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ABSTRACT

The article presents the results of experimental studies of magnesia composite materials of
layered structure obtained from molding mixtures of various densities. The aim of the work is to
synthesize and study the characteristics of three—layer magnesia materials. Molding mixtures
were obtained from combined binders based on caustic magnesite and technogenic silica-
containing materials. Specially synthesized porous aggregates from liquid-glass raw mixtures
were used as fillers. Technological techniques of horizontal and vertical molding of three-layer
products have been worked out. Composite magnesia material of three-layer variatropic
structure is characterized by a density of 560 kg/m?3, compressive strength of 6.1 MPa. Durability
tests of layered composite materials have been carried out. Three-layer magnesia composite
materials have shown satisfactory resistance in the conditions of an aqueous and aggressive salt
environment. The developed magnesia material is comparable in physic-mechanical and cost
parameters with an innovative block of encapsulated expanded clay. The low thermal
conductivity of the developed magnesia material, equal to 0.115 W/(m-°c), will ensure a
reduction in material and energy costs by 36.1% compared to the cement analogue.

Keywords: magnesia binders, porous filler, composite materials, variatropic structure, three-
layer wall blocks, water resistance.
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Introduction

Wall fencing of buildings are characterized by a

product. Variotropic structure is suitable for walls,
reduces the thickness and increases the load-
bearing capacity of the structure [[6], [7], [8], [9],
[10] [11], [12]]. To create products with a variotropic

variety of used materials. Single-layer walls are
erected from a material that performs load-bearing
and heat-shielding functions. To meet modern
thermal requirements, single-layer  building
envelopes should have a density of no more than
800 - 900 kg / m3, while maintaining high mechanical
strength. The list of effective materials for single-
layer walls is not numerous [[1], [2], [3], [4], [5]].

To ensure mechanical reliability and thermal
efficiency of enclosing structures, layered systems
are expedient. However, the combination of
materials of different origin in the multilayer
structure of the wall complicates the manufacturing
process, contributes to the appearance of internal
stresses and delamination of the product. The listed
problems are minimized in variotropic structures,
which are characterized by variable values of density
and strength over the section of the molded

structure, for example, concrete mixtures of a
related composition are used, which differ in density
[[9], [10] [11], [12]]. In this case, a layered structure
is formed, the individual elements of which
smoothly change their physical and mechanical
characteristics and retain a high degree of adhesion
to each other. In the technology of layered products
from concrete mixtures of various densities, the
properties of molding masses and the intensity of
concrete hardening are of great importance.
Cement concrete mixtures, as a rule, are
characterized by a low rate of structure formation,
which requires additional costly technological
measures. Therefore, fast-hardening concretes are
preferred for the formation of layered products.
Trends in the priority development of
technologies with a low carbon footprint focus on
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the development of low-energy processes and the
widespread use of man-made materials.

Materials based on caustic magnesite are
characterized by intense hardening and high
strength. The activating ability of a mixture of oxide
and magnesium chloride makes it possible to involve
even latent substances in the processes of structure
formation and hardening. Magnesia binders have
high adhesion to materials of various origins.
Thermal processes that ensure the synthesis of
caustic magnesite and the hardening of materials
based on it are characterized by low energy
consumption [[13], [14], [15], [16], [17], [18]].

This led to the choice of magnesia composite
materials as the object of this study.

The purpose of this research is to study three-
layer magnesia materials based on molding sands of
various compositions.

Researchh experimental part

In the experiments, caustic magnesite CMP
(caustic magnesite powder) — 75 was used, it was
containing 78% MgO. The specific surface area of the
binder powder is 305 m?/kg. For a plastic binder test,
it is characteristic: the beginning of setting is 30
minutes, the end of setting is 1 hour 50 minutes. The
binder stone reaches compressive strength at the
age of 2 days 38 MPa, at the age of 28 days - 54 MPa.

To obtain a combined magnesia binder,
technogenic silica-containing materials of various
origins were added to caustic magnesite (Table 1).

Porous materials were used as fillers for
concrete (molding) mixtures: granules of a fraction
of 10-20 mm with a bulk density of 230 kg/m3and a
porosity of an individual grain of 70-75%; crushed
sand with a fraction of 1.25 - 2.5 mm with a bulk
density of 300 kg / m3 obtained by grinding
substandard porous granules.

energy waste [[19], [20]].
The molding sands were mixed with a solution of
magnesium chloride with a density of 1230 kg/m?3.

Discussion of the results

To increase the water resistance of the
magnesian binder and reduce the proportion of
caustic magnesite, technogenic mineral additives
were used (Table 2). A comparative analysis of the
properties of combined magnesia binders showed
the advantages of expanded clay dust, the
introduction of which provides the greatest increase
in the softening coefficient (Csoftening). Expanded clay
dust is formed during the firing of expanded clay
gravel in rotary kilns and contains mainly
metakaolinite and amorphous silica.

The increased resistance of the stone of the
combined magnesia binder to the action of water is
provided by weakly crystallized, sparingly soluble
hydrosilicates and magnesium
hydroaluminosilicates formed with the participation
of expanded clay dust components. A binder based
on expanded clay dust is characterized by strength
comparable to that of caustic magnesite, and has the
lowest stone density. When forming layered
products, along with the need for adhesion of
elements, it is necessary to preserve the
individuality of the structure of the layers. It is
unacceptable that each subsequent layer of
concrete mix destroys the structure of the previous
one. Technological characteristics of molding sands
are largely determined by the properties of the
binder component.

The study of the influence of the composition of
the magnesia binder on the structural strength of
the plastic mass made it possible to give preference
to a composition containing 40% expanded clay dust
(Figure 1). The combined binder, having increased

Porous fillers were obtained by low- water resistance, is characterized by comparable
temperature firing of granules based on the  structural strength indicators with caustic
developed mixture of liquid glass and thermal  magnesite.

Table 1 - Chemical composition of technogenic materials
Name Si0; | ALOs | Fe:0s | Ca0 | MgO | K:O0+Na:0 50; Loss on
ignition
Glass fight 7200 | 164 | 227 | 537 | 4.00 14.30 0.42 -
Coal mining waste 63.30 | 935 | 745 | 3.00 | 1.18 1.42 4.08 10.22
Expanded clay dust 54.00 | 1848 | 670 | 4.00 | 2.25 2.39 2.18 10.00
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Table 2 - Characteristics of magnesia binders

Binder Composition . Strength, MPa,
" - Binder stone
Caustic Mineral supplement density, kg/m? aged Csoftening
magnesite, % Type Compound, % v, X6 2/28 days
100 - - 1950 42/78 0.60
50 Glass fight 50 1860 28/62 0.72
50 Coal mining waste 50 1810 33/70 0.74
50 50 1790 37/76 0.81
Expanded clay dust
40 60 1780 30/72 0.83
60 40 1810 38/75 0.78
70 30 1890 37/73 0.75

On the basis of a combined binder and porous
aggregates, molding mixtures have been developed
to produce coarse-pored (CP) and fine-grained (FG)
concrete (Table 3). The combination and regulation
of the thickness of concrete layers of different
densities provides the desired mechanical and
thermal characteristics of the product. The thickness
of individual layers is determined by the calculation
method, taking into account the dimensions of the
product. For example, to ensure the required
thermal resistance of the wall of a residential
building, equal to 3.279 (m%°C)/ W, the central layer
of a wall block measuring 400 x 200 x 200 mm takes
80%, the two outer layers account for 20% of the
volume of the product (Figure 2).

The mobility of the molding sands, determined
using the Abrams cone, corresponded to the P1
grade in terms of workability. Large-porous molding
sands were characterized by a cone draft of 2—4 cm;
for fine-grained molding sands, the cone draft was
1-2 cm. In the manufacture of three-layer samples,
various methods of sand laying were used.
Horizontal molding method: layers of mixtures
differing in density were laid parallel to the bottom
of the mold. In vertical molding, layers of concrete
mixtures were laid perpendicular to the bottom of
the mold. In order to avoid “spreading” and mixing
of concrete mixtures of various compositions with
the vertical method, removable partitions were
installed in the molds, which were removed after
laying all the layers.

In both molding methods, each subsequent

layer was laid after 120 sec., including the duration
of vibrating the individual layers for 50 sec.

It is noted that with horizontal molding, more
precise control of the thickness of the layers is
possible. The vertical method of laying requires a
more intensive compaction of the layers in order to
avoid the “hanging” of the mass in the mold
compartment. Vertical molding ensures high quality
of the working surfaces of the product.

After preliminary holding for 1.5 hr., the
magnesia samples were dried according to the
regime: 0.5 hr. - heating to a temperature of 50°C;
3.5 hr. - isothermal exposure; 0.5 hr. - cooling. Slight
differences in the test results of the samples indicate
the possibility of multivariate laying of magnesia
concrete mixtures (Table 4).

The operational properties of materials of a
combined structure are determined by the reliability
of the adhesion of various layers. Three-layer
samples were subjected to tests for resistance to
changes in environmental parameters. To enhance
the impact of the external environment, samples
with cut ends were used, on which access to the
inside of the porous filler is open. Water resistance
was evaluated in terms of water absorption and
water resistance (Table 4). The value of water
absorption is much less than the integral porosity of
materials, equal to 65%. This indicates the
predominance of closed pores in the structure of the
material. Water fills large voids in the central layer,
penetrates into open pores on sections of samples.
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Figure 1 — Influence of expanded clay dust content on the Figure 2 — Appearance of three-layer
structural strength of magnesia binder magnesia material

Table 3 — Characteristics of concretes of various compositions

The composition of the molding sand, kg/m?3 . .
Compo porous aggregate magnesium Density, Compressive
d tri t kg/m3 t th, MPa.
un astringen granules crushed sand chloride solution g/m streng @
CP 265 210 _ 127 525 5.2
FG 308 B 230 147 700 8.1

Table 4 — Characteristics of three-layer samples of various molding

Values for Forming Methods

P ti
roperties horizontal vertical
Average density, kg/m?3 560 590
Compressive strength, MPa 6.1 5.7
Water absorption, % 12 11
Softening coefficient 0.78 0.77
Thermal conductivity coefficient, W/(m-°C) 0.115 1.119
Aggression resistance coefficient 1.12 1.10

Before testing After testing Before testing After testing

Water resistance Air resistance

Figure 3 — Fragments of samples of magnesia material tested for resistance to external factors
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Figure 4 — Microstructure of magnesian material
(Dotted line shows the contact zones between the porous aggregate and the binder stone)

Table 5 — Comparative characteristics of three-layer wall blocks

Material type

Indicators magnesian based on liquid cement based on encapsulated
glass granules expanded clay
Average density, kg/m?3 560 800
Thermal conductivity coefficient, W/(m-°C) 0.115 0.180
Strength, MPa 6.1 6.5
Cost in KZT 727.83 728.08

The water resistance of composite materials was
evaluated by the softening coefficient, taking into
account the strength of the sample, which was in
water for 10 days, and the strength of the original
sample. No pronounced defects of the samples were
found during the testing period (Figure 3).

Air resistance is characterized by the ability of a
material to withstand repeated systematic
moistening and drying for a long time without
significant deformations and loss of mechanical
strength. Test cycle: 4 hours - stay in a humid
environment, 4 hours - drying in air at room
temperature. The test results indicate a satisfactory
resistance of composite materials (Table 4). The
strength of the samples subjected to testing is 86%
of the strength indicators of the control samples. In
the contact zone of the samples, only small cavities
around the filler grains are visible (Figure 3).

The specificity of magnesia materials
predetermined the choice of the type of aggressive
medium for testing. The samples were immersed in
sea water containing 4% salts. The salt component
of the sea water included 78% sodium chloride, 14%
magnesium chloride, 6% magnesium sulfate, and 2%
potassium sulfate. Within 6 months the samples
were examined visually, after completion of the
tests, the coefficient of resistance to aggression was
determined (the ratio of the strength of the samples
in an aggressive environment to the strength of the
control samples). Magnesia composite material

withstood exposure to sea water. The presence of
magnesium chloride and sulfate in an aggressive
environment favorably affected the strength of the
material, for mixing which solutions are used with an
average salt concentration of 25 - 27%. The results
of electron microscopy confirm the reliability of the
adhesion of porous granules to the matrix
substance, noted during physical and mechanical
tests of the samples (Figure 4).

Comparative characteristics of the developed
three-layer composite material with a cement
innovative block similar in structure, obtained on the
basis of encapsulated expanded clay [[21], [22]],
revealed comparability in terms of mechanical and
cost indicators (Table 5). The economic effect is
predicted due to the reduced thermal conductivity
of the magnesia material.

The use of three-layer wall blocks made of
magnesia composite materials will provide a
reduction in material and energy costs by 36.1% and
an economic effect of 16437.5 tenge/m3 compared
to the innovative block.

Conclusions

Magnesia binders make it possible to implement
effective solutions in the technology of wall
materials.

The high reactivity of caustic magnesite provides
controlled molding properties to concrete mixtures
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containing a combined binder
aggregates.

Magnesia composite materials of a layered
structure are characterized by high heat-shielding
properties and resistance to operational factors.

Economic calculations indicate the effectiveness
of wall products from magnesia composite

materials.

and porous

Conflict of interest. The author declares
that there is no conflict of interest.

Acknowledgements. The research was funded
by the Science Committee of the Ministry of Science
and Higher Education of the Republic of Kazakhstan
(Grant No. AP08856219).

Cite this article as: Miryuk OA. Magnesia composite materials for layered products. Kompleksnoe Ispolzovanie Mineralnogo
Syra = Complex Use of Mineral Resources. 2024; 328(1):5-12. https://doi.org/10.31643/2024/6445.01

KabatTbl 6ybimaapFa apHanfaH MarHe3nAanbiK KOMMNO3ULUANBIK MmaTepuangap

Muptok O.A.

PyOHbIl uHOYcmpusAnelK uHcmumymel, PydHeili, Kasakcma

TYWIHAEME

Makanaga BpTYp}'Ii TbIfbI34blKTafbl Ka/biNTay KOCNanapblHAaH anblHfaH KaﬁaTTbl KYPbI/IbIMHbIH

MarHe3nANblK KOMNO3NUUANDBIK MaTepUangapbliHbIH SKCI'IepMMeHTTiK 3epTTeynepiHiH, HSTM)Keﬂepi

KGpCGTi}'IFeH. )‘KYMbICTbIH, MaKcaTbl — yuwl Ka6aTTbI MarHe3unANblK MaTepnanaapbl CMHTE34eyY XKoHe

cunaTtTamanapbiH 3epTTey. Kanbintay Kocmanapbl KayCTUMKasblK MarHeswuT MeH KypambiHAa

KPeMHUI1 Bap TeXHOreHAK maTepuangap HerisiHae GipiKTipiAreH TYTKbIp 3aTTapiaH anbiHAbl.

Makana kengi: 9 kahmap 2023
CapantamagaH eTTi: 16 aknaH 2023
Kabbinganabl: 3 cayip 2023

TEXHONOTUANbIK  daicTepi

TonTbIpFbllTap peTiHAe CYMbIK LWbIHbI LUMKI3aT KOCManapblHaH apHaibl CUHTE3AeNreH KeyekTi
TONTHIPFBIWTAP KONAAHbINAbI. Yw KabatTbl GyiMbiMaapabl KenAeHeH, KaHe TiK KanbinTayaplH,

Xysere acbipbingpl. Yw KabaTTbl BapuaTpomnTbl  KyPbLIbIMHbIH,

KOMMO3ULMANBIK MarHesuaiblK maTtepuanbl 560 Kr/m3 ToiFbizgbifbimeH, 6,1 MMa  Kpicy

6epikTirimeH cunattanagpl. Kabatrbl KOMNO3MLUMANBIK MaTepuangapabiH, 6epikTiriHe cbiHakTap

Kyprisingi. Yw kabaTtTbl MarHesuanblK KOMMNO3ULMAMBbIK MaTepuanaap Cy/bl KaHe arpeccusTi

Ty34bl OpTaja KaHafaTTaHap/blK TO3IMAiNIK KepceTTi. O3ip/fieHreH MarHesuAnbiK Mmatepuan

bU3MKa-MEXAHMKANBIK KOHE KYHAbIK KepceTKiwTepi GOMbIHWA KancynanaHFaH KeHewTinreH

Ca3faH »KacanfaH

MHHOBAUMANDLIK, 6/I0KMNEeH CasbICTbIPbINAbl. O3ipJAeHreH MarHesussblK

matepuangbid, 0,115 BT/(M-°C)-re TeH TOMEH 3Kblly OTKI3rilTiri UEeMEHT aHajorbiMeH

CaNbICTbIPFaHAA MaTEPUANAbIK KIHE SHepreTMKanblK WbiFbiHAAPAbIH, 36,1% - fa TemeHaeyiH

KaMTamacbl3 eTesi.

TyiiiH ce30ep: MarHesuANblK TYTKbIP, KEYEKTi TOATbIPFbIW, KOMMO3UUMANLIK MaTepuanaap,
BapMaTPONTbI KYPbIabiM, YiU KabaTTbl Kabbipfa 610KTapbl, CyFa TE3iMAINIK.

Aemop mypanbl aknapam:

Mupiok Onbza AneKcaHOpoeHa

mail: psm58@mail.ru

TexHUKa folabiMOapbiHblH OOKMOpbI, npogeccop, Kypbiawic KypblabicmelK MamepuanamaHy
KagheOpaceiHblH MeHzepyuwici, PyOHell uHOycmpusanelk uHcmumymel, PyOHeil, KasakcmaH. E-

MarHe3uanbHble KOMMNO3ULUOHHbIE MmaTepuanbl anAa CAOUCTbIX VIBAEI'IVIﬁ

Mupiok O.A.

PyoHeHckuli uHOycmpuansHell uHcmumym, PydHeil, KazaxcmaH

AHHOTAUMA

B cratbe npwuBeaeHbl

pe3ynbratbl 3KCNEPUMEHTA/IbHbIX VICCﬂe,EI,OBaHVIl\;I MarHesmanbHbIX

KOMMNO3MNLUUOHHbIX MaTepuanoB CAOUCTOro CTpoeHuA, NMONYyYeHHbIX U3 (I)OpMOBO‘-IHbIX cmecei

pasnquoﬁ nnaotHocTu. Lenb paﬁOTbI — CMHTE3 N UccnenoBaHME XapaKTePUCTUK TpeXCnOﬁHbIX

MarHe3nanbHbIX MaTepuanos. ¢0pMOBOHHbIe cmecu nonyyanu m3s KOM6MHMpoBaHHbIX BAXKYLINX
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Ha OCHOBE KayCTUYeCKOro marHesmTta M TeXHOTeHHbIX KpeMHesemcodepKalux matepuanos. B
KayecTse 3anonHUTENeN UCMONb30BaAN CNELMaNbHO CUHTE3UPOBAHHbIE NOPUCTbIE 3aN0NHUTENN
M3 KWUIOKOCTEKO/bHBIX  CbipbeBbIX cmecel. OTpaboTaHbl  TEXHONOTMYECKME  MpUEMbI
rOPU30HTaZIbHOTO M BEPTUKANbHOrO (GOPMOBAHUA TPEXCAOMHBIX M3Aennin. KoMMNo3UUMOHHbIV
Moctynuna: 9 aneaps 2023 MarHesuasbHbli  MaTepuan TPEXCNOMHOro  BapMaTPOMHOrO CTPOEHMA  XapaKTepusyertca
PevieHauposanue: 16 gpespans 2023 NAOTHOCTbIO 560 Kr/m3, npoyHocTbio npu Cxatum 6,1 MIMa. [poseaeHbl MUCNbITaHWUA
MpuHaTa B neyats: 3 anpens 2023 [ONTOBEYHOCTU CNOUCTbIX KOMMO3MULIMOHHbBIX MaTepuanoB. TpPexcnoliHble MarHesnanbHble
KOMMO3ULIMOHHbIE MaTePWabl NPOABUAN YA0BIETBOPUTENbHYIO CTOMKOCTb B YC0BUAX BOAHOM U
arpeccvBHOlM coneBoi cpeabl. PaspaboTaHHbIi MarHesuanbHbIi maTepuan CconoctaBum no
$U3MKO-MEXaHMYECKUM U CTOMMOCTHBIM MOKas3aTeNAM C  MHHOBALMOHHbIM 610KOM U3
KancynMpoBaHHOrO KepamsuTta. HusKkasa TennonpoBOAHOCTb Pa3paboTaHHOro MarHesuanbHoro
maTepuana, pasHaa 0,115 Bt/(m-°C), o6ecneunt cHuXeHume MaTepuasnbHbIX U SHEPreTUHecKmnx
3aTpaT Ha 36,1% No cpaBHEHMIO C LLeMEHTHbIM aHa/I0roM.

Knrovesble cnoea: marHesuasbHble BAXKYLLME, MOPUCTbIA 3amNONHUTENb, KOMMO3ULMOHHbIE
MaTepwuasbl, BAPUATPONHASA CTPYKTYPa, TPEXCOMHbBIE CTEHOBbIE 6/10KMU, BOAOCTONKOCTb.
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ABSTRACT
The samples of fiber concrete with different lengths of basalt fiber have been tested. The

characteristics of basalt fiber used for the manufacture of fiber concrete are given. The aim of the
study is to identify the pattern of influence of fiber length on the strength characteristics of fiber
concrete. The paper presents the results of determining the compressive and bending tensile
strength of fine-grained fiber concrete with no fiber added (control composition) and with the
addition of basalt fiber 0.2 % of the weight of cement with a fiber length of 40 mm, 20 mm, 10 mm
and 5 mm. It is demonstrated that the optimal limits of basalt fiber introduction into the mixture
of fine-grained concrete can be considered a length of 20 mm fibers, which leads to an increase in
compressive strength up to 47.2 %, in bending tensile strength up to 2 times more in comparison
with the control composition.

Keywords: Basalt fiber, reinforcement, compressive strength, bending.
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Introduction

In the last few years, high-strength concretes
with various modifying additives and fillers have
been gaining popularity due to the development of
high-rise buildings. The consequence of this trend is
an increase in the requirements imposed on the
construction materials from which the building or
structure is erected. Due to the addition of various
components [1], engineers achieve an increase in
important indicators of the material: strength,
cracking resistance, wear resistance, durability,
impact resistance, service life, etc.

Fibers of natural or artificial origin are used to
increase the resistance of concrete [[2], [3]]. Its
effect is aimed at several characteristics of concrete:
resistance to cracks, water resistance, and frost
resistance. After adding the material to the
concrete, it is evenly distributed throughout the

mixture and increases its strength many times over,
and the fiber copes with this task much better than
traditional mesh reinforcement [[4], [5]].

One of the popular modern fillers used today is
basalt fiber, which has high adhesion. A special place
among reinforcing additives in concrete is occupied
by basalt fiber, the technology of its introduction, as
well as its quantitative content in concrete
compositions, its influence on the formation of the
structure and properties of cement mortars and
concretes are of interest [6].

Basalt fiber is a special material produced from
sedimentary basalt rocks with further melting and
transformation into fibers [[7], [8], [9], [10]]. The
diameter of the particles ranges from 20 to 500
microns, with lengths from 1 to 150 mm. Basalt fiber
has a high elastic modulus (75 GPa, which is higher
compared with other types of fiber, except steel
(190 GPa)), a low percentage of elongation at break
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(3.2%, which is lower compared with all other types
of fiber), and acceptable density (2600 kg/m?3) and
melting temperature (1450 °C) [2]. Basalt fiber is
used in the production of dry mortars, cellular
concrete blocks, chemically resistant pipes, and
concrete collectors, as well as in the construction of
floor screeds and foundations.

According to the authors [4], a study of the
effect of highly dispersed fibrous fillers on the
mechanical properties of fiber concrete using basalt
micro reinforcing fiber length of 12 mm and a
diameter of 10 microns, leads to increased rates of
compressive and flexural strength of samples that is
explained by the cohesion of basalt fibers with the
cement-sand matrix [[11], [12], [13], [14]].

Basalt-fiber concrete has high flexural and
tensile strength with good technological properties.
It allows you to reduce the percentage of
reinforcement and metal mesh in the concrete
elements. It is also worth noting that concrete with
the addition of basalt fiber can tolerate more elastic
deformations, as basalt fiber has a high modulus of
elasticity and almost no plastic deformations [15].
Basalt fiber is not subject to corrosion and has 2-2.5
times higher strength compared with metal fiber.
Dispersed reinforcement of the cement matrix with
basalt fiber has significant advantages: no corrosion,
significantly  lower  specific  weight, radio
transparency, better bonding with the matrix,
increased plasticity of the mortar and prevention of
cracking [[16], [17]]. This opens up opportunities for
the wide application of basalt fiber for concrete
reinforcement in earthquake, hydraulic, and road
construction.

The superfine fiber reacts with the cement
medium as an active mineral additive, followed by
the formation of needle-like crystals, increasing the
strength of the concrete. However, the strongly
alkaline nature of the medium affects the strength
of the fiber and, ultimately, the strength
characteristics of the reinforced concrete [[18], [19],
[20]].

The following problems were resolved:

1. Preparation of specimens under laboratory
conditions;

2. Strength in the bending;

3. Compressive strength;

4. The analysis of the Results.

Comparisons of the results of laboratory tests
were carried out for five types of concrete:

Type 1: control of the composition of concrete
without fiber;

Type 2: composition of concrete with basalt
fiber of 40 mm length;

Type 3: concrete composition with basalt fiber
with a length of 20 mm;

Type 4: Concrete composition with basalt fiber
with a length of 10 mm;

Type 5: concrete composition with basalt fiber
with a fiber length of 5 mm.

Purpose of the study: evaluation of the influence
of the length of basalt fiber on the strength of
standard concrete specimens.

Experimental technique

For the experiments as a binding used portland
cement PC 400 DO with no addition, the real density
was 3100 kg/m?3, bulk density was 1100-1600 kg/m?3.

A small fraction of the sand filler used natural
quartz sand with a particle size modulus of 2.23,
meeting the requirements of GOST 8736-2014 "Sand
for construction works.

Basalt fibers with lengths of 40 mm, 20 mm, 10
mm, and 5 mm were selected for testing the
mechanical properties of fine-grained fiber concrete
depending on the length of the fibers (Fig. 1).

Figure 1 — Basalt fibers of various lengths

The physical and mechanical characteristics of
basalt fiber are shown in Table 1.

Table 1 - Characteristics of basalt fiber

Properties Basalt
Density (kg/m?3) 3100
Dia. (mkm) 18
Length (mm) 5; 10; 20; 40
Tensile strength (MPa) 3000-4840

Elongation to break, % 3.1-6.0

—— |4 ——
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Water for concrete mix preparation that meets
the requirements of GOST 23732-2011 «Water for
concretes and mortars».

Raw material consumption of samples of
cement-sand mortar is given in Table 2.

Table 2 - Cement mortar composition

Type of Ceme | Quartz | Bazalt | Water,
sample nt, g Sand, Fiber, g
g g
Type 1 450 1350 - 180
Reference
sample
Type 2 450 1350 0.9 180.18
Fiber length
40mm
Type 3 450 1350 0.9 180.9
Fiber length
20 mm
Type 4 450 1350 0.9 182.7
Fiber length
10mm
Type 5 450 1350 0.9 184.5
Fiber length
5mMmm

The mixtures were ready by hand in a bowl for
mixing in compliance with GOST 310.3-76. The
previously prepared mixture of cement and sand
was stirred with water for 2 minutes, after which the
fibers were introduced into it for 4 minutes with
continuous mixing evenly (Fig. 2).

Figure 2 —Sample preparation

The determination of the bending strength of
the control and basalt cement-sand mixes was
carried out on beam samples with dimensions of
40x40x160mm (Fig. 3). The test of bending strength
of the concrete beams was performed following
GOST 310.4-81 “Cement. Methods of Determination
of Flexural and Compressive Strength”.

Figure 3 — Generated samples

To explore the fine fiber properties, samples
were obtained from the mixture with different fiber
lengths. The index of strength was measured as an
arithmetic amount equal to 5 indexes for different
curing periods (3, 7, 28 days).

Results and Discussion

Reactions on the "fiber-cement matrix" surface
can also improve the properties of the composite as
a consequence of increased adhesion of the matrix
to the fiber, monolithic system, and improved
conditions of compatibility of loading of the fibers in
the composite.

Figure 4 shows a diagram of changes in the
bending tensile strength of the samples as a function
of curing time.
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Figure 4 — Dependence of bending strength of fiber
concrete on their fiber length and curing age

The analysis of the data presented in Figure 4
shows that a greater value of the strength of fiber
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concrete at 28 days (15.48 MPa) is achieved with the
introduction of a basalt fiber length of 20 mm
compared to the control samples without the
addition of fiber (7.32 MPa).

At 14 days, the addition of 20 mm fiber length
compared to 10 mm fiber length showed an increase
in bending strength of 2.6 % (7.92 and 7.73 MPa,
respectively).
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Figure 5 — Dependence of bending strength of fiber
concrete on fiber length

According to the test results shown in Figure 5,
the maximum average bending tensile strength of
the control samples is 7.32 MPa (28 days), while the
maximum average strength of samples using basalt
fiber with a length of 20 mm is 15.48 MPa, that is,
this figure is 2 times higher than for the control
sample.

According to strength comparisons, presented in
Fig. 5, for 10 mm fiber length specimens, on the 3rd
and 14th day anincrease in strength to 4.55 and 7.92
MPa is observed relative to specimens without fiber
(type 1 - 1.48 MPa on the 3rd day and 2.91 MPa on
the 14th day). On the 28th day, the tendency of
increasing the strength remains. In any case, there is
a positive effect of increasing the strength of
samples with the addition of basalt fiber.

Analyzing the data obtained, it should be noted
that the maximum effect of flexural tensile strength
was achieved with the introduction of basalt fiber
with a length of 20 mm, the strength of which was
15.48 MPa.

The results of determining the compressive
strength of fiber concrete specimens are shown in
Figure 6.
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Figure 6 — Dependence of compressive strength of fiber
concrete on fiber length and curing age

When comparing the index of the ultimate
strength of the prepared sample, equal to 38.91
MPa, with this index for the concrete, prepared
composition, which was between 40.4-47.43 MPa,
we can assume that the fiber concrete is of higher
quality.

As a result of the data obtained, it can be argued
that the fiber concrete with basalt fiber in the first 3
days has a higher strength of 17.5-79.3%; on 14 days
-20-38% and 28 days - 13.9 - 21.9% in comparison
with its analogs.
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Figure 7 — Dependence of compressive strength of fiber
concrete on fiber length
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The reference specimens of type 1 (without the
use of fiber) showed the lowest strength, a
percentage less by 3.8 % compared to type 2,21.9%
less than type 3, and 18.58 % less than type 4, 13.9
% less than type 5. The partial strength values range
from 10.55 to 38.91 MPa (Fig. 7).

Type 2 specimens showed a 20.64% higher
strength than Type 1 specimens, but less than Type
3 by 17.8%, Type 4 by 8.9%, and Type 5 by 9.7%. The
partial strength values range from 14.48 to 40.4
MPa.

Type 3 specimens showed the highest strength,
exceeding Type 1 by 42%, Type 2 by 17.8%, Type 4
by 5.32%, and Type 5 by 24.9%, Partial strength
values range from 17.54 to 47.43 MPa.

Type 4 specimens showed a strength of 42.93%
higher than Type 1 specimens and 2.14% higher than
Type 2 specimens, but 2.77% lower than Type 4
specimens. Partial strength values ranged from
14.36 to 52.6 MPa.

Type 5 specimens showed a strength higher than
Type 1 specimens by 12.2 % but lower than Type 2
specimens by 9.7 % at 28 days, Type 3 by 6.9 %, and
Type 4 by 4.1 %. Particular strength values range
from 12.4 to 44.35 MPa.

The reason for the increased performance is the
good adhesion of basalt fiber with other concrete
constituents (cement, sand).

The use of basalt fiber in the composition of the
mixture helps to increase the strength of the
components [[21], [22]].

Conclusions

It has been proved that the compressive
strength of fine-grained fiber concrete samples
depends on the length of the added fiber. At a length
of 20 mm of fibers an increase in the compressive
strength of concrete samples by 47.2 % is observed.

Basalt fiber reacts with the cement medium as
an active mineral additive, with the subsequent
formation of crystals of needle-like structure,
resulting in an increase in the strength of concrete.

The bending tensile strength of the samples also
depends on the length of the fibers. The highest
strength is shown by the addition of 20 mm of fiber
length. The increment of bending tensile strength in
comparison with the control specimens is 21.9 %.
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ba3anbT TaNLWbIFbIHbIH, Y3bIHAbIFbIHbIH, YCaK TYMiPLWiKTi pn6p0o6ETOHHDbIH,
6epikTiK cunatramanapbiHa acepi

'Hyp6aesa M.H., NlyknaHos P.E., 'Apyosa J1.5., 2Gunasekaran M.

J1.H. 'ymunee ameiHOarel Eypasus yammelk yHusepcumemi, AcmaHa, KazakcmaHx
2Ymmapanyan yHusepcumemi, expadyH 248007, YHOicmaH

TYWIHAEME

Ba3aibT TasWbIFbIHbIH, Y3bIHAbIFbI 3PTYPi 6onaTbiH GMBPO6ETOH yArinepiHe CbiHaKTap Xyprisingi.
®dnbpobeToH AaiblHAAY YWiH KONAAHbIIATLIH 633aNbT TalUbIFbIHbIH, CMNATTamanapbl 6epinrex.
3epTTeyaiH, MakcaTbl TaawbIK, Y3blHABIFbIHbIH, GUBPO6ETOHHbIH BepiKTik cunaTTamanapbiHa acep

Makana kengi: 27 senmokcaH 2022
CapanTtamagaH eTri: 12 aknaH 2023
Kabbinganapl: 4 cayip 2023

€Ty 3aHAbIIbIKTAaPbIH aHbIKTay 60/1bInN Tabblnaabl. TanlwbiKTapabl Kocnal (bakplaay Kypambl) kaHe
TaNWbIK y3biHABIFLI 40 MM, 20 MM, 10 MM KaHe 5 MM 601aTbiH LLEeMeHT MaccacbiHbiH, 0,2% 6a3anbT
Ta/WbIFbIH KOCKAHAA YCaK TYMiPLWIiKTi TaNLWbIKTbl TEMipOETOHABI MiNy Ke3iHAET KbICy KaHe Co3blay

6epiKTiriH aHbIKTay HaTUXKeNepi YCbIHbINFAH. ¥.cak TYMipLWiKTi 6eTOH KocnacbiHa 6a3anbT TalblfbiH
eHri3yAiH OHTalAbI LWeKTepi TanwWwbIK y3biHAbIFbI 20 MM Aen caHayFa 60naTbiHbl KepceTinreH, byn

Kbicy 6epiKkTiriHiH, 47,2%-Fa geliH apTyblHa aKenegi, uiny KesiHge cosblny 6epiKiri -

6akblnay

KypambIMeH casibiCTbipFaHAa 2 ece Ken 6onagpbl.
TyliiH ce30ep: 6a3anbT Ta/nlWbIFbl, apmaTypanay, Kbicy 6epiKTiri, niny 6epikiri.
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BauaHue anunHbl 6a3anbtoBovt GUbPbI HA NPOUYHOCTHbIE XapPaKTEPUCTUKN
menKo3sepHuctoro pubpobeToHa
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AHHOTAUMUA
MpoBeaeHb! UcnbiTaHWA 06pasuos PubpobeToHa C pasnnyHol anvHON 6asanbToBoi GUBPBI.
[aHbl XapakTepucTukn 6asanbtoBoit ¢GMbBPbI, KOTOPbLIA WCMONbL3YETCA AAA W3roTOB/AEHWA

Moctynuna: 27 dexabps 2022 dunbpobeToHa. Llenbio nccnegoBaHUa ABNAETCA BbIABAEHWME 3aKOHOMEPHOCTU BAUAHWUA AJIUHBI
Peu,eHBMpO.BaHME' 12 gpespans 2023 éunbpbl Ha MPOYHOCTHblE XapaKTepucTuku ¢ubpobetoHa. MpeacTaBneHbl  pe3ynbTaThl
NpunsTa B nevars: 4 anpess 2023 onpeaeneHus npeaena NPOYHOCTU NPU CXKATUM U HA PACTANKEHME NPU U3rMbe MeNKO3EPHUCTOTO

dunbpobeToHa 6e3 nobasneHus Pubpbl (KOHTPONLHBIN cOCTaB) U ¢ gobaBneHnem 6a3anbToBOM
dunbpbI 0,2 % OT Macchl LLeMeHTa € A/IMHOM BONOKOH 40mMm, 20mMm, 10 mm 1 5 mm. MokasaHo, 4To
OoNTUMaNbHbIMU Npegenamu BeefeHna 6asanbtoBol GUbpPbI B cMecb MeIKo3epHUCToro 6eToHa
MOTYT CYMTATBCA AJIMHON BONOKOH 20 MM, YTO NPUBOAUT K NPUPOCTY NPOYHOCTU NPU CXKaTUK 40
47,2 %, Ha pacTaxeHue npu usrmbe B 2 pasa 60/bLue N0 CPAaBHEHUIO C KOHTPOIbHBIM COCTABOM.
Kniouesvble cnoea: 6asanbtoBas Gubpa, apmnpoBaHUe, MPOYHOCTb NPU CXKATUK, U3TK6.
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ABSTRACT

Any structures of metal, which are used in construction work, must be qualitatively protected from
the external environment, more precisely, from the development of corrosion. Under the
influence of the environment as a result of corrosive processes, the metal loses its properties. The
presence of corrosion reduces the service life of any equipment in production, it worsens the
quality of products. To solve the problems of increasing service life and providing chemical
protection of metal, which is made of equipment, constructions, and structures, use highly
effective anti-corrosion coatings based on epoxy resins. These materials are chemically resistant
and provide a barrier that limits the access of corrosive media to the coated surface. Epoxy resins
are stable to the action of halogens, acids, and alkalis, and have high adhesion to metals. However,
having a complex of positive properties, epoxy resins have significant disadvantages - high
combustibility, stiffness, and relatively low physical and mechanical properties, including
resistance to impact, due to the limited mobility of inter-nodal sites of the spatial network of
polymer macromolecules. Therefore, epoxy is cured with various hardeners and mixed with a
variety of fillers (metallic, mineral, and organic), and many other components to reduce the cost
of materials and to allow the properties of the resins themselves to be improved in the desired
direction. This overview article discusses the basic properties of epoxy resins and the effects of
various hardeners, and modifiers on the anti-corrosive properties of epoxy coatings, as well as
general applications of epoxy resins and the health risks of their use.

