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ANALYSIS OF THE STRUCTURE OF INDUSTRIAL WASTE
USED TO CREATE NEW COMPOSITE MATERIALS

During the production of silicon, a significant amount of waste is generated,
namely micro- and nanosilica. Micro- and nanosilica, with its properties and
structure, immediately interested scientists in many countries from the point of view
of processing this material into a new product with unique functional properties. The
article presents the results of studies of waste from various industries — microsilica,
as a waste of silicon production, zinc ash — a waste of the hot-dip galvanizing process,
and abrasive powder — a waste of metal machining. To study waste from various
industries, the authors used the method of electron microscopy as the simplest and
fastest way to transmit information about the microstructure, elemental composition
and grain size distribution. A comparative analysis of the microstructures and
properties of these materials was carried out in order to better understand the nature
and predict the possibility of their further use as initial components for the production
of new composite materials.

Keywords: microsilica, zinc ash, microstructure, waste disposal, composite
material, properties of new materials.

Introduction

Characteristics of the objects of study. In the works [1], it was indicated that
microsilica is one of the most famous pozzolanic substances to date, which is actively
used in the construction industry; It is a fine gray dust with amorphous properties. It is
extracted from the exhaust gases of furnaces during the smelting of metallurgical silicon
and ferrosilicon. Microsilica, in contrast to traditional high-silica raw materials, such
as quartz sand, is a light, finely dispersed material consisting of the smallest spheres of
amorphous silica with particle sizes of 0.01-0.07 um [2].

Microsilica consists of the smallest conglomerates of dust particles with the
following diameter: — in an uncompacted state: 5 mm — 0%. The angle of repose of
compacted silica fume is 600. According to the results of studies by Russian and foreign
companies, the chemical composition of microsilica is as follows: Si0O,: 90-92 %; AL O,:
0.6-0.8%; Fe 0,: 0.4-0.7 %; CaO: 0.4-0.9 %; MgO: 0.8-1.0 %; Na,O: 0.6-0.8%; K,O:
1.2-1.4 %; C: 0.9-1.2 %; S: 0.2-0.3 %.

At the moment, the fields of application of microsilica as a hardening modifier in
the production of concrete [3, 4], as well as in the production of dry building mixes,
foam concrete, cement, ceramics, facing slabs, paving slabs, curbs, tiles, refractory
masses, rubber, coatings are known.
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Zinc ash (zinc slag) is the residue that forms in the galvanizing bath after hot dip
galvanization of steel. Table 1 shows the classic chemical composition of zinc ash.

Table 1 — Chemical composition of zinc burns

Element name Zn (0] C Si P S Cl
Element content, [%] 65,66 22,22 6,68 0,64 0,05 0,10 2,80

Element name K Ca Mn Fe Cu Al Pb
Element content, [%] 0,10 0,10 0,10 0,27 0,46 0,63 0,16

After galvanization, zinc ash is removed after each galvanizing cycle. It is known
that zinc ashes in the future in the form of powder or wire can be used in zinc sputtering
in order to obtain a protective layer to increase the service life of surfaces.

Cutting disc waste is abrasive particles lagging behind cutting or grinding wheels
during the cutting process, consisting of electrocorundum. Table 2 shows the classical
chemical composition of abrasive dust [5]. The composition of abrasive dust can be
simpler and consist of 80-90 % silicon dioxide and 20—10 % iron.

Table 2 — Chemical composition of abrasive dust

Component name Fe P As S Cu Si
Content, [%] 29,6 0,0075 0,000003 0,009 0,045 0,009
Component name Mn Ni Cr FeO ALO C
Content, [%] 0,135 0,03 0,03 21,1501 48,9 0,03

Scrap metal recycling is of great economic and environmental importance. Taking
into account the modern industrial development of the world and the volumes of metal
involved in the sphere of industrial use, it becomes clear that the volume of metal and
the amount of scrap metal constantly entering the scrap is colossal. In many countries
of the world, technologies for the processing of metal production waste have existed
for more than a hundred years.

The main incentives for the processing of metal production waste:

— reducing the load on metal deposits, which are currently heavily depleted;

— improvement of the ecological situation;

— reduction of fuel volumes for obtaining the most important metals [6].

And the development of nanotechnology and the widespread use of nanomaterials
in various industries (electronics, medicine, plastic, ceramic, polymeric materials,
pigments and paint) allows us to count on their successful application in the construction
industry [7].

Material and research methods

1) zinc ash.

Closed-loop technology in which zinc ash from hot dip galvanization is recycled
and sprayed thinly onto steel products. This sustainable solution extends the life of the
surfaces by converting zinc ash into a valuable raw material.

