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OTPUMAHHS IMOPUCTUX MATEPIAJIIB 3 IPOI'HO30BAHUMH
TEIVIO®IBUYHUMU XAPAKTEPUCTUKAMM

Y cmammi naseooamuca excnepumenmanvhi Oaui, Ha NIOCMABI AKUX BUGUEHO GNJUSE DIZHUX
YUHHUKI@ HA MIYHICHI mMa Menio@i3uyHi XapaKkmepucmuKkyu ROPUCmux menioiz0aayiiHux mamepiais.

Bukonani nabopamopri 00cniodcenHsi 3anponoH08ar020 y pobomi mamepiany 0036050Mb
nidibpamu nompioni memnepamypHi pesxcumu mepmooopooxu. Taxum yunom, 3a80aHHAM NOOATLULUX
00Ci0IiCEHD € 8UDIp Memody opeanizayii egheKmusH020 MenIoMACO0OMIHY, MOOETHOBAHHS YUX Npoye-
CiB, eKCnepuUMeHmanbHa anpooayis OMpUMAHUX OAHUX A CMBOPEHHS. MEeMOOY GUIHAYEHHS OCHOGHUX
MEXHONOSTUHUX MA KOHCIMPYKIMUBHUX NAPAMEMPIB CNOCo0y OMPUMAHHSA HOB020 MAMEPIATy.

Bukonani excnepumenmanvhi 00CHiodcenHs 00360UMU BUSHAYUMU YMOBU peanizayii HOGux
MEXHOI02TU 00EPIHCAHHS NOPUCIUX MAMEPIANIB 3 MONCIUBICIIO NPOSHOZHO20 GUSHAYEHHS IX 6laCU-
socmell.

Knrwouoei cnosa: nopucmi mina, menioizonrayiiHuli Mamepiai, 61acmusocmi; cnocio ompu-
MAHHs, pe3yibmamu eKCnepuUMennty.

The article presents experimental data, based on which the influence of various factors on the
strength and thermophysical characteristics of porous heat-insulating materials was studied.

Performed laboratory studies of the material proposed in the paper allow choosing the re-
quired temperature regimes of heat treatment. Thus, the task of further research is to choose a method
of organizing effective heat and mass exchange, modeling these processes, experimental testing of the
obtained data, and creating a method for determining the main technological and structural parame-
ters of the method of obtaining a new material.

The performed experimental studies made it possible to determine the conditions for the im-
plementation of new technologies for the production of porous materials with the possibility of predic-
tive determination of their properties.

Keywords: porous bodies; heat-insulating material; properties; method of obtaining; experi-
mental results.

IHocTanoBka mpo0JjemMn

[TopucTi Tina B TEMIOEHEPreTHLI 3aCTOCOBYIOTHCS JAJISl TEIJIOBOTO 3aXUCTY €HEPreTHYHHX
YCTaHOBOK, PI3HOMAHITHUX arperaTiB, B TEIIOI30JALIHHUX KOHCTPYKLIAX OyaiBeNb Ta TEXHOJIOTTYHUX
Mepex. BiactuBocTi nux mMartepialiB Ta 00JaCTh BUKOPUCTAHHS 3aJISKaTh Bij iX XIMIYHOTO CKIIagy Ta
crioco0y BupoOHuITBa [1—3].

TennogiznyHi XapaKTEPUCTHKHA MOPUCTUX TiT BU3HAYAIOTHCS ONHOYACHUM MPOSBOM TOBEpX-
HEBHX Ta KaMUIAPHUX cWII. JIJIs 3MIHM CHJIH 3B’SI3KIB MiXK YaCTKaMH Ta KEpyBaHHS CTPYKTYPOIO TIOpHC-
TOr'O TiJla BUKOPUCTOBYIOTHh Pi3HOMaHITHI JOOABKH [0 IUCIIEPCHOIO CEPEeJOBUIIA, AKi 3MIHIOIOTH 3a-
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psn abo rinpodineHICTh MOBEpXHI YacTKH. Takumu 100aBKaMH MOXYTb CIYTYBAaTH COJi, KHCIOTH Ta
JIYTH, IOBEPXHEBO-aKTUBHI PEYOBUHU Ta MOJIENIEKTPOJITH, PO3YHHHI MOTiMEPH.
AHaJIi3 0CTaHHIX JOCTITKeHb Ta MyOJriKkanii

Iopucri Tina, MO CKIANAIOTHCA 3 PYXOMHX YacTOK, SIKi B3a€EMOJIIOTH OJJHA 3 OIHOIO 32 paxy-
HOK TIOBEpXHEBUX CHJI B MOMEHT iX popMyBaHHA, mig dac nedopmalii MOXKYTh 3a3HaBaTU CTPYKTYp-
HUX 3MiH B XOJIi TeIIoMacooOMiHHHX MpoueciB. Lle mposBiseTbest y 3MiHI B3aEMHOTO pO3TalyBaHHS
YaCTOK 1 YMCa KOHTAKTiB MK HHMH (arperyBaHHs, Je3arperyBaHHs), a TaKOK CEpPeIHIX BiICTaHeH
MDK YaCTKaMHU — TOBIIMHH MPOIIAPKIB PIIUHH, IO iX PO3AIUISIOTh.

