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OCHOBH ®OPMYBAHHS CTPYKTYPU TEMIIEPATYPO- TA BOTHECTIMKHAX
3AXUCHHUX ITOKPHUTTIB HA OCHOBI HAIIOBHEHMX
CHJIIIVEJIEMEHTOOPT AHIYHHUX CIIOJIYK

PosrisinyTo pesynmpTatd nociimkeHb B 061acTi po3pobxu TEMIIEPaTypoO- Ta BOTHECTIHKMX
3aXMCHHX ITOKPHTTIiB I 36iNbINEHHS JOBroBiYHOCTI OymiBeNBHHX KOHCTPYKIIHHAX MaTepiaiis.
CydacHa TexHika i TeXHOMOTII JalOTh BUKOPHCTOBYBATH JUI OTPHMAHHS 3aXHCHHX IIOKPHUTTIB Ma-
Tepiany 3 HeoOMEXEHOIO raMOIO BIACTHBOCTEH, a CaMe: METaJIH, HEMETANTH, IHTepMeTai i1, OKCHIN
Ta iX CIIONIYKH, CHJIIKaTH, Kepamiuni MaTepianu Tomo. [oaoBHEM dbakTopoM, KMl BIUIMBAE Ha Me-
TasIeBl Ta iHImi KOHCTPYKIIi IPH 1il BACOKHX TEMIEpaTyp Ta BOTHIO, € BTpara iX Hecy4oi 3MaTHOCTI,
sIKa CYyIPOBOJDKYETECS pyHHyBaHHAM. [Toka3aHo BILIMB 3B'3KH Ta HAOBHIOBAYA HA TX 3aXHCHI Bia-
CTHBOCTI y IIMPOKOMY IHTepBAII TeMIIEpaTyp.

Knwouogi cnosa: dbazopuit cxiaz, 3axuche HNOKPHUTTS, BOTHECTIHKICTh, MyJIiT, CHTIIIHKACHE-
BHH Kapkac.

A.B. Cmonak, H.H. Tuenioo, H.H. Tonunko A.O. Ilagnuiiyyx

OCHOBBI POPMHPOBAHNS CTPYKTYPHI TEMITIEPATYPO- 1 OI‘I!ECTOFII(HX
3ALIIUTHBIX IOKPBITUN HA OCHOBE HAIIOJIHEHHB{X CUJIMOUHUEJIEMEHTO-
OPTAHMYHIX COEXMHEHMNA

PacemoT

CTORIIY, CHTHBIX TIC TrAN Jry YBCITHCHAA N0 OBCUYHOCTH CTPOUTENLHEBX YOHCTRYRKUVIOHHBIX

DEHED De3YILIaTE! HCCReNoRaHdl B o81acTH paapaﬁioma TEMIICPATYPO~ U OrHE-

MaTepuaor. CoBpeMerNas TOXHUKA W TEXHONOTHY TO3BOJSIOT HCIIOJH30BATS JNHA OONY4EHHs 3a-
IMHTHBIX HOKPBITHA MaTe€pHaJIbl C HEOTPAHUYECHHOM IaMMoH CBOMCTB, a HMEHHO: METaJlJibl, HeMe-
TaJUIB!, HHTCPMETAIUIH/BL, OKCHIIBI K HX COSTUHEHHS, CHIIMKATHI, KepAMHYECKUE MaTepHaisl. [ ias-
HBIM (aKTOPOM, KOTOPBI BIHAET HA METAUIMIECKHIE H Apyrye KOHCTPYKLMH IIPH BO3JICHCTBHH BBI-
COKHX TCMIIEpATYD H OTHA SBJIAETCA IOTEPS HX HeCymeH CIocOGHOCTH, KOTOPas COMPOBOXKAACTCS
paspymenneM. Ilokazano BiIMsHKE CBA3M HANONHHUTENS HA WX 3AIMUTHHIE CBOMCTBA B IIHPOKOM HH-
TepBaJie TEMIIEPATYP.
Kniouegvie cnosa: ha3zopriii cocTas, 3amuTHOE IIOKPBITHE, OTHECTOHMKOCTh, MYJUIHT, CHIIH-
IHHKHCIIOPOIHEIH KapKac.
D.V. Smolyak, M.M. Givlyud, N.I. Topilko S.A. Pavliychuk

BASES AND FORMATION OF TEMPERATURO- FIREPROOF PROTECTIVE
COATING BASED COMPOUNDS FILLED SYLITSIYELEMENTOORHANICHNYH

The results of research in the field of elaboration of temperature and fire-resistant protective
coating for increased durability of structural materials. Modern equipment and technology can be
used to obtain a protective coating material with unlimited range of properties, including: metals,
non-metals, intermetallics, oxides and their compounds, silicates, ceramic materials, etc. The main
factor that affects metal and other structures at high temperatures and fire is the loss of their carry-
ing capacity, which is accompanied by destruction. The influence of connections and filling their
protective properties over a wide temperature range.

