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AHOTAILLA

Pumap T.E. Po3pobka HaykoBux ocHOB HBY-TexHosOrii KOMMO3UIIHHUX
MarepialliB JiJis TeTUI0130J1s1111 Ha OCHOBI PIAMHHOTO ckia. — Ha mpaBax pykomucy.

Hucepraitist Ha 3100yTTS HAYKOBOT'O CTYIICHS JOKTOpa TEXHIYHUX HAyK 3a
cnemianbHicTiIO  05.23.05 —  OyZaiBenbHI  Marepiaad  Ta  BUpoOU.  —
CxigHOYKpaiHChbKUN HAIIOHANbHUWA YHIBepcUTeT 1MmeHl Bomogumupa Jlans,
M. CeBepoJoHeNbK, YKpaiHCbKUN JEepXKaBHUW YHIBEPCUTET 3alI3HUYHOTO
TpaHCTOPTY, M. XapkiB, 2021.

Jucepraiiito TpUCBAYEHO CTBOPEHHIO HaykoBuX ocHOB HBY-texnomorii
KOMITO3HUIIIMHUX MaTepialliB JJIg TEIUIOI30JIAIi Ha OCHOBI PIAMHHOTO CKJa, SKI
0a3yrOThCSA HAa BCTAHOBJICHUX 3aKOHOMIPHOCTSIX (OPMYBaHHS I1X CTPYKTYpH 1
BIACTUBOCTE B  3aJleKHOCTI  BiJ  TapaMeTpiB  HaJBUCOKOYACTOTHOTO
BUIIPOMIHIOBAHHS, MOJU(]IKATOPIB KOAryJSLIMHO-KPUCTATI3AIMHIX TMPOIECIB,
MOPOYTBOPIOBaYiB 1 TMiHOcTabUI3aTopiB. [l OOTpyHTYBaHHSA aKTyaJabHOCTI
npo0JIeMH MPOBEJEHO aHalll3 CyYyaCHUX JIITepaTypHUX AAHUX II0JI0 BU3HAYCHHS
NEPCIIEKTUB BUKOPUCTAHHS Yy MPOMHUCIOBOCTI CHJIIKATHUX TEIUIO130JIALIIHHIX
MarepiajgiB, 3  METOK I1X  BHUKOPHCTaHHS  JJ1  TEIUIOBOI  130JIAIii
BHCOKOTEMIIEpaTypHOTro OOJaiHaHHS 1 TpyOompoBoaiB. Bim3HaueHo mepeBaru Ta
HEJOJIIKM, a TaKo)X Cy4YacHi CBITOBI TEHJACHII TEXHOJIOTIl CHJIIKATHUX
IPaHyJIbOBAHUX 1 KOMIO3UIIIMHUX TEIUIOI30IAIIMHUX MaTepialiB Ta IMOIIIICHHS
iXx BmactTuBOCTEH. PoO3rIstHyTo  MeTOAM  MIABUINCHHS  €KCILTyaTalllHHHX
XapaKTepUCTUK TPaHYJIhOBAHUX MaTepialiiB HA OCHOBI PIAMHHOTO CKJa MUITXOM
BBEJICHHS PI3HUX HAMOBHIOBAYIB Ta XIMIYHUX J00aBOK. Po3risHyTO TEeXHOMOTIT
KOMITO3UIIIMHUX MaTepiajiB 3 TPUPOAHUMH 3EPHUCTUMH 3aNOBHIOBAYAMHU.
IToka3aHo, 110 HAMOUIBII BUCOKMMHU MIIHICHUMH ITOKa3HUKAMHU Ta BOJOCTIHKICTIO
BIJIPI3HAIOTHCS AFOMOCHIIIKATHI JTy>KHI MaTepiayid, sIKi OTPUMYIOTH 3a JIOITOMOTOIO
peaxiiiii B3a€MOJIi1 alFOMOCHITIIKATHOI CHUPOBUHU 13 CIIOYKAMU JIYKHUX METAIB.
3a3HaueHo, 110 JaH1 XIMIYHI MeToaAu Moaudikallii 0a3yl0ThCsl Ha 3MIHI CTPYKTYPHU
PEYOBUHHU 3aBJASIKM BUKOPUCTAHHIO CIEIIaIbHUX IHTPEIIEHTIB, OJHAK MPHU LILOMY

BHUHUKA€ HEOOXIMHICTh y BBEJICHHI YacTO BEJIMKOI KUIBKOCTI KOMIIOHEHTIB Ta



OKpEMHUX TEXHOJIOTIYHUX OMNepalliid, 0 He 3aBXau € BunpaBaanuM. [lokazano, mo
OJIHUM 3 NEPCIEKTUBHUX METOAIB 3MiHM (DI3UYHOIO CTaHYy PEYOBHH MiJA JI€I0
€JIEKTPOMAarHiTHOrO MOJI € HEeTeIioBa 00poOKa Marepiany HaJIBHCOKOYACTOTHUM
BUrnpomiHioBaHHsM. HaBeneHi nepeBaru BukopuctanHs HBY BunpomiHioBaHHS B
MOPIBHSAHHI 13 3arajbHO NPUUHATAMU MeToJaMu Monaudikamii maTepiaiiB, K1
MOJIATAIOTh Yy TEPETBOPEHHI IX CTPYKTYpH 0€3 3HAaYHUX 3MIH TEXHOJOTIYHOTO
nmpoiiecy 1 HEOOXITHOCTI 3aCTOCYBaHHS JOJIATKOBUX KOMIIOHEHTIB. 3aBIsKU
00 eMHOMY HarpiBy 1 MexaHismy «HetemioBoi» aii HBY BumnpomiHioBaHHS Ha
00poOIOBaNIbHI 00 €KTH 3HAYHO 3HIKYETHCS TPUBAIICTH IX HArpiBy, a TaKOX
HOJIIIITYIOTBCS €KCIUTyaTallliHl BJIACTUBOCTI BUPOOIB 3a PaxXyHOK MOAMQIKAIii
CTPYKTYPH PITMHHOCKJISTHOT MATPHIIi 17l BUWJIMBOM ii ONMPOMIHCHHS JaHUM BHUIOM
eHeprii. bymo BHCyHYTO TinmoTe3y Mpo MOXIUBICT, BukopuctandHs HBUY
BUITPOMIHIOBaHHSI TUTSI BUTOTOBJICHHS e(heKTHBHUX KOMITO3HITITHUX
TEIJIOI30MIAIIMHNX MaTepiaiB Ha OCHOB1 PIAUHHOTO CKJa NPH OUTBII HU3BKUX
TeMIlepaTypax 1 BIOPOJOBK 3HAYHO MEHIIOTO Yacy TepMOOpOOKH, B TIOPIBHAHHI 3
KOHBEKTHBHUM HArpiBOM, OCKUIbKM TMpPHU MIKPOXBHUJIHOBOMY BIUIMBI IIap 3pa3ka
NpOrpiBa€ThCSl  Maibkeé  MHUTTEBO Ta  JIOCATAE  MIPOIUIACTUYHOTO  CTaHy
PIAMHHOCKIISTHA KOMITO3HITiS 3a JEKUIbKA CeKYH/I.

B poGoTri HaBomAThCS KpHTepii BHOOPY KOMIIOHGHTHOTO  CKJIAIy
PIAMHHOCKIISTHOT KOMIIO3HMIIi, SIKMM MokHa edexktuBHO migmaBatu a1 HBY
BUIIPOMIHIOBaHHS Ta OTPUMYBATH SKICHI TETUIOI30JISIIIIHI MaTEpialIu.

BcraHoBneHO 3aKOHOMIPHOCTI Ta KUIBKICHI 3aiexHocTi BriuBy HBUY
BUIIPOMIHIOBaHHS Ha TMPOILECH TpaHcPopMalii CTPYKTYpH PITUHHOCKIISHOT
KOMITO3UIIIT TpH 1i mopw3allii Ta JOBEAEHO, IO 3aBASKH O00'€MHOMY MPOTPIBY
CTYIHb TEepe0yNI0BH CTPYKTYPH B TIOPIBHSHHI 3 KOHBEKTUBHHM HAarpiBOM Mae€
BIBIUl OLIbIIe 3HAYCHHS: JJII TPaHYJbOBAaHMX MaTepialliB - 3a OJHAKOBUX
TEMIIEpPaTyp, a JJII KOMIIO3UIIMHUX — HAaBITh MPU BIBIYI HWXKYIN TeMrepaTrypi
npoiiecy. Bu3HaueHo, 110 4yaCTUHA €HEprii eJIEeKTPOMArHITHOIO BUIIPOMIHIOBAHHS
MEPETBOPIOETHCSI HA TEIUIOTY, sIKa CHpHsi€ IHTEHCHBHIM mopuzanii 3 00 eMHUM

PO3LIMPEHHSAM PIIMHHOCKIISIHOT KOMITO3UII1i, a 1HIlIa — HAalpaBJIeHa Ha CTPYKTYPHI



3MIHM B Marepiaii, sIKi OPU3BOAATH 10 MONIMIIEHHS HOTO BIIACTUBOCTEH, IO
MOB'13aHO 3 eekToM «HeTermnoBoi» Aii HBY BunpomiHtoBaHHS.

