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J10 200-i PITYHULI BIJI PECCTPALII [TATEHTY «YJJOCKOHAJIEHHSAI
CIIOCOBIB BUPOGHUIITBA IITYYHOI'O KAMEHIO»

[IpucBsiuyroun HAyKOBO-NIPAKTUUYHY KOH(EPEHII0 JTBOXCOTIH  PIYHMIN
peectpamii mateHty J[xoszeda AcmaiHa «YIOCKOHANEHHS CIOCOOIB BHPOOHHIITBA
MITYYHOTO KaMEHI0», MU 3raJlyeMO JOBTUi Ta HaA3BUYAWHO I[IKaBUI HUISAX SIKUM Ha
IPOTSA31 MakKe 1M’ ATH TUCSYOIITh WIIIOB PO3BUTOK HAIIOT Tramys3i.

Mu He MoOXeMO 3apa3 Ha3BaTHU I1IMEeHa TuX (axiBIIB-IPAKTHUKIB, SKi
CTBOPIOBAJIM OUIBIN HIXK JBI THUCSYl POKIB TOMY BOJIOCTIMKI B’SDKYYH CHUCTEMH,
CIIOPY/H 3 SIKUX €KCIUTYaTyIOThCs 10 HuHI. Ham He Bimomi iMeHa OyaiBeNbHUKIB SIKi
3aMpoOBaAMIM Yy TMPAKTUKy OYIIBHUIITBA HAWOUIBII  TMOMIMPEHUNH  ChOTOIHI
KOMIO3UIIIITHUI Matepian — OeToH. Jlo Tenep He 30epiriucs imeHa OyAiBEIbHUKIB SIKi
3pogunn 'y 1037 pomi y Kuesi Codiiicekuit cobop Ta 3o50ti Bopota 1y 10731078
pokax YcneHcbkuit cobop Kuepo-Ileuepcrkoi naBpu mpu OymAiBHUITBI SIKUX OyIJi0
BUKOPHUCTAHO BOJOCTIIKE B’sKyde — TiIpaBiiuHE BamHO. AJie MH YITKO YSBISIEMO
cob1 NUIAX TOCTIJOBHOTO PO3BUTKY CHCTEMH O€3MepepBHO 3pOCTAlOYMX Ta
NOMOBHIOBAHMX 3HAaHb Yy Tally3l B’SKYyYMX Ta KOMIIO3ULIMHMX MaTepiaiiB Ha iX
OCHOBI.

[IpuckopeHHii PO3BUTOK MPOMMCIOBOCTI Yy 4YacHh IMEpIIOi IMPOMHUCIOBOT
pEBOJIIOLIT CTBOPUB YMOBH JUISI IIBUAKOTO PO3BUTKY OyAiBENBbHOI Trajiy3i 1, 30Kpema,
JUTSI CTBOPEHHS HOBUX B SKYUYUX Ta PO3BUTKY BUPOOHUYOI Oasw.

Hdxon Cwmiton (1724-1792) craB He TIIBKM MEPIIMM JOCIHIIHUKOM
BCTAHOBHBIIIMM 3HAYEHHS TJIMHUCTHX JOMIIIOK Yy BamHSAKY JUIsi OTPUMAHHS
TAPaBIIYHOTO B’ SIKY4Oro, aje 1 JOBIB JOCTOBIPHICTh pe3yJIbTaTiB CBOIX JIOCHIHKEHb
nig yac OyxaiBHUITBa Enmictoncekoro Maska y IlmmyTi. Ls ciopyna, 30ynoBaHa 3
BUKOPHCTAHHA TIPABIIYHOrO BallHa, eKCIUTyaTyBajacs Ha nmpotsa3i 120 pokis.

Jlo TexHOJIOTiI OTpUMaHHS TIAPABIIYHOTO B’SKYYOTO INUISIXOM BUIATY
NPUPOIHOI CUPOBUHU BimHOcUThbes mateHT J[[xeiimca Ilapkepa (1796 pik). VYV
Opolrypi TIpo CBiM IIEMEHT BiH BHEpIlE€ HA3MBA€ MO0 PUMCBHKHM, JIO IILOTO MOTO

Ha3uBaJId OEMCHTOM HapKepa, Ta TOBOPUTH, IO eu LOHEMCHT BUKOPUCTOBYETBCA AJIA
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CIIOPY/IPKEHHS IILTI031B, aKBEAYKIB, MOCTIB U T. I., TOOTO JIsi CHOPYH SAKI MarOTh
copaBy 3 Bojoro. ILleli meMEeHT mNpoAOBXKYBAJIM BHPOOJIATH N0 CEPEAMHH
XIX cropiuysi Ta NPUNOMHWIM BUPOOHUUTBO Yy 3B’S3KY 13 PO3MOBCIOKEHHSM Ha
PUHKY TOpTIaHAINEMEHTY 3a mateHToM J[x. AcmmiHa. AHaJOTIYHI IIEMEHTH
(pomanniement)  po3poossumcst  y  ®panmii (Jlecax, 1796  p.) Ta
Himeguwnni (I.H. ®yxkc, 1829 p.).

[Tounnatoun 3 1810-1812 pokiB BHHUKIM Ta MOCIIJOBHO PO3BUBAIUCS [Ba
OCHOBHI HampsIMU BUPIIICHHS 3aJ1aul OTPUMaHHS T1IPaBJIIYHOTO B’ SHKYUYOTO.

[Mepuiit Hanpsam (Himewunna ta @paniisi) — BUKOPUCTAHHS CUPOBUHU Y
OPUPOJHOMY CTaHI Ta PO3LIMPEHHS MOXJIMBOCTEH BHUKOPUCTAHHS MICIIEBUX
CUPOBHMHHHUX PECYpPCIB IUISIXOM CTBOPEHHS T1IPABIIUYHUX B’SDKYYHUX — 3aMIHHHKIB
IPUPOJHOTO POMAHIIEMEHTY, 110 OOYMOBJIIOBAjO 3aJ€KHICTh BHUPOOHHUITBA BiA
CKJIaJly IPUPOIHOT CUPOBUHU, SIKA BUKOPUCTOBYETHCA.

Hpyruii HanpsiMm (AHTJi) — 1€ CTBOPEHHS BUPOOHMIITBA TiIPaBIIdYHOTO
LEMEHTY 3 BHUKOPUCTAHHSIM IITYYHUX CyMIIIEH BamHSIKY Ta TJIMHUA y OLIbII MEHMI
BU3HAYEHOMY CITIBBITHOIIIEHHI.

CaMme Taky TEXHOJIOTII0 OYJI0 3alpOINOHOBAHO y MaTeHTI MyJssipa 3 Micta Jlizc
Jbx. Acnmira (1779-1855), mo, y TemepimHid dYac, € OAHHUM 3 OCHOBHHUX
TEXHOJIOTTYHHUX CKJIAJIOBUX Cy4dacHOro BUpoOHMIITBA moptiaanaueMenty (Ilatent
Ne5022 Bix 15 rpynus 1824 poxy 3rinHo 3asBku Bijg 21 xoBTHA 1824 poky).

Bixe y 1825 pori JIxx. AcrjiiH CTBOPUB MPOMHUCIIOBE BUPOOHUIITBO «IOPTIIAH/I-
[IEMEHTY» 3a CBOIM IAaTEHTOM, fIKe ICHYBajo miA Ha3Bowo «Jlkozed AcmmiH u
Komnawnisi, nemenTHi 3aBoguuku, Yeukdinn». [losBa Ha pUHKY HOBOTO MPOIYKTY
J03BOJIMIIO (DaxIBIIM JOCTaTHHO IIBUIKO OLIIHUTH TEXHIYHI BJIACTUBOCTI HOBOTO
B’SKYYOro, siK€ MounHaiouu 3 1828 poky BUKOPHUCTOBYBAJIOCS TpHU OyIiBHHUIITBI
tyHemto mix Tem3ow (ctpoku OymiBHunTBa 1825-1843). Tob6To, OyniBebHI
BJIACTUBOCTI Ta HASIBHICTb MPOMMCIOBOIO BUPOOHMIITBA CTBOPUIU YMOBH 3 SIKUMH
el MpPOAYKT CTaB OCHOBHUM [JIsi KPYMHUX Oy/IBENBbHUKIB TOTO Yacy, a Moro
BUPOOHUIITBO OTPUMAJIO YMOBH JIJIs IIBUAKOTO PO3BUTKY.

VY To#t ke Yac mpairoBaid BiIOMI BUE€HI, JOCIIJIHUKUA Ta MPAKTUKHU y Taiy3l

XiMil B’SKy4yuX pedoBUH. Baromuii BHECOK y TEOpil0 Ta MPAKTUKY BUPOOHMIITBA

7



rigpaBaiyHux B’spkyuux Oyno 3aiiicHeno JI. K. Bika (1786-1861), 1. ®. Iona
(1782-1847), 1. H. ®ykc (1774-1856), Y. V. Ilecm (1780-1861), 1. Y. JI>xoHCOH
(1811-1911) Ta 6araTrbMa IHIIMMHU BUPOOHUIHUKAMU Ta JOCIIITHUKAMH.

besymoBHO, HE iCHye HiI OJHI€I JIOAWHU siKa O 3apeecTpyBajia y SIKOCTI
BHUHAXOJy B’sDKyde, K€ y TEMEpPIlIHIi yac MU BU3HAYAEMO SIK MOPTIAHALIEMEHT. AJie
BUKOPUCTOBYIOUM Y CBOEMY MaTeHTI TepMiH «mopTiaHi-uiemeHt» Jx. Acnaid
MMO3HAYMB I[IM IMEHEM HOBHWH MPOIYKT, HAJ PO3POOKOI0 SKOrO BiH MpPAIIOBaB 3
1811 poky, sikuii BIIPI3HIETHCS SIK BiJ] LIEMEHTIB, 1[0 BUKOPUCTOBYBAJIUCS /10 HHOTO,
TakK 1 BiJf Cy4aCHOTO TIOPTIaHAIIEMEHTY.

['onoBHuit 1oOyTOK JI>K. AcT/iHa MOJIATAE y TOMY, IO 3alpPONOHYBABUIN HOBY
Ha3By CBOEMY MPOAYKTY Ta HOBHUH CIOCIO MiArOTOBKM CUPOBHHH, BIH 3aCHYBaB
MIPOMUCIIOBE BUPOOHHUIITBO HOBOTO IITYYHOTO T1IPaBIIYHOTO LIEMEHTY Ta Ha MPOTs3i
28 pokiB ouoitoBaB Horo. Kpim Toro, momanbiiuii po3BUTOK BUPOOHHUITBA IIOTO
[EMEHTY Ha 1HIIMX MIANPUEMCTBAX, YIOCKOHAJIECHHS TEXHOJIOTIT Ta BIPOBAIKECHHS
LEMEHTY y MPaKTUKY TOMIIIHHOIO OYIIBHULITBA y 3HAUHIA MIp1 31HCHIOBAJIOCS MPH
KUTTI aBTOpa Ta Mpu Horo yuacti. Llel po3BUTOK ranysi, crmoyaTky y AHIJIIL, a TOTIM
1 B IHIIMX KpaiHax 3/1iCHIOBaBCA 3a ydacTi 0araTbOX BUPOOHMYHHUKIB, BUCHUX Ta
HiANPUEMITB, Y TOMY YHCII 1 32 yyacTi Mojomoro cuHa Y. Acnzaina (1815-1864),
akuii 'y 1843 pori, 3a 3rofow 3 0aTbKOM Ta Ha OCHOBI HMOro IMAaTE€HTY, CTBOPIOE
BUPOOHUITBO LieMeHTy y JIOHIOHI, a B MOJajbIIOMY BIiJIrpaB 3HAYHY pOJIb Y
PO3BUTKY IIEMEHTHOT MPOMHKCIIOBOCTI Y HimMeuunHi.

Bingznagatouu cto pokiB BuHaxoxy JIk. Acmuina, y 3am parymri M. Jligca Oyna
BCTAQHOBJICHA MEMOpiajibHa JomIKa  HacTymHuM TekctoM: «[lam’sati [xozeda
Acnpina 3 Jligca, yui BUHAxXiJ MOPTIAHIIEMEHTY 3 MOJAJBIIMMH Ha TMPOTS31
CTOPI4Ysl YAOCKOHAJICHHAMHU Y HOTO BUPOOHUIITBI Ta BUKOPUCTAHHI 3pOOHB BEChH CBIT
1oro 0Op>)KHUKOM». AMeprKaHChKa MOPTJaH lleMeHTHa acoiaris, 1925 py.

[{s Bucoka ominka BHecky J[k. AcmjiHa y pO3BUTOK HAIIOi LMBLII3AINT CTO
pPOKIB TOMY MOXK€ OYyTH JOMOBHEHAa THMHU BEIUYE3HHUMH O00’€MaMu CBITOBOTO
BUPOOHUIITBA MOPTIAHAIIEMEHTY Yy HaIlll JHI, a caMe y JHI KOJU MM BIIMIY4aEMO
JBICTI POKIB peeCTpalii MaTeHTy. 3arajJbHui 00CSIr BUPOOHUIITBA LIEMEHTY B YChOMY

cBiTi y 2023 pomi omiHtoeTses y 4,1 Minbsipaa ToH, yaByHy — 1,28 minbspaa TOH,
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crami — 1,850 wmimbsgpna ToH. binkmmm 00’eMoM  3amydeHHS O CBITOBOIO
MPOMHUCIOBOTO  BUPOOHMIITBA  XapaKTEPU3YETbCA  JIMIIE KaM'siHE  BYTULIA,
8,917 Mminmpsapa TOH, SKE Ha BIAMIHY BIJl YCIX BHIIE HABEACHUX MPOAYKTIB HE
BUPOOJISIETHCA a JOOYBA€ETHCS.

3a ganumu ['mobansHOi Acomiamii Llementy Ta betony (Global Cement and
Concrete Association) 3arajibHa BapTICTh CBITOBOTO PHUHKY IIEMEHTY Ta OCTOHHUX
BUpoOiB y 2020 poui ckianana 440 MUIbApAIB [0NapiB IpU 3araJbHOMY OOCATY
BUPOOHMITBA OeToHY y cBiTi y 2020 poui 14,0 MineapaiB M>, a MOPTIAaHIIIEMEHTY —
4,0 MiTbsIpAa TOH.

[To cyti, cTpiMKMii PO3BUTOK BHUPOOHHUIITBA MOPTIAHAILEMEHTY, OOYMOBHUB
MOMKJIMBICTh CTBOPEHHS 0OaraTOTOHHa)KHOI Ta HaJ3BUYAHO PI3HOMAHITHOI Taimy3i
BUPOOHUIITBA HAWOUIBII MOLIMPEHOT0 KOMITO3UIIHHOTO MaTepialy Ha OCHOBI
MOPTJIAHIIIEMEHTY — OETOHY.

Ta x 'mobGansha Acomians [{ementy ta berony (Global Cement and Concrete
Association) Tak XapakTepu3ye pojib OaTOHY Yy CY4acHOMY IHIYCTpiaJbHOMY
cycniabeTBl: «3a octanHl 100 pokiB O€TOH 3pOOHMB PEBOJIOII y TJIO0ATEHOMY
MITYYHOMY CEpEeAOBHII. Y BChOMY CBITI OETOHHI KOHCTPYKIIi BIAITPalOTh KIIIOUOBY
poJib y 3a0e3MeYeHH] JKHUTIOM IMOCTIHHO 3pOCTarde HAceleHHs, 3a0e3nedyeHH]
TPaHCIOPTY Ha CYIIIi, Ha MOPI Ta B MOBITP1, HIATPUMIII BUPOOHHUIITBA €HEPTii, a TAKOK
MPOMHUCIIOBOCTI Ta 3a0e3le4yeHHl 3aXuUCTy. beToH € He TIAbKM HalOUIbII
BUKOPUCTOBYBAaHUM OyAiBEJIbHMM MaTepiajoM y CBITi, ajie i maTepiajJoM y CBITI
micis BOAM, IO BHKOPHCTOBYEThCS HaifdacTilie, i Ha Le € npuumHa. Moro e
J0CTaTHBO, BIH JOCTYINHHH 3a WIHOIO, JOCTYMHHI Ha MICIIEBOMY pIiBHI 1 MOXe
BUKOPHUCTOBYBATHCS HE3JIIYUEHHUMH CITIOCOOaAMU.

VY 1poMy NMPUCBSYCHHI MU HAA3BUYAWHO KOPOTKO BHUCBITJIMIIM JIMIIE OJWH 3
eMi30/1IB Yy THUCAYOPIYHIA ICTOpii PO3BUTKY Tally3l B SDKYy4YHMX MaTepiajaiB Ta
KOMITO3UTIB Ha iX OCHOBI. MatepiaibHi jyxepena (OyaiBiil Ta CHOPYIU PI3HUX YaciB),
MUCHMOBI JKepena (JIITOMUCH Ta XPOHIKH, JOKYMEHTAlbHI TEKCTH Ta CHEIliasbHI
npaiii) 30epiraroTh ICTOPUYHY Ta TEXHIYHY 1HGOpPMAIlIIO TTPO MOCTYIIOBHM, a Y JEIKUX

BUMAJKaX TNPUCKOPEHMH, PyX HAIIMX TMOMEPEAHUKIB y HANpPAMKY CTBOPEHHS



PYKOTBOPHOTO MIIIHOTO Ta JOBTOBIYHOTO KaM SHOTO MaTepiany MHOoTpiOHOI Ham
dbopmu.

JyXe CKIagHO KOPOTKO PO3IMOBICTH IO Oyj0 3poOjeHo ¢axiBIsIMU HaIIOl
rajy3i y momepeaHi Nmepioju, 11e CKIAIHINIE CIPOTHO3YBaTH Ti 3ajadi, SKi CTOSTH
nepesn HaMu y MailOyTHbOMy. Mu cripoOyeMO KOPOTKO OKPECIUTH OCHOBHI HaIpsIMHU,
K1 HA Hamly JIyMKy, OyIyTh BUPIIIyBaTHUCS y OJM3bKOMY MalOyTHEMY 1 Haj
BUPIIMIEHHSM SKUX BXXE MPAIO0Th (axiBin kadeapu.

OpHi€ero 3 HAMOUIBIN BaXXIMBUX 3a7a4, HaJ BUPIIMICHHSM SKOi BXKE MPaIIOI0Th
HAKOBLl Taly3l € 3MEHIICHHS BHUKUAIB BYIVIGKHCIOTO Tra3y TMpu BUIAI
MOPTIAHIIEMEHTHOTO KIIIHKEPY.

Haii0inp1n mpocTi pillieHHs, SKi BXKe 3apa3 BUKOPUCTOBYIOTHCS, MOJSATAIOThH Y
3MEHIIICHHI KJIIHKEPHOI CKJIAJ0BOi TMUIIXOM BBEIAEHHS JO CKIaAy IIEMEHTY
TIpaBIIYHUX Ta aKTUBHUX MIHEpPAJIbHUX JOOABOK.

binbin BUTpaTHI TEXHOJIOT1T 3MEHIIICHHSI BUKH/IIB BYTJICKUCIIOTO ra3y MoB’si3aH1
3 pO3pOOKOIO Ta BIPOBAKEHHSM HOBITHIX TexHojorid ymosmoBanHs CO, (Carbon
Capture Use and Storage).

OnHUM, MOXKJTUBUM, IIJISXOM BHUPIIICHHS 1i€i MPOOJIeMH € BUKOPUCTAHHS Y
BUPOOHUITBI OETOHHMX BHPOOIB JTy:KHO-akTHBOBaHMX MatepianiB (Alkali-activated
materials), 1o, y TemnepimHii 4ac, € rio0aJbHOK TEXHOJIOTIEI, IO IHTEHCUBHO
PO3BUBAETHCS Ta Nepeadavae XiMIYHy B3a€EMOJII0 MK TBEPIMMHU PEYOBHMHAMH, IO
MICTSTh aQJIOMOCWUJIIKATH, Ta JYKHUMH akKTUBaTopamMu (JIy)KHI IIEMEHTH Ta
reomoyiMepn). Peamizairist mi€i TeXHOIOTII CIIPOIIYETHCS 3aBISKH TOMY, IO YKpaiHa
Ma€ TMOBHUN Ha0lp HOPMATUBHUX Ta TEXHIYHHUX JTOKYMEHTIB, SIKI TpPUIATHI IS
oprasizartiii Takoro BUpOOHHUIITBA.

[le oMM, MOXJIMBHUM, NIJISXOM BHPIIIEHHS Li€i MpoOJIeMH € 3aMiHa
KaJbI[IHBMIIIYIOUOTO KOMIIOHEHTY CHPOBHHHOI CyMillli, KOMIOHEHTOM, SKUU TpU
pO3KJIai 3 YTBOPEHHSM BalHa HE BUIUIAB OW Byrjekuciauil ra3. Ilo cyti Takuii
CUPOBUHHUI KOMIIOHEHT iCHY€ 1, HE TIJIbKH Y MPUPOJHOMY CEPEIOBHUIII y BUIJISII
0araTOTOHHAXXHUX TIOKJAJIB, a 1 sK O0araTOTOHHaXXHHWM BiAXiJ BHUPOOHUIITBA

dochoproi  kuciaoru. ['imcoBuid KaMiHb MOXE CTaTH  KJIBIIABMINIYIOUYAM

10



KOMIIOHEHTOM CHPOBHMHHOI CYMIIIl JIsl BHINAly KIIiHKEpY, ajié MpU IbOMY HaM
NPUIIETHCS BUPIIIYBATH MATAHHS yTUJII3aLlli CIPYaHOTO aHTIAPUTY.

Jlpyroro, 1iKaBOK Ta HE3BUYAWHOKO 3a7a4€l0 € CTBOPEHHS B SHKYYHX Ta
KOMITIO3UTIB Ha iX OCHOBI JJi1 iX BUKOPHCTAHHSA Ha IHINUX IIaHeTax. HaBiTe mpu
KOPOTKOCTPOKOBOMY TiepeOyBaHHI Ha TOBEpXHI HaWOMMDKYMX IulaHeT abo Ha
MOBEpXHI HAIIOTO CymyTHHUKa — JIyHW, CTBOpEHHS IOCAIKOBOTO MaigaHYMKa,
NpUMIILEeHb AJis nepeOyBaHHs MepCOHAy Ta 30epiraHHs 3anaciB Ta oonagHaHHs Oyjae
noTpeOyBaTH JOCTATHHOI KIJIBKOCTI KOHCTPYKIIIMHMX €JIEMEHTIB 3aBE3CHHS SIKUX 3
HAIIIO1 TUTAHETH 3apa3 374a€TbC HEMOXKIIUBUM, a B MaOyTHHOMY HEJOLLIIEHUM.

Bixe 3apa3 iCHYIOTb HAayKOBI Mpall y SKHX PO3IJISAIAETHCS MOXJIUBICTD
OTpUMaHHs B’SDKYYHX Ta KOMIO3MIIM Ha iX OCHOBI 3 BUKOPHCTAHHSAM «MiCIIEBOI»
CUPOBUHHU. Y SKOCTI OAHOTO 3 TaKUX CHPOBMHHUX KOMIIOHEHTIB IPOMOHYETHCSA
BUKOPHUCTOBYBATH MPUPOAHIO CipKY, CipuaHUI IIEMEHT, CTBOPIOIOYM Ha MOTO OCHOBI
PO3YMHHU Ta O€TOHH, K1 3apa3 BUKOPUCTOBYIOTHCS Ha HaIlN MJIaHETI.

JlpyruM MOXJIMBMM HAampsiIMOM BUPILIEHHS MPOOJEeMH € BHUKOPUCTAHHS
B’SDKYYMX KOHTAKTHO-KOHJIEHCAIITHOTO TBEPAHCHHS MPUHIIMI il IKUX 0a3yeThcs Ha
edeKTl YMOpsSIKyBaHHS CTPYKTYpH CHJIIKATHUX PEUYOBUH Y BIAMOBITHOCTI 3 SKUM
CUJIIKATHI JTUCTIEPCHI CHUCTEMH, TEpEeBEleHI B HECTAOUTbHUN a00 MeTacTaOlIbHHIMA
CTaH, 37laTHI YTBOPIOBAaTH KaMEHEMNOJ10HI Ta BOJOCTIMKI Tila MPU MEXaHIYHOMY
30JMKEHH1 X YaCTUHOK.

MiHepanoriyHuii aHaji3 MapClaHChKOT'O PEroliTy MiATBEPAUB BUCHOBOK IPO
MOYATKOBY BYJIKAHIYHY MPHUPOAY OCHOBHOI YAaCTHHH CKJIQJOBUX PETOJIIT MiHEpaiB,
cepen skux mnpeBamoroTh  rmarioknma3d  (NaAlSi;OgCaApSi;Og), mipokceH
((Ca,Mg,Fe),S1,0¢) Ta oniBin ((Mg,Fe),S104) 3 nomimkamu amophuux a3z, To0TO 11€
CIWIIIKaTHI 3 €lIHaHHA, SKI MOXYTh OyTH TmepeBeleHl y HecTabuTbHUN abo
METacTabUIPHUIM CTaH HUISAXOM MEXaHI4HOi a00 TepMiuHOi 0OpOOKM 3 HACTYITHUM
dhopMyBaHHSIM BUPOOIB HEOOX1HOT (HOPMU ITPECYBAHHSIM.

Bupimenss Takoi 3a1a4i CpOIIYEThCSI, OCKUIBKH Ha MOBEPXHI HAIIOI MJIAHETH
ICHYIOTh AHAJIOT14HI MiHEpaJbHI YTBOPEHHS, SKI BXXE 3apa3 BHUKOPUCTOBYIOTHCS
HamMMH (axiBISIMU JIJIs1 MOJETIIOBAHHS TEXHOJIOTTUHUX IMPOLIECIB CTBOPEHHS Ha iX

OCHOBI B’SDKYYMX KOHTAKTHO-KOHJICHCAIIMHOTO TBEPTHEHHS.
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be3ymoBHO, came 3apa3 MU BBaKaeMO TEpeiivueHi 3ajadi HalBaXKJIMBIIIMMH,
ajie Halle >KUTTS HACTUIbKM HemepeadadyBaHe, IO MOXIIMBO BKE 3aBTpa Iepen
(haxiBIIMM TaTy3l MOCTaHYTh III€ CKJIQIHIII Ta e IIKaBilI 3aBJaHHS, BUPIIICHHS
SKUX TMOMOBHUTH AYXKeE I[IKaBy Ta HemepeadadyBaHy 1CTOPII0 CTBOPEHHS Ta PO3BUTKY

B’SKYYHX PEUOBHUH.

Baamuciaas TJTYXOBCBKHM,
K.1.H., nouent kadpenpu XTKM

KIII im. Irops Cikopcekoro

Irop IJTYXOBCHKHI
K.1.H., nouent kadpenpu XTKM

KIII im. Irops Cikopcekoro
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Abstract. Methods for the synthesis of calcium alginate gels (in the form of beads and
fibers) and hydrogel composites based on alginates and clay minerals (Laponite and
Montmorillonite) have been developed. The structure of the synthesized gels and composites was
characterized using FT-IR spectroscopy. Their kinetics of swelling in water, saline, and phosphate
buffer was studied and inherent to them Fick type of diffusion was determined using the Peppas-
Ritter equation.

The complex of sorption and diffusion properties inherent to the synthesized hydrogel
composites determines their high potential as soil conditioners for agrotechnological purposes,
providing remediation of soils contaminated with toxic substances and pathogenic microorganisms,
increased water retention and aeration, as well as prolonged release of plant protection products.

Key words. Hydrogels, calcium alginate, ionotropic cross-linking, laponite, clay minerals,
soil conditioners, montmorillonite, swelling, diffusion.
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CEKIIA 1. Kommo3swumiitai MaTepiaiv Ha OCHOBI IOIIMEpPiB

AHoTauisi. Po3po0iieHo MeToau CHHTE3y TelliB albriHaTy Kaibllito (Y BUTIAII KYJIBOK 1
BOJIOKOH) Ta TiApOTesIeBUX KOMIIO3UTIB Ha OCHOBI aJIbIMHATIB 1 INIMHUCTUX MiHepaliB (JIAIIOHITY Ta
MOHTMOPWIOHITY). CTpPyKTypy CHHTE30BaHMX Te€IB Ta KOMIIO3UTIB OXapaKTepPHU30BaHO 3a
nonomororo [Y-cnekrpockomnii. BuBueHO KiHETHKY iX HaOyXaHHS y BOJi, (i310JIOTIYHOMY pO34MHI
Ta docharHomy Oydepi 1 BU3HAYCHO MpUTaAMaHHUU M THN qudy3ii 3a DiKOM 3 BUKOPHCTAHHIM
piBusHHA [lenmaca-PiTTepa.

CyKymnHICTh COpPOIIAHUX 1 JaudY31MHUX BJIACTMBOCTEH, NPUTAMAaHHUX CHHTE30BAaHUM
TiIpOresieBUM KOMITO3UTaM, OOYMOBIIOE iX BHCOKHMH TMOTEHIIad SIK I'PYHTOBUX KOHIMIIIOHEpIiB
arpOTEXHOJIOTIYHOTO TpU3HAYCHHS, M0 3a0e3leuye pememiamilo TIPYHTIB, 3a0pyIHEHHX
TOKCUYHUMH DPEYOBUHAMH 1 MAaTOTCHHHMH MIKpOOpPTraHi3MaMmHM, IiJBUIIEHY BOJOYTPUMAaHHSA Ta
aeparriro, a TaKOXX MPOJIOHTOBaHE BUBUIHBHEHHS 3aC001B 3aXHUCTY POCIIHH.

KurouoBi cioBa. ['inporeni, ansriHaT Kajibllit0, I0HOTPOITHE 3IIMBAHHS, JATOHIT, TJIMHHUCTI
MiHEpau, KOHAUI[IOHEPH IPYHTY, MOHTMOPHUJIOHIT, HAOyXaHHs, TU]y3is.

Alginates are natural polysaccharides, polyanionic polymers derived from
brown marine algae, and some bacteria (e.g. Pseudomonas and Azotobacter) [1]. The
polymer chains of alginates consist of B-D-mannuronic acid (M-blocks) and a-L-
guluronic acid (G-blocks) connected by (1—4) glycosidic bonds [2]. The interaction
of alginates with multivalent cations, primarily calcium cations, leads to the
formation of biodegradable gels. Polymerization is based on crosslinking of
copolymers through ionic bonds between Ca®" cations and alginate anions. Each Na*
cation ionically binds to only one carboxyl group of the alginate chain, while the Ca**
cation interacts with two carboxyl groups located in different polymer chains [3]. The
exchange of Na+ ions in sodium alginate for Ca** ions occurs when an aqueous
solution of sodium alginate mixes with a solution containing calcium ions. It should
be emphasized that only G-blocks are involved in the crosslinking process. To
increase the sorption capacity of calcium-alginate gels, clay minerals, such as natural
montmorillonite and synthetic laponite, were incorporated into their structure. Let us
analyze their properties.

Laponite is disks with a diameter of about 25-30 nm and a thickness of about 1
nm [4] with a structure similar to that of natural hectorite and empirical composition
Nay7(SigMgs sLip3)O020(0OH)s. MMT is a natural clay mineral belonging to the
smectite group. It is a dioctahedral 2:1 phyllosilicate constituted by two tetrahedral
sheets and one octahedral sheet (T:O:T). Chemically, the MMT consist of isomorphic
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CEKIIA 1. KoMmo3uiiitHi MaTepiaiy Ha OCHOBI ITOJTIMEPIB

substitutions in the tetrahedral sheet of Si*'by AlI**and A’ by Mg?"in the
octahedral ones [5].

Materials

Alginic acid sodium salt (SA, viscosity 450-550 cP (1 % in H,O), Glentcham
Life Science, Nel), LAPONITE®RD (Lap, Rockwood Additives Ltd., Widnes, U.K.),
Montmorillonite K 10 (MMT, Bulk density 300 - 370 kg/m’, Sigma-Aldrich),
Calcium chloride (CaCly, 97 %, Sigma-Aldrich), were used as received without
further purification. Distilled water was used as a solvent in all experiments.

Synthesys

Calcium-alginate gels, particularly those filled by nanoclays, have been
synthesized by two different methods. The first one involves extrusion of sodium
alginate by continuous flow into solution of crosslinking agent - calcium chloride.
The gel formed in the form of fibers is then subjected to repeated mechanical
grinding and sieving to form a powder with a particle size of about 1 mm. An
alternative method involves extruding sodium alginate into the crosslinking agent
solution in a dropwise manner, using a pipette, syringe or peristaltic pump. The size
of the resulting beads can be controlled by varying the diameter of the nozzle.

Swelling degree, Q, (g/g) of hydrogels were studied in distilled water, saline
and phosphate buffer using the gravimetric method and calculated according to the

following formula:

Q=—""— (1)

where m( is the mass of swollen sample at the time (t); mq is the mass of the

gel after drying. All swelling measurements were performed in triplicate.
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CEKIIA 1. Kommo3uiiiHi Matepiaay Ha OCHOBI IOJIIMEPIiB

Fig. 1. Changes in the size of hydrogel beads based on calcium-alginate and laponite
(Caig=2 %, Ciap=0.5 %, Ccac2=0.5%) during processing (a-after synthesis; b-after swelling;
c-after drying)

The FTIR spectra were recorded in the range of 400-4000 ¢cm™ (internal
reflection spectroscopy, with resolution of 4 cm™ and accumulations of 40 scans)
using a Shimadzu IRAffinity-1S spectrometer equipped with GS10800-X QuestsR
ATR Diamond accessory, while Micrographs of alginate gels were obtained using a
Kerui 1600X Zoom USB microscope (China).

Fig. 2. shows the FTIR spectra of Lap, SA, calcium Alginate, and hybrid gels
based on calcium Alginate with incorporated Lap and MMT. For the pristine Lap, the
broadband 950-1010 ¢cm™! with a maximum at = 970 cm™! corresponds to the
asymmetric stretch vibrations of Si-OH bond in different environments in layered
silicates [6]. The absorption bands around 470 c¢cm™ are caused by skeletal and
outskeletal vibrations of the -Si-O-Si-, -Si-O- bonds of the crystal lattice of the
mineral nanodisks, and the peak at 650 cm™' corresponds to the vibrational
oscillations of the -Si-O-Me- bonds [7].

MMT is characterized by signals in the range from 3600 to 4000 cm™ with a
low-intensity peak at 3624 cm™! caused by valence vibrations of the O-H in the silanol
group, and the peak at 911 cm™ is the result of strain vibrations of the O-H group.
The valence asymmetric and symmetric vibrations of Si-O-Si cause bands with peaks
at 1028 cm’! and 800 cm’!, and the strain vibrations of the same bonds absorb at 420
cm’!. The absorption peak at 520 cm! is caused by -Si-O-Al- group [8].

Spectra of SA and ionically cross-linked calcium alginate are characterized by
symmetrical valence vibrations of -C-O- bonds in the rings of guluronic and

mannuronic acids, which are overlapped with valence vibrations of (1—4) glycosidic
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bonds with the formation of a broad band with a peak at 1005...1025 cm™!. The band
at 1590 cm™! corresponds to the carboxyl group of carboxylic acid salts, deformation
scissor vibrations of the C-H bonds of the carbon skeleton of alginate cause
absorption at 1410 cm™!, and deformational skeletal vibrations of these bonds shows
up at 1294 cm’!. Hydroxyl group signals of sodium alginate appear at 3246 cm™ and
810 cm™!, which corresponds to the valence and strain vibrations of O-H bonds. Ionic
crosslinking of sodium alginate enhances the intensity of the vibrations of its
functional groups, probably due to an increase in the dipole moment of the hydrogel
macromolecule.

The FTIR spectrum of the nanocomposites based on calcium-alginate gel and
clays shows a combination of absorption bands characteristic for these individual
components. At the same time, the intensity of vibrations of the corresponding
functional groups of both components increases notably, indicating a synergistic

interaction between them.
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Fig. 2. FTIR spectra of calcium-alginate gel, Lap, composite based on Ca-alginate gel and Lap,
MMT, SA, and composite based on Ca-alginate gel and MMT

The swelling of Ca-alginate and Lap - based nanocomposites is described by

standard saturation curves, with the reaching of the equilibrium swelling degree in

about 24 hours. Visualization of dry alginate-laponite bead swelling during the first

three hours is demonstrated on the Fig. 3. At SA concentrations less than 0.5%, even
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if a gel 1s formed, it is very heterogeneous and with poor mechanical properties,
which is probably due to the insufficient content of G-blocks. For the same reason,
swelling degree of the corresponding nanocomposites rise with increasing of SA
(Fig. 4). Effect of Lap content on the swelling of nanocomposites is not so

unambiguous and needs further investigation.

t=0

t=1 hour

t=3 hours

Fig. 3. Visualization of dry alginate-laponite (Ciap=1% wt.; Caig=2 % wt.; Ccac2=0.25 % wt.)
bead swelling during the first three hours

Swelling degree of nanocomposites based on alginate gels and clays
nanoparticles strongly depends on the crosslinking density of gel networks
determined by the concentration of CaCl,, and growth of the crosslinking agent
concentration led to the predictable transition of the hydrogel to a denser
conformation, with the most significant decrease in swelling observed in the range of
CaCl, concentrations of 0.25-0.5 % wt. (Fig. 5). It is worth noting that at higher
concentrations of the cross-linking agent, the degree of swelling of calcium alginate
gels with incorporated laponite nanoparticles is an order of magnitude less (Fig. 5b).

Clay nanocomposites based on alginate and MMT exhibit similar behavior
when swelling in water - swelling degree decreases with the increase of CaCl,

concentration and rise with growth of MMT content.
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Fig. 4. Effect of Alginate (a) and Laponite (b) content on the swelling of nanocomposites
based on them (Ccaci2=0,5% wt.)
Swelling kinetics
When a glassy hydrogel is exposed to contact with water, it diffuses into the
hydrogel and the hydrogel expands. Diffusion involves the migration of water into
pre-existing or dynamically formed spaces between the hydrogel chains. Swelling of
the hydrogel involves more extensive segmental movements, which ultimately leads

to an increase in the distance between the hydrogel chains [9].
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Fig. 5. Swelling kinetics of nanocomposites based on calcium alginate and Lap at low (a) and
high (b) CaCl: concentrations (Caig=2 % wt.; CLap=1 % wt.)
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To describe this process in 1987 Peppas and Ritger introduced a simple

exponential equation (2):
_1..N
M ; /M % =kt (2)

that describes the diffusion mechanism of a polymeric system [10]. In these
equation M; and M., denote the amount of solvent diffused into the gel at time t and
infinity (at equilibrium) respectively, £ is a constant related to the structure of the
network, and the exponent n is a number to determine the type of diffusion [11].
Diffusion exponential of n can be estimated from the slope of a line obtained from
InF-Int graph data of the region where the swelling has not reach the equilibrium, but
only 60 % of the water mass enters in the structure of gels. Coefficient k can be
calculated from the intercepts of the plots of InF vs Int. For cylindrical shapes,
n = 0.45-0.50 and corresponds to Fickian diffusion, whereas 0,50 < n < 1,0 indicates
that diffusion is non-Fickian (DNF) [12]. DNF, also called anomalous, arises from
the simultaneous and comparable contribution of the diffusion phenomenon of the
bioactive agent molecules and the relaxation of the polymer chains. The diffusional
exponent obtained when the system presents zero order diffusion (or Case II
diffusion) is 1 [10]. Values of n greater than 1 reflects the so-called Super Case II
transport [13], whereas the case with # in the range from 0 to 0.45 corresponds to the
so-called Hindered Fickian diffusion [14]. Some of the kinetic curves of swelling of

the synthesized nanocomposites after logarithmization are shown in Fig. 6.
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CONCLUSIONS

Thus, the research on the swelling of nanocomposites in solutions of various

nature allowed us to establish some kinetic regularities of this process and determine

the type of Fick diffusion inherent to them.
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Abstract. The paper describes the use of laser cutting of carbon fiber reinforced composites
in various industries. Among the traditional methods of processing, laser cutting has many
advantages. Being non-contact, it is wear-free, more controllable, environmentally friendly and has
the ability to change machining parameters, which significantly reduces the impact on materials.
The variation of lasers types with different impulses: nanosecond, picosecond and femtosecond
lasers with pulse durations of -10?, 102 and 10" seconds also significantly reduces the negative
impact on the material. Energy of 1 pJ can remove only the outer layer of epoxy resin without
damaging the fiber. A pulse energy of 3—4 pJ ensures the elimination of multi-layer fibers, at 5 uJ
the material is cut through. IR lasers, with less than 15% absorption by the polymer matrix, heat
carbon fibers efficiently, while UV lasers are absorbed predominantly by the resin matrix, offering
better cutting potential. Increasing power and speed concurrently enhances efficiency by 25%.
Additives like carbon and optically transparent substances such as Fabulase 361 improve laser
absorption. Carbon nanotubes integration enhances cutting quality, narrower cuts and reduced heat
afected zones compared to non-aligned samples.

Key words: CFRP, femtosecond laser, heat affected zone, laser beam energy absorbers,
laser processing, laser pulse energy.

AHOTalig. Y cTaTTi ONMMCAaHO BUKOPUCTAHHS JA3€pPHOI Pi3KM KOMIIO3UTIB, apMOBAaHHX
BYTJICIICBUM BOJIOKHOM Yy PI3HHX Taly3sX MPOMHCIOBOCTI. Cepen TpaauliiHUX METOIB 0OpOOKH
Ja3epHa pi3ka Mae Macy nepesar. byaydun 6€3KOHTaKTHOIO, BOHA HE 3HOUIYEThCA, OUIbII KEpOBaHa,
€KOJIOTIYHO YHCTa Ta Ma€ MOMKJIMBICTh 3MIHIOBATH IMapaMeTpu OOpOOKH, IO 3HAYHO 3MEHIIYE
BIUIMB Ha MaTepiayiu. Bapiaris TUIIB J1a3epiB 3 pi3sHUMHM IMITYJIbCAMU: HAHOCEKYH/IHI, TTIKOCEKYHIH1
Ta (DeMTOCEeKyH[HI Jaszepd 3 TpuBamicTio iMmynscy -107, 10712 i 10" cexynn Takox icTOTHO
3HMXKYIOTh HETaTUBHUH BIUIMB Ha Matepian. Enepris 1 Mx/[k Moke BHIANWUTH JHIIE 30BHIIIHINA
map emoKCHAHOI cMoJu Oe3 TMOIIKOMKeHHs BOJIOKHA. Enepris immynbcy 3—4 MmkJ[x 3a0esmneuye
eJliMiHaIlii0 6araTomapoBUX BOJIOKOH, Ipu 5 MKk Matepian npopizaerses. [Y-mazepu 3 MEHII HiX
15% mnornuHaHHAM TOJIMEPHOI0 MAaTPUIECI0 €(PEeKTUBHO HArpiBalOTh BYIJICLEBI BOJOKHA, TOJI SIK
Y®-nazepu NOTIUHAIOTECS MNEPEBAXHO CMOJITHOIO MATPHICI0, MPOMOHYIOUH Kpally pixydy
3maTtHICTh. OHOYAaCHE 30UTBIIEHHS TMOTYXHOCTI Ta IIBHUAKOCTI MiABHUINYE edeKTHBHICTL Ha 25%.
Taki moGaBkH, SK BYIJEIb, 1 ONTHYHO MPO30pi peuoBHHHU, Taki sk Fabulase 361, moxparryioTh
MOTJIMHAHHS Jia3epa. [HTerpaiisi BYTJIENEBMX HAHOTPYOOK ITOKpaIlye SKICTh pi3aHHS, 3BYXKYE
PO3pi3U Ta 3MEHIIY€E 30HU BIUIUBY TeIlIa MOPIBHAHO 3 HEBUPIBHIHUMU 3pa3KaMH.

Kmrouosi ciaoBa: CFRP, demrocekynmnuii nasep, 30Ha TEIUIOBOTO BIUIMBY, MOTJWHAY1
eHeprii Ja3epHOro NpoMeHs, JiazepHa 00poOKa, EHEeprist Ja3epPHOTO IMITYJIbCY.
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Carbon fiber-reinforced composites are popular in various industries.
Composites based on fiber as a reinforcement have high strength, high hardness and
lightness, and low thermal expansion. By varying the matrix, unique properties such
as corrosion resistance and anti-aging properties can be achieved. That’s why these
composites are used in the automotive, construction, marine, aviation, aerospace, and
electrical industries. Fibers may be either short or continuous.

Continuous fibers provides a better load-bearing capacity, due to the
distribution of the load they transmit and retain inside the fibers. The matrix in
continuous-fiber composites can also stabilize the composite by distributing the shear
forces from fiber to fiber, exhibiting higher strength than short fibers. Short-fiber
composites are prone to pull-out by the drawbar, which in turn leads to fracture.
There are two critical factors that determine the fiber reinforcement effectiveness:
fiber module and fiber length. The higher the module, the more efficient is fiber,
therefore high modulus materials such as glass, basalt, aramid and carbon are used for
maximum effect. The length of the fiber in discrete fiber composites has to be higher
than critical to withstand the pullout. Also, the surface area increases together with a
length, which improves the adhesive properties between the components of the
composite. Therefore, long fibers are the most effective in improvement of the
mechanical properties [1-2].

With the growing demand for such composites in automotive, aerospace and
other industries, the need for the quality of their processing grows as well. Nowadays
that the vast majority of methods are still traditional, such as conventional turning,
high-speed milling, waterjet-controlled laser cutting, electric cutting and ultrasonic
vibration cutting. Traditional machining methods are prone to the problems of fiber
pull-out, material delamination, resin shedding, low productivity and tool wear.
Waterjet cutting has a number of advantages, such as increased cutting speed,
reduced thermal stress, but the load and jet dust can lead to moisture accumulation on
the surface or cause delamination, and these methods do not allow cutting precise
complex shapes. Electrical discharge machining and wire electrical discharge

machining are capable of cutting small and complex shapes with precise dimensions,
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but the high current density can cause the polymer to melt on the cutting surface.
Laser cutting in this regard gives better results. Being non-contact, it is wear-free,
more controllable, environmentally friendly, and has the ability to change processing
parameters such as laser wavelength, pulse duration, laser power, laser energy
density, repetition rate, scan rate to significantly reduce or eliminate heat affection
zones (HAZ) in the material [3-6].

The early version of the laser was the CO, laser. However, when it interacts
with materials, there is a bulky zone of thermal influence. Therefore, a significant
contribution was the study of the influence of nano, pico, femtosecond lasers on the
pre-treatment of CFRP. There are nanosecond, picosecond, and femtosecond lasers
with the respective pulse durations -10?, 107'2 and 10" seconds respectively. When
using a picosecond laser, the heat input is significantly less, and accordingly, this
making it possible to reduce the thermal-oxidative degradation of the matrix [4].

The technique of surface microphotographs analysis makes it possible to
consider in detail the changes in the structure of the surface depending on the energy
of the laser pulse. The main structural change is ablation. That occurs near the fibers
or on the upper layer of the composite, depending on the energy of the pulse, and at
the contact surface with the matrix, the effect of ablation is more significant. An
energy of 1 uJ can remove only the outer layer of epoxy, without damaging the
fibers. A pulse energy of 3-4 pJ causes the elimination of multilayer fibers, at 5 pJ it
already occurs. An increase in pulse energy leads to heterogeneity of the cut area
morphological structure. The fibers begin to protrude from the surface as the ablation
of the epoxy polymer matrix is greater than the fiber. The distribution of destruction
rate between the fiber and the matrix can be controlled by carefully tuning the pulse
energy and scan rate [5]. But despite the numerous advantages, there are also
disadvantages. The main problem with cutting is thermal damage and HAZ, charring,
epoxy matrix destruction and delamination, which can lead to material quality
degradation. The laser beam directed at the material also leads to heating of the local
surface, which causes the formation of different phases of the material and the

formation of a recrystallized layer. In addition, when the beam collides with the
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beam, a large part of this absorbed energy is transformed into locally distributed
thermal energy, which heats the material under the beam to very high temperatures,
forming a cut to a certain depth in the form of a cone (taper) [6].

The absorption rate of the IR laser by the polymer matrix is less than 15%.
85% of the energy passes through the polymer matrix and heats the carbon fibers
[10]. The energy of the UV laser is almost completely absorbed by the resin matrix.
To this end, the UV laser has better cutting potential and the HAZ is larger for the IR
laser than for the UV laser.

It is also possible to reduce the harmful effects by means of scanning mode. By
increasing power due to high power and fast material removal, a 25% increase in
efficiency can be obtained, but processing speeds must also be increased to inhibit
thermal effects. The short-pulse laser had the smallest HAZ, while the efficiency was
25% higher.

Freitag [11] optimized the pulse energy and repetition rate of the pulsed laser
to reduce the HAZ width and found that high cutting quality could be obtained at
high pulse energy and high repetition rate for the same average laser power. Leone
[12] found that better cut quality was obtained with multi-channel technology at
higher scan speeds, and the HAZ width could be significantly reduced. A continious
laser is effectively used, which provides low accuracy but high efficiency [7].

One of the limiting factors of the development trend of laser use is the low
absorption capacity of the polymer matrix, which leads to thermal destruction and
delamination. To improve it, introducing additives that will serve as an adsorbent of
the energy of laser radiation may be considered. Carbon particles were found to
significantly reduce defects due to increase of absorption in the matrix material.
Optical transparent pigments, such as Fabulase 361 additive also may be used [8].

But the introduction of carbon nanotubes is of greater interest. In [9] the
process of introducing multiwall carbon nanotubes to polystyrene matrix is described.
The composite was prepared using the extrusion and a ready masterbatch. The results
of the introduction of nanotubes for the quality of laser cutting are positive. The

nanotubes alignment is also considered as a factor affecting the cutting quality.
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Oriented carbon nanotubes provide better conditions for cutting results, except for the
taper formation, which is less favorable compared to multiwall nanotubes. From the
factors of the width of the cut, the influence of the thermal zones, the taper angle, it
can be concluded that the general alignment is better for laser cutting than samples

without special nanotubes alignment.

CONCLUSIONS

In this review the use of carbon fiber reinforced composites in various
industries is considered. Fiber reinforced carbon composites are characterized by high
strength, hardness and low specific weight, as well as low thermal expansion. By
changing the matrix, unique properties such as resistance to corrosion and aging can
be achieved. However, to ensure the optimal level of processing quality of these
composites, it is important to choose appropriate processing methods.

Traditional machining methods have their limitations and prone to problems
such as fiber shedding, material separation, resin flaking, poor productivity and tool
wear. Laser cutting, on the other hand, is a more attractive method because it is non-
contact, has less tool consumption, is more controlled, and allows changing
processing parameters with a significant reduction or elimination of thermal effects
on the material. However, thermal damage of the matrix can affect the quality of the
cut. The use of laser cutting usually helps to reduce thermal effects, but processing
parameters such as scan speed, laser power, pulse characteristics and wavelength
must be carefully selected. Additionally, the introduction of additives, such as carbon
particles or carbon nanotubes, can help improve processing quality by absorbing laser

energy and reducing the thermal impact on the material.
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Abstract. Intelligent self-healing coatings are at the forefront of corrosion protection
research for marine engineering globally. We present innovative approaches using functional
nanofibers to create advanced self-healing coatings. One strategy employs photothermal and
corrosion self-healing based on multifunctional fibers. Electrospun fibers act as templates where
photothermal agents and tannic acid, a corrosion healer, form a core-shell structure. These fibers,
embedded in a thermoplastic resin, yield a responsive self-healing coating. When damaged, the
fibers release healing agents that react with metal ions, filling cracks. Sunlight triggers
photothermal agents, healing damage within 100 seconds. Another approach combines nanofibers
with corrosion indicators for visible damage detection. These fibers, integrated into an epoxy resin,
release indicators upon cracking, signaling corrosion and enabling timely repairs in marine
environments.

Keywords: nanofibers; corrosion; self-healing; coating.

AHoTauis. [HTENeKTyalbHI CaMOBITHOBIIOBAJIBHI IOKPUTTS 3aliMalOTh TEpIIe MiCIle B
JOCIIDKEHHAX 3aXHCTY B KOpO3ii JJIT MOPCHKOI TE€XHIKM B YChOMY CBITI. MU TpeacTaBiIseMO
IHHOBaIlliHI MIAXOAW 1O BUKOPHUCTaHHS (DYHKIIOHAJBHUX HAHOBOJIOKOH IS CTBOPEHHS
BIIOCKOHAJICHUX CaMOBIJHOBIIOBAILHUX MOKPUTTIB. OMHA CTpareris BUKOPUCTOBYE (OTOTEPMIUHE
Ta KOpO3iifHE CaMOBIIHOBICHHS Ha OCHOBI Oararo(yHKIIOHAJbHHX BOJOKOH. EnekrpompsieHe
BOJIOKHO Ji€ K Marpuilsi, A¢ (OTOTepMiuHI areHTH Ta IyOWJIbHA KHCJIOTA, 3aroroBad KOpo3ii,
YTBOPIOIOTH CTPYKTYpYy sipo-oOonoHka. L{i BojokHa, BOymOBaHI B TEPMOIIACTUYHY CMOJLY,
YTBOPIOIOTh YYTJIMBE MOKPHUTTSI, 1[0 CAMOBITHOBIIOEThCS. [Ipy MOMIKOMKEHHI BOJIOKHA BUIUISIFOTH
JKyBaJlbHI PEYOBHMHH, SIKI pearyiTh 3 10HAMH METaly, 3allOBHIOIOYHM TpimuHA. COHSYHE CBITIIO
3armyckae (OoToTepMiuHI areHTH, K1 3aror0r0Th MOMKOMKEHHS poTsaroM 100 cexyna. [Hmmit miaxin
MOEIHYE HAHOBOJIOKHA 3 IHAMKATOPaMH KOPO3ii Ui BHIMMOTO BUSIBICHHS TTOIIKO/DKEHB. Lli
BOJIOKHA, IHTETPOBAaHI B EMOKCHIHY CMOJY, BUBUIBHSIOTH 1HIAMKATOPH TIPH PO3TPICKYBAHHSX,
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CUTHAIII3YIOUH PO KOPO3ito Ta 3a0e3Meuyroud CBOEYACHUM PEMOHT Y MOPCHKOMY CEPEIOBHIIL.
KirouoBi ci10Ba: HaHOBOJIOKHA; KOPO3isl; CAMOBITHOBJICHHSI; IOKPUTTSL.

Intelligent self-healing coatings are a focal point in corrosion protection
research for marine engineering, gaining traction both nationally and globally. We
delve into two innovative strategies employing functional nanofibers to create these
advanced coatings [1].

The first strategy focuses on a self-healing coating that combines photothermal
therapy and corrosion healing [2]. Here, electrospun fibers serve as templates for
integrating photothermal agents and tannic acid, a corrosion healer, resulting in a
core-shell structured functional fiber (Fig. 1 ). These fibers are incorporated as fillers
into a thermoplastic resin, producing a responsive self-healing coating upon curing
[3]. When this coating sustains damage, the healing agent within the fibers is
released, reacting with ferrous ions from metal corrosion to fill the cracks.
Concurrently, exposing the damaged area to simulated sunlight activates the
photothermal agents in the fibers, converting light to heat and facilitating rapid

healing within a mere 100 seconds.

- e SN
i j e 1 (] reac!ion;:@ @cu0 NP;%

Precursor solution  Precursor fibers PVB-Cu?@TA PVB-Cu2*-NH@TA PVB-Cu,0@TA

Fig. 1. First strategy for the formation of a functional fiber with a core-sheath structure
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The second strategy introduces a composite coating with nanofibers that offer
dual functionalities: visible indication and damage healing. In this approach,
corrosion indicators are encapsulated within electrospun fibers, which are then
blended with an epoxy resin as fillers [4]. When the coating experiences cracks, these
encapsulated indicators are released, interacting with ferrous ions to form a red
complex (Fig. 2). This complex serves as an early warning signal, indicating
corrosion onset and signaling the need for repairs. Moreover, the use of chitosan as a
shell material enhances the slow release of phenylenediamine, further bolstering the

coating’s healing capabilities.
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Fig. 2. Second strategy - formation of a red complex, which indicates corrosion

Applying this composite coating to carbon steel surfaces enables timely and
precise detection of damage in marine environments during real-world production
processes. The integration of corrosion indicators not only facilitates early damage
detection but also ensures that repairs can be initiated promptly, minimizing potential
risks and extending the lifespan of marine equipment.

Generally, these strategies showcase the potential of functional nanofibers in

revolutionizing corrosion protection for marine engineering. By leveraging the
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unique properties of these nanofibers, we can develop coatings that not only heal
themselves but also provide early warnings of damage, offering a proactive approach

to maintaining and preserving marine equipment.

CONCLUSION

There are two main strategies of self-healing coatings action considered.
Advanced self-healing coatings use electrospun fibers to integrate photothermal
agents and tannic acid for corrosion healing, forming a core-shell structure. These
fibers, embedded in thermoplastic resin, create a responsive coating. Upon cracking,
healing agents react with metal ions, filling cracks, and sunlight triggers rapid healing
within 100 seconds. Another coating incorporates corrosion indicators in electrospun
fibers within epoxy resin, releasing indicators upon cracking. This provides early

detection of corrosion in marine environments, aiding timely repairs.
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AHoTauis. [{ocmiKkeHHs 30cepepkeHe Ha nporieci rigpodoobizarii GiomaTepialiB, 30KpeMa
LENIONIO3HUX 3pa3KiB. AHANI3YETbCA BIUIMB PIi3HUX TiApodo0i3aTOpiB Ha IIENI0J03HI 3pPasKH,
00poOJieHI HaHONEION03010. Pe3ynpTaTH MOKa3yoTh, IO e(QEeKTUBHICTH Timpodo0izaTopiB
3aJeXuTh Bl TuUmy wmarepiany: AMEO mnpoameMoHCTpyBaB HMXK4Yy €(EKTHUBHICTh Ha 3pas3Kax
0aBoBHU TMOpPiIBHAHO 3 Tigpodobizatopom 1107. JlocmimkeHHs 3’COBY€E MOTEHIIIHHI OOMEKEHHS
e(eKTUBHOCTI OOpOOKHM HAHOLEIIOIO3010, BKIIOUAIOYM HEBIJ €MHI XapaKTEPUCTHKH CTPYKTYpHU
HaHOIIEJIOJIO3U Ta TIOTEHIIIMHE YTBOPEHHS arjloMepariB, AKi MABUINYIOTh T1ApOGUIbHI BIACTHBOCTI
3pa3kiB. [ligKpecmoeThCsl BaXKIMBICTD aanTalii crparerii rigpogo0izaiii Ha OCHOBI KOHKPETHHX
CKJIQJiB MaTepialliB IS ONTHUMI3alii TPOAYKTUBHOCTI. MaiOyTHI JOCHIDKEHHS TUIAaHYIOTh
3arMOUTUCS Yy 3 ACYBaHHS MEXaHI3MIB, IO JieKaTb B OCHOBI Ppi3HOI e(eKTHBHOCTI
riapodo6i3aTopiB Ha PI3HUX IETIOJIO3HUX CYOCTpaTax, IO CIPUATAME OB TOYHOMY KOHTPOJTIO
HaJ rigpodobizaliiero s MOKpaIeHHs BIACTUBOCTEH MaTepialiB Ta IXHBOTO 3aCTOCYBAHHSI.

Kuio4ogi ciioBa : Ti1po0OHICT, MEIUTI0103a, HAHOIICIUTI0NI03a, 0aBOBHA, KYT 3MOYyBaHHS.

Abstract. The study focuses on the process of hydrophobization of biomaterials, in
particular cellulose samples. The effect of various hydrophobic agents on cellulose samples treated
with nanocellulose is analyzed. The results show that the effectiveness of water repellents depends
on the type of material: AMEO demonstrated lower efficiency on cotton samples compared to water
repellent 1107. The study clarifies potential limitations to the effectiveness of nanocellulose
treatment, including the inherent characteristics of the nanocellulose structure and the potential
formation of agglomerates that increase the hydrophilic properties of the sample. The importance of
adapting hydrophobization strategies based on specific material compositions to optimize
performance is emphasized. Future research is planned to delve deeper into the mechanisms
underlying the different efficiencies of hydrophobic agents on different cellulosic substrates, which
will facilitate more precise control of hydrophobization to improve material properties and
applications.

Key words: hydrophobicity, cellulose, nanocellulose, fibre, contact angle.

CyyacHuii  CBIT  BIJ3HAYAEThCA  TMOCTIMHUM  3POCTaHHSM  MPOOJIEMHU
3a0pyIHEHHSI ~ HABKOJUIITHHOTO  CEPENOBUINA, BHKJIMKAHOI  3aCTOCYBaHHSIM
MOJIIMEPHUX MaTepiajiB y Pi3HUX Taly3saX. Bukopuctanus 010po3KiIaJHIX aHAJIOTIB €
OJIHUM 13 TOTCHIIWHMX MUIAXIB BUpilieHHS 1€l mpobinemu [1]. Ilpuponni

61omostiMepu HaOyJIM 3HAYHOI YBaru 3aBJAsSKH JETKiil JOCTYIHOCTI, HU3bKii BapTOCTI,
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010CYMICHOCTI, YHIKQJIBHUM (DI3UKO-XIMIYHUM BJIACTUBOCTSM Ta IIUPOKOMY CHEKTPY
3aCTOCYBaHHS [2].

[lemtoio3a - oAWMH 3 HAWMOMIMPEHINMIUX MPUPOJHUX OlomoyiMepiB B
pisHOMaHiTHUX cdepax iHAycTpii. Ii BHKOPHUCTOBYIOTH B TEKCTUJIbHIH
MIPOMHUCIIOBOCTI, OlomMeauImHi Ta (apManeBTHIll, a TAaKOX JJISI BHUTOTOBJICHHS
010pO3KJIaJIalourX TUTIBOK Ta ynakoBOK. Kpim Toro, 1emiono3a BUKOPUCTOBYETHCS Y
Xap4oBiil MPOMHUCIOBOCTI Ta B SIKOCT1 SIK HAallOBHIOBaua Y KOMIIO3UTHUX MaTepianax.
OcHOBHHMI HENOJIK IMEJI0JIO3M — BHUCOKA TiApodiabHICTh, sfKa OOyMOBJEHa Ii
XIMIYHUM CKJaJIOM Ta CTpyKTypor. Llsg ocoOnuBicTh MPU3BOJIUTH A0 TOTO, IO
IIEJTIF0JI03a JIETKO BOMpAE BOJIOTY, IO YCKJIQJHIOE 11 3aCTOCYBaHHS B DSl Tamy3ei.
JIns moioaHHs 1IbOr0 0OMEKEHHsI BUKOPUCTOBYETHCS Tpoliec Tiapodoodizaltii, skui
noJisirae y 3MEHIIIEHHI TOBEPXHEBOI eHeprii marepiaiis [3].

OnHUM 3 JOJATKOBHUX METOJIB INIBHUJKOI, CTAaOIIBHOI Ta E€KOJIOTTYHO
NPUHUHATHOI 3MIHM BJIACTUBOCTEH IIETIOJIO3M € MoAu(iKallis TEKCTypu MOBEPXHI
IIUITXOM 30UTBIIEHHS MOPCTKOCTI, 110 CIPHUs€ 30UTBIMIEHHI0O KOHTAKTHOI IO MiX
MarepiaioM Ta piauHO [4]. 3aBAsKu CBOiM CTPYKTYypi, HAHOIIENIOJ03a 3JaTHa
3abe3neunTH 1el eexT, o poOUTh i1 BAKITMBUM KOMITOHEHTOM JJISI PI3HOMAaHITHUX
3aCTOCYBaHb B MPOMUCIIOBOCTI Ta HayIi [5].

B pamkax naHoro AOCHiPKEHHS BUKOPHCTOBYBAJIMCA HACTYMHI MaTepialiu:
HAHOLIETI0J103a, T1apodobizaTopu Mapok Ameo 1 1107, kcunon, a TakoXK LET0I03a y
BUTJIsIII OaBOBHU (3pa3ok A) Ta PiIbTpYyBaILHOTO Manepy: 3pa3ok b 3 po3mipom mop
2—3 MKM Ta 3pa3ok B 3 po3Mipom mop 5—8 MKM.

3pa3ku  Oysno 0OpoOJEHO PO3YMHOM HAHOIETIONO3M 3 BHUKOPHCTAHHIM
aeporpada Ta micis I[bOT0 MPOCYIIEHO B CYIIMJIbHIN madi npu temneparypi 100 °C
MPOTSATOM OJHIET TOAMHM 3 METOI0 (piKcalii YaCTUHOK HAHOIETIOI03M Ha MOBEPXHI
matepianmy. Jlami 3pasku miAgaBajgMcs BHUTPUMIN B pO34MHI TiapodobizaTopis
IPOTSTOM JI00H, TICIISl YOT0 BOHU 3HOBY TOJIMHY MPOCYIIYBAIUCS B CYIIMIBHIN madi.
BrmnuB rigpogoOHUX BIACTUBOCTEM OIIHIOBABCS IUISXOM BHUMIPIOBaHHS KyTa

3MOYYBAHH.
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[NapodobizaTopu BUSIBUIM pi3HUN BIUIMB Ha 3pasku  (Tabn. 1). 3okpema,
rizpodobizatop AMEO npoaemMoHCTpyBaB HalMeHIIUH e(PeKT Yy BHUMAAKY
0aBOBHSIHOTO 3pa3Ka, M0 MpOSIBIIIOCA y KyTi 3ModyBaHHa 0°. YV Bumaaky
3actocyBaHHsa Tinpodobizatopa 1107, kyt 3mouyBaHHs ctanoBuB 116°. Takox
MOPIBHIOKOYM Pi3HI TigpodolizaTopu, Oyno BHsBIEHO, 10 rigpodoobdizatop 1107
HalieeKTHBHIINIEC BIUIMHYB Ha 3pa3ku Tumy b, Tomi sk rigpodobizarop AMEO

MOKa3aB Kpaluil pe3ypTaT Ha 3pa3Kkax TuIy A.

Ta6aununs 1 — Kyru 3mouyBaHHs 3pa3KiB

I'inpogobizaTopu 1107 AMEO
Tun 3pa3kiB A b B A b B

12343 100 £3 11843 0 10543 9143
123+3 11043 128+3 0 11143 104+3
100+3 11243 118+3 0 11943 12443
11743 104+3 111£3 0 12143 106+3

Cepenne

3HAYeHHH 11643 106,5+3 11943 0 11443 106+3

Bracnmigok  mpoBeneHOro  eKCMEPUMEHTY  BUABIEHO, 1m0  00poOka
HAHOLIETIOJO03010 HE NPHU3BOAUTH JO 3HAYHOrO MIABUIICHHS TiApodoOHUX
XapaKTepuCTHK MaTepiany. Lle MojkHaA MOSICHUTH THM, L0 CTPYKTypa HaHOLEIOIO03U
HE € JOCTaTHhOIO e(PEeKTUBHOIO s (popMyBaHHS HEOOX1THOT TEKCTYPH Ha MOBEPXHI
Marepiany. TakoX MOXKJIMBUM € YTBOPEHHsI arjioMepaTiB ITij yac mpoiecy o0poOkw,

10 MPU3BOJAUTH J0 301IbIIIEHHS TApOIILHUX BIAaCTUBOCTEHN 3pa3Ka.

BUCHOBKH
3niCHEHO aHali3 BIUIMBY Pi3HUX Tigpodo0i3aTopiB Ha MaTepiaau Pi3HOTO
tumy. Ilokazano, mo riapodobizatop AMEO BusBuBCS MeHII €()EKTHBHUM s
0aBOBHSIHUX 3pa3KiB, TO1 sK Tiapodo6izaTop 1107 nemMoHCTpyBaB Kpaiill pe3yJbTaTH
3 KyToM 3MouyBaHHsA 116°. HasgBHICTH 3alneXHOCTI MK THIOM MaTepiaay Ta
e(eKTUBHICTIO T11pod0o0i3aTOpiB TAKOXK MiATBEpKEHA, Ae riapodoodizatop 1107 Oys
HaNOUIbII e(eKTUBHUM s 3pa3kiB Tuiy b, a rizpodobdizatop AMEO — ans 3paskis

Tumy A.
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bynu BusBieHi neski oOCTaBUHHU, 11O OOMEXYIOTh €(PEKTHUBHICTH OOPOOKH
HAHOLIETIONI03010. 30KpeMa, BKAa3aHO Ha HEJOCTaTHIO e(EeKTUBHICTb CTPYKTYpPH
HAHOIEJIIOJIO3H JIJISI CTBOPEHHS HEOOX1HOT TEKCTypH Ha MoBepxH1 Matepiany. Kpim
TOT0, MOXKJIMBE YTBOPEHHSI arJIOMEpPATiB IiJ] Yyac Mpolecy oOpoOKH, 110 MPU3BOIUTD
710 3017bIICHHS TiAPOGIIFHUX BIACTUBOCTEH 3pa3ka. 3 METOI JeTalbHOTO
BHU3HAUCHHS HETaTUBHUX ACIEKTIB Ta MOXIMBOCTEH 1X YHHKHEHH:, epeadadacTbes

IMPOBCACHHA ITOAAIBIINX I[OCJ'IiI[)KeHB .
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AHoTauig. 3pa3Ky MOBEPXOHb MOJITUMETUICUIOKCAHY TUIATUHOBOTO OTBEpIKEHHs Oyiu
CHMHTE30BaHl NUIIXOM IMOJIKOHJEHCAIlli Ha aJIOMiHIEBOMY Ia0JIOHI, 30epiraroyu TeOMETpito
1a0JIOHy Ha MOBEPXHI MOJIMEPY 3 BHCOKOIO TOUHICTIO, BKIIIOYAIOUM apTe(akTH TEKCTYPYBaHHS,
3aydieHi (PEeMTOCEKYHTHUM Jia3epoM. 3MOYYBAHICTh TMOBEPXHI JOCHIKYBAIH 3a JIOIMOMOTOIO
piAMH 3 HU3BKMM TOBEPXHEBUM HATATOM. TeKCTypoBaHI MOBEPXHI JIEMOHCTPYBAJIU IOMITHI
BIIIITOBX YOl BIACTUBOCTI Buie 43 MH/M, 110 moB’s13aHO 3 JOCATHEHHSM CTaHy 3MOYYBaHHS 3a
Kacci. 3i 3MeHmeHHs M moBepxHeBoro Harsry cran Kacci mepexomuts y craH Benmens. Llei
nepexia MiIKPecIoe AMHAMIYHY TOBEIIHKY 3MOYYBaHHS TEKCTYPOBAaHHMX IOBEPXOHb, IO MAae
BUpINIANIbHE 3HAYEHHS [UIS 3aCTOCYBaHb, SKi BUMAaramTh IHAWBIAYaTbHUX BJIIACTUBOCTEH
3MOuyBaHHA. Perurikaiist 0COOIMBOCTEH MOBEPXHI 3 MIAOJIOHY TMIIKPECTIOE TOYHICTH METOIY
CHHTE3Yy, IPOIOHYIOYH MOKJIHMBOCTI Ui KOHTPOJIbOBAHOI 1H)KEHEpii MOBEPXHI B PI3HUX Traiy3sx,
BKJTFOYAIOYU MIKpODITIOIIUKY, 610MEANYHI MPUCTPOI Ta AHTUOOPOCTAIOY1 TOKPUTTS.

Karo4oBi cii0Ba: 3MouyBaHHS, BOJAOBIIIITOBXYBaHHS, TEKCTYpa, MiIKPOCKOIIIs:

Abstract. Platinum-cured polydimethylsiloxane samples were synthesized via
polycondensation on an aluminum template, preserving the template’s geometry on the polymer
surface with high fidelity, including femtosecond laser-induced texturing artifacts. Surface
wettability was investigated with low surface tension liquids. Textured surfaces exhibited notable
repellent properties above 43 mN/m, attributed to achieving the Cassie wetting state. With
decreasing surface tension, the Cassie state transitions to the Wenzel state. This transition highlights
the dynamic wetting behavior of the textured surfaces, crucial for applications requiring tailored
wetting properties. The replication of surface features from the template underscores the precision
of the synthesis method, offering opportunities for controlled surface engineering in various fields,
including microfluidics, biomedical devices, and anti-fouling coatings.

Key words: wetting, water repellency, texture, microscopy

CTpyKTypyBaHHS TOBEPXOHb MiABHUIIYE iX PO3BUHEHICTH, a OTXKE 1 3MaTHICTH

710 B3a€MO/IIT 3 TAKUMHU PiAMHAMU, SIKI MAaIOTh CIIOPIJTHEHICTh JI0 TaKUX MOBEPXOHb. B
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MPOTHJICKHOMY BHITAJIKy CITIOCTEPITa€ThCs MiABUINEHE BiAIMNTOBXYBAHHS TaKUX PiAWH
3a paXyHOK BUHHUKHEHHS aHOMaJiil 3MOYyBaHHS.

Icaye nimit psaxg MeroniB (GopMyBaHHS TEKCTYp Ha IOBEPXHI MaTepiaiib,
OCHOBHUMH 3 IKMX € XIMIYHa Ta €JIeKTpoXiMiuHa oOpoOKa (TpaBieHHS), Ja3epHa Ta
11a3MoBa alJisLlis, HAHECEHHS MOKPUTTIB 3 Ta30BOi Ta PiKOi (a3u, BUKOPUCTAHHS
mabJIOHIB I TUCHEHHS. BUMBIICTH 13 BKa3aHUX METOIB J03BOJIIE OJCPKYBaTH
JMIIE CTOXAaCTUYHI TEKCTYPH, HAa BIAMIHY BiJl MEPIOJUYHUX TEKCTYp 3 BUCOKOIO
BIITBOPIOBAHICTIO, SIKI MOXYTh (OpMyBaTHUCS METOJIOM JiazepHoi abusamii. Ha
TETIEePIIIHIN Yac METOJI y BUCOKIM Mipi pO3BUHEHUM Il TIOBEPXOHb PI3HUX METaiB,
BKJIFOUAIOYH CTajlb, aqtoMiHii Ta iHmI [1]. Haitbinein piBHa 1 BinbHA BiJ apTe(akTiB
TEKCTypa YTBOPIOETHCS MPH BUKOPHUCTAHHS KOPOTKOIMITYJIbCHUX Jia3epiB - pemTo- i
niKOCyKyHIHUX [2]. BTiMm, nmazepHa aOmnsmisi 6e3mocepeHbO MOBEPXOHb MOJIIMEPIB
BUKOPHCTOBYETbCS HE TaK YacTO, OCKUIBKM HE JO03BOJSIE JOCATTH HAJBUCOKOL
IPOJIYKTUBHOCTI Ta 3HMIKEHOI COOIBapTOCTI TEKCTypyBaHHsA. biiabin mpuaaTHuUM 3
MPAKTUYHOT TOYKUA 30pYy € BUKOPUCTAHHS OOpPOOJEHUX JIa3epHUM TEKCTYPYBAHHSIM
mabyioHIB st (OpMyBaHHs BIJIOUTKIB TEKCTYp Ha IOBEPXHI IIUPOKOTO CIHEKTPY
nmoiMepHUX MaTtepiams [3].

