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Ipucsocna JI. B. Pecypco- Ta eHeprooiiaHa TEXHOIOT 1S KIIHKEPHUX KepaMiTHHX
MaTtepiaiiB. — KBamidikariitHa HaykoBa mparisl Ha IpaBax pyKOITUCY.

Jluceprariisi Ha 3100yTTsI HAYKOBOTO CTYMNEHIO KaHAMAaTa TEXHIYHUX HAyK 3a
cnemianpHicTio 05.17.11 — TeXHOIOTiA TYTOIJIaBKUX HEMETAJIEBUX CUJIIKATHUX MaTe-
piamiB. — HarloHallbHUI TEXHIYHUM YHIBEPCUTET «XapKiBCHKUUW MOJTITEXHIYHUM 1H-
ctuty™ MOH VYkpainu, Xapkis, 2020.

JlucepTariito IpUCBSYEHO PO3pOOIIl pecypco- Ta eHepro30epirarovoi TEXHOJIOTI
KJTIHKEPHUX KepaMIYHUX BUPOOIB HA OCHOBI HU3bKOCOPTHOI MOJIIMIHEPATLHOT TJIMHUCTOT
1 TEXHOI'€HHOI CUpOBUHU. Ha chOroH1 3amacu npuaaTHOI TJIMHUCTOI CUPOBUHU (TL1aCTH-
YHUX KAOJIHITO-TIIPOCIIOUCTUX TJIMH) Maike BUUEpPIIaHi, 110 BUMarae rmolryKy HOBUX
IUISIXIB PO3LIMPEHHSI CUPOBUHHOI 0a3u BUpoOHULITBA. [IoKa3aHo, 0 BUCOKA pecypco- Ta
CHEPrOEMHICTh BITUYM3HSIHOTO BUPOOHHUIITBA KIIHKEPHOI KEpaMiKKM HETaTUBHO MO3HAya-
IOThCSI HA CTAaOUTLHOCT1 POOOTH MIAMPUEMCTB Ta KOHKYPEHTO3IATHOCTI MPOTYKIIli Ha 30B-
HIIIHBOMY PHUHKY. BU3Hau€HO, M0 YJAOCKOHAJEHHS TEXHOJIOTl Mae BiIOyBaTHCh B Ha-
NPSIMKY 3MEHIIICHHSI €HEProBUTpaT Ha (POPMYBaHHS, CYIIIKY Ta BHITal BUPOOIB, a TAKOXK
PO3IIMPEHHS CUPOBUHHOI 0231 BUPOOHMIITBA 332 PAXYHOK BUKOPHUCTAHHS IIMPOKO PO3IO-
BCIOPKEHUX HU3bKOCOPTHUX IJIMH 1 TEXHOTEHHUX MaTepiaiB.

B po6oTi TeopeTHyHO OOTpyHTOBaHA Ta EKCHEPUMEHTAIBHO MiATBEPIKEHO
MOXJIMBICTh OTPUMAaHHS 332 PECYpPCO- Ta €HEProOIIaJHOK TEXHOJIOTIEI KIITHKEPHUX
KepaMiuHUX MaTepialiiB Ha OCHOBI mojiMiHepaiabHOi riauHuCcTOl cupoBuHu (HIII'C)
MIpY BUKOPUCTAHHI K 1HTEHCU(IKATOPIB CIiKaHHA Ta (pa30yTBOpPEeHHS OaraTroTOHHA-
YKHUX TTPOMUCIIOBUX B1JIXO/IB.

