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CTBOPEHHS HEOPTraHiYHUX 3B'I3yBaJIbHUX KOMIIOHEHTIB i potieciB GOPMOYTBOPEHHS JIMBAPHUX CTPUIKHIB Ha iX OCHOBI.

Tema (aHrJ1.)

The formation of inorganic binders and processes of production of foundry cores on their based.

Pedepart (YKp.)

JlucepTauiio MPUCBSYEHO CTBOPEHHIO HOBUX €KOJIOTIYHO Geareynnx pocdarHux 38'93yBaJibHUX KOMIOHEHTIB (3K) 3i cTabinbHUM

XIMIYHMM Ta MiHEpAJIOTiYHMM CKJIAZOM, PO3POGJIEHHIO CTpPOIIEHMX TEXHOJNOTi X OTpUMaHHA Ta peanisauilo mpouecis

(bopmoyrnopeHHﬂ JINBapHUX CTpM'lKHiB Ha IX OCHOBI 3 MIABUIIEHUMMU TEXHOJIOTIYHMMM BJIACTUBOCTSMM [Jii BUTOTOBJIEHHS



BWIMBKIB i3 3aJ1i30BYIJICLEBUX CIJIABIB. 3 METOI0 CTBOPEHHS HOBMX HeopraHiynux 3K npoBeneno ananiz ismko-ximiuHux
npouecis, gki BindyBawoTbest y cuctemax opTodpocdopHoi KUCIOTH 3 HEOPTaHIYHUMH COTIIMU HaTpilo, TeopeTuqu BCT@HOBJIEHO
HoBi BapiaHTH cuHTedy ¢pocdaruux 3K Ta migTBepmkeHO iX Ha npaxkTuli. JOCHIIKEHO KiHEeTHKY yTBOpeHHs 3K y cucremax
oprodochopHoi Kucn0TH 3 KapboHaTOM, TpunosigocdaTom Ta XJIOPUIOM HATpilo. Briepiie yCTaHOBIEHO MEXaHI3M yTBOPEHHS
docdatie  HaTpilo i3 3B'M3yBaNbHMMM BIACTUBOCTSMHM B pe3ynbTaTi mnpsamoi xiMiuHoi B3aemonii xmopuay HaTpilo 3
opTohochOPHOI0 KHCIOTOK. 3 METOI BU3HaYeHHs (asoBOro Ta Minepanoriynoro cknazy 3K, yTBOPEHMX BHACHNOK B3aeMoaii
coneit HaTpilo 3 opTodocOpPHOIO KUCTIOTOW, YCTaHOBNEHO, o 3K, gKi yTBOPIOIOTLCS NPU HOPMasbHiN Temneparypi abo rnpu
HarpisaHHi He Buue 150 0, MaloTh 6ynoBy oprodocdatis, npu 150...250 o - nipodocdatis, a npu 250...300 o - metadocdari HaTpilo.
3 METOK AOCIHIKEHHS AMHAMIKM CTPYKTYPHUX MEpEeTBOPEHb Mif 4Yac HarpiBaHHsa 3K, yTBopeHUX y cucTemax oprodocdopHoi
kucnotu 3 rpunonipocdarom HaTpilo Ta cynbdaToM amioMiHilo, po3pobieHo onMuc iX MeXaHi3MiB TePMIYHUX NEpPEeTBOPEHb.
BusHaueHo ¢azosuit cknaj docdocynbdarnoro 3K npu pisHux Temneparypax B iHrepsai Big 200 go 1000 o. YcTaHOBNEHO, 110
nig 4ac HarpiBaHHS BiIGyBaeTbCs MOCTYNOBE BUIANEHHS KPUCTANOripaTHOI BOAM, nepeTBopeHHs MeTadocdary amominiio Ha
oprodocdar, TepMiuHuit posnan cynbdaty amominilo. YcranosneHo, mo y 3K, yrBopeHoro i3 oprodochopHoi KucnotH Ta
tpunonidpocdary Harpilo, y cknami cymimi min wac HarpiBaHHs BinGyBalioThcs mnepeTBopeHHs mnipodocdary Hartpilo Ha
Mmetadocdat B iHTepsani 200...300 °C, skuit nmicis posnnaBneHHs Npyu TemnepaTypi 6au3bko 550 °C i noaanboro 3aTBepAiHHS
[pU OXOJIO[PKEHHI NMEPexXonuTh B aMOpdHMI CTaH. 3 METO JOCIIKEHHS 3anexXHOCTi (i3MKO-MeXaHIYHMX BIACTMBOCTEMN
CTPIKHEBMX CyMilled Bif iX cKjajly Bhepilie BCTAHOBJIEHO 3aKOHOMIDHOCTI BIJIMBY KPUCTasliyHOi OyINOBM CHHTE30BaHMX