When galvanizing every 1000 kg of steel products, 10.1 kg of hotzinc and 9.1 kg
of zinc ash are formed, which can be used in the manufacture of mixtures for applying
zinc coatings. RUE «Rechitsa hardware plant» (Belarus) produces 13 tons of hardzinc
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and about 8 tons of pussier per month. About 120 tons of zinc-containing wastes have
accumulated at the KONUS RDPP (Belarus). According to the authors of [7], the
development of a competitive galvanizing technology based on mixtures obtained from
zinc-containing waste will improve the quality of the coating and ensure the processing
of many tons of galvanizing waste.

The paper [8] considers the technology of zinc depletion in the composition of ash,
which is one of the main wastes of hot-dip galvanizing of metal products.

2) microsilica.

Currently, in addition to the natural forms of silicon dioxide, there are many synthetic
types. Amorphous (non-crystalline) silicon dioxide with a high specific surface area is
almost never found in nature in its pure form. Amorphous silicas, including nanosilicas
obtained from hydrothermal solutions, are finding new applications in the construction
industry. Thus, in [9, 10], the authors present a technology for the use of reactive Si02
nanoparticles as an additive for strengthening concrete instead of microsilica. The results
showed an increased strength of fine-grained concrete when using nanosilica, which is
explained by its smaller size, respectively, higher specific surface area of the particles.

3) abrasive cutting discs.

Abrasive materials come in many varieties, which is one of the reasons why so
much attention is paid to the disposal of abrasive materials. Abrasive materials are
divided by chemical composition, degree of hardness, size of the grinding grain. In
our time, these materials are produced and mined mainly synthetically, whereas in the
past natural abrasive materials were widely used. Disposal of abrasive materials can
be divided into two parts. This is the disposal of abrasive materials in the form of dust
and powder and the disposal of abrasive materials in the form of used abrasive wheels
and scrap from abrasive wheels. Abrasives are very hard materials used on a variety
of surfaces. Used for polishing, grinding, cutting, honing, superfinishing both metal
and other materials. The first type, in the form of powder and dust, is precisely what is
formed after all these types of processing. Disposal of abrasive materials is a necessary
measure resorted to by various factories and plants where all the treatments described
above take place [11].

The importance of abrasive powder in the field of abrasive blasting is constantly
increasing and today, it occupies a very high place. Leading companies in the field of
ACB use exactly abrasive powder - cooper slag, which is increasingly replacing other
types of abrasive materials and, above all, quartz sand (already banned for use by dry
cleaning). The consumption of abrasive powder is only increasing every year. Thus, in
2017 alone, the Karabash Abrasive Plant doubled its shipment compared to 2016 [12].

Scrap abrasive wheels represent a specific type of waste. Undoubtedly, even used
grinding materials are of interest to a certain category of entrepreneurs. A significant
share of the demand for abrasive waste falls on discs with a ceramic or bakelite base,
where the technology for separating grinding granules is well developed. Similar
requirements for a certain type of bond are often associated with the technology for
extracting grinding grain from waste products. For example, scrap abrasive wheels
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are often recycled by annealing or two-stage leaching, which effectively removes the
bakelite bond [13].

The Karabash Abrasive Plant LLC [12] offers a technology for using abrasive
waste for sandblasting, while only the fractional composition changes, while all other
properties remain the same. This method allows several times to reduce the cost of
disposal of abrasive powder waste, since there is no need to transport it to specially
prepared sites for the disposal of hazardous waste.

The paper [14] provides a technology for processing abrasive materials when
extracting conditioned abrasive materials, magnetic and non-magnetic metals, and
binders from abrasive production waste in order to increase their degree of extraction
and reduce processing costs. The method includes magnetic and electrostatic separation
at an electric field strength of 0.8—5.0 kV/cm and classification by grain composition.

Thus, as can be seen from the above literature review of the current state of the
problem of utilization and use of finely dispersed waste, the authors of this work see
great prospects for using production waste, taking into account their properties, structure,
and fineness, to obtain new composite nanomaterials.

Microsilica powder weighing 100 g was divided into fractions of 45-63 and less
than 45 em on an analytical laboratory sieving machine «Retsch AS200 control» [15].

Then, microsilica powder with fractions of 45—63 and less than 45 pm was ground
in a high-speed ball mill by Emax in order to reach the nanoscale level. Grinding speed
1000 rpm, duration 1 hour.

The cutting disc waste and zinc ash were ground in a laboratory ball mill with a
duration of 20 min. Then the crushed powder of these materials was separated into a
fraction of less than 45 em on an analytical laboratory sieving machine «Retsch AS200
control».

