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REVIEW OF LITERATURE ON THE USE OF EXPANDED DUST IN
CONSTRUCTION MATERIALS

Annotation
One of the directions of managing the structure and properties, economic and technical
efficiency of the production and use of binders is the introduction of active and inert mineral additives
of natural and man-made origin into their composition. When used as mineral additives in binders of
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waste and by-products of industry, both environmental problems and the tasks of reducing the
consumption of natural resources are solved to a certain extent. An extensive literary review of
scientific articles on the use of expanded clay dust in gypsum, composite gypsum, mineral,
geopolymer binders, in compositions based on micro-cements, for geotechnical construction, as part of
reinforced concrete pipes, and also considered the development of expanded clay concrete using
expanded clay dust. The composite binders obtained by scientists can expand the scope of application
of building gypsum, bricks, expanded clay concrete, concretes, etc., and also partially solve the
problem of industrial waste disposal, in particular expanded clay dust, cullet and others.

Key words: Expanded clay dust, binders, waste, additives, recycling

Today, one of the pressing issues in the field of science and technology is the comprehensive
processing of natural and man-made waste, as well as their use in construction materials as corrective
additives.

Currently, enterprises of the expanded clay industry annually produce hundreds of tons of finely
dispersed expanded clay powder (expanded clay dust) in the form of a by-product that has no further
use. The rational use and disposal of this material will help improve the environmental situation in the
areas where expanded clay gravel is produced.

Expanded clay dust is a waste product from the production of expanded clay, a large-tonnage
type of waste from the building materials industry, which has hydraulic activity (Figure 1).

Figure 1 - Expadéd clf;ly dust

Expanded clay dust is a by-product formed when expanded clay gravel is fired in rotary kilns.
At the expanded clay plant of «Stroykombinat» LLP, about 3-5 thousand tons of expanded clay dust
are generated annually. Expanded clay dust is a powdery material with a specific surface area of 2500-
2800 cm?/g and a bulk density of 1.4 g/cm®. The average content of the main components is presented
in Table 1.

Table 1 — Chemical composition of expanded clay dust

Name SiO,, % ALO; % Fe,05 % Ca0, % MgO, %
Expanded clay 51,2 18,3 7.4 6,1 2.3
dust

Expanded clay dust can be used in the production of lightweight and cellular concrete. The
granulometric composition is presented in Table 2.

Table 2 — Granulometric composition

sample Passing through a sieve, %
> 0,14 MM 0,14-1,25 mm 5-10
1 25-30 60-65 1,25-5,00
2 24-28 62-66 1,2-4,8

Due to the high content of amorphous chemically active silica, expanded clay dust has lime
binding activity, simultaneously playing the role of an active microfiller and filler.

The activity of mineral supplements, i.e. the ability to bind calcium hydroxide in the presence of
water at ordinary temperatures is due to the content of substances in them that are in a chemically
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active form. One of the methods for assessing the activity of a mineral additive is to determine the
amount of CaO in mg absorbed from a lime solution of 1 g of SiO, additive for 30 days. The reactivity
of expanded clay dust in relation to lime of calcined clay materials is explained primarily by the fact
that at 600—800 °C the main component of clays - inert kaolinite Al,05-2Si0,-2H,0 - is dehydrated and
turns into active kaolinite anhydride - metakaolinite Al,05-2Si0,, amorphized in resulting from the
removal of hydrate water. The pozzolanic activity of the original expanded clay sand is 54.5 mg/g [1].

Many foreign scientists have conducted research on expanded clay dust and its effect on the
properties of various materials [2-8, 23-28].

The optimal dosage for adding expanded clay dust to the concrete composition of reinforced
concrete pipes has been established, which provides increased strength and crack resistance of
products [9].

Thus, in work [10], the effect of the addition of expanded clay dust, a waste product from the
production of expanded clay from the Sumgait plant (Azerbaijan), on the strength of gypsum stone
was studied. The granulometric composition of expanded clay dust and its hydraulic activity to absorb
lime, the dependence of the compressive strength of gypsum stone, and the content of expanded clay
dust in the range of 10-50% were determined. It was established that the introduction of an additive of
10-20% expanded clay dust, grinding fineness was 250 and 500 m? / kg, leads to a slight decrease in
the compressive strength of the gypsum binder stone from 16.0 MPa to 13.9 MPa. Allows the use of
gypsum-ceramsite binders for use in dry rooms. An additive in the form of lime (5%) increases the
strength of gypsum stone with expanded clay dust to 18 MPa.