BusiBieHi oco0nMBOCTI Mepexoay CycneH3ii Ha OCHOBI PIAMHHOIO CKia Mij
JI€I0 MIKPOXBUJILOBOTO BHUIIPOMIHIOBaHHS B MIPOIUIACTUYHUNA CTaH B yMOBaX
MPOTIKAHHS KOHKYPYIOUMX TMPOILECiB Jerygparauii 1 Mopu3alii CTPYKTypHU
Marepiany. BctaHoBeHe HEBUCOKE 3HAUYEHHsI YSIBHOI €Heprii akTUBallil y Hepiui
nepion nopuzauii mig agiero HBY-sunpomintoBanns — 13,05 xJlx/mons ans
rpaHyJIbOBaHUX MatepianiB 1 27,64 kJ[>k/MOJb — A1 KOMIIO3UIIIHUX, 1 Y APYTUM
nepioa — 136,07 kJx/monb 1 116,98 xJ[/MOIb BIATIOBIHO, CBITYUTH NMPO BEIUKY
3IaTHICTh MIKPOXBHJIBOBOTO BHUIIPOMIHIOBAaHHSI IIEPETBOPIOBATH TPH BiTHOCHO
HU3BbKUX TeMIlepaTypax BOAY B Map HaBITh B 3B’SI3aHOMY CTaHi, Ha BIAMIHY BIJ
KOHBEKTUBHOTO HArpiBy, e y TepIIui Tepiog Topus3aiii TrpaHyIbOBaHHUX
MartepiajiB €Hepris akTHBAIlii B3araji JIOPIBHIOE HYIIO, a Y APYromMy mepioji Mae
Brcoke 3HaueHHs (115,72 x/[»k/Monb) depes NMpoTiKaHHS KOHKYPEHTHUX IPOIIECiB
nopu3atii 1 gerigpatanii. [Ipu mopuzarii KOMIIO3UIIIHHUX MaTepialliB 3HAYCHHS
yaBHOI eHeprii akTuBamii Ha 000X eramax mnporecy Omuspki (9,18 i
24,75 x]JI/MO0nb BIATIOBIIHO), IO TOBOPUTH MPO MOBiIbHE BUIIAPOBYBAHHS BOJIU B
HACJIIIOK YOT0 BiI0OyBa€ThCS MEPEBAXKHO CYIIIHHS MaTepiany 0e3 mopu3ariii.

Busznadena ponb MoaudikaTopiB KoaryiasaiiiHO-KPUCTATI3AIMHUX MTPOIECIB
B YMOBax MIKpOXBWJIHOBOTO BuUIpoMiHIOBaHHS. [lokazano, mo mgob6aBka ZnO
CIpHsi€ CTIOBUIBHEHHIO TPOIECIB TeJICyTBOPEHHS, M0 30UIBIIYE Yac JOCSITHEHHS
PIBHOB2XHOTO CTaHy Ta 3a0e3leuye ONTUMajbHy B SI3KICTh CYCHEH311 IS
noxaneinoi i mopusarii. BcranoBnena katamitmyHa (GyHKIS MoaudikaTtopy
CaS04:0,5H20 B KOHTAaKTHO-KOHJCHCAIIIMHOMY 1 KOJIOiTHO-KOATyJISI[IHHOMY
MEXaHi3MaxX TBEPAIHHS PIIMHHOCKISHUX  KOMIIO3WINM, 10 3abe3meuye
dopmyBanHs HOBOoyTBOpeHb (CaSiO3), sxi B cBorw uepry mnpu nii HBY
BUTIPOMIHIOBaHHS CIPUSIOTH YTBOPEHHIO reTepOreHHO1 CTPYKTypH
TEIUIOBOMAIINHUX ~MaTepiaiiB 3 MIABUIIMHUMH TMOKa3HUKAMH MIITHOCT1 1

BojiocTiikocTi. [Ipuuomy yrBopenns CaSiO; min niero HBY BunpominioBaHHS 3a



temnepatyp 110-120 °C BinOyBaeThcst iHTEHCHBHINIE HiK IIPU TpaguliiHOMY
KOHBEKTHBHOMY HArpiBi, HaBiTh 3a Temmeparypu 600 °C.

3anponoHOBAaHO MEXaHI3M KOaryJysauli PpIAMHHOCKISHOI KOMIO3MLII Ta
3a3HAYEHO, 1[0 BHACIIJIOK arperaTMBHOI HECTIMKOCTI PIAMHHOCKISIHOT KOMITO3ULIT 1
il TeHaeHIil 10 3MEHIIEHHS BUIbHOI E€Heprii MmiJ BIUIMBOM TEMIEpPaTypu 1
MOAM(IKYyIOUUX J00aBOK BiIOYBAa€ThCs ii KOAryJssuis, TOOTO 3IUMAHHS YAaCTUHOK
KOJIOiJIIB MpPH IXHbOMY 3ITKHEHH1 B MPOIECl TEIIOBOTO (OpOYHIBCHKOIO) pPyXy,
nepemMimyBaHHs a00 HampsAMJICHOTO TICPEMIIICHHS B 30BHINIHBOMY CHJIOBOMY
noJii. 3JaTHICTh A0 KOAaryJjsuii 3ajexuTh Bl Audy3ii pearyrounx peuoBUH 1
temrneparypu. [lim dYac TeleyTBOpeHHS 31 3pPOCTaHHSAM  TEMIIepaTypu
CIIOCTEPITa€ThCsl MEPEeXiJl BiJ JOCTATHHO HEBEJIMKHWX YAaCTHMHOK 0 OUIBIINX
arsiomeparis. [Ipote, popMyBaHHS 3B’SI3KIB MIDK YaCTUHKAMU KPEMHE3EMY TIiJ] Yac
ICJICYTBOPCHHS HE 3aBXJIM OOYMOBJICHO TUIBKM BBEACHHSAM JIO0OABOK Ta
MiBUILICHHSIM TeMIlepaTypu, BOHO 3HA4YHO IHTEeHCH}iKyeThcs miax giero HBY
BUIIPOMIHIOBAHHSI Ta CHpPHUSE TMOMITHOMY 3pPOCTaHHIO HIBUIKOCTI (HOpMyBaHHS
CWJIOKCAHOBHX  MICTOYKOBMX  3B’SI3KIB ~ MDK  4YacTUHKamu.  Bzaemonis
BOJOPO3UYMHHUX CHJIIKATIB Yy PO3YMHI PIAMHHOTO CKjJIa 3 MoaudikatropaMu
KOaryJISIiiHO-KpUCTATIZAIlIMHIX TPOIECiB (OKCHI IIMHKY, HAIiBBOJHHM TiIIC)
3MIIACHIOETHCS, BOYEBH/b, 3a JOTMOMOIOI0 JBOX THUIIB CHJIAHOJBHUX TPy -
BOJHEBO-3B’SI3aHUX 1 TaK 3BaHUX “BUIBHUX Ta MPHU3BOJWTH JI0 3MCHIICHHS
3arajJpbHOrO0 TOTEHI[lAly CHCTeMH, 1 THM CaMUM JI0 TPUCKOPEHHS MPOIECY
resieyTBopeHHs. Ha BiqMiHy Bijf 100aBOK TOHM)KEHOT aKTUBHOCTI, SIKi YTBOPIOIOTH
KOAryJsilliiHl CTPYKTYpPH INUIAXOM 34YCIUICHHS YaCTUHOK CIIA0KMMH BaH-IEp-
BAaaJbCOBUMHU CWJIAMH 4Ye€pe3 TOHKI 3aJMIIKOBI TMPOMIAPKH HABKOJHUIITHBOTO
(mIECcTIepCitHOTO) cepeoBHINA 1 BIAPI3HAIOTHCS MOBHOIO HECTIMKICTIO OO0 BOJIH,
MPUCYTHICTh JaHUX MOAU(DIKATOPIB CIPHUSIE YTBOPEHHIO KOATYISIIHHOT CTPYKTypH
31 3MEHIICHHSIM PIJKAX MPOIIAPKIB MK YaCTHHKAMHU MaTepiaty, ska Ipyu TTOBHOMY
BUJAJCHHI 13 cucTeMd piakoi ¢asu mig giero  HBY  BumpomiHioBaHHS,
KOHJICHCYETHCSI B MIIIHUN KaMiHb, SKUH HE PYUHYETHCS BOJIOIO, OCKITHKU B IIHOMY

