
pactsoxenue (35%) u cxarue (31%), onnaxko CK/IH-
H ©Oonee s¢ddekruBen ans moBbILIEHUS yIapHON
BSI3KOCTH (Ha 29%) U OTHOCHUTEIBHOTO YIUTMHCHUS
(1a 48%). 3aBHUCHMOCTb XapaKTEPUCTUK MaTepuasa
ot copepxxanusd CK/IH-H npusenena nHa pucynke 1,
U3 KOTOPOTO BHJIHO, YTO MPOYHOCTh U IMpEIeTbHOe
yIUIMHEHN e MOJUPHUIIPOBAHHON CMOJTBI
nocturaercs ipu 10% conepxanun moaudukaropa,
a yZapHas BSI3KOCTb PaCTeT HEPEPHIBHO.

o, MIla

16 - :
14 - :
12 -
10 5 ; .
0% 10% 20% 30%
Conep:xxanue CK/IH-H
a) MPOYHOCTH NP PACTSHKEHUU
A, kJIK/M?
80 - !
70 - E
60 - .:
50 - i
40 - ’
30 - !
20 ! : .
0% 10% 20% 30%
Conep:xanue CKIH-H
0) ynapHas BSI3KOCTh
g%
7+ :
6 | 1
s/
4 i
3 II T 1
0% 10% 20% 30%

Coaepxanne CKAH-H

B) OTHOCHTEIBHOE YITHHEHHE
Pucynok 1 Brusane monnOyTaaneHoBOTO Kaydayka
CKJIH-H na cBoiictea OLDEN
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ABTOpBI OTMEYAIOT, YTO NPH JI00aBICHUU
oonpiie 10% kayuyka B DC HayMHaeTcs MpoLecC
(ha30BOro paccioeHusi B cUCTEME, C 00pa30BaHUEM
yactul kaydyka B Macce OC. Ilpu coamepxkaHun
kKayuyka Oonee 15% OTHOCHTENBHOE YIJIMHEHHE
CTaOMIIU3UPYETCSI, MPHUPOAa JTOTO SIBICHHUS HE
COBCEM IOHSTHA.

B paGore [16] ObU10 HMCCICMOBAaHUE BIIMSHUS
kaydyka CKJICH Ha mpo4YHOCTHBIE XapaKTePUCTUKH
cmecu OLDEN. JlanHas cMech mpeacTaBisieT coooun
TaK HA3bIBA€MbIM CETYATHIA IIOJUMEpP, KOTOPBIN
obnamaer OONbIIEH KECTKOCTHIO U CTAOMIIBHOCTHIO
NpH  BBICOKUX  TEMIIEpatypax HEKEIW  €ro
KOMITIOHCHTHI. PeSyﬂbTaTbI OKCIICPUMEHTOB
MPUBECHBI B TaOHIIE 4.

Tabauna 4 Ousuko-MexaHUueckue Xxapakrepuctuku JC

Op, | Ocxr | Owsry A, e, %
Kommnozu- | MIT | MIT | MIT | xJ[x/
st a a a M

OLDEN 10 48 52 54 2,5
Oa-20 +
DEN 431)
OLDEN + 28 80 61 89 7,2
CKJICH
Veemnmuenn | 180 66 17 65 188
e, %

KommnekcHoe MOBBIIEHHE IPOYHOCTHBIX
CBOMCTB paccMmaTpuBaeMoit SMOKCUIHOU
KOMITO3UIIMM aBTOPBI CBA3BIBAIOT C TEM, YTO KAy4yK
He CBs3bIBacTCs XuMuieckn ¢ IC, a pacrpenemnsercs
B BHJE MHKDPO Kalelb KOJJIOWAHBIX pPa3MEpOB,
00pa3oBaB TIeTEPOr€HHYIO CTPYKTYpPYy, KOTOpOe
NPUBOAUT K  IMOBBILCHHUIO IPOYHOCTHBIX U
SHEPromnorioUANIINX CBOMCTB. HaCcTHULIBI KayuyyKa B
MecTax BO3MOXHOH JedopManuy peryIupyroT
HaNpsDKEHUs], TEM CaMbIM IOTJIONIAs Pa3pyIIAOLIyI0
9HEPTHIO.

[IpuBeneHHBIE pE3yNbTATHl OKA3BIBAOT:

- npu momudukarmun IC D/[-20 xaydykamu
(omTManbHOE conepikaHue KaydykoB — 10%)
MPUBOAUT K IMOBBIICHUIO IPOYHOCTHU MPH CXKATHH HA
50%, npoyHoCTH IIpH pacTsuxkeHnu Ha 51%, ynapHoi
Bs3KoCTH Ha 133% M OTHOCHUTENBHOE YIUIMHEHHE Ha
128%;

- oka3zasiock, uto cmeck OLDEN ycrynas O/1-

20 1o mpoYHOCTH Ha cxKaTHe B 2,9 pasa, IPEeBOCXOAUT
10 yAapHOH BA3KOCTH B 2,9-7,5 pa3a;
- ONTHMAajbHOE cojepxkanue kayuyka 10-12,5% Ha
cmecu OLDEN mnpuseno k yBenmu4eHUI0 MPOYHOCTH
npu cxkatiu Ha 48%, yaapHoH BsskocTd Ha 73% u
OTHOCHTENBHOE YAJuHEeHne Ha 187%;

Janee paccMoTpuM pabOTHI 10 MOAU(HUKAIIMN
SMOKCUIHO-TuaHoBbIN cMonbl DER 331. Jlannas OC
(amepukanckoro mpousBoactBa Dow Chemical
Company) sBisieTcsl aHAJIOTOM 3TMOKCUAHON CMOJIBI
O-20. OC DER 331 mnpencraBuser co0oii
CTaHJAPTHYIO KUJKYIO STIOKCHAHYIO CMOITY OOIIero
HA3HAYCHUS, OTBEPXKIAEMYI0 TMPH KOMHATHOM
TeMmeparype, AMHaMHYecKas Bsa3kocTh mpu 25°C
cocraBinser 11-14 ITa-c [17].

B pabote [18] paccMaTtpuBaiach
momudukammss OC DER 331 KUATKAM
HaTypaJbHBIM  Kay4yKOM C  THAPOKCHIbHBIMU
rpynmamu  (HTNR). B  kadectBe oTBepauTens
ucronb3oBana  Piperidine  [19].  PesymbTats
WCCIIeIOBAHMS MTPEJICTABICHEBI B PUCYHKE 2.

A, kJIK/M2

50 -
45 -
40 -
35 -
30 -
25 -
20 -
15 -

10 T T T T
0% 2% 4% 6% 8%
Coaepxanne kayuyka HTNR

10%

Pucynok 2 3aBucumocTs yaapHoit Bs3kocta OC ot
conepxannu HTNR kayuayka

Ilo pe3ynpratam uccneqoBaHUM, BBIBIEHO,
yro BBefeHue B cocraB OC 2,5% xayuyka HTNR
MPUBOINT TIOBBIMICHUIO yJAPHON BS3KOCTH OT 12,5
kJlx/M> 1o 40 xJDx/M® (yBemmdennme Ha 220%).
ABTOpBEI OOBSICHSIOT, YTO HE MOMU(DHUITMpPOBAHHAS
OC mmena onmHy ¢a3zy W TOBEPXHOCTH IEeperoMa
ObLTa TIIAJKOM, a IPH MOAN(HUKANN KaydYyKaMH OT
2-10 macc. % Obuia 3aMeueHa AByx(asoBas
Mopdomorusi. YacThilbl 3THX KaydyKoB, 00pa30BaB

TUCTIEPCHYIO0  cepudeckyro a3y paBHOMEpPHO
pacopenensitorcs nmo Bced Marpuue. CpenHuii
JaMETp YacTHIl Kay4yKOB CTaOHIIBHO

YBEINYMBACTCS C KOHIIEHTPALUH KaydyKoB. /laHHOe
YBEINYEHHE KOPPEIHPYEeT C YAapHOH BS3KOCTHIO
3C.

B [20] mpoBomunacek uccnenosanne 3C DER
331 na otBepaurerne Piperidine ¢ ucnonszosarnnem
JIBYX MOAN(UKATOPOB: OyTaaMeHOBOro
AKPWIMOHUTPWIA C KOHLEBBIMH KapOOKCHUIIEHBIMH
rpynmnamu (CTBN) u nonuOyraaiieHa ¢ KOHIIEBEIME
rugpokcuiabHbiME Tpynnamu (HTPB). PesynbraTst
JaHHBIX MCCIICAOBaHUY IPEICTABIICHBI B PUCYHKE 3.

— 4 ——
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A, kJIK/M?
26 -
24

22 -
20 -
18 -
16
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0% 5% 10% 15% 20% 25%

Conep:xanne kayuyka CTBN

a) 3aBUCUMOCTh YAapHOH BSI3KOCTH OT COACPKAHUH
kayayka CTBN

0) nmoBepxHOCTh paspyuienust DC, MOANPHUIINPOBAHHBIX
CTBN xkayuykom

A, x[la/m?

50 -
45 -
40 -
35 -
30 -
25 -
20 -
15
10

0% 2% 4% 6% 8% 10%

Copep:xanne kayuyka HTNR

B) 3aBHCHUMOCTH YJIapHOH BSI3KOCTH OT COIEp>KaHUU
kayayyka HTPB

I') IOBEPXHOCTH paspyuenus IC, MoaupHUIIPOBAHHOTO
HTPB kayaykom

Pucynox 3 Biustane xkayaykoB CTBN u HTPB na
ynapHyto BsizkocTh C, MOp(OIOTHs TOBEPXHOCTH

Onpezenero, yto npu Momudukanua IC 20
Mmacc. % coxepxxanun kayuyka CTBN ymapras
BA3KOCTH yBenmuumack ¢ 17 kJlx/m? 1o 23 kJlx/m?
(to ectp yBenmmuenue Ha 35%), a aiis Mol ¢ 2,5%
comepxkanun kayuyka HTPB ymapmas Bsi3kocTh
Bospocna ¢ 17 kJx/M? 1o 46 kJlx/M® (yBenmuueHne
Ha 170%). Muxkpodotorpapun 2C
mogudunmpoBannoro CTBN mokazamu pasmepsl
gactunl 1 u 4 mm, 3C moaudunppoBanHoro HTPB —
or 10 mo 50mMM. DTH gJaHHBIE MOKa3bIBAIOT
MPEUMYIIECTBO MEIKOMCIIEPCHBIX (a3 KaydyKa.

B pabore [21] C mpumeHeHHEM KaydyKOB
HTPB u CPBER (conomumep HTPB) mpoBenena
MomuduKanmus dImoKkcuAaHod cmomel DER 331
Onokcupnas cmoma DER-331. B kauectBe
orBepauTens ucnonszoBaHa DETA. 3aBucumocTs
yIApHOW BSI3KOCTH, MPOYHOCTH HA H3THO (Gusr),
mpenena TeKy4ecTH MPH PACTSHKEHUH (Or), MOMYJIS
ynpyroctu npu u3rube (Eusr) OT comepskaHus
KaydyKa IIPe/ICTaBJICHbI B TaOIHIIE 5.

Tabauua 5 Mexannueckne XapaKTepUCTUKA STIOKCHIHO-
KayqyKOBBIX 00pa3IoB.

DER HT CP A, Essr, Gr,
331, % | PB, |BER, | x/Ix/m | I'Tla | MIla
% % 2

100 0 0 9,7 2,5 | 54,3
95 5 0 11,4 2,3 | 50,2
90 10 0 14,2 19 | 50,4
85 15 0 11,2 18 | 46,4
95 0 5 115 2,3 | 90,4
90 0 10 16,1 2,3 | 841
85 0 15 13,7 2,1 | 635
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W3 Tabmunpl 5 BUIHO, YTO C YBEIUYCHHUEM
conepxanun Momugpukaropa HTPB naGmomaercs
cmaboe maaeHue 3HaueHUH Eur ¥ or. Ypaphas

BS3KOCTh ~ MPOXOIWT  Yepe3 MaKCUMyM  MpU
conepxanuu 10% (yBenmuuenue Ha 46%), a 3aTeM
uzer craj. AHaJIOrM4HOE  SIBJICHUC c

moguduraropom CPBER, rme 3nauenust Eur 1 o;
UMEIOT HE3HAuWTeIbHOE TMajJieHue, a yaapHas
BSI3KOCTh Tpu conepkanuu 10% mnpoxomut uepes
MakcuMyMm (yBennueHne Ha 66%) U ganee
3aMeuaercss najeHue. Mukpodororpaduu cpesos,
MomuduiupoBanHeix  OC  moKa3aiu, 4910 Yy
moguduraropa CPBER paszmep MenkomucrmepcHbIX
YaCTHII 3HAYUTEILHO MEHBIIIE, YeM Y Moau(HUKaTOpa
HTPB. Takum o0pa3om, Oombiinast 3GQeKTUBHOCTD
mouduraropa CPBER o0yciosiena ero 6omblieit
JUCTIIEPCHOCTBIO B cTpyKType IC.

Ha ocHOBE TIpUBENEHHBIX [JIAHHBIX IO
MOIU(UKAIIMK SMOKCUIHBIX CMOJI MOXKHO CZEaTh
CIIC/TYIOIIINE BBIBOJBI:

- Kay4yK BO BCEX PAaCCMOTPEHHBIX CITydasx
YBEITMYNBAET YAAPHYIO BSI3KOCTh yrileractuka. J{is
cmon 3/1-20, OLDEN, DER-331 Ha oTBepauTemsx
amuaHoro tuma  (I[I9I1A, JIDTA) myumue
PEIYILTATHI TTOJTY4CHBI npu COACPKaHNN
Moaudukaropa kayuyk - 10%. [Ipu sTom ymapHas
Bs3kocTh DC Bospactaer Ha 29-133%, mpoyHOCTH —
Ha 33-180%. lns cmonsr DER-331 Ha otBepautene
Piperidine onrumameHOE comep:KaHHE Kaydyka
cocraBisier 2,5- 4%, mpu 3TOM, ymapHas BSI3KOCTb
O3C Bozpocma g0 270% mpu cmabom pocre
MIPOYHOCTH;

- B PacCMOTPEHHBIX CITy4dasX HCCIEIOBaHUS
BBIITOJIHEHBI HAa OMOKCHAHBIX cmomax J1-20,
OLDEN, DER 331 «x0nomHOro» OTBEPKIACHUS
(oTBepkAeHVE IPU KOMHATHOHN TeMIlepaType);

- mist OC D/1-20 m OLDEN crpykrypa
Marepuaia TIoclie TBEpJASHHWs TOMOTeHHa IIpH
comepxaHuu kaydyka no 10%, mpu comepxaHUH
KaydyKa CBBIIIE ATOr0 KOIMYECTBA B CTPYKType
Marepuaia TOSABISIOTCS TUCIIEPCHBIE YaCTHIIBI
KaydyKka. ITO 00CTOSTENLCTBO YKa3bIBACT HA TO, UTO
OC u Kaydyk 00pa3yloT XHMHYECKHE CBS3H CO
CTEXMOMETPUYECKUM cooTHouieHueM BOim3u 10%
comepxaHus Kaydyka. Okaszaioch, 4TO Oolee
BBICOKas AUCIIEPCHOCTH KaydyKa MPeNMOYTHTEIbHEH
JUTS XapaKTEepUCTHK MaTepHaa.

Biausinue 31acTOMepoB HA
MeXaHH4YeCKHe CBOMCTBA yIJIeIIacTHKa

Kak Obuio ykazaHO paHee, YIJIEIUIACTUK
COCTOMT W3 DSIOKCHIHOM CcMoibl (MaTpuma) u
yriaepogHoi TKaHU. IIpodHOCTH CMONBI B ILIENOM
yCTyIaeT MPOYHOCTH YIIIEPOAHON apMaTyphl (TKaHH,
POBUHTA), BBUIY 3TOr0, Ye€M IPOYHEE SIOKCHAHAS

COCTaBIISIIOIIAsE KOMITO3UTA, TEM MPOYHee MaTephal
B LIEJIOM. [Tony4enusie 3aKOHOMEPHOCTH
ynpouHeHuss OC ¢ coiepKaHHEM 3JacTOMEPOB
Ka4eCTBEHHO MEPEHOCHUMBI Ha yriemjacTtuk. Pabor,
MOCBSIIEHHBIX ~ YIJelUlacTUKaM  Ha  OCHOBE
MoauduuupoBaHHbIX KaydykoM OC  0Ka3ajioch
Masio. JIuTepaTypHbId TOMCK BBISIBUI HECKOJIBKO
pabor moO paccMaTpuBaeMOW TeMme, Pe3yIbTaThl
KOTOPBIX MPEACTaBJICHBI HMUXKC.

B pabore [16] uccnenoBano BiIHIHUE KaydyKa
CKACH (12,5%) Ha mNpOYHOCTHBIE CBOWCTBa
yriemnactika. Takke, B paboTe paccMaTpHBaliCh
MOJYYEHHsI  yIJIeIUIaCTHKAa  TPEMsl  MEeTOJaMHU:
MIPECCOBAHUEM, BaKyyMHOMH uH}py3UeH u
npeccoBaHWeM. B yriemnactuke WCIOIb30BaIOCh
yriaeponHas Tkanb ¥YT-900-3 u smokcuHON cMecH
OLDEN. Taxxe, B paboTe paccMaTpUBAJIKChH

MOJyYEHHsI  yIJIeIUIaCTHKAa  TPEMsl  MEeTOJaMHU:
NPECCOBAaHWEM, TMPONUTKH TKaHU  BaKyyMHOH
uH(}Y3MeH 1 IpecCOBaHNEM, H BAKYYMHOH WH(Y3HeH
Pesynprathl HCCIIEIOBAHUS MPOYHOCTHBIX
XapaKTEePUCTUK YIJICIUIACTHKA TPEACTAaBICHB B
pucyHke 4.
310
3013
300
290
280 2729 2724
= 270
=
= 260 257.7
z
© 250
2413
240
230
230
220
210
a 6 a 6 a 6
1 2 3
42
40,5
40 393
38
= 363
—
; 36 35
=
=
34 33,6
322
32 I
30
a 6 a 6 a 6
1 2 3

Pucynok 4 Bnusane TeXHOIOTHIECKOTO METOIA
TOy4YeHHST U MOAN(UKATOPA HA XapaKTEPUCTHKH CMECH
OLDEN

— 16 ——
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1 — merox nmpeccoBaHust; 2 — METOJ IIPONUTKY TKaHU
BaKyyMHOU MH(Y31el 1 mpeccoBaHme; 3 — METOx
BaKyyMHOW MH(DY3UH

a — 6e3 MmomudukaTopa; 6 — ¢ MoguduKaTOpOM

Kak BuaHO u3 pucyHnka 4, Ha 3Ha4eHUs 6, U E,
00pa3IoB YIIIeIIacTHKa OKa3bIBAET BIUSHHUE COCTAB
CBSI3YIOIIETO: TAaHHBIE TOKA3aJI1 TIPU UCTIONBE30BaAHUT
CBS3YIOIIIETO, MOU(HUITUPOBAHHOTO 12,5%-
CKICH. BeposatHo, HU3Kas IUIOTHOCTh HUTEH B
Tkauu HUTH YT 900-3 mpuBOAMUT K TOMY, HYTO
MPOHUKHOBEHUE CBSI3YIOLIETO B MEKBOJIOKOHHOE
MPOCTPAHCTBO APMUPYIOLLETO HAIOJIHUTES
obJeryaercst ¥ ero pojb B 00eCIedeHuH MPOUYHOCTH
yIJIETUIACTHKA BO3PACTaeT: MMPOYHOCTh TPU Pa3phiBe
yIJIeIUIACTHKA,  TIONyYEHHOr0  WHQY3uel 1pu
WCTIOJIb30BAHHUH CBA3YIOLIET0, MOAU(DUITUPOBAHHOTO
CKICH, yBemnuuBaercst 6onee yeM Ha 15% mpu
COXpaHEHHHM 3HAYEHWH MOIYJsl YIOPYrocTd Ha
npexkHeM ypoBHe. CpaBHUTENbHBIN aHAJIN3 CBOICTB
00pasIios, TTOJTY9IE€HHBIX o pa3IMIHBIM
TEXHOJOTHSM,  TIOKa3ajx,  4YTO  HauOOoIbIIen
MPOYHOCTHIO TIPU  PACTSHKEHUH  (DJ1aCTHYHOCTHIO)
00NIaialoT  YrIEMIaCTUKY, TOJYyYeHHbIE METOJIOM
ropsiueid mHQy3uu. B wmerone ropsiueit wHbYy3uH
Harperass OC MMeeT HAaUMEHBIIYIO BS3KOCTb, YTO
o0ecreunBaloOT JIYYIIyI0 TPOMUTKY YTIIEPOTHBIX
BOJIOKOH.

Astopamu [21] mpoBemena pabora 1O
uccnenoBannio kayuykoB HTPB u CPBER Ha
MPOYHOCTHBIE CBOMCTBA yriemjacTuka. B xauecTBe
ApMHPYIOIIETO BOIOKHA UCTIOIH30BAHBI YTIIEPOTHBIC
Tkauu Mapku AS2C u snokcuanas cmona DER 331
Ha OTBEPIHUTEINE DETA. Pesynbrarhl
AKCIIEPUMEHTOB TIPUBENEHEI B TAOIHUIIE 6.

Tabdnumua 6 IlpouHOCTHBIE CBOIWCTBA YIUIEIJIACTHKA C
MoauunpoBanHon IC

DER | HT | CPB A, O, Euwsr | &,
331, | PB, | ER, | x/Ix/m | MIla , %
% | % % 2 'l
a
100 0 0 20 300 | 95| 31
5
90 10 0 19 203 | 75| 2,8
0
80 20 0 32 - - -
70 30 0 28 - - -
90 0 10 17 425 | 15, | 2,8
5 5
80 0 20 39 - -

Paccmorpum BnusHme kayuyyka HTPB Ha
XapaKTepUCTUKH yrieniactuka. [Ipu conepxanuu B
npenenax a0 10% coxpaHsercs ynapHas BA3KOCTb,
cHuxaerca Ha 14% mpenen TEKydecTd, HUJIET

nageHne Ha 27% MOOyNb YIOPYrOCTH U TaKXKe
OTHOCHUTENbHOE YJIMHEHHE cHuxkaercs Ha 13%. B
Iuana3oHe cojaepkanue kayuyka 20-30%, ynapHas
BA3KOCTH JepkuTCA Ha ypoBHe 30 kJLk/M2 uTo
o3Hayaer Bo3pactanue Ha 50%. g cmoyuas
cogepkanne  Momudukaropa CPBER-10% B
YIJIEIUIACTHKE WMEET MECTO IOBBIIICHHE Mperena
TekydecTH Ha 42%, Moxyns ynpyroctd Ha 63%, u
HE3HAYUTENBHON CHI)KEHUH YIapHOU BA3KOCTH. [Ipn
YBEIMYCHUH CojiepkaHue Kayuyka 1o 20% ymapHas
BSI3KOCTh ToBbIIaeTcs Ha 95%. [laHHBIC TaOMIUILIBI
nokaszpiBaer kayuyk CPBER mpeamouturenen B
KauecTBEe MOIU(PUKATOP.

B pabore [22] wucchnemoBaHO —BIMSHHE
MoaudumpoBannoro 5-15% kayuyka mapku CKH-
30-KTP snokcumguorr cmonbl OT-10m [23] Ha
(u3MKO-MexaHMUECKHE CBOMCTBA YIIICMIIACTHKA C
MOBBINICHHOW Ha 25-30% TpPEmmHOCTOMKOCTHIO
(TpEIMHOCTOWKOCTD M yIapHasi BA3KOCTh MaTeprana
KOPPEIUPYIOT) TIPH CPaBHUTEIHLHO HEOOIBIIOM
YMEHBIIEHUH OONBITMHCTBA MPOYHOCTHBIX CBOMCTB
Marepuaia. PexomenoBaHo OINITUMAIILHOE
cozieprkanue Mmoauukaropa B 9C 5-15%.

IIpuBeneHHble pe3yiabTaThl NOKA3bIBAIOT, YTO
KaydyK B kKadecTBe Moaudukaropa IC mo-pazHoMy
BJIUSICT Ha MIPOYHOCTHBIC XapaKTCPpUCTHUKU
yriaemiactika. Tak, Hanpumep, mist cmecu OLDEN
12,5% kaydyka MOXET IOBBICUTH IIPEAEI MPOIHOCTH
yraemnactaka Ha 13,1%, momyns ynpyroctu Ha 4%.
Vrnemnactuk Ha OC DER 331, MmoguduimpoBaHHoi
10% xayuyka HTPB, mmeer cHmxeHme ymapHOU
BsI3KOCTH Ha 5,3 %, mpeaena tekydectnn — Ha 48%,
MOIynsl ympyroctu- Ha 27%, OTHOCHTEIHHOIO
yuinHeHus — Ha 12,5%. [na yrnemnactuxa ¢ OC
mMomudunupoBannoir 10% kayayka CPBER -
yIapHas BA3KOCTh ymaja Ha 18%, oTHocuTenbHOE
ymmaenne —Ha 10,5%, cuiabHO BO3pOCTH TIpenent
TeKy4yecTH — Ha 42% u Moayib ynpyrocta — Ha 63%.
OnTuMansHEIM copepkanueM Momudukaropa B 9C
(c mo3UIIMY TTOBBIIIEHUST YAAPHOU BSI3KOCTH) MOYKHO
oneHuTs BenmnunHou 20%. [Ipu sTom, MogudukaTop
HTPB mnoBsimmaer yaapHylo Bsi3KocTh Ha 60%,
moguuxarop CPBER —na 95%. dns cmoner DT-
10n yxe 5-10% kaydyka [JArOT YIJIEIUIACTHKY
3HAYUTENBHYIO IPUOABKY YIaPHOU BSI3KOCTH.

BriBOABI

JlaHHBIE HAcCTOAIIEro aHajiM3a IOKa3bIBAIOT,
YTO C TIOMOLIBIO KaydyKa MOMKHO YBEIMYHTH
yIApHYIO BA3KOCTb M IPOYHOCTHBIE XapaKTEPUCTUKH
kak OC, T1ak W yrmemnactuka. [lnga cmydad
yrIIeTIacTHKA Oyxmer He00X0oIuM
IKCIIEPUMEHTAJIbHBIA [OAOOp THNA Kaydyka |
orBepautenss OC. Hcnonb3oBaHHble B pabote
snokcuaaeie eMonbl DJ1-20, DEN 425, DEN 431 u
DER 331 orHocATCS K KaTErOpHHM «XOJIOJAHOTO»
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OTBEPXKICHUS, JUII KOTOPHIX XapaKTEPHO KOPOTKOE
BpeMsl  JKU3HECIOCOOHOCTM U CPaBHUTEILHO
Oosbliasi BSI3KOCTh, 4YTO MPEISTCTBYET KauyeCTBY
MPOMUTKN  yIJICPOAHONW apMaTyphbl  SITOKCHIHOM
cMonod.  Jlmsg  momydeHMs — BBICOKOIPOYHBIX
YIJICTIACTHKOB HEOOXOIMMBI 3MOKCHIHBIC CMOJIBI C
Majiol BSA3KOCTHIO M JUIUTEIBHBIM BpPEMEHEM
JKU3HeCcocoOHoCcTH. K 3TOH KaTeropuum OTHOCSTCS
OC  «ropsiuero»  oTBepkueHus. OmHum U3
npenacrasutened DC atoro kmacca sBisgercs OC
Mapku — Oran-Umxkekt-T [24, 25], xkotopas
oTBepxkaaeTcs mpu temmeparypax 150-180°C. Ilpu
atux Temmeparypax OC, Omaromaps HHU3KOi
BSI3KOCTH  (BBICOKOW  TEKY4ecTH), [UINTENbHOU
KHU3HECTIOCOOHOCTH ~ O0ECIEeUMBAaEeTCs  XOpollIee
KauecTBO MPOITUTKU YTJICBOJIOKOH, 4TO
CIOCOOCTBYET  TMONYyYEHHUIO BBICOKOIIPOYHOTO
yriemnactuka. K coXalleHWlo, JIMTepaTyPHBIX
JaHHBIX 110 BIMSHHIO Kaydyka Ha CBOMHCTBa

YIIEIIacTUKa Ha DMOKCUTHOM CMOJIE «TOPSUYEroy
OTBEPKICHUS HaMU HE 00HapyKEHO.
OKCIEepUMEHTAILHOE UCCIIEIOBAaHUE HA 3TOT Cly4yai
ObutH OBl BeChbMa AKTYyaJIbHBIMU JUISI TEXHOJIOTHH
MOJIYy4YEHUSI KOHCTPYKIIMOHHBIX YTIICTIJIACTUKOB.
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Ccbulka Ha JaHHYW cratblo. MeiiipbekoB M. H., Mcmaunos M. b. BnusiHue kaydyka Ha
MEXaHHUUYECKHE CBOMCTBA OMOKCHIHOW cMoibl u yriemactuka (0630p) // KomrmuiekcHoe
HCIIONB30BaHne MUHEpaabHOro chiphbs [Complex Use of Mineral Resources]. — 2020. — Nel (312). —

KemipnnacTuk neH anokcupa WanbipbiHbIH, MeXaHUKanbIK KacueTTepiHe Kay4YyKTblH,
acepi (lony)

Menip6ekoB M. H., UcmannoB M. B.

Tyitingeme. by xxympIcTa 3macToMepiepaiH-KaydyKTapasiH dMokcuy maisipsl (J1) MeH KeMipIIacTUKTIH OepiKTiK
KacHeTTepiHe acepl Typasbl ManimMertep kentipinres. D11 3/1-20-ra 10% kayqyKThI €Hri3y apKbUIbI KbICYAAFbl OSPIiKTIKTI
50%, co3bliny OepikTiriH 51%, cokkbI TYTKBIpABIFBIH 133% >xoHe co3burynsl 128% apTThIpyra cenririn turizai. OLDEN
KOCHACHl YIIiH KapOOKCHII TONTaphl 0ap KaydyKThIH OHTainsl Memepi 10-12,5%-51 kpicy OepikTirid — 48%, COKKbIFa
TYTKBIpIBIFBIH 73% >xoHE co3putyabl — 187% aprreipael. DER 331 maiieiper ymin Piperidine sxone JIOTA
KaTaWTKBIIITaphl apKbUIbI JKYPriziaai. JKakchl HOTIKENEep KayqyKThIH THAPOKCHI TONTAPHIH 2,5% OHTAIIBI MeJIIepiH
Piperidine kaTaATKBIIIBI HETi31HIE MAaBIpFa KOCYFa COKKbIFa TYTKBIPIBIFBIH 1 70% apTThipast. IO TA KaTaTKBIIIBL YITiH
€H JKaKChl HOTIDKE KapOokcwmi TonTtapsl Oap kKaydyKTbiH 10% OHTaiibl MenmiepiHAe COKKbIFAa TYTKBIPIBIFBIH 66%
XKOFapiarTel. KemipruiacTukTepal KaydyKTapMeH MoAn(HKanusulaFaHAa CO3blTy KymnH 42%, Wiy MKeMIUTITiHIH
MoxyiiH 63% apTTBIpyFa ®KoHE COKKBIFA TYTKBIPJIBIFBIH a3/1all KaHa KOFAJTIFa allbIll K.

Tyiiin ce3mep: smacromepiep, MoAU(UKAIUS, KaydyKTep, SIMOKCHA IIaWbIPBI, KOMIPIUIACTUK, OEPIiKTLTIK, COKKBI

TYTKBIPIIBIFBI.
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The effect of rubber on the mechanical properties of epoxy and carbon fiber
(Review)

Meiirbekov M. N., Ismailov M. B.

Abstract. The paper presents published data on the effect of rubber elastomers on the strength properties of epoxy resin
(ES) and carbon fiber. The introduction of 10% rubbers into ES ED-20 leads to an increase in compressive strength by
50%, tensile strength by 51%, impact strength by 133% and elongation by 128%. The optimal content of rubber with
carboxyl groups for the OLDEN mixture was 10-12.5%, while the increase in compressive strength was 48%, impact
strength - 73% and elongation - 187%. For DER 331 resin, the study was conducted with two hardeners Piperidine and
DETA. The best results for Piperidine hardener were obtained on rubber with hydroxyl groups, with its optimal content
of 2.5%, impact strength increased by 170%. For the hardener DETA, the best results were obtained on rubber with
carboxyl groups at its optimal content of 10%, the increase in impact strength was 66%. When modifying carbon fiber
with rubbers, it leads to a significant increase in the yield strength in tension by 42%, the modulus of elasticity in bending
by 63%, and with a slight loss of impact strength.

Key words: elastomers, modification, rubbers, epoxy resin, carbon fiber reinforced plastic, hardening, impact strength.
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N3yyeHMe BO3MOXHOCTU BCKPbITUA UNbMEHUTOBOIO
KOHLeHTpaTa cyfib(aTomM aMMOHMSA
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AHHOTaumsA. B ctatbe npeactaBneHbl pedynbTaThl UCCNEL0BaHUSA BO3MOXHOCTM BCKPbITUSA MITbMEHWTOBOIO
KOHLEeHTpaTa ApMagHEHCKOr0 POCCHIMHOrO MECTOPOXAEeHUS unbMeHuta B [pMMopckom Kpae CyrbdaTtom
aMMOHMS. [Ona  um3ydeHus B3aMMOLEWCTBMS WITbMEHMTOBOIO KOHLEHTpata C CcynbdaTtoM amMMOHMS
nccrnegyembin koHueHTpat u (NH4)2SO4 cmewvBann m3 pacyeta obpasoBaHusA CynbdaTtoB OCHOBHbIX
KOMMOHEHTOB KOHLIEHTpaTa 1 3aTeM OBONHbIX CyNbdaToB KOMMNOHEHTOB KOHLEHTpaTa 1 aMMOHUSA. BekpbiTue
NpoBOAWMNM B CTEKMNOYrnepoaHblX TUMMSX, KOTopble NMomellany B MydernbHYH Meyvb-KOHTponnep upMbl
Nabertherm GmbH (Fepmanus). Haseckn coctaBnanm 10-40 r. Vcnonb3oBanu  meToabl
TepMOrpaBMMETPUYECKOro, PEHTreHoMa3oBOro M aToMHO-abCcopOLIMOHHOrO aHanM3oB. YCTaHOBMEHO, YTO
npyu  OOCTWXEHUM TemnepaTypbl TepMudeckoro pasnoxeHuss (NHi1)2SOs4  (300°C)  HauuHaeTcs
B3aMMOOEWNCTBUE OCHOBHbLIX KOMMOHEHTOB KoHUeHTpaTa ¢ (NH4)2SOs4 ¥ npoTekaeT B TemnepaTypHOM
nHTepsane 300-360°C ¢ obpa3oBaHMEM CMECMK XOPOLLO PacTBOPMMBIX B BOAE ABOWMHbLIX conei — cynbdaTta
amMmMoHusa 1 xenesa coctaBoB (NHa)z2Fez2(SOas)s n NHaFe(SO4)2 n cynbdaTta aMMOHUA 1M TUTaHWna coctaea
(NH4)2TiO(S0O4)2. lMNoBbilweHne TemnepaTypbl B3anMopeWcTBusl Bbile 360°C npyvBOOWMT K TEPMUYECKOMY
pasnoxeHnto obpa3oBaBLUMXCA ABOWHbLIX CynbdaTtoB aMMOHUSI M TUTaHUNa M aMMOHUSA U xeresa .o
cynbatoB M 3aTem oOkcuaoB. [loka3aHO, 4YTO BOAHOE BbIleNavvMBaHvMe MpoAykTa B3avMOAENCTBUSA
UNbMEHUTOBOTO KoHLeHTpaTa ¢ (NH4)2SOs npu TemnepaType 360°C nossonseT nepeeBecTV B pacTBOp
NMpakTUYeckn BeCb TUTaH M OCHOBHYKO Maccy xernesa B (pOpMe XOpOLIO pacTBOPUMMbIX B BOAE ABOMHbIX
conen. HangeHbl ycrnoBusi BoldeneHnss 3 pactBopa BOAHOMO BbilLenavyvMBaHusa Avokcmaa TutaHa B dhopme
aHaTtasa.

