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Pedepar:

1.V npucepranii HaBeJjeHi TEOPETUYHI Ta TEXHOJIOTIUHI y3araJbHEHHS B pAMKax BUPIMIEHHSI HAYKOBO-TEXHIYHOI
Ipo6J1eMU CTBOPEHHS €KOJIOTIYHO 6€3MeYHUX JIMBAPHUX (DOPM Ta CTPYDKHIB 3 MillJaHO-PiTKOCKIISHOI CyMillli, 110
CTPYKTypOBaHi 3a [IM3-nipouiecom, 17151 BUIMBKIB 3arajlLHOMAIIMHOOYAiBHOTO TPM3HAYEHHS], MIJIIXOM BU3HAYEHHS
3aKOHOMipHOCTEN (OPMyBaHHS BJIACTUBOCTEH i KIHETUKM CTPYKTYPYBAaHHS CyMillli, OITHMI3alii ii ckyagy Ta
peasizallii pe3ysibTaTiB LOCiI>)KeHb Y BUPOOHULITBI, 1110 3yMOBJIIO€ IiIBUILIEHHS €KOJIOTTYHOI 6€3IeKu Ta CaHIiTapHO-
ririeHiYHMX YMOB BUPOOHMIITBA, CKOPOUEHHS LIUKJIY Ta EHEPTOEMHOCTI IPOLIECY BUTOTOBJIEHHS BUJIMBKIB,
MiABUILEHHS iX SKOCTI Ta, BiANOBIAHO, 3HMKEHHS iX CO6IBaPTOCTi. 3 BUKOPHCTAHHIM HaBaXXOK Pi3HUX MaTepiais i

pi3HOi Macu gocCianaM 0COBIMBOCTI iX HArpiBaHHS B PE30HATOPI MiKPOXBUJIBOBUX TI€Yell 3i CTOSIYEI0 XBUJIEIO TIPU



