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Pedepar:

1.V npuceprauii HaBeieHi TEOPETUYHI Ta TEXHOJIOTIUHI y3araJbHEHHS B pAMKax BUPIlIEHHS HAYKOBO-TEXHIYHOI
Ipo6JieMU CTBOPEHHS €KOJIOTIYHO 6€3MeYHUX JIUBAPHUX (POPM Ta CTPUKHIB 3 MilIAHO-PIIKOCKIISIHOI cyMili, 1m0
CTPYKTypoBaHi 3a [IM3-niponiecoMm, 1J1s1 BUIMBKIB 3araJlbHOMAIIMHOOYiBHOTO IPM3HAYEHHS], MIJIIXOM BU3HAUYEHHS
3aKOHOMipHOCTe! (POPMYBaHHS BJIaCTUBOCTEH i KIHETMKY CTPYKTypyBaHHS CyMilli, onTumizauii ii ckiagy Ta

peasisatlii pe3yabTaTiB LOCTIIKeHb y BUPDOOHHUIITBI, 1[0 3yMOBJIIOE MiABUIIEHHS €KOJIOTIYHOI O€3MeKU Ta CaHiTapHO-



ririeHiYHMX YMOB BUPOOHMITBA, CKOPOUEHHS LIMKJIY Ta EHEPTOEMHOCTI IPOLECY BUTOTOBJIEHHS! BUJIMBKIB,
MigBUIIEHHS X SIKOCTI Ta, BiMTOBIIHO, 3HUKEHHS iX CO6IBAPTOCTi. 3 BUKOPUCTAHHSIM HaBayKOK Pi3HUX MaTepiaiB i
pi3HOi Macu AOCiANAN OCOBIMUBOCTI iX HArpiBaHHS B p€30HATOPi MiKpOXBUJIBOBUX T€Yell 3i CTOSIUEI0 XBUJIEIO IPU
4acTOTi BUIpoMiHioBaHHS 2,45 I'T11 i HOMiHa/NIBHOIO MOTY>KHICTIO MarHiTpory 700...1200 BT. BcTaHOBIIE€HO, 110 3
BilJaJIeHHSIM BiJ] BiCi 06€pPTOBOTrO CTOJY MOTYKHICTh MiKDOXBUJIbOBOTO BUITPOMiHIOBAHHSI 3MEHIIYETLCS 3
0=0,40...0,72 go 0=0,29...0,36 Bizi HOMiHaJIBbHOI TOTYKHOCTi MarHETPOHY MiKPOXBUJILOBOI Nedi. [Ipy npomy, pu
OJHAKOBI} Maci, MBUAKICTb MiABUILEHHS TEMIIEPATYPU MaTepiasiBs, 110 HarpiBaloTh NPSMO MPOIOPLiNHA iX
BiJHOCHI JlieJIEKTpUYHil IPOHUKHOCTI, gKa (11 MiHepaJliB) 3aJIe;KUTh BUKJIIOUHO Bifl iX XiMiYHOTO CKyIany, 10
Tpeba BpaxoBYBaTH IIifl Yac BUOOPY CKJIAAy MilllaHO-PiAKOCKIISHUX CyMilllel, 110 CTPYKTYPYIOTh B I1apo-
MIKpOXBUJILOBOMY cepenoBulli (3a [IM3-niponjecom). JlocifizkeHO KiHeTUKY CTPYKTYPyBaHHS KBapllOBOTO IiCKy
I1JIAKOBAaHOT'O HATPi€BUM PiIKUM CKJIOM Ta CTPYKTYpOBaHOro 3a [IM3-nponecom. BcTaHOBIIEHO, 1O [IpU
BuKopucTtanHi [IM3-nipouecy BUIieHHS BOAY 3 CTPYKTYPOBaHOI CyMilli NpoxoguTtsh B Tpy etanu npu 0100...128 °C.
[1pu upoMy, HasIBHICTb PiZKOTO CKJIa B KBAPLIOBOMY ITIiCKYy Ta MOT0 HM3bKA Y4BHA IIiJIbHICTb CYTTEBO 3HIKYIOTh Macy
NilaHO-PiIKOCKIISHOL CyMillli, IKy MOKJIMBO 0OpoOUTH (PiKCOBAHOIO KiJIbKICTIO HACHYEHOI BOZSIHOI I1apy, 110
BiTHOLIEHHIO [I0 YMCTOr'0 KBAPLOBOrO IiCKy, IO [IOB'S3aHO 3 IIPOLIECAMU rifpaTanii-gerigparanii pigikoro ckiua, 1oro
KiJIBKICTIO, BiTHOCHOIO IIOPUCTICTIO CyMillli Ta 4acoM ii HarpiBaHHSI MiKpOXBUJIbOBUM BUIIPOMIiHIOBaHHSIM.
CuMILIEKC-TIUIAHYBaHHAM aKTUBHOTO €KCIIEPUMEHTY ONTHUMI30BaHO CKJa, MillJaHO-PiAKOCKIISHOI cyMimi 3a [IM3-
[IPOLIECOM IIPM PaL[iOHAJIbHOMY PiBHI IOrO OCHOBHMX TEXHOJIOTIYHUX IapaMETPiB. 3a OTPUMaHUMU JaHUMU
PO3p06JIeHO PYHKLIOHAJIBHI 3aJI€5KHOCTI MiXK PSIOM [apaMeTPiB i BIaCTUBOCTEN CTPYKTYPOBAaHMX (POPMYyBaJIbHUX
Ta CTPMKHEBUX CyMillIeH, 4Ki BU3HAYAIOTh Ha 3Pa3Kax 3a CTAHJAPTHUMU i 3araJbHONPUNHATAMYU METOINKAMU.