BUMAJIKy KOaryJjsiiiiHa CTpyKTypa TMEpexXoJUTb B HOBY — KOHTaKTHO-



KOHJeHcaliiHy. Taki CTpyKTypH YTBOPIOIOTbCS MpPHU Jli 30BHIMIHIX (I3UMYHHUX
dbakTopiB, HAPUKIIAJ TPU MPUKIAICHHI 30BHIIIHHOTO TUCKY (MpPECyBaHHS), IJIs
3a0e3nedeHHs OUTbII MIITHUX KOHTAKTIB MIXK YaCTKaMH B'SKYyYHMX PEYOBHUH MPH iX
KoHJleHcallli. [lporiec TBEepJiHHS B TaKUX CHUCTEMax 3IIMCHIOETHCS MHUTTEBO B
MOMEHT BHUHUKHEHHS KOHTAKTIB MDK YacCTKaMH B’SDKyYuX. TakuM 30BHIIIHIM
¢akropom Moxke cnyryBatd 1 HBY BumpomiHioBaHHs, sike OyAe CHpUATH
BUHUKHEHHIO OUTBII MIITHUX KOHTAKTIB M1 MIKpOYAaCTKaMU PEYOBUHU aMOpPQHOT
a00 HecTaOUIbHOI KPUCTAIIYHOI CTPYKTYpH 0€3 3MiHM MOro XiMiyHOTO CKJIaay B
pe3ynbTati PI3UYHUX MOBEPXHEBUX SIBUIL, HAPUKIIA]] OJIAPU3ALLii.

JloBenena e(EKTUBHICTh MIKPOXBWJIBOBOI OOpOOKM MatepiaiiB MpH
BBEJICHHI y DIIMHHOCKJISIHY KOMIIO3HIIIF0 TopoyTBoproBaua H»O,, mMBHUIKICTH
pPO3KJIaJIlaHHsl SKOTO TMOpPIBHSHHA 13 MIBUAKICTIO TPOLECY TeleyTBOPCHHS
xkommo3uiii mig aiero HBY BunpomiHiOBaHHS, Ta TIOBEPXHEBO-aKTHUBHOI pEYOBUHU
OII-10, sixka € TepMOCTabIILHOIO B YMOBaX IMpPOIIECY, IO JA03BOJISE CTaOUII3yBaTH
CIy4eHy Macy Ta OTpUMaTH MeEXaHIYHO MIIHMK MaTepial 3 PIBHOMIPHO
PO3MOJIUIEHOIO CTPYKTYPOIO.

Po3pobnena perentypa s OTpUMaHHS KOMITO3UIIIMHUX TETUIO130MIAIIHHIX
MarepiajgiB 3 BUKOPHUCTAHHAM MOAUGDIKATOPIB KOATYIAIIMHO-KPUCTATI3AIlIHHIX
IPOIIECiB, MOPOYTBOPIOBAUYIB 1 MIHOCTAOLTI3aTOPIB Ta BUBYEHI iX BIIACTHUBOCTI.
ITokazano, mo Ttake MomudikyBanHs mig giero HBY BumpomiHOBaHHS CIpUsE
iHTeHCcHpiKaIii MPOIECiB KOoaryyslii Ta KpUCTami3amii, 10 IPU3BOAHWTHL JIO
nepeBakaHHs TMPOIECIB  YIIUIBHEHHS, 3a paxyHOK 3MEHIICHHS BiIKPUTOT
MOPUCTOCTI, HAJX MpoLecaMH pocTy IMOp Ta J03BOJSIE OTPUMATH Marepial
3aKPUTONOPUCTOI CTPYKTYPH 3 HHU3BKOIO CEPEIHBbOIO I'ycTHHOIO (220-240 kr/m°)
mpu 30€peKeHHI Ha BUCOKOMY piBHI MimHICHHX moka3HukiB (0,6-0,7 MIla na
ctuck i 0,8-0,9 MIla Ha 3run).

Po3pobnena TEXHOJIOTis IpaHyJIbOBAHUX 1 KOMITO3ULIIMHUX
TEIUIOI30JISIIMHUX MaTepialiiB HAa OCHOBI piIMHHOTO ckjia B ymoBax HBY
BUIIPOMIHIOBaHHs. 3alpOlOHOBAHO OTPUMMAHHS TPAaHYNI M[UIIXOM PO3MHJICHHS

PIAMHHOCKIISIHOT KOMIIO3HUIIIT 32 JOMOMOIOK PO3MWIIOBAYa JJIsi TEKCTYPOBAHOTO



dbapOyBaHHS B OTBEPKYIOUMU PO3UMH XJIOPUAY KAJbI[iI0, 110 peai3yeThcs 3
BUKOPUCTaHHSM MOOLIBHOI yCTaHOBKHM. Po3poOjeHa HOBa TEXHOJIOTIYHA CXeMa
BUPOOHUIITBA KOMIIO3UI[IMHUX MaTepialliB y BUIJISAAl TEIJIO130SALIMHUX BUPOOIB
pi3HOI KOH(]Iryparii HUIsIXOM OJHOYACHOI Mopu3alii 3 00 €EMHHM pPO3LIMPEHHSIM
rpa”y’ 1 3B’s3yrodoro mia giero HBY BunpominioBanHs. BusHadueHi onTuUManbHi
TEXHOJIOTIYHI MapaMeTpu MpoLecy: BUXIJAHA MOTYXHICTb ycTaHOBKH — 650 BT,
arMocepHUIi THCK, TeMIepaTypa HpH LbOMY TpHMaeThcs Ha piBHi 115-120 °C.
Bcranosneno, mo 3anpononoBana HBUY-texnosoris g03Bojsi€e  OTpUMATH
MaTepiaiii 3 KpaIiuM KOMIUIEKCOM eKCIUTyaTalliiHUX XapaKTePUCTUK MPHU OLIBII
HU3BKUX CHEPreTHYHMX BUTpPATaX Ha iX BHPOOHUIITBO B TOPIBHAHHI 3
KOHBEKTHBHUM HarpiBOM.

BukoHnaHa TEXHOJOTIYHO-€KOHOMIYHA OIliIHKa Ta JIOBEACHI TepeBaru
MIKpPOXBWJIBOBOi ~ TEXHOJIOT1i CIy4YeHHS KOMIO3UIIMHUX  TETUIOI30JSIIHHUX
MarepiajiB MOPIBHSHO 3 TEXHOJIOTIEX BUPOOHMIITBA AIFOMOCHIIIKATIB 1 MIHOCKIIA,
SK1 TOJISATAI0Th Y 3MEHIICHHI TPUBAJIOCTI 1 TEMIIEpAaTypH TMPOIECy Ta BIICYTHOCTI
HEOOXITHOCTI 'y BBEICHHI JOAATKOBMX KOMIIOHEHTIB i1 Moaudikarii
BJIACTUBOCTEeH Marepiany. [IpoBemeHa TeXHIKO-€KOHOMIYHA OIlIHKA pe3yJIbTaTiB
JOCIIJDKeHh ~ TMOKaszajia, 1[I0 I[iHa  3aIpOIOHOBAHOTO  KOMITO3HMIIIHHOTO
TEIIOI30/IAIIMHOTO MaTepiany HIbK4Ya 3a I[iHy HaWIIOIIMPEHIIIOro 3apa3 MiHOCKIIA
B 1,25 pa3u Ta TpUMAETHCS HA PIBHI BAPTOCTI ATFOMOCHIIIKATIB.

JlocTiAHO-IPOMUCIIOBUMH  BUIIPOOYBAHHAMH 3pa3KiB  TETUIO130MSAIIHHUAX
Marepianis B ymoBax TOB «Ximekcenen» i TOB «JAUMOHTXIM» (M.
CeBepononenpk) Ta HTK «IacTHTYT MOHOKpHCTaniB» HAH Vkpainu (M. XapkiB)
MOKa3aHa JOLUIBHICTh iX BUKOPUCTAHHS $SK HACHUIHOI Ta KOHCTPYKIIHHOI
Teroi3omsii. TeopeTudyHi Ta TPakTUYHI Pe3yJabTaTH JaUCEpTaIliiiHOT poOOTH
BIIPOBAKEHI B MPAKTUKY HaB4dasbHOTO Tmiporiecy kadgeapu XIE CHY im. B./lans.

Kio4oBi cjioBa: piguHHE CKJI0, KOMITO3HUITIHHI TEIIO130/IAIIHHI MaTepialiu,
peuentypa, TEXHOJOT1s, MiHEpalbHI HAllOBHIOBAUl, IPaHyJbOBaHUMN 3alOBHIOBAY,
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BUIIPOMIHIOBaHHS, KOHBEKTUBHUUN HarpiB, (pi3MKO-MeXaHIYH1 BJIACTUBOCTI, (pa30B1

XapaKTEPUCTUKH, IOPUCTA CTPYKTYpPa, OMOHOIIUYBAHHS.