3okpemMa B Wil poOOTI po3risAaeTbcs  mpouec (opMyBaHHS BiJOUTKIB
TEKCTYpHM Ha TIOBEPXHI KPEMHIMOPraHIYHOTO TOJIMEpPYy TIpH  IPOBEJEHHI
MOIKOH/ACHCAII, a TaKOX iX 3[JaTHICTh JO BIAIITOBXYBaHHS BOJM BHACIIIOK
dhopmyBaHHs cTaHiB 3Mo4YyBaHHs Beniens 1 Kaci.

B saxocti mabnoHy OyJi0 BHKOPHUCTAaHO TEKCTYpOBaHMN (PEMTOCEKYHIHUM
nazepom amowmiHii. Tekctypa, chopmMoBaHa Ha HbOMY Maiia miepion 60 MKM, BUCOTY
BUCTYIIB — 25 MKM, Npodiib TEKCTypu — Tpamellis 3 HIKHBOK OCHOBOIO 45 MKM,
BepxHbol0O — 15 wMkm. Bigbutok Oymo cdopMoBaHO Ha  MOBEPXHI
MOJII TUMETUIICUIIOKCAHY TUIATUHOBOTO OTBep KeHHS Mapku “SKA-035”. J[ns mporo
oJIiroMep 3MIIIIYBaBCS 3 KaTajai3aTOpOM, HAHOCHBCS Ha IOBEPXHIO aJFOMIHIEBOTO
m1abJoOHy, BaKyyMyBaBCs 1 BUTPUMYBABCS IMICIS 3HATTS BaKyyMy NpHU KiMHATHIN

TeMrepaTypi npoTsarom 3 1110, MiCs 4OT0 BUAAIABCS 3 TIOBEPXHI 1Ia0JIOHY.
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Jlis  BUMIpIOBaHHS KyTa 3MOYYBaHHS OyJIO BHUKOPHUCTAaHO  ONTHYHHMA
mikpockon JIUII-10 3 KyTOBHUMIpHOIO MPUCTaBKOIO, a JUIsl oAepxkaHHs (poTorpadiii
MOBEPXHI BIATUCKY - Mikpockon Konus Academy.

Onepkana Ha TIOBEpXHI 3pa3ka TEKCTypa € TMEepiOJANYHOI0, OJIHOBICHO
OpIEHTOBAHOIO Ta J00OpE BIATBOPIOBAHOIO B Mexax reomerpii 3paska (Puc. 1).
CyOtekctypa Ha moBepxHi 3amaauH (Puc. 1 a) ta Bunyknocteit (Puc. 1 0)
BIJIPI3HIETHCS, OCKUIBKM OCTaHHS CGOpPMOBaHA TOBEPXHEIO TIabJOHY, sKa
OesnocepeHbO OyJia MijjiaHa Jla3epHid a0ismii 1 MICTUTh apTedakTH MpoIecy y
BUTJISIZII HEBEJIMKHMX BHUCTYIMIB PO3MIPOM B KiJibka JECATKIB MikpoMeTpiB. Came
HEPIBHOCTI BHXIJHOTO IIA0JIOHY € TMPUYMHOI0 BHHHUKHEHHS HEpEeryJIspHOCTE

npodumto noBepxHi (Puc. 1 6).

6

Puc. 1. CtpykTypa noBepxHi 3pa3kis.
a - HWKHiH piBeHb TekcTypu X480, 6 - BepxHiii piBenb TexkcTypu x480, ¢-npogijab

TekcTypHu x120
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Jlisi BU3HAYEHHS 3MOYYBAHOCTI OJEpXKAaHHUX TOBEPXOHb OYyJI0 BHUKOPHUCTAHO
Ha0lp BOAHO-ETAHOJBHUX PO3YUHIB 3 PI3HUMH 3HAYCHHSIMH MOBEPXHEBOI'O HATSTY.
Mertoa cuns4oi kparii Oyj0 peani3oBaHO Ha MOBEPXHI TEKCTYpPOBAaHOIO 3pa3Ky Ta
BIJIMOBIAHOTO TUIACKOTO 3pa3Ky 3 TOro x mMatepiany (Tabm. 1).

Taoauus 1-3MouyBaHiCTh NOBEPXOHb

[loBepxHEBUH HATAT Kyt 3mouyBanns | Kyt 3MouyBanHs Pizauis
po3uuny, H/m TEKCTYPOBAHO1 I1acKO1 KYyTiB, Tpaji.
MOBEPXHI, Tpajl. | MOBEpPXHI, FPa.
72,73 142 99 43
54,55 136 96 40
47,22 118 93 25
43,57 120 91 29
39,13 104 80 24

KyT 3MouyBaHHS TpHU 3MEHIIEHHI MOBEPXHEBOTO HATATY MPOOHOTO PO3ZUMHY
3HIDKYETBCS K y BUMAJKY TUTACKOT TOBEPXHI, TaK 1 y BUMAAKY TEKCTypoBaHOi. JIis
OCTaHHBOI 11€ 3MCHILICHHS € OUIBII KPYyTHM, IO BHUIHO 3 aHAII3y PI3HMII KYTIB
3MOYYBaHHS, IIO TIOSACHIOETHCA TOpyIIeHHsSM cTaHy Kaci 1 moctymoBuM ioro
MEePEeXo/I0oM JI0 CTaHy 3MOuyBaHHs BeHtiens. 3Beprae Ha cebe yBary 1o BCe K TaKd
MOBEPXHI  MOJIJAMMETUIICHIOKCAHY  30epiraloTh CBOI  BIJIITOBXYBaJIbHI IO

BIIHOIICHHIO /IO PIJMH BJIACTUBOCTI B Jlalla30HI MOBEPXHEBHUX HATSTIB BHINE 3a 43

H/m.

BUCHOBKU
MetogoM moJIIKOHEHCAllll Ha TOMEPEAHBO IMIATOTOBICHOMY aJTIOMIHIEBOMY
mabysioHi  Oyau  OTpUMaHl  3pa3kd  MOJIAMUMETHUIICHUIOKCAHY  IUIATUHOBOTO
orBepmkeHHs. [lokazaHo, 1m0 onepkaHI Ha TOBEPXHI IMOJIMEPY TEKCTypU B
MOBTOPIOIOTH TEOMETPII0 BUXIHOTO IMA0JIOHY B PEKUMI HETATUBY 3 JOCTATHBO
BHCOKOIO TOUHICTIO, 30KpeMa KOMIIOIThCs apTe(daKkTH Bil TEKCTypyBaHHS B TOYKaX

dbokycyBaHHsl peMTOCEKYHIHOTO Ja3epy. OnepikaHi MOBEPXHI JOCTIHKEH] 3 OTJIALY
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Ha 3MOYYBAHICTh PSIIOM PiJMH 31 3HKEHUM MOBEpXHEBUM HatTsroM. Ilokaszano 1o B
niana3oni Bumie 43 mMH/M onmepikaHi TeKCTypH 30epiraioTb MOMITHY 3JaTHICTH 10
BIJIIITOBXYBAaHHS, 3yMOBJIEHY JOCSTHEHHSM CTaHy 3MouyBaHHs Kaci, gxuii mpu

3HIKEHH1 TOBEPXHEBOI'0 HATATY MEPETBOPIOETHCA HA CTaH Benrens.

Chnmcox giteparypu:
1. Leggio, L., Di Maio, Y., Pascale-Hamri, A., Egaud, G., Reynaud, S., Sedao, X., &
Mauclair, C. (2023). Ultrafast Laser Patterning of Metals Commonly Used in Medical
Industry: Surface Roughness Control with Energy Gradient Pulse Sequences.
Micromachines, 14(2), 251. https://doi.org/10.3390/mi14020251
2. Zinnecker, V., Stokes-Griffin, C., Madden, S., Rode, A., & Compston, P. (2019).

Investigation of the effects of femtosecond laser metal surface texturing on bonding of PA 6
to steel. Procedia Manufacturing, 29, 313-320.
https://doi.org/10.1016/].promfg.2019.02.143

3. Siddiqui, A. R., Wen, L., Wang, F., Ou, J., & Amirfazli, A. (2021). One-step

fabrication of transparent superhydrophobic surface. Applied Surface Science, 542, 148534.
https://doi.org/10.1016/].apsusc.2020.148534
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BIIJINB KOHIEHTPAIII JMCHEPCII HA EKCIINIYATAIIMHI
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AHoTanis: J{ocnmipKeHHsT TMPHCBSYEHO BUBYCHHIO BIUIMBY KOHIIGHTpAIl aKpHIOBOI
mucriepcii (24%, 40%, 70%) Ha ekcrutyaTaiiiiHi XapakTepHCTUKU TOJIMEPHUX MOKPHUTTIB IS
nepeBUHU. BracTtuBoCcTi Marepianmy Oyiau pPETENbHO OIiHEHI B PI3HUX KOHIGHTpAIlAX, 00
BU3HAUUTH OINTHUMAIbHE CIIBBIIHOIICHHS, IO CIPHUSE OCSITHEHHIO HaWKpalmuxX pe3ylbTaTiB
MOKpUTTA. ExcriepumenTH Oynu peTenbHO CIUIAaHOBaHI, 1100 PO3IMi3HATH HIOAHCH BIUIMBY KOXHOI
KOHIEHTpAIlii Ha SIKICTh TIOKPUTTS Ta JOBTOTPUBAY JOBIOBIUHICTh. bararcTBo naHWX, OTPUMaHUX
B pe3yJbTaTl IUX JAOCIIDKEHB, HE TUIBKH JOTIOMOXE BIOCKOHAIMTH TEXHOJIOT1T 0OpOOKHU JEepEeBUHH,
aJie ¥ MiJBUIIUTH 3arajibHi CTAHIAPTH SKOCTI KIHIIEBOTO MPOIYKTY. 3aBASKH MITHOIIOMY PO3yMiHHIO
B3a€EMO3B 3Ky MDK pIBHEM KOHIIGHTpaAIlli Ta SKICTIO TIOKPHTTS MOXKHA JOCSATTH TPOTpecy B
METOJIONIOTii OOpOOKM JepeBHHU, IO MPU3BEIE A0 MiJBUIICHHS JOBIOBIYHOCTI Ta €CTETUYHOI
MPUBAOIMBOCTI IEPEB’ THUX BUPOOIB.

KarwuoBi cjoBa: nucnepcisi, akpuioBa IMOJIMEpHa aucmepcis, jdakodapOoBi MOKPUTTS,
JePEBO3aXUCT.

Abstract: Research delved into the effects of acrylic dispersion concentration (24%, 40%,
70%) on the operational attributes of polymer coatings for wood. Material properties were
rigorously evaluated across varied concentrations to pinpoint the optimal ratio conducive to superior
coating outcomes. The experiments were meticulously designed to discern the nuanced impact of
each concentration on coating quality and long-term durability. The wealth of data amassed from
these investigations will not only serve to refine wood processing technologies but also to elevate
the overall quality standards of the final product. By gaining deeper insights into the interplay
between concentration levels and coating performance, advancements in wood treatment
methodologies can be achieved, leading to enhanced durability and aesthetic appeal of wood
products.

Keywords: dispersion, acrylic polymer dispersion, paint coatings, wood protection.

JlakoapOoBi MOKPUTTA TIO JEpPEeBy — IIe crieriaabHl  3ac00mM, sKi
3aCTOCOBYIOTHCS I 3aXUCTy JEpeBa BiJ BIUIMBY HABKOJMIIHBOTO CEPEIOBHIIIA,
BOJIOTH, yJbTPaQioNEeTOBOIO BHIIPOMIHIOBAHHS TOIIO, a TaKO0X BHUKOHYIOTh

nexopatuBH1 (yHKIIT . OMHIEIO 3 BaXJIMBUX BIACTHBOCTEM TaKMX MaTepiajiB € iX
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aaresist 10 IEPEBUHHOTO CyOCTpaTy, AKUH, sIK BIIOMO, Ma€ KanuisipHy npupoay. Lle, B
CBOIO YEpry, BUKJIUKA€ MEPIOJUYHI 3MiHM B 00’€Mi, 3yMOBJIEHI MOTJIMHAHHAM a0o
B1JIJ1a40I0 BOJIU 3 MOBITPs y opmi BosiHOT Tiapu [1].

[amy3p cywacHux gnakogapOoBux marepiamie (JIOM) Bce wuyacTime
npe/cTaBieHa MaTepialaMd Ha OCHOBI BOJAHMX JUCHepCli, SIKi BUKOPHCTOBYIOTh B
SAKOCT1 Cepe/IoBUIIA BOY 3aMiCTh OPraHIYHUX PO3YMHHUKIB, 1110 J03BOJISIE JOCITHYTH
CYTTEBO 3HIKEHOTO BMICTY JIETKMX OPTaHIYHUX PEUYOBHH B PELENTYpl Ta MiABUCUTU
€KOJIOTTYHICTh 1 0€3MEeYHICTh Y BUKOPUCTaHHI MaTepiay [2].

B 3anexxHocTi Bij NMpu3HAYEHHS 1 TUMY, perentypu cydacHux JIOM MoxyTh
MICTUTH 3HAYHy KUIBKICTh THUMIB (YHKI[IOHAJIBHUX KOMIIOHEHTIB. Hampukian,
NoJiIMepHa JAuchepcis B Jako-PpapOOBUX TMOKPUTTAX BUKOPUCTOBYETHCS JIA
CTBOPEHHS MIIIHOTO 3B’SI3KYy MIDK YaCTUHKaMH TITMEHTY Ta HaloOBHIOBaya,
dbopMyrOUn 3aXUCHO-IEKOPATUBHE IOKPUTTS 3 BHCOKOKO aATe3i€l0 10 TMOBEPXHI
OyIiBeIbHOTO MaTepiany. SIKICTh IUIIBKOYTBOpIOBada OE€3MOCEpEeIHhO BILIMBAE Ha
TEXHOJIOTIYHI Ta €KCIUTyaTallliiHI XapaKTepUCTHKH, a TaKOXX Ha TPHUBAIICTh CIYXKOH
nako(apOOBOTro MOKPHUTTH.

AxkpuioBa Jucrmepcis 1€ cuctemMa 3 Jyke JIpiOHMMHM YacTUHKaMu 3
Oararoda3zHoro Mop(dosoriel0 Ta MOMABIMHOK (YHKIIIOHATBHICTIO BOJIOTOI aaresii.
Bona BupoOis€ThCs 32 JOMOMOTOI TeXHOJIOr1i peosioriuHoro koHTposo (RC), ska
0a3yeThCsl HA BUKOPUCTAHHI 3MEHIICHUX KIJIbKOCTEH MOBEPXHEBO-aKTUBHUX PEYOBHH
[3].

B pamkax ekcrnepuMeHTaJbHOI YAaCTMHM POOOTH MPOBOAMUIM BH3HAYEHHS
eKCIUTyaTallliHUX XapaKTePUCTHK Ha CTIMKICTh 10 MOKPOTO CTHpaHHS, BIUIUBY Y -
cBitina. [lns TecTyBaHHS BUKOPUCTOBYBAJIM JHUCIIEPCIIO TOPTiBEIBHOT MAapKH
Acronal®.

Cucremn Ha OCHOBI JAucHepcii HAHECEHO Ha IUTACTHKOBY JIaHETy. Marepian
BUCHXAaB MPOTATOM 28 IHIB Ha BIJKPUTOMY MOBITPI 3a HOpMaJbHUX yMOB. Ilicis
MOBHOTO BUCHXaHHS, JJAHETY MOMICTHIIN B abpazumetp mig mapkoro Elcometer 1720
Abrasion Tester. [{ns cTupaHHS BHKOPUCTOBYBAJIW TYOKH 1 CHEIlaJbHUM PO3YHH.

Bkin1ii BupaxyBaiu BTpaTy TOBIIUH (AMKM) CyXO1 IUTIBKH.
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JI®OM HaHecnu Ha CKJIO, TOMICTUJIM B KaMepl Ha BU3HA4YeHUH yac. 1 roauHa i
Y®-cBiTiioM J0piBHIOE 3 Micsll mi ONpsMUM coHLeM. [locmig TpuBaB mpoTsrom 3
rOJIMH, B pe3yjibTari I1ie AopiBHIOE 9 wmicsusam. Ilicns 3akiHYeHHs BUMaly, 3a
normoMoror omuckomipy Novo-gloss Trio Bumipsui cTymiHb OJUCKY mia KyToMm 85,
Jlani BuMiproroThcs B oguHUILIX 0ucky (GU).

[Ticns mpoBeACHHS TOCTIKEHHS pe3yIbTaTH HaBeIeHO Ha puc. 1 Ta 2 Ha KX

BKAa3aHO JaH1 MOKPOTO CTUPAHHS Ta BITUBY Y D-CBITiIa HA OIMCK BiMOBITHO.

3 2.8
2.5
z 2 16
£ 15 115
<1 1
n
0
24% 40% 70%

KonuenTpanisa gucnepcii

Puc. 1. 3ajexxHicTh BTPaTH NOKPUTTS BiJl KOHIeHTpaWii Aucnepcii

Sk BUIHO Ha Tpadiky, BTpaTa TOBIIMHU AMKM 3MEHIIYETHCS 3 I1ABUIICHHSIM
KOHIIEHTpallli aucnepcii B jasypi. lle moB’s3aHo 3 TUM, IO JUCHEpPCis yTBOpHUia

OLIBII MIITHHUM 3aXUCHUH IIap IUTIBKU HA MTOBEPXHI .

2.5 2.3
2
1.4
1.5
o)
> 1.1
0.5
0
24% 40% 70%
KonuenTpanisa gucnepcii

Puc. 2. 3aje:kHicTh 3MeHIIeHHs 0JIMCKY Bil KOHIleHTpauii npu BIUinBi Y d-cBiT/1a

3riIHO 3 pHUC. 2 TOKPUTTA 3 HAWUOUIBIIMM BMICTOM KOHIIGHTpAIlli Mae

HalilMEHIlly BTpaTy OJMCKYy 0pH BIUIMBI npsMux mpomeHiB Y®d-cpitna. I[lpu
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koHueHTpauii y 70% Btpatunocs jume 1,1 GU, B Tol yac mpu KOHILIEHTpalii

aucnepcii 'y 24% Onuck 3menmmBcs Ha 2,3 GU.

BUCHOBKU
Byno npoananizoBaHo BIUIUB Pi3HUX KOHIIEHTpAIlil qucHepcii B MOKPUTTS IS
3aXHCTy JCpPeBUHM. 3O0UIbIIEHHSA KOHIIEHTpaIlii aucnepcii MpU3BOAWTH 10
MOKpAIEHHS EeKCIUTyaTallliHUX XapaKTepUCTUK. [0TOBUH MPOAYKT 3 OLIBIIOO
KOHIIEHTPALII0 JUCTEpCii Ma€e BHILY CTIMKICTb 10 MOKPOTO CTUPAHHS, Ma€ KPalui

3aXHCT Bij BIUMBY Y d-cBiTIA.

Chnmcok aireparypu:
1. Mader, A., Schiro, A., Brischetto, M., & Pizzo, B. (2011). Interactions and
penetration of polymers and nanolatexes into wood: An overview. Progress in Organic

Coatings, 71(2), 123—135. https://doi.org/10.1016/].porgcoat.2011.02.007

2. De Meijer, M. (2001). Review on the durability of exterior wood coatings with
reduced  VOC-content.  Progress in  Organic  Coatings, 43(4), 217-225.
https://doi.org/10.1016/s0300-9440(01)00170-9

3. Che, W., Xiao, Z., Wang, Z., Nguyen, T. T., & Xie, Y. (2019). Enhanced Weathering

Resistance of Radiata Pine Wood by Treatment with an Aqueous Styrene/Acrylic Acid
Copolymer Dispersion. Journal of Wood Chemistry and Technology, 39(6), 421-435.
https://doi.org/10.1080/02773813.2019.1636824
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AHoTanisg. OctanHiM 9acoMm 0100CHOBHI MaTepianyu Ha0yBalOTh MOIMYJISPHOCTI B IIUPOKOMY
nianaszoHi ramy3eil. OMHUM 3 TaKuX MaTepialliB € IEII0JI03a, OCKUIBKKM BOHA HEJ0pOTa Ta IHPOKO
JOCTYITHA, Ma€ BUCOKY MEXaHIUHY MILIHICTh, O10JIOTTYHO PO3KJIAZaeThCs Ta € 6iocymicHoio. PoboTa
MPUCBSYCHA JOCIIKEHHIO TIporiecy Tiapodoobizamii OioMarepiamiB Ha NPUKIAAl  3pa3KiB
nemtonosu. Ilpenqmerom pocmipkeHHs € mpouec rinpodo6izamii. OOG’€KTOM JOCHIKEHHS €
1emroa03a. MeTor JOCTiKeHHS Oyno mpoBeAeHHS TiapodoOizamii 1meaoa03u Ha TpuKiIaa 3-x
3pa3kiB - OaBOBHM Ta (UIBTPYBaJbHOIO TWamepy MABOX BHIIB, Ta IpOaHaIi3yBaTH BIUIUB
riagpodobizaropiB mapok AMEOQO, 1175 1 1107 Ha nienrono3Hi Marepianu. Pe3ynpTaTi mokasanm, 1mo
rinpogobizarop Mapku 1175 € HaliOiIbII ONTHMAIBHUM JUISL 3aCTOCYBAaHHS Yy BHUPOOHMIITBI
rigpooOHUX NEUTIOJIO3HUX MaTepiamB. 3okpema, Tiapodobizatop AMeo MNPOAESMOHCTPYBAB
3aJIOBUTBHI pe3ylbTaTH Ha 3pa3kax OaBoBHHU, a riapodobizatop 1107 BuUSBHBCS HalMEHII
e(heKTUBHUM.

KarouoBi cioBa: Gi0OCHOBHI Marepiaiu, II€NI0I03a, KYT 3MOYYBaHHS, Tiapo¢oOHICTb,
KCHJIOJL.

Abstract. Recently, bio-based materials have been gaining popularity in a wide range of
industries. One of these materials is cellulose, as it is inexpensive and widely available, has high
mechanical strength, is biodegradable and biocompatible. This work is devoted to the study of the
process of hydrophobization of biomaterials using cellulose samples as an example. The subject of
the study is the process of hydrophobization. The object of study is cellulose. The purpose of the
study was to hydrophobize cellulose on the example of 3 samples - cotton and filter paper of two
types, and to analyze the effect of hydrophobic agents AMEO, 1175 and 1107 on cellulosic
materials. The results showed that water repellent agent 1175 is the most optimal for use in the
production of hydrophobic cellulose materials. In particular, the Ameo water repellent showed
satisfactory results on cotton samples, and the 1107 water repellent was the least effective.

Keywords: bio-based materials, cellulose, contact angle, hydrophobicity, xylene.

bioocHoBHI MaTepianu HaOyBalOTh MOIMYJISPHOCTI B IIMPOKOMY Jiara3oHi
ramy3eil. OIHUM 13 HaWKpaluX € IEeNI0JI03a, OCKUIBKH BOHA HEI0pOra, IIMPOKO
JOCTyIHAa, Ma€ BHCOKY MEXaHIYHY MILHICTb, OIlOJOTIYHO pPO3KJIANA€ThCS Ta €
6iocymicHor0. OHAK OJHUM 3 HEJOJIKIB ILIEJIOJIO3U € ii T1ApodOOHICTh, 3aBISKH
BEJIMKIN KUTBKOCTI TIAPOKCUIBHUX IPyN Y JaH1o31 [1].

OmHuM 3 BaXJIMBUX CHOCOOIB pEryJIOBaHHS BIIACTUBOCTEH IIEITFOJIO3HUX

MarepialiB € rigpodobizaiis. B Takux mporiecax Iearo03H1 MaTepiaan miaaaThCs

53



CEKIIA 1. Kommo3swumiitai MaTepiaiv Ha OCHOBI IOIIMEpPiB

Jii YUCTUX peareHTiB (TOOTO B PIAKOMY, TUIA3MOBOMY a0 MapoIroi0HOMY CTaHi1),
abo po3umHiB TiApoPoOHUX mpekypcopiB [2]. Taka moaudikamis MoxiIHBa 3a
PaxyHOK TIAPOKCWJIbHUX (YHKI[IOHAJIBHUX TPy, HasABHUX B Iemono3l  [3].
[ppodobizoBana 1en0n03a MOXE BHUKOPHUCTOBYBATUCS Y BOJOHENPOHUKHUX Ta
NapOHENPOHUKHUX MaTepiaiiB, y BHPOOHUITBI TiIpo()oOHMX HAMOBHIOBAUIB 1
apMYyIOUYUX PEYOBHUH, CYMICHHUX 3 TiipoOOHUMHU MOJIMEPaMH, a TAKOXK B CTBOPEHHI
MOKPUTTIB, (hapO, KIEIB Ta IHIIKUX MaTepiaiiB, CTIHKUX 10 BoJorH [4].

Jns anamizy riagpod@oOHOCTI MaTepiaiiB BUKOPUCTOBYETHCS KYT 3aMOYYBaHHS,
0 € OJHUM 3 €()EKTUBHUX METOJIB BUBUCHHS B3a€MOJIl MOBEPXHI 3 TpuU]Pa3HOIO
cuctemoro ( TBepae TuI0\piguHA\noBiTps). IloBepxHa € TiApodoOHOIO, SKIIO KYT
3MOYyBaHHS CTaHOBUTH > 90 °, 1 riapodinbHOTO, Koau < 90 ° [5].

B naniit poOoTi mpoBOAMIOCS MOCHIHKEHHS HIOJA0 BIUIUBY Tiapodo6izaTopis
Ha 1emono3y. BukopuctoByBammch Taki mapku: AMEQO, 1175, 1107. B saxocti
3pa3kiB OyJi0 00paHO IEII0JI03y JABOX THUIIB: (DUIBTPYBAIBHUHN Tamip 3 JiaMeTpoOM
mop 2-3 MM (Ne 1), 5-8 mm (Ne 2) ta HarypanmbHa OaBoBHsHA TkaHuHaA (Ne 3)
(ximiuHMi ckyan 0aBoOBHU: 1emono3a — 95 %, KupoBI Ta MiHEpalbHI
nomimku — 5 %) [6].

[Tonepeanbo miAroToBieH1 3pa3ku po3Mipom 1,5%1,5 cm Oymu oOpobieHi
npotsarom 15-20 xB 1%-mu po3unnamu rigpodoodizatopis — 1175, 1107 ta AMEO. B
SIKOCT1 PO3YMHHUKA BUCTYIIaB KCHJIOJ.

[Ticnst 0oOpoOKyM 3pa3ku OyJI0 BUTPUMAHO B CYIIMIBHIN madi 3a TeMIepaTrypu
100°C mpotsirom 1 roauHu Ui BUJAJIEHHS HQJIMINKIB PO3UMHY Ta (dikcarii
rizpogoOHux BractuBoctei. [Ipocyiieni 3pa3ku BUBYAIM Ha TpeaMeT riapodoOHuX
XapaKTEPUCTHUK 32 JOMOMOTOI0 KpaneabHOTo TecTy. JJis 1boro Ha 3pa30K HAHOCWIIH
no 3 Kparmii JUCTHUIbOBAHOI BOAM 1H €KLIMHUM IIITPHUIIOM 1 332 TOTIOMOTOI0 HU(POBOT
KaMepH Ta MPOrpaMHOTO 3a0€3MEUEeHHSI BUMIPIOBAIU KyT 3aMOYYBaHHS.

AHaJ3 pe3yJbTaTiB €KCIEePUMEHTY CBIIYUTH MpO Te, 1o riapodobdizaTopu
1175 Tta Ameo BUSBWIM HaWBHILYy €(QEKTUBHICTH g OaBOBHU (3pa3ok Ne 3),
JOCSTIIM KyTiB 3MouyBaHHA 123 ° Tta 126 ° BIANMoOBiIHO. Y CBOK uepry, s

nemonos3n (3pazku Nel Ta No2) naiikpamum BusiBHBCS Tinpodobizatop 1175, mpu
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IIbOMY KyTH 3MoOYyBaHHs cTaHoBuiau 108 ° ta 107 °© BimmosimHo. I'impodobizatop

1107 nposiBUB HalHMK41y €PEKTUBHICTD AJISl BCIX JTOCIHIKEHHUX 3pa3kiB (Tadu. 1).

Ta6auns 1 - Kyru 3MouyBaHHs MaTepiaJiiB B 3aJ1e5KHOCTI Bil Mapku rigpogoodizaTopa

['apodobizaTop AMEO 1175 1107
3pazok Nel 94+3 108+3 76+3
3pa3ok Ne2 75+3 107+3 100+3
3pa3ok No3 12643 12443 10743

BUCHOBKU

B pamkax HaykoBoro JociikeHHs Oylno 3A1MCHEHO aHami3 BIUIUBY
rigpodobizaropiB mapok AMEOQO, 1175 1 1107 Ha nemrono3H1 MaTepiaiy, 30KpeMa Ha
3pa3ku  (PUIBTPYBAJIBLHOTO TMarepy Ta HATypalibHOi OaBOBHHW. 3a pe3yJibTaTaMu
€KCIIEPUMEHTY BCTAHOBJEHO, L0 TiapodobizaTop Mapku 1175 mposBUB HaWBHIILY
e(EeKTUBHICTh y JAOCITHEHHI T11pooOHOTO edeKTy s BCIX JOCHTIKEHUX 3pa3KiB.
3okpema, Timpodobizatop AMEO mpomeMOHCTpYBaB 3aJ0BUIbHI Pe3ylbTaTd Ha
3pa3kax 0aBOBHH, TOJ1 sK ripodo6izatop 1107 BusBUBCS HailMeHI €()EKTHBHUM.
Takum YWHOM, HA OCHOBI OTPHMAaHHMX JaHUX, MOXHa 3pOOUTH BHCHOBOK, IO
rizpodobizarop Mapku 1175 € HalOIAbII ONTUMAIbHUM [JIS 3aCTOCYBaHHS Y
BUPOOHUIITBI TiApOoPOOHUX IEUT0N03HUX MaTepiadiB. I[lmaHyroTecs moAanbIi
EKCIIEPUMEHTH 3 METOI0 MOKpalleHHS e()EeKTUBHOCTI Ta CTIHKOCTI TiapodoOHOTO

IMOKPUTTA.
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Abstract. To create superhydrophobic surfaces, expensive fluorine or silane compounds are
often used, and many methods require special equipment, harsh conditions and lengthy processes,
making them difficult to apply on a large scale. This paper presents a one-step method for the
synthesis of ZnO and ZnO-SiO> nanoparticles, which is environmentally friendly and safe,
providing a practical approach to the large-scale production of superhydrophobic surfaces. The aim
of the study was to analyse the effect of different contents of synthesised ZnO and ZnO-SiO>
particles and TiO; and SiO» particles on the hydrophobic properties of the coatings. The study
revealed that the coating with the addition of only ZnO particles shows a contact angle of only
74,8 °, which does not meet the hydrophobicity criterion. At the same time, the contact angle of the
coatings with ZnO-SiO> nanoparticles reaches 152,5 °, which indicates that the coating is
superhydrophobic.

Keywords: hydrophobic coatings, ZnO, composite materials, contact angle,
superhydrophobicity

AHoTauisi. /{751 cTBOpeHHS cynepriapodoOHUX MOBEPXOHh YaCTO BUKOPHUCTOBYIOTH JOPOTi
¢dTOpoBMICHI a00 CHJIAHOBI CIIOJIYKH, a 0araTo MeToiB NMOTPeOyIOTh CIELialbHOTO O00JaTHaAHHS,
CYBOPHX YMOB 1 TPHBAJIMX MPOIIECIB, IO YCKJIAIHIOE X 3aCTOCYBaHHS Ha MUPOKiH OCHOBI. B crarTi
MPEJICTABJICHO OJHOCTANiiHUI MeTox cuHTe3y HaHoyacTMHOK ZnO Ta ZnO-SiOz, sxuii €
€KOJIOTIYHO YUCTUM 1 Oe3MeyHuM, 3a0e3Meuyrodd MPaKTHYHUA TiAXiJA A0 MHUPOKOMACIITAaOHOTO
BUPOOHHUIITBA CYNepriipoGoOHUX MOBEpXOHb. METOI0 TOCTiIKeHHS Oylo MpoaHani3yBaTH BIUIUB
pi3HOrO BMICTY cuHTe30BaHUX 9acTHHOK ZnO Ta ZnO-Si0; ta yactunok TiO2, Si0; Ha rigpodoOHi
BIIACTMBOCTI MOKPUTTIB. BUSBIIEHO, 1110 TOKPHUTTS 3 JOJIaBAHHSM JIUIIIE YaCTUHOK ZnO IeMOHCTpYE
KyT 3MoYyBaHHs jumie 74,8 ©, mo He BiamoBinae kKputepito TiapododHOCcTi. BomgHouac, KyT
3MOYYBaHHS B TOKpPUTTIB 3 HaHouyacTmHKamMu ZnO-SiO; nocsrae 152,5 °, mo cBiAYUTH MPO
cynepriapodoOHOCTh TOKPHUTTS.

KarouoBi cioBa: rigpogoOHi MOKPUTTS, KOMIIO3UIiIHI Marepianu, ZnO, KyT 3MOYyBaHHS,
cynepriapodoOHicTh

In contemporary urban settings, the phenomenon of dust aggregation on
various surfaces, notably walls and glass structures, has emerged as a notable concern.

Traditional approaches to mitigating this issue, such as manual cleaning, are plagued
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by inefficiencies including elevated labor demands and associated costs.
Consequently, there has been a surge of interest in the development of coatings
endowed with self-cleaning capabilities, prompting extensive research endeavors.

German scientists Barthlott et al. [1] first utilized scanning electron
microscopy in 1997 to study the superhydrophobic surface of lotus leaves. They
proposed that the surface hydrophobicity is caused by a combination of rough
microstructures formed by trichomes, epidermal folds, and waxy crystals of the
epidermal wax. The rough/waxy surface of lotus leaves not only exhibits water-
repellent properties but also shows low adhesion to particulate pollutants. Further
research on the microstructure of lotus and rice leaf surfaces has suggested that
micron/nanometer-scale composite structures are key to obtaining artificial
superhydrophobic surfaces [2].

To comprehend the principles of superhydrophobic surfaces, one must first
understand the concept of wetting. Wetting refers to the process of forming a new
interface when a liquid contacting solid (or liquid) surface, which is ubiquitous in
daily life, industry, agriculture, and other fields [3]. Surface wettability is one of the
most important characteristics of solid surfaces. Since the introduction of Young’s
equation in 1805, research on wetting and wettability has continued for over two
hundred years. Non-wetting surfaces (also known as superhydrophobic surfaces)
have emerged as an important branch of wetting research, attracting significant
interest from academia and industry.

The static contact angle 0 is a criterion for judging the degree of surface
wetting, with contact angles divided into four stages: 0 °© < 6 < 10 ° for
superhydrophilicity, 10 °© < 6 < 90 ° for hydrophilicity, 90 ° < 6 < 150 ° for
hydrophobicity, and 150 °© < 0 < 180 ° for superhydrophobicity. This experiment
primarily explores the properties of materials within the range of hydrophobicity and
superhydrophobicity.

The main filler studied in this article is ZnO. It is a type of direct bandgap
wide-bandgap semiconductor material. With a bandgap of 3,37 eV and an exciton

binding energy of 60 meV at room temperature, it becomes an excellent
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optoelectronic material in the ultraviolet to visible region. However, the inherent
hydrophilicity of ZnO significantly limits its applications in waterproofing, self-
cleaning, and other aspects. Therefore, the preparation of superhydrophobic surfaces
through surface modification of nano ZnO has become a hot topic in recent years.

Wu et al. [4] placed clean carrier substrates in a mixed solution of zinc nitrate,
ammonium chloride, urea, and ammonia water, and grew columnar zinc oxide on the
carrier substrate surface. The surface can achieve superhydrophobicity after
modification with octanoic acid, dodecanoic acid, tetradecanoic acid, hexadecanoic
acid, and octadecanoic acid. However, the wetting mechanisms of carboxylic acids
with different carbon chain lengths vary greatly. It was found that when the carbon
chain length of the carboxylic acid is greater than 16, the superhydrophobic
mechanism of its surface conforms to the Cassie model, while with a carboxylic acid
length of 8-14, it tends toward the Wenzel model. This method can be applied to
various substrates, such as silicon wafers, glass substrates, polymer surfaces, and
even some irregular and curved surfaces. The advantage of superhydrophobic
surfaces can find practical applications in aircraft, ships, and certain special
decorations.

Chen et al. [5] prepared low-adhesion copper-based superhydrophobic
Ce0,/ZnO nanotube arrays (NTAs) using a two-step chemical bath deposition
method and improved them through modification with low surface energy silane.
Initially, ZnO nanotube arrays were uniformly prepared on copper plates using
chemical bath deposition, and then they were immersed in a solution of Ce(NO3); to
obtain CeO,/Zn0O nanotube arrays. After (FAS) modification, this composite material
exhibited excellent superhydrophobicity, with a high contact angle of 157,3 © and low
adhesion force of 14uN. This type of superhydrophobic nanocoating can be applied
in catalysis, fuel cells, self-cleaning, and enhanced condensation heat transfer fields.

Experimental Section

Zinc oxide (ZnO) particles were synthesized using a streamlined one-step
method. Initially, zinc nitrate (Zn(NOs),) was dissolved in deionized water within a

beaker. The solution was then subjected to magnetic stirring for 30 minutes, with the
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gradual addition of a predetermined quantity of sodium citrate. Stirring continued for
an additional 30 minutes until the sodium citrate was fully dissolved, resulting in the
formation of solution A.

Subsequently, a specific mass of sodium hydroxide (NaOH) was weighed and
completely dissolved in deionized water, forming solution B. Solution B was then
slowly added dropwise to solution A while stirring continuously for 2 hours.
Following the reaction, the beaker containing the mixture was placed in a thermostat
set to 80 °C for 5 hours to facilitate aging.

The resulting suspension was subjected to centrifugation to collect a precipitate,
which was subsequently washed three times with deionized water and absolute
ethanol. The washed precipitate was then transferred to an oven set at 80 °C for
5 hours to ensure thorough drying. Finally, the dried particles were subjected to
calcination in a muffle furnace at 500 °C for 2 hours. The resulting ZnO particles
were obtained after grinding.

0,05 grams of polyvinylpyrrolidone (PVP) and 0,5 grams of zinc oxide (ZnO)
were used to synthesise ZnO-Si0; particles. PVP and ZnO combined in 30 milliliters
of isopropyl alcohol (IPA) and stirred for 30 minutes, denoted as solution A. In a
separate vessel, 2,5 grams of tetraethyl orthosilicate (TEOS) were mixed with
20 milliliters of IPA, designated as solution B. Solution B was slowly introduced into
solution A while simultaneously adding ammonia solution to maintain the pH within
the range of 8,5-9,5. Stirring continued for 1 hour, followed by aging at 80 °C for
6 hours.

The resultant solid was separated via filtration, washed thrice with deionized
water and IPA, and subsequently dried. Finally, the material underwent processing in
a muffle furnace at 500 °C. Upon grinding the obtained product, composite particles
of zinc oxide-silicon dioxide (ZnO-SiO,) were obtained.

To prepare the coating, acrylic polymer and xylene were combined in a mass
ratio of 1:5 and thoroughly mixed with stirring until complete dissolution occurred.
Subsequently, specific mass ratios of silica dioxide (Si0O,), titanium dioxide (Ti0,),

zinc oxide (Zn0O), and zinc oxide-silica dioxide (ZnO-Si0O,) particles were added to
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the solution and stirred. The mass ratios ranged as follows: SiO; wt % = 0-40 %,
TiO, wt % = 20-95 %, ZnO wt % = 20-80 %, and ZnO-SiO; wt % = 20-80 %.

A glass slide measuring 2.5cmx1cmx0.02cm served as the substrate for
coating. Once the paint mixture achieved homogeneity, it was evenly applied onto the
surface of the glass slide and subsequently dried in an environment maintained at
55 °C for 10 minutes.

The sessile drop method was employed to determine the static water contact
angle on the surfaces of the coated glass slides. Measurements were taken at
3 — 5 distinct locations on each slide, and the average angle was calculated to yield
the final result.

Surface wetting performance analysis was conducted to investigate the
influence of varying particle content ratios on the hydrophobic characteristics of
coatings comprising zinc oxide (ZnO), titanium dioxide (TiO,), silica dioxide (SiO),
and zinc oxide-silica dioxide (ZnO-Si0;,) particles. These coatings were designed to
create micro-rough structures and utilized acrylic polymer as a low-surface-energy
material to achieve superhydrophobic properties. Following drying at 55 °C for
10 minutes, the coatings were subjected to contact angle testing.

Experimental data obtained from the four materials were plotted on a
histogram. Analysis of the data, as depicted in Fig. 1, reveals a discernible trend in
the contact angle between water droplets and the surface coating of glass. Initially,
with changes in the mass ratio of the four materials, there is an observed increase
followed by a subsequent decrease in the contact angle. The inherent hydrophobic
angle of the acrylic polymer is noted to be 73,8 °. Upon amalgamation with the
sample, the coating’s hydrophobic performance improves due to heightened surface
roughness. Furthermore, the inclusion of acrylic polymer contributes low surface
energy constituents essential for constructing superhydrophobic coatings. However,
when the mass ratio of the sample surpasses a certain threshold, the hydrophobic
angle tends to decrease. This phenomenon arises from an excessive quantity of the
sample, which exposes more hydroxyl groups on the coating surface, thereby
augmenting its hydrophilicity.
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Fig. 1. Contact angles of different samples

Fig. 2 presents electron microscope images labeled as (a), (b), (¢), (d), and (e),
illustrating the maximum contact angles attained by coatings composed of acrylic
polymer and those doped with TiO,, Si0,, ZnO, and ZnO-SiO; particles, respectively.
The images distinctly indicate that the incorporation of the aforementioned samples
notably enhances the hydrophobic performance of the coatings. Notably, when the
mass ratios are TiO,— 80 %, SiO; — 30 %, ZnO — 60 %, and ZnO-SiO, — 60 %, the

contact angle reaches its maximum value.

d) e)

Fig. 2. Coating contact angle for different fillers: a) without acrylic polymer;
b) TiOz; ¢) SiO2; d) ZnO e) ZnO-SiO2
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CONCLUSION

The study found that the addition of nanoparticles improves the hydrophobic
properties of the coating by increasing the surface roughness. However, when a
certain threshold value of the sample mass fraction is exceeded, the hydrophobic
angle decreases. This phenomenon is due to the excess of the sample, which leads to
the exposure of more hydroxyl groups on the surface of the coating, which in turn
increases its hydrophilicity. It was also found that a hydrophobic coating containing
only ZnO nanoparticles reaches a contact angle of 74,8° without showing a
significant improvement in hydrophobic performance. At the same time, the
hydrophobic coatings obtained using ZnO-Si0, particles demonstrate a contact angle

of 152,5°, which meets the criteria of superhydrophobicity.
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AnoTtaunis. [llopiyHo y CBITI yTBOpIOETHCS BenWue3Ha KiumbKicTh (rmoHam 200 MITH. TOH)
MOJIMEPHUX BIAXO[IB, TMOB’S3aHUX 3 BHUPOOHUIITBOM Ta BHUKOPHUCTAHHSAM PI3HOMaHITHUX
nosiMepHuX BuUpOOiB. Lle cTBoproe roctpy mpobiemy ix yrumizamii. OZHUM 3 BIAXOMIB, SKI
YTBOPIOIOTBCSA y BEJMKIM KUIBKOCTI, € MOJICTHPOJ. BUKOpHCTaHHS BTOPUHHOTO IONICTHPOINY 1
30kpemMa #oro pizHoBuay miHonodictupony (IINIC) sk maTpuili MOMIMEPHHX KOMITO3HUINIHHUX
MaTepialliB € NepCHeKTHBHUM crocobom 3meHmeHHs BinxoxiB IIIIC Ta cTBOpeHHS HOBHUX
IPOAYKTIB 3 LIIHHUMH BJIACTUBOCTSMU. B cTaTTI HaBeAEHO OIVIA] MOXIIMBUX LUISX1B BUKOPUCTAHHS
MatepianiB 3 Bukopuctaasm BTopuHHOTrO [II1C. OgHNM 13 HanpsSMKiB BUKOPUCTAHHS € PO3pOOKa
OlomartepialliB 3 JUISTHOTO BOJIOKHAa (KOPOTKOT0), apMOBAHOTO BIJAXOAaMH ITIHOMOJICTHPOITY.
[lepepoOka BTOPUHHOTO TMOJICTUPOJYy Ta HOro PI3HOBHIIB € JO3BOJIIE BUPIMIUTH MPOOIEMY
yTUIi3alii MoJIMEPHUX BIAXOMIB Ta OTPUMATH SIKICHI BUPOOM HA OCHOBI BTOPHUHHOI CHPOBUHH.
3aBISKU IbOMY MOKHA 3MEHIIUTH HETaTUBHUI BIUIMB Ha HABKOJMILIHE CEPEIOBUILE Ta CKOHOMHUTHU
MIPUPOJTHI PECYPCH.

Kawu4oBi caoBa: momictupos, MiHOMOJIICTHPOJ, BTOPUHHMIM, akopapOOBI MaTepiaid,
nepepoOKa BIAXO/IB.

Abstract. Every year, a huge amount (over 200 million tons) of polymer waste associated
with the production and use of various polymer products is generated in the world. This creates an
acute problem of their disposal. One of the wastes that are produced in large quantities is
polystyrene. The use of secondary polystyrene and, in particular, its variant polystyrene foam (PPS)
as a matrix of polymer composite materials is a promising way to reduce PPS waste and create new
products with valuable properties. The article provides an overview of possible ways of using
materials using secondary PPS. One of the areas of use is the development of biomaterials from flax
fiber (short), reinforced with polystyrene foam waste. Processing of secondary polystyrene and its
varieties allows solving the problem of utilization of polymer waste and obtaining high-quality
products based on secondary raw materials. Thanks to this, you can reduce the negative impact on
the environment and save natural resources.
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Key words: polystyrene, expanded polystyrene, secondary, paints and varnishes, waste
recycling.

[IMopiuHO y CBITI YTBOPIOETHCS BenM4Ye3Ha KUIbKICTh (moHan 200 MiIH. TOH)
MOJIMEPHUX  BIAXOJIB, TIOB’S3aHUX 3 BUPOOHMIITBOM Ta BUKOPUCTAHHSIM
PI3HOMAaHITHHX MOJIMEpHUX BUPOOIB. Lle cTBOproe roctpy mpobiemy iX yTwiizarii.
[lepepoOka momiMepHUX BIAXO/IIB JA€ MOXKIMBICTD BUPIIIUTHU JBl BaXJIMBI 3a/1a4i:

1. Exosioriyna: 3MEHIIEHHS KUIBKOCTI HAKOIMYEHUX BIAXOMIB, SIKI
CHATIOIOTHCS] HA CMITTECTIATIOBANIBHUX 3aBOJIax a00 3aXOpOHEHHS Ha TMOJIroHax, I0
3HAYHO 3HIDKYE BUKUIH TOKCUYHUX PEYOBHH B aTMOC]eEpy.

2. ExoHomiuHa: momiMepHi BIAXOAWM € I[IHHOK CHUPOBUHOIO  JJIS
MaTepiaIbHOTO PELUKIIIHTY, TOOTO MepepoOKH 3 OTPUMAHHAM BUXIJHUX TOJIMEPIB,
HAIlOBHIOBAUiB, apMYyIOUHMX €JIEMEHTIB, MOHOMEPIB a00 IHIIMUX XIMIYHUX CIIONYK,
NPUAATHUX IS TOAANBIIOr0 BHUKOpUCTaHHA. [lepepoOka mMomiMEpHHMX BiJIXOJIIB
JI03BOJISIE MAKCUMAJTLHO BUTSTTH KOPHUCHI CHPOBUHHI KOMITOHEHTH.

BpaxoByroun 11e, akTyallbHUM € TOMIYK IIISXIB MEPETBOPEHHS MOJIMEPHUX
BIIXOJIIB B CHPOBUHY JIJIs1 BUPOOHUIITBA KOMITO3uIiitHUX MatepianiB (KM) ta HoBux
BUPOOIB HA X OCHOBI.

OmHuM 3 BIIXOIIB, SKI YTBOPIOIOTHCSA y BEIUKINH KUIBKOCTI, € TOJICTHPOJL.
Cepen npoMHCIOBHX IJIACTHKIB B YKpaiHi MOMICTUPOI 1 HOTO COMOIIMEPH 3aliMalOTh
TpeTe Micie 3a o0CSIroM BUPOOHHUIITBA. BiIxoaw MOJICTUPOTY HAKOMUYYIOTHCS Y
BUIJIA/I  TPOMHUCIOBUX  BIAXOMIB  MOJICTUPOIY  3arajJlbHOTO  MPU3HAYCHHS,
yAapPOMIITHOTO TIOJICTHPOJY 1 HOTO COMOJIIMEPIB Ta BHUPOOIB, SKI BUUILIKA 3
BUKOPHCTAHHS.

[Tinonomictupon (IMIC) — me MmMUPOKO BUKOPUCTOBYBAHUN TMOJIMEPHUIA
Marepiajl, SKUHA YacTO BUKOPHCTOBYETHhCS B YIIAKOBI, OYAIBHMUIITBI Ta IHIIHMX
ranmy3sax. Ognak [1IIC takox € ogHUM 3 HAHOUIBII MOIIUPEHUX BUAIB IUIACTUKOBUX
BIJIXO/IIB, 11O CIIPUYMHSIE 3HAYHI €KOJIOT14HI TPOOIEMHU.

OnnuMm 13 cnocoOiB BupimieHHs mpodsemu BinxoaiB I[IIIC e ¥oro moBTOpHE

Bukopuctanua. Bropunuuit IIIIC (BIITIC) Moxxe OyTu BHKOPUCTAHUM SK MaTPHII
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noiimMepHux komno3umiHux MarepiamiB (ITKM)qis cTBOpeHHS HOBHX NPOJYKTIB 3
I[IHHUMH BJIACTUBOCTSIMH.

Bukopucranns BIITIC B sikocti matpuiii [IKM mae psia nepesar:

. 3MEHIIeHHsS] BiAxoAiB: BropuHHe BuKopuctanas [IIIC 3Menmye
KUIBKICTh TIJIACTUKOBUX BIXO/IIB, SIK1 IOTPAIUISIOTh HA 3BAJIMINA 200 CITATIOIOTHCS;

. exkoHoMiuHa Buroja: BIIIIC gacto gemesiie, HiXx iHII Matpuii [TKM,
10 POOUTH HOTO EKOHOMIYHO BUTIAHUM BHOOPOM;

. nokpamieHHss MexaHiyHux BiactuBocted: BIIIIC moke mnokpammTu
MEXaHIYHI BJIACTUBOCTI KOMIIO3UTHUX MaTepiaiiB, Taki SK MIIHICTh, YKOPCTKICTD 1
yAapHa CTIAKICTB;

. nerkicthb: BIIIIC — 1e nerkuii Mmatepiain, 1mo poOUTh HOTo 1eaabHUM JIJIs
3aCTOCYBaHHs, JI¢ BAXKJIMBA Bara,

. terutoizossis: BIITIC mae xopomri Temnoi30iAiiiHI BIaCTUBOCTI, IO
POOUTH HOTO IIHHUM KOMIIOHEHTOM J1J1sI Oy 1IBEJIbHUX MaTepiaiB.

Icuye ©OaraTo HayKOBUX JOCHIKEHb, SKI MIATBEPIXKYIOTh MOTEHINAT
BukopuctanHsa BIITIC sk matpuri [TIKM.

Tax pochimkeHHsi, npoBeleHe BueHuMU 3 YHiBepcuteTy Can-Ilaymy,
bpasunis, mokazano, mo Buxopuctanus BIIIIC B 6etonHi Moke mpu3BecTd [0
3HAYHOTO 30UIBIIEHHS MIIIHOCTI Ha CTUCK 1 )KOPCTKOCTI, IPH 1IbOMY BOJOMOITMHAHHS
KOMIO3UTY 3HU3UIIOCH [1].

ABTOpH [2] NpOBOAWIM aHAJIOTIYHI JOCIIKEHHS Ta MIATBEPAUIN Pe3yJIbTaTh
KOJIET, a TaKOX BCTAHOBWJIM, IO TPIIIMHOCTIMKICTH 3pa3KiB Ha OCHOBI OETOHY
apmoBanoro BIIIIC 36inbmyersesa. [Ipu npboMy MIlHICTh Ha PO3TSATHEHHS OETOHY
tpoxu 3Hu3mnacs. Orxe BIITIC moxe Oyt BUKOpUCTaHUU SIK epeKTUBHA apMmaTypa
7Tt 0€TOHY, IO PU3BOUTH JI0 MOKPAIEHHS HOTO MEXaHIYHUX BIACTUBOCTEH.

JlocmimkeHHs, mpoBeieHe BYCHUMH 3 [HAIMCHKOT0 TEXHOJIOTIYHOTO 1HCTUTYTY
B Jlemi, Innis, nokasano, mo BukopuctanHs BIIIIC B ymakoBIiii MOXe MPU3BECTH 10
3HAYHOTO 3MEHIIICHHS MacH Ta MOKPAIIEHHS TETUIO130JIAIIMHNX BIaCTUBOCTEH [3].

JocnimpkeHHs, npoBeneHe BueHUMH 3 YHiBepcuteTy IliBaennoi KamidopHii,

CIIA, mokazano, mo BukopuctanHs BIIIIC B aBTOMOOUTHHMX JETANISIX MOXKE
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NPU3BECTU 10 3HAYHOTO 3MEHILIEHHSI MAaCH Ta MOKPAIIeHHs IIyMO- 1 YAapOCTIHKOCTI
[4].

JloOpa pO3YMHHICTH TMOJICTUPONIY B 3BHYAWHUX PO3IUMHHHUKAX JI03BOJISE
BUKOPHCTOBYBATH HOTO SIK CHPOBUHY 715 Tak0(hapOOBOi MPOMHCIOBOCTI.

Jocnimkenns, nposeneHe BueHMMH 3 YHiBepcurety lliBaennoi Kamidopsii,
CHIA, nmokazasio, o jaojaBaHHs HaHOTPyOok 3 Byriemnt g0 BIIIC mpuszseno mo
3HAYHOTO 30UTBIIIEHHS MIIIHOCTI HA PO3TSATHEHHS Ta ®KOPCTKOCTI. [5].

JocnikeHHs, TpoBeeHe BYEHUMU 3 [HAIMCHKOrO0 TEXHOJOT1YHOTO THCTUTYTY
B [eni, [nmisa, mokasano, mo nogaBaHHs okcuay amtominiro g0 BIINIC npuszseno mo
3HAYHOTO MOKPAIICHHS BOTHECTIMKOCTI [6].

HocnimkeHns, mpoBejeHe BueHUMHU 3 YHiBepcutery Can-Ilayny, bpaszumis,
MoKa3ajo, 10 A0JaBaHHs 1entoo3Horo BosokHa a0 BIITIC mpusBeno g0 3HayHOTO
MOKPAIICHHS €KOJIOTIYHOCTI Ta MEXaHIYHUX BJIACTUBOCTEH [7].

VYKpaiHChKl JTOCHIIHUKH TEX MPOBOJWIN EKCIEPUMEHTH IO MOKIUBOCTI
Bukopuctanna BIIIIC y cknani nakodapOoBux marepiani. Tak [8] B poboTi Oymnu
pO3pO0JICHI pelenTypu JIaKOBUX Ta €MaJieBUX KOMIIO3MIIIH, BHUBYEH1 (Di3UKO-
MEXaHIuHl BJIACTMBOCTI MOKPUTTIB Ha OCHOBI AaHMX Kommosuiiil. [lokazano, 1o
pO3po0sIeH] KOMIIO3ULIi MalTh BHUCOKI (Pi3mKo-mMexaHiyHI MokazHukH. Opepxani
JAKOB1 KOMIIO3MUI[li MOXXHA BHKOPHUCTOBYBAaTM B MeEOJIEBOi MPOMUCIOBOCTI st
JaKyBaHHS  BHpPOOIB 3  nepeBuHH. [lirMeHTOBaHI  KOMIO3HWIITI  MOXHa
BUKOPUCTOBYBATH JIJIs1 (papOyBaHHS BHYTPIIIHIX CTiH, @ TAKOXX BUKOPUCTOBYBATHU IIi
eMaii sk dacagHl I 3aMiHU JIOPOTUM €MaJIiM Ha OCHOBI NEPXJIOPBIHUIOBHX Ta
aKpWJIOBMX IUIIBKOYTBOPIOBauiB. BHKOpPHCTaHHA BIIXOMIB MOJICTUPOIY  JAJIs
BUT'OTOBJICHHS JIaKIB Ta €Majeil € OJJHUM 3 BaXJIMBUX IILISXIB €KOHOMII CUPOBUHU 1
MaTepialiB B JaKkopapOoBiii MPOMHUCIOBOCTI.

Takox po3poOKOIO MONMICTHPOIHHIX eMaIel TOBrUi Yac 3aiiMaeThes Bigkpure
akuionepHe ToBapuctBo «Konmepn Crupon». Hwum 3amareHTOBaHO HUBKY
MOTICTHPOTBHUX (PapO STl 3aXUCTY METAJIEBUX, OCTOHHHUX Ta JEPEB’ THUX TIOBEPXOHb

B1J1 KOpO3ii.
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ABtopu [9] mie O611bII 3arIUOUIUCh B €KOJIOTIUHY MPOOJIeMy 1 3alIpONOHYBaIU
po3po0Ky OlomaTepialliB 3 JUISTHOTO BOJOKHA (KOPOTKOTO), apMOBAHOTO BiAXOJaMU
MiHOMOMICTHPOy. BOHM BCTaHOBWIM, IO MeXa MIIHOCTI Ha PO3PHUB, MOIYIb
pO3TATyBaHHS, yAapHa B’SI3KICTh 1 MILHICTh Ha BUTMH 3pOCIH MpH HarnoBHEHHI 30
Mac.% BosiokoH. [lomanbiiie HamOBHEHHS MPU3BOAWTH A0 3HMKEHHS IMOKAa3HUKIB.
Bononornunanus npu  30LIbIIEHHI BMICTY HallOBHIOBaYa 3pOCTAlio 4Yepe3

ripodiyibHI BIACTUBOCTI HATIOBHIOBAYA.

BUCHOBKU
[TepepoOka BTOPMHHOTO MOJIICTUPOIY Ta Horo pisHoBHIIB (30kpeMma, BIIIIC) B
JIOM Ta BukopucTtanHs oro sik matpuill [IKM € nepcrneKTHBHUM HaNpsSIMKOM, SKUN
JI03BOJISIE€ BUPIIIUTH MpoOsieMy yTuii3alii MOJIMEPHHUX BIIXOJIIB Ta OTPUMATH SIKICHI
BUPOOM Ha OCHOBI BTOPHMHHOI CHUPOBUHHU. 3aBASKH IbOMY MOXHAa 3MEHIIUTH

HEraTHBHUM BIJIMB HA HABKOJIUIIIHE CEPCAOBHUILIC Ta CKOHOMHUTH HpI/IpO,ZIHi pecypcu.
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AHoTauis: Y poOOoTi NpoJIEeMOHCTPOBAHO OTPUMAHHS HETKAHOTO MaTrepiaiy 3a JOIMOMOT0I0
METOy TPSAIHHS 3 BUAYBaHHAM po3unHy. CyTh METOy HOJATAE Yy MOEAHAHHI ABOX MapajelbHUX
KOHIIEHTPUYHHX MOTOKIB: MOJIIMEPY, POZYMHEHOTO B JIETIOUOMY PO3YMHHUKY, 1 TIOBITPS IiJ] TUCKOM,
KN 00TIKae pO3YUH MOJIIMEPY, CTBOPIOIOYHM BOJIOKHA, IO OCA/DKYIOTHCS B HANPSIMKY MOTOKY, IIIO
Ja€ 3MOTY OCa/PKyBaTH BOJIOKHA SIK Ha IUIACKi, TaK 1 HAa HEIUIACKlI MIAKIAaIKA. Y pe3ynbTari
oTpuMaHo Oil0po3kiaaHi rimpodoOHI Marepinmu Ha ocHOBI PLA, KyT 3MouyBaHHS BOJOIO SIKHI
ckmamae no 140 rpan. IlokasaHo, 1m0 onNTHUMallbHA IIJIBHICTH MarTepiany ckiaagae 1-2 /M.
OTtpumaHuii mMarepiaj € CTIMKMM A0 PO3YMHHHKIB, Macesl Ta BOJH, L0 BIAKPHUBAE MEPCIEKTHUBHI
HaIpsIMKH 3aCTOCYBAaHHS y SKOCT1 (iIbTpaIlifHUX MaTepialliB 3 MOKJIUBICTIO O10pO3KJIaIaHHS IS
3HIDKEHHS BYTJICIIEBOTO CIIIy, @ TAKOX Y SKOCTI Ol0OCYMICHOTO Marepiaiy sIK HOCIS MEIUYHHUX
npenapariB TPy TAMIIOHYBaHHI paH.

KarwuoBi cioBa: Giopo3kinamaHHs, TiapopoOHICTh, MIKPOBOJOKHA, HETKaHI MaTepiaid,
HOJITAKTH, NPAIHHS 3 BUAYBAaHHSAM PO3UUHY.

Abstract: This paper demonstrates the production of nonwovens using the solution-blown
spinning method. The essence of the method is to combine two parallel concentric flows: a polymer
dissolved in a volatile solvent and pressurized air that flows around the polymer solution, creating
fibers that are deposited in the direction of the flow, which makes it possible to deposit fibers on
both flat and non-planar substrates. As a result, biodegradable hydrophobic materials based on PLA
with a water-wetting angle of up to 140 degrees were obtained. It is shown that the optimal density
of the material is 1-2 g/m2. The obtained material is resistant to solvents, oils, and water, which
opens up promising applications as biodegradable filtration materials to reduce the carbon footprint,
as well as a biocompatible material as a carrier of medical products for wound tamponade.

Key words: biodegradability, hydrophobicity, microfibers, nonwovens, polylactide,
solution-blown spinning.

OTpuMaHHsI MaTepialiiB METOJIOM MPSIIHHA 3 BUAYBaHHSAM po3uuHy (Solution
blow spinning) - 1e Tpolec OTPUMAHHS BOJOKHUCTOTO MaTepialy Ha OCHOBI
nojimepy. CyTb METOIy MOJATA€E y MOENHAHHI ABOX MapajelbHUX KOHIEHTPUUYHUX

MOTOKIB: MOJIIMEPY, PO3UUHEHOTO B JETIOUOMY PO3YMHHHKY, 1 TOBITPS MiJ TUCKOM,
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AKUH OOTIKa€ pO3YMH TOJIMEpY, CTBOPIOIOYM BOJIOKHA, IO OCAIKYIOThCS B
HaIMpPsIMKY MOTOKY. Takuii MEeTO/ 1a€ 3MOTy OCaJPKyBaTH BOJIOKHA SIK Ha TUTACKI, TaK 1
Ha HeIIacKl MiAKIAIKK 31 IIBUIKICTIO OCaKEHHA, ska mnpubdiu3Ho B 10 pasis
MEPEBUILYE MIBUAKICTh €ICKTPONPsIiHHA. Taki MaTepiaju MOXYTh 3aCTOCOBYBATHUCS
IUIA  eNeKTPOHIKH, (iIbTpamiiiHux 3aco0iB Ta MaTepiaau A 010JO0TIYHOTO
3acTocyBaHH4. [1, 2]

MOXIMBICT, OTPUMaHHS BOJIOKOH 3aJICKHTh BiI MOJICKYJSIPHOI MacH
noJliMepy, KOHLEHTpAIIil Ta B SI3KOCTI PO3YMHY MOJIIMEPY, a TAKOXK BiJl TUCKY Tojayi
MOBITPS 1 MIBUIAKOCTI TOTOKY PO3YMHY MOJIMepy. [3]

Metoro poOOTH € OIlIHKa MOXJIMUBOCTI CTBOPEHHS METOJOM TMPSAIHHS 3
BUJIYBaHHSIM pPO34YUHY TipodoOHUX MaTepialdiB Ha OCHOBI O10pO3KIIATHUX
MOJIIMEPIB.

VY pob6oTi Oymno Bukopuctano nominaktun (mami PLA) (CAS 26100-51-6) sk
noJjiiMep JUIsi YTBOPEHHS HeTKaHoro Marepiamy. Ilepen HaHeceHHsM Ha cyOcTpar
Oyno ctBopeHo 5 mac. % po3unH PLA y nuxmopmerani. [{ns orpumaHHs MaTepialiiB
Ha ocHOBI PLA Oyno BuUKOpHCTaHO KOMeEpIMHUN aeporpad 3 aiaMeTpoM coruia
0,3 MM, COIUIO CKJIaTaeThes 3 POPCYHKH 3 TOJNKOIO, PO3TALIOBAHOIO KOHIIEHTPUYHO B
neHTpi. PoOounii THCK kommpecopa ckinagae 4 atMm. HaneceHHs Ta onep)kaHHs
Marepialy OyJ0 BUKOHAHO Ha CKISHOMY cyOcTpaTi. Biactanp Mixk cyOcTtpaToMm Ta
commoMm ckinagae 10 cm. Yac HaHeceHHS BapiroBaBCA IS JOCSTHEHHS PI3HOI
HIUIBHOCTI  MaTepiany. Y Jda”id poOOTI NIUIBHICT OTPUMaHUX MaTepiaiiB
IPUBOMTHLCA SK BiJHONIEHHS MacH MaTepiary 10 o (r/m?).

[ToBepxHIO OTpUMaHUX 3pa3KiB OyJIO IOCTIKEHO 3a JOMOMOTOK ONTHYHOTO
Mikpockony 1 rmudposoi kamepu H5D (Delta Optical) 3 nmporpamuum 3a0e3neyeHHIM
"ScopeTek View" (ScopeTek Optics Electronics). Kyt 3mouyBanHs Oyi0 BU3HAYEHO
3a JIONMOMOIOI0 ONTUYHOTO MIKPOCKOMA, HU(PPOBOI KaMepu 3 BUKOPUCTAHHSIM
MIKPOITIIIETKH Ta Kpareb, HAHECCHHUX Yy I’ SITH PI3HUX TOYKAX Ha MOBEPXHI 3pa3Ka.

®oTO MIKPOCTPYKTYpH MarepiaiiB HaBeneHo Ha Puc. 1 ta Puc. 2. [ns
NOPIBHSAHHS OYyJIO CTBOPEHO psJi MaTepiaidiB 3 PI3HOI HIUIBHICTIO. SIK BHIHO 3

oTpuMaHuX (HOTO MaTepiall CKIAIA€ThCS 3 MEPEITIETeHUX M co00t0 HUTOK PLA, 1o
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abo nexaTh OJHI Ha OAHIA ab0 CKpiIieHI MDK co00r0. 30KpeMa y TaKUX MICIIX
CIIOCTEPIraeThCsl TOTOBIICHHA IUX BOJOKOH. TakoXX CHOCTEpIraloThCsl TOHKI
BOJIOKHA, III0 3aKpiIljieHl JiMiie 3 OoJHiel cTopoHU. [Ipu HeBenukoMmy 301IbIIEHHI

BUJTHO, 10 HE3aJIEKHO B IIUILHOCTI MaTepiajiB, iX pIBHOMIPHICTh JOCUTh BUCOKA.

Puc. 2. @010 onTHYHOI MIKPOCKOIii 0OTPHMAHOI0 MaTepiajly 3 BUCOKOI IIUIBHICTIO

[TopiBHSHHS KYTIB 3MOYYBaHHS MOKa3ye, 110 BAAJIOCS OTpUMATH TiApodoOHMit
matepian (Puc. 3). Ilpuyomy PLA y Burisai miaiBKM Ma€ B CEpEAHbOMY KYT
3MouyBaHHs 78°. B okpeMuX BUMAaAKaX BAAJOCS JIOCITTH 3HA4YEHHs Kyta A0 140°y
TOYI[ ONTMMYMY HPH MIIIBHOCTI Giu3bKk0o 1-2 r/m%. SIKIo minbHicTh HuxYa 1 1/Mm2,
TO CIIOCTEPITA€ThCSl 3HIDKEHHA KyTa 3MOYYBaHHS A0 TiAPOQUIBHOTO CTaHy, IO
MOSICHIOETHCSI HEJIOCTATHROKO KUTBKICTh BOJIOKOH I BTpUMaHHs Kparuti Bogu. Lle y
CBOIO Y€pTy MPU3BOIUTH 10 KOHTAKTY KpaIuli 3 MOBEPXHEIO TAPOQPIIBHOTO CKJIA.

[HImIMiA BUTIAIOK CIIOCTEPITAE€THCS, KOJNHM NIUIBHICTh MaTepiany 30UIbITYEThCS

sumie 2 r/M>. KyT 3MOYyBaHHS MOBIIBHO 3HIDKYEThCA 10 128 © mpu ImimbHOCTI
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20 r/m%. Taxe sBUILE MOXXHA MOSCHUTH IOCTYIOBUM 301IbIIEHHSAM IUIONI KOHTAKTy

Kparuti BoJu 3 moBepxHero PLA Boi0KOH uepe3 301IbIIeHHS X HITHHOCTI.

150
135
1204
1054
90 -
75
60
45
301
15
o+
0 2 4 6 8 10 12 14 16 18 20 22
[LlinbHiCTb MoBepXxHi MOKpUTTs PLA, /M

Kyt 3mouyBaHHs Bof0O10, °

Puc. 3. 3ajie:xHicTh KyTa 3MOYYBaHHS BOJOI0 Bijl IIJILHOCTI OTPMMAHOI0 MOKPUTTSH

BUCHOBKH

[IponemoHcTpoBaHuii y poOOTI METOA TONMPH CBOI HEAOIIKM Y BHUIJISIIL
BUTIAPOBYBaHHS PO3YMHHHMKA Yy aTMocdepy, Ja€ 3MOTy OTpUMYBaTH Oi0pO3KJIaaHI
rinpogo6Hi marepinu Ha ocHOBi PLA. Ilokasano, mo onTtumanbHa IIiIbHICT
marepiany ckmagae 1-2 r/m?. OTpuMmaHuii MaTepial € CTIMKHM 10 PO3YMHHMKIB,
Macesl Ta BOJAM, IO BiAKPHBAE MEPCHEKTUBHI HANPSMKHA 3aCTOCYBAHHS Yy SIKOCTI
biIpTpaliiHUX —MaTepialiB 3 MOXIIMBICTIO O10pO3KJIagaHHS JJig  3HIKEHHS
BYIJICIICBOTO CHiAYy, @ TaKOX y SKOCTI O10CYMICHOTO MaTepialy y SKOCTI HOCIS

MEIMYHUX MpenapariB Npyu TaMIIOHYBaHHI PaH.
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AHoTanisg. Po3po0ieHo MeTox CcHUHTEe3y peakIifHO3JaTHUX MPOTOHHUX OJITOMEpPHHX
ioHHuX pinguH (OIP) wHelTpamizalie€ro CyMilli OJITOMEPHUX CHIJICECKBIOKCAHIB, IO MICTSTh B
OpraHiYHOMY OOpaMJIEHHI TPETHHHI aMiHOTPYNU Ta TEpPBUMHHI 1 BTOPHHHI TiIPOKCHIBbHI TPYIHU
(OSS(N+OH)) HM3bKOMOJNEKYISIPHUMHU €TaH- a00 7-ToayoJcyabdokuciororo. bynoBa orpumannx
cronyk pnochimkeHa merogamu Y- Ta 'H aMmP cnekrpockorii. 3rimno manux JICK, o0uuasi
cunre3oBani OIP € amopdHuUMHU 31 3HAUEHHSMH TemImepaTypu ckiyBaHHsA amopdHoi dazu (Tg)
Hmwxk4ae 0 °C. Benmnunna npoBigHOCTI (G4c) OIP gociimkeHa METOI0M JIieIeKTPUYHOT peTaKcaritHoi
cnekrpockornii (JIPC) B 6e3Bomuux ymoBax B obsacti 20—100 °C HEICTOTHO MiABHUILYETHCS MPU
3aMiHI apOMaTHYHOIO A-TOJNYOJICYJIb(OHAT aHIOHY Ha ajipaTudHUil eTaHCynb(oHAT aHioH 1
nocsarae 3,2:10* Cm/cm 3a temmeparypu 100 °C. HasBHICTH peakmiifHO3JAaTHUX TiIpOKCHILHUX
rpyn B orpuMmanux OIP BigkpuBae MOXIMBOCTI IX BUKOPUCTAHHS SIK HAHOHAMOBHIOBAUIB 3/IaTHUX
KOBAJICHTHO 3B’S3yBAaTHCS 3 TOJIMEPHOIO MaTpuUIlet0. JlOCATHYTI BETUYMHN MMPOTOHHOI MPOBITHOCTI
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pOOJIATH CHHTE30BaH1 CITOJIYKH TEPCIIEKTUBHUMH JIJIs1 CTBOPEHHSI IPOTOHOOOMIHHUX MEMOpaH st
NAJIMBHUX KOMIPOK 3 Temrieparypoto ekcruryatanii Bumie 100 °C B 6e3B0IHUX yMOBaX.

KirouoBi cjoBa: oOJiroMepHi CHIJICECKBIOKCAHHM, OJITOMEpHI 10HHI pPIOUHU, OpPraHo-
HEOpraHiuHiI HAHOKOMITO3UTH, MIPOBIIHICTD.

Abstract. A method for synthesizing of reactive protic oligomeric ionic liquids (OILs) by
neutralizing a mixture of oligomeric silsesquioxanes containing tertiary amino groups and primary
and secondary hydroxyl groups (OSS(N+OH)) in an organic shell with low molecular weight
ethane- or p-toluenesulfonic acid was developed. The structure of the obtained compounds was
characterized by FTIR and 'H NMR spectroscopy. According to DSC data, both synthesized OILs
are amorphous with values of the glass transition temperature of the amorphous phase (Tg) below
0 °C. The value of conductivity (c4c) of OILs investigated by the dielectric relaxation spectroscopy
(DRS) method in anhydrous conditions in the region of 20-100 °C increases insignificantly when
the aromatic p-toluenesulfonatoanion is replaced by the aliphatic ethanesulfonatoanion and reaches
3.2:10* S/cm at a temperature of 100 °C. The presence of reactive hydroxyl groups in the obtained
OILs opens up the possibility of their use as nanofillers capable of covalently binding to the
polymer matrix. Achieved value of proton conductivity makes the synthesized compounds
promising for the development of proton exchange membranes for fuel cells with an operating
temperature above 100 °C in anhydrous conditions.

Key words: oligomeric silsesquioxanes, oligomeric ionic liquids, organic-inorganic
nanocomposites, conductivity.