Keywords: anticorrosive coating; epoxy resin; hardeners; modification; composite materials;
applications.

Makhmetova Alina Ruslanovna

Negim Attia El-Sayed

Ainakulova Dana Tulegenkyzy

Gulzhakhan Yeligbayeva

Khatib Jamal

Information about authors:

Bachelor's Degree in Physics and Astronomy, 2" year master student in Materials Science and
Technology of New Materials. Kazakh-British Technical University, School of Materials Science and
Green Technologies, st. Tole bi, 59, 050000, Almaty, Kazakhstan. Email: al_makhmetova@kbtu.kz
Ph.D., Professor, Kazakh-British Technical University, School of Materials Science and Green
Technologies, st. Tole bi, 59, 050000, Almaty, Kazakhstan. Email: a.negim@kbtu.kz

Ph.D. Degree in Materials Science and Technology of New Materials, 2" year PhD student. Kazakh-
British Technical University, School of Materials Science and Green Technologies, st. Tole bi, 59,
050000, Almaty, Kazakhstan. Email: da_ainakulova@kbtu.kz

Ph.D., Professor, Department of Petroleum Engineering, Satbayev University, 22a Satpaev str.,
050013, Almaty, Kazakhstan Email: g.yeligbayeva@satbayev.university

Ph.D., Professor, University of Wolverhampton, Wulfruna St, Wolverhampton WV1 1LY, United
Kingdom. E-mail: j.m.khatib@wlv.ac.uk

Introduction

factors. The protective coatings that modern
technology has at its disposal are very diverse both

Ensuring reliable protection of metal products
against corrosion remains one of the most important
tasks in the metalworking industry. Rust is
considered one of the main problems of all metal
structures. Its ruthless action reduces the
performance characteristics of metal products,
spoils the appearance, and reduces the service life
by several times. The most common way to protect
construction is to apply coatings on the surface of
the metal, preventing its destruction under the
influence of various corrosive environmental

in their properties and in the way they are obtained.
The use of protective, protective-decorative, and
special coatings can solve many problems [1]. By
choosing the coating material, conditions of their
application, and combining metallic and non-
metallic coatings, it is possible to give the surface of
products a different color and texture, the necessary
physical, mechanical, and chemical properties:
increased hardness and wear resistance, corrosion
resistance, high reflectivity, improved anti-friction
properties, surface electrical conductivity, etc.
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However, the optimal choice of coatings or methods
of finishing is not possible without a comprehensive
consideration of their properties and the
peculiarities of obtaining [[2], [3]].

Nowadays, epoxy resins are widely and
effectively used as a protective coating in the
construction industry. Epoxy resins are a versatile
class of resins that are used to produce composite
materials and structures, as well as for casting,
sealing, protection and bonding of various materials,
and can also act as fire and corrosion-resistant
coatings. Epoxy resins are widely used in industry
and households because they have an excellent
combination of various characteristics [4]:

— excellent resistance to many chemicals;

— moisture resistance;

— very high bonding strength;

— excellent heat resistance;

— ease of use;

— low shrinkage

The use of epoxy resins in various branches of
technology as adhesives, fire- and corrosion-
resistant coatings, compounds, and binders in the
production of composite materials predetermines
the search for new modifying additives to provide
epoxy composites with reduced flammability and
high deformation and strength properties that meet
the requirements of most industries. Reducing the
flammability, heat resistance, and combustibility of
polymers, high corrosion properties, and the
creation of fire-safe materials for various types of
building structures, metal structures is an urgent
problem that requires urgent solutions [[4], [5]].

The purpose of this review article is to
determine the level of physical-mechanical and
barrier properties of epoxy coatings cured with
different hardeners and to select the most suitable
combination of resin and hardener to create on its
basis a highly effective anti-corrosion barrier-type
material.

Epoxy resin: its structure, properties, and types

Epoxy resins are oligomers that contain epoxy
groups and can form cross-linked polymers under
the action of hardeners (polyamines, etc.).

Epoxy resins are produced in both liquid and
solid states. They are thermoplastic, but under the
influence of various hardeners, they turn into non-
melting polymers. The use of various additives
(hardeners, fillers, plasticizers, thinners, curing gas
pedals) makes it possible to obtain materials with a
wide variety of properties based on epoxy resins.
Epoxy resins are resistant to halogens, acids, and

alkalis and are characterized by high mechanical
strength, water resistance, high electrical strength,
and good adhesion to polar compounds, metals,
porcelain, mica, etc. A significant advantage of
epoxy resins is their low shrinkage during the solid-
state transition [[6], [7]].

The main characteristic feature of epoxy resins
is their ability, under certain conditions, to
transform into polymers of a mesh structure, which
makes such resins suitable for the manufacture of
various plastic materials (compounds, adhesives,
enamels, binders for laminated plastics, sealants,
etc.). The mentioned polymer meshes are formed
either because of chemical reactions of epoxy
groups of resin with a polyfunctional substance or
due to the polymerization of epoxy groups under the
influence of catalytically active compounds. In such
cases, polyfunctional substances are called
hardeners (or crosslinking agents), and catalytically
active substances are called catalysts of curing (or
catalytically active hardeners).

The following types of epoxy resins are the most
used and, as a consequence, the most important:

— epoxy resins based on bisphenol A;

— epoxy resins based on other di- and
polyphenols;

— amino-epoxy resins;

— cycloaliphatic epoxy resins;

— aliphatic epoxy resins
compounds;

— oligo urethane epoxides;

— halogen-containing epoxy resins [[7], [8]].

and monoglycid

Effect of hardeners on the anti-corrosion
properties of epoxy coatings

At present application of insulating coatings
based on polymeric materials is a widespread
method of surface protection of various products
and structures from the effects of various
environments, as well as to increase their
operational life during repair and restoration work.
Among polymers, epoxy resins are widely used. The
use of epoxy resins as the main components of the
coatings under consideration is explained by a
complex of physical and mechanical characteristics,
including high adhesion to most known materials,
low shrinkage deformation, and the ability to cure in
a wide temperature range [7]. Epoxide groups have
a high chemical activity, which makes it possible to
use a wide range of organic and inorganic
compounds as hardeners of epoxy resins. The
hardeners of epoxy resins, as a rule, are their co-
monomers that allow actively influence both the
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processing of epoxy compositions and the
properties of the resulting polymers. Increasing
industrial requirements for the quality of epoxy
materials, and their performance under conditions
of elevated temperatures, adverse climatic effects,
strong vibrations and other adverse effects require
the development and industrial development of a
wide range of hardeners [9].

Table 1 - Types of epoxy hardeners and their descriptions

The nature of the curing process of epoxy
composites depends on several factors: reactivity,
quantitative ratio, the thermal conductivity of the
components to be mixed, initial temperature, etc.
[[10], [11]].

Epoxy oligomers can be cured with almost any
carboxylic compound, acid or Lewis’s base.

Hardener types

General Description

1. Amine
hardeners

The group of amine hardeners includes aliphatic, alicyclic, aryl aliphatic, aromatic, hetero-chain
(dicyandiamide), and heterocyclic di- and polyamines as well as their modifications.

The subgroup of aliphatic polyamines includes hardeners that cure epoxy oligomers at room
temperature or under moderate heat. The most characteristic representatives of this subgroup are
the condensation products of ammonia with dichloroethane, ethylene polyamines DETA
(diethylenetriamine), TETA (triethylenetetramine), and the total technical product - (polyethylene
polyamine), GMDA (hexamethylenediamine), DPTA (dipropylenetriamine), etc.

Such compounds are very uncomfortable to handle, have a bad odor, significant vapor elasticity,
and are volatile and quite toxic [[14], [15]].

2. di- and
polycarboxylic
acid anhydrides

Anhydride hardeners are used in the construction of electrical insulating materials as well as
products with increased heat resistance. This group of hardeners includes a very wide range of
anhydrides of di- and polycarboxylic acids of the aliphatic, aromatic and hydroaromatic series as
well as polyanhydrides of linear aliphatic dicarboxylic acids, ester acids and other similar
compounds. Adducts of maleic anhydride with various dienes (tetrahydro phthalic and endic
anhydrides), products of their hydrogenation (hexahydro phthalic anhydride) and catalytic
isomerization are widely used [16].

The curing ability of anhydride hardeners provides a variety of polymer materials with good
thermal stability and high dielectric properties.

Triazintetracarboxylic acids and 2, 4-di (alkylenoxy-6-aminoalkylene) - sim-triazines can be
effective hardeners of epoxy resins. They have found applications in heat-resistant adhesives for
metals.

3. oligomeric
hardeners with
phenolic
hydroxyls,
carbonyl,
isocyanate,
amino groups,
etc.

Polyfunctional oligomers (phenol-, aminophenol-, amino aldehyde condensates, oligo ethers,
oligoimides) belong to oligomeric hardeners. They are used to create materials with a specific
combination of properties, such as high chemical resistance and thermal stability, the ability to
maintain long-term technological properties at room temperature, to harden quickly when heated,
etc.

Oligomers obtained by the reaction of unsaturated nitriles with olefins with subsequent
hydrogenation of the reaction products are used as hardeners of epoxy resins used to make
materials with reduced ability to sorb water [17].

The water absorption of epoxy polymers produced using such hardeners is 30% lower than that of
triethylenetetramine curing.

It is also proposed to use diaminomaleonitrile and its derivatives as a hardener.

Moist, high coke number epoxy polymers are obtained by using imidamine hardeners which are
synthesized by the reaction of diamines with tetracarboxylic acids dianhydrides. This produces
epoxy polymers with a softening point above 300°C. Many publications are devoted to the curing
of epoxy oligomers by isocyanates and their derivatives. Polyetherurea, reaction products of urea
with polyalkylene polyamine, and imidazole adducts with isocyanates are patented as hardeners.
At the same time compositions providing high protective properties and dielectric properties are
obtained. Such systems are used for enameling wires, as protective coatings, in the manufacture
of printing plates, as anti-corrosive coatings for ship protection, etc [18].

4. catalysts and
curing gas
pedals for epoxy
oligomers

Catalytic hardeners such as boron trifluoride complexes with amines are the most common. A
characteristic feature of these hardeners is the high curing rate of epoxy resins. Depending on the
activity of the curing agent and the temperature, complete curing can be achieved within a few
seconds to 2-3 hours [7].

— 22 ——



KomnnekcHoe McnonbsoBaHne MuHepanbHoro Coipbs. N21(328), 2024

ISSN-L 2616-6445, ISSN 2224-5243

However, only a small fraction of potential
hardeners is suitable for industrial use. These
practically useful hardeners can be roughly divided
into four types:

— amine hardeners;

- anhydrides of di- and polycarboxylic acids;

- oligomeric with  phenolic
hydroxyls, carboxyl, isocyanate, amino groups, etc.

- catalysts and curing gas pedals for epoxy
oligomers [[12], [13]].

Each type of hardener has a characteristic
eventual topology that determines the structure of
the corresponding epoxy polymers Table 1.

The most important property of the assortment
of hardeners is that it allows regulating within a wide
range of the curing conditions and properties of
polymer materials, and provides rational use of
epoxy oligomers, as well as the implementation of
technical services during their processing.

hardeners

Epoxy based composites

One of the ways to increase the durability of
buildings and constructions is the use of polymeric
composite materials (PCM) in their construction, the
scope of their application in construction is steadily
expanding. In connection with the appearance of
new chemically resistant materials, it is offered to
use them for protection against harmful natural and
technogenic influences.

Epoxy resins are widely used as binders in PC
due to their high physical
characteristics. Epoxy resins are among the best
types of binders for a large number of fiber
composites, which can be explained by the following
reasons [[10], [19]]:

— good adhesion to a large number of fillers,
reinforcing components, and substrates;

and mechanical

— variety of available epoxy resins and curing
agents, allowing to obtain after-curing materials
with a wide combination of properties, satisfying
various technology requirements;

— absence of water release or any volatile
substances during chemical and small shrinkage
phenomena during curing;

— chemical
insulating properties [20].

Polymeric composite materials based on epoxy
resins have several valuable properties: high
dielectric properties, increased mechanical strength,

resistance and good electrical

water resistance, low shrinkage during cross-linking,
and good adhesion to metals, porcelain, and glass. It
allows using of them as binders in the production of
polymer composites, glues, and
impregnating and pouring compounds [21].

To impart valuable technical properties to epoxy
oligomers, they create a cross-linked structure, i.e.,
they are cured. The introduction of special
hardeners ensures that under certain conditions

varnishes,

transverse chemical bonds are formed. As a result of
curing, epoxy resins are easily converted into a
thermosetting state.

Choosing the type of hardener, it is possible to
change the physical-mechanical
properties of the resulting composites in a wide
range - from rubber-like too rigid, high-strength and
high-modulus composites that retain their strength
indicators prolonged exposure to
temperatures up to 200°C and higher. But it is worth
noting that the properties of epoxy composites are
largely influenced not only by the type but also by
the amount of hardener injected. The amount of
hardener is adjusted depending on the epoxy
number of the resin (epoxy group content), taking
into account the correction factor. The value of the
factor in turn depends on the number of active
hydrogen atoms in the hardener which react with
the epoxy group. Also, the nature of the hardener
determines the density of the spatial mesh in epoxy
compositions, which in turn significantly affects the
value of internal stresses [22].

To improve the properties of composites
(complex damping and deformation strength
properties, increase of heat resistance, chemical,
and atmospheric stability, adhesion,
manufacturability, etc.) polymers are subjected to
modification [23].

and chemical

under

Modification of epoxy resins to improve
mechanical and physical properties

Obtaining epoxy polymer composites for
construction  purposes with  predetermined
properties is usually associated with the application
of physical and chemical methods of modification:
the introduction of solid
aggregates, surfactants, inert plasticizers, and
diluents. The choice of this or that modifier or their
combination makes it necessary to carry out a
complex of experimental studies to determine and

insoluble fillers and
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regulate the properties of a developed material and
optimize its structure. To improve the technological,
physical-mechanical, operational, and other
properties of epoxy oligomers their modification is
made. The modification consists of the purposeful
change of the polymer's structure at different levels
and related properties. There are 3 methods of
modification: physical modification, chemical
modification, and physical-chemical modification
[24].

Physical modification is achieved by adding
substances to the resin that do not enter into
chemical bonding with the binder. For example, the
introduction of fillers (silica sand, marshalite,
asbestos) increases the hardness, heat resistance,
and thermal conductivity of the composition,
reduces shrinkage during curing, and thermal
expansion coefficient, as well as reduces the cost of

the composition.

Chemical modification is carried out by adding
thinners and solvents of epoxy compositions (these
include unsaturated monomer compounds such as
styrene, liquid polyester acrylate TGM-3, and
aliphatic epoxy resins DEG-1, MEG-1, which are self-
polymerizing substances and, polymerizing under
the same conditions, come into interaction with the
main composition, forming a solid solution of one
polymer in another). The presence of such "active

diluents" makes it possible to obtain low-viscosity
flowing compositions [[25], [26]].

Physical and chemical modification. Various
plasticizers and modifiers (dibutyl phthalate,
Thiokol, polyesters) are used. They increase the
elasticity, impact strength, and frost resistance of
epoxy compositions, but reduce viscosity, heat
resistance, adhesion properties,
resistance, and electrical insulation properties [24].

The properties of epoxy resins depend on the
ratio of the quantities of the reacting ingredients.
Depending on the length of the molecule formed,
epoxy resins can be either viscous liquids or brittle
solids.

Epoxy resin compositions containing hardeners,
plasticizers, solvents and other components have
sufficient fluidity to fill molds, strips, gaps, gaps,
pores and capillaries. Resins can be mixed with a
variety of fillers (metal, mineral and organic), as well
as many other components, which reduces the cost
of materials and makes it possible to improve the
properties of the resins themselves in the desired
direction. Compositions based on epoxy resins have
high adhesion to a variety of materials, have a high
chemical and thermal resistance, do not cause
corrosion of materials in contact with them, and are
very good dielectrics [27].

Table 2 lists some of the most common Epoxy
resin components and their main functions.

moisture

Table 2 - Components of Epoxy resin and their main functions

Modified
components

Basic functions

1. Interaction of
epoxy resins
with various

hardeners

compounds as hardeners.

hardeners for epoxy resin.

Diamines

The ideal diluent for viscous epoxy resin is the hardener. Initially, epoxy resin is in a semi-liquid
state. But when compounds with a mobile hydrogen atom are added, they can harden to form a
three-dimensional network of chemical non-melting and insoluble products. Thus, it is not the
epoxy resin themselves that are thermosetting, but their mixtures with hardeners and catalysts.
The high chemical activity of epoxy groups allows using a lot of classes of organic and inorganic

(hexamethylenediamine, meta phenylenediamine,

polyethylene polyamine), carboxylic acids or their anhydrides (maleic, phthalic) are used as

Epoxy resin mixed with hardeners form thermosetting compositions with a number of useful and
valuable properties: high strength; high adhesion ability with different types of surfaces (ceramics,
metal, glass, concrete, wood); high resistance to external mechanical and chemical influences;
during curing they do not emit volatile products and have low shrinkage (2-2.5%); high moisture
and water resistance; high dielectric properties (has low thermal conductivity); environmental
friendliness (after complete curing the material is non-toxic) [[13], [15]].
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Continuation of table - 2

2. Plasticizers
and modifiers

Plasticizers modify the system viscosity, flexibility, and mobility of molecular structures. Many
plasticizers can increase the impact toughness of the polymer without loss of strength and
modulus of elasticity, and can also improve fire, light and heat resistance. Among plasticizers of
interest are tricresyl phosphate (TCP) and oleic acid (OA) due to their compatibility with ER.

1. Tricresyl phosphate is an ester of tricresol or dicresol orthophosphoric acid. TCP is readily
soluble in fats, oils and many organic solvents; it is insoluble in water.

2. Oleic acid is a monounsaturated fatty acid with only one unsaturated bond in its molecule; it
belongs to the group of Omega-9 unsaturated fatty acids. OA is soluble in organic solvents and
insoluble in water. OA is common as unsaturated fatty acids and is found in vegetable and animal
fats. OA are used as components of detergents, varnishes, olives, emulsifiers and plasticizers.
Plasticizers also include dibutyl phthalate, thiokol, and polyesters, which increase elasticity and
impact strength, reduce viscosity, improve frost resistance of epoxy compositions, but at the same
time reduce heat resistance, adhesion properties, moisture resistance, and most importantly,
dielectric properties [[27], [28]].

ER is modified by introducing various chemical compounds (thermoplastics, plasticizers). We can
distinguish three main groups of modifications: chemical, chemical-physical and physical, which,
in turn, are divided into - chemical: changing the chemical composition of the resin, adjusting the
type of hardener and adding reactive additives; - chemical-physical: alloying, adding surfactants,
combining with inert plasticizers and diluents soluble in the resin, modifying solid insoluble large
additives (mineral or organic); - physical: ultrasound pretreatment of resin, vibration, high-
frequency currents, treatment during curing. For the plasticizer to be effective, it must be
thoroughly mixed and incorporated into the polymer matrix. This is usually accomplished by
heating and mixing until either the polymer dissolves into the plasticizer or the plasticizer dissolves
into the polymer [29].

Epoxy derivatives of 2-hydroxybenzoic acid, 3-diethylamino-2-hydroxypropyl ether of 2-
hydroxybenzoic acid, 3-diethylamino-2-hydroxypropyl ether of 2-chlorobenzoic acid and 3-
diethylamino-2-hydroxypropyl ether of 2-methoxybenzoic acid are used as modifying additives
for ED-20. The introduction of these modifiers into epoxy composites significantly increases the
physical-mechanical and thermal characteristics of the epoxy compound to unmodified ER. The
obtained epoxydian compositions can be used as coatings.

3. Fillers

Fillers are various solid particles (inorganic, organic) that can be irregular, pointed, fibrous or
lamellar in shape and are used in fairly large quantities in plastics. Fillers include quartz sand,
marshalite, and asbestos [30]. They increase the hardness and heat resistance of the composition,
reduce shrinkage during curing, increase thermal conductivity, reduce the thermal expansion
coefficient, as well as reduce the cost of the composition [31].

In [31] the effect of fillers on the resistance to aggressive environments, such as sulfuric acid (30%,
d = 1.84 g/cm3) was noted. The tested ER (binder + kaolin) and (binder + lignin) retain their
protective properties unchanged for 100-120 days. At the same time on unfilled samples, signs of
the destruction of coatings are noted already after 60-65 days of tests. The results of the studies
show that the filler gives a good effect.

In this case, there is a stabilizing effect of fillers due to their compositions, since they include metal
oxides, which are resistant to the action of mineral acids, and the Nelson effect is realized - the
path of the passage of an aggressive liquid deep into the matrix is increased. It was found that if
the concentration of the filler in the polymer system exceeds some critical value, the permeability
increases sharply, and liquid transfer occurs [32].

4. Diluents and
solvents

Unsaturated monomer compounds (styrene, liquid polyester acrylate TGM-3 and aliphatic epoxy
resins DEG-1, MEG-1) can be referred to as thinners and solvents. They are polymerizing
substances themselves and, polymerizing under the same conditions, come into interaction with
the main composition, forming a solid solution of one polymer in another. In most cases, the
presence of such diluents ("active diluents") in the composition of ER is caused by a certain need.
For example, without them, it is impossible to obtain low viscous flowing compositions with the
necessary technological properties [33]. In some cases, when making electric insulating varnishes
from ER, conventional solvents (toluene, xylene, and acetone) are introduced into ER.

— 25 ——



Complex Use of Mineral Resources. 2024; 328(1):20-32

ISSN-L 2616-6445, ISSN 2224-5243

Modification of epoxy resins by nanoparticles

Today, a promising application of nanoparticles
is the modification of polymers to improve their
characteristics. Thus, a new class of materials
appears - polymer nanocomposites (PNC). The
simplest and most economical way to produce such
materials is to mix a polymer in a liquid state with a
nanoscale phase and then polymerize the resulting
composite [34].

An important parameter of nanoparticles is their
specific surface area, through which particles
interact with the functional groups of polymers. In
this case, the molecules of the polymer matrix are
adsorbed onto the particles, and the adhesion forces
provide a strong bond. The factors determining the
efficiency of modification of polymeric materials by
nanoparticles are being actively studied all over the
world. Such factors as the size, shape and number of
particles, their distribution in the matrix material,
the surface area of "polymer-particle" interaction, as
well as the improvement of system interaction
through the use of surface-active agents have the
greatest influence [35]. A large number of studies
show that the modification of epoxy compositions
with nanoparticles affects their mechanical
properties. Epoxy coatings containing nanoparticles
have significant barrier properties for corrosion
protection and reduce the tendency for bubble
formation or delamination of the coating.

In the work [36] the authors showed the
influence of nanoparticles on the anticorrosive and
mechanical properties of epoxy coating. In this work,
the influence of nanoparticles such as SiO3, Zn, Fe;0;
and halloysite clay on the surface morphology,
anticorrosion behavior and Young's modulus of
epoxy coatings was investigated. After analyzing the
experimental data, the authors reported that the
nanoparticles improved the quality of the cured
epoxy coating, reduced the porosity of the coating
matrix, and zigzagged the diffusion path available to
harmful species, resulting in improved barrier
characteristics of the epoxy coating. And the
nanoparticles also improved the adhesion of the
cured epoxy coating to the substrate and changed
the physicochemical properties of the coating-steel
interface, the specific path of which depends on the
type of nanoparticles.

It was found that dispersion of Zn, SiO,, Fe;0s
and halloysite clay nanoparticles in the epoxy resin
matrix with a concentration of 1% of the total weight
of the epoxy resin and its hardener provides a
positive role of nanoparticles on the high corrosion
resistance of coated steel, which was immersed in
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NaCl solutions with a concentration of 0.3 wt. % and
3 wt. % for 28 days.

In the work [36] the authors studied the
modification of epoxy binders with silica
nanoparticles and the technology of obtaining
composite materials based on them with improved
performance characteristics. Based on the results of
the study, the authors found that it is most
advantageous to introduce nanoparticles in the least
viscous medium (hardener) because in such a
medium the obstacles to the breakdown of
agglomerates and uniform distribution of particles
should be minimal. The authors of work [36]
determined the optimal degrees of epoxy matrix
filling with nanoparticles: from 0.20 to 0.30 wt. %.
The introduction of nanoparticles in optimal
proportions increases the following characteristics
of the epoxy binder: tensile strength increases by
32%.

Modification of epoxy resins with sic

To impart the required properties to epoxy
composites, abrasive fillers are introduced into their
composition. Filling is the most widely used and
highly effective way of directional regulation of the
properties of epoxy polymers to improve
mechanical strength and stiffness, chemical
resistance and heat resistance [30].

Epoxy polymers have such a complex of

properties (adhesion, mechanical, electrical, etc.)
that in many cases make them indispensable as a
base for adhesives, paints, compounds and
reinforced plastics. But these polymers also have a
number of drawbacks. One of them is increased
flammability. Epoxy resin materials ignite and burn
when ignited. The main volatile combustion
products are CO; and CO, and formic acid and other
substances are also found in the combustion
products [11].

One of the promising directions for solving the
problem of increasing the fire resistance of epoxy
compositions is the use of highly dispersed silicon
carbide in their composition. Silicon carbide is used
in many industries due to its structure, high
hardness, and inertness in many aggressive
environments. It is also used as an additive that
increases the fire resistance of rubbers.

Silicon carbide has increased hardness and
strength at high temperatures, as well as wear
resistance, chemical resistance, fire resistance and
thermal shock resistance. This provides great
interest in its use in many industries [37].
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In the work [38] the authors studied the
possibility of using highly dispersed silicon carbide in
epoxy compositions to improve fire resistance. The
results of the study showed that the introduction of
silicon carbide in the epoxy composition allows
holding the temperature of the unheated surface of
the sample up to 240°C much longer. The
introduction of silicon carbide in the epoxy increases

environmental design, construction, electrical
engineering, mechanical engineering, aircraft
construction, and rocket and shipbuilding. In

construction, ER is used for marking strips on tracks.

Resin is used to glue bridge structures, and in
shipbuilding, ER is used to make ship propellers and
compressor blades. Resin is the basic material to

the fire-retardant properties of the coatings.
Currently, to increase the activity of silicon

carbide surface it is modified: by oxidation - thermal

or chemical, grafting monomers, oligomers and

polymers.

Application of er-based materials
Due to its properties epoxy resin has found wide
in many areas of human activity:

application

produce gas and liquid vessels. In mechanical
engineering, resin corrects casting defects and is
used for dies and molds. Even some tools, such as
springs and springs, are made from resin. Resin-
based fiberglass plastic is used to make antifriction
pads. In aircraft construction, ER is used for wing
cladding, fuselage, nozzle cone, and jet engine parts.
It is also used to make helicopter blades, rocket
engine casings, and fuel tanks [39].

Table 3 - Main applications of epoxy materials

Epoxy materials

Description

Epoxy varnishes
and enamels

Epoxy varnishes and enamels have high protective properties, so they are widely used for
corrosion protection of metal products and structures, concrete, and wood products, operated
in different atmospheric conditions, fresh and seawater, soil, etc. The coatings are characterized
by high chemical resistance, hardness, and mechanical and adhesive strength, due to which a
long-term protective effect is provided. The greatest use in the production of epoxy varnishes
and enamels is found in diane epoxy resins.

Varnishes and enamels are produced by dissolving the film-forming agent (epoxy resin) in
organic solvents (glycol ethers, aromatic hydrocarbons, ketones, alcohols). Varnishes include
additives that improve pouring (urea-formaldehyde resins, silicone-organic liquids), hardeners,
and hardening gas pedals (phenols, phosphoric acid). Enamels may also contain fillers, pigments,
plasticizers, and thixotropic additives (bentonite, aerosol). As dyes are usually used chemically
stable inorganic pigments - titanium dioxide, carbon black, chrome oxide, etc., fillers are talcum,
asbestos, barite, and mica [40, 41].

Epoxy Adhesives

Epoxy adhesive is one of the most popular types of adhesives, as it can join almost all types of
materials, level the surface, and fill cracks and cavities. The epoxy-based adhesive creates a
strong bond and, once cured, is resistant to chemicals, grease, and oil, and has electrical
insulating properties. Because of their unique characteristics, epoxy adhesives have gained well-
deserved popularity in various fields. They are used in construction, engineering, aerospace,
shipbuilding, and automotive industries, as well as in everyday life to repair shoes, furniture,
sanitary ware, and household appliances [42].

Epoxy adhesive can reliably bond a variety of materials such as different metal alloys, plastics,
ceramics, porcelain, earthenware, glass, wood, and different types of building materials, and
you can bond these materials in any combination [43].

Epoxy
compounds

The epoxy compound is a two-component polymer that includes epoxy resin, hardener, catalyst,
thinner, filler, curing gas pedal, and plasticizer. Epoxy compounds are suitable for the production
of tabletops, for the production of 3D tables, for the production of poured floors, and for the
production of decorative products.

Epoxy primers

Epoxy primer is an anti-corrosive paint material. Epoxy primer protects metal surfaces from rust.
This material consists of a special resin of the same name, which gives the primer its unique
properties. Thus, the treated objects become resistant to corrosion and external influences. The
primer improves adhesion to other substrates and prepares the surface for painting.
Epoxy primer is hydrophobic. The coating acts as a quality protection for the substrate from the
effects of the wet environment. It also tolerates temperature fluctuations well [44].
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Continuation of table - 3

Epoxy fillers

Epoxy putty is used for surfaces of different types: concrete, ceramic, wood and even metal.
Epoxy putty consists of several components: hardener, filler, and epoxy resins [45]. Epoxy
putties are used for minor repairs as well as in large-scale construction for the following
purposes:

- Waterproofing.

- Joining different materials - metal, ceramics, plastic, wood, concrete.

- Alignment of various substrates, including stone, concrete, and wood.

- Restoration of surfaces and masking of irregularities, and joints, elimination of various
damages - potholes, cracks, and chips [30].

Epoxy fillers can be applied to a variety of substrate materials:

- stone and brick;

- concrete and foam concrete; glass and plexiglass; metal; plastic; ceramics [46].

Epoxy mastics

Epoxy mastic is a special material that is thick and has plastic mass. This product is made based
on epoxy resins and has a mixture of dry pigment and filler.

The epoxy resin is dissolved by an organic solvent with the addition of a plasticizer, which gives
the material properties of increased strength and durability. Epoxy mastics are used for flooring
of high strength and resistance.

Epoxy polymer
concretes

Polymer concrete is an artificial stone, a modern type of concrete mortar, which uses different
polymer compounds instead of the usual cement. Most often used for polymer concretes are
furan, epoxy, and unsaturated polyester resins. The fillers may be basalt or granite rubble,
crushed sandstone, or quartz sand. Concrete polymer is actively used in construction,
production of ritual elements, furniture, pouring floors, creating tabletops, and a variety of items
[47].

The main advantages of polymer concrete are: high level of water resistance, resistance to
high/low temperatures, and fluctuations, and excellent resistance to aggressive chemical
components - polymer concrete can be used in different conditions without the need for
additional coatings, primers, impregnations, a large selection of options for appearance -
polymer concrete can be different colors and textures, imitate those or other materials
(malachite, granite, marble, etc.) [48].

Epoxy resin is used as a finishing coat for various
surfaces in the interior, such as concrete, wood,
metal, and even glass. It protects coatings from
water, high temperatures, and various mechanical
and chemical damage. To increase the aesthetic
properties of the resin used to make objects and
objects of environmental design, dyes, and glitters
are added to it. In addition, non-standard solutions
are often used in the addition of various fillers,
including:

— cement (gives strength to the material and
creates an unusual decorative effect);

—rocks and mineral stones, in crushed and
natural size (the most popular are marble and
garnet);

— quartz sand (used both in the manufacture of
floors and countertops and when creating small
decorative items);

— wood flour or bark (gives density and strength,
small fractions are used in the manufacture of
furniture in the manufacture of a special composite);

— aluminum powder, liquid gold (create
unusual effects); natural dyes (graphite gives

black color, titanium dioxide — white) [[25], [49]].

Assessment of the toxic hazard of epoxy resin

Epoxy resins have been used in manufacturing
and the paint industry since the 1950s, so the risks
associated with working with them are well
understood. It is important to understand that
epoxy is non-toxic and non-volatile, but the
compounds used to cure it are hazardous to health.
The type of hardener can be anything:

Amine hardeners. These hardeners have a
slightly unpleasant odor, are used in the home, and
are of the cold-curing type. They cure at room
temperature of 23°C. An increase in odor, and
therefore an increase in toxicity of the material
usually occurs during the polymerization reaction,
which by its nature is exothermic, that is proceeding
with the release of significant heat, and from the
heated epoxy mixture volatile substances are
released much more actively than from the cold
[14].

Acid hardeners. Carboxylic acids and their
anhydrides are used - maleic, phthalic,
hexahydrophthalic, and others. Acid hardeners give
more reliable results but are difficult to use. This
type of curing is called hot curing, and during
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temperature exposure (100-200°C), the epoxy
improves its physical and chemical properties.

The main danger of using epoxy resin is the high
allergenicity of the resin itself and the hardener. The
greatest danger posed by the resin substance is
severe skin lesions. The strongest skin irritations and
allergic manifestations occur upon direct contact
with the liquid mass with unprotected skin.
Dermatitis is also accompanied by severe irritation
of the respiratory tract membranes, and lesions of
the mucous membranes. To avoid such effects, use
gloves and a respirator with charcoal filters [50].

Safety precautions.

Protect breathing: When working with epoxy
you must protect your breath with a respirator or
half mask with organic vapor filters! They are also
suitable for working with alcoholic inks.

The greatest amount of vapor is released when
the two components are mixed and when working
with the burner. The solid resin (approximately 24-
48 hours after pouring) becomes harmless. A very
important point is to work in a well-ventilated room.
During mixing with the hardener, as well as directly
during polymerization, a certain number of harmful
substances are emitted.

Protect your eyes: If you work with large
guantities of resin, wear special safety glasses, or do
not touch your face while working. The slightest

contact of the resin with your mucosa can cause
severe irritation and inflammation.

Protect your skin: From the time you open the
resin packs until you finish cleaning the work area,
wear gloves and, preferably, sleeves or long-sleeved
clothing to protect your hands from the resin [51].

Conclusions

In this article, we reviewed the types of epoxy
resins and hardeners. The properties of cured
epoxies depend on the type of epoxy, the hardener,
and the curing process used. The strength of epoxy
resins can be improved by incorporating
thermoplastic components, inorganic substances,
carbon fibers, clay, and carbon nanotubes. Epoxy
resin is a very resistant and durable material. The
resin will reliably protect the coated surface from all
kinds of mechanical stresses and guarantee water
resistance and act as a barrier to aggressive acid and
alkaline nature. Epoxy resins have a wide range of
applications, and the possibilities of its use are
extremely diverse: from epoxy adhesive to
transparent jewelry resin.
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MeTangapAabl KOppO3UAAAH KOpFay YLiH KabblH peTiHAe KONAaHbINATbIH
3MNOKCUATI WalblpFa Wwony
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TYAIHAEME

KypbInbIC }KYMbICTapblHAA KONAAHbINATBIH Ke3-KeNreH MeTan KOHCTPYKLUMUANAP CbIPTKbl OPTaHbIH,
acepiHeH, Ad/ipeK aiTcak, Koppos3uagaH cananbl Kopfanybl Kepek. Kopposuanbik npouectep
HOTUXKeCiHAe KOpLWafaH oOpTaHblH 3cepiHeH MeTann e3iHiH  KacueTTepiH »KofanTtadbl.
Koppo3uaHbiH 60/1ybl @HAIpICTEri Ke3-KeareH }abablKTblH, MeTaN KOHCTPYKLMANAPbIHbIH KbI3MeT
eTy Mep3iMiHiH, KbiICKapyblHa akenea, 6yn eHiMHiH canacbliH HawapaaTtaabl. abablKkTapapblH, KaHe
KYPbINbIMAAPAAH KacanfaH MeTangapaplH, KbiI3MET eTy Mep3iMiH y3apTy KoHe XUMUANbIK
KOpFayabl KAMTAaMacbI3 €Ty MacCesIeIepiH LWelLly YIiH SNOKCUATI LWalblp Heri3iHAeri }KoFapbl TUiMAj
KOppo3usAfa Kapcbl »KabblHAAp KoMAaHbinagbl. byn matepuangap XMMUAAbIK Te3iMainikke ue
JKOHE arpeccusTi OpTaHbIH KabbinfaH GeTKe KipyiH LWEeKTEUTIH TocKayblil 60naabl. dMoKcUATI
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Lalblpaap ranoreHAepAiH, KbllWKbIAAAPAbIH, CINTINepAiH acepiHe Te3imMAj, MeTangapmeH Xofapbl
KabbICKbIWTbIKKA Me. Anaiga, OCblHAAM KaKcbl KacveTtepre ue 6ona Typa, SNOKCUATI
WaiblpnapAplH, anuTap/biKTak Kemuwiniktepi ge 6ap. Onap KOFapbl KaHFbIW, KaTTbl KoHe
CanbICTbIPManbl TypAe PpU3MKaNbIK-MeXaHUKaNbIK KacueTTepi TeMeH 6onaabl. Mbicanbl nonumep
MaKpPOMO/IEKYNANaPbIHbIH,  KEHICTIKTIK  TOPbIHbIH,  TyWiHapanblK, — y4yacKenepiHiH,  wekTeyni
KO3Fa/NFbIWTbIFbIHA HaNaHbICTbI COKKbIFa TO3IMAINIMIH KaTKbI3yFa 6onagbl. COHABIKTAH SNOKCUATI
SPTYPAi KATAaUTKbIWTAPMEH KaTaWTadbl, COHbIMEH KaTap MaTepuangapdblH, KYHblH TOMeHAeTy
JKOHE LWalblpfapAblH, KAacUeTTepiH KaXKeTTi HafblTTa KaKcapTyFa MyMKIHAIK 6epy ywiH apTypi
TONTBIPFbILTAPMEH (METann, MUHepanabl KOHe OpraHWKasblK TONTbIPFbILLTAP) KaHe backa Aa
KenTereH KOMMOHEHTTePMeH apanactbipagdbl. Byn makanaga anokcuAaTi wakibipnapablH, Herisri
KacveTTepi MeH dpTypAi KaTalTKbIWTapAblH, MoAUPUKaTOPAapAbliH, SNOKCUATI KabblHAaPAbIH
KOppo3uAfa Kapcbl KacueTTepiHe acepi TankblnaHafbl. OfaH KoOca 3MOKCMATI Laiblpaapabl
KONAAHYAbIH, Kannbl 6GafblTTapbl MeH oOnapAbl KOAJAHY KesiHAeri fAeHcaynblkka Kayni
KapacTblpbliaabl.