KnroyeBble cnoBa: WbMEHUTOBBLIN KOHLEHTpaT, cynbdaTt aMMoHus, TBepaodasHoe B3anMoAencTBue,
OBOWHOW cynbdat aMMOHUS 1 TUTaHWNa, ABOWNHON CyrnbMaT aMMOHMSA 1 Xenesa, BOOHOE BblllenaynsaHue.
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MHOrOYHUCIIEHHBIE ~ MHUHEpAJbl, HMEIOIINE
o0Illee Ha3BaHWE WIIBMEHHWTOB, HEU3MEHHO BXOJST
MOYTH BO BCE H3BECTHBIC MarMaTU4eCKUe TOpPHBIC
TIOPOJBI — MUada3bl, TUOPUTHI, TaOOPO U BO MHOTHE
MeTaMOP(UYECKUE — THEWCHI, CIIO/ISHBIC CIAHIIBI U
am¢pubomutel. [1o XUMHUYECKOMY COCTaBY HIIbMEHHT
MmpecTaBiIseT coOOi COeJMHEHHEe MeTaThTaHaTa
xenesa (1) ¢ oxcunom xenesa (111) Geprommuanoro
TUNa, T. €. TBepAbld pacTBop. CoCTaB MIIEMEHUTA
MOXET OBITH MpeICcTaBlIeH hopmyoit
NFeTiOs-mFe;03, rme N u m MepEeMEHHbBIC
BEIUYMHBL. MIIBMEHUT YacTO COJACPIKUT MPUMECH
Mg, Mn, Nb, V, Cr u ap., npu stom Fe*'
moMopdHo 3amemaercs Mg?* u Mn?*. Conepxanne

TUTaHA B WJIBMEHUTE MOXeT KonebaTbca B
3aBHCHMOCTH OT HPOUCXOXIEHUs OoT 25 a0 35%.
WnbMeHuT sBIsSIETCST HMCTOYHUKOM  IOJIyYCHHUS

ry0uYaToro THTaHa ¥ MUTMEHTHOTO JUOKCH/A TUTaHA
[1].

WNnpMeHHT CpaBHUTENBHO JIETKO pas3iiaraercs
KHCJIOTaMH, TOJ3TOMY JUIS €r0 BCKPBITHS IMTUPOKO
UCIIONb3YETCsl CEPHOKUCIIOTHBIN crocob [2, 3]. Dto
CTapeIMi TPOMBILUICHHBI coco0 H3BICYEHUS
TiO2 w3 wWIbMEHHTa, KOTOPBIM 3aKIIOYaeTCs B
MepeBoJie WIBMEHHTAa B PacTBOPUMBIE CYJb(ATHL
[Iponiecc coctouTr M3 Tpex craauii ¥ OOJBILOrO
gpcna  omepanuii  (CymIKM — KOHIIGHTparta [0
BrnaxHoctu 0.5%, cymbdaruzamum oreymMoM TIpH
80-210°C npu OypHOM BBIJEIEHUM Ta30B MU
pa3OpBI3TUBaHUN PEAKIIOHHOW CMECH, Olepaluu
BBI3PEBaHMS  IMOPUCTOTO  TIPOJYKTA,  CTaIHu
BBIIENAaYMBAaHUsI M BOCCTAHOBIIEHHUS JKele3a B
pacTBopax 4yryHHOW CTPYXKOW M MHOTHE JPYTHeE).
ITomy4yaemblii OT KHCJIOTHOW OOpaOOTKH pacTBOP
OUMINAIOT OT JKeJie3a METOJIOM KpHUCTAJIU3aINH
3aKHCHOTO JKelle3a NpU OXJAXACHHH M 3aTeM

HampamJsiloT Ha  rugponu3. llpm  mpoxanke

THAPOJIU3HOTO ocajka norydarot Ti02.
Hcnons3oBanue CEPHOKHUCIIOTHOM

TEXHOJOTMU CBA3aHO C OONBLIIMM  PacxoIoM

KOHIICHTPUPOBaHHON cepHO#l kucioTel (4000-4500
KT/T [EJIeBOr0 MPOAYKTa) U, KPOME TOTO, TPUBOIUT
K CYIIECTBEHHOMY 3arps3HEHHIO OKpY’KaloIIeH
Cpeabl, MMOCKOJIBKY €KeroJHO cOpachIBalOTCS COTHU
THICSY TOHH CYJbh(aTcoaepKalliux OTXOJO0B B BUJC
CaSO4 1 KUCITBIX TTPOMBIBHEIX BOJI.

B kauecTBe anbTEpHATUBHON TEXHOJIOTMH
aBTOpPaMH OBbUT U3Y4YEeH TUAPOIU(PTOPUAHBINA CrIOCOO
BCKPBITHS ~ TUTAHCOJAEP)KANIETO  MHHEPAIHEHOTO
CBIpBS (WIIBMEHHTA, c(eHa, IIEPOBCKHUTA, JOMAPUTA)
[4]. Taxke wHTepec MPEACTABIACT HCCIICAOBAHHE

BO3MOXXHOCTH 3aMEHBI TNPH CEPHOKHCIOTHOM
BCKPBITHH WIIBMEHUTA JKUIKOTO
Cynb(haTU3UPYIOLIETO  peareHTa  TBEPABIM, B

4acTHOCTH, cylb(arom ammorus (NH4)2SOs4.

dear ganHO# PpadoTBl - HUCCIEIOBaHUE
TBepA0(a3HOTO B3aMMOJCHCTBUS HILMEHUTOBOTO
KOHIIEHTpaTa ¢  Cyiab(aroM aMMOHHUS  IIpH

HarpeBaHUM, W3YYEHHE COCTaBa OOPa3yIOIMUXCA B
3THUX YCJOBUAX MPOAYKTOB M HAXOXKJAEHUE IyTeu

3Kc1’[epI/IMeHTaﬂbHaﬂ 4acTb

Jns wmccnmenoBanuwii ObUTa BBEIOpaHA TAPTHS
WIBMEHHTOBOTO  KOHIIEHTpaTta  ApHaJHEHCKOTO
POCCBITHOTO ~ MECTOPOXIEHHS  WJIbMEHHTa B
IIpumopckom kpae. @a30BbIi cOCTaB KOHLUEHTpATa
OBUI MPENCTaBIIeH NMPEHUMYIIECTBEHHO MIBMEHUTOM
(88-90 macc. %); UMPOKCEHBI, IUIATHOKIA3 |
amdubon cocrasmsu 8-10 mace. % u 1-0.2 macc. %

- cynbduasl, pyTWwI, CQeEH, UPKOH, XPOMHUT H

araTur. JaHHbie XHUMHUYECKOTO u
IPaBUMETPUYECKOIO METOJIOB aHAIM3a COJCpPKAHHS
OCHOBHBIX KOMIIOHEHTOB HCCIIeyeMOro

KOHIIEHTpaTa NpuBeneHbl B Tabn. 1. HacemHol Bec
KOHIIEHTpaTa cocTaBisil 2.7 kr/nm. B kauectBe
BCKPBIBAIOIIIETO PEAarcHTa HWCIOJIb30BAIN CYJb(aT
ammonus (NH4)2SO4 Mapku «x.4.».

Tadauua 1 — ComeprkaHue OCHOBHBIX KOMIIOHEHTOB KOHIIGHTPATa B IepecyeTe Ha OKCHIBI

KommoneHnT TiO, Fe 03 FeO SiO, MgO Ca0 Al,O3 MnO
Conepxanue,

mace. % 42.1 143 30.8 3.9 3.3 13 14 0.5

Hns U3yUYCHHS BO3MOXHOCTH  CTEKJIOYTJIEPOJHBIX THIVIAX € KPBIIIKOW MMOMENIAIH

B3aMMOJICHCTBHS MJIIBMEHUTOBOIO KOHIIEHTpATa ¢
cynb(haroM aMMOHHS HCCIIEAyeMbI KOHIIEHTPAT |
(NH4)2SO4 cmemmBanu w3 pacueta 00pa3OBaHUS
Cysb(aToB OCHOBHBIX KOMIIOHEHTOB KOHIIEHTpATa
3aTeM  JIBOWHBIX  CyJib(aToB  KOMIIOHEHTOB
KOHIIEHTpaTa ¥ aMMOHHs. [lolydeHHYI0 CMeCh B

B My(denbHyTo Me4Yb-KOHTPOJLIEeP bupMBI
Nabertherm GmbH (T'epmanust), HarpeBamu co
CKOpOCTBIO 2.5  Tpam/MuH 10  3aJaHHOU
TEMIIepaTypbl ¥ BBIICPXKHBaJH  NpPU  ITOH

TeMiiepaType B TeucHue 4-6 4. HaBecku cocTaBisuu
10-40 .
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W3MeHeHUs, TPOUCXOMAAININE C BEIIECTBOM
P HAarpeBaHWH, KOHTPOIHMPOBAIN MO YOBUIH

MAacChI HCXOTHOM CMecCH, a  Takxke C
HCIOJIb30BaHUEM peHTreHodaszoBoro METO/1a
aHaJm3a.

PertrenorpaMMbl  00pa3IoB CHUMaIM Ha

aBToMarnueckoMm audpaxromerpe D-8 ADVANCE
¢ BpamenueM obOpasua B Cu Ky -H3mydeHuw.
PenTtrenoda3zopsiit aHam3 MIPOBOJHIIH c
WCIIONIB30BaHUEM TIporpaMmbl  mmoucka EVA ¢
0aHKOM MOPOMIKOBBIX MaHHbIX PDF-2.

[Mpouecc BhIIETauMBaHus 00PaOOTaHHOTO
cynphaToOM aMMOHHUS WIBMEHHTOBOTO KOHIIEHTpaTa
MPOBOJMIIN TNPH KOMHATHOM TeMmIeparype IyTeM
pacTBOpeHHsT MOJIYYEHHOTO TNPOAYKTa B BOAE B
TEUYEHUE 15-30 MHH Hu MOCJIEAYOLIETO
(bunsTpoBaHUS Yepe3 GUIBTP «CHHSSA JIGHTa». B
MOJYYCHHBIX (UIIBTpaTax ONMpeNelisuid CoAepKaHue
JJIEMEHTOB  METOJOM  aTOMHO-a0COpOLMOHHOTO
aHanm3a Ha crmekrpomerpe Solaar 6 M 1mo
AHATIMTUYECKUM JIMHUSIM DJIEMEHTOB-KOMITOHEHTOB
KOHIIEHTpaTa.

TepMorpaBuMeTprUECKUE WCCIIEIOBAHUS
BHINOJTHEHBI Ha iepuBarorpade Q-1500 B oTkpeITOM
IUIATHHOBOM THIJIE Ha BO3JYyXEe MpPU CKOPOCTH
HarpeBaHus 5 rpag/muH u HaBeckax 100-200 mr.

O0cy:xnenne pe3yjbTaToOB

Cynbpdar aMMOHHUS IIHMPOKO TPHUMEHSETCS B
CEJIbCKOM XO34KCTBE B KaueCTBE MHMHEPAIBLHOTO
ynoOpeHusi, B MHIIEBOM NPOMBILICHHOCTH B
KauecTBe OMysbraropa u crabuimsaropa B
MIPOU3BOJACTBE NPOAYKTOB MUTAHMS. B xumudeckont
npombiiieHHoctd  (NH4)2SOs4  mpumensiercss B
MPOU3BOACTBE  BHUCKO3HOTO  BOJIOKHA,  CIIY>KHUT
KOMITOHEHTOM [N TIOPOIIKOBBIX OTHETYIIUTENEeH H
OTHE3AIIUTHBIX CPEJICTB, UCIIOJIB3YETCS B CHCTEMax
XO3SIICTBEHHO-IIUTBEBOTO M NPOMBIIIIEHHOTO
BOJOCHAOXEeHHMsI B  KayecTBE peareHra  Jyis
00pabOTKH BOJIbI, B CTEKOJILHOW MPOMBIIIJICHHOCTH
B KayecTBE JOO0aBKM CTEKOJNBHOH IIMXTE JUIs
VIy4qIIeHHsT €€ IUIAaBKOCTH, B OHOXMMHHU IS
OYHCTKH OEIKOB M MENTH/IOB H T.JI.

ITpumepos UCIIOJIb30BaHUs 3TOr0
COEMHEHHUS Ul BCKPBITUS MHUHEPAJIBHOTO CHIPbS B
HAay4yHOW JIMTEpaType HET, HO U3 CIPaBOYHOU
auteparypbl [5] uM3BeCTHO, UTO Cyib(par aMMOHHS
IpM HATpeBaHMM NpH Temmeparype Bbime 235°C
pasznaraercsi ¢ BblaeneHueM ammuaka NHz u
oOpazoBaHWEeM CHadajga TUAPOCYJIb(ara aMMOHUS
NH4HSO4 o ypaBuenwuto:

(NH2)2S04 — NHsHSO4 + NHs1. 1)

[pu MOBBIILICHAN TEeMIIepaTyphl
ruapocynb(ar aMMoHus TWIABHTCA (tnms 251°C), a

Beimte 490°C KMIUT ¢ pas3loKEHHEM Ha CepHBIi
AHTUAPH], AMMHAK U BOJY:

NHsHSO,; — NH;3 + SO3 + H,0. (2)

B pabGore [6] mpu wm3ydeHHH TEPMHUECKOTO
nosenenusi (NH4)2SOs4 u TBepmoro mpoaykra ero
tepmuyeckoro pasioxenus — NHiHSO4, Obu10
YCTAHOBJICHO, YTO TEMIepaTypHbIC HWHTEPBAJIBI
3(pdeKkToB 3aBUCAT OT YCIOBUH IPOBEICHHS
TepMuueckod  o0paboTku  (Maccel  oOpasia,
CTAaTUCTUYCCKON WM JUHAMHUYECKOH aTMocdepsl,
cCKOopocTH HarpeBa © T.4.). IlosTomy OBLIO

BBITIOJTHEHO TEPMOTPaBUMETPUUECKOE
HCCIIeI0BaHUE TEPMHIECKOTO MOBE/ICHUS
(NH4);SOs mpu  HarpeBaHMM B  YCIIOBHAX

(atmocdepa, ckopocTh HarpeBa), MPUONIKEHHBIX K
YCIIOBHSAM MPOBEICHUS B3aUMOJICHCTBUS
WIBMEHUTOBOTO KOHIIEHTPATa C 3TUM PEareHTOM.

HccnenoBanne mokasano (puc. 1, a), 9To npu
narpeBannu obpasna (NH.)SOs co ckopocthio 5
rpai/MUH  Ha  BO3IYyXEe  pa3joKeHHE  COJU
HaunHaeTcss okono 300°C ¢ BhIeNeHWEM TerIa u
3aKaHYMBACTCS JHIOTepMHUYECKUM 3(pdeKkToM mnpu
temneparype ~415°C u npakTHYeckH MOTHEIM
IepexoJOM COEAMHEHHMS B  Tra3oBylo  (da3sy.
ITony4yennsIit TEeMIIepaTypHBIH HMHTEPBAJI
tepmuueckoro pasznoxenus (NHi),SOs 6nm3ok K
3HAQUCHMSAM, NPHUBEICHHBIM B paborax [6, 7],
NOJYYEHHBIM MNPU  H3YYEHHUH  TEPMHUYECKOTO
moBefennst (NH4):SO. B wuHepTHOM armocdepe,
OTHAKO  XapaKTep TEPMHUYECKOro  IOBEICHHUS
(NH4)2SOs  mwa  BO3myxe  OTIMYAETCS  OT
tepmudeckoro pasnoxkenusi (NH4)2SO4 B nHeptHO#
atMocdepe: B MHepTHOW armocdepe 3k303hdekT
OTCYTCTBYET U pa3JIOKeHHUE MMPOTEKAET B JIBE CTAAUN
¢ aeyms osHAodbdexramu (puc. 1, 6) (apros,
OTKPBITBII  IJIATUHOBBIA  THUIEINb, CKOpOCTb
HarpeBaHus 5 Tpaja/MUH, Macca HaBECKH 5 M,
npubop STA 449 C dupmer NETZSCH).
Habmromaemsbrit B Hayaje TEPMHUUYECKOTO
paznoxenus (NHi):SOs Ha BoO3myxe 3k303(dekt
aBTOPbl Ha OCHOBaHMH JIMTEPATYPHBIX JTaHHBIX [6]
CBS3BIBAIOT  C  BO3MOXHBIM  00pa3oBaHHEM
MPOMEXYTOYHOTO COCJUHEHUS U B3aUMOJACHCTBHEM
€ro c BJarod BO3AyXa, B TO BpeMs KaK MaJeHbKas
Macca oOpasna M AWHaMu4eckas armocgepa He
OnaronpusTHBI AJ1s1 00pa30BaHUS HIIHM JUTUTEIEHOTO
COXpaHEHUS 3TOU COJH.

[poxykr, BbigenenHsii npu  340°C, mo
JIAHHBIM PEHTICHO(A30BOTO aHANW3a MPEJCTABISIET
cooort NHiHSOs. VObub Maccel mnpu  3ToH
TeMIiepaType COCTaBUJIA 13.0%, 4TO
YIOBJIETBOPUTENIFHO COBIIAAAeT C YOBUIBIO MAaccChl
(12.88%), paccumnrannoif mo ypaBuenuto (1). Ilpu
narpesannn (NH4)2SOs Bbime Temneparypsr 340°C
HaOIroaeTcsl BhICICHUE B Ta30BYI0 (a3y CepHOro
aHTUApHIA. Taxum o0pazom, B 3TOM

—— 0y ——
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TEMIIEPaTypHOM  HMHTEpBale MOXHO  OXHIAaTb
MpOsIBJICHUST CyJb()aToM aMMOHHS CBOMCTB Kak
CyJb(aTH3UPYIOMETo peareHTa.

HUccnenoBanue, mpoBeeHHOE HA MOJEIBHBIX
cMecsX, T0Kas3ano, 4To Hmpu HarpeBanuu a0 360°C
Ha BO3AyX€ U BBIAEP)KKE IIPU 3TOH TeMmIeparype B
teuenue 1 1 cmeceit TiO2 anaTa3HoM MOAUDUKAIUH
nwm Fe20s ¢ cynbhatom ammoHus HaOiromaercs
B3aUMOJECHCTBHE  HCCIEOYEMBIX  OKCHUAOB  C
(NH4)2SOa4: B nporecce HarpeBaHus
perucTpupyercs BbIIEICHUE aMMHaKa, U B clydae
OKCHJa >Kelle3a CMeCh NPUOOpeTaeT 3eJIeHOBATHIN
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nBer.  JlaHHble  peHTreHo(asoBOro  aHauu3a
MOJIyYCHHBIX MPOIYKTOB YKa3bIBAlOT HA TO, YTO
B3aMMOJICHCTBHE  IPOTEKaeT ¢ 0Opa3oBaHUEM
COOTBETCTBYOIIHX JIBOMHBIX coueit -
(NH4)2TiO(SOs)2 u NHsFe(SOs)2. Tlpu HarpeBaHum
B QHAJIOTMYHBIX YCIOBUsX cMecd 1102 pyTHIBHOI
momudurammd ¢ (NH4)2S0s  mabmromaercs
00pa3oBaHKe TOIBKO HE3HAYUTEIHLHOTO KOJIHYECTBA
neoiinoi comu (NH4)2TiO(SO4)2, a ocHOBHas Macca
pytwia He Bcrymaer B peakimio ¢ (NH1)2SO0s4 u
OCTAeTCsI HEU3MEHHOM.
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Pucynok 1 Tepmorpasumerpudeckuii anamu3 (NH4)2SOa: a — Ha Bo3nyxe, 6 — B aTMochepe aproHa

TepMorpaBUMeTpHYECKOE UCCIICZIOBaHUE
cmecu wibMeHuTOBOro KoHieHTpara ¢ (NH4)2SO.

addexkr,

TCILJIa u

MPOTEKAOLIU I c
yOBUIBIO ~ MacCHl.

TEPMHUYECKUN
MOTJIOIEHUEM

Ha Bo3myxe (pmc. 2) TMOKa3ajlo, d9Yro TNpH  IDKCIEPUMEHTAIHHO OBLIO YCTAHOBJICHO BBIICIICHUE
JIOCTHYKCHUHU TEMIIEPATYPhI TEPMHUYECKOTO B Ta3oBYIO (asy aMMHUaKa IpH STOH TeMIeparype.
pasnoxernus  (NH;):SO;  (300°C)  maummaercs
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Pucynok 2 TepMorpaBuMeTpHIeCKHN aHAIH3 CMECH HIbMEHHTOBOrO KoHIeHTpata ¢ (NH4)2SO4
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[pomykr, BeimenenHsii npu  360°C, mo
JAHHBIM PeHTreH0(]a30BOro aHamM3a
IPEHMYIIECTBEHHO MPEACTAaBIsI  co00H  cMech

JBOMHBIX COJEH — cyib(aTa aMMOHHS M IKele3a
coctaBoB  (NHi)2Fex(SOs)s m  NHsFe(SOs), m
cynbpara aMMOHHMA M  THTaHWIA  COCTaBa
(NH.)2TiO(SO4)2 (puc. 3, a), a yObUIb Macchl

WHTEHCHBHOCTD (OTH. ea,)

cocraBuna 17.72%. Ilpu wucnonp3oBaHUM AJA
UCCIIeTIOBAHUS H30BITOYHOTO KOJINYECTBA
(NH4)2SO4 B monyueHHOW CMECH MOIJIM TaKkKe
NPUCYTCTBOBaTh CyJib(aT aMMOHUS U Kenesa
coctaBa (NHa4)3Fe(SO4)3 u cymbdarsl aMMOHHS B
Bune cmecu (NH.)2SOs ¢ NH4sHSO,s mnu Tonbko
NHsHSO.

¥ (NH4)2Fex(SOy)s
¥ NH4Fe(SO04)-

o (NH4):TiO(SO4)-
e (NH4)3Fe(SO4)s

x NHHSO,
- 6
- © a
‘ ‘ 40 T S 50 ‘
20 (rpan.)

Pucynok 3 PeHTreHOrpaMmbl NpOAYyKTOB 00paboTku miibMeHnToBoro KoHuenTpara (NH1)2SOs:  a — npoaykr
B3aumoetictus npu 360°C; 6 — BBIIAPEHHBIHA 10 CyXMX COJIEN PACTBOP BOJHOTO BBINIENAUYMBAHHUS IPOTYKTA
B3aUMOJEHCTBUSA

TakuM 00pa3oM, JaHHBIE PEHTTeHO(A30BOTO
aHanmuM3a yKa3plBAIOT HA TO, YTO TPH HATPCBAHUHU
cMecu wibMeHuToBOro KoHieHrpara ¢ (NH4).SOs B
Temmneparypaom muTepBate 300-360°C mporekaror
peaxuun B3aUMOJICHCTBHS KOMITOHEHTOB
HCCIIEyeMO CMecH C OOpa30BaHMEM JABOMHBIX

cynegparoB.  Cremxyer  OTMETHTb, 4YTO  JUIA
MPOTEKaHUSI  B3aUMOJICHCTBHUSI  KOHLEHTpaTra ¢
cyabdarom  ammoHHs ~— TpeOyercss — Ooibliee
KOJMYECTBO SHEPTUM, 4YeM BBUICISCTCS U

PA3IOKEHUH TPUCYTCTBYIOIIETO B HCCIEAyeMOil
cmecu (NH4)2SO4, Ha 9TO yKa3bIBAIOT pa3iUyuHbBIC

N0 HampaBJCHHIO Tepmuyeckne d(dekTsl Ha
MIPUBCIACHHBIX TEpMOrpaMmmax B HUHTCPBAJIC
Temmeparyp  300-400°C  mpu  mpoBeneHuu

TEPMOTPAaBUMETPUYCCKOTO  HCCICMOBAHUSA  Ha
BO31yxe. B3aMoIeliCTBHE OCHOBHBIX KOMITOHEHTOB
uinbMernToBoro kommenTpara ¢ (NH.)2SOs moxer
OBITh OMHCAHO YPAaBHECHUSIMHU:

FeTiOs + 3 (NH4)2SO, — FeSOy + Ti(SO.), +
+ 3 NH31 + 3 H,0; (3)

Fe,Osz + 3 (NH4)2SO4 — Fez(SO4)3 + 6 NHsT +
+3 Hzo; (4)

2 FeSO, + (NHA)ZSO4 — (NH4)2F€2(SO4)3; (5)
Feg(SO4)3 + (NH4)2804 —2 NH4F€(SO4)2; (6)
Ti(SO4)2 — TiOSO4 + SO @)

TiOSO4+ (NH4)2SOs — (NH4)2TiO(SO4)2.  (8)

Ha ocHoBanum ypaBuenwii (3)-(8) wm
COJICP)KAHUSI ~ KOMIIOHEHTOB B HCCIEAyEMOM
KOHIICHTpaTe OBLIO paccuuTaHo
CTEXHOMETPHYECKOE KOJIMYECTBO (NH4)2SO04,

HEOO0XOAMMOE JIJIS B3aUMOICHCTBYS HIIbMEHHUTOBOTO
konnentpara ¢ (NH4)2SO4 1 epeBoa momyueHHbIX
cynb(aTtoB B MBOWHBIC COJHM. PacueThl MOKa3aiw,
YTO MACCOBOE COOTHOIICHUE CTEXHOMETPUYECKUX
xomudecTB KoHueHtpata K (NH4)2SOs cocraBmser
1:3.2, a Macca 00pa3yrIIUXCsl JBOWHBIX COJEH —
81.80% oT Maccel HWCXOOHOM IIUXTHI, YTO
YIOBJICTBOPUTEIBHO  COTJIACYeTCS C  BEIUYHMHOM
yoBIIH Macchl Tpu Temmepatype 360°C (17.72%),
MOJYYEHHOH MPH TEPMOTPABUMETPUICCKOM aHAITH3E
cMecu wibMeHuToBOro KoHreHTpara ¢ (NH4)2SOs4.
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XuMHYecKyl0 00paboTKy HIBMEHUTOBOTO
KOHIIEHTpaTa CyJb(paToM aMMOHHS HPOBOAMIH B
CTEKJIOYTJIEPOJAHBIX THUIJISIX C MCHOJIb3oBaHueM 10
%-noro u30bITKa (NH4)2SO4. HaBecku koHLIEHTpaTa
cocrapmsin~ 10-40  r. IlodyyeHHyr  MIHXTY
HarpeBaJIi CO CKOPOCTBIO 2.5 Tpam/MuH 10
temnepatypsl 360°C M BBIZEpKMBAIM TpPH ITOM
Temnepatype. HMcciaenoBaHue — Iokasajo, — 4TO
yBEJIUYEHHUE NTPOAOJDKUTEIBHOCTH BBIAEPXKKH (10 3-
6 9) He OKa3bIBaeT CYMIECTBEHHOTO BIMSHUSA Ha
COCTaB TOJYYEHHOTO IMPOJYKTa, MEHSETCA TOJIBKO
cooTHomeHne (a3 W BHEWHMHA BUA oOpasua:
yBEIHUYEHHE IIPOIOJIKUTEIIEHOCTH Harpesa
MI03BOJISIET MOJTyYUTh CBIITy4YHH obpaser.
O6pa6otannsiii (NH4)2SOs ipu Temnepatype 360°C
B TCUCHHWE 5 U KOHICHTpAT MPEICTaBIAET COOOMH
OIHOPOJHBIM  CBITYYMH MPOAYKT CHPEHEBATOIO
LBETa M 1O JaHHBIM PEHTreHo(a3oBOro aHamu3a
comepxut cMech npeumytiectBeHHO NHsFe(SO4)2,
(NH4)2F€2(SO4)3 " (NH4)2TiO(SO4)2. HBeT
MIOJTy4YE€HHOT0 MPOAYKTA, cKopee BCETO,
00yCIaBIMBaIOT KPUCTAIIOTHIPATHl TBOMHONW COJIU
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I
~
~
o o I o o
oqT > 37 O
GOMWWV i
*
O

HHTEHCIBHOCTE (OTH. €7,)

JKene3a, KOTOpble MOTYT TPHCYTCTBOBaTb B
NPOLYKTE BCIEACTBHE OXJaxAeHus oOpasuma Ha
BO3/lyX€ U KOTOPBIC OKpAIIEHbI OT CBETIIO-3€JIEHOI0
JI0 CBETI0-(QHOJIETOBOTO OTTEHKA.

HccnenoBanue moka3ano, 4TO IOBBIICHHE
Temmepatypsl  B3aumozeiicTBus  Beime  360°C
COTIPOBOXKAETCS PA3JIOKEHHEM 00pa30BaBIINXCA
JBOWHBIX Cynb(aTOB aMMOHUSI C THUTaHOM H
xenezoM. Tak, Ha pEHTTEHOTpaMMe IPOAYKTa,
TIONy4eHHOTO NPU HarpeBaHud muxTel g0 400°C,
MOMHMO PEQUICKCOB JBOMHBIX COJICH MOSIBIISIIUCH
eme u peduexcet T10SOs4 (puc. 4, a), a Ha
pPEHTIeHOIpaMMe IPOAYKTa, IIOJYYEHHOI'O MpHU
Harpesanuu muxthl 10 480°C (puc. 4, 6), pediekcs
OBOWHOW comu cyibdara aMMOHUS M TUTaHa
OTCYTCTBOBAIM, M THUTAHOBBIH IPOAYKT ObLI
npezcraBied Toiapko Ti0SOs, 9TO MO3BONSET
sHpoTepMuueckuii dddext mpu 380-480°C (puc. 2)
OTHECTH K MPOLECCY TEPMHUUYECKOTO Pa3IOKEHHUS
JIBOMHON conn cyib(aTa aMMOHHS M TUTaHWIA JIO
cynbdara THTaHWIIA.

o (NHLETIO(SO,),
e TiOSOy

v NHFe(SOy4)

v (NH :xFe(SO,)
¢ FeSQ,

+ TiO;

OWMW
a0 T s T T e

20 (rpax.)

Pucynok 4 PeHTreHOrpaMMbl IPOAYKTOB 00paboTKK HiibMeHHTOBOr0 KoHIeHTpata (NH4)2SO4 mpu pazanvHbIX
temneparypax: a — 400°C; 6 — 480°C; 6 — 580°C

JanpHeliniee  MOBBINICHHE  TEMIIEPATyPhI
CONIPOBOXKJIAETCSl  PA3JIOKEHHEM JIBOMHOM  coju
aMMOHHMS U JKeneza A0 cyinbdaTa xKenesa, a
cynbpara tutanmna 1o T110.. Tak, HarpeBaHue
CMECH WJIBMEHHTOBOTO KOHIEHTpaTa C Cyib(arom
aMMOHHS 110 Temnepatypsl 580°C u BELIEpKHBaHHE
IIPU 3TOH TeMIepaType B TE€UEHHE 2 4 MPUBOIUT K
00pa30BaHMIO MPOLYKTA, COAEPIKAILEro CMECh
npeuMyiiecTBeHHO nByX ¢a3: TiO, B dopme
anarasa u FeSO4 ¢ HeOonpLION NMpUMeckI0 KBapla,

MPUCYTCTBYIOIIETO B HCCIIEAYEMOM KOHIIEHTpATe U
HE BCTYMAaIONIMM B DPEAKIHI0 B3aUMOJIEHCTBHS C
(NH4)2SO4 (puc. 4, 6). Iloay4eHHBIH NPOAYKT
NPEJCTaBIsIET COOOW ChIMydee BEIIECTBO CBETIIO-
ceporo 1mBeTa. B HEKOTOPBIX CiydYasx Ha
MTOBEPXHOCTH MOy IEHHOTO TPOIYKTa
HaOJTI01aTNCh BKPAIUICHHS TIOPOIITKA PHIKETO IBETA.
[lo paHHBIM pEHTreHO()a30BOrO aHAIM3a ITOT
NPOAYKT sBAsieTcss TemMarutoM Fe,0s,  KOTOpHIif
oOpasyercs mnpu  B3aumonekctBuu FeSOs ¢
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KHCIIOPOJIOM BO3/IyXa B YCJIOBHAX YyMCHBIICHHS
BOCCTaHOBUTENFHOW aTMOC(EpPHI NMPH YMEHBIIECHUH
HMHTCHCHUBHOCTHU BBIJACIICHUSI aMMHaKa Ha KOHEUYHOU
CTaJINU TEPMHUUYECKOTO PA3IIOKEHHUS TBOMHBIX COJIEH
u cyiabpara ammonus. JloGaemerne (NH4)2SO4
MO3BOJISICT ~ TEPEBECTH  OOpa3oBaBIIMIICS  Ha
nmoBepxHocTH okcua Fe,Os cHOBa B JBOWHOIM
cynphaT aMMOHHUS M JKeje3a NpU TeMmIepaType
360°C.

IToBbIIEHHE TEMIIEPATYPBI 00paboTKH
WIBMEHUTOBOI'O KOHIIEHTpaTa CyJib()aroM aMMOHUS
10 850-900°C mpuBOAMT K OOPAa30BAHHIO OKCHIOB
Ke€je€3a MW THUTaHa, IIPU OTOM JUOKCHUA THUTaHA

oOpazyercsi B HE pacTBOPUMOM B KHCJIOTax
PYTHIIBHOH (opme.

Takum oOpasom, B3aUMOJICUCTBHE
WIBMEHUTOBOTO  KOHIEHTpaTta ¢  cyjibdarom

AMMOHHS TIPOTEKaeT B TEMIIEpAaTypHOM HWHTepBaje
300-360°C u  compoBOKIAETCS ~ pa3pylICHHEM
CTPYKTYpPhl WJIBMEHHUTAa M O0Opa30BaHHEM CMECH
XOpOIIO PACTBOPUMBIX B BOJIE IBOMHBIX CYIh(HaTOB
aMMOHHUS | KeJie3a U TBOMHOTO cynb(dara aMMOHHS
" TUTaHWIA, 4YTO MOXKET MPEACTABIATE HHTCPEC IJId
nepepaboTKu WIBMEHUTCOIEPKAIIEro
MHUHEPAIBHOTO ChIphs. Tak, HalpuMep, IIBOMHBIC
Cynb(baTBI THUTAaHa u aMMOHU IIHUPOKO
HCIIOJIB3YIOTCA B TCXHOJIOTHYCCKHUX Iponeccax g
OTJENICHUs TUTaHA OT HUOOWs, TaHTajda W
PEOKO3EeMENBHBIX AIEMEHTOB |8, 9].
HccnenoBanue nokasaio, 4To py BOJIHOM

BhIIIICIa4YMBaHNN IpoayKTa BSaI/IMO,I[CfICTBPIH
HNIBMCHUTOBOI'O KOHIICHTpATa C CyJ'IL(baTOM
AMMOHMU IpOAYKT MPAKTHYCCKH IIOJTHOCTBIO

MEPEeXoJUT B pacTBOp, Ha IHE OCTAeTCs JIMIIb
HEMHOTO TeMHOro ocanka. CoOriacHO JaHHBIM
PEHTTeHO(A30BOT0  aHAIM3a TEMHBIH  OCaIOK
npencraBisgeT coboi okcuawl keneza Fe.Oz u
FeOOH. PactBop BOAHOrO BBIIETAYMBAHUS HMEET
kuciayro peakuuto ¢ pH=2. ConepxaHue 31€MEHTOB
B TOJYYEHHOM (QUIbTpATe OINPEICISUId METOJIOM
aTOMHO-a0COpOIIMOHHOTO ~ aHanu3a. Pe3ynbTaThl

orpeacyCeHus NpeaACTaBJICHBI B TabmI. 2.

