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A0 125-PI4y4
KMl IM. ITOPH CIKOPCbKOIO

KuiBcbkuil momiTexHigYHME IHCTUTYT OyB 3aCHOBAHHUM 3aBISKH HeOaii-
JIY)KUM KUSHAM — TPOMHUCIIOBISIM, OaHKipaM, MEIleHaTaM, cama ines
CTBOPEHHS TEXHIYHOTO HABYAJBHOTO 3aKJaJy BHHHKIA y I[yKPO3aBO/I-
ynkiB. Tomy 18 mrororo 1880 poky mpu akTHBHIA TiATPUMII TOJIOBU
KHiBCBKOTO Oip»KOBOTO KOMITETy OyJI0 BHPIIIEHO BIIKPUTH TiIIMTHCKY
JUTs 300py MOKEPTBYBaHb Ha OYIIBHHIITBO TEXHIYHOTO iHCTUTYTY. Kpim
HAKOMMYCHUX TpOIIel, BHECKIB MelleHariB KueBa miATpuMKy Oyiio
oTpuMaHo i Bif MminicTpa toctuii C. Birre. 25 nucronana 1896 poky
Ha TIpUBaTHI Hapajgl Oylo NPHUHHATO PIMICHHS TPO 3aCHYBaHHS
B Kuesi [lomiTexHigHOTO 1HCTUTYTY, B TIPOTOKOMII SKOi OYyJIO 3ammcaHo,
IO «..HalOUIbII NPUMHATHM THUIOM HOBOTO HABYAJIBHOIO 3aKJIALy
BU3HAUUTHA THI [lOMiTEXHIYHOTO 1HCTUTYTY, IO CKIIAJAEThCA 3 Kilb-
KOX BIJJIUTIB PI3HHUX CIEIIaJbHOCTEH, 3a MPUKIAIOM TMOIITEXHIKYMIB
y WHropuxy, Kapncpye, Mionxeni, Bigni, ['anHoBepi, Aaxeni, pe3neHi,
Pu3i Tomoy» [Menenaru i 3acuoBauku KIII: cripaBwm 1 gac].

Pozmopsimkenasm MiHicTepcTBa (iHAHCIB OyJI0 CTBOPEHO CITEIli-
anpHUU KoMiTeT. Ha 3acHyBaHHA iHCTUTYTYy Oyno 310paHO TIOJIOBHUHY
HEOOXiIHMX KOLITIB Ha AOOPOBIIBbHI MOXEPTBH, sIKi BHecan KuiBchka
miceka Jlyma, H. Tepemenko 3 cunamwu, JI. Bponcekuii, KuiBchkuit
3eMenbHUi OaHk, ToBapucTBO KpacHIIBCBKOrO IIyKpOBOTO 3aBOY,
3aranom 139 ToBapmcTB, OaHKIB, 3aBOZIB, YCTAaHOB, OKPEMHX I'pOMa-
nsH. [lin OynmiBHHIITBO IHCTHUTYTY MichbKa BIafla BHIUIHIA JIEKiJIbKa
TUISHOK 1 TICNsl PeTeNbHOTO O3HAlOMIIGHHs Oyina BHOpaHa iJITHKA
B3710BK bpecT-JInToBChKOTO 1I0CE MO0 38 NECATHH.

B uepsni 1898 p. Oys10 OroJoIeHo nepIiui Npuiiom 3ass 10 1HCTH-
tyTy. Ha 330 micup Oyno nogano 1100 3asB. KonkypcHi BUIpOOyBaHHS
3 MareMaTuk¥, Qi3MKH I MOBH YCITITHO BUTPUMATH 3HAYHO OijIbIIe
abiTypieHTIB, HIX Tepeadadanocs CTyIeHTCHKIX MiCIIb 1 3a KJIOMOTaH-
HAM pagu 1HCTUTYTYy MiHicTepcTBO (DiHAHCIB JO3BOJNIMIO TPHUUHSATH
nonarkoBo 30 womnoBik. A 31 cepnusa 1898 poxy BinOymocst ypouucrte
BiIKpUTTsS KUIBCHKOTO MOJIITEXHIYHOTO IHCTUTYTY.




KOMMO3ULINHI MATEPIANN
(36ipka maTepianis XIl MixHapoAHOi HayKoBO-NpakTM4yHOi WEB-KoHdepeHLii)

Byno BW3HaueHO dYOTHpH BiNIiJICHHS: MeXaHiuHE, 1H)XKEHEpHe,
cinbepkorocmnonapcbke Ta ximiune (Hapasi y KIII 14 ¢akyms-
tetiB). [loxm BimOyBamocs OymiBHMUTBO, CTYAEHTH BXE HaBya-
JUCS y TPUMIIIEHHI KOMEpPIIIHOTO YYMIMING, SKe Ha PiK B3sUH
B opeHay. Y kBiTHi 1902 p. ocHOBHe OymiBHHUIITBO OyIIO 3aBep-
LICHO 1 3 TOrO 4Yacy iHCTUTYT Ma€ y PO3MOPSJUKCHHI IOBHUN KOMII-
JIEKC KOPIYCIiB ISl MOBHOLiHHOrO HaBuaHHS. Ha choromni me Bxke
Uinnii y4O0BUH KOHIJIOMEpart, 10 BKJIoyae B cebe 11 HaBuajbHO-
HAyKOBHX 1HCTHUTYTiB, 16 (akynpreTiB Ta iHII CTPYKTYpHI Migpo3-
ninmn. [lepmuM pekTopoM iHCTUTYTY OyB BIZIOMHUE YUSHHU 1 mejaror
B. JI. Kupnmuos. Ilpu3naduenns mpodecopiB kadenap BigOyBaioch
Ha KOHKYPCHIl OCHOBI, 3 0Ci0, IKi Manyu y4eHHH CTYIiHb. Y EHIUK-
nmonenisx ta y mitonucax KIII MoxHa 03HAMOMHUTHCH 3 BEIHKOIO
KOTOPTOI0 BUAATHUX BYCHHUX, AKI BUKiIanainu B KuiBcbkomy mosi-
TexHiuHoMy. [lepimum rosoBoro JlepxaBHOI ek3ameHaIiiHOT KOMICIi
KIII y 1903 poui 0y /I. I. Menzaenees, AUTIIOMH 3aXHCTHIN BCHOTO
93 Bunyckuuku 3 360, 60 HaBYaTHCH OYyJI0 Ty’Ke BaXKKO Ta i 000B’s3-
KOBOIO OyJia oruiata 3a HaBYaHHS.

KIII mpamroBaB i po3BUBaBCs, IPYHTYIOUMCh Ha Kpallux Tpajau-
LisX BigoMuX eBporerchbkux KL [lapusbkoi «Exonb momitTexHiky,
AaxeHcbkoro, Binencbkoro, MarneOyp3bKkoro TEXHIYHHUX YHIBEpCHU-
TeTiB. B OCHOBI cucTeMu BHUIOi TEXHIYHOI OCBITH OYJIO TTOETHAHHS
THOOKOT MPUPOTHUYO-HAYKOBOI Ta (PyHIAaMEHTAIBHOI MiATOTOBKH
(3 ¢i3ukm, mMareMaTwkH, XiMii Ta IHIIMX JUCIHILIIH) i3 3arajibHO-
IHKEHEpHOI0 Ta OTpUMaHHSI NpodeciiHO-NPAKTHYHUX HABHUYOK
Ha BHpPOOHMUTBI 1 B HaykoBux ycraHoBax. Lli mpuaummmm B KIII
3aKJIaJalncs BCECBITHHO Bimomumu BueHnMu Menpeneesum /1. 1.,
Kyxoscekum M. €., Timipszesum K. A., Kupmmuosum B. JI.
Ta IHIIMMHU BUJATHUMH AisTYaMH TOTO 4acy.

3a goBrui mepion IiCHyBaHHS Ha3Ba I1HCTUTYTY 3MiHIOBAlach
nekinpka pasiB. Hakazom MinicTpa ocBiTH 1 Hayku YKpaiHHM Bif
17 cepriast 2016 poky Ne 992 «Ilpo npucBoeHHs iMeHi HattionanbHoMy
TEeXHIYHOMY yHiBepcuTeTy Ykpainu ‘“KuiBChbKHil MOMITEXHIYHUHN 1HCTH-
TYyT”» YHIBEPCUTETY TPHUCBOEHO iM’sl WOTO KOJHUIITHBOTO CTYACHTA,
BHJaTHOTO aBiakoHcTpykTopa XX cromitts . I. Cikopebkoro.