TyiiiH ce3dep: Koppo3usFa KapCbl KabblH; 3MOKCWUATI WaMblp; KaTalTKbIW; MOAUPUKauWA;
KOMMO3MLMANBIK MaTEPUANAaP; KONAAHY.
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AHHOTAUMA

Jliobble COOPYNKEHUA M3 MeTanna, KOTOPble MCMONb3YHTCA B CTPOUTE/bHbIX PaboTax, LO/MKHbI
6bITb Ka4YeCTBEHHO 3alLMLLEeHbl OT BO3AEMCTBUMA BHELUHEN Cpefbl, @ TOYHEe, OT Pas3BUTUA
Koppo3suu. Mog, BAUSHUEM OKPYKatOLLEN Cpeabl B pe3y/ibTaTe KOPPO3UOHHBIX MPOLLECCOB METaNN
TepseT CBOM CBOMCTBA. Ha/smMume KOppO3MM COKpaLLAeT CPOK CayKbbl to6oro o6opyaoBaHMs Ha
NPOV3BOACTBE, YXYALAET KayecTBO BbINyCKAaeMOW NpPOAyKuuW. [Ona peweHusa npobnem c
YyBENMYEHMEM CPOKa CAyxObl M obBecneyeHWUs XMMWYECKOM 3alMTbl MeTanna, U3 KOToporo
M3roToBsieHo 060pyAOBaHME, KOHCTPYKLMWM, COOPYNKEHUSA, WMCMOMb3YIOT BbICOKOIOdEKTUBHbIE
AHTUKOPPO3MOHHbIE MOKPLITUA HA OCHOBE 3MOKCUAHBIX CMOA. ITU MaTepuanbl ABAAKOTCA
XMMMWYECKM CTOMKMMU M obecneunsatoT Hapbep, OrpaHMUYMBAOWMIA AOCTYN arpeccuBHbIX cpes K
MOKPbITON NOBEPXHOCTU. IMOKCUMAHbIE CMOJIbl YCTOMUMBLI K AEUCTBUIO TafioreHOB, KUCAOT U
wenoyet, o6nagaloT BbLICOKOM aaresveirt K meTannam. OpgHako, 06/1ag4as KOMMAEKCOM
NONIOXKMUTE/IbHBIX CBOMCTB, 3MOKCUAHLIE CMOJIbI MMEIOT CYLLECTBEHHbIE HEAOCTaTKMU - BbICOKYIO
rOpHOYECTb, KECTKOCTb U OTHOCUTENbHO HU3KME GU3MKO-MeXaHWYeCcKue CBOWCTBA, B TOM yucie
CTOMKOCTb K yZAapam, 06ycn0B/eHHble OrpaHUYEHHOW MOABUMKHOCTBIO MEXY3/I0BbIX Y4acCTKOB
NPOCTPAHCTBEHHOMN CETU MAKPOMOIEKY/ NOMMEpa. [103TOMY 3MOKCUAHYIO CMOJTY OTBEPXKAAIOT
Pas/IMYHbIMK  OTBEPAMTENAMM,  CMELMBAOT C  Pa3sHOOBpPasHbIMU  HAMOAHUTENAMM
(MeTannnyeckMmm, MMHEPanbHbBIMM U OPraHUYECKUMM) U MHOTUMMU APYTMMM KOMMOHEHTaMMU,
4YTO6bl CHWM3WUTL CTOMMOCTb MaTepuanoB WU MNO3BOAWUTb Y/AYy4YWMWTb CBOMCTBA CaMMX CMOA B
JKENaemoM HanpasneHuu. B gaHHOM 0630pHOW CTaTbe PAacCMATPUBAOTCA OCHOBHbIE CBOWCTBA
SMNOKCUAHLIX CMO/M M BAMSAHME Pas3/iMYHbIX  OTBepauTeneil u  MoAMPUKATOpOB  Ha
AHTMKOPPO3MOHHbIE CBOWCTBA 3MOKCUAHBIX MOKPLITUIM, a Takke obwme 061acT NpUMEHEHUA
3MNOKCUAHBIX CMO/ ¥ PUCKM 415 340PO0BbA NPU UX UCNO/b30BAHUN.

Kmioyesble €n06a: aHTUKOPPO3MOHHOE MOKPbLITUE; 3MOKCMAHAA CMO/a; OTBEPAUTENb;
MoAMdUKaLLMA; KOMMO3ULMOHHbIE MaTEPUANbI; MPUMEHEHKE.
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ABSTRACT

Economic expansion is a positive side effect of national highway construction initiatives. So, the
plan is to construct these projects rapidly. This calls for premium asphalt. As a result of aggregate
gradation variation, numerous asphalt mixes have been rejected and rebuilt on-site in recent
decades, resulting in the waste of valuable resources and valuable time. Consequently, the goal
of this study was to examine the durability of asphalt mixes where the aggregate gradation
ranged from +4% above to 2% below the standard range. The aggregate gradation is inconsistent
throughout HMA manufacture. The aggregate is graded at 2, 4, and 6 percent over and below
the allowed range. Case in point: the gradation of the control mix design. Marshall There was a
guantitative evaluation of mixed properties throughout the design phase. HMA mix performance
was evaluated via high temperature and water cycles by vehicle pressure observation and
Indirect Tensile Strength (ITS) testing. In hot climates, asphalt with gradations above +4% and 2%
of both the higher and lower standard values showed the greatest resilience to water damage
and the least rutting. In warm regions, asphalt mixture design will be constrained by the higher
aggregate gradation limits.
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Introduction

National highways drive economic growth and
social improvement. They're essential for national
growth. Access to economic, social, health, and
education services makes a road network essential
to poverty reduction [1]. The administration has
been urged to speedily complete these tasks in
order to prove its effectiveness. Due to aggregate
gradation variation throughout execution and
production, quick project completion hurts the final
output. Asphalt pavement construction involves
mixing, hauling, paving, and compaction [2].
Construction procedures have several
uncontrollable aspects [[3], [4]]. Variation in asphalt
design and construction characteristics has
consistently caused early performance issues [5].

Thus, studying the negative effects of asphalt
mix design and construction variations may be
beneficial [6].

Modern pavement mixtures consist of air void,
asphalt binder, coarse particles, fine aggregates,
and filler [[7], [8], [9]]. A multistage compound is
filled with air when aggregates and fillers are bound
together with an asphalt binder [10]. Well-
interlocked aggregates make for good pavement
performance [11]. Asphalt mixture gradation
affects pavement quality and performance [12].
Asphalt grade variation causes much pavement
distress [13].

Due to aggregate gradation variance, many
asphalt mixtures are rejected and repaired on-site,
wasting materials, time, and money [14]. This study
evaluates the feasibility of adopting mixes with
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aggregate gradation variation (between +4% above
the higher specification limit and -2% below the
lower specification limit).

Much research on the influence of gradation
variation on HMA characteristics, or rather the
effect of gradation variance that may occur during
production on HMA properties, has been
conducted in the past, according to the pavement
design and construction literature [[15], [16], [17],
(18], [19], [20]].

How to aggregate gradation in pavement mixes
affects a massive amount of capacity and rutting
resilience is the subject of research [15]. Aggregates
retained on sieve sizes of 1.18, 0.6, and 0.3 mm
were shown to contribute more than 50% to
strength attributes, whereas aggregates retained
on sieve sizes of 2.36 and 4.75 mm contributed
more than 50% to resistance to weight and rutting.
The clogging properties of porous asphalt mixtures
as a function of aggregate gradation were
investigated [16]. This study found that a mixture of
porosity and pavement with pore macrotexture
depth before and after blockage were both
substantially connected with aggregate gradation.
Also, [17] investigated the aggregate qualities
effect on pavement mixture stripping and creeping
deformation with the result that basalt aggregate-
prepared HMA specimens resist creep better than
limestone aggregate-prepared HMA specimens that
have not been conditioned. Mixtures made with
basalt aggregate were less resistant to creep strain
after conditioning compared to those made with
limestone aggregate. It was found that stripping
resistance is proportional to the amount of asphalt
that was absorbed. Furthermore, mixtures created
with aggregate that met the upper limit of dense
aggregate gradation established by the American
Society for Testing and Materials (ASTM)
demonstrated the strongest resistance to stripping.
According to research [18], Asphalt Concrete (AC)
mixture rutting and fatigue resistance can be
greatly improved by utilizing different gradation
sizes of aggregate and with types of additives such
as fibers. Another research says that [19], gradation
heterogeneity has a significant impact on pavement
performance.

Research [20] suggested altering the particle
fraction passing the 4.75 mm sieve screen to
reduce asphalt pavement rutting. Also [21]
investigated how aggregate gradation variation
affected asphalt mixture rutting and found that it
helped pavement withstand permanent
deformation. Scientists [22] examined how

aggregate gradations at construction affected to
pavement performances and found that rutting
tolerance increased initially and then reduced as
the gradation changed from fine to coarse.
Researchers tested asphalt mixes with diatomite
powder and lignin fiber. The compound blend of
diatomite powder and lignin fiber improved asphalt
mix performance more than either alone.
Combinations with lower limit gradations nearly
affected HMA characteristics the most. Asphalt
mixtures downwardly diverted to a lower limit
grade performed best.

Thus, the aggregate gradations change in HMA
is the subject of this study. So far, there hasn't been
much investigation into the optimal range of
aggregate gradational deviations from specification
limits for HMA mixture performance. So, the
purpose of this research was to examine how well
HMA blends performed when aggregate gradation
was outside the specified range.

The major objectives of this study are to
determine the range of aggregate gradation curve
specifications outside of which HMA mixture
performance is not negatively affected. Next, the
HMA combinations made by them will be tested for
their characteristics.

Vehicle monitoring with indirect tensile
strength experiments would be used to evaluate
the effectiveness of the control mix to the best
HMA mix that is either above or below the upper or
lower specification limit. Moreover, choose the
best HMA blend for the skeleton, which is resistant
to both high- and low-temperature rutting strain
and thermal cracking.

Methods and Experiments

Materials

The 4.75 mm (No. 4) sieve was used to separate
coarse and fine aggregates, with particles being
retained or passed. Meanwhile, fillers were
aggregate particles smaller than the No. 200 sieve
(0.075 mm). All the aggregate types were
consistently graded and met the allowed range for
grades defined by the local technical specifications.
Coarse dolomite of both the (1) and (ll) grades,
whose physical properties are summarized in Table
1, was also used. Asphalt concrete was made using
fine siliceous sand (bulk specific gravity 2.65 g/cm3)
and limestone dust (bulk specific gravity 2.85
g/cm3). The asphalt binder properties result from
the traditional way of testing presented below in
Table2.

—— 34 ——
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Table 1 - Coarse Aggregate Properties

Values specificati
pecitication
No. Name of Test Standard (;ir::(::” (;Ya’;eelu) Limits
1 The Bulk specific gravity
(gm/cm?) 2.53 2.51
The Saturated surface dry
specific gravity (gm/cm?) AASHTO T-85 2.57 2.55 N/A
The Apparent specific
gravity {gm/cm?) 2.71 2.69
Absorption % AASHTO T-85 2.56 2.62 <5
LA Abrasion % AASHTO T-96 20.1 22.3 <40
Stripping Test % AASHTO T-182 >95 >95 >95
Table 2 - Asphalt Binder Properties
No. Name of Test Standard Values Specification Limits
1 A penetration test (0.1 mm) AASHTO T-49 72 70-100
2 Softening Point (°C) AASHTO T-53 47.6 >46
3 Flash Point (°C) AASHTO T-48 +230 +220
4 Kinematics viscosity (cSt) AASHTO T-201 341 +300
5 Ductility (cm) AASHTO T-51 +100 >95
Table 3 - Asphalt Concrete Mixes Different Gradations
Sieve Asphalt Concrete Mixes L
Sizes GO G1 G2 G3 G4 G5 G6 imits
25.0 100 100 100 100 98 96 94 100-100
19.0 100 100 100 100 98 96 94 100-100
12.5 85 100 100 100 74 72 69 75-100
9.5 73 100 100 100 59 58 55 60-85
4.75 48 66 77 88 34 33 32 35-55
2.36 29 42 49 56 20 19 18 20-35
0.600 18 26 31 35 10 9 9 10-22
0.300 11 19 22 26 5 5 6-16
0.150 8 14 17 19 4 3 3 4-12
0.075 5 10 11 13 2 2 2-8
Gradations

According to these findings, the optimal ratio
of coarse aggregates for a wearing surface is 30
percent grade |, 20 percent grade I, 15 percent
natural sand, 30 percent crushed sand, and 5
percent limestone dust. Table 3 displays the
intended gradation of the control asphalt concrete
mixture. (G0). To emphasize the several steps in the

creation of asphalt, the aggregate gradation in the
mixture was made to go (1) below the minimum
requirements for wearing surfaces and (2) over the
maximum requirements for wearing surfaces. For
the first combination (G1), the percentage of
variation beyond the specified upper limit was 2%;
for the second and third mixes (G2 and G3), the
values were 4% and 6%, respectively (G3). In
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contrast, G4, G5, and G6 were assigned to the three
combinations that fell between 2% and 6% below
the lower standard limit.

For the first step, after materials have been
chosen, we'll conduct five aggregate
characterization tests, including the LA abrasions,
stripping  values, specific gravities, water
absorptions, and design gradation selections, to
ensure that stones will be in direct touch with one
another.

In addition, the binder will be evaluated for its
ability to penetrate, soften, flash, have a high
viscosity, and be ductile.

In the second step, we produced and prepared
the controlling asphalt mix (GO) as well as the other
five pavement mixtures (G2 to G6) in accordance
with specifications [16]. The influence of aggregate
gradation variation on HMA characteristics was
investigated in the third stage using the Marshall
Mix Design Method.

On the GO, indirect tensile strength testing and
wheel load monitoring was also performed, and
samples were selected from the best mixtures that
have been above and below the maximum and
lower standard values, respectively.

Testing by Marshall Method

Measurements of stability (in kilograms) and
flow values (in millimeters) were taken for each mix
using a Marshall instrument, a Marshall machine
type TO-550-1 imported from the United States to
evaluate the asphalt mixes' resistance to plastic
flow. The term "electronic commerce" refers to the
sale of electronic goods. The compacted specimens
were heated after 24 hours in a water bath at 60°C
30 minutes before starting of Marshall Test. The
AASHTO T-245, 75-blow Marshall Compaction test
criterion was applied. During the Marshall test's
stability phase, samples were initially weighed in
the air before being submerged in water and then
reweighed, and the greater of the two loads (in
kilograms) was considered the stability value. It
should be noted that correction factors were
imposed for sample thicknesses more than 6 cm.
The flow value, on the other hand, was determined
by tracking the amount of strain placed on the
specimens at their maximum load.

Wheel Loading Tracking Test

The rutting depth test is conducted by a 20-
4000 Wheel track testing machine which s
designed to test asphalt concrete for rutting
resistance in air and in water. The unit is
compatible with asphalt samples obtained on a

sector press or in the form of samples.
Simultaneously two samples can be tested and
there are several mould configurations have been
developed for testing: 320x260 mm; 340x280 mm;
300x300 mm; 410x260 mm; 400x300 mm, but for
tests, the diameter of the sample must be - 150
mm in 2 pieces. Overall testing procedure programs
were set according to EN 12697-22. First, the
samples were prepared on a 300x300 mm mold in a
special sector compactor, which is designed for the
preparation of compacted asphalt samples 320 x
260 mm (410 x 260 mm optional) with a height of
40-120 mm in accordance with EN12697/33, Part
5.2. Thereby the samples were prepared
approximately in 10 min, with 300x300 mm and 50

mm height to save on material. After the
compactor, samples were cooled at room
temperature for not less than 24 hours,

subsequently, tested for 20000 passage by 2
samples in parallel in 9 hours. The received results
are assumed as high temperature and intensive
movement rutting resistance indicators, which
meet the standard.

Indirect Tensile Strength

The AASHTO T-283 test method was utilized in
order to determine the tensile properties of
bitumen mixtures. In order to achieve uniform
stress, this method relied on a steady pace of
loading the Marshall specimen using its diametric
plan. In this experiment, duplicate samples of each
combination were prepared for testing. They were
the "control" mixture, and "best" mixtures above
and below the upper and lower specification limits,
respectively. The temperature of the water was
kept at 60 degrees Celsius during the conditioning
process, which took 24 hours. The other set of
specimens was not conditioned in any way. The

term "Tensile Strength Ratio" refers to the
comparison that was made between the
conditioned samples' averaged indirect tensile

strength and the specimens' averaged indirect
tensile strength that had not been conditioned
(TSR).

Results

Marshall Test Results

Each blend's OAC was determined using the
Marshall Test, as indicated in Table 4. After that, we
assess how well the controlled combination and
other mixes at different gradation lines perform.
Gradational differences showed a range of
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Table 4 - Variation in aggregate gradation has an effect on the investigated blends.

AC Properties GO G1 G2 G3 G4 G5 G6 Limits
Optimal AC % 4.7 4.5 4.2 3.7 5.2 5.5 5.7 3-6%
Stability (Kg) 1211 1197 1182 998 1316 1325 1341 900 kg (min)
Flow (mm) 3.3 4.1 3.7 53 2.9 1.9 1.7 2-4 mm
Stiffness (kg/mm) 384 299 334 210 481 698 842 300-500 kg/mm
Bulk ~specific gravity 35 5361 2372 2360 2314 2271 2254 -
(gm/cm?)
AC Air Voids % 3.54 4.35 4.22 6.0 4.44 5.92 7.66 3-5%
VMA % 16.44 15.8 15.43 15.39 18.3 19.96 20.84 -
VFA % 87.5 72.5 72.7 61.4 75.7 65.3 63.2 -
viewpoints on the subject of aggregate gradation  maximum specification limit of 2% and 4%,

shifts throughout the pavement production
process. These various gradation lines were seen in
the GO combinations all the way up to the G6
mixtures, as shown in Fig 1. The gradation curve
design employed a combination denoted by GO
(control mix). Displayed combinations in G1, G2,
and G3 were +2%, +4%, and +6%, respectively, over
the maximum specification limit.

G4, G5, and G6 showed the applied mixes
were -2%, -4%, and -6% below the standard lower
limit, respectively. The preceding GO through G6
mixes vary at the OAC. Each blend was evaluated
according to the Marshall characteristics that are
shown in Table 4. They consist of characteristics
such as solidity, mobility, bulk-specific gravity, air
voids, mineral voids, and asphalt voids, among
other characteristics. Following the completion of
the data collection process, it was analyzed.

According to the findings in Table 4, the
increase in the maximum specification limits for
aggregates causes a reduction in the combination's
overall stability. The GO stability value for the
standard sample was calculated to be 1211 kg. The
stability of the mixture was generally unaffected by
two successive blends (G1 and G2), although having
gradation changes that were 2% and 4% higher
than the maximum standard limits, respectively.
These blends resulted in declines of 1.17 and 2.4%.
In the succeeding mix, gradual increments of +6%
beyond the maximum specification limit led to a
17.6% loss in mix stability, reaching a low of 998 kg
(G3). Nonetheless, despite this, it was still over the
minimal stability level of 900 kg.

The Flow value of GO was measured at 3.30
mm, which is greater than the permitted range of
values. The flow was raised by 12.1% and 24% for
the succeeding two mixes (G1 and G2) despite the
fact that increasing the gradational changes by the

respectively, did not prevent them from meeting
the criteria (2 mm Flow 4 mm). Due to the fact that
the (G3 flow) was more than the suggested
threshold (5.3 mm). The values of blend
consistency that is lower than the criterion are
shown in Table 4. The gradations variation was less
than the lower standard limit by -2%, -4%, and -6%,
respectively, which resulted in the stability values
of 1316 kg, 1325 kg, and 1341 kg being achieved for
the aforementioned three combinations. These
results may be broken down as follows: (G4, G5,
and G6).

The flow numbers in Table 4 illustrate that the
mixtures do not meet the requirements. The flow
was observed at 3.3 millimeters when GO was
evaluated. The flow rate was reduced to 2.9 mm
while using the G4 blend; nevertheless, this was
still an improvement over the flow rate of 0 mm
that was achieved with the previous blend. This was
because the minimum value of the scale had been
lowered by 2% in order to account for this change.
(2 mm). This amount caused a 12.1% decrease in
flow when compared to the mix that was used as
the baseline. (G0). Both the G5 and the G6 mixes
had a flow rate that exceeded the allowable 4
millimeters.

Wheel Loading Tracking Test Results

Table 4 shows that none of the mixes met the
standard for flow and stiffness, so only GO, G2, and
G4 were selected for performance evaluation tests.
Furthermore, G2 was the top refracted mixture up
of the lower permitted limits for mixtures
gradations that obey the standard requirements,
while G4 was the highest diffracted mixture below
it (wheel load tracking and indirect tensile test).
Easily distinguishing the gradation lines in
comparison to the GO control mixture is seen in
Figure 1.
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Figure 1 — Gradation lines of the mixes

Figure 2 shows the rutting depth test results for
the 3 mixtures: GO (Control), G2 (the best mixture,
which is +4% over the higher specification limit),
and G4 (the best mix, which is -2% below the lower
specification limit). Figure 2 shows that the rutting
value for the GO mix is 3.92 mm, 4.85 mm for the
G2 mix, and 4.34 mm for the G4 mix. The G2
increased its rutting depth by 18% over the GO and
9.5% over the G4. This means that compared to mix
G2, mix G4 showed a greater rutting resistance. It is
related to an 11.1% improvement in stability and a
30% decrease in flow for G4 when compared to G2.

Rutting Depth, mm

mGO mG2 =G4

Figure 2 - Rutting Depth Results

Tensile Strength Test Results (Indirect)

TSR results for three different permutations are
shown in Figure. 3. According to the same source,
Mix G2 achieved a remarkable TSR of 81.62%,
whereas the TSR of the GO control Mixture was
83.87%. When compared to the GO control mix, this
indicates a decrease in TSR of 2.7%. Figure 3 also
reveals that G4 had a TSR of 82.84%, which is
somewhat higher than G2's 82.65%. The most
important takeaway from this study is that G4 is

more resistant to moisture-induced damage when
compared to G2 in a combination.

8ao
835 -
830 -

TSR, %

825
82.0
815 7
81.0
80.5 7

80.0

HGO mG2 mG4

Figure 3 - TSR Outcomes

According to the results G2 and G4 mixes were
more moisture resistant than the Control Asphalt
Mixture. The fineness of its stone matrix increased
cohesiveness between the matrix and the low
asphalt component, which was harmed by the
water path's high temperature. The asphalt mixes'
anti-shear strength, rutting, and tensile strength
rose as asphalt mastic and aggregate adhesion
increased. Based on this debate, the mix at 2%
below the lower gradation limit performed better
against moisture-induced damage than the one at
+4% above.

The results showed that compared to the
Control Mixture GO, G2, and G4 had improved
resistance to moisture damage. The fineness of
aggregate fractions may have increased the
cohesiveness between the matrix and the low
asphalt component, making it more susceptible to
the negative effects of the hotter water in the
water route. Thus, the tensile strength of asphalt
mixes improved, and the anti-shear strength and
rutting of asphalt mixes were enhanced by the
increased adhesive force between asphalt mastic
and aggregate.

Conclusions

This research proposed a unique aggregate
gradation variation of 2%, 4%, and 6% from
aggregate specification limitations. After laboratory
preparation and testing, wheel loading tracking,
Marshall method test, and (ITS) Indirect Tensile
Strength test was used to measure HMA
characteristics at high-temperature performances,
various asphalt blends, and their resistance to
water. This is what the data seems to indicate.
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TonTbipfbiw rpagaumacbiHbiH achanbT6eTOH KacueTTepiHe acepi
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TYRIHAEME

YATTbIK KO/l KYPbIAbICbl 06anapbl 3KOHOMMUKaNbIK, ©CYAi bIHTanaHAbIpaTbiH YATTbIK TabblcKa
acep etegni. Ocbinaliwa, wewim Kabbligaywbinap 6yn »kobanapapl Te€3 Kypybl YLWiH YKOfapbl
cananbl achanbT KaxkeTTiriH eckepdi. COHFbl OH KblaAbIKTapAafbl H6acTbl Macene — KentereH
acanbT-6€TOH KOCManapbl KalTa eHAenin, LWKKI3aTTbiH, LWbIFbIHAAPAbIH, YKAHE YaKbITTbIH,
JKOFaNYblHA SKeNeTiH TONTbIPFbIW FPAAALMACHIHbIH, alblPMaLLbINbIFbIHA HalNaHbICTbl AereH
wewwimre Tipengi. byn 3epTTeyae arperatTblH, rpagaumAckl TaNanTbiH, }KOFapFbl WeriHeH +4% - aaH
cneunduKaumaHbliH, TemeHri weri -2% - fa paelliH e3repeTiH acdanbT KOCManapbiHbIK,
JKapamablNbiFbl KapacTbipbinagpl. blcTbik, acdanbT KocnacbiH (bIAK) eHAaipyAe TOATbIPFbIWTbIH,
rpajaumacel cneumomKaumagaH acbin Tyceai. TONTbIpFbIWUTAPAbIH, rpagaumacel benrineHreH
WwekTepaeH 2%, 4% KoHe 6% KOfapbl KOHE TOMEH anblHaTbiH 6onagpl. bakbinay Kafaavibl:
6aKblaay KocnacblHblIH, rpaHyoMeTpUAbIK Kypambl. Marshall Mix sobacbl 6oMblHLLA Kacanbin
KOCNaHbIH, KacueTTepi enweHeai. ofapbl TemnepaTtypa meH cy uMKnaepi KesiHae bIAK-HbIH,
eHiIMAiniriH 6afanay ywWiH AOHFaNaK KyKTeMeciH baKplnay KaHe KaHama co3bliy 6epiKTiriH
cbiHay (ITS) konaaHbingpl. CneundrKaLmaHbIH, }KOFapFbl KaHe TOMEHTi WeriHiH, +4%-aaH -2%-fa
JeWiHri rpagaumacel 6ap Kocnanap CTaHAapPTTbl achanbT KOCNanapbiMeH CasbiCTbipFaHAa, eH a3
[JOHreneK i3iHiH TepeHAiriHe aHe bICTbIK YKepaepae CyAblH dcepiHeH 6y3binybiHa 6apbiHlLa
Te3imainikke une 6onabl.TONTbIPFLIW  FPAJAUMACBIHBIH,  KOFapblnaybl  bICTbIK  KAMMAaTTa
achanbTHETOH KocnanapbiH }obanay KesiHae HycKayabiK 6onagpl.

Tyiiin ce30ep: acdanbTObETOH, Tac rpajauMACbl, Mapwann TecT, AeHrenek i3i, binfanfa
Te3imainik.

Kocnapmakoea Caman AxmemasnsiegHa

Aemopnap mypansi aknapam:

PhD dokmopaHmebl, «OHEepKacinmiK ¥aHe a3amammelK KypblabiC MEXHO02UACLI» Kageopacsi,
J1.H. Tymunes ameiHOarel Eypasus yammeolK yHusepcumemi, Acmaxa, KazakcmaH. Email:
smartsam0509@gmail.com

WawnaH YonamaH AmaHzenduesuy

T.F.0, «OHepKacinmiKk XMaHe a3aMaMmMmbIK KYpblabiC MEXHOM02UACLI»  KagheopacbiHbIH,
npogpeccopi, J1LH. T'ymunes amoIHOaFbI EYY, AcmanHa, KazakcmaH. Email:
zholamanalmatykz@gmail.com

Murat Guler

T.f.0., npogpeccop Tasy-LUbirbic TexHUKanbIK yHUsepcumemi, AHkapa, Typkus
E-mail: gmurat@metu.edu.tr

BauaHue rpagaumm 3anonHUTENA Ha cBoicTBa acdhanbTtobeToHa

!Kocnapmakosa C.A., 'LWawnan X.A.,, Guler M.

1 Egpasulickuli HauuoHanbHbIl yHUsepcumem um. /1.H. lymunesa, AcmaHa, Kazaxcmaw

2 BnuxcHesocmoyHbili TexHuveckuli yHueepcumem, AHkapa, Typyus



https://doi.org/10.31643/2024/6445.04
mailto:smartsam0509@gmail.com
mailto:rauan_82@mail.ru
mailto:rauan_82@mail.ru

Complex Use of Mineral Resources. 2024; 328(1):33-41 ISSN-L 2616-6445, ISSN 2224-5243

AHHOTAUMA

MpOeKTbl CTPOUTENbCTBA HALMOHANbHBLIX [OPOr BAMAIOT Ha HALMOHA/NbHLIA [0X04, 4YTO
CTUMYAMPYET 3KOHOMMYECKMI pocT. Takum o06pasom, Auua, NPUHMMAIOWME PeLleHus,
HamepeHbl CTPOUTb 3TU NPOEKTbI BbicTpo. s 3Toro TpebyeTcs BbICOKOKaYeCTBEHHbIN achanbT.
OcHoBHOM Npobaemoit nocnegHux AecATUNETUI ABAAETCA TO, YTO MHOrMe achanbTobeToHHbIe
CMecM OTOPAKOBbLIBAIOTCA M MEepefenbiBaloTcA Ha MecTe M3-3a  pasHWubl B rpagauumu
3aMN0/IHUTENA, YTO NPUBOAMT K MOTEpPe CbipbA, 3aTpaT U BpemeHn. Takum o6pa3om, B JaHHOM

MNoctynuna: 20 dekabps 2022 nccnenoBaHNM PaccCMaTpPUBAETCA NPUEMIEeMOCTb achanbToBbIX CMecel C USMEHEHMEM FpagaLum
PeueH3nposaHue: 16 mapma 2023 3anonHUTENA OT +4% Bbllle BEPXHErO Npeaena cneunduKraumm Ao -2% HUXKe HUKHero npegena
MpuHATa B nevatb: 4 anpens 2023 cneundmrkaumm. MNpu npomnssoacTee ropayeit achanbtosoit cmecu (FAC) rpagauma sanonHuTens

BbIXOOMT 32 pamMKu cneunduKkaumun. Mpagaumm sanonHutenei Ha 2%, 4% v 6% Bbile U HUXKe
YCTQHOB/IEHHbIX NpenenoB. KOHTPOMbHbIW Cyvali: rpaHy/IOMEeTPUYECKUIA COCTaB KOHTPO/IbHOM
cmecun. M3amepeHHble KauyectBa cmeck no npoekty Marshall Mix. [Jns oueHKM XapaKTepucTuk
cmecn HMA npu BbICOKMX TemnepaTypax M BOAHbIX LMKAAX MCMNO/b30BaANCb MOHUTOPUHT
Harpy3ku Ha Kojieca M UCMbITaHUA Ha HemnpAmylo NPOYHOCTb Npu pactaxeHun (ITS). Cmecum c
rpagauvenn ot +4% po -2% OT BEPXHEro W HUXKHEro npegenos cneuudukaumm wumenu
HaUMEHbLUYIO TNYOUHY KOMEMHOCTM M MAKCUMMANbHYIO YCTOMYMBOCTb K PaspyLUeHWo BOOOW B
ropAaYnx MecTax no CPaBHEHUIO CO CTaHAAPTHbIMU achanbTOBETOHHBIMU CMecAMU. MOBbILWEHHbIE
OrpaHuWYeHmna No rpajaunmn 3anonHUTeNs ByayT CAYXKUTb PYKOBOACTBOM NPU MPOEKTUPOBAHUM
acdanbTOBETOHHbBIX CMECEN B *KapKOM KAumare.

Kniouesble cnoea: achanbtobeToH, rpagauma  3anoNHUTENs, wcnbiTaHwe Mapwanna,
KO/IeHOCTb, BOAOHEMPOHULLAEMOCTb.
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ABSTRACT
Modified xanthan gum is often used in a variety of industries such as pharmaceuticals, the food

industry, and the oil industry. The use of modified xanthan gum in emulsions can solve two
problems, stabilize and thicken. This work is dedicated to the study of oil-in-water emulsion
stability. The continuous phase of the emulsion consists of agueous solutions of modified xanthan
gum (XG-g-MMA), alkyl polyglycoside (APG), and silicon dioxide nanoparticles (SiOz), and kerosene
was used as a dispersed phase. Modified XG was prepared by grafting with methyl methacrylate
to improve its properties. To determine the stability, the stratification time was monitored, and
rheological properties and droplet sizes of emulsions were determined. The results showed that
the emulsions based on XG-g-MMA and APG have better properties than the emulsions based on
XG and sodium lauryl ethoxy-sulphate (SLES). Emulsions with 0.3% XG-g-MMA, 5% APG and 0.2%
Si02 demonstrated stability for up to 2 years, whereas emulsions with 0.3% XG stay stable for up
to 1 year.

Keywords: emulsion stability, modified xanthan gum, grafted polymer.
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Introduction

Many building materials, paints, lubricants, etc.
are being emulsions. In the cosmetic industry, all
creams and lotions are W/O, O/W and W/O/W
emulsions, which makes it possible to select creams
depending on skin type. There are new medical
preparations based on emulsions with functional,
useful components [[1], [2]].

However, emulsions are thermodynamically
unstable systems, undergo coalescence,
gravitational separation, flocculation, form water
and oil phases, so a stabilizers are required for their

long-term stability. Basically, synthetic surfactants
are used to stabilize emulsions, but synthetic
surfactants are considered aggressive and limit the
scope of use of emulsions. In this regard, biological
surfactants are proposed which are safe and
biodegredable. An example of biosurfactant is alkyl
polyglycoside (APG). APG is a nonionic biosurfactant,
which is a derivative of glucose and fatty acids [3].
The raw materials for obtaining these surfactants
are starch, glucose and fatty alcohols. These
products are derived from corn and other grains,
therefore considered renewable. The final product
of the reaction using acid catalysts is a mixture of
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compounds containing a hydrophilic sucrose part
and a hydrophobic alkyl part [[4], [5]]. APG is used as
a foaming agent in detergents, replaces surfactants
such as lauryl sulfate, lauryl ethoxysulfate, and has a
milder effect on the skin [6]. Biopolymers are often
used as stabilizers which are less toxic and
biodegradable [[7], [8], [9]]. One of the biopolymers,
xanthan gum, is an extracellular polysaccharide of
the bacterium Xanthomonas Campestris [10].
Xanthan is widely used in medicine, cooking,
construction and other areas, but there are many
works proving the great effectiveness of Modified
xanthan [[11], [12], [13], [14], [15], [16], [17], [18],
]19]]. After modification xanthan gum demonstrates
better properties as viscosity, solubility and stability
[[20], [21], [22], [23]].

In this work modified xanthan was used to
improve the stability of the emulsion. The ratios of
the ingredients are shown in Table 1.

Experimental part

Materials

Biopolymer Xanthan gum (XG) as a powder
(Sigma-Aldrich Chemical Co,, USA),
alkylpolyglucoside (APG) as a 50% solution (Spec
Chem Industry Inc.,, China), sodium lauryl
ethoxysulfate (SLES) — 70% solution (OMED, China),
silicon dioxide nanoparticles (40 nm) as a 40%
solution (Sigma-Aldrich Chemical Co., USA) and

kerosene (Kloriant, Kazakhstan) were used.
Modified xanthan gum was produced in a
laboratory.

Emulsion preparation

Aqueous sol solution surfactant, polymer, and
silicon dioxide were mixed and distilled water was
added till the required volume. The solution was
placed on a magnetic stirrer and kerosene was
added while stirring. After adding kerosene, the
solution was stirred for 15 minutes at a speed of 700
rom. Prepared emulsion immediately was poured
into a measuring cylinder and observed for phase
separation over time. Thus, emulsions were
prepared with different ratios of components to
determine the best concentration of each of the
components.

Measurements

The stability of the emulsions was determined
by visual observation, the time of the kerosene
phase appearance (the formation of a layer of
kerosene on the surface of the emulsion) was noted

over time. To determine the effect of salinity on
stability, sodium chloride solution was added to the
emulsion. The content of sodium chloride in the
emulsions was 5, 15, and 30 g/L.

The samples that showed the highest stability
were analyzed on a Bohlin rheometer, Rheolab QC
to study the rheological properties. Rheological tests
(viscosity and shear stress versus shear rate) were
carried out at 30, 60, and 80°C.

The sizes of the dispersed phase droplets were
measured on a scanning electron microscope Auriga
Crossbeam 540 Carl Zeiss. To obtain images before
analysis, the samples were applied to a film and
dried at room temperature. In this way, photographs
of capsules of volatilized kerosene were obtained.