[TomenpanpHi omiromepHi cuiceckBiokcanu (POSS) € 00’ekToM umcenbsHUX
JOCIDKeHb 3aBASKH iX yHIKaJIBHUM OymoBi Ta BiracTuBocTsM [1-3]. POSS sBisitoTh
co00I0 TPUBHUMIpPHI OpraHO-HEOpraHiuHI YaCTHUHKH 3arayibHoi popmynu (RSi0; 5),, 1€
n =6, 8, 10..., 10 MICTITh Y CBOEMY CKJIaJll HeopraHiune HaHopo3Mmipue (0,53 HM
Ui n = 8) cuiceckBiokcaHoBe sAApo (Si0;s5), KOBAJECHTHO 3B’s3aHE 3 OpPTaHIYHUMU
3amicHukamu R [1-3]. Binbmiicte poOiT miono peamsaiiii HaBeACHUX YHIKAJIbHUX
MOKJIMBOCTEN JAHUX CIIOJYK MpHUcBsueHa okTaenpaibuuM POSS (n = 8) [1-3]. Pazom
3 TUM MIPUBEPTAE THTEPEC 1 BUKOPUCTAHHS CyMIIIeH OJIITOMEPHUX CUIICECKBIOKCAHIB 3
HEOpPTaHIYHUMH SApaMU SK MOJMIeApalbHOI, TaK 1 PO3Taly’KeHoi, JpaOuHYaCTOl,
niHiHOT OymoBu (OSS), skl XapakTepU3YIOThCA OUIbII MPOCTUM CHHTE30M [4].
[Ipupona opraHiuHuX 3aMICHHKIB BU3HAYa€ HAIMPSIMOK MOTEHIIITHOTO BUKOPUCTAHHS
CHHTE30BaHUX CHJICECKBIOKCAHOBUX HaHouacTMHOK. POSS, ki MICTITh B
OpraHiuHOMY OOpaMJICHH1 10HHI TPYIH 1 IEPEXOATh Y PIAKUN CTaH 3a TeMIIepaTypu
Hwkae 100 °C posrnsgaioTe gk oniroMmepHi 10oHHI pinuau  (OIP), mo €
MEPCIEKTUBHUMU SIK €JIEKTPOJIITU VIS PI3HUX €JEKTPOXIMIYHUX MPUCTPOIB [2, 5, 6].
POSS, sKki MICTITh peakiiHO3AaTHI TPy, BUKOPUCTOBYIOTh SIK HAHOHATIOBHIOBAYI

3/1aTHI KOBAJEHTHO 3B’S3yBaTUCA 3 TMOJIMEPHOI MATPHULECIO MpPU OTPUMAHHI
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KOMIO3UIIIMHUX MaTtepiaiiB [3]. B Toit ke yac POSS, ski moeaHyOTh B OpraHIYHOMY
oOpamIIeHH1 peakIiiHO3AaTHI Ta 10HHI TPyNH Ha JaHUA MOMEHT € MPAKTUYHO HE
nociipkeHuMU. B naHii poGOTI 3alIpOIOHOBAaHO METOJ CHHTE3y PeaKIiitHO3IaTHUX
npoToHHUX KatioHHuX OIP HelTpamizaii€eo cyMimn 0JirOMepHUX CHIICECKBIOKCAHIB,
0 MICTATh B OpraHiyHOMY OOpamJIeHHI TPETHHHI aMIHOTPYHH Ta TMEpPBHUHHI 1
BTOPHUHHI TPOKCUIIBHI rpyIu (OSS(N+OH)) HU3BKOMOJIEKYJIIPHUMHU
cynabpokucioramu (Puc. 1).

Buxinny cymim OSS(N+OH) cunTesyBanu 3rifHo Bifomoi metomuku [4]. Ti
XapaKTepUCTHKHA  CHIBOAJA0Th 3  ONHCaHUMU y  Jiteparypl. OTtpumani
Hentpamizauiero OSS(N+OH) eran- abo #n-TOMyoNCYNb(OKHUCIOTO CIOIYKH
OSS[NH+OH]", n[EtSOs;]" Ta OSS[NH+OH]", n[TsO] BiamoBigHo 3a KiMHATHOI
TEMIIEpATypu € B’SI3KUMH PIAMHAMH PO3YMHHUMHU y BoAl, etanom, [IM®A, IMCO.

Ix oynoBa nociimkena merogamu [U- ra H IMP cnekrpockorii.

HO OH HQ_OH
f +n HX X OSS[NH+OHJ*, n[EtSO5]; X = C,HSO5"
N% > HM OSS[NH+OH]*,, n[TsOJ; X" = CH3(CgH4)SO5"
HO OHJn HO OHJn
OSS(N+OH)
~1 OH
n-16 HO\ ,/R R\S/ R R R R
R HO™ ol R RN HO—Sl'—O—é'—O—SI'—O—é'—OH
Ssi—0-si—o—ys  OH i i i i
HOTSi—T R Cl) o_ JOH (|3 5 S S
Si Si I | |
OH In HO/ \OH HO—S:i—OH HO/ \R HO—Sll—O—?i—O—SIi—O—?i—OH
@ - R R R R R
- a b c
Si—O0—Si~ S0
/ / / /
R\ /OO R_ / ‘ R /O
R—Si—-0—i Ng O ¢ ©Q
| . o' | | Ho Y
Si—O—-|—Si—R Si—O-|—Si—R
OO/ oo/ 04 g oo/
/ / / /
S—0—Si_ . _Si—O0—sSi_
d R e R

Puc. 1. Cxema cunTe3y peakniiino3gaTHux npoToHHUX OIP Ha ocHoBi OSS(N+OH) Ta 0ynoBa
CHJICECKBIOKCAHOBOI0 KapKacy: a. JgiHiiiHa, b. po3rajiy:keHa, ¢. qpaduHyacra, d. noBHicTIO
KOH/ICHCOBAHA TA €. HEMOBHICTIO KOH/IEHCOBAHA (HA MPHUKJIAAI OKTaeAPAJbHUX CIOJIYK)
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Otpumani OIP MicTaTh y cKiagi 10HHOI TPYIM Pi3HI 32 CBOEK IPUPOJIOIO
aHioHH — anmipaTnuHuii etancyabpoHat anion y Bumaaky OSS[NH+OH]", n[EtSO;]
Ta apoMaTHYHHK n-TodyolcyabhoHaT anion y umagky OSS[NH+OH]", n[TsO].
3rigno nmanux JICK, oO6uaBi oTpumani crnoiayku € amMoppHUMHU 31 3HAYEHHSIMU
TemnepaTypu ckiayBaHHsS amopdnoi ¢asu (Ty) Hmxue 0 °C. 3nauenHs T, nud
OSS[NH+OH]", n[EtSO;] Ta OSS[NH+OH]", n[TsO] cTaHOBIATH BiAMOBIAHO MiHYC
29,5 °C ta wminyc 8,7 °C. OueBHOHO, IO €HEPTris KOres3ii CHUCTEMU CYTTEBO
M1JBUIYETHCS TIPU 3aMiH1 alipaTUYHOTO aHIOHY Ha apoMaTU4yHUi. OJIHAK 1€ HE Mae
ICTOTHOTO BIUIMBY Ha BEJIMYMHY MPOBIAHOCTI (04) cuHTe30BaHux OIP, sky
JAOCTKYBaId METOJOM JIENEeKTpUYHOi penakcauiifnoi cnekrpockomii ([IPC) B
0€e3BOIHUX yMOBax B oOumacrti 20-100 °C. Tak, IIPOBITHICTh
OSS[NH+OH]", n[EtSO;] 3a Temneparypu 100 °C cranosuts 3,2-10* Cm/cm, Toxi
sk mposigHicth OSS[NH+OH]", n[TsO] 3a 1miel x TemmepaTypu JIOPIBHIOE
2,1:-10% Cwm/cm. Merogom TI'A mnokazaHo, L0 IOYAaTOK TEPMOOKHCHIOBAJIbHO1
JECTPYKIN1 CHHTE30BAaHMX CIIONYK, Mo BigmoBigae 5% Brpatu wMacu (Tgsy),
crocTepiraetbes 3a Temmeparyp 165 °C mana OSS[NHEt]", n/2[PEO-2SO;]* Ta
172 °C pna OSS[NH+OH]", n/2[PEO-2S0s]*.

BUCHOBKH

1. Po3po6ieno meTon cuHTe3y peakiiiiHO3JaTHUX MPOTOHHUX KaTIOHHUX
OSS-OIP wneiliTpanizalii€lo CyMilli OJIFOMEPHUX CHUJICECKBIOKCAHIB, IO MICTATHh B
OpraHiuHoMy oOpamJIeHHI TPETWHHI aMIHOTPYNM Ta TEepPBHHHI 1 BTOPUHHI
rigpokcwibHi  Tpymu  (OSS(N+OH)) HH3bKOMOJEKYISIpHUMH €TaH- abo n-
TOJIYOJICYTH(OKUCIOTOO.

2. OTpuMaHi CIIONTYKK € aMOp(GHUMHU. IX eHeprist Koresii miABUITY€eThCS IPH
3aMiHl aniatuyHoro aHioHy Ha apomatuyHuii (Ty=-29,5 °C npotu Ty= -8,7 °C npu
Hertpamizamii OSS(N+OH) eran- Ta n-1o1yocynbHOKUCIOTaMu).

3. 3amina mpoTwioHy y ckimani cuHTe3oBaHux OIP He Mae ictoTHOTO

BIUIMBY Ha BEJIMYMHY MPOBITHOCTI (04) B 0€3BOAHUX YMOBaX, sIKa 3a TEMIIEPATypH
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100 °C € pemo BHUIIOK Yy BHUIAJAKY CHOJYKH 3 amidaTUYHUM aHIOHOM
(3,2:10* Cm/cm), Hixk 3 apomarianaum (2,1-10* Cm/cm).

4. HasiBHICTh peakiiitHO31aTHUX T1APOKCUILHUX Tpyn B oTpuMaHux OSS-
OIP BigkpuBae MOXIJIHMBOCTI iX BHUKOPUCTaHHS SK HAHOHANOBHIOBAYIB 37aTHUX
KOBQJIGHTHO 3B ’S3yBaTHCS 3 TOJIMEpHOIO Martpurero. JlocsrHyra BenmudyuHa
OPOTOHHOI MPOBIJHOCTI POOUTH CHUHTE30BAaHI CIOJIYKH TMEPCIEKTUBHUMHU IS
CTBOPEHHSI MPOTOHOOOMIHHMX MEMOpaH JUIsl MaJMBHUX KOMIPOK 3 TEMIIEPaTypOIO

excruryaraiii Buie 100 °C B 6€3BOITHUX yMOBaX.

L{s pobota Oyna Bukonana B pamkax ['panty HAH VYkpainu nocmigHuiibkum
nabopaTopisim/rpynam monoaux Buenux HAH Ykpainu nis npoBeneHHst 10OCTiIKEHb
3a IPIOPUTETHUMU HANpsIMaMU PO3BUTKY Hayku 1 TexHiku 2024-2025 pp. (Ne 28/02-

2024(5)).
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AHoTanis:Y naHiii po6oTi Oyno JOCHIHKEHO NapaMeTpd pPO3YMHHOCTI XaHCeHa s
MOJIIAKTUTY, SIK MPEICTABHUKA O10PO3KJIaJIHOTO Ta OG100CHOBHOTO moiimMepy. OTpuMaHi 3HAYCHHS
JAl0Th MOXJIUBICTb, KOPHCTYIOUHCH Teopi€to XaHCeHa, MPOTHO3YBaTH CTYMiHb PO3YUHEHHS
MOJIIMEPIB  KOHKPETHOMY PO3YMHHHUKY a00 MPOTHO3YBaTH B3aEMOJIII0 Ta CYMICHICTh CHCTEMH
nojimMep-mactudikarop A8 MOAATBINOrO MiAOOpY KOMIIOHEHTIB KOMIO3MIIi, HampHKIa,
peuentyp ¢gap6 abo muacTukiB. Y pe3ynbTaTi, 0yia0 oTpuMaHO MapaMeTpy XaHCEHA IS TTOTIKTHTY,
mo cknamats 0D = 16,9, oP = 10,2, 6H = 6,5, Ro = 6,1. [lopiBHAHHS OTpUMaHUX 3HAYEHb 3
JITEpaTypHUMH CKCIIEPUMEHTAIBHUMH Ta MPOTHO30BAHMMHU 32 JIOTIOMOTOK0 MOJICTIOBAHHS
CHIBIAJAIOTh, ajie Y JaHOMY JIOCIIPKEHH] HOJIsIpHA KOMIIOHEHTA € OUIBII BHIOI0, IO TOSCHIOETHCS
PI3HUM TOXOJ/DKEHHSM TIOJIIMEpPY, @ CaMe€ CIIBBIIHOIIEHHS KPUCTAJIIYHOro Ta amopdHoro. bymno
migiOpaHo PO3YMHHUK JUISl TONUIAKTHLY, M0 OyAe HaWOimbIl cTaOUTbHUM IS JaHOI MapKud —
JTUXJIOPMETAH, ajie CYMICHUM € TaKOX TeTpariapodypaH.

Kiouogi ciioa:Ilapamerp po3urHHOCTI XaHCceHa,010pO3KIaIHI MOTIMEPH, MONUTAKTH].

Abstract:In this work, we investigated the Hansen solubility parameters for polylactide, as a
representative of biodegradable and bio-based polymer. The obtained values make it possible, using
Hansen’s theory, to predict the degree of polymer dissolution in a particular solvent or to predict the
interaction and compatibility of the polymer-plasticizer system for further selection of composition
components, for example, formulations of paints or plastics. As a result, the Hansen parameters for
the polyctide were obtained, which are D = 16.9, 6P = 10.2, 6H = 6.5, RO = 6.1. Comparisons of
the obtained values with the literature experimental and predicted by modeling coincide, but in this
study the polar component is higher, which is explained by the different origin of the polymer,
namely the ratio of crystalline to amorphous. The most stable solvent for polylactide was selected -
dichloromethane, but tetrahydrofuran is also compatible.

Keywords: Hansen’s solubility parameters, biodegradable polymers, poly(lactic acid).

B Ham dyac 6100CcHOBHI MaTepianu HaOyBalOTh BEIMKOI MOMYJSPHOCTI, IIO
MOSICHIOETBCS HEOOXIHICTIO 3MEHIIEHHS BUKOPUCTAaHHsS MaTepiaiiB 3 HadTOBUM
nmoxo/pkeHHAM. [IpencTaBHUKaMU TakKuX MaTepialiiB € moJii MoyioyHa kuciora (PLA)
Ta TepMorutacTuIHuii kpoxmais (TPS). Iy 3MeHImenHs: BUKOPUCTaHHS MJIACTHKIB Ta
IHIIMX MaTepiajiiB Ha OCHOB1 KOPUCHUX KOMAJIWH MPOIMOHYEThCS 3MimTyBaHHs PLA 3

OLIBII €KOHOMIYHMUMHUO10po3KIagHIUMK TosiMepamu. [Ipore Bukopuctanus PLA Ge3
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KOMIaTuOUTI3amii BUKIMKAE Ae(PEKTH, Taki SIK HEpPIBHOMIPHICTh TOBEpXHI Ta
MOTIPIICHHS MEXaHIYHUX BJIACTUBOCTEH TOoIo[ 1].

[Tomiakpunar 3100yB BU3HAHHS 1 TOIMYJIIPHOCTI, 3aBJSKU BIACTUBOCTSIM, SIKi €
y IUJIACTUKIB HAa(PTOBOTO TOXOJKEHHS, TaKUMH SIK TIPO30PICTh Ta MIIHICTb.
Bukopucranus PLA B 3] apyii, 3yMOBJIEHO WMOro BIJIHOCHOK JCIICBHU3HOIO,
HU3bKOIO TOKCHYHICTIO Ta JIETKICTIO ApYyKy. Lle BimkpuBae 0e3mid MOXKIMBOCTEH ISt
BUTOTOBJICHHS PI3HUX TMPOJYKTIB, MOYMHAIOUM BiJ MPOTOTHIIB 1 3aKiHUYHOYHU
HAyKOBUMH MOJENIAMU Ta mOpukiagaumu Bupobamu. Cdepa 3acrocyBanHs PLA
MOCTYIOBO PO3IIUPIOETHCS 1, HA JAHUM MOMEHT, TAKMMH Taly3IMU €. TEKCTUJIbHA
POMHUCIIOBICTh, MEAUYHA MPOMUCIIOBICTh Ta arpoNpPOMUCIOBICTH[2].

JUis  po3MIMpeHHs acopTHUMEHTy MarepianiB Ha ocHoBl PLA nHeoOxinHe
PO3YMIHHSI IOTO CYMICHOCTI 3 1HIIMMH KOMIIOHEHTaMH, sIKI MOXYTh OyTH Yy CKJIaJi
KOMITO3UTYy. SIKIIO € HEeOOXiAHICTh CTBOPUTH MaTepiajl SKUH MaTUMe BHCOKY
KOPCTKICTH 1 MIITHICTh TO1 MokHa 10 PLA nomatu momiOytunentepedranar (I16T).
IIpu BUrOTOBJIEHHI TUTIBOK 1 BOJIOKOH noaaemo Ilomietunentepedranar (IIET) yepes
foro Bojoroctiiiki (6ap’epni) BiactuBOCTi[3]. binbm nornubiaeHe po3yMiHHS
J03BOJIUTh CTBOPIOBATH KOMIIO3UTH, AKI MAaTUMYTh I€peBary Haj IHIIAMH, IO
3aJI0BOJIBHUTH OTPEOH 0aratboX ramtysb.

VY naniif poOoTi OysI0 BU3ZHAYEHO MapaMeTpu PO3YMHHOCTI 3a TeOopi€r0 XaHCeHa
Ta MEePEBIPEHO CYMICHICTh 3 PO3UMHHUKAMHU, SIKI MOXYTh BUKOPUCTOBYBATHCH.

Jlis mpoBeAeHHA n0ciay, OyB MPUTOTOBAHUN PO3UYHMH MOJUIAKTHIY, SIKUN
OyJ0 BIITUTPOBAHO PI3HUMH PO3YMHHHKAMH, TAaKUMHU SK: BOJA, 130MPOMIIOBUN
CIUPT, €TUJIEHTJIKOJb, TIIIEPUH, MPOMIJICHIJIKOIb, reKcaH Ta uukiorekcad. Jlo 1
mac. % po3und PLA B terparigpodypaHi A0Jal0Th pO3YMHHUKHU B PE3yJIbTaTl yoro,
OyJi0 BU3HAYEHO Macy, sika HEOoOX1JHA Jisi PO3YMHEHHS Tosimepy. anuilt mociin,
IIPOBOJUBCS /Ui KOKHOI pedyOBUHU OKpeMo. 1o 3aBepiiieHHI0 MPaKTUYHOI YaCTUHU
nociiay, Oynu po3paxoBaHi MEXi PO3UYMHHOCTI JOCIHIKYBAaHOTO Marepiaiay. 3 4oro
Oyno moOynoBaHo Puc. 1, sikuii HAOYHO JAEMOHCTPYE MEXKI CTYNEHS PO3UUHEHHS

MOJIIMEPY Y OKPEMO B3SITOMY PO3UYHUHI.
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Puc. 1. Koopaunatu Touok Ha cdepi po3uunHocti PLA

Jns 611b1101 3py4HOCTI rpadik 0yno moOyaoBaHO y ABOX KoopauHatax oH Ta
OP nns otpumanux Touok (Puc 2.). Ampokcumarisi mo KoJy I03BOJISIE OTPUMATH
KoopauHaTH LeHTpy chepu ans nmomaimepy PLA, ae mo X 3HaxXoauThCs KOOpAMHATA
oP, a mo oci YV xoopaunara OH. Pamiyc chepu nns PLA € piBHUM pajiycy
ampoKCHMOBAHOTO Kojia 1 jgopiBHIOe Ro. Busnaueni mapamerpu 6P, 0H Ta RO

ckiaanaroTh 10,2; 6,5 Ta 6,1 BiAIOBIAHO.
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20

Model

Equation
Reduced Chi-Sqr
Adj. R-Square

Circle

f=(x-xe)"2 + (y-yc)*2 - 12

0

Xc
yc

P
Area

Value Standard Error

10.18
6.482
6.084
116.3

15 -

I 10+

Puc. 2. Anpokcumalisi TO40K Ha MoBepXxHi cepu 151 3HAXOIKeHHsI KoopaAuHAaT oP, oH nus
PLA

3navenas mapametrpy oD mms PLA Oyno BU3HAUEHO EKCTPAMOJIAIIEI0 MK

Biccto 0D Ta mpsimoro 0P. Otpumane 3HauenHs oD cknamae 16,9.

OTxe, BU3HAUEHI KOOPAMHATH JUId JOCHIIpKyBaHOro Mmarepianry PLA
CKJIaJal0Th:

o oD =16,9

. oP =10,2

. oH=6,5

o paxaiyc Ro = 6,1

[TopiBHIOIOYM OTpHUMaHi1 JaHHI 3 JAaHUMH JIOBIJIHMKA, MOXXHA IOMITUTH
pI3HUIIO Yy 3Ha4YeHHsX. HaWOuIbll cyTTeBa BIAMIHHICTH TOJIATa€ B 3HAYEHHSX
MOJIIPHOTO KOMIOHEHTa. 3TiHO MpoBeaeHoro aochigy 6P = 10,2, B Toi yac sk 3a

mitepatypHuMu gaHumu oP = 4,61. Jlany moxuOky MOKHA MOSICHUTH MOXOKEHHSIM
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JTOCIDKYBaHUX TOJIMEpIB, a TOYHINIEC CIIBBIIHOIIEHHS KPUCTAIIYHOTO Ta
amop¢HOro. 3HA4YeHHs AUCIEPCIHHOrO KOMIIOHEHTa pi3HAThe y 1,98, 3a
JTOBITHUKOBUMH JaHumu 6D = 18,88 3a manumu nocuigy oD = 16,9. Haiitmenia
PO30DKHICTH OyJia y BOJHEBOIO KOMIIOHEHTA 3a JIAHUMU JOBIJHUKA BOHO CTAaHOBHUTH
O0H = 7,61 3a nanuMu eKCriepuMeHTy BOHO cTaHOBUTH OH = 6,5 [4].

3navyenHs Ra mnsa cymimi PLA Ta po3umHHUKA € BIJCTAaHHIO MK IEHTPOM
chepu moaiMepy Ta TOYKOIO ISl PO3YMHHHKA 1 € TIOKa3HUKOM CYMICHOCTI IS JJAHOT
cuctemu. Sxmo RO mas momimepy Outbiie HiK Ra, To pedoBuHa € cymicHOI 3
MOJIIMEPOM 1 pO34YHHAE HOTO.

BukopuctoByroun naHi mapamerpu Oyio migiOpaHO CyMiCHI PEHYOBHUHHU ISt
nociipkyBaHoro PLA (Ta6m. 1).

Taoauus 1 — PedyoBunn, siki cymicui 3 PLA

Hasga Ra
Hubytundranat 3,4
JuxyiopmeTaH 4,7
Enixnoprigpux 4,8
Humetundopmamisg 6,0
Terparinpodypan 4,7
Etunanerar 5.4
BUCHOBKU

B mpomneci BukoHaHHS poOOTH OylnO BH3HAUYEHO NapaMeTpU POZYMHHOCTI
XaHceHa Il OJIUIaKTUIY, 10 CTaHOBIATh: 0D = 16,9, 6P = 10,2, 6H = 6,5, Ro = 6,1.
VY pesynbrarti migiopano cymicHi pedoBunu st PLA. Buznaueno, mo Halkpammmu
posunHHuKamu it PLA e auxiopmerad ta TeTpariapodypad. OTpumaHi 3HaAUYCHHS
napameTpiB  XaHCeHa JO3BOJISIIOTH IPOTHO3YBAaTH B3a€EMOJIIIO JAOCTIIKYBAHOI
PEYOBUHU 3 PI3HUMHU PO3UMHHUKAMH, 10 MOKE OyTH KOPUCHUM MPHU PO3pOOI1Il HOBUX
MarepiajiB, BKJIHOYaloud OI0MOJIMEpHI IUNBKH, MaKyBaJbHI Marepiajid, MEIW4HI

Marepiajiy Ta IHIIII.
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AHoTanisfs. Y XOJII TPOBEIEHUX JOCHIDKEHb BCTAaHOBJIICHO, IO 3MiHA KOHIICHTpAIlii
wiactTudikaTopa Ma€e 3HAYHMA BIUIMB HA eKCIUTyaTalildHI XapaKTEpUCTUKU MOKPUTTIB,
BUTOTOBJICHUX Ha OCHOBI BOJOAMCIEPCIHHUX CTHpOJ-akpwioBuX ¢ap6. JocmimkyBanacs
KOHIIGHTpalisl IuiacTudikaropa B jAiana3oHi Big 2 10 5 mac.% Npu BUKOPHCTAHHI TPhOX PI3HUX
BOJHUX JHCIEpcid moiiMepiB. B paMkax eKClepuMEHTy BH3HAYajHMCs TakKi MapamMeTpH, SK
€JIACTUYHICTb, MIITHICTh HA PO3PHB BUIBHUX ILTIBOK Ta aJre3iHa MIIHICTh MOKPUTTIB A0 MiIKIaJI0K
PI3HOT MPUPOIH.

BcTaHOBIEHO, IO ONTHMAJIbHI BJACTMBOCTI MO BCIM JOCHIIKEHUM ITOKAa3HHUKAM
MpOsIBIAIOTh (hapOou Ha OCHOBI BomHOI aucriepcii Agapol 21N mpum BMicTi 1utactudikaTopa y
niana3oni 3-4 Mmac.%. lle BKka3ye Ha BaXJIMBICTh TOYHOIO JO3yBaHHS IUIacTU(]ikaTopa IS
JOCSTHEHHS HAMKpalMX XapaKkTepUCTHK MOKPUTTIB 3 TOYKM 30pYy iX eKCIUTyaTaliifiHuX
BJIACTUBOCTEH.

KuarouoBi cioBa: BogHa amcrepcis, miaacTudikarop, aare3idHa MIIHICTh, €TaCTUYHICTD,

¢apba.

Abstract: In the course of the study, it was found that a change in the plasticiser
concentration has a significant effect on the performance characteristics of coatings made on the
basis of water-dispersible styrene-acrylic paints. The plasticiser concentration in the range from 2 to
5% was studied using three different aqueous polymer dispersions. The experiment determined such
parameters as elasticity, tensile strength of free films and adhesive strength of coatings to substrates
of different nature.

It was concluded that paints based on Agapol 21N aqueous dispersion exhibit the best
properties for all studied parameters at the plasticiser content in the range of 3-4 %. This indicates
the importance of precise plasticiser dosage to achieve the best performance of coatings in terms of
their operation and wear resistance.

Keywords: water dispersion, plasticiser, adhesive strength, elasticity, paint.
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dopmyBaHHA SKICHUX JlakopapOOBUX TMOKPUTTIB 13 TPUBAIUM TEPMIHOM
CIIy’)KOM 3HAYHOIO MIPOI0 BHU3HAYAETHCS IXHIM CKJIAIOM 1 (hI3UKO-XIMIYHUMH
BJIACTUBOCTSIMU Ta, SIK HACIHIJOK, CTYIIEHEM 3aBEpIICHOCTI mporeciB (GpopMyBaHHs
aACcopOIitHO-KOATYNISMIHOT  CTpYKTYypu. OCOOIMBO BaXKIWBOIO I mpoodiiemMa
MPOSIBIISIETHCS B YaCTUHI BopHoAuctepciitaux ¢apo (BAD).

3Ba)karouu Ha Te, IO 3aXUCT HABKOJMIIHHOTO CEPENOBHUINA CTA€ BCE OlJIBII
aKTyaJlbHUM, J0 IUIIBKOYTBOPIOBaYiB BHCYBaloTh HOBI BuMoru. CywacHi ¢apou
MOBHUHHI MICTUTH MaJly KiIbKICTh PO3YMHHUKA (MATH BUCOKUN CYXHH 3aJIUIIOK), OyTH
BOJIOPO3YMHHUMHU (BogHOAMCIIEpCIiHI  (apOu), OyTHM TEPMOIUIACTUYHHMHU Ta
peakiiitHo31aTHIMH [ 1].

Came monudikarliss TIIBKOYTBOpIOBayYa J1a€ 3MOTY PEryJiOoBaTU BIACTUBOCTI
¢apb Ta TMOKPHUTTIB HA iX OCHOBI. A came HaJgaBaTH HEOOXiHY €IaCTHYHICTH
MOKPUTTIO, 30UIBLIYBAaTH TEPMIH HOT0 CiIyXOM, TMOKpaIlyBaTH TEXHOJOTIYHI Ta
eKCIUTyaTalliiiHi BJIACTUBOCTI.

MerToro nanoi poboTH € po3poOKa HOBUX CKJIaAIB BoJoAUCIIEpCItHUX (apO st
30BHIITHROTO BUKOPUCTAHHS, Ha PI3HUX MiAKIaJKaX, IO 3[aTHI MPAIIOBaTH TPH
PI3HHX TEMIIEpaTypHUX YMOBaX.

Bupimenns  moctaBneHOiI  METH  3amPOINOHOBAHO  JIOCSATTH  MIISXOM
BUKOPHUCTAHHS B SIKOCTI Mojaudikaropa — rmiactudikaTopa, 10, Ha HaIly AYMKY,
3MOXe 3a0€3MeUnTH MIABHUILEHHS EIaCTUYHOCTI MOKPUTTIB Ta MOKPAIIUTH HOTO
aJre3iiHy 31aTHICTb.

OO6’ekTOM JOCIHIJDKEHHSI CcTajla BoAHoAMCHepciiiHa ¢apba 30BHINIHBOTO
3aCTOCYBAaHHS IIPH BapilOBaHHI BMICTY IU1acTu(ikaTopa.

BukopucroByBanmu ¢(apOy Ha OCHOBI BOJHOI CTUPOJI-aKpPHJIOBI AHMCHEpCIi,
mapok Revacryl 910, Elspol 120, Aracryl 250 (Typeuumna) Ta HedTamaTHHIA
miactudikatop mapku Eastman 168 (Kanama). Takox mo ckimamy (apOu BXOmumu:
BOJIa, TUCTIEpraTop, 3MOUYyBay, MHOTACHUK, KOHCEPBAHT, MIOKCH] TUTaHY, MIrMEHT,

IEJTI0J103a, KOAIUCIICHT, aKpUJIOBUH 3aryIilyBay, aHTHKOPO3iitHa 100aBKa.
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TexHosoris BuUroTOBIAEHHS (apOu mnependayanga MOCHIIOBHE BUKOHAHHS

MIEBHUX OIepalliii: MPUroTyBaHHS HABAXKKH KOMITOHEHTIB, IMOCIIIOBHE 3aBaHTAKCHHS

KOMITOHEHTIB y 3MIIITyBa4, 3MOUYBaHHS CyXUX KOMIIOHEHTIB Ta JUCIIEPTYBaHHS.

[IpoBoauiiv BU3HAUEHHS BILTUBY BMICTY IIacTH(]iKaTopa HA €IaCTUYHICTH Ta

aAre3iiHy 31aTHICTh po3pobieHux ¢apo.

[TokpuTTS OTpUMYBaIM METOJIOM PO3MMJICHHS HA MiKJIAJKaX Pi3HOI MPUPOIU

(mmHK, ckio, aepewHa, [IBX) Ta oTpumyBanm BuTbHI IUTIBKH (TeMIiepaTrypa

Bucuxanus npu 25 °C — 3 roaunu; npu 5 °C — 7 roaun). [Ipu mpomy TOBIIMHA

MOKPUTTS Ta BUIbHUX ILJIIBOK KOJIMBAJIACh B MEXKax 74—77 MKM.

Enactuunicth MmiBOK AochikyBanu y BignmoBimHocTi no0 ASTM D882, 3a

JIOTIOMOTOI0 MAIIMHU JIJI1 BUOPOOYyBaHHS Ha po3Tiar mapku 2054 P-5M, mnpu

MOCTIMHIN MBUAKOCTI TpaBepeu (5 mm/c) [2].

Buznauenns anaresii mpoBOIMIM METOAOM PEIIITYATHUX HAAPI3iB 3TiAHO 3

ISO 2409:2020

13].

AJre3it0  OIHIOBAIM y  BIAMOBIJHOCTI

BUKOPHUCTOBYIOUH MPU HEOOX1THOCTI JYTIy.

no Taomum 1

Taoauus 1 — bajgbHa cucremMa ouiHIOBAHHSA a/Are3ii NOKPUTTIB y BiAMOBITHOCTI

a0 ISO 2409:2020

YorupubansHa
IIKaa

Hectubanbpua
LIKaIa

Omnuc moBepxHi J1akoGapOOBOTO TOKPUTTS
TiCJISl HAHECEHHS HAAPI3iB Y BUTIISAII
PENTTKH

30BHIMNIHII
BUTJISIT TOKPUTTS

0

Kpai HampiziB riajaki, HeMae 03HaK
BiJIIIapYBaHHA B KOJHOMY 3 KBaJpaTiB
peIiTKH

Hesnaune BiAmapyBaHHs MOKPUTTS Y
BUTJISII APIOHUX JIYCOUOK B MICITIX
NEepeTHHY JIiHIN peIiTKy, 110
CIIOCTEPIraloThCs He Ouble HiXK Ha 5 %
NOBEPXHI PEHITKH

2,3

YacTtkoBe ab0 MOBHE BiAmIapyBaHHS
HOKPUTTS B3JIOBXK JiHI{ HAAPi3iB PELIITKH
a0o0 B MICIISIX 1X MEpETUHY, 110
CIIOCTEpIraloThCsl He MEHII HiXK Ha 5 % 1 He
o111 HIK Ha 35 % NOBEpXHI peIITKI

i

4,5

[ToBHe BinmapyBaHHs MOKPUTTS a00
4acTKoOBe, 110 epeBuInye 35 % moBepxHi
peIIiTKH

PesynbTaTi mpoBeaeHUX JOCHTIKEHb IPUBEICHI B TAOIUIIl 2.
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Taoauus 2 — Aare3iiHoi MilTHOCTI (32 MIeCTHOAIBHOKO IKAJIOK0) PO3P00JIEeHUX
BoJAHoAucnepciiinux ¢apo npu pisHOMY BMicTi muiactudikaropa

[Tigkmanka Arakril 250 Agapol 21N Elspol 120
2% | 3% | 4% | 5% | 2% | 3% | 4% | 5% | 2% | 3% | 4% | 5%
[uak 0 0 0 1 0 0 0 0 0 0 0 1
Cxkiio 0 0 1 2 0 0 1 1 0 0 1 2
JlepeBuHa 0 0 1 1 0 0 0 0 0 0 1 1
[MBX 0 0 0 1 0 0 0 1 0 0 1 1

B xoni mocrmimkeHp BCTaHOBIEHO, IO BCl po3poOieHi (apOdu BOJOIIIOTH
BHUCOKOIO ajare3iiHoro 3natHicTio (0 — 1 6anm) mo miakmaaok pisHoi mpupoau. [Tpu
BOMY CJIiJ] BIIMITUTH IO HaWKpalll aAre3iiHi BIACTUBOCTI IO IIUHKOBOI Ta CKJISTHOI
MiIKIaaKu Tokazana ¢gapba Ha ocHoBi Agapol 21N, mpu BwmicTi mactudikaropa
2-3 mac.%.

[Ipu Bu3HAYeHHI €TACTUYHOCTI BUTHHMX IUTBOK (puc.l), Oy70 BCTaHOBJIECHO,
10 BC1 JIOCHIHI 3pa3Ku MarOTh HEJIHIMHY 3aJIKHICTh 3 MAKCUMYMOM €JaCTUYHOCTI

mpu 4 mac.% mnactudikaTopa B ckiami ¢papo.

210
200
190
180
170
160
150
140
130
120
110

—@— Arakril 250

BiaHOCHE BMAOBKEHHA Ha po3puB, %

100 Agapol 21N
20 Elspol 120
20
70
60
50
40
30
20

0 1 2 3 4 5 6

KoHueHTpauia nnactudikatopa, %

Puc. 1. BitHocHe BUI0BKeHHSI HA PO3PUB

BignocHe BuWAOBXEHHS Ha po3puB, Ipu 30UIbIIEHHI IIacTUdikaTopa

301IbIIy€eThCst. Halikpari Mmoka3sHUKM MaroTh BUIbHI IJTIBKM Ha OCHOBI IMOJIIMEPHOT
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muctiepcii Agapol 21N. Ilpu 11soMy MIIHICTE Ha PO3PHUB Ma€ OOEPHEHY 3aJICKHICTh

(puc. 2) npu 301IBIIEHH] KOHIIEHTpAII] T1acTudikaTopa 3HUKYETHCS.

MiuHicTb Ha po3pue MMNa/mm?2
=
W

12 Arakril 250
11 Agapol 21N
10

g Elspol 120
8

7

6

5

a4

3

2

1

0

0 1 2 3 4 5 6

KoHueHTpauia nnactudikaTtopa, %

Puc.2. MinnicTh Ha po3puB

B Mexax mocnmigHux KOHIEHTpalid mactudikaropa 2—5 mac.% 3Ha4YeHHS
MOIOBXKEHHS Tipu po3puBi miist papOu Ha ocHOBI Agapol 21N 3MiHIOETBCS B MEKax
148...200 %, na ocuoBi Arakril 250 — 105...165 %, nus Elspol 120 — 95...125 %. 3a
MOKAa3HUKOM €JIACTUYHOCTI JOCHiAHI (GapOu Ha OCHOBI TMOJIMEPHUX 3B’ SHKYUHX
MoskHa pamwxkyBaTu Agapol 21N > Arakril 250 > Elspol 120.

Taki » BapiroBaHHS IlacTUdikaTopa MOKA3aJId BIAMIHHOCTI B paH)XyBaHHI
JOCIITHUX 3pa3KiB TpPU BHU3HAYCHHI MIMHOCTI Ha po3puB. llei psa ckimamgae

Agapol 21N < Elspol 120 < Arakril 250. [Ipu ipomy KinbKiCHI 3HAYEHHS MIITHOCTI Ha
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po3puB ana 3paskiB Ha ocHOBI Agapol 2IN — 7.35...450 MIla/mm?, mis
Elspol 120 — 8,40...5,57 MIla/mm?, qus Arakril 250 —9,05...6,64 MITa/mm>.

BUCHOBKU
B xomi mpoBemeHWX MOCHIKEHb, OyJIO BCTAaHOBIICHO, IO ONTHUMAaJbHI
BJIACTUBOCTI MO BCIM JIOCTIDKYBaHUM IapaMeTpam, Ioka3ainu ¢apOu Ha OCHOBI

BoaHOI aucniepcii Agapol 21N mpu BmicTi mnactudikaropa 3—4 mac.%.

Cnucok Jiteparypu:

1. Lobkovsky, V. (2016). Water-dispersions paints to protect metal and concrete from

corrosion. Industrial coatings. 4. pp. 28-31.

2. ASTM D882 — Standard Test Method for Tensile Properties of Thin Plastic Sheeting.
3. ISO 2409:2020 — Paints and varnishes — Cross-cut test.
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Abstract. Modern pyrotechnics is a part of applied chemistry and deals with the preparation
and study of various chemical substances and compositions that form wind fires and smoke when
burned, as well as producing incendiary and illuminating effects or creating sound effects.

Fire signalling in military affairs to date has a wide application (negotiation by means of
flashes in Mor-ze alphabet, signalling by coloured lights, etc.). But, mainly, the development of
military pyrotechnics went along the way of studying and using incendiary substances.

Pyrotechnic means should not be dangerous when handling and storage. The effect they
produce must not deteriorate after prolonged storage.

Materials used for manufacturing of pyrotechnic means should be as non-deficient as
possible. The technological process of manufacturing should be simple, safe and allowing
mechanisation and automation of production.

The main purpose of this work is to review polymeric binders used in the manufacture of
pyrotechnic mixtures and to identify new ways of their use.

Key words: polymer binders, iditol, coniferous trees, pyrotechnic compositions, resinates.

AnoTtanis. CyJyacHa mipoTeXHiKa € YJaCTHHOIO MPHUKIIATHOT XIMii 1 3aliMa€eThCs OJIepKaHHAM
1 JOCHIUKEHHSM DPI3HOMAHITHMX XIMIYHMX PEYOBHMH 1 CKJIaiB, SKi IpPU 3TOPSHHI YTBOPIOIOTH
BITPSIHMI BOTOHb 1 UM, @ TAKOXK CTBOPIOIOTH 3allajbHi Ta CBITJIOBI €eKTH a0 CTBOPIOIOTH 3BYKOBI
eeKTH.

[ToxxerkHa curHami3amisi y BIWCHKOBIA CHpaBi Ha CHOTOJHINIHIA J€Hb MAa€ IIHPOKE
3aCTOCYBaHHA (TIepeMoBa 3a JIOMOMOIO0 cranaxiB az0ykor Mopse, curHaiizaiis KOJIbOPOBUMHU
BOTHSIMU Ta 1H.). AJle, B OCHOBHOMY, PO3BUTOK BIHICHKOBOI MIPOTEXHIKH WIIIOB MO MUISIXY BUBUEHHS 1
BUKOPUCTAHHS 3aMATIOBATLHUX PEYOBHH.

[TipoTexniuHi 3aco0W HE TOBHHHI CTAaHOBUTH HEOE3MEKH MpHU TPAHCIOPTYBaHHI Ta
30epiranHi. Bupobnenuii HUMH e(eKT He TOBUHEH MOTIPIIYBATUCS MICIs TPUBAJIOTO 30epiraHHs.

Marepianu, siki BUKOPUCTOBYIOTHCSI JUIsl BUTOTOBJICHHSI TMIPOTEXHIYHUX 3ac00iB, TOBHHHI
OyTM MakCUMaJbHO HeAePIUUTHUMH. TEeXHOJOTIYHUH Mpolec BHUTOTOBJICHHS IOBUHEH OyTH
MIPOCTHM, O€3TEYHHUM 1 IOMyCKAaTH MEXaHi3aIliio 1 aBTOMaTU3aIlil0 BUPOOHUIITBA.

OCHOBHOIO METOI0 JaHOi poOOTH € OrJsA TNONIMEPHUX B’SDKYYHMX pPEYOBUH, SKi
BHKOPHCTOBYIOTHCSl Y BHPOOHHUIITBI MIPOTEXHIYHUX CYMIIICH, Ta BU3HAYCHHS HOBUX IUIAXIB iX
BUKOPHUCTAHHSI.

Kiro4oBi cjioBa: mommepHi B sDKydi, 1UTOJ, XBOWHI MOPOIM ACPEB, MIPOTEXHIYHI CKIA/IH,
pe3UHATH.

Products made of pyrotechnic compositions (draughts, flares) must have

sufficient mechanical strength to meet the requirements of operation.
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When developing new compositions it is necessary in each individual case to
carefully consider the choice of combustible and oxidising agent and to calculate
quantitative ratios between them, at the same time it is necessary to take into account
their physical and chemical properties.

The development of formulations is also complicated by the fact that in most
cases other components have to be added to the double mixture (oxidiser-fuel) in
order to fulfil all requirements.

It is not always possible or advisable to achieve high strength of compounds by
applying high pressing pressures alone. In order to increase the strength of the
product, binders (sometimes called cementing agents) are added to the compositions.
Artificial and natural resins, rubber and other organic substances are used as binders.

In some cases, the introduction of binders is intended to give the necessary
strength to grain compositions; in this case, the necessary strength of grains
(granules) must be ensured during transport, storage and action of the product.

One of the methods of testing the strength of products is to determine the force
required to destroy a test cylinder (star) of pyrotechnic composition.

The test sample of the composition (usually a checker with a diameter of 20
mm and height of 30 mm) is placed between two small steel plates, and slowly, at a
constant rate of convergence of these plates, find the force required to destroy the
checker.

With the help of testing machines, the fracture force of the bead is accurately
determined, constant test conditions are ensured and, above all, a constant rate of
increase of the load is ensured.

Factors affecting strength

The strength of the compressed product depends on:

1) on the properties of the basic oxidiser-fuel mixture;

2) on the properties of the binder and its quantity in the composition;

3) on the degree of grinding of the components;

4) on the way the binder is introduced into the composition: dry, in the form of

a solution (varnish), solution concentration;
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5) the specific pressure of pressing and the time of holding under pressure;

6) from the height of the simultaneously compacted portion of the composition
and the ratio between height and diameter.

Compositions of components with higher hardness are poorly compacted, and
often products made of them have low strength.

The strength of the product increases with increasing pressing pressure, but
usually does not exceed 20-25 % of the specific pressing pressure [1].

The most frequently used binders are:

o artificial resins - iditol, bakelite, epoxy resins, etc.;

. resins of natural origin and products of their processing: caniphol,
resinates;

o drying oils - olive oil;

o glue - dextrin.

In addition, it is possible to use various asphalts and bitumens: In some cases,
solutions of nitrocellulose and rubber in the appropriate solvents. For nitrocellulose
the solvent can be alcohol-ether mixture, acetone, for rubber benzene, benzene, etc.,
and in solid pyrotechnic fuel the solvent can be alcohol-ether mixture, acetone [2].

In solid pyrotechnic fuels polyurethanes, thiokol, rubbers are used as binders.

Characteristic properties of resins are:

J insolubility in water;

o solubility in organic solvents;

o ability to form a film when the resin solution dries;

. resistance to decay (unlike adhesives of animal origin).

A frequently used binder is iditol, which is a "new-lacquer" resin obtained by
condensation of excess phenol with formaldehyde in the presence of an acidic
catalyst (e.g. HCI).

The reaction in the initial stage proceeds as follows:

CH,0+ 2C.H,OH = CH,(C,H,0H), + H,0
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The product of the primary condensation, polymerising, turns into a resin when
heated. The conditional formula C;;H,,0,, is used in calculations for iditol. Iditol is
well soluble in ethyl alcohol.

Novolac resins are well soluble in alcohols, insoluble in hydrocarbons and
mineral oils. They are resistant to water, acids, ammonia and weak alkali solutions.
Strong alkali solution decomposes them. Technical samples of iditol always contain
free phenol, which explains their reddish colour.

For iditol the softening temperature is standardised (for different grades not
lower than 90-97 °C, its phenol content from 0.1 to 3.0 % and the absence of rosin is
tested. One of the binders, rosin, is obtained from the resins of coniferous trees [3].

Its main constituents are unsaturated cyclic acids - abietinic and pimaric acids.
The density of rosin is 1.0...1.1 g/cm?; softening temperature is not lower than 65 °C.
Rosin is soluble in ethyl alcohol, ether, benzene, partially in petrol; when heated, it
dissolves in olive oil.

Resinates are products of interaction of rosin with hydroxides or salts of
corresponding metals. Calcium resinate is obtained by fusing rosin with slaked lime
at a temperature of 230 — 240 °C. However, this reaction does not proceed to the
reaction.

However, this reaction does not proceed to the end, calcium resinate is
characterised by a certain acid number (not more than 80), however, much less than
for rosin 160-180. Softening temperature of calcium resinate i1s 120-150 °C. Its
composition can be approximated by the formula (C,5H,4C00),Ca.

As solvents for calcium resinate are used petrol or alcohol-benzine mixture
(1:1).

It is also possible to use strontium resinate when red colouring of the flame is
required.

Sometimes monomers are used in pyrotechnic compositions, which after
polymerisation become binders: methyl methacrylate, vinyl dichloride, styrene,

acrylonitrile, vinyl acetate.

96



CEKIIA 1. KoMmo3uiiitHi MaTepiaiy Ha OCHOBI ITOJTIMEPIB

CONCLUSION

The role of polymeric binders in the manufacturing process of pyrotechnic
compositions is extremely important and multifaceted. Polymeric binders allow
achieving high stability and safety of pyrotechnic products, ensuring their efficiency
and reliability in operation. These materials make it possible to create a variety of
shapes and consistencies of pyrotechnic compositions, which opens up wide
opportunities for their use in various industries, from entertainment to military
equipment. In addition, the use of polymeric binders can improve the environmental
safety of pyrotechnic compositions, reducing the risk of environmental pollution.
Thus, it can be concluded that polymeric binders are a key element in the production
of pyrotechnic compositions, contributing to the improvement of their quality, safety

and functionality.
References:
1. Dinler, E., & Giingdr, Z. (2017). Planning decisions for recycling products
containing hazardous and explosive substances: A fuzzy multi-objective model. Resources,
Conservation and Recycling, 117, 93-101. https://doi.org/10.1016/j.resconrec.2016.11.012.
2.Sinyushkin A.N., & Kushko A.O. (2012). Osnovy vzryvnogo dela i tekhnologii

pirotekhnicheskikh rabot [Fundamentals of blasting and pyrotechnic technology]. Kyiv:
Khay-Tek Press.

3. Li, X., Chen, S., Wang, X., Shang, F., Dong, W., Yu, Z., Yu, Y., Zou, H., Jin, S., &
Chen, Y. (2017). Effect of polymer binders on safety and detonation properties of e-CL-20-
based pressed-polymer-bonded explosives. Latest TOC RSS.
https://doi.org/10.1166/mex.2017.1363.
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AHoTanisg: B po6oti nocmimkeHo (GopMyBaHHS BOAOBIAIITOBXYBAIBHHUX BIACTUBOCTEH
TEKCTYPH Ha TMOBEPXHI MOJIETUIICHY, sIKa OJIEPIKYETHCS METOIOM Tapsiaoro npecyBanHs. [lokaszaHo,
10 BUKOPHUCTOBYIOUYM B SIKOCTI IIa0NOHY MeTaneBuil amoMiHii Mapku 7500 posirpituii 1o
temmneparypu 105—-110 °C, mpu npecyBaHHI MOJIETUJICHOBO1 TUTIBKH, Ha 11 MTOBEPXHI OJICPKYIOTHCS
peryisipHi piBHOMIpHI TEKCTYpH BiINOBiAHO 10 reomerpii mabnony. CdopMoBaHi eleMEHTH
MMOBEPXHEBOT CTPYKTYpH Maiu (GopMy Tparerii 3 BUCOTOI0 22 MKM, BEpPXHhOIO OCHOBHOIO 11 MKkM
Ta mepiogoMm 55 MkM. HasBHICTH Takoi CTPYKTYpH Ha TMOBEPXHI JO3BOJIWIA JOCSITTH TiABUIIICHHS
BIJIIITOBXYBAHHS PIJJMH TOBEPXHEIO Y MOPIBHSAHHI 3 BUX1IHOIO TUIACKOIO MMOBEPXHEIO TMOJICTUIICHY.
3okpema, 3apikcOBaHO MiIBUIICHHS KYTiB 3MOYYyBaHHsS BHIIEe HDK Ha 40° TECTOBUMHU piIWHAMU B
niana3oHi 3HAYeHb MOBEPXHEBOTO HATATY Bix 39,1 mo 72.5 mH/Mm.

Kawu4oBi cioBa moieTiieH HU3bKOI TYCTHHH, TEMIUIAT, TEKCTypa, rapsde MTaMITyBaHHS,
3MOYYBaHHS

Abstract The paper investigates the formation of water-repellent texture properties on the
surface of polyethylene obtained by hot pressing. It is shown that using 7500 grade aluminium
metal heated to a temperature of 105 — 110 °C as a template, regular uniform textures are obtained
on the surface of the polyethylene film during pressing in accordance with the geometry of the
template. The formed elements of the surface structure had the shape of a trapezoid with a height of
22 um, an upper base of 11 um and a period of 55 um. The presence of such a structure on the
surface made it possible to increase the repulsion of liquids by the surface compared to the original
flat polyethylene surface. In particular, an increase in wetting angles of more than 40° was recorded
by test liquids in the range of surface tension values from 39.1 to 72.5 mN/m.

Key words low density polyethylene, template, texture, hot pressing, wetting

Beryn

BonoBiamToBxyBaHHs MaTepiaiiB MOXe OyTH CYTTEBO IIiIBUILIEHE 32 PaXyHOK
peanizaiii craHiB 3MouyBaHHs Bennens abo Kaci-bakcrtepa, 1mo € MOXIUBUM 3a
paxyHOK HasBHOCTI TekcTypHu [1]. IcHye minmii psa MeToniB, IO MOXYTb OyTH

BUKOPHUCTAHl [IJI1 TEKCTYPYBaHHsS IOBEPXOHb TMOJIIMEPIB — BIiJ MPOBEIACHHS
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noJliMepu3allii Ha monepeaHbO TEKCTYPOBAHUX MiKIIaAKaX (11abioHax), 10 J1a3epHOl
abmsanii  [2]. Ilpum BuOOpI KOHKPETHOrO METOAY CIIiJI BpPaxOBYBAaTH KIHIIEBE
PU3HAYCHHS 1 HEOOX1AHUN MacTad TeKCTYpPHU, OCKIIIbKH, K 3a3HAYAEThCSA B POOOTI
[3], MacmTaOyBaHHS MOKIIMBE HE JUTSI BCIX METO/IIB.

3 TOYKHM 30py BIJHOCHOT HEMOJSPHOCTI MOJiojeiHN € OJHUM 3 HaWKparlix
KaHJWAATIB Ha POJIb MaTepiandy MOBEpXHI sl GOPMYBaHHS BOIOBIIIITOBXYBATBHUX
cucteM. Jlpyrum wiHHUM (aKTOpOM € T€ U0 BOHU 3Ae0UIBLIOTO €
TEPMOIUIACTUYHUMHU, TOOTO MOXKYTh MEPEXOJUTH Yy B A3KOTEKyYldl cTaH 3i
CKJIONOAIOHOTO 1 HaBmaku. KUIBbKICTh TaKWUX TMEPEXOJIB JIMITYEThCA MpOlecaMu
TEPMOOKHUCITIOBAILHOT ~ JECTPYKIlii, SKI MOXYTh BHHHKATH TIPH  BUCOKUX
TeMIepatypax. AJie BpaxOBYIOUM IOPIBHSHO HHU3bKI TEMIEpATypH IUIaBJICHHS,
HANPUKIIAJ, TOJIETHJIEHY BHCOKOTO THCKY, BIPOTITHICTH NPOTIKAHHS IOMITHOTO
OKHCJICHHS BKpall HEBUCOKA.

Mertoro mnpoBeaeHoi poOOTH OyJIO BCTAHOBJIEHHS MOMJIMBOCTI (DOpMyBaHHS
TEKCTYp 3 MIJABUILEHUM BOJOBIAIITOBXYBAaHHSIM Ha MOBEPXHI MOJIETUIIEHY BUCOKOTO
THUCKY METOJIOM rapsiuoro npecyBaHHS.

O6’extoM  pmocmipkeHHsT  Oyno  (QopMyBaHHS  BOJOBIAIITOBXYBaJIbHHUX
BJIACTMBOCTEN TEKCTYPH HA MOBEPXH1 MOJIETHIICHY.

Marepiayu i MeTOAM TOCIIZKEHHS

Jlis omepxaHHS TEKCTYp BHUKOPHUCTOBYBaJacs IUTIBKAa TOBIIMHOKO 80 pm 3
MOJIETUJIEHY BHUCOKOTO THCKY (HM3bKOI TycTuHH) Mapku LDPE 352E (Dow).
Temneparypa po3M’siKilieHHs Marepiaiy ckiagana 96 °C 3a metonoM Bika
(ISO 306/A). ®opmyBanHa TekcTyp BimOyBamocs Ha migirpitomy go 105-110 °C
ma6sioHi 3 amroMiHito Mapku 7500. Jig 11010 Ha MOMEPEAHBO PO3ITPITHH 1M1a0J0H
HaKJIaJanacs IUIiBKa Ta MPOKOYYBaJacs CHJIIKOHOBUM BaJIOM 3 MPSMOIO IOBEPXHEIO,
micnss 4oro MrabjioH 3HIMABCS 3 HarpiBada Ta OXOJOJDKYBaBCS JO KIMHATHOI
TeMIrepaTypu, IJTiBKa 3HIMaJacs 3 MOBEPXHI 1a0JIOHY BUTATYBAHHSIM.

3HaueHHs KyTiB 3MOYYBaHHSI BCTAHOBJIOBAJIOCS B XOJIl aHAII3y HAa MIKPOCKOIII

JIUII-10M 3 kyTOBUMIpHOIO TIpUcTaBKO0. OKpiM BOJIU, BUKOPUCTOBYBAJIMCS TECTOBI
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piavHU 3 pi3HUM ToBepxHeBUM Hatarom: Nel — 54,55 mH/m; Ne2 — 47,22 mH/wm;
Ne3 — 43,57 mH/m; Ned — 39,13 mH/Mm.

300pakeHHsI TTOBEpXHI OYyJIM OJiepKaHl 3 BUKOPUCTAHHSIM Mikpockony Konus
Academy Ta USB-kamepu. AHani3 300pa)keHb, PO3PAaXyHOK XapaKTEPUCTHUHUX
PO3MIpiB TEKCTYp BUKOHYBajocs B cepenoBuiili Scope Photo.

Pe3yabTaTH i 00roBOpeHHs.

BinOuTok opHuriHagbHOi TEKCTypH Ha MOBEPXHI IMOJIIETUICHY BUCOKOTO THCKY
30epirae  ymopsIKOBaHICTh  BUXIJHOTO  INTaMIly, 30KpeMa  PeryJisipHICTh

po3TallyBaHHs BUCTYIIB Ta 3anajauH cTpykTypu (Puc. 1).

- —  ———

AR N L

Puc. 1. ®parMeHT BiIONTKY TEKCTYpPH: 300pakeHHs C(POKYCOBaHe y IUIOLIUHI a —
3anaauH; 0 — BUCTYyHiB. 30inbmenHs x480

MoskHa MOMITHTH, 11O SIK Y BUIMAJKY BHUCTYIIB, TaK 1 y BUNAJKY 3alajJdH Ha
MOBEPXHI E€JIEMEHTIB PO3TAIIOBAaHO JOJATKOBUN KOMIUIEKC HEpPIBHOCTEH, L0 MOXKeE
OyTH TOSCHEHE SK TC€OMETPUYHUMHU OCOOJMBOCTSIMHU BHXITHOTO IA0JIOHY, TaK 1
npouecamMud (OpMyBaHHS HAJAMOJCKYJISPHUX YTBOPEHb B TMOJIETWJICHI MiJ dYac
OXOJIO/I>KEHHSI.

JIns BU3HAYEHHS TJIMOMHU €JIEMEHTIB TEKCTYpH, Oyiu ojep)kaHi 300pa’keHHS

nepepizy 3pasky (Puc.2).
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F

a 0

Puc. 2. IIpodiasb Bindurky Tekcrypu: a — 36iabmenns x480.; 6 — 30inbmenns x120

dopma BHUCTYMIB - piBHOOIUHI Tpamerli, cepemHs JOBXHHA HIKHHOI OCHOBHU
SKUX CKJanae 38 MKM, BEpXHsI OCHOBa — 11 MKM, TOBXKHMHA O1YHUX CTOPIH — 26 MKM,
BHCOTa — 22 MKM, MEPI0JI TEKCTYpH — 55 MKM.

Bigxwnenns ¢dopmu Tpamemid Bia iealbHOI MOX€ OYTH TOSCHEHO SK
HEPETYJISIPHICTIO Ha MIKPOPO3MIpPHOMY piBHI Mop@doJiorii camMoro MeTaJIeBoro
mabJIoHy, Tak 1 mepediroM MpoIeciB KpUcTaIi3ailii moJieTUICHY.

OpnepxaHi BIIOMTKH XapaKTepU3YIOThCS IMIJABUIIEHUMH Yy TOPIBHSAHHI 3
BHUXIJTHOIO TUIACKOIO TMOJIETHJICHOBOIO ITUTIBKOIO KyTaMH 3MOYYBaHHS BOJIOIO Ta
tectoBuMU piguHamu (Tadm. 1).

Ta6aunns 1 — Kyru 3mouyBanns 3pazka [IEBT Bogoro Ta TecTOoBUMH piguHaMu

TectoBa Kyt 3mouyBanus | Kyt 3MouyBaHHs

piauHa TEKCTYpHU IJIaCKO1 TOBEPXHI
Bona 134° 91°
Nel 128° 65°
Ne2 125° 61°
Ne3 127° 53°
No4 125° 51°

HasiBHICTH TEKCTypH, TAKUM YHWHOM, JO3BOJISIE JOCSTTHA CYTTEBOTO (HA OLIBII
HXK 40 °) miABUILEHHS 3HaUYC€Hb KYTiB 3MOUYYBaHHS MOBEPXHI MOJIETUIIEHY BUCOKOTO
TUCKy. Take MiIBUINEHHS 3yMOBJIEHE BHHUKHCHHSM CTaHIB 3MOUYyBaHHS BeHrens,

Kaci-bakctepa abo ix cymirii.
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Jlanwii MeToNl BUPOOHMIITBA TEKCTypOBAaHMX MaTepialiB € TEePCIeKTHBHUM
OCKUIbKM HE TOTpeOye TPHBAJIOTO Yacy MPOXOKEHHS XIMIYHMX peakuiid mnpu
dbopMyBaHHI 1 MOXXE BHUKOPHUCTOBYBAaTH B)KE€ TOTOBI IOJIETHUJIICHOBI IUIIBKUA 100

HAHOCUTHU HA HUX TEKCTYPY.

BUCHOBKH

B pesyaprari pobGotm Oyna miATBEpIKEHA MOXKJIUBICT (PopMyBaHHS
BOJIOBIJIIITOBXYIOUMX TEKCTYp Ha MOBEPXHI MOJIETUICHY BUCOKOTO THUCKY METOJOM
raps4oro mpecyBaHHs B TemmepaTypHomy miamazoni 105-110° C. Ilokaszano, 1o
chopMOBaHI  TEKCTypd CYTTEBO  TIJABHUINYIOTh  3/IaTHICTb  IOBEPXOHb  JO
BIJIIITOBXYBAHHS P1JIMH, a cCaM€ KyTH 3MOYYBaHHS MiJABHILYIOTHCS BHIE HIXK Ha 40 °

B Jl1ara30H1 MOBEepxXHEBOro HaTATy 39,2—72,5 MH/M.
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AHoTanisg: MeToio poOOTH CTaNo IOCTIIKEHHS 0COOIMBOCTEH MPAKTUYHOTO BUKOPUCTAHHS
MOMYTHIX TPOJYKTIB BHIOOYTKY BYJIKaHIYHUX TMOPiJ 3akaprarTs sSK HAIOBHIOBAYIB TMOJIIMEPHHX
KOMIIO3UTIB 13 3aCTOCYBaHHSIM BOJHOi JAMCIIEpCli aKpWJIOBOTO TMOJIMEpy SK 3B’S3yIHOUOro.
BcTanoBiieHO 0c0OIMBOCTI BUKOPUCTAHHS MEPIIITY Ta IIEOJIITY K HAIIOBHIOBAYIB P BapitOBaHHI iX
KOHI[eHTpalliil B iHTepBat 65-90 Mac. % A BUTOTOBJICHHSI KOMIIO3HIIIHHUX MaTepialiB Ha OCHOBI
akpuioBoi BoxHoi muctiepcii Policril 590 sk matpuimi. @opMmyBaHHS CTPYKTypU KOMITO3HUTIB 3
NEPIITOM Ta LEOJITOM MOB’3aHO 3 0COOIMBOCTIMH iX B3aemoii 3 Policril 590. Lle nposBnstoThCs y
BIIMIHHOCTSIX TOPOBOi CTPYKTYPH KOMITO3UTIB TIPW 3MiHI KOHIIEHTpAIlli HalOBHIOBAYiB
(6590 wmac.%) Ta WIATBEPIKYETbCA BHSBICHUMH 3aKOHOMIPHOCTSAMM 3MiH MOKa3HHKIB
BOJIOTIOTJIMHAHHA Ta TYCTHHH. 3pO0OJEHO BHCHOBKM TMPO €(EeKTUBHICTh BHKOPHCTaHHS
JOCIIKYBAaHUX HAIlOBHIOBAYiB K (DAKTOpPY PerytOBaHHS MOKA3HUKIB BIACTUBOCTEH KOMIIO3UTY.

Kii04oBi cj1i0Ba: KOMIO3UT, TIEPJIIT, IEOIT, aKPUIIOBA AUCTIEPCisl, BOIOMOTINHAHHS.

Abstract: The purpose of the work was to study the features of the practical use of by-
products of the extraction of volcanic rocks of Transcarpathia as fillers for polymer composites
using an aqueous dispersion of acrylic polymer as a binder. The peculiarities of using perlite and
zeolite as fillers when varying their concentrations in the range of 6590 wt.% for the production of
composite materials based on acrylic water dispersion Policril 590 as a matrix. The formation of the
structure of composites with perlite and zeolite is related to the peculiarities of their interaction with
Policril 590. This is manifested in the differences in the pore structure of the composites when the
concentration of fillers changes (65-90 wt.%) and is confirmed by the revealed patterns of changes
in water absorption and density indicators. Conclusions were made about the effectiveness of the
use of the investigated fillers as a factor for regulating the properties of the composite.

Key words: composite, perlite, zeolite, acrylic dispersion, water absorption.
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Cepen pI3HOBHUIIB TMOJIMEPHUX KOMIIO3UTIB BHUIUIAIOTHCS  MaTepiaau
3aXHMCHOTO MPU3HAYCHHS. BaXXTMBUM KOMIIOHEHTOM TaKUX KOMIIO3HUTIB € MiHEpaJIbHI
HAIlOBHIOBaYi, a (PYHKIIIF0 MaTPHUIll BUKOHYIOTh BOJHI JIUCTEPCii moiaiMepiB. B oMy
3B’A3Ky MOCTIHA yBara MNPHUAUISETHCS PO3UIMPEHHIO THUIIB HAMOBHIOBAYIB, SK
(akTOpiB BIUIMBY Ha KIHIEBI BJACTUBOCTI KOMIIO3UTY.

B nmaniii poGoTi mpuaiieHO yBary aHaiizy €(GeKTUBHOCTI BUKOPHUCTAHHS
MOMYTHIX MPOAYKTIB BUAOOYTKY BYJIKAHIYHHUX MOPiN 3aKapnarTs MpU 3acTOCYBaHHI
BOJIHOT aKpWJIOBOI AMCIIEPCii SK 3B’sI3yr040ro. BCTaHOBIEHO, 1O MpH ONHM3BKOMY
BYJIKAHIYHOMY TIOXOJDKEHH1 MepJiT beperiBcbkoro poaoBHUIA Ta  ILEOJIT
COKMpHHIIBKOTO POJOBHUIIA CYTTEBO BIAPI3HAIOTHCA 3a XIMIYHHM  CKJIAJIOM,
CTPYKTYpOIO Ta BIACTUBOCTSIMH MTOBEPXHi.

Tox sik 00’eKT AocaiaKeHHsT OyJd KOMIO3UTH Ha OCHOBI CHCTEMH MEPIIT —
nmoJiiMep Ta WEONIT — TNOJiMep NpU BapilOBaHHI KOHIIEHTpAIllli HalOBHIOBAya.
TexHoJIOTisI BUTOTOBJICHHS KOMITIO3HTIB HA OCHOBI JaHMX CHCTEM Ta XapaKTEePHCTHKA
3B’SI3yI0YOTO OMKCAHI B HAMX TOMEPEIHIX TOCTKEeHHsIX [ 1].

BusnaueHo, 1m0 B OJHAKOBOMY IHTEpBaji BapilOBaHHA KOHIICHTpaIlii
65-90 mac.% Ta OJHAKOBOMY CTYIEHIO AMCIEPCHOCTI MOCIHIIPKYBaHUX PI3HOBH/IIB
HAMOBHIOBAYIB MarOTh MiClIe BIAMIHHOCTI Yy (OpMyBaHHI MOPOBOI CTPYKTYpH
KOMIIO3HTIB Ta BiJIMOBIJHUX TOKa3HUKAX BIACTUBOCTEH.

Tak 3a XiMIYHUM CKJIQJIOM MHEPIIT BiA3HAYA€THCS BUCOKUM BMicToM SiO; mpu
KUIbKiCHOMY cmiBBiiHomeHH] Si0; : ALOs = 6 : 1 Ta Jy)KHHX OKCHJIIB THUITY
R,O = 8,09 mac. % (tabn. 1). B cBoro uepry 3a XIMIYHUM CKJIAJOM HPHUPOIHUMA
IEONIT XaPaKTEPHU3yEThCsl — MiABUIIEHUM BMicToM SiO; TpH  KUTBKICHOMY

criBBigHomeHH1 S10;: ALOs =52 : 1 (Tabn. 1).

Taomauna 1 — XiMiuHuTii cKJIaJ] HATOBHIOBAYiB

Bwmict okcuaiB, mac. %
SIOZ A1203 F6203 TiOz CaO MgO Na20 K20 B.II.II.

Hazsa npo6u

HepJiT 72,08 112,92 | 1,50 | 0,90 | 0,88 | 0,63 | 3,76 | 4,33 | 3,00

LIEOJIIT 68,02 13,04 | 1,92 | 0,30 | 2,71 | 1,63 | 1,57 | 2,64 | 16,94
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3a JaHUMM MIKPOCKOIYHOTO Ta pPeHTreHoda30BOTO aHalli3iB  BIJCIBU
NEPIITOBOI MOPOAM XapaKTEpU3YIOThCA NEPEBAXKHUM PO3BUTKOM CKiIoda3u 3
HE3HAYHMMH BKIIIOUEHHSMHU KpHCTaTiYHUX (pa3 KBapily Ta mojboBoro mmary. [Iporte
SK LIEOMIT BII3HAYAETHCS PO3BUTKOM KPHUCTANIYHHUX (ha3 KIIHONTHIONITY Ta KBapily,
po3noauieHux y ckiodasi [2].

BkazaHi BiAMIHHOCTI CKJaay 1 CTPYKTYpHU JOCHIPKYBaHMX HAIOBHIOBAYiB
MPOSIBIISIIOTECS Y XapaKTEPUCTUKAX BJIACTUBOCTEH Ta EHEPreTHYHOTO CTaHy
MOBEPXHI, IO BKpail BaXJMBO BpPaxOBYBaTH MPH OIIHII CTYIEHIO B3aeEMOIl
JUCIIEPCHUX YACTUHOK 3 TTOJIIMEPHUM 3B’ s13yr0uuM (Tad:. 2).

Taoauus 2 — BaacTuBocTi noBepxHi HANOBHIOBAYiB

Marepian | Ilnoma moBepxHi Koedimient | Kyt 3mouyBaHHS, IToBepxHeBa
3a BET, M*/r niodineHOCTI rpan eHepris

[TepiiT 2,20 0,189 70 50,12

LleomiT 11,68 0,318 77 33,07

[lepniT BUPI3HAIOTBCS [EHMIO0 BHIIOK 3MOYYBaHICTIO (KyT 3MOYYBaHHS
ctaHoBUTh 70 °) mopiBHsAHO 1eoniToMm (77 ©). Ilutoma noepxus (meton BET) mis
1€0MITy B 5 pa3iB € OinbInoro nmopisaaHo 3 nepiitom (11,68 mporu 2,20 M?/r).

B pobGori mpoBemeHo aHami3

BIUIMBY KOHIIGHTpAIlli JOCIIIKYBaHUX

HAIIOBHIOBAYIB HA IIOKAa3HHUKH BJIACTHBOCTEH KOMIIO3UTY, TaK IIpH BU3HAYCHHI

(puc. 1)

XapaKTepU3yIThCS MEHIIMMU TMOKa3HUKaMHM BOJONOIIMHaHHA (2,6-8,4

BOJOIIOTJIMHAHHA KOMIIO3UTHU 3 HepHiTOM

%) y

BCTAHOBJICHO, 1110
nopiBHAHHI 3 11eoiTom (3,4-9,3 %).

9.3
8.4

=
=]

8.2
7.1

[9.a]

6.4

(=]

3.4 3.7

2.6

=y

BoaonorauHaHHa, W, %

65 75 85 90
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Puc. 1. 3ane:xkHicTh BOJONOTJIMHAHHSA KOMIIO3UTIB BiJl KOHIEHTPallil HATIOBHIOBAYiB
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[Ipn 3pocTaHHI KOHIIEHTpAIlli HAMOBHIOBAYiB y 000X THIIAX KOMIIO3UTIB
BOJOMOTANHAHHA 3pocTae. OnHak 3pOCTaHHS BOAOIOTJIMHAHHS Yy TMEPIITOBUX
KOMITO3UTax 3Ha4yHO OibIe (3,2 pa3u), HIXK y 1I€0JIITOBUX (2,7 pas3n).

[Ipu BHU3HAUEHHI CepeaHBOI TYCTUHU PO3POOIEHHX KOMIO3HUTIB (pHUC. 2)
BCTaHOBJIEHO, 0 KM 3 mepiitoM MaroTh MeHmty cepeanto ryctuny (1,36-1,61 r/em?)

y nopiBHsAHHI 3 neomitoMm (1,44-1,66 r/cm?).

1.55
15
1.4

A

M'ycTuHa, p, T/cM3

135

13
65 75 85 90

KoHueHTpauia HanosBHwBa4va, C, %

MNepnit Leonit
Puc. 2. 3anexkHicTb cepelHbOI I'YCTMHH KOMIIO3MTIB BiJl KOHIEHTPALil HATIOBHIOBAYiB

[Tpu 306inblIEHH] BMICTY HAIOBHIOBadiB y 000X THUMaX KOMIIO3UTIB T'yCTHHA
3poctae. OgHaK 3pOCTaHHS TYCTUHHM y TNEPIITOBUX Kommo3uTax (Ha 18 %) memro
Oinpire, HIXK y 1teoniToBux (Ha 15 %).

AHaJli3 OTPUMAHOI CYKYITHOCTI JaHUX 1 TECTyBaHb CBITYUTH, IO MPAKTUYHE
BUKOPHUCTAHHS JIOCTIPKYBAaHUX HAMOBHIOBAYIB — IMEPJITYy Ta IEONITy BIIKpHUBAE
MO>KJIMBOCTI:

- 3MEHINUTH  TPINIMHYBATICTh:  HAMOBHIOBaYl  MalTh  €IACTUYHY
CTPYKTYpPY, SIKa MOXE TOTJIMHATH MEXaHIuHI HaIlpYy>KCHHS, IO 3MEHIIY€E PU3HUK
YTBOPEHHS TPILINH;

- MOKPAIIUTA TBEPJICTh: 110 POOUTH KOMIIO3UT OUIBII CTIMKUM [0
NOJIPSIIUH Ta yapiB;

- MIJBUIIUTH CTIMKICTh 0 XIMIYHMX pPEUOBHMH: HAIOBHIOBAYl MOXKYTh

azcopOyBaTH XiMI4H1 pEUOBUHU;
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- MOKpaIIUTH aTMOC(HEpPOCTIUKICTh: HAMOBHIOBaYl MOXYTh OJIOKYBaTH
NPOHUKHEHHSI BOJSHOI MapH, 110 POOUTH IUIIBKY KOMIIO3UTH OLbII CTIMKUMHU 10

BOJIOTH Ta IIB1JI1, Ta 1HIIII.