docdari HaTpilo Ha ix 3B'A3yBasbHY 3UATHICTh Y cKaani GpopMmyBasibHUX Ta CTPIKHEBUX cyMmimeil. TlokasaHo, mo HanGinbuy
MinHicTb 3a6esneyye nBosamiuenuii nipodocdar Hatpilo - Na2H2P207, sikuii yTBOPIOEThCS Y cucTeMi Tpunosidpocedary HaTpiio 3
opTodochOPHOI0 KUCTIOTOM. Lle MoACHIOETHCS HagBHICTIO BOJHEBUX 3B'3KiB Ta CMiBBIHOLEHHAM IOHHUX paziycis Na+ ta P2074-
, ake popiBHioe 0,196. Po3pobneHo nBa BapiaHTu cuHTedy ¢ocdocynbdarHoro Ta Hatpiitdpocdarnux 3K. INepmmit BapiaHT
nepen6avae yTBopeHHsi cyxux 3K min wac BuTpumkM cynbdaty amominilo a6o tpumnonidocdary HaTpilo 3 oprodochopHoo
KucsoToto npu remneparypi 200 o, 3 macoBumu criiBBiHomenHsMu 10:1 ta 5:1 BinnoigHo. 3a npyrum BapianToM 3K yTBOPIOIOTHCS
6e3nocepeiHbO Tifl Yac TeMnaoBoro aminHeHHs ctpykHiB (150...300 o) i3 po3unHiB cynbdary amominiio (10...20%), Tpunonidocdary
(20...30%), xnopuny (25...30%), kap6onaty (25...30%) Hatpito B opTodochOpHiil KUCIOTL. 3 METOI0 BU3HAYEHHSI ONTUMANbHUX
peuenTyp CTPWKHEBUX CyMilleil MpOBEJEHO TUIAHOBAaHI EKCNEPUMEHTH Ta MaTeMaTUyHe oOpo6/IeHHS IX pe3ysnbTaTib.
dochocynsdaruuit 3K npu Bmicti B cymimi 3,0..3,5% 3abeaneuye Miunicte npu cruckanui 2,5..3,0 MIla, 3K Ha OCHOBI
oproocdoproi kucnotu Ta NaCl npu BmicTi 4,5...5,0% - 2,8...3,0 MIla, 3K Ha ocHoBi oprodochoproi kucnotn Ta Na2CO3 npu
smicti 3,0...3,2% - 2,6...2,8 MIla, 3K Ha ocHoBi oprodocdopHoi kucnotu Ta Na5P3010 npu Bmicri 4,5...5,0% - 3,2..3,6 MIla.
[IpoBeneHi 1a60paTOPHi BUNPOOYBAaHHSI PO3POOJIEHMX CTPMXKHEBUX CyMilled Ta BM3HAa4YeHO iX pobodi BnacTuBocTi. [licas
3aJ7IMBAHHS 3aJi30BYTJIELEBUMY PO3IaBaMu CTPKHI 3 docdocynpdatHim 3K MaloTh MiHIManmbHY 3a/JMIIKOBY MILHICTB, 1O
3YMOBJIEHO TEPMiuHOIO AecTpykuicio 1poro 3K npu HarpiBanui. ¥V ckmani cTpmxHiB 3 ycima Hatpiiipocdarnumu 3K nig yac
HArpiBaHHS YTBOPIOETLCS PO3MIaB MeTadocdary HaTpilo, 1IQ CrIpusie 3HAYHOMY 30iNbIIEHHIO IX 3a/MIIKOBOI MILJHOCTI, OIHAK
yepes BOLOPO3YMHHICTL MeTadocdary HaTpilo 3abe3nedyeTbCs MiHiManbHa poboTa BUOMBAHHS CTPIKHIB. [IPAKTUYHE 3HAYEHHS
pesynbTaTiB gucepraulii 00yMOBNE€HE TUM, IO HA OCHOBI TEOPETUYHMX [OCJIIKEHb CTBOPEHO HOBI TEXHOJIOTii CUHTE3y
docharuux 3K Ta pospobneno Ha ix OCHOBI CTPMXKHEBI CyMilli 3 MiABUIIEHMMM TEXHOJOTIYHMMM BIACTUBOCTAMM [Jisl
BUTOTOBJICHHSI BUJIMBKIB i3 3anmizoByrnenesux cnnasis. Ilpouecu cunresy 3K mnpocti, manoonepauiiiti, noTpebyiors MiHiMymy
MaTepianiB Ta MOXKYTb OYTH peasii3oBaHi K Y CKJIaMi CTPMKHEBOI CyMillli Mifl 4ac TEMJIOBOTO 3MillHEHHSI CTPWXKHS, Tak i nepefn
MPUrOTYBaHHAM CyMilli Ha XiMidHOMY minnmpuemcTBi abo GesnocepenHbo y JAuBapHOMY uexy. Totoi 3K MaioTh MPaKkTUYHO
HeOOMEXEHUN TEPMIH NMPUIATHOCTI, MAKCUMAJIbHO EKOJIOTIYHI.