Table 1 - Content of emulsions

< E|

2 1S |s ||| 5 E:

Q£ © = 5 N S S c =

3 o =l ag| &
=< B | ¥

(a]

1 0.1 2 5 7 |3

2 0.1 1 5 7 |3

3 0.1 02 |5 7 |3

4 0.1 01 |5 7 |3

5 0.1 0 5 7 |3

6 0.2 2 5 7 |3

7 0.2 1 5 7 |3

8 0.2 02 |5 7 |3

9 0.2 01 |5 7 |3

10 |0.2 0 5 7 |3

11 |03 02 |5 7 |3

12 |02 02 |2 7 |3

13 |02 02 |3 7 |3

14 |02 0.2 3 |7 |3

15 |02 0.2 5 |7 |3

16 02 |02 |5 7 |3

17 03 |02 |5 7 |3

18 03 |02 |5 9 |1

19 03 |02 |5 6 |4

20 03 |02 |5 7 |3 |s

21 03 |02 |5 7 |3 |15

22 03 |02 |5 7 |3 |30
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Results and discussions

Emulsion stability
Observations have shown that the stability of

the emulsion depends on the amount of each
component. Emulsions prepared with 5% APG were
more stable than with SLES (the same ratio). Also,
emulsions with 0.3% XG-g-MMA stayed stable for
more than 2 years, while emulsions with XG with the
same amount stayed stable for about 1 year.
However, with an increase in the polymer content,
became a gel-like state. The
stabilizing effect at a

the emulsion
nanoparticles showed
concentration of 0.2%.

Also, the statement proved that with an increase
in the ratio of the oil phase, the stability of an
emulsion increases, so with the increase of the
kerosene volume increased the stability of the
emulsion. Salinity stability testing showed that
emulsions with XG-g-MMA stay stable at salinities
up to 30 g/I, while XG emulsions break down already
at 5 g/l salinity. The visual observations are shown in
Table 2.

Table 2 - Results of emulsion stability by visual control

Sample Ne Stability

1 Not stable

2 Not stable

3 Not stable

4 Not stable

5 Not stable

6 Not stable

7 Not stable

8 Stable for 1 month

9 Not stable

10 Not stable

11 Stable for over 1 year
12 Not stable

13 Not stable

14 Not stable

15 Not stable

16 Not stable

17 Stable for over 2 years
18 Not stable

19 Stable for over 2 year
20 Stable for over 1 year
21 Stable for over 1 year
22 Stable for over 1 year

Rheology properties

To determine the rheological properties, the
most stable emulsions with the composition
XG(0.3)-APG(5)-Si02(0.2) and XG-g-MMA(0.3)-
APG(5)-Si0,(0.2) were chosen. The results of
viscosity and shear stress measuring showed that at
30°C with a change of shear rate from 1 to 100 s7,
the shear stress of the XG-g-MMA(0.3)-APG(5)-
Si0,(0.2) emulsion reaches 16 Pa, XG(0.3)-APG(5)-
Si05(0.2) reaches 9 Pa. And the viscosities of XG-g-
MMA(0.3)-APG(5)-Si0,(0.2) and XG(0.3)-APG(5)-
Si0,(0.2) decrease to 0.16 Pas and 0.09 Pa's
respectively.

The rheology performance decreases with the
rise of temperature, which can be seen in Diagrams
1, 2, and 3. At 60°C the shear stress of the XG-g-
MMA(0.3)-APG(5)-Si02(0.2) emulsion reaches 12.5
Pa, XG(0.3)-APG(5)-Si0,(0.2) reaches 7 Pa. The
viscosity of both emulsions changes slightly, showing
0.13 Pasand 0.07 Pa-s. At 80 2C the maximum values
drop to 9.5 Pa for XG-g-MMA(0.3)-APG(5)-Si0(0.2)
and to 4.7 Pa for XG(0.3)-APG(5)-Si0,(0.2 ).

Thus, it can be noted that emulsions with XG-g-
MMA(0.3)-APG(5)-Si02(0.2) showed better results
compared to XG(0.3)-APG(5)-Si0,(0.2).

Emulsions prepared using modified xanthan
have demonstrated resistance to salinity. With the
addition of salt up to 30 g/l the rheological
parameters of the XG-g-MMA(0.3)-APG(5)-Si0,(0.2)
emulsions did not differ much (Diagram 4), showing
14-16 Pa.

Drop sizes

SEM images showed that the kerosene capsules
emulsified with XG had diameters ranging from 2 to
45 um, with an average diameter of ~20 um (Figure
1). Kerosene capsules emulsified with XG-g-MMA
had diameters ranging from 2 to 20 um, with an
average diameter of ~10 um (Figure 2). Thus, it can
be understood that the stability of the emulsion with
XG-g-MMA is due to the uniform formation of
smaller capsules compared to the emulsion with XG.

Traces of nanoparticles can be seen on the walls
of the capsules which also have a stabilizing effect,
forming a layer at the oil-water interface (Figure 3).
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Diagram 1 - Rheological properties at 302C
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Diagram 2 - Rheological properties at 602C
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Diagram 4 - The dependence of rheology of emulsions on salinity at 302C
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Figure 3 - Nanoparticles of SiO: at oil/water interface
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Conclusions

The results of the stability study showed that the
emulsion prepared with the addition of modified
xanthan gum (XG-g-MMA(0.3)-APG(5)-Si0>(0.2))
remains stable for more than 2 years, while the
emulsion with the addition of unmodified xanthan
gum (XG(0.3)-APG(5)-Si0(0.2)) remains stable for
more than 1 year. When the alkylpolyglycoside is
replaced with sodium ethoxysulfate, the stability
drops markedly.

According to the results of the study of
rheological properties, it was found that the
emulsion with the addition of XG-g-MMA has a shear
stress value of 16 Pa at 309C, 12.5 Pa at 602C and 9.5
Pa at 802C, while the emulsion with the addition of
XG reaches 1.8 times less value - 9 Pa at 302C, 7 Pa

at 60°C and 4.7 Pa at 802°C. Also, the emulsion with
the addition of modified xanthan gum shows
resistance to salinity up to 30 g/I, while the emulsion
with the addition of xanthan gum breaks down at a
salinity of 5 g/I.

Thus, the use of an emulsion with modified
xanthan gum XG-g-MMA(0.3)-APG(5)-Si02(0.2) can
become one of the effective methods used in
enhanced oil recovery or other industries.
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TYWIHAEME

MogaunduKaumanaHfaH KCaHTaH LWaibipbl GapMaLeBTUKa, TaMaK KaHe MyHall eHepKacibi CUAKTbI
9pTYpAi cananapaa *Kui kongaHoinagpl. MogudukaumManaHFaH KCaHTaH WaibIpbiH 3MyAbcuAnapaa
KONAAHY, TYPaKTaHAbIPY KOHEe KOHMAHAbIPY CUAKTbI eKi MaceneHi wewyi MyMKiH. byn xymbic
MYHaWAbIH, CyAafbl 3MYNbCUACBIHbIH, TYPAKTbI/IbIFbIH 3epTTeyre apHaifaH. IMyNbCUAHDBIH, Y34iKCI3
basacbl moanduUKaLmanaHFaH KCaHTaH WanblpbliHbiH, (XG-g-MMA), ankuanonurnmkosuariy, (APG)
KIHe KpeMHWUI AnoKcnai HaHobenwekTepiHiH, (SiO2) cynbl epiTiHAinepiHeH Typaabl, an aucnepcTi
dasa petiHae KepocuH KongaHbiFaH. MogudukaumananFaH XG, OHbIH KacMeTTepiH aKkcapTy
YWiH MeTUIMETaKpUNaTTbl ery apKblibl anbiHAbl. TYPaKTbINbIKTbI @HbIKTay YLWiH KaTnapaaHy
YaKbITbl GaKblnaHAbl, 3My/bCUA TaMLUbINAPbIHbIH, PEONOTUANBIK KacueTTepi MeH eswemaepi
aHbIKTanabl. Hotuxkenep XG-g-MMA koHe APG HerisiHAeri amynbcuanapabib, XG KaHe HaTpui
naypun atokeucynbdatol (SLES) HerisiHaeri amynbcuanapra KaparaHga »aKcbl Kacuerrepre ue
60naTbiHbIH KepceTTi. KypamblHaasbl 0,3% XG-g-MMA, 5% APG xaHe 0,2% SiO2 6ap amynbcua 2
JKblIFa AeMiH TypaKTbl 60N1aTbIHbIH KepceTTi, an KypambiHAafbl 0,3% XG 6ap amynbcuanap Tek 1
XblIFa AeWiH TypaKTbl 606N Kanapl.

TyliiH ce30ep: 3MyNbCUA TYPaAKTbIbIFbI, MOAUDUKALMANAHFAH KCAHTAH CaFbi3bl, eriareH nonaumep.
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AHHOTALUMA

MopuduumpoBaHHaa KcaHTaHOBaA KameAb 4YacTO WMCMNOb3YyeTCA B Pa3/IUYHbIX OTPACAAX
NPOMbILWNEHHOCTM, TaKMX Kak ¢apmaueBTMKa, NULLEBaA NPOMBbIWAEHHOCTb W HedTAHaA
NPOMBIWNEHHOCTb. Mcnonb3oBaHne MoAUOUUMPOBAHHON KCAaHTAHOBOM Kameau B 3My/NbCUAX
MOMET pewunTb Ase npobnembl: cTabunnsvpoBaTb U 3arycTutb. [JaHHaa paboTa nocssauieHa
NccNepoBaHmUIo0 CTabunbHOCTU 3MyNbcun HedTU-B-BoAe. HenpepbiBHan ¢pasa smMynbCcum COCTOUT U3
BOAHbIX pacTBOpoB MOAMOULMPOBAHHOWM KCaHTaHOBOM Kameam (XG-g-MMA),
ankunnonurnmkosuaa (APG) u HaHovacTuL, AMoKeuaa KpemHus (SiOz2), a B KayecTBe AucnepcHoM
basbl ucnonb3oBaH KepocuH. MoguduumposaHHaa XG 6blna nonydeHa nyTemM NPUBUBKM
MeTUAMETaKpunaTa ANa  yAydlleHWa ero CBOWCTB. [na  onpedeneHusa  cTabunbHOCTU
KOHTPOZIMPOBANWN BPpeMA Pacc/0eHUaA, onpeaensnn peonormieckme CBOMCTBa U pasmepbl Kanenb
3MYNbCUIA. Pe3ynbTaTbl MOKa3anu, 4To sMy/IbCUM Ha ocHose XG-g-MMA 1 APG 061afatoT iydwmmm
CBOWCTBaMM, YeM 3MYNIbCUM HA OCHoBe XG u naypunatokcucynbdaTa HaTpua (SLES). Imynbeus ¢
0,3 % XG-g-MMA, 5 % APG n 0,2 % SiO2 nokasana cTabunbHOCTb A0 2 NeT, Toraa Kak aMybCcun ¢
0,3 % XG ocratotcs cTabunbHbiMK 10 1 roga.

Kntoveebie c¢n06a: CTabUNbHOCTL 3MYAbCUM, MOAMOULMPOBAHHAA KCaHTAHOBas Kameap,
NPUBUTBIN NoUMEP.
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ABSTRACT

The paper presents the results of studies on the processing of copper-lead mattes with high-sulfur
copper concentrate in a converter. The effect of high-sulfur copper concentrate on the quality of
converting products is shown. Based on the obtained results, a comparative analysis of the
technological indicators of the 1st period of converting copper-lead mattes according to the
existing technology and in the joint processing of copper-lead mattes with copper concentrate was
carried out. It has been established that when the high-sulfur copper concentrate is used as a
sulfidizing agent, excess sulfur released as a result of the dissociation of higher sulfides is
completely absorbed by the slag melt. It is shown that elemental sulfur, interacting with oxides of
non-ferrous metals and impurities, has a significant effect on the equilibrium distribution of metals
between the converting products and their extraction into targeted products. The influence of
sulfur on the destruction of magnetite in the process of converting was also established. New data
on the distribution of non-ferrous and associated metal impurities (As, Sb, etc.) were obtained
during the conversion of copper-lead mattes with high-sulfur copper concentrate. High values
were established for the extraction of non-ferrous metals and impurities into targeted products:
copper into matte - up to 98%, lead, zinc, arsenic, and antimony into dust - 87%, 91%, 84%, and
38%, respectively. The possibility of a significant improvement in technical and economic
indicators, the quality of converting products, and environmental protection during the joint
smelting of high-sulfur copper concentrate with a copper-lead matte are shown. The developed
technology for converting copper-lead mattes, with high-sulfur copper concentrate, is easily
integrated into the plant structure of Kazzinc LLP without any special material costs.

Keywords: copper-lead matte, sulfide copper concentrate, converting, converter slag, white
matte, sulfiding, distribution.
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continue to use well-established standard methods for

Introduction

In the scientific literature ,there is a sufficient
number of works devoted to the improvement of the
converting process, including the solution to the issue of
converter slag processing [[1], [2]]. The results of
extensive studies on the processing of copper
concentrates in converters [[3], [4], [5], [6], [7], [8], [9],
[10], [11]] have opened up wide opportunities for using
the converter as a smelting unit for solid materials. This
especially refers to the first period of converting copper
matte, which ultimately leads to a significant reduction
in total costs and an increase in the complexity of the
use of raw materials. However, their introduction into
production remains without due attention. Most plants

processing them according to existing schemes.

The existing positive practical experience of direct
processing of copper concentrates in converters shows
that there are some ways that can be found to improve
the quality of the resulting smelting products in the
course of the converting technology itself. Moreover,
such an approach, in our opinion, seems to be one of the
most promising areas for improving the processing of
copper-containing raw materials, both from a
technological and economic point of view and from an
environmental point of view. This is due to the fact that
the involvement in the processing of primary raw
materials with a complex chemical and mineralogical
composition, the technological indicators of existing
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processes, and the quality of the obtained products of
melts undergo significant changes in the direction of
deterioration. Regarding the converting process, there
is a strong complication of the compositions of
converter slags, and a decrease in the quality of the
converting products, which indicates the need to find
rational methods for converting.

The direct transfer of the experience of foreign
plants, both in terms of the design of aggregates and
process modes, in relation to sulphide concentrates of
Kazakhstan is complicated, due to their polymetallic
nature, low copper content, and higher contents of
impurities - Pb, As, Sb. Nevertheless, the search and
development of technologies for the complex
processing of difficult-to-recycle polymetallic copper-
zinc, copper-lead-zinc concentrates in converters could
be a significant reserve for metallurgical enterprises in
terms of additional extraction of Cu, Au, Ag, and related
- Zn, Pb, etc. metals into targeted commercial products.

It should be noted that in the known technologies
of direct processing of copper concentrates in
converters, the main goal was to use the converter
exclusively as a smelting unit and obtain an additional
amount of copper by smelting the concentrate. Despite
the positive results achieved, the developed
technologies also had a number of serious drawbacks in
terms of loading a finely dispersed concentrate into the
converter. In particular, the loading of the concentrate
into the converter required careful special preparation
(drying, grinding, using a complex loading installation).
When loading the concentrate into the converter, it was
not possible to ensure a low quantity of dust losses [12].
The method of loading finely dispersed materials into
the converter, developed by the authors of [13], seems
to be highly effective, which ensures the loading of the
material into the converter with a minimum (no more
than 0.5% of the weight of the loaded material) of its
dust removal as a loss. The solution to the issue of
loading finely dispersed material into the converter,
which is important for practice, allowed the authors to
simplify the technology of direct processing of
concentrates in converters and improve the
technological parameters of the converting process.

Due to the minimum dust losses, the injection unit
developed in [13] was used to load high-sulfur copper
concentrate into the converter.

It seems promising to simultaneously use high-
sulfur copper concentrate not only as an additional
source of copper production but also as a sulfidizing
agent, which improves the quality of the resulting
converting products. Detailed studies of industrial tests
for the processing of copper and copper-zinc high-sulfur
concentrates with copper mattes showed the
fundamental possibility of improving not only the

technological indicators of converting but also a
significant increase in the quality of the obtained
products [14].

The application of the developed technologies has
particular relevance for the conditions of converting
copper-lead mattes of Kazzinc LLP, where mattes are
characterized by an increased content of harmful metal
impurities: up to 25% lead, up to 4% arsenic, and up to
1.0% antimony. As a result of converting such mattes,
poor-quality blister copper (96-98% Cu) is obtained. At
the same time, recycled converter slags contain up to
35% lead, ~3% copper, and up to 1.5% total arsenic and
antimony. Despite these shortcomings and low
technological indicators of the process, due to the lack
of an alternative method for processing copper-lead
mattes, converting remains the main stage in the
production of blister copper in the general technological
flowsheet of lead production.

The purpose of this work is to study the behavior of
non-ferrous and associated metals during the joint
processing of high-sulfur copper concentrate with
copper-lead matte in converters and to evaluate the
effect of the concentrate on improving the quality of
converter slag.

Experimental methodology

The solution of the set tasks was carried out on
the basis of mathematical models [[15], [16], [17],
[18], [19]], which describe with sufficient accuracy
the calculation of the equilibrium yield of smelting
products and the composition of chemically reacting
systems. The methodology for determining the
optimal technological parameters for converting
copper-lead mattes is based on the analysis of the
obtained results and plant practice data. An
industrial array was accepted for analysis, including
the number of material flows and the composition
of the obtained products - mattes, slags, dust, and
blister copper, the results of the forms of metals in
the converting products, and the thermodynamic
analysis of the behavior of non-ferrous and related
metals.

The primary analysis of plant practice data was
reduced to clarifying the factors influencing the
distribution of metals between converting products.

The second stage included the determination of
the optimal technological regimes and process
parameters (matte composition, blast consumption,
quartz consumption, blowing time) that affect the
technological parameters of the process.

Technological indicators of converting were
established using a specially developed program,
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which is based on an iterative algorithm for
modeling the converting process. The developed
program describes with sufficiently high accuracy
the existing process of converting copper-lead
mattes and makes it possible to predict the optimal
parameters and technological modes of the process
for the condition of joint melting of matte with high-
sulfur copper concentrate.

The total array of data subjected to
mathematical processing amounted to 65
observations. The results of metallurgical

calculations of the process of converting copper-
lead mattes, obtained for the given input
parameters of plant practice, showed a good
agreement in terms of the quantity and composition
of the obtained products, and the distribution of
metals between the converting products. This
testifies to the high reliability of the research results
obtained in the work, as well as the developed
program, which establishes, on its basis, the
physicochemical processes that occur during the
converting of copper-lead mattes with high-sulfur
concentrate, and outlines ways to improve the
technological parameters of the process.

Results and discussion

As a sulfidizing agent, a high-sulfur copper
concentrate of the Zyryanovsky deposit was used,
composition %: 24.51 Cu; 2.5 Pb; 3.4 Zn; 28.6 Fe; 0.1
As; 0.2 Sb; 35 S; 3.6 SiO,. 30% of the weight of the
resulting converter slag was taken as the optimal
concentrate consumption [20]. The concentrate was
loaded 10 min before the converter slag was
discharged.

In the process of research, two modes of the
process of converting copper-lead mattes were
studied: the first is converting according to the
existing technology and the second is the converting
of copper-lead mattes with high-sulfur copper
concentrate.

To evaluate the behavior of Cu, Pb, Zn, As, and
Sb during the converting process, the following plant
data were analyzed: the temperatures of converter
slags at each unloading from the converter, one-
time measurements of the melt temperature during
each loading of a new portion of the matte and its
blowing.

A comparative analysis of technological
indicators of 2 converting modes is given in Table 1.

Table 1 - Results of technological indicators of converting copper-lead mattes: 1 — the mode according to the existing
technology; 2 - converting copper-lead mattes with high sulfur copper concentrate

1st mode - existing technology

# of discharge Products Chemical compositions of products, % Aig, (Sionll;);%), Blt?n\:lg’]g
Cu Pb |2Zn | As| Sb Fe S | Si02 m t min
Initial Initial matte | 35.50 | 26.00 [1.42|2.81| 0.71 | 15.15 |15.09| - ) ) )
products | verterslag | 3.83 | 33.5 454/ 2.8 | 095 | 127 | - |157
Matte 49.59 | 22.94 (0.61|3.34| 0.97 | 6.71 |13.40| -
Discharge #1 |g|ag 4.07 |26.74(2.34|1.04| 0.13 | 26.74 28.36| 6946.66 |  1.58 60
Dust 0.83 |56.35(4.22|6.13| 0.03 | 0.98 |6.36| 1.20
Matte 54.37 |22.09/0.16|3.61| 1.03 | 3.99 [12.74| -
Discharge #2 |g|ag 3.91 |23.17[2.72|0.77| 0.16 | 27.10 | - |[23.70]3327.21| 0.76 30
Dust 0.63 |48.99(8.58/4.30| 0.47 | 1.52 |2.50 | 1.90
Matte 55.71 | 21.040.18/3.70| 1.04 | 3.43 [13.11
Discharge #3 |g|ag 434 |24.59(1.51|0.78| 0.16 | 22.88 25.11( 1390.69 |  0.45 12
Dust 0.41 |53.79(3.31|1.76| 0.53 | 0.96 |2.23| 1.37
White matte | 56.82 |20.46 |0.22|3.62| 1.05 | 2.95 |13.59
Discharge #4 |g|ag 11.94 | 18.42 [1.27]0.77| 0.10 | 23.40 23.64| 718.41 0.25 10
Dust 1.07 |25.24|0.02|4.37| 0.67 | 1.52 |2.26 | 0.82
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2nd mode - new technology: converting copper-lead mattes with high-sulfur copper concentrate

) Chemical compositions of products, % Air, ) Flux Blgwing
# of discharge| Products 3 (Si02 85%),| time,
Cu Pb Zn | As | Sb Fe S SiO2 m t min
Initial matte 35.50 [26.00| 1.42 |2.81|0.71|15.15|15.09 - i i i
Initial converterslag| 3.83 | 335 | 454 | 2.8 [095] 127 | - | 15.7
products Copper
24.51 2.5 34 | 01 ] 0.2 | 286 35 3.6
concentrate
Matte 52.43 |119.23| 0.50 [2.31|0.78 | 7.49 |14.00
Discharge #1 |g|ag 1.09 | 1.26 | 0.21 | 0.07 | 0.10 | 48.13 26.88 |5262.62|  1.03 50
Dust 0.59 [63.02| 9.03 |5.76|0.70| 1.30 | 5.85 | 0.46
Matte 58.78 |15.37| 0.30 | 1.53|0.76 | 5.28 | 15.05
Discharge #2 |s|ag 0.58 | 1.08 | 0.33 | 0.06 | 0.07 | 47.37 28.07 |2234.16|  0.44 25
Dust 0.62 |[55.82| 9.69 |8.12|0.73| 290 | 8.82 | 1.14
Matte 64.86 | 8.28 | 0.28 |{0.74|0.70 | 5.10 | 17.33
Discharge #3 |g|ag 1.47 | 0.67 | 0.35 |0.05|0.06 |47.16 26.06 | 818.56 0.16 17
Dust 1.22 |64.71| 731 |{6.94|0.87| 2.84 | 8.82 | 1.01
White matte 70.57 | 4.01 | 0.22 |0.56|0.65| 3.54 | 18.16
Discharge #4 |g|ag 0.39 | 0.15 | 0.23 | 0.03 | 0.04 | 48.06 27.32 | 879.69 0.17 19
Dust 0.79 |58.82|10.80|2.80|1.03| 3.86 |11.31| 1.81
It has been established that under the composition of the matte, slag, and consumption of

conditions of the existing practice of converting,
there is a large overconsumption of quartz (more
than 1.5 times), from its optimal consumption (Table
1). An excess of quartz requires additional heat
consumption for its melting and further transfer to
slag, which is covered by an increase in blast
consumption. This significantly reduces the quality
(compositions) of the resulting products (Table 1),
which leads to a negative redistribution of non-
ferrous and related metals among the conversion

products.
An important change in technological
parameters is observed in the conditions of

converting copper-lead mattes with high-sulfur
copper concentrate.

When loading sulfide copper concentrate into
the converter, it is necessary to take into account the
additional amount of iron introduced with the
concentrate in order to make a calculated correction
to the flow rate of the loaded quartz flux. On the
basis of statistical and information processing and
multivariate analysis of the results of studies on the
depletion of converter slags with concentrate and
industrial data on the composition of the conversion
products (matte, slag), an equation was constructed
that allows determining the required flux
consumption (Gf). Equation depends on the

the concentrate loaded into the converter. As a
result of mathematical processing, the following
equation was obtained:

G¢=—-2,411—-0,2719[Cu] + 0,481[Fe] + 0,1661[G] +
0,7453(Si02) + 0,0869(Fe), r = 0,87 (1)

where:

[Cu], [Fe] —the content of copper, iron in the original
matte, % (wt.);

(Si02), (Fe) — the content of silica, iron in the
converter slag, % (wt.);

[G] — concentrate consumption, % of matte weight.

From the analysis of equation (1) it follows that
the flux consumption is largely correlated with the
iron content in the matte and the SiO2 content in the
converter slag. Concentrate consumption has a less
significant effect on flux consumption.

The total consumption of quartz flux according
to the existing technology is 3.04 tons per ton of
matte and is 1.6 times higher than its consumption
(1.87 tons per ton of matte). When converting
mattes with high-sulfur copper concentrate, the
total consumption of quartz flux increases slightly
from its optimal level - 1.97 tons per ton of matte.
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Figure 1 - Dynamics of changes in the content of Cu, Pb, and Zn in the converter slag on the duration of the process
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Figure 2 - Dynamics of changes in the content of As and Sb in the converter slag on the duration of the process

The results of a comparative analysis of the
dynamics of changes in the content of Cu, Pb, Zn, As,
and Sb in converter slags depending on the duration
of the process according to the existing technology
and during direct smelting of high-sulfur copper
concentrate with a matte are shown in Figs. 1 and 2.

For the existing technology, with the exception
of copper, the content of impurity metals - Pb, Zn,
As, and Sb, in the 1st converting period, depending
on the duration of the process, decreases. The
increase in copper content seems quite natural. The
accumulation of sulfide mass in the converter with
anincrease in the duration of the 1st period provides
for anincrease in the copper content in it; therefore,
according to the general dependence (Cu) - f [Cu]

established for oxidative processes [21], the copper
content in matte will grow.

The observed decrease in the content of Pb, Zn,
As and Sh in the converter slag is consistent with the
theory of the converting process. In this case, the
completeness of their sublimation into dust depends
on the consumption of quartz. Figures 1, 2, and
Table 1 show that the contents of Cu, Pb, Zn, As, and
Sb in converter slags remain quite high. This has a
significant impact on the overall throughput of the
process and the quality of the blister copper.

During converting copper-lead mattes with high-
sulfur copper concentrate, a sharp decrease in metal
impurities in converter slags is observed depending
on the blowing time: Pb - 6.5 times, Zn - 6 times, As
- 7.5 times. For antimony, although a decrease in
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Table 2 - Comparative analysis of the compositions of the products of converting copper-lead mattes of the 1st period

Products Chemical composition, wt. %
Cu Pb Zn Fe As Sb S SiO2
White matte 56.39 20.98 0.20 3.54 3.59 1.04 13.55 i
70.55 4.03 0.22 2.91 0.56 0.65 18.16
Converter slag 7.94 22.25 2.07 24.71 2.40 0.61 i 22.28
1.19 0.72 0.23 47.85 0.27 0.2 26.8
Converter dust 1.13 55.73 0.85 2.62 5.25 0.80 5.92 1.11
0.81 58.89 8.7 0.36 5.33 1.34 9.98 0.32

The numerator is existing technology.

slags is observed (~ 2 times), it is not significant,
which is associated with the complex form of its
presence in slags. The copper content in converter
slags decreases by about 3 times, which is explained
by a sharp decrease in the magnetite content in
slags. As shown by the results of mineralogical
studies of converter slag samples, the magnetite
content in them is reduced from 18% according to
the existing technology to ~3%.

The obtained results fully confirm the
conclusions made on the basis of thermodynamic
calculations [20] that under the conditions of matte
converting, together with copper concentrate, a
sufficiently deep “washing” of the slag melt with
drops of copper concentrate sulfides occurs with
further coalescing of finely dispersed matte droplets
and their precipitation into the bottom phase. The
active behavior of the sublimation of impurities - Pb,
Zn, As, and Sb into dust is ensured due to the high
rates of the interaction of their oxides with the
dissociation products of higher sulfides and
complete sulfidation of the converter slag due to
elemental sulfur and iron sulfide introduced with the
concentrate.

The results shown in Figures 1 and 2 show that
direct processing of the concentrate in converters
significantly increases the quality of the obtained
converter slag. At the same time, the possibility of
reducing the total duration of the 1st conversion

100 92,97

i 80,54

= 80

£

o

5 60 45,7 45,38

% 40

o

S 20 6,96 8,42 8,82J80,64
0,07

0 | |

Cu Pb Zn

B White matte B Converter slag Converter dust

The denominator is a new technology.

period, in comparison with the existing technology,
by about 20 minutes is visible.

A comparative analysis of the results on the
composition of products obtained under the
conditions of the 1st period of converting copper-
lead mattes according to the existing technology and
during the joint processing of high-sulfur copper
concentrate together with the matte is shown in
Table 2.

It is easy to see a significant improvement in the
guality of the resulting converter slag. The copper
content in them is reduced by more than 6 times. A
sharp decrease in lead from 22% to 0.72% was
achieved, which indicates its high sublimation into
dust. The content of zinc and arsenic in the slag is
reduced by 10 times, and the content of antimony in
them is 3 times less.

As evidenced by the data of a comparative
analysis of the distribution of metals between the
products of the 1st conversion period (Fig. 3), when
the copper concentrate is added, high rates of
distribution of metals into the targeted products are
achieved. It can be argued that direct processing of
high-sulfur copper concentrate with matte in a
converter under conditions of vigorous bubbling of
the melt achieves complete assimilation of sulfur by
the melt and a significant increase in the quality of
the products obtained compared to the existing
technology.

100

85,31
R g T4
£
% 60
% 40
< 16,57
s 20 8,58 9,99 47
, [ ] =
As Sb

B White matte B Converter slag Converter dust




Complex Use of Mineral Resources. 2024; 328(1):50-58

ISSN-L 2616-6445, ISSN 2224-5243

100 %83 87,22 91,06
= g0
£
2 60
a
2 a0
()
Q
20 10,65
2 1,150,55 2,13 4,164,78
0 J— — [ N |
Cu Pb Zn

B White matte B Converter slag Converter dust

B)

100 84,26
x
= 80
S 56,13
Z 60
= 37,91
B 40
o
° 14,41
20 5,96
2 m :
0 —_— | ]
As Sb

B White matte ® Converter slag Converter dust

Figure 3 - Distribution of non-ferrous metals and impurities between converting products:
according to the existing technology (A); new technology (B).

Conclusions

Based on the study of the behavior of non-
ferrous and related metals (Pb, Zn, As, Sb), the
principal possibility of improving the quality of
converting products during direct processing of
high-sulfur copper concentrate with copper-lead
matte in converters are shown.

A comparative assessment of the technological
parameters of the existing technology for converting
copper-lead mattes and the new technology for
converting copper-lead mattes with high-sulfur
copper concentrate was carried out. It has been
established that during the direct processing of

copper concentrate in the converter, a high recovery
of copper into blister copper (up to 98.3%) is
achieved by reducing its losses with converter slag.

The use of concentrate as a sulfiding agent
provides high values for the distribution of impurity
metals - Pb, Zn, As, and Sb into dust: 87.22; 91.06;
84.26, and 37.91%, respectively. This leads to their
removal from the "smelting-converting" process
chain and significantly improves the quality of the
obtained products.
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Yorapbl KYKipTTi MbIC KOHLEHTPATbIH MbIC-KOPFacbiH WITEHIMeH bipre 6anKbiTy
apKbiNibl KOHBEpPTEpPeY OHIMAEPiHiIH canacbiH APTTbIPY

ApfbiH A.9., onpgacb6aii E.E., locmyxamepgos H.K.

Camé6aes yHusepcumemi, Aamamesl, KasakcmaH

TYWIHAEME

KyMbICTa KOHBEpPTEpAE KOFAPb! KYKIPTTi MbIC KOHLLEHTPaTbIMEH Bipre Mmbic-KOpPFacbIH WTeHAepiH

KaiTa eHaey O6OWMbIHWA 3epTTeynepaiH HaTuxenepi

KenTipinreH. Xofapbl KyKipTTi MbIC

KOHLIEHTPaTbIHbIH, KOHBEPTEp eHIMAEepiHiH, canacbiHa acepi KepceTinreH. AnblHFaH HaTUXKenep

Makana kengj: 7 aknaH 2023

CapantamagaH eTTi: 9 Haypsi3 2023

Kabbinganabl: 7 cayip 2023
KOHLLeHTPaTbIH

HerisiHAe MbIC-KOPFaCbIH LWTENHAEPIH KONAAHbICTaFbl TEXHOIOTUA BOWbIHLLA KOHE MbIC-KOPFaCbIH
WTeMHAEPiH MbIC KOHUEHTpaTbiMeH Bipire eHaey KesiHAe KoHBepTepaeyaiH, 1-wi KeseHiHiH,
TEXHONOTUANBIK KepceTKiWTepiHe canbiCTbipManbl Tangay yprisingi. Mofapbl KyKipTTi Mbic
cynodpuamnsaTop peTiHae

naganaHfaH Kesfde JKofapbl CynbdUATEPAIH,

amccoumanmanaHybl HaTUXKeCiHAEe BeniHeTiH apTbiK KYKIpT Waak 6ankpiMacbiHA TOMbIK CiHETiHi

aHbIKTangpl. TYCTi MeTann OKCUATEPIMEH XKaHEe KOCNanapMeH SPEKeTTECETIH KYKIpT MeTangapablH,

KOHBEPTEpP eHIMAepi apacbiHAa Tene-TeH, 6eiHin TapanybiHa }KaHe 0napAblH, MaKcaTTbl eHimaepre
6eniHin anyblHa alTap/blKTalh acep eTeTiHi KepceTinreH. CoHaal-akK, KyKipTTiH, KOHBepTepsey

npoueciHae MarHeTuTTiH, byniHyiHe acepi aHblKTanabl. MbIC-KOPFacblH LWITEMHAEPiH Kofapbl
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KYKIPTTi MbIC KOHLleHTpaTbiMeH b6ipre KoHBepTepsiey KesiHAe TyCTi »aHe inecne Kocna-
meTtangapabiH, (As, Sb koHe T.6.) 6eniHin Tapanybl 6OMbIHWA KaHA AepeKTep anblHAbl. TycTi
MeTangap MeH KocnanapablH MaKcaTTbl eHimaepre 6enin any 6GoMbIHIWA KOFapbl MaHAEp
aHbIKTaNAbl: MbICTbIH, WTelHre oTyi —98% — fa AeliH, KOPFacblH, MbIPbI, MbIWbAK KaHe
CypbMaHblH, WaHfa eTyi TuiciHwe 87%, 91%, 84% xaHe 38% 6onagpbl. MbIC-KOpFacblH WTENHIMEH
bipre »ofapbl KYKIPTTi MbIC KOHLEHTPaTbIH Bipre 6anKbITy KesiHAe TEXHUKA/bIK-3KOHOMMKAbIK
KepceTKiluTepai, KOHBepTepsiey ©OHIMAEepiHiH, canacblH XaHe KopliafaH OpTaHbl KOpfayabl
afTapAbIKTal XaKcapTy MYMKIHAiM KepceTinreH. MbiC-KOpPFacbliH WTENHAEPIH YKOFapbl KYKipTTi
MbIC KOHUeHTpaTbiMeH 6ipre KoHBepTpney TexHonorusacbl "KasumHK" MUWC 3aybITTbIK
KYPbINbIMbIHA MaTePUANAbIK, WbIFbIHAAPCHI3 OHAN MHTErpauuanaHaabl.

TyliiH ce30ep: MbiC-KOPFaCbIH WTENHi, CyNbOUATI MbiC KOHLLEHTPATbl, KOHBEPTEP/IEY, KOHBEpPTEPAI
LINaK, aK MaTT, cynbouaTey, 6eniHin Tapany.
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AHHOTALMUA

B paboTe npuseaeHbl pesynbTaTbl UCCNEA0BAHUI MO NepepaboTke MeaHO-CBUHLLOBbIX WTEWHOB
COBMECTHO C BbICOKOCEPHUCTbIM MeAHbIM KOHLIEHTPaTOM B KoHBepTepe. lMoKasaHo BauAHWE
BbICOKOCEPHUCTOTO MEAHOr0 KOHLEHTpaTa Ha KayecTBO MPOAYKTOB KOHBEpPTUMpOBaHuA. Ha
OCHOBAHUM MONYYEHHbIX Pe3y/bTaToB MNPOBEAEH CPaBHUTENbHbIA aHa/NnU3 TEeXHONOrMYECKUX
noKasaTenei 1-ro nepvona KOHBEPTUPOBAHUA MeOHO-CBUHL0BbLIX WTEMHOB NO CyLLECTBYIOLEN
TEXHO/MIOTMM M MPU COBMECTHOW nepepaboTke MeLHO-CBUHLOBbIX LUTEAHOB C MeAHbIM
KOHLLEHTPATOM. YCTaHOB/IEHO, YTO NPU UCMO/Ib30BAHUN BbICOKOCEPHUCTOrO MEAHOIO KOHLEHTpaTa
B KauyecTBe cynbduamM3aTopa, BblAensemas B pesynbTaTe AMCCOLMALMM BbiCWKX cynbduaoB
136bITOYHAA cepa NOHOCTbIO YCBaNBAETCA LWIAKOBbIM pacniaBom. [TOKa3aHo, YTo ailemeHTapHas
cepa, BCTynas BO B3aMMOAEMNCTBME C OKCMAAMW LIBETHbIX METaNNoB WM MpUMecei, OoKasblBaeT
CyWeCcTBEHHOE B/IMAHME HA PaBHOBECHOE pacrnpeesieHne MeTaNIoB Mexay NpoayKTamu
KOHBEPTUPOBAHMUA U UX U3BIEYEHMIO B Lie/IeBble NPOAYKTbI. YCTaHOBNEHA TaKKe BAUAHME cepbl Ha
paspylweHnMe MarHeTuta B npouecce KOHBEpPTUPOBaHMA. [lony4eHbl HOBble AaHHble MO
pacnpefeneHuio UBETHbIX W CONyTCTBYIOWMX MeTannos-npumeceit (As, Sb wu pgp.) npwu
KOHBEPTUPOBAHUN MEAHO-CBMHLIOBbIX LUTEAHOB COBMECTHO C BbICOKOCEPHUCTBIM MeAHbIM
KOHLLEHTPATOM. YCTaHOBNEHbl BbICOKME 3HAYEHUs MO W3BAEYEHUIO LBETHbIX METajNoB W
npvmecei B LesieBble NPOAYKTbI: Meay B WTEWH — A0 98%, CBUHLA, LIMHKA, MbILIbAKA U CYPbMbl B
nbinb —87%, 91%, 84% n 38 %, cOOTBETCTBEHHO. [loKa3aHa BO3MOXHOCTb CyLLECTBEHHOro
YNYULWEHUA TEXHUKO-3KOHOMMYECKMX MOKasaTesiei, KayectBa NPOAYKTOB KOHBEPTUPOBAHMUA U
OXpPaHbl OKpYXKaloLLei cpespbl NPY COBMECTHOM MN1aBKe BbICOKOCEPHUCTOrO MeAHOIo KOHLEeHTpaTa
COBMECTHO C MeAHO-CBMHLOBbIM LITEeMHOM. Pa3paboTaHHas TEXHO/NOrMA KOHBEpPTUPOBaHUA
MeAHO-CBMHLOBbIX LUTEMHOB COBMECTHO C BbICOKOCEPHUCTBIM MeAHbIM KOHLEHTPATOM Nerko
MHTErpupyeTcs B 3aBOACKYHO cTpyKTypy TOO «KasuuHK» 6e3 0ocobbix MaTepmnanbHbIxX 3aTparT.