4yacToTi BulipominioBaHHs 2,45 I'T1 i HOMiHaIbHOIO OTY3KHiCTIO MarHiTpony 700...1200 Bt. BctaHOBEHO, 1O 3
BifllaJIeHHsIM Bif Bici 06€pPTOBOIO CTOJIY MOTYXHICTh MIKPOXBUJIBOBOTO BUIIPOMiHIOBaHHS 3MEHIIYETHCS 3
0=0,40...0,72 go 0=0,29...0,36 Biz HOMiHaJIBHOI ITOTYKHOCTi MarHETPOHY MiKPOXBUJILOBOI 11edi. [Ipy upomy, ripu
OJHAKOBI} Maci, MBUAKICTb MiABUILEHHS TEMIIEPATYPU MaTepiasiBs, 110 HArpiBalOTh NPSAMO MPOMOPLiNHA iX
BiIHOCHI1 JjiesIeKTpUYHill MPOHMUKHOCTI, sIKa (117151 MiHepaJliB) 3aJ1e5KUTh BUKJIIOUHO Bif iX XiMi4YHOrO CKJIamy, Mo
Tpeba BpaxoByBaTH IIifl yac BUOOPY CKJIaAy MilllaHO-PiAKOCKIISIHUX CyMilllel, 1110 CTPYKTYPYIOTh B I1apo-
MIKpOXBUJILOBOMY cepenoBulli (3a [IM3-niponjecom). JlociizkeHO KiHeTUKY CTPYKTYPyBaHHS KBapllOBOTO MiCKY
IIJIAKOBAHOI'O HATPi€BUM PifKUM CKJIOM Ta CTPYKTYpOBaHOro 3a [IM3-nponecom. BctaHOBIIEHO, 1O IpU
BUKOpUcTaHHi [IM3-nipouecy BUiIeHHS BOOU 3 CTPYKTYPOBAHOI CyMillli MpoxoauTs B Tpu etanu npu o0100...128 °C.
[Ipu upoMy, HasIBHICTb PiZKOTO CKJIa B KBAPLIOBOMY IIiCKYy Ta 1OT0 HM3bKa YSBHA IIiJIbHICTh CYTTEBO 3HKYIOTh Macy
HilaHO-PiTKOCKIISHOL CyMilli, IKy MOKJIMBO OOpOOUTH (PiIKCOBAHOIO KiJIbKICTIO HACUYEHOI BOZSHOI [1apy, 110
BiTHOLIEHHIO [I0 YMCTOr'0 KBAPLOBOrO IiCKYy, IO [IOB'S3aHO 3 IIPOLeCAMU rifpaTauii-gerigparanii pigkoro ckiua, 10ro
KiJIBKICTIO, BiTHOCHOIO IIOPUCTICTIO CyMillli Ta 4acoM ii HarpiBaHHS MiKpOXBUJIbOBUM BUIIPOMiHIOBaHHSIM.
CuMILIEKC-TIUIaHYBaHHAM aKTUBHOT'O €KCIIEPUMEHTY ONTUMI30BaHO CKJa, MilaHO-PiAKOCKIISAHOI cyMimi 3a [IM3-
IIPOLIECOM IIPY PaLliOHAJIBHOMY PiBHi 1Or0 OCHOBHUX TEXHOJIOTTYHUX [TAPAMETPIB. 3a OTPMMAHUMU TaHVNMU
po3pobiieHo QYHKIIOHAIBHI 3aJI€5KHOCTI MiX pSIIOM ITapaMeTpiB i BJIACTUBOCTEN CTPYKTYPOBaHUX POPMYBAJIbHUX
Ta CTPWKHEBUX CyMillIeH, 4Ki BU3HAYAIOTh Ha 3pa3Kax 3a CTAHJAPTHUMU i 3araJbHONPUNHATAMU METOINKAMU.
BusHaueHoO iHTerpasbHO-e(pEKTUBHI BEJIMYMHU TEIIOQPI3NYHMX ITapaMeTpiB KBaPLOBOTO MiCKY, [1IJIaAKOBAHOTO
piznkum cksiom B KinbKocTi Bifg 0,5 10 3,0 % i ctpykTrypoBaHoro 3a [IM3-npoliecoM Ipu 3aMBLi B HbOTO
aJIIOMiHi€BOTrO CIIJIaBy i CipOro 4aByHy. BCTaHOBJIEHO, IO XapaKTep MEXaHIYHOTO PYHHYBaHHS MilJAHO-PiAKOCKIISIHOL
cymii, cTpykTypoBaHoi 3a [IM3-1ipouiecoMm, He 3aJIEXKUTh Bill BMICTY PiIKOTO CKJIa, SKe IIilJIO Ha IJIaKyBaHHS
KBapLIOBOTO MiCKY, ajie 3aJIEXXATD Bifl TpuBasocTi [IM3-npouecy, 3i 36iJIbIIEHHSIM 4acy SKOro 3MiHIOETbCS Bif
anresifiHOro (Io 2 xB) 1o 3MimaHoro (2...4 XB) i koresifiHoro (oxHan 4 xB). Po6oTa BU6MBaHHS MilaHO-PiIKOCKIISTHUX
cyMilielt cTpykTypoBaHux 3a [IM3-npouecom, mo micTsats Bif 0,5 1o 2,5 % (3a macoto, noxan 100 % micky) pigkoro
CKJIa, 3i 30i/IbIIEHHSIM TeMIlepaTypH ix nonepegHboro Harpisy Big 800 mo 1100 °C, 3HmxyeTbes 3 185...15 Ik 1o 0, a
BOJOCTIMKiCTb 6JIM3bKa 10 abCOJIIOTHOI 32 Yac NOCIIiAiB, 110 JO3BOJISIE 1Ii CyMillli JIETKO BUTAJSITH 3 BUJIMBKIB
yaapHo-BibpauiliHuMu crioco6amu. BubuBaHHs CTPUKHIB, TeMIIepaTypa HarpiBy sIKUx He nepesuinysasa 600 °C,
PEKOMEH0BAHO 3[1ifICHIOBATY LIJISIXOM 3aHYPEHHS! BUWIMBKIB y Bo#y. JJoCi)KeHo KiHETUKY KapOOHi3allii 4aCTKOBO
IeriipaToBaHOTO PiAKOTO CKJa B TOHKOMY LIapi Ha MOBITPi, 3 KOi BUTIKaE, 10 3i 36iJIbII€HHSIM BiITHOCHOI BOJIOTOCTI
HOBITpsI iHTEHCUBHICTh KapOOHi3alii pinkoro ckia Ta, BianoBigHO, Maca KapOboHaTy i rifpokapboHary, 1o
YTBOpUJIACS B TOHKUX IJIiBKaX PiKOro CKJIa, 3pOCTaloTh. PO3po6sieHo onuc MexaHi3My MacollepeHoCy piiKkoro ckia
B IUIACKOMY Kamijspi mif fielo MiKpOXBUIbOBOIO BUIIPOMIHIOBAaHHS Ta pO3p0O0JIEHO peKOMeHAallii om0
CIapIOBaHHS (OPM Ta CTPYKHIB 3 MiIAHO-PiIKOCKIISIHUX CTPYKTYPOBAaHUX CyMilllE! IIJISIXOM X CKJIEIOBAaHHS
PiAKUM CKJIOM B MiKPOXBUJIbOBOMY BUIIPOMIHIOBaHHI. BCTaHOBJIEHO IPUYMHU Ta PO3POO6JIEHO OIIUMC MEXaHi3MiB
BMHUKHEHHS e(PEeKTiB BUMOIHA Ta BHYTPIIIHS TPilllMHA, sIKi IPUTAaMaHHI BUKJIIOYHO JIMBAapHUM (POpMaM Ta
CTPIYKHAM 3 MIIAHO-PIIKOCKIIAHOI cyMillli, cTpykTypoBaHoi 3a [IM3-nipouecoM. JJOCigKeHO AKiCTb IOBEPXHI
BIWJIMBKIB, sIKi OTPMMAHO B MilaHO-PigKoCcKIsIHUX hopmax 3a [IM3-miporiecom. BcTraHoBsieHo, 1o ix mpurap mae
TEPMIYHMI XapaKTep i, 32 BUHATKOM BUJIMBKIB 3 YaBYHY, € JIeTKOBUAAIsleMUM. CTYIIiHb TOYHOCTI ITOBEPXHi TaKMX
BUJIMBKIB 3 OpPOH3H, CTaJli Ta 4aByHy BiAnosigae 7...10 kyiacy, a anoMiHieBUX CIIaBiB - 5...14 kyacy BiAnoBinHO 10
OCTY 8981:2020. [TpoBeneHO aHai3 KOCTi BUJIMBKIB IOTOYHOT'O BUPOOHMIITBA Ta BUJIUBKIB, 110 BUTOTOBJIEH] y
dopmax 3 MilaHo-PiAKOCKISHUX CyMillell, CTPyKTypoBaHux 3a [IM3-npoliecom.