ABSTRACT

Rymar T.E. The development of a scientific foundation of microwave
technology of manufacturing composite materials using liquid glass for thermal
insulation - As the manuscript.

Thesis for the doctor of technical sciences in specialty 05.23.05 — Building
materials and products. — Volodymyr Dahl East Ukrainian National University,
Severodonetsk; Ukrainian State University of Railway Transport, Kharkiv, 2021.

The thesis presents the creation of a scientific foundation of microwave
technology of manufacturing composite materials for thermal insulation using
liquid glass. The technology is based on the established rules of formation of the
structure and properties of materials depending on parameters of ultra-high-
frequency radiation, modifiers of coagulation and crystallization, porogens, and
foam stabilizers. To substantiate the topicality of the issue, the author has carried
out an analysis of modern reference data concerning the prospects for using silicate
insulation materials for thermal insulation of high-temperature equipment and
pipelines in modern industry. The study points out advantages and disadvantages
as well as modern world trends in the manufacturing technology of silicate
granular and composite thermal insulation materials and the improvement of their
properties. The work considers the methods for improving the performance of
granular materials based on liquid glass by introducing various fillers and chemical
additives, and the technology of composite materials with natural granular fillers.
The paper shows that aluminosilicate alkaline materials have the highest strength
and water resistance. These materials are obtained by the interaction of
aluminosilicate raw materials with alkali metal compounds. These chemical
modification methods are based on changing the structure of the substance using
special ingredients. However, there is a frequent need to use many components and

some technological operations, which are not always justified. The work shows



that one of the promising methods of changing the physical state of substances
under the action of an electromagnetic field is non-thermal processing of the
material with ultra-high-frequency radiation. The paper describes the advantages of
using microwave radiation in comparison with the generally accepted methods of
modification of materials by transforming their structure without significant
changes in the technological process and the need for additional components. Due
to volumetric heating and the mechanism of non-thermal action of microwave
radiation on the objects being processed, the duration of their heating considerably
decreases, and performance of products improve due to modification of the
structure of the liquid glass matrix under its irradiation by this type of energy. The
author hypothesizes that microwave radiation can be used to manufacture effective
composite thermal insulation materials based on liquid glass at lower temperatures
and during a much shorter heat treatment time compared to convective heating,
since under microwave exposure the sample layer heats up almost instantly and the
liquid glass composition gets into the pyroplastic state within a few seconds.

The paper presents the criteria for selecting the components of the liquid
glass composition, which can be effectively exposed to microwave radiation, and
provide high-quality insulation materials.

The author discovers the rules and quantitative dependences of the action of
microwave radiation on the transformation of the liquid glass composition
structure during its porization. The author also proves that due to the volumetric
heating the degree of structural rearrangement is twice as important in comparison
with convective heating, namely, at even temperatures for granular materials, and
twice lower process temperature for composite materials. The paper establishes
that the electromagnetic radiation is partially converted into heat, which
contributes to intense porization with the volumetric expansion of the liquid glass
composition, and is partially aimed at structural changes in the material that
improve its properties due to the effect of non-thermal action of microwave

radiation.



The study reveals the peculiarities of the transition of the suspension based
on liquid glass under the action of microwave radiation in the pyroplastic state
under conditions of competing processes of dehydration and porization of the
material structure. The value of the apparent activation energy is 13.05 kJ/mol for
granular materials and 27.64 kJ/mol for composite materials in the first period of
porization under the action of microwave radiation, and these values are
respectively 136.07 kJ/mol and 116, 98 kJ/mol in the second period. Such low
values indicate a high ability of microwave radiation to convert water into steam at
relatively low temperatures, even in the bound state. On the contrary, during
convective heating, the activation energy is zero in the first period of porization of
granular materials, and it has a high value (115.72 kJ/mol) in the second period due
to competing processes of porization and dehydration. During porization of
composite materials the values of the apparent activation energy are close (9.18
and 24.75 kJ/mol, respectively) at both stages of the process indicating slow
evaporation of water resulting in mostly drying of the material without porization.

The study determines the role of modifiers of coagulation and crystallization
under conditions of microwave radiation. It shows that the addition of ZnO helps
to slow down gelation, thus requiring more time to reach equilibrium, and provides
optimal viscosity of the suspension for further porization. The paper establishes the
catalytic function of CaS04-0,5H,0 modifier in the contact and condensation, and
colloid and coagulation mechanisms of hardening of the liquid glass composition.
This provides the formation of new structures (CaSiO3), which contribute to the
formation of heterogeneous structure of thermal insulation materials with increased
strength and water resistance under the action of microwave radiation. Moreover,
the formation of CaSiOs under the action of microwave radiation at temperatures
of 110-120 °C is more intense than under traditional convective heating even at the
temperature of 600 °C.

The author proposes the mechanism of coagulation of the liquid glass
composition, and notes that its coagulation takes place due to its aggregative

instability and its tendency to decrease free energy under the exposure of



temperature and modifying additives. That is, colloidal particles adhere when they
collide during thermal (Brownian) motion, mixing or directional movement in the
external force field. The ability to coagulate depends on the diffusion of reactants
and temperature. During gelation with increasing temperature transition from small
particles to larger agglomerates takes place. However, the formation of bonds
between silica particles during gelation does not always depend on additives and
temperature rise. It is largely intensified by microwave radiation and contributes to
a significant increase in the rate of formation of siloxane bridging bonds between
particles. The interaction of water-soluble silicates in the liquid glass solution with
modifiers of coagulation and crystallization (zinc oxide, semi-aqueous gypsum)
takes place by two types of silanol groups, namely hydrogen-bound and the so-
called ‘free’, and reduces the overall system potential, thus accelerating gelation.
Low-activity additives form coagulation structures by bounding particles with
weak van der Waals forces through thin residual layers of the (dispersion) medium
and are completely non-water resistant. Unlike these ones, the former modifiers
contribute to the formation of coagulation structure with decreased liquid layers
between the parts of the material. When completely removed from the liquid phase
system under the action of microwave radiation, this structure condenses into a
strong stone that is not destroyed by water, because in this case the coagulation
structure becomes a new one, namely, contact and condensation. Such structures
are formed under the action of external physical factors such as external pressure
(compression) to ensure stronger contacts between the particles of binders during
their condensation. The hardening in such systems is instantaneous at the time of
contact between the binder particles. Microwave radiation may be such an external
factor, which will contribute to stronger contacts between microparticles of
amorphous or unstable crystalline structure without changing its chemical
composition as a result of physical surface phenomena such as polarization.

The author proves the efficiency of microwave processing of materials when
H>O, porogen is added to the liquid glass composition. The decomposition rate of

this porogen is comparable to the gelation rate of the composition under



microwave radiation. OP-10 surfactant, which is also added to the composition, is
thermostable and enables stabilization of the swollen mass and obtaining of
mechanically strong material with an evenly distributed structure.

The research presents the developed formula for obtaining composite
thermal insulation materials using modifiers of coagulation and crystallization,
porogens, foam stabilizers, and studies their properties. It shows that such
modification under the action of microwave radiation intensifies coagulation and
crystallization. It leads to the predominance of compaction over pore growth by
reducing open porosity, which allows obtaining the material with a closed porous
structure and low average density (220-240 kg/m?), while maintaining a high level
of strength (0.6-0.7 MPa for compression and 0.8-0.9 MPa for bending).

The author has developed the technology of granular and composite thermal
insulation materials based on liquid glass under conditions of microwave radiation.
The paper proposes to obtain granules by spraying the liquid glass composition
using a spray for textured painting in the hardening solution of calcium chloride
using a mobile installation. The research develops a new process flow scheme for
the manufacturing of composite materials in the form of thermal insulation
products of various configurations by simultaneous porization with the volumetric
expansion of granules and the binder under the action of microwave radiation. The
work presents the optimal technological parameters of the process, namely, the
output power of the installation is 650 W, atmospheric pressure, and the
temperature is at the level of 115-120 °C. The proposed microwave technology
allows obtaining materials with better performance at lower energy costs on their
manufacturing compared to convective heating.

The author conducts the feasibility study and proves the advantages of
microwave swelling of composite thermal insulation materials in comparison with
the technology of manufacturing aluminosilicates and foam glass. These
advantages include reducing the process duration and temperature, and the lack of
need to introduce additional components to modify material properties. The

feasibility study has shown that the price of the proposed composite thermal



insulation material is 1.25 times lower than the price of the most common foam
glass and it is at the price level of aluminosilicates.

The experimental tests of samples of thermal insulation materials at LLC
‘Himekselen’ and LLC ‘DAYMONTKHIM’ (Severodonetsk), and SSI ‘Institute of
Single Crystals’ of NAS of Ukraine (Kharkiv) have shown their applicability for
loose and structural thermal insulation. Theoretical and practical results of the
thesis have been implemented into the study process of the Department of
Chemical Engineering and Ecology of V. Dahl EUNU.