The authors investigated the influence of corrective additives: lime, ground expanded clay dust,
superplasticizer on the composition and structure of the composite gypsum binder. It was found that
the introduction of a complex additive of lime and expanded clay dust into construction gypsum
ensures the production of gypsum binder with increased strength and water resistance. Its hardening is
accompanied by the hydration of semi-aqueous gypsum and the formation of low-basic calcium
hydrosilicates [11].

When waste and industrial by-products are used as mineral additives in binders, the following
are solved: environmental problems, problems of reducing the consumption of natural raw materials.
A type of such additives with pozzolanic properties are ground calcined clays, used in ancient times to
increase the water resistance of calcareous materials. One of the types of mineral additives from ready-
made baked clays that has pozzolanic properties is a waste product from the production of expanded
clay gravel - expanded clay dust. Every year, a large amount of expanded clay dust is generated at
factories for the production of expanded clay gravel [12].

Scientists from Samara State Technical University have studied the properties of expanded clay
dust. To justify the directions of its use, it is necessary to know the following data: dispersity,
chemical and mineralogical composition, chemical activity. The results showed: the properties of
expanded clay dust depend on the initial properties of the clay raw material, the place of formation,
temperature and duration of heat treatment; the use of expanded clay dust in the production of silicate
and ceramic bricks is a promising direction [13].

Authors Omirbekova A., Akmalaev K.A KazNTU named after. K.l. Satpayev conducted
research on the influence of the quantity and dispersion of expanded clay dust additives of various
material compositions. Based on the studies conducted, it was found that when using a mineral
additive to binders and concrete, the following compositions are taken into account: granulometric,
chemical, mineral and phase, as well as hydraulic activity [14].

Composite gypsum binders (CGB) have been developed with the addition of additives:
expanded clay dust and cullet. Research results: the compositions of KGV have been established, the
composition of which is: building gypsum, a complex of Portland cement, expanded clay dust or glass
cullet (siliceous additives), superplasticizer C-3. These compositions make it possible to obtain CGB,
the compressive strength during long-term hardening (at the age of 28 days) can reach 16 MPa. The
resulting materials can expand the scope of application of building gypsum, and also make it possible
to partially solve the problem of recycling industrial waste, in particular expanded clay dust and cullet
[15].

he authors considered the possibility of using expanded clay dust as an active pozzolanic
mineral additive in injection mixtures for consolidating soils based on microcements. The paper
presents the results of a comprehensive study of compositions using IR spectral analysis, differential
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scanning calorimetry and scanning electron microscopy with X-ray microanalysis. It has been
established that the introduction of an additive up to 10% by weight of cement can increase the
compressive strength to 78% (5.6 MPa) [16].

The work [17] presents the results of studies of mineral additives based on industrial waste for
gypsum binder. Compositions using bypass dust from JSC Krichev cementnoshifer and expanded clay
dust from JSC Expanded Clay Gravel Plant, Novolukoml, as mineral additives are considered. The
influence of additives on the microstructure of gypsum stone is shown. The indicators of water
absorption and strength characteristics of gypsum stone at the age of 7 days were determined. It was
revealed that the introduction of bypass dust makes it possible to increase the bending strength by
37.9% and the compressive strength by 33.3%. It has been established that the introduction of
expanded clay dust reduces water absorption by 22.4%, flexural and compressive strength increases by
20.7 and 47.9%, respectively.

Acrticle [18] discusses the development of expanded clay concrete using expanded clay dust.
Mathematical models of compressive strength, average density and structural quality coefficient
depending on the content of the super plasticizer «Carboxinor NK 15» and expanded clay dust were
calculated. It has been established that the use of expanded clay dust allows saving 10% of cement and
increasing the compressive strength and structural quality coefficient of expanded clay concrete with
the optimal dosage of the super plasticizer «Carboxinor NK 15». A composition of expanded clay
concrete, density grade D1800, strength class B25-B30, which can be used for monolithic
construction, has been developed.

The use of expanded clay dust has found application in the composition of asphalt concrete. The
following results were obtained: the possibility of using expanded clay dust in the composition of hot
lightweight asphalt concrete as highly dispersed filler was investigated. The possibility of regulating
the physical, mechanical and operational properties of hot lightweight asphalt concrete with various
compositions of mineral powder and expanded clay dust has been shown [19].