Ha ocHoBI1 pe3ynbpTaTiB JOCHIIKEHHS CKJIaJy Ta BJIACTUBOCTEH JETKOIIaB-
KUX Ta HECHIKJIMBUX MOJIMIHEPAIbHUX TJIMH BHU3HAUYEHO OCOOJMBOCTI CIIKaHHS
pizHux BuaiB HIII'C y B3aeMO3B’sI3Ky 3 XapakTepHUMH O3HAKaMU iX XIMIYHOTO
CKJIaly Ta c(hOpMyIbOBaHI HAYKOBO-TEXHOJOTIYHI MPUHIUIIA MPOCKTYBaHHS CH-

POBUHHHX CyMillIed Ha X OCHOBI, SIKl MOJATAIOTh Y KOPETYBaHHI iX CKJIaAy 3 BH-
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KOPUCTAHHSM T€XHOT'C€HHOI CUPOBHUHU ISl JOCATHEHHS MOTPIOHOTO 3 TOYKH 30Dy CITi-
KaHHA BMICTy Ta cmiBBigHOMmECHb OKcHmiB: XAlOs+SIO/ZRO+R,0+Fe,05 = 4,5+75;
AlLO4/SIO; = 0,3+0,35; XRO+R,0+Fe,03 = 9+15; RO/R;0 = 0,2+0,5; K,O/Na,O = 3,0+4,0;
1e 3a0e3redye OTpUMaHHs BUPOOIB 3 BUCOKOIIUTBHOIO cTpyKTypoto (W = 0,5+4.,5 %) Ta miz-
BUILICHOIO MILIHICTIO (6¢= 30+70 MI1a, 6, = 6+12 MI1a).

BcranoBiieHO eeKTUBHICTh BUKOPUCTAHHS IIMPOKOTO KOJIA MPOMHUCIIOBUX BIIXO-
JIiB Ta BU3HAYEHA POJib 1X y (popMyBaHHI KIIHKEPHOI KEpaMiKu SIK IHTEHCU(IKATOPIB CITi-
KaHHs (TIOJIbOBOIIINATBMICH1), aKTUBATOPIB (Pa30yTBOPEHHS (TJIMHO3EMBMICH1), CTUMYJISI-
TOPIB PO3IIMPEHHS CIIEYEHOTO CTaHy (AIFOMOCUIIIKATHI). 3a pe3yJibTaTaMH OILIHKU (ITo-
CYIOYOI 3[aTHOCTI BCTAHOBJIEHI KPUTEPIi BUOOPY BIAXO/IB 3a XapaKTEPUCTUKAMHU PO3ILIa-
By (kimbkicTh posmmaBy > 50%, B’sskicts 10%7+10%° Tlac, moBepxHeBuii HaTAT
0,26+0,29 H/m), 1110 € yMOBOIO OTPHMAaHHS SIKICHOT KJITHKEPHOT IIETJIA MPH 3HMWKCHIN Te-
mueparypi Bunaiy (10 1100°C).

BcTraHoBiieHO B3a€EMO3B’ 30K «CKJIaJ — CTPYKTYypa — BJIACTUBOCTI» Ta BU3HAYCHO
TEXHOJIOTIYHI YMOBH 3a0€3MEUEHHS] HOPMATUBHOIO PIBHS BJIACTMBOCTEH BUPOOIB 3a
€HEpProomaJIHIX YMOB BHUPOOHHUIITBA; PO3POOJECHO HAYKOBO-TEXHOJOTIYHI MPUHIIUIN
OTPUMAaHHS PI3HUX BUJIIB KJIIHKEepHOI 1ieriu Ha ocHoBl HIIT'C, siki mosnsiratoTh y Kopery-
BaHHI CKJIa[ly TEXHOJOTIYHUX CYMIIlIell 3 BUKOPUCTAHHIM TEXHOTEHHOI CUPOBUHH IS
JIOCSITHEHHSI HEOOX1JHOTO BMICTY OCHOBHHMX (a30yTBOPIOIOYMX OKCHJIIB Ta iX CITIBBij-
HOLIICHb.

BusnaueHo 0coOIMBOCTI TIACTUYHOTO (POPMYBAHHS KEPaMIYHMX Mac Ha OCHOBI
HIIT'C: po3pobiieHo MacH, 1o XapaKTepU3yIThCs TOMIHYIOUYMM PO3BUTKOM MOBUIBHUX
eJIACTUYHUX JedopMallii, 3JaTHUX KOMIIEHCYBaTH HAIPyTd, SIKI BUHHUKAIOTh IiJI 4ac
dbopMyBaHHs OpyCy, 0 CKJIAJIO MiICTaBH JIJIsl BAKOPUCTAHHS HAIIBKOPCTKOI EKCTPY3ii.