Kmiouosi caosa: liquid glass, composite insulation materials, formulation,
technology, modifiers of coagulation and crystallization, porogens, foam
stabilizers, bloating, microwave radiation, convective heating, physical and

mechanical properties, phase characteristics, porous structure.
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IUISIXOM 00 €MHOTO 1 KOHTAKTHOTO OMOHOIIYyBaHHA. CyuacHi mexnonozii 8 oceimi
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BCTVII

AKTYaJIbHICTh TeMH. 3 METOIO MiJBHUIIEHHS €()EKTUBHOCTI BUKOPUCTAHHS
MaJMBHO-CHEPTCTHYHUX PECYpPCiB 1 CHPHUSHHSA JOCATHEHHIO CHEPreTHYHO1
He3anexxHocTl Ykpainu y 1997 p. Oyna npuitasata nocraHoBa «I[Ipo Kommiekchy
JepKaBHY TporpaMmy eHeproszOepexeHHs Ykpainuy», y 2015 p. cxBaieHo
posnopsxeHHs «lIpo Hamionanbuuii ninan Aiil 3 eHeproepeKTUBHOCTI Ha Nepiojt
10 2020 poky», IKUi € OJJHUM 3 OCHOBHHUX 3000B'SI3aHb Y paMKax IMIUIEMEHTAIli
Hupextusu 2006/32/€C no enepreTuyHiii e(peKTUBHOCTI KIHIIEBOTO BUKOPUCTAHHS
eHeprii 1 eHepreTHYHUX MOCHyT. IMIUIeMeHTallis IIbOro JOKYMEHTY TependadeHa
Yromowo mnpo Acomiamiio, y pamkax peantizamii JloroBopy mnpo yCTaHOBY
Eneprernynoro CriiBToBapucTBa.

Bignosigao mo «KomruiekcHOT nep)kaBHOI MporpaMu eHepro30epekeHHs
VYkpaiau» OJHMM 3 NUBIXIB peaiizaiii eHepro30epeKeHHsS € TeIyioBa 130JIsITis
IPOMHUCIIOBOTO yCTaTKyBaHHS Ta TPyOONpPOBOJIB. 3HAYHA YacCTHHA TPaJULIAHUX
TETJIOI30/IAIIMHNX MaTepialliB, sIKi BUKOPUCTOBYIOTHCS B TEIUIOCHEPTeTHUIl, HE
MOKE€ KOMILJIEKCHO 3a0e3MeYrTH HOPMATHB TeIIoBUX BTpat BiamosigHo JCTY-H
b A.3.1-29:2015 «MarictpanbHi TpyoomnpoBoau. HaHeceHHs 3aXMCHHX MOKPUBIB
Ta yJamTyBaHHS TerwuioBoi 13oismii. Hacranoma». Tak, acOecto-BamHsHI
KPEMHE3EeMHCTI MaTepiai, $SKi BUKOPHCTOBYBAJIHUCH [JIi TEIUIOBOI 130JIAIIii
E€HEPreTUYHOr0 YCTAaTKyBaHHS, HE 3aCTOCOBYIOTHCS Y 3B 3Ky 13 3a00poHo0 MO3
Ha BHUKopucTaHHA acOecty. Ilpm excruryatarii MiHepaloBaTHUX 1 0a3aIbTOBHX
YTETUTIOBAYiB BiOYBAE€ThCSI BUTOPSIHHS (PEHOTBHUX CIIONYYHUX TPH TEMIIepaTypi
190-200 °C, mo copuumHsie 3a CcOO0OK pPYWHYBAaHHS CTPYKTYpPH MaTepiamy i
BiMOBiAHO TetuioBTpaTu. [liHomomiypeTan mpamroe pu Temneparypi g0 120 °C,
OCKUTHKM BIZOYBAa€TbCS HWOTO MECTPYKIis. [307s1is 31 CHIHEHOTO KaydyKy
Butpumye Temmeparypy 1m0 90-110 °C, BucokoTemmepaTypHUN KaydyK — [0
175 °C. Martepianu Ha ocHOBI pianHHOTO cKkia (PC) MOXYTh eKcIulyaTyBaTHUCs 110
temnepatypu 600 °C. I'omoBHa iX mepeBara - CTaOUIBHICTH BIIACTUBOCTEH IIpHU

BHUCOKHUX TeMIieparypax. BoHH XapaKTepu3ylOThCsl BUCOKOIO €KOJIOTTUHICTIO Yepe3



BIJICYTHICTh JemnoyiiMepu3anii marepiajlly 1 BHUIAUIEHHS TOKCHUYHUX PpEYOBUH B
atMocepy, HETrOpIOYICTIO Ta OIlOCTIMKICTIO TMpU TapaHTOBAHOMY TEpPMIiHI1
excruryaranii — He MeHe 50 pokiB.

Ha renepimniii yac Ttemnoizonsauiini matepianu (TIM) na ocnHoBi PC
BUITYCKAIOTh MEPEBAXHO Yy BHUIISLAI TrpaHyid. KpymHomacmtaOHE >k MPOMUCIOBE
BUPOOHUIITBO KoMmmo3uliaux TIM vy Burisal mwidr Ta BUPOOIB  1HIIOT
KoH(iryparii, He HaJIaroJKEHO, II0 TIOB’SI3aHO 31 CKJAJHICTIO TPOrpiBY
BHYTPIIIHIX MmapiB piauHHOCKIAHOI Kommo3uuii (PCK) mnpu BukopucTaHHI
TPAaIUI[iIfHOTO  KOHBEKTHBHOTO  HarpiBy. Sk  anpTepHaTHBHE  JKEpEio
TepMOOOpOOKH Tipu BUPOOHUITBI JaHux TIM MOXIMBO BUKOPHUCTOBYBATH
MiKpoxBuiIboBe (MX) BHUNPOMIHIOBaHHS, $IKE JO3BOJUTH 3[IACHUTH 00'€eMHUI
nporpiB Bcix mapiB PCK ta orpumatu sikichuii TIM, sikuii Ou 3a70BOJIBHSAB
BumoraM JICTY b B.2.6-189:2013 ta ICTY-H b A.3.1-29:2015. BukopuctaHus
MX BUIIPDOMIHIOBaHHS € TEpPCIEeKTUBHUM 3 OISy Ha Takli Ba)JIHBI
xapakTepucTuki, sik Bucokuii KKJ[ nmpornecy, MoxIuBicTh aBTOMAaTH3alli1 1 BUCOKA
AKICTh OTPUMAHUX TNPOAYKTIB. OpHAK TEXHOJOTIYHI TapamMeTpu IMpoLecy
BUpoOHMUIITBA TakuX TIM He mociipkeHi, Ta HEBIIOMHM € KOMIIOHEHTHHM CKJIaJl
PCK, sxuit moxxHa edexkTuBHO mianaBaTu Aii HBY BunpomiHiOBaHHS Ta BapiroBaTH
BJIACTUBOCTI oTpuManux TIM.

TakuM 4yMHOM, HAyKOBO-TIPAaKTHUYHA MPOOJIEeMa CTBOPEHHS HAYKOBUX OCHOB
TEXHOJIOTi TEeIIoI30AiMHNX MaTepianiB Ha ocHoBi PC mim gmiero HBY
BUIIPOMIHIOBaHHS 3 KOMIUIEKCOM HEOOXIIHHMX EKCIUTyaTaI[liHUX XapaKTePUCTHUK €
aKTyaJIbHOIO Ta BU3HAYMIIA OCHOBHI HANIPSIMKU TUCEPTAIIITHOTO TOCITIIKEHHS.

3B’130Kk pPo0OTH 3 HAYKOBHMH MNporpaMamMu, IUIAaHAMH, TeMaMHU.
Huceprariitna po6oTa BUKOHYBaJIach Ha Kadeapi XiMigHOT 1HXEHepii Ta eKoorii
CxXigHOYKpaiHCHKOTO HAIlIOHAIBHOTO YHIBepcuTeTy iMeHi Bomommmpa ams B
pamMKax HacTymHUX TeM: «TepMOCTiliKi TeIUIOi30MsIiiHI MaTepiadd Ha OCHOBI
HEOpraHiyHOro mojimMepy — piakoro ckma» (Ne JIP 0114U005449), «IlomimepHi
MHOMAaTepiaii 3 BHUKOPUCTAHHSAM  PIAKOCKISIHOTO  rpanyisaty» (Ne  JIP

0116U008701) i rocmmoroBipHOi HAyKOBO-AOCTIIHOT poOoTH "OTpHMaHHS



CIIIHEHOT'0 MOoJIIMEpHOro HamoBHIOBaya st Temioofsamil”" (TOB «XiMekceneny,
M. CeBepononenpk, goroip Ne 1 Big 01.11.2009 p.), ne 3m00yBau Oyina
KEpPIBHUKOM POOIT.