Jlo HafOLIbII MOMUPEHUX MPOLIECiB MepeOya0BH CTPYKTYPH BiIHOCATHCA HAOyXaHHS IPHU KO-
HTaKTi Ta MPOCOYCHHI PIIMHOI0 Ta ycajJKa MpH CYIIiHHI Ta iHmMX crocobax macosignmaudi [1, 2]. L
MPOLIECH CYNPOBOIKYIOTHCS 3MIHOIO CEPEIHIX PO3MIpiB MOp Ta iX po3moAaily 3a po3MipamH, IO po-
OWTPH MIBHJKICTH 1 MEXaHI3M MacOOOMIHHMX MPOLECIB 3aIeKHUMH TaKOX BiJ epeOyI0oBH CTPYKTYPH.
3MIHIOIOTBCSI, BiJIIOBITHO, 1 KOSPII[IEHTH IEPEHECEHHS, 10 CTAIOTh (DYHKIIIEI0 BXKE HE TiJIbKU MacOB-
MICTy, a i CTPYKTYpH MOPHUCTOrO TiNa, IO 3MIiHIOEThCS. ICHYIOWI Ha JaHWH MOMEHT CIOCOOH ofep-
JKaHHS TOPUCTUX TEIUIOI3OSALIHHUX MaTepialiB Ha KPEeMHE3eMHUCTiii ocHOBI [3] y psal BHIAJKIB HE
3a0e3MeUyIOTh JOCATHEHHS HEOOXiTHMX CIIOKMUBYMX BIACTUBOCTEH, 30KpeMa 3arajllbHOi MOPHUCTOCTi
IpaHyJIbOBAHOTO TEIIOI30JILIHOr0 MaTepialy Ta BUCOKOT TEPMOCTIHKOCTI.

DopMyTIOBAHHS METH T0CTIKEHHS

3ajaya bOro JOCIIHKEHHS — OTPUMAaHHS CHPOBHHHOI CYMIIITi IS TETUIO130MISIIHHOTO MaTe-
piany 3aMKHEHOKOMip4acToro TUIy MiABHILEHOT TEPMOCTIHKOCTI Ta HOPUCTOCTI IUISIXOM ONTHMIi3allii
ii IKICHOT'O Ta KUIBbKICHOTO CKiIaay. Tako Ha METi CTOITh BAOCKOHAJIEHHSI CIIOcO0y OTpPUMAaHHS OPH-
CTOTO TEIUIOI30JLIMHOTO MaTepially HUIIXOM 3MIiHM TEMIIEpaTypHHX Ta YaCOBHX PEXHMMIB 3 METOIO
nojinmeHHs Qi3MKO-MEXaHIYHUX Ta €KCIUTyaTalliHHUX XapaKTepPUCTHK, IO JO3BOIUTH BUKOPUCTOBY-
BaTH MaTepiaj B OUIBII MIMPOKOMY TEMIIEpPaTypHOMY Aiala3oHi.

Bukiiax ocHoBHOrO MaTtepianay

3anponoHOBaHUI HaMH CIIOCI0 OTPUMAaHHS MOPHCTOrO TEIUIOI30JALIHHOr0 MaTepialy BKIIIO-
Yyae HACTYIHI eTanu BUpOOHHLTBA [4]: moapiOHEHHsSI aKTHBHOIO KPEMHE3EMUCTOr0 MaTepially Ta Mi-
HEpaNbHOI0 HANIOBHIOBAYa; MEPEMIIIyBaHHA KOMIIOHEHTIB CUPOBHHHOI CyMillli 3 BOJHUM PO3YHHOM
T1IpOKCHY TY)KHOTO METally; MPOMaploBaHHs IPUTOTOBAHOI CHPOBUHHOI CyMillli B CEPEAOBUILI HACH-
4eHOI BOAAHOI mapH. [ paHyIsILil0 OTpUMaHOi CHPOBHUHHOI CyMillli Ta MPONApIOBaHHS TPaHyJl BiAIMOBi-
nHo 10 [4] mpoBoasats nmpu 90—100 °C Ha npots3i 70—90 xBHIiIMH, a MOTIM MiACYIIYIOTh MTOBITPSIM Ha
npotas3i 10—15 xBunmH npu Temneparypi 100—120 °C. Ilponec cnydyBaHHS OTpHUMaHHUX TPaHyl
npoBoaaTh npu Temneparypi 500—550 °C nporsrom 5—20 xBumuH.