Taoauua 2 Conepxanvie Ti u Fe B xuakoi dase npu
BOJTHOM BBIIIEJIAYMBAHUH TIPOYKTa B3aUMOICHCTBUS
(macca obpasua = 1.0 2, o0bem pubTpara = 100 M)

DiieMeHT Ti Fe
ConepxaHue B 851.8 980.4
¢bunwsTpare, me/n
H3Bneuenne B 96.8 88.3

pactBop, %

W3 mpuBeneHHoOM TaOMUIBI BHUIHO, YTO
BOJHOC BBIIIICIIAYMBAHUE MPOIyKTa
B3aUMOJICUCTBUS WJIBMEHUTOBOIO KOHIIEHTpaTa ¢
(NH4),SOs npu Temmeparype 360°C mosBonsier

MIEPEeBECTH B PACTBOP NPAKTHYECKH BECh THTAaH U
OCHOBHYIO MaccCy ele3a.

IIpu HeGonbuiom Harpesannu (10 50-60°C)
MONTyYeHHBI pacTBOp MyTHeeT, © o0Opasyercs
OenbIit 0cazoK, KOTOPHI CO BPpEMEHEM OcelacT Ha
nHO. PentreHoas3oBblii  aHanmM3  MONY4YEHHOTO
ocagka YyKa3plBaeT Ha IpOTEKaHHE IIpoliecca
TEPMOTHIPOJIM3a COJNM TUTaHa C OOpa3oBaHUEM
IUOKcHaa TUTaHa B ¢opme anaraza. llpu
HEOOJIBIIIOM MIOAKUCIICHUH pacTBopa
BhIIIenaunBanus (npu noseneHun pH pactBopa ¢ 2
1o 1 pactBopom HSO4) kpucTammuzanus JUOKCHIA
TUTaHa TIPOTEKAaeT OBICTpee, W OCaJOK JIETKO
otnensercs GpunbTpoBaHMEeM uYepe3 QUIBTP «CHHSAA
JmeHTa». BTopodl cmoco0 IMO3BOISET ITOJTHOCTHIO
BBIACIIUTE TUTAH W3 paCTBOpPa BbIICIaAYUMBAHUA, a
MOJYYEeHHBIH (QUIBTPAT, BHIIAPEHHBIA I aHAIN3a
JI0 CYyXHMX COJIeH, M0 JaHHBIM PEHTreHO(a30BOTO
aHaJlM3a TPEACTaBIsAeT COOOW CMECh TOJNBKO JIBYX
¢a3 — NH4Fe(SO4)2 u NH4HSO, (puc. 3, 6).

BoiBoabI

Uzyueno T1BepmodasHoe B3auMOACUCTBHE
WIBMEHHTOBOTO  KOHIIGHTpaTa ¢  cyibdatom
aMMOHUA. YCTAaHOBIEHO, 4YTO B3aUMOJEUCTBUE
kounentpata ¢ (NH4)2SO: wHaumnaercs mpu
JOCTIDKEHUN TEMIIEPATYPhI TEPMUYECKOTO
paznoxxenust (NH.)2S0; (300°C) m mporekaer B
TEeMIIepaTypHOM WHTEpBaJC 300-360°C c

o0pa3oBaHMEM CMECH JBOMHBIX COJed — cylbdara
amMonust U kene3a coctaBoB (NHi):Fex(SOs)z u
NHsFe(SO4), u cynbdara aMMOHHS M THTaHMIA
coctaBa (NH4)2TiO(SO4)..

[Toka3zaHo, YTO TOBBIIICHUE TEMIIEPATYPEI
B3aMMOJICHCTBHSI HMJIBMEHUTOBOIO KOHIICHTpaTa C
(NH4)2S04 Bbme 360°C npuBOIMT K TEpMUYECKOMY
Pa3IOKEHHIO JBOMHBIX CyJIb()AaTOB aMMOHHUS |
THUTAHWIA W aMMOHHS M JKelie3a JI0 Cyib(haTtoB H
3aTeM OKCHJIOB.

HaiizeHo, 4TO BOXHOC BBIIICIAYUBAHUC
pPOJIyKTa B3aUMOJICHCTBHS HIIBMEHHTOBOTO
xonnenTpara ¢ (NH;):SO4 npu temneparype 360°C
HO3BOJISIET MIEPEBECTH B PAaCTBOP MPAKTHYECKH BECh
THTaH ¥ OCHOBHYIO Maccy jkeyie3a B (popMe XOpoIIo
pacTBOPUMBIX B BOJE  JBOMHBIX  COJICH.
VYCcTaHOBIICHO, YTO HArpeBaHUE PAcTBOPa BOIHOIO
BBIIIEJIAYMBAHUS ~ TPOAYKTa  B3aWMOACHCTBUS
COMPOBOJKIACTCS  TMPOIECCOM  THAPOJIU3A  COJIH
tutana (NH4),TiO(SO4)2 ¢ obpazoBanuem THOKCHIA
THTaHa B popme aHaTa3a.

bnazooapnocme.

Aemopul gvipadicaiom 01a200apHOCMb K.X.H.
Kaiioanosoii T. A. 3a nposeoeniue
PpeHmeenohaz06020 aHanU3A.
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MnbMeHUT KOHUEeHTpaTbIH aMMOHUN cynbdaTbIMeH awy MYMKIHAIrH 3epTTey

KpbiceHko I'. ®., dnos . I'., Meakos M. A., Mepkynos E. B.

Tyiiingeme. Makanana I[IpuMopck eJikeciHaeri ApHAIHEHCK NIANIBIPAHKBI HIBMEHHT KEH OPHBIHBIH HJIBMCHUT
KOHLIEHTPAaThIH aMMOHHWI CyibaTbiMeH amly MYMKIHAICIH 3epTTey HoTIKenepi KenrtipiireH. WnbMeHHT
KOHIICHTPATHIHBIH aMMOHHH CyIb(aThIMEH 063apa OpeKeTTECYiH 3epTTey YIIiH 3eprrenetin KoHneHTpar mneH (NHyg)2SO4
KOHIIGHTPATTBIH HETi3Ti KOMIOHEHTTEPiHIH Cyiabdarrapbl KOHE OJaH KeHiH KOHIEHTpaT IIeH aMMOHHUH
KOMITOHEHTTEPiHIH KOC Cynb(daTTapsl Ty3uIeTiHAeH Memepae apanacTeIpsuiasl. Anry Nabertherm GmbH (I'epmanms)
(¢upMaceHEIH My(enb Ienri-KOHTPOJUIepiHEe OpPHANACTBHIPBUIFAH IINBIHBI KOMIPTEKTI THTENBACpAC KYPTi3iimi.
3arrapaeiH memmiepi 10-40 r xypanmel. JKympicTa TEpMOTPaBEMETPHUSUIBIK, PEHTTeH(DA3aNbIK >KOHE aTOMIBIK-
abcopOLMAIBIK Tanaay aicTepi Kommanbuysl. (NHs),SOs—H TepMUAIBIK BIABIpay TemmepaTypachina (300°C) xerkene
KOHIICHTPATThIH Herisri kommoHeHTTepiHiH (NH4):SOs-nieH e3apa opekertecyi Oactanbin, Kypambl (NHa)oFex(SOs)s
woHe NH4Fe(SO.), 6omatein amMmMonuiA cymbdatel MeH TeMipai xoHe Kypambl (NHy4),TiO(SOs), Gonatein aMMOHHiT
cynb(aThl MEH THTAHUIIIH CyJa KaKchl €pMTIH KOC TY3[apbIHBIH Kocmackl Tysimemi. Peaxmus 300 — 360°C
TeMIepaTypasblK MHTepBajija oTeli. O©3apa opekerrecy TemmepaTypachiH 360°C-maH skoFaphl KeTepreHje Ty3iIreH
aMMOHHUH MEH THUTAaHWIIIH JXOHE aMMOHHH MEH TeMipAiH Koc Cyib(arTapbl Cyiabdarrapra, oJaH KeHiH OKCHATepre
Jeiiin TepMusIBbIK biAbIpaiiabl. 360°C Temneparypasa unbMeHUT KoHUeHTpaThl MeH (NH;);SOs—ThiH 03apa opekerTecy
OHIMIH Cy/ia epiTiHIIey apKbUIBI epiTiHAire OYKUI TUTAH/IBI )KOHE CyJla ’KaKChl €PUTIH KOC TY3/1ap TYPIHIETI TeMipIiH
HETI3r MaccachlH ayAapyFa MYMKIHIIK Tyaabl. AHaTa3 TYpiHAETrT THTaH AMOKCHIIH Cy/a epiTiHAlIey epiTiHAICiHeH
Geutin ay mrapTTapsl TaOBULIBL.

Tyiiin ce3mep: WIbLMEHUT KOHLIEHTPATBHI, aMMOHUH Cyab(arThl, KaTThl (Da3alblK ©3apa opeKeTTeCcy, aMMOHHMH KoHE
TUTaHWJI KOC CyJIb(]aThl, aMMOHHH JKoHE TEMIp KOC CyJIb(arThl, Cy/ia epiTiHIiIey.

Studying of possibility for breakdown of ilmenite concentrate
with ammonium sulphate

Krysenko G. F., Epov D. G., Medkov M. A., Merkulov E. B.

Abstract. The data on investigation of the possibility of breakdown of ilmenite concentrate of the Ariadnensky deposit
in Primorsky Krai with ammonium sulfate are presented in the article. For study the ilmenite concentrate and
ammonium sulfate interaction, the concentrate and (NH4).SO4 were mixed based on the formation of sulfates of the
main components of the concentrate and then double sulfates of the components of the concentrate and ammonium. The
interaction was carried out in glassy carbon crucibles, which were placed in a muffle furnace controller company
Nabertherm GmbH (Germany). The weight of sample was 10-40 g. Thermogravimetry, X-ray diffraction and atomic
absorption analyses were used in the study. It was found that when the temperature of thermal decomposition of
(NH4)2S04 (300°C) is reached, the interaction of the main components of the concentrate with (NH4),SO; begins and
proceeds in the temperature range of 300-360°C with the formation of a mixture of double salts well soluble in water -
ammonium sulfate and iron compounds (NHa).Fe2(SO4)3 and NH4Fe(SO4)2 and ammonium sulfate and titanyl of the
composition (NH,),TiO(SO4),. The interaction at a temperature above 360°C leads to thermal decomposition of the
formed double sulfates of ammonium and titanyl and ammonium and iron to sulfates and then oxides. It was shown that
water leaching of the product of the interaction of ilmenite concentrate with (NH,).SO,4 at 360°C allows to extract
practically all titanium and the bulk of iron to water in the form of well soluble double salts. The conditions for the
titanium dioxide separation in the form of anatase from the water leaching solution were found.

Keywords: ilmenite concentrate, ammonium sulfate, solid-phase interaction, ammonium and titanyl double sulfate,
ammonium and iron double sulfate, water leaching.
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The solubility of Cu, Pb, As, Sb of copper-lead
matte in the slag

Dosmukhamedov N. K., Zholdasbay E. E.

Received: 20 November 2019 / Peer reviewed: 04 December 2019 / Accepted: 29 January 2020

Abstract. An installation was developed and studies were carried out to determine the oxide solubility of copper,
lead, arsenic, and antimony from copper-lead matte to slag under conditions of controlled values of Po2=2,74*10*
Pa and Ps2=1,45*10? Pa, applicable to smelting reduction processes of copper-, lead-containing raw materials. It
was found that the oxide solubility of copper from matte to slag increases monotonously with an increase of copper
content in the matte. The presence of lead in the matte does not significantly affect the final solubility of copper in
the slag. In a reducing atmosphere, the solubility of copper in slag is 0.28-0.35%, at the range of copper content of
30-45% in the matte, which is typical for industrial practice. The solubility of lead from copper-lead matte to slag has
higher values and increases to 1%. According to the results of mineralogical studies, there is no metallic form of
arsenic in slags. Arsenic in slags was found in the form of oxide (As20s) bound to silicate. Antimony in slag was
found in oxide and metallic form. Moreover, the proportion of the last form in the slag prevails. It is shown that under
reduction conditions the sublimation of arsenic and antimony from copper-lead matte is difficult. Equilibrium
concentrations of As, Sb in the slag (0.17%) are achieved with their optimum content in the matte which is about
0.63%. Obtained results can be used to predict the loss of oxide solubility of copper and to develop optimal solutions
to reduce the total loss of copper with slag during the reduction processes of separate processing of copper-, lead
containing raw materials.

Keywords: copper, lead, arsenic, antimony, matte, slag, solubility, partial pressure of oxygen and sulfur, losses with
slag.
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Introduction while data on the solubility of lead in slag, even

within the widespread practice of classical mine

Almost all smelting processes of sulphide copper
and lead concentrates are followed by the stages of
melting and formation of two-phase system (slag,
matte), wherein after phase break and slag removal,
matte is further processed. In this case, most of the
gangue components are removed from the system as
part of the slag phase. Depending on the selected
process, the copper content in the slag can vary in the
range of 0.5 to 2%. High copper content slags
obtained by autogenous smelting processes are
usually further processed by flotation or other known
methods [1, 2].

The issues of copper loss with smelting slag are
widely discussed in the technical literature [1-7],

reduction smelting technology, remain debatable [8,
9, 10] . There is a particular interest of the study of
copper and lead losses with slags obtained during
separate mine contractile smelting of intermediate
products and recycled materials of lead production.
Although this technology does not allow achieving
high technological indicators: copper extraction into
matte is ~ 83%, lead into lead bullion barely reaches
60% [11], this application is an industrial necessity
caused by significant increase of processed products
and lack of efficient technology for their processing.
Solution of the problem requires a detailed study of
the equilibrium of the copper-lead matte-slag-gas
phase system in order to establish thermodynamic

—— 3] —/———
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solubility limit of copper and lead in slags and to
determine the quantitative ratios of the form of losses
(mechanical and dissolved). This will allow choosing
optimal solutions to reduce not only the loss of non-
ferrous metals with slag, but also to determine the
equilibrium distribution of impurity metals between
matte and slag.

The purpose of the work is to study the solubility
of copper, lead and associated metals from copper-
lead matte to slag in relation to conditions of mine
contractile smelting of intermediate products and
recycled materials of lead production.

Research methods

To study the solubility of lead, copper, arsenic
and antimony, the results of phase, elemental
composition and mineralogical studies of samples of
industrial mattes and slags obtained during the
processing of copper, lead containing intermediate
products and recycled materials of lead production
were used under conditions of mine contractile
smelting [12]. Modern approaches of mathematical
processing methods are widely used in the work.

Elemental and phase analysis of matte and slag
samples was performed by using Helling mass
spectrometer and Agilent 7700 Series ICP-MS at
room temperature.

Mineralogical studies of the surface structure of
solid air-hardened slag samples were conducted on
MS-46 CAMECA electron microprobe and Neofot
microscope (Carl Zeiss AG, Germany).

To study the equilibrium of the copper-lead
matte-slag-gas phase system, the method of dynamic
flow of gas mixture CO-CO,-SO, was used which
allows setting of required partial pressure of oxygen
(Po2) and sulfur (Ps2) in the system.

Results and discussion

To analyze the industrial data of smelting
products of mine contractile smelting, selective array
of matte and slag was used, compositions are shown
in Table 1.

The results of [12], obtained on the basis of
detailed complex mineralogical studies of industrial
samples of slags and mattes, showed that the iron in
the slags is present in the form of sulfide (FeS),
ferrous and trivalent iron, also insignificant amounts
in the metallic form as arsenide and antimonide of
iron.

In order to clarify the quantitative ratios of
ferrous and ferric iron in slags, additional studies
were carried out, the essence of which was as follows.
From the slag samples previously taken from the
furnace, the sulfide part was separated by known
methods. Obtained slag was subjected to a
comprehensive study by the methods of chemical and
NGR analysis as well as mineralogical studies. The
chemical method of analysis was used to determine
total (Feww) and divalent (Fe**) iron content in the
slag. According to the results of the obtained data, the
content of ferric iron (Fe*") was calculated based on
the difference: Fe** = Fea - Fe?*.

Table 1 — chemical composition of paired samples of matte and slag

No Composition of matte, wt.%
[Cu] [Pb] [Zn] [Fe] [S] [As] [Sb] [Au]* [Ag]*

1 38,6 26,33 42 7,63 11,43 4,38 1,98 16,3 1375
2 32,55 29,34 4,24 8,94 10,17 4,77 1,62 14,47 1530
3 40,25 24,36 473 9,49 11,9 4,39 2,36 16,9 1203
4 36,19 26,16 4,33 8,29 9,82 4,19 1,85 15,3 1463
5 38,54 28,74 3,24 5,96 10,6 4,98 2,28 16,37 1548
6 40,41 29,66 2,96 5,62 12,07 5,94 2,62 16,8 1570
7 42,97 26,42 413 8,88 10,4 3,01 1,54 17,07 1430
8 29,95 25,11 4,76 12,93 12,9 3,29 1,44 13,43 1330
9 39,51 25,47 5,25 13,17 11,3 2,88 1,35 15,6 1373
10 | 343 23,29 6,07 12,43 10,2 3,06 1,13 14,7 1200
11 | 36,93 24,09 4,95 9,96 9,87 3,22 1,93 15,8 1245
12 | 358 28,76 4,24 7,87 10,84 4,02 1,75 18,0 1513
13 | 33,55 25,9 4,12 9,05 11,27 3,94 1,68 16,1 1287
14 | 238 19,42 6,75 13,71 6,07 3,02 1,06 12,2 997
15 | 24,19 19,76 6,84 12,8 75 2,8 1,02 12,7 1037
16 | 32,59 26,36 5,07 10,78 12,4 3,35 1,45 14,7 1330
17 | 36,3 23,18 513 11,58 11,2 28 2,04 15,3 1123
18 | 34,55 22,74 5,23 12,24 9,31 2,83 1,62 13,6 1163
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Composition of slag, wt.%
(Cu) (Pb) (Zn0O) (SiO2) (Fetotal) (Ca0) (As) (Sh) (Au)* (Ag)*
0,5 1,08 11,54 24,2 20,7 20,7 0,19 0,14 0,073 4,2
0,47 1,24 11,72 26,49 21,18 19,7 0,17 0,14 0,068 4,9
0,52 0,89 10,7 25,67 19,72 21,47 0,16 0,15 0,075 3,6
0,49 1,45 11,64 25,31 20,5 18,69 0,23 0,14 0,073 6,0
0,52 1,45 10,42 24,69 215 19,85 0,25 0,13 0,07 4,6
0,53 1,38 11,52 25,78 20,9 18,08 0,23 0,12 0,074 52
0,54 1,26 17,3 21,83 22,2 18,91 0,1 0,14 0,076 4,4
0,5 13 9,94 25,15 24,25 15,0 0,15 0,16 0,073 4,8
0,53 0,63 8,54 25,51 22,22 21,02 0,16 0,17 0,07 3,3
0,45 0,84 7,92 26,74 21,2 19,92 0,13 0,15 0,067 4,1
0,51 0,98 6,87 23,85 22,73 16,87 0,11 0,14 0,073 4,1
0,52 1,67 7,35 25,6 22,47 16,61 0,24 0,13 0,072 59
0,46 1,12 9,21 27,08 21,36 18,54 0,15 0,15 0,068 3,7
0,34 0,7 10,02 27,77 20,7 17,48 0,12 0,17 0,053 3,2
0,35 0,67 11,42 26,19 20,93 19,17 0,21 0,16 0,054 3,7
0,45 0,99 10,44 24,57 23,12 17,83 0,12 0,13 0,068 3,7
0,57 0,84 9,97 26,53 22,41 18,22 0,11 0,14 0,08 3,2
0,47 0,81 10,76 26,0 23,05 17,51 0,09 0,15 0,07 3,6

Results of the NGR analysis and mineralogical
studies of powder and solid slag samples showed
good convergence by forms of presence of iron as
well as with data obtained by the chemical analysis
method. In all studied slag samples, the part of
ferrous iron was 74-78% and the part of ferric iron
was around 15% of the total iron content in the slag.

Total iron content (Fewtw) in all slag samples
varied within 20-24 wt.%. The change in the content
of Fe?* in the slag was 15-18 wt.%. The content of
Fe** in the slag varied within 3-4 wt.%. Slight
fluctuations in the content of Fe* and Fe*" in the
slags allow to argue that technological parameters
affecting the distribution of metals between the
smelting products were constant under the conditions
of the mine contractile smelting process.

Using the results obtained by the equation
lg(Fe**/Fe?*)=0,196*IgPo,+0,722 [13], the partial
pressure of oxygen was calculated, which showed a
slight change: from IgPo2 =-9,2 1o 1gPo2 =-9,9 (Poy,
atm.), which is associated with fluctuations of iron
content in the matte. Established level of oxygen
partial pressure was chosen for laboratory
experiments to study the equilibrium of the matte -
slag - gas phase system.

The minor elements - arsenic and antimony in the
slag, are mostly represented in oxide form. Antimony
has also been found in metallic form (Sb®). Obtained
results are consistent with the data in studies [14-16].

Installation to study equilibrium of the system of
copper-lead matte-slag-gas phase is shown in Fig. 1.

E] 10
Z %%
S — 50,+ cO/COo;
chromatographic
analysis

1 - CO; ballon; 2 — SO, ballon; 3 — rotameters; 4 — tube furnace; 5 — coal reactor; 6 — capacity for a set of gas mixture
of CO, CO,, SO2; 7 — oil layer; 8 — heating furnace; 9 — quartz reactor with boats with hitch; 10 — thermocouple PP-1;
11 — potentiometer KSP-4; 12 — boat stand.

Figure 1 General scheme of dynamic gas flow method to study the equilibrium of the matte—slag—gas phase system
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Methodology of the experiments was as
follows. Samples of copper matte and iron-silicate
slag are placed in a boat crucible, which is placed on
a special stand 12 made of foam material. In order to
avoid mechanical losses of copper with slag, the
stand is made so that when a boat crucible is installed
on it, it is slightly inclined (~5°) to the horizontal axis
of the quartz reactor.

Slag and matte in the boat crucible are
located opposite to each other so that once slag melts,
it flows to the liquid matte. Up to five boat crucibles
with an initial test portion are simultaneously loaded
into the working zone of quartz reactor.

The temperature difference along the entire
length of the working zone is minimal and in the
range of +£10°C from the set point. Temperature
measurement is done by II1-1 thermocouple.

After loading the boat crucibles, the quartz
reactor 9 is closed by brunch pipe equipped with two
holes - for the entrance and exit of the CO—C0O2-S0;
gas mixture, the composition of which sets the
required value of Po, = 2.74*10* Pa and Ps; =
1.45*10? Pa . Maintaining a constant level of Po; and
Ps2 during the experiment is achieved by collecting
of gas mixture prepared in advance with the
following composition, vol .%: 17 SO,, 71 CO; and
12 CO [17] in the gas tank 6 and its further supply to
the reaction zone. The consumption of the gas
mixture is 1 L/h. Throughout the experiment, the
composition of the gas mixture was continuously
monitored at the inlet and outlet of the reactor by
chromatograph. Constant composition of the gas
mixture at the inlet and outlet of the reactor indicated
achievement of the equilibrium in the system.

Once experiment is done, stand with boat
crucibles were removed from the furnace. Smelting
products (slag, matte) after their separation were
subjected to the elemental analysis.

Experiments were performed with copper-
lead matte, which was prepared by mixing pure
sulfides of copper, lead and iron, based on the
calculation of the sum of copper and lead contents of
30, 40, 50, 60, 70, and 80 wt.% at the ratio of copper
to lead equal to 1.0; 2.0 and 3.0. Selected initial matte
compositions completely cover the range of matte
compositions obtained in practice.

Composition of iron-silicate slag in the
experiments was constant and contained, wt.% .:
65.46 FeO; 30.8 SiOy; 3.74 Fe30a.

The test portion of matte and slag in all
experiments was constant and amounted to 3 and 6 g,
respectively. Metallic arsenic and antimony equal to
2% of the weight of the original matte were added to
all samples of mattes. The temperature of the
experiments is 1523 K.

The test conditions and study results are
given in Table 2.

The dependence of the content of copper in
slag on its content in matte, shown in Fig. 2, shows
an increase in the content of copper in slag with
increasing its content in the matte. It is interesting
that the data of the solubility of copper in slag,
regardless of the change in the ratio of copper to lead
in the original matte, lies on the same line. The
established consistent pattern can be explained by
general positions of the theory and practice of
metallurgical processes.

Table 2 Results of the study of the equilibrium of the system of copper-lead matte - slag - gas phase at controlled values

P02=2,74*10* Pa n Ps;=1,45*102 Pa

Composition
4 of initial Composition of Me in the final matte, wt.% Composition of final slag, wt.%

matte, wt.%

[Cu] | [Pb] | [Cu] [Pb] [Fe] [As] | [Sb] | (Cu) | (Pb) | (As) | (Sb) | (FeO) | (SiO2)
1. 5 25 4,37 23,08 | 4257 |021 |101 |0,13 | 0,37 | 0,13 | 0,28 | 58,93 | 28,43
2. 10 20 11,2 19,4 39,75 |022 089 |04 | 0,34 | 0,13 | 0,24 | 64,03 | 28,31
3. 15 15 16,3 13,72 [39,70 | 036 |100 |0,16 | 0,28 | 0,14 | 0,28 | 59,23 | 27,84
4, 20 10 19,04 |95 4055 035 [1,01 |05 0,35 |014|0,28 | 63,16 | 28,29
5. 20 20 22,71 |1831 |3127 |051 |062 |017 | 0,39 |0,16|0,17 | 63,33 | 27,74
6. 25 15 24,9 1385 |3266 |053 |062 |016 |041|0,14|0,18 | 64,2 27,89
7. 30 10 31,62 | 8,67 31,05 041 |063 |06 | 037|015 0,17 | 59,87 | 29,1
8. 25 25 26,32 | 2345 | 2467 |061 |048 |0,18 | 061 | 0,18 | 0,15 | 65,36 | 28,7
9. 30 20 28,4 19,21 | 26,02 | 058 |[049 |018 | 047 |0,18|0,14 | 64,29 | 274
10. 30 30 29,87 | 2863 |1808 |0,73 |042 |0,22 | 0,69 |0,19|0,12 | 63,83 | 28,05
11. 35 25 36,42 | 2317 |16,75 |086 |04 0,23 | 0,58 | 0,21 | 0,13 | 64,02 | 27,97
12. 40 20 39,07 | 1942 |17,31 |09 0,37 0,21 | 0,62 | 0,21 | 0,13 | 60,73 | 29,54
13. 35 35 34,8 32,86 | 11,08 |101 |034 |024 |093|023|01 |579 28,78
14. 40 30 38,1 2857 | 11,37 |11 0,34 1027 |09 |024]0,11]6287 | 27,97
15. 45 25 44,8 23,18 | 9,92 1,18 | 0,39 |0,28 |0,87 | 0,25 | 0,11 | 59,74 | 29,45
16. 50 25 48,74 | 22,8 7,1 1,16 |035 |03 098 ]0,26 |01 |6183 | 28,64
17. 55 20 56,09 | 18,62 | 4,16 137 038 |032|118 0,29 | 0,11 | 65,73 | 27,13

—=34 —=




Complex Use of Mineral Resources. Ne1 (312), 2020

ISSN-L 2616-6445, ISSN 2224-5243

18. 60 15 62,3 13,47 2,9 1,46 0,35 0,33 | 1,05 | 0,32 | 0,11 | 62,87 | 28,05
19. 45 35 448 33,75 2,47 1,31 0,32 0,36 | 1,26 | 0,32 | 0,1 63,16 | 29,12
20. 50 30 48,72 27,92 3,39 1,23 0,32 0,34 |11 0,29 | 0,1 62,49 | 29,47
21. 60 20 59,47 | 17,09 | 252 147 |038 |032 |12 |029|001 |6192 |2897
1
0,2 o experimental dats
® ndu=irial dats
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Figure 2 Dependence of copper content in slag from its content in the matte

The solubility of copper from matte to slag
occurs because of the oxidation of copper sulfide:

CuS+150,=2CuQg;s + SO.. (1)

The constant of reaction (1) is determined by
the expression:

K@) = a%cu005*Psoz / acuzs*P%02,  (2)

where: acuoos — activity of copper oxide in the slag;
acuzs - activity of copper sulfide in the matte;
Pso2, Poo — partial pressure of SO, and
oxygen.
By solving (2) with respect to acuoos, We

obtain:

a%cuo0s = acuss™ Kg* P*%02 / Psoz. (3)

Under equilibrium of the system, the values
as Kq), Poz, and Pso2 are constant; therefore, activity
of copper oxide in the slag is determined by the
change in the activity of copper sulfide (acus).
Consequently, the presence of lead in the matte will
have only weak effect on the solubility of copper in
the slag.

Significant excess of the copper content in
the slag of industrial data compared with
experimental results seems quite natural. Figure 2
shows the total copper content for industrial slags
(the sum of mechanical and dissolved copper losses),
while the results of experimental studies consider
only content of copper oxide solubility in the slag.
The increase in the total losses of copper with slag is
accompanied by the influence of a higher
temperature of the mine contractile smelting process
(1573 K) than the temperature of laboratory
experiments (1523 K).

The results of experimental studies are in
good agreement with the data given in study [18],
where the solubility of copper in iron-silicate slag
from copper matte was studied, at all other equal
conditions of conducting experiments. The identical
nature of the established patterns indicates that the
mechanism of oxide solubility of copper in slag, both
from copper and copper-lead mattes, is uniform.
Since oxide solubility of copper is determined mainly
by the value of acuws (3), obtained dependency
indicates that acys in the Cu,S—FeS—-FeO and (Cu.S
+ PbS)-FeS—FeO systems are close to each other.

Traditional dependency of the content of lead
in the slag from its content in the matte remains for
the lead as well, as can be seen from Fig. 3.
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Figure 3 Dependence of lead content in slag from its content in the matte

A comparative analysis of industrial data
with experimental data shows that the plant results,
as for copper, exceed the experimental ones, which is
explained by the elevated temperature of mine
contractile smelting. On the other hand, in the case
with plant practice, the results for total lead content
in slags are given (Table 1), but not its oxide
solubility. It should be noted that the lead is more
soluble in slag than copper. When the lead content in
matte is 20-25%, typical for industrial practice,
dissolved form of lead in slag rises to 1%, which
leads to increase in its total losses with slag.

Under the conditions of the experiments, the
thermodynamic probability of oxidation of lead
sulfide can be described by the following reactions:

PbS + 1,50, = PhO + SOy, (4)
PbS + FeO = PbO + FeS. 5)

The reaction (4) is preferable (AG®sx3x = —
290552,2 J/mol) than reaction (5): AG®sz3x =—85372
J/mol.

When the system is in equilibrium, constants
of reactions (4) and (5) are equal K@#)=Kgs), therefore,
we can write:

apbo*Psoz / apps*P 02 = apho*ares / apps*areo.  (6)

Considering that under the experimental
conditions, the values of Po, and Pso, are fixed, by

solving the left side of expression (6) with respect to
appo, We obtain:

Npbo = A1* Neos, (7)

where activities are replaced by the product, a = N*y;
Ay is constant, A1 = K@)*Po2*ypbs / Pso2*yrvo.

On the other hand, solution of the right-hand
side of expression (6) with respect to apno allows us
to write:

Nrbo = A2* Npos / Nees, (8)

where activities are replaced by the product,
a=N*y;
Az =K * Yros*Nreo™yreo / Yres™ Ypoo.

From the expression (7) it is seen that the
solubility of lead in the slag increases with increasing
the lead content in the matte. Expression (8) indicates
that an increase in the Cu/Pb ratio in the matte by
decreasing the lead content in it rises the iron content
in the matte. In this case, the equilibrium of reaction
(5) is shifted towards the formation of lead sulfide,
which leads to decrease in the lead content in the slag.
The established pattern is not difficult to see from the
results given in Table 2.

Dependence of the content of arsenic and
antimony in the slag on their content in the matte is
shown in Fig. 4.
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Figure 4 The dependence of the content of As, Sb in the slag from their content in matte

Equilibrium concentrations of arsenic and
antimony in slags, equal to 0.17 wt.%, are achieved
when their total content in the original matte is
around 0.63 wt.%. Experimental data for both arsenic
and antimony practically lies on in a straight line.
Moreover, the curve for arsenic is more gentle than
for antimony. In the latter case, desired dependence
iS more pronounced.

The results of mineralogical analysis of slag
samples obtained after the experiment showed that
there is no metal form of arsenic in slags. Arsenic in
slags was found in the form of oxide (As2Os) bound
to silicate. Antimony in slag was found in oxide and
metal form. Moreover, the proportion of the last form
in the slag prevails.

This indicates that under reduction
conditions the sublimation of antimony to the gas
phase is difficult, therefore, its main part is
concentrated in the slag as a metallic form (Sb°). This
position is consistent with the results of [14]. Under
the conditions of the experiments, the main part of
antimony passes from matte to the slag directly,
without undergoing any physicochemical changes.
As a result, its final content in the slag, with some
deviation (its minimal oxidation), is determined by its
initial content in matte, which is observed in Fig. 4.
In this case, tangible separation of antimony between
matte and slag should not be expected.

Conclusions

1. The installation was developed and studies
were carried out to determine the oxide solubility of
copper, lead, arsenic, and antimony from copper-lead
matte to the slag under conditions of controlled
values of Poy = 2.74*10* Pa and Ps, = 1.45%107 Pa,
applicable to smelting reduction processes of copper-
, lead-containing raw materials.

2. It was found that the oxide solubility of
copper from matte to slag increases monotonously

with an increase of copper content in the matte. The
presence of lead in the matte does not significantly
affect the final solubility of copper in the slag. In a
reducing atmosphere, the solubility of copper in slag
is 0.28-0.35%, at the range of copper content of 30-
45% in the matte, which is typical for industrial
practice.

3. It was shown that the solubility of lead
from copper-lead matte to slag has higher values than
for the copper. Increase in the solubility of lead in
slag rises with an increase in its content in matte.
When the lead content in the matte is 20-25%, which
is typical for industrial practice, its solubility in the
slag increases to 1%.

4. It is established that under reduction
conditions the sublimation of arsenic and antimony
from copper-lead matte is difficult. Equilibrium
concentrations of these metals in the slag (0.17%) are
achieved with their optimum content in the matte at
about 0.63%.

5. Obtained results can be used to predict the
loss of oxide solubility of copper and to develop
optimal solutions to reduce the total loss of copper
with slag during the reduction processes of separate
processing of copper-, lead containing raw materials.
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MbicTbl-KOpFacbiHAbI WTeMHHeH Cu, Pb, As, Sb wnakka epiriwTiri
DocmyxamepnoB H.K., X)Konpgac6am E.E.