Mera i 3apaui pociimkenHsi. Metow aucepraiiitHoi poOoTH € po3poOka
HAayKOBUX OCHOB TEXHOJIOT1i TEIUIO130JIALIMHIX MaTepiajliB HA OCHOBI PIIUHHOTO
ckia B ymoBax HBY BunpomiHioBaHHs.

JUis TOCSTHEHHS TOCTABIICHOI METH BU3HAUCHI HACTYIHI 3a1a4i:

- BCTAaHOBHUTH 3aKOHOMIPHOCTI (OpPMYBaHHSI CTPYKTYpU 1 BIIACTHBOCTEU
TEIUIO130J I LIMHUX MarepianiB B 3aJIeAKHOCTI BIJ napameTpiB
HAJIBUCOKOYACTOTHOTO  BHUIPOMIHIOBaHHSA,  MOJU(]IKaTOpiB  KoaryssliiHO-
KpUCTANI3alIMHUX TMPOIIECiB, TMOPOYTBOPIOBAYIB 1 IMIHOCTAOLII3aTOpiB  Ta
po3pobuTn HaykoBi ocHoBY HBY-TexHOOT11 iX BUPOOHUIITBA;

- BU3HAYUTH 3aKOHOMipHOCTI BBy HBUY BumpomiHIOBaHHS Ha Mpolecu
TpaHchopMallii CTPYKTYPHU PITUHHOCKISIHUX KOMITO3HITIN TIPH iX CITyYeHH];

- TOCJIIUTHU KIHETUKY MPOIeCy MOopH3allii pIAMHHOCKISHUX KOMITO3UIIIN MpU
OTpUMAaHHI TPaHYJbOBAaHMX 1 KOMIIO3UIIIMHUX  MaTepiaidiB, B yMOBax
koHBekTHBHOTO 1 HBY HarpiBy, Ta BH3HAYUTH OCOOJIMBOCTI MEPEXOy CyCHeH3ii
HAa OCHOBI PIIMHHOTO CKJIa B MIPOIUIACTUYHUN CTaH B YMOBaX IMPOTIKAHHS
KOHKYPYIOUHX IPOIIECIB JeTiapaTallii i mopu3artii;

- JIOBECTH €KTHUBHICTh MIKPOXBUJIHLOBOI OOPOOKH MaTepialliB IIPU BBEJICHHI Y
PIAMHHOCKIJISIHI ~ KOMITO3UIIIT MOAM]IKYIOUMX J00aBOK, TOPOYTBOPIOBAUIB 1
MHOCTA0LTI3aTOPIB;

- pO3pOOMTH pEUENnTypH JJisg TpaHyJbOBAaHUX 1 KOMIIO3UIIIHHUX
TEIUTOBOAIIMHANX ~MaTepiamiB s 3a0e3MeUeHHsT MOXIIUBOCTI  OTpUMAaHHS
BHCOKOITOPU30BAaHUX CTPYKTYp JMJaHUX MarepiajiB B TMO€JHAHHI 3 BHUCOKUMHU
(b13UKO-MEeXaHIYHUMU XapaKTEePUCTUKAMU;

- pO3pOOWTH TEXHOJOTII0 1 TMPaKTHYHI PEKOMEHHaIii 3 KepyBaHHS
MpollecaMy CIYUYEHHsI TPaHYJIbOBAaHUX 1 KOMIIO3MIIIMHMUX MartepialliB Ha OCHOBI
pinuHHOTO cKia mix aiero HBY BunmpomiHIOBaHHS Ta ONTHMI3yBaTH TEXHOJOTTUHI

napamerpu HBY Harpisy;



- BUKOHATH TOPIBHSUIBHY TE€XHOJOT1YHO-€KOHOMIYHY OLIIHKY PO3pOOIEHHUX
TEIJIOIBOMAIMHUX ~ MaTepiadiB 3 HaWOUIbII OJM3BKUMHU 32 TEXHIYHUMU
XapaKTepUCTUKaMHU MaTeplajlaMi, K1 BUIYCKAlOThCSA MPOMUCIOBICTIO Ta MOBECTH
ix anpobariito.

O0’eKkT AOCHII:KeHHS - TIPOLIECH CHYYEHHS 1 (OpMyBaHHS CTPYKTypHU
IPaHyJIbOBAHOTO 1 KOMIIO3MI[IHHUX MaTepiajiiB Ha OCHOBI PIIMHHOCKIISIHUX
KOMITO3UIII Ta BJIACTUBOCTI CIIyYEHUX MaTepialliB 13 >KOPCTKOI KOMIPYACTOIO
CTPYKTYpOIO.

IIpeamer nociigzkeHHs1 - PIAMHHOCKISIHI KOMITO3ULIT JIJIi TPAHYJIbOBAHOTO
TEIUIO130JISILIMHOr0 Marepiaiay 1 KOMIIO3MIIIHUX MaTepiajiB Ha HOro OCHOBI Ta
eneprosoepiraroui HBU-rexnosorii ix orpumaHHs.

Metonn aocaimkenb. Oi3MKO-MEXaHIUH]I XapaKTEPUCTUKA KOMIO3UIIHHUX
TIM Buznavanucsk 3rigHo airounx JCTY ta mixkHaponuux cranaaptis [SO: ICTY
ISO 5016: 2013, ACTY b B.2.7-38-95, ICTY b B.-2.7-105-2000, ICTY b B.2.7-
19-95, JCTY b B.2.7-264:2011. Crpykrypa CcHOy4eHHX MarepiajiB
JIOCHIKYBaJlaCh  €JEKTPOHHO-MIKPOCKOMIYHUM  HUJISXOM 32  JOIOMOTOIO
muppoBoro wMmikpockony DELTA OPTICAL BIOLIGHT 200 40x-400x.
Busnauenns cepennix po3mipiB ocepenikiB TIM 1 060'eMHOT0 BMICTY 3aKpUTHX TIOP
npoBouiiocss BianoBigHo A0 TexHiuHMX yMoB CTb 1338, 2002 - "IlenommacTsl
KECTKHE TOJMWypeTaHoBble U mnoiuu3zouuanypatasie”. Ilpomecu dopmyBaHHs
ctpyktypu TIM mocaimKyBaIHCh 3a JIOIMMOMOT'OK BiJOMHUX METOIWK BU3HAYCHHS
00'eMHOr0 (ha30BOro CKJIaAy CHIIIKATHUX JIHCIECPCHUX CHCTEM, BIATOBITHO 10
HaBYAIBHOTO TOCIOHMKa «TexHOIOTHsI MaTepuajioB Ha OCHOBE CHJIMKATHBIX
nucniepcHbix cuctem» (JlotoB B.A., Kyryrun B.A.). Kinetuuni napametpu
nporecy mopusarii PCK Bu3Hauanuchk BIiAMOBIZHO 10 (yHIaMEHTAIbHHUX
TEOPETUYHUX OCHOB XIMIYHOI TEXHOJIOTii 3 3acTocyBaHHsAM piBHsSHHA b.B.
€podeea. KKJ| mporecy crmydeHHs BH3HAYaBCS BIAMOBIIHO JIO0 PO3PaXyHKY
MOKa3HUKIB epeKTUBHOCTI cymapHux Ta HBY ycraHoBok. PeHTreHoCTpyKTYypHUi
dazoBuii ananmiz mpoBoguBcs Ha audpaktomerpi JJPOH-2-0 3 BuUKOpUCTaHHSIM

peHTreHiBChbKOT TpyOku 3 wmimHuMm anonoMm (Cu-K, BHIpOMiHIOBaHHS), YMOBH



3OMKM PEHTTeHOrpaM: IoCTiiHa yacy S=2,5, mianazon imp/s=2-103. ns anamnizy
AuQpaKTorpaM BUKOPUCTOBYBAIUCH: «CIPAaBOYHHK IO PEHTICHOCTPYKTYPHOMY
aHaJIu3y NOMUKpUCTAIIIOBY (TI0 pen. npod. SA.C. YMaHckoro) ta 6a3a moponIkoBUX
mupakuifHUX JaHUX, sika 3acHoBaHa Ha kaptoteui PDF2. TepMmorpaBiMeTpuuHuii
(TG), nudepenuirino-tepmiunuii (DTA) 1 nudepenuiiHo-TepMOrpaBIMETPUYHUAN
(DTG) ananmisum NPOBOAMINCH Y IMHAMIYHOMY PEXKHMi 31 MIBUIKICTIO HArpiBy
7,5 °C/xB B atmMocdepi noBiTps Ha aepuarorpadi Q-1500 D cucremu "F. Paulik -
J. Paulik - L. Erdey". OnTumizariisi TEXHOJOTIYHUX MapaMmeTpiB orpumanHs TIM
NpOBOJIMIACH 3  BUKOPHCTAaHHSAM  TPU(AKTOPOrO  TPHUPIBHEBOTO  IUIAHY
EKCIIEPUMEHTY; PO3paxyHKH 3/1HCHIOBAJIM B MPOTPaMHOMY cepeloBHILi Statistica
7.0. HocnimkeHHsl Tpoliecy MOpHu3alii Ta OTpUMaHHS JabOpaTOPHUX 3pa3KiB
IPOBOJIUIIOCH 3a JIONTOMOTO0 JJaboparopHoi MX ycTaHOBKH, BUTOTOBJIeHO1 B JIHY
HTK «Iactutyt monokpuctanisy HAH Ykpainu (M. XapkiB).

