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Abstract: The paper presents the results of the study of dispersed-filled composite materials made on the basis
of man-made waste ash, phosphogypsum and metal sludge. Prospects for the use of industrial waste for the
manufacture of construction products with special properties are analyzed. The results of research of samples of
composite material are presented
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AHoTaunisi: B pobomi npusedeno pezynvmamu  OOCHONCEHHS OUCNEPCHO-HANOBHEHUX KOMHOSUYIUHUX
mamepianie, BUCOMOBIEHUX HA OCHOBI MEXHOSEHHUX B6i0X00i8 30AU-8UHOC, (Pococincy ma memaneeoco WLidAMY.
Ipoananizoeano nepcnekmugu SUKOPUCMAHHS 8I0X00I8 NPOMUCIO80CMI Ol 8USOMOBNEHHA OVOIGelbHUX BUPODIE 3
cneyianbHumu enacmusocmsamu. Ipeocmasneni pesyromamu 00CTI0NCEHb 3PA3KI6 KOMNOSUYIUHO20 MAMEPIATY .

Karouogi ciioBa: komnosuniitnuii Mmarepiain, gpocdorimc, 301a-BHHOC.

Introduction

In the conditions of energy deficit of economy of Ukraine the question of development and
introduction of new low-energy technologies for the enterprises of the industry of building materials sharply
arises. Resource and energy saving for technological cycles of production of material resources at the
enterprises of the production base of the construction industry is the main vector in the development of
competitive economic activity. However, the introduction of modern scientific and engineering solutions at
the stages of design and construction of buildings and structures will also reduce operating costs for real
estate [1-4].

Research results

Traditionally, in building practice, hydraulic binders have been given the highest priority for the
production of artificial composite materials, products and ready-mixed concrete and mortars. Cement is the
most affordable in terms of manufacturability of production operations and logistics communications raw
material component of construction mixtures, although in the structure of the total cost of raw materials, its
cost is sometimes from 30 to 60% [5]. Thus, one of the reserves in the direction of resource-saving
technologies of building materials is the search for alternative developments to create effective binders with
minimized capital costs for their production.

It is known that the use of secondary resources in the technology of production of building materials,
mortars and concretes is gaining popularity among the existing areas of construction research in materials
science. Among the existing scientific developments, the complex resource-saving technology of processing
of toxic wastes of the enterprises of the chemical industry (phosphogypsum) and ash-removal of thermal
power plants for production of artificial building composite materials and products attracts considerable
weight. Characteristic features of this technology are waste-free utilization of harmful chemicals in the
process by neutralization of the mineral component of ash-removal in the technological process of complex
mechano-chemical activation. The use of pre-treated fly ash in the electromagnetic field (microwave
technology) leads to an increase in the dispersion of raw material particles, as a result of temperature
deformation when heated, its glassy shell is destroyed and the active particles of silica and alumina are
released. The result of the next technological operation of mechano-chemical activation during long-term
homogenization of a mixture of phosphogypsum and fly ash is the intensification of physicochemical
interactions of the components of the mixture that can affect the physico-mechanical properties of
subsequent building materials [6-9].

One of the methods of obtaining a composite material for multifunctional purposes is the addition to
the composition of the activated mixture of phosphogypsum and fly ash of fine metal powders (metal waste).
Iron powders by their physical parameters can be attributed to the group of dispersed aggregates. The



average particle size of the powders is 2x10-5 m, and the specific surface area of such aggregate varies
within (0.5 — 2.0) x 103 m2/kg. Characteristic indicators of the chemical composition of powders are the
high percentage of iron, which is 86.3 — 87.96%. In the process of metal processing and during long-term
storage of waste in open dumps there is a deep oxidation of the surfaces of iron powder particles. The oxide
layer consists of hematite (Fe203), magnetite (Fe304), justice (solution of Fe203 in FeO), lapidocrit (FeO
(OH)). According to the classification of binders according to the results of research [10-13], the use of metal
powders with a high content of oxides as a filler will encourage the intensification of physicochemical
interactions in the mixture of multicomponent dispersed composite material.