Tyiiingeme. byn >xyMbICTa KOHABIPFBI XKaCaKTAIIbl )KOHE MBIC-, KOPFAChIH KYPaMbl MIMKI3aTThl TOTHIKCHI3aHIBIPBIIT
OaNKpITy IpoleciHe Kommanbamsl Po,=2,74*10* Ila xone Ps,=1,45*102 Tla TYpPaKTBl MOHJEpI JKaFIaibIHIa MBICTHI-
KOPFACBHIH/BI LITSHHACPACH MBICTHIH, KOPFACHIHHBIH, MBIIISIKTBIH, CYPbMaHBIH IUIAKKA TOTHIKTHI €PIrillTiriH aHBIKTAY
OOMBIHIIIA 3ePTTEYIIEp KYPTi3iaai. MbIC TOTHIFBIHBIH IITSHHHCH UTAKKA EPITIIITIT] IITEHH/IETT MBICTHIH MOJIIEPi apTKaH
CallbIH TYpaKTHl ©CETiHI aHBIKTAIIBI. OHIIPICTIK TaXipuOere cail MbBICTHIH mTedHmeri memmepi 30-45% kesinme
TOTBIKCBI3JAHBIPY aTMocdepachl JKaFaalblHAa MbICTBIH ImIakka epirimTiri 0,2-0,3% KypalTbIHBI KepCETIIreH.
KoprachIHHBIH MBICTHI-KOPFACHIHAB INITEHHHEH IUIAKKA EPITiMTiri egoyip KOFaphl €KeHi OPHATBUINBI KOHE OHBIH
IIJTaKTaFkl epirimriri 1% neitin apragpl. MUHepanorusUIbIK 3epTTeyJiep HOTHKEIEPiHEH UIAKTa MBIIIBSIKTHIH METaIBIK
(opMachIHBIH KOKTBIFbI OpHATHULIBI. [1IakTa MBINIbSIK CHIIMKATIIEH OaiaHbICKaH TOTHIK TYpiHAe (As2Os) TaObLIIbL.
CypbMa IUIAKTa TOTBHIK JKOHE METANIBIK TYpiHAE TaObUIABL. AlTa KETeTiHI IIaKTa COHFBI TYPIHIH yieci 0ackiM.
TOTBIKCBI3HaHABIPY KaFaibIH/a MBIIIBSK TT€H CYypbMaHbl MBIC-KOPFAChIHABI INTEHHHEH CYOIMMaIMsCHl KUBIH €KeHIIT1
KepceriireH. As, Sb nmakrarsl Tene-teH KoHueHTpanusics! (0,17%) onapasiy mreiiHaeri ontumans mesepi ~0,63%
Ke3iHze KeTeli. AJIBIHFaH HOTHIKEIep/i MBICTBIH TOTHIKTHI €pireH >KOFaJbIMBIH OOJDKay YIIiH ’K9HE MBIC-, KOPFachlH
KypaMabl IIUKIi3aTThl TOTHIKCHI3AAHIBIPBIN O6JIeK KallTa eHIey MpOLECiH YHBIMIACTHIPY Ke3iHAe MBICTHIH LUIAKIICH
JKAIITBI JKOFAIBIMBIH TOMEHICTYAETT OITUMAILIBI IIeNTiMII )KacaKTay1a KOJIJaHbLTybl MyMKiH.

Tyiiin ce3mep: MbIC, KOPFachIH, MBIIIBSIK, CypbMa, IITEHH, IIUTAK, €PITIMITIK, KYKIPTTIH KOHE OTTETIHIH MapIHaIbIK
KBICBIMBI, IIUIAKITEH YKOFaJIBIM.

PacTtBopumocTb Cu, Pb, As, Sb s megHo-cBUHLOBbIX LUTEMHOB B LUMAaK

HdocmyxamepoB H.K., )Kongac6aun E.E.

AnHotanusi. B Hacrosiieit pabote pazpaboTaHa ycTaHOBKa U MPOBEJCHBI UCCIEAOBAHMUS 110 ONPEAEICHUIO OKCUIHON
pacTBOPUMOCTH ME[M, CBHHIA, MBIIIbIKA W CYPbMBl M3 MEJHO-CBHUHLIOBBIX INTEHHOB B IIUIAK B YCJIOBHUSX
KOHTPOJIMPYEMBIX 3HaueHuil Po,=2,74*10 Ta u Ps;=1,45*10? T1a, NpUMEHHTENBLHO K BOCCTAHOBUTEBHBIM TTPOLIECCAM
TUTaBKH MEJIb-, CBUHEI[ COAEPIKAIIETO CHIPhsl. YCTAHOBJIEHO, YTO PAacTBOPHMOCTb OKCHIAa MEIW M3 IITEHAa B IUIAK
MOHOTOHHO BO3DPAacTaeT ¢ YBEIMUCHUEM CO/IEPXKaHUs Meu B IuTelHe. [loka3aHo, 4ToO B yCIOBHAX BOCCTAHOBUTEIBHON
aTMoc(epbl pacTBOPUMOCTh MEAM B IIJIaKe, B Ipejaenax coiepkanus menu B mTeiHe 30-45%, XapakTepHBIX ISt
3aBOZICKOH NMpakTukH, coctasisieT 0,2-0,3%. PacTBopuMOCTh CBHHIIA N3 MEAHO-CBUHIIOBOTO IITEIHA B IITAK IMEET Ooee
BBICOKHME 3HaudeHus W Bo3pacTaeT 10 1%. Ilo pe3ynpTaraM MHHEPATOTHYECKHX HCCICIOBAHUH YCTaHOBIEHO, HYTO
MeTauiiueckast (opMa MBIIIbIKA B MIIAKaX OTCYTCTBYET. MBINIbIK B MITakax oOHapykeH B Buae okcuzaa (AszOs),
cBsi3aHHOTO ¢ cuinkaToM. CypbMa B IIUIake OOHapyKeHa B OKCHIHOM 1 MeTaiindeckoid popme. [Ipuuem nosist mocieaHei
(dopmsl B iake npepaiupyet. [lokazaHo, 4To B yCIOBHSIX BOCCTAHOBJICHUS CyOIMMAIIHs MBIIIbSIKA U CYPbMbI U3 ME/IHO-
CBHMHIIOBOIO WITeifHa 3aTpyaHeHa. PaBHOBecHble KoHUeHTpanuu As, Sb B nmiake (0,17%) mocrurarorcss mpu Hx
ONITUMAJIEHOM COJIEpKaHMHU B IITeHHe, KoTopoe cocTasiseT ~0,63%. [lonyueHHbIe pe3ynbTaThl MOTYT UCHOIb30BATHCS
JUIsl TIPOTHO3MPOBAHMUS TTOTEPh OKCHIHOW PacTBOPHMOCTH MEJIU M BBIPAOOTKH ONTHMAIIBHBIX PEIICHHH 10 CHIDKEHHUIO
00X MOTEPh MEIM CO LUIAKOM IIPH OpraHU3aldy BOCCTAHOBUTEIBHBIX ITPOIECCOB pa3/esIbHOM nepepaboTKn Meab-,
CBUHEL] COJEPAKALIETO ChIPBSI.

KioueBble cioBa: Me/b, CBUHEL, MBIIIBSIK, CypbMa, IITEIH, IJIaK, pACTBOPUMOCTb, MAPIHAIBHOE JaBJICHNE KUCIOPOIa
1 CEpbI, IOTEPH CO IUIAKOM.
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Thermal degradation of hard alloys of the niobium-
cadmium system at low pressure
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Abstract. Due to the lack of data on the double film Nb-Cd system thermal stability, the effect of thermo-vacuum
treatment of cadmium solid solutions in niobium, in intermetallic compound NbCd: and in cadmium-based alloys on
the structure of materials was studied. A step-by-step isochronous annealing at a temperature of 300 and 500°C
and a pressure of 1-10° Pa was used as the research method followed by tracking changes in the composition and
structure by comparing the diffractometric data before and after heat treatment. The amount of cadmium in the
coating, the sublimation (evaporation) rate of cadmium from film coatings was determined based on the previously
established dependence of the lattice parameter of the body-centered cubic lattice of solid solutions on the
composition. As a result, the heating of film coatings (49.0 - 64.5 at % Cd) represented by solid solutions in high
vacuum up to 300°C was founded to be accompanied by the onset of intense degradation of the crystalline niobium-
cadmium system due to the diffusion of cadmium atoms to the solid phase-vapor interface and its subsequent
sublimation. Coatings from the NbCd: intermetallic compound which is a degenerate semiconductor and cadmium-
based solid solutions (72.5 and 76.8 at % Cd) including the amorphized phase of the intermetallic compound, after
exposure at this temperature are degraded due to the complete transfer of cadmium to the vapor phase by
evaporation. Upon thermal exposure to a temperature of 200°C, the structure of solid solutions of cadmium in
niobium and the NbCd: intermetallic compound was stable.

Keywords: niobium, cadmium, solid solution, intermetallic compound, diffractometry, sublimation.
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Introduction small systems, ideas about the phase state and phase
transitions lose their meaning; for very small and

The nanotechnology development has sparked a  isolated systems, fluctuations begin to play a huge
surge of interest in materials science, including  role; in such systems, a reasonable definition of the
knowledge about the effect of ultrafine formationson ~ concept of temperature becomes impossible; the
the properties of materials. Roduner E. [1, 2], when ~ melting and boiling points of liquid nanoscale
considering the thermodynamics of small systems, droplets of a substance always fall below the
noted several key points, in particular: for sufficiently ~ corresponding values in the bulk phase of the same
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material, etc. The use of the dimensional factor
involves obtaining new materials with unusual
properties.

In this regard, to date, a very significant amount
of work has been done on the effect of particle size
on the melting temperature [3-13], the
thermodynamics of small formations [13-17],
material structure, process design, etc. Such studies
entailed the production of new materials with unusual
properties, including those applied to the considered
niobium-cadmium system [18].

However, studies on the thermal stability of such
systems are sporadic [19], and similar information on
the binary Nb-Cd system is absent.

Taking into account the foregoing, the aim of this
research was to study the thermal stability of solid
solutions and the intermetallic NbCd, compound
discovered, at low pressure.

Research object and technique

Film coatings with a cadmium content of 49.0;
64.5; 68.0; 72.5 and 76.8 at. % (53.76; 68.74; 72.0;
76.13 and 80.02 wt. %, respectively) were used as the
object of study; the rest was niobium. Samples were
obtained by layer-by-layer (with a small number of
crystal lattice periods) coprecipitation of sputtered
metals on a substrate moving relative to low-pressure
plasma flows. Composition with 68.0 at. % cadmium
corresponded to the NbCd, compound. Coatings are
applied to substrates made of polycor-polycrystalline
a-Al,O3 of 6x12 mm in size. The coating thickness
ranged from 1.5 to 1.8 um. The film thickness was
determined by the method of Rutherford
backscattering of protons at the UKP-2-1 tandem
accelerator (Institute of Nuclear Physics) and by
calculation based on the amount of deposited metals
and their density.

An isochronous (1 hour) step-by-step annealing at
a temperature of 300 and 500°C and a pressure of
1-10-3 Pa was chosen as a research method. The
sample was subjected to primary annealing at 300°C,
then secondary treated at 500°C. Annealing was
carried out on a high-temperature vacuum furnace
manufactured on the basis of the URVT-2500 plant.
The change in composition and structure was
monitored by comparing diffractometric data before
and after heat treatment.

X-ray diffraction studies of the niobium system
with cadmium were carried out on a D8 Advance
diffractometer (Bruker) with copper radiation Akq =
0.154051 nm and graphite monochromators. The
value of the lattice parameter was calculated as the
average, using all diffraction lines from this phase.

Since cadmium expectedly escaped during
thermo-vacuum exposure of samples, we attempted
to quantify the rate of evaporation of the volatile

component from solid solutions. The calculation is
based on a change in the parameter of the body-
centered cubic lattice of solid niobium-based
solutions before and after thermal exposure at low
pressure. Due to the fact that the dependence of the
lattice parameter on the composition, the amount of
cadmium in the coating was established by us [13], it
became possible to quantitatively establish the loss of
the latter from the alloy by evaporation over a certain
period of time, i.e. process intensity. Moreover, given
that the coating thickness is extremely small
compared to other measurements, in the calculation
it was considered that the sample is two-dimensional,
i.e. evaporation proceeds from the film surface. The
specific evaporation rate was obtained due to the
relation of the calculated velocity to the evaporation
surface, i.e substrate area.

Electron microscopic studies of the film coatings
of the niobium-cadmium system were performed on
a JSM-8230 electron probe microanalyzer (JEOL).

Experiment results and discussion

X-ray diffraction patterns of the initial and
thermo-vacuum-treated samples with a content of
49.0 and 64.5 at.% are shown in Figures 1 and 2.

Analysis of the diffraction patterns showed that in
the initial state the lattice parameter of the cadmium
solid solution in niobium with 49.0 at.% Cd is 0.3348
+ 0.0003 nm; after annealing at 300°C, it is 0.3336 +
0.0006 nm; and after annealing at 500°C it is 0.3311
£ 0.0002 nm. Similarly, the change in parameters for
the sample with 62.4 at.% Cd is 0.3383 + 0.0002;
0.3326 + 0.0006 and 0.3313 + 0.0004 nm,
respectively. A similar dynamics of the change in the
lattice parameter upon annealing in vacuum indicates
a diffusion loss of cadmium in the solid solution.
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Figure 1 Diffraction patterns of the coating with the
initial cadmium concentration of 49.0 at %
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The cadmium atoms diffuse to the interface of the
condensed phase, vapor, followed by sublimation
(evaporation at 500°C). This is accompanied by a
decrease in the cadmium concentration in the coating
and a decrease in the lattice parameter of the solid
solution.
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1 —in initial state; 2 — after annealing at 300 °C; 3 — at
500 °C; v - solid solution of cadmium and niobium; * -
substrate - o-Al,O3
Figure 2 Diffraction patterns of the coating with the
initial cadmium concentration of 64.5 at %

Vacuum annealing at 200°C and 300°C ws
conducted to determine the thermal stability of solid
niobium-based solutions (having crystal lattice of
niobium) and the phase of the intermetallic NbCd,
compound (68.0 at.% Cd). The heat treatment at
200°C did not lead to any changes in the samples, and
at 300°C, the NbCd, compound loses cadmium due
to its sublimation with the appearance of the niobium
phase (Figure 3).
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1 —in initial state; 2 — after annealing at 300 °C;
e — NbCd,; v - solid solution of cadmium and
niobium; * - substrate - a-A1203

Figure 3 Diffraction patterns of the coating with the
initial cadmium concentration of 68.0 at %

In this case, the coating was represented by
ultrafine particles that are not bonded to each other
(Figure 4). The sizes of individual formations range
from 2 microns to 100 nm.

Figure 4 Electron microscopic image of the coating
particles upon sublimation of cadmium from a sample
with a cadmium concentration of 68.0 at %

On the diffraction pattern after annealing at
300°C, trace manifestations of reflections of a solid
niobium-based solutions were observed.

The results of the study of the thermal stability of
the coatings of the film system of niobium-cadmium
with a concentration of the latter of 72.5 and 76.8 at.
% showed complete degradation of the coatings at
300°C followed by the formation of dispersed
niobium and the transfer of cadmium to the vapor
phase.

Based on the dependences of the lattice parameter
of the solid solution on the concentration of cadmium
in the film coating in the range 0 - 50.0 at. % and 50.0
- 64.5 at. % Cd described by the equations a [nm] =
8-10°xcq +0,3306 and @ [nm] = 3-10™xcq +0,3218
[13] (where xCd is the cadmium content in the alloy,
at. %), and changes in the lattice parameters of the
samples after annealing, the average rate of
sublimation  (evaporation) of cadmium was
calculated (Table 1) by us. For comparison, the
evaporation rate of liquid elemental cadmium under
the same conditions determined by us earlier [20], is
also given there. When calculating the material flow,
the coating density of the Nb-Cd system was found
additively in accordance with the composition, and
the density of niobium and cadmium were taken from
the reference publication [21].

The data on the intensity of cadmium removal
from its solutions in niobium show that the cadmium
sublimation rate at 300°C is comparable to the
evaporation rate at 500°C with a slightly lower
cadmium content in the sample at the beginning of
the heat treatment process. An increase in the amount
of cadmium in solid solutions from 40.0 to 64.5 at.%
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upon annealing at 300°C and from 30.0 to 32.5 at.%
at 500°C is expected to increase the rate of transfer of
the volatile component to the vapor phase, since the

diffusion process of cadmium to the sublimation
surface  (evaporation) is derived from the
concentration gradient.

Table 1 Sublimation (evaporation) rate of cadmium from the coatings of the niobium-cadmium system

The cadmium Annealing The residual Evaporation Annealing The residual Evaporation
content, at.% temperature, cadmium rate, temperature, content of rate,
(Wt.%) °C content, at.% kg-m?2.s1 °C cadmium, kg-m?2.s1
(Wt.%) at.%
49.0 (53.76) 300 30.0 (34.15) 7.06-108 500 7.5 (9.65) 8.78-10°8
64.5 (68.74) 300 32.5(36.81) 1.25-107 500 8.75 (10.40) 1.03-107
68.0 (72.0) 300 0(0) 3.11-107 - - -
100* - - - 500 - 3.65-102
* - elemental cadmium
Comparison of the evaporation rate of elemental  phase of the intermetallic compound, were

cadmium from a liquid bath and a solid solution with
30.0 - 32.5 at. % (34.15 - 36.81 wt.%)

Cd showed a significant (by 5 orders of
magnitude) decrease in the intensity of the process of
degradation of solid solutions.

Conclusions

As a result, of the study, it was found that the
heating of film coatings (49.0 - 64.5 at. % Cd)
represented by solid solutions in high vacuum up to
300°C was founded to be accompanied by the onset
of intense degradation of the crystalline niobium-
cadmium system due to the diffusion of cadmium
atoms to the solid phase-vapor interface and its
subsequent sublimation. Coatings of the intermetallic
compound NbCd, (68.0 at % Cd) and cadmium-
based solid solutions, including the amorphized

completely degraded upon exposure at this
temperature. The structure of solid solutions of
cadmium in niobium and the NbCd; intermetallic
compound is stable ip to a temperature of 200 °C.

The intensity of the process of evaporation of
cadmium from solid solutions at 500 °C is
comparable to that at 300 °C, indicating the limiting
stage of the process of diffusion of cadmium to the
evaporation surface.

Such studies may be useful in developing new
technologies for the production of metals and
materials [22-25].
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TemeH KbiCbiMaa HNOOUM-KaAMUN XKyneciHaeri KaTTbl KopbiTnanapAbiH
TEPMUANDbIK KynAablpaybl

BonoawH B. H., Tyneyuwes 10. XK., KenxanueB b. K., Tpe6yxos C. A.

Tyiiingeme. Nb - Cd koc KabaTThl *KyHeHIH XKbUTy TYPAKTBUIBIFBI TYpalbl aKOapaTThIH OOJIMayblHAa OailIaHBICTHI,
HUOOMIAICT] KaIMUI KaTThl CPITIHIIEPIH TEPMO-BaKyyMABIK OHACYIIH dcepin 3eprrey yiumiH NbCd; marepuangappiy
KYPBUIBIMBIHA XOHE Ka MU HET131HIET1 KOPBITHAIAP BIH HHTEPMETANIBIK KOCBLUIBICTAPBIHA 3EPTTEY KYPri3iiai. 3epTTey
onici peTiHme M30XPOHIBI Ke3eH-ke3eHMeH Tazapty 300 xone 500 © C temnepatypana xone 1 - 10-3 I1a KeIcEIMBIHIA
KOJJIAaHBUIIBI, TCPMUSUIBIK OHACYACH OYPHIH JKOHE KEHIHTT AU(QPaKTOMETPUSUIBIK ACPEKTEPAl CANBICTHIPY apKBLIBI
KypaMbl MEH KYPBUIBIMBIHAAFBI ©3repicTtep 0akbuIanpl. KaTTel epiTiHAIepAiH KOPIYCTHIK HEHTPIIK KyOTBIK TOPBIHBIH
TOp TMapaMeTpiHIH TOYeNIUTri Heri3gene - KypaMAarbl KaaMUil MenmiepiHe OalIaHBICTHI KaaMHUIIIH KaOBIKIIamgaH
cyonmmarnus (Oynany ) >KBUTIaMIBIFBI aHBIKTAIEL. HoTikeciHme, KaTThl KabaTThl Kb3ABIpY (49.0 - 64.5 at. % Cd), KaTTh
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epiTiHIepMEH YCBHIHBUIFaH, sxorapsl Bakyyma 300 © C-ka zieifiH, o1 HHOOWIT-KagMUil KpUCTAIIBI )KYHECIHIH KapKbIHbI
JIeTpalaliisChIHBIH OacTaybIMEH KaTap Kype/li, O KaJMHI aTOMIapbIHBIH KaTThI-0y (azanap naTepdelicine TapanybsiHa
OaliJTaHBICTHI KOHE OJlaH KeHiH cyOonuMmanmsiianybsiMeH xypeni. NbCd, mHTepMeTanaplK KOCBUIBICTHIH KaOBIHBI Taia
OoJFaHBIHAH KAPTHUIAH OTKI3TIII OONYBI JKOHE KaIMUM HerisiHmeri KarTel epiTiHmiiep (72.5 sxome 76.8 art. % Cd),
amMopdTanFaH MHTEPMETANABIK (a3aHbl KOCBUIATHIHABIKTAH, OCHI TeMIlepaTypaga OONFaHHAH KeHiH oyap KaaMUHIiH
OynaHy apKbUibl Oy (bazachIHa TOJBIK aybIcybIHa OaiianbicThl Hamapnaiiasl. 200 ° C TemepaTypara TepMHSIIBIK dcep
eTKeH e, Hnoouit MeH NbCdy MHTEpMETaIABIK KOCBUIBICTAFbI KAAMHUUIIH KATThI SPITIHALICPIHIH KYPBUIBIMBI TYPAKTHL.
Tyiiinai ce3nep: HHOOMI, KaAMUH, KATThI €PITIH/, THTEPMETAIBIK KOCBUIBIC, TU(PPAKTOMETPHS, CYOIMMAIIHS.

TepMVI‘-IeCKaFl Aerpapauunsa TBepAabixX cninaBoB CUCTEMbI HUOOUN-KagMumn npun
HU3KOM AaBJieHUun

BonoawH B. H., Tyneyuwes 10. XK., KenxanueB b. K., Tpe6yxos C. A.

AHHOTanMst. B ¢BA3M ¢ OTCYTCTBHEM CBEICHUI O TEPMHUUECKOM CTAOMIBHOCTH IBOWHON mieHo4HOM crctembl Nb — Cd,
BBITIOJIHEHO HCCIIEJOBAaHHE 10 M3YUEHHIO BIMSHUS TEPMO-BaKyyMHOW 00paOOTKH TBEP/IbIX PACTBOPOB KaJMHs B HUOOHH,
unTepMeTaunueckoro coenquneHns NDCd, 1 cruiaBoB Ha OCHOBE KaJIMUsI Ha CTPYKTYpPy MaTepHajioB. B kauecTBe meTona
MCCIIEI0BAHMS UCTI0NIb30BaH M30XPOHHBI MOIIAroBkIil omkur npu temmeparype 300 u 500 °C u nasnennu 1-10° Ia, ¢
MTOCIICAYIOIIUM OTCIIC)KMBAHUEM M3MEHCHHS COCTaBa M CTPYKTYPHI CpaBHCHUEM NU(PAKTOMETPHYCCKUX TAHHBIX IO U
mocne TepMooOpaboTkn. Ha ocHOBaHMM paHee YCTaHOBICHHOH 3aBUCHMOCTH IIapaMeTpa pemeTKH OOBEMHO-
[IEHTPUPOBAHHON KyOW9IECKO# PEIIECTKH TBEPIBIX PACTBOPOB OT COCTABA - KOJMYECTBA KaJMHUS B IIOKPBITHH, OTIpE/IeTICHA
CKOpOCTh CyOnmuManuu (WCrapeHus) KagMus W3 IDICHOYHBIX NOKPHITHA. B pesynbraTe yCTaHOBIIEHO, YTO HAarpeB
IUICHOYHBIX TOKPbITHI (49.0 - 64.5 at. % Cd), mpencraBieHHbIX TBEPABIMH PaCTBOPAMH, B BEICOKOM Bakyyme 10 300 °C
COIIPOBOKIAETCSI HAYaIOM WHTCHCHBHOW [eTpajalliil KPUCTAJUIMYECKON CHCTEeMBl HHOOMH — KaJMHH BCIIEACTBUE
muddy3un aToMOB KaJMHUs K TIOBEPXHOCTH pasjielia TBepaas asza — nap ¢ ero nocieayrouei cyomumarmeit. [Tokpbitus
u3 uHTepMeTamyeckoro coequuenus NDCdp,  sBisromerocs BBIPOXKICHHBIM MOJTYPOBOJHUKOM, M TBEPIBIX
pacTBOpOB Ha ocHOBe Kaamust (72.5 u 76.8 ar. % Cd), Bkarouaronux aMmop(hu30BaHHYO a3y HHTEpMETAIN/IA, TOCTIe
9KCIIO3UIIMK TIPH 3TOW TEMIIepaType ACCTPYKTYPHPOBaHBI H3-3a IIOJIHOTO TIEpeBOJAa KaJMHs B MapoBYIO (azy
ucnapenueM. [Ipu TepmudeckoMm BozaeiictBuu o Temmeparypbl 200 °C cTpyKTypa TBEpABIX PacTBOPOB KaJMHS B
Huobuu u uarepmerauuaa NbCd, cradbusbHa.

KuaroueBsle cjioBa: HIOOHH, KaIMUi, TBEPIBIH paCTBOP, HHTEPMETAILIHI, TU(PPAKTOMETPHS, CYyOIUMAIIHS.
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Abstract. The study was aimed at reducing losses of chromium due to the effective dehydration of sludge generated
during the production of chromium pellets. The results of studies on thickening and filtering sludge are presented.
The study showed that Flopam AN926 is an effective flocculant for thickening sludge, while the solid content in the
thickened sludge increases from 1-2% to 50-55% with a specific thickening operation of 0.02 t/(m?*h) and a clean
top discharge 150 mg/l. In the process of press filtration, the moisture content of the sludge is reduced to 13.4% with
a specific productivity of 0.1 t/(m?*h). Dehydrated sludge can be used for the production of chrome pellets or for the

smelting of ferroalloys.
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Introduction

This study presents the results of a study that was
aimed at the decrease in chromium losses with sludge
generated during the production of chromium pellets.
As a result of the study, the technological parameters
of the sludge thickening process were determined
from a solid content in the pulp of 1-2% to 50-55%
(type and dosage of flocculant, specific productivity
of the thickening operation, solid content in recycled
water), and the technological conditions of the press
filtration process of condensed sludge were
determined. Dehydrated sludge can be used to
produce chrome pellets or smelt ferroalloys.

Experimental part

During the production of chromium pellets [1],
sludge is formed which are:

- sludges obtained from scrubbers of the wet dust
collection system of the roasting machine;

- underwashing of way dirt of the burden
constituent, raw pellets and fired product from the
territory of the pellet production site.

The properties of the sludge formed during the
production of chromium pellets are as follows: the
Cr203 content is 48-52%, the solid phase density is
3.47-3.66 t/m3, and the solid content in the pulp is 1-
2%. Under current production conditions, sludge is
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directed to the existing clarifier, while the solid
content in the clarifier feed is 1-2%, and the solid
content in the condensed product is not higher than
5%. To study the process of sludge dehydration,
together with Outotec, thickening and filtration
studies were carried out to obtain a mass fraction of

moisture in dehydrated sludge at the level of 8%. The
granulometric composition of the sludge is shown in
Figure 1, which shows that the amount of class -20
um is 15%, the amount of class -70 um is 80% and
100% of the size of the sludge is less than 0.3 mm.
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YNO-2(kek)-3 43.9 51.2 52.1 58.6 61.8 723 825 91.2 95.1 96.7
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Figure 1 Granulometric composition of sludge

—— 49 ——



KomnnekcHoe Vicnonb3osaHne MuHepanbsHoro Ceipbs. Nel (312), 2020

ISSN-L 2616-6445, ISSN 2224-5243

The thickening study was carried out to
determine main technological parameters:

- type of flocculant and its flow rate;

- purity degree of the drain after thickening;

- solid content in the condensed product and its
physical properties.

To determine the effective flocculant for
sedimentation of sludge, the following flocculants of
the companies were tested:

- BASF-Magnafloc 10, 336, 1011;

- Nalko - 71661, 8331Q;

- Kemira - A120HMW, A95HMW;

- SNF Floerger - Flopam AN926.

The results of experiments to determine the
deposition rate depending on the flow rate of the
flocculant are shown in Figure 2.

200
180
160
< 140 == Flopam AN926
€ 120 ——MF1011
(V]
® 100 e MF 10
=
:g 80 - e MF336
wv —— I
8 60 8331Q
3 e AOSHMW
40
b A120HM W
20
—71661
0 1 T
0 5 10 15

Flocculant dosage, g/t

Figure 2 Sludge sedimentation rate depending on the type and the flow rate of the flocculant

According to Figure 2, it is clear that the Flopam
AN926 flocculant sediments sludge most effectively,
so when increasing flocculant flow rate from 5 to 15
g/t, the sludge sedimentation rate rises from 120 to
165 m/h. According to the Outotec methodology, it
was found that the optimum concentration for
solidification is the solid content in the feed supply
of the thickening operation at the level of 34.7%.

The determination of sludge thickening in
dynamic mode was carried out on a laboratory
thickener, shown in Figure 3.

At different pH values of the source sludge
(regulated by the addition of lime) were tested in a
dynamic mode.

In each test, the initial sludge was supplied by a
peristaltic pump from the agitation tank to the feeding
well of the thickener. At the same time, a flocculant
with a concentration of 0.5% was supplied to the
supply well by another pump at a given flow rate. The
laboratory thickener is equipped with rakes that help
to dehydrate the material, rotating at a speed of about
2 rpm.

To thicken the sludge, a rake configuration with
three static and two dynamic peaks was used. When

Figure 3 Outotec laboratory thickener 99 mm in diameter

thickening the sludge, overflow samples were taken
at a bedding height of the thickened sludge of 160
mm at the discharge level of the supply well.
Thickened sludge samples were also taken using a
peristaltic pump.

The first dynamic test was carried out with a solid
content of 1% in the laboratory thickener feed and a
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load of 0.02 t/(m?*h). The Flopam AN926 flocculant
consumption was 8 g/t, the pH value of the medium
in the thickener was 8-9. As a result, a thickened
sludge with a density of 56.7% was obtained; the
solid content in the overflow of the thickener was 150
mg/l.

The second dynamic test was also carried out
with a solid content of 1% in the laboratory thickener
feed and a load of 0.02 t/(m?*h). The Flopam AN926
flocculant consumption was 8 g/t, the pH value of the
medium in the thickener was increased to 11-12. The
thickened sludge with a density of 46% was received,
the solid content in the overflow of the thickener was
150 mg/l.

The rheological properties of the thickened
sludge (shear stress) were determined using a Haake
thermo VT550 rotational electronic viscosimeter and
an ok600 4-bladed nozzle, shown in Figure 4.

Figure 5 Spreadability of sludge thickened to a 56%
density according to the Warman Ring test

a pH medium of 8-9 and Flopam AN926 flocculant
flow rate at the level of 8 g/t. In this case, the shear
stress of the thickened sludge is at the level of 90-100
Pa and the spreadability according to the Warman
Ring test is 2-3 ring.

According to the classification given in [2], the
thickening of chrome sludge proceeds according to
the light thickening mode, which is characterized by
a specific productivity of 0.01-0.05 t/(m?*h).

A study on the filtration of thickened chromium-
containing sludge was carried out on an Outotec pilot
filter press, which is shown in Figure 6.

Figure 4 Haake thermo VT550 viscosimeter

It was determined that when increasing the solid
content in the thickened sludge, the shear stress
increases - for example, up to 33 Pa at a density of
46%, up to 94 Pa at 56%. According to these data, the
main mechanisms of the thickener are calculated
(hydrostation, geared system, rake) further at the
design stage.

The spreadability of thickened sludge according
to the Warman Ring test is equal to 3-4 ring at a
density of 46% and 2-3 ring at 56% (shown in Figure
5). These data together with other ones are used to
calculate and select sludge pumps for thickened
product pumping. According to the results of the
study, it was found that the chromium-containing
sludge generated during the production of pellets can
be thickened at a specific productivity of 0.02
t/(m2*h) from a solid content of 1-2% to 50-55% at

Figure 6 Outotec pilot filter press with 0.27 m?
filtration area.

The pilot filter implements filtration, pressing
and blowing-out of the cake layer during
dehydration. The filtration operation is carried out
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when the filtration press chamber is filled with sludge
under a pressure of 6 bar. The membrane pressing of
the sludge is carried out at a pressure of 12-16 bar,
due to which excess moisture is removed through the
filter cloth from both sides of the filtration chamber.
The cake blowing-out is carried out at a pressure of 6
bar during up to 4 minutes, when moisture is replaced
by air in the material layer. After the filter opening,
the cake is unloaded onto the pallet. In the study,
ASKO T50 filter cloth was used, the depth of the
chamber was 50 mm.

e \

Figure 7 Photograph of a chromium-containing
sludge cake from a pilot filter press

In the tests, cake with a moisture content of 13.4
to 14.8% was obtained, depending on the duration of
filtration, pressing and blowing-out. The specific
productivity in the tests ranged from 99.8 to 126.2
kg/(m?*h). A decrease in humidity up to 13.4% was
achieved by increasing the duration of membrane
pressing and blowing-out, while the productivity of

the press filtration process achieved during the study
is comparable to the data of [3, 4] on the press
filtration of concentrates with a fine particle size
distribution - class content - 45 um more than 80%.

The discussion of the results

Initially, it was assumed that in the course of
thickening and subsequent press filtering, a cake with
a moisture content of 8% would be obtained,

however, it was not possible to obtain a cake
below 13.4%, while the cake was loose, transportable
and did not adhere to the filter cloth. The inability to
obtain cake moisture below 13.4% is due to the
properties of the sludge that is formed during the
production of chrome pellets, namely the presence of
bentonite in an amount of up to 1% inside the
particles of the sludge.

Conclusions

Thus, when studying the dehydration of
chromium-containing sludge formed in the
production of chromium pellets, it was found that:

- sludges can be thickened from a solid content
of 1-2% to 50-55% at a pH medium of 8-9 and a
Flopam AN926 flocculant flow rate of 8 g/t, while the
specific productivity of the thickening operation is
0.02 t/(m**h);

- in the process of filtering sludge, cake is formed
with a mass fraction of moisture of 13.4% depending
on the time of filtration, pressing and blowing-out,
while the specific productivity of the filtration was
99.8 kg/(m?*h).

Based on the results of the study, Outotec
proposed measures to modernize clarifiers into high-
performance thickeners and a filter press for effective
dehydration of chromium-containing sludges.
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Xpom TynipuwikTepiH eHAipy Ke3iHae nanaa 6onartbiH WnaMmabl TUiMA
cycbi3aaHablpyfa 6annaHbICTbl XPOM WbIFbIHbIH a3anTy

Tyc6aeB B.H., AknmxkaHoB X.A., KonecHu4yeHko B.E., Ctoros A.B.