BUCHOBKU

1. BcTaHoBiIeHO OCOOJMBOCTI BUKOPHUCTAHHS TEpNITYy Ta IEOJITY SK
HAIMOBHIOBAYIB IMPH BapilOBaHHI IX KOHIEHTpaliil B iHTepBam 65-90 mac. % s
BUTOTOBJICHHS KOMITO3MIIIMHUX MaTepialliB Ha OCHOBI aKpHJIOBOI BOJHOI aucHepcii
Policril 590 sixk maTpwuii.

2. ®opMmyBaHHS CTPYKTYpPH KOMIIO3UTIB 3 MEPJIITOM Ta LEOJITOM MOBSI3aHO 3
ocobnuBocTsMU iX B3aemonii 3 Policril 590. Ile mposBIsOTBCS y BIIMIHHOCTSX
MOPOBOi  CTPYKTYpHM KOMIIO3WTIB TIPW 3MiHI KOHIICHTpAIii HANOBHIOBAYiB
(65-90 wmac.%) Ta MIATBEPIKYETHCS BUSBICHUMH 3aKOHOMIPHOCTSIMUA 3MiH

ITOKa3HUKIB BOIOOIIOITIMHAHHA Ta T'YCTHUHU.

Chnmcox gireparypu:
1. Menpauk JI. (2024). dopMyBaHHS KOMIIO3UTY TIpH BapilOBaHHI JAHCTIEPCHOCTI
HAIllOBHIOBaYa Ta BUJY 3B’s3yr04oro. Texwiuni mayku ma mexuonocii. 1(35). C. 198-203.
https://doi.org/10.25140/2411-5363-2024-1(35)-198-203.
2. Melnyk, L., Sviderskyi, V., & Chernyak, L. (2022). FEATURES OF VOLCANIC
ROCKS AS MATERIALS FOR POLYMERIC COPOSITES. Visnik Hmelnic'kogo
Nacional'mogo Universitetu. Tehni¢ni Nauki, 305(1), 14-19. https://doi.org/10.31891/2307-
5732-2022-305-1-14-19.
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Anotauis: [lomyperanu (IIY) — me kimac CHMHTETMYHHMX NOJIMEpHHX MartepiaiiB, sKi B
CBOEMY CKJIaJi 000B’S3KOBO MICTATh YPETAaHOBI I'PYIH, B 1HIIOMY, MOJIMEPU IBOTO KJIACy MOXYTh
pasiode BiJPI3HATUCSA OIMH BiJ OAHOTO OYJOBOIO MOJIMEPHOTO JIAHIIOra, XiMidHOIO (hopmoro i
BJIACTUBOCTSIMU. Y crarri momaHo orisn MetoniB cuHTesy [IY, 30kpema peakiiii  MiK
niizoriaHaTamu Ta nosionamu. OMUCAaHO POJIb KOPCTKUX Ta M’SIKUX CETMEHTIB y cTpykTypi 1Y, a
TaKOXX BITUB MOJICKYJIIPHOI MacH IOJIO0JIIB Ha BJIACTUBOCTI KIHIIEBOTO MPOAYKTY. OOrpyHTOBaHO
OpUYMHA O10CYMICHOCTI TMOJIypeTaHiB 3 JKMBUMH OpraHi3MamMH 3a PaxyHOK IMOAIOHOCTI OynoBH
yperanoBux rpyn (-NHCOO-) no mentumnoi rpymu OinkiB (—CONH-). HaBenmeno npuxnaau
momudikaniin 1Y nns 3abe3nedyeHHss aHTHOAKTEpialbHUX Ta MPOTHOOPOCTAIOYMX BIACTUBOCTEH.
[Tokazano, 1m0 BBeAEHHsA OIOCYMICHMX KOMIIOHEHTIB, TaKUX SK XIiTO3aH Ta TEMapWH, J03BOJISE
orpumyBatu [1Y TOKPUTTS 3 MOKPAIIECHUMHU XaPaKTEPUCTUKAMH IS 010METMIHOTO 3aCTOCYBAHHS.

Kuio4oBi cJjioBa: nomiyperaH, CHHTE3, MTOJIOJH, 1301[iaHaTH, aHTHOAKTepiadbHI BIACTUBOCTI,
O6iomMeIMYHEe 3aCTOCYBAHHS.

Abstract: Polyurethanes (PUs) are a class of synthetic polymer materials that necessarily
contain urethane groups in their composition; otherwise, polymers of this class can be strikingly
different from each other in the structure of the polymer chain, chemical form, and properties. The
article provides an overview of PU synthesis methods, in particular, reactions between
diisocyanates and polyols. The role of hard and soft segments in the PU structure is described, as
well as the influence of the molecular weight of polyols on the properties of the final product. The
reasons for the biocompatibility of polyurethanes with living organisms due to the similarity of the
structure of urethane groups (-NHCOO-) to the peptide group of proteins (—CONH-) are
substantiated. Examples of PU modifications to ensure antibacterial and antifouling properties are
given. It is shown that the introduction of biocompatible components, such as chitosan and heparin,
allows obtaining PU coatings with improved characteristics for biomedical applications.

Key words: polyurethanes, synthesis, polyols, isocyanates, antibacterial properties,
biomedical application.
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CtBOpEHHS MOJIMEPHUX MaTEepiajiB AJig 3aCTOCYBaHHS B MEJIMIIMHI € OJHUM 13
NPIOPUTETHUX HAMPSAMKIB Cy4acHOi Ximii Ta (Pi3UKO-XiMii BHCOKOMOJICKYJISIPHUX
cionyk. Ha cporognimHid JeHb BUPOOM Ha OCHOBI CHHTETHYHHUX IOJIMEpIB
3HaXOJATh IIHMPOKE 3aCTOCYBAHHS SK MEIWYHI KJei, KaTeTepH, INTYy4YHI CYyJIWHHU,
CUCTEMH TEpeiIMBaHHS KpOBl, OIOJOTIYHO-aKTUBHI TMOJIMEpH, EHAONPOTE3U
IIUPOKOTO CIEKTPY (PYHKIIOHAIBHOTO MPU3HAYECHHS Ta TEPMIHY Jii B OpraHismi,
MOKPUTTS METaJIeBUX KOHCTPYKIiH, Tomo [1, C. 142—-160].

[Tomiyperanu (I1Y) — 1e kjnac CMHTETUYHUX MOJIMEPHHUX MaTepiajiB, SKl B
CBOEMY CKJaJi O0OB’S3KOBO MICTATh ypeTaHoBi rpynu (-NHCOO-), B iHmOMY,
MOJIIMEPH IILOTO KJIACy MOXKYTh pa3iode BIAPIZHATHCS OJUH BiJ OJHOTO OYIOBOIO
MOJIIMEPHOTO JIAHIIOra, XIMIYHOIO (POPMOIO 1 BJIACTUBOCTAMH. Y 3B’SI3KYy 3 UMM,
MOJIlypETaHU BBAXKAIOThCS YHIBEpCAaJbHUM CHPOBHMHOIO, TaK SK Ha iX OCHOBI
BUTOTOBJISIIOTH MaTepiain OyAb-IKOi )KOPCTKOCTI 1 (GOpMH — BiJ] €IaCTUYHHX 1 PLAKUX
710 JKOPCTKHX MarepiasliB. BoHM MaroTh MIMpOKE 3aCTOCYBaHHs B 0araTboxX Tay3sx
MIPOMUCJIOBOCTI, B1Jl aBTOMOOUIBHOTO OyAIBHHUITBA 1O OIOMEIUIIMHH, IO J03BOJISIE
BapIIOBATH 1X XIMIYHMM CKJIaJl 1 CTPYKTYPY MJii OTPUMAaHHS MaTepiajiiB 3 IHUPOKUM
criekTpoM BiactuBoctei [2, C. 93—101].

CuHTe3 moJlypeTaHy — 1€ peakiis NOoJINpuegHaHHs 3 mnoxiedipoMm abo
nomedipHUM TIOJIOJOM 1 ToAOBXKyBadeM JiaHmiora (puc. 1). OTpumMyroTh

CEerMEHTHUH MOJiMep, B IKOMY MOXKHA PO3PI3HUTH KOPCTKUHN 1 M SIKUI CETMEHTH.

2 OCN—f—NCO + HON N\ Y\ YoH —=

dusocyanate polyol

prepdlymer
o) @

/fl:!‘\ {'\ /E\
OCN—‘—H SAVAVAV ﬁ—‘—NCO Ho—@p—on —

chain extender

hard segment soft segment

Puc. 1. Mexani3m cunre3y I1Y
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XKopcTki cerMeHTH, YTBOpPEHI 3 IMOJIOBXKYBauiB JIAHIIOTa Ta 130ll1aHAaTy — €
HEPYXOMHUMH Ta YaCTO TIOB’sI3aHUMH BOJTHEBUMHU 3B’ SI3KaMU, TOJII SIK M SIK1 CETMEHTH,
YTBOPEHI 3 OJIITOMEPHUX IOJI0JIIB, 3a3BUYall MPUCYTHI y Gopmi cripati abo MOKYTh
KPUCTAIII3yBaTUCS Ta € PYXJHMBOIO Ta M’ sIKOI0 ¢a3oro B noyperanax [3, C. 307-344].
3aBasku cBoiii OynoBi IIY BOMOMIIOTHP BHUCOKOIO XIMIYHOKO Ta 3HOCOCTIHKICTIO,
€JIaCTUYHICTIO, 1110 POOUTH MOTO HE3aMIHHUM B PI3HMX rajy3sx BUPOOHUIITBA.

Ockinpku ypetanoBa rpyna —NHCOO- y cknaai moniyperany, Onu3bka 3a
OynoBoro g0 mentuaHoi rpynu OuikiB —CONH-, mo, WMOBIpHO, 1 BHU3HAYae
6iocymicHicts [TV [4].

bararo aBtopiB [5, C. 1440-1452; 6, C. 249-255] cBoiMU IOCHIIKEHHIMH
HiATBEPKYIOTh, 10 BIAacTUBOCTI IIY MOKHa perysoBaTH 3a paxyHOK HIMPOKOIO
HA0OpY BHUXIJHUX KOMIIOHEHTIB, MOXXHA HANpaBJIEHO PETYJIOBATH, IO JO03BOJISE
CTBOPIOBATU MOJIIMEPHI BUPOOM MEIUYHOTO MPHU3HAYEHHS 3 IIUPOKUM J1ala30HOM
BJIACTUBOCTEN Ta ramy3ed 3actocyBaHHs DIyOpOBMICHMH  CErMEHTOBAHMM
noniyperan (DOCIIY) xapakrepu3yroTbcsi 010CYMICHICTIO, TPOMOOPE3UCTEHTHICTIO,
BOJIOJIIE€ TUTIBKOTBIPHUMHM BJIACTUBOCTSAMU. DiryopoBMicHI (parMeHTH MOXYTh OyTH
BBEACHI SK JO CKIaay JKOPCTKOrO CerMeHTy (mii3omiaHaT Ta eKCTeHJep
MaKpOJIaHITIora), TaK 1 THy4Koro (oxiroerep) cermenty y OCITY.

BukopucranHs CHHTETMYHMX MaTepialiB B MEIAUIIMHI MiAHSAIO HOBY BEIbMU
BXJIUBY MpobieMy, a came: mpobiieMy O10JI0TI9HOT CyMiCHOCTI. Bimomo, 1m0 KuBwHid
OpraHi3M BIJITOprae cyOcCTaHIlli, CTBOpPEHI MO3a HUM, 1 THM YH IHIIMM MUISIXOM
HaMaraeTbcs BUJUIMTU iX 3 cebe. Pazom 3 TuM, mepeBakHa OUIBIIICTh MaTepialiiB
MEIMYHOTO Mpu3HayeHHs (OloMenuuHi MaTepianu) (YHKUIOHYIOTH y KOHTAaKTi 3
TKaHWHAMHU OpTaHi3My, 1 B TIH YW I1HIIMK Mipi TpaBMyIOTh iX. Tomy oueBHHA
HEOOX1/HICTh CTBOpPEHHsI OloMarepialiB, SIKi O Malud MOXJHBICTh CIHIBICHYBAaTH 3
’KUBUM OPTaHi3MOM, TOOTO OyTu 6iomoridyno cymicHuM 3 HuM [7, C. 165-170].

Bigomo, mo mosiypeTaHoBl MOJiMEpU IIMPOKO BHUKOPHUCTOBYIOTHCS B SIKOCTI
JeTaNe eHIONPOTE31B CEPIs 1 €HAOMPOTE3IB KJIAMAaHIB CEpIls 3aBISIKU iX BUCOKIH

remocyMicHOCTI. CerMeHTOBAaHUN XapakTep TaKUX MaTepiayliB JI03BOJISIE 3MIHIOBATU
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XIMIIO TOJIIMEPIB JIsl JOCSATHEHHS SK €JaCTUYHOCTI, TaK 1 MEXaHIYHOI MIITHOCTI
BupoOiB [8, C. 227-233].

Psin aBTopiB [9, C. 52-58., 10, C. 30-37] npoBoauiay KJIIHIYHI JOCTIKEHHS 1
BHUBYAIM OCOOJMBOCTI peakili M’SKUX TKAaHUH 1 OpPraHiB 4YepeBHOI MOPOXHUHU
TBapuH (KPOJiB Ta IIypiB) HA IMIUTAHTAII0 CHHTETUYHOTO IMOJIIMEPHOTO MaTepiary
Ha OCHOBI CITYACcTOro TOJiypeTaHy 3 1MMOOUTI30BaHUM anbOyruaoM. B xoni
NPOBEIEHUX [JOCIIDKEHb Y BIAMOBIAHOCTI 3 MDKHAPOJHMMHU CTaHAApTaMH,
BCTAHOBJIEHO, 110 €KCTPAKT 3 KOMIIO3MI[IHHOTO Marepiadly Ha OCHOBI CITYaCTOIrO
nojiyperaHy 3 ajlbOyluIOM HE BHUKJIMKAB epuUTeMU abo HaOpsKy micis
BHYTPILIIHBOIIKIPHOT 1H €KII1 y KPOJIiB, 3HAUEHHS 1HJIEKCY MEPBUHHOTO MOPAa3HEHHS
3Haxoaminocs B Mexax 0-0,4 Ganu. B mepioa crocTepekeHHsS TOCTPOi CUCTEMHOI
TOKCHYHOCTI KOJIHAa TBapWHA MICIs T03yBaHHS €KCTPAKTOM 3 MaTepiady Ha OCHOBI
CITYACTOTO TIOJIypEeTaHy 3 albOylIHIOM HE JAEMOHCTpyBaja 3HAYHO OLIBIIOI
010JIOT1YHOT PEaKTUBHOCTI, HIK TICIIA I03yBaHHS KOHTPOJIBHUM CEPEJIOBUIIIEM, a CaM
BUIMIPOOHUI 3pa30K BIANOBIJAaB BHUMOraM BHUIIPOOYBAHHS Ha TOCTPY CHUCTEMHY
TOKCUYHICTh. [lpu iMIIaHTalii KOMITO3MIIIHHUX MaTepiajiiB Ha OCHOBI CITYACTOIO
noyiypeTany 3 Ta 0e3 anpOynumay BigOyBaBCsi 3aKOHOMIPHUH TIpoliec nepeOyBaHHS
YyXOpIAHOTO Tila B XUBOMY OpraHi3Mi — HOro BIIMEXYBaHHS BiJ OTOUYIOUHUX
TKaHWH 32 paXyHOK (QOpMYBaHHS CHOJYYHOTKAaHMHHMX Karcyi. OTxe,mATBEpAUIach
0e3meuHicTh pO3pOoOJIEHHX BHUPOOIB HAa OCHOBI CITYACTOrO IMOJIYpeTaHy 3
IMMOOLJTI30BaHUM aJbOyIMAOM Ta JaHa pPEeKOMEHJAlllsl Il BUKOPUCTAHHS B
OOMEKEHUX KIIHIYHUX BTPYYAHHAX Y BIJHOBJIIOIOUUX Ta PEKOHCTPYKTUBHUX
oreparisx B 0(pTaIbMOXIpyprii Ta eIemHO-INIEBINA Xipyprii.

Aptopamu [11, C.1361-1366] BuBUEHO BIUIMB XIMIYHOI  OYyJIOBH
(GIyopoBMICHOTO TMOJOBXKYyBada MOJIMEPHOTO JIaHLora Ha  (i3UKO-XIMIYHI
BJIACTMBOCTI TMOJIIMEPIB Ta CYMICHICTh (iayopoBMmicHux IIY 3 KpoB’10 JIOIUHM.
BcranoBneHo, 1mio miaBHUINEHHS KOHIEHTpallli atoMiB ¢iyopy Ha mnoBepxHi ITY
MPUBOJIUTH 10 MOKPAIICHHS iX TPOMOOPE3UCTEHTHUX BIaCTUBOCTEM

B nocmimkenni [12, C. 121-129] aBTOpM BHKOPHUCTOBYBaJIM HOBATOPCHKI

ampidiapHI TTOTIMEPHI JAHITIOTH HA OCHOBI MOJI(AIMETHIICHIIOKCaHy) MoaudikoBaHi
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KapOOKCUOETaTHOM JIJIsl JOCSITHEHHSI €pEKTUBHOCTI MPOTH OakTepiit Ha piBHI 97,7%, a
TAaKOX BOJIOAUIM AHTUAATEe3MBHUMH BIAcTUBOCTAMHU. lle neMoHCTpye BenuKwHii
MOTEHIIIA JJi1 O10MEAUYHUX TPUCTPOIB Ta 3aCTOCYBaHb B MOPCHKIN cdepl. 3amiHa
MOJIIOJIY XITO3aHOM, O10CYMICHMM IIOJIiCaxapuJoM, OTPUMAaHUM 3 PaKOMOIIOHUX 1
rpu0iB, IpU3BENa O HAHECEHHS Ha CTEPHIII30BaHl TMCKHU MOJIIypPETaHOBOTO MOKPUTTSL.
Ile noxkpuTTs mnokaszano mnocwieHe i1HriOyBaHHs Escherichia coli mopiBHAHO 3
XiTO3aHOM OKpeMo. KpiMm TOro, xito3aH 1 TremapuH, OCTaHHIM Mae BHCOKHM
HETaTUBHUM 3apsj, SKUM BIAIITOBXYE HETaTUBHO 3apsJipKeH1 Oaktepii, Oynu
nociHioBHO  iMMoOUTI30BaHi Ha moBepxHi [IY. Ile#t mnpouec cTBOpuB
aHTHOAaKTeplaNpbHUIN Iap, CTIMKUKA 10 psagy Oaxtepiit: Staphylococcus aureus,

Staphylococcus epidermidis, E. coli Ta Pseudomonas aeruginosa.

BUCHOBKU

Amnani3 iHbopMaIIHHUX JPKEepell CBITYUTD, 110 CETMEHTOBAHI MOJIlypeTaHu, sKi
MICTSITh Y CBOEMY CKJIaJi (DIyopOBMICHI (pparMeHTH Pi3HOI XiMiuyHOi OyAOBH, IO
0OYMOBJIIOIOTh KOMIUIEKC (DI3UKO-XIMIYHMX Ta OloJIoriyHUX BiacTuBocTed. lle
J03BOJISIE BUKOPHUCTOBYBATH iX, K O10CYMICHI MOJIIMEPHI IMIUIAHTAaTH TPUBAJIOTO
TepMiHy [ii. BaXiuBUM acmekToM € TaKoX CTBOPEHHS TPOMOOPE3UCTEHTHUX
MOJIIMEPHUX MaTepiajiB, SKI MOXYTh OyTH 3aCTOCOBaH1 y JIKyBaHHI MaTOJIOTii
CEepLIEBO-CYAMHHOI CUCTEMH JIOAUHM (1H(apKT MioKap/a, ilmeMiyHa XBopoba cepiis)
OTOJIAPUHTOJIOTTI, IIEJEMHO-IMI[LOBIM  Xipyprii. Ha cporogHi, mOKpalleHHs
F€MOCYMICHMX BJIACTUBOCTEH TMOJIMEpPIB TaKOro THUNY BIAOYBAa€TbCS Yy JIBOX
HAmpsIMKaxX: CHHTE3 HOBUX ab0o0 Moau(ikaiis BXKE ICHYIOUHMX CErMEHTOBAHUX

MOJIIypEeTaHiB.
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AHoOTauis. PO3BUTOK Cy4acHOTO CBITYy BUMarae CTBOPEHHs HOBUX MaTepialiiB 3 KOMIUIEKCOM
3aJIaHUX BJIACTUBOCTEH. BupimeHHs 1€ 3amadi  JOCATAEThCS CTBOPEHHSIM KOMIO3HMITIHHUX
MaTepialiB, sKi MOETHYIOTh BIACTHBOCTI MaTpPUIll Ta PI3HUX THIB HaNOBHIOBaYiB. B maniit poboTi
MIPEACTABICHO TEXHOJOTII0 OTPUMAaHHS Ta BU3HAYEHHS MIIHICHUX BJIACTHBOCTEH KOMITO3HMIIIHHUX
IUIACTUH Ha OCHOBI BYTJICIIEBOI'O BOJIOKHA (ByrieneBa TkaHuHa mapku T33K200, BupoOHHMIITBa
Kwurait) ta ckmomaty — ckiaomar emyibcidamii (Kwurait). SIk momiMepHe 3B’s3yroue oOpaHa
enokcuaHa cmonia Epoxy-520 (Yexis). BukopucroByBaBcs METOAOM TiOpUAHOTO (HOpMYBaHHS
(pyuHe TIpPOCOYCHHS 1 YyKJIaJAaHHS IIapiB KOMIIO3WTY 3 TIOJAJBIIOK TepMOOOpoOKoro). s
npoBeieHHS (DI3MKO-MEXaHIYHUX BHUNPOOYBaHb OyJaM BUTOTOBJICHI 3pa3ku y (opmi OpycodukiB
po3Mipom mpubauzHo 120%x14x5 mm. Ta moBeaeHO BUIPOOYBaHHS MO BH3HAYCHHIO MIIHOCTI Ha
sruf. llpeacraBieHo pe3ynbTaTH iX JOCTIIKEHHS, NMPH LOMY CEpeAHE 3HAYEHHS JOCIIIHUX
3paskiB ckiano 163,12 MIla.

KarouoBi cjioBa: ckioMar, ByrieneBa TKaHHHA, €IOKCUIHA CMOJIa, TIOTIMEPHUN KOMITO3HT,
MILHICTE Ha 3TUH.

Abstract. The development of the modern world requires the creation of new materials with
a set of specified properties. The solution to this problem is achieved by creating composite
materials that combine the properties of the matrix and different types of fillers. This work presents
the technology of obtaining and determining the strength properties of composite plates based on
carbon fiber (carbon fabric brand T33K200, produced in China) and glass mat - emulsion glass mat
(China). Epoxy resin Epoxy-520 (Czech Republic) was chosen as a polymer binder. The method of
hybrid formation was used (manual impregnation and stacking of composite layers followed by heat
treatment). For conducting physical and mechanical tests, samples were made in the form of blocks
with a size of approximately 120x14x5 mm. But a test was conducted to determine the bending
strength. The results of their research are presented, while the average value of the test samples was
163.12 MPa.

Key words: glass mat, carbon fabric, epoxy resin, polymer composite, bending strength.

Po3BUTOK Cy4acHOTO CBITYy BHUMAara€e CTBOPEHHS HOBHX MarepiaiiB 3

KOMIUIEKCOM 3aJIaHMX BJIaCTUBOCTeW. BupimeHHs 1ie€i 3agadi  JA0CITaeThes
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CTBOPEHHSIM KOMIO3HUIIIMHUX MaTepialiB, SIKl MOEJHYIOTh BJIACTUBOCTI MAaTpHIll Ta
PI3HUX THUIIIB HAIIOBHIOBAYIB.

Ha Bigminy Bix TpaauiidHux, KoMmmosuliiHi wMarepiau (KM) wmawTh
MiIBUINEHY  MIIHICTh, KOPO3IMHY  CTIMKICTh, 3HOCOCTIAKICTh, IiJBUIIEHY
JIOBTOBIYHICTIO. A MOJJIMBICTh OpI€HTAIlll HAMTOBHIOBAYIB B PI3HUX HAMPIMKAX A€
MOXJIMBICTh OTPUMYBATH 1X aHI30TPOITHI BJIACTUBOCTI. BUKOpUCTaHHS MOIIMEpHO1
MaTpHIll J1a€ 3MOTY BapilOBAaTH SIK TEXHOJOTIYHI TaK 1 €KCIUTyaTalliiiHI BIACTHBOCTI
KOMITO3UTIB B IIMPOKUX ME¥XKax, IO J03BOJISE €KCIEPUMEHTYBAaTH B TEXHOJIOTIEIO
otpuManHs KM.

CkJomnacTuK — BHJ KOMIIO3ULIWHUX MaTepialiB, M0 CKJIAJAlOThCsA 31
CKJIOBOJIOKHMCTOT'O HAalOBHIOBaya (CKJISHE BOJIOKHO, BOJIOKHO 3 KBaply Ta iH.) 1
3B’A3yI0U01  PEUOBMHHM  (TEPMOPEAKTHUBHI Ta  TEPMOIUIACTUYHI  TOJIMEPH).
CKJIOTUIaCTUKHA MAIOTh Jy’K€ HU3bKY TEIUIOMPOBIAHICTH (MPUONM3HO, SIK Y JIepeBa),
MIIHICTB SIK Yy CTaJi, 010JI0TI4YHY CTIHKICTh, 1 aTMOC(HEPOCTIHKICTD, ajieé CXUIBHUM 10
BOJIOTO- Ta BogOHAacH4YeHHS. CKIOIUTACTHKU TIOCTYMAIOTHCS CTaji 3a aOCOTIOTHUMH
3HAYEHHSMHM MEX1 MIIHOCTI, ajie B 3,5 pasu Jjerme ii 1 mepeBepiIyioTh CTajlb 3a
nuTOMOI0 MiHICTIO. LI{iNBbHICTE CKIOMIACTUKY, OTPUMAHOTO IIJISIXOM MpecyBaHHS,
ctanoButh 1800-2000 xr/m? [1].

Byrnennactuk — moiiMepHI KOMIO3WTHI MaTepiaid 3 TEPEIUIeTEHUX HHUTOK
BYTJICIICBOTO BOJIOKHA, PO3TAIIOBAHMX Yy MATPHIll 3 TMOJMIMEPHHX (HAMPUKIA],
enokcuaHux) cmoi. I{imeHicTs — Bim 1450 xr/m® go 2000 xr/m®. Lli maTtepianu
BIJIPI3HSIOTHCS BUCOKOIO MIITHICTIO, dKOPCTKICTIO 1 MaJIOI0 MAacOr0, 4acTO MIITHIII 3a
cTajb, ane Habararo jerme [2].

B sxocTi momiMepHOi MaTpuill MOXYTh OyTH 0OpaHi SK TepMO- TakK 1
PEaKTOIUIaCTH, ajie HaWO1IpIoro nomupeHHs 3Hanmmu KM Ha OCHOBI €MOKCHIHHUX
cmon (EC). V nmanuii yac Bumyckaerbcsi Ounmbmie 30 MapoK JHUTTEBHX 1
IPOCOYYBAJIbHUX E€MOKCUIHUX cMoJ. HaiiOinbie po3moBCIOKEHHS  3700yiH
€MOKCHTHO-/TIAaHOB1 OJIITOMEPH, BHACIIJOK YOT0 iX BHUITYCK B 3arajibHOMY O0OCs3i

BUPOOHUIITBA cKIanae oubie 90 % [3].
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3aBASKM  YHIKQJIBHOMY  TO€JHAHHIO  KOMIUIEKCY  €KCIUTyaTalliHUX
BJIACTMBOCTEH, TaKUX, SIK BUCOKI MILHICHI XapaKTEPUCTUKHU, TapHa aare3isd 10 pi3HuX
MarepialiiB, BUCOKA CTIMKICTh JO JIIi arpeCUBHUX cepeoBHIll i iH., emokcuaai [TIKM
3HaYHO TMEPEeBEpIIYIOTh TPAAMIINHI CKIaad, L0 MICTATh MIHEpalbHI B’SKydl, a
TaKOXX MaTepiajy Ha OCHOBI IHIIMX CHHTETHYHUX cMOJ (mosiedipHuX, QypaHOBUX,
KapOamiHUX 1 1H.). Tak, MIIHICT, OpH po3TAryBaHHI 3aTBepAiinx EC wmoxe
nocsirati 150 MlIla, mpu ctucaenni — 400 Mlla, mpu Buruni — 200 MIla, moxynb
npyxxHocti — 500 MIla [4].

B naHiii poOOTI mNpeacTaBieHO TEXHOJIOTII0 OTPUMAaHHS Ta BU3HAYCHHS
MIIHICHUX BJIACTUBOCTEH KOMIO3UIIIMHUX TUIACTUH Ha OCHOBI BYTJIEIIEBOTO BOJIOKHA
(ByrneneBa TkannHa Mapku T33K200, BupoOHuirrBa Kurait) Ta ckiiomary — cKjaomar
emynbciitnuil (Kuait). SIk momiMmepHe 3B’si3ytode oOpaHa emnokcuaHa cmoia Epoxy-
520 (Yexis).

3pa3zku  kommno3uty y ¢opmi tuactudH S50x50 cM s mpoBeACHHS
EKCIIEpUMEHTyY Oynu OTpuMaHi MeToaoM TiOpuaHoro QopmyBaHHa (pydHe
IIPOCOYCHHSI 1 YKJIaJIaHHS IIapiB KOMITIO3UTY 3 MOAQIBIIOK TepMOoOpoOKkoto). [Tpu
[bOMY CTa/Iisl IPOCOYEHHS MOAUISETHCS HA 2 Oneparii:

1. [Tapanenbue ¢popMyBaHHs 2 NMAKeTIB (PI3HULSI MK SKUMHU Y BIACYTHOCTI
CKJIOMAaTy B JpyroMy TMakeTi): Ha CKIAHY MIAKIaAKy OOpoOJIeHY BOCKOM
(aHTHaare3iiiHUI 1ap, IO JOJATKOBO 3a0e3nedye TISHIEBY MOBEPXHIO BHUPOOY)
HAHOCUTBCS  HEOOXiJIHA KIUIBKICTh CMOJM pa3oM 3  Iuiactudikaropom 1
OTBEp)KyBadeM IIpU iX KUIbKICHOMY cHiBBiHOMIeHH] BianoBiaHo 100:10:50 nHa
100 mac. wactun cmonu. TkaHuii maTepian (CKIOMaT Ta BYIJIeLleBa TKaHUHA) Oynu
nomnepeaHbo po3kpoeHi Ha kBajapatu S50%50 cm. JIBI 3aroToBKM BYTJIETKAHUHU
MOYEProBO HAHOCWJIM Ha CKJSHY MIAKJIAAKY 31 CMOJIOI0, MPOCOYEHHS MaTepiaiy
3MIACHIOBAJIM TIOPOJIOHOBUM BanukoM. [loBepx 2 mapiB BYIVIETKAHMHU YKJIaJaidH
miap ckioMary. SIkuii Takoxx nmpocouyBaiau cMoiioro. [1akeT 13 3 mapiB HaKpUBau 1Ie
OJTHOI0 0OPOOJIEHOI0 BOCKOM CKIITHOIO TiKJaakoro. Jlapamu HaBanTaxenHs 100 kr i

IpU KIMHATHIN TeMnepaTypi BUTpUMYBaK 4 TOIWHU (4aCTKOBA MOJIIMEPHU3ALlis).
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2. Kinnere popMmyBaHHS KOMITIO3UTY Ta HOro TepMOOOpOOKa: J1Ba yTBOPEH1
MaKeTH MICHIsI MpeanoiMepu3altii (3a BKa3aHUX BHUIIE YMOB) MTOETHYBAIU B KOMITIO3UT
TaKUM YMHOM 11100 ckjomaT OyB B cepeauHi (puc. 1), oro 104aTKOBO MPOCOUYBaIU
CMOJIOIO 1 BXe€ 3i0paHMid KOMIIO3WT (MDK IapaMH CKJISTHUX MMOKJIAI0K, 3
HaBaHTaxXeHHsAM 100 kr) nomimand B CymwibHy mady Ha 2 TOAUHHU MpH
temrnepatypt 70 °C. Tepmiuna o00poOka 3pa3KiB CKJIOMATy Ta BYTJETKAHUHU
3017bIIyE MEXaHIYHI BIACTHUBOCTI MaTeplally 3a paxyHOK OUIbII TMOBHOL

noJiiMepu3arltii enoKCUIHOT MaTPHILL.

Puc. 1. Burasia po3po0/ieHoro KOMmo3ury

Jns mpoBeaeHHs (i3UKO-MEXaHIYHUX BUIIPOOYBaHb Oy BUTOTOBJICHI 3pa3Ku
I[IKM Burisai OpycodkiB po3MmipoM mnpubiauzHo 120x14x5 wmm. IlpoBeneHHs
MEXaHIYHUX BUIPOOYBaHb KOMIIO3UTHHUX IUIACTUH B1I0YBAIOTHCS HACTYIIHUM YHHOM:
3pa3oK, SKHW BUIBHO JIGKUTh Ha JIBOX OIMOpPax KOPOTKOYACHO HAaBAHTAXYIOTh
mocepenuHi MK omopamu. [lig dwac Takoi omeparii BU3HAYAIOTH 3TUHATHHE

Hanpy:KeHHs NMpU pyiHyBaHHI [5]. Pe3ynbraTl 1oCiiKeHb HaBeIeHO B Ta0uIll 1.

Ta6annsa 1 — MinnicTs Ha 3ruH po3podaennx ITIKM

Nen/m | Po3mip 3pa3ka, MM MiunicTs npu Cepenne
pyiinyBaunni, MIla 3HayeHHs, MIla

1 120,35%14,09%4,93 161,24

2 120,14x13,71x5,06 174,15

3 120,32x13,76%50,05 190,91 163,12

4 120,73x13,31%4,88 160,77

5 120,42%13,94x5,05 128,64
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BUCHOBKHA
Po3pobiieno TtexHomorito BuroTtoBiaeHHs 1iactuH 3 [IKM  Ha oOCHOBI
enokcuaHoi cmoiu Epoxy- 520 Ta 1BOX THIIB HAalOBHIOBaya: CKJIOMAT 1 BYTJeleBa
TKaHWHA, METOJIOM T10puaAHOTO (hOpMyBaHHS (Py4UHE MPOCOYEHHS 1 YKJIaJaHHs 1IapiB
KOMIIO3UTY 3 MOAAJIBIION TepMooOpoOKkoro). [lpu mpomy crTamis NpOCOYEHHS

NOAUSIEThCA HA 2 onepartii. JlociiKeHo MIITHICTh Ha 3TUH po3podiaeHux [TKM.
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Abstract: The study examined the resistance of micro- and nano-textured coatings to
corrosive environments and water immersion. The coating is made using modified calcium
carbonate microparticles and treated colloidal silica nanoparticles. This work uses electrochemical
methods as a conducting electrochemical impedance spectroscopy and potentiodynamic
polarization curve measurements to study the degradation mechanism of polymer coatings in
corrosive environments. The composite coating, as suggested by this study, exhibits notably stable
water resistance, and demonstrates robust corrosion resistance when exposed to corrosive
environments. Such promising attributes position the coating favorably for various practical
applications.

Key words: coatings, corrosive resistance, electrochemical, calcium carbonate,

AHoTanisi: JoCmDKEHO CTIWKICTh MIKPO- Ta HAHOTEKCTYPOBAaHUX TOKPHUTTIB [0
KOpPO31HOT'O CepellOBHIA Ta 3aHYpeHHs y Boay. IIOKPUTTS BUTOTOBISETHCS 3 BUKOPHUCTAHHAM
MOAM(IKOBAaHUX MIKPOYACTHHOK KapOOHATy KaJbIlil0 Ta 0OpOOJICHMX HAHOYACTUHOK KOJIOiITHOTO
KpeMmHe3eMy. Y Iiii poOOTI BUKOPUCTOBYIOTHCS ENEKTPOXIMIYHI METOAM, Taki fK MpOBiIHA
€JICKTPOXIMIYHA  IMIIEJAaHCHA  CIEKTPOCKOIsl ~Ta  BHUMIPIOBaHHS  TMOTEHIIOJUHAMIYHOT
NOJSIpU3aLifHOI KpHUBOI, A BHMBYCHHS MEXaHI3My Jerpajauii IMOJIMEpHHUX MOKPUTTIB B
KOpO3iHUX cepefoBuIIax. KoMmo3uTHe TOKPUTTS, SK 3alpolOHOBAHO B IBOMY JIOCIiIKEHHI,
JeMOHCTpYe cTaliIbHY BOAOCTIMKICTD 1 HalIHY CTIHKICTh O KOPO3ii MiJl BIJIMBOM KOPO31HHOTO
cepemoBuia. Taki 0aratooOiIsitodi BIACTHBOCTI POOJATH TOKPHUTTS BUTIIHUM JJIsI  PI3HUX
MPAKTUIHUX 3aCTOCYBaHb.

Kiio4uoBi cjioBa: mMoKpUTTS, KOpO3iitHa CTIHKICTh, €IEKTPOXiMisi, KapOOHAT KabIIiIO,

The experimental procedure involves preparing nanoscale and microscale
fillers, including 5 wt. % Aerosil R972 and 90 wt. % hydrophobized calcium
carbonate (CaCOs), along with 5 wt. % styrene-butyl methacrylate copolymer (AC)
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[1]. Subsequently, the hydrophobized fillers are applied onto mirror-polished
aluminum plates using a polymer filler solution. After drying the coated panels, they
are compared with reference samples, followed by conducting surface
characterization analysis to evaluate the efficacy of surface modification for tailored
surface properties. Following coating application and drying, the experimental
procedure involves testing the temporal evolution of surface contact angle upon
immersion in water and conducting electrochemical impedance spectroscopy and
potentiodynamic polarization curve measurements using an electrochemical
workstation BP-300 (Biologic, France) to assess the surface properties of the samples
[2, 3].

It can be hypothesized that the introduction of water may induce a reduction in
the interfacial adhesion between the polymer matrix and filler particles, potentially
leading to localized accumulation of water at the polymer-particle interface.
Consequently, a decrease in the contact angle on the coating surface is anticipated

(Table 1).

Table 1 — Surface characterization of the water resistance, corrosive resistance
(water contact angles, deg.)

Duration of immersion in water, hours
C(water) 0 24 48 72
146° 135° 134° 134°
C(corrosive) Duration of immersion in 3,0 wt. % NaCl solution, hours
146° | 134° | 134° \ 133°

Figure 1 shows the surface potential of the coating after 72 hours of immersion
in a corrosive environment. Potential increased while the current density decreased.
This phenomenon suggests that although the outermost layer of the coating may have
corroded during the exposure, the underlying layers continued to provide corrosion
protection, resulting in an overall increase in potential. This observation implies the
exceptional corrosion resistance capability of the coating, as it effectively retards

corrosion progression and preserves the integrity of the substrate.
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Fig. 1. Polarization curves of different electrodes, where: Sample (C0) and Sample (C72) after
immersing in a corrosive environment for 72 hours

Fig. 2 shows the results of the AC impedance spectra of the samples, the AC
(alternating current) impedance spectra of samples CO and C72 exhibit a remarkable
close overlap, indicating the robust corrosion resistance of the coating. This suggests
that significant corrosion-induced changes in the impedance spectra, which would

have indicated substantial surface degradation, are not observed.
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Fig. 2. Bode plots of the EIS results for different specimens, where: where: Sample (C0) and
Sample (C72) after immersing in a corrosive environment for 72 hours
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CONCLUSIONS

The researchers investigated the resilience of micro- and nano-textured
coatings under challenging conditions, including corrosive environments and water
immersion. These coatings are fabricated utilizing modified CaCOs microparticles
and colloidal silica nanoparticles. The composite coating, as suggested by this study,
exhibits notably stable water resistance, and demonstrates robust corrosion resistance
when exposed to corrosive environments. Such promising attributes position the

coating favorably for various practical applications.
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AHoTauis: [IpeaMeToM TOCTIIKEHHS € CHHTETUYHO CTBOPEHHI TEKCTYpOBaHI MOBEPXHI 13
MeTany Ta TyMH. B skocTi 00’€KkTa JOCHIIKEHHS BUCTYMAE BOAOBIAMITOBXYBaJIbHI BIACTHBOCTI
3pa3KiB sIKi OyJIM BUTOTOBJICHI TEMIUTATHUM MeToA0M. JloCiiKeHHsT BIACTUBOCTI BinOyBajocs 3a
JOTIOMOTOI0 BH3HAYECHHS KyTa 3MOYYBAHHS TEKCTYpPOBaHMX ITOBEPXOHB, SKHH JOCIIIKYBaBCS 3a
JIOTIOMOT'0I0 ONITUYHOT MIKPOCKOMii. B KOCTI OCHOBHOTO MaTepiany oOpaHO eTHIICH-IIPOILTIEHOBHI
kaydyk. [Ipy mpoMy B sKOCTI 1I1abJOHY BHUKOPHUCTOBYBaBCS MeTajeBui 11abioH. Takox
BUKOPHCTOBYIOUH Il METO]] BCTAHOBJIEHO HOTO MOBEPXHIO IPH BUKOPHCTaHHI TEMIUIATAHOTO
METOAY BHUTI'OTOBJICHHS 3pa3kiB. ONHCaHO MOBEPXHI SKi YTBOPHIHUCS Ta KUJIBKICHO BCTAHOBIJICHO
3MIHY KyTa 3MOYYBaHHsI IIPH TEKCTYpOBaHI MmoBepxHi. ONMMCAaHO OJWH 13 MOXJIMBUX CIOCOOIB SKi
MOKHa BHKOPHCTOBYBATH IIpU MacIuTaOyBaHHI BHUTOTOBJEHHI TEKCTYpPOBaHMX IOBEPXOHb.
JlomaTKOBO BKa3aHO MO3HUTHBHI Ta HETATHBHI CTOPOHH JAHOTO HPOIIECY.

Karwuosi cioBa: TekcTypoBaHi MOBEpXHi, BOJOBIAIITOBXYBaJIbHI MOBEPXHi, TEMIUIATHUN
METOJI, KyT 3MOUyBaHHS, MIKPOTEKCTYpa.

Abstract: The research focuses on synthetically created textured surfaces made of metal and
rubber. The investigation centers on the water-repellent properties of samples manufactured using
the templating method. Property analysis was conducted by determining the contact angle of
wetting on textured surfaces, examined through optical microscopy. Ethylene-propylene rubber was
chosen as the primary material, while a metal template was used. Using this method, the surface
was characterized when samples were produced via templating. The surfaces formed are described,
and the change in contact angle on textured surfaces is quantitatively assessed. One potential
method for scaling up the production of textured surfaces is described, along with the positive and
negative aspects of this process.

Keywords: Textured surfaces, water-repellent surfaces, templating method, contact angle,

microtexture.

TekcTypyBaHHs MOBEpXOHb HaJa€e iM 0coONMMBHUX BiacTuBocTeil. Hacammepen
TaKui METOJI BUKOPUCTOBYIOTH ISl TMOKpAIlEHHs BJIACTUBOCTEH IIOB’S3aHUX 13
KOHTakTOM piguHamMu [1]. B OCHOBI MigBUINEHOTO BOJOBIAMITOBXYBAaHHS JICKHUTH

e(eKT mpuTaMaHHUM MTOBEPXHI JIUCTIB JACSKUX POCIIHH, a 30KpeMa MEeTI0CTKaM KBITIB
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[2]. Taka mnpupomHsi CTPYKTypa IOKpallye BOJIO- Ta 0je0(poOHI BIACTUBOCTI
MOBEPXOHb, a00 HaBMaku TiApodUIbHI BracTUBOCTI. OcCTaHHE BIiAOYBAa€TbCA Y
BUIAJKY  KOJM  BHUKOPHUCTOBYIOTBCS ~ MaTepiaiv  3JaTHI O  MOJSPHUX
BaH/ICPBAAJIbCIBCHKUX Ta BOJHEBUX B3aeMojid. OueBUAHO, IO HAWOUIBII BUpaAKEHI
edeKkTH MOXKHA OTPUMATH, BUKOPHUCTOBYIOUN MAaTepialid, B IKUX MOBEPXHEBA €HEPTis
MOJISIpHA, a BOJHEB1 KOMIIOHEHTH 3Ha4Hi. J[o MaTepiaiiB 13 BOJOBIAIITOBXYBAILHUMHU
BJIACTUBOCTSIM HaJie)KaTh HAcaMmIiepea MojiMepu, ToO0To momionedinu, ¢Top-
€J1aCTOMEPH Ta OPraHOCUIIOKCAHOBI Kaydyku [3].

[TokpaiieHi BJIaCTUBOCTI BOJIOBIAIITOBXYBAaHHS Ta PO3YMHIB Ha i OCHOBI €
KOPUCHOIO BJIACTHBICTIO, OCKIJTbKA BOHA MOYK€ 3HAYHO 3MEHIIIUTH CTYIIHb B3a€EMOJIT
MDK pIIMHOIO Ta MarepiajoM. BrmB 1nporo edexty Ha Taki MpOIECcH, SK
TPAHCIIOPTYBaHHS PIAMHM B TpyOax [5], aHTHOOIEACHIHHS 3aBASKH 3MEHIICHHIO
HAJUMaHHA Jb0oAy [6], OUTBII KOHTPOJIbOBAHI MPOLIECHM KOHACHCAlll Ta KUIIHHS,
MIEBHOIO MIPOIO0 aHTHUKOPO3iHHI BJIACTUBOCTI [7] Ta MeHIIe yTpuMaHHs Opyay [8].

OnHi€l0 3 OCHOBHHUX MpoOJeM, SIKI CTPUMYIOTh NPAKTUYHE BUKOPHCTAHHS
TaKUX MOBEPXOHb € HU3bKa MAacCIITA00BAHICTh iX BUPOOHHUITBA[2], IO MOSCHIOETHCS
THCTPYMEHTAJILHOIO CKJIQIHICTIO OJIepKaHHsA. TeMIUIaTHUN METO/I, III0 BUKOPUCTOBYE
mabJIoH 7S mepenayi 00epHEHOI TEeKCTYpH MOoJIIMEpaM € OJHUM 3 KaHAWJATIB IS
BUPIIICHHS 3TrajlaHoi mpobjieMu MaciiTadyBaHHs. BUTOTOBIEHHS! TOTOBUX BUPOOIB 13
rYMU 3a4acTy BHKOPUCTOBYE BHIIE ONHMCaHUNH Meroa. B skocti maGnony
BUKOPHUCTOBYIOTh MeTajieBUil BigOuTOok BUpoOy. Ilporec BynkaHizamii T'yMOBO1
CyMIilIl BKJIIOYa€ B ceOe JEKIJIbKa CTajii, K1 BiAOyBarOThCs TpH il ABOX (haKTOpiB
Ha Hel, a came Temneparypu Ta Tucky. [lepina ctamist BigOyBaeThbCs Ha MOYATKY il HA
IYMOBY CYMIIIl TEMIIEPATypU Ta JOJIATKOBOI'O THUCKY 1 XapaKTePU3Y€EThCA TPOMIKKOM
qacy, SIKUHM JIJIs1 KOJKHOI BYJIKaHI3yI04Oi TPYNH Pi3HU Ta 3aJIeKHUTh BiJl TEMIEpaTypH,
BYJIKAHI3yIO4Oi TPyNmW Ta THUITYy KaydyKy, 3a SKHH 3MEHIIYETHCS B’ SI3KICTh IO
30UIbIIyE€ TUTACTUYHICTh CHPOBMHM Ta HAJa€ MOXJIMBICTh TYMOBIH Cywilnl
3amoBHIOBaTH (Popmy BUpoOy. Jlpyra — cam mporiec ByJKaHi3alii sSIKHWA TOJSITAaE B
3IIMBAHHS MAaKpOMOJEKYJ KaydyKiB 3a JOMOMOIOI CIPpKH 13 TMOJAJbIINM

OTBEepIKeHHAM BHUpoOy. CaMm TeMmiaTHH MeTO[ Moke OyTu odOopMIIECHHH SK
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CTBOPEHHSI TEKCTYPH 32 PaXyHOK MPUTUCKAHHS METAJIEBOro MabJ0HY 10 PO3IrPITOro
70 TeMIEepaTypH, HEOOXIMHOI NIl MepeXoay Yy B’A3KO-TEKyYill CTaH MOJIMEpPY y
(dhopMi TUTIBKM 3 HACTYITHUM OXOJIOJKEHHSIM 1 (DIKCAIIEI0 TEKCTYPH OXOJIOKEHHSIM
[9]. Inmmii BapiaHT UBOTO METOAY BKJIIOYAE HAHECEHHS PO3YMHY MOJIMEpYy Ha
MMOBEPXHIO MA0JIOHA 3 HACTYMHUM BHUIAJICHHSAM PO3YMHHHMKA 1 CTAOUTI3AIIO0 TUTIBKH
[10].

Metoro  1bOro  AOCHIKEHHS  OyJlno  TOPIBHATH  OJHOPIAHICTH 1
BOJOBIIIITOBXYBAJIbHI BJIACTUBOCTI TEKCTYp, OTPUMaHUX pI3SHUMU METOAaMHu 3
BUKOPHUCTAHHSAM METaJIEBOi MalcTep-popMu;

Marepianu i meToau

[MabnoHu uIsi TEMIUIATHOTO MeToay OyiM CTBOpPEHI NUIIXOM JIa3epHOl
00po6ku mosepxHi amtomiHito 7500. 11labmonu Oynu CTBOpEHI 3 BUKOPUCTAHHAM 3
CEPEeNHBOI0 MOTYXHICTIO 6 BT, nomxwHoro xBmiai 1030 HM, 4acTOTOIO MOBTOPCHHS
60 xI'm 1 TpuBamicTio iMmmynbcy Omu3zbko 360 dc. Crpykrypu dopmyBaaucs 3i
mBuaKicTio 60 mm/c [11].

BigObutok Ha eTWJIEH-IPONiJIEHOBOMY Kay4dyyKy BHUTOTOBIISIBCA B JICKUIbKa
ertaniB [12]. Ilepmmm KpokOM € BUTOTOBIEHO IMA0JOH MJis BIIIMBKU. BiH
BUTOTOBJIIETHCSI METOJIOM JIUTTS IMiJI THCKOM CHJIIKOHOBUX TYM. B sfKOCTI OCHOBH
Oyno B3sto Marepian FSH-360 B OCHOBI SIKOTO 3HaXOJUThCS (TOPCUITIKOHOBUMA
kayayk 13 TBepaictio 60 mo Illopy A. B sxocti katamizatopy Oyj0 BHKOPHUCTAHO
nuxyiopOeH3orHuii komnayHja. Cam mpoliec BUTOTOBJIEHHS IMa0JIOHY MOJsraB y
HajaHi GOpMHU HEOOXITHUX MapaMeTpiB. BUrotopyieHHs 1madaoHy MOJISITaeE B MpoOLeci
IpHu SIKOMY TBEpPIMM CHIIIKOH PO3IrpIBalOTHCS Ta MijA MI€I0 TUCKY 3aJIMBAETHCS 0
€MHOCTI B SIKIil 3HaXOAUThCSA MeTaneBUil madyioH. OTBEpIKEHS Ta BUTOTOBJICHHS
BinOyBanocs npu temmeparypi 170 °C npotarom 15 xBunuH. OCHOBHUM MaTepiajoM
JUI BUTOTOBJICHHSI TEKCTYPOBAHHUX MOBEPXOHb OyJI0 0OpaHO €TUJICH-TPOINIICHOBHI
kayuyk mapku KEP 570 Bupoonunrsa Kumho Polichem BMicT MOHOMepa eTuieHa B
akomy cknanae 70 % Big 3aranbHOi Macu. Takox B CKJaa T'yMOBOI CyMIIIl BXOASTH
KOMIIOHEHTH, TOJIOBHE 3aJlaHHsS SKUX aKTUBYBaTH MpoLeC BYJKaHI3aIii.

Deovulc BG 187 xommiiekcHuil mpucKoproBay sikuil BUrotopisie kommanis D.O.G.
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Chemie. Pemra martepianiB BupoOHunTBa Granchem. Cywmim cTBoproBanacs 3a

perenTyporo, sika HaBeaeHa B Taom. 1.

Taoauus 1 — Penentypa eTujieH-nponijieHOBOi ryMu

No HasBa koMIioHEeHTY MacoBa yacTka.
1 | ETunen-nponinenoswuii kayuyk KEP 570 100.00

2 CreapuHoOBa KHCI0Ta 1.00

3 Cipka 1.5

4 Bytun uumar 1.20

5 Deovulc BG 187 6.00

6 Okcua HUHKY 5.00

[Ticast BUTOTOBJIEHHS CHUPOi T'yMOBOI CyMill ii PO3YHMHSUIA B KCHJIONI TPHU
temnepatypi 90 °C i3 MOCTIMHUM TEepeMIITIyBaHHSIM PO3YUHY ISl MPUIIBUAIICHHS
npouecy po3unHeHHs. Hanocunu po3dynH Ha MOBEPXHIO MIA0JIOHY 3a JOMOMOIOI0
CKJISTHOI TMajM4YKH, 1O I[IOBHOTO 3alOBHEHHS 3pa3Ky. BujaneHHs po3UYMHHUKA
BiIOyBaJiocs MpH KIMHATHIM Temmeparypi mnpotsrom 8 roauH. Cam mpoiiec
HEOOX1ZTHO TOBTOPUTH JACKIJIbKa pa3iB [ (OpMyBaHHS 3pa3KiB TOBIIUHOIO
0,5-0,7 mm. Ilopmanpina ByJKaHi3alis NOPOBOJAWJIACS B CYIIWIBHIN madgi mpu
temnepatypi 160 °C B potsirom 10 XBuiIuH.

CtpyKTypy 3pa3KiB BHBYAJM METOJOM ONTHYHOI MIKPOCKOMII 32 JOIIOMOTOIO
mikpockona Konus Academy, ocHameHoro kamepor Delta Optical HDS B
TpaHCcMiCciiHOMY pexumi. s oTpumanHs 300pakeHb MPO(UIIB TEKCTYpOBaHUX
€JIEMEHTIB BUTOTOBJISUIM 3pi3M Marepiany, (piKCyBald iX B €1aCTUYHOMY TpUMadi Ta
BUANsIA  apTedakTH 300pa)KeHHs, BHKOPUCTOBYIOUM PEXHUM O110T0 (iabTpa
nporpamHoro 3ade3neuenns ScopeTek Photo nist orpumanns npodinorpamu.

KyT 3MouyBaHHSI MaTepialy BOJOIO BUMIPIOBAJIM METOJIOM CHASYOI Kparulil Ha

mikpockomi JIUII-10 M, ocHaiieHOMy TOHIOMETPUYHOIO MPHUCTABKOIO, 3 TOYHICTIO

+3°.
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Pe3yabTaTi 10CHiIKEHHS.
VY pesyabTaTi 1ociipKeHHs OyIu OTpUMaHi 3pa3Ku, CTPYKTypa SKUX HaBEACHA

Ha ororpadisx ontuuHoi Mikpockomnii (Puc. 1.)

a 1]

Puc. 1. OnTHyHa MiKPOCKOIifl TEKCTYP HA MOBEPXHi €THJIEH-NIPOIiJIEHOBOI0 Kay4yKYy 3i
30lbmeHHsIM X 120 (2) Ta npodisiorpama TeKCTYpH eTHJIeH-TIPOILICHOBOI0
Kayuyky (x600) (6)

Ha 3HiMKax MokemMo OauuTH MEPIOUYHICTh Ta PETYJSIPHICTH CTPYKTYpPH.
[lepion TexcTypu ckiaaae 60 MKM, IIMPUHA BUCTYIIB 1 3alIaJUH - 10 15 MKM, BUCOTa
BHUCTYIIIB cKiagae 20 MKM.

JlonaTkoBo Oys10 BU3HAUY€HI BOJIOBIIIITOBXYBAJIbHI BIACTUBOCTI MOBEPXOHb 3a
JOTIOMOTOI0 3HA4YeHb KyTa 3MouyBaHHS Boaow (Ta6m. 2). Ilokazano mo mpwu
TEKCTYypOBaH1 MOBEPXOHb BEJIMYMHA KyTa 3MOUYYBaHHS 301JbIITYETHCS, 1110 MOXKE OyTH
MOSICHEHO JTOCATHEHHsIM cTany Bennens abo Kaci [13].

Ta6anns 2 — IlopiBHSAHHS IIOPCTKOCTI NOBEPXOHb

Kyt 3mouyBanHs . .
. YT SMOHYB .| Kyr 3mouyBanns | [lopctkicts 3a | IlopcTkicTs
Marepian IUIaCKO1 MMOBEPXHI,
rpax TEKCTYpH, Tpas. Benuenem reoOMEeTpUYHa
€THJICH-
MPOTIICHOBHI 88 126 1,43 1,47
KayayK

Po3paxoBaHe 3HaUY€HHS IIOPCTKOCTI, SIKE BU3HAYAETHCS 3a CITIBBIIHOIICHHSIM

KyTa 3MOYYBaHHs MOBEPXHI 13 Ta 0€3 TeKCTePYBAaHHS, CIIBMANA€ 3 T€OMETPUUHUMHU

1U1s1 0OpaHOi CUPOBUHU.
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Jlanuii MeToJ MOKHA BUKOPUCTOBYBATH NMPHU MacIITaOyBaHHI TEKCTYPOBaHHUX
MOBEPXOHb, 110 OOYMOBJIEHO MOKpAIICHMMH 3HAYEHHSIM KyTa 3MouyBaHHsS [IpoTte
HEOOXiJHO CTBOPUTH YMOBH IIPH SKUX MOBEPXHS €THICH-IIPOMIIEHOBOTO KaydyKy HE
Oyzae nedhopMOBaHO 30BHINTHIMU YMHHUKAaMHU, 110 BIUTUBAIOTh Ha rotoBuil BuOIip. Lle
MO>KHA TOCSIT'TH BUKOPUCTOBYIOYH OJIMH 13 METOJIB TEMIUIATHOTO (DOPMYBaHHS, AKHl

MOJIsITa€ B CTBOPEHHI MTOBEPXHI 3a JIOTIOMOT'0I0 HarpiToi Maicrep-hopMu 13 MeTaiy.

BUCHOBKH
[IpakT4HO peansi3oBaHO TEXHIKY TEMIUIATHOTO OJIEp)KaHHsS  BIJOMTKIB
TEKCTYpOBaHUX MaTepialiiB MOBEPXHI METaIEBOT0 madsoHy. OTpUMaHO 3pa30K KU
Ma€ CXO0XKY CTPYKTYPY i3 METaJICBUM IIIa0JIOHOM TPOTE 3 JesskuMu aedexramu. Born
BUKJIMKaHI HEJOCTATHIM BUIAJICHHIO PO3YMHHUKA 13 KaydyKy, IO TPHU3BEIO [0
CHOTBOpPEeHHsS TOBepxHi. JlaHy mpoOieMy MOXKHA BHUPIIIMTHA 30UIBIIMBIIN dYac

BUJIAJICHHS] PO3UMHHUKA NIPU BUCYIITYBaHHI.
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AHoTauis: Po6ora npucBsiueHa BCTAaHOBJICHHIO HUISXIB MOKPALICHHS MOKPUBHOI 34aTHOCTI
BOJHOJUCTIEPCIMHMX Jlako(apOOBUX MaTepiayiB 3a pPaxyHOK BapilOBaHHS pO3MIpY YaCTHHOK
HATOBHIOBAYIB Ta WIrMEHTIB, 1X IOKa3HUKA 3aJOMJICHHS Ta OO0 ’€MHOr0 BMICTy B HOKPHUTTI.
[TokazaHo, 110 3MEHIICHHS PO3Mipy YaCTHHOK, 301IbIICHHS iX MOKa3HUKA 3aJJOMJICHHS ITPU3BOANTD
70 301UIBIIEHHS] MOKPUBHOI 371aTHOCTI JIaTeKCHOI (papOu. BusiBieHo, 110 HE3aleXHO BiA MPUPOAU
HaIoBHIOBaya (TTMEHTY), 30UIbIIeHHS] 00’ €MHO1 KOHIICHTpAIlii MITrMEHTY BOJOAUCIIEPCHOT (hapou
miABHILYe i MEepeKpUBHY 37aTHICTh. B pe3ynbrari 00paxyHKIB 3HAWAECHO 3aJI€KHOCTI 3POCTAHHS
MepeKpuBHOI 31aTHOCTI (papOu Big i 006’€MHOI KOHIIEHTpAIIl MIMEHTY, MPU YOMY ISl TIITMEHTY
TIOKCHUy THUTaHy PYTHIIbHOT Moau(ikamii 11e 3pOCTaHHSI BUPAXKAEThCA y JorapudmiuHiii ¢popmi, a
JUIsi KapOoHaTa Kajbllil0 Y €KCIIOHEHIIWHIN. Pe3ynmbratn poOOTH UTIOCTPYIOTH BIUIMB BKa3aWHX
Bumle (akTopiB 1 MOXYTh OyTH KOPHUCHHUMH IIpH pPO3pOOI pernentyp HOBUX Jako(apOoBuX
KOMITIO3HUIIIA HAa BOIHINA OCHOBI.

KarwuoBi cioBa: narexkcHa (apOa, HamoBHIOBaY, MIrMEHT, KapOOHAT KaJbIliio, JIOKCHT
TUTaHY, OKII, TOKa3HUK 3aJIOMJICHHSI.

Abstract: The study is devoted to the establishment of ways to improve the coating ability
of waterborne paints and varnishes by varying the particle size of fillers and pigments, their
refractive index and volume content in the coating. It has been shown that a decrease in the particle
size and an increase in their refractive index leads to an increase in the coating ability of latex paint.
It was found that, regardless of the nature of the filler (pigment), an increase in the volume
concentration of the pigment of waterborne paint increases its covering ability. As a result of the
calculations, the dependence of the increase in the paint hiding power on its volume concentration
of pigment was found, with this increase being expressed in a logarithmic form for the titanium
dioxide pigment of rutile modification and in an exponential form for calcium carbonate. The
results illustrate the influence of the above factors and may be useful in the development of
formulations for new water-based paint and varnish compositions.

Key words: latex paint, filler, pigment, calcium carbonate, titanium dioxide, volume
concentration of pigment, refractive index.
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Binomo, 1110 nmepekpuBHA 3aTHICTh € OJIHUM 13 HAaWBAXJIMBIIINX JTEKOPATUBHO
— eKkcIuTyatariitnux mapametpiB. [lepexkpuBHa 3matHicTh (%) — BUpakae 37aTHICTh
Marepialy TepeKpuBaTH KOJIp MiAJ0XKKH, 1, 3rigHO cTaHmapTy [1] sBisie coboro
BIIHOIICHHSI KOHTPACTHOCTI Yb (TIOKa3HWK CBITIOCTI L Ha 4OopHHMX KBajaparax) 0
Yw (moxasnauk cBitiocTi L Ha 61X KBaaparax).

O6’emna konuentpauis mirMenty (OKII, 00. %) — 00’eMHe BiIHOIICHHS
MIrMeHTy a00 HABIIOBHIOBAYa JI0 3arajbHOTO 00’€My KiHIeBOro MOKpuTTs [2]. Ls
BEIMYMHA € OJHUM 13 BH3HAYAJbHUX XapaKTEPUCTHK MOJIMEPHHX KOMITO3HUIIHIX
MarepiajiB, IO Jla€ 3MOTY 3IPOTHO3YBATH Iy HU3KY (DI3UKO-MEXaHIYHUX
BIIAaCTUBOCTEN (hapOom.

Jns onmTuMizanii mporecy po3poOku JjaTekcHuX ¢Gapd BKpal HEoOXiJIHO
PO3YMIHHS POJIi HATIOBHIOBAYA 1 MITMEHTY y Marepiali, a TaKOX 3aJeKHICTh (DI3UKO
MEXaHIYHUX BIACTUBOCTEN oTpuMaHux kommosuiii Big OKII.

OCHOBHOIO BIIMIHHICTIO MDXK IIIT'MEHTOM 1 HAIIOBHIOBAYEM € ITOKA3HUK
3aJIOMJIEHHS CcBIT/Ia N. [IOKa3HUMK 3aJIOMJIEHHS CBIT/Ia N € BIJHOIIEHHSM IIBUIKOCTL
CBITJIa Y BaKyMi JI0 IIIBUJIKOCTI CBITJIa y cepeAOBHII. [HITUMH ClIOBaMU, YUM O1JIbIIIE
3HAYCHHS TOKAa3HUKA 3aJIOMJICHHS, TUM OUIBIIIE MPOMIHb CBITJIA 3aJIOMITIOETHCS Y
CEpEeIOBHII, BIIOMBAIOYN HA3a]l KOJIp caMOro mirMeHTa abo HarmoBHIOBAadYa, 3aMiCTh
KOJIBOPY TIiAJIOKKH.

Bigomo, mo s HaWMOMMPEHOro HAMOBHIOBAa4Ya — KapOOHATy KAaJbIII0 —
MOKAa3HUK 3aJlOMJIGHHS n ckiagae 1,59; ansa  giokcuamy TuTaHy (PYTHIIBHOT
Moau(ikallii) MoKa3HUK 3aJIOMJICHHS n ckianae 2,76 [3].

Ha puc. 1 cxemarnuHo 3000pa)KeHUN MIISAX MPOMEHS CBITIY, IO TMPOXOIUTH
Kpi3b OJMHUIIIO HAITOBHIOBaYa (IIrMEHTY), ChOPMOBaHY ILIIBKY (hapOwu.

Uum OinpInii MOKA3HWUK 3aJIOMJICHHSI N YACTUHKH THUM T OUTHIIIMM KyTOM
MIPOMEHb CBITJIa BIOOMBAETHCA BiJ (a3 pO3MOILTY UYaCTUHKA/CEPENOBHINE, IO
3MYIIIy€ MOTIK CBITJa pyXaTHCs HE IO MPpsSMIN JIiHi1, BiIOUBAIOYUCS BiJl MIAJIOKKH 1
MOBEPTAIOYHUCH JI0 JPKepesa CBITIa, a Mo JlaMaHii, 0araTOYMCIeHHO BiIOMBAOYHCS 1

3JIOMJTIOIOYHCH KP13b YaCTHHKHU MOy (pa3 Ha MOBEPXHI MIrMEHTY (HalIOBHIOBAYa);
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a) b) <)
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Puc. 1. CxemaTnuHe 3000pa:keHHs LUIAXY CBIiTJIa KPi3b a) YACTHHKY MirMeHTy
(HanmoBHIOBa4a), b) neKkiiibka OJUHUIL MIrMEHTY (HAIIOBHIOBAYA), i €) MOCJIiIOBHE BiIOMTTHA
NPOMeHs CBiTJIa KPi3b HU3KY YACTHHOK MirMeHTy (HanmoBHIOBa4a) [3]

TaKUM YHHOM, K OyJI0 3a3Ha4€HO BUIIIE, MTOTIK CBITIa MOXE HE TOCATTHU MiUI0KKH, a
MOBEPHYTUCS 70 HANPIMKY JDKEpesa, Mepealodd TUIBKH KOJIIP CaMoro MITMEHTY
(HamoBHIOBAYA).

Po3mip 9acTHHOK TeX CHIIBHO BIUIMBAE HAa KUIBKICTH 3aJIOMJICHHB CBITJIA, aJIKe
Ha OJIMHHULII0O MacCH YaCTUHOK MaJioro po3Mipy Oyze Oiublie HIXK BETHUKOTO, a OTXKE 1
KUIBKICTh BIIOMBAaHHB 1 3aJIOMJIEHb 3POCTE, 10 MPU3BEAE 10 310JIbIIIEHHS TOKPUBHOT
3JIaTHOCTI.

301IbIIEHHS KITBKOCT1 YACTUHOK HAa OJMHHUII0 00’ €MY TOKPHUTTS 301JBIINTH 1
KUTBbKICTh B1IOMBaHHb 1 32JIOMJICHHb NIPOMEHS CBITJIA, IO IPU3BEAE O MiABUIICHHS
NEPEKPUBHOI 31aTHOCTI (hapOu.

KombiHyroun 111 mapamMeTpd MOXKHA BIJICTEKUTH Opa3y 1 BIUIUB PO3MIPY
YaCTMHOK 1 BIUIMB TIOKa3HWKA 3aJIOMJICHHS Ha TEPEeKPUBHY 3/IaTHICTH
BojoaucnepcHoi (apOu. BuxopucTOoByHOUl OTpUMaHI MapaMeTpu Ha MPaKTHII],
MOKHA 3pO3YMITH TPUHIIMI 3MIHM TEPEKPUMBHOI 31aTHOCTI 3aiexkHo Bixg OKII,
po3Mipy YacTHMHOK, iX THIy, 1 CIPOCTUTH TMPOLEC PO3POOKU TMOTIMEPHUX
KOMITO3UIIIMHUX MaTepiaiB.

Metoro pobGoTH € AOCHIIKEHHS 3aJIeKHOCTI TMEePEeKPUBHOI 3aTHOCTI
BogoauctepcHoi ¢gapou Bim OKII i Tummy mirMeHTa (HamoBHIOBaYa) Ta pO3MIpy HOTO
YaCTUHOK.

O0’exTOM JOCHIIKEHHS € BOJOAUCIIEpcHAa (apba Ha CTUPOI-aKPUIOBOMY
3B’SI3YIOUOMY, KajbI[li KapOOHATHOMY HAIlOBHIOBAYYy 1 MITMEHTY JIOKCHUIY TUTaHY

pPYTUIBHOI MOAUDIKaILi.
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Jns pocmimkeHHss Oynu cdopmoBaHi peuentypu (apOu 31 OJUHAKOBOIO
KUTBKICTIO PO3YMHHUKA (BOAM), Ta XapaKTEPUCTUKAMU, BKa3aHUMHU B TaOnuill 1:

Taoauus 1 — Xapakrepucruka aocjiaKyBaHux ¢papo

OKITI 1 OKII 2 OKIT 3
Kapbonar kasb1iro 40 % 60 % 80 %
Jiokcun Tutany 4 % 8% 12 %

B sxocTi HanoOBHIOBaYa BUKOPHUCTOBYBABCS KapOOHAT KaJbllil0 TOPrOBOT MapKu
NEOCARB narypansHoro noxopxenns (Typiiis) 1 cepeHiM po3MipoM YaCTHHOK 2 1
5 MKM (cmoci0 BUTOTOBIIEHHS — TIOMOJI Ha OiCEpHOMY MJIMHI).

B sKocTi mirMeHTy BHUKOPHCTOBYBaBCS JIOKCHJA THUTaHy pYTHIBHOI
Monuikarii (crmocid BUTOTOBIEHHS — CyJIb(aTHUN TPOIEC OCATKEHHS) BUPOOHUKA
SumTitan (M. Cymu) R-2041 13 cepeaniMm po3MipoM 4acTUHOK 0,4 MKM.

B sikocTI mIiBKOYTBOpIOBaua BUKOPHUCTOBYBABCSI CTUPOI-aKPUIIOBHIA COTLIIIMED
toproBoi mapku Revacryl. Penientypa dap6 Bkazana y Tabm. 2.

Taoauus 2 — Peuentypa ¢papou

Kommnonent Bwmict (y Mac. yacTunax)
Bona H/B
ITinoracHuk 0,1 %
pH-crabinizarop 0,05 %
Jlucnepryrounii areHt 0,1-0,3 %
KoncepBant 0,1 %
SumTitan R-2041 / NEOCARB 2 H/B
KapOokcumerniientonos3a 0,1-0,5 %
Koanecuenrt 0,1-0,5 %
Crupoun-akpunosa aucnepceis Revacryl 910 H/B

H/8 — senuyuna sap ‘rvemucs 6 3anexcrocmi 6i0 OKII i 6udy nanosniosaua/niemenmy

OTprMaHi KOMIO3UIIii TECTYBaJKCs HA MEPEKPUBHY 3/IaTHICTh 3a CTAHAAPTOM
[1], Ha KOHTpACTHY MiIJIOKKY arIikaTopoM HaHOCUBCs map dapou y 300 Mxm.

[licns BUCUXaHHS MPOTATOM J00M, OyJlIM TPOBEJAEHI 3aMipu TEPEKPUBHOT
3IaTHOCTI MOKPUTTIB 3a jaornoMorow crekrpodoromerpy X-Rite (CILIA) y pexumi
Opacity. BumiproBasiocst Tpu 3Ha4€HHSI, 3 IKMX BU3HAYAIIOCS CEPEITHE.

B pesynbTaTi 3amipiB Oyiu OTpuMaHi BETUYHMHU NEPEKpPUBHOL 3AaTHOCTI (Y %)

11t KoskHOTO TTOKpUTTS (Tabm. 3).
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Taoauus 3 — OTpuMaHni pe3yJibTaTH

OKII 1 OKII 2 OKII 3

NEOCARB 2 19,96 % 54,61 % 94,00 %
NEOCARB 5 16,98 % 30,70 % 90,30 %
R-2041 91,75 % 95,66 % 98,40 %

3a pesynbTaTaMu 0yiu chopMOBaHi 3aJI€KHOCTI IEPEKPUBHOT 37IaTHOCTI Bij

OKII nokpurra (Puc. 2, 3).

NEOCARB 2. NEOCARB 5 o
94,00%8
7/ 9030%

80.00% v =0,0458¢3873%
R2=0.9704

T ATy =00004ct17m
R?= 09851
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N
(=]
[=
(=
2
3

0.00%
0.00% 10,00% 20.00% 30.00% 40,00% 50.00% 60.00% 70,00% 80,00% 90.00%
OKII

—e—NEOCARB2 —e—NEOCARB 5

Puc. 2. 3anexunicTs BeJimunHUA NOKPUBHOI 31aTHOCTI Bix OKII noxkpurTs nis
HAMOBHIOBAa4Ya Kap0OHAaTa KaJIbLif

R-2041
100,00% R A ——
95.66% e
91.75%
a
g _ : v=0,0601In(x) + 1.1102
5 90,007 y
g ’ R2=0.9976
e
g
2 50.00%
g
[y
= i
70,00% |
60,00%
000% 2.00% 400% 6.00% 8.00% 1000% 12,00% 14,00% 16,00% 18,00%

OKITI

Puc. 3. 3anexuicTh BeJnunHH NOKPUBHOI 31aTHOCTI Big OKII mokputTs 1uist mirmeHTa
AIOKCH/IA TUTAHY

B pesynprari anpokcumarnii  3aJeXKHOCTEM Ans  KapOOHaTa  KaJsbLio
MPOCTEIKYEThCS €KCIIOHEHIIIaTbHa 3aJIeKHICTh — TIOCTYMOBHMA PICT TOKPHUBHOI
3matHOCTI 31 30uTbmeHHsM OKII. Takoxx BumHA pi3HMIS B MOKPUBHIN 3MaTHOCTI Bij
po3Mipy yacTUHOK. 3aBasku Tomy, mo NEOCARB 2 Mae MeHmuii po3Mip 4aCTHHOK,

TO iX OlJbIa KUIBKICTh HA OJMHUINI0 MAacCH 30UIbIIY€E KUIBKICTh 3aJIOMJICHHb 1
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BIIOUTTIB CBITJIA, IO 1 MPU3BOJUTH 0 OUIBIIOI TOKPUBHOT 3I0HOCTI B TIOPIBHSHHI 3
NEOCARB 5, ne, 3aBasku OLIbIIOTO PO3MIpPY YacCTHHOK, TaKUX 3aJOMJICHb 1
B1JIOUTTIB CIIOCTEPITa€ThCSI MEHIIIE.