BcraHoBneHO 3aKOHOMIPHOCTI CTPYKTYpO- Ta (Da30yTBOpEHHS KIIHKEPHOI Kepa-
MIKA B YMOBaX €HEproolajHoro Bunaiy: B iHTepBaii temmeparyp 1000-1050 °C Bin-
OyBaeThCs YTBOpEHHs (pa3 MyJiTy, TepIHHITY, TeAEHOEPTITY, AKI apMyIOTh CKIo(a3zy 1
M1 BUIITYIOIOTh MIIHICTh KIIHKEpHOI 1ieriu. [Ipy oMy KUTBKICTh 3aIMIIKOBOI aMmopd-
HO1 (pa3u He niepepuiye 20—-22%.

Busnaueno BB atMocepu Bumnaimy Ha (pa3oBHil CKiaa Ta BIATIHKUA KOJIBOPY
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KJIIHKEPHUX BHUPOOIB; OKPECIEHI MeX1 BapilOBaHHS CITIBBIAHOIIECHb (Da30yTBOPIOIOUMX
OKCHIIB /17151 (GOpMYBaHHS KOMILJIEKCY KOJIbOPOTBIpHUX (ha3 1 OTpUMaHHs BUPOOiB 6a30-
BOT AITPH KOJIbOPIB KITHKEPHOI KepaMiKu: KOpuIHeBoro (rematut o-Fe;0s, marue-
it Fe?*Fe,**04, Opaynit Mn?*Mn®*SiO1,, raycmanit Mn?*Mn,**Q4, repuusiT
Fe2*Al,0,), TepakoroBoro (rematut o-Fe;03, marmetur Fe?'Fe,**Q,, remenGeprit
CaFeSi,0Og), 6exeBoro (rematut a-Fe;0s, renendeprit CaFeSi,Og) Ta xkoBTOTO (py-
i T10;). OTprMaHi BiIOMOCTI I03BOJIIOTh OTPUMATH OasKaHHi KOJIp KIIHKEPHUX Ke-
paMIYHHUX BUPOOIB 32 PAXYHOK CIPSIMOBAHOI'O YTBOPEHHSI KPUCTANIYHUX (a3, Ki 00yMo-
BJIIOIOTH 3a0apBJICHHSI KEPaMIKU 3aJICKHO BiJl OKHCIIIOBAJILHO-BITHOBIIOBAIHLHUX YMOB
BUTIATTY BUPOOIB.

Pearizariist pe3epBiB pecypco- Ta €HEproolaKEHHsI Ha OCHOBHUX €Tanax BHpOO-
HUIITBA KJIHKEPHOT KEPaMiKH J03BOJIIIA PO3POOUTH PEIECTITYPHO-TEXHOJIOTIYHI apaMe-
TPH TSl BATOTOBJICHHST KEPaMIvHOTO KIIiHKepy BUCoKoi Mapourocti (M 300—700) 3 Buko-
pPUCTaHHSM HaliBKOPCTKOI eKCTpy3ii HamiB(padpukaTy npu 3HmkeH1i Ha 50-100 °C tem-
niepaTypi BUMAay.