Keywords: phase composition, protective coatings, fire, mullite, sylitsiykysnevyy frame.

138 36iprux nayxosux npays JITY BEXIT




ITocmanoexa npobnemu. TexHiuHe YHOCKOHAIEHHS BCiX rajy3eidl IPOMHCIIOBOCTI y NaHWH
gac nmorpebye pO3IIHpPEeHHs BHKOPUCTAHHS MPOIPECHBHUX TEMIIEpaTypo- i BOTHECTiHKHX Marepia-
JIiB TIpU TMPOEKTYBaHHI, PEKOHCTPYKIIi Ta MozxepHi3arii 06'ekTiB, A€ aKTyaJbHOIO € 3ajada 30i1b-
IIEHHS JOBrOBIYHOCTI, TEIUTO3aXKCTY 1 3HIKEHHS eHEpreTHIHUX BUTpaT. EQexTuBHi 3axucHi MaTe-
piany, 3HAYHO MOKPAIIyIOTh EKCIUTyaTalliffiHi BIacTHBOCTI BUPOOIB i KOHCTPYKIi# mpu poboTi B
yMOBaX BHCOKOTEMIIEpAaTypHOI'O HarpiBaHHs, 00YMOBIIOIOThH CTaOlIBHI PeXXUMH eKCILTyaranii Tex-
HOJIOTi9HOrO 00NaMHaHHs Ta 3a0e3nedyroTh Oe3eyHi YMOBY Ipai.

VY mpakTHlli TeMIepaTypo- i BOTHE3aXHCTy METIEBUX Ta iHIIMX KOHCTPYKUIHHHX Marepia-
JIB IepeBa)KHO BHKOPHCTOBYIOTH HAIlOBHEHI MOJIOPTraHOCHJIOKCAHH, SKi IOETHYIOTH TepMOCTabi-
JBHICTH Ta IHEPTHICTH CHIIILIMKUCHEBOTO KapkKaca i3 BHCOKHMH (Gi3HKO-MEXaHIUHHMH BJIaCTHBOC-
TAMH. 3aXMCHI BIACTHBOCTI TAaKUX MaTepialiB BAAECTHCA PETYJIIOBATH JIAINE BUJOM i BMICTOM HaIIo-
BHIOBa9a, TOMY IO Ha JaHUH dac He iCHye IOoNIMEePHUX 3B'A3KiB, IKi BOJIOAIIOTH BUCOKOIO TEMIIEpa-
TypocTifikicTio. [TuTaHHS mpo Micie HalOBHIOBAaYA i CTYNMiHB HOro BHJIMBY Ha BIACTHBOCTI CHIIi-
ilieTeMEeHTOOpraHi 9HIX KOMITO3HINHM CKIaiHe 1 He IIOBHICTIO BHBYEHE.

ToMy, po3pobneHa (i3uKo-XiMiYHIX OCHOB TEXHOJIOTIl ()OpMyBaHHS CTPYKTYPH Ta BIacTH-
BOCTEH KOMIO3HITIMHUX CHCTEM Y LIMPOKOMY IHTEPBaIi TEMIIEPATYD € aKTYaIBHOIO.

Ananis ocmaunix docnioxcens i nyonixayiy. T'onoBHAM (HaKTOpOM, KU BIUIMBAC Ha METa-
JeBi Ta iHITI KOHCTPYKIIl IPH Iil BUCOKUX TEMIIEpaTyp Ta BOTHIO € BTpaTa iX Hecydoi 3JaTHOCTI,
AKa CYIPOBOIKYETBCS PYHHYBaHHsSM. BHcokoTreMIepaTypHE HarpiBaHHsA Ta MEXaHiuHI HaBaHTa-
XKEHHs CTBOPIOIOTH Y KOHCTPYKIiSIX AedopMamil TEIUIOBOrO PO3IMMPEHHS, 3CiqaHHs Ta MOB3yJOCTi
[2, 3]. Y mporeci HarpiBaHHSA Ta JOBFOTPUBAJIOL Jil BUCOKHMX TEMIIEPATyp Ha JIOBrOBIUHICTH METa-
NeBUX Ta GeTOHHMX OyMiBENBHHX KOHCTPYKIIiH BIUTHBAE BH 3B'S3KH, HAIIOBHIOBAYa Ta CTPYKTYDH
IIOKPHUTTS 9€pe3 Pi3HUIO TEPMOMEXaHIUHUX BilacTHBocTel. HanpyxeHnus, siki BUHHKAIOTh y IIOK-
PHTTI BHACJIIOK TEMIIEPATyPHOTO Ipafi€HTa IPH HArpiBaHHI MOXYTh NPH3BECTH O HOTO pYiiHY-
BanHA [4, 5]. BaximsuM eneMedToM, SKUH BIUIMBAE Ha IMOBENIHKY MarepialiB IpH HarpiBaHHi, €
$az0BUH CKJIL TA TEPMIYHI XapaKTEPHCTHKH CaMOTO IIOKPHUTTS.