Kniouesble cnosa: MefHO-CBUHLOBbLIA  WTEWH, CyAbOUAHbIA  MeAHbl  KOHLEHTpaT,
KOHBEPTUPOBaHWE, KOHBEPTEPHbIN Wak, 6enblit MaTT, cynbdpuanposaHue, pacnpeseneHue.
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ABSTRACT

Studies of the isothermal kinetics of the reduction of sinter from mill scale were carried out at Zh.
Abisheva Chemical and Metallurgical Institute (Karaganda). The influence of temperature and
heating time on the degree of reduction of iron and other elements was studied in the Tamman
furnace by the thermogravimetric method. The amount of reducing agent was taken in the
experiments based on the stoichiometrically necessary amount of carbon for the complete
reduction of iron oxides by more than 60%, as well as for the carburization of the resulting metal
to 2.0% C. To obtain the kinetic characteristics of the reduction of the studied materials, depending
on the temperature and duration of the process, processing of the received data array according
to the models developed especially for these cases. The results of experimental data processing
according to the Gistling-Brownstein model are presented. As a general assessment, this model
with a sufficiently high correlation (R not less than 0.9) describes the studied process, which
confirms its diffusion character. Analyzing the calculated data of the activation energy, one can
assume the diffusion nature of the inhibition of the reduction reaction of all the materials under
study. The value of the activation energy of the process shows that the agglomerate with dolomite
(fluxed agglomerate) has the highest reducibility. During the frontal reduction of oxides of iron and
other elements with carbon, a slag shell is formed around the grains of materials, which consists
mainly of acidic oxides of barren rock, non-metallic inclusions of lightweight scrap and reducing
agent ash and has a high viscosity. Its thickness depends on the composition of the material,
temperature, time and degree of reduction.

Keywords: Mill scale, mill scale, reducibility, kinetics, diffusion barrier, activation energy.
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Introduction

their use as additional iron-containing material [[7],
[8], [9], [10]] in the form of briquettes and sinter

Rolling scale is an oxidized product that is  [[11], [12], [13]].

formed in the process of metal reduction in rolling Technical and economic indicators of the
mills in large quantities. From the total steel technology of smelting iron and ferroalloys [14]
production, scale formation is 2% [1]. According to ~ depend on the recovery rate of the leading element
[2], about 13 million tons of mill scale are formed  (Fe, Si, Mn, Crand other elements) and the nature of
annually around the world. In world practice, much the slag formation process. These factors are
attention is paid to the recycling and use of industrial affected by the process temperature, the chemical
waste in the metallurgical process [[3], [4], [5], [6]].  composition of the materials used and their
Rolling scale and other wastes generated at softening point, the electrical resistivity of the
metallurgical plants are involved in production with  charge, the reducibility of the materials, and the
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Table 1 — Chemical composition of materials

Chemical composition, %

Material Fegen FeO | ALOs Ca0 | Mg0 |Si02 | C p
Agglomerate 38.0 249 158 | 496 | 486 | 113 | 005 - 0.005
Agglomerate  with | 55.0 12.1 146 | 706 | 680 | 510 | 007 - 0.001
dolomite

types of reducing agents used. In [15], the kinetic
reduction briquettes obtained from mill scale is
carried out with hydrogen. As a result, it is shown
that the recovery process is controlled by the
process diffusion, and the activation energy ranges
from 61.5 to 72.25 kl/mol. In other studies [16], the
kinetics and mechanism of reduction of
agglomerates are studied using traditional types of
reducing agents.

In this research, the authors obtained
agglomerates from mill scale mixed with various
metallurgical wastes, and studied the isothermal
kinetics of agglomerate reduction. The obtained
experimental data will help to better understand the
mechanisms of carbothermal reduction of the sinter
and the improvement of metallurgical processes.

Experimental part

When conducting research, lightweight steel
scrap was used as a charge in a mixture with
agglomerated ordinary iron ore and sinter with
dolomite additives (up to 10% dolomite in sinter),
produced in large-scale laboratory conditions of the
Zh. Abisheva Chemical and Metallurgical Institute
(Karaganda).

The studies were carried out on a charge, the ore
part of which is represented by a mixture of lumpy
iron ore (70%) and fine iron ore or agglomerates
from mill scale (30%). PRC metallurgical coke (11.2%
Ac, 4.20% Vg, 3.01% W) was used as a reducing
agent. The composition of raw materials and coke
ash is shown in Table 1.

The effect of temperature and heating time on
the degree of reduction of iron and other elements
was studied in the Tamman furnace by the
thermogravimetric method. The method is fairly
accurate and simple, does not require complex
devices, and is acceptable for processes occurring at
high temperatures. It is based on the assumption
that during the reduction of charge oxides with
carbon, only carbon monoxide is released in any
period of time. This is only an assumption, because
the charge material (ore) always contains moisture
and carbon dioxide, which, at high temperatures,
are added to the released gas. In the chosen

method, these precipitates are also taken into
account by the weighing device, and we get a
general picture of the apparent activation energy. To
eliminate the influence of the particle size
distribution of materials and the reducing agent on
the results of the study of reducibility, all charge
materials were pre-crushed to a fraction of 0—1 mm.
The amount of reducing agent in the
experiments was taken based on the
stoichiometrically necessary amount of carbon for
the complete reduction of iron oxides by more than
60%, as well as for the carburization of the resulting
metal to 2.0% C. For each experiment, samples were
taken consisting of 75 g of the ore mixture and the
corresponding amount coke. The weighed mixture
was placed in a graphite crucible and placed in a
furnace heated to a given temperature, suspended
from an analytical balance with a molybdenum wire.
The melting unit in the installation was a Tamman
furnace with a graphite heater. The experiments
were carried out in isothermal mode at
temperatures of 1100; 1200; 1300; 1400; 1500 2C for
1 hour. The temperature was measured with a VR-
5/20 thermocouple. The input power was regulated
smoothly, so that the temperature could be
maintained in the desired range. The temperature
deviation from the set value did not exceed 5
degrees. The crucible was cooled in air. The degree
of recovery was judged by the weight loss of the
sample. From the practice of studying the
reducibility of iron ore materials, it is known [17]
that the degree of reduction is determined by the
ratio of the mass of oxygen taken away during the
reduction to the mass of the initial oxygen bound in
the material sample with the reduced iron. The
degree of recovery was determined by the formula:
07

a ==
oy

(1)

where 0% and 0F - the mass of oxygen in the
original and reduced (exposed to the reducing agent
for a certain period of time) samples of iron ore
material.

For calculation a according to the experimental
data, we used the following formula:
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where Am - weight loss, gr.

Due to the fact that iron-bound oxygen is not
determined by direct chemical analysis, the value
0;4 It is usually calculated using calculation formulas
in which, instead of oxygen, there are quantities that
are more convenient for direct experimental
determination, for example, those obtained by
chemical analysis of the content of iron oxides and
other elements. Assuming that in the original ore
material under study and in the coke ash, oxygen is
bound to iron in ratios determined by the
stoichiometry of pure oxides, it is possible to

Table 2 — The degree of recovery of materials

calculate the mass of oxygen in the iron ore material
and coke.

Research results and discussions

Table 2 gives the entire material of the
experiment on the study of the reducibility of
various materials under study by coke carbon.

To obtain the kinetic characteristics of the
reduction of the studied materials, depending on the
temperature and duration of the process, the
obtained data array was processed according to
specially developed models for these cases.

Figure 1 shows the kinetic curves for the
reduction of various mixtures of light-weight scrap
charge with conventional sinter and fluxed sinter
under various temperature conditions.

. Degree of conversion (a) at time (T, min)
b 5 10 15 20 25 30
Lightweight scrap + sinter
1100 0.022 0.049 0.073 0.097 0.119 0.140
1200 0.038 0.131 0.202 0.254 0.302 0.344
1300 0.094 0.238 0.332 0.395 0.460 0.514
1400 0.133 0.326 0.460 0.533 0.594 0.634
1500 0.223 0.474 0.609 0.715 0.793 0.839
Lightweight scrap and fluxed sinter
1100 0.021 0.049 0.073 0.097 0.219 0.410
1200 0.028 0.131 0.202 0.254 0.352 0.544
1300 0.084 0.238 0.332 0.395 0.481 0.614
1400 0.123 0.326 0.460 0.533 0.654 0.734
1500 0.213 0.474 0.609 0.715 0.793 0.839
t, °C Degree of conversion (a) at time (t, min)
35 40 45 50 55 60
Lightweight scrap + sinter
1100 0.160 0.179 0.197 0.214 0.224 0.232
1200 0.379 0.409 0.437 0.464 0.489 0.512
1300 0.556 0.589 0.615 0.638 0.661 0.678
1400 0.662 0.688 0.714 0.735 0.752 0.773
1500 0.878 0.909 0.936 0.960 0.977 0.993
Lightweight scrap and fluxed sinter

1100 0.530 0.549 0.556 0.564 0.574 0.582
1200 0.609 0.639 0.657 0.664 0.689 0.691
1300 0.706 0.719 0.725 0.738 0.761 0.778
1400 0.802 0.808 0.824 0.835 0.852 0.873
1500 0.878 0.909 0.936 0.960 0.977 0.993
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a — light scrap + agglomerate; 6 — light weight scrap and fluxed sinter

Figure 1 — Kinetic recovery curves of various iron ore materials at 1200-1600 2C
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For inside the diffusion region, Jander, based on
the parabolic distribution of the growth law of the
product layer, proposed the equation:

(1-¥1—a)’ =k, (3)

where a - conversion rate;
k — process rate constant;
T - time elapsed since the start of the
experiment.
A more correct equation for describing the
constant of the solid-state process in a spherical
grain was obtained by Gistling and Brownstein:

1-(2/3-a) = (1 —a)?® =k, (4)

It should be noted that the Jander equation (3)
and Gistling-Brownstein equation (4) are based on
the general assumption that the rate of the diffusion
process is inversely proportional to the thickness of
the reaction product layer. The difference between
these equations, which model a solid-phase process,
is based only on different geometric assumptions:
Jander considers diffusion leading to the formation
of areaction product at a flat interface; Ginstling and
Brownstein solve the problem of diffusion in a
spherical grain. According to the Gistling-Brownstein
equation, most often used in studies of the kinetics
of reduction of various materials [[18], [19], [20]],
the mathematical model of the dependence of the
degree of transformation of manganese ore on time
is expressed as a straight line equation:

a =a+ bx, (5)

where (b) —slope, represents the rate constant
of the process.

Table 3 shows the results of processing
experimental data using the Gistling-Brownstein
model. As a general assessment, it can be indicated
that this model with a sufficiently high correlation (R
not less than 0.9) describes the studied process,
which once again confirms its diffusion character,
since this equation is developed for such processes.

Analyzing the data in Table 3, we can conclude
that at the same temperature, various manganese
ore materials are arranged in the following order in
order to increase the rate constant of their
interaction with coke carbon: manganese ore -
unfluxed sinter - sinter with dolomite. Thus, at
1100 °C, the reduction rate constant of sinter with
dolomite is 3.0 times higher than that of light-weight
scrap mixed with conventional sinter. A similar
effect can be achieved by increasing the process
temperature.

Using the data in Table 3, one can find the
temperature dependence of the rate constant for
various types of materials under study. To do this,
we set the following formula for the dependence of
the rate constant on temperature, called in physical
chemistry the Arrhenius equation

— . _ Eact
k=A4 exp( RT)’ (6)
where A - constant;

E,ct - process activation energy;

R - universal gas constant (8.3144 J/mol-K);

T- temperature, K.

Table 3 — Results of experimental data processing according to the Gistling-Brownstein model

y=a+bx
Material t, °C a b R k-1073

1100 -3.995 0.779 0.962 14.343
1200 -3.559 0.756 0.989 21.533

Lightweight scrap with

agglomerate 1300 -3.008 0.716 0.988 35.379
1400 -2.257 0.589 0.978 61.649
1500 -2.081 0.670 0.983 83.594
1100 -2.720 0.653 0.976 43.004
1200 -2.224 0.587 0.974 63.542

Lightweight scrap with

fluxed agglomerate 1300 -1.795 0.535 0.982 88.951
1400 -1.493 0.522 0.987 117.226
1500 -1.420 0.590 0.996 142.725
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Table 4 — Kinetic characteristics of recovery

Material

Equation R A

E e, kI/mol

Lightweight scrap (LVS) and sinter

Ink=-12722.0/T + 3.814

0.998 70.43 105.775

Lightweight scrap and fluxed sinter

Ink=-8408.37/T + 1.0171

0.997 8.34 69.9105

Taking the logarithm of this expression gives the
dependence
Eger 1

R T’ (7)

Ink=ImnA-

which can be represented as an equation of a
straight line

a=a+bx (8)

Table 2 Data Processing in Coordinates
In k —=1/T makes it possible to find the coefficient b
in equation (4.9), numerically equal to—E,.;/R, and
coefficient a, equal In A. With a known R (8,3144)
one can find the activation energy of the process and
the value of the pre-exponential coefficient A. The
results of the calculations are placed in Table 4,
which lists the required equations, correlation
coefficients (R) and values of the apparent
activation energy (Egct)-

Analyzing the calculated activation energy data
in Table 4, we can assume the diffusion nature of the
inhibition of the reduction reaction of all the
materials under study. Judging by the values of the
activation energy of the process, the sinter with
dolomite has the highest reducibilitv.

During the frontal reduction of oxides of iron
and other elements with carbon, a slag shell is
formed around the grains of materials, which
consists mainly of acidic oxides of barren rock, non-
metallic inclusions of lightweight scrap and reducing
agent ash and has a high viscosity. Its thickness
depends on the composition of the material,
temperature, time and degree of reduction [19].
This shell is a slag barrier for the development of
recovery along the depth of the grains of the
materials used. Calcium and magnesium oxides,
contained in an increased amount in dolomite,
dissolve in the process of reduction in acidic and
viscous slag-forming oxides - products that appear
during the reduction of the leading elements of the

agglomerate, and as a result, the formation of more
basic and, accordingly, liquid slags. Such slags easily
destroy the slag diffusion barrier and expose the
surface of the sinter core for a new contact between
iron oxides and carbon.

Thus, the magnesium contained in the
agglomerate removes the frontally occurring
reactions of ore reduction, a diffusion barrier and
contributes to a more complete and intensive
reduction of oxides of iron and other elements.

Conclusions

The reduction kinetics of manganese
agglomerates has been experimentally studied in
comparison with other manganese ore materials
currently used in the practice of silicomanganese
production in the temperature range of 1100-
1500°C. Experimental data are processed according
to the Khrushchev kinetic model, which establishes
a relationship between the degree of transformation
of a substance and the process time at a constant
temperature.

According to the increase in the rate constant of
their interaction with coke carbon, the studied
materials are arranged in the following order: light-
weight scrap - non-fluxed sinter - fluxed sinter.

The kinetic characteristics of the reduction of
agglomerated mill scale with carbon have been
determined. The activation energies of the
reduction processes of the studied materials are
calculated, analyzing which it is possible to draw a
conclusion about the diffusion nature of the
inhibition of the reduction reaction of all the studied
materials. The development of the reduction
process is limited by the slag shell, which consists
mainly of acidic oxides of the waste rock of the ore
and reducing agent ash, which have a high viscosity.

In dolomite-fluxed agglomerate, the negative
effect of the slag barrier is reduced due to the
increased content of basic calcium and magnesium
oxides in its composition, which dissolve in viscous

—— 4 ——
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slag-forming oxides during the reduction process, elements with carbon, contributing to their more
resulting in the formation of low-melting and liquid-  complete and intensive recovery.

moving slags on the contact surface. Such slags

easily destroy the slag diffusion barrier and expose Conflict of interest. On behalf of all authors, the

the surface of the core of minerals for a new contact  correspondent author declares that there is no conflict
between the oxides ofiron, silicon and other ofinterest.

Cite this article as: Zhunusov AK, Bykov PO, Kenzhebekova AE, Zhunussova AK, Rahmat Azis Nabawi. Study of the
isothermal kinetics of reduction of sinter from mill scale. Kompleksnoe Ispolzovanie Mineralnogo Syra = Complex Use of
Mineral Resources. 2024; 328(1):59-67. https://doi.org/10.31643/2024/6445.07

MnempenreH oTKabbipLIAKTAH arioMepaTTbiH, TOTbIKCbI3A4aHYbIHbIH,
U30TEPMMUANDIK KWNHETUKACbIH 3epTTey

HKynicos A.K., ‘Bbikos M1.0., *Kenxkebekosa A.E., 1¥yHicosa A.K., 2Rahmat Azis Nabawi

Topaiireipos yHusepcumemi, MNaenodap, Kazakcma
2[MadaHe memaekemmik yHusepcumemi, UHOoHe3ua

TYRIHAEME

NnemaenreH oTKabbIplIaKTaH arnomepaTTbl KanmblHa KeNTipyAiH U30TEPMUANDIK, KMHETUKACLIH
3epTTey K. Obiwes aTbiHAAFbI XUMUA-METANNYPIUANBIK MHCTUTYTTA KYprisingi. (KapafaHabl K.).
TemipgaiH aHe 6acKka 31eMeHTTepAiH TOTbIKCbI3AaHY AdpexeciHe TemnepaTypa MeH Kbi3abipy
YaKbITbIHbIH, acepi TaMMaH newiHae TepmorpaBMMeTpUANbIK aaicneH 3eptrengi. Taxipubenepae
TOTbIKCbI3AaHAbIPFLILITbIH, Me/LWepi Temip okecnarepiH 60%-aaH actam TOAbIK TOTbIKCbI3AaHAbIPY
YWiH, COHAAl-aK anbiHFaH meTangbl 2,0% C-fa OeWiH KOMIPTEKTEHAIPY YWiH KemipTeriHin,
CTEXMOMETPUAIIbIK KAXKETTi Me/ILLEPiH Heri3re ana oTbipbIn anblHAbI. TemnepaTypa MeH NPoLEecTiH,

Makana kengi: 12 kaimap 2023 Y3aKTbIfblHA GalNaHbICTbl 3epTTeneTiH MaTepuangapablH, TOTbIKCbI3AAHYbIHbIH, KUHETUKANbIK,
CapanTtamagaH eTTi: 10 aknaH 2023 cMnaTTaManapblH any YWiH anblHFAH AepeKTep ayKbIMbl OCbl XKafaainap ywiH apHaibl a3ipneHreH
Kabbinganapl: 11 cayip 2023 mogenbaep 6oMblHWa eHaenai. UCTAUHr-BpayHwTeH mogeni 6okbiHWA  ManimeTTepai

TOXipMbenik eHAey HaTUKenepi KenTipinreH. XMannbl 6afanay peTiHOE MKETKINIKTI KoFapbl
KoppenauuanaHfaHabikka ne (R 0,9 kem emec) 6y mopaenb OHbIH ANODY3UANBIK cUMMaTbIH
pacTaiTblH 3epTTesneTiH NpouecTi cunatTaiapl. benceHaipy 3SHepruAacbiHblH, - ecenTenreH
MaNiMeTTepiH Tangal oTbipbin, 6GapAblK 3epTTeNneTiH  maTepuanaapAblH,  TOTbIKCbI3AAHY
peaKUMACbIHbIH, TeXenyiHiH, Anddysnansik cunatblH 6onxkayra 6onaabl. MpouecTiH, 6enceHaipy
SHEPrUACLIHbIH, M3HI aroMepaTTbiH, AonomuTneH (dbatocTenreH arnomepar) TOTbIKCbI3AAHY
KabineTiHiH KOFapbl eKeHiH KepceTedi. TemipaiH XoHe 6acka 31eMeHTTEPAiH, OKCUATEPIHIH,
KemipTerimeH  GpoHTaNbAbl  TOTbIKCbI3AaHYbl  Ke3iHge  maTepuangap  TYMipLWiKTepiHiH,
aliHanacblHA@ KOX Kabblfbl Tysineai, on HerisiHeH 60C Tay >KbIHbICTAPbIHbIH, KbIWKbIAABIK
OKCUATEPIHEH, Ca/IMafbl KEHiN CbIHbIKTapAaH, TOTbIKCbI3AAHABIPFbIW KYAAIH, MeTann emec
KOCbIHABIAPbIHAH Typafbl OHE KOofapbl TYTKbIP/bIKKA Me 6onafbl. OHbIH,  Ka/iblHAbIFbI
MaTepuaniblH, KypamblHa, TemnepaTypafa, YaKbITKa »KOHEe KannblHa Keny [JapexkeciHe
6ainaHbICTbI.

TyiiiH ce30ep: UnemaenreH oTKabblpluak, oTKabbipLak, KaanbiHa Keny, KUHeTUKa, andodysnanbik
Kefepri, benceHaipy aHepruacel.
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UccnepoBaHue M30TepMUYECKOI KUHETUKU BOCCTAHOB/IEHUA araomepara us
NPOKATHOM OKa/IUHDI

1yHycos A.K., 'Bbikos MN.0., 'KeHxkeb6ekosa A.E., YKyHycosa A.K.2Rahmat Azis Nabawi

1Topatiebipos YHusepcumem, lNasnodap, Kazaxcmax
2MadaHacKuli 20cydapcmeeHHsbili yHugepcumem, MHOoHe3us

AHHOTALUMUA

MccnepoBaHma M30TEPMUYECKOW KMHETUKM BOCCTAaHOBAEHUA arnomepaTta U3 NPOKaTHOM OKaNuHbI
NPOBOAUNN B XMMMKO-METANYPrUYEcKOM MHCTUTYTe M. XK. Abuwesa (r. KaparaHabl). Banaxue
TeMnepaTypbl U BPEMEHU HarpeBa Ha CTeneHb BOCCTAHOBNEHWA Kenesa U APYrux 3N1eMeHToB
nccnepoBany B neum TammaHa TepMorpaBUuMeTpUYECcKMM MeToaomM. KonnyecTso BoccTaHOBUTENA
B OMbITax MPUHUMANU UCXOAA U3 CTEXMOMETPUYECKU HEOBXOAMMOro KONMYECTBa yrnepoaa ans
NOMIHOrO BOCCTAHOB/IEHMA OKCUAOB Kenesa Ha 6onee Yem 60 %, a TaKKe Ha HayrnepoxKusaHue
nosnyyeHHoro metanna 8o 2,0 % C. ina nonyyeHUa KUHETUYECKUX XapaKTEPUCTUK BOCCTAHOBIEHUA
nccnepyemblx MaTepuanos B 3aBUCMMOCTU OT TeMNepaTypbl U NPOAO/KUTENBHOCTU npouecca

MNoctynuna: 12 aHeaps 2023 nposeaeHa o6bpaboTka MNONYYEHHOrO MaccuMBa [JaHHbIX MO CMeuuanbHO A/A 3TUX C/ydyaes
PeueHsuposaHue: 10 gpespans 2023 paspaboTaHHbIM mogenam. NMpuseaeHbl pesynbTaTbl 06PabOTKM IKCNEPUMEHTANBHBIX AAHHbIX NO
MpuHAaTa B nevatb: 11 anpens 2023 mogzenu MctamHra - bpoyHwTeiHa. B KayecTBe o6Liei OUEHKM faHHas MOAENb C AO0CTAaTOYHO

BbICOKOW KoppenupoBaHHOCTblo (R He meHee 0,9) ONUCbIBAET M3y4YeHHbIA NpoLECC, YTo
noaTeep:KAaeT ero AWGAdY3MOHHbIM XapakTep. AHanM3WMpys pacyeTHble JAaHHble 3Hepruu
aKTMBALMM  MOXHO  NPEAnonokuTb  AnbAOY3MOHHLIN  XapaKTep TOPMOMKEHUA  peaKkuuu
BOCCTAaHOB/IEHMA BCEX WCCAEeAYyeMblX MaTepuanos. BenuuuHa sHepruu aktmsauuu npouecca
NoKasblBaeT, 4To Hanbonee BbICOKOW BOCCTAHOBMMOCTbIO 06/1afaeT arnomepar € 40NOMUTOM
(odntocoBaHHbIN arnomepar). Mpu GpPOHTaNbHOM BOCCTAHOBAEHUWM OKCUAOB Kesfesa U ApYyrux
3/1eMEHTOB Yr1epoioM BOKPYr 3epeH maTepuanoB ob6pasyeTca Wnakosas 06010uKa, cocToAasn
NPeUMyLLECTBEHHO W3 KUC/bIX OKCUMAOB MYCTOW MOPOAbl, HEMETaNMYECKUX BK/IOYEHUI
NETKOBECHOTO /IOMa M 30/1bl BOCCTAHOBUTENA M 06/1a4atoLLan BbICOKOM BA3KOCTbIO. TONWMHA ee
3aBWUCWT OT COCTaBa MaTepuana, TEMNepaTypbl, BPEMEHM U CTENEHWU BOCCTAHOBAEHUA.

Knrouesvbie cnosa: NMpoKaTHasA OKaAMHa, OKaNMHa, BOCCTAHOBUMOCTb, KUHETUKA, AnddY3NOHHbIN
6apbep, s3HePrua akKTUBaALMN.
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ABSTRACT

Maintaining and increasing the volume of underground coal mining is possible only if there is a
highly efficient technology for conducting and maintaining preparatory workings. The purpose of
the research was to assess the parameters of stability control of the contours of the mine
workings, anchored with anchorage, to create a technology for intensive and safe excavation of
mine workings based on the identified patterns of behavior of adjacent rock massifs. The idea of
the approach is to use a man-made stress-strain state to develop an effective technology for
fixing a contour rock mass. The mechanism of deformation, displacement, and collapse of rocks
in a structurally disturbed inhomogeneous mountain range is investigated to assess the state of
the rock mass around the mine workings. The technology of fastening contiguous soil rocks has
been developed taking into account the state of the mountain massif around the workings and
the parameters of the operation of the anchor supports in mines for fixing rods in workings in
order to ensure the safety of mining operations in the mines of the Karaganda coal basin have
been determined.

Keywords: mining, fastening parameters, geomechanical processes, anchorage, manifestations
of rock pressure, technological schemes.
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Introduction

Stable growth in the volume of underground
coal mining is possible only when using effective
and safe technology to conduct and maintain
production workings.

Currently, more than 65% of all mine workings
in the Karaganda coal basin are anchored, which
allows to expand the technological possibilities of
underground coal mining [[1, [2]].

An anchoring system of the carbon rock mass
limits deformation and allows horizontal stress to
hold the roof in place without destroying it. If the

height of the stratified rock is lower than the
anchoring level, the condition of the excavation will
be satisfied, ensuring that the rock stress remains
unchanged. If the height of the stratified rock in the
roof is higher than the first level of the excavation
anchoring, the increase in stress before the face,
will cause the collapse of the roof. Longer second
level anchors will be required to maintain the
excavation. In practice the non-pillar development
systems used in direct ventilation schemes, it is
reasonable to use workings.

World experience of advanced coal-mining
countries (USA, Australia, China, etc.) shows that
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effective and reliable fastening of capital and
preparatory mine workings can be provided by
using steel-polymer anchors with a load-bearing
strength of at least 100 - 130 kN [3]. Monitoring the
use of anchorage in coal mines shows that it is used
in accordance with existing regulations as the main
and auxiliary in combination with metal frame
compressible support. The existing methods for
determining the parameters of anchoring are based
on the fixing of excavations by creating an anchor
bridge or "hanger" of relatively weak layers to the
strong zone of hard grounds [[4], [5]].

Improvement of anchoring technology and
expansion of the area of anchoring support are a
priority in the mining industry, which allows for an
increase in the stability of mine workings at a high
rate and reduces the cost of their support [6].

To increase the efficiency of rock mass support
around the excavation for its strengthening, a
purposeful geotechnological impact on the stressed
and deformed zones with active manifestations of
pressure around mine workings on the basis of the
results of production monitoring and modeling of
the "wall rock mass - contour support" system is
necessary [[7], [8]].

Therefore, one of the important scientific and
applied research in the coal mining industry is the
application of strengthening technology using
anchoring in soft wall rock around the rock artificial
cavities supported behind the face on the border
with the mined-out space, taking into account the
technogenic state of the adjacent rocks of the rock
massif.

The use of various types of supports with
unsatisfactory load-bearing capacity and
constructive suppleness with relatively low rock
strength is the main reason for the unsatisfactory
condition of underground mine workings [[9],
[10]].

Conducting mine workings with active support
systems is one of the most common and
progressive types of mine support. The use of this
type of support can significantly improve conditions
for safe work performance. The main advantage of
active fastening is that the fastener begins to
function as soon as it is installed. This prevents the
collapse of the rock mass, reduces the zone of non-
elastic deformations around the excavation, and
thus increases the stability of the excavation with a
minimum amount of supporting material [[11],
[12]].

Increasing the level of underground coal mining
is possible only if there is a rational technology and
reliable support of preparatory workings, providing
an increase in the volume of tunneling work.
Therefore, the development of advanced
technology of mine workings based on the
definition of the stress-strain state (SSS) of the
massif and its influence on the parameters of
support and subsequent maintenance, is an
important scientific and technical task of mining
production [[13], [14]].

Study methods: a comprehensive research
methodology  was used, including the
generalization, assessment, and analysis of

specialized information contained in the production
practice, literature sources; statistical processing of
numerical information; experimental mine studies
[[15], [16]].

Experimental part

To solve various problems associated with
finding the most effective method of supporting
preparatory mine workings, in practice a large
number of methods of actual measurement are
used. According to their physical essence, these
studies are reduced to measuring the density of
rocks, observation of deformations, and
displacements of excavation contours [[17], [18]].

To determine the characteristics of
deformation and development of displacement of
contour rock mass near the preparatory workings,
we conducted field observations of displacements
of rocks roof, soil, and sides of preparatory
workings (for example, conveyor entry 231k19-s -
Table 1) of Abaiskaya mine of the Karaganda coal
basin. To assess the complexity, disturbance, and
methods of impact on the rock massif, Figure 1
shows the types of complex conditions, the
characteristics of the rock massif, the nature of the
manifestation of complexity, and the nature of the
manifestation of deformations.

Analysis of mining-geological and mining-
technical conditions of the conveyor entry 231kis-c
of Abaiskaya mine showed that among the factors
that have adverse effects noted: the possibility of
encountering unpredictable small-amplitude
disturbances, opening and departure from the
formation, encountering a geological fault with
H=0,9 m, a geological fault of "up-throw" type with
the amplitude of H=17 m.
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Table 1 - Technical characteristics of belt entry 231k1s-c

. Length . . Cross- Set laggin
Name of workings &t Width, m Height, m . , | Support type geing
m section, m type
Belt entry 231Kio-C 1120 4.5 3.0 13.5 Anchor mesh /ZMP
Type of Characteristics of The nature of the The nature of the
iti i manifestation of manifestation of
conditions the rock massif v .
Complex- Fires, worsening Workings
T structural rocks conditions collapse
» Geothermal
Frozen grounds Formation of melting Movement of
manifestations ™ rocks
st ated Feeder lIncreasing methane
rock == gas concentrations
» Gasdynamic
Underworked Gas-carbon Increase in the
seam emissions number of mine
accidents
q Destruction of
» Geodynamic |, Bump hazardous Gz by workings on large
grounds
areas
. Swelling of the Reducing the
- Swellingrocks | ) “mvagm cross-section of
» Geomechani eround e
cal
Highly disturbed Contour Excavation
array || deflections, rock operation failure
destruction
Robust water-
bearing rocks Flooding in Increased
| — i
» Saturated mining cavities deformations of
> Soft water- mine workings
saturated rocks contours

Figure 1 — Assessment of deformation manifestations considering mining and geological conditions of development

In the zones of interception rocks are fractured,
kaolized, stable, prone to collapse, and falling out
[[19], [20]]. Figure 2 shows the section of the excavation
during its implementation.

Discussion of results

Field studies of the condition of the belt entry
231kyg-c for 3 months showed that, in general, the
deformation processes proceed evenly throughout
the contour of the excavation. In some places, the
most intense displacements of the sides and roof of
the workings are observed. Also, ground swelling in
the excavation was detected. Figure 3 shows the
dynamics of displacement of the left (a) and right
(b) sides of the excavation.

According to field observations, in the first
month after the installation of the measuring

device displacement and deformation of the left
side of the excavation was 6 mm. In the second
month, the deformation of the left side was 7 mm.
The third month of field observations of the mine
working condition showed that the displacements
were 5 mm. The total deformation and
displacement of the left side of the excavation over
3 months was 17 mm.

Full-scale observations of the condition of the
sides of the workings showed that the
displacement and deformation in the first month
amounted to 6 mm, in the second month the
deformation was - 5 mm. In the third month the
displacement was 7 mm. The total deformation and
displacement of the sides of the excavation for 3
months was 18 mm. In general, the values obtained
are within the range of permissible displacements
of the mine workings. The displacements of the
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excavation sides are the result of elastic deformations of
the massif. The total deformation and displacement of
the excavation roof was 10 mm - figure 4.

Figure 2 — Excavation cross-section during its conduct of
the belt entry 231kao-s
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Figure 3 — Dynamics of development of displacements of
the right (a) and left (b) sides of the belt entry 231kis-c
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Figure 4 — Dynamics of displacement of roof rocks (a)
and ground (b) of belt entry 231ka9-c

On average, the total values of ground swelling
were 26 mm. The most intense ground swelling was
recorded on the right side of the excavation and
reached 40 mm - figure 5.
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Figure 5 — Operational cross-section of belt entry 231kao-
¢ and during field production observations
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Figure 5 clearly shows that the negative
condition of the mine is influenced by the unloaded
rock mass, which was formed as a result of previous
mining operations at face 231kjs-c.

Figure 6 shows the deformation of the contours
of the belt entry 231kis-c during field observation
of the condition of the contours of the excavation.

Figure 6 — Deformations of contours of belt entry
231kig-s of Abaiskaya mine, Karaganda coal basin

Functional dependences of the deformations of
excavation contours in time were established
(regression coefficient 0.99):

- swelling of the ground: y.*=0,095 In(x)+0,2;

- roof displacements: y*=0,045 In(x)+0,1;

- side displacements: y»*=0,035 In(x)+0,1.

Conclusions

Studies of the state of mine workings (by the
example of the belt entry 231kis-s) of Abaiskaya
mine allowed to determine the degree of influence
of mining-geological and mining-technical factors
on the displacement in the near-contour rocks
using different methods of mine workings support.
The identified patterns in the deformations of mine
workings contours can be used to select and
calculate the most optimal method of supporting
preparatory mine workings in various mining and
geological conditions. Functional dependences of
the deformations of excavation contours in time
were established (regression coefficient 0.99):
swelling of the ground: yn=0,095
In(x)+0,2; roof: yk=0,045 In(x)+0,1 and sides
displacements: y6=0,035 In(x)+0,1, that can be used
to determine the parameters of support of mine
workings.

Assessment of geomechanical processes taking
place in the rock massif with the establishment of
optimal parameters of support, taking into account
the current economic indicators for the conduct of
preparatory excavations, taking into account the
technogenic state of the massive rocks.
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TYRIHAEME

Kemip eHAipyAiH, epacTbl KeNeMiH KanbiNTbl yCTan Typy KaHe YAFauTy AaiblHAbIK KazbanapbiH
JKYPri3y MEH KONAayAblH XKoFapbl TUiIMAT TeXHONOrMACkl bonFaH Kafaalaa faHa MyMKiH 6onaabl.
3epTTeydiH, MakcaTbl iprenec Tay KbIHbICTapbl MACCUBTEpPiHIH, aHbIKTaNfaH dpPEKeT eTy
3aHAbIbIKTapbl Heri3iHge Kasba Tay-keH KasbanapblH KapKbIHAbI KIHe Kayincis »Kyprisy
TEXHO/IOTUACBIH KypY YLWiH AKOpb BekiTKiwimeH 6eKiTinreH Tay-KeH Kasbanapbl KOHTYPAAPbIHbIH,
TYPaKTbINbIFbIH Backapy napameTpnepiH 6afanay 6onapl. TacingiH, MAEACbl KOHTYPAbIK Tay
JKOTacblH  BekiTyaiH,  TMiMAI  TeXHONOTUACbIH - 33ipaey  YWIH  TEeXHOreHAiK  KepHeyni-
AedbopmaumanaHfaH  KyWhai  nanganadHy 6osbin Tabblnagpl.  Tay-KeH  KasbanapbiHbiH
aliHanacblHAAFbl Tay JKbIHLICTAPbIHbIH, KaW-KyhiH 6afanay YWiH KypbuibiMablK 6y3binfaH
reTeporeHAi Tay >KbIHbICTapbIHAAFbl KbIHbICTapPAbIH, AePOPMALMACHI, KbIIXKYbI KaHe Kynay
MexaHusmi 3eptrengi. KapafaHabl Kemip 6acCeiHiHiH, LiaxTanapbliHAA Tay-KEH KYMbICTapbIH
JKYprisy Kayincisgirii kamtamacbi3 eTy MakcaTbiHAa Kasbanapga wraHranapabl 6ekity yuwiH
WaxTanapaa AKopb BekiTKiWTepiH NainaanaHy napameTpaepi akbiHAANAbI.