Pedepar (anri.)

The dissertation is devoted to the formation of new environmentally friendly phosphate binders with stable chemical and
mineralogical composition, the development of simplified technology for their production and implementation of processes of
forming foundry cores based on them with improved technological properties for iron-carbon alloy castings. In order to create
new inorganic binders, the analysis of physicochemical processes occurring in orthophosphoric acid systems with inorganic
sodium salts was carried out, new variants of phosphate binder synthesis were theoretically established and confirmed in
practice. The kinetics of binder formation in systems of phosphoric acid with carbonate, tripolyphosphate, and sodium chloride
has been studied. The mechanism of formation of sodium phosphates with binding properties as a result of direct chemical
interaction of sodium chloride with H3PO4 was established for the first time. In order to determine the phase and mineralogical
composition of the binder components formed by the interaction of sodium salts with orthophosphoric acid, it was found that
binders formed at normal temperature or heat not exceeding 150 o have the structure of orthophosphates, at 150...250 o -
pyrophosphates, and at 250..300 o - sodium metaphosphates. In order to study the dynamics of structural transformations
during heating of binders formed in systems of H3PO4 with Na5P3010 and Al2(S04)3, descriptions of the mechanisms of thermal
transformations have been developed. The phase composition of phosphosulfate binder at different temperatures in the range



from 200 to 1000 o was determined. It has been established that when heated, there is a gradual removal of crystalline water, the
transformation of aluminum metaphosphate into orthophosphéte, and thermal decomposition of Al2(SO4)3. It has been

established that in the composition of the binder based on Na5P3010, as part of the mixture, when heated, sodium

pyrophosphate is converted into metaphosphate in the range of 200...300 °C, which, after melting at a temperature of about 550

°C and the next hardening, passes into amorphous state. In order to study the dependence of physical and mechanical

properties of core mixtures on their composition, for the first time the regularities of the influence of the crystal structure of

synthesized sodium phosphates on their binding capacity in the composition of molding and core mixtures were established. It

has been shown that disubstituted sodium pyrophosphate, which is formed in the system of Na5P3010 with phosphoric acid,

provides the greatest strength. This is explained by the presence of hydrogen bonds and the ratio of the ionic radii of Na+ and

P2074- equal to 0.196. Two variants of phosphosulfate and sodium phosphate binder synthesis have been developed. The first

option provides for the formation of dry binders by holding Al(SO4)2 or Na5P3010 with phosphoric acid at a temperature of 200 o
with mass ratios of 10:1 and 5:1, respectively. According to the second option, the binders are formed directly during the thermal

hardening of the cores (150...300 o) from solutions of aluminum sulfate (10...20%), tripolyphosphate (20...30%), chloride (25...30%),
carbonate (25...30%) sodium in orthophosphoric acid. In order to determine the optimal formulations of core mixtures, the

planned experiments and mathematical processing of their results were carried out. Phosphosulfaté binder at a content of

3.0...3.5% in the mixture provides compressive strength of 2.5...3.0 MPa, a binders based on orthophosphoric acid and: NaCl at a

content of 4.5... 5.0% - 2.8...3.0 MPa, Na2CO3 at a content of 3.0... 3.2% - 2.6...2.8 MPa, Na5P3010 at a content of 4.5...5.0% -

3.2...3.6 MPa. Laboratory tests of the developed core mixtures were carried out and their properties were determined. Cores

with phosphosulfate binder after pouring iron-carbon melts have a minimum residual strength due to thermal destruction of

this binder when heated. In the composition of the cores with all the sodium phosphate binders, when heated, a melt of sodium

metaphosphate is formed, which contributes to a significant increase in their residual strength. However, the water solubility of

sodium metaphosphate is provided the minimum work of knocking out the cores. The practical significance of the results of the

dissertation is due to the fact that, on the basis of theoretical research, new technologies for the synthesis of phosphate binders

have been created and core mixtures with improved technological properties have been developed on their basis for the

manufacture of castings from iron-carbon alloys. The processes of synthesis of binders are simple, low-operational, require a

minimum of materials and can be implemented as part of the core mixture during thermal hardening of the core, and before

preparing the mixture at a chemical plant or directly in the foundry. Ready-made binders have a virtually unlimited shelf life;

they are as environmentally friendly as possible.
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