Tyiiingeme. 3epTTey XpoM TYHIPUIIKTEPiH OHIIPY KE31H/e Maiia O0JIFaH NUTaMIbl THIMIII CYChI3AaHbIPyFa OaillaHBICTHI
XPOMHBIH IIBIFBIHBIH a3aiTyra OarbiTTanrad. lllmaMuipl Koronay >koHE Cysrijiey OOWBIHINIA 3epTTeyJIepAiH HOTHXKeNepi
KenTipinares. 3eprrey kepcerkennei, Flopam AN926 nuramabl KorosaHapIpyFa THIMII (QIOKYIISIHT OOJIBIT TaObLIabL, all
KOIOJIAaHIBIPBUTFaH ITaMAaFbl KaTThl KypaM 1-2% -nan 50-55% -ra neiiin apTaibl, KOIOJaHBIPY ONepalnsChIHBIH HAKTHI
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enimainiri 0,02 1/(M%*car), JoFaprbl arbi3y TazablFbl 150 mr/i. Tlpeccti cy3y NpoLeciHie MUIAMHBIH bUIFAIbLUIbIFbI
13,4% neitin xerkizingi, HakThl eHiMaitiri 0,1 1/(mM?*car). CychI3naHAbIPbUIFaH IJIAMbI XPOM TYHipLIIKTEpiH OHIIpY
HeMece (heppOoKOphITIaapAbl OAJIKBITY YILIH Makigananyra 0onazibl.

Tyiiingi ce3mep: XpoMm eHAIpICiHIH HLIAMIAPbI, KOIOIAHIBIPY, (QIOKYJISHT, IPECCTI CY3y.

CHuXxeHune noTepb XpomMa 3a c4HeT 3deDeKTVIBHOFO 006e3BOXMBaHUA LWINaMOB,

obGpa3sywmxcs npu NPon3BOoACTBE XPOMOBbIX OKaTbIllen

Tycb6aeB B.H., AknmxkaHoB X.A., KonecHn4yeHko B.E., Ctoros A.B.

AnHoTanus. VccrnenoBanue ObUIO HAlpaBlICHO Ha CHW)KEHHE MOTEPh XpoMa 3a c4eT 3(p(eKTHBHOrO 00e3BOKUBAHMS
IIJJaMOB, 00pa3yOUIMXCs B MPOIEcce MPOU3BOJICTBA XPOMOBBIX OKaThillel. [IpiuBeeHbl pe3ynbTaThl HCCIEeI0BAHHS 110
crymeHuio u Quibrpanuu nuiamoB. MccnenoBanueMm mnokaszaHo, 9To 3(QEeKTUBHBIM (IIOKYJISHTOM ISl CTyIIEHUS
uutamoB siisiercs Flopam AN926, mpu 3ToM coliepikaHue TBEpAOro B CIYIICHHOM LiaMe moBkIiaercs ¢ 1-2% mo 50-
55% ¢ yaenbHOM TTPOM3BOAUTENLHOCTEIO onepamuy crymenus 0,02 1/(mM2*4) u uucrore BepxHero ciusa 150 mr/n. B
porecce Ipecc-(QUIbTPAIMK BIAKHOCTB IIIaMa CHIbkaeTcs 10 13,4% npu yenbHoi npoussoautensHocTd 0,1 /(M%)
O06e3BOKEeHBIE IIIAMBI MOTYT OBITH HCIIOJNIB30BAaHBI JUIS HPOW3BOJCTBA XPOMOBBIX OKATHIMIEH WIIM JUIS BBIIUIABKH
(eppocIutaBoB.

Krouessle ciioBa: [1liaMbl XpoMOBOTO IPON3BOJICTBA, CIYIEHNE, (DIOKYIISHT, pecc-(HIbTPALHSL.

[1]

(2]
(3]

[4]

[1]

(2]

(3]

[4]

Jlurepatypa

I'pumma U.A., Kesi3p0aes XK. A. AHaN3 COBPEeMEHHOTO COCTOSIHAS TSOPHUH U IIPAKTHKU 00OTAIEHHSI XPOMOBBIX
pya. O630p // KoMIurekcHOE NCTIONB30BaHIE MUHEPAIFHOTO CHIpbs, AnMathl, Kazaxcran, 2017, Nel —c. 10-14,
http://kims-imio.kz/#archive

bayman A.B. Crymenme u Bomoobopor. Kommiekcubie pemenus u «HOY XAVY». — HoBocubupcek,
Topmammkemopr, 2011. — 52 c., http://gmexp.ru/info/

KoxonoB A.K., MommakoBa M.C., Hyitmonbaes H.II. BrisBienue BO3MOXHBIX MPUYMH TpoOIeM mpu
00e3BOXKMBaHUM IPOIYKTOB (hoTarronHoro odoraimenus // Bectauk MI'TY um. I'.1. HocoBa, Marautoropck,
Poccus, 2018, T. 16 Ne3 — C.17-24, https://doi.org/10.18503/1995-2732-2018-16-3-17-24

Kenzhaliyev B. K. Innovative technologies providing enhancement of nonferrous, precious, rare and rare earth
metals extraction // Kompleksnoe Ispol’zovanie Mineral’nogo Syr’a (Complex Use of Mineral Resources). —
2019. — Ne3 (310). -Page: 64-75. https://doi.org/10.31643/2019/6445.30

References

Grishin LA, Knyazbaev Zh.A. Analiz sovremennogo sostoyaniya teorii i praktiki obogashcheniya khromovykh
rud. Obzor [Analysis of the current state of the theory and practice of chromium ore beneficiation. Overview] //
Kompleksnoe Ispol’zovanie Mineral’nogo Syr’a [Complex use of mineral resources], Almaty, Kazakhstan,
2017, No. 1 - p. 10-14, (in Russ.). http://kims-imio.kz/#archive

Bauman A.V. Sgushcheniye i vodooborot. Kompleksnyye resheniya i ‘NOU KHAU’ [Condensation and water
circulation. Integrated solutions and KNOW-HOW]. - Novosibirsk, Gormashexport, 2011. - 52 p., (in Russ.).
http://gmexp.ru/info/

Kozhonov A.K., Molmakova M.S., Duyshonbaev N.P. Vyyavleniye vozmozhnykh prichin problem pri
obezvozhivanii produktov flotatsionnogo obogashcheniya [Identification of possible causes of problems during
dehydration of flotation enrichment products] // Vestnik MGTU im. G.I. Nosova, Magnitogorsk, Russia, 2018,
T. 16 No. 3-p.17-24, (in Russ.). https://doi.org/10.18503/1995-2732-2018-16-3-17-24

Kenzhaliyev B. K. Innovative technologies providing enhancement of nonferrous, precious, rare and rare earth
metals extraction // Kompleksnoe Ispol’zovanie Mineral’nogo Syr’a [Complex Use of Mineral Resources]. —
2019. — Ne3 (310). -Page: 64-75, (in Eng.). https://doi.org/10.31643/2019/6445.30



http://kims-imio.kz/#archive
http://gmexp.ru/info/
https://doi.org/10.18503/1995-2732-2018-16-3-17-24
https://doi.org/10.31643/2019/6445.30
http://kims-imio.kz/#archive
http://gmexp.ru/info/
https://doi.org/10.18503/1995-2732-2018-16-3-17-24
https://doi.org/10.31643/2019/6445.30

KomnnekcHoe Vicnonb3osaHne MuHepanbsHoro Ceipbs. Nel (312), 2020 ISSN-L 2616-6445, ISSN 2224-5243

% Crossref @Creative
DOI: 10.31643/2020/6445.07 commons
UDC 622.02:539.2/.8

IRSTI 52.01.05 https://creativecommons.org/licenses/by-nc-nd/3.0/

Determination of rational location of working of the
pulled together layers

Tutanov S.K., Tutanova M.S.
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Abstract. The distances rationale for the conditions given in the article are determined, at which there is no
noticeable effect of K. formation lava on Ks formation lava, and the bottom hole state is characterized by minimal
values of formation deformations and rock convergence. The obtained results are confirmed by practical
observations in production conditions. Thus, the decrease in the distance between the lavas Ks and K2 admitted at
the mine. I. A. Kostenko very significantly complicated the work of lava Ks, which led to an increase in the
extraction of coal in the face, the violation of the bottom-hole part of the roof, the formation of domes. All the main
technical and economic indicators of lava Ks sharply decreased and increased the risk of work. As the calculations
show, a significant factor determining the mutual influence of treatment faces in the conditions of simultaneous
mining of close-knit layers is also the normal distance between the layers. The joint influence of the power of the
inter-zone and the distance between the lavas are taken into account. The calculations allow to objectively assess
the influence of various factors on the formation of the stress-strain state of the massif around the mines during the
mining of contiguous seams, to explain arising in practice, complications in the love, and to provide for the
possibility of such complications. Based on the analysis of Kostenko mine issued recommendations to establish a
rational distance between lavas Kz and Ks in specific conditions 70 m.

Keywords: rocks, finite element method, stress-strain state, creep, fracture, deformation, stress, development.

Information about authors:

Tutanov S.K. — Doctor of Technical Sciences, professor, Karaganda State Technical University, Karaganda,
Kazakhstan. ORCID ID: 0000-0002-4773-6395. E-mail: ser-tutanov@yandex.ru

Tutanova M.S. - Master of Science, Karaganda State Technical University, Karaganda, Kazakhstan.
ORCID ID0000-0002-7905-3599. E-mail: mikochkat1984@mail.ru

Introduction Let us consider as an example specific case of

mining the pulled together layers K, and Ks at

Choice of the rational location of treatment and ~ Kostenko mine.
preparatory workings during mining of pulled
together layers is a very urgent task. If these
workings are not located well, significant rock
pressure causes them to be inoperative.

Repeated working” redevelopment requires
significant labor and material costs, and the accident
rate of working faces is associated with a significant
loss of production.

Research analysis

Location scheme of the workings in the layers
K2 and K3 is shown on Picture 1. Distance between
the lavas in plan during work varied over a wide
range (from 40 to 120 m), and it was noted that a
change in this distance had a significant effect on
conveyor drifts condition.
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Objective of the research is to determine the
stressed-strained state parameters (SSS) of the array
around working faces. Vertical section of a rock
array with a working face s considered.
Deformation along working face can be neglected

and the objective is reduced to a flat one. In order to
estimate the SSS of the rock array (Picture 2),
algorithm developed by authors and calculation
program by the finite element numerical method are
used [1-4]. The rock array is considered viscoelastic.
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Picture 1 Location scheme of treatment and preparatory working during development of pulled together layers
Ko and Ks

I

Picture 2 Scheme of pulled together K, and Kz layers’ working

Elastic and rheological properties of rocks and
layer powers, set in accordance with the
stratigraphic section of the mine field, workings’
depth and their dimensions, were used as initial data
for calculating SSS around the workings.

Distance between the lavas varied within the
range 10-70 m. Distribution of the values of vertical
stresses (reference pressure) along the drifts’
longitudinal axis was obtained at different distances
between the lavas. As expected, maximum stresses
occur at the lavas faces. Stresses in front of K3 lava
are more than 2 times higher than stresses in front of

K> lava. In order to establish the effect of coal
mining in lower layer’s working face on the upper
layer’s working face, as well as to choose rational
distance between simultaneously working faces of
pulled together layers, the SSS of array was
calculated for the total cycle of production
operations (about 3.5 hours) with taking into
account the creep of roof and formation rocks.
Working faces are equipped with modern
mechanized complexes KM 130, removable power
on both layers is 35 w, distance between the layers
along the normal is 6.5 m. Inter-layer is composed
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of mudstones and siltstones, siltstones lie in the soil
of the K layer, mudstones and siltstones lie in the
roof of the K3 layer to a height of 13 m, above
previously collapsed and caked rocks from mining
of the overlying layer.
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Picture 3 Stress variation in the roof at the face’s
line at distances between lavas: 1-20 m.; 2-30 m.; 3-50 m.

Physical-mechanical properties of rocks and
coal are accepted according to geological
exploration. The elastic solution of the problem
performed earlier for similar conditions showed that
a noticeable effect of chip extraction in the lower
layer lava on the distance of the upper layer lava
was found at distances shorter than 20 m.

However, the analysis of the SSS array with
taking into account creep and fracture [1-3] shows
that over time, the mutual influence of mining is
more significant. Chip extraction in the lower layer
lava at a distance between lavas of 50 m or less
within the first three hours leads to an increase in
horizontal movements of the face and convergence
of rocks in the overlying layer lava. This under
certain conditions can lead to a violation of the
formation of stability and the bottom hole part of the
roof in the lava of the K3 formation.

Picture 3 shows graphs of the change in vertical
stresses over time in fractions yH. From the graphs,
it can be seen that with increasing time, stresses
continuously increase at a distance between lavas at
20 m, stabilizing at 30 m and decreasing at 50 m.
With an increase in the distance between lavas,
stresses decrease with time. Horizontal movements
of the face, the convergence of rocks in the Ks
layer’s face (Picture 4) also increase in time. At the
same time, with an increase in distance between
lavas, movement of the face decreases noticeably,
and the convergence of rocks and vertical
displacements of the roof change slightly. The most
unfavorable for these conditions is the distance
between the lavas at 30 ... 60 m.
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Picture 4 Graph of convergence of rocks in the layer’s
face at distances between lavas: 1-20 m; 2-30 m; 3-50 m;
4-70 m.

Given dependences confirm that movement of
the face and vertical displacements of the roof
decrease with increasing distance. Analysis of the
calculation results, as well as obtained dependences,
shows that the optimum distance for these
conditions at which there is no noticeable influence
of the K; lava on the K3 lava, and the face’s state is
characterized by the minimum values of the layer
deformation and rock convergence can be
considered as 70 m.

Obtained results are confirmed by practical
observations in a production environment. So, a
decrease in the distance between the K3 and K- lavas
to 30 m allowed at Kostenko mine greatly
complicated the work of K lava, led to an increase
in coal extraction in the face, a violation of the
bottom hole part of the roof, and the domes’
formation. All the main technical and economic
performance indicators of K3 lava sharply decreased,
the danger of work increased.

As the calculations show, an essential factor
determining mutual influence of the working faces
in conditions of simultaneous mining of pulled
together layers is also the normal distance between
the layers.

Horizontal movement of the face along the Ks
layer increases with increasing distance between the
layers to 15 m, and the convergence of the rocks
decreases.

Joint effect of inter-layer power and the distance
between lavas are taken into account.

Coclusion

Performed calculations make it possible to
objectively evaluate the influence of various factors
on the formation of the SSS array around the face
during mining of pulled together layers, explain the
practical difficulties encountered in the lavas’
operation, and also provide possibility of such
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complications. Based on the completed analysis, to  establishing a rational distance between K, and Ks
Kostenko mine issued recommendations on lavas under specific conditions of 70 m.

Cite this article as: Tutanov S. K., Tutanova M. S. Determination of rational location of working of the
pulled together layers /I Kompleksnoe Ispol’zovanie Mineral’nogo Syr’a [Complex Use of Mineral
Resources]. Ne 1 (312), 2020 pp. 54-58. https://doi.org/10.31643/2020/6445.07

XakblHaaTbINFaH KaTrap KasbanapbliHbIH YTbiIMAbI OpHanacyblH aHbIKTay
TytaHoBa C.K., TyraHoBa M. C.

Tyitingeme. Makanana xenripinres Kz kabaTsiHbIH 1aBackiHa Ko KBIPTHICHIHBIH €NIeyJIi ocepi jKOK, all KeH)Kap.IbIH Kaii-
KY#i KabaTThIH NeopMalMsChl MEH KBIHBICTAPAbIH KOHBEPTeHIMSACHIHBIH €H a3 MOHAEpIMEH CHIaTTanaabl. AJBIHFaH
HOTWDKEJIED OHIIPICTIK JKarJaiaapiarbl NpaKTUKAIBIK OakpliaynapMeH pacranansl. Macenen, M. A. KocrteHko
aTbIHAArbl IIaxTaJga pyKcar eTiHFeH K3 JKOHE K2 JlaBajiapbl apacCblHAarbl KallIBIKTBIKTBIH a3atobl K3 JlaBa XKYMBICBIH
alTapipIKTall KUBIHIATHIN, KEH)Kap[a KOMIpJi CHIFYIbIH YJIFAlOblHA, IIATHIPABIH 3a00WNBIK OemiriHiH Oy3bUTybIHA,
KymOe3ziepiH maiiia OonyblHa oKen COKThL. K3 jaBa >KYMBICHIHBIH OapiblK HETI3ri TEeXHUKAJIBIK-DKOHOMHKAJIBIK
KOpCETKIIITepi KYpT TOMEHJETI, )KYMBICTarbl Kayil apTTel. Ecenteynep KepceTKeHeH, KaKbIHAaThUIFaH KabaTTap bl
0ip Mesrinme eHAey >KarmalblHAA Ta3apTy KEH)KApJIAPBIHBIH €3apa ocepiH aHBIKTAWTBHIH MaHbBI3IBI (akTop KabaTTap
apacklHIaFrsl HOPMaJlb OOMBIHIIA KAIIBIKTBIK OOJIBIN TaObutansl. KabarapanblK KyaTTHIH JKOHE JIaBajiap apachIHAAFbI
KaIIBIKTHIKTEIH OipieckeH ocepi eckepunmi. OpbIHIANFaH e€cenTeyiep JXKaKbIHAATBUTFaH KabaTTapael eHIey Ke3iHme
Tazanay KeH)Kapllapbl aifHaJachIHIAFbl MAacCHBTIH KepHEYIi-aedopMarisuianFaH >Kal-KyHWiHIH KaJblITacyblHA TYPIIi
(axTopmapabIH ocepiH 0ObEKTUBTI OaranayFa, TaBaHBIH KYMBICHIH/IA TYBIHIAWTHIH aCKBIHYJIAPABI TYCIHIIpyTe, COHAAMN-
aK OCBHIHIAll acKBIHYIapAbIH MYMKIHIITIH KapacTelpyFa MYMKIHAIK Oepemi. JKyprizinren tammay Herizinme M. A.
KocTeHko aThIHAAFBI IIaxTara HaKTH kargaitnapna Ko sxone Ks maBamapsl apaceiHgarsl 70 M YTBIMIBI KAIIBIKTHIKTHI
opHaty OOMBIHIIIA YChIHBICTAp Oepisi.

Tyiiinai ce3mep: Tay >KBIHBICTapbl, COHFBI AJIEMEHTTEp 9Jici, KepHeysi-AedopManusiianral Kyi, CyChIMaJbLIBIK,
Oy3bL1y, nedopmanusi, kepHey, Kazoa.

OnpegeneHve pauMoOHaNbHOro PacnonoXeHNsA BbIPaboTOK CONMMKEHHbIX NNacToB
TytaHoBa C.K., TytaHoBa M. C.

AnHoTanusa. OnpeneneHsl paluoOHaNIbHbIE U1 NPUBEICHHBIX B CTaThe YCIOBHM PACCTOSHUS, MPU KOTOPOM 3aMETHOE
BAMsHUE NaBbl miacta K, Ha nmaBy mimacrta Kz oTcyrcTByer, a cocrosiHue 3a00s1 XapaKTepu3yeTcss MUHUMaJIbHBIMU
3HAYeHWAMH fAedopManuii mijacta ¥ KOHBEPreHIMH IopoA. IlomydeHHBlEe pe3yibTaThl  MOATBEPXKIAIOTCS
MIPaKTHYECKUMH HaOJIOACHUSIMU B TIPOU3BOJICTBEHHBIX YCIOBHAX. Tak, yMEHBIICHHE PAaCCTOSHUS Mex 1y JlaBamu Kz n
K>, momymennoe Ha maxte nMm. M. A. KocTeHKo BechMa CyIIECTBEHHO YCIOXHWIO paboty naBsl K3, mpuBoamio x
YBEIMUYECHUIO OTXKMMa YIJIs B 3a00€, HAPYIICHNIO MTPHU3a00HHON JacTH KPOBIH, 00pa30BaHMIO KymosioB. Bce ocHOBHBIE
TEXHUKO - HKOHOMHYECKHME IOKa3aTend padoTsl jaBbl K3 pe3ko CHU3HWINCH, MOBBICHIACH OMACHOCTH padboT. Kak
MTOKA3bIBAIOT PAcUETHI, CYIIECTBEHHBIM (DAKTOPOM, OMPEAESIAIOMNM B3aUMHOE BIMSTHHE OYUCTHBIX 3a00€B B YCIOBHSIX
OJTHOBPEMEHHON OTPabOTKH COJIMIKEHHBIX IUIACTOB SIBJISIETCSl TAK)KE PACCTOSHHE IO HOPMAllM MEXIy IIacTaMu.
Y4TeHbl COBMECTHOE BIIMSHHE MOITHOCTH MEXKIYMIACThS M PACCTOSIHHS MEXIY JaBaMHU. BBINONTHEHHBIE pacyeTsl
MO3BOJISIIOT OOBEKTUBHO OLIEHUTh BIIUSHUE PA3IMYHBIX (PAKTOPOB HA GOPMHUPOBaHKE HANPSHKEHHO-Ae(OPMHUPOBAHHOTO
COCTOSIHMSI MaccHBa BOKPYI OYMCTHBIX 3a00€B MpH OTpabOTKe CONMKEHHBIX IUIACTOB, OOBSCHUTH BO3HHKAIOUIME HA
MIPaKTHUKE OCJIOXKHEHUS B paboTe JlaB, a TaKKe IMPeIyCMOTPETh BO3MOXKHOCTh TaKMX OCJOXHeHHH. Ha ocHoBe
MPOBEACHHOro aHanu3a maxte uMeHu M. A. KocTeHKO BbIIaHBI PEKOMEHAALUH MO0 YCTaHOBIEHHIO PAllMOHAIBHOIO
paccrostausa Mexxay naBaMu Ko u K3 B koHKpeTHBbIX ycnoBusax 70 m.

KioueBble ci10Ba: TOpHBIE IOPOJBI, METOJ KOHEYHBIX 3JIEMEHTOB, HANpsDKEHHO-IE()OPMHPOBAHHOE COCTOSHHE,
MIOJI3Y4ECTh, pa3pyleHue, aedopMariis, HanpspkeHHe, BeIpadoTKa.
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U3y4yeHune npouecca umaHMaHOro BoilenadymBaHus
30510Ta C NpUMEHEeHMeM aueTaTta HaTpus nNpu
pasfiM4HoOn KPYNHOCTU pyAabl
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Ab6cTpakt. WHTeHcudwmkauma aobblum  MeTanna  BblllenadyMBaHMeM — 3TO MpoBedeHue  KoMmmmnekca
OpraHn3aLMOHHO-TEXHUYECKUX MEPONPUATUIA, HampaBfeHHbIX Ha AOoCTukeHue Haubonee ObICTPOro M MOMHOro
n3BneyeHus metanna m3 pyabl. Meponpusitusi no MHTEHCUUKaL MK BbiLENaYMBaHNA HanpaeBreHbl Ha NOMHYO UK
YaCTUYHYIO HENTPanu3aLmnio NPUYMH, BbI3bIBAIOLLMX CHKEHNE CKOPOCTY BbilenavymBaHus. lNposegeHbl McnbiTaHWA
No LMaHWOHOMY BbILLENAYMBaHNIO 30510Ta U3 30M0TOCOAEepXallen pyabl ¢ AobaBkoW aueTata HaTpus Ans
WMHTEeHcUdUKauum npouecca BbllenavmBaHus. [lpeactaBneHbl pesynbTaTbl NPOBGUPHO-rPaBUMETPUYECKOrO,
XMMUYECKOrO, MUHEPANOrMYECKOro U rPaHyoMeTPUYECKOro aHanm3a OKUCIeHHOW pyabl. 1o AaHHBIM 3NEKTPOHHO-
30HOOBOrO aHanu3a 30M0TO B pyAe NPUCYTCTBYET B BUAE TOHKUX (MUKPOHHbBIX) BKITHOYEHUA B MUHEpanax u pyaHbIxX
nopog. NpoeeaeHo uccrnegoBaHe No BbilenavnBaHnio n3menb4eHHon pyasl kpynHocTeto 90% knacca -0,074 mm
1 opobneHHon pyabl KpynHOCTbio -12+0 MM. BbiwenaynBaHve mamenb4YeHHOW pyabl KpynHocTbio 90% knacca -
0,074 mm nokasarno, 4to npu JobaBneHMn aueTaTa HaTpPUsi CTENEHb U3BNEYEHNS 30510Ta yBennuuBaetcs Ha 1,13
% No cpaBHEHWIO C BhilenaynsaHnem 6e3 gobasneHus gaHHoro peareHTa. Mpu BolwenavyvsaHumn gpobneHon pyabl
KpynHocTbto -12+0 MM ¢ fobaBkoK aueTaTa n3BneyeHme 3050T1a yBenmumBaeTcs B cpegHeM Ha 4 %, 1 ynydliaeTcs
KMHEeTMKa pacTBopeHus 3onoTa. [JaHHble uccnefoBaHU AoKasbiBaloT, YTO aueTaT HaTpUs MOXHO MCMNOMb30BaTb
AN MHTEeHCcMdMKaumMM 305m0Ta MpU KPynHOCTM pyabl -12+0 MM u B Oonee KpymHbIX Knaccax pygbl Ans
BbllLieriaynBaHuns 3omnoTa.

KnioueBble cnoBa: MHTeHcMdUKaLMa npouecca BbilenaynBaHus, aueTaT HaTpus, BbllenavymMBaHue, KyvyHoe
BbllLieNla4YMBaHNe, 300TO, XMMUYECKUI peareHT.
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BBenenue

IIporuecc KY4YHOTO BBIIIICTIAYUBAHUS,
MTO3BOIISAIONINI BOBIIEKaTh B OTPabOTKY KpYITHEIE
MECTOPOXKACHHUS ¢ OCTHBIMU PYJaMH, CTaJl TJIABHBIM
(akropom pasputus 30i10Ton00buM B CIIIA,
Ascrpanuu, Kanane, Mekcuke, bpasunuu, Poccun,
Kurae u Kaszaxcrane u pgam BO3MOXKHOCTH 3a
TPUILATH JIET B 2-4 pa3a yBEIHUUUTh AOOBITY 30J10Ta
[1-6].

Opnako, B CBSI3H XUMHYECKUMH,
MHHEPAIOTHIECKUMU, CTPYKTYPHBIMHU u
(U3BUYECKUMH  XapaKTEPUCTUKAMH  TOPOJbI |
IpaHyJIOMETPHYECKUMHU COCTABOM Py H3BJICUCHHE
LIEHHBIX METaJIJIOB METOJIOM KYYHOTO
BbIIlIeTaunBaHus peako pocturaer 70-80 %, a
IIPOLIECCHI U CITOCOOBI €0 MHTEHCU(UKAIINH BEChMa
MEPCIEKTUBHBI U aKTyalnbHHI [1-3, 7-10].

HNutencudukanys IOOBIYH MeTajiia
BBIIIEIAYNBAHUEM — 3TO IPOBENCHHE KOMILIEKCa
OpTraHMU3alMOHHO-TEXHUYECKUX MEPOTPHUSITUH,
HaIpaBJIeHHBIX Ha JOCTIKEHHE Hanboee ObICTPOro
U TOJHOTO U3BJICUEHHUS MeTalyla U3 PYIBbL
Meponpusrus o vHTeHCcH(pUKauu
BBHIINICTIAYMBAHUS HANpPaBIeHBl Ha TMIOJHYI HWIH
JaCTUYHYIO0 HEUTPATH3AIUI0 IPUINH, BBI3BIBAIONITIX
CHIKEHHE CKOPOCTH BhIIeNaunBanus [3, 8, 10].

N3BecTHBI CIIeyFoIre CrIoco0bI
vHTeHcu(puKanuu Tmporecca BbimenadnBanus [11,
12]:

—  MEXaHWYecKHe, MpeaycMaTpHUBAIOLIUE
M3MEHEHHUe HaNpsHKEHHO-1e(hopMHUpyeMoro
COCTOSIHMSL M JIMCIEPCHOTO0 COCTaBa T€TE€POreHHOM
cpenbl Ha OCHOBE HapylUIeHUs  pPaBHOBECHS
JEHCTBYIONINX B MAaCCHUBE CHII CIICTUICHHS;

- (bms3ugeckue CITOCOOBI,
MpelycMaTpuBaloiie  M3MEHEHHE  COCTOSHHMS
TeTepOreHHON Cpeibl, B TOM YHWCJIE arperaTHoro
(TBEpIOTO, JKHUIKOTO, TA3000pa3HOT0);

— XHMHWYECKHEe, CBS3aHHBIE C H3MEHEHUEM
COCTaBa BEIECTB, COCTABISIONINX T'eTEPOTEHHYIO
cpeny, HO 6e3 U3MEHEHHs €€ COCTOSHUS;

- OmoornYecKue, OCHOBaHHBIE Ha
KaTaIUTHYECKOW PONM MHKPOOPTAaHU3MOB  IIPH
PacTBOPEHUN MHUHEPAJIOB U ITOPOJIbI;

— KOMOWHHPOBaHHBIE CIIOCOOBI, TIPH KOTOPBIX
UMEET MECTO COBMECTHOE JeHCTBHE (PU3UYCCKHUX,
XUMHUECKUX u MEXaHUYECKUX (haxTopos
WHTCHCU(DUKAIIUY BBIIICITAYMBAHKS METAJIJIOB.

B Hacrosmiee BpemMs U3 JHTEPATYPHBIX
MCTOYHHUKOB M OIBITa paboThl 30JI0TOOOBIBAFOIIINX
¢$abpuK MIMPOKO HW3BECTHO HCIONB30BAHHUE JIJIS
WHTCHCU(UKALIUU MPOIECCOB [IUaHUPOBAHUS
pa3MyYHBIX XUMHUYecKuX 100aBok [13-29], Takux
Kak kuciopon [13-16], nepokcun Bogopoma [16, 17],
nepmanranat  kamus  [18-20],  mepcynbdaros
aMMOHUS U Kanus [3, 21], runoxmnoputa Hatpus [3,
22]u 1.1

B  pabGorax [23-25, 28, 29]  nns
UHTEHCU(UKAIMK  Tpolecca  BhIIICIAUYHBAHUS
OooraTtbIX  30JI0TOCOACPIKAIIUX I'PABUTAIIMOHHBIX

KOHICHTPATOB HCIIOJIB30BAJICA YKCYCHasd KHCJIOTA.
Ho B JaHHBIX pa60Tax €€ HE HCIOJb30BAJICA

ameraTa  HaTpus, KOTOPBIH  MOXET  TaKKe
WHTEHCH(UIIUPOBATh  MPOIECC  BBHIMIEIAYHBAHUS
3omota. B Hactosmel pabore, C  HeNbIO

WHTeHCU(UKAIIMK TIpoIlecca, M3YUYeHBl MOKa3aTelnn
[IMAHUTHOTO BBIMEIIAYNBAHUS 30JI0Ta U3 PYIBI C
HU3KUM €T0 COJIep’KaHueM, TIPH T0OaBIICHNH alleTara
HATpUSL.

JKCHepUMEeHTAJIbHAA YaCTh

Jlost HCCIIETOBAHUM HCITOJIb30BaHa
30JI0TOCONIepKaImas pyna mecropoxacHus Capu-
I'ynaii (HMpan). Ilo pesymnbraramMm mpoOHpPHOTO
aHaigu3a CpegHee COoAep)KaHue 305I0Ta B pyae
coctasisiet 2,90 r/T, B mpeaenax ot 2,80 r/T go 3,10
r/T. XUMUUYECKUN COCTaB MpeACTaBicH B Tadulie 1.

Tabémuua 1 Xumrraeckuii cocta 30710TOCcoAepKamiei py sl mecropoxkaenns Capu-1'ynait

KoMnoHeHTBI Coaepxxanue, % KoMnoHeHTBI Coaep:xanue, %
Cu 0,009 SiO; 61,4
Zn 0,0082 Al,O3 19,7
Ni 0,0003 TiO, 0,49
Pb 0,108 MgO 0,80
Mn 0,0005 CaO 0,31
Co 0,0003 P,Os5 0,21
Cr 0,0013 Feoom. 2,67
Mo 0,0001 Feox. 0,44
Hg 0,0025 Fes. 2,23
As 0,11 Soom. 1,48
Sb 0,0563 Scynb(bl/mﬂax 0173

KZO 7a30 Scym,d)amaa 0,75
Na,O 1,34 CreneHb OKHCIICHUS CEPBI 50,7
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B pyae MPOMBIILICHHO LEHHBIM
KOMIIOHEHTOM  SIBIISIFOTCSL  30710TO.  OcTanbHbIe
METAJUTBl HPOMBIIIIEHHOTO 3HAYCHUS HE HMEIOT
BCJIEICTBUE UX MAJIOTO coJep kaHusl. MaccoBasi gouist
obmeit cepsl 1,48 %, cynppuanoit — 0,73 %. Ilo
COZIEPXKAHUIO CYIb(GUAHON Cepbl pyAa OTHOCHTCS K
KAaTeropurl  Malocyib(OUIHOW, TO  CTENEeHU
okucnenuss cepol (50,7 %) — Kk Kareropuu
OKHCIICHHBIX pyA. OcOOEHHOCTBIO TIOPOIBI SIBIISETCS
HE3HAYMTEIbHOE COJCpKAHUE jKelie3a ooiero - 2,67
%, mpu 3TOM cynbpuaHoe xenezo (2,23 %), B
OCHOBHOM CB$SI32HHO C TUPUTOM.

10.053%4

Intensity counts

-

288831

< d

Pentreno-audpakToMeTpUUECKHiA
CpeaHUX Tpo0 BEITIOIHEH Ha TU(PaKTOMETpe
JAPOH-4 ¢ Cu -m3nydeHweMm, TpadUTOBBINA
MOHOXPOMATOp. YCIIOBHSI CbEMKH AUPPAKTOTPaMM:
U=35 kV; =20 mA; mxkana: 2000 UMII.; TOCTOSHHAS
BpeMEHU 2C; CheMKa TATa-2T3Ta; JETeKTop 2
rpaj/MHH.

Unentudukanuss MuHepanpHBIX (a3 1o
JTAHHBIM PEHTTEHO-T(PPaKTOMETPUIECKOTO aHaJH3a
MoKa3aHa Ha pHCyHKe 1, a pe3ympTaThl pacdera
KOJIMYECTBEHHOTO  COOTHOUIIEHHS  PYAHBIX H
MOPOJTHBIX MHHEPAJIOB MPUBEICHKI B TA0IUIIE 2.

aHaJIn3

.7 MR 8 Vi o e e
II‘\III‘\Illl\II_[l\

40 50 60

2-Theta - Scale

Pucynok 1 Iudpakrorpamma rnpo0sl py sl mectopoxaenus Capu-I'ynai

Tabumna 2 Munepanoruueckuil cocraB pyasl MectopoxaeHus Capu-I'yHai

MuHepaJibl, TPyNnbl MUHEPAJIOB

| Maccosasi 1041, %

[Mopomoobpa3yromrie
KBapI[ 23,0
OpTOKJIa3 30,0
ILIArMOKJIa3 6,0
TUAPOCIIIONA 28,0
OHOTHUT 2,0
XJIOPUT 1,0
KAOJIMHUT 1,0
TUIIC <1,0
Pynnsie
SIPO3UT 2,0
MarHeTHUT, FTeMaTUT 1,0
THIPOKCHUJIBI JKelle3a <2,0
CKOPOJIUT 2,0
KHHOBaph Equnnunsie 3HaKu
MCTOIIMHOBOPHUT Equnnunsie 3HaKu
Cynbbuabt
MTUPUT 1,0
apCEHOITUPHUT Enunuunbie 3HaKU
rajeHuT Enunuunbie 3HaKU
Hroro: 100,0
W3 pe3ynbraToB, MpHUBENEHHBIX B Tabnwie 2, JoJle  Cpead  HUX  mpeoOnagaer  OpTOKIas3,

BHOHO, dro pyma H©Ha 91 %  cioxeHa
nopojoo0pasytomumMi MuHepanamu. [1o maccoBoit

3HAYATETHLHYIO OO0 COCTABIIACT THAPOCTIona — 28
% un wxBapu — 23 %. ComyTcTBYIOIIME pPYyAHBIC
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MUHEpandbl — THAPOKCHIBI JKE€le3a, TeMaTUT W
CKOPOJNT, COCTAaBISIIOT B cpegHel mpoOe mopsaka
7,0 %. lonst cynbhUAHBIX MUHEPATIOB HAXOIUTCS B
npenenax 1 % u menee. I[Ipaktudecku 99 % u3 Hux
COCTaBIsICT NUPUT. Takue MUHEpalbl KakK IHPHT,
apCEHOIHNPHT, TAICHUT (UKCHUPYIOTCS B TSKEIBIX
(dpakuusax B peAKHX U eANHUYHBIX 3EPHAX.