Binomo [6, 7], mo KOMIIO3ULiMHI TOKPUTTS HA OCHOBI CHUIII{iHOpraniynyX 3B'sI3KiB Ta MiHe-
PATIHAX HAlOBHIOBAYIB HIMPOKO 3aCTOCOBYIOTHCS IUIS 3aXHCTY KOHCTPYKIIMHHMX Marepianmis, ski
IPAIIOKTh B YMOBaX BHCOKOTEMIIEPATYPHOrO HArpiBaHHs Ta Hil BOTHIO. JOBroBiYHICTE TakHX Ma-
TepialliB y MpoIeci JOBrOTPHBAJIOl eKCILIyaTauil y BKa3aHMX yMOBAaxX 3aJieXKHTh Bill CTPYKTYPHHX
IIEPETBOPEHB Ta 3MiHNU (a30Boro ckiaxy HOKpurrs [8].

Mema pobomu nondrae y Bubopi ckiaiB BUXiTHAX KOMIIO3UIIN Ul TeMIIEpaTypo- Ta BOT-
HECTIMKHIX 3aXMCHUX HOKDPHTTIB Ha OCHOBI aHAJIi3y CyYaCHOTO CTaHy HAYKOBHUX JOCIIKEHb.

Excnepumenmanvua vacmuna. JJudeperniansHo-TepMidHIIi aHaAI3 JOCTIIDKYBAHUX CKIIaJiB
3aXHMCHHX MarepiajiB NpoBoxMIM Ha AepuBarorpadi cucremu . IMayik, 1. ITaymnik i JI. Epaei (Q-
1500D). IepeBaru Ta BimMiHHOCTI fepuBaTorpadii BiJ KJIaCHUYHUX TEPMIYHHX METOIIB HOCIIHKEHD
ToJiATaE B OJHOYACHIH peecTpanii 3minu Temneparypu (T), Temosmicty (ITA), macu (IT), a Ta-
KOX MBHAKOCTI BTpaTtH MacH 3paska (JTT). JocmimkeHHS IPOBOMMIM 33 CTAHAAPTHOK METOIH-
K010, 3rigHo 3 [1].

3MiHy (a30BOro CKiIafy 3aXHCHOIO HOKPUTTS ¥ HPOLECi HArpiBaHHS IPOBOIMIH METOIOM
penTreHoda3oBoro aHanizy MeToJoM nopoikis Ha qudpanromerpi JPOH-3A [1].

Pesynomamu docnidoicensv. TeMnepaTypo- i BOTHE3aXHCT MeTaJeBUX i GETOHHHX KOHCTPYK-
i ToJArae y CTBOPCHHI Ha X MOBEpXHi i30IOIOYMX IIUIBHAX €KpaHiB, AKi MOXYTh 3MECHIIHTH
IPOrpiBaHHS MiAKIAAKH Ta 3GLIbNMTH 1{ JOBrOBIYHICTS mpH Ail BUCOKHMX TEMIIEPATYD IPOTArOM
3aJjaHoro TepMiny. Bubip cocoby BHCOKOTeMIIEpaTypHOTO 3aXHCTY 3AJIEXKUTE BiJl THILY KOHCTPYK-
1ii, TeMIepaTypH eKcIUTyaTallii, yMOB eKCIuTyarallii, arpeCHBHOCTI HABKOJIUIIHLOIO CEPENOBHINA,
TEXHiKO-eKOHOMITHHUX ITOKA3HUKIB Ta iHImMX ¢akTopis.