KOMMO3ULINHI MATEPIANN
(36ipka maTepianis XIl MixHapoAHOi HayKkoBO-NpakTM4yHOi WEB-KoHdepeHLii)

3 1992 poky Pekrop KIII im. Irops Cikopcbkoro — Axanemik
HanionaneHoi akazemii Hayk VYKpaiHHM, AOKTOp TEXHIYHHUX HayK,
3achayxeHuid nmissd HayKu 1 TexHikn Ykpainu, Jlaypear [lepkaBHOI
npemii  YkpaiHm B Tranmy3i Haykd 1 TexHiku, Jlaypear mpemii
B. M. I'mymxoBa HAH Vxpainu, nmpodecop 3rypoBchbkuii Mmuxaiio
3axapoBud. Bimomuii HaykoBempb i QaxiBellb y Tanmy3i KiOepHETHKH,
CHUCTEMHOTO aHali3y, I1HTEIEKTYaJlbHOIO aHaJli3y BEJIUKUX JaHHX,
Teopil NpHHHATTA pimeHb. Hum y3araiabHeHi ©0a30Bi MONOXKEHHS
Teopil CHCTEMHOTO aHaii3y, 3aKiaZeHi OCHOBM CHCTEMHOI Marema-
THKH, 3alPOTIOHOBAHO HOBHUH MiIXiA O TeOpii eKCTpeMalbHUX 3a/ad
JUTST HEJTIHIHHUX OTepaTOpHUX, AU(PEPEHINIATEHO-0IIePAaTOPHUX PiB-
HSHb Ta BKJIOUEHb, BapiamiiiHUX HepiBHOcTed. Haitbinbmr Bimomi
3aCTOCYBaHHs pe3yJbTaTiB HOTro HAyKOBHX MAOCHIKEHb HaJIeXKaTh
70 Talmy3i MareMaTudHoi reogi3uku, reoiHpOpPMATHKH, COLiabHO-
EKOHOMIYHHUX TpOOJIeM CydacHOTO CycnuibcTBa. M. 3. 3rypoBCBHKHI
€ aBTOpoM 1 cmiBaBropoM Oinbin HiXK 300 HAyKOBUX Mpaib, Y TOMY
gucm 38 MoHorpadiif Ta mapyvYHUKiB, BUIAHUX B YKpaiHi, HiMmeuunHi,
[Momei, SAnoHii Ta iHmMX kpaiHax. Bin [onoBHMI pempakTop KypHaITY
«CucteMHI TOCHIKeHHS Ta iHpopMaIliiiHi TexHonorii» HamionansHoi
akazemii HayK YKpaiHH.

3a poku icHyBaHHs KwuiBcekuii [lomiTex miAroTryBaB maiike
380 Tucsu daxisiiB, 3 HUX moHany 70 THC. — Y POKH HE3aJIECKHOCTI
VYxpainu. KIII Bxomute 10 4 % Kpamx yHIBEPCHTETIB CBITY 3a Bep-
cieto MibkHapogHux peitunrie QS 1 Webometrics. Ll opiuno obiiimae
HaMBHII MO3UIIT y peHTHHTaX BHIIMX HaBYAJIBHUX 3aKiaaiB YKpaiHu
«Kommac» ta «TOII-200 Vkpaina». Halnonymsprimmii y Mepexi
IaTepHeT BN HABYAIBHUH 3aKia] YKpaiHU OCTaHHIX POKIB 3a BEp-
ciero kopropaiii Google.

KIII im. Irops Cikopcbkoro € OJHMM 3 HaHOIMBIIMX HaBYaIb-
HUX 3aKiafiB €Bponu. Y HbOMY HaB4YaeThCcs Maike 25 THUC. CTyHEH-
TiB, acHipaHTIB 1 JOKTOPAHTIB, y TOMY YHCIi W CTyAEHTH-iHO3EMII
3 KpaiH OJM3BKOTro Ta JaeKoro 3apy0inoks. KoKHUH MIOCTHIA CTyAeHT
M. Kuera 3100yBae ocBity B KIII, kokeH aABaausTh 1’ aTuil podecop
i gomeHt Ykpainnm — ukiamad KIII, y Texuiuamx BH3 kpaiam kox-
HUH ’atuii dakynasreT 1 kKadenpa — nue ¢axynpreT ado kadempa KIIIL.
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B yniBepcuteri mpamrorore 14 ¢akynereTiB, 11 HaBYaIbHO-HayKO-
BUX I1HCTUTYTIB, AEKUIbKa HAyKOBO-IOCHIAHUX I1HCTUTYTIB 1 HayKo-
BUX IIEHTPIB. 3IIHCHIOETHCS TMIiJArOTOBKA OakanaBpiB, CIELIATICTIB
Ta MarictpiB, KaHIWAATIB 1 JIOKTOPIB HAayK. YHIBEPCHUTET Ma€ BIacHe
BumaBHUNTBO «llomitexuikay. Cepen sukiamadiB KIII — Oinpre
500 mpodecopis i monaz 1300 moreHTIB.

XimiuHe BimgineHHs (Tenep XiMIKO-TEXHOJOTTYHUN (PaKyIIbTeT)
OyJ0 CTBOPEHO OJHOYACHO 3 3aCHYBaHHSM [lONiTEXHIYHOTO i1HCTH-
Tyty y 1898 pomi. Lle oaun 3 HaiicTapimmx (akyabTeTiB B YHIBEpCH-
teti. Woro CTBOPCHHSI BIAMOBIANIO 3alMTaM TOMINIHBOI €TOXH, KOJIU
TEXHOJIOTIYHUHN 1 TEXHIYHUH IPOTrpec BUMaraB HOBHUX KBai(ikarriii-
HUX KaJIpiB 3 BUIIOI TEXHIYHOIO OCBiTOM. Ilepmmii BUITyCK iHXEeHe-
piB 3 dakynbrery BinOyscs y 1903 poui. . I. Mennenees ocobucto
OYOJIIOBAB TEPIIy eK3aMeHaliifHy KoMicifo. 3 Toro yacy Ha (akyabTeTi
MIPOTIPAITIOBAB HE OWH BUAATHUN BUYCHUH CBOET €OXU. 3aBASKH I[bOMY
(bakypTeT 3MIT 3100yTH aBTOPUTET B CBITOBIHM XiIMIUHIH HayIli 1 3aBOTO-
BaTH IMaJbMy HEPIIOCTI Cepe] XIMIKO-TEXHOJIOTIYHUX BHIIIB CBITY.

3 mepmwmx AHIB 1 10 Temep (aKylIbTeT, 3aBASKW Tpalli Ha HbOMY
BUAATHUX YYEHHX, HAJICKHUThH JI0 HAMaBTOPUTETHINIMX y BITYM3HSAHIN
XIMIYHIA Haylll HABYAJbHHUX 3aKjaJiB. 32 4ac ICHYBaHHS XiMiKO-TEX-
HOJIOTIYHOTO (PaKyJdbTETy Cepe/l BUKIAIauiB Ta BUIYCKHHKIB (aKylb-
TeTy 3 PI3HUX HamNpsAMIB XiMii Ta XIMIYHOI TexHOJOTIi Oyno myXe
Oararo BYEHHX, AKi COPMYBaIH BiJIIOBiIHI HAyKOBI IIKOJIU Ta BHE-
CJIM 3HAYHUI BKJIAJ Y CBITOBY Ta BITUM3HSHY HayKy. | 3apa3 KONEKTHB
BUKJIaJla4yiB 1 HayKoBLIB (pakynbTeTy 30epirae i MpomoBKye HaWKparli
Tpaauiii BUKIAIAIbKOT MaHCTEPHOCTI i TBOPUOTO HAYKOBOTO TMOLIYKY,
3aMovaTKOBaHI TAKUMH BCECBITHHO BU3HAHHUMHU BUCHUMH 1 OIUCKYYHMHU
negaroramu sk akagemiku JI. B. IlucapskeBcekuii, B. O. IlimoTHIKOB,
npodecopu M. 1. Korosanos, K. I'. JlemeHT’€B Ta iHMII.

JlekaHamM# XiMIKO-TE€XHOJIOTTUHOTO (haKynbTeTy Oyau BHUAATHI Hay-
koBI 1 negaroru: Konosanos M. 1., Heuaes O. B., lllanomuwnkos B. I,
He Mern I.I.,, DxeBcekuit B.II., Ilpumexaez M. O.,
[TnotnikoB B. O., Tanmanaes M. O., Jluciu b. C., SBopcekmii B. I1.,
Kpasenr B. €., Pabunosuu b. 5., ImoBanpkuit M. T., bamesa JI. B.,
Mopauercokuii [. 1., Ky3smin B. 1., bapmamenko 1. b., Boponia M. M.,
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Emix II. O., ®unmumonosuy K. M., AnentrseB O. O., Paaxko O.B.,
Kozunenxo 1. K., FOpuenko O. I'.; Acrpenin [. M.