Bapro 3a3HaumTH, 10 NpU BENUKHX 3HAYCHHSX, 00 €MHA KOHIICHTpAIlis
MoJIIMEPY MO3KE IMIABUIIUTUCS IO TaKOi CTENEH], 1[0 PIBHOMIPHE 3MOYYBAaHHS KOYKHOI
YACTUHKH HE CTa€ MOXWIMBHUM. [lopir piBHOMIpHOTO 3MOYEHHS HAIMOBHIOBada abo
MICMEHTAa MOJIMEPOM Ha3UBAETHCS KPUTUYHOIO 00’ €MHOIO KOHIIEHTpALlisd MIrMeHTa i
BUPAKAETBCS y BIACOTKaX. B pe3ynbTari mMepeBHINEHHS I[bOTO 3HAYCHHS,
CTIOCTEPIraeThCsl YTBOPEHHsI OaraTOYMCIEHHUX MIKPOIMOp, IO CKIAJaroThCs 3
HanoBHIOBaya. KokHa Taka MIKpOIIOpa YTBOPIOE HOBY MEXYy (a3, a OTXKe CIyrye
JIOTIATKOBUM JKEPEJIOM 3aJIOMJICHHbB 1 BIIOWUTTIB JUIsl IPOMEHS CBITJIA, 110 JTOJAaTKOBO
301JIbIIIY€E MOKPUBHY 3/1aTHICTh OKPUTTS [4].

B pe3ynpTaTi anmpokcumarii 3aneXHOCTI ISl JIOKCUAY TUTaHY HMPOCTEXKYEThCS
Jorapu@MivyHa 3aJEKHICTh — a OT)KE€ BHUCOKA IMEPEeKpPUBHA 3AaTHICTH MPU BIAHOCHO
HeBenmukux 3HaueHHsAX OKII, mo gocsraeTbcs 3aBASKA BUCOKOMY TIOKA3HHUKY

3QJIOMJICHHS 1 MaJIuX pO3MIipiB YaCTUHOK.

BUCHOBKU

B pesynbrari BuBueHHs 3anexxHocti OKII, po3mipy 4acTMHOK 1 MOKa3HHKa
3aJIOMJICHHS Ha TIEPEKPUBHY 3/1aTHICTH BUSBIICHO:

1. 3MEHIICHHS PO3Mipy YaCTMHOK HANOBHIOBaYa OJHIET TPHUPOIH
PU3BOJIUTH 10 301JIBIIIEHHIO MOKPUBHOI 3/1aTHOCTI

2. 30UIbIIEHHS  TOKAa3HWKAa 3aJIOMJICHHS TITMEHTY (HAaImOBHIOBava)
1JIBUIIY€ TTOKPUBHY 31aTHICTD.

3. 30umpmenns OKII ¢apOu y Bcix BuMagkax TeCTyBaHHb 301UIbIIyeE

MOKPHUBHY 3JIaTHICTH QapOu.
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AHotanis: KapOonizauis OeToHYy — Il€ TOCTYHOBHH 1 HEOOOpOTHHH mpolec, SKUN
B1IOYBA€THCSA MIXK BYTJIEKCIUM Ta30M 13 TMOBITPs 3 BOJOIO, SIKa MICTUTBCS y TMopax OeToHy. B
npoleci OTPUMAaHHS 3al1i300€TOHY BiOYBAa€ThCS peakilis Tigparallii LEMEeHTY BHACIIJOK SKOi
YTBOPIOETHCS TIAPOKCHI KAJIBIIiIO, 32 PaXYHOK SKOTO BOJHEBHIA MOKAa3HUK TMOKazye pH Onu3bkuii 10
12,5 a me noBosi Jy)XKHe cepeloBHIle. B Takomy cepeqoBHII MpolecH Koposii apmarypu
nacuByrOThCs. [Iporiec kapOoHi3ali TIaBHO MIrpye A0 apMaTypd i3 TpaHulll mofairy a3 0eToH-
noBiTpsi. BogHeBHi MOKa3HUK KapOOHI30BAaHOTO OETOHY 3MEHIIYETHCS 10 JEB’SITH, IO MOPYIIyE
IHEePTHICTH CTaJl 1 3aImycKae nporecy ipkaBinHsg. CTaneBa apMaTypa IpH ip>KaBJICHHI 301bITY€EThCS
B 00€Mi, 110 3 YacOM MPHU3BOAUTH 10 PYyWHYBaHHS NOBEPXHEBOTO Iapy OETOHY depe3 HaaMipHi
BHYTpilIHI Hanpyru. JlaHa poOoTa mpUCBSYEHA TOCIHIHDKEHHIO MMPUYMH BUHUKHEHHS KapOoHIi3amii
0eTOHy, HACTiKaM I[bOTO MpPOIECy Ta MIarHOCTHII JAHOTO SBUINA. B Te3aX TakoXX BHUCBITIICHA
aKTyaJbHICTh MPOOIeMHU 3a0€3MEUYCHHSI JOBIOBIYHOCTI 3a11300€ TOHHUX KOHCTPYKITIH.

Karo4oBi ci10Ba: BoJIOTiCTh, AiarHOCTHKA, KapOOHi3allis, Kopo3is, apmarypa, Gpenondranein

Abstract: Carbonation of concrete is a gradual and irreversible process that occurs between
carbon dioxide from the air and water contained in the pores of concrete. In the process of obtaining
reinforced concrete, a cement hydration reaction takes place, as a result of which calcium hydroxide
is formed, due to which the hydrogen indicator shows a pH close to 12.5, which is a rather alkaline
environment. In such an environment, the processes of corrosion of reinforcement are passivated.
The carbonization process smoothly migrates to the reinforcement from the concrete-air phase
separation boundary. The hydrogen index of carbonized concrete decreases to nine, which disrupts
the inertness of steel and triggers rusting processes. Steel reinforcement when rusting increases in
volume, which eventually leads to the destruction of the surface layer of concrete due to excessive
internal stresses. This work is devoted to the study of the causes of carbonation of concrete, the
consequences of this process, and the diagnosis of this phenomenon. The theses also highlight the
relevance of the problem of ensuring the durability of reinforced concrete structures.

Key words: carbonation, corrosion, diagnostics, fittings, moisture, phenolphthalein
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[Ipobyiema 3abe3medeHHs JOBrOBIYHOCTI 3a11300€ TOHHUX KOHCTPYKIIIH € TyxkKe
aktyanpHO0. [Ipubnuzno 75 % OyAiBenbHUX KOHCTPYKIIH, SKI €KCIUTyaTyIOThCS Y
PI3HMX KpaiHaX MOCTIHHO MiAAaI0ThCS PYWHIBHOMY BIUIMBY arpeCUBHUX CEPEIOBHUII
[1]. V migzemHomy OymiBHULTBI g 1udpa mMoxe 30utpmmtHch 10 80-90 %. Ha
PEMOHT 1 BIJHOBJIEHHS YIIKOUKEHHX KOHCTPYKLIA Yy MPOMHCIOBO PO3BUHEHUX
KpaiHax BUTpayaeThcsi 10 40 % KamiTaJOBKIA/IEHb, B CBOIO YEpry [Jisi HOBOIO
OyIiBHHUIITBA BUKOPUCTOBYETHCS MeHIe 60 %. OcoOnMMBO BENHMKI BUTPATH HA PEMOHT
Ta BIJHOBJICHHS BiJ3Ha4Y€H1 Y MOCTOOY1yBaHHI.

Hanpuxnan, 8 CIIIA y 1990-x pokax Ha peMOHT Ta BiJHOBJIEHHS MOCTIB
BUTpauanocs moHan 20 mupA. AoJapiB, MOTIM Ii BUTpPATH MIOPIYHO 3pOCTAM HA
0,5 mupa. Y BenukoOpuTaHii mopidHi BUTpATH HA PEMOHT MOCTIB CTAHOBJISTH TTOHA]]
1 Mapa. nonapis.

Ha npomucnoBux mignmpueMcTBax, OCOOJMBO HA MIANPHEMCTBAX XIMIYHOI
IIPOMUCJIOBOCTI, MOMJIMBI 3HA4yHI IIONIKOJDKEHHS KOHCTPYKIH, TIOB’s3aHl 3
arpecUBHOIO JII€I0 PO3UMHIB COJIEH, KUCIIOT TOLIO.

Benukuii BIiMB Ha KOpPO3IMHUN CTaH 3aj1i30 OETOHHUX KOHCTPYKIH Mae
JOBKULIIS: BOJOIOBITPSIHE CEPEAOBHIIE, TPYHTOBI BOJU Ta arpeCHBHI PEYOBHHH, IO
MICTAThCS B HUX [ 1-4].

HaiiBaxxnuBimmmM ¢GakTopoM, IO 3HUXKYE TEPMIH CIyKOU 3a1i300€TOHHUX
KOHCTPYKLINA, € KOpO3is CTaleBOi apMaTypH, sika MPU3BOAUTH A0 3MEHILEHHS ii
MONIEPEYHOr0 TMepepidy, 3HUKEHHS 34YeIUICHHS 3 OCETOHOM, 3MIHM MIIHOCTI
BJIACTUBOCTEH CTalll Ta 3a/li300€TOHHUX KOHCTPYyKIi# B 1iiomy. Cepen pi3HUX
dakTopiB [5, 6] Ha KOPO3iI0 apMaTypH MOKE 3HAYHOIO MiPOIO BIUTMBATH 1Sl XJIOPH/IIB
1 kapOoHizailiss OetoHy. IlacuBHY 10 1O BIJHOIIEHHIO JO CTAJIEBOI apMaTypH
3a3BUYail 3abe3nedye BUCOKA JIY)KHICTb MOPOBOI PIAMHM B OETOHI, T'paHUYHE
3HAYeHHS BOJHEBOTO TMOKa3HHKa sKoi craHoBuTh 11,8. [lpm iioro 3HMKEeHHI
NAaCUBYIOUMH IIap HAa MOBEPXHI apMaTypu BHSBISETHCS HECTAOUIBHUM 1 CTajb Y
0eTOoH1 BHACHIJOK TaK 3BAaHOI JEMacuBallii MOYMHAE aKTUBHO KOpPOAYBaTH Ha (PoHI
PO3BUTKY BIJMOBIIHOTO €JIEKTPOXiMIYHOTO mpoiecy. [lpu mpomy dis XJOpuiB Ta

KapOOHi3allis 3aXUCHOTO 1apy OETOHY MOXYTh MOCHIIOBATH KOPO31MHUNA MpoILeC Ta
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OPU3BOAUTH 10 PO3BUTKY TOUKOBOi ab0 MPOTSHKHOI MO JIOBXKMHI apMaTypHOTO
CTpWXHS KOpo3ii ctani. HallO1nbln 1HTEHCUBHO II€¥ MpoIec NpOXOAUTh B 00JACTIX
TPILIKMH y OETOHI, 1110 IEPETUHAIOTHh ApMATyPH1 CTPHIKHI.

ArpecuBHuil BIuMB ABookucy Byriemoo CO,, 3amexHO Big  yMOB
HABKOJIMIIIHBOTO CEPEOBHILA MOKE MPOSBIATUCSA MOJABIMHO. Y KOHCTPYKIISX, IIO
3a3HAIOTh AaTMOC(EPHOIO BIUIMBY, BYIJIEKUCIOTA BUKIUKAE (POpMyBaHHS KapOOHATY
Kalplif0. Y TIAPaBIIYHUX CHOpPYyJax CIOCTEPIraeThCs Take SBHILE, SIK
BUJYrOBYyBaHHA. [0 HBOrO CXWJIbHI B’SDKy4l Marepiaiv. YTBOpPEHHs KapOoHaTy
KaJIBI[i}0 BiA0OYBA€ThCA BHACIOK MPOHUKHEHHS B O€TOH JBOOKHCY ByrJjelto. Llei
MpoIIec moJjisirae B TpaHchopmarlii BarmHa 3 yTBOPEHHSIM KapOoHaTy Kanbilito. [Iporec
NPOTiKa€ y TPUCYTHOCT] BOJM Ta JBOOKHCY ByTJIEI 0. FIoro KOHIEHTpAIlis 3aIeKHUTh
BiJl HABKOJIMILIHIX YMOB: HalpUKJIIaI, Bl PIBHS IPOMHUCIIOBOTO 3a0py/AHEHHS B pailoHi
eKcIuTyaTarlii 0eTOHHOT KOHCTPYKITii. Y sikicHoMy OeToHi piBeHb pH mepesumye 13, y
[IUX YMOBax Ha CTPWKHSIX apMaTypu BUHUKA€ MacUBYyIOYa IJIIBKa OKCH]Y 3alli3a, 10
130/1I0€ 1X BiJl KHCHIO Ta BOJIOTH. SIKIIO CHOPYIl MiJ BIUIMBOM BYIJIEKHCIIOTH
CIIOCTEPIra€ThCs YTBOPEHHsI KapOoHaTiB, piBeHb pH y OeToHi 3HUWXKYyEThCA 110 9,
TOOTO Jy)XHICTb CEpEAOBUIA HABKOJO CTPIIKHIB apMaTypu 3HIXKyeTbesa. Komm
piBenb pH Mmenme 11, macuByroua IJIiBKa HEHUTpPaNi3yeThCs, 1 CTajeBa apMmaTypa
MiJ1A€ThCSI arPECUBHOMY BIUIMBY KMCHIO 1 BOJIOTH, IO 3HaXOAAThCs B aTMocdepl. Y
noMi0HMX YMOBax IIOYMHAETHCS KOPO3is AapMAaTypHUX CTPWXKHIB, a o0csr
HOBOYTBOPEHb MOXKE 3pocTatu 10 6 pasiB. beToH, M0 0TO4ye apMaTypHi CTPHXHI,
BIJIIIAPOBYETHCS 1 MOKE MOBHICTIO BIIBAIMTHUCS. SIK TIIbKU MOYHETHCS PYHHYBaHHS
OeToHy, pyHWHYBaHHS apMaTypHUX CTPWXKHIB I1HTEHCU(]IKYETbCSA, OCKUIBKU
3’ ABJISIFOTHCS HOBI IUISIXW JOCTYIY JUIsl KUCHIO Ta BOJIOTH. Byriekuciora nmpoHUKae
BCEepeuHy OCTOHY, MPUIOMY IIBUJIKICTH il TPOHUKHEHHS 3HAYHOIO MIPOIO 3aJICKHUTh
BiJl BOJIOTOCTI: BOHAa OCOOJIMBO IHTCHCHBHA, KOJIM JBOOKHC BYTJICIIO 3HAXOJIUTHCS B
ra3ornojioHOMy CTaHi, TOOTO B MOpax, 3allOBHEHUX MOBITPSAM. Y MICISX CHJIBHOTO
CKYMUYEHHS BOJIOTH BOHA 3HAYHO HIDKYA.

Takum 4YMHOM, Yy TOpaxX, TMOBHICTIO 3allOBHEHUX BOJOK IIBHJKICTh

MIPOHUKHEHHS MOKe OyTH OJIU3bKO HYJIS.
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Onmnak He cming 3a0yBaTd, IO JJIsI YTBOPEHHS KapOOHATIB MiA €0
BYTJIGKHCJIOTH BoOJIoTa abcomoTHO HeoOximHa. Ha Puc. 1 300paxkeno rpadik
3QJIEKHOCTI IIBHAKOCTI TPOHUKHEHHS JIBOOKHCY BYIJICIIO BiJ pIBHS BIJHOCHOI

BOJIOTOCTi OETOHY.

/"\

/

o 20 40 60 a0 100
Relative humidity (%)

Puc. 1. I'pa¢ik mBuakocrti kapOooHizalii B 3a/1e5KHOCTI Bil BITHOCHOI

BOJIOTOCTI y BiicOTKax

Haiibinpm HeOe3neunuid piBeHb Bosorocti Mixk 50-80%. 3a 1uM J1ama3zoHoM,
TOOTO, B yMOBax TOBHOI CYyXOCTi, 1 TIOBHOTO BOJIOTOHACHYCHHS, IIBHUJKICTh
3HM)KYETBHCS 0 HYJIS (IUB. puc. 1).

Tenep MoOXHa 3 TIOBHOIO Ha T€ TIJICTaBOI0 CTBEP/IXKYyBaTd, W0 3
nepepaxoBaHUX BUIIE MPUYMH KapOOHi3allis 3aB/1la€ OETOHHUM CIIOPY/JiaM BHHSITKOBOT
mkoau. OJHAK 1€ HE MOKE CTaTH BHU3HAYaJIbHUM (AaKTOpOM g OyJIBHMIITBA 13
HEapMOBAHOTO OETOHY.

JliarHocTHka pyWHYBaHHS TMpU KapOoHi3amii: 100 MepeKoHaTUcs, Mo
pYWHYBaHHS CIPUYUHEHE YTBOPEHHSIM KapOOHATIB, 3aCTOCOBYETHCS METOJIMKA, IO
I'PYHTYETHCS HA 3MiHI KOJILOPY O€TOHY micis 00poOKH HOro moBepxHi 1-BiICOTKOBUM
BOJHUM po34uMHOM (enondraneiny B etunoBomy crmupti (ctangapr UNI EN
13295:2005). Konu po3yuH KOHTaKTye 3 HE KapOOHI30BaHUM OETOHOM, BiH YEPBOHIE.
Sxuio 6eToH KapOOHI30BaHUM, PO3UHH CBil KOJIp HE 3MIHIOE.

[{s MeToAMKA TaKOX J03BOJISIE TIEPEBIPITH TIIMOMHY KapOOHizallii O€TOHY i
BIUTUBOM Byrjiekuciotu. Ilpuknan mokazanuit Ha Puc. 2, ne rmuOuHa yTBOpEHHS

KapOOHATIB CTAHOBUTH MPHUOIU3HO 3 CM.
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Puc. 2. KosabopoBuii TecT 3a 10noMororw (enondraneiny

['mubuna yTBOpeHHS KapOOHATIB B apMOBAaHOMY O€TOHI BKa3ye Ha CTYIIHb
pyrinyBauHs. 106 ycynytu nedextu, HeoOX1AHO BUIAIUTHA MPOCOYCHHUM TBOOKHUCOM

BYIJICI[IO O€TOH, 1[0 OTOYY€E apMaTypHi CTpUXKHI [7].

BUCHOBKH

B poGoTti mepepaxoBaHi OCHOBHI NPUYHMHH, SIKI MPU3BOAITH JO KapOOHizarlii
0eToHy, a came: CKJIaJ BOJIU, MOBITPA, PIBEHb BOJIOTOCTI, MIKPOTPIIIIMHUA HA MOBEPXHI
OCTOHHOT KOHCTPYKIIIi.

Hacninkamu kapOoHizaiii 6eToHy € pylHYBaHHS MOTO MOBEPXHEBOIO IIapy Ta
KOpO3is apMaTrypw 4epe3 3HIKCHHsS 3HAYCeHHS BOJHEBOTO IMTOKAa3HWKA, IO SK
HACJIIJIOK MPU3BOIUTH 10 OCJIa0JeHHs KOHCTPYKIIIT Ta BUBEICHHS 1i 13 JIay.

[IpencraBnena MeroawWka [IarHOCTHKW THOWHHM KapOoHizaiii OeToHy 3a

JOTIOMOI' 010 HAHECEHHS BOJAHO-CITUPTOBOIO po34nHYy (peHondTaneiny.

Cnucok Jiteparypu:
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AHoTauisi: B naHiii poOOTI mpencTaBieHO pe3yibTaTH JOCTIIKEHHS pO3poOJIeHOT
rinpo¢o0i3yrouoi J00aBKM Ha OCHOBI JKMPOBMICHMX KOMYHAJIbHHUX BIJXOIiB, a came -
BIAMpaInboBaHoi pociauHHOI oumii. JlochmimkeHo BIIMB AaHOi A00aBKM Ha (i3UKO-MEXaHIdHI
BIIACTMBOCTI IIEMEHTHOTO TICTa Ta IIEMEHTHOTO KaMEHI0. 3a OTPUMaHUMH pe3yIbTaTaMH,
BCTAHOBJICHO, IO T00ABKY MOKHA 3aCTOCOBYBAaTH B SKOCTI IJIACTH(DIKATOPa-BOAOPEAYKTOpA IS
[IEMEHTIB Ta OETOHIB, IO JO3BOJISIE 3MEHINYE iX TIrpOCKOMIYHICTh, MPH KOHLEHTPALisIX 0
0,2 mac. % BximtouHo. [Ipu 3acTocyBaHHiI J0OAaBKH B MeKaxX ONTHUMAJbHUX KOHIIEHTpAIill MO)KHA
JOCSTTH 3MEHIICHHs1 BojonoTpedu Ha 4—10 %, abo 301IbIIeHHS PYXJIMBOCTI POZYMHOBUX CyMilIen
Ha 49—67 %, npuUIIBUIIIICHHS TBEPAHEHHS B PaHHI TEPMIiHU Ta 3011bIIeHHS 28-1000B01 MIITHOCTI Ha
11-23 %, a TakoX 3MEHIIEHHS TirpocKomniyHoCcTi ieMeHTy Ha 8-30 %.

Kiio4oBi cjioBa: )KMUpOBMICHI BiJIXO/IM, POCIMHHA OJ1is, Tipodo0bi3zyroda q00aBKa, IEMEHT,
OeToH

Abstract: In the current article, a results of the study of developed hydrophobizing additive
based on fat-containing municipal waste, namely spent vegetable oil, was presented. The effect of
this additive on the physical and mechanical properties of cement paste and cement stone was
studied. Following the results, it has been established that the additive can be used as a plasticizer-
water reducer for cements and concretes, which allows reducing their hygroscopicity, at
concentrations up to 0.2 wt. % inclusive. When using the additive within optimal concentrations, it
is possible to achieve a decrease in water consumption by 4-10%, or an increase in the mobility of
mortar mixtures by 49-67%, acceleration of early hardening and an increase in 28-day strength by
11-23%, as well as a decrease in the hygroscopicity of cement by 8-30%.

Key words: fat-containing waste, vegetable oil, hydrophobic additive, cement, concrete

Opniero 3 TpoOJieM CydacHOTO KHUTTS € HAKOMUYCHHS TMPOMHUCIOBHUX Ta
KOMYHaQJIbHUX BIAXOAIB, WO MPHU3BOJAUTH JI0 3a0pYJHEHHS HABKOJIMIIHBOIO
cepenoBumia. B Vkpaini mopiuHo yTBOproeTbes 110 425-450 MIIH. TOH TaKux
BIIXOMIB, a yTWii3yeTbcsa He Oumbme 15 %. Takum 4YWHOM, KIIBKICTH BiJIXOJIB

MOCTIHHO 3pOCTac 1, 32 PISHUMHU OIIIHKAMH, CKJIaJa€ HE MEHIIe 25 MJIPJ] TOH.
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3aranom, NMpOAYKTH aJKOTrOJ13y KUPOBOi CUPOBUHU 3HAMIILIM 3aCTOCYBAHHS B
AKOCT1 OlomanuBa, TuiacTU(IKaTOpiB MOMIMEPHUX Ta JakopapOOBUX MaTepiais,
NOBEPXHEBO-aKTUBHUX PEYOBHH, a TaKOXX BUKOPUCTOBYIOTHCS B  XapyoBii,
TEeKCTHJIbHIN Ta KOCMETHYHIA MPOMHUCIOBOCTI [1].

Binomi TexHonorii nepepoOKu BiAMPAbOBAaHOI POCIMHHOI OJIi TPOMaJACHKOTO
XapuyBaHHsI B Oiogusenb [2]. Anie cTpuMyrounM (HakTOpOM € Te, 10 y TaKux
BI/IX0/IaX MICTUTHCS 3HAYHA KUTbKICTh BUIBHUX KHPHHUX KHUCIIOT, SIKI HE MOKHA, TIPH
BUKOPHUCTAHHI TPAAMIIAHOI TEXHOJIOTIT 3 JIY)KHUM KaTajizaTopoM (T1IPOKCHIY
KaJliio), nepeBectd B OioauzenbHe mainuBo [3]. Tomy, mepepoOka BiANpaiboBaHOT
OJ1i1, Ha BIAMIHY B1J] TEXHIYHUX OJIiil, MPAKTUYHO HE MPOBOIUTHCSI.

3HayHa YacTHHA IMX MaTepiajliB MOKE€ OyTH BUKOPHUCTAHA B PI3HUX Taly3sX
MIPOMUCIIOBOCTI 1, 30KpeMa, B OyAiBENIbHIN rays3i.

OpaHuM 13 croco01B yTUIII3allii KOMYHAIbHUX BIIXOIB, @ caMe KHUPOBMICHUX,
MOke OyTH mepepoOka iX Ha OaraToyHKIIOHAJIbHI AO00AaBKMU JJisd ILIEMEHTIB Ta
oeroniB. Lle n03BOJII€ HE TUIBKU MOKPAIIUTU €KOJOTIYHY CUTYaIlilo, ajie 1 3HU3UTU
co01BapTICTh BUPOOIB Ta MOKPAITUTH iX BIACTUBOCTI.

Meroto panoi pobotu Oyno oTpuMmaHHsA TiApodob6izyrouoi mo0aBKu 3
MPOAYKTIB MePEepOOKU KUPOBMICHUX KOMYHAJIbHUX BIAXO/IB.

B KIII imeni Irops CikopchKOro 3amaTeHTOBAHUM CIOCIO BHPOOHHUIITBA
KOMIIOHEHTIB TMajuBa 3 CHUPOBMHM POCIMHHOTO TMOXOMKeHHs [4]. 3a wiero
TEXHOJIOTi€I0 OyJl0 OTpPUMAaHO [00AaBKY 3 BUKOPUCTAaHHSIM, B SIKOCTI CHpPOBHUHH,
BIJINMPaIbOBAHOT POCIMHHOI OJIii.

Takum ymHOM, po3pobiieHa no0aBKa — 1€ MPOAYKT B3a€MOJIl KOMIIOHEHTIB
BIJINMPAIbOBAHOT COHSIIHUKOBOI OJii 3 Ji€TaHOJaMIHOM B MPUCYTHOCTI JIY>KHOTO
Karajizatopa Ta ankaHosiB. OCHOBHMMHU peakuUisiMH, fKI MPOTIKaJIW B TMpoIleci
nepepoOKH COHSIIHUKOBOI oii, Oynu peakuis mnepeerepudikaiuii TPUTITILEPHUIIB
aJKaHOJIaMH Ta peakilisi OMUJICHHS TpuriiuepuaiB. Peakiii mpoBoauaucs mpu

HAJJIMIIKY J1eTaHOJaMiHy Ta MpHU KUTBKOCTI kaTamizatopy — 0,5 mac. %.
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B pesynbrari nepepoOku, y ckiaal 700aBOK MPUCYTHI CKIIaIHI eipu >KUPHUX
KHUCIIOT, HACHUYEHl CIUPTH, CKJIagHl edipu TIIIepuHy Ta COJl >KUPHUX KHCIOT
POCITMHHUX OJIIH.

JlocnimxyBaBCs BIUTUB T00OAaBKH Ha BJIACTHUBOCTI IIEMEHTHOTO TiCTa Ta MIITHICTh

IIEMEHTHOTO KaMeHIo (Tabi. 1).

Taoaunga 1 — Diznko-MexaHivYHI BJACTHBOCTI IEMEHTHOI'0 TicTa TAa IEMEHTHOI0 KaMeEHIO 3

nodaskoro (B/Il = 25 mac. %)

Konnenrparis, | Jliametp po3nuBy Hopmansna | Minnicts Ha ctuck, MIlay
Mac. % MIHI-KOHYCY, MM rycrora, % BilIl, 710

1 3 28
0,00 120 25,0 19,4 32,4 48,9
0,04 179 24,0 18,2 36,3 54,3
0,08 198 24,0 18,0 41,4 54,5
0,20 201 22,5 13,9 35,9 479
0,60 195 18,0 0,0 30,1 39,1
1,00 178 15,5 0,0 23,6 44,0

Minnicts Ha 1 700y 3aJIe’)KHO BiJ KOHIIEHTpAIlli 3MEHITyeThCcsl Ha 628 %, Ha
3 noOy 6unbimia Ha 11-28 % 1 Ha 28 noby — Ha 0—-11 %. OTxe, mpu 3acTOCYyBaHHI
no6asku J1-148 B miamazoni koH1eHTpamiii 70 0,08 mac. % BKIIOYHO MOXKHA JTOCSATTH
30UTbLIEHHS PYXJIMBOCTI PO3YMHOBUX cymimedl Ha 65 % MakcuMyMm Mpu
OJIHOYACHOMY NMPUCKOPEHH1 TBEpAHEHHs Ta 30UIbIIeHHs 28-1000B0i MiHOCTI. [Ipu
3actocyBanHl 0,2 mac. % 100aBKM MOXKHA JOCATAETHCS 30UIBLICHHS PYXJIUBOCTI
pO34MHOBOI cymimni Ha 68 %, 10 CYNpPOBOKYETHCS TaJbMyBaHHS TBEPAHEHHS B
paHHi TepMiHH, ane 0e3 BTpaTH MIIIHOCTI B MOJAJIbIIOMY.

BrnuB no6aBku Ha riapo@oOHi BIaCTUBOCTI IEMEHTIB BUBYAIU 32 KIHETHKOIO
BojonoriuHaHHA. [laHa Mertonuka Oyna oOpaHa Tomy, HIO BiJOOpakae yMOBH
30epiraHHsl IIEMEHTIB Ha TMPAKTHI[, A€ 3MOTY OIHWTH, SIK 3MiHAa KOHIICHTpAIii
riapodo0bizaTopiB BIUIMBAE HA TITPOCKOIMYHICTh IIEMEHTIB Ta BUSBUTH ONTUMAalbHI

KOHIEHTpaLli J00aBKH.
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BcranoBneHo, 1mo po3pobseHa 100aBKka 3MEHIIYE TIFPOCKOMIYHICTh 1IEMEHTY
npakTHuHo B 2,5 pasu. llpu ontumanbaux koHueHntpamisix ao 0,2 mac. %

BOJIOTONOTIMHAHHS uepe3 15 TrxkHiB MeHie Ha 8—30 mac. % (puc. 1).

20

—— 0,00 mac. %
18+ | —+— 0,04 mac. % sl
—o— 0,08 mac. %
——0,20 mac. %
14 —— 0,60 mac. % D

—c— 1,00 mac. % =
12| | = 1,40 mac. % //e

16

BonoronornuHaHHA NOpoLLKIB LeMeHTiB, Mac. %

0% :

|
0 5 10 15
TepMiH BUTPUMKM Y BOMNOTOMY CcepefoBULL i, TUXKHI

Puc. 1. I3oTepma copOuii BoJIOrM neMeHTaMu 3 100aBKOI0

Takum uymHOM, 10OABKY Ha OCHOBI BIAMPAIbOBAHOI POCIMHHOI OJii MOXHA
3aCTOCOBYBATH B SIKOCTI IUTacTU(diIKAaTOpa-BOAOPEYKTOpa IS IIEMEHTIB Ta OCTOHIB,
IO JI03BOJISIE 3MEHIIY€E IX TIrPOCKOMIYHICTh, MpH KoHUeHTpauisx ao 0,2 mac. %
BKIITOUHO. [Ipu 3acTocyBaHHI J00OaBKH B MEKax ONTHMAJIbLHUX KOHIICHTpAIlill MOXKHA
JOCSITTA 3MeHIIeHHs1 Bojxonorpebu Ha 4—-10 %, abo 30UIbIICHHS PYXJIUBOCTI
pO3uMHOBUX cyMimieil Ha 49—-67 %, NpUIIBUAIICHHS TBEPAHCHHS B PaHHI TEPMIHU Ta
30UIbIIIEHHS  28-7000BOoi  MinHOcTI Ha 11-23 %, a TakoX 3MCHIICHHSA

rirpocKoIiyHOCTI eMeHTy Ha 8—30 %.
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BUCHOBOK
JocmikenHa 1o06aBka Ha OCHOBI  BIANPAIbOBAHOI  POCIAMHHOI Ol
npeacTasiisie co6oro riapodobizaTop Mpu 3aCTOCYBaHHI K01, B MEXKaX ONTHUMAaIbHUX
KOHIEHTpaLld, MOXHa JOCITTH 3MEHIICHHS BOAONOTpeOHM abo 3O0UIbIICHHS
PYXJIMBOCTI PO3YMHOBHUX cyMimieil. J[anuit Bua q00aBKH SIBsiE COOOIO 1HHOBAIIIO Y
chepl BTOPUYHOTO BHUKOPUCTAHHS BIAXOAIB cdepu xXapuyBaHHS, M0 COOOIO

JI03BOJIUTH 3MEHILUTH 3a0PYIHIOIOUHM BIIMB Ha HABKOJIMIIHE CEPEOBUIIIE.
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AHoTtamif. PO3BUTOK TEXHOJOTI TOBOMKEHHS 3 EKOJOTIYHO-HEOE3MeUHUMU Ta
TOKCHYHUMH BIIXOJaMH Tepeadadae peanizaiil0o HACTyMHUX IIJIeH: - CTBOPEHHS TMapKy
TPAHCHOPTHO-3aXUCHUX  KOHTEHHEpiB, sKi 3a0e3MedyloTh  MOXJIMBICT  KOHTEHHepH3alii
HEOE3MEeUYHUX PEYOBMH B MICIAX IXHBOTO TEMEPINTHLOTO 30epiraHHs; - OpraHizallilo 0e3meyHoro
TPaHCHOPTYBaHHS HEOE3MEUHUX PEUOBHH; - OPraHi3allii0 JOBIOCTPOKOBOTO O€3MEYHOr0 iXHHOTO
30epiraHHs Ha TEPUTOPIAX CHEIiaTbHO 00JIAMITOBAHUX TIOJIITOHIB.

BukopuctanHs y SIKOCTI OCHOBHOTO KOHCTPYKIIIHHOTO Marepiaqy OETOHy Ha OCHOBI
MOPTIAHIIEMEHTY 3a0e3nedye HEOOXiMHUN pIBEeHb EKOHOMIYHOT e(EeKTHUBHOCTI. AJle HU3bKH
BJIACTUBOCTI OCTOHIB TpHU CHPUUHATTI yJapHUX Ta JIUHAMIYHUX HaBaHTaXXEHb OOYMOBIIIOE
HEOOXIJIHICTh JOAATKOBOTO AMCIIEPCHOTO apMYyBaHHS.

MeToro mpencTaBICHUX MOCTIDKEHb € BCTAHOBJICHHS 3aJCKHOCTI yIapHOI MIITHOCTI
KOMITO3HUIIIf HA OCHOBI HEOPTaHIYHMUX B’SHKYYMX 1 MIHEPaJbHHUX BOJIOKOH BiJl IXHBOTO SIKICHOTO 1
KUIBKICHOTO CKJaAy 1 YMOB TBEPIIHHS Ta BCTAHOBJEHHS MOMJIIMBOCTI BUKOPHUCTAHHS ITUX
KOMTIO3UIIi} 1711 BUTOTOBJICHHS TPAHCIIOPTHO-3aXUCHUX KOHTEHHEPIB.

VY skocTi MozeNi A BU3SHAYCHHS HAMPYT, SKI BUHUKAIOTh Y KOHCTPYKIIIHHUX €JIeMEHTax
KOHTEWHepa NMpH yIapHUX HaBaHTaXEHHs, 0OpaHUN TPAaHCIIOPTHO — 3axucHUM kKoHTelHep KT3-3,2
JUIS TBEPIWX paTlOaKTHBHHUX BIIXOJIB Ta METOJMKA BUMPOOYBaHHS KOHTEHHEpa B aBapiiHHX
yMOBax eKCIUTyaTallii.

KirouoBi cjioBa: gucnepcHo-apMOBaHI KOMITO3UTH, CKJISTHE BOJIOKHO, CKJISIHI 0a3ajabTOBI
CTPWXKHI, TUTOMAa po0OTa PYHHYBaHHs, MILHICTh NMPU YAAPHOMY HABAaHTa)KEHHI, TPAHCIIOPTHO —
3aXMCHUNA KOHTEHUHEP.

Abstract. The development of technologies for handling environmentally hazardous and
toxic waste involves the realization of the following goals: - creation of a fleet of transport-
protective containers that provide the possibility of containerization of hazardous substances in their
current storage locations; - organization of safe transportation of dangerous substances; - the
organization of their long-term safe storage in the territories of specially equipped landfills.

The use of Portland cement-based concrete as the main structural material ensures the
necessary level of economic efficiency. But the low properties of concrete in the perception of
impact and dynamic loads determine the need for additional dispersed reinforcement.

The purpose of the presented research is to establish the dependence of the impact strength
of compositions based on inorganic binders and mineral fibers on their qualitative and quantitative
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composition and hardening conditions, and to establish the possibility of using these compositions
for the manufacture of protective transport containers.

As a model for determining the stresses that arise in the structural elements of the container
under shock loads, the KTZ-3.2 transport-protective container for solid radioactive waste and the
method of testing the container in emergency operating conditions were chosen.

Key words: dispersion-reinforced composites, glass fiber, glass rods, specific work of
destruction, strength under impact load, transport - protective container.

AHaJi3 TEXHIYHUX BUMOT, 1[0 BUCYBAIOTHCS JI0 3a/11300€TOHHUX TPAHCTIOPTHO-
3aXMCHUX KOHTEWHEPIB I PaIiOaKTUBHUX BIAXOJ1B, MOKA3ye, 10 HAWCKIAIHIIITUM
BUJIOM BUNPOOYBaHb IILOTO BUIY BUPOOIB € BUIPOOYBaHHS KOHTEHHEpa Ha BiIbHE
nagiaas [ 1, 2].

Tpaauiiiino BUpoOU 13 3a11300€TOHY HE NMPU3HAYEH] JIJIs CIPUUHATTS YJIapHUX
Ta JAWHAMIYHUX HABAaHTAXKEHb, IO 3YMOBWJIO HEOOXITHICTH  CTBOPEHHS
3a11300€TOHHUX BUPOOIB 3 KOMOIHOBAHUM apMyBaHHSM, y SIKHX IO CKJIaxy OETOHY
BBOAWTHCS JUCTIEPCHUN apMyrOUHMii KOMIIOHEHT 3 METOK 30iJbIICHHSA yIapHOi
(mMHAMIYHOT) MIITHOCTI Ta TPIITUHOCTIHKOCTI.

BractuBocTi IucCnepcHO-apMOBAaHMX KOMITO3UTIB HAa OCHOBI HEOPTaHIYHUX
B’SDKYYMX Ta TOHKHX MIHEPAJbHUX BOJOKOH a00 CKJIOIIEMEHTHHUX KOMITO3HMITIHHUX
MaTepialiiB 3ajexaTh BiJ CKJIaqy KOMIIOHEHTIB, MApKH LIEMEHTY, BOJOLIEMEHTHOTO
BIJIHOIIICHHSI, IIIJIBHOCTI IIEMEHTHOI MAaTpHIll, BHJY Ta CKJIaay BOJIOKHA, IXHIii
Opl€HTaIli] 1 PIBHOMIPHOCTI PO3MOJALTY B 00’€Mi, TEXHOJOT1 BUPOOHHUIITBA Ta YMOB
eKCIuTyaTailii BUpooOiB.

Kommno3uiiii Ha OCHOB1 MOPTIAHAIEMEHTY 1 MiHEPAIbHUX BOJIOKOH Uepe3 OJUH
pIK MiCJsi BUTOTOBJICHHS XapaKTEPU3YIOTHCS MILHICTIO MPU PO3TSATHEHHI B MEXax
9-65 Mlla npu 06’emHOMy 3MicTi BosiokHa a0 10 %. 31 30UIbLIEHHAM KUIBKOCTI
BoJIoKHA 10 20% MIIHICTH Tpu po3TsaranHi Moxe pocsratu 123 MIla. CknonemeHnTHi
MaTtepiaay XapaKTepU3YIOThCs TaK0X BHUCOKHM OIMOPOM yIapHUM HaBAaHTAKCHHSIM,
0 € HACIIJKOM BHCOKOI TPIIMIMHOCTIMKOCTI 1 HAsBHICTIO B’SI3KOTO XapakTepy
pyHHYBaHHS MPHU yCiX BUAAX HAMPYKEHOTo cTaHy [3].

beron, sikuii pencTaBisie OO0 TeTEPOreHHUN MaTepiall, XapaKTepu3yeThCs
HAsSIBHICTIO TAKUX CTPYKTYPHHUX MMapaMeTPiB K TEXHOJIOTIYHI TPIIIMHYU Ta 3aJIUIIKOBI

aedopmariii, sIKIi BUHUKAIOTh Yy TMEpioJ OTPUMAHHS CaMoOro MaTepiaay MpH
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dbopMyBaHHI Ta MOAAIBIIOMY TBEPAHEHHI. Y 3B’SI3Ky 3 YHUM, OCHOBHOIO MPUYHHOIO
pyHHYBaHHS TakKMX MaTepiayliB MiA [Ji€l0 yJaapy € HE3BOPOTHE 3POCTaHHS
TEXHOJIOTITYHUX TPIIIUH A0 TPIIIMH PyWHYBaHHS a00 MaricTpajibHUX. Y 3B’SI3KYy 3
YUM, BUPIIICHHS MpOoOJeMH MiIBUILEHHS YAApHOI CTIHKOCTI OETOHIB 3 ypaxyBaHHSIM
HECHPUATIUBOTO BIUIMBY HABKOJUIIHBOIO CEPENOBHUINA € BHUIPABJAHUM Ta
NPaKTUYHO HEOOX1THUM [4].

Pe3ynbpratu nmocmikeHHs OCOOJMBOCTEM YTBOPEHHS 1 PO3BUTKY TPILIUH Y
KOMITO3UIIIMHUX MaTepiajaX Ha OCHOBI HEOPTaHIYHUX B SKYyYMX Ta MiHEpaIbHUX
BOJIOKHAX TOKAa3alM, 10 HE3aJIeKHO Biff 00’€MHOr0 3MiCTy BOJIOKHA y BHUBUYCHHX
mexax (1,2...2,8 %) mepiri TPIUHA MIUPUHOIO 3—5 MKM YTBOPSATHCS MPU 3HAYCHHI
BimHocHoi nedopmanii mHa piBui 25-30-10°, a MakcuMaabHE 3HAYEHHS IIUPUHU
po3kpuTTs Tpimman ckianae 30-50 Mxm [5, 6].

B sikocTi 00’€kTiB mOCTiIKEeHHS OyiaM BUKOPHCTaHI KOMITO3HUII HA OCHOBI
NOPTJIAHIIIEMEHTY Ta MiHEPAJIIbHUX BOJIOKOH JBOX BHIB. Y MEPIIOMY BUMAAKY Oyiu
BUKOPDHUCTAaHI TpaAWLiAHI CKJISHI BOJIOKHA aJIFOMOOOPOCHIIIKATHOTO  CKIIaTy
(ToBmuHOO 10...12 MKM) Ta jgyroctiiikoro ckiaay (TOBIIMHOKWO 12...15 MKM) siki
BIJIPI3HAIOTHCS BUCOKUM MOYATKOBUM PIBHEM MIIHOCTI. Y APYyroMy BUMAAKY OyiH
BUKOPHUCTaHI CKJISHI 0a3ajbTOBI CTPHMXHI TOBIIMHOIO 10 | MM, MOYaTKOBUN pIBEHb
MIIIHOCTI SIKMX BIiAMOBIJA€ PIBHIO MIIIHOCTI MAaCUBHOTO CKJIA.

VY pa3i BUKOPUCTAHHS CKJISTHUX BOJIOKOH MIITHICTh KOMITO3HUIIIM HA iX OCHOBI
3MEHIIYEThCS Ha IMOYaTKOBOMY €Talli TBEPIiHHSA, IO € HACTIJKOM IHTEHCHUBHOI
XIMIYHO1 B3a€MO/Iii arpeCUBHUX HOBOYTBOPEHb B’SDKYUOTO 3 MIOBEPXHEIO apMyHOYOTro
KOMITOHEHTa [3, 5, 6].

Y pa3i BUKOPUCTaHHSI TOTOBIICHUX CKISTHUX CTPWIKHIB, MIIHICTh SIKUX
MPAKTUYHO HE 3MIHIOETHCS 31 30UIBLICHHSIM KUTBKOCTI Ae(EKTIB Ha iX MOBEpPXHI,
MIIHICTh KOMIO3UIIIA HA iX OCHOBI 3pOCTa€ 31 3pOCTAaHHSAM IHTEHCHUBHOCTI MPOIIECIB
B3a€MOJIii B 30HI KOHTAKTy MaTpHIll Ta apMyKOYOro KOMIIOHEHTa, 110, 33 TIEeBHUX
YMOB, J03BOJISIE OTPUMYBATH KOMITO3HIIT 3 KIHIIEBUM DPIBHEM MIITHOCTI MPU 3THHI

60-70 MITa [7, 8].
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MinHicTh  JOCHIDKYBAaHMX  KOMIO3UIIM MpU  yAapHUX  (AMHAMIYHMX)
HABAHTAKCHHSX BU3HAYAJNACAd BIAMOBITHO 10 MeTtoauku [9] Ha wompi Y-1A i
po3paxoByBajiacs 3a BEJIUYMHOI IUTOMOI poOOTHM pyiHYBaHHS OcToHY (A) Ha
MIICTaBl  3alie)KHOCTI, IO BU3HAYAE€ B3a€EMO3B’S30K MOTEHININHOI  eHeprii
nedopmariii (U;) Ta MIHOCTI MaTepialy mpU JUHAMIYHUX HaBaHTaXeHHIX (R;),
BCTAHOBJICHUX JUISI BUIAJKY BUIBHOTO TMAIHHS CTPHIKHS 3 IUIOIICIO ITOMEPEYHOTO
nepepisy F i nosxunoro L Ha sxoperky mmuty: R, = (6-A-Eo)"2.

AHaJ3 pe3yabTaTiB JOCIIDKEHHs YJIapHOi MIITHOCTI KOMMO3uIlii (Tadn. 1)
MoKa3ye, IO TPH TBEPAIHHI KOMIIO3UIIH HAa OCHOBI IIEMEHTHOTO KaMEHIO B
HOPMAJIBHUX YMOBAX MPOTITOM 28 110 BUKOPWUCTAHHS apMYIOUOro KOMIIOHEHTa y
BUTJISIZII CKJIOBOJIOKHA aJTFOMOOOPOCUIIIKATHOTO CKJIay MPU3BOJIUTH A0 30UIbIICHHS
nuTomMoi podotu pyinyBanHs (nani [TPP) kommosumii y 2,3; 4,0; 5,7; 8,7 ta 9,7 pasu
npu BincoTKy apmysanss 0,5; 1; 2; 3 ta 4 % BiamoBiIHO.

Taoauus 1 - [InToma podora pyilHyBaHHS TOCTII)KYBAHUX KOMIIO3UILiiH HA OCHOBI
LHEMEHTHOT0 KaAMEHI0 Ta IEMEHTHO-MIIAHOT0 PO3YHUHY

m [Tutoma po6oTa pyitHyBanHs, KJ/M>, KOMIO3HUIIiH HA OCHOBI
T
. = [IEMEHTHOT'O KaMEHIO TiCIs MIIIAHOTO PO3YUHY MiCIIS
ApMmytrounit 2
KOMITOHEHT = | TBEp/HCHHS Yy | NPONAPIOBAHHS | TBEPAHEHHA Y | NPONAPIOBAHHS
\‘2 HOPMaNbHHUX npu 95°C HOPMaNbHHX npu 95°C
° ymoBax 28 116 8 roanH ymoBax 28 116 8 roanH
BincyrHiit 0 1680 1680 2800 2800
0,5 3920 1680 3360 2800
CKII0BOJIOKHO 1 6720 2240 3920 2800
amomobopo- 2 9520 2800 4360 2800
CHJIIKaTHOTO
cknany (ABC) 3 14560 3360 6720 3360
4 16200 3920 10640 3920
CKJI0BOJIOKHO
JYTOCTIHKOTO 3 36400 5040 14000 6720
ckiany (JICC)
CxustHi 1 3920 5200 7560 6440
0azanpToBi 3 5880 6720 11480 7840
crpwxkHi (BA3) 5 7560 8680 22680 10640
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Kommo3uilii, BUATOTOBJIEH] 3 BAKOPUCTAHHSM Yy SIKOCTI apMYIO4YOr0 KOMIOHEHTY
CKJIOBOJIOKHA JIyTOCTIMKOTO CKJIay, XapaKTEePHU3yIOThCSI MaKCUMAILHUM 3HAYCHHSIM
[TPP — 36400 xJ[/M>, IO € HACIJKOM IIiJBMIIEHOI CTIHKOCTI JaHMX BOJIOKOH Y
TBEpAIIOUOMY IeMeHTI. Y 1poMy pasi, nepeBuiieHHs [IPP mpotu anamorigxoro
XapaKTEPUCTUKOK) HEAPMOBAHOTO KaMeHIO cTaHoBUTH 21,7 pasziB, MmO €
MaKCHUMaJIbHUM TTOKa3HUKOM JIJIs IOCTIPKYBaHOTO Yy pOOOTI Jianas3oHy.

Bukopucrtanas y SKOCTI apMyrOUYOTrO KOMIIOHEHTY CKJISHUX 0a3aibTOBUX
CTPW)XHIB Mpu3BOauTh 10 migsuiieHHs I[IPP kommosumii B 2,3-4,5 pasu B
MOPIBHSHHI 3 HEAPMOBAHUM IIEeMEHTHUM KameHeM. [Ipu nibomy 301ubmenHs [1PP, sk 1
y pa3l BHUKOPUCTaHHS BOJIOKOH aJIOMOOOPOCHIIIKATHOTO CKJIaay, HPOMOPLIHHO
KUTBKOCTI apMYyI0YOr0 KOMIOHEHTA B IOC1KYBaHUX KOMITO3UIIISIX.

[IpomaproBaHHsl TOCTIPKYBAaHUX KOMIIO3HIII TPU3BOJIUTH N0 3HIKCHHS
BennuuHu [1PP xommo3wuiiif, apMOBaHUX CKJIOBOJIOKHOM aliOMOOOPOCHIIKATHOTO Ta
JyrocTiiikoro ckiaaiB. Tak, y koMno3uiliii, apmoBanux 3% amroMoO00pOCHIIIKATHOTO
ckna IIPP sumxyerscs 3 14560 k/[x/M° mpu HOpMaabHOMY TBEPAHEHHI 10
3360 x/Ix/M° micns nponaproBaHHs. AHanoOri9HO, 3Ha4eHHs [IPP 1 KoMIo3uIii Ha
OCHOBi JIyrOCTIHKOro CKia 3HWKYeThbes 3 36400 k/Dk/M’ Tpu HOPMalbHOMY
TBepaHeHHi 10 5040 k/Dk/M® micis mpomaproBaHHs. Take 3HUKEHHsS € HACIiIKoM
30UIBIIEHHS MIBUAKOCTI KOPO31i TOHKUX CKJISSHUX BOJIOKOH y CEpPEeOBHUIII IIEMEHTY,
110 TBEP/Ii€ TPHU MIIBUIICHUX TeMIepaTypax.

Y TOif Ke uyac, HE3BAKAIUM HA MPUCKOPEHHS KOPO3IMHUX MPOIECIB
apMyI4YOTro KOMIIOHEHTa TMpH TIpomaproBaHHi, KiHIEeBu piBeHb [IPP micis
MPOTMAPIOBAHHS y apMOBAHUX BOJIOKHOM KOMITO3HIIIN 3aJUIIAETHCS BUIUM 34
AHAJIOTIYHUM IIOKA3HUK IIEMEHTHOro kKaMmeHro. Tak, 3HauenHs [IPP xommnoswuiiii,
apmoBaHux 1, 2, 3 1 4% amoMo00pOCHITIKATHOTO BOJIOKHA B 1,3—2,3 pa3u BUIIMIA HIXK
y IIEMEHTHOTO HEapMOBAHOTO KaMeHIO. | juine mpu BBEIGHHS 10 CKJIaly KOMITO3HIIIT
0,5% Bonokon 3HaueHHa [IPP 3anuiiaerscs piBHUM aHAJIOTIYHOMY MOKA3HUKY
1eMeHTHOro kKameHio. [luroma poGoTa pyiHyBaHHS NPOMAPEHUX KOMIO3UIIIH,
BUT'OTOBJICHUX 13 BUKOPUCTAHHSAM JIyTOCTIMKUX BOJIOKOH, MepeBuillye BeauuuHy [1PP

LIEMEHTHOTO KaMEHIO B 3 pa3u.
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[TopiBHSIHHS 3HaY€Hb MUTOMOI POOOTH PYHHYBAaHHS y BUNAAKY BUKOPUCTAHHS
y SIKOCTI apMyIOUOro KOMIOHEHTa CKJISHUX 0a3aibTOBUX CTPHXKHIB JiaMeTpoM J0 1
MM T[OKa3ye, W0 MpPONaplOBaHHS MPU3BOJUTH N0 3POCTAaHHS JOCTIIKYBAHOIO
nokazHuka. Tak, mpu 1 % apmyBanns 3HaueHHs [IPP mponapenux kommo3wuiiii
MEPEBUILY€E AHAJOTIYHUNA MOKA3HUK JJIsI KOMIIO3ULIN, 10 TBEPAIIM Y HOPMAJIbHUX
ymoBax y 1,3 pa3u. BianosiiHo, J1s KOMIIO3UIIIH, apMoBaHuX 3 Ta 5 % 0a3anbTOBHUX
CTPUXHIB 1€ IEPEBUIIICHHS CTAHOBUTH 1,2 pa3u.

[linBumieHHs TMUTOMOI POOOTH pPYWHYBaHHS IIICIS MPOMApIOBaHHS IIiJT 4ac
BUKOPHUCTAHHS 0a3aJIbTOBUX CTPUKHIB € HACTIAKOM JBOX IIPUUHUH.

[lepmra mpuymHA — BIACYTHICTH 3aJI€KHOCTI MIITHOCTI MAaCHBHOTO CKJa BIJ
CTaHy TOBEPXHi, 10 Ha BIAMIHY BIJI TOHKMX CKJISHUX BOJIOKOH 3a0e3neuye
HE3MIHHICTh 1X (PI3UKO-MEXaHIYHUX XaPAKTEPUCTHK Yy JY)KHOMY CEpPEIOBHIII
TBepAitouoro nemeHry. [pyroro npuumnoro 3poctanHsi [IPP mpu Buxopuctanhi
0a3aJbTOBUX CTPWXKHIB € 3MII[HEHHS 30HM KOHTAKTy apMyIOuOTro KOMIIOHEHTa 1
MaTpHLll B pe3ybTaTi 30UTbIICHHS IHTEHCUBHOCTI XIMIYHOI B3a€MO/I1i IOBEPXHI CKJIa
3 HOBOYTBOPEHHSIMU B’SKYYOTO TPH MiJABUIIEHUX TemmepaTtypax [10, 11, 12].

BBenenHs 10 ckiagy LEMEHTHOTO KaMeHI0 JApiOHOro — 3arloBHIOBada
npu3BoaAuTh 10 30utbmieHHss [IPP matepiamy martpumi sk y pas3l TBEpAIHHS Y
HOpPMaJIBbHUX yMOBax, TaK 1 MpU MpornaproBaHHI. Take 30UIbIICHHS € HACHIJAKOM
3HIDKEHHS YCaJIKOBUX JAeopMalliii IEMEHTHOrO KaMeHIO IpU BBEACHHI 10 HOTO
CKJIaJly IHEpTHHUX 3allOBHIOBAYIB.

VY pas3i TBepAiHHA KOMIIO3UIIA HAa OCHOBI ILIEMEHTHO-MINIAHOTO PO3UYHUHY B
HOpMaJbHUX yMOBax OMHCaHl BHUIEe 3anexHocTi pocty I[IPP 31 30inbmieHHSIM
BIJICOTKa apMyBaHHS 30€piraloThCsi, SIK NPU BUKOPUCTAHHI CKJISHUX BOJIOKOH
AIIOMOOOPOCHITIKATHOTO Ta JIYTOCTIMKOrO CKJaay, Tak 1 TpH BUKOPHUCTAHHI
0a3a1bTOBUX CTPHIKHIB.

[Ipu upomy ITPP apMoBaHMX KOMITO3MIII Ha OCHOBI aJIFOMOOOPOCHIIIKATHOTO
BOJIOKHA BUIIMH 32 aHAJIOTIYHHUM MOKa3HWK HEAPMOBAHOTO MaTepiany maTtpwili B 3,8

pasu TpU MaKCUMaJlbHOMY BIJICOTKY apMyBaHHA (4%). BBeneHHs a0 ckiany
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KOMITO3HIIIT JIyTOCTIHKOTO BOJIOKHA J103Bosisie miaBuimuty [1PP y 5,0 pasis. BBenenus
5% 6a3anbTOBHUX CTPUKHIB CYIIPOBOKYEThCS 3pocTanHsM [1PP y 8,1 pasis.

[IpomaproBaHHsi KOMMO3MUI[IH HA OCHOBI IEMEHTHO-MIIIAHOTO PO3YUHY
npu3BoaAuTh 110 3HKeHHS [IPP y Bcix 3pa3kiB, apMOBaHUX CKISHUMHU BOJOKHAMH Ta
0a3albTOBUMHU CTPIKHAMU. llpruyoMy B KOMIIO3UIISIX HA OCHOBI BOJOKOH
ATIOMOOOPOCHITIKATHOTO CKJIAAY 3 BiICOTKOM apmyBaHHs BiJ 0,5 10 2 % 3HaueHHs
JOCTIIKYBAaHOTO TOKa3HHKA JOpiBHIOE 3HaueHHIO [IPP HeapmoBanoro marepiamy
matpuili. Ilpu 1nbomy 30epiraerbesi mepeBuilieHHs 3HadeHb [IPP y kommoswuiii,
apMOBaHMX JIYTOCTIMKMM BOJIOKHOM MOPIBHSIHO 3 MarepiajioM MaTpuili B 2,4 pa3u Ta
y KOMIIO3HMII1i apMOBaHUX 0a3aJIbTOBUMHU CTPHKHIMHU B 2,3—3,8 pasu.

VY3aranpHIOIOYM OTPUMAHI pE3yJNbTaTH, MOXXHA 3pOOUTH BHUCHOBOK, IO
BBEJICHHS JO CKIaAy IEMEHTHOIO KaMEeHI0 1 UEMEHTHO-MIIIAHOTO pPO3YUHY
JUCIIEPCHOTO apMyIOYOro KOMIIOHEHTa B OUIBLIOCTI PO3MVISHYTHX BHUMAJKIB CIIPHSE
30UIBIIIEHHIO MTUTOMOI pOOOTH pYHHYBaHHSI KOMIIO3HIIIH.

MaxkcumanbHOTo e€(eKTy MpU TBEPIIHHI KOMMO3UIN Yy HOPMAJIbHUX YMOBaX
BJAETHCS JOCATTH MPU apMyBaHHI LIEMEHTHOIO KaMEHIO JYTOCTIMKUM BOJIOKHOM Y
KutbkocTi 3% Ta mpH apMyBaHHI IIEMEHTHO-MIIIAHOTO PO3YMHY 0a3aJbTOBUMHU
CTPKHSIMH y KUTBKOCTI 5 %. ¥V mmx BUMaakax BIAETHCS MIIBUIIUTH 3HAYCHHS
NUTOMOI POOOTH pyHHYBaHHS KOMIO3UILINA MOPIBHSHO 3 HEAPMOBAHUM MaTepiajioM
matpuuiy 21,7 Ta'y 8,1 pa3u BignoBiaHo.

VY pasi nponaproBaHHs KOMIO3UIli MAKCUMAJIbHOTO €(EeKTy BIA€ThCs JOCIITH
Opy BUKOPUCTaHHI y SKOCTI apMyIOUOro KOMIIOHEHTa 0a3aJibTOBUX CTPHXKHIB. Y
HpOMY pa3l 30UIbLICHHS MNUTOMOI pPOOOTH pyHHYBaHHS KOMIIO3UIIT MPOTH
aHAJIOTTYHOI0 MOKa3HUKA MaTepiady MaTpuili BixOyBaeTbes y 3,8—5,1 pasis.

3a pesynbTaTaMu PO3PAXyHKIB BCTAHOBJIEHO, IO MaKCHMajbHA 3HAYCHHS
HANpPYTH fKa BUHUKAE Yy TUT 3a11300€TOHHOTO TPaHCIOPTHO-3aXMCHOTO KOHTEHHEpa
IIpHU HOT0 BUIBHOMY MaJIiHHI Ha MimeHb cTaHOBUTH 1095,0 MIla (puc. 1, 2).

AHami3 3HA4YeHb MIIHOCTI JOCHIDKYBAHUX KOMIO3MUINNA TpU yIapHOMY
(nTMHAMIYHOMY) HaBaHTaxKeHH1 (puc. 3) Mokasye, 110 HEOOX1THUM piBHEM JUHAMIYHO1

mimHocTi, Bume 1100 MIla, xapakTepu3yrOThCS KOMIIO3UIlI, IO TBEPIAUIH Yy

156



CEKIILA 2. KoMro3utiiHi MaTepiaidyd Ha OCHOBI TYTOIUIABKUX, HEMETAJIEBUX 1 CHUTIKATHUX MaTepiaiiB

HOPMaJbHUX YMOBaX, Ha OCHOBI IEMEHTHOTO KaMEHIO 1 CKISHOTO BOJIOKHA
ATFOMOOOPOCHITIKATHOTO CKJIaay B KibkocTi Bim 1 mo 4 % (1135,9-1703,8 Mlla),
KOMITO3UIIIIT Ha OCHOBI IIEMEHTHOTO KaMEHI0, apMOBaHI CKJISHUM BOJIOKHOM
JayrocTidkoro ckmany (2643,6 Mlla) ta kommosuilli, apMoBaHi 0a3aJbTOBHUMH

CTPUXHSAMU Y KUTbKOCTI 5 % (1204,9 MI1a).
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KinbKicTbTa BUA apMyHO4Oro KOMMOHEHTY

Puc. 3. MinHicTh Npu yiapHOMY (IUHAMIYHOMY) HABAHTAKEHHI TOCTiIKYBAHNX KOMIO3U i
HA OCHOBI IEMEHTHOI'0 KAMEHI0 Ta LEMEHTHO-MIIIAHOT0 PO3YHHY
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[TpomaproBaHHSI KOMITO3HUIIIA Ha OCHOBI IIEMEHTHOTO KaMEHIO MPU3BOIUTH IO
3HIKEHHS 3HAYEHHS MILHOCTI NP yAapHOMY (IMHAMIYHOMY) HaBaHTaXEHHI HIDKYE
3a HEOOXiTHUH pPO3paxyHKOBUW piBEHb MPHU iX apMyBaHHI CKJISSHUM BOJIOKHOM
amroMobopocwmitikaTHOro  ckiany (655,8-867,5 MIlla) 1 myrocTiikoro CKJamgy
(983,7 MIlIa). PiBeHp MILHOCTI MpU yAapHOMY (IMHAMIYHOMY) HaBaHTAXEHHI MICIIA
ponaproBaHHsI KOMIO3UIIIM, apMOBaHUX 0a3aJbTOBUMH CTPYIKHSIMU Y KUIBKOCTI 3 1
5 % cranoButh 1135,9 1 1291,0 Mlla, BiANOBIAHO, IO MEPEBUIIYE PO3PAXYHKOBE
3HaYeHHS HAMPYTH, 110 BUHUKAE MPHU BIIBHOMY MaJliHHI KOHTEHHEpa.

3 KOMITIO3MIIA Ha OCHOBI IIEMEHTHO-IIIIAHOTO PO3YMHY SKI TBEPAUIA Yy
HOpMaJIbHUX YMOBax Ha MpoTA3l 28 110 AOCTaTHIM PIBHEM MILHOCTI MPU yJapHOMY
(IMHAMIYHOMY) HABAHTAXKEHHI XapaKTepU3YIOThCS KOMMO3ullii, apMoBaHi 3 1 4 %
CKJISHUM BOJIOKHOM aJTFOMOOOPOCHITIKATHOTO CKJIamy y KutbkocTi 3 1 4% (11359 1
1429,3 MIla), ckiassHUM BOJOKHOM JyrocTtiiikoro ckmamxy (1639,5 MlIla) Ta
0a3aJbTOBUMHU CTPUKHSAMHU Y KIITbKOCTI B 1 10 5 % (1204,8 - 2086,7 Ml1a).

[IponaproBaHHS KOMIIO3UIIIA HA OCHOBI IIEMEHTHO-MIIIAHOTO PO3YHHY
OPU3BOJNTL JIO 3HIXKEHHS PIBHS MIIHOCTI TMPH  yAapHOMY (JMHAMIYHOMY)
HAaBaHTa)XCHHI HW)XX4Y€ 3a HEOOXITHUN pO3PAXyHKOBHH pIBEHb Yy KOMIIO3MIIii,
apMOBaHMX CKJIIHUM BOJIOKHOM ATFOMOOOPOCHITIKATHOTO CKJIaly
(803,2-867,5 MlIla). ¥ kommno3uiiiii, apMOBaHUX CKJISTHUM BOJIOKHOM JIYTOCTIHKOTO
CKJIay Ta 0a3aJbTOBMMHU CTPWKHSAMHU KIHIICBUH PIBEHb MIIHOCTI MPHU yIapHOMY
(ITMHAMIYHOMY) HABaHTA)XEHHI 3aJIMINAETHCS BUIIUM 3a HEOOXIJIHE PO3PaXyHKOBE

3Ha4YeHHA 1 ctaHoBHUTBL 1135,9 Ta 1112,0-1429,3 MIla BigmoBigHO.

BUCHOBKHA
1. 3 HaBemeHUX KOMIIO3UIINA HAWOUIBII MPUIAATHUMU ISl BUKOPUCTAHHS Yy
BUPOOHUITBI TPAHCIOPTHO-3aXUCHUX KOHTEHHEPIB AJI €KOJIOT1YHO-HEOE3MeYHHUX Ta
pPaIl0aKTUBHUX BI1IXOIB € KOMIIO3HIII1 HA OCHOBI IIEMEHTHO-ITIIIIAHOTO PO3YHHY.
2. HeoOximHicTh 1HTeHCcH]IKaIli MPOIECIB TBEPAIHHS MNP BHPOOHUITBI
KOHTEHHEPIB 3 METOI CKOPOUYEHHS METaJlOEMHOCTI BHPOOHHMIITBA Ta TPHUBAJIOCTI

TEXHOJIOTIYHOTO LMKy 3YMOBJIIOE HEOOXIAHICTH BHOOPY KOMIO3MIIHM, SKI MICHS
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mpornaproBaHHsl 3a0e3MeuyyroTh HEOOXIIHUH piB€Hb MIIHOCTI MPU yAAPHOMY
(TMHAMIYHOMY) HaBaHTaKCHHI.

3. ¥V sKoCTI JUCHEPCHO-apMOBAHUX KOMIIO3UTIB Ha OCHOBI HEOPraHIYHUX
B’SDKYYMX Ta MIHEPAJIbHUX BOJIOKOH [IJIi BUPOOHHUIITBA TPAHCIIOPTHO-3aXUCHUX
KOHTEIHEpIB MOXYTh OYTH pPEKOMEHJOBaHI KOMIIO3MIli Ha OCHOBI IIEMEHTHO-
MIIAHOTO PO3YMHY, apMOBaHI JYTOCTIMKMM CKJIOBOJOKHOM Yy KijgbkocTi 3% Ta

0a3a7bTOBUMHU CTPYIKHSMH JllaMeTpoM 110 1 MM y KiiTbKocTi Bix 1 10 3%.
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AHoTanigs. B poOoTi HaBeneHO pe3yiabTaTH JOCHIIKEHb BHPOOHUIITBA KepaMiuyHHX
KOMITO3UTIB Ha OCHOBI HaA3BMYaiHO omicHeHHUX Mac. OO0’eKkTaMu IOCHIDKEHHS Oyiu oOpaHi
KOMIO3ULIi BUIIB IIAMOTIB, SIKi BUKOHYB&JIN (DYHKIIIO apMyr0ouoi pPEYOBHMHH, a PIJKOTO CKIIA —
(GYHKIIIIO CIIOTYyYHOT pe4oBHHH — MaTpwuili. KoMImo3uTHi 3pa3ku st pOOOTH BUTOTOBIISIIA METOJIOM
HaMiBCYXOTr0 NPECYBaHHS 3 HACTYIHUM CTPYKTYPHHUM 3MILIHEHHSIM — BHUIAJIOM Y TPUBAJIOMY Ta
BHCOKOIIIBUJIKICHOMY peXHuMax. MeToauka poOOTH BKIOYATa B ce0e KOMIUIEKC XIMIYHHX 1
PEHTTCHOCTPYKTYPHUX aHAJi3iB CHJIKaTHUX MaTepialiB 1 CTaHAApTU30BaHE BUIIPOOYBaHHS
KepaMikd 1 KOMMo3uTiB. [lokazaHo 0cCOOMMBOCTI XIMIYHOTO Ta (a30BOTO CKIIaNy PI3HOBHU/IIB
[IAMOTHUX TJIMH Ta IX XapaKTePUCTUKW TPU BUIATIOBaHHI. BCTaHOBIEHO eQEeKTHBHICTH
BUKOPHUCTAHHS CKJIAJy PI3HOBHUAIB IMIAMOTIB JIJISl PETYIIOBaHHS (Hi3UKO-MEXaHIYHUX MMOKA3HUKIB, Y
TOMY YHUCIII MiHIMI3aIlil ycaJKku K YMHHUKA Je(opMalliifHOro npoTikanHs BUPOOIB.

Kawu4oBi ciioBa: KOMITO3UT, KepaMika, IIaMOT, CKJIaJl, BUIIAJ, BIACTHBOCTI.

Abstract. The results of research on the ceramic composites production based on extremely
desalinated masses are presented. Compositions of types of fireclay were chosen as objects of
research, which performed the function of reinforcement, and liquid glass - the function of binder -
matrix. Composite samples were produced by semi-dry pressing followed by structural
strengthening - firing in long-term and high-speed modes. The work methodology included a set of
chemical and X-ray analysis of silicate materials and standardized testing of ceramics and
composites. Features of the chemical and phase composition of fireclay varieties and their
characteristics during firing are shown. The effectiveness of using the composition of fireclay
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varieties to regulate physical and mechanical parameters, including the minimization of shrinkage
as a factor in the deformation flow of products, has been established.
Keywords: composite, ceramics, fireclay, composition, firing, properties.

Beryn — mocraHoBKa npoodJieMu

Bemukuit  o0csar BUpOOHWIITBA Ta CHOXHUBAHHS  KEpaMiKH  PI3HOTO
(hYHKITIOHATILHOTO IPU3HAYCHHS B CBITI Ta YKpaiHl MOCHIIOE PUHKOBY KOHKYPEHIIIIO
3 BIAMOBIAHUM MiIBUILIEHHSIM BUMOT J0 SIKOCTI BUPOOIB, CEpell XapaKTEPUCTUK SIKOT
Barome Miciie nocigae crymiab gedopmarnii [1, 2].

Busnano, 110 BUTOTOBJICHHS Ke€paMiYHUX BHUPOOIB MOB’S3aHO 13 MpoliecaMu
MOCIIIJIOBHOTO CTPYKTYPOYTBOPEHHSI Ha CTaIisIX TEXHOJOTTUYHUX LUKIIB [3, 4]. [Ipu
IbOMY cepell (Pi3MKO-XIMIYHHUX TIPOIIECIB CTPYKTYPOYTBOPEHHS CIiJ BUAUTUTH
nedopmartiityi.

3aramom,  nmedopmarliiHi ~ TPOIECH €  HEBII €EMHOK  YaCTHHOIO
CTPYKTYpOYTBOPEHHS IIpu (PopMyBaHH1 Ta TepMidHiA 00poOIi kepamiku [5-7], mpoTe
HEPIBHOMIpPHE MPOTIKAHHS [IUX MPOLECIB B 00’ €Mi BUPOOIB MPU3BOAUTH 10 JEHEKTIB
BUKPHUBJICHHS, TEXHOJIOTIYHUX BTPAT Ta 3MEHIICHHS AKOCTi. OCOOIHMBO 11€ CTOCYEThCSA
BUTOTOBJICHHSI BUPOOIB, TEOMETPUYHI MapaMETPU SKUX XapaKTePU3YIOThCS 3HAYHUM
MIPEBATIOBAHHSM IO TOBEPXHEH HaJl TOBIIUHOIO.

AHaJ3 BIIOMHUX JOCHIIKEHb Ta JOCBIJly BUPOOHHUIITBA J03BOJISIE BU3HAYUTH

OCHOBHI ¢akTopu nedopmariii kepamiky B TEXHOJOTIUHUX Tporecax (puc. 1).

Cknag macu YMoBU hOopMyBaHHA YMoBU TepMivHol 0B6pobKu

TemnepaTypa,
- npecyBaHHs Hac
KOMMOHEHTIB pecy
OwucnepcHicTb BonoricTb, PisHOMIpHICTb
KOMMOHEHTIB TUCK Harpis

Puc. 1. ®akropu nedopmauii kepamiku

NnuTTA,
nnacTudHe,

KinbKicHe cniesigHOLLEHHA
TMUHUCTKUX | ONICHIOKYMX
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B 1n1bomy 3B’A3Ky OJHUM 13 MEPCIIEKTUBHUX HANPSAMKIB MiHIMI3allli ycaJaKu Ta
CTyIeHIo nedopmailii € BUKOPUCTAHHA KEPAMIYHUX KOMIO3UTIB Ha OCHOBI IPaHUYHO
omicHeHnX Mac [8,9], 1o cTajao MeTor AaHOT poOOTH.

Metoau Ta 00’ €KTH AOCTIKEHHS

Y po0OTi BUKOPHUCTOBYBAJIOCS TOETHAHHS Cy9acHUX (hi3MKO-XIMIYHUX METOMIB
aHajizy CWIIKaTHUX MarepialiB 13 CTaHJApTU30BAHUMH  BUIPOOYBaHHIMHU
BJIACTUBOCTEN KepaMiku Ta kommno3uTis [11, 12].

BuzHaueHHsT XIMIYHOTO CKJIaay MpoO MPOBOJMIIOCS BIJIMOBIAHO 10 YMHHUX
CTaHJIapPTIB 1 Cy4aCHUX METOUK [12].

