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Pedepar:

1. Y puceprauiiiHiil po60Ti BUpIlIEHO aKTyasibHi HAyKOBO-MTPUKJIAIHI IPO6IEMU: CTBOPEHHS HAYKOBUX OCHOB
OTPUMAaHHS €KOJIOTIYHUX PocdaTHUX 3B13yBaJIbHUX MaTepiasiB i TEXHOJIOri iX BAKOPUCTAHHS, a TAKOX
YIOCKOHAJIEHHSI TEOPETUYHUX METO/IiB BUBHAUEHHS TEIJIOBUX I1OJIB y JIMBAPHUX (POPMax i CTPYDKHSIX.
[IpoananizoBaHo npouecy B3aeMoiii opToPpocPOPHOI KUCIOTU 3 BOTHETPUBKMMU MaTepiajiaMu (IUJI0N0Li0Hi
KBapl, QUPKOH, AUCTEH-CUJIIMaHIT), HEOPraHiYHUMU COJISIMUA METaJIiB i CIIOJIyKaMU aJIloMiHiIo pi3HOi XiMiuHOI
IIPUPOJY, CTBOPEHO HAayKOBi OCHOBU CUHTE3Y POC(aTHUX 3B513yBaJIbHUX KOMIIOHEHTIB Y BKa3aHUX CUCTEMAaX.
HaykoBe nosicHeHHSI IUX NIPOLECIB ja€ 3MOT'y CKOPOTUTH Yac Ta BUTPATU HA CTBOPEHHS HOBUX CTPYDKHEBHUX
cyMileit. YCTaHOBJIEHO, 10 B CUCTEMaX OPTO(POCPOPHOI KUCIOTU 3 HATPi€EBUMHU Ta KaJlieBUMU COJISIMU

raJloreHOBUX KUCJIOT (XJIOPUAOM HaTpilo, XJIOpUIOM KaJliio Ta 6poMinom Kasiio) BioyBarOThCsI IIPOLIECH IIPSIMO]