TyiiiHOi ce30ep: Tay-KeH Kasbanapbl, bekiTy napameTpsiepi, reomexaHUKaNbIK NpoLecTep, AKOpb
BeKiTKiLWi, Tay KbICbIMbIHbIH, KOPIHICTEPI, TEXHONOTUANBIK CXeManap.
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AHHOTAUMUA

MNoaaepkaHue u ysennyeHne obbema NoA3eMHON A06bIUM YIAA BO3SMOXKHO ANULWb NPU HAANYUK
BbICOKO3(hHEKTUBHON TEXHONOMMM NPOBEAEHMA U NOALEPKAHUA NOArOTOBUTE/IbHBIX BbIPabOTOK.
Llenbio uMccnefoBaHWA ABMAACh OLEHKA NapamMeTpoB YMNpaBlAeHUA YCTOMYMBOCTbIO KOHTYpOB
rOpHbIX BbIPAabOTOK, 3aKpenneHHbIX aHKEPHOW KpPenbto, A8 CO34aHNA TEXHONOTMU UHTEHCMBHOTO
M 6HesonacHOro npoBeAeHUA BbIEMOYHbIX TFOPHbIX BbIPAOOTOK Ha OCHOBE BbIABAEHHbIX
33aKOHOMEPHOCTEW NOBEAEHUA NMPUMbIKAIOWMX K HAM MacCMBOB FrOpHbIX nopod. Maea noaxopa
3aKNK0YAETCA B UCMO/b30BAHUMN TEXHOTEHHOTO HanpAXKeHHO-4ehOPMUPOBAHHONO COCTOAHUA ANA
pa3pabotkn 3PHEKTUBHON TEXHONOTMM  KpemnieHWs MPUKOHTYPHOrO TFOPHOrO  MaccuBa.
NccnepoBaH mexaHusm fedopmMUPOBaHUA, CABUMKEHUA W OBpyLIEeHWA Nopos B CTPYKTYPHO
HapyLweHHOM HEeOAHOPOAHOM FOPHOM MACCMBE AJIA OLLEHKM COCTOAHMA MNOPOAHOr0 Maccusa
BOKPYT rOpHbIX BbIPaboTOK. Pa3paboTaHa TEXHONOMMA KPenneHus NPUKOHTYPHbIX NOPOZ, NOYBbI C
YYEeTOM COCTOAHWA TOPHOrO MaccuMBa BOKpYr BblpaboOTKM UM onpefeneHbl MNapameTpbl
3KCN/yaTaumMM aHKepHOW Kpenmu Ha LaxTax ANA 3aKpernieHusa WTaHr B BbipaboTKkax B Lenax
obecneyeHns 6e30MacHOCTU BEAEHUA FOPHbIX PaboT Ha WwaxTax KaparaHAWMHCKOro YronbHOro
bacceitHa.

Knrovyesbie cnoea: ropHble BbIpaboOTKM, NapameTpbl KpenaeHus, reoMmexaHUYeckme npoLecchl,
aHKepHas Kpenb, NPOABAEHNA TOPHOIO AABNEHWA, TEXHONOTMYECKUE CXEMbI.
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ABSTRACT

The paper presents the outcome of a comprehensive study at macro- to nanoscale levels of
enrichment products from technogenic wastes. The products were obtained thanks to the
experience of gravity enrichment during the treatment and preparation of the gold and REE
sample material with preliminary mechanical and thermal activation. Thermal activation was
applied for the first time. Native gold was identified in the form of single, micron-sized grains and,
according to technological testing of enrichment products, there is a predominance of "invisible"
dispersed gold. The gold content in the initial material was 2.93 g/t, which upon thermal activation
of the sample increased to 6.37 g/t. According to the spectral analysis and electron probe
microanalysis, the products of all enrichment stages are characterized by an increased content of
yttrium and REEs. The REEs occurrence forms were determined. REEs are mainly found in micro-
and nano-sized fluorine and fluorine-free phosphates (in apatite, by substitution of calcium), in
REE-phosphates (in xenotime), and less often, possibly, in complex sulfo-phosphates and
phosphate silicates. In thermal products consisting of inhomogeneous aggregates of nanosized
phases, according to X-ray phase analysis, considering the elemental composition, REEs are
included in the composition of phosphates: florensite and phases Ce(Ps014), CasMgSm(POa)7
Keywords: gold, REEs, micro- and nano-sized grains, technogenic wastes, Caspian Mining-
Metallurgical Plant, Kazakhstan.
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Introduction

Accumulated for decades and occupying vast
lands, technogenic wastes of large enrichment
combines, factories, and plants, are rightly

In the Mangistau oblast, the uranium-
phosphorite deposits of Melovoe, Tomak, and
others provided raw materials for the Caspian
Mining and Metallurgical Plant (CMMP) [[1], [2], [3]].
According to open sources literature [[4], [5], [6], [7],
[8], [9]], the CMMP ore process was as follows:

considered as technogenic deposits of valuable
elements, and their study results may well comprise
a separate section of metallogeny.

1. the clays were washed and classified,
separating the washed phosphatized fish bones into
large classes;
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2. the washed bone detritus was sent to the
plant’s  hydrometallurgical reprocessing for
extraction of uranium and phosphorus, and the REEs
were sent for storage in a sludge reservoir.

This way, two types of technogenic deposits
were accumulated in Aktau:

- ore wash tailings: black, organically enriched
clays, the most abundant;

- rare earth industrial sludge, limited by the
sludge reservoir volume.

According to E.A. Pirmatov et al. [7], the content
of rare-earth oxides in Aktau mineral technogenic
formations comprises 3.67%, including 0.24% of the
most valuable heavy group.

The research objective: a study of phase and
mineral composition of enrichment products from
technogenic wastes, that is phosphogypsum,
formed as a result of reprocessing of uranium-
phosphorus concentrates of fish bone detritus of
Neogene-Paleogene marine clays. Of interest are
gold and rare-earth phases (minerals) of micro- and
nano-size.

Sample preparation and research methods

Material preparation and enrichment to obtain
representative samples (enrichment products) for
mineralogical, chemical, and other types of analyses
were implemented according to the developed
technological procedure for the enrichment of gold
and rare earth element (REE) samples [[10], [11]].
The technology included additional operations for
deep disintegration of sample material in a self-
crushing mill and thermal activation (RK Patent No.
7613 [10]) of bulk analytical samples allowing
approaching closely to the enrichment and
guantitative determination of micro- and nano-
components of ores.

Products of all reprocessing stages were
analyzed in the Mineralogy Laboratory in K.l
Satbayev Institute of Geological Sciences (Almaty).
To study the mineral and elemental composition,
the samples were separated in heavy liquids into
light and heavy fractions, followed by the separation
of the heavy fraction into  magnetic,
electromagnetic, and non-magnetic. Grains of
minerals, selected under a binocular, were studied
by drop-microchemical, luminescent analyses, and
electron probe microanalysis.

The following research methods were employed
to identify micro- and nano-mineral components of

enrichment products from technogenic wastes:
optical microscopy (LEICA DM2500P), X-ray phase
(DRON-3 with PDF2 Release 2022), spectral (semi-
quantitative) analyses, atomic absorption (Thermo
ICE 3500 spectrometer) analyses, electron probe
(JCXA 733 with INCA ENERGY energy dispersive
spectrometer). The chemical analyses were
implemented in an accredited laboratory
(NKZ.T03.1460 as of February 28, 2019) by EcolLux-
As LLP (Stepnogorsk).

Research results

The initial material was white with a yellowish
tint homogenous sludge formed from the sulphuric
acid processing of uranium-phosphate ores at the
hydrometallurgical plant.

Thanks to our own technique of initial material
pre-processing of mechanical and thermal activation
(RK Patent No. 7613 [10]), it became possible to
concentrate ore load in small weight mineralogical
batches (finishing concentrates) and to obtain the
technological parameters on gravitation enrichment
of gold (Table 1, Table 2) and REE (Table 3). Table 1
shows the results of the gravity concentration of
stockpiled tailings (sludge) after mechanical
activation in a self-crushing mill. As the material is
fine-grained and clumpy, manual disintegration was
ineffective. The yield of non-disintegrated "lumps"
was ~15 %, mechanical ~1.5 %. Therefore,
enrichment was carried out after the mechanical
activation of the initial material in the self-crushing
mill.

Native gold in the form of single, micron-sized
grains was detected in the gravity concentration
products. In Figure 1, the gold particle is in
phosphate-(Fe). The elemental composition
according to electron probe microanalysis (%) is Cu
12.85, Ag 4.51, and Au 82.65.

To study dispersed gold, samples were taken
from the final tailings after their mechanical and
thermal treatments (at 750-800°C) in a thermal
activator [10]. It is assumed that heating causes the
enlargement of dispersed gold nanoparticles up to
micron size [[10], [11]] with their subsequent
extraction into grave-concentrate (Table 2).

"Invisible" dispersed gold predominates in the
technogenic wastes according to a study of
enrichment products. The gold content in the initial
material was 2.93 g/t, which after thermal activation
of the sample increased to 6.37 g/t.
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Table 1 - Results of gravity concentration of stockpiled tailings (sludge) after mechanical activation in the self-crushing
mill

Enrichment products Output Gold content, g/t* | Gold recovery, %
kg %

Vibratory screw separator concentrate 0.025 0.17 4.79 0.27

re-processing concentrate (VCRC)

Vibratory screw separator concentrate 0.092 0.62 2.36 0.50

re-processing tailings (VCRT)

Centrifugal apparatus concentrate 0.031 0.21 6.74 0.47

(CAC)

The final tails 14.652 99.0 2.92 98.60

Source material: stockpiled sludge 14.80 100 2.93 100

(sludge)

Note: "Protocol No.0003 of the Eco-Lux-As LLP dated 06.01.2022

80mKm
The matrix material is phosphate-(Fe) (gray) in association with REE-bearing phosphate-Silicate-Fe nanoparticles
(white dots), quartz (dark gray)

Figure 1 — Micron inclusion of gold (white). BE/

Table 2 - Results of gravity concentration of final tailings after their mechanical and thermal treatments with thermal
activator coal

Enrichment products Output Gold content, g/t* Gold recovery, %
kg %
Thermal activator coal 130 34.12 2.25 12.09
Centrifugal apparatus concentrate (CAC) 30 7.88 5.06 6.38
Tails 221 58.0 8.97 81.63
Initial (Ini.) material (enrichment products + 381 100 6.37 100
thermal activator coal)

Note: *Protocol No.0013 of Eco-Lux-As LLP dated 20.01.2022
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Table 3 — Bulk chemical composition (normalized to 100%) (wt.) of heavy fraction sample from enrichment products

(average for 3 analyses)

Analysis 1 2 3 4 5 6 7 8 9
components
o 43.50 38.00 41.57 39.44 40.06 40.73 38.74 45.06 39.64
F 0.00 0.00 9.18 9.39 9.06 9.65 8.78 0.00 0.00
Na 1.07 1.12 0.48 0.61 0.80 0.80 0.57 2.14 0.94
Mg 1.59 1.67 3.43 3.72 1.7 3.75 4.12 1.84 1.66
Al 3.22 3.39 3.95 3.89 2.35 4.16 4.20 5.07 3.57
Si 9.22 8.47 1.21 0.51 4.58 1.59 0.85 12.40 11.52
P 10.75 10.31 19.49 21.97 10.28 18.69 22.17 7.88 8.92
S 0.37 0.41 0.59 0.32 2.50 0.84 0.53 0.82 0.66
Cl 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.27 0.15
K 0.61 0.69 0.19 0.04 0.29 0.18 0.10 1.47 0.81
Ca 5.09 2.36 5.53 3.83 14.29 6.20 3.56 6.16 5.30
Ti 0.00 0.36 0.00 0.00 0.00 0.00 0.00 0.29 0.47
Cr 0.85 4.49 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mn 0.00 0.30 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fe 21.2 24.29 11.62 12.26 11.27 11.70 12.84 15.88 25.32
Ni 0.83 2.53 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ba 0.00 0.00 0.00 0.00 2.01 0.39 0.00 0.00 0.00
La 0.27 0.67 0.55 0.73 0.15 0.41 0.66 0.34 0.38
Ce 0.68 0.94 1.01 1.45 0.67 0.92 1.26 0.37 0.64
Pr 0.17 0.00 0.27 0.41 0.00 0.00 0.28 0.00 0.00
Nd 0.32 0.00 0.56 0.68 0.00 0.00 0.75 0.00 0.00
Sm 0.23 0.00 0.26 0.26 0.00 0.00 0.31 0.00 0.00
Eu 0.21 0.00 0.00 0.20 0.00 0.00 0.12 0.00 0.00
Gd 0.12 0.00 0.2 0.29 0.00 0.00 0.26 0.00 0.00
> 100 100 100 100 100 100 100 100 100

Note: 1 - REE-1 Fc (finishing concentrate) of technogenic mineral formations (TMF) concentrate sample, 2 - REE-2 Fc of
TMF concentrate sample, 3 — REE VCRT sample, 4 —REE tailing sample, 5 — REE CAC sample, 6 — REE VCRC sample, 7 —
REE VCRT sample, 8 — REE-1 Ini. Fc of VCRC sample, 9 — REE-1 Ini. Fc of VCRC sample

During the study of the material composition of
samples for REE, the refined products were divided
into light, magnetic, electromagnetic, and non-
magnetic fractions. The light fraction was found to
contain gypsum, quartz, feldspar, hydromica,
chlorite, phosphates, and rarely carbonates. The
magnetic fraction contained mainly dark brown iron
ochre in the form of crusts and rarely magnetite in
the form of rounded formations. The
electromagnetic fraction contained the main mass in
the form of phosphates, less often hematite,
ilmenite, iron hydroxides, limonite on pyrite,
amphibole, epidote-zoisite, light pink garnet, dark
green pyroxene, and extremely rare single

occurrences of tourmaline, titanite, mica (biotite).
The non-magnetic fraction of samples has mainly
white, light gray spherical, and columnar aggregates
of phosphates and sulfates, transparent apatite; less
often zircon, pyrite, rutile, white barite, and
carbonates.

According to the spectral analysis, products of all
stages of enrichment are characterized by high
content (g/t) of yttrium up to 500, light and heavy
REEs: lanthanum up to 500, cerium up to 1500,
praseodymium up to 10 000, neodymium up to 3
000, samarium up to 1 500, gadolinium up to 1 500,
terbium up to 1 000, dysprosium up to 1 000, erbium
up to 300, ytterbium up to 1 000. According to
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electron-probe microanalysis, the bulk elemental
composition of products mainly contains light REEs,
with high values (%) for cerium up to 1.49;
lanthanum up to 0.88; praseodymium up to 0.86;
neodymium up to 1.03 (Table 3). The grains of heavy
fraction samples selected and preliminary studied
on pucks (semi-quantitative analysis) in SEI mode
are mainly lumpy loose rounded macroaggregates
(Figure 2 a) made of nano-sized grains (Figure 2 b).

30mMem

b
Figure 2 — Micro-aggregates from heavy fraction sample.
SEIl. General view of rounded lumpy micro-aggregates —
a, shape and size of a rounded micro-aggregate
consisting of nano-sized grains of Fe phosphates and
REE-bearing apatites — b.

To determine elemental composition and forms
of REEs occurrence in BE/ mode (compo), grains of
samples, i.e. concentrates of different reprocessing
stages from the non-magnetic fraction were placed
on polished sections. In the detailed figure, the
grains turned out to be inhomogeneous aggregates
consisting of many nano-sized phases. In finishing
concentrate (sample REE-2 Fc of TMF concentrates)
light and heavy REEs were revealed in
heterogeneous xenotime phase (Table 4, analysis 1);

light REEs and yttrium are part of fluorine-free
apatite (Table 4, analyses 2-5).

In analysis 2-5, the remaining iron, aluminum,
magnesium, and chromium, according to X-ray
phase analysis (Table 3), can enter lipscombite
Fez.95(P04)2(0OH);, iron and aluminum phosphate
A|o,57F€o,33(PO4), magnetite Mgo.oaFe20604, Mg-
bearing hercynite Feo77Mgo.20Al1.9:04, Mg-bearing
chromite (FeossMgoss)Cr204. In Figure 1, a
microparticle of gold in phosphate-(Fe) (analysis 6) is
in association with nano-sized grains of REE-bearing
phosphate Silicate-Fe and quartz.

In addition to rounded loose macroaggregates,
there are homogeneous and zonal globular micro
formations in the VRRC sample, cracked under
conditions of high vacuum and temperature effect of
the electron beam. In slices, the globular formations
are homogeneous or zonal (Figure 3 a). In zonal
ones, the outer rim consists of a heavy REE-bearing
phase of sulfo-phosphate Ca and F, while the
composition of the inner part is the same only with
lower REEs content. In the detailed figure of the
central part of globular formations, their
heterogeneity is clearly visible. Like loose micro-
aggregates, these formations are composed of
nano-sized phases (Figure 3 b).

' 900mMKm !

40mKm

b
Figure 3 - Spherical formations of VRRC sample. BEI. The
zoning of globular formations - a, heterogeneous
structure of the inner part of the globular formation - b.
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Table 4 - Chemical composition (wt.%) of heterogeneous grains in the finishing concentrate sample

Analysis 1 2 3 4 5 6
Components Finishing concentrate sample
(sample REE-2 Fc of TMF concentrates)

F 0.00 0.00 0.00 0.00 0.00 0.00
Na20 0.00 0.00 0.00 0.00 0.00 1.70
MgO 0.00 2.24 3.77 2.26 2.27 0.73
Al203 0.00 6.15 8.22 5.85 5.47 1.43
SiO2 0.00 0.00 0.00 0.00 0.00 0.00
P20s 38.39 51.45 50.25 46.36 44.95 40.83

SOs3 0.00 0.00 0.00 0.00 0.00 0.00
Ca0 2.73 4.55 3.14 5.09 4.46 3.21
TiO2 0.00 0.56 0.00 0.33 0.65 0.25
Cr203 0.00 0.00 0.85 0.58 0.60 1.89
FeO 1.95 25.66 21.59 21.90 20.97 47.15
NiO 0.00 0.00 0.00 0.00 0.00 0.82
Y203 23.31 2.72 1.85 3.39 2.19 0.00
Laz203 3.46 1.65 1.39 1.19 1.85 0.00
Ce20s3 6.33 2.28 2.45 1.70 2.23 0.00
Pr20s 1.07 0.05 0.46 0.19 0.03 0.00
Nd203 3.77 0.94 1.61 1.07 1.29 0.00
Smz0s3 1.45 0.14 0.27 0.35 0.73 0.00
Eu203 0.67 0.21 0.30 0.16 0.50 0.00
Gd203 2.92 0.35 0.64 0.13 0.60 0.00
Th203 0.62 0.00 0.00 0.00 0.00 0.00
Dy.0s 3.11 0.00 0.00 0.00 0.00 0.00
Ho203 0.46 0.00 0.00 0.00 0.00 0.00
Er203 2.13 0.00 0.00 0.00 0.00 0.00
3 92.37 93.51 93.08 83.78 84.42 98.01

The enriched products studied by X-ray phase
analysis are represented by poorly crystallised
phases, which (considering the results of electron
probe microanalysis) may presumably be of the
following composition (Table 3): whitlockite
CaisMgyH2(PO4)1s, iron  hydroxide phosphate
Fes(PO4)3(OH);, iron and aluminium phosphate
A|0,57F80,33(PO4), Iipscombite Fez,QS(PO4)2(OH)2,
pyroaurite (MgeFez(OH)ls(C03)(H20)4,5)o,25,
phosphocyclite-(Fe) Fe,(P4012), rhodolicoite Fe(PQ,),
hydroxyapatite  Cas(POa4)2.92801.3H1.44, F-bearing
hydroxyapatite Cas(PO4)3((OH)osFo2), aluminium
phosphohydroxide Alsy(POsH)s, Al(H2P3010)(H20)2,
Aly(P,011)FHy, iron phosphate Fez(P4012), where REEs
are apparently present in fluorine and fluorine-free
phosphates (in apatite, by substitution of calcium,
and in xenotime, monazite).

Initial samples, tailings and concentrates after
thermal treatment in thermal activator [10] were
again divided into light, magnetic, electromagnetic
and non-magnetic fractions and studied by a
complex of methods. Minerals of the light fraction
are represented by quartz, feldspar, mica, graphite
and fragments of grayish-black phosphorus-bearing
minerals. The magnetic fraction contains brown and
dark-brown iron ochres (technogenic) in the form of
crusts; the electromagnetic fraction consists of iron
hydroxides, hematite, less frequently epidote-
zoisite, light pink garnet, dark green pyroxene,
ilmenite, titanite, and ash-grey lumpy phosphorus-
bearing aggregates; non-magnetic fraction, mainly
light grey, ash-grey phosphate, rarely apatite and
columnar white phosphate, zircon, pyrite.

According to semi-quantitative spectral analysis,
content of all thermal products (thermal tails,
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thermal concentrate, thermal initial) increased (g/t)
as follows: yttrium up to 5000; REE: lanthanum up to
1500, cerium up to 5000, praseodymium <10,000,
neodymium <10,000, samarium up to 1000,
gadolinium up to 2000, dysprosium up to 1500,
erbium up to 500, lutetium up to 300.

According to electron probe microanalysis, the
bulk elemental composition of three thermo
samples contain significant amounts of light REEs
compared to heavy ones (%): cerium up to 1.76;
lanthanum up to 1.10; neodymium up to 0.98;
samarium up to 0.42; gadolinium up to 0.62;
europium up to 0.62. For exact determination of
REEs occurence, polished sections with selected
grains of non-magnetic fraction of thermal products
were prepared. The secondary electron images (SEl)
show thermal samples as aggregates of rounded,
sometimes hollow, microparticles (Figure 4).

100MKm

Figure 4 - Porous aggregates of thermo-products
(thermo-tails) consisting of round particles. SE/

The rounded aggregates are heterogeneous,
often zonal (Figure 5) and consist of nano-sized
phases. The heavy phases are phosphates of REEs
and Fe. The dense phases of the rims do not contain
REEs and are close in composition to iron
phosphates. There are frequent phases closer to the
florensite composition, with significant contents of
light REEs. In zonal rounded aggregates (Figure 5),
the central part consists of nano-sized REE-bearing
heavy phases: REE and iron phosphates, the outer
shell is lighter due to the lower content of REE
phosphate.

In thermal products, according to X-ray phase
analysis, REEs are included in phosphates: florensite
and phases Ce(PsO14), CasMgSm(PO4);. In Figure 6,

heavy rounded inhomogeneous microinclusions of
REE phosphate (florensite) and iron phosphate are
located in a porous matrix of lazulite composition
MgA|2[PO4]2(OH)2.

! 30MKm

Figure 5 - Rounded formations of a thermal sample. BEI.
The central part of rounded heavy formations (white)
with a high content of REE, the shell with a lower
content of REE is a lighter phase (gray)

100MKm '

Figure 6 - Rounded inhomogeneous grains of REE-
bearing inclusions (florensite) in a porous matrix of
lazulite composition. Pores (black). BE/

The diffraction patterns of the three thermal
products, as well as the bulk elemental composition,
almost do not differ from each other (Table 5).
According to X-ray phase analysis, the main phases
in the heavy fraction of thermal products,
considering the bulk elemental composition
presumably can be: iron phosphates Fe;Fe(P,0-),,
rodolicoite Fe(PO.), phosphocyclite-(Fe) Fes(P4012);
REE-bearing phosphates Ce(Ps014), florensite-(Ce)
Al3(Ceos4Lao.27Ndo.11Smo0sCaoos)  (PO4)2(OH)s and
CagMgSm(P0Q,);, and iron oxides.
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Table 5 — X-ray powder diffraction pattern for thermal products

Thermal tails Thermal concentrate

Thermal inital

Phase

/ dM3M., A / dmsm,, A I

dmsm,, A

- - - - 17.8

4.32 Fe,Fe(P207)2, Rodolicoite Fe(POa4),

phosphocyclite -(Fe) Fez(P4012),
CasMgSm(POa)

53.2 4.14 45.9 4.14 53.9

4.13 Al(PO4), CasMgSm(POa), Al(POa),

Ca19.1Mg1.56Fe0.44(PO4)14

- - 15.1 3.69 -

Al(PO4)

17.0 3.46 28.6 3.45 153

3.45 Fe2Fe(P207)2, Rodolicoite Fe(POa), florencite -

(Ce) Al3(Ce,La,Nd,Sm,Ca)(POa)2 (OH)s,
CasMgSm(POa),

- - 28.4 3.35 -

FezFe(P207), florencite-(Ce)
Al3(Ce,La,Nd,Sm,Ca)(POa4)2 (OH)s,
CasMgSm(POa)

100.0 3.03 100.0 3.03 100.0

3.03 FezFe(P207)2, phosphocyclite-(Fe) Fe2(P4012),

calcite Ca(COs), CasMgSm(PQa),
Ca19.1Mg1.56Fe0.44(PO4)14

36.5 2.93 40.7 2.93 39.1

2.93 Fe2Fe(P207)2, florencite-(Ce)

Als(Ce,La,Nd,Sm,Ca)(POa)2 (OH)s

34.8 2.86 40.6 2.86 28.2

2.85 Fe2Fe(P207)2, CasMgSm(POa),

- - 10.3 2.70 -

Fe2Fe(P207)2, florencite-(Ce)
Al3(Ce,La,Nd,Sm,Ca)(POa4)2 (OH)s,
phosphocyclite-(Fe) Fe2(P4O12),
CagsMgSm(POas), hematite Fe1.98703

16.8 2.54 20.3 2.55 18.8

2.55 FezFe(P207)2, Al(PO4), CasMgSm(PQOa4),

hematite Fe1.98703, Al(POa),
Ca19.1Mg1.56Fe0.44(PO4)14

- - 10.5 213 -

florencite-(Ce) Alz(Ce,La,Nd,Sm,Ca)(PQa)2
(OH)s, phosphocyclite-(Fe) Fe2(P4012)

Research Discussions

The enrichment products from technogenic
wastes are difficult objects for research, because are
represented by heterogeneous micro-sized
aggregates with nano-sized grains of various
minerals and phases (Figure 2 b, 4). X-ray analysis in
the case of nano-sized grains is uninformative, since
such samples are X-ray amorphous. In an electron
probe, even under a focused beam on nano-sized
inhomogeneity, the bulk elemental composition of
several nano-sized dispersed phases is obtained. The
composition varies not only from grain to grain, but
also from site to site in one grain. The identification
of phases is hindered by a diverse set of elements,
and the construction of correlations is hindered by
their different number. So, it may turn out in
practice that complex REE-bearing sulfo-phosphates
and phosphate silicates are mixtures of nano-sized
grains of sulfate (gypsum) with apatite and apatite
with silicate, respectively, therefore, it is necessary

to return to the study of technogenic wastes every
time to clarify the technology of their enrichment.
The authors of this study revealed fine gold and
increased REE content in technogenic deposits of
uranium-phosphate processing of CMMP deposits
for the first time. According to earlier studies, gold
and other noble metals are present in phosphate
deposits in different regions of the world (Alaska,
North Africa, East European platform, oth.) [[12],
[13], [14], [15], [16]]. A tendency was established for
selective concentration of gold in phosphorites, the
genesis of which is associated with organic matter of
bottom sediments, extracting these elements from
sea or silt water [15]. Chinese colleagues noted the
presence of platinum, silver and, less frequently,
gold in phosphorites [12], with platinum being
extracted for many vyears from phosphorite
enrichment tailings. In this regard, of scientific
interest is the obtainment of a formation of
phosphorus-rare-earth with nanoscale gold from the
coastal-marine and shelf zones of ancient
Cretaceous-Paleogene deposits of Kazakhstan, as a
new very promising source of gold and rare earths.
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In the Mangistau region, the known uranium-
phosphorite deposits Melovoye, Tomak, Taibor, and
Tasmuryn, where technogenic deposits we have
already studied, are the objects of the Mangistau
scandium-rare-earth-phosphorus-uranium
Oligocene mineral complex of the Caspian uranium-
ore province. They are found in sedimentary
deposits, organogenic clays saturated with
fragments of bone and plant detritus, and sulphides.
In addition to uranium, they contain rare earth,
phosphorous, rhenium, and other elements. As the
researchers note, all of them are unique,
syndiageneous, complex scandium-rare-earth-
phosphorus-uranium, sorbobiogenic, associated
with dark grey clay horizons, saturated with bone,
mainly fish, detritus [[17], [18], [19], [20], [21]].

In view of the above, other areas in Kazakhstan,
where similar marine phosphorite-bearing deposits
of Cretaceous-Paleogene age are also developed,
are of interest.

There are phosphorite deposits in the Aktobe
Urals region and in the Mangyshlak Island, which
belong to the Cretaceous Mangystau-Aktobe
phosphorus terrigenous mineragenic complex
(Shilisai, Alga, etc.) [[18], [19]]. The Cretaceous
phosphorite-bearing sediments include sandy,
calcareous clays, glauconitic-quartz sandstones,
carbonaceous clays, siltstones, marls, chalks,
partially cemented nodular-sandy phosphorites,
quartz-glaukonitic sands, polymictic crossbedded
sands impregnated with iron oxides with small iron
peas, boulder-like sandy-limey concretions.

Phosphorite-bearing objects of Eocene age are
common in East Aral, and are associated with the
glauconite-terrigenous formation. The rocks contain
isolated fragments of ostracod shells and sponge
spicules. In thin sections, scraps of minute diatoms
replaced by brown carbonaceous matter and
phosphate are observed in the phosphate cement
matter. In the Syr Darya region, Central Kyzylkum
[19], the phosphorite-bearing sediments are
represented by terrigenous carbonate formation.
The granular phosphorites and phosphorite-bearing
rocks are mainly composed of phosphatized
organogenic material (phosphate biomorphoses,
bones) and chemogenic formations, oolites.

The phosphorus-rich brown-iron objects of the
Ayat iron-ore basin are of interest [22]. At the Ayat
deposit, depressions of the Paleozoic basement
contain Lower Cretaceous lake-marsh-type
sediments: clays, sands, and sandstones with
commercial deposits of bauxite and refractory clays,
and above are Cretaceous and Tertiary marine

deposits represented by basal conglomerates,
siderite sandstones, quartz and quartz-glauconite
sands, clays and loams with phosphorites and
marine fauna.

During geological surveys in the eastern side of
the Turgai Trough, geologists found [19] significant
areas of Upper Cretaceous and Paleogene
phosphoritic nodules close to the surface.

In Northern Kazakhstan, glauconite and
phosphorite occurrences of the Cretaceous age are
widespread in the Selety district [[19], [23], [24],
[25]] (phosphorite and glauconite deposit of Selety,
glauconite of Izobilnenskoye).

In the Upper Jurassic-Lower Cretaceous age soil-
infiltration deposit of Semizbai the maximum
uranium content is noted in clay horizons with a
significant admixture of carbonized plant detritus
[17].

Conclusions

The enrichment products from technogenic
wastes of the Caspian Mining and Metallurgical Plant
are difficult objects for research because are
represented by heterogeneous micro-sized
aggregates with nano-sized grains of various

minerals and phases. With nanosized
inhomogeneity, the result of electron probe
microanalysis will be the bulk elemental

composition of several nano-sized dispersed phases,
which complicates their identification.

A technological sampling of enrichment
products shows that "invisible" dispersed gold
predominates in technogenic wastes. Native gold is
revealed as single, micron-sized grains. The gold
content in the initial material is 2.93 g/t, which
increases to 6.37 g/t after sample thermal
activation.

According to the data of electron probe
microanalysis, REEs are mainly found in nano-sized
fluorine and fluorine-free phosphates (in apatite, by
substitution of calcium), and in REE phosphates (in
xenotime and monazite). In thermal products, REEs
are included in phosphates: florensite and phases
CE(P5014), CagMgSm(PO4)7.

Total sampling is proposed for gold of the
Cretaceous-Paleogene phosphorus-bearing coastal-
marine quartz-glauconite and overlapping black
Paleogene clays in Selety-Teniz area of Akmola
region, Aktobe and Kostanay regions; of infiltration
uranium deposits (Semizbai and others), etc. Besides
REE, attention should be paid to scandium and
rhenium. Sample processing should be carried out
with mechanical and subsequent thermal activation
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of sample material according to the flow chart
developed by the authors of this study.
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Kacnuit Tay-KeH meTannypruaiblK KOMOUHATbIHbIH TEXHOTeHAIK WeriHainepiHeH
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TYRIHAEME

TexHoreHAiK wWeriHainepAiH, Makpo- HaHo-enWwemai AeHreiiHe aeliH eHAenreH eHimaepiH
KeleHai 3epTrey HaTvkenepi 6epinreH. OHIMAEp angblH ana MexaHWKabIK KaHe TeEPMUANDIK,
AKTUBTEHAIPY apKblibl antblH MeH CXKI ywWwiH 3epTTeneTiH yari matepuanapl eHAey XaHe
JalblHOay KesiHge rpaBuTauMANbIK balblTy a4icTepiHiH a3ipnemenepiH naifdanaHy apKbiabl
anbiHAbl. HaTuKeciHae Aapa, MUKPOH enwemai TyHipLwikTep TypiHAeri Ta3a antbiH KaHe 6aibITy
OHIMAEPIH TEXHONOTUANBIK CblHAyFfa COMKeC, «Ke3re KepiHBeWTiH» Malga AWUCNepcUanbIK,
anTblHHbIH, 6acbiMAbIFbl aHbIKTanabl. ANTbIHHBIH, Meswepi 6acTankpl matepranga 2,93 r/T 6osca,
an yari TepmuAnblk, benceHaipinreHHeH Kelid 6,37 r/T geitin aptagpl. CNeKkTpAiK Tangay KaHe
3N1EKTPOHAbI 30HATLIK MUKPOaHaNu3 HaTuxenepi bovbliHWa BalibiTyAblH, 6apAblK Ke3eHAePiHiH,
eHimaepi uTTpuii meH CX3I menwepnepi Kofapbinaabl. CHI nailga 6ony dopmanapsl
aHbIKTanFaH. CHKD HerisiHeH MUKpPO aHe HaHo enwemai Top aHe ¢Topchi3 dochaTtrapaa
(anatutTe, Kanbuminai anmactblpy apkbiabl), CHI-bochaTrapabiH, e3iHae (KceHoTUMAE) KaHe
CUpEeK, MYMKIH, Kypaeni cynbpodocdaTrap meH pocdaTTbl cuANKaTTapaa Kesgecei. PeHTreHaik
AMOpaKUMANbIK  TanpayFa CalKeC 3SNeMEHTTIK KypamMblH eckepe OTbIpbin  HaHoeswemai
dasanapablH, 6ipTeKTi emec arperaTrapbiHaH TypaTbiH TEPMUANBIK eHIMaepae, CHKI docdartrapra
Kipeai: onap dnopeHcuT kaHe Ce(Ps014), CasMgSm(POa); dasanapbl.

TyiiiH ce3dep: antbiH, CKI, MUKPO- KaHE HaHoeWeMAi Tyinipaep, TeEXHOreHAbliK WweriHaginep,
Kacnuii KeH-meTannypruanbik KombuHaThl, KasakcraH
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301070 U peaKo3emesibHble 3/1IeMEHTbl B NPOAYKTAaX nepepaboTku us
TeXHOreHHbIX oTn0XeHuM Mpukacnuiickoro FropHo-MeTtannypruyeckoro

Kom6uHara (r. AkTay, KasaxcraH)

*bekeHosa I'.K., Neperyaos B.B., /leux B./1., Kanat6aes E.T., MypaTtxaHos [.5.

Camnaes yHusepcumem, MHcmumym [eonozuveckux Hayk umeHu K. . Camnaesa, Aamamei, Kazaxcma+

MNoctynuna: 10 mapma 2023
PeueH3nposaHue: 7 anpens 2023
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AHHOTALUMUA

M3n0eHbl pe3ynbTaTbl KOMMAEKCHOrO M3y4eHMA OT MAaKpo- A0 HAHOPA3MEPHOro YPOBHSA
NPOAYKTOB nepepaboTKM U3 TEeXHOTeHHbIX OTNOMEeHWW. [1poAyKTbl nonyyeHbl 6narogaps
MCNoNb30BaHMIO HapaboTOK MO rpaBWUTALMOHHBIM MeTogam oboraweHua B obpabotke u
NoAroToBKe Mccnesyemoro matepuana npob Ha 30n0T0 M P33 ¢ npeaBaputenbHoW WX
MEXaHUYeCKOoW M TEPMUYECKOIN aKTUBaLWEN. BbiABNEHO: CaMOpPOAHOE 3010TO B BUAE €ANHUYHDIX,
MUKPOHHOM Pa3sMepHOCTH, 3epPeH U, MO AAHHBIM TEXHONOrMYECKOro onpoboBaHWA NPOAYKTOB
oborauieHns, npeobnagaHue «HeBMAMMOro» ToOHKoaucnepcHoro. CopepkaHue 30/10Ta B
MCXOOHOM MmaTepuane coctanset 2,93 r/T, KoTopoe mnocne TepMOaKTUBaLMM Mpobbl
yBenuumsaetca Ao 6,37 r/t1. Mo pesynbTaTam CNEKTPaNbHOrO aHa/in3a U 3N1eKTPOHHO30HA0BOrO
MMKpPOaHan3a ANs NPOAYKTOB BCEX CTaAMI 060raLeHUs XapaKTepHO NOBbILEHHOE COAEPHKaHWe
utTpua un P33. OnpeaeneHbl Gopmbl BXxoKaeHUA P33. P33, B OCHOBHOM, Haxo4AaTCsA B MUKPO- U
HaHopa3mepHbIX GTOpUCTbIX U BecdTopuCcTbix pocdaTax (B anaTuTe, NyTem 3ameLLeHUA KanbLma),
B cobcTBEHHO P33-docdatax (B KCEHOTUME) U peke, BO3SMOMXKHO, CNOXHbIX cyabdodochaTax u
docdartcunmkartax. B TepMmonpoayKTax, COCTOALLMX U3 HEOAHOPOAHbIX arperatoB HAHOPa3MepPHbIX
a3, No gaHHbIM peHTreHoha3oBOro aHaAM3a C YHEeTOM 3/1IEMEHTHOTO COCTaBa, P33 BxoaAT B cocTas
docdaTos: pnopeHcuta u dpas Ce(PsO1s), CasMgSm(PO4)s.