HaykoBa HOBH3HA OTPMMAHUX pe3yJbTaTiB. Briepiie:

- po3po0biieHo HAyKOBI OCHOBHU ctBopenHs  HBY-texnomorii
TEIJIOI30MIAIIMHNX MaTepiaiB HAa OCHOBI PIAUHHOIO CKJa, CYTh SKHX IOJISITAE Y
PO3KPHUTTI Ta BHUKOPUCTAHHI 3aKOHOMIPHOCTEH (QopMyBaHHS iX CTPYKTypH i
BJACTUBOCTEM B  3aJ€KHOCTI  BIJ  MapaMeTpiB  HAJBHUCOKOYACTOTHOTO
BUIIPOMIHIOBaHHS, MOJU(]IKATOPIB KOAryJsAIiiHO-KpUCTATI3aIMHUX TPOIIECIB,
IOPOYTBOPIOBAYIB 1 MHOCTA01TI3aTOPIB;

- BCTAHOBJICHO 3aKOHOMIPHOCTI Ta KUIBKICHI 3aliekHOcTi BIumBy HBY
BUIIPOMIHIOBaHHS HA TMPOILECH TpaHcPopMalii CTPYKTYpH PITUHHOCKIISHOT
koMmmo3uilii mpu ii mopuzaiii. EkcrnepuMeHTaNIbHO JOBEACHO, IO 3aBISKU
00'eMHOMY TIPOTPIBY CTymiHb TepeOyAOBH CTPYKTypd B TOPIBHSHHI 3
KOHBEKTUBHMM HAarpiBOM Ma€ BABIYl OUIbINE 3HAYEHHS: IS TPaHYJIbOBAHHUX
MaTrepiaiiB - 3a OJHAKOBHX TEMIEPATyp, a Il KOMIO3UIIHHUX — HAaBITh TPH
BJIBIU1 HWKY1H TeMIepaTypi mpoIecy;

- BHU3HAYEHO, 1[0 YaCTHUHA €HEPrii €JEKTPOMArHITHOIO BUIIPOMIHIOBAHHS
MEPETBOPIOETHCSI HA TEIUIOTY, SIKa CHpPHsS€ THTEHCHBHIA mopu3aiii 3 00 €eMHUM

PO3LIMPEHHSAM PIIMHHOCKIISIHOT KOMITO3UII1i, a 1HIlIa — HAalpaBJIeHa Ha CTPYKTYPHI



3MIHM B MaTepiali, sIKi OPU3BOASATH IO TMOJNIMIIEHHS HOro BJIACTUBOCTEH, IIO
MOB'13aHO 3 eekToM «HeTemnoBoi» a1i HBY BunpomiHioBaHHS;

- BUSBIIEHI OCOOJMBOCTI MEPEXOJy CYCIEH31i Ha OCHOBI PIIMHHOIO CKJa
i AI€I0 MIKPOXBHJIBOBOTO BUIIPOMIHIOBAHHS B MIPOIUIACTUYHUN CTaH B YMOBax
MPOTIKAHHS KOHKYPYIOUMX TIpOLECIB Jeriaparanii 1 mopu3auii CTPYKTYpHU
Marepialy Ta BCTaHOBJEHO, M0 Tmpouec mnopuzamii mig giero  HBY
BUITPOMIHIOBAHHSI XapaKTEPU3Y€EThCS JIBOMA IOCTIIOBHUMH TEPiOAaMH 3 PI3HUMHU
3HAUCHHSMH KIHETUYHUX mapamerpiB. [lepmwmii ToB'I3aHMiA 3 TPOrpiBOM
PIAMHHOCKIISTHOT KOMIIO3UIIi, BUMIAPOBYBAHHSAM BUIbHOI 1 ajcopOIiitHOT Boau M
MOYaTKOM TepeOyJOBH CTPYKTYpH MaTepialy Ta XapaKTepU3YEThCS CHEPTi€ro
aktuBaiii Ha piBHI 13 Ta 27,6 kJ[X/MOonb, IO BIANOBIAAE €HEPrii pO3pPUBY
BOJIHCBUX 3B’S3KIB Yy CTPYKTYpi PIIMHHOTO cKia. J[pyruii mepioj mMoB's3aHUil 3
BUJAJICHHSIM XIMIYHO 3B’s3aHOi BOJAM Ta 3aBEPIICHHSM IEpPeOYIOBU CTPYKTYpPH
MaTepialy, i XapakTepusyeThcsi eHeprieto akrtuBaiii monan 100 k/[>x/Monb, 110
BKa3ye Ha MepeBaru MexaHi3aMy B sI3K01 Teuli mpH MopHu3allii CUCTEMH;

- BHU3Ha4YeHa PoJb MOIUPIKATOPIB  KOATYISIIHHO-KPUCTATI3AMINHIX
IPOIIECiB B YMOBaX MiKpOXBHJIBOBOT'O BUMpOMiHIOBaHHS. [lokazaHo, mo mo0aBka
ZnO crpusie CIOBUIBHEHHIO TIPOILIECIB TeJISyTBOPEHHS, IO 30UIBIIyE dYac
JIOCSTHEHHS PIBHOBAXXKHOTO CTaHy Ta 3a0e3leuye ONTUMAIbHY B’SI3KICTh CYCIEH311
JUIS Tojaibinoi i mopusarii. BeraHoBieHa katamiTudHa QyHKIS MoaudikaTopy
CaS04:0,5H20 B KOHTAaKTHO-KOHJEHCAIIMHOMY 1 KOJIOITHO-KOATYJISI[IHHOMY
MEXaHi3MaxX TBEPAIHHS  PIIMHHOCKISHMX  KOMIIO3WIIM, 1m0  3abe3neuye
¢bopMyBaHHS HOBOYTBOpPEHb, fKi B cBoto uepry mpu nii HBYU BunmpominroBaHHS
CIPHSIIOTh YTBOPEHHIO T€TEPOTeHHOT CTPYKTYPH TEIIOI30NSIIHHUX MaTepialiB 3
MABUIIMHAMH ITOKa3HUKAMH MIIIHOCTI 1 BOJOCTIMKOCTI;

- BCTaHOBJICHA €(EKTHUBHICTh MIKPOXBHJIHOBOI OOpOOKH MaTtepiamiB mpu
BBEJICHHI y PIAMHHOCKISIHY KOMIIO3HINIO mopoyTBoptoBada H»Oj, MBUAKICTH
pPO3KJIaIaHHST  SIKOTO TOPIBHAHHA 13 IMIBUAKICTIO TMPOLECY TIeleyTBOPEHHS
kommno3uii nig aiero HBY BunpomiHioBaHHS, Ta MOBEPXHEBO-aKTUBHOT PEYOBUHHU

OII-10, sixa € TepMOCTaOUTFHOIO B YMOBaxX IPOIIECY, IO TO3BOJISIE CTAOUTI3yBaTH



CIOyyeHy Macy Ta OTPUMATH MEXaHIYHO MINHUKA MaTepial 3 PIBHOMIPHO
PO3MOALIEHOIO CTPYKTYPOIO.