ITo JAaHHBIM 3JICKTPOHHO-30HAOBOI'O aHAIn3a
BBITIOJTHCHHOI'O Ha 3JICKTPOHHOM MUKPOAHAJIN3aTOPE
mapkun  JEOL  JXA-8230 Electron  Probe

Microanalyzer 30;10TO B pyJie IPUCYTCTBYET B BUJIC
TOHKHX (MHUKPOHHBIX) BKJIIOYCHHH B CKOPOIHUTE
(pucynox 2),
(pucyHok 3).

THUAPOKCHAX JKEJI€3a U KBapue

Pucynox 2 3omoro (1) B ckoponure (2), pasmep 3omoturl 5x5um. Pexxkum COMPO, ysen. 2200

-
25.0kVv COMPO

Pucynok 3 3om0to (1) B runpokcuaax xeinesa (2) u kBapie (3), paaoM CKOPOJUT, pa3Mep 30y0TuH 1-1,5 pm.
Pexum EDS, ysen. 4000. Pazmep

I'panynomerpuueckuii coctaB rccieyeMoi MpoObl MpUBEACH B TabyuIe 3.

Tabauua 3 I'paHynoMeTpUdecKuid COCTaB pyasl IPU KPYIMHOCTH -12+0 MM

Krnacc kpynHocTH, MM Beixon knacca, % Conepxanue 30J0Ta, T/T Pacnpeﬂen;: He 3071018,
-12+5 32,79 3,25 35,61
-5+2,5 30,26 2,98 30,13
-2,5+1 11,74 2,83 11,10
-1+0 25,20 2,75 23,16
Hroro 100,00 2,95 100,00
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W3 Tabmuupl 3 BUOHO, YTO B HCCIELyEeMOM
npobe paBHOMEpPHO pacmpeaeneHo 3onora. Ho B
OCHOBHOM 30JI0Ta HaXOAMThCS B Oojiee KPYIHBIX
knaccax (-12+5 mm u -5+0 mm).

IlepBoii oueHkoll ompeneneHuss (QOPMEI
HaXO’KIEHUS 30JI0Ta B PyJE SABJISAIOTCS CTAaHAAPTHBIE
OyTbUIOUHBIE HCCIIEIOBAHUS, KOTOPBIE IPOBOAATCS
Ha U3MeNbYeHHON pyae KpynHocTbio 90% kmacca -
0,074 wmm. JlocTWTHYTBIE  TOKa3aTelw IO
PAacTBOPEHMIO 30JI0Ta JOJKHBI PACCMATPUBATHCS KaK
MaKCHUMaJIbHO BO3MOXKHBIC, TOCKOJIBKY H3MEJIbueHHe
pyOsl  TONHEE  pacKphlBaeT  30J0TO,  YTO
o0ecrieunBaeT MaKCUMAaJbHBIH JOCTYH K HEMY
IIUaHUHOTO PacTBOpA.

Ho gns wmuranmm mpouecca KydHOTO
BHINIETIAYMBAaHUSA, B KOTOPOM TpebyeTcs Oolee
KPYIHBIE  KJIAacChl ~ HCXODHOTO  CBIPbS,  JJIA

HCCNeIoBaHusl B OYTBUIOYHBIX arutaTopax Obuia
HCTIONIb30BaHa APOOJIeHHAs pyla KPYTHOCThIO -12+0
MM. PeXMMBI TpOBeieHHS BBIETAUYNBAHUS OBLUTH
CIIEIYIOIIUMHU: Macca Ipo0d pyAbl ATl KaXKI0ro

skcnepumenta 500 r, ornomenue T: XK=1:2, pH 10-
11, xonnenrpauua nuanuaa Harpuda 0,1 %, pacxon
arteraTta Harpus konebnercs ot 0,25 kr/t go 3 kr/T,
CKOpOCTh BpallleHHs] Memankd B arutarope 30
00/MuH. B rporiecce BEIIIIETAYUBAHUS
OCYIIECTBISUIA KOHTPOJIb KOHIEHTPAIMH IHaHUIA
HaTpuss u pH cpemsl, a mpum HEOOXOAMMOCTH
MPOHU3BOAMIIN JOOABKY pearcHTOB.

[Tocne 3aBepIICHAS BBIIIETAYUBAHIS
OT(OUIBTPOBAHHBIA PACTBOP AaHAJIM3HPOBAIM HA
coJiep)KaHue 30510Ta METOJIOM aTOMHO-
a0copOLIMOHHON CIIEKTPOCKONUHU Ha MpUOope MapKu
Ksant-M. Teepayio ¢a3zy XBOCTOB MPOMBIBAIHN
BOJION, CYIIMIM W aHAJIM3UPOBAIN Ha COJIEp)KaHHUe
30J10Ta IPOOUPHO-TPABUMETPUIECKUM METOIOM.

O0cyxnenune pe3yJabTaTOB

PesynbraThl HCCIIEI0BAHUM no
BBHINECNIAYMBAHHUIO  30J10Ta HM3MEJIBYCHHOW  PYJIbI
KkpynHocTbio 90% kinacca -0,074 MM mpescTaBiIeHBI
Ha pUCYHKe 4 1 5.

g &8 2 2 &
B N W

=]
w

Copepmanue Au B pacTeope, mrfa

]

B 1o

—— Gez goSaBsse
—— 0,25 mrfT
—— 0.5 KrfT
=10 krfT

— 1.5 mrfT

—— 30 krT

16 18 i 2F 24

MpogonHHTEn

STTITT. AET]

Pucynok 4 Kunetrka pacTBopeHHs 30J10Ta U3 U3MENbYEHHON pyabl KpymHOCThI0 90% knacca -0,074 MM

62,94
61,81 65197

B3 gofansu 0,25

CreneHb pacTeopermua Au, %
5 £ 7 & &

g

o5 1.0

Pacxop CH3COOMNa, kit

62,72
61,11

1.5

50,66

2,0

Pucynoxk 5 CrerneHp U3BI€YEHHS 30J10Ta U3 U3MEIBLYEHHON pyIbl KpyITHOCTHIO 90% kiacca -0,074 mMm
2
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W3 mony4eHHBIX pe3yibTaToOB BUIHO, YTO MPH
IOOABJICHNH alleTara HAaTPHs CTETeHb HM3BICUCHHS
30JI0Ta M3 U3MENLYEHHON PYIbl YBEIMUUBACTCS HA
1,13 % mno cpaBHEHHIO C W3BICUYEHHEM 0Oe3
M00aBIICHNsT TAHHOTO peareHTa. JTO OOBICHIETCS
TE€M, 4TO IPU N3MEITbUEHUH PyABI 10 KpymHOCcTH 90%
kmacca -0,074 MM [JOCTHUTaeTCs BBICBOOOKICHUS

30J10Ta oT MUHEPAJIOB, KOTOpBIC HE
B3aUMOJICHCTBYET C alleTaTOM HaTpUs. Y BEITUUYCHUS
pacxoma amerata HaTpus Malo  BIMSIET Ha
W3BIIEYCHUE 30JI0Ta. Pe3ynpTaThl UCCIIEOBAaHUHN 10
BBIIETAYMBAHUIO 30JI0Ta APOOJIEHHON pyIsl [0
KpYMHOCTH -12+0 MM mpeicTaBIeHbl Ha pUCYHKaxX 6
u’.

05
—
o8
S o7
=
E o6
——bHe3 pobasum
E s -0, 25 KT
=
=
; o == 0,5 KT
= —1.0 wrfr
E 0.3 —1,% krST
3. ——3,0 KT
o2
o1
o
o 2 a 6 a 111 1z 16 18 0 22 24
Mpo. L] OLTh A, W

Pucynok 6 Kunetnka pactBopeHus 3010Ta ApoOICHHON PyABI 10 KPYITHOCTH -12+0 MM

8

Crenenb pacTeopeHuA Au, %
& & ® 8

b

Ges motansn

56,08

= &)
54 53,56
5203

52

4

a4

4

a

40

0,25 o5 1.0 1,5 3.0

Pacxog CH2COOMa, wrfT

56,38 =676 56,14

Pucynok 7 CreneHb U3BJI€UEHHS 30J10Ta JPOOJICHHON Py/Ibl 10 KPYHHOCTH -12+0 MM

HOJ’Iy‘-IeHHI)Ie JaHHBIC ITO3BOJINJIN YCTAHOBUTD,
YTO W3BJICYEHHE 30JI0Ta APOOJEHHON pyIsl 10
kpymHocTH -12+0 MM ¢ mgo0aBkoif  arerara
yBEJIMYMBAET U3BJIEYCHHE 30J10Ta B cpeHeM Ha 4 %
U yJydIlIaeT KHHETHKY PacTBOPEHUS 30JI0Ta.

Pesynprarel 1O BBINIENAYMBAHUIO  30JI0Ta
m3ApoOICHHOW pPyasl 10 KpymHOCTH -12+0 MM
nmokaszanu  Ooliee  BBICOKHE  pe3ylbTaThl IO
CPaBHEHHWIO C pe3yJibTaTaMH BBIIIETAYNBAHUS U3
M3MEeTbUeHHOW pyabl KpymHocThio 90% kiacca -
0,074 wmmMm. DTO pAOKa3pIBaeT, 4YTO 30J0TO B
IpoOJeHHOH pyAe 10 KpymHocTH -12+0 MM
MIPUCYTCTBYeT B BHAEC TOHKHX BKJIIOUYEHHUH B
MHUHepaJiax 5 PyZIHBIX IOpoJax, 4To
MOATBEPKAACTC MHUHEPAJOTHYSCKUM  aHAJIN30M.
[Ipu sTOM amerat HaTpus pacTBOPSET U PACIIUPSET

IIOpbl MHHEPAJIOB U PYAHBIX IIOPOJ, OTKpBIBAsA U
YBEJIUYNBAs UX [UIS AOCTYIa [IMaHUAA K 30JI0TY.

JlanHbple wHccienoBaHMSA IIOKa3bIBAa€T, 4TO
anerar HaTpud MOXXHO HCIIOJIB30BaTh JUIA
MHTEHCH(UKALMK 30JI0Ta TPU KPYNHOCTH PYZABI -
1240 MM wu Oosee B KpYIHBIX Klaccax I
BBIIIEIAYMBAHUSA 30J10Ta U3 PYIbL.

33 83: 1011 8

Hcnonb3oBanue amerara HaTpHUsi B KauecTBE
XUMHYECKOM J0OAaBKH NPH BBIIIEIAYMBAHUH 30JI0Ta
Ha OYTBUTOYHOM TecTe W3 APOOJEHHOH pPyABl 0
KpynHocTH -12+0 MM yBeIMYMBAeT H3BJICUCHHE
30J10Ta Ha ~ 4 % U yIy4lllaeT KHHETHKY pacTBOPEHHS
30I10Ta.

— 4 ——
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KeHHiH ap Typni ipinirinae HaTpui aueTaTbIiH KONAaHyMeH anTbiHAbI LUaHUATbI
LaMmanay npoueciH 3eptrey

Ecexrapaes E. K., BanumbeToB B. C., Mamsa4yeHkoB C. B., CypumbaeB b. H., Mposop H.I".

Tyiiingeme. Mertanasl maiiManay apKbUIbl OHAIPYAl KapKbIHAATY - OyJ1 KEHHEH METaJIIbl Te3 J)KOHE TOJIBIK aTyFa KOJI
KETKI3yre OarbITTalFaH YHBIMIACTBIPY-TEXHHUKAJIBIK ic-Imapanap KemreHiH >xyprizy. llalimamayapl KapKelHAaTy
mapajgapsl  MIaiiManay O KbUINAMIBIFBIHBIH ~TOMEHJACYIH TyIbIpaThlH ce0enTepai TOJNBIK HEMece  immHapa
OefitapanTanaplpyra OarprTTanFad. llaiiManay mpomeciH KapKbIHOATy YIIIH HAaTpUi aneTaTsl KOCBUFAH alTHIHIBI
OUAHHUATH IMaiiManay OOWBIHINA CHIHAKTAp JKYPri3ingi. TOTBHIKKaH KEHHIH CHIHAMABI-TPAaBUMETPHUSUIBIK, XUMISUIBIK,
MHUHEPAJOTUSUIBIK, JKOHE TPAaHYJIOMETPHSIBIK Talay HOTIDKENEpl YCBIHBUIFAH. OJEKTPOHIBI-30HATHIK Tajjay
MamiMeTTepi OOMBIHIIIA KeHET alThIH MUHEpaIapaa >KoHe KeH JKbIHBICTapbIH/IA KYKa (MUKPOH/BIK) KOcanap TypiHzae
6omazel. Ipimiri 90% -0,074 MM CBIHBINTHI YHTAKTaIFaH KEHI jkoHE ipimiri 12+0 MM yHTaKTalraH KeHII maimariay
OoifbIHIIIA 3epTTey KYPriziai. ¥YHTakranrad keni ipiniri 90% -0,074 Mm-ni mialiManay HaTpuid alleTaThlH KOCKaH Ke3Jie
QJITBIHJIBI ATy TOPEKEC] OChI peareHTTi Kocmai maimanaymeH caibicTeiprana 1,13% - Fa apraTeiHbIH KepcerTi. [piniri
-12+0 MM yHTaKTaNFaH KeHAl MaiiManay Ke3iHae alerar KOChUIFaH aJITHIH/BI HIBIFapy opTalia ecenreH 4% - ¥a apTajipl
YKOHE aNITHIHHBIH ePiTY KWHETUKACKIH )KaKcapTabl. 3epTTey HATHKECIH I HATPUil alleTaThIH KeH ipiyiri -12+0 MM Ke3inze
QJITHIH/IBI KAPKBIHABI MIaliMasiay YIIiH aca ipi KeH CBIHBIITAPbIHA NalaadanyFa OONaThIHBIH TJIENICH .

TyitiH ce3aep: maitmanay mporeciH KapKeIHAATY, HATPUN alleTaThl, maiimManay, yiMei maiManay, anTblH, XUMUSITBIK
peareHr.

Study of the process of cyanide leaching of gold using sodium acetate at
different ore sizes

Yessengarayev Ye. K., Baimbetov B. S., Mamyachenkov S. V., Surimbayev B. N., Prozor N. G.

Abstract. Intensification of metal extraction by leaching is a complex of organizational and technical measures
aimed at achieving the fastest and complete extraction of metal from ore. Measures to intensify leaching are
aimed at completely or partially neutralizing the causes that cause a decrease in the leaching rate. Tests were
performed on cyanide leaching of gold from gold-containing ore with the addition of sodium acetate to
intensify the leaching process. The results of assay-gravimetric, chemical, mineralogical and granulometric
analysis of oxidized ore are presented. According to electron-probe analysis, gold in the ore is present in the
form of thin (micron) inclusions in minerals and ore rocks. A study was conducted on leaching of crushed ore
with a size of 90% of the class -0.074 mm and crushed ore with a size of -12+0 mm. Leaching of crushed ore
with a size of 90% of the class -0.074 mm showed that when adding sodium acetate, the gold recovery rate
increases by 1.13 % compared to leaching without adding this reagent. When leaching crushed ore with a size
of -12 + 0 mm with the addition of acetate, gold recovery increases by an average of 4 %, and the Kkinetics of
gold dissolution improves. Research data prove that sodium acetate can be used to intensify gold at a ore size
of -12+0 mm and in larger ore classes for leaching gold.

Key words: intensification of the leaching process, sodium acetate, leaching, heap leaching, gold, chemical
reagent.
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OnpepeneHue rpaHUYHOro BAIMSIHUA OYUCTHbIX paboT
npu KOMOUMHUPOBAHHOWU re0TEXHOSNIOrMU Ha rMMy6oKnNx
ropusoHTax waxt JJOHCKMX XpOMUTOB

Bek6epreHoB A. K., Ixxanrynosa I'. K., BekTtyp B. K.

Received: 11 February 2020 / Peer reviewed: 27 February 2020 / Accepted: 05 March 2020

AbcTpakT. B gaHHoW cTatbe npyBedeHsbl pesynbTaTbl MCCeAoBaHUA TEXHONOrMYEeCKOW CXeMbl NPy onpeaeneHnm
FPaHNYHOrO BIUSAHUSA OYUCTHbIX PaboT Ha LwWaxTe [OHCKMX XpomuToB. OCHOBHBIMM W  onpegensowmnMm
nokasaTensiMu npuv BblOOpe cnocoba M TEXHOMOMMYECKON CXeMbl OTPabOTKU PyAHbIX 3anexemn SABNSATCA FOpPHO-
reonornyeckme ycrioBus 3aneraHus pygHbIX Ten 1 BMeLLaroLmx Nopoa, X reoCTpyKTypHOe CTpOeHne, NpOYHOCTb,
AedopMMpyemMoCcTb U YCTONYMBOCTb. Ha ocHOBaHUM OeTanbHOro M 00CTOATENBHOMO U3yYEeHUs 3TUX NokasaTenen
peLlalnTca BOMPOCHI OLEHKM TEeOTEXHNMYECKOro COCTOSHMS MaccuBa B npouecce BedeHUs TOopHbIX pabor,
OonNpefensloTca napameTpbl OCHOBHbLIX TEXHOMOrMYECKUX MPOLECCOB MPUHATONW CUCTEMBbI pa3paboTkM, a Takke
peLualTcsa BONPoCkl No obecneveHnto apdeKTUBHOCTU, HaAEXHOCTU 1 6e30MacHOCTY BeAEeHMWS IKCNyaTaunMoHHbIX
paboT. B CBSi3M C 3TUM BO3HUKAET HEOOXOAMMOCTb BCKPbITb MNPUPOAY I3TUX OCMOXHEHUA M Ha OCHOBE
3aKOHOMEPHOCTEN FOPHOTEXHUYECKMX MPOLLEeCCOB, CONYTCTBYIOLWMX OoTpaboTke, 060CHOBaHHO BbliGpaTb CNocobbl
TEXHOIMOMMYECKNX CXeM pa3paboTku, onpeaennuTb UX napamMeTpbl, YTOObl UCKM4YMTL aBapum M obecneuvnTb
paLumMoHanbHoe Hegpononb3oBaHue.

KnioueBble cnoBa: MaccyB ropHbix nopod, KoOMGuHMpoBaHHasA reoTexHONorus, cuctemMa paspaboTku, LaxTHbIV
FOPU30HT, A0BblYa NONE3HbIX UCKOMaeMbIX, 3anexb.
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BBenenue MpOSIBJIGHUsI B Ipouecce OTpPabOTKU  PYIOHBIX

3aJIeKEN.
KonTpons u perynupoBaHuE€ TMOBEICHUS

MaccuBa  TpH cucteMax  pa3paboTKu c Haubomee mokazaTenbHBIMA  OOBEKTaMH,
caMoobpymenreM TpeGyloT IIyGOKOro u3ydeHuss —IPUMCHSIONIMME CHCTEMBl C CaMOOOpYIICHHEM,
CBOICTB U CTPOEHHUS MAacCHBa, €ro reoJoruueckux, ‘IBIAIOTCA TOPHOPYAHBIC MPEAIPUATHA Homnckoro
reOCTPYKTYPHBIX M F€OTEXHHUECKUX XapaKTePUCTHK, ~ OPHO-000TaTHTEIBHOTO KoMOnHaTa (I'OK),
a  TAKKe  TeOMEXaHHYeCKHX  OcoOeHHOCTeli ~ OTPAOATBIBAIOIIME  MOLIHBIC — PYAHBIC — 3aJCHKH
(bopMHpOBaHMS ~ TOPHOTO  JaBlIeHHMs M  ero  MCCTOPOXKICHHII XPOMUTOBBIX Py
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Mectopoxnenus  IOxno-Kemnupcaiickoro
XPOMHUTOHOCHOTO MacCCHBA SBIISIOTCS KPYITHEUITHMHE
B mupe nocie KOxuo-Adpukanckoir Pecyonnku u
3umbabBe. O MEPCHEKTHBHOCTH M MACIITa0OHOCTH
paboT Ha MECTOPOXKICHUAX CBUACTEILCTBYET 00BEM
TOOBIYH M €€ POCT: maxTa «MoJjoIexKHasD) C TOJOBOM
MPOU3BOJUTENBHOCTEIO 2,0 MIH.T. SIBISICTCS caMoOM
KpYITHOH B MHUpE MO A0OBIYE€ XPOMHUTOBOH PpyIbI
MTOJI3€MHBIM CTIOCOOOM.

B HacTosmee BpemMs Ha MECTOPOXKIECHUSIX
JIOHCKMX XPOMHTOB OTpa0OTKa PYyIHBIX 3alexkein
MIPOM3BOANTCA HA JOCTATOYHO OOJBIIUX TITyOMHAX
(mo 500 m OGonee METpPOB) W BEACTCS TMOATOTOBKA
HIDKEJEXKAIX TOPU30HTOB.

VYHHUKaTbHOH XPOMHUTOHOCHOCTBIO 00JamaeT
€ro FOr0-BOCTOYHAS YacTb, MPEACTABISIONIAS COOOM
[JIaBHOE pyJHOE TIojie, B IIpefesax KOTOpOro
CKOHIICHTPHPOBAHBI NPaKTUIECKU BCE
MMPOMBINIUICHHBIE 3amachkl XpoMHTOB. Ero maccus
BEITSIHYT B MEPUAHOHAIBHOM HampapiieHHH Ha 80 KM
npu mypuHe oT 1 KM Ha ceBepe 10 50 KM B IOKHOM
gactu. [lnomanp MaccuBa Mo ero reoQu3nYecKuM
naHHBIM cocTapisger 1200 xkm? Bcero B mpenenax
Kemmnupcaiickoro ~ maccuBa  BBISBJIEHO 160
MECTOPOXACHUM U MPOSIBICHHUH C XPOMHUTOBOU
MuHepanu3sanuei [ 1-3].

B cocraBe Kemmupcaiickoro waccuBa B
HACTOAIIee BpeMs W3BECTHBI Oojiee 80 OTHEIBHBIX
XPOMHTOBBIX MECTOPOXKICHUH Pa3IMIHOTO
Macmraba u KadecTsa py.

ITo pa3mepam 3ajiexxkedl M KadecTBY Pyl
MECTOPOXACHHUSA TOAPA3JENAI0TCS Ha JBa THIIA.
HeGonpmme 1o  3amacaM  XpOMOBBIX PV
MECTOPOKACHUSI COCTOSIT M3 HECKOJIBKUX PYAHBIX
THe3/ ¥ JInH3 MOITHOCTRIO 20-30 M. CTpoeHue 3Toro
TATIA MECTOPOXKICHHH  CIIO)KHOE, OpyICHEHHE
HEPaBHOMEPHOE U TPEPHIBUCTOC, B PYIHBIX TeJax
MHOT'O TIOPOJIHBIX MPOCIIOCK, MPH JOObIYE Ka4eCTBO
Pyl CHIDKAEeTCs 3a cYeT pa3yO0oKUBaHUS.

Oco0eHHOCTBIO BTOPOTO THTIA
MECTOPOKACHUH SBIISIETCSI O0ITbIIAs TPOTSHKEHHOCTh
pyausx Ten ot 300 M mo mpocTupanuio u 10 650 m
mo majneHur0. KpymHble MECTOPOXAECHUS HMEIOT
JKUIIO00PA3HYIO U JIMH3000pa3Hy0 (OPMBI PYIHBIX
Ted.

[IpombiienHoe OpYyJICHEHUE
CKOHLIEHTPHPOBAHO B rpaHuuax [JaBHOro pymHoro
TMOJISI, B IBYX PYJOHOCHBIX CTPYKTypax (3anaJHou U
BOCTOYHOH), BBITAHYTBIX B CyOMepHIMOHAIBHOM
HaIPaBJIECHUH Ha 25 KM IpHU [UPHHE 7 KM, C F0KHBIM
CKIOHCHHEM U CMBIKAIOIIUXCS Ha IOre ¢
o0Opa3oBaHMEM €IMHOTO pyaHOro Yys3ia. B ero
coctaBe MectopoxaeHus «llepsomaiickoe», Ne2l,
«Anmaz-Kemuy:xuHa 5 «MUILTHOHHOEY,
COCTABISIIOIIME pPyAHOE mojie MmaxThl «10-merus
HE3aBUCUMOCTH Kazaxcrana» (JIHK), 9I(S
COCpenoTO4YeHBI OCHOBHBIE (79%) MPOMBIIICHHEIE

3arachl XPOMOBBIX pyn Kemnupcast.
MecTopoXXaeHHds paclojaraioTcsi Ha  OOJBIIOM
MPOCTPAHCTBE, KaK MO IJIOMIa!, TaK U MO TITyOnHe.
I'opuzoHTanpHas MoMmaAb OPyACHEHUS! COCTABISIET
3-3,5 kM2, rnyouna 3aneranus 100-1500 u Oonee M.
Pynnple Tema mpeacTaBiIeHB JIMH3000pa3HBIMHU
3aje’KaMH Pa3IMIHON MOIIHOCTH C YIJIOM MaJeHHUs
ot 0 o 80°.

OO0mee KOTMYECTBO PYAHBIX TEN  Ha
MECTOPOXACHUIX OMM3Ko K coTHe. Hambompmmmm
pasMepamu 00J1aIal0T PYAHBIE Tela MECTOPOKICHHS
«Anmaz-XXemuyxrnHa» C TIIyOMHOHM 3ajeraHusi OT
150 mo 1500 M, qyrHO¥ 10 MpocTHpanuto ot 120 1o
1900 M, mupuHON MONOCH opyaeHeHus ot 60 1o
620M. BepTukanbHas MOIIHOCTB MX KOJIeOeTcs ot 1
1o 150 m [4]. Ha mecTopoxxaennu a0 rayounst 1100
M BBIABJICHO JIBa PYAHBIX TCJIa W MOTI'PYKAOTCA B
I0)KHOM HampasieHuu moj yriom 10-15°.

Bepxusis uyacte Mectopoxnaenus Ne 21
oTpaboTaHa KapbepoM «MupHEBI». B cooTBeTCTBHH
C MMPOEKTOM, 0TpabOTKa OaJIaHCOBBIX 3aI1aCOB IAXThI
«JHK» mo nanueim Jlonckoro 'OKa npousBoautcs
MOJI3€MHBIM  CITOCOOOM. I'opHO-TeomOTHYECKHUE
JIaHHBIC TI0 TOPU30HTaM Ha 3Tamax orpabotku Il
ouepes CTPOWTENBCTBA 1O MECTOPOXKICHHUSIM
maxTel «JAHK»: Ne21 (ropmzontsl oT turoc 240
(+240) m mo mwioc 0 (+0) M u muuyc 0 (-0 ™),
«Anmaz-KemayxuHa» u «MuUILIIMOHHOE»
(ropuzonTs! 0T MuUHYC 400 (—400) M 10 MUHYC 560 (—
560 m).

IIpoexTom rpeJIaraeTcs cieyromas
OuYepeIHOCTh BCKPBITHS u 0TpabOTKU
00bEeIMHEHHOTO IIAXTHOT'O MO [5]:

- I (0L (S118%) BCKPBIBAIOTCS u

0TpabaThIBAIOTCS MECTOPOXKACHUS ‘“MUIITHOHHOE”,
“Anmaz-Xemuyxuna” u “IlepBomaiickoe” B 3Taxe
ropu3oHTOB IUtoc 240 — munyc 320 M ¢ MOATaHBIM
JIOCTHKEHHEM TPOM3BOJUTENHOCTH IaxThl 2,0
MJIH.T PYABI B TOZ;

- I ouepeanio BCKPBIBAIOTCS u
0TpabaThIBAIOTCSI MECTOPOXKCHNUS “MIUIMOHHOE” 1
“Anmas-XKemuayxxuHa” B aTaxke ropuzoHToB - 400, -
560 M, a Takxke wmecropoxaeHue “Ne 21”7 or
MTOBEPXHOCTH 10 Topu3oHTa ) M C JOCTHKEHHEM
MO3TAaHO 00IIEN TMPON3BOINUTENBHOCTH MIAXTHI IO
3,8 — 4,0 MiH. T pyABI B rOI;

- IIT  ouepensto BCKPBIBAIOTCS WU
0TpabaTHIBAIOTCS OayraHCcOBEIE 3amachel
MECTOPOXKIAECHUN

“MujinoHHOE”, “Anmaz-XKemuyxuHa”,

“ITepBomatickoe” u “Ne 21” 10 KOHIICHTPAITMOHHOTO
ropuszonTa - 800 M c obecnedyeHHEeM CTaOMIHLHOU
MPOU3BOAUTENLHOCTH IaxThl, paBHOU 4,0 MJIH. T
PYIBI B TOT;

Ananmn3oM TmpoekToB [5, 6] coBmecTHas
oTpaboTKa MECTOpOKACHUH «AnMaz-JKeMuyXuHa»
u «MUWIHOHHOE)» MPOU3BOJUTEIBHOCTh TOPU3OHTA
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He MoxeT mnpeBblmars 1200 TeIC. T. pyIasl B TOf
(ropuzont -400 M), u 2100 TBIC. T pyZBl B TOX
(ropmzonTt -480 ™M), 2405 TBHIC. T PYABI B TOX
(ropmzont -560 M), wMecropokmenme No2l
MPOM3BOJUTEIBHOCTh ~ TOPU30HTa  HE  MOXKET
npesbimath 300 TeIc. T B To (Topu3oHT +160 M), 300
TBIC. T pyAbl B roxa (topm3oHT +80 M) 1 300 ThIC. T
pyael B ronx (ropusoHt +0 u -0 m. Ilpunsartoit
OTpabOTKOW PYAHBIX 3alacoB SBISETCS «CBEPXY-
BHU3.

IIpu cucremMe pa3pabOTKM C TBEPACIOIICH
3aKJaJKoil  BBIPaOOTAaHHOTO  TMPOCTPAHCTBA B
KayecTBE TBEPICIOIICH CMecH BXOIST ILIEMEHT,
MeCYaHO-TPaBUUHBIA HAIOJHUTENhL U Boaa. B
mporecce TUApaTalid TBEpACIOUICH 3aKIaakd
BBIJICJIICTCSL  TEIJIO, KOTOpOE  HIPUBOOUT K
MOBBIILICHUIO TEMIIEPATYPhl OKPY)KAIOLIMX TOPHBIX
MOpOJl U BO3/yXa, MOCTYMAIOUIET0 B 30HY TOPHBIX
paboT npu NPOBETPUBAHUN BBIPAOOTOK.

Ha mpaktuke pa3paboTka Ooratelx pyn
MMOJI3eMHBIM crtocoboM Ha rimyomHax 1500—1700 m
YCIIOKHSCTCSI TOPHOTEXHUYECKUMHU
BO3MOXHOCTSIMH, TJ€ IIOBBIIIAETCS TeMIlepaTypa
TOPHBIX HOPOA U PYAHUYHOI'O BO3AYXa, HAa IIPUMEP
Ha maxTtax Kpusbacca mnpenenbHO-I0MYCTUMON
BEJIMUMHBI TeMIepatrypa gocturaercs 26 °C, a Ha
LIaxTe «IKCIUTyaTaluOHHAS» 3anagHo
JXeskazranckoro pyAHUKa TeMIlepaTypa BO3[IyXa B
TOPHBIX BBIpa0OTKax Ha pabo4YMX TOPU3OHTAX
npessbimaet 30 °C.

Bricokas temneparypa (Gonpme 26 °C) u
BJI&KHOCTh Bo3jayxa (Oombire 85%), TOBBIIICHHOE
atMocteproe nasienme (800 MM pr.  cCT.),
XapakTepHOe Uil TOPHBIX BBIPAOOTOK IIIyOOKHX
MIaXT  YXYALIalOT  YCIOBHA WM CHHXKAIOT
npou3BoAuTENbHOCTE Tpyaa [7]. Takoe cocrosHue
MHUKPOKJIMMAaTa COBPEMEHHBIX TIJIyOOKMX IIaxXT
NPUBOIUT K TEperpeBy OpraHu3Ma padoTarolIuX,
HapyIeHHIo (PyHKIIMOHUPOBAHKS OPTaHOB JBIXaHUs,
YTO CHIDKAeT CONPOTUBIAEMOCTh OpraHusMa K
3aboneBanuto. CornacHo IIpaBunam OezomacHOCTH,
MpU TEMIIepaType BO3AyXa B TOPHBIX BBIPAOOTKaX
cBeImie 26 °C MO0MKHBI IPUMEHSITHCS CIEIUATBHBIC
MEPBI ISl €€ CHIKCHHUS.

AKXTyalnbHOCTh HOPMAJIBHBIX KJIMMAaTHYEeCKUX
YCIIOBHH B  COBPEMEHHBIX IIIyOOKHX  IIaXTax
MOJTBEPXKIACTCS €IIe U TeM, YTO CYIIECTBYIOLIHE
METOABl HOpMalM3aluu aTMocdepsl  TpeOyroT
JaTbHEHUIIero YCOBEPIICHCTBOBAHHUS u
UCCNIEIOBaHUSA. DJTO OOYCIIOBJIEHO H3MEHEHHEM
BEJIMYMHBI TEIUIONOCTYIJICHUH OT TOPHBIX MOPOJ,
BIIMSIHUEM BIIYKHOCTH, paOOTON TEXHOJIOTUYECKOTO
00Opy/ZIOBaHMS, BIUSHUEM TEIUIOTHI THIpaTaIHn
HOBBIX 3aKJaJOYHBIX MaTepUaliOB, IOBHIILICHHEM
CTaTU4eCcKOro (TIOTEHIIUAIFHOT0) JaBICHHS BO3/TyXa
B pe3yJibTare €ro CXaTusi B MOJAIOIIUX CTBOJIAX.
Hmeromme mecto ciydan Mpo¢ecCHOHATBHOTO

3a00eBaHuUs MOJI3EMHBIX rOpHOpadoYMX,
BEI3BaHHBIC HEYIOBJICTBOPUTEIBHBIMU YCIOBHUSIMHE
TpyZa, CBUAECTETBCTBYIOT O COIMAIBHOMN MpodiieMe B
objmacTh  KIMMATOJIOTMH  IMAXT, AaKTYaJIbHOCTb
KOTOpOW O00OCTpSCTCS C YBEIMYCHHEM TIIyOWHBI
pazpaboTKH.