PentrenodasoBuii anami3 marepianiB (IOPOIIKOBI MpenapaT) MPOBOJAUBCS 3a
nonomoroto gudpakromerpa JPOH-4-0, migkmioueHoro uyepe3 iHTepdeiic 110
KOMIT' I0Tepa, L0 JO03BOJIMIO 3IMCHIOBATH 3HMOMKY audpakTorpaM y 4YUCEIbHOMY
BUrisaAl B miamasoni 2-70 20 3 perymooBaHHaAM kpoky 0,05°. TpuBamictsh
€KCIIOHYBaHHSI KOXXHOi Toukd - 6 cekyHn. [lpu posmmdposii (azoBoro ckiagy
BUKOPUCTOBYBaIM  0a3y  AaHMX  MDKHapOJHOTO  KOMITETY  MOPOLIKOBUX
mudpakiiiaux cranaaptiB (JCPDS).

BianoBimHO 10 cydacHO1 TeXHOJIOT1i BUPOOHMIITBA KEPAMIYHUX TUTUTOK 3Pa3Ku
3 JOCHIJHUX Mac TOTYBalld HAMIBCyXHWM MPECYBaHHSM 3 CYIIKOIO 1 BUMAJIOM Ha
IPOMHUCIIOBUX TOTOKOBO-KOHBEEPHHUX JiHIsAX. [IpM 1bOMYy BHUIAT NPOXOAUB Y
POJIMKOBUX Ta30BHX IeUYax 3a IBUIKICHUMU PEKUMaMU: TPUBATICTH 55 1 65 XBUIMH
Ipu MakcuMalibHUX Temmneparypax 112511200 °C.

VYci 3pa3ku, TMOKA3HUKHU SIKUX TOPIBHIOBAJIMCH, BHUIMAIIOBAIM pa3oM, alu
YHUKHYTHA MOXJIUBOT P13HHMIIL B CTYTE€HI TEPMIYHOT OOpPOOKH.

O6’exkTamMu  JIOCTIDKEHb OyJlu OOpaHi KOMITO3HWINI Ha OCHOBI TI'PaHUYHO
OIMICHEHUX Mac, J€ PI3HOBUIM IIAMOTY BHUKOHYBaJIU (YHKIIIO apMyIOUYHX, a piIKe
CKJIO — (DYHKIIiIO 3B’SI3yI0YOTO — MaTPHIL.

OOpanuii a7 JOCHIPKEHHS I1aMOT, BHUIOTOBJICHMM Ha  MIJNPUEMCTBAX
TOB «Jlybencehkuii merensHuid  3aBoa» IlomraBchkoi oOmacti Ta IIAT
«YHaciBosIpCbKMI BOTHETPUBKHN KOMOIHAT» JloHenbkoi  001acTi; BiAPI3HAETHCS

BUX1JHOIO CHPOBHUHOIO Ta TEXHOJOTIYHUMH TapaMeTpaMi BUPOOHMIITBA:
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- nyoeHchkui mamoT (rpoda JI) € mpoaykTom moapiOHEHHS KepaMidHOi
LErJIM, BUTOTOBJICHOT 3 JIETKOIUJIABKOI MOJIMIHEpaJbHOI TJIMHM Ta BUMAJICHOI Y
KUIBIIEBIM Medl MepioIMYHOI J1i MpYU MakCUMaJIbHIN Temriepatypi 950 °C;

- yaciBosipcbkuil mamMoT (mpo6a Yl) e cnemiaJbHUM MPOAYKTOM BHIIATy
Ha MakcumaibHy Temmeparypy 1320 °C Ta moapiOHEHHS BOTHETPHUBKOI 1 TJIHMHH
MICLIEBOT'O POJIOBHUIIA.

JocnimpkyBaHi BHUXIJHI MaTepiaqd CyTTEBO BIAPI3HAIOTHCS 3a  XIMIKO-
MIHEPAJIOTTYHUM CKJIaJIOM Ta (PI3UKO-XIMIYHUMHU BJIACTUBOCTSIMH.

3a XIMIYHUM CKJIaJloM Tpo0a JyOeHChKOro maMoTy JI 3Ha4YHO BiPI3HAETHCS
Bil 4aciBospchbkoro Yl 1o HAsABHOCTI OKCHUIIB KPEMHIIO Ta aJIOMIHIIO MpH
KUIbKiCHOMY criBBigHomeHH1 Si0; : Al,O — 6,1 npotu 1,8, 6utbmmm BMicToM Fe,Os
Ta JgyxHo3eMenbHuX okcuaiB CaO + MgO (9,5 npotu 1,1 mac. %) Ta 3aranbHOIO

KutbKicTi0 okcuiB Tuiy RO + R,0 - 12,4 mpotu 3,7 mac. % (tabm. 1).

Taboauus 1 XiMiuHMi CKIaJ IIAMOTY

Kox npo6u BwmicT okcnaiB, mac.%
SiO2 | ALOs | Fe203 | TiO2 | CaO | MgO | Na;O | K;O | B.I.IL
JI 66,93 | 10,90 | 3,04 0,62 7,96 1,54 0,97 1,96 4,50
q1 59.53 | 33.74 | 1.10 1.03 0.47 0.67 0.69 1.89 0.29

Pesynbrati peHTrenoa3oBoro aHamizy JA03BOJIMIM BHUSBUTH OCOOJIMBOCTI
MIHEPAJIOTTYHOTO CKJIay OCIIKYBAaHUX MaTepialiB (puc. 2, 3).

CTpyKTypHI 0COOJIMBOCTI TOCHIKYBAHUX TTPOO BU3HAYAIOTHCS BIAMIHHOCTSIMU
KpucTtamiyHux (a3, iX KUIBKICHOTO CIIBBIJHOIIEHHS Ta CTYIEHEM PO3BUTKY
ckiodasmu.

Tak, mpoba myGeHchkoro mamoTy JI, BUTOTOBIEHOrO 13 MOJIMIHEPaTbHOI
JIETKOIJIaBKO1 TiuHU npu Bunaiai Ha 950 °C, xapakTepu3yeThCs PO3BUHEHUMU
KpUCTAIIYHUMHU (a3aMu KBaplly Ta pPI3HOBUIIB MOJILOBOTO IIMATy, HAasSBHICTIO
reMaTUTy, 3JIMIIKIB T1IPOCIIIOIA Ta KAJIBLIUTY.

[Tpo6a U1l 4aciBOApPCHKOTO MIAMOTY 3HAYHO BIAPI3HSAIOTHCS BiJ JTyOEHCHKOTO
HAsIBHICTIO, OKpIM KBapily, KpuUcCTamuyHuX (a3 MyJiTy Ta KpPUCTOOAITy, OUIBIINM

CTyNEHEM PO3BUTKY ckiiodasu (1o 1ol J1udy3HOro rajo).
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Puc. 3. Ju¢ppaxrorpama npoom mamory Ul: V kBapu, A Kpucroodasir, + MyJait

AHaJII3 XapaKTePUCTUK KOMIIO3UTIB IPH TPUBAJIOMY PeKUMI BUIIALY

BianoBigHO 10 MeTH, TOCHTIKYBAIUCh KEPaMidHI KOMITO3UTH, BUTOTOBJICHA 32
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OJTHAKOBOIO METOJMKOI0 HAIiBCYXOTO MpecyBaHHS 13 Mac, 110 MarOTh OJHAKOBI 3a
TUTIOM 1 KUTHPKICHUM BMICTOM 3B’SI3yI04l Ta OJHAKOBUN TPAHYJIOMETPUYHUHN CKIIAJ
mamoty (Mac. %): ¢pakuis 3...2 mm — 10; 2...1 mm — 10; 1...0,5 mm — 25;
0,5...0,2 mm — 25; <0,2 Mmm — 20 (Tabm. 2).
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Tabamnnsa 2 — Ckiiag 10CailzKyBaHUX KOMIIO3UTIB

Bmict komnoneHnriB, mac. %
Kona mamMoT mamMoT pinke ckJio,
npoou JyOeHChKHIi 4aciBOSAPChKUIl (monanx 100 %)
JI 100 - 15
q1 - 100 15
X 50 50 15

AHani3 OTpUMAHUX EKCIEPUMEHTAIBHUX JIAaHUX T[I0Ka3aB BIAMIHHOCTI Yy
CTYyMEH1 CIiKaHHS Ta (DI3UKO-MEXaHIYHUX MOKA3HUKAX JTOCIIIKYBAaHUX KOMITO3UTIB.
BcranoBneno, mo npu Bumaigi NpoTAroM 15 roguH B 1HTEpBajil MaKCHUMAalbHUX
temrneparyp 800-1100 °C 3pa3ku XapakTepu3yIOTbCS aHAJOTIYHOK KIHETHKOIO
CIIKaHHS MPU BIAMIHHOCTSIX Y 3HAYEHHSX MOKA3HUKIB BOJOIMOTIMHAHHS Ta TYCTUHHU.
B nepmry depry, e CToCyeThCs 3pa3KiB 13 3aCTOCYBaHHSAM JTyOCHCHKOTO maMoTy (JI),
OTPUMAHOTO 3 TMOJIIMIHEpaJIbHOI TyIMHM, BunajgeHoi Ha 950 °C (puc. 4). Tak, micus
BUMATY B iHTEepBaJli MakcuMasibHUX Temrepatyp 800-1000 °C oTpumaHuii KOMIO3UT
XapaKTepU3y€eThCs BojonorauHanasam 19,1 mac.% Tta rycrunoro 1,95-1,98 r/em?.
IIpu mopaneiioMy 30UIBIIEHHI MaKCHMalbHOI TemnepaTypu Bumnainy g0 1100 °C
MpoLEeC CIIKaHHS IHTEHCU(]IKY€ETHCS — BOJOTIOTTIMHAHHS 3MEHIITY€EThCS 10 6,2 Mac.%,
a rycTMHa 3pocrac 10 2,16 r/em’.

Komnosur Ha ocHoBi mamotry Yl XapakTepus3yrOThCS BOIOMOINIMHAHHIM
11,4-11,2 mac. % Ta ryctunoro 1,92 r/cm? micis Bumany B iHTepBaji MaKCHMaIbHUX
temnepatyp 800-1000 °C, a micis 3poctanusa temnepatypu a0 1100 °C — 3meHInye
BojlonorHaHHS 110 9,4 Mac.%, 1 301nbIrye ryctuny 10 1,98 r/cm.

Bcranosneno (puc. 5), M0 KOMITO3HIIIS JAOCTIIKYBAHUX PI3HOBHIIB IAMOTY
Opy 3aMiHI YaCTUHU 4YaCIBOAPCHKOTO IIAMOTy NPHU3BOAUTH JO CYTTEBUX 3MiH
XapaKTepUCTHK KOMIIO3UTy. Tak, micias BuUMany B 1HTEpBajl MaKCHMAaJbHUX
temrneparyp  800-1000 °C  3pa3ku  KOMIO3UTY X  XapaKTePU3YIOThCS
sojonornuHannsaM 14,9-14,5 mac. %, rycruroro 1,83-1,85 r/cM®, mpu Bumani Ha

1100 °C — Bomonornunanusm 11,3 mac.%, ryctunoro 1,95 r/cm.
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p.rlem® W, %

218 | 20 p, ricm® w, %
200 | 16 L
200 12 . ——
p B — e — —
184 F 12
E— 184 8 f
168 | 8
1,68 4
152 4
800 200 1000 o °C 800 200 1000 1100 °c

Puc. 4. 3anexuicts BogonoranHanug (w) i rycrunm (p) komnosutis JI (1) i U1 (2) Bin
MAaKCHMMAJbHOI TeMIIEPATYPH BUIIATY

p,riew® W, %
216 16

W & - &
200 | 12 | \
—
o
184 } 8 | pe———a——-a
168 | 4}
800 900 1000 1100 °C

Puc. 5. 3ajexHicTh BOAONOTJIMHAHHSA (W) i TYCTHHH (P) KOMNIO3UTY X Bill
MaKCHMAJbHOI TeMIIepPaTyPu BUNIALY

3 morJsiAy Ha METY JaHOTO JOCTIKEHHS BaXIMBUMH € XapaKTEPUCTUKH 3MiHU
PO3MIpIB — yCaJIKu 3pa3KiB KOMIIO3UTIB MPU TepMiuHiit 00pooOIIi. (puc. 6).
0,2

0.0

58

-0,2 4

04

-5,6 4 \
1

58

[NoeHa niHinHa ycagka, %

800 900 1000 1100

Temnepatypa sunany, °C

Puc. 6. 3ajexkHicTh ycaaKku 3pa3KiB KOMIIO3UTIB BiJl MAKCMMAJIbHOI TEMIIEPATYPH
BHIATY

O4eBUIHO, M0 JOCHIKYBaHI KOMIIO3UTH 3 TPAaHUYHO OIICHEHUX Mac
BIJI3HAYAIOThCA BKpall Hu3bkuM piBHeM ycagku 0,05-0,1 % B iHTepBam
MakcuMalibHux Temreparyp Bunaiay 800-1000 °C, mpote y Bumaaky mnpoou JI Ha

167



CEKIIIA 2. Kommo3uiitHi MaTepiaid Ha OCHOBI TYTOIUIABKHUX, HEMETAICBHX 1 CHJIIKATHUX MaTepialiB

OCHOBI IIAMOTY 3 JIETKOIUIABKOI MIMHU MpU 30UIbIIEHHI TEMIIEPATypH BUIATY YCaJKa
3HayHO 3poctae. [Ipm 3actocyBanHi KoMmo3uiii X MIAMOTY pI3HOTO T'€HE3UCY
JOCSITAEThCA MIHIMIZAIllA yCaAKd B IHTEpBAJl MAaKCUMaJbHUX TEMIIEpaTyp BUITATY
800-1100 °C.

AHaJi3 XapaKTepUCTUK KOMIIO3UTIB P MIBUAKICHOMY BHIIAJII

BianoBigHO 10 cy4acHUX TEHJACHIIN TEXHOJOTii Kepamiku OyJI0 MpPOBEIACHO
aHasi3 JOCHII)KyBaHUX KOMIIO3UTIB Ha OCHOBI IIAMOTY, BHUTOTOBJIEHUX TNIpHU
MIBUAKICHUX pEXUMaxX BHUIATY HAa TMOTOKOBO-KOHBEEPHUX JIHISX MPOTATOM
55 xBwIMH TIpu MakcuMaibHIM Temmepatypi 1125 °C Ta npotsarom 65 XBUIWH MpH
MakcumanbHIi Temmneparypi 1200 °C.

OTpuMaHi eKcriepuMeHTaJIbHI JIaH1 CB1AYaTh PO MEBHI BIIMIHHOCTI Y CTyNEHI
CHiKaHHS Ta OpPMYyBaHHI MOPOBOI CTPYKTYPH KepaMiku 3 JOCTIKYBaHUX Mac Mpu
IBUKICHOMY BuTami (Tabm. 3).

Tak, micns Bumainy Ha MakcuMalibHy Temrmepatypy 1125 °C 3paszku npobu JI
XapaKTepHU3yIOThCS BOJONONIMHAHHAM 9,2 Mac. %, rycrurowo 2,01 r/cm® Ta
ycaakoro 3 %, aie OOMEXKEHMM IHTEPBAJIOM CIIIKAHHA — TMpU 30UIbIICHHI
temneparypu Bunaiy 10 1200 °C cnoctepiratoTbes OmIaBiIeHHs Ta qedopMaltis.

3pa3ku npobu YUl BiAPI3HIIOTHCS MIUPIINM IHTEPBAJIOM CIIKaHHS Ta O1IbIIO0
nedopMaliitHOl0 CTIMKICTIO: B 1HTEpBaJll MaKCUMAJbHUX TEMIIEpaTyp BHUITATY
1125-1200 °C BomomoriuHaHHs cTaHoBuUTH 9,3-10,6 wmac. %, TrycTuHa
1,91-1,95 r/cm® ipu musbkomy pisHi ycaaxu 0,01 %.

Taoauus 3 — XapakTeprucTHKM KOMIIO3UTIB MicJIsl IIBUIKICHOT0 BUIIAJTY

Iloxa3HUKM NIPH TeMIepaTypi BUNAIY
Kon 1125 °C 1200 °C
3pa3Ka | ycajka, | BOJONOT- | CEpemHs | ICTMHHA | ycanka, | BOJOIOT- cepennst | ictuHHA
1, % JIMHAHHS, | TYCTUHA, | TYCTHUHA, 1, % JIMHAHHS, W, ryCTHUHA, | I'yCTHHA,
w, % p, r/em’ y, r/em? % p, r/em’ y, T/em®
JI 3,40 9,2 2,01 2,49 - - - -
1 0,01 10,6 1,91 2,74 0,01 9,3 1,95 2,77
X 0,01 12,3 1,90 2,60 +3,00 6,9 1,83 2,61
IIpu 3actocyBanHi kommosuiii X - CyMilll IIaMOTy PI3HOTO T'€HE3UCY

JOCATAEThCSl MiHIMI3alisl ycaaku npu Bumam Ha 1125 °C, ame mpu 3pocTaHHi
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temnepatypu 10 1200 °C cniocTepiraerbCsi MOYaTOK CITYYEHHS Ta TIEBHE 301JIbIIICHHS

PO3MipiB 3pa3KiB.

BUCHOBKHA

1. Ortpumani pe3yibTaTh JOCHIIPKEHb Ta TECTYBaHb MiATBEPIKYIOTh
JOUUTBHICTh BUKOPUCTAHHS TPAHUYHO OMICHEHHMX Mac Ui OTPUMaHHS KepamiuHUX
KOMITO3HTIB 3 TBUIIEHOIO Ae(hOPMAIIITHOIO CTIHKICTIO IPU TEPMidHii 00poOIii.

2. Sk apMyro4i KOMIIOHEHTH KE€paMIYHMX KOMIIO3HUTIB 13 TPAHUYHO OIMICHEHUX
Mac MOXJIMBO BHKOPHUCTOBYBAaTH pPI3HOBHIM INAMOTY SK TOMYTHI TPOAYKTH
BUPOOHUIITBA KEPAMIKU Ta BOHETPHBIB.

3. Tloka3zaHO 3B’SI30K CTYIEHS CITIKAaHHS 3pa3KiB KOMIIO3UTIB 13 3MIHAMHU iX
po3mipy — ycaakoro sk (aktopoMm nedopmaimiiftHOT CTIHKOCTI MpH IIBUAKICHOMY
BHITAJII.

4. BCTaHOBJIEHO MOJIMBICTh MiHIMIZAIll ycaaKud Ta  IIJBUILCHHS
aepopMaIiitHol CTIMKOCTI KepamiuHUX KOMIIO3HUTIB MPH BUKOPHUCTAHHI TPAHUYHO

OMICHEHMX MacC Ha OCHOBI IIIaMOTY PI13HOTO I'€HE3UCY.
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AHoTanif. 3am300€TOHHI KOHCTPYKIi Bce OUIbIIe OXOIUIIOIOTh Cchepu  BIUTMBY
OymiBHULITBA 00’ €KTIB MPOMHUCIIOBOCTI Ta 1H(YPACTPYKTYpH KOKHOI KpaiHU. AJie IX BUKOPUCTAHHS
CYNPOBOIKYETHCA ¥ TOTIMOJICHHSIM MPOOJIeM MO0 Mpale3aaTHOCTI, HaliBaromimia cepejl SKux—
CTPYKTypHa Jerpajaiis IMiJ BIUIMBOM YMOB eKCIUTyaTalii, a came: MOTIpPIIEHHS MeXaHIYHUX
XapaKTEPUCTUK Ta XapaKTEPUCTUK MIITHOCTI, pO3TPICKYBaHHS OETOHY, KOPO3isl CTaJIeBOi apMaTypH.
Tepmin ciayx0u 3a51i300€TOHHUX KOHCTPYKTHBHHX €JIEMEHTIB BH3HAUAETHCSA SKICTIO OETOHY Ta
CTIHKICTIO POTH KOPO3il apMaTypH, OB’ SI3YI0OUM MK COOO0 B 3aJIC)KHICTh MEXaHIUHI BIACTHBOCTI,
pyHHYBaHHS Ta BTOMHY JOBIOBiYHICTb. Bce 1e 0O0yMOBWMIO BHU3HAU€HHS KOJO OCHOBHHUX
npoOJIEMHHUX TUTaHb, Cepell AKUX HaHaKTyaJbHINIA — BJOCKOHAJICHHS KOMIIOHEHTHOTO CKJIaIy
O6eroHy. B crarTi y3araJbHEHO OCHOBHI MOMEHTH Ta HaBEICHO Pe3ylbTaTH POOOTH, OTPHUMaHI
HAYKOBIIIMH IIOJI0 IbOTO MU TAHHS.

Kaw4oBi ciaoBa: J0MOMDKHI LIEMEHTYIOWI Marepiaid, 3aji300eTOHHI KOHCTPYKIIi,
Mpare3/1aTHICTh KOHCTPYKTUBHUX €JIEMEHTIB, PO3TPICKYBaHHS OCTOHIB.

Abstract. Reinforced concrete structures increasingly cover the spheres of influence of the
construction of industrial facilities and infrastructure of each country. But their use is accompanied
by the deepening of performance problems, the most serious of which is structural degradation
under the influence of operating conditions, namely: deterioration of mechanical and strength
characteristics, cracking of concrete, corrosion of steel reinforcement. The service life of reinforced
concrete structural elements is determined by the quality of the concrete and the corrosion
resistance of the reinforcement, linking the mechanical properties, destruction and fatigue life. All
this determined the definition of the main problematic issues, among which the most urgent is the
improvement of the component composition of concrete. The article summarizes the main points
and gives the results of the work obtained by scientists on this issue.

Key words: supplementary cementitious materials, reinforced concrete structures,
performance of structural elements, cracking of concrete.
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Crporoani 3amizo0eroHHi KoHCTpykiii (3bK) BmeBHeHO JigupyrOTh SIK
HAWOUTBII BXKUBAHI, PO3MOBCIODKEHI Ta TNEPCIEKTHBHI OyiBelIbHI MaTepiaju
3aBASKUA 3IaTHOCTI YTBOPIOBATH MOHOJITHY MIIHY TBEPIY 3B’S3yBajibHY MATPHUIIIO
MK KOMIIOHEHTAaMH 3 XapakTepHUMU BHUCOKMMH TMOKa3HUKAMH JIOMYCTUMUX
HABaHTa)XeHb, BTOMHO{ IOBIOBIYHOCTI, 3a11acy MII[HOCTI, JOCTaTHHOI JIJIs1 OOMEKEHHSI
pYHHIBHUX 3yCWib, 30CiOHa IIOAO0 TMPYXHOiI naedopmarllii 3aBAsku OCTOHY Ta
HANpyXeHb NPU PO3TATY 3aBASKU 3aCTOCYBAHHIO apMaTypu, CTIHKOCTI, a TaKOX
BUTPUBAJIOCTI B YMOBaX €KcCIUTyartalii. BogHouac ctaneBe apMyBaHHS KOHCTPYKIIIM
MOXE€ 3YMOBIIIOBATH SIK BUKOPHUCTAHHS MIIHOCTI CTaji Ha pO3pUB, Tak 1 1l
IJIACTUYHOCTI, BWIPABIAHOI Ta HAWOUIBIIT aKTyalbHOI XapaKTEPUCTUKH IIOJI0
CeMCMOCTIMKUX KOHCTPYKIIiKA. Cepen 3aralbHOBXKMBAHUX NepeBar KOHCTpykiii 36K
CII BII3BHAYMTH JOCTYIHICTh, YHIBEPCAIBHICTh, MPOCTOTY y POOOTI, JIETKICTH 0
dbopMoyTBOpEeHHS Ta OaratonpodinbHy aJanTHUBHICTh 10 MOTpeO OyaiBHHUITBA (BiA
HaWMmpocTimux ¢GopM JIEKOPATUBHOTO 03J00JCHHS 10 CY4YaCHMX 1HHOBAIIHO-
CKJIQJIHUX 32 JU3aHEPCHKO- apXITEKTypHUM PIIICHHAM OyAiBeNb, MPOMHCIOBUX Ta
cTpaTeriyHuX 00’ €KTIB).

[lemeHT, 3amOBHIOBAYl Ta BOJAa — OCHOBHI KOMIIOHEHTH O€TOHY, CTPYKTYpHI
CKJIa/I0BI MPU BHUPOOHUIITBI SKOTO €BOJIOIIOHYBAIM BiJl BUKOPHUCTAHHS pPOMaH-
neMeHTy (MyloJiaHy) Ta HEramleHOro BamHa JI0 BHHAxoly 3BHUYAMHOIO
nopianauementy (3I1L), ¢iObpoberoniB, Bukopuctanus achanbTy ((yHKIIIO
IIEMEHTY BHUKOHY€ OITyM), BBEICHHS JOMOMDKHMX MarepiaiB (MOJIMEPHUX,
HEMEHTHUX B’SDKYYUX, JErKMX JpiO-HUX 3alOBHIOBAYiB, YJIbTPAIUCIEPCHUX
MOPOIIIKIB, 1HTIOITOPIB KOPO3ii, MIacTu-(QIiKaTOpiB TOLIO), a TaKOX apMyBaHHS
(cTanesi /6a3a1bTOB1/CKJI0/IIHT OLIEITFOJIO3H1 Ta dhopTo-pepoBoIIOKHa,
noJimnporniaeHosi Gpidpu tomo) [1-38].

[Ipote, mmanerapHi KiIiMaTH4YHI 3MIHU, MOTIPIIEHHS YMOBH €KCILUTyaTallli Ta
HEOOX1/IHICTh PEMOHTY TIOCTIHHO BHMAararTh MPOrPECYBaHHS IMIJXOMIB IIOJ0
BJIOCKOHAJICHHS] KOMIIOHEHTHOTO CKJIay BXK€ 1ICHYIOUHX CYMIIIEH MOPyY 3 MOLIYKOM

HOBITHIX 3aJU1s1 301IBIIIEHHS PEeCcypCy Mpaie3qaTHOCTI HOBUX Ta MPOJOBXKEHHS IS
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B)KE€ ICHYIOUMX 00’€KTIB, aJl’Ke SIKICTh CKJIaly OETOHY BU3HA4Ya€ HMOro JOBTOBIYHICTS,
OTXK€ eKCIUTyaTallliiHI XapaKTepUCTUKU BCl€ KOHCTPYKIIIT B I[LIIOMY.

YaockoHa/leHHSI KOMIIOHEHTHOTO CKJIaay 0eTOHY

Ha cporogni 3ampomoHOBaHO JAEKUIbKa HAMpPSIMKIB JOCHIDKEHb LIOJ0
BJIOCKOHAJICHHSI KOMIIO3MILIMHOTO CKJaay O€TOHIB: JOMOMDKHI IIEMEHTYIOUi
marepianu (JILIM); iHriGiTopu Koposii cTajgeBoi apMmaTypu; T'€ONoJIMEpHI OCTOHH.
3aBAsKM CBOiMl 3AATHOCTI 3MIHIOBaTH XIMIUYHUH CKJIaJ PO3YMHY, 3aCTOCYBAaHHS
iHrioiTopis ta JIIM (3071 BUHECEHHS, NYIOJAHOBUX MaTepiaiiB, BaIlHSKY,
METAKaoJiHy, BIJXOMIB MapMypOBOrO0 MOPOIIKY, MEJIEHOI0 TIPaHyJIbOBAHOTO
nomenHoro mwiaky (MIJILII) Tommo), kpiM MiBHUINEHHS JOBTOBIYHOCTI OETOHHUX
KOHCTPYKIIiH, T03BOJISIE YaCTKOBO 3aMiHUTH 3BuuaiiHuii [111, 1110 mo3uTHBHO BIUIMBAE
Ha 3arajbHUMN €KOJOTIYHUI CTaH Ta OTOUYIOUYE CEPEIOBUIIIE.

PostpickyBanns 3BK cyTTeBO moripiiye ekcIulyaraiiifiHi  BIIaCTUBOCTI,
Iparne3aaTHICTh Ta 3MEHIIY€E TePMIH CIIYKOM 4Yepe3 PO3BUTOK KOPO3IMHUX IMPOIIECIB
BHACJII0K TPOHUKHEHHSI arpeCUBHUX PEYOBHH (XJIOPHUAIB, CyIb(ariB, BOIU TOIIO),
YOoro MOXKHa YHUKHYTH, JOCSATHYBIIM TMO3UTHUBHOTO €(EKTy 1HAUBITYaJIbHUM
BUKOpUCTaHHSIM Ta KoMmOiHyBaHHs cymimed JIIM mporu 3IILl, 3a paxyHok
3pOCTaHHS BEIMYMHU KOHTPOJIOIOYOrO MOKa3HHKA — MUTOMOIO OMOopy cuctemu [1-
16]. Tak, 3MillyBaHHSA II€MEHTY 3 30JI0I0 BHHECEHHS Ta/ab0 JOMEHHHMM IIIAKOM
raJibMye KOPO3lMHMI Mpolec Ta HACTYIHIO HOro BIUIUBY Ha MOTIpUICHHS
BJIACTUBOCTEH O€TOHY IIOJ0 IMITAIlii NPOTHUOOMEpP3aHHS B YyMOBaX COJILOBOTO
HaBaHTaxeHHs [1], a 3acTocyBaHHs 1HTIOITOPIB KOpO3ii  e€(EeKTUBHO 3amolirae
PO3BUTKY JOKAJIBHUX Ta 3arajbHUX KOPO3IMHUX MPOIlECiB cTajieBoi apMartypu [16].
HNonasanus JIIIM moxpaiirye TpuBaay MIIlHICTh, JOBTOBIUHICTG [2, 3, 12, 17, 18] Ta
CTIHKICTh TMPOTH KHCJIOTHOTO BIUIMBY [6, 7], mO KpiM 1HIIOTO 0OYMOBJIEHO
raJibMyBaHHSIM HIBUAKOCTI IPOHUKHEHHS Yyepe3 3piOHEeHHs po3Mipy mop OeTony [2],
a TaKOXX CIpUs€E 3MEHILCHHIO YCcaJlKu OeToHYy [5].

Buxopucranus cymimi 3I1L[ 3 MIJIIL, 3050t0 BHHECEHHS, KOHIEHCOBAaHUM
KPEMHE3EeMOM Ta MOTPIMHOI0 CYMIIINIIO 3MEHIIY€E MIBHIKICTh KOpo3ii (MIHIMYM Ha

50%) Ta BrIMB e(EeKTy TPIMHMHOYTBOPEHHS 32 PAXyHOK KOHTPOIIOKUOTO (haKTopy y

173



CEKIIIA 2. Kommo3uiitHi MaTepiaid Ha OCHOBI TYTOIUIABKHUX, HEMETAICBHX 1 CHJIIKATHUX MaTepialiB

BUIVISIII MUTOMOTO ONOPY BCI€ET CUCTEMU MpOoTU HasiBHOCTI kucHio y 3IIIL [4].
JlonaBaHHS BamHSAKOBOIO TOPOIIKY MPU3BOAWTH J0 YTBOPEHHS TIE€MO- Ta MOHO-
KapOoHaTy Ta cradum3arii CTTPUHTITY, SIKMM 3a BIJICYTHOCTI BaITHAKY
nepeTBOPrOEThCsl B MOHOCYb(aT [9]. Tak, BBeneHHs 5% BamHsaKy 301blIye 00’€M
rifpaTiB, XIMIYHY yCaJIKy Ta MILHICTh Ha CTHUCK, BOJAHOYAC LEH €(PEeKT MOCUITIOETHCS
32 paxyHOK YTBOPEHHS [IOJaTKOBOTO OKCHJly aJIOMIHIIO B pe3yibTaTl peakiii 3
301010 BHHECeHHS mnpu 11 jgoxaBanHl. KomOiHyBaHHS IPaHyJIbOBAHOIO
MIKPOKPEMHE3EMY 3 TBEPJIUM CYIEPIUIacTU(IKATOPOM CIIPHUSE 3POCTAHHIO MIITHOCTI,
MOBEPXHEBOI'0 €JIEKTPUYHOTO OMOPY Ta CTIMKOCTI IIOJ0 MPOHUKHOCTI AJIs CyCHeH3li
MiKpokpemHe3emy Ta rpanya [10]. 3a manumu nocnmimkeHb, s Oetony M40,
BurotoBjeHoro 3 Il mapku 53, Haiikpamuii koediuieHt 3amimenss ML momo
JOCSITHEHHSI PE3yJIbTaTy CIIIBCTaBICHHS 31 3BHYAiHUM OETOHOM 3a MIIHICTIO Ha
ctuck ckiamae 25% [13]. Bukopuctanns cymimi MI'JIII 3 meTakaomiHOM mOKpanye
BJIACTUBOCTI 3aTBEPALIOr0 OETOHY IIUISIXOM YIIIJILHEHHS HOT0 MIKPOCTPYKTYpH [ 14].

[Tpotu knacuyHoro O0eToHy, 3aMiHa Ha MOPOIIOK ByJkaHiuyHOI mem3u (10 % Ta
20 %) 3 nmomaBaHHSAM modinpomniieHoBoro BosiokHa (A0 0,50 %) 3yMOBIIOIOTH
HE3HAYHE 30UTBIICHHS] MIIHOCTI HAa CTUK Ta 3MEHIICHHS COPOINIAHOI 3MaTHOCTI 3a
paxyHOK BMICTY MeM3H IIOA0 OETOHHUX CyMillel 3 yacTkoro 3aMiHu nemMeHTy 10%
nem3oto 1a 0,20 % BosiOKHA, a BiAMOBIIHI 10 100aBOK yacTku 3aminu y 10 % ta 0,50
% ONTUMI3yIOTh 3HAa4Y€HHS YsIBHOI MIIHOCTI Ha po3Tar 1 3ruH [18]. [omaBanHus
BOJIOKHA JI0 CyMiIleil 30UIbllye YsIBHY MIIHICTh HAa PO3TSAT 1 BUTHH, aji€¢ 3MEHIIYE
OCAaJI>KEHHS.

EdexTuBHUM MyIOJaHOBUM MaTepiajioM € KpeMHe3eM — MpH TiapaTarii 1e-
MeHTy pearye 3 nopmianautom Ca(OH),, yTBoproroun OuIbIly KIJIBKICTH T1ApaTiB
cunikatry (C-S-H) Tta amominaty xambitito (C-A-H), ski cnpusitoTh 3MEHIIIEHHIO
MMOPUCTOCTI Ta YIIITLHIOBAHHIO CTPYKTypu 0eTony [19]. llogo epexTuBHOT KIIBKOCTI
KpeMHe3eMy B O€TOHI, aBTOpaMH 3a3HayalMCs: YaCTKU 3aMILIEHHS IIEMEHTHUX
MmarepianiB Big 8 % mo 10 % [20] ta go 30 % [11], koTpi 3maTHI MPUCKOPIOBATH
riipataiilo II€MEHTY, CKOpOYYBAaTH 4Yac IOYAaTKOBOT'O/KIHIIEBOTO CXOIUIOBAHHS

3aBJISKH YTBOPEHHIO M0AaTKOBUX LeHTpiB C-S-H, a Takox mokpaiiyBaTH peoJorivyHi
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BJIACTUBOCTI (IUTACTUYHY B’SI3KICTh, MEXY IIMHHOCTI); 301IbIIEHHS YacTku 10 15 %
MOKpAaIye ayTOTCHIYHY YyCaJKy OETOHY Ta KOPOTKOTPHBAIl MEXaHIYHI BIACTHBOCTI
(MILIHICTh HAa CTUCK, MOAYJIb MPYXKHOCTI HA PO3TAT), 3HI)KYE OCHOBHY PYXJIUBICTH Ta
CTymiHb po3mmpenHs [21]; 3a 3HaueHb 6 % Ta 10 % MIBUAKICTH BTPATH MIITHOCTI
mpu 600 °C 3meHmIyeThes BianmoBiaHo Ha 6,7 % Ta 14,1 %, a onTuMalibHE T03yBaHHS
KpeMHEe3eMy Ta IIeMEHT/BoJa cKjajgae BiAmoBimHO 6 % Tta 0,35 [22]; yacTku
samimeHHs Big 8 % mo 12 % [15, 23, 24], 3 4OCATHEHHSIM HAMBHUIIOI MIITHOCTI Ha
CTUCK 1 pO3pHUB uepe3 28 JHIB, 3a ONTUMaJIbHOTO 3HaueHHA 10 % 3MeHIIeHHSIM
nopucTocTi (00’€MHa YacTKa HEMIKIJIMBUX 1 MEHIN MIKIJJIUBUX mop ckiagae < 200
HM) 3a0e3neuye HalHIKYYy MPOHUKHICTD, & OT)KE HAaHKpallly CTIMKICTh TpOoTH Audys3ii
KOPO31MHOAKTUBHUX PEYOBHUH; 30UIbIIEHHA YacTKu 3amimieHHs a0 10 % mHa
MikpokpemHeseM (BMicT SiO; 86,3 %) Ta MIKpOKpeMHE3eM BHCOKOT YHCTOTH (BMICT
S10, 96 %) 3menmrye ocan Ha 27,0 % Ta 33,6 %, KOHIICHTPAIII0 KUCHIO B OETOHI — Ha
13,7 % Ta 25,5 %, 3araneHy mnopucrtictb — Ha 41,4 % Ta 57,3 % BiANOBIIHO,
VIIUTBHIOIOUN MIKPOCTPYKTYPY 3@ paxyHOK 3MEHILIEHHS 4acTku Mmakporop (>1000
HM) 3 OJJHOYaCHUM 30UIbIIeHHSIM 4acTKu Me30- (100-1000 aM) Ta kamiasspHUX TOP
(0-100 uM), 30iTBIIYE HOTO KyOIYyHY MILHICTP Ha CTHUCK Ta PO3KOJIIOBaHHS — Ha
26,7 % Tta 40,7 % 1 44,7 % Ta 57,4 % BigmoBimHo [25]. Ilporte, momaBaHHS
JUCIepraropa Ha OCHOBI mojikapOokcuiaTHoro edipy (mozyBanus Big 0,6 % 1o
2,4 % mno maci B sixy4oro) o 3I1L] 3MeHItye B’SI3KiCTh Ta MEXY IJIMHHOCTI, MIIHICTb
Ha CTHCK MPOTSATOM MEPHIOro JHS 4Yepe3 BIUIMB €(eKTy po3BeNeHHSA LEMEHTY Ta
NPUTHIYEHHS KIHETUKU MOro riapararliii Ha panHii cranii [11]. Kpim Toro, B y MmoBax
3MIHHOTO 3MOYYBaHHS (MOJEIBHUN PO3YMH MOPCHKOI BOJIM, HATYPHI BUMIPOOYBAaHHS
B NPWIMBHINA 30H1) OETOHHI cyMmimii 3 4yacTkoro 3amimeHHs 7 % ta 10 % Ha
KpeMHeseM, sk 1 cymimni 3 MI'JIIL, BusiBunM OGuiblil BUCOKY BTpATy MILIHOCTI MPOTH
[1Il, a 31 30LIBIICHHAM KpPEMHE3eMYy 3pOCTaJI0 KamlisgpHE BOJIO-MOTJIMHAHHA 3
MOTIPIICHHSIM XapaKTePUCTUK 3pa3KiB 11010 BCIX YMOB BILUIMBY [26].

KoM0iHOBaHEe BUKOPHCTAaHHS MIKPOKpEMHE3eMy Ta yiabTpaguctepcHoro TiO;
(3aranbHuM piBeHb 3amiHM 5 %, 10 % Ta 15 %) mnoxpainye ekcruryaTauiiHi

BJIACTUBOCTI SIK KJIACMYHOTO IIeMEHTHOro, Tak 1 (ibpoberony (crameBa ¢ibpa y
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kutbkocTi 0,5 % Big 00’eMy O€TOHY), 3 JTOCATHEHHSIM HaMKpaliux 3HA4eHb 32
MOKa3HUKAMH CTIMKOCTI/MIIIHOCTI (Ha CTHCK, PO3TST, BUTHH, YJap), BOAOIOTIMHAHHS
Ta copOuii mpu ontuManbHii cymimi 9,5 % ta 0,5Ti0; [27].

Ha Bigminy Bia piukoBoro, kopanosuii mickoderon 3 JILUM (5 % mMerakaominy),
BIJIPI3HIETHCS BIIMIHHOIO JTOBIOBIYHICTIO Ta BHUIOK0 MIIHICTIO HA PaHHIN cTamil
CTUCKY 32 paxyHOK BUCOKOT BOAOIOIIMHAIBLHOT 3[aTHOCTI KOPAJIOBOIO MIiCKY, YCAIKU
Ipy BUCUXaHHI Ta IMMOMHM KapOoHi3alii O0eTOHy, a MIABHUILEHHS CTIMKOCTI OO
NPOHUKHEHHS XJIOPUAIB / cynbdarTiB 3a0e3nedyeThCcsi TMOKPAIIEHHSIM MIKpO-
CTPYKTYpPH 32 pPaxXyHOK IyIOJAHOBOI peakiii Ta BHYTPIIIHbOIO 3aTBEPAIHHS,
BOJIHOYAC JOJaTKOBE BBeJEHHS 15% MOMEHHMX NIIAKIB MPU3BOAUTH J0 301IBIICHHS
MirHOCTI Ha 19 % [28].

BxiroueHHs BIAXOMIB MapMypoBOTrO Topomiky (3amina 15 % micky),
MeTakaoiny (3amiHa 10 % nemMeHTy) Ta KpeMHEe3eMy J103BOJISI€E 3MEHIIUTH TTHOUHY
kapOoHizalii 6etony [29]. YacTkoBa 3aMiHa IIEMEHTY CYMIIIIIIO 30JIM BUHECEHHS
(TomimIye BIACTUBOCTI OETOHY 3 MEPIOAOM TBEPAIHHS) 3 KPEMHE3eMOM (TIOJIIIIITYE
PaHHIO MIIHICTh) MOKpPAIIye JOBrOBIYHICTh OETOHY IIOJ0 CTIHKOCTI MPOTH audy3ii
xJiopuaiB Ta kapoonizarii [30], a komOiHOBaHA CyMIIll KpEMHE3EeMY Ta BIAXOIIB CKJa
(mpi0HUY 3aMOBHIOBAY) MIABUIIYE MIIHICTH CBIKOTO Ta 3aTBepiioro 0erony [12, 31,
32]. Tak, OeToHHa CyMilll 32 ONTUMAJIbHOTO 3HAYEHHS KOHIIEHTpAILlli 3al0BHIOBaYa
60 % y BurIAOl BIOXOAIB MEIMYHOTO CKJa, SIK YaCTKOBOI 3aMiHM MPUPOIHBOTO
noApiOHEHOTro MICKY, Majla HAWMIIUIBHINTY CTPYKTYPY 3 OUIBIIO KIJIBKICTIO T1ApaTy
CWJIIKATy KaJbllil0 Ta XapakTepusyBajacsi HaWe(QEeKTUBHIIIUM TOKPAIIEHHIM
MEXaHIYHUX  BJIacCTUBOCTeH Ta  gosroBiyHocTi [32]. Ilpm  mochimkeHHi
peaucneproBaHux mnojiMepiB (Ho3yBaHHs Big 1 1o 5 Mac. %) Ha BOAOYTpUMYIOUY
3MATHICTh Ta HaAOlp MIIHOCTI BHM3HAYEHO, IO BIHLIAIETaT/BepcaTaT 1 COMOJIMEp
BIHUJIAKPUJIATY MOXYTh 3MEHIIIYBAaTH PYHHIBHUI BIUIMB arpeCUBHOTO CEPEIOBUIIA HA
KOHCTPYKIIii 3 ieMeHTy [33].

Jlnst  OETOHIB 3 HAABUCOKMMH  CKCIDIyaTalllHHUMHU — XapaKTEPUCTHKAMU
J0JIaBaHHs JIETKUX JMCIIepCHUX 3anoBHIoBaviB (JIJ[3) kpymHO-MOPHUCTOI CTPYKTYpH B

YMOBaX MiABUIIIEHOI BOJIOTOCTI IEMOHCTPYE BHCOKY a0COpOIIif0 Ta JIeTKY J1ecopOiIIiro,
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3YMOBIIIOIOYM BHYTPIlIHIA e(eKT 3aTBEpHiHHSA, MOKPAIIEHHS SKOTO IOCATAETHCS
30UTBIIIEHHSIM BMICTY 3alIOBHIOBAYiB Ta 3MEHIIIEHHSIM po3mipy mop [34]. Takox BoHH
3a0e3Meuyl0Th JIETKICTh Ta BHUCOKY MIIHICTh, BOJHOYAC CYTTEBE TOKpAIICHHS
BHYTPIIIHBOTO €(eKTy 3aTBEPAIHHS JOCATAETHCS MOMEPEAHIM 3MOUYBAHHSIM BOOIO
BIIPOJIOBK 24 TOJIWH, a 30BHIIIHBOTO — TEPMIYHUM CHOCOOOM 3 BUKOPHCTAHHSAM
CyXOro >kapy, CyMICHa JIisl IKMX MOKpaIly€ MIIbHICT, MDK(a3HOT MepexiTHOT 30HU Ta

3MEHIIY€E MOPUCTICTH, IO JO3BOJIAE 30UIBIIMTH MilHICTh Ha cTuck (> 155 MIla) ta

3MEHIIKMTH miabHicTh (< 2100 kr/M?) [35].

[IMogo exosoriuHoro acmekty, Ha BupoOHuUITBO Il mpumamae ~5...7 %
cBiToBuX BUKHAIB CO,, oTke IiIkaBUM OyjJe BUKOPUCTAHHS BIJAXOIB JIMBApPHOTO
nicky (BJIIT), skuit Bimirpae pojib MycTOT B MiHEpaJlbHOMY 3aroBHIOBadl [36] Ta
reornoyiiMep-uux OetoHiB [37]. Tak, BBemenus 40 % BJIII (BmicT kpemHe3eMy Ta
riHo3emy nepeBunrye 80 %, cmiBBiaHomeHHst Si02/A1203 cknamae 2,5) B
KOMOIHYBaHHI 3 METAaKaoJIHOM, JO3BOJWJIO 30UIBLIMTH MIIHICTE O€TOHY, MIO
CaMOYIIUTHHIOETBCS 3@ BIJACYTHOCTI 30MTKIB IIOJAO 1HIIUX HMOr0 BIACTUBOCTEH
(MiHICTH Ha CTHCK 3pociia Ha 17,2 % mpoTh KOHTPOJIBHOTO OETOHY Yy Billl 3pa3KiB
56 muiB) [36]. lllogo reomoniMepHUX O€TOHIB, TO Ha AYMKY aBTOpiB [37] BOHH,
nopyd 3 iHmuMHu J{IIM, noTeHIiiHo 34aTHI CTaTH CTiKOO anbTepHaTuBoro I1I] Ta
3MEHIIUTH BIUIMB OETOHHOT MPOMHUCIOBOCTI HA OTOUYIOYE CEPEIOBHUIIIE.

ApmyBaHH#A 0eTOHIB

a1 MTOKpAIICHHS eKCIUTyaTaliiHuX BJIACTUBOCTEN HANOLIBIII
PO3MOBCIO/IKEHUM € apMyBaHHs OETOHHMX KOHCTPYKIIN CTaJeBOI0 apMaTypolo, sSKe
CYITPOBOIIKYETHCS PO3BUTKOM KOPO3IMHOTO TMPOIECY MijJ BIJTMBOM IPOHUKHEHHS
arpecUBHOTO  cepeloBuIa  (XJOpUIiB,  cyiabdariB  TOIIO), JOMIHYIOUUM
KOHTPOJIOIOYMM TIapaMeTPOM SIKOTO € TPaHUIld TMOAUTY CTaiabh/O€TOH, OCKUIBKH
1HILIa1isT KOpo3ii BiJI0YBA€ThCA HA HUXKHIA CTOPOHI apMaTypu (11010 HamnpaBlICHHS
JUTTA), HE3AJIEKHO BiJ TUITY 3B’SI3yBaJIbHOTO Ta CIIBBIAHOIICHHS BOJa/OETOH, IPOTE
caM KOpO3IWHUW TPOIEC XapaKTePU3a€ThCA CTAAIMHUM MepediroM MporieciB

nacuBalii/nemacusarii [8].
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binbimr mepcrieKTUBHMM 3 1Il€1 TOYKKM 30pY € BUKOpHUCTaHHSA i0p K
caMoCTIiiHO, Tak 1 B komOiHamii 3 JILIM. Tak, om0 J0Caip)KeHHs BIUTUBY apMyBaHHS
Ha BJIACTHBOCTI OETOHIB 3 METOI0 OTpPUMAaHHS OUIBII MIACTUYHOTO BUCOKOMIIIHOTO
Marepiany, aBropamu [38] Oymo BCTaHOBIEHO, IO KOMOIHYBaHHS KpPEMHE3EMY,
3[IaTHOTO 3a KOHIEeHTpaiii 15 % Bix Macu meMeHTy (BOJOIIEMEHTHE CITiBBITHOIICHHS
0,38) 301IbIITYBaTH MEXaHIYHY MIIHICTh Ta MOAYJIb MPYKHOCTI O€TOHY, 31 CTaJEBOIO
¢i0poro (CHiBBIAHOIIEHHSI CTOPIH JOBXHUHA/miamMeTp BojokHa 65 Tta 80, 00’eMHi
yacTku BoJiokHa 0,5 % Ta 1 %), CyTT€BO MiABUILY€E yIapHY B’S3KICTb OETOHY, SKa
3pocTae 31 30UIbIICHHSIM 00’ €MHOI YaCTKHM BOJIOKHA, & MIIHICTh cTasiediopodeToHa B
3araJbHOMY BWIIaJKy BH3HAYA€TbCSA BMICTOM KpEMHE3eMY, OO0 ’€MHOI0 YacCTKOIO
BOJIOKHA Ta CIIBBIJHOIICHHSIM CTOpiH BOJIOKHA. JlOCHIKEHHS WIOJ0 BIUIUBY
OKpPEMOT0 Ta KOMOIHOBAHOTO BIUIMBY KpeMHE3eMy (MIKpO- YacTKa 3aMillleHHS BiJ
8 % no 12%, Hano- yactka 3amimieHss Bix 1 % 10 3 %) Ta cTtaneBux (3arHyTH KiHIII,
yacTka 3amimenns Big 0,2 % no 1,5 %) ta ¢popra-hepoBoOKOH (YacTKa 3aMillIeHHS
Bimx 0,2 % no 0,8 %) Ha MexaHIYHI BJACTHBOCTI BHCOKOMIITHUX OETOHIB
(b16poOeTOHIB) BUSBUIIU, 1110 OCTaHHI 3MEHIIYIOTh PYXJIMBICTh OCTOHHOTO PO3YHHY
IPOTU CTAJEBHX, SKI CYTTEBO 30UIBLIYIOTH MIIHICTh HA CTUCK 32 PAXyHOK OLIBII
BHCOKHX 3HAYCHb TPAHMII MIITHOCTI Ta MOYJIS IPY>KHOCTI [39].

Sk 1 y BUNaJKy KOMIIO3UTIB Ha OCHOBI CUMHTETHYHHUX MaTeplajiB, apMyBaHHs
OloKOMMO3UTaMU (HAMBCYXUW CMOCIO BUTOTOBJICHHS) HA OCHOBI JIITHOIETIOJIO3HUX
BOJIOKOH JICPEBHHUX POCIIMH (ONTUMAaJIbHE CITiBBITHOIICHHS BOJOKHa, ITL], pigke ckio
Na,Si03 ta nementHuit kaminb 1:3,5:0,7:0,07) oOyMoBIIIO€ 3aJI0BUIBHI MEXaHIYHI
BJIACTUBOCTI (BUTHH, MIITHICTh BHYTPIITHBOTO 3’ €IHAHHS) Ta TEPMIUHY CTAOUTbHICTH
I10J10 TEPMIYHOTO PO3KJIaay Ta kapOoHizalii micis 28 nHiB TBepaHeHHs npoty 3111
[40]. Bomnouac, aBTOpaMHM TaKOXX 3a3HAYa€ThCS MOXKIUBICTh BJIOCKOHAJICHHS
cymicHOCTI (iOpPOLIEMEHTY NUIIXOM TMOBEPXHEBOI Moaudikaiii HaTypaaTbHUX
BOJIOKOH Ta BUKOPHUCTAHHS OLJIbII CYMICHHX JI00aBOK.

EdextuBaumu € noninpomniieHosi Gpidpu [18, 41]. [IpoTe mopiBHSAHHS BIUIUBY
craneBoi (kimekicte 15...25 kr/M®, gomxuHa/miamerp — 50/1 wMm) Ta

noJinpomninenoBoi $piopu (Kinekicts 2...3 Kr/M>, goBxuHa/miametp — 35/0,68 MM) Ha
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eKCIUTyaTalliiiHl BIAaCTUBOCTI JOBEJO, 110 cTajieBa ¢idpa OUIBIIOI MIPOIO MiABUIILYE
MILHICT, OETOHY Ha CTHK, aje MPOMUICHOBA — Ma€ Kpalluid €KOHOMIYHMHA eQeKT.
Boanowac, oOuaBa TUIIM AUCTIEPCHOI apMaTypy OJHAKOBO MiJBUIIYIOTh MII[HICTh Ha
BuruH Ha 27-34 %, MOopo30CTiiKiCTh Ha 50 MUKIIB, KOPO3IHHY CTIMKICTh y KHCIOMY
cepemopumti  (y kimpkocti 20 kr/M® Ta 2,5 Kr/mM°), NOKpamlylo4m pecype
npare3aTHOCT1, 3SMEHIIYIOTh CTIMKICTh MPOTH CTUPAHHOCTI Ha 15-35 % [41].

Takoxx po3risgaeTscss B SKOCTI TMOTEHINIHOI  CTIMKOT anbTEepHATUBU
tpaguuiitauM 3bK MoxauBicTh apmyBaHHs OetoHy JI/I3 Ta momiMepHUMH CKJIO-

/6a3anbTOBUM (hiOpOBOJIIOKHOM [34, 35, 42].

BUCHOBKH

B naniii poOOTi, TpeacTaBiIeHO OTJISA HAa OCHOBHI POOOTH 3a HAMpPSIMKOM
JAOCTIPKEHHSI BIUTUBY HAINOBHIOBAYiB Ta JOMOMDKHHUX IEMEHTYIOUMX MaTepiaiiB y
MUTaHHI 3MEHIIICHHS! PYWHYI0YOT0 BIUIUBY KOPO3ii HA IIEMEHTH1 Ta OETOHHI BUPOOH.

VY3aranbHEeHHS PO3IJISHYTOI MPOOJIEMAaTUKH J03BOJSIE CTBEPPKYBaTH, IO B
Pi3HHX YMOBax BUIPOOYBaHHS Ta BILUTUBY PYHHYIOUOTO CEPEOBHINA € Pi3HI aCIEKTH,
KOTpl BIUTMBAIOTh HA 3MEHIICHHS pPYHHYIOUOi Mii CepeloBHUIl HE TUIbKH K Ha
KOHTPOJIbHI CKJIaJAW TaK 1 Ha MOAM(PIKOBAHI CyMiln, IO 1 MATBEPIKYETHCS
IIMPOKOI0 BHUOIPKOIO pOOIT TMOB’S3aHMX 3 JaHOK TEeMaTHKOow. ToMy NHTaHHS
JOCTIIKEHHS CTIMKOCTI OyNiBENIbHUX CyMiIlIel 10 BIUTUBY arpeCUBHUX CEPEIOBHII €
CYTTEBOIO 00JACTIO ISl PO3POOKHM HOBHMX CKJIAJiB OYIIBEIbHUX B’ SDKYYUX Ta
Moaudikamii 1CHYOYMX BIAMOBITHO /10 MOCTIMHOTO PO3BUTKY PUHKY OY/IBEIBHUX

MaTepialiB Ta JOCHIIKEHb 1X BIACTUBOCTEH.
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AHoTaniss. B naHiii poOOTI PpO3TIASHYTO AaCMEKTH BJIOCKOHAJIEHHS METOJIUKH 13
3aCTOCYBaHHSM CY4YacCHOTO IIPOTPAMHOTO 3a0€3MEUEHHS KOMII IOTEPHUX PO3PAaXyHKIB CKIaIy
BUXIJJHAX CHPOBMHHHX CyMiIllei IJii BUTOTOBJICHHS IIEMEHTHOrO KiiHKepy. HaBemeHo mpuHIum
BUpILICHHS 3aJa4l CTBOPEHHS HOBOI KoMmm'torepHoi mnporpamu «KiiHkep», 1o 3abe3mneuye
ONEpaTHBHE BU3HAUYCHHS CKJIAJy BUXITHMX CHPOBMHHMX cywmimed. HaBeneno mnpukmamm
MPaKTUYHOI peaii3alii nporpamu JUIsl MPOBEICHHS KOMII IOTEPHUX PO3PaXyHKIB CKJIaliB JIBOX- Ta
TPHOXKOMIIOHCHTHUX BHXITHUX CYMIIIEH Ha OCHOBI XIMIYHMX CKJIAJiB HEIIMITOBAHOTO YHCIIA
PI3HOBHIIB MOTEHLIHHO MOXIUBOI cupoBHUHU. [Toka3aHo, 1110 OTpHUMaHi KOMIT FOTEpHI PO3paxyHKU
€ 0a3or0 Ig aHami3y BapiaHTIB CKJIaAy CyMIIIEH 100 BIATOBIAHOCTI PEKOMEHIOBAaHUM
MOJyJbHUM XapaKTepUCTHKaM, 3MEHILIEHHsS BTPAT MPHU MPOXKAPIOBAHHI Ta BIANOBIAHO BHKHJIB B
atMocdepy, KUTbKOCTI 0apBHUX OKCHIIB Ta BIAMOBIIHO OLTM3HM, TOIIO. BKasyeTbes, 1Mo TEXHIKO-
E€KOHOMIYHA €(EeKTUBHICTh BUKOPUCTAHHS CTBOPEHOI MPOrpaMH BH3HAYAETHCA MOXIIUBICTIO
PO3MIMPEHHS CHPOBMHHOI 0a3W BUPOOHHNTBA IIEMEHTY 3 KOMIUIEKCHUM BHKOPHCTaHHSIM
NPUPOJHHUX 1 TEXHOTEHHHUX PECypCiB, IO BIAMOBIAA€ 3aJadaM pPecypco30epeKeHHS Ta CTalloro
PO3BHUTKY.

Kaw4oBi cioBa: 1eMeHT, KIIiHKEp, CHpPOBMHA, BHUXIJHA CYMIII, CKJIAJ, PO3PaXyHKH,
XapaKTEePUCTHKH.

Abstract. In this paper, the aspects of improving the methodology with the use of modern
computer software for calculating the composition of raw material mixtures for the production of
cement clinker are considered. The principle of solving the problem of creating a new computer
program "Clinker" that provides prompt determination of the composition of raw material mixtures
is presented. Examples of the practical implementation of the program for conducting computer
calculations of the compositions of two- and three-component starting mixtures based on the
chemical compositions of an unlimited number of varieties of potentially possible raw materials are
given. It is shown that the obtained computer calculations are the basis for the analysis of options
for the composition of mixtures in terms of compliance with the recommended modular
characteristics, reduction of losses during firing and, accordingly, emissions into the atmosphere,
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the amount of color oxides and, accordingly, whiteness, etc. It is indicated that the technical and
economic efficiency of using the created program is determined by the possibility of expanding the
raw material base of cement production with the integrated use of natural and man-made resources,
which meets the objectives of resource conservation and sustainable development.

Key words: cement, clinker, raw materials, initial mixture, composition, calculations,
characteristics.

Beryn

[IpakTryHe 3aCTOCYBAaHHS CY4acHOI OOYMCITIOBATIBLHOT TEXHIKH 3 CEPeIUHA XX
CTOJITTSI CTAJI0 BaroMoI0 MepeayMOBOI0 HAyKOBO-TEXHIUHOTO Tporpecy. [Ipu npomy
BIOCKOHAJICHHSI MAaTEMaTUYHOTO amapary 1 CTBOPEHHS HOBOTO MPOTPaMHOTO
3a0e3neyeHHss [1-3] BIAKpUIM MOXJIMBICTH BHUKOPHUCTAHHS  KOMII FOTEPHUX
PO3paxyHKIiB I OMEPAaTUBHOTO BUPIIMICHHS Py TEXHOJIOTIYHUX 3a7ad, B TOMY
YHCIIl CTOCOBHO BUPOOHHUIITBA OYAIBEIbHUX B SDKYUHX MaTepiamiB [4-7].

TexHosoriss BHpOOHHUIITBA IIEMEHTY TOB’s3aHa 3 BHUKOPUCTAHHSIM 3HAYHHUX
o0csriB  KapOOHATHOI Ta TJWHUCTOI CHUPOBHHHU. SKICTh IIEMEHTY MOXe OyTH
XapaKTepU30BaHO: XIMIYHUM CKJIQJOM; YHCIaMHU KOe(IliEHTY HACHYCHHS 1 MOJYIIB,
0 Bi0Opa)karOTh KUIbKICHE CIIBBIJIHOIIEHHS OCHOBHUX OKCHJIIB; CTPYKTYPOIO,
BMICTOM 1 MOP(OJIOTIEI0 OCHOBHUX KIIIHKEpHUX MiHepamiB [8-11].

Ckiiag CHpOBMHHOI CyMilll JJisi OTPUMAaHHS KIIHKEPY € OAHHM 3 TOJOBHHUX
(dhaxkTopiB, 10 BU3HAYAIOTh OCOOJMBOCTI MOTO CTPYKTYPOYTBOPEHHS 1 BJIACTUBOCTI
ueMmeHty [12-14].

IcHytoua MeToaMKka BHW3HAYEHHS CKJIaJy CHPOBHHHOI CyMIIlli TpPHBAJIUKA Yac
0a3yeThCs Ha PO3paxyHKax 3a XIMIYHUM CKiIajoM 2+4 oOpaHux KOMITOHEHTIB. [IpoTe
3HAYHE PO3ILIMPEHHS PI3HOBH/IIB MOTEHIIMHOT IPUPOJHOI Ta TEXHOT€HHOI CUPOBUHH
Ui OTPUMAaHHS IIEMEHTY BH3HAYa€ aKTyallbHICTh BJIOCKOHAJIICHHS METOJMKH 13
3aCTOCYBAHHSAM CY4YaCHOT'O MPOTPaMHOTO 3a0€3MeUYeHHs KOMIT IOTEPHUX PO3paxyHKIB
CKJIa/y BUX1THUX CUPOBHHHHX CYMIIIIEH, 1[0 CTAJI0 METOO JaHoi podotu [15].

1. [IpuHIun BUpilIeHHs 3a1a4i
CkJag MOPTIAAHALIEMEHTHOTO KIIIHKEPY XapaKTepU3ye€ThCA: BMICTOM OKCHUJIIB;
3HayeHHsIMH Koeditienty HacuueHHs KH, kpemHe3eMHoro (CuiaikaTHOTO) n Ta
[JIMHO3EMHOTO P MOAYJIB; BMICTOM KPUCTATIUYHUX YTBOpEHbH 1 ckiodaszu. Haitbinpim
PO3MOBCIOJDKEHUM € Cmoci0 po3paxyHKy CHPOBHHHOI CyMIlIl 3a 3aJaHAMH
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sHayeHHssmu KH = 0,88...0,95, n = 1,90...3,0, p = 0,90...2,0. ITpu uboMy KiJbKICTb
CUPOBHHHMX KOMIIOHEHTIB CyMIllll TOBHHHA OYTH HAa OJMHUIIO OUIBIION, HIX
KIJTBKICTh 3aJJaHUX XapaKTEPUCTHK.

[TpuHuMI omepaTHBHOI ONTUMI3alii BUPIMICHHS 3a7a4yl Ha KOMII'IOTEpl Ha
OCHOBI CHEIIAILHOTO MPOTPaMHOTo 3a0e3MeueHHs 3BOAUTHCS 10 HACTYIHOTO:

1. BBoauThCst TaOIMIIA 3 XIMIYHUM CKJIaJI0OM HEJIIMITOBAHOTO YKCIa HUMOBIPHUX
CUPOBUHHHUX KOMIIOHEHTIB ( > 4).

2. 3aparotbes 3HaueHHss KH (171 po3paxyHKy 1BOKOMITIOHEHTHOI cyminri), KH
1 n (715 po3paxyHKy TPUKOMIIOHEHTHOI cymiti (puc. 1).

3. 3a npuiiHaTumMu HopmMysaMu po3paxyHKy BU3HAYAIOTHCS BCl TIOETHAHHS TI0
7Ba, TpU ab0 YOTUPH KOMIIOHEHTH, sKi 3a0e3MmeuyroTh 3aJaHi XapaKTePUCTUKH
KIiHKepy. TakuM 4nHOM Tpu Oyab-sKiil JOCTATHHO BEJIMKIM CUPOBUHHIN 0a31 MOXKHA
OMEpaTUBHO BU3HAYMTU PAIliOHANbHI CIIBBIIHOIICHHS KOMIIOHEHTIB Yy BHUXIJHIN
CUPOBHUHHOI CYMIIIII.

S Reman S [ 55

Select your option

Hh:

@ Z-component blend

3-component blend

Puc. 1. InTepakTuBHe BikHO Ha MoHiTOpi 1K

2. lIpaktuyne Bukopucrtanus nporpamu « KJINHKEP»

Po3po6nena nporpama «KJIIHKEP» mnpoiinia HamaropkeHHs 1 €(peKTUBHO
BUKOPHUCTOBYETbCS I KIUIBbKICHOTO BH3HAUYEHHS CKJIaJy CHPOBHHHHUX CyMIIIeH
[IEMEHTHOTO KJIIHKEpY 3 3aJlaHUMM XapaKTEepUCTHUKaMU 3 O€3lIMITHOrO 4Yucia
MOKJIMBUX CUPOBUHHHMX MaTepianiB. Kpim Toro, onepaiiiifHa MBUIKICTh PO3PaXyHKIB
JI03BOJISIE OTPUMATH 3HAYHUIN 00CAT aHATITUYHOI 1HPOpMaIIi.

Po3paxynku ma ananiz 6iHapHux cupo8uHHUX cymiunienl

[Tpuxmnanom 3actocyBanHs nporpamu «KiiHkep» cTajay CUpOBHHHI CyMilll Ha

OCHOBI TPAAMILIMHOI I BUPOOHUITBA LIEMEHTY CHJIIKATHOI CHCTeMH KapOOoHaTHa
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nopona — rauHa. llpy mpoMy cTaBuiacs 3ajadya OIMIHUTH 3aJEKHICTh HEOOXITHOT
KUTBKOCTI TJIMHH B1J PI3HOBUAY KapOOHATHOTO KOMITOHEHTA.

Jlyis po3paxyHKiB BUKOPHCTOBYBAIM JaHI XIMIYHOTO CKJIaqy CHUPOBHHH, IIO
BUKOPHCTOBYETbCS 1IEMEHTHUMHU 3aBOJAAMHM YKpaiHU: TMOJIMIHEPAIbHOI TJIHHH
KpuBuHcbkOro pojoBuina Ta KapOOHATHUX MOPiA - Kpeiau 370J0yHIBCHKOTO
pomoBuina, BamHsAKY JlyOoBembpKoro pojoBuia, wmeprens baxumcapailchKoro
POJIOBHIIIA.

3riIHO 3 BIJOMOIO METOAMKOIO PO3paxXyHKIB OlHAPHUX CyMIIIEH B mporpamy
MOCITIZIOBHO BBOIWIM SK 3aJaHU TapaMeTp 3HAYCHHS KOE(IMiEHTy HACHUYCHHS
kiiHkepy B inTepBam KH = 0,80...0,95 13 kpokowm 0,05.

OTpuMaHi pe3ysbTaTH KOMIT IOTEPHUX PO3PaxyHKIB (H0JaTOK A) JT03BOJUIN
BUSIBUTH 3QJICKHICTh KOHIICHTpAIll TJIMHA B CyMIMIl BiJl PI3HOBUAY KapOOHATHOTO
KOMIIOHEHTa Ta 3aJIe)KHICTh MOJYJIbHUX XapaKTEPUCTUK KIIHKEPY BIJI CKIAIy

BUXIJIHUX cyMile (puc. 2,3).
C,%
25

20

15

)
0,8 0,85 0,9 0,95 1 KH

Puc. 2. 3anexunicTps BMicTy KpuBHHCbKOI riinHM (C) Big koedinieaTy Hacuuenns KH
KJiHKepy B OIHApHHX cHMCTeMax Ha OCHOBIi Kpeiiau (a), BanHsaKy (b) i Mepreas (c)

n n
3 3

2,5 25

15 15

10 15 20 2 C, % 10 15 20 5 C,%
1 2
Puc. 3. 3anexknictb kpemHe3eMHOro n (1) i rAIMHO3KMHOTO p (2) MOAYTiB Big BMicTy
KPUBUHCHKOD IJIMHU (C) B OiHApHUX cHUCTEeMax HA OCHOBBI Kpeiiau (a), Banmusaky (b) i
MepreJs (¢)
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OuyeBHIHO, IO HEOOXiTHA JUISi BUTOTOBJICHHS KIIHKEPY KUIBKICTh TJIMHU B
OlHapHUX CyMilIaX 3aJeKUTh BiA PI3HOBHIY KapOOHATHOTO KOMIIOHEHTY 1 B

inTepBai 3HaueHb KH = 0,80...095 cTraHOBUTS:

o 21,3-24,0 mac. % npu BUKOPUCTAHHI KpeHau;
o 18,5-21,3 mac. % npu BUKOPUCTaHH1 BaIlHSKY;
o 9,1-12,0 mac. % npu BUKOPUCTAHHI MEPTEIIIO.

[Ipyn BKa3aHUX KOHIICHTpAIlIAX TIJIMHU OIHApHI CyMIIll MaroTh 3a0e3MeYuTH
PEKOMEHIOBaHI 3HAYCHHSI KpeMHE3eMHOro Moaysst kiaiHkepy n = 1,9...3,0. Pazom 3
TUM, 3HAYEHHS KPEMHE3EMHOTO MOJYJsl 3ajiekaTh BiJ KOe(ill€eHTYy HACUYEHHS Ta
PI3HOBHIY KapOOHATHOTO KOMITOHEHTa. Tak, y BUIAJIKy CyMilleil Ha OCHOBI Kpenau
ta BanmHsAky B 1HTepBanmi KH-0,80-0,95 mnoka3HMKHM KpeMHE3EMHOTO MOIYJIS
NPAaKTUYHO HE 3MIHIOIOTHCS 1 3HAXOAAThCA Ha MPUOIM3HO OJIHAKOBOMY PiBHI
n = 2,83...2,86, a y BUMaAKy CyMillleid HA OCHOBI MEPrejit0 € CYTTEBO MEHIIUMH —
n=2,22...2,29 1 3Hax01AThCs B 00EPHEHO MPONOPIIiiHii 3anexHocTi Bix KH.

3HaueHHS  TJIMHO3EMHOrO0  MOAYJS  BIANOBIIAIOTH  PEKOMEHJOBAaHUM
p = 0,9...2,0 y Bunagxy cymimieii Ha OCHOBI BamHSKY 1 3MIHIOIOTHCS y BKa3aHOMY
inTepBasi KH ta xonuentpamii rouau Big 1,59 no 1,71. V Bumaaky cywimei Ha
OCHOBI Kpeiau abo Mepreito 3HaYeHHS TJIMHO3EMHOI0 MOAYJIS JICIIO MEePEeBUIYIOTh
PEKOMEHIOBaHI Ta 3HAXOAATHCS BIAMOBIIHO HA piBHAX p=2,751 p=2,52...2,55.

Po3paxynku ma ananiz 3-KOMnNOHEHMHUX CUPOSUHHUX cyMiuiell

[Tpuknagom 3actocyBaHHs nporpamu «KIiiHKep» cTaiau CUPOBHMHHI CyMIIl Ha
OCHOBI ampoOOBaHOT Yy MPOMHUCIOBOMY BHUPOOHHUIITBI IIEMEHTY CHJIIKATHOI CHCTEMHU
KapOOHATHA MOpoJia — TJIMHA — Kopurytouu godaska. [Ipu mpoMmy craBuiacs 3agada
OIIHUTH 3aJICKHICTh HEOOX1THOI KiJTbKOCTI Pi3HOBHU/IIB JOOABKH.

Jlnst po3paxyHKIB BUKOPHCTOBYBAJIM JaHI XIMIYHOTO CKJaly CHPOBUHH, IO
BUKOPUCTOBYETHCSI IIEMEHTHUMHU 3aBOJIaMH YKpaiHU - Kpeiau 37070yHIBCHKOIO
pPOJOBHINA, MOJIMiHEpadbHOI TNMHU KpHUBUHCHKOTO pONOBHUINA Ta KOPUTYIOUUX
n00aBOK — BIJIXOJ/IB 1HIIUX Tany3ed mpoMucyioBocTi. [Ipu npomy sik 1o6aBku OyI10
oOpaHo mipuTHi Heponaiaky (mpoda Pn) Ta Bigxoau 30araueHHs MOJIMETaTIYHOL pyIH
(mpoGa ), 110 3HaYHO BiAPI3HAIOTHCA 3a XIMIYHUM CKJ1agoM (Tadm. 1).
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Taoauns 1 — XiMiyHuil CKJIaJ1 KOPUTYIOYH 100aBOK

Konx npo6n Bwmict oxcumis, %
SiO2 | ALOs3 | Fe203 | CaO | MgO | SO3 | B.LIL
Bi 8,34 19,88 3,56 28,72 5,03 7,59 26,88
Pn 20,18 4,31 68,71 1,67 1,72 0,76 2,65

3riIHO 3 BIJOMOIO METOJUKOK PO3PaxXyHKIB 3-KOMIIOHEHTHUX CYyMillledl B
nporpaMy TOCHIZOBHO BBOJWIM SIK 3aJaHl MapamMeTpu 3HayeHHS KOe(IilieHTY
HacuueHHs kiaiHkepy KH ta kpemHe3eMHOT0o MOIyJIs n .

OTpuMaHi pe3yabTaTH KOMIT IOTEPHUX PO3PaXyHKIB JIO3BOJIMIN BHUSBUTH
3aJIe)KHICTh KOHILIEHTpAIIl B CHPOBUHHIN CyMillll 100aBOK-BIAXO/IIB P13HOTO T€HEZUCY
Ta CKJIaay BiJ 3aJlaHUX XapaKTePUCTHK KIiHKepYy (puc. 4, 5). Bcranosneno, mo mpu
KpeMmHe3eMHOMY Monymi n = 2,0 B iHTepBaii 3HadeHr KH = 0,80...0,95 moxmBwmii
BMICT 00aBOK  BIAXOJIB 30araueHHs  MOJIMETAIIYHOI pPyAd  CTAHOBUTH

9,2...10,2 mac. %, a mipuTHHX HemonaikiB — 3,3...3,7 mac. %.