Results and discussion

Using a scanning electron microscope, the particles of the resulting sieved powders
of the starting materials were measured (figure 1).

Table 3 shows the average particle sizes of the powdered materials.

Table 3 — Particle size of powder materials

Parameter Values
SiO,, >45 um SiO,, 45-63 pm ZnO disk waste
Average particle size, [nm?] 38300 175743 251853 166465
Maximum value, [nm?] 246076 371810 583748 219100
Minimum value, [nm?] 20741 157090 107219 82973
Takeoff run, [nm?] 225335 214720 476529 136127

As can be seen from the figure and table, the particle size of the components used
in the creation of new materials reaches the nanolevel. The microsilica particles of
fraction >45 pm (38300 nm?) have the smallest sizes, and zinc ash (251853 nm?) have
the largest values. The figure shows that the particles of the studied samples have
different geometric shapes and their bond nature. So, microsilica of both fractions has
a pronounced spherical shape, the particles themselves form conglomerates («clouds»)
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of a dense structure, located separately from each other, consisting of many crystallites
of various sizes closely spaced to each other. Such a structure suggests that such a
substance has increased strength properties.
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Figure 1 — Microstructure of production waste: a — microsilica >45 em, 12370x;
b - microsilica 45-63 em, 6500x; ¢ — cutting disc waste, 5500x; d — zinc ash, 5440x

The waste of the cutting disc has crystallites of irregular geometrical, fragmentary
shape with sharp edges of various sizes and smooth walls. This suggests the presence
of a characteristic increased hardness combined with some brittleness of the ground
material. Also, a characteristic feature is the disparate relative position of the particles,
which indicates weak cohesive forces.

Waste particles from zinc ash are characterized by a distinct drop-shaped and/or
rounded structure. The particles have even smooth walls and are located close enough
to each other, which indicates an intermediate position of the specified material in terms
of strength properties in comparison with microsilica and cutting disc abrasive.

Determining the shape of particles seems to be one of the simplest and most
accessible characteristics of a material to a researcher. The shape of the particles
significantly affects the technological properties of the material and through them on
the density, strength and uniformity of the properties of the workpiece obtained from
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it. For example, the most durable products give particles of a dendritic shape, since
in this case, along with cohesive forces, there are purely mechanical causes: jamming
of particles, interweaving of protrusions and branches. The surface roughness of the
particles increases their excess energy, which subsequently accelerates the formation
of the properties of powder nanoproducts during sintering [16].

Conclusion

Thus, as can be seen from the nature of the mutual arrangement and geometry of the
structures of the powders under study, it is possible to grind microsilica to the smallest
particle sizes (to individual spheres), which is evidence of the greatest promise of this
material in the creation of new materials, including nanocomposites.
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'KAHA KOMIIO3UIHASIIIBIK MATEPHAJIIAP/BI
JKACAYJIA KOJJAHBLIATBIH OHEPKOCIITIK
KAJIBIKTAPIBIH KYPBLIBIMBIH TAJIJIAY

Kpemnuii  endipy kesinde KanObikmapOwvly e0oyip Mmemuepi, sieHu aman
AUmMKAHOa MUKPO- JICOHE HAHOCUTUKA nauda 60nadvl. Mukpo- dcone HAHOCUTUKA
O3IHIH KYPbLIbIMbL JHCOHE Kacuemmepi OOublHua Konmezen enoepoiy aaablMOapbit
ocvl mMamepuandvl bipezell QYHKYUOHANOLIK Kacuemmepi Oap dcana eHimee Kauma
onoey mypeviColHan OIpoer Kbi3blkmbulpobl. Byn maxanada spmypii cananapoasvl
Kanoblkmapoul 3epmmey Homudicenepi, sieHu MUKPOKPEMHe3eM - KPeMHUL OHOIPICIHIH
KanObIKMapbl, MbIpblild Kyl — bICIMbLK MbIPIUMAY NPOYECIHIY KATOIKMAPbl HCOHE
abpasuemi yHmax — Memandapobl MeXaHuKaivlk OHOey KalOoblKmapvl peminoe
s3epmmeyaepoiy Homudicenepi Keamipiieen. Op mypii cananiapoazsl KaioblKmapovl
3epmmey YWiH agmopaap 31eKmpOHObl MUKPOCKONUS 90ICIH MUKPOKYDLLILIMObI,
NEeMEHMMIK Kypamobl HcoHe Myip MoIuepin mapaiy mypdaisl aknapammel 6epyoiy
eH OHAUl JCoHe JHCLLIOAM 90ici peminde Koaoanowl. Tabusamoin mepenipex myciny
JICOHE ONAPOaH HCAHA KOMNOZUYUSIBIK Mamepuanioaposbl 6HOIpyOiH 6acmankul
KOMROHewmmepi peminoe 00au opi KONOAHY MYMKIHOIZIH OOMcay MAaKcamvlHOd
amanzan mMamepuanoaposbly MUKpPOKYPbLIbIMbL MEH Kacuemmepine CaiblCmblpmMansl
manoay Hcypeizinoi.