Bmecre ¢ TOJOXKHUTENBHBIM  pELICHHEM
mpoOJieMbl  OE30MaCHOCTA  TOPHBIX ~ paboOT
YIIYYIIEHUSI 9KOJIOTUH IPHU UCIIOJIE30BAHUH CUCTEM C
3aKJIaJIKON BOZHUKAET MpoOJieMa BBIIETICHHS TeTuia
TIPH THAPATAITAH 3aKIaf09HOT0 MaTepraia [8, 9]. 1o
JIAHHBIM HCCIICIOBATENICH TeMIlepaTypa 3aKiaj ki B
mpormecce  ruaparanuu  npeBbimaer 40 °C.
Brigensemoe Terio TmepemaeTcss  OKpPYKaroIuM
TOPHBIM [TOPOJIaM U BO3JIyXY, KOTOPBII IPUMEHSETCS
JUTSI IPOBETPUBAHUS TOPHBIX BEIPAOOTOK.

B a10i1 cBs13U pa3paboTka U peKOMEHIAIIHIH 110
CHIDKCHUIO BIIMSIHUSL TBEPJCIONIEN 3aKiaJKhd Ha
MUKPOKJIUMAT ITyOOKHUX IIAXT SIBISAETCS aKTyalbHOM
3aJaue 1 UCCIeI0BaHUMN.

IKCNEePUMEHTAIBHAA YaCTh

Dopmbl  nposigeHus 20pHO20 O0ABNeHUs U
BIUAHUA OUUCMHBIX PAOOM NPU KOMOUHUPOBAHHOT
2eomexHono2uy  cucmemou  paspabomku - ¢
camoobpyuieruem pyovl

KomOuHMpOBaHHAs IoA3eMHas
T€OTEXHOJOTUS ISl COBMECTHOW JOOBIYM pYIIbI
cucteMod ¢ camMooOpylIeHHeM  pyAbl H

TOPU30HTAIBHBIX HUCXOSIINX CIIOEB C TBEPACIOLIEH
3aKJIaJIKON TIpHHATA IUIsl OTPabOTKH 3amacoB 2-0i
ouepear MO yBEIMUCHHUIO MPOU3BOAUTENbHOCTH 6,0
MIH. T pyabl. U3 6,0 muH. T pyast B rog 3,7 MiH. T
JOOBIBACTCS CUCTEMaMH C CaMOOOPYIIEHUEM PY/Ibl U
1,3 MIH. T pyAbl CHUCTEMON TOPU3OHTAIBHBIX
HUCXOJSAIIUX CIOEB C 3aKIaIKOM.

[IpumeHeHne  cuUCTeMbl  pa3pabOTKU ¢
caMOoOOpyILICHHEM pYyIbl HMEET CBOM HEKOTOpHIC
0COOEHHOCTH, CBS3aHHBIE C MOBBIIIEHHBIM TOPHBIM
JIAaBJICHUEM U TepepaclpeiieieHeM HaIpsHKeHUH B
OUYHUCTHBIX BBIPAOOTKAaX, IJle yXe Ha HadyaJlbHOM
sTane OoTpadOTKH MECTOPOXKICHHUS BCE BHIPAOOTKH
Kpemarcss Metanueckod kpembio CBII- 27,
KOTOpBIE HE BBIJCPKUBAIOT HArpy3kd [0 KOHIIA
0TpaboTKU u TpeOyroTCst MOCTOSTHHOT'O
MEPEeKPEIUIeHNs BBIPA0OTKH BClie 332 OOHAKEHHEM.
DTO0 Kacaercs M CKpeNepHBIX MITPEKOB BBIITYCKHOTO
TOPU30HTA, rae MIPOU3BOANTCA TpOWHOE
Mmetajumueckoe kpemienue CBII -27 ¢ 3a0yroBkoit
3aKpEeITHOTO MPOCTPAHCTBA.

Ilepexpenka BBIITYCKHBIX BBIpabOTOK
HauMHAETCs MO3KE BBIyCKa PyIbl U3 OJIOKa uyepes
HEKOTOPBIA  TIPOMEXKYTOK  BpeMeHHW, Tpadukn

3aBHCHMOCTE 00beMa BBIMYCKa OT KOJHYECTBA
NEPEKPEIUICHHBIX BBIPA0OOTOK MpEACTaBICHBl Ha
pucynke 1 [10].




KomnnekcHoe Mcnonb3oBaHne MuHepanbHoro Coipbs. Nel (312), 2020

ISSN-L 2616-6445, ISSN 2224-5243

300 60
<
250
E L ?
40 =
E. 200 2 /"
= 3
1]
< 2
.. 150 & ¥
i
o 20 —&— BLinyck
E\ 100 »
el B— [epekpenneHue
M 50 opta 27
- —&—[lepekpenneH1e
opTa 24
0 '3
0 5 10 15 20 25 30 3s 40
Bpemsa (MecA1is)
50
45
40
35
30
25 -
20
15
10
5
0
0 2 4 [ 8 10 12 14 16 18 20
—8— [lepexpennenne opra —@— Brmycek
Pucynok 1 3aBHCHMOCTB ITEPEKPENKH BEIPAOOTOK OT BEITYCKa PYIBI N3 OJIOKOB
B nannoii padote [10] Taxke naHbl TiIaBHbIC AHanmm3upys ~ pacmpeieliecHHne  OIOPHOTO

pacrpeesieH!st OOPHOTO JABJICHHUSI B OKPECTHOCTH
OUYUCTHOW BHIPAOOTKM W B OKPECTHOCTH OJIOKa,
UMEIOIIME CBOM  OTPHUIATENILHBIE CTOPOHBI B
YCIIOBHUSAX OTPabOTKH XPOMHTOB CHCTEMOH ¢
camooOpymenneM pynasl (pucyHok 2). Ilpu stom
HATYPHBIMU U3MEPEHHUSIMH YCTAHOBIICHO, YTO pa3Mep
30HBI BIMSIHASL OYMCTHOTO POCTPAHCTBA COCTABIISIET
He MeHee 80 METPOB OT TPaHUIBI OYUCTHBIX padoT.
[losToMy TOTOBSiIMECS BBIPAOOTKH OTKAaTKU B
MOCTOSIHHO HaXOJIATCS B TI0JIE OTIOPHOTO JIABJICHUS,
YTO CIIOCOOCTBYET pPa3pyIICHUIO KPEIH.

JIABJICHUSI B YCJIOBUSIX NPUMEHEHHUS CHUCTEMBI C
CaMoOOpyIIEHUEM PyIbl HEOOXOAMMO OTMETHUTh, YTO
WCCJICOBAHMS TIPOBOAMIIA IO JAHHOMY BOIIPOCY
taxxe W] um. JI.A. Kynaesa [11, 12].

B pabore [12] oTmedeHO pacmpeneicHue
HanpspKeHUW B MAcCHUBE JIJI OUMCTHOM KaMephl ¢
UpUHOW JHMma Ojoka 60 M., ¥ KapTuUHA
pacrmpenencHusl HaNpsHKEHUH Ha IUKE OIMOPHOTO
JTABJICHHUS TI0 BCEM CEUCHHSM CMEIIAeTCsl ONrmKe K
TpaHuIle KaMephl W pacronaraerca B npenenax 80-
100 M. (pucyHok 3).




Complex Use of Mineral Resources. Ne1 (312), 2020

ISSN-L 2616-6445, ISSN 2224-5243

JIOJIM BEPTHKAJIEHOM HAT'PY3KH

a
3,5
3
2,5
2
1,5 K
<
I

Bi1ok

o 2 4

6 8 10 12
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Pucynok 3 PacnipenencHre HalpsDKeHH B MacCHBE TIPH OCHOBaHMH JHAMIA Oitoka 60 M Ha maxte JJor OK

Kak BuiHO 13 prCyHKa 00J1aCTh MTOBBIIIEHHBIX
HanpsDKeHU# pacrioyaraercsi B OOKOBOW 4acTH
KaMepbl OT MacCHBa, T.e. CO CTOPOHBI Hape3Ku
ouepenHoro Onoka W 3TO (DaKTOp HEOOXOIUMO
VUUTBIBATh TP BEJCHUU MOJATOTOBUTEIBHBIX H
Hape3HbIX padoT B MPOIECCe MOATOTOBKH CMEKHOTO
O1oka.

Taxum 00pa3oM, BBISIBICHHBIE 00JIACTH 30HBI

BIIMAHUA OYUCTHBIX pa60T Ipu CHUCTEME C
CaMOOOpYIICHHEM  PYyJbl  TO3BOJIAIOT  OLCHWUTH
TEOMEXaHWYECKYI0  IIeJIECO00Pa3HOCTh  BBHIOOpA

MecCTa Havaja 3aJ0KEeHHs BRIPAaOOTOK Ha dTake MPH
MapajuIeTIbHOM BEJEHUHM CHCTEMBI TOPU3OHTAIBHBIX
HUCXOJSIIUX CJIOEB C TBEPACIOIIEH 3aKIaJKOH B
KOMOMHAIIMUN TEXHOJOTHEH C CaMOOOpyIIeHHUEM
pyabpl Ha TIIyOOKMX Tropm3oHTax ImaxT «JJHK»
Hounl"OKa.

Oo0cyxaenue pe3yJibTaToB

Memoouka u nocmpoeHue
NpeooXpanumenbHbixX Yenuxkos u Oepmbl
bezonacnocmu om GIUAHUSA OYUCMHBIX pabom npu

NOO3eMHOU 000blYe XPOMUMO8 C NPUMEHEHUEM
KOMOUHUPOBAHHOU 2€0MEXHON02UU HA  2YOOKOM
eopusonme waxm «/[HK» /Jonl OKa

Jns mocTpoeHuss — NpEeROXpaHUTEIBHOTO
nenMka W OepMmbl  0€30MAaCHOCTH  OT  BIUSIHHSA
OYUCTHBIX  PabOT  HEOOXOIUMO  BBIIOJIHEHHE

CJIEIYIOIINX METOINYECKHUX YKa3aHUN:

1. Ucxonas u3 00beMa reoJorndeckux 3aracoB
MECTOPOXACHHS W  BHIOPDAaHHOTO  TOPH30HTA
0TpabaThIBAEMOTO o KOMOWHHPOBaHHOU
TE€OTEXHOJIOT U CUCTEMOit pa3paboTku c
CaMOOOpyIIEHUEM  pyIbl H  TOPU30HTAIBHBIX
HUCXOJIAIUX CJOEB C TBEPACIOMIEH 3aKiaakou
HEO0XO0IMMO COBMECTHO c TeoJIoro-
MapKIIEHIEPCKON CITyKOO0W OIPEACIUTh TPAHHUIIBI
M0 MNPOCTUPAHUIO MECTOPOXKICHUS MPUMEHSIEMBIX
3TMX  CHCTEM  Ha  BBIOPDAHHOM  TOPU30HTE
MECTOPOXACHUA IIaXT.

2. Ilo mnpocTupaHHI0O MECTOPOXKACHUS B
YKa3aHHOM rpaHuUlE HA TOPU30HTE BBIMYCKa C JEBOU
€ro CTOPOHBI Ha BCHO BBICOTY M IIMPHUHY YKa3aTb
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KOHTYpbl OJIOKa B COOTBETCTBHUHU C IMapamMeTpamMu
MPUMEHSIEMO CUCTEMBI paspaboTKu c
caMoOoOpyIIIEHHUEM PYIBL;

3. Ha ypoBHe Topr30HTa BBIITyCKa C HIXKHETO
MpaBoro yriia OJoka HEOOXOIUMO  TIOJTHSTH
HAKJIOHHYIO JIMHUIO BBEPX TIOJ YIJIOM CABHIXKCHUS
MPUHATOHN AJISl CUCTEM C CaMOOOPYILICHHEM PYIIbI 10
TOYKM b 1O TOpU30OHTANBHON JMHMM KOHTYypa
BEPXHETO TOPU30HTA;

4. Cormacuo pa6othel [12], or Touku A 1o

TOPU30OHTAIBHON  JIMHUM  KOHTYpa  BEPXHETO
ropu3oHTta Ha pacctosamu 100 M. ocraBisercs
OXpaHHBI [EJUK OT TPUMEHEHHS CUCTEMBI

pa3paboTKu ¢ caMOOOpYIIICHUEM PYIbI (PUCYHOK 3);

5. Jlanmee oT mpenoXpaHUTEIbHOIO LIEJIUKA OT
B mo I' ma paccrostanu ot 30 mo 50 M (B ycnmoBusx
maxt «JIHK» npunumate — 50 M) HeoOXoaumo
3aJI0KUTh OepMy 0O€30MacHOCTH Ui OTPabOTKH
OCTABINUXCS 3aMacoB CUCTEMOW TOPH30HTAIBHBIX
HUCXOJALIMX CJOEB C TBEPACIOIIECH 3aKIaIKOU

(pucyHoK 3);;

6. Ilocne  ompeneneHuss  mapaMmeTpoB
MPEAOXPAHUTEILHOTO LIEINKa 54 OepMBI
0e30macHOCTH B TpaHUIE [0 IPOCTUPAHUIO
MCCTOPOXIACHUSA JJISA IIPUMCHCHUA

KOMOMHHPOBAHHON T'€OTEXHOJIOTHH Ha BHIOPAHHOM
TOPU30HTE IMIAXT OT IEHTpa B OTCTYIAKONIEM
nopsiake K (haHraM MECTOPOXIEHHsI CHauana
BBECTH oTpaboTKy 3armacoB CUCTEMOI
TOPU30HTAIHHBIX HUCXOSIINX CIIOEB C TBEPACIOMIEH
3aKJIaJIKOM;

7. Ilocne oTpabOTKH 3a11aCOB OHOTO OJIOKA Ha
JAHHOM TOPU30HTE CHCTEMOW TOPU3OHTAIBHBIX
HUCXOJSIIIMX CJIOEB C TBEPJCIOLICH 3aKiaJKol Ha
BBIOpAHHOM FOPU30HTE OT LEHTPa MECTOPOKIACHUS U
TOYKH. B BEpXHETo ropu30HTa MPEeI0XPAaHUTEITHHOTO
[enrKa B JPYroM HAmlpaBlICHHIO TaKXkKe B

OTCTYMAOIIEM TOPSIKE OT IEHTPA MECTOPOKICHUSI
HEOOXOAMMO TIPOBOIUTH OTPAOOTKY 3amacoB ¢
MPUMEHEHUEM CUCTEMBI C CaMOOOPYIIEHHEM PY/IbI.

I'panutm 30H BJIMSTHHS O3 MHBIX
pa3paboToK Ha 3Taxke TITyOOKOr0 TOPU3OHTA IIAXT U
B TOPHOM MACCHBE ONPEIACICHBl OT IPOCKTHOU
HIOKHEH TpaHUIBl TOPHBIX pabOT MO YIJIOBEIM
rmapaMmerpaM CIBIKEHHs MaccuBa. [lpu  3TOM
OTMEYaeM, 4YTOo COIJIaCHO MIPOCKTY
«KasrumponperMeTay IUIOMAMb MPEAIOIAracMOM
30HBI OIACHBIX JedopMalrii, OTCTPOCHHOH IO
YKa3aHHBIM yTJiaM ISl CHCTEM C CaMOOOPYIIICHUEM,
cocrasiseT 689,9 ra, B Tom uucine [13]:

[Toctpoenne  rpaHWI]  30HBI  BIWSHHA
MTOA3E€MHBIX pa3pa0dO0TOK, 30HBI OTIACHBIX CABMKCHHUH,
a TaKKe IPEeNOXpaHUTEIBHBIX  IEIUKOB U

IPEIOXPAHUTENBHBIX 30H Ul KOMOMHHPOBaHHBIX
CHCTEM pa3pabOTKH U TOPSIOK OTPAOOTKH PYyIHBIX
3aje’Kel MPOM3BOAMTCS MO yrjaMm ciaBwxenus [14-
18].

CornacHo «lIpaBunam oxpaHbl COOPYKEHUH 1
IPUPOAHBIX OOBEKTOB OT BPEIHOIO  BIHMSIHUSA
MOJ3eMHBIX BBIPAOOTOK Ha MECTOPOXKICHHSX DYy
YepHbIX MeTauioB Ypana u KaszaxcraHa», yrisl
CIBIXEHHUS IJIS1 CUCTEM C CaMOOOpYIIEHHEM pyI B
yenoBusax maxt «JIHK» TouI"OKa cocTaBisior:

- mo BucsyeMy Ooky — 60° - mo jexauemy
0oky — 60°; - mo mpocTupanuto — 65°.

CoriacHo BBIIIEYKAa3aHHOH METOOUKE H
napameTpam IO YIJIy CIBH)KEHHUSI PyAHOTO MaccHBa
MO0 TMPOCTHPAHHIO HA TIpUMepe  TOCTPOCHBI
MPEJOXPAHUTENBHBIN LEIUK U OepMBbI 0€30ITaCHOCTH
OT BIMSIHMSA  OYMCTHBIX pabOT IMpH IMOA3EMHOMN
JIo0bIYe XPOMHUTOB c NPUMEHEHUEM
KOMOWHHPOBAaHHOH T'€OTEXHOJIOTMH Ha TIIyOOKOM
ropuzonTe maxT «/JHK» Jlonl'OKa (pucynok 4).

TTHMA rpaHuLpl 0TpaBoTaHHbIX 3anacos npu

Kkombwu HMpOBaHHOﬁ reoTexHoNnoru1
b

Cucrema ¢ Cucrema ¢
camooBpyLeHnem | camooBpyLleruen
PyAsl PyAB!

[
NANNNPANNNG

Lenuk

80m
%

9‘3”%

I MpepoxpaHuTensHbIi

Cuctema
TOPM3OHTAMBHBIX
HUCKOARALLMX COEB ¢
l TBEpAeiowei
3aKknagroit

3oHa bepmsl
BesonacHocTH

80M 80 A 4g0m 100m

50m 60m | 60m 60m

Pucynok 4 Cxema 6epMbl 6€30I1aCHOCTH M IPEAOXPAHUTEIHHOTO LIEIUKA OT BIHUSHUS OYUCTHBIX PadOT IMpH
T0JI3¢MHOH 100bIY€ XPOMHUTOB C IPUMEHEHNEM KOMOMHUPOBAHHOMN re0TEXHOJIOTHH Ha ITyOOKOM TOPHU30HTE IIaXT
«JIHK» TonI'OKa

BriBoanl

[Ipu Bcex cBOMX MpeUMYIIECTBaX,IPUMECHEHHIE
TEXHOJOTHH C CamMooOpylIeHHeM pyIsl U

BMemamux nopox Ha maxrtax Jonl'OKa sasnsercs
HEO0XOIUMOCTBIO, HEXeNn 3P PEeKTUBHBIM
TEXHUYECKUM pemeHneM paIroHaIbHOM
ycTOMUYMBOM 100bIuM. Pacnpenenenue HanpspkeHUA

— 74 ——
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B MacCHBE MpH OCHOBaHWM AHMINA O10ka 60 M Ha
maxte Jlon['OK mokaspiBatoT, 4To 001aCTH 30HEI

BIIMAHUA  OYHMCTHBIX pa60T opu  CHCTEME C
caM006pymeHHeM pyabl  TO3BOJIAKOT  OLCHHUTH
TreOMCXaHNYCCKYTO IICJ'ICCOO6pa3HOCTI) BI)I60pa

MecTa Hayaja 3aJI0’)KCHHs BBIPaOOTOK Ha 3Ta)ke MpU
HapaieabHOM BEIEHUHM CHUCTEMbI TOPH30HTAIBHBIX
HUCXOJAIUX CIOEB C TBEPACIOLICH 3aKIaiKou B
KOMOWHAMUI TEXHOJIOTHEH C caMooOpylIeHHeM
pyasl Ha TIoyOOKmX Topm3oHTax maxT «JHK»
JOHCKUX XPOMHTOB.

[TosTOMY, HamMu IpeATIOKEHA KOMOMHUPOBAaHHAS
Te0TEXHOJIOTHS MPU 0TPabOTKE 3armacoB B TIIYOOKHAX
U CII0XHO-OOOCOOJEHHBIX  PYAHBIX  3aJiekax
MoIHOCTHI0 10 80-100 M.

B pesynbrare mpoBeICHHBIX WCCIEIOBAHUHN IO
ONIPEICNICHUIO TPAHUYHOTO BIMSHUS OYHUCTHBIX
paboT KOMOWHHPOBAHHOH TE€OTEXHOJOTHMM  Ha
TITyOOKHX TOPH30HTAX IaXT, COTJIaCHO
pa3paboTaHHOW HAMU METOAMKE W IapameTpam IO
VIJIy CIBM)KEHHUSI PYOHOTO MacCHBa Ha INPHUMEpE
XPOMHTOBBIX MECTOPOXKICHUN IIOCTPOEHBI

NPeIOXPaHUTENBHBIN LETHK U OepMbI 0€30MTaCHOCTH
OT BIMSHHUS OUYMCTHBIX pabOT TpHU TOA3EMHON
no0bIde XPOMHUTOB c IPUMEHEHUEM
KOMOMHHPOBAHHOW T'€OTEXHOJIIOTUM Ha TIIyOOKOM
ropuzonTe maxT «JIHK» J{oul OKa.

bnazooapuocmo
Paboma 6bINONIHEHA 6 pamkax
20CY0apCcmeeHHo20  3aKasa — No  OHONCEMHOU

noonpoepamme 102 «I panmosoe punancuposanue
HAYYHBIX — UCCTe008AHUL»,  NO  NPUOPUMENY
«Payuonanbnoe ucnoiv3oeanue NPupoorvIx, 6 mom
yucie GOOHLIX Pecypcos, 2eonozusl, nepepabomxa,
HOBble Mamepuansl U MeXHOA02UU, Oe30nachvie
uzdenuss U KOHCHMPYKYUU»,  HNOONpUOpumem
«Dynoamenmanvusvie UCCIEO008aHUS 6 o0braAcCmU
ecmecmeennvix  Hayky 2018 — 2020 200wl
NeAP05131352  «Paspabomxa u  o0bochosanue
napamempos KOMOUHUPOBAHHOU 2e0MEXHOI02Ul 0I5
be30nacho2o U YyCmouuugoeo pazsumusi 000uIYU
XPOMUMOB HA 2YOOKUX 20PUSOHINAXY.

https://doi.org/10.31643/2020/6445.09

CcpL1ka Ha 1aHHYI0 cTaThlo: bekOeprenos /1. K., [xxanrynosa I. K., bektyp b. K. Onpenenenne rpanugsHoro
BJIMSIHUSI OYMCTHBIX PabOT MpH KOMOMHUPOBAHHOW M€OTEXHOJIOTHH HA MTyOOKUX TOPHU30HTaX IaxT JIOHCKHX
xpomuToB // KoMiuiekcHOe ucronb3oBanre MuHepaisHoro chipbst (Kompleksnoe Ispol’zovanie Mineral’nogo
Syr’a = Complex Use of Mineral Resources). Ne 1 (312), 2020 ctp. 69-77.

[eH XpoMuT waxtanapbiHbliH TEPEH FOPU3OHTTapbIHAAFbI apanac reotexHonorus
Ke3iHaeri Ta3apTy XXYMbICTapblHbIH LWeKaparnblK 9CepiH aHbIKTay

Bekb6epreHoa [.K., MxaHrynosa K., BekTyp B.K.

Tyitinaeme. by makanazia JleH XpOMUT IIaXTAaChIH/A Ta3apTy >KYMBICTAPBIHBIH LIEKapaJbIK 9CEPiH aHBIKTay Ke3iHIerl
TEXHOJIOTHSUIBIK CXEMaHBIH 3€pPTTey HOTHKellepi KenripiireH. KeH mOoFbIpnapblH OHICYIH TEXHOJIOTHSUIIBIK CXeMachl
MEH TOCUIIH TaHJay Ke3iHJe HEeri3ri >KOHE aHBIKTayIIbl KOPCETKIITep KEH JIeHelepi MEH apaliblK >KbIHBICTAPIIbIH
JKATYBIHBIH Tay-TEO0JOTHSIIBIK KaF[aiaapbl, 0Jap/blH FeOKYPBUIBIMIBIK KYPBUIBICHI, OEPIKTIri, AehopManusIaHybl )KHE
TYPaKThUIBIFBl 0OJIbIN TaObUIanbl. OChl KOPCETKIMITEPI erKel-TerKeisl jKoHe TOJBIK 3epleliey HeTi3iHue Tay-KeH
JKYMBICTApbIH JKYPri3y HPOLECIHAEe MACCUBTIH F€OTEXHUKAIIBIK XKaFIaiiblH Oaranay Macelenepi menriiei, KaobuijaHraH

urepy OKYHECiHiH HeTi3ri TEeXHOJOTHSUIBIK IPOLECTEePiHIH MapaMeTpiepi aHBIKTalaIbl,

COHJIali-aK Maijlanany

YKYMBICTapbIH XYPTi3yAiH THIMIITITiH, CEHIMIUTITIH ’9HE KayIIci3iriH KaMTaMachl3 eTy Macesenepi memnrineni. Ocbiran
0alIaHBICTBl OChI ACKBIHYJIAPJbIH TAOWFATHIH allly >KOHE OHJEYre iJecHe Tay-KeH-TeXHHKAIbIK MPOIeCTepIiy
3aHJIBUIBIKTAPBI HETI3iH/e, Urepy/iH TEXHOJOTUSUIIBIK CXEMAaJapbIHBIH TOCULAEPIH HETi3[i Typle TaHjaay, aBapHUsHBI
OOJIBIpMAay KOHE JKep KOWHAYBIH YTHIMIBI IMalallaHyAbl KAMTaMachl3 €Ty YIIiH OJIAPJbIH IapaMeTpiepiH aHBIKTAy

KKETTTIT TyBIHIaW b,

Tyiiin ce3nep: Tay >KbIHBICTApBIHBIH MacCHBi, apanac T€0TEXHOJIOTHS, HTepy KYHecCi, MaxTalbIK TOPH30HT, Maiiiaisl

Ka30anmap/ibl OHAIPY, KEH MIOFBIP.

Determination of the boundary influence of cleaning works at combined
geotechnology on deep Dongok mines horizons

Bekbergenov D., Jangulova G., Bektur B.

Abstract. This article presents the results of studies of the technological scheme when determining the boundary effect
of treatment at the DON GOK mine. The main and determining indicators when choosing the method and technological
scheme for mining ore deposits are the geological conditions of occurrence of ore bodies and host rocks, their
geostructural structure, strength, deformability and stability. Based on a detailed and thorough study of these indicators,
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the issues of assessing the geotechnical state of the massif in the process of mining are being resolved, the parameters of
the main technological processes of the adopted development system are being determined, and the issues of ensuring the
efficiency, reliability and safety of operational work are being addressed. In this regard, there is a need to reveal the nature
of these complications and, based on the laws of mining processes associated with mining, it is reasonable to choose
methods of technological development schemes, determine their parameters in order to exclude accidents and ensure
rational subsoil use.

Keywords: rock massif, combined geotechnology, development system, mine horizon, mining, deposit.
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A6cTpakT. lonyyeHbl HOBble pacyeTHble opMynbl AN OLEHKU TEXHONOrMYeckon HeonpeaeneHHoOCTU |
3aBEPLUEHHOCTU KaXdoro nepefena M cxembl B LENoM. YCTaHOBMeHa BbiCOKasi KOPpensiuus upeanbHon
NepapXxmMYeckom CTPYKTYpPbl CIIOXHbIX CUCTEM CO CTPYKTYPOI TEXHONMOMMYECKUX CXEM pearibHbIX MeTanmypruyeckmx
NpoM3BoACTB Meau. Tem cambiM pelleHa npobrema no TeopeTudeckoMy OBOCHOBAHWUI U MpakTUHECKOMY
NPUMEHEHUIO E€AMHbIX MH(OPMALMOHHBLIX 32aKOHOMEPHOCTEN Ol CPaBHUTENBHOM OLEHKU KOHKYPUPYHOLLIMX
TEXHOMOIMYECKMX  CXEM U COBEPLUEHCTBOBAHWA  [OEUCTBYIOLWMUX  MeTannypra4eckux  MpOM3BOACTB,
obecneuvBaloLLMX OOCTWKEHNE MOCTaBIIEHHOW LEnu Havbornee TeXHOMOTMYHbIM crnocoboM. KccrnepoBaHus,
npoBoaVMble B Hallei paboTe, SBMASTCA NOMHOCTbIO OpUrMHanbHbIMK. [JOCTaTOUYHO BbICOKUI Hay4HbIA YPOBEHb
paboTbl OMpenensieTcs  MCNoSib30BAaHWEM COBPEMEHHBLIX WMHM(OPMALMOHHBIX TEXHOMOMMA MpU  peLleHNM
NpakTUYeckMx 3agady B MPOU3BOACTBE C LIESIb0 CPaBHUTENbHOW OLIEHKM M COBEPLUEHCTBOBAHUS OTAENbHbIX
TEXHOMOrMYECKUX TMPOLLECCOB M CXEM B LEMOM Ha OCHOBE eOMHOro nokasaTensi, KOTopbli oTobpaxaet
OOBEKTUBHYIO KOMIMIEKCHYI TEXHOSOTMYECKY0 LIEHHOCTb XWMUKO-METannypruydeckoro (M noboro gpyroro)
NMPOM3BOACTBA Ha OCHOBE (OyHOAMEHTamNbHbIX 3aKOHOB COXpaHeHus. [lonyyeHbl dopmMynbl Ans pacdera
KOMMIEKCHOW HEOMNpPEeaerieHHOCTU U MOMHOTbl TeXHONOMMYEecKo CXeMbl B LENoM Ha npuMepe TUMUYHbLIX
MeTannypruyecknx Mpov3BOACTB, MpeEXOEe BCEro, LBETHbIX METAasnoB, XapakTepusyrwmxcs Hanbonbwmm
pa3Hoobpasuem. [lpegnoxeHbl HOBble  acnekTbl  SHTPOMUIAHO-MH(OPMAaLMOHHOTO — aHanmMsa  XUMMUKO-
MeTannyprmyecknx MPOLECCOB W TEXHOMOrMYECKMX CXEM B LEMOM, HOBble pacyeTHble hopMynbl Afs
onpeaeneHns ypoBHEBbLIX Y CUCTEMHbIX XapaKTEPUCTUK TEXHONOMMYECKNX CUCTEM.

KniouyeBble cnoBa: 3HTPONUs, MHPOPMALMOHHBIN aHanus, Npov3BOACTBO MeAu, MeTannypruyeckme npoLecchl,
TEXHOOrMYECKNE CXEMbI, 3aKOH COXPaHEHUs], coaepXKaHue, U3BreYeHue.

CaeeHus 06 aBTope:
Kaxunkenosa CayJie lllapanaTtoBna - JloKTOp TeXHHYECKHX HayK, Ipodeccop, KaparanauHckuii rocyAapCTBEHHBIIN

TeXHMYECKHMI yHuBepcuTeT, Kazaxcran. E-mail: sauleshka555@mail.ru; ORCID 1D: 0000-0002-6937-1577

Baenenne 3aKOH  COXPaHEGHHS  MAaKCUMyMa  DHTPOIHH),
chopmynupoBaHHbIii B cepenuHe XX B., MOKa 4YTO
UCTIOJIB3YeTCsS TONBKO s a0CTPaKTHOTO aHAIH3a
JOOBIX CIOXHBIX CHCTEM, HO HE JJISi KOHKPETHBIX
MPOLIECCOB TPHU peaTu3alUu CIOKHBIX XHUMHKO-
METaJUTypPrUYecKux cxemM. Mexny TeM 3TOT 3aKOH
MOXXHO OBIIO OBl TPUMEHHUTH IS OIpPEACIICHUS
OamaHca MEXTy HEOTPeIeTICHHOCThIO u
3aBEPIICHHOCTHIO TEXHOJOTUYECKUX TIEPEIETIOB WIH
CXEMBI B LIEJIOM, TO €CTh JJIS AKCIEPTHOU OLEHKU
JMOOBIX MPOM3BOACTBEHHBIX TporeccoB. Cremyer
UMETh B BHUAY, 4YTO TMpeAjiaraeMblid MOAXOA K
OTIpe/IeTICHHI0 0OBEKTUBHOM MEpPHI COBEPIIICHCTBA H

[Ipu pa3paboTke XHUMHUKO-METAILTYypPIHIECKUX
IPOIIECCOB M HX MPaKTHUYECKON peaTu3aliu
IIUPOKO UCHOJB3YHOTCS OTKpeIThle B XIX B.
BceoOIIMe 3aKOHBI COXpaHeHWs. Tak, 3aKoH
COXpPaHEHHUS U TpEeBpallleHHs PHEPTUU BOIUIOIIEH B
Hayajax TEePMOAMHAMHUKM M TPUMEHSETCS Ha
MPaKTUKE I COCTABIICHUS TEIUIOBBIX OalaHCOB
MPOTIECCOB. 3aKOH COXPAaHECHUS MAacChl 005S3aTeIHHO
YUUTBHIBAETCS B KWHETHKE XMMHYECKUX peakluil U B
MaTepuanbHBIX OamaHcax mporeccoB. OmHAKO
HOBBIK W CTOJb K€ YHHMBEPCAJIbHBIM 3aKOH
COXpaHEHUs] CYMMBI HHGOPMALIUU ¥ SHTPOIHHU (W
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MOJIHOTHI  TEXHOJIOTUYECKOH  CcaMOOpraHU3alliu
JFOOBIX MPOIECCOB  SIBISCTCSA JIOTOJHEHHEM K
HW3BECTHBIM METOIaM TEPMOAMHAMHUYECKOTO,
KHHETHYECKOTO, TEMIOTEXHUYECKOTO,
SKOHOMHYECKOTO M DKOJIOTMYECKOro aHaau3a. B
OMpPEICICHHOM OTHOIICHUH HOBBIA IOIXOZ MOKHO
paccMaTpuBaTh Kak ~ Pa3BUTHE  SHTPOIHIHOIO
aHalm3a, TMPH KOTOPOM YYHTHIBAIIOCH TOJBKO
CTpEMJICHHE DHTPONUH K MakcuMyMmy. B Harem
MOJX0JIE 3TO CTPEMJICHHE YUYUTHIBACTCS COBMECTHO
¢ MH(OPMAIMOHHON COCTABJIAIOIIEH, MPUYEM HE B
SHEPTeTHUYECKUX CMHHUIAX, & B UHPOPMAIIMOHHBIX
ourax.

JloObruy MeIBCOAEPIKAIINUX pya Ha
TEPPUTOPHUH PecrryOnuku Kazaxcran
OCYIIECTBIISIOT JIOYepHUE KOMITaHUH AO
«Kazaxmpicy, JIoYepHUE CTPYKTYPBI AO
«Ka3muuk», AKTIOOMHCKasg MeOHas KOMIIaHUA,
«MaWKanmH30710TO. OcHOBHOE KOJWYECTBO
MIPOU3BONMOTO MEIHOTIO KOHIICHTpaTa
WCTIONB3yeTCS JUIS  BBITYCKa papUHHPOBAHHOM

MeJIH, 9acTh BBIMTyIIEHHOro B PecyOmuke MenHOTo
KOHIIEHTpaTa J3KCHOpTUpYyeTcs. MOIIHOCTH 1O
BRIMMYCKYy paduHupoBaHHOW Memu B KazaxcraHe
uMerTes Ha 4-x mpenmpustusx. K Hum, npexae
BCEro, OTHOCATCS  JOYEpHUE  MOApa3JeiIeHUs
komnanun «Kazaxmeicy - I1O «Ke3kasranuserMeT»
u I1O «banxamisermer». HeboabIoe KOIMIECTBO
padbuHUpoBaHHONH  Memu  mpomsBomutrcs  AO
«Ka3uuHk» - Ha momaake Ycrb-KameHnoropckoro
CBUHIIOBO-IIMHKOBOTO KoMOuHaTa. B 2015 roxy nan
cTapt pabote Bbo3zmiakoabckoro TOpHO-
oboraturensHoro komouaara TOO «KAZ Minerals
Bozshakol» B [TaBnogapckoii o0nacTu.