3 2020 poky XiMIKO-TEXHOJOTIUYHUH (aKyIbTET OYOIIOE JIOK-
TOp TEXHIYHUX HayK, npodecop Kadeapu TEXHONOTII eNeKTpo-
xiMigHEX BHpOOHUITB, [omoBa Kowmicii 3 Hayku Ta iHHOBaTHKH
Buenoi pamgm KIII im. Irops Cikopcbkoro, wieH CrerianizoBaHOT
BUCHOI pasu 3 3aXMCTy AOKTOPCHKHUX Ta KaHAWIATCBKHX JUCEpTa-
uiit KIII im. Irops Cikopcbkoro, Hanionanenuii Cexperap Ykpainu
B MixHapogHomy enekrpoximiunomy ToBapucti (ISE) nBox xanmeH-
it Onera BomogmmupiBaa JliHIOUEBa — MPOIOBKYBAU IIKOIH Bifo-
Mux pocmigaukiB i memaroriB JI. I. Amtpomoma i B.Il. Usipyka.
Onpra BomopmmupiBHa — ujeH YKpaiHCHKOI acorliallii Kopo3ioHic-
TiB, €KCIIEPT MPOEKTIB 3 HAYKOBO-AOCHIAHUX Jlep:kaBHUX mporpam,
qiieH peakoneriii ¢axoBux Buaanb: «Haykosi Bicti HTYY “KIII”»,
«CeHcOpHa eNeKTpOHIKa 1 MIKpOENEKTPOHHI TeXHOoIoTii», «Boma
Ta BOJOOYMIIEHHS», aBTOp 196 HayKOBHX Mpamp, 3 HUX 27 TaTeH-
TiB Ykpainu, 15 MeToguvyHNX BUAaHb, 2 MOHOTpadiii, 3 HaBYAIBHUX
nocioHukiB 3 rpudpom MOH VYkpainu. HaykoBIi mkomnu i Kepis-
nunTeoMm O. B. JliHroueBoi cTBopuiau yHidikoBaHi cepii ra3oBux ceH-
COpiB HOBOTO MOKONIHHS, PO3POOMIIM MIiHIaTIOpHI eNeKTPOXiMiuHi
CEHCOPH Ta CEHCOPHI CUCTEMH ]IS BH3HAYCHHS KHCHIO B CEpeIOBU-
max TPUPOJHOTO 1 TEXHOTCHHOTO IOXODKCHHS, HOBITHI MPUCTPOI
JUIS BU3HAUYEHHS BMICTY TIOKCHAY CyNb(]ypy B IMOBITpPI Ta TEXHOIO-
TiYHOMY Ta30BOMY CEpEIOBHIII, EIEKTPOXIMIUHI JDKepela MiKpOTmo-
TOKY CIPKOBOZHIO JUIsl 3aCO01B MOHITOPHHTY Ta 3amo0iranHs 3a0pysa-
HEHHIO TMOBITPSHOTO CEpEeNOBUINA, NPOTOJOCHIM HAyKOBI 3acaau
MEJIIaTOPHOTO EJICKTPOKAaTaIi3y JUIsl CHUCTEMax CEHCOpIB 1 cymep-
KOHJICHCATOPIB CEHCOPHUX CHCTEM, BU3HAYMIU POJTH MaCOOOMIHHHX
MPOIIECIB Y BIIKPUTHX EJIEKTPOXIMIYHHX CHCTeMaX Ta30BHUX CEH-
COpiB, CTBOPWJIM €NEKTPOXiIMiYHI MOIYyIl y CKJIaldi ra3oBHX CEHCO-
piB Ta reneparopiB. Ha iX OCHOBI CTBOpeHi 1 BIpoBaJKeHi B Pi3Hi
rajgysi MPOMMCIIOBOCTI Ta KOMYHaJIbHE TOCIIOAapCTBO IMOPTATHBHI
1 cramioHapHi ra3oaHamizaTopw Ta OaraToKaHalbHI Ta30aHATITHYIHI
CHUCTEMH, B TOMY YHCJi 3 CCHCOPHHMH OJIOKaMW JJIs THUCTAHITIHHOI
JIarHOCTHKH, 1110 HE MAaIOTh aHAIIOTIB Y CBiTi.
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Hapasi xiMiko-TeXHONOTiuHMIA (haKylIbTeT 30epirae Jiaupyrodi o3u-
wii cepen yKpaiHCBKMX BHIIIB, LIO TOTYIOTb MalOyTHIX iH)KEHEpiB-
ximikiB. XTD ckmanaerbcst 3 7 BUITyCKOBUX Kadellp — TEXHOJOTIT HEOp-
TaHIYHUX PEUOBUH, BOJOOYHMIICHHS Ta 3arajbHOI XIMIYHOI TEXHOJIOTII,
OpraHivyHoi XiMil Ta TEXHOJIOTii OpraHiYHUX PEUYOBHH, TEXHOJOTII eIeK-
TPOXIMIYHUX BUPOOHUIITB, XIMIYHOI TEXHOJIOTi KOMITO3MIIIHHIX MaTe-
piaitiB, XiMIYHOI TEXHOJOTI KepaMiku Ta CKJia, (PI3UYHOT XiMii, a TaKoK
3arajipHOi Kadenpu — kadenpu 3araabHOT Ta HEOPraHIvHOT XiMil.

Ha ¢akynpreTi miarotosieHo Ouibiine 10 THCSY MOJIOMX CHIeIiaic-
TiB. HuHI 116 KepiBHUKH MiAMPUEMCTB 1 IIUINX TaTy3ed MPOMHUCIOBOCTI,
BHW3HAUHI BUEHI, MepkaBHi misdi, kanauaatu (moHax 1000) i mokropu
Hayk (Omu3pko 300), akajgemiku i 4YICHH-KOPECTIOHACHTH aKajeMiil
Hayk (Oinbrre 20).

[ligroToBKy (QaxiBIiB CHIIKaTHOTO MPOQII0 Mmovyamu 3Aiiic-
HIOBaTM 3 uyacy 3acHyBaHHS KHIiBCBKOTO IOJITEXHIYHOTO iHCTHU-
Tyry. Criouarky Taka poOoTa 3ailicHIOBajach Ha Kadenpi OymaiBemb-
HUX MarepiamiB i MiHEpaJbHUX PEYOBHH, SIKy OYOJIOBaB Tpodecop
K. T. JementpeB. B 1921 pomi Ha 6a3i miei kadenpu Oyna opranizo-
BaHa HOBa Kadeapa TEXHOJOTI] CHIIIKATIB IMiJ KepiBHULTBOM Hpode-
copa b. C. Jlucina — OHOTO 3 OCHOBOIIOJIOKHUKIB HAyKd 1 MEPEo-
BOI TEXHIKM B Tany3i OynmiBHHUITBa i OyaiBenbHMX MarepiaiiB. Bech
TpynoBuii X b. C. Jlucina mpotsrom 50 pokiB micis 3aKiHUCHHS
HaBdaHHA B 1909 pomi Oy mom’s3anumii 3 llomiTexHiuHuUM iHCTH-
tyroM. Ilmigna misnsnictes b. C. Jlucina Oyna posmnouara B Kowmicii
3 BUBUCHHS NPUPOJHHUX pPecypciB YKpaiHM, SKy OUOJIOBAaB aKaje-
Mmik B. 1. Bepnancekuii. [iOoKi TeopeTHuHi Ta eKCHEpHUMEHTaIbHI
JIOCIII/DKEHHST B Tajy3l XiMil Ta TEXHOJIOTIl CHJIIKATIB J103BOJHIIN
b. C. Jluciny cTBOPUTH HAyKOBi 3acajd OACpP>KaHHS HOBHX TYTOTLIAB-
KHX HEMETaJeBMX Ta CHJIIKaTHHX MarepialliB Ha OCHOBI BITYHM3HSHOI
NpUPONHOi CUPOBHHHU. BiH cTOSB Ois1 BUTOKIB Cy4acHOI NPOMHCIIO-
BOCTI OyaiBenbHHUX MarepianiB Ykpainu. Ha 0a3si kadenpu Oyma cTBO-
peHa BCECBITHBO BijloOMa BITUM3HSHA HAYKOBA IIKOJIA XiMil CHUJIIKATIB.

ITin OGe3nocepenniMm kepiBHuITBOM b. C. JluciHa MiATOTOBICHO
Oommpko 500 iMKEHEpIB-TEXHOJOTIB ISl  CIUTIKATHOI TTPOMMCIIOBOCTI
1 HayK#, 0araro 3 HUX 3apeKOMEH TyBai cede sSIK (axiBIli BUCOKOTO PiBHSL
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B 1920 poui b.C. Jlucin kepyBaB BiJHOBICHHSIM KPYITHHX
HoBopociiicbkkux meMeHTHHUX 3aBoniB, y 1928 poui BiH OyB roJ0-
Boto Kowmicii 3 BHBYCHHS paiiOHIB OY/IBHUIITBA IIEMEHTHHX 3aBOIIB
B YKpaiHi Ta J0C/IDKSHHsI CHPOBUHHOT Oa3u.

B 1939 pomi Axamemis nHayk YPCP o6pama b. C. Jlucina aka-
IEMIKOM 3a CICMIAJBHICTI0O «XiIMif 1 TEXHOJOTIA CHIIIKATIBY.
3 iioro iHimiaTUBU CTBOPEHO IHCTUTYT MiHEpajdbHOI CHPOBHUHHU
AH YPCP, gupexropom sikoro y 1940 poui BiH OyB mpH3HaueHHUH,
HEe 3alulIarouu 3aBimyBaHHs Kadenporo B [lomiTeXxHiYHOMY 1HCTH-
TyTi. Baromi maykoBi pesymbratu b. C. Jlucina Oynm Bin3HaveHi
y 1950 pomi /JlepkaBuoto mpemiero CPCP 3a mocmimkeHHs, pO3BH-
TOK Ta BIPOBAJDKEHHs 0€30J70B’sIHMX Ta OE3CBUHLEBUX eMajeil s
KepaMiyHUX BHpOOIB, 110 B MiCIASBOEHHUH Mepiog Majo 0coOiIuBe
3Ha4YeHHs, a KOro poOOTH 3 MOCHIIKEHHS KaoNiHIB YKpaiHH y3a-
rajgbHEeHl B psai MoHorpadiii. BumatHuii BueHH 1 1HXKEHEp-TIpaK-
Tk, b. C. Jlucin 3aBkau MOETHYBAaB HAYKOBY Ta TPOMAJICHKY 1 Aep-
KaBHY MdisipHICTh. bararo pasiB oOupaBcs y Michkpany Kuesa,
IpalioBaB Ha JepKaBHUX Iocajnax, BuAaB moHax 150 HaykoBHX
npaib, BUXoBaB 1noHaa 30 gOKTOpiB i kKaHaAuAaTiB HayK. [lmigHa Tpy-
J0Ba JiSUTBHICTB Oylia BiAMideHa JAepKaBHUMHU HAaropoJamu i mpemi-
amu. barato HaykoBux HampsiMiB, copmynboBanux b. C. Jlucinum,
Oynu MAXOIJICHI 1 TIPOMOBXKYIOTH PO3BHBATHCS ¥ CHOTONHI.
Ile, Hampukial, BUKOPUCTAHHS IOMYTHIX HPOAYKTIB IPOMHCIIO-
BOCTi JiyIsi Oy[iBeNbHUX MaTepiajiB, MiJBHUINEHHS 1X JOBTOBIYHOCTI
1 BHUKODUCTaHHS «CEKPETiB» CTApOBHHHHUX OYNiBEJbHHUKIB IS
CydJacHOT TEXHOJIOT11 OyJiBeIbHUX MaTepiaiib.

