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Pedepar:

1. Incepraiiio NpUCBsSY€HO CTBOPEHHIO HOBUX €KOJIOTIYHO 6e3reyHnx pochaTHUX 3B'513yBaIbHUX KOMIIOHEHTIB (3K)
3i cTabiTbHUM XiMiYHUM Ta MiHEpaJIOTiYHUM CKJIAJIOM, PO3POBJIEHHIO CITPOIIEHUX TEXHOJIOTIN iX OTpPUMaHHS Ta
peasizallito mpoueciB GOpMOYyTBOPEHHS JIMBAPHUX CTPYDKHIB Ha iX OCHOBI 3 MiJIBULIEHUMU TEXHOJIOTIYHUMU
BJIACTMBOCTSIMU [1J151 BUTOTOBJIEHHS BUJIMBKIB i3 3a71i30BYTIJI€LIEBUX CIJIaBiB. 3 METOIO CTBOPEHHS HOBUX
HeopraziyHux 3K npoBeneHo aHani3 Ppiznko-xXiMiYHUX IPOLECIB, SIKi BiOyBalOThCs Y cuctemax oprodpocdopHoi
KUCJIOTY 3 HEOPraHiYHMMU COJISIMU HAaTPilo, TEOPETUYHO BCTaHOBJIEHO HOBI BapiaHTu cuHTe3y ¢pocdaTHux 3K Ta
IiATBEPAKEHO iX Ha mpakTuli. JJocaimkeHo KiHeTuKy yTBopeHHs 3K y cucremax opTopochHopHOi KUCIOTH 3
KapboHaToM, TpunoJipocdarom Ta XJI0PUAOM HATpilo. Briepiie ycTaHOBIEHO MeXaHi3M yTBOpPeHHs docdariB

HATPpilo i3 3B'13yBaJIbHUMU BJIACTUBOCTSIMU B Pe3yJIbTaTi IpSIMOi XiMiuHOI B3aeMoii Xx10puay HaTpito 3