xiMmivHOi B3aemogii B inTepsasi remnepatyp 250...300 oC, B pe3ysbTaTi 4oro yrBopooThcs docdaTtu HaTpito abo
KaJlilo, sIKi HabyBaIOTh 3B'sI3yBaJIbHUX BIIACTUBOCTEN Y IIO€IHAHHI 3 KBapLIOBUM HaroBHIOBayeM. ON1CaHO MeXaHi3M
yTBOpeHHs pocdaTiB aymoMiHiIo i3 3B'513yBa/IbHUMU BJIACTUBOCTSIMU Il Yac B3aeMO/Iii KPUCTAJIOTipaTHOTO
cynbdaty anomiHito Al2(SO4)3+18H20 3 opTodocdopHOIo KucI0ToM B iHTepBasi Temneparyp 100...200 oC.
BusiBnieHO (paxT yTBOPEHHS [IpY HArpiBaHHi IpoMixHOI ¢as3u - rigpokcuny amomiHio Al(OH)3, sika 6e3nocepeiHbO
B3a€MO/Ii€ 3 KUCJIOTOIO Ta YTBOPIOE docdaTu anoMiHito. Po3pobiieHo cxeMy CUHTE3Y 3B's13yBajIbHOI'O KOMIIOHEHTA i3
NiABUILEHOIO MILIHICTIO B pe3yJbTati B3aeMoiii oprodpocdopHoi kucnoTu 3 Tpunosnidpocdarom Hatpito. [lipopocdar
Hatpito Na2H2P207, 3a6e3nedye 3p0oCTaHHS MiLJHOCTi CTPY>KHEBOI CyMili B 2...3 pa3y MOPiBHSHO 3
tpunosgigocdarom Hatpio. OTpUMaHUI pe3ybTaT CTBOPIOE JOLATKOBY ME€PCIIEKTUBY BUITyYEHHS €KOJIOTiYHO
Hebe3nevHoro TpunoJidocdary HaTpilo i3 3aco6iB 106yTOBOI Ta NIPOMUCIOBOI XiMii. JlociifakeHo MexaHi3M
TepMiuHUX lepeTBOpeHb PochaTHUX 3B'5I3yBaIbHUX KOMIIOHEHTIB, yTBOPEHUX i3 HEOPTraHiYHUX COJeil HATpilo Ta
Kasiio, B inTepsai temneparyp Big 20 oC no 1000 oC. Ilicis HarpiBaHHS Ta OX0J0KeHHS (pocaTy 3aIULIAIOTHCS
BOJOPO34YMHHUMU. OTpUMaHi Pe3yJIbTaTy JATh 3MOTy CTBOPUTHU Ha iX OCHOBI CTPVIKHEBI CyMillli Ta 3aMiHUTH
TPYZOMICTKUI IIPOLIEC MEXaHIYHOTO BUOMBAHHS CTPYIKHIB i3 BUJIMBKIB Ha iX po3uMHEHHS y Bofi. Ha ocHOBI
IIPOBEIEHNUX MAaTEMATUYHUX i TENI0(I3NYHUX JOCITIIKEHb PO3POOIEHO METOIUKY PO3PAXyHKY TEIJIOBUX IOJIiB
JIMBapHUX CTPWIKHIB Mif, yac KpUCTasnizalii Ta 0X0JI0OIKeHHS BUJIUBKIB, KA 3aCHOBAaHA HA BCTAHOBJIEHHI TUHAMIKU
0XOJIOJ)KEHHSI TOBEPXHI BUJIMBKA B INBApHiil popMi, pocyBaHHs GPOHTY KpUCTai3allii Bifl I0BEpxHi 0 LEHTPY
BIJIMBKA, PO3IIOAiY TEMIIEPATYP Y TBEPiM Ta PiIKill YaCTUHAX BUJIMBKA, BUSHAYEHHI AMHAMIKY 3MiHU TEMIIEpATypU
[IOBEPXHIi JINBAPHOTO CTPVIKHA B NPOLIECI KOHTAKTY 3 PO3I171aBOM. [T0Ka3aHO pi3HULIO MIXK PO3PaXyHKOBUMU
IAHWMMU, OTPUMAHMMU 32 paHillle BiioMUMU Ta po3po0JIeHNUM Yy AucepTaliii MeToIaMu, Ta eKCIIepUMEHTaIbHO
MigTBEPIKEHO MOr0 JOCTOBIPHICTb. HaBeeHuil pO3paxyHOK i BiIIOBIIHUI aHali3 TEIJIOBUX II0JIB € HAYKOBOIO
OCHOBOIO JIJ1s1 BUGOPY rajy3i 3aCTOCYBaHHS BXe iCHYI0UUX i po3p0o06JIeHUX y AUCepTaLii cyMimeil 3a1eXHO Bif,
TOBIIVHYU CTiHOK BUJIMBKA 1 TUITy JINBAPHOTO CIJIaBy. [IpoBeeHO NOCIiIKEHHS BIJIMBY KOMIIOHEHTHOTO CKJIAILy
CTPWXHEBUX cyMilell Ha Qi3rKo-MeXaHiuHi BJaCTUBOCTI. YCTaHOBJIEHO TeMIIEPATyPH 3MillHEHHS CTPWIKHIB i3
¢docdaramu Hatpito - Bix 150 oC mo 300 oC, kamio - 250...300 oC, mapranuzo - 150 oC, amominiio - 200...300 oC.
JJo#aTKOBO BCTAHOBJIEHO MiHIMa/JIbHUH BILUIMB TUITY Ta TPAHYJIOMETPUYHUX XapPaKTE€PUCTUK KBAPLOBUX
HAIlOBHIOBAYiB Ha BJIACTUBOCTI CyMilllei, 1110 Jja€ 3MOT'y BUKOPHUCTOBYBAaTU MEHIII KOHAULIiIHI piukoBi abo
pereHepoBaHi nicku. TexHosorii cuHTe3y ¢pocdaTHUX 3B’13yBaJIbHUX KOMIIOHEHTIB IIepe0ayaloTh BUKOPUCTaHHS
3arajibHOBiIOMUX, LOCTYIIHUX Ta €KOJIOTIYHUX MaTepialiB i MOXKYTbh OyTH peasli3oBaHi K Ha XiMiYHUX
niAnpueMCTBax, Tak i 6e3rnocepeHbO B JIMBAPHUX liexaX. Bu3HaueHo, o CTPUKHEBI CyMillli, SIKi He BMIILyIOTb ¥
CBOEMY CKJIaJli 3aJIMIIKOBUX CY/IbQaTiB, XJIOPUAIB 200 HIIMX HEOPraHiYHUX COJiell, 3a0e311e4yl0Th BUTOTOBJIEHHS
BWJIVBKIB i3 3aJ1i30ByIJI€L}€BUX CILJIaBiB 6€3 IpUrapy 3 TOBUIMHOIO CTiHOK 10 40 MM, pelTa CTPMKHEBUX CyMillei
NoTpe6yI0Th BUKOPUCTAHHS IPOTUNPUTAPHUX MOKPUTTIB. TaKOK yCTAaHOBJIEHO 3B’130K MK AIMHAMIKOIO (i3UKO-
XiMIYHUX IIEPETBOPEHbD Y CKJIa/li CyMillleli Ta BUOMBAEMICTIO JIMBAPHUX CTPI>KHIB. HaliMeHIy po60Ty BUOMBAHHS
3a0€3M1e4yI0Th 3B's13yBajlbHi KOMIIOHEHTH, YTBOPEHI i3 OpTopochHOpHOi KUCIOTH 3 CyibpaTaMu aTIOMiHIIO Ta
MapraHuo. OuikyBaHUI €KOHOMIYHUI e(EeKT Bifl BAKOPUCTAHHS CTBOPEHUX MaTepiasiB (MOPiBHSIHO 3 MilllaHO-
CMOJISIHUMU CyMilllaMH rapsi9oro Ta XOJIOGHOTO TBEePiHHS) cTaHOBUTS Bifl 200 o 800 rpH Ha 1 TOHHY JMTBa. AHAI3
3arajibHUX 00CATiB ra3oBUIiNIEeHHS Ha 1 TOHHY JINTBA I10Ka3aB, 110 PO3PO0JI€Hi CYyMillli yTBOPIOIOTS iX Y KiJIbKOCTI
600...1000 r, rogi sk Tpaguuiiyi XTC i cymimi Tennosoro tBephiHHs — 3000...12000 r. 3MeHIIEHHS 3arajbHO]
KiJIbKOCTi ra30BUX BUJIiIEHD i 6€3MeYHMI iX CKIa]l XapaKTepU3yIOTh CTBOPEHI 3B's13yBajibHi KOMIIOHEHTHU Ta CyMillli