B 1956 poui 3aBigyBadem kadeapu TeXHOINOrIT cuiikariB OyB o0Opa-
Huii n.T. 5. O. O. AJIGHTbEB, TPOMOBKYIOUH TPAJMINI CBOIX IIOTIC-
PENHUKIB, BiH PO3NIMPUB HAYKOBI JOCTIDKEHHS Kaenpu B rairy3i BOT-
HeTpuBiB. [lo peui, HOMy HaJeXHUTb PO3pOOKA TEXHOJIOTIi OfepKaHHS
riIpoKcHIy MarHito 3 pornu o3epa CuBam. YineHe micue cepen cIiiB-
poOiTHUKIB Kadeapu 3aiiMaB K. T. H., JoueHT B.B. MamxkypHer —
BIIOMHH CHEIiallicT B Tally3l B’SHKYYHMX MarepiamiB TOBITPSHOTO
TBepAiHHSA, kUi B 1954-1955 Tta 1961-1962 pp. odomoBaB kadeapy
B’spKyunx peyouH KIII.
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B 1962 poui kadenpu TexHOIOTIT CHIIIKATIB Ta B’SDKYYUX PEIOBUH
KIII Gynu 00’ennani B ogHy Kadeapy TEXHOJIOTIT CHUIIIKATIB Mia Kepis-
HunreoM O. O. AnleHTheBa, KOO BiH 3aBinyBaB 10 1964 poky.

3 1964 poky mro kadeapy ouosroBas . T. H., npod. O. B. Pasxo.
HayxoBuii HampssMOK WOTO IOCHTIKEHb TOB’SI3aHUN 3 BUSBICHHSIM
TePMOIMHAMIYHAX 1 TEPMOXIMIYHMX XapaKTePUCTHK TPH CYIIiHHI
Ta BUTIAI CUJIIKATIB.

B 1969 pori 3rigHo 3 Haka3oM MiHicTpa BUIIOI i CEPEIHBOT OCBITH
VYkpainu Ha 0a3i kadeapu TEXHOJIOTIi CHJIIKaTiB OyJ0 CTBOPEHO MBI
kadenpu — xadeapy XiMigHOT TEXHOJIOTIT KepaMiKu Ta CKJIa Tij KepiB-
HULITBOM Tipodecopa O. B. Panka, skuii cTBOPHB HAMPSIMOK TEPMOJIH-
HaMIYHHX 1 TEPMOXIMIYHUX JOCIIDKEHb CHIIIKATIB) Ta Kadeapy Ximid-
HOI TeXHOJOTii B’SKY4YHMX PEUOBHH, SIKYy OYOJIUB 1. T. H., mpodecop
O. O. IMamenko (mo xinust 1989 poky). BiH cTBOpMB HayKOBY ILIKOIY,
OCHOBHUMH HampsMKaMu poOIT sikol mopsiy 3 Tpaaumiinor s KITI
MpOoOJIEMOI0 PO3IITUPECHHS CHPOBUHHOI 0a3W CHIIIKATHUX BUPOOHUIITB
Oyau poOOTH B Tamy3i CTBOPEHHS TEOPETHYHUX OCHOB TEXHOJOTi{
BUPOOHMIITBA CHITIKATHUX Ta KOMITO3UIIIHHUX MaTepiaiB.

[Ipotsirom 1981-2005 pp. xadeapy xiMiuyHOI TexHONOTIi Kepa-
MIKM Ta CKJia O4OIJIOBaB Jiaypear 1BoxX Jlep:kaBHHX mpeMiil YkpaiHw,
3aciyxeHul Aisid HAYKW 1 TEXHIKH YKpaiHW, TOKTOp TEXHIYHUX HAayK,
npodecop O. A. Kpyna, HaykoBa Ta MpakTU9IHA TiSUTBHICTE SKOTO Oyria
CIIpsSIMOBaHA Ha BUPIMICHHS CKOJOTIYHHX IMPOOJIEM, CTBOPEHHS HOBHUX
€HEepro- Ta pecypco30epirarouux TEXHOJOTIH, Ha PO3poOKy HOBHUX
CWJIIKATHUX MarepiaiiB Ha OCHOBI MPHUPOAHOI CUPOBHHHU JJIsl OTPEO
HapOJIHOTO TOCTIOIAPCTBRA.

3 1990 poky mo 2021 pik kadeapy XiMiyHOI TEXHOJNOTii KOMIIO-
3UIIHHAX MaTepialiB OYONIIOBAB JTOKTOP TEXHIYHMX HaykK, mpodecop,
3acy>KeHUi JTisi9 HayKW 1 TEXHIKK YKpaiHH, BiAMIHHUK OCBITH YKpaiHH,
3aciryKeHHH MpaliBHUK LEMEHTHOI IPOMMCIOBOCTI YKpaiHM, akaje-
Mik Axanemii [mkenepHux Hayk Ykpainu, Jlaypear JlepxaBHoi mpemii
YPCP B. A. CBinepchkuii, HayKoBa JisUIbHICTH SIKOTO TIOB’S3aHa 3 PO3-
POOKOI HAyKOBHMX 3acajl OTPHMAaHHs CHIIKATHUX Ta €JIeMEHTOPIaHiu-
HUAX KOMITO3UIIIHHIX MarepiajliB, MPOTHO3YBaHHS iX (i3WKO-XiMITHUX
BJIACTUBOCTEW MPH eKCIUTyaTalii B eKCTPEeMAJIbHUX YMOBAX Ta 3aXUCTYy
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LUTSIXOM IOCTAa0JICHHs IECTPYKTUBHOI Aii CHELiaIbHUMH MOKPUTTSIMHU
1 MPOCOYYIOUMMHU PO3YMHAMH, CTBOPEHHS HOBHX BHIIIB KOMIIO3HTIB.
Bin aBrop 590 HayKoBHX i METOAMYHMX Tpailb, B TOMY 4dcii 12 MOHO-
rpadiii Ta miapy4yHuKis, 134 aBTOPCHKUX CBIJOITB i MATCHTIB.
Ceigepcbkuii B. A. — kepiBHHK mmrkoau Kommo3uriiHUX Mare-
piamB, sky ctBopuB y 1969 pomi um-xop. AH YPCP, na.T H.,
npod. ITamenko O. O. OcHOBHI HayKOBi HampsIMM LIKOJIU: MPOOIEeMHU
PO3LIMPEHHST CUPOBUHHOI 0a3M CHIIIKAaTHUX BHPOOHHMLTB, pPOOOTH
B rajiy3i TCOPETUYHUX OCHOB TEXHOJIOTIi CUJIIKATHUX 1 KOMITO3UIIHHUX
MaTepianiB;, CTBOPEHHA HOBUX KOMITO3WIIIHHMX MaTepiamiB 1 3axmuc-
HAX TIOKPHUTTIB Ha 0a3l €JIeMEHTO- 1 KpPeMHIHOpPTaHIYHHX CIONYK;
BHBYCHHS 1 3aCTOCYBaHHS KPEMHIHOPTraHIYHUX CITONYK, JOCIIIKEHHS
PO3pPOOKH 3HOCO- Ta KOPO3IMHOCTIHKUX T1IpodOoOHUX KpeMHIHOpraHiu-
HUX TOKPUTTIB XOJOAHOTO TBEPIIHHS; CTBOPEHHs BiOpomemmdyrodnx
MOKPUTTIB 1 PO3pOOKa TECOPETHUHUX IMHTAaHb TEPMOOKHCIIIOBAILHOI,
riipoTepMabHOi 1 XIMIYHOI AeCTPYKIii TOHKHX ITIBOK TOJIOpPraHo-
CHJIOKCaHIB; po3pobKa crmocobiB rimpodo0izamii TUCIIepCHUX i MOpHC-
TAX MaTepiajiiB; BUBUEHHS CTPYKTypOYTBOPEHb B KpEeMHiMOpraHiu-
HHUX CIIONIyKax; po3po0Ka BUCOKOE(PEKTUBHOTO COPOCHTY Il OYMCTKHU
MOBEPXHI BOJOWMMIL i CTIYHHX BOJ BiJ HAPTOMPOAYKTIB; CTBOPEHHS
NOTiQYHKIIIOHATBHUX KPEMHIHOpPraHiyHUX MOKPUTTIB, (apb, ema-
JIeH, SKI XapaKTepPH3yIOThCS BHUCOKOIO TPHUBAJIOK TEPMOCTIHKICTIO
(mo 600 °C), HeroprouicTio, armocdepocriiikictio (10-15 pokis),
CTIMKICTIO 0 il HU3BKUX TEeMIIepaTryp, BUCOKUMH JieIIEKTPUYHUMHU
BJIACTHUBOCTSIMHU, CTIMKICTIO J10 Jii pajioaKTUBHOTO BUIIPOMiHIOBAaHHS,
CTIMKICTIO 10 ZTii po30aBICHUX PO3UYMHIB JIYTiB i HEOPraHIYHUX KHCIIOT;
BUKOPHCTaHHS KOMITO3UIIIHHUX MarepiaiiB IPH MOBOPKEHHI 3 pajioak-
TuBHUMH Bigxomamu (PAB), po3po0ka TpaHCTIOPTHO-3aXUCHUX KOHTEH-
HEpiB NPU3HAYCHUH AJIS1 TPAHCIIOPTYBaHHS, OE3IEYHOTO 1 JOBrOTpHBa-
noro (He menmre 300 pokiB) 30epiranHs (3axopoHeHHs) TBepaux PAB
He Bumie Il rpynu Ge3mnexu; TEXHOMOTIT KOMIAKTYBaHHS PiAKUX pajio-
AKTUBHUX BIJIXOJIIB: CKJIAJIB JICTKOIC3aKTUBYOUNX MIOKPUTTIB JIJIsl 3HHU-
JKEeHHSI PIBHS (DIKCOBAHOTO PAJiIOAKTHBHOTO 3a0pYJHEHHS IOBEPXHi
OymiBeTbHUX KOHCTPYKIIiH, TpPaHCIIOPTHUX 3ac00iB, TEXHOJIOTIY-
HOTO OOJNa/JHaHHS, KOHTEHHEPiB; po3pOoOKH (i3UKO-XIMIYHUX OCHOB
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MPOEKTYBAaHHS Mac Ha OCHOBI He30araueHuX JTY)KHHX KaOJIHIB IS
CaHITapHO-TEXHIYHOI KepaMiku; pPO3POOKH e(EKTHBHUX KOHCTPYK-
LIHHO-TEIUIOI30JSAIIHHUX HI3IPIOBATUX MarepiayiiB Ha OCHOBI Oararo-
TOHHQKHUX BIJIIXOJIB METaNypriiHOrO BHUPOOHUIITBA JUISI OTOPOIIKY-
FOYMX KOHCTPYKITH 3 MiABUIICHUM KOE(IIIEHTOM TETUIOBOTO OTIOPY;
PO3poOKa TEIIOCTIHKAX KOMIIO3HUTIB Ha OCHOBI BYIJIEIIEBOTO BOJOKHA
3 (heHON(hOPMATBIETIIHOKO MATPHUIIEIO.