Expanded clay dust is a universal raw material for the synthesis of heat-resistant compositions.
The work carried out a study on the influence of a finely dispersed by-product of expanded clay
production - aluminosilicate dust formed during firing of clay raw materials in a two-drum kiln on the
refractory properties of composites using hydraulic Portland cement, sodium liquid glass and
phosphate binders. Increased performance indicators of heat-resistant composites were obtained using
both hydraulic Portland cement and phosphate binders and liquid glass [20].

The production of Portland cement is associated with a large consumption of natural mineral
raw materials, which requires high energy costs, as well as huge emissions of carbon dioxide into the
atmosphere. A composition of geopolymer binder based on expanded clay dust has been developed,
which is captured in dust cleaning systems of kilns: dust settling chambers, cyclones, filters. To
determine the composition of expanded clay dust, methods of physical and chemical analysis were
used: IR spectral, differential thermal, X-ray phase analyzes and scanning electron microscopy with
X-ray microanalysis. It was revealed that expanded clay dust is chemically active towards liquid glass;
as a result of their interaction, products based on calcium silicate and silicic acid gel are formed. The
methodology for preparing the mixture is considered and studies of the microstructure, the results of
X-ray microanalysis of the resulting hardened geopolymer, as well as the results of testing standard
cube samples for compression with different ratios of liquid glass to expanded clay dust at different
concentrations of liquid glass are presented. The use of the developed geopolymer will significantly
reduce the cost of work associated with strengthening the soil base, and will also improve the
environmental situation in places where ceramic materials are produced [21].

In the work, the authors [22] consider the influence of expanded clay production waste on the
properties of non-hydration hardening gypsum composites obtained by semi-dry pressing. An effective
method of using waste from the expanded clay industry (expanded clay dust) as a corrective mineral
additive for pressed gypsum products has been substantiated. The use of expanded clay production
waste allows us to solve the following pressing problems: increasing the physical and mechanical
characteristics of gypsum products, environmental pollution. The methodology for molding prototypes
is presented, as well as the influence of a saturated lime solution on the process of structure formation
of gypsum composites. The optimal percentage of expanded clay dust additive for the average density
of a non-firing composite was experimentally determined, which significantly affects the strength and
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water resistance of the material, thereby increasing the competitiveness of gypsum products in the
building materials market.

The article [29] shows the possibility of increasing the water resistance of gypsum binders
(GB), which are obtained on the basis of synthetic gypsum, by introducing additives of industrial
waste. The patterns of influence and quantity of corrective additives on the water/gypsum (W/G) ratio,
strength properties and water resistance of gypsum plaster were obtained. The introduction of a one-
component additive to increase water resistance does not produce a significant effect. Complex
additives have been developed based on Portland cement, granulated blast furnace slag, electric
furnace slag, expanded clay dust and granite screenings of various fractions, which significantly
increase the water resistance of high-strength GB based on a synthetic calcium sulfate dihydrate. As a
result, the water resistance coefficient increased from 0.39 to 0.82.

Scientists have developed binder material compositions with the addition of expanded clay
production waste. Global warming is one of the most serious problems due to significant emissions of
greenhouse gases into the atmosphere. Among the main sources of these emissions is the cement
industry, which is considered one of the largest sources of CO2 emissions. To solve this problem, the
authors propose a partial replacement of cement with alternative materials, such as industrial waste.
This work is aimed at researching the possibility of using industrial waste generated during the
production of expanded clay as an additional binding material. The influence of expanded clay dust on
the properties of Portland cement was assessed by X-ray diffraction, thermal, calorimetric and
compressive strength analysis methods. Expanded clay dust was used as received and additionally
thermally activated at a temperature of 600 °C. It was revealed that the initial dust has an average
pozzolanic activity. Pozzolanic activity of additionally activated waste increased 3 times. Result of the
research: the possibility of replacing Portland cement with expanded clay dust in finished form, as
well as thermally activated dust at various ratios, was shown [30].