Ha iX OCHOBI SIK eK0JIoTiuHi (opMyBasbHi MaTepiaiu.

2. Current scientific and applied problems are solved in the dissertation: creation of scientific bases for obtaining
ecological phosphate binders and technologies for their use, as well as improvement of theoretical methods for
determining thermal fields in foundry molds and cores. The processes of the interaction of orthophosphoric acid
with refractory materials (pulverized quartz, zircon, disten-sillimanite), inorganic metal salts and various aluminum
compounds were analyzed, and the scientific basis for the synthesis of phosphate binders in the specified systems
was created. The scientific explanation of these processes makes it possible to reduce the time and costs of
creating new core mixtures. It was established that in the systems of orthophosphoric acid with sodium and



potassium salts of halogen acids, processes of direct chemical interaction take place in the temperature range of
250...300 oC, as a result of which sodium or potassium phosphates are formed, which acquire binding properties in
combination with quartz filler. A description of the mechanism of formation of aluminum phosphates with binding
properties during the interaction of crystalline hydrated aluminum sulfate Al2(SO4)3+18H20 with orthophosphoric
acid in the temperature range of 100...200 oC has been developed. The fact of the formation of an intermediate
phase, aluminum hydroxide Al(OH)3, which directly interacts with acid and forms aluminum phosphates, has been
revealed. A scheme for the synthesis of a binder with increased strength as a result of the interaction of
orthophosphoric acid with sodium tripolyphosphate was developed. Sodium pyrophosphate Na2H2P207 ensures
an increase in the strength of the core mixture by 2...3 times compared to sodium tripolyphosphate. The obtained
result creates an additional perspective for the extraction of environmentally hazardous sodium tripolyphosphate
from household and industrial chemicals. The mechanism of thermal transformations of phosphate binders formed
from inorganic salts of sodium and potassium in the temperature range from 20 to 1000 oC. After heating and
cooling, phosphates remain water-soluble. The obtained results make it possible to create core mixtures based on
them and to replace the time-consuming process of mechanically knocking out cores from castings by dissolving
them in water. On the basis of mathematical and thermo physical studies, a methodology for calculating the
thermal fields of foundry cores during crystallization and cooling of castings has been developed. The
methodology is based on establishing the dynamics of cooling of the surface of the casting in the casting mold, the
advancement of the crystallization front from the surface to the center of the casting, the temperature distribution
in the solid and liquid parts of the casting, determining the dynamics of the temperature change of the surface of
the casting core in the process of contact with the melt. The given calculation and the corresponding analysis of
thermal fields are the scientific basis for choosing the field of application of already existing and developed
mixtures depending on the thickness of the casting walls and the type of alloy. The influence of the composition of
core mixtures on the physical and mechanical properties was studied. The hardening temperatures of cores with
sodium phosphates are set from 150 to 300 oC, cores with potassium phosphates - 250...300 oC, cores with
manganese phosphates - 150 oC, cores with aluminum phosphates - 200...300 oC. In addition, the minimal
influence of the type and granulometric characteristics of quartz fillers on the properties of the mixtures was
established, which makes it possible to use less conditioned river or regenerated sands. The developed
technologies for the synthesis of phosphate binders involve the use of well-known, affordable and ecological
materials and can be implemented both at chemical enterprises and directly in foundries. Core mixtures that do
not contain residual sulfates, chlorides or other inorganic salts in their composition ensure the production of
castings from iron-carbon alloys without burning with a wall thickness of up to 40 mm. The rest of the core
mixtures require the use of non-stick coatings. The least knocking out work is provided by binders components
formed from orthophosphoric acid with aluminum and manganese sulfates. The expected economic effect from
the use (compared to sand-resin mixtures of hot and cold hardening) from 200 to 800 UAH per 1 ton of cast iron.
The analysis of the total volumes of gas release per 1 ton of cast iron showed that the developed mixtures form
them in the amount of 600...1000 g, while traditional cold hardening and thermal hardening mixtures -
3000...12000 g. The reduction of the total amount of gas emissions and their safe composition characterize the
created binders and mixtures based on them as ecological molding materials.
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