CyuacHa Ha3Ba Kadenpu MoeAHye creniaiizamii 3 XiMiuHOI TEeXHO-
JIOT11 B’SDKYYHUX, MOJTIMEPHUX 1 KOMIIO3UIIHHAX MaTepiaiB Ta BiAMOBi-
nae o0caTy poodiT, SIKi BUKOHYE TENaroriqYHuid KOJIEKTUB 32 OCHOBHUMH
HampsIMKaMH HAyKOBHUX AOCHikeHb. B 1991 pori OyB 3milficHeHMIA
nepmuii Habip Ha crerianbHICTh « TexHoMoris mepepoOKy MmoIiMepiBy,
a B 1997 poui — nepmuii Bumyck creniainicti. Konexktusom kadenpu
3ailficHeHa BenmuKka poOoTa 3 CTBOPEHHS METOIUYHOIO 3a0e3MedeHHS
BUKJIJAHHS PO ITFOIUNX JTUCIIHILIIH.

Hapasi xadenpy odonroe B. 0. 3aB. Kadeapu, KaHAUIAT TEXHITHAX
Hayk, moueHT O. B. MUpOHIOK, KM B CBOTX HAYKOBUX JIOCIIKEHHSIX
MIPUTPUMYETHCS HANPSAMKIB XiMii TTOBEpXHI Ta (Pi3UKO-XiMii KOMIIO3H-
MIHHUX MaTrepialiB, MiXK(pa3HUX B3a€MOJIiil KOMIIOHEHTIB KOMITO3UTIB,
(dbopmyBaHHs cynepriipoGoOHUX MMOBEPXOHb aJIMTUBHUMH Ta EKCTPaK-
TUBHUMH METOJaMH, 30KpeMa JIa3epHOI0 alIsIi€to, CTabiIbHICTIO
Ta MATAHHAMH JSCTPYKII OPTaHIgHUX MOIMEPHUX MaTepiaiiB B TOH-
KHX IIIapax, eKOJOTIYHOIO CYMICHICTIO TTOJIIMEPHHUX KOMITIO3HTIB TOIIIO.

Ounexciii BonoanMupoBHY TakoK € HayKOBUM KEPIBHUKOM MiXKHa-
POAHUX HAYKOBO-JOCHIITHUX MPOEKTIB, pOOIT TPHOX 3700yBadiB OCBITH
piBHs JoKTOpa (hinocodii, IBOE 3 IKUX € IHOZEMIISIMH.

HayxoBo-nocnigna pobora Ha xadenpi XTKM BUKOHYETHCS B pam-
Kax TEeMaTHKHU HAyKOBOI KoM «HemeTraneBi KOMIIO3HITIHHI MaTepiaim,
sKa BKITFOYAE 30KpeMa Taki HAIPSIMKH SK: Po3po0Kka eHepro30epiratounx
TEXHOJIOT1 BUPOOHMITBA LIEMEHTY, BUTOTOBJICHHS MOTi(yHKIIOHAIb-
HUX 3aXHUCHUX IOKPHUTTIB, BUTOTOBJECHHS €MHOCTEH Uil 30epiraHHs
SKOJIOTIYHO IIKIJJIMBUX 1 TOKCUYHUX BIJIXOIB, PO3pOOKa CKJIA/IIB MOJIi-
MepcKI0(hiOpoOeTOHY, PO3pOOKa CUCTEM Il OTBEPIKCHHS Ta KOMITaK-
TyBaHHS PIIKAX PaTiOaKTUBHUX BIAXOJIB, 30JIb-T€JIb MaTepiaiiB, aHTH-
abmanianx peHoapopMabIeTiTHUX BYIIIEIUIACTHKIB, IHTYMECIICHTHHX
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BOTHE3aXMCHHUX TOHKOIIAPOBUX IOKPUTTIB, (a30BOr0 CKIamy OuIoro
LEMEHTY TIPH CyXOMY CIIOCO0i BUPOOHHIITBA, JOCIIIKCHHS! BIUTUBY Pi3-
HUX EKCIUTyaTalidiHuX (akTOpiB Ha JTOBIOBIYHICTH Ta KOPO3iHHY CTiMd-
KIiCTh CyXuX Oy/IIBeIbHUX CyMIIIICH.

Kadenpy ximignoi TexHomorii kepamiku Ta ckia 3 2005 poky o9o-
moBaB 4ieH-kopecrioHneHT HAH VYkpainu, mokTop XiMIYHHX Hayk,
npodecop Kopuinosuu b. 1O., sxuii npamoBas Ha nocaii npodecopa
kapenpu 3 1997 poxy (3a cymicuunrsom). b. FO. Kopninosuu Bigo-
MU SIK OJIH 3 TIPOBiTHKUX (axiBLiB y Tany3i (GizmyHol XiMii Ta TeXHO-
JIoTii TYTOIIaBKUX HEMETAJEeBHMX 1 CHKaTHUX Mmarepiani. Ilix foro
KEepIBHUIITBOM Ha Kadeapi BUKOHYBABCS 1 MPOIOBXKYE PO3BHBATHCS
KOMIUIEKC POOIT 3 PO3BUTKY TEOPETHUHHMX 3acall CTBOPEHHs HOBIT-
HIX CWJIIKaTHUX MarepiajiB UIl 3aXHCTy HaBKOJIHUIIHBOTO CEpeo-
BHUIIIA BiJ XIMIYHOTO Ta paiiauiiiHoro 3abpyaneHHs. Hum po3pobneHi
MPUHIIAIIOBO HOBI IIJXOM /IO OYHILIECHHS MMOBEPXHEBUX Ta IiJI3EMHUX
BOJ BiJl HaOE3MEUHINNX TOKCHKAHTIB 3 BUKOPUCTAHHSIM COPOITIHHO-
BIIHOBJIIOIOUMX MaTepiaiB Ha OCHOBI CKJIOKPHUCTAJIYHUX Marepia-
niB. PesynmpraTé 1ux poOiT OyiaM BUKOPHCTaHI MPH PO3pOOI HOBIT-
HIX TEXHOIOTIH OYMICHHS MiA3€MHUX BOJ| BiJl CIIOJYK ypaHy B Mic-
X BUIOOYTKY ypaHoBuX pyd B KpuBopisbkomy Oaceiini. Lli pobotu
BHUKOHYBAJIMCh CIUIBHO 1 3a (piHAaHCOBOI MIATPUMKH ATEHII 3 0XO-
ponu HaBkoymmHEOTO cepenoBuiia CIIA. CTBopeHi mix foro kepis-
HUIITBOM TPHUPOIOOXOPOHHI TEXHOJIOTii arnpoOOoBaHi i BHKOPHUCTOBY-
IOTBCSI Ha MiANPUEMCTBAX SOCPHO-TAJMBHOTO KOMIUIEKCY YKpaiHu.
Pesynbrati gociigkeHb HEOJHOPA30BO OOrOBOPIOBAIMCH HA BITUM3HS-
HUX Ta MDKHapOJHHUX KoHrpecax Ta koHpepenuisx. b. 0. KopHinosuu
aBTop moHaja 500 HayKOBHX CTared Ta aBTOPCHKUX CBIJIOLITB, MOHOIPa-
(hiif, a TaKOXK aBTOP 1 CIiBaBTOP MiApyIHUKIB 3 Tprpom MOH VYkpainu,
a Takok 0ararboX MiAPYYHUKIB T4 HABYAIBHHUX MOCIOHWKIB, PEKOMEH-
noBanux Buenoto pamoro KIII im. Iropst Cikopcbkoro.