IIpakTuyHe 3HAYEHHS OTPUMAHUX Pe3yJILTATIB:

- po3poOJieHO  peuentypu  JJsi  OTPUMaHHS  TpaHyJIbOBaHUX 1
KOMIO3UIIMHUX TEIUIOBOJAIINHUX MaTepialliB Ha OCHOBI PIIUHHOTO CKJa Ta
€HEProouaaHy TEXHOJIOTII0 iX HU3bKOTEMIEpAaTypHOro ciy4yeHHs B ymoBax HBY
BUIIPOMIHIOBAHHS, SIK1 3a0€3MeUyI0Th X BUCOKI €KCIUTyaTalliiHl BIACTUBOCTI, 11O
3ag0BobHAIOTE BuMoram JICTY b B.2.6-189:2013 ta JICTY-H b A.3.1-29:2015
(TexHiyHA HOBU3HA PO3POOOK MIATBEPAKEHA 4 MaTeHTaMU YKpaiHu);

- 3aNpONOHOBAHHMA HOBHMH METOJI OTPMMAaHHS T'PaHYJIbOBAHMX MaTepiais,
SKUH peani3yeTbCs 3 BUKOPHCTAHHSIM MOOULTBHOI YCTAaHOBKM Ta TIOJIATAE Y
PO3MUJICHH] PIIUHHOCKJSHOI KOMIIO3HUIII 3a JIOMOMOTOK PO3MIIIIOBaYa  JIJis
TEKCTypoBaHOTO (papOyBaHHS B OTBEPKYHOUHI PO3UMH XJIOPUIY KaJbIliIO, IO
JI03BOJISIE OTPUMYBATH IPaHyJIU Oe3MocepeIHb0 Ha OyAiBEIbHOMY MalJaHIHNKY;

- ONTUMI30BAaHO TEXHOJOTIYHI TapaMeTpu CIYyYEeHHS TpaHyJIbOBaHUX 1
KOMITO3UITIHHMX  MatepiamiB B HBU-ycTaHoBIi Ta  BCTAHOBJEHO, IO
ONTUMAJILHUMHU YMOBaMHU JJiA TPOBEACHHS TMPOIECY €: BUXIAHA TMOTYXHICTh
ycranoBku 650 Bt (13-18 x/lx/M%), armochepHuii THCK, 0OepTaHHS 3pa3ka, [Ki
3a0€31euyoTh OTPUMAHHs MaTepialy 3 HHU3BKOI CEepelHbOI TycTuHO 220-
240 xr/m® ta Bucoxoro Mminnictio (0,6-0,7 MIla Ha ctuck i 0,8-0,9 MIla Ha 3ruH —
JUTSL KOMITO3HUITIMHUX MaTepialliB);

- pO3pO0JICHO  TPUHIMIIOBY  TEXHOJOTIYHY  CXeMy  BUPOOHHUIITBA
KOMITO3UIIIHUX MaTepialiB, sSKa MOJATa€ B OJHOYACHIN mopu3aiii 3 00 eMHUM
PO3MIMPEHHAM TpaHyn 1 3B’s3yrodoro miax giero HBY BumpomiHiOBaHHS, M0
JI03BOJISIE BUKJTIOYUTH CTAIII0 OKPEMOTO CIIyYeHHS TpaHys, B 2-3 pa3w 3HU3HUTH
BUTpATy 3B'A3yI0Y0r0, B 5-6 pa3iB TPHBAIICTH MpPOLECy, B 2-3 pa3u TeMIeparypy
Ta OTPUMATH TEIUIOI3OIAIIMHANA MaTepial 3 BHCOKOI MIIHICTIO 1 HU3BKOIO
TITPOCKOMIYHICTIO;

- 3a  3amnpoIllOHOBAaHWMHM  TEXHOJIOTiAMH  Ha  mignpuemctBli  TOB

«Ximekcenen» (M. CeBEpPOJIOHEIIBK) BUTOTOBIEHI JOCIIIHI MapTii IPaHyIbOBAHOTO



Ta KOMIIO3UI[IHHOrO MaTepiajiiB AJis TEIIO30JIs11i HA OCHOBI PIIMHHOTO CKJa, K1
BBeleHI B ekcruyataniio Ha TOB «JJAMMOHTXIM» (M. CeBepomoHenbK),
BUNPOOYBAaHHS TEXHIYHUX XapakTepUCTHK MarepiamiB nposeneni y JAHY HTK
«IHctutyT MoHokpuctaniey HAH Vkpainu (M. XapkiB). TeopeTuuHi Ta npakTU4HI
pe3ysbTaTH, OTPUMaHl MPU BUKOHAHHI JOCIIIKE€Hb, BIPOBAIKEHHI y MPAKTUKY
HaBYaJIBHOTO Tpolecy Kadeapu XiMiuHO1 iHxkeHepli Ta ekosorii CHY M. B. Jlans
Opy MIATOTOBIN 3700yBauiB BHINOI OCBITH 3a chemiaibHICTIO 161 — «XimiuHi
TEXHOJIOT1i Ta THXKEHEPIs».

OcoOucTnii BrJag 3100yBavya. HaykoBi mMONOXeHHS 1 pe3yJsbTaT,
BUKJIQJICHI B JIUCEpTaIliiiHIi poOOTI Ta BUHECEHI Ha 3aXHUCT, OTPUMaHI 0COOHCTO
3noOyBaueMm. Cepen HUX: BHM3HAUCHHS METH, IIOCTaHOBKAa 3aBlaHb 1 BHOIp
METOJIONIOTIi  JOCHI/DKeHb, IPOBEJCHHS, Yy3araJlbHCHHS Ta CHCTEMaTH3allis

eKCTIEPUMEHTAIBHUX JOCIIIKEHb, 00pOOKa OTPUMaHUX PE3yJIbTaTiB, PO3pPOOKa
pelenTypu 1 TEXHOJOT1l Ta METO/IB KOHTPOJIO TEXHOJOr14yHOro mpoiecy. [lpu
OesrocepeHii y4dacrTi 3100yBava MIPOBEJICHI JIOCJTITHO-TIPOMHCIIOB1
BUIIPOOYBaHHS, MMPOBEJICHA TEXHIKO-EKOHOMIUHA OIlIHKA PE3YJIbTATIB JOCIIIKEHb.
Y KOJEKTUBHHUX TyOJKaIlifX BKIaJ aBTOpa € OCHOBHUM. BHIOTOBICHHS
eKCTICpUMEHTAJIbHUX  3pa3KiB Ta MPOBEJICHHS ONTUMI3allli TEXHOJOTTUHUX
napamMeTpiB mpoliecy mopuzailii 3paskiB B JabopatopHiii HBYU — ycranoBI
BUKOHaHO cnuibHO 13 ¢axiBismu HTK «InctutyT MoHOkpucTanisy HAH Vkpainm.

Amnpodauisi pesyabraTtiB aucepramii. OCHOBHI pe3yJlbTaTd JOCIIIHKCHb
Oynu npencrasieHi Ha koH(epenmisx: XIII BeeykpaiHchkiili HAyKOBO-NPAKTHYHIN
koH(pepentii «Texnonoria-2010» (2010 p., m. CeBepomonernpk), XVII ta XIX
Mixnaponaux koHpepeHiinx « Texaonoris» (2014, 2016 pp., M. CeBEpOIOHEIIHK),
XXII Mixnaponniii 3aouHiii koHpepenmii «Po3Butok Haykum B XXI cTOmTTI»
(2017 p., m. XapkiB), 10-ii MixHaponHiii HaykoBiii koH(epeHii «HaykoBuii
MPOrpec y €BPOMEHCHKUX KpaiHax: HOBI KOHCENTH i cydacHi pimeHHs» (2019 p.,
M. Iryrrapa, Himeuunna), 3-i1 Tta 4-iii MiKHapOAHUX HAayKOBO-NPAKTUYHUX
koHpepeHmisx «CydacHi TexHoJiorii B ocBiTi Ta Haymi» (2020 ta 2021 pp.,

M. CeBeponmonenpk). Y 2016 pomi mpoekt «EHeproszbdepiraroya TEXHOJOTIS



BUPOOHUIITBA CIIHEHUX TEIUIOI3OJSIINHIX MaTepiajiB Ha OCHOBI PIIKOro CKjia 3
BUKOPHUCTaHHSAM MIKPOXBUILOBOTO BUIIPOMIHIOBAHHS», BUKOHaHUH criyibHO 3 HTK
«IHctutyT MoHOKpHcTaniBy HAH Vkpainu (M. XapkiB), OyB BU3HaHUI MEPEMOXKIEM
KoHnkypcy iHHOBaIHHO-1HBECTULIIMHUX MPOEKTIB «XapKiB - CTpATEris yCmixy» B chepi
MaJUBHO-CHEPreTUYHOIO0 KOMILJIEKCY Ta 3a0e3MeueHHsl eHeproe()eKTUBHOCTI.

Iy6aikamii. 3a TeMorw aucepTalliiHoi pobotu omyOnikoBaHo 39 HayKOBUX
poOiT, B TOoMy wuyucal 22 cTaTTi y HaykoBUX (axOBHX BHJIAaHHAX YKpaiHH,
pexomengoBanux MOH Vkpainu, 3 Hux 12 — y BHUJIAHHAX, IO I1HJAEKCYIOThCSA y
HaykomeTtpuuHii 6a3i Index Copernicus, 5 — y HaykomerpuuHid 6a31 SCOPUS, 9
nyOJiKaIii anpooaIifHoro xapakrepy, 8 10JaTKOBUX ITyOTiKaIlii.

Ctpykrypa i 00’°em nucepramii. Jlucepraiiiiina po6ota CKIada€eThCs 31 BCTYIY,
I’ IThOX PO3JILIIB, BUCHOBKIB, CIIMCKY BUKOpHCTaHHX jkepen (359 mocunanHp Ha 38
ctopinkax). Pobora Bukimanena Ha 362 cTOpiHKaX OCHOBHOT'O TEKCTY, MICTUTh 48

Tabmuik, 106 pucyHKiB Ta 4 1ogaTKu Ha 22 CTOpIHKAX.
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