Ilenpro HaAmWUX WCCIEAOBAaHUN  SBISCTCS
MOHHUTOPUHI Kaye€CTBEHHBIX M KOJMYECTBEHHBIX
ToKazaresieil TeXHOJIOTHUECKIX CXEM IIPOU3BOJICTBA
MeIM B 3aBHCUMOCTH OT cmoco0a IUTaBKM Ha
MeTaJulyprudeckux npennpusatusx Kazaxcrana.

Hccnenyemas B paboTe mpobiema SBISICTCS
BeChbMa aKTyalbHOW, HAIpaBlieHa Ha OOBEAMHEHUE
Pa3pO3HEHHBIX [0 CHUX MNOp IoKazareineil 1o
COJEP)KAHUIO U U3BJICYEHUIO IIEHHBIX KOMIIOHEHTOB
B TEXHOJIOTHYECKUX MPOTyKTax i HX
WCIIONB30BaHUE  JUIS  BhIOOpAa  PAIMOHAIBHBIX
TEXHOJIOTUYECKUX CXEM M IMPOIECCOB B LBETHOH U
yepHOl Metaimypruu. IIpakThueckas 3HaYMMOCTH
MOJIyYCHHBIX HAa OCHOBE TOJO0OHOrO IOAX0Ja
pEe3yAbTaTOB [JIsl HAYKH COCTOUT B BO3MOKHOCTH
HCITOJIE30BaHUS CIMHBIX nH(POPMAITMOHHBIX
KpUTEPUEB JUIS AKCIIEPTHOM OLICHKH
KOHKYPHUPYIOIIUX CXeM Ha CTagud  BBIOOpa
aTbTCPHATUBHBIX TIPOEKTOB, TaK H CIIOCOO0B
YCOBEPIIIEHCTBOBAHUS CYIIECTBYIOIINUX TEXHOJIOTHH,
YTO OCOOCHHO BaXHO B YCJIOBUSAX PBIHOYHBIX
OTHOIIICHUH.

O6cyxaeHue pe3ynbTaTos

B pesynbpTare mpoBeACHHBIX HCCIEIOBAHUH C
[EJTbI0 MOHUTOPHHTA PEATHHBIX IPOU3BOICTBEHHBIX
CXeM Ha  METAUIYPTUYEeCKHX  IPEIIPUSTHUSIX
Kazaxcrana IIO  «Keskasranmsermer», 11O
«banxammsermery, AO «Kasuuuk», TOO «KAZ
Minerals Bozshakol» ¢ Touku 3peHus] SHTPOIUITHO-
UHPOPMAITMOHHBIX  3akoHOMepHocTel IlleHHOHA
HAMH  TIPEUIOKEHBI  pacueTHble  (pOpMyIbI,
YCTaHABJIMBAIOIINE KpUTEpU KAaueCTBEHHOMN
OIICHKA  pacCMaTpUBAaEMbIX  METAJLTyPrHYECKUX
MIPOIIECCOB.

Jns SHTPOIUHHO-THPOPMAITHOHHOTO
aHaJin3a JIF0ObIX OOBEKTOB MIMPOKO HCIOJb3YETCS
CTaTHCTUYECKas thopmyna [llennona JUTS

BBIPOKCHUS HEOIPEACICHHOCTH JIH000H CHUCTEMBI
[1,2]:

N
H=-lplog,p. ()
=
IZIe pi — BEPOSTHOCTb OOHapyKEHHUS KaKOTO-THOO
OJTHOPOAHOTO AJIEMEHTA CUCTEMBI B IX MHOKECTBE

N
N [1p=1 p00,i=12,. N
i=1
JUIs KOHKPETHOTO YHCICHHOTO BBIPAKCHUS
CTETICHH  JIETePMUHAIIMA M CTOXaCTUYHOCTH
paccmorpuM  dopmyny  P.Xaptim, — koropas
IIPUMEHUTENIEHO K YPOBHEBON UMEET BUJ!

Hn(m) =K"logN,, 2)

PaccMOTprM  TEXHOJOTHYECKYIO CXEMYy C
JUIMHOM Koma K =2, To ecth K B JaHHOM Clydae

9TO BbIﬁOpKa U3 MHOXECTBA — DOJICEMCHT H HC
3JICMCHT, COACpIKAUXCH B IMPOOYKTE.
TeXHOIOrMYEeCKU CMBIC  3TOTO OrpaHUYCHUA

CBOJOUTCSA K TOMY, YTO NETEPMHHALUSA CHUCTEMBI B
NEpBOM TNPHUOIMKEHUU OLICHUBAETCS MO OJHOMY
KakOMy-TO DJJIEMEHTY, TIJIABHOMY M IE€JICBOMY,
HampuMep, [0 MEAM U OJKEle3y, a OCTalbHbIC
MPUHAMAIOTCS B KaXJIOM TIepesesie KakK eIWHBIN
OCTaToOK, TO €cTh He 3neMeHT. Torma (2) mpumer
BUJL:

H,

) =2"logN, =2"log,2=2"

B Tabmume | npuBeneHsl  pacdeTHBIE
MoKaszarenu ypoBHeBoOW (auddepeHIpoBaHHON) H
CHUCTEMHOH (MHTErpajbHOI) IeTepMHMHALMU JUIs
MEepBBIX  JECATH YpOBHEH IOCTPOCHHOW  Ha
OCHOBaHUH (bopMybl 2) abcTpakTHON
TEXHOJIOTUYECKON CUCTEMBI [3].
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Tabauna 1 - PacyeTHbIe IOKa3aTeNN Ha KAKIOM YPOBHE TEXHOJIOTHUECKOW CXEMBI TIEPEAETIOB B HEPaPXIMUECKON
cucreme uis k, N, =2

n In(d) Hn(max) dn _ |n(d) lzn (d) Hzn(m) o - Izn (d)
OuT/>1I. out/>1. Hn(max) 6UT/301. ST/ Y, HZ

n(max)
0 0 1,0 0 0 1,0 0
1 1,00 2,0 0,50 1,00 3,0 0,33
2 3,33 4,0 0,83 4,33 7,0 0,62
3 7,67 8,0 0,96 12,0 15,0 0,80
4 15,9 16,0 0,99 27,9 31,0 0,90
5 32,0 32,0 1,0 59,8 63,0 0,95
6 64,0 64,0 1,0 124,0 127,0 0,98
7 128,0 128,0 1,0 252,0 255,0 0,99
8 256,0 256,0 1,0 508,0 511,0 0,99
9 512,0 512,0 1,0 1020,0 1023,0 0,998
10 1024,0 1024,0 1,0 20440 2047,0 0,999

B kauecTBe XapaKTEpUCTUKU BEPOSTHOCTH
OOHapyXeHHUs TJIaBHOTO 3JIEMEHTa CUCTEMBI MOXKHO
IIPUHATE €T0 COAEPIKAHHUE, BBIPAKEHHOE B JOJAX
eIuHULBL. Torjga IpUMEHHUTEIBHO K €JUHCTBEHHOMY
KOHTPOJMPYEMOMY 3JIEMEHTY CHUCTEMbl OOBIYHBIC
MaT€MaTUYeCKHE  pacyeTbl s BBIPAXKEHHUS
MH(OPMAITMOHHOW HEOIPEIeIeHHOCTH CTAHOBSITCS
Oosiee KpaTKUMH U CBOZSTCS K ciemyromemy. Ecnn
P — BEpOATHOCTH OOHApYKeHHs B IMPOJIYKTE HIIH

nepexona IMpU  U3BJICUEHUM KOHTPOJIHUPYEMOIO
3JIEMEHTA, TO HEOIMPEAEIEHHOCTh KaXIOr0 U3 3TUX
COOBITUH paBHAa OOpaTHOW BEJIMYHWHE OT €ro
ONpe/IeICHHOU UICHTU(DUKAIINHN. B HaimieMm
BapUaHTE OLIEHKH HEONPEAECICHHOCTH NOBEACHUS
TOJIBKO OJTHOTO DJIEMEHTa CHCTEMBI JTa
HEOIpe/IeJIEHHOCTh BBIpA3UTCSA creayromen
hopmymoii:

H :Iog2%=—log2 p:_ln_p

In2
Ka4y€CTBO TCXHOJOI'MYECCKUX
HepeIICJ'IOB n HepeIleJ'II)HI)IX HpOIIyKTOB Ha
OCHOBAHUU CpaBHI/ITeJ'II:HOFO aHaliIn3a
KOHKYPHUPYIOIUX CXEM IO €IUHOMY O00O0IIEHHOMY
KPUTEPUID KOMILIEKCHOM HEOINpPEJEICHHOCTH U

©)

Onpenenum

3aBEPIICHHOCTH TEXHOJOTHYECKON CXEMBI
MPOM3BOJACTBA Meau. I[IOCKOMBKY  H3BJCUCHHE
JMO00T0  KOMITOHEHTa  MPOMOPIIMOHAIBHO  €ro

COACPIKAaHNUIO B HCXOJIHOM BCEIIECCTBE U 06paTHO
OPpOMOPHUHUOHATIBHO COACPIKAHUIO B IPOAYKTE, TO:

B, = Ze2 . 100%,

.0
[}, — mokasaTenb H3BIECUCHHS

rac Ha HYJIECBOM

a — II0OKas3areiu

YPOBHE CXEMBI, (04 po.

3.K.!

COJICp)KaHUS B
MECTOPOKICHHH.
Tak kKak 1O CHpPaBOYHBIM AaHHBIM [1] muis

memn o, =0,010%, ap.M.E].,O%, TO B

TIEPBOM TPUOJIMKEHNN U3BIICYCHUE MENIU U3 3€MHOM
KOPBI B PYJHOE MECTOPOXKICHHUE MOXKHO OIICHUTH
KaK:

3¢MHOM KOpe H B PYIJHOM

ﬂOMQ()b = %;O -100% = 1;0% :

Ha ocHoBannn wHGOPMAIHOHHOW (HOPMYIIBI

IlTenHoHa Q8 IIPOBEEM SHTPOIUNHO-
MH(QOPMALIOHHBII aHau3 Ka)J10T0
TEXHOJIOTMYECKOI0  Iepelena Al pacuera
KOMIIJIEKCHOM HEOTIPEIeTICHHOCTH u

3aBCPIICHHOCTHU TEXHOJIOTUYCCKON CXEMBI B 1ICJIIOM
Ha MOpuMepe MNpoOu3BOACTB MCAH. HJ’IH OIICHKHU

KOMIIJIGKCHOM HCOIPEACIICHHOCTH H k Ha OCHOBC

aJITATUBHBIX CBOMCTB DJHTPONUH HAXOIUM OTOT
MOKa3aTesib Kak CYMMY BKJIQJIOB HEOIIPEACICHHOCTH
KaK [0 HU3BJICUCHUIO U COJEPKAHMUIO, TaK U TO
nepesieNiaM TeXHOJIOTHIECKON CXEMBI:

n
H, = Z H, - our/on.  (4)
i=0
XapaKTEPUCTHKY

Tlomyuus KOMIUIEKCHOM

HEOTIPE/ICICHHOCTH TEXHONOrHIecKoi cxemsr H K
MOKHO C TIOMOIIIBI0 00paIeHHoN (hopMyJbI [3]
P = EXp(— H, In 2) =2 , IO €INHUILIBI
(me). (5

HaliTH COOTBETCTBYIONIYIO €H XapaKTepUCTHKY
KOMIUIEKCHOM OIpPEJEICHHOCTH TEXHOJIOTHYECKON
CXEMBbI HpOI/I?’BOI[CTBa MEOIU U CTAJIU. 3ILCCI) BHepBBIe
[oKa3aTean COJIepIKaHUS H HU3BJIEYEHUS
HCITOJIB3YIOTCS OOBEAMHEHHO KaK €IUHBIC OIECHKH
JIETCPMUHAIINY TEXHOJOTHYECKOTO Tepeaena U s
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cxeMsl B 11esoM. CienyeT NoAYepKHyTh, YTO JaHHAs
BeIMYMHA [, Oylyud paccuuTaHHas —4epes

WHPOPMALUOHHYIO XapaKTePUCTUKY H,,

00aBIIEHHOTO
aJIATHBHO, a

YUUTBIBACT I[CHHOCTHL  KaXI0ro
nponcHTa WM €ro JoJnM  HE
CUHCPICTUYCCKU.

[IpoBeneM  SHTPONMHUIHO-MH(POPMAIMOHHBIH
aHAITM3 KAuecTBa TEXHOJIOTMYECKHX IMPOIYKTOB, a
BMECTE C TEM WU TEXHOJIOTHYECKUX OMEparHii,
HPUBOMSAIINX K TOJNYYCHUIO 3THX HPOIYKTOB, IO
pe3yJbratam TEXHOJOTHYCCKHX Hepe/IeiioB
IPOM3BOJICTBA MEAM B 3aBHCHMOCTH OT CIOco0a
wiaBku (Tabsuisr 2-10).

Ta6auua 2 - MOHUTOPUHT TEXHOJIOTHUYECKHX IIEPEIEIOB MPOU3BOACTBA MEH 110 CITOCO0Y OTpakaTeIbHON TUIABKH

TeXHOJIOTHYECKHE Conepxatne & W3pneuenne ﬂ

Hepeens a H . Gur B Hﬁ, our H af Pe.s
JlobbI4a 0,0100 | 6,6439 0,0100 | 6,6439 13,2878 | 0,0001
OGoranenne 0,1900 | 2,3959 0,8250 | 0,2776 2.6735 0,1568
Ilaska 02750 | 1,8625 0,9490 | 0,0755 1,9380 0,2610
KOHBEPTHPOBAHHE 0,9750 | 0,0365 0,9280 | 0,1078 0,1443 0,9048
Ornesoe papurnposanme | 0,9920 | 0,0116 0,9830 | 0,0247 0,0363 0,9751
IMEKIPOIHTHIECKOE 0,9999 | 0,0001 0,9999 | 0,0001 0,0002 0,9998
padpUHAPOBaHHE

H,.6ur - 10,9505 - 7,1296 18,0801 -

Taﬁ.lmua 3- MOHI/ITOpI/IHF TEXHOJIOTMYCCKUX MEPEACJIOB IPOMU3BOACTBA MEAU 10 CHOCO6y MCZ[HO'CepHOﬁ IIaBKHU

TexHnonorunueckue Conepxanue Wsneuenue ﬂ

nepeiebl o H o 0T B H 5 6uT H of paﬂ
Jlo6brua 0,0100 | 6,6439 0,0100 | 6,6439 13,2878 0,0001
OGorarienue 0,1050 | 3,2515 0,8270 | 0,2740 3,5255 0,0868
Tl1aBka 0,2300 | 2,1203 0,9225 | 0,1164 2,2367 0,2122
KouBepTupoBanue 0,8000 0,3219 0,9250 0,1125 0,4344 0,7400
Ornesoe 0,9920 | 0,0116 0,9570 | 0,0634 0,0750 0,9493
paduHHpOBaHHE

DICKTPOJMTHICCKOC 0,9999 | 0,0001 0,9999 | 0,0001 0,0002 0,9998
paduHHpOBaHHE

H, . 6ur - 12,3493 - 7,2103 | 19,5596 -

Tabauna 4 - MOHUTOPHHT TEXHOIOTHYECKUX MEPEIENIOB TPONU3BOACTBA MEH IO CIIOCO0Y MEKTPOILIaBKH

TexHnonorunueckue Conepanue Wsneuenue ﬂ

nepeensl a H , Gur B H 5 OuT H afl P.s
JTlo6brua 0,0100 | 6,6439 0,0100 | 6,6439 13,2878 0,0001
OGorarenue 0,2050 | 2,2863 0,9500 | 0,0740 2,3603 0,1948
Tlraska 0,3750 | 1,4150 0,9660 | 0,0499 1,4649 0,3623
KOHBEpTHPOBAHHE 0,9850 | 0,0218 0,9435 | 0,0839 0,1057 0,9294
Ornesoe 0,9920 | 0,0116 0,9870 | 0,0189 0,0305 0,9791
paduHHpOBaHHE

DICKTPOJMTHICCKOC 0,9999 | 0,0001 0,9999 | 0,0001 0,0002 0,9998
paduHHpOBaHHE

H,,6ur - 10,3787 - 6,8707 17,2494 -

Tabauna 5 - MOHUTOPHHT TEXHONIOTHYECKUX NEePEesIOB TPOM3BOACTBA MeH o criocoly «Y OPKPA»

TexHomornyeckue Conepxanue & Wsprneyenue ﬂ

nepesenbl a H o OHT ﬂ Hﬂ’ GUT H aff paﬂ
Jlo6blua 0,0100 6,6439 0,0100 6,6439 13,2878 0,0001
O6oramienne 0,2150 2,2176 0,9270 0,1094 2,3270 0,1993
IlnaBka 0,5900 0,7612 0,9715 0,0417 0,8029 0,5732
KonBeptupoBaHue 0,9885 0,0167 0,9285 0,1070 0,1237 0,9178
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OraeBoe paduauposanne | 0,9930 0,0101 0,9860 0,0203 0,0304 0,9791
DNCKTPOJMTHICCKOC 0,9999 0,0001 0,9999 0,0001 0,0002 0,9998
padpUHIPOBaHHE

H, . 6ur - 9,6496 - 6,9224 16,5720 -

TaﬁJmua 6- MOHI/ITOI)I/IHI‘ TCXHOJIOT'MYCCKUX MECPEACIIOB IPONU3BOACTBA MEIU 1O CHOCO6y IIJIaBKH B )I(I/I,HKOﬁ BaHHC

TexHomornyeckue Conepxanne o Wssneyenne ﬂ

nepeens a H . Gur B H P 6ur H aff paﬂ
Jlo6blua 0,0100 6,6439 0,0100 6,6439 13,2878 0,0001
OGoraiienue 0,2400 2,0589 0,9610 0,0574 2,1163 0,2306
ITnaBka 0,5950 0,7490 0,9730 0,0395 0,7885 0,5789
KouBepTupoBanue 0,9750 0,0365 0,9470 0,0786 0,1151 0,9233
OrneBoe pagunaupoBanue | 0,9930 0,0101 0,9810 0,0277 0,0378 0,9741
IEKTPOIUTHIECKOE 0,9999 | 0,0001 0,9999 | 0,0001 0,0002 0,9998
paduHHpOBaHHE

H K » OHT - 9,4985 B 6,8472 16,3457 -

Ta6amnua 7 - MOHUTOPUHT TEXHOJIOTMYCCKHX TEPEICIIOB MPOU3BOACTBA MeIH 1o criocody [TBC

TeXHOJIOTHYECKUE Conepxanne Ussneuenne f3

HepeeNnbl a H . our b Hﬂ’ OuT H aff paﬂ
Jlobbrua 0,0100 6,6439 0,0100 6,6439 13,2878 0,0001
OGorarmenne 0,2650 1,9159 0,9215 0,1179 2,0338 0,2442
TlnaBka 0,5700 0,8110 0,9625 0,0551 0,8661 0,5486
KoHBEpTHPOBaHHE 0,9750 0,0365 0,9385 0,0916 0,1281 0,9150
Oresoe pabunnposarue | 0,9930 0,0101 0,9825 0,0255 0,0356 0,9756
DJICKTPOIITHHECKOC 0,9999 0,0001 0,9999 0,0001 0,0002 0,9998
paduHrpoBaHHe

H,,6ur - 9,4175 - 6,9341 16,3516 -

Tabauna 8 - MOHUTOPHHT TEXHOJOTHYECKHX [EPEACIIOB IPOU3BOACTBA MEIH II0 CIIOCO0Y KUCIOPOAHO-(haKeIbHOM IITaBKH

TeXHONOTHIECKIE Conepxanne g Wspneuenne f3

Tepeens a Ha, ouT P Hﬂ’ 6ur H of paﬂ
Jlo6bra 0,0100 | 6,6439 0,0100 | 6,6439 13,2878 0,0001
O6oranenne 0,2650 | 1,9159 09215 | 0,1179 2,0338 0,2442
Tlnaska 0,5700 | 0,8110 0,9625 | 0,0551 0,8661 0,5486
KOHBEPTHPOBAHHE 0,9750 | 0,0365 0,9385 | 0,0916 0,1281 0,9150
Ornesoe 0,9930 | 0,0101 0,9825 | 0,0255 0,0356 0,9756
pahHHIPOBAHKE

ICKTPOIUTUICCKOE 0,9999 | 0,0001 0,9999 | 0,0001 0,0002 0,9998
paduHrpoBaHHE

H,,6ur - 9,4175 - 6,9341 16,3516 -

Tabdauua 9 - MOHUTOPHHT TEXHOJIOTUIECKHX MEPEIeIIOB MPOon3BoaAcTBa Meau 1o criocody KMBIIDT mmaBk

=

TeXHOJIOTHIECKHUE Conepxanue ¢ Useneuerne f3

TiepeIesl @ H o OMT ﬂ H » our Haﬂ p aff
JlobbIa 0,0100 | 6,6439 0,0100 | 6,6439 13,2878 0,0001
OGoramenne 0,2500 | 2,0000 0,9650 | 0,0514 2,0514 0,2413
IlraBka 0,6000 | 0,7370 0,9810 | 0,0277 0,7647 0,5886
KOHBEPTHPOBAHHE 0,9750 | 0,0365 0,9215 | 0,1179 0,1544 0,8984
Ornepoe papurnposanme | 0,9950 | 0,0072 0,9870 | 0,0189 0,0261 0,9821
IMEKIPOIHTHIECKOE 0,9999 | 0,0001 0,9999 | 0,0001 0,0002 0,9998
pahHHUPOBAHKE
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H K » OHT - 9,4247 ) 6,8599 16,2846 -
Tadanua 10 - MOHUTOPUHT TEXHOJIOTUYECKHX MEPEAEIIOB MTPOU3BOACTBA MeJH 110 cr1ocoly «OyTOKyMITy»
CoaepxaHue g H3Bneuenue ﬂ
TexHonornueckue H
Hepeens a H o OUT IB H Y 6ur op paﬂ
Jo6srya 0,0100 6,6439 0,0100 6,6439 13,2878 0,0001
Ob6orarieHne 0,3050 1,7131 0,9770 0,0336 1,7467 0,2980
IT1aBka 0,6200 0,6897 0,9870 0,0189 0,7086 0,6119
KonBeprupoBaHue 0,9750 0,0365 0,9320 0,1016 0,1381 0,9087
OrueBoe paduHHpOBaHHE 0,9930 0,0101 0,9840 0,0233 0,0334 0,9771
DJICKTPOIHTHICCKO 0,9999 0,0001 0,9999 0,0001 0,0002 0,9998
paduHApOBaHHE
H,,6ur - 9,0934 ; 6,8214 15,9148 -
ComocTaBieHHE pAaCUETHBIX JaHHBIX IO  KOPPEJSIIMOHHOM 3aBUCUMOCTU. TeCHOTYy CBs3U
npejjaraeMoi HWHTErpajJbHON MOJECIIN CIIPABOYHBIX W PACCUUTAHHBIX MO TMpejasiaraeMoun
MPaKTUYECKUMHU JIAaHHBIMU TEXHOJIOTUM  MOJEIHU JTAaHHBIX OLICHUM
MPOU3BOJICTBA MEIu MPOUJUTIOCTPUPYEM KOd(pUIMEeHTa  HEIWHEHHOW  MHOXXECTBEHHOM
KOOpAUHATAX n.d B cooTBeTcTBHN C pucyHkoMm 1,  KOPPETAIUH.

PacCIiojioXuB Fpa(I)I/IKI/I mo MEpe BO3paCTaHUud HX

IIOMOIIIBIO

a) MeJJHO-cepHast
R=0,895577,

0) oTpakaTenpHas
R=0,914404,

B) 2JIEKTPOILIaBKA
JR=0,942072,

10

r) YVOPKPA
JR=0,975132,

) IDKB

R=0,978691,

08

06

04

n) [IBC

JR=0,979230,

*
*

10

K) KOII
R=0979230,

1) KUBLIDT
R=0.982618,

10 0 2 4 6 8 10

M) OyToKyMmITY
R=0,985876

11— HOMEp ypOBHH, d- JleTepMUHalUs

PI/ICyHOK 1 — ConocraBiieHue PaCUYCTHBLIX JAHHBIX I1O PIHTCFpaJ'IBHOfI MOACIN (J'II/IHI/II/I) C 06LGI[I/IHCHHBIMI/I
MPAKTUYCCKUMMU MMOKA3aATCIIAMU COACPIKAHUA U U3BJICUCHUS (TO‘IKI/I) JJIA pa3iiIngHbIX TEXHOJIOTHHA IpOU3BOACTBA MCIU
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B pesynbraTe mpoBeIeHHBIX UCCIEAOBaHUH C
IIETTEI0 MOHUTOPHWHTA PEATBHBIX TIPOU3BOICTBEHHBIX
CXeM Ha  METAJUIyPTHUECKHX  MPEIIPHUSITHIX
Kasaxcrana IIO  «XKeskasranmsetmer», 11O
«bamxammBermery, AO «Kasmuak», TOO «KAZ

B  kauecTBe OCHOBHBIX HMHCTPYMEHTOB
KOMIUTIEKCHOTO SHTPOTHIHHO-UH()OPMAITUOHHOTO
aHalln3a Pa3IMYHBIX METaJUTyprHYecKUX MPOIECCOB
MPOU3BOJCTBA I[BETHBIX METAUIOB C LEIBI0 HX
YCOBEPIICHCTBOBAHUS HCITOJIL30BAH HOBBIH METO]]

Minerals  Bozshakol»  BbeIgBIsIeTCS  BBICOKas OLEHKH KOMILTEKCHOM HEOTIPE I TEHHOCTH
KOPPE/SILMOHHAsT 3aBHCHMOCTh JUIS @BTOTCHHBIX o o oo o oo CXCMBL, S —
samaer | Qunckas manka - (Oyroxywmyy, | JCIHOBTE € MAICKHOCTS  HA - ocHone
- K . YTOKYMILY». (hyHIaMEHTAIBHBIX ~ 3aKOHOMEPHOCTEH  TCOPHH

aMMCHBIICH KOPPE/SILMOHHOH 3aBUCHMOCTBIO C o bopmarm. TlonyueHHsIe  HHbOPMAIHOHHEIE

HOBOH  MOJEJIBIO CBSI3aHBl  IIaXTHAas1 |
OTpaXkaTeNbHasl IIaBKH, YTO B JEHCTBUTEIBHOCTU
yKa3bpIBaeT Ha TO, YTO ATH CIIOCOOBI IJIABKH JAJIEKO
HE yJIOBIETBOPSIOT TPEOOBAaHHUSAM K COBPEMEHHOMY
MeTajurypruyeckomy npoueccy [4]. Ha ocHoBanuu
MPOBEJICHHBIX HccnenoBanuii [1,2,4,6] mo ciocobam

(hopMyIIBI A7 pacueTa YpOBHEBOH M KOMIUIEKCHON
HEONpPEeAETICHHOCTH u 3aBEPILICHHOCTH
TEXHOJIOTMYECKHUX IIEPENIeJIOB U CXEM MOIyT OBITh
UCIIOJIL30BAHbI HE TOJILKO B METaJUTypPTUYECKOH, HO
U B 11000 Apyroii Texuosoruu [10 - 15].

IUIABKH  [BETHBIX  METAVIOB  HA  MPUMEpE bnazooapnocme

IIpOMU3BOACTBA MCIH HaMH YCTaHOBJICHBI Paboma evinonnena 6 pamxax eocyoapcmeenHozo
NPUOPUTETHBIE  ABTOTE€HHbIE  Tpouecchl.  Kak  zaxaza no Grooucemnoii noonpoepamme 101 «I panmosoe
OKa3bIBACT OIBIT PAa3BUTUS METAUIYPIUYCCKOTO  dunancuposanue  HAYYHBIX — UCCICOOBAHUTY, — NO
TIPOM3BOZCTBA, TEXHONOTHS MEPEPAOOTKU MEAHBIX,  npuopumeny «Hnmennexmyanvhbviil nomenyuan
HUKCIIEBBIX M HEKOTOPLIX CBUHUOBO-LIMHKOBLIX PYA  cmpaupiy, noonpuopumem « DyHOameHmanvHovle
COBCPILCHCTBYCTCA Ha 0ase aBTOTEHHBIX MPOLECCOB e redosanus & oGracmu ecmecmeenHbix nayky» 2012 —
[8,9]. Hanmpii (axr TIOATBCPAAACTCA 2014 200m1, Mo eocpecucmpayuu  0112PK02722

NIPUBCICHHBIME B JaHHOW paboTe pacdyeTamu,
MOJlyYeHHBIMH Ha  OCHOBE  HMH(OPMAIMOHHOM
sHTponuu llleHHoHa.

«DynoamenmanvHble XAPAKMEPUCMUKU  HAOEICHOCTNU
MEXHONO2UYECKUX NPOYECCO8 KAK OCHOBA OOCMUICEHUS.
mpebyemozo Kkavecmea npooyKyuu 6 061acmu Yyeemuoul u

BbiBoapl YEPHOU MEMALLypeUu.

CcblIKa Ha JAHHYKO CTaTblO: Kaxukenosa C. III. MOHI/ITOpI/IHF KA4YCCTBCHHBIX H KOJIHMYCCTBCHHBIX
MoKa3aTesiell TEXHOJOTMYECKUX CXEM MPOM3BOJCTBA MEIU Ha MPEANPHUSATUSIX Kazaxcrana // KommiekcHoe
ucnonb3oBanne MUHepansHOro ceipbs (Kompleksnoe Ispol’zovanie Mineral’nogo Syr’a = Complex Use of
Mineral Resources). Ne 1 (312), 2020 ctp. 79-86. https://doi.org/10.31643/2020/6445.10

CananbiK X9He caHAbIK KepceTKiwTepai 6akbinay MbiC OHAIPICIHIH TEXHONOrNANbIK
cynb6anapbl KazakcTaHHbIH KacinopblHAapbIHAA

KaxukeHoBa C. L.

Tyiiingeme. OpOip MPOLECTIH TEXHOJIOTUSUIBIK OEJTICI3IriH JKOHE TOJIBIKTHIFBIH )KOHE CXEMAachlH Oaranay YILIiH »aHa
ecentey (GopMmynanapsl anbiHaabl. Kypaenmi oky#enepniH uueanabl MEpapXUsJIbIK KYPBUIBIMBI MEH HAaKThHI
METAJUTYPTHSIIBIK MBIC ©HAIPICTEPiHIH TEXHOJOTHSUIBIK CXEMaJlapbIHBIH KYPBUIBIMBI apachlHIa >KOFapbl KOPPEISIHs
nmaiiga Oomazpl. Ocbunaiinia, Oocekenec TEXHONOTHSUIBIK CXeMalap[bl CalbICTBIpMaNbl Oarajay »KoHe Kasipri
METAJUTyprisUIBIK ~ cajlajapibl KETULNIpy YILIIH TEOPWSsUIBIK HETi3Aey »JKoHe OipblHFai aKmapaTThIK —3aHAapibl
MPAKTUKAIBIK KOJIAaHY Macelieci H TeXHOJIOTHSIIBIK KOJIMEH MaKcaTKa JKeTy Il KaMTaMachl3 eTe/i.

Bi3miH )XYMBICBIMBI3IA KYPTi3IIETIH 3epTTEYIep TOMBIFBIMEH ©3iHAIK OONbIT TaObIansl. JKYMBICTHIH —adTapibIKTal

JKOFapbl FBUIBIMUA JCHIeii MaHBI3[bI CAKTaly 3aHAapbIHBIH HETi31HEC XUMHS-METALTYpPTHsUIBIK ()KOHE Ke3 KEJreH
Oacka) eHIIpicTiH OOBEKTHBTI KEUICHNI TEXHOJOTHSIBIK KYHIBUIBIFBIH OcHHeNel-TiH, TyTac anFaHma OipbIHFait
KOPCETKIIl HETI3iHJe KEeKe TEXHOJOTMSUIBIK IPOLECTep MEH CyJIOaIap/ibl CalbICTRIpMaNIbl Oaranay >KoHE >KeTUIIipy
MaKcaThIHIAa OHJAIPICTEri MPAaKTUKAJIBIK MIHIACTTEpJi WISy Ke3iHAe Ka3ipri —aKMmapaTThIK TEXHOJOTHSIIAPIBI
naiijananyMeH aHbIKTanaapl. Tyrac anfaHJa THNTIK METaJuTyprusi, OIpiHIII Ke3eKTe, aca YJIKeH ajlyaH TYpJIUIKIEeH

EpeKIIeNICHEeTIH, TYCTI METalgap OHMIPICTePiHIH  MBICAIBIHIA TEXHOJIOTHSUTBIK ~ CYJIOAHBIH  KEIICHI

— g4 ——
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QHBIKTAJIMAFAHBIFBIH JKOHE asSKTAIFAHIBIFBIH  €CENTey YVIUiH  OpOip TEXHOJOTHSUIBIK OIEPAlMSHBIH AJbIHFAH
AHBIKTAJIMAFAHBIFBl JKOHE asKTaFAHIBIFBl (OPMYyNAapblH KOJJIAHY KapacThIPbUIFaH. XUMHS-METaUTyPrHsIIbIK
TPOIIECTEP/Il JKOHE TYTac ajfaH/ia TEXHOJOTHSIBIK CYyJI0anap/asl SHTPOIHS-aKIapaTThIK TAIAAY/IbIH KaHa acleKTiIepi,
TEXHOJOTHSI-JIBIK JKYHEeNepiH JCHreHIiK JKOHEe KYHeNmiK JeTepMUHAIMSIAPBIH aHBIKTAY VIIIH JKaHa ecenTey
(opmMyanapsl YCHIHBUIFaH.

Tyiiin ce3mep: SHTpONHMS, aKNapaTThl TAIAAY, MBIC OHIIPY, METALTYPrHAJIBIK MPOLECTEP, TEXHOJIOTHSUIBIK cXxemanap,
CaKTaJly 3aHbl, MA3MYHBI, OHIIPY.

Monitoring of qualitative and quantitative indicators technological schemes for the
production of copper at the enterprises of Kazakhstan

Kazhikenova S.Sh.

Abstract. New calculation formulas for estimating the technological uncertainty and completeness of each process and
the scheme as a whole are derived. A high correlation is established between the ideal hierarchical structure of complex
systems and the structure of technological schemes for real metallurgical copper productions. Thus, the problem of
theoretical substantiation and practical application of unified information laws for the comparative assessment of
competing technological schemes and improvement of existing metallurgical industries, ensuring the achievement of
the goal in the most technological way, is solved. The studies carried out in the work are completely original. A
significantly high scientific level of the work is defined by the use of modern information technologies in solving
practical problems in the production with the aim of comparative estimation and improving individual technological
processes and schemes on the whole on the basis of the unified index which represents an objective complex
technological value of chemical-and-metallurgical (and any other) production on the basis of fundamental laws of
conservation. There is considered using the formulae obtained for uncertainty and completeness of each technological
operation for calculating the complex uncertainty and completeness of the technological scheme on the whole on the
example of typical metallurgical productions, first of all, nonOferrous metals characterized with the most variety. There
are suggested new aspects of entropy-and-information analysis of chemical-and-metallurgical processes and
technological schemes on the whole, new calculation formulae for determining the level and system determinations of
technological systems.

Keywords: entropy, information analysis, copper production, metallurgical processes, technological schemes,
conservation law, content, extraction.
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