b. 1O. KopHninoBuu Oararo pokiB OyB 4JIEHOM EKCIIEPTHOI paau
3 exonorii Komitery 3 Jlep:kaBHUX TipeMiii YKpaiHu 3 HayKH i TeX-
HikH, wieHoM crenianizoBaaux pan npu KIII ta mpu [HctuTyTi Ximil
moBepxHi iM. O. O. Uyitka HAH VYkpainu, a Takox IpaifioBaB B pe-
KoJIeTisIX (haXxOBUX MKYpHAIIB — 3aCTYIIHUKOM TOJIOBHOTO pPEdaKTropa
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KypHaITy «XiMis Ta TEXHOJIOTiS BOAW», WICHOM PEIKOJIETil )KypHaJiB
«YkpaiHcpkuil XimiuHui xypHam», «Haykosi Bicti HTYY “KIII”»,
«Boma Ta BomoouncHi TexHOJOrii», «Boma: ririeHa Ta €KOJIOTis»,
«Ximis, bi3uKa Ta TEXHOJIOTIsl TOBEpXHi» Ta «[ToBepxHs».

3 Bepecus 2021 poky kadempy odoitoe B. 0. 3aB. Kadeapnu KaHIU-
JaT TeXHIYHUX Hayk, mgoneHT ToOinko B. FO., HampsiMkun HaykoBHX
JOCII/PKEHb SIKOi TIOB’sI3aHiI 3 OJIEPIKaHHSM CHIIIKaTHHX COPOEHTIB
Ha OCHOBI NPUPOIHOI Ta MOAM(]IKOBaHOI ATFOMOCHIIIKATHOI CUPOBUHHU
JUIST  3aXKHCTy BOJHOTO CEpE/IOBHINA BiJ 3a0pyIHEHHS BaXKKUMHU
Metanamu. Bikropis FOpiiBHa BHKOHaBelb ITSITH JIEPKOIOIKETHHX
HayKOBO-TIOCTITHUX POOIT, TpHiiMaia y9acTh y IBOX CIITBHUX MiXK-
HapOJHMUX MAPTHEPCHKUX MPOEKTaX MK YHIBEPCUTETOM Ta ATCHLIEIO
3 3aXUCTy HaBKosmmHboro cepenosuina CIIIA. Hapasi Tobinko B. 1O.
€ KepiBHHKOM poOiT 2 ykpaiHcekux Ta 1 3moOyBaua 3 Kwuraiicbkoi
HapoaHo1 pecyOmiku piBasg Ph. D.

OCHOBHI HaIpsIMKH HayKOBO-ZOCIHITHOI poboTH Kadenpu XiMigHOI
TEXHOJIOTIi KEpaMiK{ Ta CKJa: HOBI 00JIACTI BUKOPUCTAHHS MaTepiaiB,
OTPUMAHHX 30Jb-T€IIb METO/IOM; TiIOpWAHI OpraHO-HEOpraHi4Hi Mare-
pianu; camoopraHizalis, cynpaMoNeKyJIsIpHi Ta i€epapXidHi MaTepianu
1 azcopOeHTH; TOHKI TUTIBKM, TIOKPHUTTS Ta aKTHUBHI MOBEpPXHi; Mmare-
pianu 30Jb-Teib CHHTE3Y JUIS ONTHKH; 30Jb-TeJb CHHTE3 MaTepialiB
IUIS KaTali3y Ta MEMOpaH; 30JIb-TeJIb TEXHOJOTISA 1 TMPOMHCIIOBICTD;
po3poOKa HOBUX (YHKIIOHATBHUX KEPaMiYHHX Ta CKIOKPUCTATIYHIX
MarepiaiiB;, BHUPINIEHHS TPoOIEeM pecypco- Ta EeHepro30epekeHHS;
BUKOPHCTaHHS aJbTEPHATUBHUX CHPOBMHHUX MarepianiB; (i3uko-
XIMIYHE JOCTIPKEHHSI BIACTUBOCTEH NPUPOJHUX CHIIIKATIB Ta MOAU(i-
KyBaHHS X [MOBEPXHIi; BUPIIICHHS NPOOIeM pecypco- Ta eHeprosoepe-
JKEHHS TIPU BUPOOHMIITBI CHITIKATHUX MaTepiaiiB Ta BUPOOiB; po3podKka
OCHOB BUKOPHMCTaHHS aJbTEPHAaTUBHUX MaTepiajiB Ta TEXHOI'CHHHX
BIZXO/1iB; PO3poOKa BHCOKOC(HEKTHBHUX COPOYIOUMX MarepiaiiB ais
3aXHMCTY BOTHHX PECypCiB BiJ 3a0pyJHEHHS TOKCHYHMMHU Ta pajioak-
TUBHUMHU MeETallaMH; po3poOKa HOBUX (PYyHKIIOHAJBHUX KepamiuyHHX
Ta CKJIOKEPaMIYHHIX MaTepiajliB TOIIO.

Cepen BUITYCKHUKIB KadeAp XiMIYHOI TEXHOJOTII KOMITO3H-
MIHHUX MarepiaixiB Ta XiMiYHOI TeXHOJOrii KepamikKu Ta CKJa
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3aBifyBa4i BiJJIUIIB Ta TPOBiJHI HAYKOBI CHIBPOOITHUKH IHCTUTYTIB
HanionansHoi akagemii Hayk YKpaiHM, JTUPEKTOpPH Ta MPOBiAHI cIie-
uiajictu ranysi. [IpoTsrom BCchoro icHyBaHHS KaJpoBe 3a0e3reueHHs
MirOTOBKK (axiBIliB € OJHUM 3 HABaKJIMBININX HAMPSMIB y poOOTi
Kadenp, X 3aBKId BUPI3HIB BUCOKHHN TPodeCcioHai3M Ta Ieaarorii-
HUW JTOCBi/J BUKIIaJadiB, CMAJKOEMHICTh TPAJWIii, TTHOOKANA METO-
JIUYHUHN 1 HAyKOBHH PiBEHb, 3aCHOBAHUN Ha CYyYaCHUX JOCSITHEHHSX
HAyKH, TEXHOJIOT1] Ta BUPOOHHIITBA.

[MinroroBka kadeapaMu XiMIYHOT TEXHOJOTIT KOMIO3UIIIHHUAX
MarepianiB Ta XIMIYHOI TEXHOJIOTIi KepaMiKé Ta CKJIa BHCOKOKBaJi(i-
KOBaHUX (DaxiBIIB — II¢ TIEPIIOUEPTOBE 3aBIaHHS, TaK K OymiBEeNbHI
Marepiand — Kepamika, B’SKydi, CKJIO, OPTaHIYHI MMOKPHUTTS Ta IUIac-
TUKHA 3 TICBHUM (3a/IaHUM) KOMILUIEKCOM BJIACTHBOCTEH OymyTh ayke
HEOOXiHI Iicysl 3aKiHYCHHS BOEHHOTO CTaHY JUIS BiTHOBJICHHS HAIIOl
Vkpainu. CydacHuld pUHOK Mpaili BUCYBa€ BHCOKI BHMOTH JIO PiBHS
MiATOTOBKH (haxiBIiB. HaBuaHHS Ha XiMIKO-TEXHOJIOTIYHOMY (haKyIh-
teti KIII im. Iropst CikopchKOTO J1Ta€ MOXIIMBICTH OBOJIOAIHHS Cydac-
HO¥O, ITPECTIHKHOIO Ta I[IKABOO CIIEIialbHICTIO.

[IpoBeneHHS HayKOBUX KOH(EPEHIIiH — I1e OJIMH i3 CII0c00iB 0OMiHY
HAyKOBUMH JIOCATHCHHSIMH, OOTOBOPEHHS HAWBAXKJIMBIIINX IUTaHb
3 OIHOJAYMISIMH Ta OMOHEHTaMH, TIONIYK ajJbTePHATUBHUX PIlICHb JJIS
pO3B’sI3aHHS TIOCTABJICHUX 3aBIaHb, 3aIYYCHHS MOJIOII — CTYICHTIB
Ta acmipaHTiB, A0 HAyKOBO-HoCHigHOI AistibHOCTI. XII mikHapomHa
web-koH(pepeHtis «KoMmo3uriiiini marepianm» — OIUH i3 MPHKIAIIB
TaKoi JiSUTBHOCTI.