Analyzing the above data, we can conclude that the use of expanded clay dust as an additive in
the production of binders improves the physical and mechanical properties of the finished product.
This use of industrial waste makes it possible to solve environmental problems by recycling them, as
well as to save raw materials when obtaining binders.
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AHHOTAIUA

OpHMM W3 HampaBJIECHUN YIpaBJIEHUS CTPYKTYpOH U CBOWCTBaMH, 3KOHOMHYECKOW U
TEXHUYECKOW O((PEKTUBHOCTHIO IMPOW3BOJCTBA W TPUMEHEHHS BSOKYIIUX BEIIECTB SIBIISETCS
BBEJCHHWE B MX COCTaB AaKTHUBHBIX M HMHEPTHBIX MHHEPAJbHBIX J00AaBOK NPUPOTHOTO H
TEXHOTEHHOro npoucxoxieHus. IIpy wucmonp3oBaHMM B KaueCTBE MHHEpAIbHBIX JA00AaBOK B
BSOKYIIME BEIIECTBA OTXOJOB M MOOOYHBIX MPOIYKTOB NPOMBINUICHHOCTH B OINpENeNeHHONH Mepe
pemarTcss ¥ OKOJIOTWYECKHEe MpoOJeMbl, M 33/Ja4d CHIDKCHHS TOTPEOJICHUS TPUPOAHBIX
pecypcoB. [IpousBeneH OOWWIMPHBIA JUTEPAaTYpHBIH 0030p HAYYHBIX CTAaTeil MO HMCIOJIb30BAHUIO
KepaM3WTOBOM TBUIM B  TUIICOBSIIYIINX, KOMITIO3UIIMOHHBIX  THIICOBBIX, MHHEPAJIbHBIX,
T€OMOJMMEPHBIX BSKYIIMX, B KOMIIO3HIMSIX HAa OCHOBE MHKPOLIEMEHTOB, JJSl T€OTEXHHYECKOTO
CTPOMTENIBCTBA, B COCTaBe OETOHOB JKEJIEe300€TOHHBIX TPyO, a TaKXkKe PAaCCMOTPEHBI BOIIPOCHI
pa3paboTKN KepaM3WTOOETOHAa C NPUMEHEHHEM KepaMm3uToBOoil mnbumM.  [lomydyeHHBIE Y4YEeHBIMH
KOMIIO3UIIMOHHBIE BSDKYIIME MOTYT pacIIMPUTh OO0NAacTh TPUMEHEHHS CTPOWTEIHHOTO THIICA,
KApIUYel, KepaM3uToOeToHa, OETOHOB M JPYTHE, a TAaKXKe MO3BOJISIOT YACTUYHO PEIIUTh MpodieMy
YTWIM3ALUN OTXOAOB IMPOMBIIIICHHOCTH, B YaCTHOCTH KEPaM3UTOBOH MBUIH, CTEKJI0005 U JPyTHE.

TYHIH
BalinaHbICTBIPFBII 3aTTAapAblH KYPbUIBIMBI MEH KAacHETTEpiH, eHAipici MeH NaiaaiaHyAblH
9KOHOMHKAJIBIK JKOHE TEXHHKAJBIK THIMJLIIIH Oakpuiay OarbITTapbIHBIH Oipl oNapiablH KypambIHa
TaOWUFH YKOHE TEXHOTCHJIK IIBIKKAH OJICEH]Ii )KOHE MHEPTTI MUHEPAJIbl KOocHauapibl eHri3y OOJbI
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TaObUIabl. TYTKBIP 3aTTapFa MUHEPAJIAbl KOCMajaap PEeTiHIe KAIIBIKTap MEH OHEPKOCINTIK KOCAIIKEI
OHIMJICp/Ii NaiJaNaHFaH Ke3/le SKOJIOTHSIIBIK MIceleNiep e, TAOUFH pecypcTapibl TYTHIHYIBI a3aiTy
Mocemeci me Oenrinmi mopekeme memntiteni. Kepam3uT IMaHBIH THIICTIK OailTaHBICTBIPFRIMIITApIA,
KOMITO3UTTIK THIICTE, MHUHEPAJAbl, TEOMOJUMEPNTi OalIaHbICTBIPFRIIITAPIA, MHUKPOLEMEHTTEPIiH
HETI31HIEer1 KOMIIO3HUITMIIApAa, TCOTEXHUKANBIK KYPBUIBICTA, TEMIpOSTOH KYOBIpiap KypambIHIA
naiijanady Typajibsl FBUIBIMA Makalajapra KeH oIeOHMeTTiK IOy >KYPTi3Uidi, COHBIMEH Karap
KEepPaM3HT IIaHbIH KOJIJaHAThIH KEPaM3UTTi OETOHBI J]a KapacThIPbUILL. FamsiMaap ainraH KOMIO3UTTIK
0aliaHBICTBIPFBIIITAP KYPBUIBIC THIICIH, KipIIiIITi, KEpaM3UTTI OETOH/ABI, OETOH/IBI JKoHE T.0. KOJIJaHy
asiChIH KEHEWTe anajibl, COHJal-aK OHEPKOCINTIK KAIJIBIKTAp/bl, aTal alTKaHJa KepaMm3WT IIaHbIH,
IIBIHBI KAJIBIKTap KoHE T.0. KalTa OH/Iey MACEeIeCiH IIeNTyre MyMKiHAIK Oepe/ti.
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FUMAPAT CAJYFA KOJAWIBI OPTYPJII 3AMAHAYH
BJIOKTAPABI CAJIBICTBIPY
COMPARISON OF VARIOUS MODERN BLOCKS FOR
BUILDING CONSTRUCTION