IcroTHUME (hakTOpaMu KepOBAaHOTO BIIMBY Ha KIHETHKY ra30yTBOPEHHS Ta ()OpMyBaHHS IO-
PHUCTOI CTPYKTYpPH € TeMIlepaTypa Ta CKJIaJ KOMIIOHEHTIB cepenoBuia. [Iporec cnydyBaHHs Ha cTaii
ONTUMANIBHUX IUIACTHYHO-B'A3KMX BJIACTHBOCTEH CyMIIlll y MOEJHAHHI 3 MPONOHOBAHUMH Ta30yTBO-
proBauaMH iHTEHCH(}IKYye Mpolec Ta30BUAUICHHS, SIKUH MPOTIKae PiBHOMIPHO B yChOMY 00CSI31 CHpO-
BHHHOT'O MaTepiary, 3a0e31euyoun yTBOPEHHS 3aMKHEHHUX TIip.

CryuyBaHHS IJISIXOM Ta30yTBOPEHHS Tependavae, o a3, SKUH BUALIIETHCA B POLIEC Ta30-
YTBOpPEHHSI, 3AIMIIAETHCS B TENENoAiOHIN MIacTHUHIN ra30HENPOHUKHINA (a3i, SKa KPUCTaTI3yeThCs
npu Temneparypi 100—120 °C 3 yrBopeHHSIM KOMip4yacToi CTPYKTYpH TI0p.

[Tpu monepeaHbOMY MiACYIIYBaHHI IpaHyl MOBITpsM 3 TeMneparypoto 100—120 °C nounna-
€TbCSI AKTUBHE Ta30yTBOPEHHS, SIKOMY CIIPHSE HAsBHICTh Y BUXiOHIN cyMili rixpaTHoi Boau, OikapOo-
HaTy HaTpito Ta ruHA. [Ipy npOMY B'SI3KICTH MaTepially MiABULIYETHCS, BPIBHOBKYIOUM THUCK Tra3y B
OynpOamkax. [HTEHCHBHICTh IIHOTO TPOLIECY PETYIIOETHCS TEMIIEPATYPOIO Ta YaCOM BIUIMBY TEIIOHO-
cist, siKi MAOUPAFOTHCS TAKUM YHMHOM, II00 Ta30Bi OCepeKH 301TbITyBaIACS 0 TICBHOTO 33J]AHOTO PO3-
Mipy, HE 3IMBAINCH Ta 30epiraiu cBowo ¢opMy. Y IIbOMY BUIAJIKy BHYTPIIIHI MOBEPXHI Ia30BUX OcCe-
penKiB cTabimi3yrOThCsl MOBEPXHEBUMHE CHUJIaMH Ta TUCKOM yCepeAnHi MOpH, a 30BHIILIHI MOBEPXHi rpa-
HYJ TIOKPUBAIOTHCS CYLTBHOIO TTiBKOI0. Yac TeMIepaTypHOro BIUIMBY BU3HAUa€ K CTPYKTYpHi Xapa-
KTEPUCTUKHU (TTOPUCTICTB 1 pO3MIp TOp), TaK i BIACTUBOCTI MaTepiany i Horo repmocTiikicts. Ocrarou-
HE CTPYKTYpYBaHHsI MaTepiany BinOyBa€eThcs NPH BUILIN HETpUBaiiil Tepmoodpobdui 500—550 °C.

Ha puc. 1—5 naBeneno pe3ynbTaTé 1ab0paTOpHUX AOCIIIKEHb MIIHICHUX Ta TEMJIOoi30Jisi-
HIHUX XapaKTepUCTUK HoBoro Matepiany [4] ta Ciamopy [3]. ILlinbHicTs MaTepiany BU3Hauamacs 3a
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3MIiHOIO Bar 3aroTOBOK Ta IX T€OMETPUYHOTO po3Mipy. TemIonpoBifHICTh OTPUMaHUX 3pa3KiB Oyina
BH3HAaUYeHa Ha BUMipioBaui TeronposinHocti 1T-400. [Ipu mocmimkeHHSIX BUKOPUCTOBYBABCS METOJ
JIMHAMIYHOrO Kajmopumerpa [5]. BunpoOyBaHHs Ha po3TATyBaHHs MPOBOJIMIIOCH HA CHEIiaIbHUX Ma-
HIMHAX, SKi 3aMUCYIOTh Jiarpamy pO3TATYBaHHS 3aJIeXHOCTI MMOIOBKEHHS 3pa3Ka BiJl YAHHOTO HaBaH-
TaxeHHs. BunpoOyBaHHS Ha MILIHICTh TPOBOJMIIOCH 32 METOAOM PokBerna.
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Puc. 5. 3anexHicTh TEMIONPOBIAHOCTI OTPUMAHOI'O HOBOTO MaTepially Bill TeMIepaTypH
TEPMOOOPOOKH