For carrying out experimental researches we used phosphogypsum of Vinnytsia "Khimprom", fly ash
of Ladyzhyn thermal power plant, fine iron powders - metal sludges of bearing productions accumulated in
dumps. Complex resource-saving technology for the manufacture of composite material involves pre-
electromagnetic activation of a mixture of silica and metal components in the field of microwave irradiation.
The next stage of the technology is the addition of a mixture of phosphogypsum and water with subsequent
mixing of the components, which will intensify the processes of physicochemical interactions in the system
of iron-phosphate binder. The formed samples-models of construction products in the form of beams were
kept in a steaming chamber. The results of physical and mechanical characteristics of the samples are shown
in table 1.

Table 1 — Composition and physical and mechanical properties of samples

3 R bending, .
The composition of the mixture p.kg/m MPa R °|’\“/‘;I§S;'°“’
(AR + IP): PG =2,0:2 2080 3.4 6,3
(AR +IP): PG =1,5:2 1980 4.4 7,6
(AR + IP): PG =1,0:2 1860 32 6,2
(AR + IP): PG =1,5:2 with the addition of "C-3" 2010 4.8 8,4

Note: AR - ash-removal; IP- iron powder; PG — phosphogypsum.

The obtained results of the study of physical and mechanical characteristics of the samples of
dispersed-filled composite material indicate the possibility of using the proposed resource-saving technology
for processing man-made waste to obtain construction products for multifunctional purposes. The presence
of a metal filler in the structure of the composite material ensures the acquisition of conductive properties, so
the manufactured samples can be further implemented as elements of low-temperature underfloor heating
systems for non-residential premises. In addition, the presence of conductive properties for flooring elements
will allow the installation of antistatic protection systems for industrial premises [13].

Studies of radiation protection properties of metal-saturated concrete products (betels-m) confirmed
that the use of metal aggregate in the composite material is accompanied by the acquisition of increased
shielding characteristics compared to other materials with the same average density of products [13-15].

Conclusions
Therefore, the use of iron powders in the composition of the dispersed-filled composite material and
the formation of a conductive matrix in its structure, along with satisfactory physical and mechanical
characteristics of the products will ensure the acquisition of radiation-protective properties.

References

1. Kalafat, K., L. Vakhitova, and V. Drizhd. "Technical research and development." International
Science Group. — Boston : Primedia eLaunch, 616 p. (2021).

2. bepesok, O. B. /lunamika yTBOpeHHS BigxoxiB OyNiBHHIITBA i 3HeCeHHS y BiHHMIBKii oOmacTi.
BicHuk BiHHMITEKOTO MOMITEXHIYHOTO iHCTUTYTY, 2021, 1: 37-41.

3. Kosambckuii, B. TI., et al. "Mcrmomp3oBaHHWE MHHEPABHBIX 3aIOJHUTEICH, HAMOJHUTEICH H
MUKPOHAIOTHUTENEH B CYXWUX CTPOMTEIBHBIX CMECSX JJISi OPU30BaHHBIX pacTBopoB." Technical research
and development: collective monograph. 8.9: 360-366. (2021).



4. Bereziuk O. Ukrainian prospects for landfill gas production at landfills / O. Bereziuk, M. Lemeshev,
A. Cherepakha // Theoretical aspects of modern engineering : collective monograph. — Boston : Primedia
eLaunch, 2020. — P. 58-65.

5. Cepmox B. P. KomrmuiekcHe B’sbkyde 3 BUKOPHCTAaHHSM MiHEpaJIbHUX JIOOABOK Ta BIIXOJIB
BupoOHunTa / Cepmiok B. P., Jlememmes M. C., Xpuctuu O. B. // ByxiBensHi matepianu, BUpoOH Ta
canitapHa TexHika. HaykoBo-texniunnii 36ipauk. — 2009. — Bum. 33. — C. 57— 62.

6. Demchyna, B., L. Vozniuk, and M. Surmai. "Scientific foundations of solving engineering tasks and
problems.” (2021).

7. Sokolovskaya, O. "Scientific foundations of modern engineering/Sokolovskaya O., Ovsiannykova L.
Stetsiuk V., etc—International Science Group." Boston: Primedia eLaunch 528 (2020).