AHHOTANUA

3aMaHayH KYpBUIBIC TEXHOJOTHsUIaphl KaObIpFa MaTepuanjapbl peTiHAe KipHIIITiH OpHBIHA
opTYpJIi MaTepuallAapAaH XkacanFaH OJoKTapApl kebipek ycbiHansl. Onap Kejemi, KacHeTTepi jKoHe
Oaracbl OOMBIHIIIA epeKIIeeHel. bIoKThIH apOip Typi ©3iHiH apTHIKIIBUTBIKTEL KOJIZIAHY aiiMarblHa He,
Oipak osapAblH OapybIFbl TYPFBIH YH KYpPBUIBICBIHAA J1a, ©OHEPKACINTIK KYPBUIBICTa JIa KipIHimITi
anMacTbIpa anajapl. OpOip HAKTHI XKaFAaija TeK OH CHIaTTaMalapblH KOPCETETiH OJOKTapIbl JYPhIC
TaHJay YIIiH OJIap/bl HEeTi3ri mapaMeTplepi OOWBIHIIA CANBICTRIPY KaxeT. MaTepuannapIsiH GU3nuKa-
XUMUSUTBIK KACHETTEPi OJIap/bIH JKYKTeMe Ke3iHJle KaObIpFalaFbl KYMbBICHIH aHBIKTAM b )KOHE YHeTi
MHUKPOKJIMMaTKa aWTapiblKTaih ocep ereai. Makanana jKeKe >KOHE ©HEpPKSCINTIK KypbUIbICTa
KOJIJIAHBIJIATBHIH OJIOKTAPIBIH HETi3Tri Typiiepl TajkpUIaHAIbl: Ta3falifaH OeToH; KeOik OeToH;
KepaMuKa; apOooInuT; KepaM3uT OeToH T.0.

Tanmay Oenrimi Oip ONOKTBIH KacHeTTepiHe FaHa €MeC, COHBIMEH Karap OJapJiblH KYpPBUIBIC
MaTepHaJlapbIHbIH 0acKa TypJepiMeH e3apa opeKeTTeCyiHe, JalbIHABIK KOHE pJiey KYMBICTAPBIHBIH
KYpJeNilirine, KypbUIbIMIBI HBIFAUTY KKETTIITIHE jKOHE KbI3MET Mep3iMiHe KaThICThI OoJajbl. Yii
cally YUIH KaHjai OJoKTap THIMJI €KeHiH aHBbIKTay opeKeTi Oip Hemece Oacka Typleri >kapHamara
Oeii-xail Kapamail, TeK HIBIHANBI IepEKTepre HeTi3AeNemi.

Kypbuisic kabbipra MaTepuangapabl TaHIaydaFrbl MaHbI3/Ibl YII KPUTEPHsIFA MbIHAIAD XKaTaabl:

Koy etkizrimTik. Herizinge, kKaObIpranap/bIH KbITy YCTaFBIITBHIFBI YHIHI3IH KbUIBI HEMece
CYBIK OOJIaTBIHBIH KOPCETE].

Bara. Kyppuibicka apHanfan MatepuaiiapAbl TaHAaya, OJlaH pi caThbil anyna Oara MaHbI3/IbI
KOPCETKIII OO0JIBIN TaObLIaIbI.

[Mafimanany. Y# caiynabl jkocrmapiaranaa, 013 IOTEpAEH YJIKCH ayaaHra ve OOJibl, OipHelie
KabatTThl, KeH OenMenepnae TYpFbIMBI3 Keleldi. AJl YiHIiH >KbUIYBIHBIH IamameH 35% KaObIprasapsl
apKBLIbI JKOFaJIaThiHBIH 0api Oiimeiiai. COHOBIKTaH eMip OOMBI aKIIaHbI3Abl YHEMICHUTIH 3aMaHayH
KaObIpFa MaTepHaJIapblH TaHJay MaHbI3]IbL.
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