Ha BupoOHuuiit mnii T30B «Kepmelis» nmpoBeaeHo J0CiiTHO-IPOMHUCIIOBI BUITPO-
OyBaHHs1, 32 pe3yJbTaTaMu SIKMX pO3pOOJICHI CKJIQJAU KEepaMIYHUX Mac BIIPOBA/DKEHI y
BUPOOHUIITBO CTIHOBOT KJIIHKEPHOT LIETJH Ta OpyKiBKU. BukopuctanHs po3po0OK BUKITIO-
Ya€ CHUPOBHHHY 3aJICKHICTh BUPOOHMUTB KIIHKEPHOI KEpaMIKU Ta 3HWKYE BUPOOHUUI
eHeproButpaty. [IpoBeneHi TEXHIKO-€KOHOMIYHI PO3PaXyHKH TMOKa3ajH, 10 KIIHKepHa
1eTJIa, OTPUMaHa 3 BUKOPUCTAHHIM PO3pO0IIEHOI pecypco- Ta eHeOProoIIaIHOI TEXHOIO-
rii, € AeneB1o0 B 1,5-2 pa3u MOPIBHSIHO 3 aHAJIOTIYHUMH 32 SIKICTIO BUpOOaMU TPOBI/I-
Hux  eBponeiicbkux  Opermie  (Vandersanden, Roben, Feldhausklinker, Terca
wienerberger).

Pe3ynbraT AOCTIIKEHD BIPOBAKEH] Y HABYATIbHUI MpoLec Kapeapu TEXHOIIO-
rii KepaMiku, BOrHEeTpuBiB, ckiia Ta emaned HTY «XIII» npu BuKIagaHH! JUCLMILIIH
«BupoOHUIITBO KepaMiKH 1 BOTHETPHUBIBY», «Pecypco- Ta eHepro30epekeHHs B TEXHOJIO-
Tii TYromiaBKuX HEMETaJIeBUX 1 CHIIIKAaTHUX MaTepialliB», a TAaKOX IMPH MiAroToBLI Oa-
KaJiaBpiB Ta MarictpiB 3a crneriaibHicTio 05130104 «XimiuHI TEXHOJIOTIT TYrOIIaBKUX

HEMETAJIIYHUX 1 CHITIKATHUX MaTeplaiBy.
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Knrouoei cnosa: noniMiHepasibH1 TIMHHA, OaraTOTOHHAXHI ITPOMUCIIOB] BIIXO/IH,
KJIIHKEpHa I1ery1a, IHnTeHcU(iKaTopy CriikaHHs Ta (a30yTBOpPEHH:, IpoliecH $azo- Ta Ko-
JBOPOYTBOPEHHS, PE3EPBU CHEPro30epeKeHb OKHCITIOBAILHUN Ta BiTHOBIFOBAIHHUIMA
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ABSTRACT

Prysyazhna L.V. Resource- and energy saving technology of clinker ceramic
materials. — Qualification scientific work as manuscript.

The thesis for science degree of the candidate of science in technology by spe-
ciality 05.17.11 — technology of refractory non-metal silicate materials. — National
Technical University "Kharkiv Polytechnic Institute” MES of Ukraine, Kharkiv,
2020.

The thesis is devoted to development of resource- and energy saving technology of
production of clinker ceramics materials on the basis of low-grade polymineral clay and
technogenic materials. Presently, the reserves of suitable clay materials (plastic kaolinite-
hydro-mica clays) are almost depleted, which requires finding new ways of expanding the
raw material base of clinker brick production. It has been shown that high resource and
energy intensity of domestic production of clinker brick affect adversely for stability of the
enterprises and the competitiveness of products in the foreign market. It has been deter-
mined that the improvement of the technology should take place in the direction of reduc-
ing energy consumption for molding, drying and firing of products, as well as expanding
the raw material base of production using low-grade clays and high-tonnage industrial
waste.

The possibility of obtaining the energy-efficient technology of clinker ceramic
materials on the basis of low-grade polymineral clay material (LPCM) has been
theoretically substantiated and experimentally confirmed at using technogenic materials as
sintering and phase-forming intensifiers.