TeMnepaTypo- Ta BOrHE3aXHUCHI IIOKPUTTS HA OCHOBI MiHepanbHHX B'sXKy4uX (PiIKOro CKiia)

i HamoBHIOBaYa (CIlydyeHHt IepiiT, a3becT Ta iHImi) 06MEXYIOTECS TEMIEPATYPOIO HArpiBaHHA 10
9306
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Heoprasiuni HOKPATTS 3/1aTHI 3a0€3MECTHTH BOTHE3AXHCT 6y miBeNBHEX KOHCTPYKIIiH HaBiTH
npu Temmneparypax 1173-1473 K. B noyaTKoBui MOMEHT HarpiBaHHA 3a06€3MeYy€ETHCS 3aXUCT 3a-
BISIKM PiJKili aKTHBHIN CKJIOBHIHIH CKJIa0Bilf, ONHAK Y MIpy BHPiBHIOBaHHSA CKIIAQIy IIOKPHTTA pe-
AKIifHA 34ATHICTb i IBHAKO 3MEHITYETHCS. Taki MOKPHTTA noTpebyIOTh IONEPETHBOTO TeMIIEpa-
TYpHOTO 3aKpiIlIeHHS, IO € EKOHOMIYHO gepurimauM. ToMy HeOOX1THO OTPHMYBATH IOKPHUTTS 3
BHCOKOIO TEMIIEpAaTypO- i BOTHECTINKICTIO TpH MiHIMATBbHOMY BMicTi ckiodaszu, 1oOpoMy 3MOUy-
BAHHI TIKI4IKH, BUCOKIH CYILIPHOCTI, 3a0aHUM TeMIEpaTypHAM xoedirierToM JNiHIAHOTO PO3-
muperns (TKJIP) i me BCOKii Temmepatypi #oro dbopMyBaHHI.

Bxasani npo6IeMy MOHA BHPIIIATH MULTXOM BUKOPHCTaHHS 30Jb-T€Jb MPOLECY, ane L
3amoGiraHHs PO3TPICKYBAHHIO IO Hif M€ HANpPYXEHb 3cimanHa npu GopMyBaHHI IIOKPUTT,
#0ro HeoOXiIHO apMyBaTH MiKPOBOJIOKHHCTHMHE MaTepianaMH. I3 BpaXyBaHH:AM CKIAHOIO Mpoue-

© cy mepexofy "30Ib-Teb-TIOKPUTTS', BIUIUBY apMyrOUHX HAIIOBHIOBAYiB Ha CTiMKiCTH 1O Iii BHCO-
KHX TEMIIEPATyp Ta aKTHBHICT KOJIOIAHHX KOMITOHEHTIB, HEoOXiIHi NeTambHi AOCIIIKEHHS.

EQeXTUBHIMH € 3aXMCHi MOKPHUTTH, IO CIy4yHOTHCH, BHCOKOTEMIIEPATYPHHH i BOrHEBHH
3aXHCT SKHX IOCATACTHCS BHACIIIOK CIyYyBaHHS BHXIJHOTO CKJIaTy IPY BifHOCHO HEBHCOKHX Te-
MIIepaTypax. IX mepeBaru 3aKIoYaloThCs B TOMY, IO BOHH HaHEeCeHi Ha KOHCTPYKIIiIO TOHKMM IIa-
pOM NIPaKTHYHO He 30iMbIIYIOTH if Macy, ajle Mpy [bOMY 3HATHO HiIBHIIYIOTH TEMIIEPATypo- i BOI-
HeCTIMKICTh Ta HOCTYHHI B exciuryararii. Taki MOKPUTTS CKIANaI0TBCA i3 mosiMepHOI 3B'SA3KH, Ha-
MIOBHIOBaYa, aHTHIIIpeHy i CIyuyBaIbHHX HONATKIB, ale MAaroTh CYTTEBI HEIOJIKH, OCHOBHHMH 3
AKHX € HEOOXIHICT rPYHTYBaHHs NOBEPXHI Ta HU3bKa €PEKTUBHICTB.

ToMy € HeoOXiaHICTh yHHKATH HEIOJIKIB ICHYIOUHX CKJIAZIiB IIOKPUTTIB MIJIIXOM BHKOPHC-
TAHHS HOBHX BUJIB BHXiTHHX MaTepiamiB Ta CTiBBiHOIICHHS KOMIIOHEHTiB. OCKiIbKHA OLTBIIICTE
[10TIMEPHHX 3B'S30K PO3KIIAAIOTHCA IIPH HATPIBAHHI BHINE Bin 423K, HeoOXiHO HOBI MaTepiaa 3i
3HAYHO BHITMMH i MATOTOPIOUHME BIACTHBOCTAMH. HasBHICTS CONYK, SKi y HONIMEPHOMY JAHIIIO-
3i 3aMicTE aToMiB. KapOOHY MICTSTH aTOMHM 1HIIMX eJIEMEHTIB, a canie aHOMIiAlW i culinilo MoXe
CYTTEBO THMEAIATY TEPMIUEI RIACTHBOCTI IUDIXOM 3GiTpIIeHHS MineparbHol wacTuEH. Hailbins-
A HTEDeC BUXAHZFOTE HOXIOPTaHOMETANOCHIOKCARH, JIAHIIIOTA AKIX nolysoBani 2 2ToMis CXi-
iz, oxcaTexy i kapForry. IIpu TepMiMHOMY POSKIA Y HAX 30epiraeThes 3p'szok S5i-0-C.