Kniouesbie cnoea: 3000710, P33, MMKPO- M HaHOPa3MepHbIe YacTULbl, TEXHOFEHHbIE OTNOKEHUS,
MpyKacnuncknin ropHo-MeTanNypruyeckmii KombumHat, KasaxcraH.
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ABSTRACT

The objectives of this study were to convert organic and tea waste to organic soil cond conditioners
and achieve a 68% reduction in landfilling and illegal dumping of organic waste. The tea was mixed
at an incremental ratio of 10% with the organic waste, and the groups were designated as TO-T100
groups, indicating 0% of tea waste and 100% of organic waste in TO group and 100% of tea waste,
and 0% of organic waste in T100 group. The impact of this soil conditioner was later studied on the
growth of the Solanum lycopersicum (tomato) plant for twenty-one weeks along with the
augmentation of waste sludge from the yeast manufacturing unit. Microbial examination, and
other physicochemical parameters like pH, temperature, organic carbon, C/N ratio, moisture,
cation exchange capacity (CEC), and humidity of the compost were studied. A visual color change
indicated the compost maturity for further application. The quality of the soil was analyzed in both
pre-compost and post-compost applications. The electrical conductivity of the soil was 3.0 mho
with 8.3 pH, 0.84 % organic matter, phosphorous 1.0 mg/kg, and potassium 225 mg/kg with a
saturation level of 40%. There was an inverse relation between organic waste and organic matter
with the highest percentage of organic matter in the TO group. Maximum nitrogen content
(9.07%), the highest levels of phosphorous (0.7%), and potassium (2.3%) were recorded in the
aerobic TO group. The highest amount of organic carbon (78.23%), maximum CEC (109.09
meq/100g) was found in the aerobic T100 group. The best vegetative post-application growth of
tomato plants, flowering, and fruiting was observed in the T60 group. Taken together with our
findings, it can be concluded that the organic compost boosted the soil fertility by up to 70% which
positively affected the growth of tomato plants.
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Introduction

Organic waste generated in urban settings
health

severely impacts soil

waste is a result of inappropriate recycling
regulations in Pakistan [[2], [3]].

Sustainable soil reclamation tends to reduce
biological hazards to the farmers in an agricultural
community however, the farmers are yet reluctant

due to its

contamination, and application of inorganic fertilizer
that leads to poor air quality as well. Recycling waste
is a useful way to improve the air and soil quality, by
increasing soil fertility through natural ways and
cutting down the application of inorganic fertilizers.
An average of 72,000 tons of waste is produced and
dumped in the ecosystem annually [1] with around
a quarter of which gets recycled. Poor recycling of

to apply any soil conditioner to their agricultural
land [[1], [4]]. The huge quantities of dumped
organic waste can contaminate the soil due to
mismanagement or the absence of any regulatory
provisions. However, there exist scientific ways to
handle the problem, and organic waste can be
converted into compost and its application can be
suitable and sustainable for environmental
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solutions. Composting reduces the need for
inorganic fertilizers and enhances the growth of
beneficial bacteria in the soil that increases fertility.
The use of organic waste instead of inorganic
fertilizers is more effective both environmentally
and economically [5].

Globally, tea is harvested over an area of 2,461
thousand hectares with 3.60 million tons of tea
produced in 2007 [5]. According to Food and
Agriculture Organization of the United Nations (FAO)
reports, the consumption of black tea is expected to
reach 2,50,755 tons by 2027 in comparison to
1,72,911 tons in 2007 [6]. Tea waste can be a new
climate change agent if it is not properly managed
and treated. Aerobic digestion and in situ microbes
can compost the tea waste in the presence of
organic waste at different proportions [7]. For
bioremediation of the soils, bioactive molecules and
microorganisms share a great nutritional resource
[8] that can be considered as an alternate fertilizer
that can replace inorganic fertilizers.

Therefore, the aim of this work was to study the
impact of microbially decomposed tea and organic
waste mix under aerobic and anaerobic conditions,
and the potential effects of this compost on the
growth of Solanum lycopersicum (tomato) plant.

Materials and Methods

Research Design

At the beginning of the research, the design was
to collect the raw material from 4 different densely
populated areas of Lahore generating a variety of
organic composting followed by
experiments to study the cherry tomatoes growing
in the soil with and without compost. After
collection, the samples were sorted to prepare
windrows for composting and physicochemical and
microbial studies. The four zones were identified as
Taj Bagh Housing Society, Wapda Town, Allama Igbal
Town, and Islam Pura.

waste for

Investigational Setting

The entire investigation setting was installed at
an integrated waste management site, with
coordinates 31°24’16.9” N & 74°21'29.5” E and
latitude and longitude with sea level elevation of 217
m and equipped with facilities, i.e., good quality
water, soil quality and space for experiment setup.

Collection of Raw Materials (Tea and organic
waste)

The organic waste containing fruits and
vegetable waste was collected besides used tea
waste, which was later mixed in different ratios from
0-100%. About a ton of organic waste (rotten fruits
& vegetables along with peels) was collected from
the designated zones and was transferred to a
composting plant in Lahore. At the composting site,
the waste was divided into ten weight-based
sections and subdivided into two streams, i.e.,
aerobic, and anaerobic streams. Around 100 kg/day
of used tea waste was collected for ten days from
the commercial places of Lahore, that included
roadside dhabas, restaurants, and hotels in
designated zones, and was transported to a
composting facility, rinsed with clean water,
weighed after removing excess water and portioned.
Excessive moisture content was reduced through
sun drying without any further physical processing
for two consecutive days.

Selection of plant (Tomato)

Solanum lycopersicum (Cherry tomato) seeds
were purchased from the market and the plant
growth was studied under the impact of compost
application in triplicates. The plant selection was
based on the area cultivated globally [9].

Chemical Composition of Domestic Organic
Waste

Organic waste was examined for C and N, with
their ratios estimated, micronutrients like potassium
and phosphorus, and organic matter. The chemical
composition of tea waste was investigated to
determine its C: N ratios, organic matter, and the
cation exchange capacity (CEC) value. The acidic
nature of tea waste causes its interaction with the
organic elements of the organic waste and helps in
the conversion of the organic waste to carbon-rich
compost.

Water Quality

Good quality bottled water was used during the
entire experimentation and the quality and physical
characteristics of the water used to water the plants
were checked. The values of temperature, pH,
chloride, dissolved oxygen (DO), turbidity, nitrate,
and phosphate were recorded. Standard operating
protocols were followed and laboratory precautions
were observed [10] while testing the water quality.

Experimental Setup and Installation

Organic waste including tea waste was shredded
and added to the compost plant periodically for 21

—— 89 ———
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weeks after collection from households and tea
shops and was further converted into compost
through aerobic digestion for further 45 days. Ten
windrows (200 Kg compostable material in each
windrow) of different combination ratios of tea
waste and organic waste (0:100 to 100:0) were
prepared for the aerobic composting purpose.
Whereas ten composting bins (250 liters) were used
for the anaerobic digestion of organic waste. The
ratios were calculated using wet tea waste and
organic waste along with the augmentation of
microbial-rich sludge (90 % liquid and 10 % solids) as
a starting point. Temperature, pH, and moisture
content were measured daily using calibrated
instruments. For the baseline data, samples were
obtained and sent to the laboratory. After three
days, manual turning was done for periodic aeration
of the setup. Effective microorganisms including
yeast and prolactin from yeast manufacturing
industry wastewater treatment plant sludge were
added to the windrows to ensure maximum
performance. Sludge was rich in molasses and
peptone along with rich microbial growth. The
microbial community added ensured speedy organic
waste degradation once at the start of the
experiment. Compost piles were kept moist (30%) to
support microbial growth for degradation of organic
content.

A
A < >
0.61m
e
(90)
v

Conversion of Organic and Tea Waste into
Compost

Windrow and bin composting were used for
aerobic and anaerobic composting, respectively.
Each sample was carried in a similar environment for
ten days, resulting in an equivalent quantity of 100
kg sample for both organic waste and tea waste
being mixed in various ratios. Each windrow
measured 0.5 m in height, 1.5 m in breadth, and 3 m
in length and was separated by about 0.61 m.

The schematic layout of the windrow is provided
in Figure 1.

Alluvium soil consisted of river-transported
deposits brown in color, homogenous in size, soft to
solid silty clay with dissolved salts was used as
topsoil. The soil was selected for plantation after
examining its pH, permeability, nutritional value,
and microbial fauna.

Soil aeration was ensured by manually turning
the interior mass of compost to the surface after
every 3 days for optimum aeration. Anaerobic
decomposition was processed in bins.

Monitoring and Evaluation of Plant Growth
Parameters

The compost was applied for 21 weeks to the
tomato plant in the experimental groups (TO- T100).
Physical, chemical, and biological observations were
recorded on weekly basis.

Figure 1 - Windrow (aerobic decomposition) Layout as designed at the experimental site. Each windrow measured 0.5
m high, 1.5 m wide, 3 meters long, and 0.61m apart from each other (A). Each windrow can house 100kg of the tea
and waste (percentage-based mix; original picture of windrow; B).
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Every week, plant growth indicators like height,
flowers, and fruits per pot, were recorded. The
physical appearance of the plants, such as the
overall condition of the leaf, color, and size was also
observed and recorded.

Compost Analysis

Moisture Content

The compost samples were analyzed for
moisture by using ASTM D2216-10 standard
method. A sample of 0.5 kg compost was weighed
and then air dried for twenty-four hours by placing
it in a drying oven at 105°C. The weight of the
sample was monitored after a regular interval of six
hours until no further weight reduction was
observed. Hereafter, the final weight along with
moisture content was measured through the
application of the following formula:

Ww — Dw

Moisture Content = (
Ww

)xlOO

Where Dw = Dry weight, and Ww = Wet weight

Temperature

Increased temperature support compost
maturation as well as fungal and seed culture
growth. A temperature rise predicts the initiation of
fungal as well as microbial growth. The thermometer
helps to observe the temperature and was inserted
in each bag. The temperature rise was monitored in
each bag and lately, ambient air temperature was
noted for comparison.

Nitrogen

Concentrated acid was used followed by the
mixing of homogeneous sample solution, boiling led
to decompose N present in organic samples. The
excess base (ammonium hydroxide) was added to
the acid digestion mixture to convert NHs* to NHs,
followed by boiling and condensation of the
ammonia NHs gas in a receiving solution. Finally, to
quantify the amount of ammonia in the receiving
solution titration was conducted and the amount of
N in a sample was calculated from the quantified
amount of NHs* in the receiving solution.

Odor

Active microbial activity spreads a peculiar odor
in compost seeds. Foul order indicates the presence
of Nitrogen and its conversion to ammonia. This
marks a clear sign of losing nutrients from the soil
thus degrading compost seed quality. Excessive

release of Ammonia reduces microbial activity in
compost seed thus directly affecting the product
formed. While reduced order maintains nutrients in
the soil thus enhancing compost quality. Excessive
release of ammonia gas hinders the microbial
activity thus resulting in compost seed degraded
quality. Decreased ammonia odor indicates the
availability of Nitrogen in the compost seed thus
relating to high-quality compost seed.

Color

The change in color of the compost was
observed and recorded every week.

pH

The effectiveness of a biological system is
determined through the pH factor. pH meter (0-14
scale) was used to determine the pH of the compost
thus indicating healthy microbial growth in the
compost seed.

Carbon to Nitrogen (C/N) ratios

Another strong parameter that defines the
effectiveness of the compost system is the carbon-
to-nitrogen ratio. The presence of green leaves,
grass trimmings, and clippings of plant structure was
high in the Nitrogen versus carbon ratio. In an ideal
compost system, the carbon ratio to nitrogen ranges
from 20:1 to 30:1. To adjust the ratio, activated
sludge was added as a supplement.

Statistical Analysis:

Each experimental setup had three replicates.
The data is presented as Mean = S.E.M. and is
analyzed using Pearson correlation and the
association was found statistically significant at the
level of P<0.05.

Research Results

Microbial Augmentation

Tea waste and the organic waste mix were
treated aerobically and anaerobically, by applying
microbe-rich sludge (90% water, 10 % solid)
obtained from the yeast manufacturing unit. The
sludge treatment was meant to enhance the
decomposition of organic waste under both
conditions due to the presence of gram-positive and
gram-negative bacteria.

Physical observation of the organic waste has
shown a complete color change from light brown to
brown to dark brown which indicates the conversion
of the organic waste to compost. This color change
was an indicator of compost maturation (Figure 2).




Complex Use of Mineral Resources. 2024; 328(1):88-100

ISSN-L 2616-6445, ISSN 2224-5243

Figure 2 - Color change of the compost indicating compost maturation. The color ranges from Light Brown (A) to
Brown (B), to Dark Brown (C) which is referred to as mature compost.

Chemical Composition of Organic Waste
The organic waste was found to be rich in different
components with varied percentages as listedin
Table 1.

Table 1 - Composition of Organic Waste represented in
percentage fraction of the weight.

Weight Weight
Parameter (%‘;Ig Parameter (%(;Ig
Total
volatile 45.8 Fat 4.7
solids
Moisture 76.5 Hemicellulose 8.6
content
Total
organic 55.6 Lignin 7.9
Carbon
C/N ratio 18.7 Protein 5.9
Total solids ~ 13.2 Kjeldahl 19

Ash 9.4 Nitrogen [34]

Physical Variables of Compost

Average Temperature (°C), pH, and average
humidity (%) was recorded further in the first 9
weeks of the experimental period, and found that
the average temperature of compost had a
decreasing trend, ranging from 11.10 °C in the (8™
and 9™ week) to maximum of 27.80 °C measured in
the 1% week with a mean temperature of 16.29 °C
whereas the pH and average humidity had an
increasing trend. The lowest pH was 6.12 in the 6%
week and the highest pH was in the 9™ week of the
experiment with an average of 7.08. The minimum
humidity recorded was 49% in the 4" week and the
maximum humidity was 80.50% in the 6™ week of

the experiment, with an average humidity of
63.17%.

Physical changes in Compost

Changes in the physical appearance and odor of
the compost were recorded during the study period
from light to dark brown to black by the 9" week.
Similarly, the odor of the compost transitioned from
a rotten egg smell to odorless by 7" week making it
more environmentally and socially applicable in the
fields.

Irrigation Water Quality

The results demonstrated that the bottled water
used to irrigate the plants has pH 7.21, turbidity 0.16
NTU, total dissolved solids (TDS) of 1290 mglL-1,
sodium, 342.7, potassium 5.4 and fluoride 0.86 mg
L-1. All the quality parameters were in range in
comparison to standard values of PEQs except TDS
and chloride, which were higher than the
permissible limits of 1000 mg L-1. and 250 mg L-1,
respectively.

Soil Quality

The analysis of soil quality has shown that it has
an electrical conductivity is 3.0 mho, pH of 8.3, and
organic matter of 0.84%. The quantity of available
phosphorous was recorded as 1.0 mg/kg, potassium
225 mg/kg with a saturation level of 40%.

Comparison of Aerobic and Anaerobic Compost

Aerobically and anaerobically prepared compost
were analyzed for their contents like organic matter,
organic carbon, nitrogen, CEC, phosphorous, and
potassium and results were statistically compared
with each other (Table 2).

Organic Matter (OM)

An inverse relation was observed between
organic waste and organic matter. The highest
percentage of OM was recorded in the aerobic TO
group of compost (90.09%) and the lowest (42.86%)

——9)——
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in the T100 group, i.e., 42.86% that shows as the
qguantity of organic waste increases the percentage
of organic matter decreases. For anaerobic
conditions, minimum organic matter was found in
the TO group and maximum in the T50 group (85.9%)
(Table 2).

Organic Carbon

The highest amount of organic carbon (78.23%)
was found in the aerobic T100 group and the lowest
(17.32%) in the TO group. Under anaerobic
conditions, the organic carbon was 66.45% in the
T100 group whereas it was 16 % in the TO group
(Table 2).

Nitrogen

The maximum nitrogen content (9.07%) was
recorded in the aerobic TO group and the lowest
(0.07%) in the T100 group. Under anaerobic
conditions, the percentage of nitrogen content
increased from TO to T40 with the highest value of
4.42%, whereas in subsequent samples the
percentage of nitrogen content started decreasing
to 0.07% in the T100 group (Table 2).

Cation Exchange Capacity (CEC)

The maximum CEC (109.09 meq/100g) was
observed in the aerobic T100 group and the lowest
CEC in the TO group. Under anaerobic conditions,
CEC was maximum in the T100 group (103.21
meq/100g) (Table 2).

Phosphorous

The highest levels (0.7%) of P were measured in
aerobic TO compost and the lowest (0.02%) in the
T100 group. Under anaerobic conditions, the
maximum phosphorous percentage (0.70%) was
found in the T60 group and the lowest (0.02%) in the
T100 group (Table 2).

Potassium

The highest level (2.3%) of potassium was
observed in the aerobic TO group and the lowest
(0.05%) in the T100 group. Under anaerobic
conditions, the highest levels of potassium were
1.9% in the TO group, whereas the lowest level of
0.04% was recorded in the T100 group (Table 2).

Correlation of Aerobic Variables

The Pearson correlation and p-values indicated
a significant correlation among the different
parameters studied. A statistically highly significant
and positive correlation was found in OC and OW
(p=0.000), CEC and OW (p=0.001) whereas the
correlation of PC and OM (p=0.000), N and OM
(p=0.000), P and OM (p=0.000) and K and OM
(p=0.003) was statistically significant and positive. A
significant negative correlation was observed
between OM and OW, N and OW, P and OW, and K
and OW whereas, the correlation of CEC and N and
K and CEC was not significant (Table 23).

Correlation of Anaerobic Variables

The Pearson correlation and p-value for
different  variables have shown significant
correlation, and some variables were negatively
correlated. Positive and highly significant correlation
(p<0.01) was found between variables, OC and OW,
CEC and OW, K and N, K and P. A significant
correlation (p<0.05) was found between Kand OC, N
and OC, P, and CEC. N and OW, P and OW, K and OW,
K and CEC have shown a significant negative
correlation (Table 4).

Growth Parameters of Tomato Plant

Three replicates for each treatment and control
group were used to study the growth parameters
and pattern. Overall, the plants showed a significant
increase in growth, height, biomass, flowers, and
number of fruits with an increase in the compost
application to a limit, which was significantly better
in comparison with the control plants. The visual
observation indicated that the plants in
experimental replicates were lusher green, with
greater biomass and leaf area as compared to the
control and T100 groups. The plants showed stunted
growth and reduced flowers, and fruit numbers per
pot containing 100% compost. The experimental
setup has no supplement of chemical fertilizer.

Height of Plants
The changes in plant heights were observed after
the application of 10 grams of compost in the 8th
week. An abrupt increase in height was observed in
the pot with 60% organic waste reaching 49.4
inches, followed by all other percentages of organic
waste except control and 100% organic waste in
which the plant reached a height of 32 and 29.75
inches, respectively (Table 5; Figure 3).

Number of Flowers

The flowering started in the 14" week after the
plantation. The first flowering was observed with 3
and 4 flowers per plant in the presence of 60% and
50% organic waste, respectively, with the maximum
number of 8 flowers by the 21 week. The control
group had an average of one flower and plants
grown in 100% organic waste had no flower,
whereas by the 21t week, the control group had an
average of 2 flowers, and plants grown in 100%
organic waste had no flower.

Number of Fruits

Fruiting of plants started in the 18" week after
plantation with the first fruit appearing in plants in
T60 and T70 groups. The control and 100% organic
waste had no fruit by this time. The maximum
flowering was observed on plants in T60 and T70
groups by the 21 week whereas, the plants in the
control and T100 groups did not get any fruit by the
21 week of planting.
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Table 2 - Comparison of aerobic and anaerobic methods of composting and its effects on different parameters of the compost

-(l;erz;nic Organic matter (OM)% ((é)rﬁ;/r:)lc carbon Nitrogen (N)% CEC meq/100 gm Phosphorous Potassium
sample Groups Waste Aerobic | Anaerobic
# (%) (A) (AA) A AA A AA A AA A AA A AA
Limits <45% <20% <1% <60% <0.02% <0.8 %
0 TO 0:100 90.09 29.09 17.32 16 9.07 3.1 55.15 50.08 0.7 0.68 2.3 1.9
1 T10 10:90 84.65 32.98 21.67 33.08 8.61 3.67 61.92 53.75 0.66 0.61 2.11 1.8
2 T20 20:80 78.07 39.09 23.5 48.23 7.93 3.99 66.08 59.63 0.61 0.58 2.01 1.7
3 T30 30:70 71.05 44.23 26.33 46.09 7.28 4.1 73.00 68.12 0.58 0.41 1.19 1.5
4 T40 40:60 68.28 53.85 31.04 40.6 6.56 4.42 87.00 78.9 0.5 0.45 1.1 1.3
5 T50 50:50 88.71 85.9 51.4 49.8 3.1 0.69 49.40 80.02 0.65 0.56 0.9 0.6
6 T60 60:40 53.85 68.19 38.23 39.55 4.42 3.32 96.50 100.5 0.36 0.70 1.3 1.1
7 T70 70:30 51.03 66.08 47.65 49.12 2.97 2.14 100.05 98.00 0.13 0.36 1.00 0.07
8 T80 80:20 47.21 62.53 63.28 57.98 1.25 1.98 102.09 101 0.09 0.11 0.08 0.06
9 T90 90:10 44.56 46.25 71.09 61.09 0.09 1.36 106.11 102.01 0.05 0.06 0.07 0.05
10 T100 100:0 42.86 42.86 78.23 66.45 0.07 0.07 109.09 103.21 0.02 0.02 0.05 0.04
Table 3 - Correlation of Aerobic Variables
OW (%) oM % OC % N% CEC (meq/100 g) P
OM% -0.897 0.000%
0C% 0.957 0.000% -0.773 0.005t
N% -0.976 0.000% 0.803 0.003t -0.985 0.000%
CEC 0.831 0.001% -0.988 0.000% 0.312 0.014 -0.74 0.009
P -0.933 0.000% 0.964 0.000% -0.869 0.001% 0.883 0.000% -0.942 0.000%
K -0.943 0.000% 0.804 0.003% -0.964 0.0000% 0.941 0.000% 0.753 0.007 0.847 0.001%
Table 4 - Correlation of Anaerobic Variables
OW (%) oM % 0C% N% CEC (meq/100 g) P
OM% 0.439 0.177
0C% 0.859 0.001% 0.339 0.308
N% -0.727 0.011% -0.372 0.26 -0.617 0.043t
CEC 0.962 0.000% 0.561 0.072 0.748 0.008% -0.602 0.050*
P -0.821 0.002% -0.014 0.967 -0.830 0.002% 0.605 0.048% -0.675 0.023%
K -0.949 0.000% -0.52 0.101 -0.811 0.002% 0.798 0.003% -0.902 0.000% 0.804 0.003%

Highly Significant=1% (<0.001), Significant=" (<0.005)
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Table 5 - Growth of plants record from week 2 onwards after sowing the seeds. The plant growth started increase after the application of the compost in week 8

Week | Control TO T10 T20 T30 T40 T50 T60 T70 T80 T90 T100

2 0.73+0.01 0.78+0.01 0.88+0.01 0.88+0.01 0.69+0.01 0.89+0.01 0.69+0.01 0.74+0.02 0.88+0.01 0.84+0.03 0.79+0.01 0.75+0.03
3 3.6+0.04 2.98+0.01 2.43+0.73 3.27+0.06 3.4+0.03 3.06+0.18 3.62+0.37 4.01+0.01 3.99+0.01 3.36+0.31 3.610.28 3.92+0.02
4 5.27+0.12 5.4+0.06 5.37+0.09 5.47+0.09 5.4+0.06 5.7+0.06 5.6+0.06 5.8+0.15 5.73+0.09 5.33+0.88 5.57+0.09 5.8+0.06

5 6.5+0.06 6.4+0.06 6.7+0.06 6.5+0.06 6.610.06 6.4+0.06 6.9+0.06 6.7+0.15 6.5+0.12 6.4+0.17 6.7+0.12 6.6+0.06

6 7.05+0.03 7.11+0.07 7.08+0.03 7.12+0.02 7.15+0.02 7.13+0.04 | 7.07+0.05 7.09+0.02 7.08+0.04 7.1+0.05 7.15+0.02 7.12+0.05
7 8.62+0.04 8.69+0.02 8.72+0.04 | 8.79+0.04 | 8.41+0.22 8.37+0.2 8.27+0.08 8.65+0.01 8.76%0.06 8.55+0.2 8.17+0.01 8.19+0.01
8 10.62+0.01 10.63+0.03 | 10.63+0.12 | 10.59+0.32 | 10.77+0.12 | 10.68+0.06 | 10.4+0.22 10.36+0.22 | 10.71£0.17 10.71+0.06 | 10.4+0.22 10.33+0.2
9 13.41+0.32 13.71+0.09 | 14.11+0.22 | 14.34+0.28 | 14.38+0.36 | 14.12+0.35 | 13.160.4 13.23+0.67 | 13.67%0.56 14.09+0.37 | 13.66+0.13 | 13.2+0.43
10 14.15+0.51 14.5+0.38 14.99+0.58 | 15.53+0.64 | 15.58£0.79 | 16.36+0.19 | 16.11+0.4 14.72+1.19 | 13.89+1.08 15.05+1 15.18+0.11 | 14.47+1.06
11 13.7+0.01 16.53+0.03 | 18.57+0.18 | 16.67+0.09 | 16.53+0.09 | 16.4+0.06 16.33+0.09 16.36+0.09 | 16.33+0.09 16.6+0.21 16.27+0.12 | 14.3+0.06
12 16.79+1.38 16.86+1.42 | 18.39+0.22 | 18.6+0.25 18.46+0.22 | 18.42+0.14 | 18.48+0.26 17.37+£1.09 | 15.84+1.26 15.58+1.56 | 16.68+1.33 | 17.14+0.94
13 18.57+1.39 19.68+0.18 | 19.52+0.19 | 21.04£1.43 | 23.1+1.9 23.03+2 23.08+0.82 22.51+1.76 | 20.34+2.01 18.07+1.72 | 18.48+1.35 | 18.78+0.92
14 20.23+1.53 21.4+0.42 22.02+0.04 | 22.84+1.02 | 25.49+2.21 | 24.07+2.8 21.96%1.45 23.5+3.05 21.15+0.69 20.07£1.56 | 19.39+1.11 | 21.69+0.57
15 20.98+0.32 22.04+0.48 | 22.01+0.49 | 23.09+0.91 | 23.6+2.56 22+9.46 25.761£10.19 | 24.1+3.31 23.42+11.26 | 22+0.86 21.76+0.36 | 24.8+0.55
16 21.98+0.89 23.510.06 23.76£0.06 | 23.99+0.05 | 23.5+0.24 24.18+1.25 | 27.98+2.86 26.614.17 24+0.13 23.5£0.02 23.5+0.89 26.5%£1.8
17 23.89+0.97 25.79+0.05 | 25.36+0.32 | 24.78+0.05 | 27.994#0.12 | 26.39+1.16 | 31.72+3.02 34.1643.61 | 26.38+0.57 26.82+1.59 | 29.49+0.51 | 27.89+1.85
18 24.68+1.64 28.29+0.34 | 28.7+0.27 27.88+0.27 | 28.26+0.93 | 30.9+0.78 34.53+2.07 37.754#0.93 | 34.57+1.32 31.74+0.2 30.5940.74 | 28.19+0.51
19 27.25+0.82 29.33+0.44 | 30.29+0.08 | 30.94+0.5 32.2510.31 | 34.09+1.21 | 38.56+2.04 | 40.64£1.99 | 35.67+1 33.4+0.27 32.03+0.82 | 30.35+0.07
20 28.25+0.86 31.06+0.59 | 33.23+0.72 | 38.71+4.06 | 38.9443.61 | 34.44+2.2 39.36+3.76 | 46.13+4.53 | 37.78+3.94 | 40.95+2.17 | 40.6+2.51 33.16%2.54
21 30.68+0.91 32.82+0.32 | 33.56+0.11 | 34.51+0.73 | 36.55+0.57 | 38.57+0.88 | 43.34+3.01 49.58+0.21 | 46.58+3.42 38.17+1.58 | 34.3+0.7 35.88+2.03
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Figure 3 - Growth potential of microbially augmented organic waste-based compost applied to the plant at
different combinations of tea and organic waste. The compost with a 60:40 ratio of tea: organic waste reflects the
maximum growth of the plant Solanum lycopersicum.

Research Discussions

One of the main challenges of the society is the
development of sustainable solutions for waste
management. These solutions should help to
preserve these resources present in food waste to
achieve economic, social, and environmental
benefits. The development of sustainable solutions
for food waste management represents one of the
main challenges for society [11]. The organic waste
in Lahore has significant quality of organic matter
which differs from the developed countries where
there is a systematic way of sorting and segregation
is present [[12], [13]]. Composting not only reduces
the environmental burden of landfill sites but also
helps to keep the groundwater clean from
contaminations by decreasing the use of inorganic
fertilizers resulting in economic benefits as well [14].
Being a self-sustainable biological process,
composting has been used as a sustainable waste
management solution and is utilized as a soil
conditioner [[15], [13]].

The organic waste collected from sample sites
was found to be rich in moisture content, organic
carbon, and C/N ratio that adds nutrients, essential
micro-organisms, and water-soluble compounds to
the soil [[16], [17], [18]]. An earlier study has

reported an increase in soil nitrogen through
composting increasing the rate of nutrient cycling
[19].

Waste tea along with vegetable and fruits waste
has increased the concentration of nutrients
essentially required for the growth and
development of plants as compared to the regular
soil which are Chloride, Sulphate, Total Phosphorus,
Available Phosphorus, Organic matter, Calcium and
Magnesium [20]. An overall increase in the
percentage of organic carbon, Phosphorus,
Potassium, and Nitrogen was recorded through
aerobic and anaerobic composting that help to
enhance the soil quality with subsequent positive
effects on plant growth [21]. These findings are in
agreement with previous studies and a significant
correlation has been reported among the
application of compost on agricultural fields and
increased soil nitrogen, microbial, phosphate,
carbon content and other micro-nutrients [[22],
[17]]. This increased soil nitrogen indicates the
compost’s potential to as an organic fertilizer in
agricultural farms.

Recalcitrant organic pollutants are biodegraded
by the various microbial communities found in
composting materials. This degrading procedure
could take the form of unidirectional extracellular
oxidation, co-metabolism, or full
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mineralization/metabolism [[3], [23]]. Several
studies have identified species that can mineralize
these contaminants. For instance, Acinetobacter
Iwoffii, Bacillus  subtilis and Raoultella
ornithinolytica can degrade crude oil. Moreover,
high temperatures during the composting
(thermophilic phase) also enhance degradation by
making the contaminants less viscous and more
bioavailable [24].

Our results report a significant effect of compost
application on soil microbial activity and nutrients
on plant growth and tomato vyield which is in
accordance with the previously reported studies
[[15], [18]]. However, some studies have also related
that compost tea has neutral or non-significant
effects on plants and crop yield [[25], [26], [13]].

The application of compost on soil increases the
chlorophyll level in lettuce leaves and Brassica
oleracea L. Contrary to these findings, another study
reported that nitrogen content in leaves did not
differ between compost or foliar sprays on
strawberries [25] and there were no effects of
compost application observed on blueberry fruit
[26]. A higher yield of tomatoes has been reported
with the use of organic fertilizer and compost in
comparison with the use of no fertilizers [[3], [27]].
Several factors influence aerobic and anaerobic
composting such as aeration (for aerobic
composting), temperature i.e., for aerobic two
temperature ranges, are required i.e., low
temperature (mesophilic; 20-45°C) and high
temperature (thermophilic; 50-70°C) phase and for
anaerobic composting 35°C, moisture content (for
aerobic composting 40-65%), pH for aerobic 7.5 and
anaerobic 6.8-7.2, C: N for aerobic 40:1 and for the
anaerobic initial substrate is required [[28], [29],
[30], [31], [32], [33]].

Conclusion

Taken together our findings, it can be concluded
that organic and tea waste can be used effectively
for the preparation of compost to reduce the organic
waste burden on the environment. This compost as
an organic fertilizer can be an alternative to
synthetic fertilizer, which can increase soil fertility,
and improve plant health and immunity against
diseases. The future recommendations include but
are not limited to, the installation of composting
plants at the municipality level to minimize organic
waste and the implementation of the windrow
composting method at landfill sites. Besides
environmental benefits, it will have a huge economic
impact by cutting down the cost of synthetic
fertilizer consumption. Additionally, composting of
organic municipal waste can be achieved at the
domestic (household) level which needs an
awareness campaign to educate the community that
will lead to reducing household waste. Above all, a
system of on-site organic waste segregation
procedures needs to be implemented.

Authors’ contributions. The authors confirm
their contribution to the paper as follows: study
conception and design: ZMM, NS; experimental
work and data collection: ZMM; analysis and
interpretation of results: ZMM, MHA, NS; draft
manuscript preparation: ZMM, MHA, MBK, approval
of the manuscript MHA and NS. All authors reviewed
the results and approved the final version of the
manuscript.

Conflicts of Interest. The authors declare no
conflict of interest.

Cite this article as: Munir ZM, Abbasi MH, Khawar MB, Sheikh N. Significant impact on the growth of Solanum lycopersicum in Microbially
augmented organic waste. Kompleksnoe Ispolzovanie Mineralnogo Syra = Complex Use of Mineral Resources. 2024; 328(1):88-100.

https://doi.org/10.31643/2024/6445.10

MuKpobTapmeH 6aiibiTbiNFaH OPraHUKanbIK KanabiktapabiH Solanum
lycopersicum (Kbl3aHaKTblH) ecyiHe acepi

IMunir Z.M., 2Abbasi M.H., 3khawar M.B., *Sheikh N.

1300s102us uHcmumymei, leHoxca6 yHusepcumemi, Q-A kamnycsl, J/laxop, 54590, MakicmaH
20kapa yHusepcumemiHiy 300n02us 6esnimi, Okapa, MakicmaH
3Haposan yHusepcumemirin 300n102us 6esimi, Hapoeasn, MakicmaH

—— 97 —/———


https://doi.org/10.31643/2024/6445.10

Complex Use of Mineral Resources. 2024; 328(1):88-100 ISSN-L 2616-6445, ISSN 2224-5243

Makana kengi: 9 Haypei3 2023
CapanTtamagaH eTTi: 27 cayip 2023
KabbingaHapl: 4 mamoip 2023

TYAIHAEME

Byn 3epTTeyaiH MaKkcaTbl OpraHuWKanblK KanablKTapabl KeMy MeH OpraHuKasblK KanablKTapabl
3aHCbI3 TacTayapl 68% asaliTyFa KON JKeTKi3y YLWiH OpraHuKanblK KanAblKTapAbl KaHe Wak
KaNAbIKTapblH OPraHMKanblK TOMbIPAK KOHAMUMOHEpiHE aliHanablpy 6ongpl. LWal opraHnKanbik
KanabikTapmeH 10% KocbiMLLA KaTbiHAcTa apanacTbipblngbl XaHe Tontap TO-T100 aen 6enrineHai,
6yn TO-pa 0% waii »kaHe 100% opraHuKanblk KanabikTapapl kaHe 100% wai KangblKTapblH KaHe
T100-ge 0% opraHuKanblK KanablKTapabl KepceTeadi. byn Tombipak KOHAMUMOHEPIHIH, acepi
KeMiHipeK albITKbl OHAIPY KOHAbIPFLICHIHBIH, KaAAblK WaamMblH KebelTymeH bipre xubipma 6ip
anTa 6owbl Solanum lycopersicum (Kpi3aHaK) ecimairiHib, ecyi 3epTrengi. MUKpobTbIK 3epTTey
JKOHe KOMMNOCTTbIH, pH, TemnepaTypa, opraHuKanblk kemipteri, C/N KaTbiHacbl, biafangpiibik, CEC
JKOHE bINFANAbIIbIK CUAKTbI Backa Aa GU3MKA-XMMUANBIK NapameTpaepi 3epTrendi. KomnocTTbiH,
TYCiHiH, @3repyiHeH, OHbl 9pi Kapai KonAaHybl aHblKTanabl. TOMbIPAKTbIH, canacbl KOMMOCTKA
[AeNiHri KaHe KeliHri KocbiMLWwanapaa TangaHabl. TonblipakTbIH 3NeKTp eTKisriwTiri 3,0 mxo, pH 8,3,
opraHuKanblk 3attap 0,84 %, pocdop 1,0 Mr/Kr, Kanuit 225 Mr/Kr, KaHblFy geHreiti 40% 6ongbl. TO
TO6bIHAA OpraHWKanblK, KanaplKTap MeH OpraHuWKanblK 3aTTapAblH, eH >KOfapbl Maibl3bl Hap
OpraHuKanblK 3aTTap apacbiHaa Kepi 6ainanbic 6onapl. A30TTbiH, eH, }KoFapbl menwepi (9,07%),
docdopabiH, (0,7%) kaHe Kanuingin, (2,3%) eH, kofapbl geHreii aapobTbl TO TObbIHAA TipKenai.
OpraHuKanblk KEMIPTEKTIH, eH, }ofapbl Menwepi (78,23%), makcumanabl CEC (109,09 maks/100r)
a3po6Tbl T100 TobbIHAA Tabblngpl. TE0 TO6bIHAA Kbl3aHAK ©CIMAIKTEPIHIH, KONAAHYAAH KEWiHTi eH,
JKaKCbl BeretaTuBTi ©cyi, rynfeHyi aHe Kemic bepyi 6aiikangpl. bi3giH XKyMbICTapbIMbI3AblH,
HOTUKECIHAE OPraHUKaNblK KOMMOCT TOMbIPak, KyHapblFblH 70% AeliH apTTbipaTbiHbl aHbIKTaNAbl,
6y Kbl3aHAK eCiMAiKTEPiHIH ecyiHe OH, acep eTTi.