opTodOoCHOPHOIO KUCIOTO0. 3 METOI0 BU3HAYEHHS (PAa30BOro Ta MiHepasoridyHoro ckinany 3K, yrBopeHux
BHACJIiZIOK B3aeMOJIii cosieil HaTpiio 3 OpToPoCcdOPHOI0 KUCTIOTOIO, YCTaHOBIIEHO, 110 3K, sIKi yTBOPIOIOTHCS IpU
HOPMaJbHill TemnepaTypi abo npu HarpiBaHHi He Buiie 150 0, MaloTs 6ys0BY opTodocdaris, npu 150...250 o -
nipodocdaris, a npu 250...300 o - meTadocdartiB HATpil0. 3 METOIO AOCTIIKEHHS IUHAMIKU CTPYKTYPHUX
IIEpeTBOPEHb Mif yac HarpiBaHHs 3K, yTBopeHUX y cucteMax opTodpocdopHOi KUCIOTH 3 TpunoJlidpocdarom HaTpito
Ta CyJib(aToM aJIOMiHil0, po3pO6JIEHO OMNKC iX MeXaHi3MiB TepMiYHMX IlepeTBOpeHb. BuaHaueHo ¢a3oBUil cKias
docdocynbparHoro 3K npu pisHux Temneparypax B inTepsaii Big 200 no 1000 0. YeraHOBIIEHO, IO Hif Yac
HarpiBaHHS BifJ0yBa€TbCS IOCTYIIOBE BUAANEHHS KPUCTAJIOTIAPATHOI BOIHY, IEPETBOPEHHS MeTadocdary aloMiHiIo
Ha oprodocdart, TepMidHUI posnazn cyibdaTy aloMiHil0. YeTaHOBIIEHO, o y 3K, yrBopeHoro i3 oprodpocdopHoi
KUCJIOTU Ta TpumosidocdaTy HATpilo, y CKuafi cyMili i yac HarpiBaHHS Bifi0yBalOThCS [IEPETBOPEHHS
nipogocdary Hatpito Ha MeTadocdat B inTepsai 200...300 °C, sxuii nicss po3nIaBlIeHHs IPU TeMIIepaTypi
6513bK0 550 °C i NOoanbLUIOro 3aTBEPAIHHS IIPU OXOJIOKEHHI IepeXOqUTb B aMOP(HMUIL CTaH. 3 METOIO
IOCJIiIKeHHS 3aJ1e)KHOCTI (i3MKO-MeXaHiYHUX BJIACTUBOCTEN CTPM)KHEBUX CyMillel Bif ix ckiany Biepiie
BCTAHOBJIEHO 32aKOHOMIPHOCTI BIIJIUBY KPUCTaJIiYHOi Oy[JOBM CUHTE30BaHUX pocdaTiB HATpPilo Ha iX 3B’13yBaJIbHY
3IATHICTb Y cKJazi popMyBabHUX Ta CTPUKHEBUX cyMimeil. [TokazaHo, 10 HanbinbIy MilJHICTh 3a6e3nevye
nBozamimenuit nipodocdar Hatpio - Na2H2P207, sikuii yTBOpIOeThCs y cucTeMi Tpunosidocdary HaTpiio 3
opToP0oCchHOPHOIO KUCIOTOI0. Lle NOosSICHIOETHCS HAsIBHICTIO BOAHEBUX 3B'SI3KiB Ta CIIiBBiIHOIIEHHSIM iOHHUX pajliyciB
Na+ ta P2074-, gaxe popiBHioe 0,196. Po3po6sieHo fBa BapiaHTu cuHTe3y pocdocyib(aTHOro Ta HaTpindocdaTHUx
3K. [lepmuii BapiaHT nepepbayae yTBOpeHHs cyxux 3K mif yac BUTPMMKH CysbdaTy anoMiHilo abo
Tpunosigocdary Hatpiio 3 oprodpocPopHOIO KUCI0TO IpU Temiepatypi 200 o, 3 MACOBHUMU CITiBBiTHOIIEHHSIMU
10:1 Ta 5:1 BinnoBizHO. 3a gpyrum BapiaHToM 3K yTBOPIOIOTHCS 6€3M10CepeHbO Iif] Yac TEII0BOro 3MillHEHHS
ctpuxHiB (150...300 o) i3 po3uuHiB cynbdary amominiio (10...20%), punomidocdary (20...30%), xopuny (25...30%),
Kap6oHary (25...30%) HaTpiio B opTodocdOopHiil KUCIIOTi. 3 METOI0 BU3HAYEHHSI ONITUMAJIbHUX PELeNTyP
CTPW)XHEBUX CyMilllell IPOBeIEHO MJIAHOBaHi eKCIIEPUMEHTH Ta MaTeMaTH4YHe 0OpOo0JIeHHs iX pe3ysbTaTiB.
®ocdocynbdaruuii 3K mpu Bmicti B cymitmi 3,0...3,5% 3a6e3neuye MillHICTb [IpU CTUCKaHHI 2,5...3,0 MITa, 3K Ha
ocHOBi opTodocdopHoi kucnoru Ta NaCl pu Bmicri 4,5...5,0% - 2,8...3,0 MI1a, 3K Ha ocHOBi opTodochopHOi
kucnotu Ta Na2CO3 mpu BMicri 3,0...3,2% - 2,6...2,8 MIla, 3K Ha ocHOBI opTrodocdopHoi kucnotu ta Na5P3010 npu
BMicTi 4,5...5,0% - 3,2...3,6 MIIa. I[TpoBefieHi 1a6opaTOpHi BUITPOOYBaHHS pO3POOJIEHUX CTPYKHEBUX CyMillleil Ta
BM3HA4Y€HO iX pod04i B1acTUBOCTI. [Ticss 3a71MBaHHS 3a1i30BYIJIELI€BUMHU PO3IJIaBAMU CTPIDKHI 3
docdocynpdaraum 3K MaroTh MiHIMaIBbHY 3aJIMIIKOBY MIIHICTB, IO 3yMOBJIEHO TEPMIYHOIO AecTpyKLi€eo nporo 3K
IIpu HarpiBaHHi. Y ckylafi CTPYKHIB 3 yciMma HatpifipocaTrHrmu 3K mif yac HarpiBaHHS yTBOPIOETHCS PO3IIIAB
MeTadocdaTy HaTpilo, O CIPUsIE 3HAUHOMY 301/IbLIIEHHIO iX 3a/IMIIKOBOI MilJHOCTi, OIHaK 4Yepe3 BOJOPO3UNHHICThb
MeTtadocdaTy HaTpilo 3abe3nedyeTbCs MiHiMarlbHA po60Ta BUOMBAHHS CTPYDKHIB. [IpakTUHE 3HaY€HHS pe3ybTaTiB
Iyceprallii 06yMOBJIEHE THM, 110 HA OCHOBI TEOPETUYHUX JIOCIII)KeHb CTBOPEHO HOBI TEXHOJIOTIi CUHTE3Y
docdarHux 3K Ta po3pobeHO Ha iX OCHOBI CTPMKHEBI CyMillli 3 MiJBUIIEHUMU TEXHOJIOTIYHUMU BJIACTUBOCTSIMU
1711 BUTOTOBJIEHHS BUJIMBKIB 13 3ai1i30ByIieleBUX CIiaBiB. [Ipouecu cuntedy 3K npocti, manoonepariiiti,
noTpebyloTh MiHIMyMy MaTepiasiB Ta MOXKyTb OyTH peasi3oBaHi SIK y CKJIafi CTPMXHEBOI cyMmili mif yac TernsioBoro
3MilJHEHHS CTPWKHS, TaK i nepej NIpUroTyBaHHSIM CyMillli Ha XiMiYHOMY MiANpreMcTBi abo 6e311ocepeiHbO Y

JnBapHOMy Lexy. ['oToBi 3K MaloTh MPaKTUYHO HEOOMEXKEHN TEPMIH IPUAATHOCTI, MAKCUMAJIBHO €KOJIOTIYHi.

2. 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(SO4)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 orthophosphate, 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. Phosphosulfate 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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