Temucparypo- T2 BOTHECTIHKICTE 3aXMCHUX HOKPHATTIB 3 HOJICHIOKCAHOBEMH 3B'S3KaMH
HEPII 3a BCe 3aJIeKHTE BiJi PUPOIH HAOBHIOBAYA, CEPEN AKUX Halit el nomupeni oxeuan (Zn0,
Fe, 03, ALLO3, Ti0,), cutikaty (cmona, a3decT, TalbK, KaoJiid), GOpOCHIIIKaTHI CKJIa TOLIO.

BracTHBOCTI BHXIAHHX KOMIIO3HI[H UI1 ONEpXKaHHA 3aXHCHUX MOKPUTTIB BH3HAYAIOTHCS
CTyIIeHeM 3aBepIIEHOCTi IIPOLECiB B3aeMOJIii aKTHBHAX LICHTPIB HAIOBHIOBAYA i peakiHHO31aTHHAX
rpyn 38°s3Kkd. JUId CyMillleHHs MiHEpalIbHHX HAIIOBHIOBAYIB 3 MOJNICHJIOKCAHOM HEOOXiZHO BHKO-
HyBaT¥ MEXaHOXIMigHE AUCTIEPIyBaHHsL.

JlicriepryBaHHs HAIOBHIOBaYa 3aJIEXKHO Bl LUIEOBOTO NPH3HAYCHHS KOMIIO3HIIIi MOXHa
IIPOBOZMTH Yy KOHIeHTpoBanuX (50...60 Mac. %) i posbasnenux (20 mac. %) pO3YMHAX IIOJICHIIOK-
cany. BpaxoBylo4s TeXHONOIiUHi Ta eKCIUTyaTalliiHi BJIACTUBOCTI, JOCIIKEHHS 3iACHIOBAINCS
JUI KOMIIO3HIIH i3 CIIiBBiAHOIIEHHM 3B’ 13Ka/HANIOBHIOBAY Big 40:60 mo 20:80.

36ibIeH s Yacy QUCTepryBanHs KoMrosuii monmicuiokcan - Al,O3 CympoBODKYIOTECS 3pO-
CTAHHSIM KiTbKOCTI YacTHHOK po3MipoM Menme 10 mxM. HalfGinsm iHTEHCHBHO LEH MPOLEC BitOyBa-
€TBCS TIPH BMICTi 38’s3ku 30 Mac. % i TpHBANOCTi JUCIICPryBaHHs 100 roz. Ilepebir mporecy aucnep-
ramii ATOMIHII0 OKCHAY MiATBEPKYEThCS 3MEHIICHHSIM iHTEHCHBHOCTI XapaKTEPHHX MaKCHMyMiB Ha
madpakrorpamax (Tabmang). [Topsin 13 pyHHYBaHHIM KPUCTATIYHOI IPAaTKH aNIOMIHiI0 OKCHAy, BinOy-
BaETbCS aCOPOILis MONMICHIOKCaHy Ha Joro mosepxsi. [TiATBEp/UKEHHAM 1HOTO CIIYTYE I0ABA HA -
CIIEKTpaxX KOMIIO3MIH IiCIs IPOMHBAHHA Yy TIapA9OMy TONyONi CMyT TOIMHAHHS B 007acti
1020...1100 (Si-0-Si), 740, 1145 (Si-CgHs), 810, 1260, 1440, 2870 em™ (Si-CHs), a Takox faHi Tepmi-
yroro asanizy. KibKicTs IPHBHTOrO NMOJICHIOKCAHY 3HAXOMUTBCS B MEXKax 5,8-6,4 mac. %.

KomiuiexcoM (Bi3uKo-XiMiYHUX METOZIB aHali3y BHBYCHO NPOIECH B3a€MOJIT MIXX KOMIIO-
HEHTAaMH TIOKPUTTS [IPX HATPiBaHHi.

140 36ipnux Haykoeux npays JITY BXIT