The features of sintering of different types of LPCM in connection with the
characteristic features of their chemical composition have been determined on the base on
the results of the investigation of the composition and properties of fusible and non-fusible
polymineral clays. The scientific and technological principles of designing raw mixtures
based on them have been formulated, which are to adjust their composition with the use of

technogenic raw materials to achieve the required sintering content and ratio of oxides:
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YAlL,05+SiI0/ZRO+R,0+Fe,03 = 4,5+7,5; Al,04/SiO; = 0,3+0,35; XRO+R,0+Fe,03 =
9+15; RO/R;0 = 0,2+0,5; K,0O/Na,O 3,0+4,0, which provides to get the materials with
high-density structure (W = 0,5+4,5 %) and increased strength (o= 30+70 MPa, o, =
6+12 MPa);

The efficiency of use of a wide range of industrial wastes has been established and
the role in the formation of clinker ceramics has been determined: as sintering intensifiers
(field-spatulas), phase-forming activators (alumina-containing), sintered expanders (alu-
minosilicate). According to the results of fluctuating ability estimation, waste selection
criteria based on melt characteristics (melt quantity > 50%, viscosity 10*7+10*2 Pa - s,
surface tension 0,25+0,3 N/m) have been established, which is a condition to obtain
clinker bricks at low firing temperature ( to 1100 ° C);

The relationship "composition - structure - properties” have been established
and technological conditions for ensuring the standard level of product properties un-
der energy - saving conditions of production have been defined. Scientific and tech-
nological principles of obtaining different types of clinker bricks based on LPCM
have been developed, which consist in adjusting the composition of technological
mixtures with the use of technogenic raw materials to achieve the required content
and proportions of oxides.

The peculiarities of plastic molding of ceramic masses based on LPCM have been
defined: the developed masses are characterized by the dominant development of slow elas-
tic deformations which are capable of compensating the stresses that arise during the for-
mation of the beam. It was the basis for the use of semi-rigid extrusion.

The regularities of the structure and phase formation of clinker ceramics in the
conditions of energy-saving firing have been established: the formation of phases of
mullite, hercinite, hedenbergite which reinforce fiberglass and increase the strength of
clinker brick are established at the temperature range 1000-1050 °C. The amount of
residual amorphous phase does not exceed 20-22%. The influence of the firing
atmosphere on the phase composition and color shades of the products have been
determined. The interface of variation of the ratio of phase-forming oxides to form a

complex of color-forming phases and to obtain products of the basic color palette of
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clinker ceramics have been determined: (hematite o-Fe,Os, magnetite Fe?*Fe,*" Oy,
brunit Mn?*Mn®*¢SiO1,, gausmanite Mn?*Mny**Q,, hercinitis Fe?*Al,O,) , terracotta
(hematite a-Fe,03, magnetite Fe?*Fe,*"O,, hedenbergite CaFeSi,Os), beige (hematite
a-Fe;0s, hedenbergite CaFeSi,Og) and yellow (rutile TiO,). The obtained data allows
to obtain the desired color of clinker ceramic products due to the directional formation of
crystalline phases, which determine the color of the ceramics, depending on the redox
conditions of firing products.

The recipe-technological parameters have been developed due to the realization of
energy saving reserves at the main stages of production. These parameters allow to
produce a high-grade ceramic clinker (M 300-700) using semi-rigid semi-finished
extrusion at a firing temperature reduced by 50-100 ° C.

The pilot-scale industrial tests were carried out at the production line of LLC
“Kermeya”, as a result of which compound formulations were introduced into the produc-
tion of wall clinker bricks and paving stones. The use of development eliminates the raw
material dependency of the production of clinker ceramics and reduces the production
costs. Technico-economic calculations showed that facade, pavement and road clinker
brick obtained using the developed recipe-technological parameters will be cheaper in 1.5-
2 times compared with similar products of leading European brands (Vandersanden,
Roben, Feldhausklinker, Terca wienerberger).

The results of the researches have been introduced into the educational process of
the department of technology of teramics, refractories, glass and enamels of NTU "KPI" at
teaching the disciplines "Production of ceramics and refractories”, "Resources and energy-
saving in refractory non-metallic and silicate materials”, and also at preparation of bache-
lors degree and masters degree in specialty 05130104 "Chemical technologies of refracto-
ry non-metallic and silicate materials™.

Keywords: polymineral clays, multiton industrial waste, clinker brick, sinter-
ing and phase-forming intensifiers, phase- and colorforming processes, energy-saving

reserves oxidizing and reducing firing.
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