[Migrorysana
noreHT kadeapu XTKC, k. X. H., TOLEHT
Jlapuca CITACbOHOBA
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Abstract.  Plastic pollution affects ecosystems worldwide, with
microplastics (MPs) being a major concern. This study evaluates
MP abundance in soils impacted by human activities in different areas in
Istanbul. Results indicate recreational areas have the highest MP content,
while residential areas have the lowest. Industrial areas have intermediate
levels. Particle shapes vary by category, with fibers most prevalent
in recreational areas. FT-IR spectrometry analysis identified the types
of MPs present, with the recreational areas containing polymers undergoing
hydrolysis. The industrial zone’s MP contamination was recent and relatively
clean, while the PE plastic in Dilovasi showed little weathering.

Key words: microplastic, land use, soil, humanimpact, residential, industrial,
recreational.
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Plastic pollution is a global issue that affects various ecosystems
including terrestrial, marine, and freshwater. Microplastics (MPs), small
plastic particles measuring less than 5 mm, are a major concern and can
come from primary and secondary sources. In terrestrial ecosystems,
the abundance and movement of MPs are expected to be higher
than in aquatic systems. This study aims to evaluate the abundance
of microplastics in soils influenced by human activities in different
areas, namely industrial, residential, and recreational, to determine
their impact on soil contamination. Soil samples were collected from
Istanbul, Turkey, from various land-use types for each category.
Results showed that recreational areas had the highest MP content
(mean=7,956 items/kg), while residential areas had the lowest
(mean=3,378 items/kg). The abundance of MPs in industrial areas
was between these two groups with a mean value of 4,488 items/kg.
The lowest concentration was observed in one of the residential zones
with 1,868 items/kg, while the highest content was found in a forested
recreational area (Belgrad forest) with 9,332 items/kg. The shape ratios
of particles varied for each category, with round/spherical particles
having the highest share in industrial and residential areas (34% and
32%, respectively) and fibers in recreational areas (36%).

FT-IR spectrometry analysis with diamond ATR accessory (32 scans
per spectrum) was used to identify the types of microplastics present
in the sampled areas. For one of the recreational areas, the spectrum
showed two bands of asymmetric and symmetric C—H stretching
(2,916 and 2,849 cm') that were not overlapping. The bending of
CH (1,453 cm™) with other minor bands up to 1,375 cm™, along with
the carbonyl area between 1,700 and 1,800 cm™!, contained minor peaks
inside it [1]. Although major peaks were absent, it was determined
that the originating type of plastic was not polyester or polyamide, but
probably of polyolefin type (closest to polypropylene). However, due
to contamination with cellulose paper filter residue, the spectrum also
contained a wide 1,027 cm™ artifact band.

In the Dilovasi sample, the PE plastic remained almost unchanged
by weathering. The peaks at 2,914 cm™' and 2,949 cm! corresponded
to asymmetrical and symmetrical stretching of C-H bond
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in CH,, CH;, and CH groups, while the doublet at 1,462—1,440 cm™!
was related to bending vibrations of the respective CH bond, which is
typical for polyethylene.

The spectra obtained from the sample from the university campus
showed the same configuration of aliphatic C—H bond stretching
peaks (2,917 and 2,850 cm'), a sharp PE-like band at 1,468 cm,
but significant carbonyl C=O stretching band at 1,740 cm™ with
a noticeable shoulder. Minor bands at 1,316 cm™ and nearby can
be associated with the ether bond and be a product of the polymer
transformations in contact with the environment [2].

Recreational areas #2 and #3 showed similar attributions in terms
of their spectra; the presence of organic matter could be detected
by the bands of aliphatic CH groups at 2,918 cm™' and 2,849 cm™'
for both samples. There were no signs of the carboxylic band,
indicating that the material destruction had just started. However,
two bands at 3,675 and 3,620 cm™!, attributed to O—H bond stretching
in material structure, may possibly point out the hydrolytic way of
material destruction, which is usual for plastics such as polyacetal,
nylons, and polyethers [3].

In summary, the recreational areas contained small particles
of the polymer at the beginning of destruction. The presence of
OH groups, even after drying, indicated that this polymer underwent
hydrolysis instead of UV or oxygen / ozone-driven oxidation. Hence,
it could be considered either as the initially C=0O-containing polymer
(such as acrylate) that is frequently used in packaging or oxidized
polyolefin (PE or PP). The material found in the industrial zone was
PE-based MP with a still well-defined structure and was relatively
clean, suggesting that the MP contamination was recent.

CONCLUSIONS

MP particles or fibers were present in all of the sam-ples evaluated
in this study. Soil samples from Belgrad forest (recreational area #2)
had the highest amount of MP among all locations, and the other
two rec-reational areas (Yildiz Park and university campus) having
higher MP content compared to industrial andresidential areas
further support the accumulation scenario of MPs in soil. The lowest
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average MP contentwas found in recreational areas, and the results
havebeen consistent for that aspect. It can also be arguedthat size
and shape distribution of MPs can be differ-ent due to the location
of contamination and variousother factors. Specifics of the size
distribution on eachand every location can be further studied to
obtainmore information on fragmentation, and the findingsthat
support the land use affect the distribution of MPsin soil. For
recreational areas including forested area;microfibers were the most
common type with an aver-age of 36.92%, while industrial areas
had more shareon round/spherical MP particles with 32.85% and
residential areas with 34.26%, respectively.
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VIIK 678.046(031)

MOJIMEPKOMIIO3UIIIMHE MOKPUTTS
I3 3ACTOCYBAHHAM YEPBOHOTI'O IIVIAMY

J1000B MeJbHUK, K. T. H., JOII.,
Tumyp Cagara,
Jlap’s Kopenko
KIII im. Iropst Cikopcbkoro

AHoTaniss. B xoi mpoBeseHHsT TOCTIKCHb PO3POOJICHO TEXHOJIOTIK0 BHIO-
TOBJICHHS KOMITO3UIIIHHAX MaTepiaiiB THITy TMOKPUTTIB Ha OCHOBI CHCTEMH
POLICRIL 590-4III 3 momepennboro 0o0podkoro YIIl creapnHOBOIO KHCIIO-
Toto. OnepkaHo 3pa3ku (BUIbHI IUIIBKA Ta IMOKPHUTTS) PO3POOJICHUX KOM-
MO3WIIM B IIMPOKOMY KOHUEHTpauiiHoMmy inTepBanmi YI: 5-25 mac. %
ta pizauM BMmicrom CK 1-3 mac. % Bixg macu YlII. Bcei po3pobneni mokput-
TiB € riApoduIbHUMH, iX KT 3MOYYBAaHHS HE TepeBHILye 90°. A e(l)eKTI/IB-
HU MOJYJIb NPYKHOCTI B 3ale:KHOCTI Bix kKoHUeHTpauii YL, mae nminiliHnit
xapakrep 1 npu 30inpmenHi Bmicty Yl 3 5 mo 25 mac. % 301IBIIy€eThCS
3 102 o 263 MIla. Beenenns 1 mac. % CK no3Bosie miIBUIINTH LeH 1MOKa3-
HUK B 1,5-2,5 pa3u.

KarouoBi ciioBa: BogHa aucnepcis noniMepy, akpuiioBa JUCIepCis, Y4epBOHUN
1IJ1aM, KyT 3MOYYBaHHS, MOJIYJIb IPY>KHOCTI.

Abstract. In the course of the research, the technology of manufacturing
composite materials of the type of coatings based on the POLICRIL 590-RM
system with preliminary treatment of the RM with stearic acid was
developed. Samples (free film and coatings) of the developed compositions
were obtained in a wide concentration range of RM: 5-25 wt. % and with
different SC contents of 1-3 wt. % from the mass of the RM. All developed
coatings are hydrophilic, their wetting angle does not exceed 90 degrees.
And the effective modulus of elasticity, depending on the concentration
of RM, has a linear character and increases from 102 to 263 MPa when
the RM content increases from 5 to 25 wt. %. The introduction of 1 wt. % SC
allows to increase this indicator by 1.5-2.5 times.

Key words: aqueous polymer dispersion, acrylic dispersion, red mud, wetting
angle, modulus of elasticity.

Yepponwuii nutam (YI) € mobiyaum mpomykroM mponecy padiny-
BaHHS TIIMHO3EMY, SIKMH 3a3BHWYail mepeabadae 0OpoOKy OOKCHTOBOI
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pyau rigpokcuaom Harpito (NaOH) ans BuwiyueHHS OKCHIY ajlFOMi-
Hito. BiH MIiCTUTB pi3HI MiHEpaJd, TaKi K OKCHJ 3aj1i3a, OKCUJ] TUTAHY
Ta MIOKCHI KpeMHit0. OTpUMaHUi YepBOHUI [IJITaM Ma€ BUCOKY JIyXK-
HICTh uepe3 HasBHICTh 3ayuInkoBoro NaOH Ta iHIIHX JTy’)KHUX KOMIIO-
HEHTIB. BUCOKa JIy)HICTh Y€PBOHOTO IIJIAMy MOXKE CTaHOBUTH HeOe3-
MEKY ISl HABKOJIMITHBOTO CePeIOBHIIIA.

ToMy BUKOpUCTaHHS HWOTO SK HAIllOBHIOBada B IOJIMEPHHX KOM-
MO3HILIHHUX MarepiajiaXx € aKTyaJbHOIO MPOOIEeMOI0, a 3aBASKH HOTo
YHIKQIBHUM BJIACTHBOCTSIM, BKJIIOYAIOYM BHCOKY IIUIBHICTB, BEIUKY
TUIOILy TIOBEPXHI Ta HU3bKY BapTiCTh — BiH IIUPOKO BUKOPHUCTOBY-
€TBCS B JOCIIDKEHHSIX 3 METOIO TIOKPAICHHS MEXaHIYHUX, TEPMITHIX
Ta 0ap’€pHUX BIACTUBOCTEH MOKPUTTIB, a TAKOXK 3 METOI 3ade3re-
YEeHHSI CTIHKOTO PIllIeHHS M0 YTHIIi3allii Y4epPBOHOTO MIUIAMY.