Ha puc. 5 mokazanuii rpadix 3aJIeKHOCTI TEIUIONPOBIAHOCTI BiJ TeMIepaTypu TEIUIOHOCIS
npu 00poOIi BUXiAHOI CHUPOBHHHOI CyMIlli, Ha SKOMY BHIHO Jialla30oH ONTHUMAJbHHUX TEMIIEPaTyp
400—500 °C. IligBuimieHHS TeMIepaTypd MPHU3BOAWTH JO TEPMIYHOTO PO3KIaJaHHS Marepiaiy, II0
CYNPOBOMKYETHCS MiABUILEHHSAM BEJTMYMHHU TEIJIONPOBIAHOCTI Ta TMOTIPUICHHSM TEIUIOI30iHHUX
XapaKTepUCTUK MaTepiany. TakuM 4MHOM, BU3HAUEHO OCHOBHI XapaKTEPUCTHKH MaTepiaiy Ta ix ¢pyH-
KITIOHAJIbHU SKICHUH 3B'S30K 3 PeKUMaMH TEPMOOOPOOKH.

BucHoBkn

Buxonsun 3 3anexHocTeld, MoKa3aHWX Ha puc. 1—5, MokHA 3pOOUTH BHCHOBOK PO T€, LIO0
Halkpali Tenyao¢i3nyHi Ta MIIIHICHI BIaCTUBOCTI MalOTh 3pa3Ky MOPHUCTOr0 Marepiaiy 3 HaiiMEHILOO
LIUTBHICTIO, SIKi YyTBOPIOIOTHCS MPH MaKCUMANBHIM BOJOTOCTI BUXiJHOT cHpoBUHHU. KiHeTHka CyIIiHHS
Ta TepMOOOPOOKH CUPOBUHHOI CyMilll, TEPMidHI PEKHMHU € OCHOBHUMH (pakTopamu, 10 BU3HAYAIOTh
MOPHCTICTH TOTOBOT'O TEIUIOI30SIIHHOIO MaTepiany, MIHICTh Ta TEMJIONPOBIIHICTb.

Bukonani nabopaTopHi J0CIiKEHHS 3alIPONOHOBAHOTO Y POOOTI MaTepiany H03BOJISIOTH Ti-
nibpatu moTpiOHI TeMIepaTypHi peXkKUMHU TepMOOOpoOKH. TakuM YMHOM, 3aBJaHHSM MOAAIBIINX JOC-
JHKeHb € BUOIp MeToAy opraHizamii eeKTHBHOTO TEIIOMacOOOMiHY, MOJIEIIOBaHHS IIMX MPOLIECIB,
eKCTIepUMEHTalbHa anpodalis OTPIMaHUX JaHUX Ta CTBOPEHHS METOIy BH3HAYCHHS OCHOBHUX TEX-
HOJIOTTYHHMX Ta KOHCTPYKTUBHUX ITapaMeTpiB CIoco0y OTPUMAaHHS HOBOT'O MaTepiaiy.
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OPTIMIZING POROUS MATERIALS WITH PREDICTION THERMAL
PHYSICAL CHARACTERISTICS

Abstract

The article presents experimental data, based on which the influence of various factors on the
strength and thermophysical characteristics of porous heat-insulating materials was studied.

Porous bodies in thermal power engineering are used for thermal protection of power plants,
various aggregates, in thermal insulation structures of buildings and technological networks. The
properties of these materials and the field of use depend on their chemical composition and method of
production.

The task of this research is to obtain a raw material mixture for heat-insulating material of the
closed-cell type with increased thermal resistance and porosity by optimizing its qualitative and quan-
titative composition. The goal is also to improve the method of obtaining porous heat-insulating ma-
terial by changing the temperature and time regimes in order to improve the physical, mechanical and
operational characteristics, which will allow the material to be used in a wider temperature range.

Based on the dependences of strength and thermophysical properties on the density of the fi-
nished material obtained in the work, it was concluded that the best characteristics are the samples of
the porous material with the lowest density, which are formed at the maximum humidity of the raw
material. Kinetics of drying and heat treatment of the raw material mixture, thermal regimes are the
main factors that determine the porosity, strength and thermal conductivity of the finished heat-
insulating material.

Performed laboratory studies of the material proposed in the paper allow choosing the re-
quired temperature regimes of heat treatment. Thus, the task of further research is to choose a method
of organizing effective heat and mass exchange, modeling these processes, experimental testing of the
obtained data, and creating a method for determining the main technological and structural parameters
of the method of obtaining a new material.

The performed experimental studies made it possible to determine the conditions for the im-
plementation of new technologies for the production of porous materials with the possibility of predic-
tive determination of their properties.
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