2. Dissertation presents theoretical and technological generalizations in solving the scientific and technical
problem of environmentally friendly molds and rods from sand-sodium-silicate mixture, structured by SMS-
process, creating for castings of general engineering purposes, by properties formation regularities and kinetics of
mixture structuring determining, its composition optimization and research results realization in production,
which leads to environmental safety and production sanitary conditions increasing, cycle and energy consumption
of casting process reducing, their quality improving and, accordingly, their cost lowering. Using different materials

samples with different masses, their heating peculiarities in microwave furnace resonator with standing wave at



radiation frequency of 2.45 GHz and nominal magnetron power of 700...1200 W have been investigated. It has been
established that with distancing from axis of rotating table microwave radiation power decreases from 0=0.40...0.72
to 0=029...0.36 of microwave furnace magnetron nominal power. In this case, at the same mass, temperature rising
rate of heating materials is directly proportional to their relative dielectric permeability, which (for minerals)
depends exclusively on their chemical composition. That must be taken into account when choosing the
composition of sand-sodium-silicate mixtures structured by steam microwave environment (SMS-processing).
Kinetics of quartz sand clad with sodium silicate solute and structured by SMS-process structuring has been
studied. It has been established that when using SMS-process, water separation from structured mixture takes
place in three stages at 0100...128 °C. At the same time, sodium silicate solute presence in quartz sand and its low
apparent density significantly reduce sand-sodium-silicate mixture mass, which can be treated with fixed amount
of saturated water steam, relative to pure quartz sand, which is associated with sodium silicate solute hydration-
dehydration, with its amount, with mixture relative porosity and it’s heating by microwave radiation time. Sand-
sodium-silicate mixture composition at SMS-process has been optimized by simplex planning of active experiment
due to rational level of its main technological parameters. According to data obtained, functional dependences
between parameters and properties of structured mold and rod mixtures, which are determined on samples by
standard and conventional methods, have been developed. Integral-effective values of thermo-physical
parameters of quartz sand clad with sodium silicate solute in amount of 0,5 to 3,0% and structured by SMS-
process when pouring aluminum alloy and gray cast iron have been determined. It has been established that sand-
sodium-silicate mixture structured by SMS-process mechanical destruction nature does not depend on sodium
silicate solute content, which has been consumed on quartz sand cladding, but depends on SMS-process duration,
that is changes with time from adhesive (up to 2 min) to mixed (2...4 min) and to cohesive (more than 4 min). Knock
out work of sand-sodium-silicate mixtures structured by SMS-process, containing sodium silicate solute from 0.5
to 2.5% (by weight, over 100% sand), with preheating temperature increasing from 800 to 1100 °C, decreases from
185...15J to 0, and water resistance remains close to absolute during examination time, which allows these
mixtures to be easily removed from castings by shock-vibration methods. It has been recommended to knock out
the rods, which heating temperature did not exceed 600 °C, by immersing castings in water. Partially dehydrated
sodium silicate solute in thin layer in air carbonization kinetics has been studied, from which it follows that with
air relative humidity increasing sodium silicate solute carbonization intensity and, accordingly, mass of carbonate
and bicarbonate formed in sodium silicate solute thin films increases. Mechanism of sodium silicate solute mass
transfer in flat capillary under microwave radiation action description has been elaborated and recommendations
for pairing molds and rods from sand-sodium-silicate structured mixtures by gluing them with sodium silicate
solute in microwave radiation have been developed. Surface quality of castings obtained in sand-sodium-silicate
molds by SMS-process has been studied. It has been established that their burn is thermal in nature and, with
exception of cast iron castings, easily removed. Such bronze, steel and cast iron castings surface accuracy level
corresponds to 7...10 classes, and aluminum alloys - 5...14 classes according to DSTU 8981:2020. Current
production parts and castings made in molds from sand-sodium-silicate mixtures structured by SMS-process
foundry quality analysis have been carried out.
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