Kinmmi  ce3dep:  Muxpoxpemmesem,  MUKPOCUNUKA, — MuIpblul  KyJi,
MUKDOKYPULIbLIM, KATOLIKMApObl Kodeze dicapamy, KOMHOZUYUSIbIK Mamepuar,
AHCana Mamepuanoapobly Kacuemmepi.
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AHAJIN3 CTPOEHUSA ITPOMBIIIVIEHHBIX OTXO/10B,
HNCITOJIB3YEMBIX ITPU CO3JAHUUN HOBBIX
KOMIIO3UIIMOHHBIX MATEPHUAJIOB

Ipu npouszeodcmee KpemHusi 00pa3yemcs 3HAYUMeIbHOe KOIUYECTN80 OMX0008,
a UMeHHO MUKpO- U HaHocuiuxa. MuKkpo- u HAHOCUNUKA CBOUMU CEOUCMEAMU
U CMpPYKMypou cpazy 3auHMepeco8al YYeHbIX MHO2SUX CMpPAaH C MOYKU 3PeHUs
nepepadomKu 3mMo20 Mamepuaid 6 HOGvlll NPOOyKm, 001A0AIOWUL YHUKATLHLIMU
dyHKYUOHATLHBIMU C8OUCMEAMU. B cmambe npusedenvt pesynvmamul ucciedosanuil
OMX0008 pA3IUYHbIX OMPAcieli NPOMBIUAEHHOCIMU — MUKPOKpeMHe3eMda, KaK
0mxX00a KpeMHUe8020 NPoU3800CMEd, Useapu YUHKA — 0mxo0a npoyecca 20psiezo
OYUHKOBAHUSL U AOPA3UBHBILL NOPOUWOK — OMX00d MeXAHuweckou oopabomxu
Memannos. [ns ucciedo8anus 0mxo008 paziuyHblX Ompaciei HPoMbIUIeHHOCU
ABMOPbI UCNONBLIOBATU MEMOO INEKMPOHHOLU MUKPOCKONUY, KAK Hauboiee npocmou
u bvicmpulll cnocob nepedadu uHopmMayuu 0 MUKPOCMPYKIMYpe, dAeMEHMHOM
cocmase u pacnpeoenerue no pasmepam sepen. l[lpogeden cpagnumenvuvliil anaius
MUKPOCMPYKMYP U CEOUCME VKA3AHHBIX MAMEPUdnog ¢ yenvio bonee 2iyboKo2o
NOHUMAHUST NPUPOObL U NPOSHO3A BO3MONICHOCU UX OdlbHeuule20 NpuUMeHeHus 6
Kayecmee UCXOOHBIX KOMNOHEHMO8 0/l NPOU3800CMEA HOBbIX KOMNOZUYUOHHBIX
Mamepuanos.

Kniouegvle  cnosa:  mukpoxkpemHezem,  MUKpOCUIUKA,  U32apb  YUHKA,
MUKPOCMPYKMYPA, YIMUAUAYUS OMX0008, KOMNOZUYUOHHBLIL MAMeEPUa, coUcCmaa
HOBbIX MAMEPUAILOS.

225



Tepyre 08.12.23 . xibepinai. bacyra 29.12.23 k. KO KOUBLIIBIL.
DIeKTpOHBIK Oacma
5,07 Mb RAM
HlaprTe! 6acna Tadbarer 17,26 Tapansivel 300 qana. barace! keniciM OOHBIHIIA.
Kommreiorepae 6erreren: E. E. Kanuxan
Koppekrop: A. P. Omaposa

Tancsipsic Ne 4166

«Toraighyrov University» 6acracsiHaH 0acbUIBIN HIBIFAPBUIFAH
TopaiifpIpOB YHUBEPCUTET1
140008, ITaBnogap K., Jlomos kemr., 64, 137 xab.

«Toraighyrov University» 6acracsl
TopailiFpIpOB YHUBEPCUTET1
140008, ITaBnogap K., Jlomos k., 64, 137 kab.
67-36-69

e-mail: kereku@tou.edu.kz
nitk.tou.edu.kz