Tyiiin ce30ep: opraHuKanblK KanablKTap, ecimaiktepain ecyi, solanum lycopersicum (Kpi3aHak),
KOpLUaFaH opTa.
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AHHOTALMUA

Lenblo 3TOro uccnenosaHua 6bin10 npeobpas3oBaTb OpraHUYECKMe OTXOAbl M OTXOAbl Yas B
OpraHWYeckuii KOHAMLMOHEP AN MNouYBbl, YTOBbl A0BUTLCA COKpaleHMA Ha 68% Konaudectsa
3aXOPOHEHWUIN N HE3aKOHHbIX COHPOCOB OpPraHNMYEeCcKUX OTX040B. Yall cMewWwmnBanm ¢ opraHUYecKUMmU
oTxo4amu B nponopumm 10%, a rpynnbl 0603Hadvanun TO-T100, yto yKasbiBaeT Ha 0% OoTX040B YasA U
100% opraHunyeckux otxogos B TO n 100% otxozos 4aa n 0% opraHuyeckux otxogos Ha T100.
Mo3e 6bl10 U3y4YeHO BAWAHWME 3TOr0 MOYBEHHOTO KOHAWMLIMOHEpa Ha pocT pacTteHusa Solanum
lycopersicum (nomunzop) B TedeHWe ABaALATU O4HOM HEAENN HAPAAY C YBEMYEHUEM KONMYECTBA
LUs1ama € 3aBOAA MO NPOU3BOACTBY APOXKIKeEN. bblnn nsyyeHbl MUKpoBMONOrMYeCcKne UccneoBaHun
n apyrve GU3NKO-XMMUYECKMe NnapameTpbl, Takue Kak pH, TemnepaTtypa, opraHU4Yeckuii yrnepoga,
cooTHoweHune C/N, BnaxHoctb, CEC M BAa)KHOCTb KOMMOCTa. BusyanbHoe M3meHeHue LgeTa
YKasblBaso Ha 3penocTb KOMMOCTa ANA AajibHeiwero npumeHeHus. KauecTBo nousbl 6bl10
NpPOaHaNU3MpoOBaHO Kak [0, TaK M NOCAe BHECEeHUA KOMMOCTa. DNeKTPOnpOoBOAHOCTb MOYBbI
cocrasuna 3,0 MOm npw pH 8,3, opraHnyeckom sewectse 0,84 %, pocdope 1,0 mr/Kr, Kanum 225
MI/KF Npu ypoBHe HacbiweHusa 40 %. Mexay OpraHM4YecKMMM OTXO4AaMM M OpPraHWYecKUm
BeLlecTBOM Habnwoganacb obpaTHas 3aBUCMMOCTb C HaMBONbLWIMM MPOLEHTHbIM COAEPYKAHMEM
opraHuyeckoro BellecTsa B rpynne TO. MakcumanbHoe cogepikaHue a3oTa (9,07%), camble BbiCOKME
ypoBHU ¢ocdopa (0,7%) u Kanua (2,3%) 6bLaM 3apeructpmpoBaHbl B aspobHoi rpynne TO.
Haunbonbluee KOAMYECTBO oOpraHuyeckoro yrnepoga (78,23%), makcumanbHas EKO (109,09
M3KB/100 r) 66110 06HapyKeHo B aspobHoi rpynne T100. Jlyywnii BeretaTMBHbIA POCT pacTeHui
TomaTa nocne 06paboTKK, LBETEHME M NNOAOHOLWEHWE Habaoganunck B rpynne T60. B coBoKynHOCTH
C HalWMMM BbIBOAAMU MOXHO CAENaTb BbIBOA, YTO OPraHWMYECKMn KOMMOCT NOBbLICUA NIOA0POAMNE
noysbl A0 70%, YTO NONOXKUTENBHO NOBAMUANO HA POCT PAaCTEHUI TOMaTa.
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ABSTRACT

Currently, uranium production occupies a decisive place in the world energy industry. In
Kazakhstan, to meet the demand for uranium, hydrogenous deposits with technologically and
economically favorable natural indicators are being developed, including the large Semizbai
deposit. The deposit by genesis belongs to the hydrothermal-hydrogenous polygenic type in
terrigenous sandy-clayey deposits. As a result of geological studies, the stratification of the ore-
bearing deposits of the Semizbai suite was established: the lower and upper ore-bearing sub
suites, the geometrization of the deposit was performed, and the morphology, number, and size
of ore bodies were identified. Most of the balance reserves of the Semizbai deposit are
concentrated in large and medium ore bodies. Analytical work and description of thin sections
and polished sections under a microscope determined the material composition, textures, and
structures of uranium ores, the main ore minerals, and their distribution in ores. When carrying
out field and laboratory work, geological indicators of the deposit were obtained to select the
technology for extracting ores. To select and justify the field development technology, special
technological studies were carried out in the experimental area. Based on the geological
indicators of uranium ores for the Semizbay deposit, well-in-situ leaching was chosen as the most
rational for hydrogenous deposits. The characteristic of associated useful components of
uranium ores is given, and the increased content of selenium, germanium, and scandium in them
is established. The obtained research results can serve as a basis for improving the technology
used for mining uranium ores and extracting associated components from them.
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Introduction

Kazakhstan in the world takes first place in
uranium mining and the leading place in its natural
resources, which is noted in official publications
[[1], [2], [3]]. Among the developed deposits is
Semizbai. Industrial mineralization and dispersion
halos of uranium mineralization of the Semizbai
deposit are established within the paleo valley of
the same name at a distance of up to 36 km. With a
paleo valley width of 2-7 km, taking into account
the territory of its nearest framing, the deposit area
is 370 km2 According to the depression
morphology, and differences in the degree of
exploration and ore content, the deposit district is
divided into six sections: North-Western, Western,

Central, Eastern, Jamantuz, and Northern (Figure
1).

The accumulated factual material allows us to
establish the main features and features of the
location, morphology, and internal structure of all
types of ore formations of the Semizbai deposit,
located within the Semizbai depression [[4], [5], [6],
[71]. The geological and mineralogical features of
deposits and their economic minerals are the main
ones in choosing a rational mining technology and
extracting associated valuable components from
them. Such indicators are the basis for choosing a
technology for the development of both
technogenic [[8], [9]] and natural ores [[10], [11],
[12], [13], [14], [15], [16], [17], [18], [19], [20], [21]].
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Ore bodies

Mine tike outline

Figure 1 - Overview map of the ore content of the Semizbay deposit

Industrial uranium mineralization of the
Semizbai deposit is represented by stratiform ore
bodies, which are established in the lower part of
the section of the Semizbai suite — from its basal
layers to the silt-sand horizon inclusive. Within the
identified productive stratum, ore formations are
concentrated in permeable sediments at two levels
— in the Lower Semizbai ore-bearing horizon, which
combines conglomerate-gravelite and sandstone
packs, and the Upper Semizbai ore-bearing horizon
(USH), coinciding with  the silt-sandstone
stratigraphic horizon (Figure 2). The impermeable
deposits of the clayey horizon separating them and
the overlying formations of the regional aquiclude
do not contain mineralization.

Upper Semizbai
ore-bearing
horizon (USH)

Lower Semizbai
ore-bearing
horizon (LSG)

h 2@3[:];' .
=5 fm 6 7771 8

Figure 2 - Ore formations of different levels of the
Southern ore-bearing zone: 1 - permeable horizons,
2 - water-resistant horizons, 3 - basal layers and
permeable weathering crust; 4 - rocks of the Paleozoic
basement; 5 - balance ore deposits; 6 - off-balance
mineralization (not outlined in sections); 7 - anomalous
zones with gamma activity of more than 30 uR/h

The balance ore deposits of the deposit are
surrounded by poor ores, which in turn are
replaced by extensive uranium dispersion halos,
forming gamma-anomalous zones. The outer
contour of the ore deposits is an isoline of 30 uR/h,
which corresponds approximately to a uranium
content of 0.001-0.002 %. The areas of the deposit

with lower gamma activity are classified as
completely barren formations, which have a normal
background of 8-10 puR/h. The productive stratum
includes all industrial mineralization of the deposit,
occurs at depths of 26-180 m from the surface and
has a variable thickness, which naturally increases
from west to east along the long axis of the
depression from 30 to 100 m.

Experimental part

The experiments were carried out according to
the methodology, including fieldwork, testing, and
preparation of selected samples, as microscopic
and analytical studies. Mineralogical
documentation of the core of more than 70
exploration wells was carried out, 2000 thin
sections and polished sections were studied using
radiography, chemical, spectral and schlich analyzes
of ore samples were performed. For the diagnosis
of individual minerals, X-ray diffraction, thermal
and other types of analyzes were used. Sample
preparation, preparation of thin sections and
polished sections, and their microscopic description
were carried out in the "Innovative Geological and
Mineralogical Laboratory" of Satbayev University.
Field geological studies and geometrization of the
ore-bearing strata of the Semizbaiskoe deposit
established 263 ore deposits, contoured with a cut-
off uranium content of 0.03 %. 205 of them are in
operation and include industrial reserves, and the
remaining 58 are classified as off-balance sheets.
The configuration of deposits in a generalized form
is displayed on master plans and all geological and
graphic documents (Figure 3).
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Figure 3 - Geological section

The parameters of mineralization and its
statistical characteristics under various conditions,
as well as determining the conditions for the
localization of ore objects in the Central section of
the deposit, were established according to
exploratory drilling: first, a "cross" was drilled (PR
104-50 m with a total length of 740 and with a step
of 6.25 m and a main line 230 with a length of
450 m with a step of 12.5 m), and then - an
experimental operational exploration part with a
network of wells 6.25x12.5 m in an area of 100x200
m (263 wells in total).

The study of the parameters, morphology, and
conditions of ore occurrences showed that all
deposits are represented by strongly flattened,
discontinuous in area and thickness, stratiform
bodies with a complex distribution of uranium
mineralization. They are of the same type in
structure but differ significantly in size and
configuration. Thus, with an average thickness of all
205 industrial ore bodies of the deposit equal to 2.1
m, for some of them it ranges from 0.2 to 7.3 m,
and the area, with an average value of 9000 m?,
varies from 4 to 930 thousand m?2.

The analysis of ore deposits of various
morphological groups gives grounds to systematize
them and identify several classes in terms of size
and types according to the configuration in the plan
(Table 1).

As can be seen from Table 1, four classes of ore
deposits are distinguished by size at the Semizbai
deposit:

— very large (area more than 250 thousand m?),
which include deposit No. 1-2-003 for the deposit
with an area of about 1 million m?, including 12.5 %
of metal reserves, and deposit No. 1-2-001, which -
430 thousand m? and 9.2 %;

— large (100-250 thousand m?);

— middle (40-99 thousand m?);

—small (less than 40 thousand m?).

Table 1 - Distribution of ore bodies by their size and
morphological types

Morphological Classes of ore bodies by size

types of ore very | large |middle| small | total

bodies large
Ribbon-like 1 2 3 7 13
Elongated 3 6 9 57 75
lenticular
Lenticular 1 1 8 87 97
(isometric)
indeterminate - 2 16 2 20
form
Total 5 11 36 153 | 205

An analysis of the distribution of ore reserves
by bodies shows that about 90 % of the balance
reserves of the deposit are concentrated in large
and medium ore bodies, including 70 % in 16 large
and 5 very large bodies, the average area of which
is 500 thousand m?, containing 47 % of uranium
ores of the Semizbai deposit. The bodies with the
maximum size are also characterized by greater
thickness, higher metal content, and productivity.
At the same time, 153 small bodies (75 % of their
total amount) contain only 11 % of uranium
reserves.

Ore bodies not only differ significantly in size
but also have a variety of shapes in plan, being
elongated objects to varying degrees. Their length
varies from 100 m to 5.2 km, and their width varies
from 20 to 800 m with fluctuations in the ratio of
length to width from 1 to 12. In this regard, three
morphological types of ore bodies are
distinguished: ribbon-like - narrow, winding,
strongly elongated along strike, with an elongation
factor (Keiong) of more than 5; elongated lenticular
(Ketong 2-5) and lenticular (or isometric) - Keiong l€SS
than 2. For 20 ore deposits explored by single wells
along a sparse network, the shape has not been
reliably established. Research data show that over
50 % of the metal reserves are contained in
elongated lenticular deposits (37 % of their total
amount), and in all other types of deposits, the
reserves are distributed approximately equally.

The average uranium content for individual ore
bodies after averaging hurricane values varies from
0.041 to 0.240 %. Significantly greater limits of
fluctuations are noted inside the ore bodies — for
through complete intersections from 0.04 to 0.5 %
and for some rare (before averaging) up to 2 %. In
individual core samples, the metal content was
found to be from 3-5 to 8 %. In individual core
samples, the metal content was found to be from
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3-5 to 8 %. In individual Corg samples, the metal
content was found to be from 3-5 to 8 %. The
highest quality is characterized by ores in areas
enriched in Corg and sulfides, which, however, are
randomly distributed within the deposits and do
not form large independent accumulations.

The deposit as a whole is represented by
ordinary ores, but the main reserves of metal (74 %
are contained in the class of ores above 0.1 %, the
uranium content which is 1.5 times higher than the
average. It is also important to note that 65 % of
the metal reserves are located in highly productive,
central parts of ore deposits, which account for
only 25 % of their area.

Research discussion of the results

A systematic geological, mineralogical, and
technological study of the ores of the Semizbai
deposit began from the moment of its discovery
and continues at the present time.

Mineral composition of ores. Uranium
mineralization at the Semizbai deposit has been
established in all lithological varieties of rocks of
the ore-bearing strata. Insignificant concentrations
of uranium have also been found in the basement
granites of the Semizbai depression. The
composition of clasts of ore-bearing rocks is
arkosic, polymictic, and less often quartz.
Fragments of coalified organics are noted in
significant amounts in separate interlayers. The
most common accessory minerals are magnetite,
titanomagnetite, ilmenite, spinel, leucoxene, zircon,
sphene, apatite, tourmaline, garnet, epidote, and
anatase.

The cement of the rocks is mostly sandy-
argillaceous, silty-argillaceous, and clayey. Separate
interlayers have a clay-carbonate and carbonate
composition of cement. Cement is formed largely
by authigenic minerals - kaolinite, montmorillonite,
hydromicas, carbonates, sulfides, iron oxides and
hydroxides, and uranium minerals.

Uranium in ores is found in the mineral and
adsorbed form. The latter is widely distributed, but
in rich ores, the bulk of uranium is associated with
mineral forms. The sorbed uranium in ores is
associated with carbonized plant fragments, clay
minerals of cement, and iron hydroxides. Uranium
minerals are represented by coffinite, pitchblende
(uraninite), uranium black, and rare secondary
minerals. In addition, uranium-bearing ilmenite,
titanomagnetite, and leucoxene are present in

small amounts. In isolated cases, detrital brannerite
is noted.

In some areas of ore bodies, increased
radioactivity is due to radium-bearing barite and
iron hydroxides.

The distribution of uranium minerals in the ores
is uneven — in poor ores they are noted only in the
form of small and rare segregations, in areas of rich
mineralization they form dense dissemination and
small nodules, sometimes completely replacing
clayey cement and partially developing along the
fragments. In most cases, pitchblende and coffinite
are in close association with pyrite and marcasite.

Below is a description of uranium, uranium-
containing, and accompanying minerals in the ores
of the Semizbai deposit based on polished sections
made by cementing a loose core.

Coffinite is one of the most common ore
minerals. It occurs in almost all types of ores but is
most characteristic of carbonatized varieties. It is in
close association with sulfides. Coffinite forms
irregularly shaped segregations, collomorphic

crusts, and nested clusters ranging in size from
thousandths of an mm to 1 cm (Figure 4).

Figure 4 - Mineral composition of ores in polished
section: A - pyrite (Py), marcasite (Ms), sphalerite (Sp)
and coffinite (Cof) in medium-grained sandstone
cement; B - coffinite (Cof) around pyrite nodules (Py);
C - coffinite (Cof), developing after collomorphic

pyrite (Py)

In ores, coffinite is represented by three
generations. Coffinite | has a black color, it was
isolated after microglobular pyrite, is
pseudomorphically replaced by pitchblende I, and is
identified from the preserved primary crystal
forms. Coffinite Il is black with brown reflections,
reflectivity R = 8.2 %, microhardness H = 265
kg/mm?, formed before marcasite after the main
mass of pyrite. Coffinite Il crystallized after
marcasite. It has greenish-brown and light brown
internal reflections, low reflectivity R = 4 %, and
microhardness H = 205 kg/mm?2. Coffinite is
confirmed by X-ray diffraction analysis.
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Nasturan (uraninite) is much rarer than
coffinite. It occurs together with it, as well as in the
form of independent secretions and accumulations
0.003-2.0 mm in size. It forms outer zones in
coffinite rims and accumulations around iron
sulfides (Figure 5). It is also noted as a thin
dissemination in the cement and less often as
microveinlets in terrigenous fragments. In addition,
relatively large (up to 5 mm) accumulations of
pyrite-nasturan composition are found in spotted
carbonate ores. There are two generations of
Nasturan. The first, the earliest, is developed after
coffinite | and has a low reflectivity R = 8-10%.
Crystal lattice parameters a = 5.39 A. Nasturan Il is
characterized by a higher reflectivity R = 15 %.
Crystal lattice parameters a = 5.39 A. Sometimes it
contains small inclusions of galena.

Figure 5 - Mineral composition of ores in polished
section: A - Nasturan (Nas) with dissemination of fine-
crystalline pyrite (Py); B - Nasturan (Nas) and uranium

black (Nas) around accumulations of pyrite (Py) in

siltstone

Uranium black forms loose accumulations in
association with melnikovite and sooty organic
matter and thin films on the surface of terrigenous
fragments and segregations of pitchblende and
coffinite; they are also present in a finely dispersed
state in clayey cement.

Brannerite is rare in rich ores in the form of
small (up to 0.5 mm) detrital grains.

Secondary uranium minerals are represented
by zippeite, uranophane; they are found in small
amounts in ores with organic matter and in
carbonate rocks. They are found in areas of
carbonate destruction in the form of thin yellow
precipitates on the surface of minerals, powdery
accumulations near pitchblende and coffinite.

Uranium-bearing minerals are represented by
ilmenite, leucoxene, titanomagnetite, and anatase.
They are usually found in rich ores in the form of
single small (fractions of mm) grains and small
clusters. The distribution of uranium in them is
uniform.

Organic matter is widely distributed. Its content
in terms of Corg varies from tenths to 5 %. It is
represented by carbonized plant residues (leaves,
roots, stems, bark, trunks), coal detritus,
accumulations of sooty carbonaceous matter. The
content of uranium in carbonized plant residues
varies widely, reaching 1 %. Uranium-enriched coals
differ from barren coals by a higher degree of
oxidation and a smaller amount of aromatic
compounds. Noteworthy is the noticeable
concentration of germanium, reaching 0.2 % in
some samples.

Iron hydroxides are widely developed in ores.
Their formation is associated both with the

processes of sediment formation and with
subsequent epigenetic transformations
(hydrohematization, reservoir oxidation, gley

reduction). They are represented by goethite,
hydrogoethite, hydrohematite, which impregnate
fragments of rocks and minerals and clayey cement,
form clots, accumulations, films, point selections. In
ore intervals, a significant amount of uranium and
especially radium is sorbed on iron hydroxides.

Sulfides are represented by pyrite, marcasite,
and melnikovite. Bravoite, sphalerite, chalcopyrite,
galena are very rare.

Structural features of ores. In ordinary ores,
uniformly dispersed, spotty, and mixed structures
are most common; in rich ores, in addition,
disseminated, clotted, and cementitious structures
are common. Ores of other structures occur
occasionally. Mixed structures are a combination of
two or three different structures. The cement
structures is characteristic of rich ores localized in
medium- and coarse-grained sandstones, whose
clayey cement is completely replaced by coffinite,
pitchblende, and iron disulfides, which are closely
intergrown with them.

Textures of ores. Based on the nature of
segregations and the relationship of uranium
minerals with other neoformations and terrigenous
minerals, the following main textures of ores are
established. The texture of peripheral rims is
widespread in carbonate ores, as well as in rocks
with clayey cement enriched in iron sulfides.
Coffinite and  Nasturan develop around
accumulations of iron sulfides in the form of
continuous and discontinuous rims. The concentric-
zonal texture is due to the presence of zonal-
collomorphic segregations of pyrite, in which
individual zones are composed of coffinite. The
corrosion texture is revealed in intergrowths of
uranium minerals with iron sulfides, in which
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distinct corrosion contacts of pyrite or marcasite
with coffinite and pitchblende developing over
them are established. The relic texture is formed as
a result of the replacement of pyrite and marcasite
by uranium minerals, in which iron sulfides remain
only in the form of relics. The mineral composition
of ores and their textural and structural features
are the basis for choosing the technology of deposit
development and effective reagents.

Characteristics of associated useful
components. Associated useful components such
as selenium, germanium and scandium were found
in the uranium ores of the deposit. The possibility
of industrial use of these components still remains
problematic due to low contents and requires
technological solutions. The mineral forms of their
occurrence and distribution in ores have not yet
been sufficiently studied. Selenium is probably
found as an isomorphic impurity in iron sulfides.
Germanium is closely related to organic matter.
However, when uranium is leached from the ores
of the deposit, only scandium passes from the
mentioned elements into  solutions and
accumulates, which in the future may be of
industrial interest.

Neutron-activation, X-ray spectral, and chemical
analyzes have established elevated contents of
selenium (5-30 g/t), germanium (1-15 g/t), and
scandium (2-7 g/t) in ores. In individual combined
core samples in ore intervals, the content of
germanium reaches 320 and scandium — 76 g/t.
Elevated contents of germanium are noted in
samples enriched with Corg; the relationship
between elevated contents of scandium and any
constituent components of ores has not been
established. The presence of selenium in uranium
ores was established in 12 out of 1303 analyzed
sectional samples. In one sample (4/1328), the
selenium content reached 0.04 %. Any mineral
forms of finding these elements have not been
established. Presumably, selenium occurs as an
isomorphic impurity in iron sulfides. Germanium is
associated with Corg (correlation coefficient is 0.7)
and is distributed not only in ores, but also in host
rocks.

The estimate of the expected reserves of
associated components is determined in the ore
mass, which in the process of in-situ leaching will
possibly be treated with leaching reagents. Since
the study of the distribution of selenium,
germanium and scandium did not reveal a
relationship between them and uranium, the
average content of associated elements in the ore
mass was taken to be the same as in the ore.

Table 2 shows the estimated amount of
associated useful components (AUC) per tonne of
balance reserves of uranium.

Table 2 - AUC/U ratio in uranium ores of the Semizbai
deposit.

Components AUC/U ratio, kg/t
Selenium 52
Germanium 12
Scandium 9

For the first time, the characteristics of the ores
of the Semizbai deposit are given according to the
results of preliminary exploration (V. Pigulsky et al.,
1975), in which their division into natural types and
technological grades took into account both the
possibility of a traditional mining method and the
use of Underground leaching (UL). This was based
on three principles — permeability (K/ separation
level 0.5 m/day), carbonate content (2 % CO3), and
coal content (3 % Corg), in connection with which
the corresponding natural types of ores were
distinguished.

At present, natural types of ores are separated
only by their lithological composition, since they do
not differ significantly in other features, in
particular, in mineral composition. The following
four types of ores have been established: 1) in clays
and siltstones; 2) in clayey sands and sandstones;
3) in gravelstones and conglomerates with sandy-
argillaceous cement; 4) in sandstones and
conglomerates with carbonate cement. Due to the
small distribution of ore in rocks enriched with
carbonized organic matter, it is not distinguished as
an independent natural type. The distribution of
ore types in the deposit is given in Table 3.

Table 3 - Relative distribution of natural types of ores of
the Semizbai deposit

Ratio, %
Types of ores according to the off-
. . .\ balance
lithological composition of rocks balance
reserves
reserves
1. Clays and siltstones 14.5 23.1
2. Clay sands and sandstones 48.2 48.8

3. Coarse-clastic rocks with sandy- 23.2 23.9
argillaceous cement
4. Clastic rocks with carbonate 14.1 4.2
cement

As can be seen from Table 2, off-balance ores,
to a greater extent than balance ores, develop over
clay rocks. The clastic part of the ore (pebbles,
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gravel, and pieces of monolithic carbonate rocks
that do not soak in water) in the ores of the Upper
ore-bearing horizon (UOH) is 5-8%, Lower ore-
bearing horizon (LOH) — 25-30 %; in general, about
20 % for the deposit.

Ore-bearing clays and siltstones occur
predominantly in the form of thin layers among
mineralized sandstones or in thicker layers limiting
them from the side of the roof and soil. Uranium is
associated mainly with dark gray and gray varieties
of clays enriched in organic matter and iron
sulfides. The Corg content ranges from 0.2 to 8-5 %
(occasionally up to 19.8 %); the number of sulfides,
according to chemical analysis 1-5, in some cases
10 %. The content of uranium is mainly 0.04-0.07 %,
occasionally up to 0.2 %. Its distribution is mainly
finely dispersed, mainly in the adsorbed form.
Nasturan, coffinite, and uranium black are fixed
only in enriched areas.

Ore-bearing sandstones of various grain sizes
are the most common type of ores. These are
mainly gray and greenish-gray varieties with a high
content of Corg (0.25-7.0 %) and iron sulfides
(0.5-5 %). Uranium mineralization is represented by
nasturan, coffinite, and black uranium, which form
dissemination and clots in areas enriched in
sulfides. A significant part of uranium is in the
adsorbed form in clay cement and carbonized
organic matter. The uranium content fluctuates
over a wide range, reaching 5-8 % in fragments of
carbonized wood and near sulfide accumulations.

Ore-bearing gravel stones and conglomerates
of gray, greenish-gray, and spotted color are
characterized by poor sorting of the material. They
also contain iron sulfides and fragments of
carbonized wood. Uranium mineralization has an
uneven patchy distribution. Uranium is in the
adsorbed form in clay minerals and fragments of
organic matter, but a significant part of it is
contained in accumulations of pitchblende,
coffinite, and black uranium in association with iron
sulfides.

Ores in clayey rocks stand out sharply from the
described types in terms of the content and
distribution of uranium. They are characterized by a
uniform distribution of metal and a lower average
content (1.5-2 times lower than the average over
the horizon). All other types do not differ
significantly from each other in terms of uranium
concentration and are characterized by a patchy
distribution of mineralization. The enriched areas
(clumps) in them are associated with the
concentration of uranium minerals near pyrite

accumulations and in fragments of the coalified
mass.

The selected natural types of ores do not form
independent ore bodies or large areas within them,
they occur in complex thin interbedding with each
other.

The results of chemical analyzes and data on
the mineral composition of technological samples
suggest that the ores of the deposit as a whole are
aluminosilicate with a low content of carbonates.

The closest relationship of uranium is observed
with sulfur and Corg, which is explained, on the one
hand, by the presence of a close paragenetic
association of uranium minerals with iron sulfides
and, on the other hand, by the sorption of uranium
by carbonized plant residues and a close
relationship between sulfur and Corg. Uranium also
has a weak but significant correlation with
germanium and CO,. The first is natural since both
germanium and uranium have a direct correlation
with Corg. The second is manifested in the LOH and
is apparently due to the regeneration and some
concentration of uranium in the process of
carbonatization of detrital rocks.

Deposit development technology. The
Semizbai uranium deposit is being developed by
the most rational for this type of deposit by
underground well leaching (UWL). The use of UWL
is based on three indicators of ore-bearing rocks:
permeability (Kf =0.5 m/day), carbonate content
(2 % CO;) and coal content (3% Corg). At present,
natural types of ores are separated only by their
lithological composition, since they do not differ
significantly in other features, in particular, in
mineral composition. As mentioned above, four
types of ores have been identified at the deposit.
Due to the small distribution, ores in rocks enriched
with carbonized organic matter are not
distinguished as an independent natural type. The
obtained research results are the initial basis for
improving the technology in wuranium ore
production and effective reagents to increase the
extraction of metals.

Conclusions

The results of the studies performed provided
additional material for concluding that the ores of
the Semizbai deposit were original of hydrothermal
genesis, which as the Mesozoic-Cenozoic
depression developed, were transformed and
redeposited by hydrogenic processes in the
artesian and expelled basins.
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The obtained results of the laboratory and field
geological study of the natural features of the
uranium ores of the Semizbai deposit can serve as a
basis for improving the technology of uranium
mining and creating an initial base for extracting
associated rare elements. Ores according to

uranium is in the form of fine dissemination and in
the sorbed form;

— the basis of ores is represented by sands and
weakly cemented sandstones, gravel stones,
conglomerates, siltstones, and clays soaking in
water; the clastic part of the rocks is on average

geological and technological indicators are divided
as follows:

—in terms of uranium content in general for the
deposit to ordinary monometallic ones. Selenium,
germanium, and scandium are present in certain
amounts;

— in terms of the form of uranium - to
nasturan-coffinite with a significant proportion of
metal in the adsorbed form on clay minerals and
organic matter;

— according to the composition of the ore mass
- to aluminosilicate rocks with a small number of
carbonates (4-5%);

—in terms of the size of mineral aggregates and
textural and structural features - to scattered-clot.
The sizes of pitchblende-coffinite-sulfide aggregates
are up to several mm, and a significant part of

20 %.

Currently, in addition to uranium, rare and rare-
earth elements accompanying them are in demand.
Assessing the associated useful components (AUC)
and choosing a technology for extracting them from
uranium ore solutions will increase the value and
make it possible to develop even off-balance ores
of uranium deposits.
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TYRIHAEME

Kasipri yakbITTa ypaH eHAipy an1emAaik sHepreTuKaga eneyni opblH anagbl. KasakcTaHga ypaHfa gereH
CYPaHbICTbl  KaHafaTTaHAbIPY YWiH TEXHONOTUANDBIK YKOHEe 3KOHOMMUKA/bIK KafblHAaH Konaiabl Tabufn
KepceTkiluTepre ue ruaporeHAik KeHopbiHaap 6ap, conapgpiH iwiHae ipi Cemisbaii KeHOpHbI urepinyge.
KeHOpbIH reHe3uci 6oWblHWA TeppuUreHAiK Kym-cas LeriHainepaeri rmapoTepmanblK-ruaporeHaik, AfHu
NONUreHAK TUMKe KaTagbl. [eoNorvanbIK 3epTTeynep HaTUMKeciHae cemisbal fecTeciHiH, pyganbl Tysinimaepi
cTpaTUdUKaUmMANaHFaH: KOFapfbl  pyganbl  AdecTewenep  6eniHreH,  KEHOPHbIHAbI
reoMeTpu3aumanay XKyprisinreH, pyganbl *KaTblHAAPAbIH, MOPPONOrMACHI, CaHbl XXaHe e/lemaepi aHblKTaNfFaH.

TOMEHI  XdHe
Makana kengi: 10 cayip 2023
CapantamagaH eTTi: 28 cayip 2023

KabbingaHabl: 2 mayceim 2023

KeHopblH H6anaHCTbIK KOpbIHbIH, 6acbim Beniri ipi aHe opTalla KeH AeHenepae WofsblpnaHFaH. AHAAUTUKaNbIK
XKyMbICTap, wandtep MeH aHWAndTEpAi MUKPOCKOMMNEH CUNATTay apKbilbl ypaH pyAanapbiHbiH, 3aTTbIK,
KYPaMmblIH, BiTiMi MeH KypbINbIMbIH, HETi3ri KeH MUHepanAapbiH KaHe onapabliH KeHaepe Tapaaybl aHbIKTa FaH.
[ananblk >KaHe 3epTXaHasblK KYMbICTapAbl KYPridy KesiHAe KeH OHAipy TeXHONOrMACbIH TaHAayfa Heri3
60naTblH KEHOPbIHHbIH, FEONOMMANBIK KepceTKilTepi anbiHApl. KeH eHAipy TeXHONOTUACbIH TaHAay »KaHe
Herizgey yWiH Taxipubenik benikweae apHaibl TEXHONOTUANBIK 3epTTeynep xyprisingi. Cemizbait KeHOPHbI YLWiH
YypaH KeHAEepiHiH reoNIorMANbIK KepceTKiluTepiHe cyileHe OTbIpbIN, rTMAPOreHAK KeHOPbIHAAP YLWIH eH YTbIMAbICHI
peTiHAe KepacTbl YHFbIManapblHAA LWaimanay TEXHONOrMACHI TaHAanfaH. YpaH KeHAepiHiH inecne nangans
KOMMOHEHTTEPIHIH, cunatTamacbl 6epinreH, onapaafbl CENeH, repPMaHUn KaHe CKaHAMIN MesepiHiH, »oFfapbl
eKeHAir aHbIKTanfaH. AnblHFaH 3epTTey HATUXKenepi ypaH KeHAepiH eHAipy aHe onapAaH inecne naigans
KOMMOHEHTTepAi aiblpbin any ylWiH KONAAHbINATLIH TEXHONOMUAHDI KeTinaipyre Heriz 601a anagpl.
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O BeLLecTBEHHOM COCTaBe U TEXHOJIOTMYECKUX CBOCTBAX YPaHOBbIX PyA,
Cemusbaiickoro mectopoxgeHua (CesepHbiii KasaxcraH)
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AHHOTAUMA

B HacToswee Bpemsa MPOM3BOACTBO ypaHa 3aHMMaeET onpegensiolee Mecto B MMPOBOW dHepreTuke. B
KasaxcTaHe ana yaoBNeTBOpeHUn noTpebHOCTU B ypaHe pa3pabaTbiBatoTCA rMApPOreHHbIE MECTOPOXKAEHNA
C TEXHO/IOTMYECKM M SKOHUYECKM BbIFOAHBIMU MPUPOAHLIMM MOKa3aTeNAMM, B YNCAE KOTOPbIX U KPyrnHoe
Cemusbalickoe mecTopoxaeHne. MecTOpoXKAeHUEe MO FEHEe3UCy OTHOCUTCA C  FMAPOTEPMANIbHO-
TMAPOreHHOMY MOJIMTEHHOMY TWUMY B TEPPUreHHbIX MNECYAHO-TIMHUCTBIX OT/NIONKEHUAX. B pesynbrate
reoNIorMyYecknx UccnefoBaHU ycTaHOBMEHa CTpaTUdUKaALMA PYLAOHOCHBIX OT/IOXEHUN cemusbaiickon
CBUTbI: HUMHUIA W BEPXHUI PYAOHOCHbIE TFOPU3OHTbI, BbIMOJAHEHA TEOMETPU3AUUA MECTOPONKAEHMSA,

Noctynuna: 10 anpens 2023 BblAeNeHa MOP(ONOTMA, KONMYECTBO M PasMepbl PYAHbIX 3anexeil. BONbWMHCTO 6anaHCOBbIX 3anacos
PeueHsunposaHue: 28 anpena 2023

MECTOPOXKAEHUA COCPEAOTOUEHDBI B KPYMHbIX U CPEAHUX PYAHbIX 3anexax. AHaNUTUYECKUMU paboTamu,
MpuHATa B Nneyatb: 2 utoHA 2023

onucaHvem wWandoB M aHWAUGOB NOL MWMKPOCKONOM OMpeaeneH BelecTBEHHbI COCTaB, W3y4eHbl
TEKCTYPbI U CTPYKTYPbl YPaHOBbIX PyA, OCHOBHbIE PyAHbIE MUHEPasbl U UX pacnpegeneHve B pyaax. Mpu
NpoBeAeHUN NONEBbIX U N1abOPATOPHbIX PAabOT NOAYYEHbI FEONOTMYECKME NOKA3aTeIM MECTOPOXKAEHUA ANA
Bbl6opa TexHoOTMM A06bIUM pya. [na Bbibopa M 060CHOBaHWA TEXHONOMMIO Pa3pPaboTKN MECTOPOXKAEHUA
NpoBeAeHbl CrneuunanbHble TEXHONOMMYECKMe UCCNef0BaHMA B 3KCMEPMMEHTANIbHOM yyacTKe. Mcxoga ux
reo/IorMYeckmx nokasatenei ypaHoBbIX pya ana Cemusbaiickoro MectopoxKaeHusa BblibpaHo nogsemHoe
CKBA’KMHHOE BbILLENAYMBaAHME KaK CamoOe PauMOHasbHOE ANA TMAPOreHHbIX MEeCTOpPOXKAeHui. [aHa
XapaKTepuUCTMKa MOMYTHbIM MO/E3HbIM KOMMOHEHTAM YPaHOBbIX PYyA4, YCTAaHOBAEHO MOBbIWEHHOE
COZlEP!KAHUNE B HUX CENEHA, TePMaHUA U CKaHauA. MonyYeHHble pesynbTaTbl UCCNEA0BAHMI MOTYT CNYHKUTD
OCHOBOI AN1A COBEPLIEHCTBOBAHMA NMPUMEHAEMON TEXHONOTMM A06bIUM YPAHOBbLIX Py4, U U3BAEYEHUA U3
HUX NOMYTHbIX NONE3HbIX KOMMNOHEHTOB.

Kntoyesble cn06a: rMApOreHHOE YpaHOBOE MECTOPOMKAEHWE, YPaHOHOCHble TeppureHHble Mopoapbl,
MWHepanbl ypaHOBbIX pyA, TWUMbl PyA, MOMNYTHble MONAEe3Hble KOMMOHEHTbl, NOA3EMHOE CKBAaXKMHHOE
BbllLenaynBaHme.
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