8. Jlememe M. C. HizuproBari 0eTOHM 3 BHKOPHUCTAHHSM ITPOMHUCIIOBUX BinxoniB [EmexrponHmii
pecypc] / M. C. Jlememen, O. B. bepestok // IlepcriekruBHbIE MHHOBAallMM B Hayke, 0Opa30BaHuW,
npou3BOJCTBE W TpaHcmopre 2017 : MaTepwanbl MEXAYHAPOAHOM HaydHO-NIPAKTHUYEeCKOW HMHTepHeT-
KoHpepeHiuu. —  MockBa Sworld, 2017. - 7 c¢. — Pexum  gocryna:
http://www.sworld.education/index.php/ru/arts-architecture-and-construction-417/modernconstruction-
technologies-417/29815-417- 015

9. Cepmok B. P. CrpourenpHble Marepuiagbl M HW3IEUS JUISL 3aIUTBI OT DJIEKTPOMArHUTHOTO
WBIYYEHUS paIioYacTOTHOTO Muana3ona // CrpoutensHbie MaTepuansl u uzaenus. — 2005. — Ne 4. — C. 8-12

10. JlememeB M.C. ®opmyBaHHSI CTPYKTYPH €JIEKTPOIPOBIIHOTO OCTOHY i/l BIUTMBOM EJICKTPHIHOTO
ctpymy/ M.C. JlememeB // CyuacHi TexHonorii, mMarepiand i KOHCTpyKuWii y OyniBuunrsi: HaykoBo-
texHiuani 30ipauk. —Binnuis: YHIBEPCYM, 2006. —C. 36-41.

11. Hnes, L., S. Kunytskyi, and S. Medvid. "Theoretical aspects of modern engineering." International
Science Group: 356 p. (2020).

12. Jlememer M. C. EnekrpoTexHidynwii OETOH Il BUTOTOBIICHHS aHOIHHUX 3a3eMJIIOBaviB /
M. C. JlememieB, O. B. Bepestok // Iarenexryansauii motenmian XXI cromitrs 2017 : wMatepiaim
MDKHapOAHOI HayKOBO-TIpakTHuHOI IHTepHeT-koHpepennii, 14-21 micronama 2017 p. — Omeca : SWorld,
2017. — 5 c¢. — Pexum goctyny : http:/www.sworld.education/index.php/ru/arts-architecture-and-
construction-u7-317/modern-construction-technologies-u7-317/29688.

13. Ceparok B.P. PamgiozaxucHi mOKpUTTS BapiarpornHoi cTpykTypu i3 Oereny-m / B.P. Ceparok, M.C.
Jlememes // Cy4acHi TeXHOJOTIi, MaTepiaam 1 KOHCTpyKil B OyxiBaunTBi. — 2008. — Ne 5. — C. 37-40.

14. Jlememes, M. C., Bepestok, O. B. (2017). AHTUCTaTUYHI OKPHUTTS i3 €JICKTPOIPOBIAHOrO OCTOHY.
CyugacHi TexHOIOri1, Marepiany i KOHCTpYKii y OyniBHuITBI. Ne 2: 26-30.

15. Ceparok, B. P., Xpuctuu, O. B. (2007). TexHosoriuHi 0co0MBOCTI (hOpMyBaHHS METAIIOHACHICHUX
OeTOHIB AJI1 BUTOTOBJICHHS DPaAio3axucHUX eKpaHiB. CydacHi TEXHOJOril, marepiaju 1 KOHCTPYKLil B
OyniBHUITBI, (4), 58-65.

Stadniychuk Maksym - graduate student of the Department of Construction, Municipal Economy and
Architecture, Vinnytsia National Technical University, e-mail: b15.stadniychuk@gmail.com.

Lemeshev Mikhail - Ph.D., associate professor of urban planning and architecture, Vinnytsia National
Technical University, e-mail: mlemeshev@i.ua

Cmaoniituyk Maxcum FOpiiiosuu, acnipanm wxaghedpu 6yO0igHuymea, Micbkoeo 2ocnooapcmed ma
apximexmypu, — Binnuyokuil — HayionaneHuti  mexuiumuil  yHieepcumem, M.  Binnuys,  e-mail:
b15.stadniychuk@gmail.com

Jdemewese Muxaiino Cmenanosuy, K.m.H., Ooyenm, Ooyeum Kagedpu 6YOIBHUYMEA, MICHKO2O
2ocnooapemea ma apximexkmypu, Binnuyokutl nayionanvruil mexuivnuil ynisepcumem, m. Binnuys, e-mail:
mlemeshev@i.ua


http://www.sworld.education/index.php/ru/arts-architecture-and-construction-417/modernconstruction-technologies-417/29815-417-%20015
http://www.sworld.education/index.php/ru/arts-architecture-and-construction-417/modernconstruction-technologies-417/29815-417-%20015
mailto:b15.stadniychuk@gmail.com
mailto:mlemeshev@i.ua