C, %
12

0,8 0,85 0,9 0,95 1 KH

Puc. 4. 3anexuicts BMicTy Bigxoais Bi (a) Ta Pn (b) Bin koedinienty Hacuuenns KH
KJIIHKePY B CyMillli HA OCHOBI CUCTeMH Kpeiaa-riauHa npu n = 2,0

3Ha4YeHHS ~ TJIMHO3EMHOTO  MOXYJSl  BIJMOBIAIOTh  PEKOMEHIOBAHUM
p = 09...2,0 y Bumanky cymimiei i3 3aCTOCYBaHHSIM IMPUTHUX HEIOMANKIB 1 Y
BkazaHomy iHTepBaiai KH ta xoHneHTparii 100aBku 3HaxXoaThest Ha piBHI p = 1,07.
Y Bumaaky Cywimed 13 3acTOCyBaHHSM J00aBOK-BiIxonaiB Bi  3HadeHHS
TJIMHO3EMHOTO MOJYJISl TIEPEBHIYIOTh PEKOMEHOBaHI Ta 3HAXOAATHCS BiAMOBITHO

Ha piBHi p = 3,36...3,40.
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3 a 5 6 7 8 9 10 u C, %

Puc. 5. 3anexHicTh rJIMHO3eMHOT0 MOAYJIs1 P Bia BmicTy Binxoais Bi (a) ta Pn (b) B
CyMillli HA OCHOBI CHCTeMM KpeHaa-rJiiuHa npu n = 2,0

[Tpu pexomenmoBanomy KH = 0,90 B iHTepBani 3HauY€Hb KPEMHE3EMHOTO
Moayias n = 1,9-2,5 B MOXIMBUNA BMICT J100aBOK BIJIXOMIB 30aradyeHHs
noMeTamyuoi pyau craHoButh 3,2...11,0 mac. %, a mipUTHUX HEHOMAIKIB —

1,1...4,0 mac. % (puc. 6,7).

C, %
12

1,9 2,1 2,3 2,5 2,7 I

Puc. 6. 3anexunicTs BMicTy Biaxoais Bi (a) Ta Pn (b) Bix kpemHe3eMHOro MoayJisi n B
cyMmini Ha ocHOBI cucremu kpeiina-riauaa npu KH= 0,90

p

4

3 6 g 12 C,%

Puc. 7. 3anexxHicTh IJIMHO3eMHOT0 MOXYJISA P Bix BMicTy Binxoais Bi (a) ta Pn (b) B
cymimi Ha ocHOBI cucteMu Kpeiina-riauna npu KH = 0,90
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3HaueHHS  TJIMHO3EMHOrO0  MOAYJIS  BIANOBIIAIOTH  PEKOMEHJOBAaHUM
p = 09...2,0 y Bumaaky cymimei i3 3aCTOCYBaHHSIM IMIPUTHUX HEIOMAIKIB 1 Y
BkazaHoMmy 1HTepBai KH Ta KoHIeHTpalii [100aBKM 3HaXOJAThCS Ha PiBHI
p = 0,96...1,85. ¥V Bumangky cymimei i3 3actocyBaHHSIM 100aBOK-BiaxodiB BI,
3HAYCHHS TJIMHO3EMHOTO MOMYJS TEPEBUINYIOTh PEKOMEHJOBAaHI Ta 3HAXOIATHCS
BIJIMOBIAHO Ha piBHI p = 2,97...3,46.

Po3paxynku ma ananiz cuposunnux cymiuiel 61020 yemenmy

AHami3 pe3ynbTaTiB KOMITIOTEPHUX PO3PAXYHKIB JI03BOJISIE MPOTHO3HO
OI[IHUTH SIK BKa3aHl BHINE KUIBKICHI 3aJISKHOCTI CKJIaay BHUXIAHOI Cymimn Ta
XapaKTePUCTHK KIIHKEPY, TaK 1 HOro MEBHI SKICHI XapaKTEPUCTHUKH.

Tak, Ha OCHOBI pe3yJbTaTIB PO3PaXyHKIB TPUKOMIIOHCHTHUX CYMIIIEH s
OTpUMaHHS OUIOr0 MOPTIAHALIEMEHTHOTO KIIHKEpY 3 BOJYESPIBCHKOI Kpenau,
BOJIOAMMHUPCHKOTO KAOJIHY Ta aBIIiBCHKOIO KBAapLIOBOTO IICKY BCTAHOBIEHO P
3aJIEKHOCTEM.

[3 3MiHOIO CIIBBIAHOIICHHSI BKAa3aHMX KOMIIOHEHTIB BHUXIJHOI CyMillll HpU
BapilOBaHHI 4ucia KOeQIlIEHTY HACHYEHHS Ta KPEMHE3EMHOI'0 MOJYJIO0 CYTTEBO
3MIHIOETBCSI KOHIIEHTpalisi 0apBHUX okcuaiB Fe,Os + TiO, y kiliHKepl Ta BIAMOBITHO
pioro Oimm3Ha (puc. 8). Haiimenma koHueHTpalii OapBHUX OKCHUIIB Ha piBHI
0,46-0,51 mac. % nocsiraetbes npu 3HadeHHsx KH = 0,90...0,95 in = 3,0...3,5.

Bigznagaetncs, mo 13 30UIBIIEHHSAM KPEMHE3EMHOTO MOIYJS 3MEHIIYEThCS
rMHO3eMHNN Moayib p (puc. 9). s KH = 0,80 npwu 301nbmienHi n Big 2,0 1o 3,5
qyucjaa TJIMHO3EMHOTO Moayis 3MeHiyeTbes 3 19,70 go 17,36 a6o wa 11,9 %, nns
KH = 0,95 npwu 36insmenHi n Bix 2,5 1o 3,5 -3 18,70 mo 16,54 abo na 11,6 %.

3a TMPOrHO3HMMH pPO3paxyHKaMH BMICTY KpucTamuHux ¢a3 (3riIHO
JCTY b B.2.7-46:2010) xniHkepy 3 MIHIMQJIbHOIO KIJIBbKICTIO OapBHUX OKCHIIB
nopiearoe 0,46-0,50 mac. % xapakrepusyetbcs yTBopeHHsM 1,12-1,19 mac. %
C4sAF, mpu upoMy 13 30UIBIICHHSM 4YHCIa KOE(DIIIEHTY HACUUYCHHs BiporijgHa

kubKicTh C3S 3pocTae, a C,S — 3MeHIIyeThCs.
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C, mac.%

0,70+
0,651
0,601

0,55 +

0,50 -

0,45+

2,0 2,5 2,0 2,5 n

Puc. 8. 3anexunicTs B7MicTy 0apBHHX okcuiB (C) Bix KpeMHe3eMHOTr0 MOayJi0 (n)
KJIiHKepy npu koeginienti Hacnyennsa KH=0,80 (a) i KH=0,95 (b)

P

.

19,07
X
18,04
\ : 5

17,04 \
16,04

2,0 2,5 3,0 3,5 n

Puc. 9. 3anexHicTh rimuo3zeMHoro MmoayJaro (p) Bix koegpinieaty Hacudenns (KH)
KJIiHkepy npu koedinienti Hacuyenns KH=0,80 (a) i KH=0,95 (b)
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BUCHOBKH

1. CrBopena komm’torepHa mnporpama «Kiinkep» 3a0e3meuye omepaTuBHE
BU3HAUYEHHS CKJIa1y BUXITHUX CUPOBUHHUX CYMIIICH ISl BUTOTOBJICHHS [IEMEHTHOTO
KIIIHKEDY.

2. Ilporpama peani3ye MpoBEICHHS KOMIT FOTEPHUX PO3PAXYHKIB CKIAIIB JBOX-
Ta TPHOXKOMIIOHEHTHHUX BHUXIJHUX CyMilIed Ha OCHOBI XIMIYHHUX CKJIaJiB
HEJTIMITOBAHOTO YHCJIa PI3HOBU/IB MOTEHIIHHO MOXKJIMBOT CHPOBUHH.

3. OTpuMaHi KOMIT IOTEPHI pO3paxXyHKH € 0a3010 JJIsl aHAI13y BapiaHTIB CKIIATy
CyMilllell MO0 BIAMOBITHOCTI PEKOMEHOBAHHUM MOMIYJIBHUM XapaKTEPHCTHUKAM,
3MEHIIEHHS BTpaT NpU MPOXKApIOBaHHI Ta BIAMOBIAHO BUKHIIB B aTrMocdepy,
KUIBKOCTI OapBHUX OKCHJIIB Ta BIAMOBIAHO OUTHU3HH, TOIIIO.

4. TexHikO-eKOHOMIYHA €(QEKTUBHICTh BHUKOPUCTAHHS CTBOPEHHUX MPOTpam
BHU3HAYAETHCSI MOXJIMBICTIO PO3IIMPEHHSI CHPOBUHHOI 0a3u BUPOOHUIITBA LIEMEHTY 3
KOMIUIEKCHIM BHKOPUCTAHHSIM MPUPOJAHHUX 1 TEXHOTEHHUX PECYpCiB, IO BiAMOBiIA€E
3aJ1a4aM pecypco30epekeHHs Ta CTAJIOTO PO3BUTKY.
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AHoTauifi. AKTyalbHICTh pOOOTH 3yMOBJICHA HEOOX1IHICTIO PO3IIMPEHHSI CHPOBUHHOI 0a3u
Ui BUPOOHMILITBA KEPaM3UTOBOTO TpaBilo. 3alpONOHOBAHO BUKOPUCTAHHS BiJNPaAIlbOBAHOTO
CHJIIKATHOTO 3aJ1I30BMICHOTO COPOCHTY, SIK OJTHOTO 3 KOMITIOHEHTIB KepaM3UTOBOI MUXTH. B sKkocTi
6a30BOro CKjaay KepamiuHOi Macu BHKOPHCTOBYBAJIM YEPBOHY Ta CHOHAUIOBY rimHy (KuiBchka
0071.) y cmiBBigHOMIEeHH] 3:2. BignpamnpoBanuii cCOpOEHT J0MaBalId 10 MUXTH Y KUTBKOCTI 15 Mac. %
JUIE KOperyBaHHSA XIMIUHOTO CKJIaay Ta BJIACTUBOCTEH KepaMiuHOi macu. DopMyBaHHS TpaHyll
KEpaM3UTOBOTO TPaBil0 MPOBOIIIN IJIACTUYHUM criocoboMm (popmyBasibHa Bojoricts 20,5 %) 3
BUKOPUCTaHHAM J1a00paTOpHOTo eKcTpyaepa. JlociikeHo mpolec CiydyBaHHs 3pa3KiB B iHTepBai
temmneparyp 1100—-1150 °C. BcranoBneHo, 10 J0JaBaHHS BiAIParbOBAaHOTO COPOEHTY 03BOJISE
3HU3UTH TeMIIepaTypy ciydyBaHHs 10 1125 °C ta CKOpOTHTH TpUBANICTh MPOLECY A0 5 XB.

Kiro4uoBi cjoBa: micrieBa cHpoBWHA, IIACTHYHE (DOPMYBAaHHsI, TIOPUCTUN 3allOBHIOBAY,
TeMIepaTypa CIlyqyBaHHs, yTHIi3allis.

Abstract. The relevance of the work is due to the need to expand the raw material base for
the production of expanded clay gravel. It is proposed to use the spent silicate iron-containing
adsorbent as one of the components of the expanded clay charge. The basic composition of the
ceramic mass was 2 types of clay (Kyiv region) in a ratio of 3:2. The spent adsorbent was added to
the charge in the amount of 15 wt.% to adjust the chemical composition and properties of the
ceramic mass. The formation of expanded clay gravel granules was carried out by the plastic
method (moulding moisture content of 20.5 %) using a laboratory extruder. The swelling process of
samples at temperatures between 1100 °C and 1150 °C was investigated. It was found that the
addition of a spent adsorbent can reduce the swelling temperature to 1125 °C and reduce the process
duration to 5 min.

Key words: local raw materials, plastic forming, porous aggregate, swelling temperature,
utilization.
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Kepam3utoBuii rpaBiii — OyaiBeJbHUN MaTepiai, SKUHW 3aBASKH CBOIM
TEXHIYHUM XapaKTEPUCTUKAM MOXXE BUKOPHUCTOBYBATHCH HE JIMINE SK 3alIOBHIOBAY
OCTOHIB, TEIUIOI30/II00UM a00 (iabTpyrounii Matepian, a W st OyIIBHUIITBA
iHGpacTpyKTypHUX 00’€kTiB. Hampukman, mjist CTBOpEHHS 130J1i1 Ha JTOPOXKHIX Ta
3aI3HUYHUX HACHUIAX, OCKUIbKM MOXE BHUTPUMYBATH TPUBAIl JUHAMIYHI
HaBaHTa)KeHHS [1].

Ha teputopii Ykpainu 3HaXOOUTHCS TOCTATHS KUIBKICTh POJIOBHII TITHHHUCTOI
CUPOBUHH, sIKa TIPUJATHA JIJIsl BATOTOBIICHHS KEPAM3UTOBOIO TPaBito. AJie, CTAaHOM Ha
ChOTOJIHI, 3HaYHA iX YaCTWHA 3HAXOJUTHCS Ha TUMYACOBO OKYIMOBAHUX POCIHCHKOIO
denepariero TepuTOopisx abo0 B 30HI AKTUBHHUX OOWOBHX [iid. ToMy BUHHUKAE
HEOOX1THICTh PO3LIMPEHHS] CUPOBUHHOI 0a3M, sSIke MOXKe OyTHU peaii30oBaHO 30KpeMa
[IUIIXOM YacTKOBOTO BUKOPUCTaHHS TMPOMHUCIOBUX BIOXOIB, IO JO3BOJHTH
MOKpamuTH ¢(EeKTHBHE BUKOPUCTAHHS TPHUPOJHHUX PECYpPCIB, 3MEHIIUTH BHUTPATY
€HEProHOCIiB Ta 3HU3UTH COOIBAPTICTh TOTOBOI MPOIYKIIIi.

AHami3 HayKOBHX JOCTII)KCHb II0Ka3aB, IO B TEXHOJOTII BUTOTOBJICHHS
OyIiBEIbHUX MaTepialliB Ta CyMillel, MEepPCIeKTUBHUM € BHKOPHUCTAHHS BIJIXO/IIB
MepepoOKH  CUTbCHKOTOCTIONNAPCHKOI  MPOAYKIII, pOOOTH TEIJIOCICKTPOCTAHIIH,
(dapmarieBTHuHOTO cKia Tomio [2—4]. B po6orax [5, 6] Oyna po3risiHyTa MOKIUBICT
yTWII3alil CHJIIKAaTHUX COpPOEHTIB, IMICJIS 1X BHUKOPUCTAHHS [JI1 OYMIICHHS
3a0pynaernx BomHmx cucteMm Big crmomyk Cu(Il) ta Cr(VI), B TexHOIOTIYHOMY
mporieci BUPOOHUIITBA KepaMidyHUX OyiBEIbHMX MatepialiB (Lerid, TnTku). [Ipu
IPOBEJICHHI EKCIIEPUMEHTIB 3 BUTPUMKH OTPUMAHUX MaTepiajiB B IMOTEHIIHHUX
CEepeloBUINAX iX eKCIUTyarTaiii BCTAaHOBJIEHO, W0 BTOPUHHE 3a0pyIHCHHS
HABKOJIMIITHBOTO CEpPEeOBUIIA IMMOO1TI30BAHUMH TOKCUKAHTaMU BiICyTHE. OTxe, iX
MO>KHa BUKOPHCTOBYBATH B TEXHOJIOT1SIX BUTOTOBJICHHS Oy 1IBEIbHUX MaTepiaiB, 10
nependavaroTh BUCOKOTeMIIEpaTypHy o0poOky (Bix 950 °C).

MeToro aaHoi poboTH Oyn0 OTpUMaHHS KEPaM3UTOBOTO T'PABil0 TIACTUYHUM
crocoOoM Ha OCHOBI MicieBoi cupoBuHu (KuiBchbkoi 00J1.) Ta BiAIPambOBaHOTO

3QJ1130BMICHOTO CHUJIIKATHOTO COPOEHTY.
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3rigno 3 JICTY b.B.2.7-14-94 [7] rnuHuCTa CUPOBUHA, SIKa BUKOPUCTOBYETHCS
Ui BUPOOHMIITBA KEPAM3UTOBOTO IPaBil0 MOBMHHA MAaTH YMCJO IJIACTUYHOCTI HE

Menme 10, a 11 XIMIYHHAI CKJIaJ BIANOBIAATH BUMOTIaM, 1110 HaBeeH1 B Ta01.1.

Tadoauus 1 — XiMiyHMi CKJIaJ KePaM3UTOBOI INIMHUCTOI CHPOBMHH, Mac.%

Si0y | ALO3 | TiO> | FeO+Fe;O5 | CaO | MgO | KoO+NaxO | SOz | F» | Cly | Opranika
<70 | 10-25 | 0,1-2,0 2,5-12 <6,0 | <4,0 1,5-6,0 |<1,5|<0,5|<1,5 <3,0

Bigomo, mo mpoXomKeHHsI MPOIecy CIydyBaHHS, BIIOYBA€ThCS 3a YMOBHU
OJIHOYACHOTO TMO€AHAHHS MIPOIJIACTUYHOIO CTaHy TIJIMHU 3  1HTEHCUBHUM
ra3oBUAUICHHSIM BcepeauHl rpanyinu. dakTopamu, ki 00YMOBIIOIOTH 111 TIPOIIECH €
peakiii po3Kiiagy Ta BiTHOBICHHS OKCHIIB 3ajli3a MPU B3a€EMOJIi 3 OpraHIYHUMHU
CIIOJIyKaMH, XIMIYHO 3B’s13aHa BOJIa Ta PO3KJIaJAaHHs CIIOJAUCTUX MIHEPATiB.

bazoBwmii ckiaa kepamMiuHOT Macu roTyBaBCs 3 YEPBOHOI Ta CIIOH/IIJIOBOI TJIMHU
B CIIBBIIHOIIECHHI 3:2 BiAnoBiAHO. i KOperyBaHHS 11 XIMIYHOTO CKiIany (110 BMICTY
Fe;O3) ta BnactuBOCTEH, B IUXTY AoAaBaiu 15 mac.% BiANpalboBaHOTO COPOEHTY.
Jlis 1iporo MOro momepeaHbO BUCYIIYBAIM 0 TMOCTIMHOI Macu MpH TeMIepaTypi
105°C Ta nmoapibHtoBanu g0 oTpuMmanHs (pakiii < 0,2 mm. B sgxocTi opraHiyHoi
100aBKM BHUKOPHCTOBYBaJIM aKTHBOBaHE BYyruuia. CKOpoueHHH XIMIYHHHA CKIaj
3aMpPONOHOBAHOI MUXTH € HacTynmHuM, Mac.%: 55,62 Si0,, 15,38 Al,O;, 3,87 Fe,0;
ta 4,30 CaO. 3a 4yuclIOM TJIACTUYHOCTI, IO JOpIBHIOE 21, BOHA HAJIEKHUTH JO
CEepEIHbOIUIACTUYHOI CUPOBUHU.

@dopMyBaHHA KEpPaM3UTOBUX TpaHysl 3A1MCHIOBAIIM Ha JabOpaTOPHOMY
excTpynepl npu (popmyBanbHiil Bonorocti kepamiynoi macu 20,5 %. CnydyBaHHS
3paskiB mpoBoawau B iHTepBaii temneparyp 1100-1150 °C ta Butpumkoro 5-10 xB.
Ha puc. 1 npeacrasieni GoTo oTpuMaHUX 3pa3KiB KEPaM3UTOBOIO IPaBiio B po3pi3i.

BizyanpHuii anami3z oTpuMaHHX 3pa3KiB BKa3dye Ha Te, 110 NPHU TeMIeparypi
1150 °C ta Butpumini 10 xB, cmydyBaHHS 3pa3Ky 0a30BOTO CKJIady HE BiOYBa€THCS.
Jist 3pa3ky, 110 CKJaay sSKoro OyJ0 J0JaHO BIAIpalboBaHUN COpOEHT, 3a
aHAJIOTTYHUX YMOBAxX CIIOCTEPIraeThCs MOSBa MOBEPXHEBOIO METAJIIYHOTO OJHCKY,
IO XapaKTepHO /I PO3KIaZaHHs cioaucTux MiHepamiB. [lopucta crtpykTypa
HEOJHOPIJ/IHA, a CTIHKU MOP KPUXKI Ta OCKJIOBAHI.
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B

Puc. 1. OTpumani 3pa3ku KepaM3uTOBOI0 I'PaBil0 MPH Pi3HUX YMOBAX CIIyYyBaHHS
(a—5xB npu 1150 °C, 6 — 10 xB npu 1125 °C, B — 5 xB nipu 1125 °C)

[Ipn 3MeHmeHHi dYacy cmydyBaHHS Ha S5 xB (puc. la) oTpumanmii
KepaM3UTOBUHN TpaBiii Ma€ Kpally HOPUCTY CTPYKTYPY, OIUIABJIEHHS CTIHOK TIOp
Maii’ke He CcrocTepiraetbcsi. BojHouac, mpoliecH CrydyBaHHS BiJIOyBalOThCS
JOCTaTHO AKTUBHO, TOMY IIOpUM TNEPEBAXKHO KPYMHI, LIO0 JO3BOJISIE 3POOUTH
MNPUNYIIEHHS PO JOUUIBHICT, 3MEHIICHHS TeMIlepaTypu CHy4dyBaHHS. Tak, mpu
3HIKeH1 Temmeparypu a0 1125 °C, He3anekHO BiJ 4yacy BUTPUMKH, KEpam3UT-
cupellb 30UIbIIYEThCS B 00°eMi BABIUl. HalOuIbI OTHOPIIHA Ta PO3BUHEHA MTOPHUCTA
CTPYKTypa CIIOCTEPIraeThCs AJIs 3pa3Ky, BUTPUMKY SIKOTO IPOBOJIWIMN 5 XB (puc. 1B).
[Ipn wactymHomy 3HmxeHi Temnepatypu a0 1100 °C ocHoBHI (i3UKO-XIMIUHI

MPOLIECH YTBOPEHHS KEPAM3UTY HE TIPOXOJIATh.

BUCHOBKU
Y po0oTi mnpoBeAeHO JOCHIDKEHHS MO0 JOIIJIBHOCTI BUKOPHUCTaHHS
BIJIMPAIbOBAHOTO 3aT130BMICHOTO CHITIKATHOTO COPOCHTY B TEXHOJIOT1i BUPOOHHIITBA
KEpPaM3UTOBOTO TpaBil0 Ha OCHOBI TJIMHUCTOI CcHpoBHUHU KuiBChKOi 00JacTI.
BcranosinieHo, 1o Woro 1oAaBaHHs y KUIbKoCTi 15 Mac.% mokpaiilye XiMi4HHM CKI1aja
IIIUXTH, 30KpeMa BCTaHOBIIOE BMICT Fe,O; HA onmTuMalbHOMY HJisi TIPOXO/KECHHS
nporiecy cmydyBaHHs piBHI. [loka3aHo, 1m0 CHoy4dyBaHHS KepaMidHOi MacH

3aMpONOHOBAHOTO XIMIYHOTO CKJIaAy BimOyBa€eThCs BxKe mpu Temmeparypi 1125 °C.
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AHoTtauis. Cepesl BEJIMKOTO aCOPTUMEHTY BUPOOiB OyHiBeNbHOI KepaMiki KIIiHKepHa Lieria
BIJIPI3HAETHCS CBOIMH €KCILTyaTallliHIMH XapaKTepUCTUKaMH (BUCOKOIO MIIHICTIO, TOBIOBIUHICTIO,
CTIMKICTIO O BIUIMBY aTMOC(QEpPHHX ONajaiB) Ta ECTETHYHICTIO. 3BaKalouM Ha IIMPOKE
3aCTOCyBaHHA ii mpu OymiBHUIITBI PI3HMX CHOpYyA, OONUIOBaHHI ¢acaaiB Ta MOIICHHI JOPIr,
aKTyaJIbHUM € JIOCIIJPKEHHsI, HalpaBleHI Ha TOIIYK aJbTepPHAaTUBHUX, OUIbII EKOHOMIUYHUX Ta
€KOJIOTIYHHUX Yy TIOPIBHSAHHI 13 TpaJAMIIHHUMU, METOJIB BUMNATY KepamMidHOI 1er. MeToro mgaHoi
pobotu Oyn0 MPOBEACHHS OISy CydacHUX iH(QOpMAIIHHUX JHKEpen MO0 iHHOBAIIMHUX METO/IB
BHITATY KEPAMIYHOI IIETJIM Ta aHaJI3 iX MmepeBar Ta HeAOiKiB. PO3MISIHYTO eNeKTpOIHAYKIIIHHUN Ta
MIKpPOXBHJIBOBHUI CIIOCOOM BUIIATY BUPOOIB OyIiBEIBbHOT KEpaMiKy Ta MOKa3aHa MEePCIEeKTUBHICTD 1X
3aCTOCYBaHHS IIPU BUTOTOBJICHHI KJIIHKepHOT 1eryi. He3Baxkaroun Ha 3HauHI mepeBaru (IIBUIIKICTB,
MEHIIIA EHEPrOEMKICTh Ta EKOJOTIYHICTh) ICHYIOTh TaKOXK HEHONIKH, 30KpeMa, JIOpOTOBU3HA
oOnaHaHHS Ta CKIATHICTh MAaciITaOyBaHHS 3alpPONOHOBAHMX TEXHOJOTIH Ha CY4acHHX
KepaMivHUX 3aBojiaXx. He AuBIIYUCH HA 11e, HA CHOTOHINIHIN IeHb OKpeMi KepaMivHi MmiAPUEMCTBA
Himeuunnau Ta ITamnii BOpoBaKyOTh PO3TISIHYTI B POOOTH 1HHOBAI[IHHI METOAM BUIIATY KIIHKEPHOT
ETTH.

KiarouoBi cioBa: kiiHKepHa T1ieria, TYyHEJbHA T4, EHEProEMHICTh BHUPOOHHUIITBA,
IHHOBAIIIIHI METOJIY BUMAITY, EJICKTPOIHAYKIIHIIA METO]], MiKPOXBIJILOBUI BUTIAT

Abstract. Among the large assortment of construction ceramics, clinker brick is
distinguished by its operational characteristics (high strength, durability, resistance to atmospheric
precipitation) and aesthetics. Taking into account its wide application in the construction of various
buildings, facing facades and paving roads, research aimed at finding alternative, more economical
and ecological compared to traditional methods of firing ceramic bricks is relevant. The purpose of
this work was to review modern information sources on innovative methods of firing ceramic bricks
and analyze their advantages and disadvantages. The electro-induction and microwave methods of
firing building ceramics are considered and the perspective of their application in the production of
clinker bricks is shown. Despite the significant advantages (speed, lower energy consumption and
environmental friendliness), there are also disadvantages, in particular, the high cost of equipment
and the difficulty of scaling the proposed technologies in modern ceramic factories. Despite this, to
date, individual ceramic enterprises in Germany and Italy are implementing the considered
innovative methods of firing clinker bricks.

Key words: clinker brick, tunnel kiln, energy intensity of production, innovative firing
methods, electric induction method, microwave firing
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Kninkepna 1mernma — oAuH 3 HAWMIIHIIIAX Ta €CTETUYHO NPUBAOIMBUX
OymiBenbHHUX MarepiamiB. Ha CbOrOAHIIMIHIA JE€Hb CIOCTEPIra€TbCcsl CTPIMKE
3pOCTaHHs MOMUTY Ha e BUA npoaykiii. Y 2022 poii o0car npogaxy Takoi 1eriu
cxmagaB $100 mupn, a mporHo3u Ha 2027 pik cBig4aTh, MO MPO MOJAIBIIE HOTO
30impmenns 1o $130 mupa. Taka mo3WTHMBHA AWHAMiKa OOyMOBJICHA HE JIMIIE
3HAQYHUM TOMHUTOM Ha SIKICHI Ta JIOBTOBIYHI OYyJIiBEJIbHI MaTepiaju, a 1 MOCUJICHOIO
yBaroro BHUPOOHUKIB JO €KOJOTIYHUX achekriB OymiBHUITBa. Jligepamu y
BUPOOHHUIITBI KIIIHKEPHOI LIETIM € KpaiHu A3ili, Ha ski npumnanae 40 % cBiTOBOro
puHKy. 3a HUMU ayTh €Bpona (30 %), [liBHiuna Amepuka (20 %) Ta 1HIIl perioHU
(10 %), sxki MarOTh 3HA4HI 3amacd TJIMHUCTOI CHUPOBWUHHU, HEOOXIMHOI IS
BUTOTOBJICHHSI KJIIHKEPHOI WEMIM, a TaKoX PO3BUHEHY IHPPACTPYKTypy Ta
TEXHOJIOT1YHI MOXJIMBOCTI [1].

VHiKanpH1 BIACTHBOCTI TakKoi LEMIM poONATh ii He3aMiHHOK Yy OaraTbox
chepax OymiBHUIITBA. 3aBASKM CBOiM €CTETUYHIA MPUBAOIMBOCTI, CTIMKOCTI [0
arMOc(pepHUX BIUIMBIB Ta JIOBIOBIYHOCTI, BOHA IIMPOKO BUKOPHUCTOBYETHCS MJIs
obmuitoBaHHs (acaaiB Ta iHTep’epiB. Kpim Toro, pi3HOMaHITHICTh KOJIBOPIB, TEKCTYP
Ta (pOpM 03BOJISIE CTBOPIOBATH YHIKaJIbHI apXITEKTypHI PIIIICHHS, a BUCOKA MIIHICTb
KJIIIHKEpHO1 e poOWTHh ii YyJOBUM MaTepiasioM JUisl 3BEICHHs CTiH, (acasmis,
HECY4YUX KOJIOH, apOK Ta 1HIIMX KOHCTPYKIii. [Ipu mboMy CTIMKICTh 10 MEXaHIYHUX
HAaBaHTa)X€Hb, IMEpEMajiB TEMIIEpaTyp Ta BOJOTM TapaHTye HAAIMHICTH Ta
JIOBIOBIYHICTh Oy/iBeNb. 3aBISAKUA CTPYKTYpl Ta EKCIUTyaTal[iiHUM BJIACTHBOCTSM,
akux HaOyBae KIIHKEpHa Ieria y Mpoleci BUMaldy, BOHA CTiiika J0 CTUpaHHS,
KOB3aHHs Ta aTMOC()epHUX BIUTMBIB, IO POOUTH 11 i/1€aTLHOIO NI MOIIEHHS JIOPIT,
TPOTyapiB, MIIOXITHUX 30H, MAaHJaHYMKIB Ta 1HIIHNX TOBEPXOHb.

TpaaumiiiHo BHUMan KIIHKEPHOI UEIM NPOBOIATH Y TYHENbHIA medi.
HesBakatoumn  Ha  YWMCIEHHI  TepeBard,  3acTOCYBaHHS  JAHOTO  BHIY
BHUCOKOTEMITEPATyPHOI TePMIYHOT OOPOOKHU CHPIIIO, BIH Ma€ PsJi CYTTEBUX HEMOJIKIB.
Jlo HMX MOXHA BIJHECTH BEIUKY EHEPrOEMHICTh MPOIECY, IO MPHU3BOAUTH JI0
BUCOKHMX BUTpaT EHEProHOCIiB, Ta 3HAYHy il TPUBAJICTh. 3arajoM, 4ac BHUIAJY

KJIHKEPHOI LIETIM MOXe csraté Big 8 a0 12 roawH, o0 3HAYHO YMOBUIBHIOE
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BUPOOHUYHUN TIpolleC Ta OOMEKYyEe MOXJIMBOCTI JJIi HApOIyBaHHS OOCSATIB
BUpoOHUITBa. KpiM TOrO, 3riIHO JaHMX, MPEACTaBIEHUX B poOOTi [2] miJ yac BUTATY
OHIET TOHW KepaMivyHOI IIETJI Y HABKOJIUIITHE CEPEIOBHUIIE B PE3YJIbTaTi CIIaIFOBAHHS
razononioHoro nanauBa BiAOyBaeTbcsi BUkuA ToHM CO, Ta IHIIMX MapHUKOBUX Tras3iB,
110, K BiJOMO, HETaTUBHO BIUIMBA€E Ha 3MIHY Kiimary. Ha manuii yac mpomoHyrOThCs
1HHOBAIIIMHI aJbTEpHATUBHI METOJIM BHMaTy KIIHKEPHOI IEMIH, K1 J03BOJSIOTH
3HAYHO TOKPAIIUTH EKOJIOTIYHI Ta €KOHOMIYHI MOKa3HWKW BUpOOHHUITBA. Jlo HUX
BIJIHOCSITh €JIEKTPOIHIYKIIIHHUNA METO] Ta MIKpOXBUJIOBHUM BUTIAJ.

EnexrpoiHayKimiiiHuii MeToj Uil HarpiBaHHS Ta BHUIANY KepaMivyHOI IEIrIu
OCHOBaHMII Ha BHKOPMCTAHHI Jil eJNeKTPOMATHiTHOro mojs. Moro OCHOBHHMH
nepeBaraMu € CKOpOYEHHS 4yacy BHUMAIy 10 4 TOOWH Ta BHINA €Heproe(eKTHBHICTh
MpOIleCY B TOPIBHSHHI 3 BUKOPHUCTAHHSIM TyHENbHUX Tiedeld. lle mpuszBomuTh 110
3HIDKCHHSI BUTPAT HAa BUPOOHUIITBO KIIIHKEPHOI 1erH Ta 3MeHIeHHs BUKUAiB CO; B
armocdepy. Kpim Toro, manuii MeToJ; BIAPI3HIETHCA CBOEIO €KOJIOTIYHICTIO, TaK, K
npu Horo peanizaiii MO)KHa BHUKOPHUCTOBYBATH €JIEKTPOCHEPTiI0 3 BIAHOBIIOBAHUX
JDKEpell, M0 JO03BOJHMTHh 3HAYHO 3MEHIINTH HETaTUBHUM BIUTMB Ha MOBKULIA. [lpu
[[bOMY, CJIiJl BIIMITUTH, 1110 BIIPOBA/KCHHS €JIEKTPOIHIYKIIHHOI TEXHOJIOTIi BHUIATy
noTpeOye 3HAYHMX IHBECTHUIIM y HOBe oOmamHaHHsa. Lle moxe OyTu cepilo3HHM
E€KOHOMIYHUM Oap’epom Jjisg Oararbox BUPOOHMKIB KJIIHKEpHOI 1eru. Kpim toro, Ha
JaHUM MOMEHT Cy4acHi eNeKTPOIHAYKIIHHI YyCTaHOBKM HE MOXKHAa BHKOPHCTOBYBAaTH
JUISL BUTIANY KJITHKEPHOI IEIIH BEJIMKHUX PO3MIpiB a0 BUPOOIB, SKI MAKOTh CKJIaHI
apXIiTEKTYpHI €JIEMEHTH, IO JeN0 0OMEeXy€e MMPOKE BUKOPUCTAHHS TAHOTO METOIY
[3].

Ha crtanii po3poOku 3HaXOAUTHCS 1HHOBAIlIiHA TEXHOJIOT1Sl BUNIATY KIIIHKEPHOT
eI 3 BUKOPUCTAHHSM MIKPOXBHJILOBOTO BUIIPOMiHIOBaHHS. [lepeBaramu maHOTO
BUIy TepMooOpoOku € ii mBuakictb (7o 30 XBUIMH), EKOHOMIYHICTH Ta
€KOJIOT1YHICTh. JI0 HeMOMIKIB CHIiJ BIJHECTH T€, IO JaHa TEXHOJIOTISA 3HAXOAUThLCS Ha
cTaaii JOCHIKEHHS 1 JUIs BOPOBAKEHHS ii B MPOMHCIOBUX MaciTabax cCiin
POJOBXKYBATH TO/1aJIbIi BUMIPOOyBaHHs. KpiM Toro, Ha ePeKTUBHICTD MPOXOIKCHHS

Ipolecy MIKpOXBMJIBOBOTO BHIIANly KEpaMiuyHOI WEIMH, CYTTEBO BIUIMBAE CKIIAJ
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CUPOBHMHHMX KOMIIOHEHTIB Ta CHOCIO MIATOTOBKU MAacH, a JJIs Ofep KaHHS MPOTYKIIiT
BHCOKOI SIKOCT1 HEOOX1IHO pO3POOUTH YITKY CUCTEMY KOHTPOJIO BUpOOHHULITBA [4].
[IpencrapneHi B poOOTH 1HHOBAIIMHI METOAW BHUMATy KIITHKEPHOI IEITIH BXKE
BIIPOBA/KYIOTbCS Ha OKpeMux BuUpoOHHUITBax. Y Himeuunni xommanis Xella
BUKOPHUCTOBYE E€NEKTPOIHAYKUINHUN BUMIAI, 10 A03BOJISE il ckopoTuT Bukuau CO,
y HaBkonuiHe cepenoBuiie Ha 40 % Tta exonomutu 10 % eneprii. B Itami
opranizamisi Wienerberger 3acToCOBY€ MIKPOXBUJIHLOBUW BUTAN JJIsi BUPOOHMIITBA
TaKOro BHUJY KEpaMIYHOI MPOAYKIIi, 110 MPUBOAUTH A0 €KOHOMIi 25 % eHeprii Ta

3MEHIILY€ BUKU]IM TAPHUKOBUX ra3iB y atmochepy Ha 20 % [1].

BUCHOBKHA
TakuM 4yuHOM, 3Ba)KAlOYM Ha 3POCTAHHS MOMUTY HA KIIHKEPHY IETTy, 3HAYHY
NEPCTIICKTUBHICTh BIPOBA/PKCHHS 1HHOBAIIMHUX METOMIB BUIIANY, PO3IIMPIOIOTHCS
MOKJIMBOCTI JUIsi BHUPOOHHUKIB IIOAO0 MOJEpHI3alli iCHyrouux mianpuemMcts. Lle
JI03BOJIUTh 1M HE TUIBKM 30UIBIIUTA OOCSITH BUPOOHUIITBA KEPaMIUHOI LEINH, aje u

CYTTEBO 3MCHIIUTH HEraTUBHMU BIIJIUB HA I[OBKiJ'IJ'I}I.
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Abstract. The paper substantiates the possibility of expanding the raw material base of glass
production through the use of high-silica raw materials - tripoli. The main component of glass SiO-
occurs at the expense of amorphous silica contained in the tripoli. The charge was prepared by a
hydrothermal method. Autoclave treatment of the fired mixture was carried out at a temperature of
180 °C for 4 hours at a pressure of 0.5 MPa using Na,COs. Thermal analysis of the conventional
charge showed that dehydration reactions last up to 200 °C, while for the hydrothermal charge
dehydration occurs up to 500 °C, which is explained by the release of chemically bound water of
siloxane, silanol and silandiol groups. XRD data confirm that the hydrothermal charge at a
temperature of 1000 °C is practically amorphized, and at 1200°C all reflexes are absent, indicating a
100 % glassy state. The use of hydrothermal charge allows to reduce the glass melting temperature
by 200 °C.

Key words: hydrothermal charge, glass, thermal analysis, tripoli, XRD.

AHoTauisg. Y po6oTi 00IpyHTOBAaHO MOXIIMBICTh PO3IMIMPEHHS CUPOBUHHOI 06a3M CKISHOTO
BUPOOHUITBA 32 PaXyHOK BHUKOPHUCTAaHHS BHCOKOKPEMHE3EMHOI CUPOBUHH — Tpeneny. OCHOBHHMIA
KoMmroHeHT ckia SiOz BigOyBaeThCs 3a paxyHOK aMOp(HOTO KpeMHe3eMy, IO MICTHUTBhCS B
tpenene. IIuxTy roryBanm riiporepMaJbHUM METOJIOM. ABTOKJIABHY OOpOOKY BHITAJICHOT CyMIIITi
npoBogwin npu Temmneparypi 180 °C mpotsrom 4 rogun npu tucky 0,5 MIla 3 BUKOpHUCTaHHIM
NaxCOs. TepmiuHuii aHami3 3BHYAMHOI IMMXTH IMOKa3aB, IO peakiii Jeriaparaiii TpUBaIOTh 0
200 °C, Tomi sK JyIa TIAPOTEPMIYHOI MIMXTH Jeriapatarmis BigOyBaetbest mo 500 °C, mio
MOSICHIOETHCS BHAIJICHHAM XIMIYHO 3B’S13aHOI BOJM CHUJIOKCAHOBHUX, CUJIAHOJBHUX 1 CHIIAHIIOIBHUX
rpyn. Hdani XRD miaTBepIKyIOTh, IO TiApoTepMalbHUM 3apsn mpu Temneparypi 1000 °C
npakTuyHo amop@dizoBanuii, a mpu 1200 °C Bci peduiekcu BiACyTHI, mo cBiquuth npo 100 %
CKJIONOMIOHMI CcTaH. BuKOpHUCTaHHSA TiAPOTEPMIYHOI HIMXTH JO3BOJISIE 3HU3UTH TEMIeEpaTypy
riaBsieHHs ckia Ha 200 °C.

KarouoBi ciioBa: rigporepMaibHUIA 3apsij, CKIIO, TEPMIYHUNA aHami3, Tpenen, XRD
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The charge for glass production was prepared using two methods:
hydrothermal and conventional. The composition of the charges was selected so that
the welded glass corresponded to conventional container glass in terms of its
composition. The charge produced in this way has a number of advantages: high
homogeneity, increased reactivity and low-temperature melting [1].

The results of the differential thermal analysis of the charges indicate that
phase transformations in the hydrothermal charge occur and end at significantly
lower temperatures than in the ordinary charge.

X-ray phase analysis was performed for samples of ordinary and hydrothermal
charges heated to a temperature of 600, 800, 1000, 1200 °C. This made it possible to
trace their transformation during the heat treatment process. The XRA data confirm
that tripoli has a high degree of amorphousness, unlike quartz sand. In the
hydrothermal charge, the rate of all reactions is much higher, as evidenced by the
decrease in reflexes at lower temperatures compared to the ordinary charge [2]. Thus,
the hydrothermal charge at a temperature of 1000 °C is almost amorphous, and at
1200 °C all reflexes are absent, which indicates a 100 % glassy state. In the ordinary
charge, even at 1200°C, peaks corresponding to crystalline silica are observed [3].

Visual observation of the stages of glass formation showed that at 1200 °C the
hydrothermal charge is practically welded, with only residual «gnats» observed. For
the ordinary charge, we observe the partial appearance of a vitreous phase with a

large amount of foam in the surface layers and significant bubbles.

CONCLUSIONS

The studies confirmed the advantages of using a hydrothermal charge with
tripoli compared to a ordinary charge for the production of container glass. The use of
this method allows to reduce the glass melting temperature by 200 °C compared to
ordinary melting. In addition, the hydrothermal charge can be compacted, which will

significantly improve the environmental friendliness of the glassmaking process.
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EMICIVHI BJJACUBOCTI CKJIA 3 TBEPJUM MIPOJIITUYHUM
HOKPUTTAM IIPU INIIBUINEHUX TEMIIEPATYPAX

Karepuna KAPIIIOK,
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karpukkata4@gmail.com
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K.1.H., noueHT,

KIII im. Iropst CikopchKoro
ar.iatsenko@gmail.com

AHoTanisi. B po6oTi mocmigKeHO OCOOIMBOCTI MPOIECY TEIJIOBOI eMicii B OTOYyroue
Cepe/IOBUILE TOBEPXHI CKJIA, BKPUTOI TBEPAUM MIPOJITHYHUM MOKPUTTSIM Ha ocHOBI SnOo.
OTpumaHi 3a KOHTAaKTHUM (KOHIYKTHMBHUM) Ta OE€3KOHTAaKTHUM (MIIPOMETPUYHUM) METOJaMHU
pe3yNbTaTH TOPIBHIOBAIM 31 3JATHICTIO JO TEIUIOBOI eMicii 3BHYAaHOTO CHIIIKAaTHOTO CKJIa Ta
MOBEPXHI €Hepro30epiratouoro Ckia, sKka He MICTHJIA MOKPUTTA. BCcTaHOBIEHO, IO 32 MiABUIIEHUX
temreparyp B iHTepBani Big 50 °C mo 500 °C emiciiiHa 3IaTHICTH TBEPAOTO MiPONITHYHOTO
MMOKPUTTS 30€pIracThCsl HA HU3bKOMY PiBHI, Ta XapaKTePU3y€EThCSA HU3BKUM KOEQIIIEHTOM eMicii B
Mexax &=0,2...0,4, mpo 1o CBiIYaTh OTPUMAaHI JaHi TEMIIEpaTypu HOro MOBEpXHi, OTpUMaHi
MIPOMETPUYHUM METOJIOM B TIPOIIeCi OXOJIO/pKeHHsS 3pas3kiB Bix temmneparypu 500 °C mo 50 °C.
PexoMeH10BaHO, y BUIIAJKY 3aCTOCYBAaHH HU3bKOEMICITHOTO CKIa 3 €JEKTPONPOBITHIUM MPO30PUM
MTOKPUTTSAM B KOHCTPYKIisAX [Y-BUIMpOMiHIOBAYIB, pO3TAIIOBYBATH CTOPOHY CKJa 3 MIPOJITUIHUM
MOKPUTTSIM B HAIPSIMKY MPOTHIICKHOMY BiJ HampsiMy OOIrpiBY, IO BHKJIMKAHO MaKCHMaJIbHUM
koedimienTom emicii B IRC-mianazoni came 31 CTOPOHH, SIKa HE MICTUTh TTIOKPUTTSI.

KarwouoBi cioBa: TBepae HHM3bKOEMICIHHE MOKPUTTS, CUJIIKATHE CKJIO, eHeprosoepiraioue
K-ckno, [4Y-Bunpomintoau, IRC-gianazoHn.

Abstract. In this work, the process of heat emission into the environment of a glass surface
covered with a solid pyrolytic coating based on SnO: is investigated. The results obtained by
contact (conductive) and non-contact (pyrometric) methods were compared with the ability to
thermal emission of ordinary silicate glass and the surface of energy-saving glass, which did not
contain a coating. It was established that at elevated temperatures in the range from 50 °C to 500 °C,
the emissivity of the solid pyrolytic coating remains at a low level, and is characterized by a low
emission coefficient in the range of €=0.2...0.4, as evidenced by the obtained data of its surface
temperature, obtained by the pyrometric method in the process of cooling samples from a
temperature of 500 °C to 50 °C. It is recommended, in the case of using low-emission glass with an
electrically conductive transparent coating in the construction of IR emitters, to place the side of the
glass with a pyrolytic coating in the direction opposite to the direction of heating, which is caused
by the maximum emission coefficient in the IRC range of the side that does not contain a coating.

Key words: solid low-emissivity coating, silicate glass, energy-saving K-glass, IR-emitter,
IRC-range.
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CygacHe eHepros0Oepiraroue CKJIO BHUITYCKAETHCS aOCOMIOTHOK OUIBIIICTIO
BUPOOHUKIB JHUCTOBOTrO (hoar-ckia cBity, Takux sk Pilkington, Saint-Gobain,
Guardian, AGC, EuroGlass ta iH. [1]. CopomieHo kiacudikyeTbcsi Ha JIMCTOBE
(b10aT-CKI0 3 «TBEPAUM» HU3BKOEMICITHUM MOKPHUTTAM, 3a SIKAM 3aKpiuiIach
TpuBianbHa Ha3Ba «K-ckimo», 3a ToproBoro mapkow Takoro ckia «K-glassy Bif
BupoOHuka Pilkington, Ta nuctroBe (roar-ckIo 3 «M’SIKMM» HU3BKOEMICIHHUM
MOKPUTTSAM 3 TPUBIAJBHOIO Ha3BOIO «l-CKI0», 3a BIAMOBIAHOIO TOPrOBOIO MapKOIO
«I-glass» Bim TOro >x BUpoOOHMKA. B mopiBHsHI 31 3BHYAHUM ()I0AT-CKIOM Mae
MOPIBHSAHO OJIM3bKI TOKA3HUKU 31 CBITJIONPONYCKAHHS Yy BUAUMOMY Jiara3oHi
JIOBXKUH XBHJIb, aJI€ 3aBJISKH HasIBHOCTI TOHKOIIIAPOBOTO HU3bKOEMICIHHOTO MOKPUTTS
Ma€ MIMPOKY OOJacTh 3aTpUMaHHS y JOBrOXBWIBOBIKM [YU-4acTWHI ONTHUYHOTO
cnekrTpy [2].

3acToCyBaHHS TBEPJAOTO0 TOKPUTTS y SIKOCTI  (PYHKI[IOHAJBHOTO HE
OOMEXKY€EThCSl JIMIIE EHEPro30EpeKeHHSIM [UJIi  CKJIIHHSA BIKOHHHMX IPOPI3IB
MpuUMIIeHb. Take MOKPUTTS y BUTNIAJKy HAHECCHHS Ha TKAHWHY, MOJIMEPHY IUIIBKY
9y iHIII MaTepiaju MoKe OJIOKyBaTH MPOXO/KEHHS TEIUIOBOI YaCTUHHU CIIEKTDY,
MacKylOuUHM TEIUIOBUM OO0’€KT, SKUH 3HAXOAUTHCS 3a IUM Marepiamom [3].
HusbkoeMiciifHe CKJIO BKpPHTE€ TOHKHM IIAPOM HamiBOpoBigHUKa SnO; € TOCHUTH
PO3IMOBCIO/DKEHUM  MaTepiajjoM He Juiie y OYIIBHUITBI, JJIsI CTBOPEHHS
eHepro3oepirarounx  BIKOH, TakKi  CTEKJa  BHUKOPHUCTOBYIOTH y  CKJajl
PIIKOKPUCTATIYHUX €KpaHiB Ta touch-screen aucrieiB, Yy (oToenekTpuaHuX
eJIeMEeHTax B paioeIeKTPOHIII (boTopesucropu, KpUCTAIIN
CBITJIOBUIIPOMIHIOBAJIBHUX J10/1B, HAIIBIPOBIAHUKOBI Jla3epHI BUMIPOMIHIOBaYl Ta
1H.), y oTOBOJIbTAII (COHSYHI €JIEMEHTH Ta 6aTapei), B IPO30pHUX TEIUIOBUIAUISIIOUNX
MOKPUTTAX HA €JEMEHTax PI3HUX ONTUYHHX CHUCTEM, B aBla-, Cy/l0- Ta aBTOOYIBHIH
IHAYCTPIi y SIKOCTI CKJIa 13 3aXHUCTOM BiJI 3alIOTIBaHHS Ta 0OMep3aHHs TOIO [2-4].

BnactuBocTi Takoro ckja go0pe BHUBYEHI Ta OMHUCAHI B IHTEPBAJIl TEMIIEPATYP
Bim -20 °C mo 40 °C, 3a TemmepaTypHHX YMOB OTOYYIOUOTO CEpPEOBHINA HOTO
HalvacTimoi ekcruiyataiii. Ilpore, B miTpaTypi HEAOCTaTHHO PO3KPUTI HIOAHCH

MPOLIECIB TEIJIONEpeaayl TaKOro CKJIa Ipy MiABUIEHUX TemmepaTypax: noHay S50 °C
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1 BOPUTYJ 0 TEMIIEpaTyp MOYATKy MOYATKy IHTEpBaly IJIACTUYHOI aedopmartii
(> 500 °C). HocTaTHi naHi MEXaHi3MIB TEIUIONEpEAadi BUBUCHO T4 BUCBITIICHO JIUIIIE
JUTSL 3BUYAHOrO CHIIIKAaTHOTO ckia [S]. ToMy MeTo0 AaHHOTO TOCIHIJIKEHHS 00paHo
BHUBYCHHS OCOOJIMBOCTEH MPOIIECIB TEIIOBIAAaYl B OTOUYIOUE CEPEIOBUIIE MTOBEPXHI
CKJIa, BKPUTOIO TBEPJIUM HU3bKOEMICIHHUM MOKPUTTAM Ha 0CHOBI SnO».

3 MIMPOKOTO MEePeNiKy CUCTEM, sIKI BUKOPUCTOBYIOTh JIJIsl CTBOPEHHS MPO30pUX
(GYHKIIOHATBHUX TOKPUTTIB HA MOBEXHI CKJa, METAJIOKCHUIHI MPO30pl MOKPUTTS HA
ocHOBI SnO; BIAPI3HAIOTHCS 30UTBIICHUM KOE(IIIEHTOM 3aJIOMJICHHS, SKUH B
3QJIEKHOCT1 BiJl JIOBXKMHM XBWJII MOXE€ CTaHOBUTH # > [,8 [6], BHUCOKOIO
€JIEKTPOTPOBIAHICTIO (MUTOMUN MOBEPXHEBUM €IEKTPUYHHUI OMIp TAKOTO MOKPUTTS
Ha OJMHMUIIIO IUIOIII csirae 3HaueHb p < /0 Om, 1110 HAOAMKYETHCS 10 3HAYEHb OMOPY
MeTainiB) [7], BUCOKY CBITJIONPOMYCKAaHHSA y BUAUMIN yacTuHI criektpy 7 > 90 %, ta
HU3BKY B JIOBTOXBWJIBOBIM #oro wacturi, a came B IRC: T — 0 % [7-9]. len
KOMIUJIEKC XapaKTEPUCTHK 1 BU3HAYMB OOJACTh 3aCTOCYBaHHS CKJIA 3 PO3TJISTHYTHM
MOKPUTTSIM.

HoBi Ta mnorteHmiiiHi o007acTi 3aCTOCYBaHHS TaKOTO CKJia, HaIPUKJIA],
cTBOpeHHs1 Oe3cmipanbHuX [Y-BumpoMmiHIOBauiB Ta HarpiBajJbHUX €JIEMEHTIB,
BHUCOKOTEMIIEpATYpHOi ONTHUKUA Ta PO3pOOOK OOOPOHHOTO XapakTepy MOB’si3aHl 3
HEOOX1JTHICTIO JTOAATKOBOTO JOCIIJKEHHSI BJIACTUBOCTEW TAaKOro CKJa 3 TBEPAUM
HU3bKOEMICIMHUM TMOKPHUTTAM IpPH MiJABUIIEHHUX TEMIIEpaTypax, a caMme, B MEpIIy
Yepry, BUBUCHHS BUIIPOMIHIOIOUOI 3/JaTHOCTI HOTO MOBEPXHI Ta MPOIIECIB INepeaayl
TEIJIOTH OTOYYIOUOMY CEPEOBHIILY.

Jna nocmixeHHs Oyn0 OOpaHO HHU3BKOEMICIHHE CKJIO TOPrOBOi MapKu
«Planibel G» Bupo6Huka AGC y MakCHUMaJIbHO HasBHOMY HOMiHaI 6 MM. Yum
O1sIpIIIa TOBILIMHA CKJIA, TUM OLIBII SICKpaBO Oy/e BHpa)Ke€Ha PI3HUIIS y BIACTUBOCTSIX
TeruIonepenadi s MPOTHIEKHHUX HOro moBepxoHb. OgHA MOBEPXHA HE MICTHUThH
MOKPUTTSA 1 Jaii mo3HadyaTuMeThes «Oy, 1HIIa — BKPUTA TBEPAUM HU3BKOEMICIHHUM
NOKpPUTTAM Ha ocHOBI SnO; 1 gam mno3HayatuMmetrbes «K». Jlns mopiBHSIHHS

BHUKOPHUCTAHC 3BUYAHC BIKOHHE @HO&T-CKJ’IO 6 MM 3aBTOBIIKH, TOI'O K BI/IpO6HI/IKa.
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3 HasgBHUX JITEpaTypHUX JaHUX [8] BIAOMO, 1110 BEPXHEIO MEXKEIO CTIMKOCTI J10
TEPMIYHOI AECTPYKIIT HOKPUTTIB TAKOTO THIY € TemmnepaTypu 6mu3bki g0 500 °C, mio
1 CTaJI0 MPUYUHOK BUOOPY 3a3HAUECHOI TeMIIEpaTypHOI MEXI1 JOCIIIKSHHS.

Meroauka IOCTIKEHHS Tependadana pIBHOMIPHHA TPOrpiB 3pa3KiB CKIa,
po3mipamu 50 x 50 MM, pO3MIIIIEHHUX AOTOPHY MEBHOIO moBepxHE «O» abo «K» Ha
KepaMiuYHUX [MIIKJIAJUHKaX B MyQenbHid neul go Temneparypu 500 °C, 3
130TEpMIYHOI0 BUTPUMKOIO MpOTAroM 30 XB 1 HACTYIHUM BHJIYyYEHHSM 3pa3KiB Ta
PO3MIIIEHHSAM 1X Ha MOBEPXHI TEIUIOI30JISIIIIHHOTO BOTHETPUBY. MOMEHT BUIIyYCHHS
3pa3kiB 3 Kamepu MydenbHOi medi (IKCyBadM SK IMOYaTOK EKCIEPUMEHTY 3
JOCTIIKEHHS MPOoLIeCy Mepeaayl TeIUIOTH Bl HArpiTHX 3pa3KiB 3 OAl€l 3 1X MOBEPXHI
JI0 OTOUYIOYOT0 3pa3KH CepelOBUIIIA.

OTpumaHi eKCHepUMEHTAIbHUX JlaHI [0 3MiHI TeMIepaTypd KOXXHOI 3
OJTHAKOBO  MPOTPITHX  TOBEPXOHb  JBOMA  METOAAMH:  OE3KOHTAaKTHUM
(mipoMeTpu4HUM), B Aiana3zoHi TerioBoro IRC-BUNpoMIHEHHS 3 JOBXHHOKO XBHIII
A=8+14 w~xm 3a gomomororo [Y-mipomerpiB Benetech GMI1651 Ta
Benetech GMS550E, siki BUKOpUCTOBYBAJIM MTOYEPIOBO ISl OLIIHKU KOe(DIlieHTy eMicii
MMOBEPXOHb 1 KOHTPOJIO MOXUOKM BUMIPIOBAHHS; Ta KOHTAKTHUM (KOHIYKTUBHHM)
METOJIOM — 3a JomoMoroio nudposoro wmimiBoiasTMeTpy UNI-T 3 migkmroueHOO

TepMornaporo Tuiy XA. 3araabHUl BUTJIS] €KCIIEPUMEHTAIBHOTO CTEHAY HABEACHUMN

Ha puc. 1.

a 0

Puc. 1. locaig:keHHs1 TeMIepaTypu NOBePXHi 3pa3KiB: a — KOHTAKTHUM (KOHIAYKTHBHHM)
MeT0A0M; 0 — 0e3KOHTAKTHUM (IipOMETPUYHUM) METOI0M
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Sk BUAHO 3 EKCHEPUMEHTAIBHUX JAaHUX, TPEICTABICHUX Y BUIJISAIIL
3aJIEKHOCTEH 3MIHM  TEMIIEpaTyp TOBEPXOHb CKJIa B TPOIECT OXOJIOHKCHHS,
BUMIPSHUX JIBOMA PI3HUMU METOJIaMH (pHUC. 2), XapakTep TEIIoBIAadl AJ1sl HTOBEPXHI
6e3 nokputTs («O») € MOAIOHUM IO TaKOro JUIsl OBEPXHI CKJIa, BKPUTOT'O TBEPAUM
HU3BKOEMICIHHUM TOKpHTTSIM Ha ocHOBI SnO, («K»), ame  Bigpi3HaeThcs 3a
pO3TalllyBaHHSIM HaJl BicClO abCIuC.

Otpumani pe3yiabTaTH CBIA4aTh, IO TEIUIOBiA/a4a BUIPOMIHIOBAHHSIM
HalOlIpma 3 moBepxHi 0e3 Mmokputts («O»), B MOPIBHSIHHI 3 IMOBEPXHEIO CKJIA,

BKPUTOIO TBEPAUM HU3BKOEMICIMHMM MOKPUTTSIM Ha ocHOBI SnO, («K»). mo modpe

Y3TOJKYETHCS 3 JaHUMU KoeDImieHTiB eMicii: £,=0,8...0,9 njis moBepxHi CHITIKATHOTO

ckna, Tta £:=0,2...0,4 nns xacureputy (SnO,) [9,10]. KonBekimiiiHa X CKi1amoBa
TEIUIOB1/Ia4l 3 TIOBEPXHI CKJIa BKPUTOTO TBEPAUM HU3bKOEMICIHHMM MOKPUTTSIM Ha
ocHoBl SnO, («K») Buma 3a Taky mis moBepxHi 0e3 mOKpuTTa («O»), 1o €
3aKOHOMIPHHUM 3 TOYKH 30pYy 3aKOHY 30€peKeHHs €HEprii: SKILIO eMiCiiiHa CcKJiaJoBa
TEIUIOBiAadi Oy/ie 3MEHINeHa, a XapakTep KOHBEKIIHHOI CKIIaJ0BO1 JIMIIATUMEThCS
HE3MIHHMM, TOJl YacTHUHA C€Heprii, sKa YyCKIaJHEHa 0 Iepeladl OTOYyHUYOMY
CEpeNIOBHILY Yepe3 BUMNPOMIHIOBAHHA Oyne 30UIbLIyBaTH TPagIl€HT TEMIIEpaTyp
(pymiiHy cuiy) KOHBEKIIHHOI CKJIaqoBOi, XO04a, B 3arajpbHa cyma 1 He Oyje

MOBHICTIO KOMIIEHCOBAHA.
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3anexHOCTI OTPHMAHI Uil KOHTPOJBHOTO 3pa3Ky JHCTOBOro 6 mMm (roart-
CKaja MIATBEPUKYIOTh JaHi, OTpuUMaHi g mnoBepxHi «O» 0e3 MOKPUTTA
HU3bKOEMICIHHOTO CKJa 1 Ui YHUKHEHHS HarpoMa/pKEHHS eCKIIePUMEHTAbHUX
JaHUX He mpencTaBieHi Ha puc. 2. [logampini mOCHIKEHHS BIACTUBOCTEH CKia 3
TBEPAMMU MIPOJMITUUHUMHU TIOKPUTTSAMHU 3aIJIaHOBAHO TPOBECTH B paMKax

MaiOyTHBOI MarcTepCchKOi JUCepTallii.

BUCHOBKH

[IpoBemeHi MOCHITKEHHS 3aKOHOMIPHO MIATBEPKYIOTh €Heproe(exTuBH1
BJIACTHBOCTI CKJIa 3 TBEPAUM HU3bKOEMICIMHUM MOKPUTTAM Ha OCHOBI SnO; HE TIIBKH
npu HU3bkUX (Big -20 °C mo 40 °C), ane # npu Bucokux (Big 50 °C mo 500 °C)
TeMreparypax 1 JaloTh TMOSCHEHHS YOMy €  BaXJIMBUM  3allOBHEHHS
HU3BKOTEIUIONPOBIIHUM ~ OCYIIEHMM  IHEPTHHUM Ta30M HE TIIbKH  Kamep
eHepro30epiraroynux CKJIOMAKEeTIB, O00’€M SKHUX KOHTAaKTy€e O€3MOCEePEeIHbO 3
MOBEPXHEI0 CKJIa 3 HHU3BKOEMICIHHUM TMOKPUTTSIM, ajie ¥ B MIKEIEMEHTHOTO
MPOCTOPY OTVIAOBUX Ta 3aXUCHUX BIKOH Ta ONTHYHUX CHCTEM, SIKi3aCTOCOBYIOTHCS B
BHUCOKOTEMIIEpATYPHUX TEXHOJOTIYHUX MPOIIecax 1 MpU3HAUEH] JIsl 3aXUCTY OpraHiB
30py crmoctepirada abo ceHcopiB nudpoBux kamep. /o Toro x mokazaHo, 10 y
BUTIAJKY 3aCTOCYBaHHs HHM3BKOEMICIHHOTO CKJIa 3 €JEKTPOIMPOBITHUM MPO30PUM
MOKPUTTSAM CTOPOHOIO, sIKa MOBUHHA cayryBatu [Y-BunmpomiHioBaueM mMae OyTu came
ctopoHa «O», ska HE MICTUTh TOKPHUTTSA, Ta XapaKTEPU3YEThCS BHCOKUM

koedimientoM emicii B IRC-miana3zomi.
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AHoTanisg. OnepkaHHsI TEPMO3aXHCHUX KEePaMiuyHUX TOKPHUTTIB ISl 3aXUCTY METaTigyHHX
JeTanel, ki BHKOPUCTOBYIOTHCS B YMOBAaX BHCOKHX TEMIIEpPATyp, 30KpeMa, Y EHEepreTHuHid Ta
AEpPOKOCMIYHIM Taly3siX, € OJIHUM 13 BaXJIMBUX 3aBJaHb HEOPraHIYHOTO MaTepialo3HaBCTBA.
Hailimommpenimmmu cepel HUX € MaTrepiald Ha OCHOBI OKCHAY IIMPKOHIIO, HAaNpHKIAL,
Zr02-Y203. Hes3Baxkaroum Ha iX IIMPOKE BUKOPUCTAHHS, Hapaszl 0Oarato yBard HPHAUIETHCS
pO3poO0Ill MOKPUTTIB, SIKI MICTATh KpIM BKa3aHMX OKCHJIB CIIOJYKHM IHIIUX PiAKO3EMEIbHUX
MeTaiB. MeToro naHoi poOOTH Oys0 MPOBEJACHHS OISy Cy4acHOI HAyKOBOI JITEPAaTypH OO
BIUTMBY Pi3HHUX MOJU(IKaTOPIB HAa EKCIUTyaTalliiiHi BIACTUBOCTI 3aXMCHUX KepaMiyHUX MOKPHUTTIB.
PosrnsiHyTO TIepeBarm Ta HEIONIKW JIETYBaHHS OKCHIY LHMPKOHIIO PI3HUMH PiIKO3EMEIbHUMHU
MeTariaMd. BCcTaHOBIIEHO, IO TOJIaBaHHS TaKUX OKCHUIB, ik CeO2, Yb203, Er03, Gd203, 1o ckinaxy
MMOKPUTTIB Ha OCHOB1 ZrO» MPU3BOIUTH IO 3HAYHOTO 3MEHIICHHS TETUIONPOBIIHOCTI, ITiABUIIICHHS
TEPMIYHOI Ta KOPO3iiHOI CTiKOCTI MOKpHUTTIB. [IpuBeneHi maHi BKa3ylOTh Ha MEPCIEKTUBHICTDH
MPOBEACHHS JTOCIIKEHb, CIIPIMOBAHUX HA OJCPXKAHHS TEPMO3aXHCHUX KEpaMIYHHUX TOKPHTTIB 1
MOTpeOyIOTh TMOJAANBIIOro BuUBYEHHS. [loka3aHo, IO  JUIsl IMiJBHUINEHHS TEPMIYHOI CTIHKOCTI,
B’s3KOCTI Ta ()a30BOi CTAOUIBHOCTI TaKUX MOKPUTTIB PO3POOJISIIOTH MaTepiaidi HOBOT'O MOKOIHHS
Ha OCHOBI TAaHTAJIATIB.

Kiro4uoBi cjioBa: TepMo3axuCHI KepamivHi MOKPUTTS, OKCHAMU PIAKO3EMEIbHUX METaiB,
MoOU(IKyBaHHSA OKCHLy HIUPKOHIIO, TEPMiUHa CTIHKICTh MaTepiajiB

Abstract. The development of thermal protective ceramic coatings to protect metal parts
used in high-temperature environments, particularly in the energy and aerospace industries, is one
of the most important tasks of inorganic materials science. The most common among them are
materials based on zirconium oxide, such as ZrO»>-Y»0O3. Despite their widespread use, current
research is focusing on the development of coatings incorporating compounds of additional rare
earth metals, in addition to these oxides. The aim of this work was to review the current scientific
literature on the effect of various modifiers on the performance properties of protective ceramic
coatings. The advantages and disadvantages of alloying zirconium oxide with various rare earth
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metals are considered. The addition of various oxides, including CeO», Yb203, Er203, and Gd»O3, to
ZrO»-based coatings has been found to result in a significant decrease in thermal conductivity,
accompanied by an increase in thermal and corrosion resistance. These findings suggest the
potential for further research into the development of thermal protective ceramic coatings. It has
been demonstrated that the thermal stability, toughness, and phase stability of such coatings can be
enhanced by developing a new generation of tantalate-based materials.

Key words: thermal protective ceramic coatings, oxides of rare earth metals, modification
of zirconium oxide, thermal stability of materials

TepMocTiiiki kKepamMiyHi MOKPUTTSI HA OCHOB1 OKCH/IIB LIMPKOHIIO 3aBJIIKH CBOIM
YVHIKaJIbHUM BJIACTUBOCTSIM, a CaMme, CTIMKOCTI 0 KOpO3ii, BUCOKHUX TeMIIepaTyp,
OKHCJICHHS, 3HOIIYBaHHS, € TMEPCHEeKTUBHUMH MaTepiaiaMu [Uis 3aXUCTy BiJ
pYHHYBaHHS METAJIEBUX TIOBEPXOHb PI3HUX MEXaHI3MIB Ta JeTaneu, sKi
BUKOPUCTOBYIOTBCSI B EKCTPEMAJbHUX YMOBAaX, HANpHUKJIad, B EHEPreTUYHId Ta
aepOKOCMIuHIM ramy3sx [1].

[Ipu po3poOI1i TakuX MOKPUTTIB CJIiJI BpaXOBYBaTH, 1110 BOHU IMOBUHHI OyTH
TEPMOCTIMKMMH Yy niana3zoHi Temmepatyp Bia 1873 K no 2473 K [1]. Ha ganuii yac
HalBHINA Temmeparypa, a came, 2273 K, mpu saxiii marepiaiu Ha OCHOBI OKCHIIB
IIUPKOHIIO 30€peryii CBOI CTIMKICTh Ta MIIIHICTh, OyJia JOCATHYTa Ha BXOJIl B Ta30BY
TypOiny [2]. [Ipote, npu TpuBamiit poOOTI B yMOBaX BUCOKHX TeMIIEPaTyp MOMKJIHMBE
crikaHHs, (pa3oBi MepeTBOPEHHS, COJIbOBA KOPO3isl, @ TAKOXK YTBOPEHHS OKCHIHOIO
miapy MK TOKPUTTSIM Ta MaTepiajioM, IO MPU3BOJUTH 1O 3HUKEHHS TEPMIHY
eKCIUTyaTallil TAaKOro poly KOHCTPYKIIMHUX MaTepiaiiB.

3aBIsKU CBOIM YHIKJIbHUM (D13MYHUM BJIACTHBOCTSIM, 30KpeMa, TeMIlepaTypi
miasiaeHHs (2973 K), TtemmonposigHocti (2,0-2,4 Bt/M°K), koedirienty miHiiTHOTO
ternoBoro posumpenns (9,8:10° K') ta sucokiit tBepmocti (14 I'Tla) ZrO, moxe
3HAXOJUTUCS TPUBAIMM Yac y cepenoBuill 3 temneparypor 1473 K ab6o Bume [3].
Oxcua IUPKOHIIO MOXKE IepeOyBaTH y TpPbOoX pi3HHMX (pazax, Kl BiAPI3HAIOTHCA
OyJIOBOIO KPHUCTAJIIYHO1 pemnTku, a came: m-ZrO,, t-ZrO, ta c-ZrO,, ki MawTh
MOHOKJIIHHY, TETparoHajbHy Ta KyOl4yHy CHHrOHIi BiamoBigHO. Temreparypu

(bazoBuX MepeTBOPEHb Mk HUMU HaBEACHO Ha CXEMi:

1180°C 2370°C
m-Z10, % t-ZrO, % c-Z10,
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Ha pganuit yac po3po0iieHi 1 MMPOKO BUKOPUCTOBYIOTHCS MOKPUTTS HA OCHOBI
OKCHUJy IHPKOHII0, MOAU(IKOBAHOTO OKCHUIAMHU PIAKICHO3EMEIbHUX MeTamB. Taki
Marepiaid BIAPI3HAIOTHCS HUKYOK TEIJIONPOBIAHICTIO, BHUIIOK CTIMKICTIO [0
KOPO3ii, MIABUIICHOI0 MIIHICTIO 3’€JHAHHS 3 MOBEPXHEI0 METANy, 3HOCOCTIHUKICTIO,
CTIMKICTIO JI0 CIIIKaHHS Ta TPUBAJIMM TEPMIHOM eKcruTyarartii [4].

VY nporueci MUKIIYHOTO HAarpiBaHHS Ta OXOJIOHKEHHS KepaMiKu Ha OCHOBI ZrO;
BIIOYBA€ETHCSL aAJOTPONHA KpHUCTATIYHA TpaHchopmaliis i3 3MiHOK 00’emy, M0
NPU3BOAUTH 10 BHYTPIIIHIX HANPY>KEHb Ta pyHHYBaHHS MOKPUTTS. JJisl 3MEeHILIEHHS
TEIUIONPOBITHOCTI Ta MIABUINEHHS (pa30BOi CTaOIIBHOCTI TaKUX MaTepiajiB
MPOBOIATh MOAM(IKYBaHHS OKCHIy NUPKOHIIO okcunamu 1iepito (CeO,) Ta HEOTUMY
(Nd,Os3). IIpu npomy, He3BakalOuM Ha MepeBard Takoi OOpOoOKH, y TOPIBHSIHHI 3
IMUPOKOBXKUBAaHUMHU ~ TOKPUTTSIMH Ha OCHOBI  Zr0,-Y,0s3,  ekcIulyaTtariiffi
BJIACTHBOCTI SIKUX BHMBUYEHI JIOCTAaTHHO J10OpE, HE CIIOCTEPIra€ThCsl 3MEHILIEHHS 03HAK
TeMIepaTypHOro crikaHHs [5].

Kpim TOro, BUKOpUCTaHHS I 3aMiHU OKCHJY ITPiO B CKJIaZl TEPMO3aXUCHUX
KepaMi4yHUX TOKPUTTIB Takux cnoiayk, sk Al,Os;, CeO,, GdyOs, Sc,0s5, TiO,, ski
MEePENIKOKAIOTh (ha30BHM TIEPETBOPEHHSM OKCHAY HUPKOHII0, MOXXHA OTPHUMATH
MaTepialy 13 MiABUIIEHOI0 TEPMIYHOIO CTa0IIBHICTIO Ta 3HOCOCTIHUKICTIO [6, 7].

VY cBoto yepry, jeryBaHHs OKCuay HUpKOHII0 okcujgamu CeO,, Yb,0s, ErOs,
Gd,O;, TpU3BOAWTH [0 3HAYHOTO 3MEHILIEHHS TEIUIONPOBIAHICTh MOKPUTTA Y
nopiBHHHI 13 Z1r0,-Y,0;5 [8]. Ilpu nmomaBanHi Takux moaudikaTopiB, sk Al,Os Ta
Dy,03, 3MeHIIIY€eTbCSI €HEPTisl KPUCTAIIYHOI PEHITKH Ta 30UIBIIYETHCS KOeDIIieHT
TEIUIOBOIO PO3INUPeHHs. Lle 00yMOBJIEHO TUM, IO YacTWHa ioHiB Zr*" 3amineHa
JIETYIOUHUM PI1JIKO3EMENbHUM OKCHUJIOM, B pe3yJbTaTl YOTO YTBOPIOETHCS TBEPIUN
pPO3UMH 3aMICHOTO THUITy, SIKHH BIJIrpae pojb CTabUII3aTopa TeTparoHaJIbHOI
ctpykrypu ZrO,. Bemenns okcumie GdxOs ta Yb,O; mo ckmamy ZrO;-Y,0;
MO3UTHUBHO BIUTMBAE Ha (Pa3oBy cTaOUIBbHICTh MOKPUTTA [9], a Bukopuctanus Gd,0s,
Yb,0s3, LayOs3, Sc;O; Ta iHmMHX OKCHOIB JUIsi 4acTKOBOI 3amiHu Y03 y ckmami

MOKPUTTIB 3HAYHO MIJIBUIIYE iX TEPMOKOPO31MHY CTiIMKICTh [10].
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3axucHl MOKpUTTS Ha ocHOBI ZrO;-Y,0s3, MoaudikoBanoro Yb,03;-Gd,0s, B
MPUCYTHOCTI PO3IIABJICHUX HEOPTaHIUHUX CIONYK, HAIIPHUKIAJ, OKCHIY BaHAAII0 Ta
cynbdary HaTpito, MPU MiABUIIEHHI TemnepaTypu 10 1273 K 3MeHIyroTh CTIMKICTh
710 KOpo3ii 3a paxyHOK yTBOpeHHS Y VO, 110, B CBOIO UEPTY, MPUBOANTH 10 (Pa3oBUX
NEPETBOPEHb OKCHAY IUPKOHIIO Ta YTBOPEHHS TPILIIUH HA MOKPHUTTI 1 3MEHUICHHI

TepMiHY iX cimyxom [11].