BusHaueHo iHTerpasbHO-e(pEKTUBHI BEIMYMHU TEIIOPI3NYHMX ITapaMeTpiB KBAPL0BOTO MiCKy, [1IJIaKOBAHOTO
pinkum cksiom B KinbKocTi Bifg 0,5 1o 3,0 % i cTpykrypoBaHoro 3a [IM3-npoliecoM Ipu 3aUBLi B HbOTO
aJIIOMiHi€BOTO CIIJIaBy i CipOro 4aByHy. BCTaHOB/IEHO, IO XapaKTep MEXaHIYHOTO PyHHYBaHHS MillJaHO-PiAKOCKIISIHOL
cyMii, cTpykTypoBaHoi 3a [IM3-1npouecoMm, He 3aJIeXKUTh BiJl BMICTY PiIKOTO CKJIa, SKe IilJIO Ha IIJIaKyBaHHS
KBapLIOBOTO MiCKY, ajie 3aJIeXKATH Bifl TpuBasocTi [IM3-npouecy, 3i 36i7IbIIEHHSIM 4acy SKOro 3MiHIOETBCS Bif
anresifiHOro (1o 2 xB) 10 3MimaHoro (2...4 XB) i KoresifiHOro (MoHan 4 xB). Po60Ta BUOMBaHHS MilIaHO-PiIKOCKIITHUX
cyMinielt cTpykTypoBaHux 3a [IM3-npouiecom, mo micTsats Bif 0,5 1o 2,5 % (3a macolo, noxan 100 % micky) pigkoro
CKJIa, 3i 30i/IbIIEHHSIM TeMIlepaTypH ix nonepegHboro HarpiBy Big 800 mo 1100 °C, 3HmxyeTbes 3 185...15 [k 1o 0, a
BOJIOCTIMKiCTb 6JIM3bKa 10 a6COJIOTHOI 32 Yac OCIIiiB, 110 AO3BOJISIE 1Ii CyMillli JIETKO BUIAJSTH 3 BUIIMBKIB
ynapHo-BibpaniliHuMu criocobamu. BubuBaHHS CTPIDKHIB, TEeMIIepaTypa HarpiBy sIKUx He nepesuinysasa 600 °C,
PEKOMEHI0BaHO 3[1ifICHIOBATY LIJISIXOM 3aHYPEHHS! BUIMBKIB y Bo#y. JJociKeHo KiHeTUKy KapOoHi3allii 4acTKOBO
IerilpaToOBaHOTO PiAKOro CKja B TOHKOMY LIapi Ha MOBITPi, 3 5IKOi BUTIKae, M0 3i 30i/IbIIE€HHSIM BiIHOCHOI BOJIOTOCTI
NOBITPsI iHTEHCUBHICTh KapOOHi3aliii pinkoro ckia Ta, BianoBigHO, Maca KapOboHaTy i rifpokapboHary, 1o
YTBOpUJIACS B TOHKUX IJIiBKaX PifKOro CKJIa, 3pOCTaloTh. PO3po6sieHo onuc MexaHi3My MacollepeHoCy piiKkoro ckia
B IVIACKOMY Kamijsipi mif i€t MiKpOXBUIbOBOIO BUIIPOMIHIOBAaHHS Ta pO3p0o0JIeHO peKoMeHaallii om0
CIIAapIOBaHHS (POPM Ta CTPMKHIB 3 MilIAHO-PiIKOCKIISIHUX CTPYKTYPOBAaHUX CyMilllEl IIJISIXOM X CKJIEIOBAaHHS
PiAKUM CKJIOM B MiKPOXBUJIbOBOMY BUIIPOMIHIOBaHHI. BCTaHOBJIEHO IPUYMHY Ta PO3POO6JIEHO OIIMC MEXaHi3MiB
BMHUKHEHHS JePeKTiB BUMOiHA Ta BHYTPIllIHS TPill1HA, sIKi IPUTAMaHHI BUKJIIOYHO JMBapHUM QOpMaM Ta
CTPVKHAM 3 MIIAHO-PIIKOCKIISAHOI cyMillli, CTpyKTypoBaHoi 3a [IM3-tnipouecoM. JJOCIigKeHO AKiCTh IOBEPXHI
BWJIVBKIB, SIKi OTPMMAHO B MiMIAHO-PiIKOCKIISIHUX (popmax 3a [IM3-nipouiecom. BectaHOBIIEHO, WO iX IpUrap Mae
TEPMIYHMI XapaKTep i, 32 BUHSATKOM BUJIMBKIB 3 YaBYHY, € JIETKOBUAAIsleMUM. CTYIIiHb TOYHOCTI ITOBEPXHi TaKMX
BUJIMBKIB 3 OpOH3H, CTaJi Ta YaBYyHY Bifnosizae 7...10 kyacy, a ajloMiHieBUX CILIaBiB - 5...14 Kyacy BifoBiIHO 10
JCTY 8981:2020. ITpoBeneHO aHai3 SKOCTi BUIMBKIB IOTOYHOTO BUPOOHULITBA Ta BUJIUBKIB, 1IJ0 BUTOTOBJIEH] Y

dbopmax 3 miMmaHo-piAKOCKISHUX CyMillel, CTPyKTypoBaHux 3a [IM3-mpouecom.

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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