BUCHOBKHA

[TokazaHo, 1m0 po3poOKa TEPMO3aXMCHUX KepaMIYHUX MOKPUTTIB Ha OCHOBI
OKCHIY IMPKOHIIO € aKTyaJbHUM Ta BaXJIUBUM 3aBJAHHSAM Cy4YacCHOTO
HEOpPraHIYHOTO MaTepiaio3HABCTBA.

BcranoBneno, 1o  Monu@ikyBaHHS ~— TakKMX ~— MarepiajiB  OKCHAAMHU
P1AKO3EMENbHUX METaliB MPUBOIUTH O 3HAYHOTO MOKPAIIEHHS 1X eKCIUTyaTaliiHuX
BJIACTUBOCTEM.

[Ipote, ans MIABMIIEHHS TEPMIYHOI CTIMKOCTI, B’SA3KOCTI Ta (Pa3oBoi
CTallJILHOCTI TaKMX IOKPUTTIB PO3POONISAIOTH MaTepiald HOBOTO TOKOJIHHS Ha

OCHOBI TAHTAJIATIB, SIK1 BBAKAIOTHCSI HAUTIEPCIIEKTUBHIIIMMU Y naHii chepi [4].
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AHoTtauis. [IpegMeToM MOCHIIKEHHS € PO3IUIaBH CUJIIKATIB, IO YTBOPIOIOTH CKJIO, SIKE
TiCIIsT KpUCTai3allii Mo)ke Ha0yBaTH MarHiTHI BJACTUBOCTI. 3a OCHOBY OyJIO B35T€ CHJIIKATHE CKIJIO,
110 MICTHTh BEJIHMKY KUTBKICTh OKCHIB 3aiiza. Jyis BHOOPY BIpOTIAHOTO MOJANBIIOTO XIMIYHOTO
ckiany OyiM TpoaHai30BaHI JiarpaMl CTaHy CHCTEM, IO BMIimyoTh okcuau Si0, FeO,
CaO,MgO,AO3. bymu anpobGoBaHi CklIaad, IO BIANOBIAAIOTh MiHIMAIbHIA EBTEKTHYHIN
Temnepatypi. byno cunTezoBaHo 5 3paskiB crekoi. J[s 3HMKEHHS TeMIepaTypu BapiHHA Oynu
J07aHi MaTpUuHi JerkomiaBki crekna cucteMu AloO3—B203—K20. Bapinus ckia BigOyBaocs npu
temnepatypi 1300°C mpotsirom 2 roauH. OpepikaHi CTEKJIa JOCHIKYBAIUCS METOJOM
nuQepeHIiaTbHOr0 TEPMIYHOTO aHajli3y. BcTaHOBIEHA CXWIBHICTH CTEKOJI 10 KpucTamizawii. 3a
pe3yabTaTaMi pPEHTreHo(]a30BOro aHamily KOHCTATYeThCS YTBOPEHHS TICis KpHUCTaji3alii
MiHepaly MarHeTHUT, KU OOyMOBIIIOE IMOSIBY MarHiTHUX BiacTUBOCTed. lle minTBep/KyeThes
3alpOMOHOBAaHUM HOBUM METOJIOM JOCIIJKEHHS 3a I0IOMOroro Q-merpa.

Kawuosi ciaoBa. J[liarpama crany. EBtektuka. Oxcumu 3amiza. Cxio. Bapinns.
Kpucramizanis. Maraetu3m. MarseTur.

Abstract. The subject of research is silicate melts that form glass, which after crystallization
can acquire magnetic properties. The basis was silicate glass, which contains a large amount of iron
oxides. State diagrams of systems containing SiO», FeO, CaO, MgO, Al>O3 oxides were analyzed to
select the likely further chemical composition. Compositions corresponding to the minimum
eutectic temperature were tested. 5 variants of glasses were synthesized. To lower the boiling
temperature, matrix low-melting glasses of the Al,03—B>03—K>0 system were added. Boiling of
glass took place at a temperature of 1300°C for 2 hours. The obtained glasses were studied by the
method of differential thermal analysis. The tendency of glasses to crystallization is established.
According to the results of the X-ray phase analysis, the formation of the mineral magnetite after
crystallization is established, which determines the appearance of magnetic properties. This is
confirmed by the proposed new research method using the Q-meter.

221



CEKIIIA 3. KepamiuHi Ta CKIOMOAIOHI MaTepiaan

Keywords. State diagram. Eutectics. Iron oxides. Glass. Cooking. Crystallization.
Magnetism. Magnetite.

Cronyku 3aiiza y Cy9acHOMY CKJIOPOOCTBI TOCTAIOTh SIK JCIIO CYIEepPeUInBi
KOMITOHEHTH CKja. Y OUIBIIOCTI BUNAJKIB BOHU € HeOakxaHumu. Haith, mpu
HEBEJIMKOMY iX BMICTI (4aCTKH BiJICOTKIB) CKJIO HaOyBae HeOa)kaHOTO 3a0apBIICHHS, a
npyu BeIUKOMY BMICTY 3ami3a (10 10 1 Oinble BiCOTKIB) CKJIO CTa€ HEMPO30pUM 1
4OpHUM. SIK BHHATOK HJIsl MEPIIOrO BUIMAJKY, — 1€ BUTOTOBJIEHHS CKJISIHOI Tapw,
3a0apBieHOT y KOpWUYHEBHM abo 3eneHuil Kosip. Y [ApPyromMy BHIAAKy — II€
BUTOTOBJICHHS JIUIIOBAJIbHI TUIUTKH 200 T1a3ypi YOPHOTO KOJIBOPY.

Jlis mepmioro BUMAAKY, KOJHM IOCTaEe mpoOjema HaOyTTs TOTO YM IHIIOTO
3a0apBieHHsT 200 HOro MPUTIIYIICHHS, TEOPETHYHI 3acalyd 3BOJATHCS O OKHUCHO-
BIJIHOBHUX YMOB CKJIOBapiHHA. Bimomo, 1o 3amizo Moxke ImepedyBaThd y JIBOX
BAJEHTHMX CTaHAX, i BCTAHOBIIOEThCS AMHAMiuHa piBHOBara: FeO«sFe,0s. Ii cran
3aJeXUTh B MEpIIly uyepry BiJ redox MOTEHLIaly MpOIeCy BapiHHA, TeMIepaTypH
BapiHHS, KOHIIEHTpPAIIl1 OKCH/IIB, XIMIYHOTO CKJIaay camoro ckia [1].

Y napyroMmy BUIAAKy, TpH BENUKINA KUTBKOCTI 3aii3a, MmpodiieMa 3HAYHO
YCKIIAHIOEThCS. ICHye TrimoTes3a, IO 3alli30 MOXKE BUKOHYBATH IBOSIKY pOJIb —
CITKOYTBOPIOBaYa, KOJU BOHO 3HAXOJUTHCS B TETPACAPHUHINA KOOPAUHAIIT MO KUCHIO
1 3aMiHIOE KpeMHIM Yy CTpyKTypl aHIOHIB, yTBOpIOouM (epi-cuiikatu, 1
mMoaudikaTopa, yrBoprootouu (epo-cunikata [2]. B mpomMy pasi ioHH 3aii3a MaroTh
OKTaepUuHy KOOPAMHALII0 MO KUCHIO 1 BIAIrpaloTh Ty 3K pOJib, IO 1HIII
MonudikaTopu. 3 HaBEACHOI TIIOTE3U MOXKHA JIMTH BUCHOBKY, 1m0 Fe,O; miaBuiye,
a FeO 3HmKye B’S3KiCTh CHIIKATHOro posmiaBy. Lg agymka 3HaXoauTh i
eKCIIepUMEHTaJIbHEe MiATBEPHKCHHS. MOXKIMBICTD 3rajlaHoi piBHOBArd O0OYyMOBIIIOE
CYTTEBY HECTaOUIBHICTh mpoliecy BapiHHa [1]. 3HauHW 1HTEpec MpeaAcTaBIsie
JTOCIIDKCHHST CHJIIKAaTHUX Ta aJIIOMOCHJIIKATHUX PO3IUIABIB, IO MICTATh OKCHIU
3amiza. Came 70 1[HMX PO3IUIABIB CTaBIATHCS JIOMEHHI IUIAKH, IIUIAKH
CTAJICTUIABMIIBHOTO BHPOOHHUIITBA Ta KOJBOPOBOI METalyprii, i HaBiTh PO3IUIABH,
OJIepKyBaHl 3 ypaxyBaHHSIM 0aratbOx BIIXOIB TIPHHYOAOOYBHOT MPOMHCIOBOCTI
[2-5].
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HocnimkeHHss (i3UYHUX BIACTUBOCTEH MaTepiajiiB, M0 MICTATh MarHiTHI
HAHOYACTHHKHU, € OJHHUM 3 IHHOBAlIWHUX HANPAMKIB Cy4acHO! (PI3UKM MarHiTHUX
sBul. OKCHUJIHI CTEKJIa, 0 MICTSTh MapaMarHiTHI BKJIFOYEHHS, MPUBAOIIOIOThH YBary
AK Marepiajid, 3 SKAX MOXIJIMBO CTBOPHUTH MAarHiTOBIOPSIKOBAHI YaCTUHKH
MIKPOCKOMIYHUX PO3MipiB. SIK MpaBUiiO, BOHW YTBOPIOIOTHCS B CKJII MpPH 3HAYHIM
koHueHTparlii 3d uu 3d 1 4f enemeHTIB.

B nawniit po6oTi 3po6iieHa cripoba BU3HAYUTH MOXKIIUBICT OJIEP’KaHHS CTEKOII 3
M1JBUIIICHUM BMICTOM 3ajli3a Ta BUBUMTHU JESKI iX BJIIACTMBOCTI, 1 B MEpIIy YEpry —
HaOyTTs MarHiTHUX BiIacTHBOCTe. Ha mepmioMy erami cTtaBWiIOCS Ha METi 3HAWTH
ckiaa Fe-BMicHOro ckia, mo MaB OM BiIHOCHO HEBHCOKY TeMIEpaTypy BapiHHS Y
HOPIBHSAHHI 3 TPOMUCIOBUMH TPAIUIIHHUMU CTEKJIAMH.

AmHani3 niarpaMm cTtaHy ABOKOMIOHEeHTHuX cucteM SiO»-FeO 1 Si0,-Fe,0;
CBIJUUTH MPO HAcTymHe. B mepiomy Bumaaky HalOUIbII JIETKOIUIaBKA €BTEKTHKA

mae temrneparypy 1173 °C, y apyromy — 1455 °C (puc. 1).
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Puc. 1. BinapHi cucreMu: oKcHAN 3a71i3a — KpeMHe3eM

3a Takux oOcTtaBuH mnepmui OazoBuil ckian Nel Oyne 30pieHTOBaHMI Ha
cuctemy Si0,-FeO. [lani, imyun nuisixom 3017bIICHHS YHCIa KOMIIOHEHTIB, Oyiu

IIpoaHai30BaHi JilarpaMy CTaHy CUCTEM, B SIKMX 70 0a30BuX KoMmoHeHTIB S10,-FeO
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noaaBanucs B pi3HuUX KoMmOiHamisx okcuau CaO, MgO, Al,O;. B xoxHoMy pasi
BHOWpABCS CKJIAJ] CKJIA, TIKOMY BIJNOBIA€ MiHIMaJIbHA €BTEKTUYHA TEMIIEpaTypa.

Bubpani 6a30Bi ckiiagqu cTeKoJ OyJu mepepaxoBaHi Ha MAacoOBl BIJCOTKH, SKi
HaBeJleHi B Ta0. 1.

Taoauusa 1 — Ckaaau 0a30BHX CTEKOJI

N Tew.°C
3pas- Cucrema (min) FeO | SiO, | CaO | MgO | Al,Os
Ka
1 Si0,-FeO 1173 75 25 - - -
2 S10,-FeO-CaO ~1200 | 40 40 20 - -
3 Si0,-FeO-MgO <1200 | 57 38 - 5 -
4 Si0,-FeO-CaO-MgO 1150 40 | 37,8 | 13 9,2
5 Si0,-FeO-CaO-MgO-ALO; | 1220 | 16,8 | 52,9 | 8,1 7,5 | 14,7

Jlnst BapiHHS CKJIa BUKOPUCTOBYBAJIWCS HACTYMHI KOMIIOHCHTH IIMXTH:
amoppuuit kpemueseM, ¢epyMm(ll) oxcua, kampiii kapOoOHAT, MarHid OKCUZ Ta
alroMiHIA okcua. BapiHHs BimOyBajocsi B CHJIITOBIM €JIEKTpoIledl 3a TeMIlepaTypu
1300°C mpotsirom 2 roguH. llocynuHu st BapiHHS — IIAMOTHI THUIJII €MHICTIO
200 mi1. YMOBHM BapiHHS — BiJIHOBHI.

PesynbTaTn BapiHHS Hacammepea oliHoBaIKCs BizyanbHO. [lluxTa Ne 1 Ta Ne 3
CKJa He Jana. Y TIepuoMy BUMAAKY MaB MICIE MaiKe HE CIHEYEHHUU MOPOILIOK. Y
JIpYroMy BHIIaJIKy YTBOPHMBCS MIIHUN 3ame4eHUil KaMHeNnomiOHui 3pa3zok. Ckiaau
NoeNe 2, 4, 5 yrBOpmIM HEMpo30pe CKIO0 YOPHOTO KOJIBbOPY. Tpebda BiA3HAYWTH, IO
HaWOIBIT JIETKOTUTABKE 1 OLTBIIT KOHJIUIIMHE CKJIO YTBOPUIIOCS MJIsl CKItamy Ne2.

VY mopanbIIoOMy CHHTE3yBajJuCsA TaK 3BaHI KOMITO3MIIIMHI CTEKJIa Ha OCHOBI
nornepeaHiXx 0a30BUX CTEKOJ Ta JIETKOIUIABKOTO MAaTpUYHOro ckia. lle ckio mamo
HacTynHuil ckian (y macoBux BincoTkax): ALO; - 27,8 %; B.Os - 46,6 %;
K,0 - 25,6 %. KoMmmnonenramu muxtu Oyjau TEXHIYHUH TJIMHO3EM, OOpHA KHUCIOTA,

rmotant. Kinnesuii XiMIYHAN CKJIal KOMIIO3UIIIHHNX CTEKOJI HABEIECHUN B Ta0I. 2.

Taoauus 2 - Kinnesuii BMicT okcuaiB, Mac.%

Ne

FCO+F6203 SlOz CaO MgO A1203 B203 KzO
3pa3ka
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1 12,5 4,2 - - 23,2 38,8 21,3
2 5,9 5,9 3,0 - 23,7 39,7 21,8
3 9,3 6,2 - 0,8 23,3 39,0 21,4
4 5,9 5,6 1,9 1,4 23,7 39,7 21,8
5 2,4 7,7 1,2 1,1 25,9 39,8 21,9

3pa3ku Oyiu JOCHIHKEHI 3a JOMOMOTOI0 AU(PEPEHIIIHHOTO TEPMIYHO aHaJI3y
(UATA). Pesynbratu JITA HaBeaeni Ha puc. 2. [IpakTuyHO BCi TOCTIHKYBaH1 CKIaau
BIJIPI3HSIOTHCS MIABUIIEHOI CXWIBHICTIO A0 Kpuctamizaii. [lpudoMy s neskux
CKJa/iB KUIBKICTh TaKUX MIKIB JOCATa€ TPHOX, IO CBIAYUTH MPO CKIAJAHUN

NoJiMIHEepaJIbHUM XapaKTep KpucTatizaiii.
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Puc. 2. PesyabtaTun {TA 10caiaKyBaHUX CTEKOJI

HasiBHiCTh ek30TepMiuyHMX €(EeKTIB CBITYUTH MPO BUCOKY KpHCTaTi3alliiHy
3ATHICTh 1 BIPOT1IHICTh YTBOPEHHS CKJIOKPUCTAJIIYHUX MaTepiaiiB, SKI MOXYThb

HAaOyTH MarHiTHUX BJIACTUBOCTEH.
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Y pobori Takox OyidM BHBUEHI MAarHiTHI BJIACTUBOCTI 3pa3KiB Ta
3alpONOHOBAHO HOBUM METOJ iX BUMIPIOBaHHS, @ caM€ MarHiTHOI MPOHUKHOCTI, 3a
nonomoroto Q-metrpy. Kymerpu BUKOPUCTOBYIOTHCS Al BUMIPY 1HAYKTHBHOCTI,
€MHOCTI, TaHT€HCAa KyTa JIEJIEKTPUYHUX BTPAT 1 MOBHOTO OMOPY EIEKTPUYHHUX KIJ.
Jlist KyMeTpy 3aCHOBaHa Ha PE30HAHCHOMY METOJ1 BUMIpIB: MPU PE30HAHCI HAIIPYTH B
KOJIMBAIBHOMY KOHTYPI, III0 CKJIAJIA€ThCS 3 TMOCTIJOBHO BBIMKHYTHX 1HIYKTHUBHOCTI 1
€MHOCTI, Halpyra Ha IHAYKTUBHOCTI a00 eMHOCTI B Q pa3 Ouibllle HAmpyru, IIO0
nojaeTscsi Ha KOHTyp. Ha puc. 3 300pakeHa cxema KOJMBAIBHOTO KOHTYPY IUif

BUMIPY JOOPOTHOCTI KOTYIIOK 1HTYKTUBHOCTI.

Amnyna
3 focnifXyBaHoo
peYoBUHOIO

3

Puc. 3. Cxema kymeTpy AJis1 BUMIPY 100POTHOCTI KOTYHIOK iHIYKTHBHOCTI
I' - renepaTop CHHYCOIJAILHOI HANIPYTH; V - €1eKTPOHHUI BOJILTMETP;
R - akTuBHUi onip; L - koTymka iHAyKTUBHOCTI; C - KOHIeHCcATOP 3MIHHOI €EMHOCTI;
Usx - BXigHa Hanpyra; Usux - BUXiZHA Hanpyra

HanamtyBaBmm 3a J0MOMOIOI0 peryjiboBaHOi €MHOCTI (KoHaeHcaropa) C
KOJIMBAJIBHUN KOHTYp, IO BKJIHOYa€e 1HAYKTHUBHICTH L 1 emHicth C y pe3oHaHC,
onepkytoTh Q = Upy/Usk. Ilpu HesmineHi Hampysi Ha Bxoai U BoiabTMETp V
NporpaayioBaHuil B OJUHUISIX JOOPOTHOCTI.

OCHOBHMM TIapaMeTpOM KOTYIIKA IHAYKTUBHOCTI € 1ii 1HIYKTHUBHICTb.
[HAYKTUBHICTD KOTYHIKM MPONOpPIIiiHA JIHIWHUM pO3MipaM KOTYIIKH, MarHiTHIH

MPOHUKHOCTI CEpACUHMKA 1 KBaIpaTy YKciia BUTKIB HAMOTYBaHHS.

L=p,-u-S-N*/I
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Jie: Wo — MarHiTHa MOCTiiHA, |L — BIJIHOCHA MarHiTHa MPOHUKHICTh MaTepiary
cepleuHuka, S — IUIOIMa TMEepPEeTUHY CepAeYHHKA, | — JOBXKWHA CEpPEeNHbOi JIiHIi
ceplieyHuKa, N — 4iclio BUTKIB

JIOOpOTHICTh  KONMBAJIBHOTO KOHTYPY [IOCSTAE CBOTO MaKCHUMAJIBHOTO
3HAYCHHS 32 YMOB pe30oHaHCy. [Ipu oMy 17151 KOKHOT 4aCTOTH BUKOHYETHCSI YMOBA:

L-C=const

Byap sika 3mina mapamertpiB L a6o C mpusBene 10 3MeHIIEHHS JOOPOTHOCTI
KOHTYpY Q. 3miHa L KOTYIIKY 1HIYKTUBHOCTI MOKe OyTH 3aro/lisHa BHECEHHSIM B 1i
MOPOKHUHY CEPJACUYHMKA 3 TapaMarHiTHOIo, jJiaMarHiTHOro abo (epoMarHiTHOTro
Marepiany. SIKIo BiAHOCHA MarHiTHa MPOHUKHICTh MaTepially ceplieuHuKa p#l, To
3MIHUTBCS IHIYKTUBHICTH L 1 Oyme BTpadeHo ctaH pe3oHancy. [lpu mpomy Bmaje
TOOpPOTHICTh KOHTYpPY. BiTHOCHY MarHiTHy NPOHUKHICTH MaTepiady MOXKHa Oyne

MOOIYHO OIIHUTH 332 BUPA3OM:

Qo -Q

0

AQ = -100,%

ne Qo — MOOPOTHICTH KOHTYPY 3 KOTYIIIKOIO, 3alIOBHEHOIO MOBITpsM (p~l1),
Q - TOOPOTHICTH KOHTYPY 3 KOTYIIIKOIO, 3aITOBHEHOIO PEYOBHHOIO ([#1).

Mo>xHa BUKOpPUCTATH W OUIbII KOpeKTHUM MeToa. Ilpu BHECEHHI B SIKOCTI
cepACUYHMKA MaTepiay 3 napa- abo (epoMarHiTHUIMHU BIACTUBOCTAMH 1HIYKTHUBHICTh
30utbmuThCss Ha AL 1 ctam pe3oHancy Oyae BTpadyeHo. Aje ii MOXXHa 3HOBY
MOHOBUTH, 3MEHIIMBIIMN €MHICTh KOHAeHcaTopa C Ha AC.

Tonmi BigHOCHA MarHiTHa TPOHHMKHICTE Marepiady CepAcYHHKa Oyne

C,-C

JIOPIBHIOBATHU: 0=
Co

MarsiTHi BJIaCTUBOCTI JOCIIKYBAIUCS 32 HOBOIO PO3POOJICHOIO METOIUKOIO.
B pesynbratu ekcnepuMeHTaIbHUX BUMPOOYBaHb OyliO 3HAWIEHO BIIHOCHY 3MIHY

T0OPOTHOCTI KOHTYPY (pHc. 4) Ta BITHOCHY MarHiTHy IPOHUUKHICTH (pHC. 5).

227



CEKIIA 3. KepamiuHi Ta ckinonoiOHI MaTepiain

60

50

BigHocHa 3miHa
pobpoTtHocTi, %

49,5 473
40
30 26,1 277
20 I I
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0
1 2 3 4

Ne CKINA

2,1
|
5

Puc. 4. Binnocna 3MiHa 100pOTHOCTI KOHTYPY

Sk cBimuaTh pe3yabTaTH, KOMIIO3WIIIHI CTEKJIa 3a 3HAYCHHSIM BIIHOCHOI

MarHiTHOi  MPOHMKHICTIO  BIAPI3HAIOTHCS  (epoOMarHiTHUMHU

BJIaCTHBOCTAMH.

Oco0nMBUM MarHeTu3MoM BiApi3Hs0ThCs cTekia Ne 1 ta No 4. Bonu nputsryiorscs

MAarHiTOM.

0,035
0,029

0,030

0,025 0,020

0,020

BigHocHa marHiTHa
MPOHUKHICTb

0,004

.

0015 0,010 0,010
0,010
2 3 4

Ne CKITA

5

Puc.5. BigznocHa MarHiTHa NPOHUKHICTH CKJIa

PesynbpTaTti n00pe y3roKyrOThCS 3 TEOPETUYHUMHU JOCIIKEHHSIMHU Jllarpam

ctany: y ckii Ne 1 matoTe yrBoproBatucs Mikpokpuctanu maraetury (FeO-Fe,03), a

y ckial Ne 4 MmarHetusm Moke OyTH BHKJIMKaHHM yTBOPEHHSIM MarHe3iopepury

(MgO-Fe;0s3). Komnosumiiine ckiio Nel, 1110 nokaszano MakCUMalibH1 MarHiTHI OpOsBU

OyJ0 MOCHIKEHO METOAOM peHTreHo-¢azoBoro annizy PDA) Ha mnudpakromerpi

JIPOH-3M (puc. 6).
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Fe304

@ FeO
I

1,61

WWWWWWWW

20 30 40 50 60 70 80 90 20

Puc. 6. ludpakrorpama komno3uminHoro ckiaa Ne 1

[lepen AochiKEHHSM CKJIO MPOXOAWIO TEPMOOOpPOOKY 3 METO HOro
KpHUCTai3aIlii, MUITX0M TMOBUIFHOTO TiABUINIEHHS TeMrepatyp B iHTepBaii 500-700°C
IpOTITOM 3 FOJMH B HEUTpAJIbHUX YMOBax (aTMocdepi moBiTps ). AHaII3 pe3yIbTaTiB
P®A miarBepauB MpUCYTHICTh ABOX Kpuctamiunux ¢a3: marnetuty (Fe;Os) Tta
Broctuty (FeO). Takoxx moMiTHE MIUPOKE Tajo, M0 CBITYUTH MPO HASBHICTH BEIHMKOI

HYaCTKH CKJIO(l)aSI/I.

BUCHOBKH
B po6oTi mociipkeHi CHTIKaTHI pO3ILUIaBy, 110 MICTSITh OKCHIM 3aii3a. [lokazaHo,
110 3 HUX MOXYTh OyTH BUTOTOBJICHI MarHiTHI MaTepiajy, ki MOXYTh HAOYTH IIUPOKHUI
MOMUT B PI3HUX TPUCTPOSX BUCOKUX TEXHOJOTIH. Y POOOTI TaKOX 3ampONOHOBAHO
HOBHUII METOJ] iX BHUMIPIOBAaHHS, @ CaM€ MAarHiTHOi NMPOHMKHOCTI, 3a JIOMOMOTOIO
Q-metpy. Amnaniz pesynbrariB POA miaTBepauMB MOPUCYTHICTH Y  CTEKJIAX
kpuctaniyHoi ¢azu - maruetuty (Fe;Os) , mo oOyMOBIIO€ MarHiTHI BJIACTHUBOCTI

CTCKOJI.
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Abstract. This work presents the synthesis and characterization of the ceramic-like
inorganic composites based on Fe/Mn oxides and Mn(II) carbonate, and explores their application
in adsorptive removal of toxic anions from water. The composites of several Fe-to-Mn ratios were
prepared via the urea-supported hydrothermal precipitation approach and further treated at 80 and
300 °C. The obtained materials were tested for their adsorptive removal of the list of target (for
water treatment) anions. The sample having the best performance (the greatest affinity for) to
arsenite (H3AsO3) and selenite (HSeO3") was chosen and further investigated as anion exchanger
for these anions. The molecular-mechanism of As(IIl) and Se(IV) adsorption was studied by a
number of spectroscopic methods. The possibility of using the best composite sample (based on
Fe’*/Mn*" oxides and MnCOs;) under dynamic adsorption conditions (industrial choice of
adsorption technology) was confirmed by testing the material performance in adsorption columns.

Key words: composite based on Fe/Mn oxides and MnCOs3; inorganic anion exchangers;
adsorption; urea-supported hydrothermal synthesis; arsenite; selenite; water purification.

AHoTanig. Y wnid poOOTI NpPeICTaBICHO CHUHTE3 1 XapPaKTEPUCTUKY KepaMiKOMOAiOHUX
HEOpPraHIYHUX KOMIMO3UTIB Ha 0CHOBI okcuiB Fe/Mn 1 kap6onaty Mn(Il), a Takoxx gocimipKeHo iX
3aCTOCYBAaHHS JUIsl aJCOpOIIHOrO BHJAJICHHS TOKCHYHHMX aHIOHIB 3 Boau. Kommosutu 3
JEKUIbKOMa  CIIBBITHOMICHHAMH Fe-Mn  Oynaum  BUTOTOBJEHI 32  JIOMOMOTOIO  METONIY
T1IpOTEPMAIILHOTO OCAJKEHHS 3 MiJATPUMKOIO CEUOBHHHU Ta JAOAATKOBO oOpobieni mpu 80 ta 300
oC. OrpumaHi Martepiajid JOCHIDKEHO Ha afCcopOIliiHe BHWIAJICHHS TEpeIiKy HUIbOBUX (IS
BOJIOMIITOTOBKH) aHIOHIB. 3pa3oK, 10 Ma€e HAaWKpalllli XapaKTepUCTUKHU (HAMOIIbITy CIIOPiIHEHICTD
no) no apcenity (H3AsO3) i cenenity (HSeO3—), 6yB oOpaHuii 1 1OAATKOBO IOCIIIKEHUHN SIK
aHIOHOOOMIHHUK JUIsi 1UX aHioOHIB. Monekynsapauii Mexanizm ancop6Omii As(IIl) 1 Se(IV)
JOCITIJPKEHO HU3KOIO CIIEKTPOCKOMIYHUX METOIIB. MOKIMBICTh BUKOPUCTAHHS HAMKPAIIoro 3paska
KOMIO3uTy (Ha ocHOBi okcuaiB Fe3+/Mn3+ ta MnCO3) B ymoBax auHaMiuyHOi afcopOmii
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(mpoMucnoBui BUOIp TEXHOJOTII ajacopOIlii) MiATBEpIKEHA BUIPOOYBAHHSIM XapaKTEPUCTUK
MaTepiany B aACOpOIiTHUX KOJOHKAX.

KiarouoBi ciaoBa: koMmrno3ut Ha ocHOBI okcuaiB Fe/Mn 1 MnCOs; HeopraHiyHi aHIOHITH;
aIcopOITist; TIAPOTEPMATBHII CHHTE3 32 JJOTIOMOTOK) CEYOBHHM; APCEHIT; CENICHIT; OYUIICHHS BOIH.

Over the last decades, natural and synthetic complex metal oxides and
composites on their basis are widely explored in high technologies (catalysis, energy,
medicine etc.) due to their well-known advantages compared to the respective
individual metal oxides. The first two commercially available anion exchanges were
based on individual metal oxides: Al,O; (activated alumina) and Fe,Os (granular
ferric hydroxide); they came into water market in 2004-2006 to solve the problem of
the (first of all) arsenic contamination in drinking water. Since then, the society and
most drinking water plants demand new anion exchangers having better performance
and a broader spectrum of applicability. Trying to satisfy these request/expectations,
adsorption material scientists have also switched their attention to complex metal
oxides. It was proved that adsorption characteristics of such inorganic composites
exceed those of individual metal oxides.

Responding to the needs above, we decided to develop several series of
inorganic composites based on two-metal oxides and to find their application in
adsorptive removal of specific anions, whose maximum contents is strictly controlled
by the World Health Organization (WHO) via establishing maximum permissible
concentrations (MPC) in drinking water. One of the series of such complex structure
ceramic-like adsorbents (that we produced) were the composites based on Fe/Mn
oxides. Thus, the goal of our research was to: synthesize new inorganic anion
exchangers based on oxides of Fe and Mn; verify their performance to the list of
anions using the quick one-point sorption tests; select the most appropriate pairs:
adsorbent-adsorbate;  characterize the structure/surface of the best samples;
investigate their adsorption properties deeper in static and dynamic conditions; reveal
the molecular-level mechanism using several spectroscopy methods. Note: The
physical and physico-chemical properties to be provided to such ceramic-like
composite (as studied in this work) for application in adsorption technology must be

different (opposite) compared to that used for traditional application of ceramics (clay
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tile and brick, china tableware, refractory linings, and industrial abrasives). Here, we
look for porous materials with highly reactive surface, capable for selective removal
of specific ions from water.

The Fe/Mn oxide-based composites were produced by the urea-supported
hydrothermal synthesis in autoclave {versoclave of the type 3E/3.0 It (60 bar. N
5896) using an Autoclave Suurmond BV (Biichi Glas Uster AG, Switzerland)} [1].
We anticipated that this synthetic method will endow with the wanted properties to
the materials, in particular: porosity, heterogeneity, high surface reactivity and a
variety of surface adsorption sites. The preparation approach is grounded on the
decomposition of urea {CO(NH,),} which results in the release of OH™ and CO; in
solution {both of which will contribute to the desired material chemical composition
(metal oxides) and properties} according to the reaction (1):

(NH,),CO + 3H,O — 2NH4-OH + CO; (1)

In a typical synthesis, a mixture of the precalculated quantities of powders of
FeSO4 7H,0, MnSO4-H,O and CO(NH,), (0.12, 0.12 and 0.64 mol, respectively)
were dissolved in 2800 mL of distilled water. The solution was placed in a 3000 mL
autoclave and maintained at 120°C for 24 h at the rotation of 750 rpm. The autoclave
was switched off and left to cool down to the ambient temperature. The formed
precipitate was filtered; thoroughly washed with distilled water and rinsed with
alcohol. Finally, the materials were dried first at 22°C and then at 80°C and 300°C.
This way, the six samples composed of Fe and Mn oxides were prepared: Fel/Mn2-
80; Fe1/Mn2-300; Fe1/Mn1-80; Fe1/Mn1-300; Fe2/Mn1-80; Fe2/Mn1-300, where 80
or 300 is the treatment temperature; 1 or 2 is the ratio of Fe-to-Mn in the initial
precursor [1-4].

We did not plan a deep characterization of all samples. Instead, we first run the
quick adsorption (one-point) tests for the following anions: H,AsOs, H3AsO;,
Se04%", HSeOs ™, H,PO,~, F, Br BrOs~, H3BO;, HCrO4 ™, and then selected the best
sample (from the list of the six composites) for each of these anions, taking into
account that the material shall be stable enough in water. Having applied such a
search approach, we continued working with the composite of the Fe-to-Mn ratio of
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1:1, treated at 300°C, as this material demonstrated a very competitive removal of
As(IIl) and Se(IV) and excellent performance (easy-to-use) in dynamic
sorption [1-4].

The structure and surface chemistry of the selected composite were
characterized using X-ray diffraction patterns (XRD), N, adsorption/desorption
isotherms, thermogravimetric analysis (TGA), infra-red spectroscopy (FTIR), zeta-
potential measurements, potentiometric titration, X-ray photoelectron spectroscopy,
scanning electron microscopy (SEM) [1, 2]. Table 1 presents the main properties of
the Fe/Mn oxide-based composite used in this work [2]. Figure 1 shows the
morphology in SEM picture (A) and the XRD patterns of the material [2]. The XRD
detected the highly crystalline phases in the Fe/Mn oxide-based adsorbent:
rhodochrosite, MnCO; (JCPDS Card 83-1763) and subordinate maghemite, y-Fe,;Os
(JCPDS: Card 24-81), Figure 1; in addition, it contained the amorphous phases of

Fe** and Mn** hydrous oxides as confirmed by the FTIR and XPS spectra [1].
Table 1. The physico—chemical properties of the Fe—Mn based adsorbent [2].
Reproduced/adapted from [Szlachta M., Chubar N. (2013) The application of Fe-Mn hydrous

oxides based adsorbent for removing selenium species from water. Chem. Eng. J. 217, 159-

168.] Copyright [2024] [Elsevier]

BET surface area (m?/g) 124 Apparent density (g/cm?) 1.4
Pore volume (cm®/g) 0.095 | TGA weight % loss at 105 °C 4.28
Average pore diameter (nm)  2.51 TGA weight % loss at 450-1000 °C  12.92
Particle size dso (um) 17.0 pHpzc 4.5
True density (g/cm?) 4.1 Anion exchange capacity (mgeq/g) 3.73
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Fig. 1. The SEM image (a) and XRD patterns (b) of the composite based on Fe-Mn hydrous
oxides [2]. Reproduced/adapted from [Szlachta M., Chubar N. (2013) The application of Fe-
Mn hydrous oxides based adsorbent for removing selenium species from water. Chem. Eng. J.

217, 159-168.] Copyright [2024] [Elsevier]

The sorption properties of the Fe/Mn oxide-based composite to arsenite and
selenite were thoroughly characterized under static (isotherms; kinetics; effect of pH,
adsorbent dose and competing anions) and dynamic (in columns) experimental
conditions [1, 2]. Figure 2 reflects the adsorption capacities of the material to arsenite
and selenite determined from the equilibrium adsorption isotherms built within the
pH range of the purifying drinking water (pH = 6.5-8.5) [1, 2]. The very competitive
and attractive adsorption {almost pH independent for As(Ill)} is correlating with the
high rate kinetics of the removal and a minor influence of the competing anions [1,
2].

# As(III) = Se(IV)

Adsorption capacity, ¢, (mg/g)

pH=6 pH=7 pH=8

Fig. 2. The adsorption capacities of the Fe/Mn oxide-based composite to As(IIT) and Se(IV)
drawn from the equilibrium isotherms shown in [1, 2]. The new figure built using the data of

1, 2]
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The experimental data were described (fitted) well to the Langmuir model
(isotherms) and the pseudo-order adsorption kinetics, both of which indicate the
chemisorption of the As(IIl) and Se(IV) uptake. The molecular-level mechanism of
the selenite adsorption on the Fe/Mn oxide-based composite was studied using
Extended X-ray absorption fine structure (EXAFS), X-ray photoelectron
spectroscopy (XPS) and Fourier-transform infrared spectroscopy (FTIR) [3]. This
allowed us to discover the type of the inner-sphere surface complexation of HSeO;~
on the Fe/Mn oxide-based adsorbent, as well as the phases of this composite involved

in the uptake at various pH values, see details in [3].

CONCLUSIONS

The new ceramic-like composite based on Fe/Mn oxides and MnCO; was
developed using the urea-supported hydrothermal precipitation method. The structure
and surface chemistry of this material {consisting of the highly crystalline phases of
rhodochrosite (MnCOs) and subordinate maghemite (y-Fe,0s), as well the amorphous
hydrous oxides of Fe** and Mn*"} were characterized, and its adsorption properties to
aqueous As(III) and Se(IV) anions were determined under the static and dynamic
experimental conditions. The inorganic composite adsorbent demonstrated a very
competitive and technologically attractive (pH independent for aqueous As*" within
the relevant pH range) removal capacity of HSeO;  and H3;AsO; ranged 18-41
mg[Se]/g and 40-42 mg[As]/g, respectively. The removal rate of these anions by the
Fe/Mn oxide-based composite was one of the highest compared to the literature,
which makes this material a promising anion exchanger for industrial scale
application.

The Fe/Mn oxide-based composite is the mechanically strong sample, stable in
water and easy-to-use under dynamic adsorption in columns without granulation. It is
capable to purify several hundreds of bed volumes of water solutions containing
Se(IV). Such outstanding adsorptive properties of the investigated composite are due
to the chemisorption mechanism of Se(IV) removal, realized via the formation of

bidentate binuclear (corner-sharing) 2C complexes of HSeO;™ to the Fe/Mn oxides
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octahedra. The amorphous Fe** oxides were the main selenite removal phases
followed by the amorphous Mn*" oxides. Due to the presence of the above
compounds, both the highly crystalline phases (MnCO; and y-Fe,O;) did not

contribute to the anion uptake.
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AHoTauisg. [lonuBM € JIEKOpPaTUBHUM NOKPUTTSM Ha TOBEPXHI KepamMiuHUX BHUPOOIB.
[TokpuBaroun KepaMiKy TOHKHM CKJIOMOAIOHMM IIIApOM, CTBOPIOIOTH JOJATKOBHM 3aXHUCT Ha
JTUIBOBIA a0 eKCIUTyaTOBaHii MOBEpXHI Marepiany. [Ja3ypyBaHHS NiABHIIYE TOBIOBIYHICTb
KepaMiKH, TBEPICTh, MOPO30CTIHKICTh, OIMp arpeCUBHUM CEPEIOBUIIAM, 3HIKYE BOIOMOTIIMHAHHS,
a TaKoX JO3BOJISIE 3MIHIOBaTW 30BHIIIHIN BUIVISN KepaMiku: Komip, (aktypy, penbed. 3aBasku
3aCTOCYBAHHIO TIOJIMB Y KEPaMivHIM MPOMHUCIOBOCTI 3HAYHO POIMIUPEHO ACOPTUMEHT MPOAYKIIii.

BuBueHO MOXIHMBICTH OTPUMAaHHS JIETKOIUTABKUX HE(QPUTOBAHUX MOKPUTTIB TOJIUB IS
KepaMivyHO1 TUIUTKH 3 BUKOPUCTAHHSAM BiIXOAIB CKJIOBHPOOHHUIITBA - CyMillll BIKOHHOTO 1 TapHOTO
CKJIa, OUTOTTIMHO3EMUCTHX BIAXOMIB 1 Tpemneny. JJocnimKyBaHi Ia3ypHi MOKPUTTS MICTHIIN CKIO00I0
(40-60 %), rmuHo3emoBMicHUX Binxoais (7-14 %), Tpeneny (25-30 %) 1 Texuiunoi 6ypu (1-10 %),
gkl BunmamoBanuch npu temneparypi 900-1020 °C. [locnmimkeHO BIUIMB CKJIAAY CHPOBHHHOTO
Marepiaiay Ha B SI3KiCTh, TEMIIEPATypHUH PEKUM BHUIIATY IJ1a3ypi, TEPMIYHY CTIHKICTb, KOe]iIlieHT
TEPMIYHOTO PO3MIMPEHHS Ta MOPO30CTIUKICTh BUPOOIB 1 3pOOJIEHO BHCHOBOK IPO MOXKIHBICTH
OTPUMAaHHS JIETKOIUJIaBKUX OJMUCKYYHX TJIa3ypOBaHUX MOKPHUTTIB HA OCHOBI CKIIOOOIO 3 J0JJaBaHHIM
[JIMHO3EMOBMICHUX BIJIXOJIB 1 TPETEIY.

KiarouoBi cioBa: 11a3ypyBaHHs, Kepamika, IOJHMBH, CKJIOMOMIOHE MOKPHUTTS, CKJIOOIMH,
Tperen.

Abstract. Glaze is a decorative coating on the surface of ceramic products. By covering the
ceramics with a thin glassy layer, they create additional protection on the front or used surface of
the material. Glazing increases the durability of ceramics, hardness, frost resistance, resistance to
aggressive environments, reduces water absorption, and also allows you to change the appearance
of ceramics: color, texture, relief. Thanks to the use of glazing in the ceramics industry, the range of
products has been significantly expanded.

The possibility of obtaining low-melting non-fritted coatings for ceramic tiles using glass
production waste - a mixture of window and container glass, white alumina waste and trepel was
studied. The studied glaze coatings contained cullet (40—-60%), alumina-containing waste (7—14%),
tripe (25-30%) and technical borax (1-10%), which were fired at a temperature of 900-1020 °C.
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The effect of the composition of the raw material on the viscosity, temperature regime of glaze
firing, thermal stability, coefficient of thermal expansion and frost resistance of the products was
studied, and a conclusion was made about the possibility of obtaining low-melting, shiny glazed
coatings based on cullet with the addition of alumina-containing waste and tripe.

Key words: glazes, ceramics, glazing, vitreous coating, broken glass, trepel.

Pi3HI KOMIOHEHTH y CKJajl MOJIMB JO3BOJISIOTh HAJaBaTH iM TUX YW IHIIHUX
BIACTHUBOCTEH KIHIEBOIO Marepiaidy, HampuKiIaZ, OKCHAM, 110 MIrTMEHTYIOTb,
J03BOJISIIOTh (papOyBaTH MONKMBH B Pi3HI KoiabopH. [Ipu po3polIiii HOBOTO ckiiamxy
HNOKPUTTSI TOJMBAMHU BaXXJIUBUM OyJlO 3HIDKEHHA COOIBapTOCTI 3a pPaxyHOK
CKOPOYEHHSI KUIBKOCTI JOPOTHX (PUT, L0 BBOISATHCSA, BHUKOPUCTAHHS IIUPOKO
MNOIIMPEHUX 1 JOCTYNMHHUX CHPOBUHHUX MaTepiajiB, a TaKOoX 3aCTOCYBaHHS
BUpOOHMYUX BiaxomiB [1, 2].

BuxopuctanHs BTOpUHHUX pecypciB [3] Ta MICHEBUX JDKEpEN CHPOBUHH IMPH
PO3pOOIIl TOKPUTTIB 3 IMOJIUB 3 METOI PO3LIMPEHHS ACOPTUMEHTIB Ta 301JIbIICHHS
o0csary BHpOOHHUIITBA OyIIBEJIBHMX MarepiayliB € akTyalbHUM 3aBiaaHHaM. lle
J03BOJISIE CKOPOTUTH TPAHCIOPTHI BUTpPATH, NPHU JOCTaBIl MICLEBOI CHPOBUHH
3aMICTh IMIIOPTHOI a00 SIKY IMIPUBO3ATH 3 1HIIIMX PET10HIB.

VY it poOOTI BUBUEHO MOKJIMBICTH OTPUMAHHS JETKOIIABKUX HE()PUTOBAHUX
MOKPUTTIB MOJIUB JJIs1 KEPAMIYHOI IJTUTKH.

[Ipu cuHTE31 MOJMB SIK OCHOBHUI CHPOBUHHUI KOMIIOHEHT BHKOPHUCTOBYBAJHU
BIIXOAM CKJISTHOTO BHUPOOHHUIITBA, IO CKIAAAIOTHCS 3 CYMIIli BIKOHHOTO 1 TapHOTO
CKJIa, OUIOITITMHO3EMMCTI BiAXOAM 1 Tpemeda. XIMIYHMM CKIaJl CHPOBHUHHUX
KOMTIOHEHTIB HaBeICHO y Tabmwmiil.

3a nmaHuMu peHTreHo(}a30BOro aHamizy CKI00id € peHTreHoaMop(HHM, a
IJIMHOBMICH1 Biaxoau ckiaaaroTbes 3 Al,O3-3H,O ta noMimmmok riapoKCHIiB METaliB
Fe, Ca, Mg, Ti. Tpenen MIiCTUTh KBapll, NIMHO3EMHUCTI Marepianu, CiIroay, KapooHar
KaJIBLIIO.

Bigomo, mo mnpu BMmicTi cki0000 Ouibiie 60 % pi3KO 3HUKYETHCS
TeMITepaTypa pO3JIMBY TMOJUB 1 3pOCTAE CXWIBHICTh TOKPUTTS 10 1ieKy. Lle 3ymoBieHo
30UIBIIEHHSIM BMICTY JIyTiB, IO MalwTh HaWOUIbIIe 3HAYEHHS TEPMIYHOIO

Koe]iieHTa JTHIHHOTO PO3IIUPEHHS.
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Tabauusa 1 — XiMiuHnii ckJIaJg CHPOBMHHUX KOMIIOHEHTIB

Bwmict okcuais, mac. % B.ILIL
HalimenyBann . .
q Si0, | ALO3 | Fe O3 | TiO2 | CaO MgO | SOz | KO | NaxO
] 2 3 4 5 6 7 8 9 10 11
Ei‘fo‘;l:f 7124 | 2,17 | 0.19 ; 6,52 | 404 | 034099 |1451 ;
67.47 | 661 | 279 | - 752 | 0,63 | - |1,03|1395| -
TapHe
I'masosem- 078 | 6114 | 02 | o1 | 054 | 091 | - | - ~ | 3595
BMICHI BigxX0au
Tperen 83.6 | 5.4 3.4 ; 0.6 1.0 - - ; 0.6

[TonuBY Ha OCHOBI BIAXO/IIB CKJIa MalOTh HEBUCOKY MIKpOTBepAiCTh. BBeneHHs
O1TOBHIMAITIOBAIPHUX TJIMHO3EMOBMICHUX BIJXOJIB CIPHUSIIO 3amo0IiraHHIO OCITaHHS
IJIa3ypHOI CYCIIeH31i, a Tako)K 30UIBIICHHIO MIKPOTBEPJAOCTI MOKPUTTA. Bwmict
[NIMHO3EMOBMICHUX BIAXOMIB CTAaHOBUTH 14-15 %. 30UIbIIEHHS KIJIBKOCTI BIAXOIIB
CKJIa B CKJIQ/Iax, 110 BUBYAIOTHCS, MPU3BOIUTH 0 MiABUIICHHS TEMIIEPaTypy PO3IIUBY
raasypi.

[Tpu BBeneHHI B OOCHIKYBaHI CKJIAaaW Tpemenay BiAOyBaeThCS PO3LIMPEHHS
TEMIIEPATypHOTO IHTEPBAITY BUIATY IJIA3yPHOTO MOKPUTTSL.

HocnimpkyBani masypHi nokputts wmictuiu 40-60 % ckioboro, 7-14 %
[JIMHO3EMOBMICHUX BixomiB, 25-30 % tpeneny 1 1-10 % TexHiuHOi OypH.

[TpurotyBaHHS I1a3ypi MPOBOAMIN CHITBHUM ITOMEIOM BUXITHUX KOMIIOHEHTIB
y KyaboBux MimHax. II{ineHicTs miasypHoi cycnensii cranosuma 1,6-1,65 r/cm?.
Bogoricts — 40...45%.

Bucoka B’s3KicTh I1a3ypHOI CycleH3ii OOyMOBJIEHa HAasBHICTIO y CKJajl
IJIACTUYHUX TIMHO3EMOBMICHHX BiaxomiB. J[lomaBamns po0 ckmamy 0,1-0,5 %
KpEMHE(PTOPUCTOTO HATPIIO JO3BOJIHMIO 3MEHIIIUTH B’ SI3KICTh IIa3ypHOT CyCTICH3Ii.

Temmneparypa Bunaiy masypi cranoBuia 900-1020 °C.

PentrenodasoBuii aHami3 NOKPUTTS MOKa3aB, M0 OCHOBHUMH KPHCTATIYHUMHU
(hazaMu € J1OKCU]T KPEMHIIO Ta T€éMaTHT.

Byno BHMBYEHO TEXHOJOTIYHI XapaKTEPUCTUKH OTPUMAHUX MOJMB HAa OCHOBI
ckio6oro.  KepaMiuHi  MUIMTKK, TIOKPUTI  MOJMBOK,  JOCHIIKYyBajdd  Ha

MOPO30CTIMKICT, TEPMIUHY CTIMKICTh, KOE(QIIIEHT TEPMIYHOTO PO3IIUPEHHS.
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['mazypoBani Bupo6u ButpumyBaiu 10 300 IUKIIIB MONEPEMiHHOTO 3aMOPOKYBaHHS
Ta BiATaBaHHS, TEPMOCTIUKICTh cTaHoBMIa moHaxa 200 °C.

Bucoka MOpO30CTIHKICT Ta TEPMOCTIMKICTh TIJIa3ypOBaHUX BUPOOIB
oOymMOBIIeHa ONMM3bKUMM 3HAYCHHSAMH KOe(dillleHTa TEPMIYHOTO  JIHIHHOTO

PO3IIMUPEHHS MOJIUBHU Ta KEPAMIKH.

BUCHOBKU

1. Y po0oTi mpoBeACHO aHaji3 MOXJIMBOCTI BUKOPUCTaHHS BTOPUHHUX
pecypciB (BIAXOIHU BIKOHHOTO 1 TAPHOTO CKJIOOOI0) Ta MIMHO3EMOBMICHUX BIJIXOMIB 1
Tpemnenay I BUTOTOBJICHHS JIETKOIUIABKUX HE(PPHUTOBAHUX TMOKPHUTTIB KEepaMidyHOT
IUTUTKA JUIS PO3IIMPEHHST aCOPTUMEHTY 1  30UIbIIeHHS OOCSTiB BUPOOHUIITBA
OyHiBEIbHUX MaTepialiB.

2. Pentrenoga3zoBum aHamizoM IOCHIIKEHO OCHOBHI KpHUCTamiuHi ¢asu
MIOJIUB, 110 CTAHOBUJIM B OCHOBHOMY JIOKCH]I KPEMHIIO Ta TeMaTHT. BuBUEHO BIUIMB
CKJIaJly CHPOBHHHOTO MaTepially Ha B A3KICTb, TEMIIEPATypHUN PpEXHUM BHUIIATY
rasypi, TEpMIUYHY  CTIHKICTb, KOE(IIIEHT TEPMIYHOTO  PO3IIUPEHHSA  Ta
MOPO30CTINKICTH BUPOOIB.

3. PesynbraTi mpoBeaeHUX MOCHTIHKEHb TOKA3ad MOXKJIMBICTh OTPUMAHHS
JIETKOTIABKMX ~OJMCKY4YMX TJIa3ypOBaHUX TIOKPUTTIB HAa OCHOBI CKJIO0OIO 3

JOAABaHHSM INTIMHO3EMOBMICHUX BIJXOIB 1 TPEMeEmy.

Cnucox aireparypu:
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TEXHOJIOT1sl TJIa3ypOBaHOi CTIHOBOI KEpaMiKM Ha OCHOBI HHM3bKOCOPTHOI CHPOBHHH.
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AHoTanisi. XiMi9HEe 3MIITHEHHS CKJIa — II€ TEePEOBHH METOJ, KM CYTTEBO IOKpAIIy€e
MIIHICTb Ta CTIMKICTh CKIISIHUX BHPOOIB JJ0 MEXaHIYHUX MOIIKO/KEeHb. L{eil mporiec rpyHTyeThCs Ha
TeHEpPYBAaHHI CTHUCKAIOYMX HAIMpPYXKEHb Ha TOBEPXHI CKJa 3a JOMOMOIOK 10HHOTO OOMIHY.
Haiinommpenimmuii meron nepeadavae 3aMiHy 10HIB HATPilO B CKJIi Ha 10HU OUIBIIOTO pO3Mipy, Taki
SK Kamii. 3aBISKH [IbOMY CKJIO CTa€ 3HAYHO CTIMKIIIMM J0 MOJPSNUH, yAapiB Ta 1HIINX BHUIIB
nedopmarii. XiMiYHO 3MIIHEHE CKJIO 3HAaXOAWUTh INIUPOKE 3aCTOCYBAaHHS B pPI3HUX Taly3sx
IPOMHMCIIOBOCTI, 30KpeMa B aBialiiiHili, aBTOMOGITBbHIM, OyiBeNbHIN Ta enekTpoHHii. Moro
BUKOPHUCTOBYIOTh JJISi BUI'OTOBJICHHSI €KPaHIB MOOUIBHHX IPHUCTPOIB Ta IHIIMX EJIEMEHTIB, Je
KPUTUYHO BAXXJIMBUMHU € CTIHKICTh JO TOIIKO/PKEHb Ta HaJiiHICTh. He3Bakaroum Ha 3HAYHHI
nporpec y miii cdepi, MOCHITHUKA TPOAOBKYIOTH MPAIIOBATA HAJ BIOCKOHAJICHHSM METOJIIB
XIMIYHOTO 3MilHeHHs. J[0 aKTyaJlbHMX HampsIMKIB JTOCHIKEHb HaJIeKaTh: OMTHMI3aIlisl CKIIaJiB
CTEKOJ, BJIOCKOHAJIEHHS XiMii po3MiaBiB coiieii Ta po3poOKa HOBUX EKOHOMIYHO €(EeKTUBHHUX
METO/IB XIMIYHOTO MOIU(]IKYBaHHS.

KiawouoBi cioBa: XxiMiuHe 3MILHCHHS, 1OHHUKM OOMIH, MIIHICTh CKJa, CTIMKICTh 0
MOIIIKO/KEeHb, TU(Y3isl 10HIB, TOBEPXHS CKIIA.

Abstract. Chemical strengthening of glass is an advanced method that significantly
improves the strength and resistance of glass products to mechanical damage. This process is based
on the generation of compressive stresses on the glass surface using ion exchange. The most
common method involves replacing the sodium ions in the glass with larger ions such as potassium.
Thanks to this, the glass becomes much more resistant to scratches, impacts and other types of
deformation. Chemically strengthened glass is widely used in various industries, including aviation,
automotive, construction, and electronics. It is used to manufacture mobile device screens and other
elements where damage resistance and reliability are critical. Despite significant progress in this
field, researchers continue to work on improving chemical strengthening methods. Current areas of
research include: optimization of glass compositions, improvement of the chemistry of salt melts,
and development of new cost-effective methods of chemical modification.

Key words: chemical strengthening, ion exchange, glass strength, damage resistance, ion
diffusion, glass surface.

XimiuHe 3MIIIHEHHS CKJIa € OJJHUM 3 OCHOBHHX IPOIIECIB, 32 JOMOMOTOIO SKOTO
HaANpPyKeHHsI CTUCHEHHsI T€HepYIOThCSl Ha MOBepxHi ckia. Llel TepMiH HaifuacTimie
BUKOPUCTOBYETHCS IJIs1 OMUCY e(eKTiB i0HHOro oOMiHy, a came K/Na®, K/Li" a6o

Na'/Li" B HaTpi€BHX Ta JIITIEBUX CTEKJIaX, BIAMOBITHO.
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XiMI4HO 3MIIHEH] JIOOOBI CTEKJIA JjIsl aBTOMOO1IIB BIiepliie OyJu BUTOTOBJICHI
komnanieto General Motors moumHatoun 3 1960-x pokiB, ajge BOHU He Oynu
KOMEpIIIHHO YCHIIIHUMH, TOJIOBHUM YMHOM 4Ye€pe3 BHUCOKY BapTICTh, B TOM 4Yac SK
3BHYaiiHE 3arapToBaHe CKJIO HaOyJl0 HIMPOKOTO BXKUTKY. He 3Bakarounm Ha BHIILY
BapTICTh, XIMIYHO 3MIIIHEHE CKJIO 3HAMIIJIO YUCJIEHHI 3aCTOCYBAHHS B aBlallliHOMY,
MOPCHKOMY, BIMCBKOBOMY, aBTOMOOIJILHOMY Ta apXiTEKTypHOMY cekTopax [1-3]. A
HOro MIMPOKE 3aCTOCYBAaHHS B E€JNEKTPOHHUX TUCIUIESX 3pOOHIN HOro MpHUCYTHICTD
O17bII BITYYTHOK B MOBCAKACHHOMY JXKHUTTI. OCTaHHIMU pPOKaMHU 1€ 3POCTAaHHS
NOMUTY MPU3BEJIO J0 TOTO, 110 BEJIMKI BUPOOHUKHU CHEIIaTbHUX CTEKOJ 3aIlyCTHIIH
P KOMEPLIHHUX MPOAYKTIB 3MillHEHOTo ckia, Hanpukian Gorilla® Bix Corning®,
Dragontrail™ Bigx AGC Tta iHmi.

[onHuit OOMIH 3a3BMYail € HAWOUIBII MOMIMPEHUM XIMIYHMM MPOLECOM
3MilIHEHHA. Takuii mpoiec nepeadayae 3aMiHy 10HIB, sIKI MICTATBCSA Yy CKJIl Ha 10HH
O17bIIOr0 po3Mipy 3 po3iiaBiB BianoBiaHuX cosned. Komu (Puc. 1) Ounpmuii 10H
3HAaXOJUTHCS B MOBEPXHEBOMY IIapi, BiH BUKJIMKAE 3AJTMIIKOBI HAMIPYKEHHS CTHCKY

Ha MOBEPXHI CKJIA, K1 YIIUIHBHIOIOTh HasIBHI IE(PEKTH.

o 3MilHEeHHsA Hicas 3MinHeHHSA

-<— HanpyxeHHS PO3TATY —» —— HanpyxeHHS PO3TATY —»

Tpimuna

Puc. 1. CxemaTu4yHe 300paxeHHs i0HOOOMIHHOI0 3MillHEHHSI IOBEPXHi CKJIa

OckibKM 10HHUN OOMIH € MPOIeCOM, 3aCHOBaHUM Ha AUQY3ii, BIH 3aJICKHUTh
BiJl TeMIIEpaTypH Ta 4yacy. 3a3BHuail BiH Ha0arato MOBUIbHIMINHN 1, OTXKE, TPUOIUIHO
B 2-6 pa3iB JOPOKYWMI, HIK 3BUYAlHE TepMIUHE 3MillHEHHS (3arapTyBaHHs). CTyIiHb
CTUCKYIOUHX HaNpy>KeHb, CHPUYUHEHUX BKIIIOUYEHHSM OUIBLINX 10HIB, BUBHAYAETHCS
31e01UTbIIOr0 KOe(IIEHTOM JIIHIHHOTO PO3IIMPEHHSI CTPYKTYpPHOI CITKH, TOAl SIK

MIMOWHA TAKOTO Iapy OOMEKeHa KIHETHKOI BHYTPIIIHLOI nudysii. Psamom poliT
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IPOJEMOHCTPOBAHO, 110 10HU 3a3BUYail OOMIHIOIOTHCS MPOTIroM 2—24 TOAUH TpU
temnepaTypi moHaiiMenmie 100 °C Huxde temneparypu T,, 100 YHUKHYTH Oy/b-
K01 AedopmMaliii, sika MO)Ke OyTH BUKJIMKaHa pO3M’ SIKIIIEHHSIM cKiia [4].

3a3Buuaii, i0HOOOMiHHE 3MilHEHHs BKiIouyae B cebe Li'- abo Na'-Bmichi
CTEKJIa, B IKMX 10HU 3aMiHIOI0TECS Ha Na™ abo K, BinmosigHo. BpaxoByrouun 3aHaaTo
BUCOKY BapTicTh, ioHH Rb" abo Cs" BUKOPHCTOBYIOTHCS BKpaii piako [5]. Kpim Toro,
3aHAATO BeaWKui po3Mip HoHiB (Rb™ Ta Cs') mpusBoauTh 10 MOBUIBHOI audys3ii B
NoBepXHEBUX Imapax ckjia. [IBuakicte BHyTpiIHBOT AUQy31i CUIBHO 3aJEKUTh BiJT
TUmny ckia. HalBumi mokazHukH 3a3BUYail 3yCTpIHarOThCA AJISL CTEKOJI, SIKI MICTSITh
amroMiHii a0o tmpkoHid [1]. JlocuTh BHCOKHII BMICT JIYTiB TaKOX € BaKIUBHUM
(hakTOpOM, OCKUIBKM XIMIYHE 3MIIHEHHS BHUMAara€ 3HA4YHOTO CTYMNEHIO 10HHOTO
OOMIHY, TOAL SIK 3MilIaHl (MICTATh 2 1 OUIbIIE JY)KHUX KOMIIOHEHTA) CTEKJIa MalOTh
MO3UTHUBHUI BIUTMB Ha MBUAKICTH TUQY3ii.

Sk mpaBuio, crekna, sKi MaloTh MoJjibHe cmiBBigHomeHHs R,O/AlL,O; = 1,
MarOTh BHCOKY IMBHAKICTh AU(]Py3ii, 10 MOB’s3aHA 3 HU3HKOIO YaCTKOK HEMICTKOBHUX
aTOMIB KHUCHIO. AHAJIOTIYHO, B po0OTI [6] BKa3aHO, 110 BHIII KOMIIPECIMHI HANpyru
MO>KHA JTOCSITTH JJI CKJIaJIB CTEKOJ, SIKI MalOTh OLJIbII PO3BUHEHY CTPYKTYPHY CITKY
(cmitokcaHoBHuX 3B’s3KiB). Te K came CTOCYEThCS IHIIWX HE3HAYHUX 332 BMICTOM
KOMITOHEHTIB CKJIa/IiB CKJIa, Takux sik MgO [7].

XiMis poO3IUIaBiB COJIed TAaKOX Ma€ 3HAYHUM BIUIMB Ha KIHETUKY 10HHOTO
oOMmiHy. BcTaHOBJIGHO TOCTIHHO TIporpecyroue 3a0pyJAHEHHsS pO3IUIaBiB CoJei
KOMITOHEHTAaMH CaMoOro CKja, SIKe CIOBUIbHIOE KIHETHUKY 10HHOro oOMiHy. Takox
ICHYIOTh O3HAaKH TOTO, IO AESKI CKJIagoBl1 COJieH, Takl fK 10HH JIy>KHO3EMEIbHUX
MmetajiB abo 1oHu OH", MarOTh CX0KH BIJIUB HA MPOIIECH 10HHOTO OOMIHY.

EdexTuBHICT mpoIieciB 10HHOTO OOMIHY, a TaKOX yTBOPEHHS 3aJUIIKOBHX
HaIpPY>KeHb CTUCKY 3aJIe’KaTh BiJ] JEKIIBKOX OCHOBHUX (DAKTOPiB, TOJOBHUMHU 3 SKUX
€:

a) 3aNeXHICTh KoedimienTa Audy3ii Bl TeMneparypu;

0) yac 0OMiHY (BUTPHUMKH B PO3ILIABI COJICH);

B) XapakTep B3a€MO/Ii1 MOBEPXHsI CKJIa-pO3ILIaB COJIi;
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I') XIMisl PO3IJIaBY COJICH;

1) CKJIaJ CKJIa;

€) mapa 10HiB, Ikl OOMIHIOIOThCS;

1) BIUTB TEMIIEPATYPH HA B SI3KICTh 1 CTPYKTYPHY PEJIaKcartito.

3anexxHo BiJ UKX (PaKTOPiB, TOBUIMHA CTHUCKAIOYOTO LIApy MOXKE BapiloBaTUCA
BIJl ICCATKIB JI0 JIEKUIBKOX COT€Hb MIKpOHIB. Hampy»eHHs po3TAryBaHHs 3a3BUYail
Bapitototbes Big 20 no 60 MIla 1 3anexaTs BiJl BEIMYMHU OBEPXHEBOTO CTHCKAHHS,
koedimienta nudysii i ToBmuHM 3paska. [1{o crocyeTrhest XxapakTepy pyiHYyBaHHS, TO
BIH 3aJIe)KUTh BiJ] TUX caMUX (DAKTOPIB, OCKUIbKK 1€ MpsMa (YHKIS BEIUYHMHHU
CTATYIOUMX HampyxkeHb BcepeauHi. Komu BigOyBaeTbcsi pyiHYBaHHA, 3a3BUYAl
YTBOPIOIOTHCS JTOCUTHh BeHKiI roctpi (pparmentu. OmgHak, Taky HeOe3leKy MO>KHA
MiHIMI3YBaTH, MPUKIICIOIOYN TOHKY IJIACTUKOBY IUTIBKY Ha CKJISTHY MOBEpXHIO. X0ua
OUTBIIICTh XIMIYHO 3MIITHEHUX CTEKOJ MOXHA pi3aTh MeXaHIyHO abo Ja3epow,
HOBOYTBOPEH1 Kpai MalTh HabaraTo MEHIY MIIHICTh, OCKUIBKM BOHHM I1030aBJICHI
CTUCKYIOYOTO HaBaHTaX€HH4 [3].

Bigomuii Takox OUIbINI CKJIATHUNA JABOCTYIEHEBUM Mpoliec 0OMiHY i0HaMH, 3a
JIOTIOMOTOI0 SIKOTO MEepIIUid 0OMIH BUKOPUCTOBYETHCSA JUISl 1HAYKYBAaHHS CTUCKYIOUUX
HABAHTAXKEHb, a APYTruil a00 3HOBY BBOJWTH IMOYATKOBUN 10H, 800 BHOCUTH HOBHI B
30BHINIHIA ~ TOBepxHeBuM  miap. Iled  aBocTyneHeBud  10HHUHW ~ OOMIH
BUKOPHCTOBYETHCS JIJISI BATOTOBJICHHSI CTEKOJI 3 iH>KeHepHUM Tipodinem ctpecy (ESP)
[8], 32 mOMMOMOTO10 SKKX 10H, Takuit sk K, BBOAMTHCS 10 CKJIa, 10 MiCTUTh HATpiii, a
HampHUKiHIi ioHM Na' 3HOBY BBOIATBECS [0 IIOBEPXHEBOro Imapy. B pesynbrari
MOBEPXHS CTa€e caabKoro, a TPIIUHNA MOXYTh POCTH 1 HaBiTh CTaBaTH MOMITHUMH 0
TOTO, SIK BOHH OYyAyTh 3yMMHEHI KOMIPECIHHOIO 30HOIO JIEIIO0 HIDKYE MOBEPXHI CKIIa,
TOOTO Take CKJIO HE 3aJIeKUTh Bl po3MipiB moBepxHeBUX AedekTiB. Lli cTexna Oynu
po3po0sieH] Jie BUKOPUCTaHHS B apXITEKTYpHUX ULUIAX 1 MpU3HAYEH] IS
NOTIepEIKEHHST KOPUCTYBAUiB mepe 0e3mocepeHiM pyiHHyBaHHSIM.

OcranHiM YacoMm Oyna TpoBeneHa poOoTa 3 mocuieHHs eheKTy oOpoOKu
CTEKOJI BOJIOIO, IO € 1€ OJHUM BUJIOM 10HHOTO 0OMiHY. B poboTi [9] mokazano, 110

3HA4YHC 3MiI_[HCHH}I A0CATAETHCA IMPHU 3AJTUMIIKOBUX CTUCKYIOUMX HABAHTAKCHHAX, K1
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Oyio mocsrayto B pesyiabTari ooMiny H3;O' Ha iomm Na'. AHajoridHo, aBTopamu
po6otu [10] mpomeMOHCTPOBAaHO 3MIITHEHHS CKIOBOJIOKHA NUISIXOM O0OpOOKH
BOJSIHOIO TMaporo. EQeKT 3MIIHEHHS TaKoXK MOSCHIOETHCS 3 TOYKH 30pYy OOMIHY
ionamu H3O" Ta pemakcaiiero HaBaHTaXeHb Ha moBepxHi [11]. Bmaue Bogu Ha
XapaKTEPUCTHKU TOBEPXHI CKJIa TAaKOX € BaXJIMBAM Ta BUBUYEHUH y 0aratbox
poborax [12].

Po3pobneni mMeronmu  10HOOOMIHHOTO  3MIIHEHHS  0€3  3aCTOCYBaHHSA
CTaHJIaPTHOTO 3aHypEHHS 3pa3KiB CKJa y posmiiaBu cojieil. Tak, aBTopamu pobotu
[13] 3ampormoHOBaHO HAHOCWUTH CYCIICH31I0 Ha OCHOBI HITpaTy Kallild Ta OKCHIY
QIIOMIHII0O METOJOM PpO3MWICHHS Ha IMOBEPXHIO CKJIa 3 MOJANbIIOK TEPMIYHOIO
00po6koro ckia mpu 400-480 °C 1 3SMUBaHHAM 3aJIMIIKIB CYCIIEH311 3 TOBEPXHI.

[Tokxazano, mo momepenHss oOpoOKka CTEKOa 3a JOMOMOIOI0 YJIbTPa3BYKy B
JI€10H130BaHIi BO/AlI a00 PO3YMHAX KUCIOT Ma€ MO3UTHUBHUI €(PEeKT Ha IHTEHCUBHICTb
10HHOTO OOMIHY Ta J03BOJIAE€ OJIEPXKATH 3pa3Ku 3 OLIBIIMMH BEIUYMHAMH MIITHOCTI
mpu 3ruHi [14].

loHOOOMIHHMI MeXaH13M 3MIITHEHHS B OCTaHHI POKH 3aCTOCOBYIOTh HE TIJIbKHU
IUIA JTUCTOBOTO ckia. Tak, psii poOIT MPUCBSUYEHUH 3MIIHEHHIO MOBEPXHI MOJIHMBH

KepaMidHO1 TUTHTKH [ 15], ckilokepaMiuHuX MaTepiamiB [16] Ta iHIHX.

BUCHOBKU

OcTaHHIMH pOKaMH CTYHiHb 3MIIHEHHS OKCHJHHMX CTEKOJ 3HAYHO
MOKPAIMBCA, X04a TEOPEeTUUHI Mexi, ki mepesuinyioTh 20 I'Tla me He Bmamocs
nocsrHyTH. bararo mpoOneM 1mie 3amumriaeTbesi B 00JACTi 3MIIHEHHS TOHKHUX
HOMIHAJIIB CKJIa, 3 SKUMHW BHUKJIWKAa€e HaWOIbIe TPYAHOIIIB. 3arajioMm, Iepiie
MIOJTIMIIICHHS, SIK€ Ma€ OyTU TOCATHYTO, CTOCYETHCS SIKOCTI JINCTOBOTO CKJIA, OCKIJTBKH
nedexTd He TUIBKM MOTIPUIYIOTH MIIHICTh, aj€ 1 CHJIBHO OOMEXYIOTh 3/IaTHICTh
TEPMIYHO 3MIIIHIOBATH CKJIO 3 TOBIIMHOIO MEHIIE 1,5 MM depe3 TpiluHHu.

JIyst XIMI9HOTO 3MIITHEHHS CKJIa CJiJI JOJATKOBO ONTHUMI3YBAaTH CKJIAJ CKJIa 3
TOYKM 30pYy IMOKpameHHs audy3ii, HaKOMWYEHHS HANpY>XeHb Ta CTIAKOCTI M0

KOHTaKTy CaMOro CKJa, /¢ 4ac, HEOOXITHHM s 10HHOTO OOMiHY, 3aJIMIIAETHCS
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OCHOBHOIO JIIMITYHOYOIO CTaJl1€r0. bibi rinboke po3yMiHHSA 0COOMBOCTEN OYI0BH
CTPYKTYPHOI CITKH CKJIa ]l Yac MPOIeCy 3MIIHCHHS MOBHUHHO JOMOMOTTH 3HAWTH
NUISIXM K 301UIBIIMTH IMIBUIKOCTI AU(y3ii 1 MOaanblill HAKOMMYEHHS CTHUCKAIOUUX
HAmpyXeHb, @ TaKOX SIK 3MEHUIMTH TEPMIUHY peNakcaliio fK KOMIPOMIC MIX
BHCOKOIO) TEMIEpPaTypol0 10HHOTO OOMIHY 1 HHU3BKOIO MIBHUIKICTIO peakcaiii
HaIpy>XKeHb. XIMisl PO3ILJIaBIB COJEH TaKoXK TyXe BakauBa. HeoOXimHUM € Kpalie
pO3yMiHHS €PEeKTy «OTPYEHHS» 3a0pyAHIOBAYaMHU 13 CaMOTO CKJIa, a CKJIaJ COJISHOI
BaHHU CJIiI KOPUTYBATH BiATIOBITHO O KOXKHOTO THITY CKJIa okpeMo. Kpim Toro, as
PO3pOOKH aBTOMATU30BAHUX MPOILIECIB MOTPIOHI 1HHOBAIII1, 1110 JO3BOJIATH 3MEHIIUTH

BUTPATH HA LIEN TIPOLIEC.
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