Tak Li ta iHmi [1] mociijpkyBaad BIUIMB YEPBOHOIO IUIAMY
Ha MEXaHi4Hi BIACTHBOCTI MOJIMEPHUX IIOKPUTTIB HA OCHOBI €IIOKCHI-
HOTO OJIIFOMEPY 1 BIAMITHIIM 301IbIIEHHS TBEPOCTI Ta aJAre3iiHOT Mill-
HoCTI 1ipu 30inbireHHi Bmicty Yl Cremisini i iHmmi [2] moBigoMum,
IO BBEJICHHS YEPBOHOIO MNUIAMy B TOJIYPETaHOBI MOKPHUTTS MOKpa-
IIMJI0O MEXaHIYHI BJIACTHBOCTI, TakKi SK MIIHICTh Ha PO3PHB 1 MOIOB-
YKEHHS TIPH PO3PHBI.

Opnnak npu BukopucranHi YL B momiMepHUX 3aXUCHUX MOKPHTTSIX
CIIiJi BpaXOBYBaTH OCOOJHMBOCTI MOTO BHKOPHUCTaHHS. 30Kpema HeoO-
xijHa morrepenHss 00pooOka moepxHi YUl mas mokpameHHs aucrep-
il YaCTUHOK B TIONIMEPHUX MOKPHUTTSIX, TOMY BHKOPHCTOBYIOTH TaKi
METOAM SIK XiMiuHa Momudikaris ado (izmuHa 00poOKa, HAIPHUKIAL
YABTPA3BYKOM 200 KyJIbOBUM MJIMHOM.

O0poOka TOBEpXHI YEPBOHOTO IIIJIAMY Ma€ BHUpIMIabHE 3HAYCHHS
JUISL JIOCATHEHHST TapHOI JucCHepcii Ta CyMICHOCTI 3 MOJIMEPHOI
Marpurero. Kibka gociimpkeHp JoCHipKyBalll pi3HI METOAn 00pOOKH
MOBEPXHi, Taki K 00poOKa KUCIOTOK, 00poOKa CHIAHOM 1 MIa3mMoBa
00poOKka IS TIOKpAIIeHHs JIUCTepcii YaCTHHOK YEPBOHOTO ILIAMY
B TIOJTIMEPHUX NOKPUTTSX [3; 4].

Ockinpku YLl Mae BHCOKY ITy)KHICTh, TOMY OyJlO pPO3pOOIIEHO
KiJIbKa METOJIB 3HM)KEHHsSI HOro JIy’)KHOCTI 30KpemMa: KapOoHi3alis,
KHCJIOTHE BWJIYTOBYBAaHHS, €NEKTPOXiMiyHa Ta TepMmiuHa oOpoOKa,
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HeHlTpamizalis — nependadae A0aBaHHS KUCIOTH a00 OCHOBH JIO 4ep-
BOHOTO IIJIaMy, 1100 BixperymoBaru ioro pH no HedrpambHOro abo
CJIa0OKHUCIIOTO Jliara3oHy.

O0’exTOM AOCHIDKCHHS B JIaHIl poOOTI OyJiM KOMITO3UIIIiHI MaTe-
piaau Ha OCHOBI CHCTEMH YEPBOHHIH IIJIaM-BOIHA TUCIIEPCIs MOIIMEPY
NP BapilOBaHHI KOHIICHTpAIlil HAlTOBHIOBaYa Ta BH3HAYCHHS BILIMBY
00pOOKH MOBEPXHI yJABTPA3BYKOM Ta JOJaBaHHS CTEAPHUHOBOI KHCIIOTH
Jutst HerTpanizanii ayxuaocti YL, TexHomoris BUTOTOBICHHS MOJIIMEp-
HUX TOKpUTTiB Ha ocHOBI UIII Ta moiiMepHOi BOAHOT quCTepcCii BKITHO-
9ae KiJTbKa eTariB:

1. IlinrotoBka YIIl — ynpTpa3BykoBe MOAPiIOHEHHS 3 OJIHO-
YacHOI Moau(ikaiiero moBepxHi creapuHOBO0 Kuciorow (CK).
Lle#t eram mMpOBOAWIU 3 BUKOPUCTAHHSAM YyIbTPa3ByKOBOi BaHHU
BK-9050 (Kwurait) 3 wactororw 40 k[, wac pucnepryBaHHus 2 roa
y BoJHOMY cepenoBuili. OTpuMyBajid 3pa3ku 3 Pi3HUM BMICTOM
CTE€apUHOBOT KUCIIOTH.

2. Jlucmiepramis miarorosienoro Ul y momiMepHiit MaTpuIli yiabT-
pasBykoMm (ynbrpa3BykoBa BaHHa BK-9050) 2 ron 3 gactororo 40 kI,
BapiroBanu BMicT cTeapuHOBOi KucnoTH Bifg 1-3 mac. %, a YIII Big
5-25 mac. %.

3. HaHeceHHS MOKPUTTS Ha CKIsHI Ta Te()IOHOBI MiTKIAJIKK 3/iH-
CHIOBAJI METO/IOM HAaJINBY.

4. ®opmyBaHHS TOKPUTTS BifOyBajocs MpW KiMHATHIA TemImepa-
Typi 48 roj.

Sk 3B’S3yI0YM BHKOPHCTOBYBAJM BOAHY AMCIEPCII0 aKpPHUIOBOTO
noiimepy mapku POLICRIL 590 (ta6. 1).

SIK HamOBHIOBaY BHKOPHUCTOBYBAJIM YEPBOHHUI HUIaM — 0araroTOH-
HaXHUHN Bimxonu BupoOHHITBA muHO3eMy [IpAT «3amopi3pkuii aimo-
MiHi€BUH KOMOiHaT». XapaKTepUCTHKH SIKOTO 100pe BUBYEHI [S].

3pa3kd OTpUMalM 32 OIHUCAHOI0 TEXHOJIOTi€l. 3 TeIOHOBHX
MOBEPXOHb OTPUMAJIH BUIbHI TUTiBKH.

Jis owiHKM anre3iiHoi 34aTHOCTI CyOcTpaTy 1O MONSPHUX ajre-
3MBIB BHMIPIOBAIM KyT 3MOYyBaHHS. Bu3Havamum KyT 3MOUyBaHHS
TTOKPHUTTIB OJIep’KaHNX Ha CKILTHUX MMigkiIaakax (puc. 1).
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Taonuns 1 — Xapakrepuctukn 38’ s13ytouoro mapku POLICRIL 590

XapakTepucTHKH Iloxka3Huxku
XiMigHHN CKITaT] aKpuiIar
®di3nyHui cTan Bojna aucnepcist 011010 Kolbopy
BwmicToM cyxoro 3anumiky, % 53,5-55,5
ITuroma rycruna, r/cm’ 1,04
Cepe/Hiit po3Mip 4acTOK, HM 0,2
Blaien o ity 20°C.
pH 5,5-7,5
Temneparypa (MTITY), °C 0
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HO m1 m2 3
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KoHueHTtpauis YL, mac. %

Pucynok 1 — 3anexnicts KyTa 3MouyBaHHs BiJ BMicTy YILI
B CKJ1aji KoMro3uii Ta kinbkocti goganoi CK: 0 — 6e3 gogasanus CK,
1 -1 mac. %, 2 — 2 mac. %, 3 — 3 mac. % CK Bix Bmicty UIII

Sx BuaHO 3 TpadivHOl 3a1eKHOCTI BCl 3pa3ku € TiapodiibHUMU
ix KyT 3mouyBaHHs He nepesuirye 90°. Brenenns 1 mac. % CK mizn-
BUIIYE 3HAYEHHS IHOrO TOKAa3HUKA JJsl BCIX JOCTIIHUX CHCTEM.
[Momanpmie 30inbmieHHs koHIeHTpalii CK He moka3ano odikyBaHOTO
3pocTaHHs LbOro mnokasHuka. o crocyerbcst BIUIMBY 30UIBLIEHHS
ronnenTpamii Y1 Ha xyT 3MouyBanHS, TO ipH 30ibIeHH] BMicTy YT
35 1o 25 mac. % KyT 3MO4YyBaHHS 3MIHIOETHCSI HE3HAYHO Ta HE JIHIHHO

1 3HAXOIUTHCS B Mexax 50—70°.
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B momanpmmx gocipKkeHHsIX BapTo Oya0 O TOCTITUTH BILTHB 301JTh-
menHs Bmicty CK B mexax Heitpamnizanii YL Ha ¢izuko-mexaHiuHi
BJIACTHUBOCTI MMOKPUTTIB.

MexaHi4HI ~ XapaKTEPHCTUKH, 30Kpema e(EeKTHBHHH  MOJIYIb
TIPYXKHOCTI, TP BHIOBKEHHI BUTbHUX IIIiBOK cuctemu POLICRIL
590-YlIl 3MiHIOOTBECA TpHU 301NBIIEHHI KOHIIGHTpAIii OCTaHHBOTO
3 5 1o 25 mac. % HacTymHUM YUHOM (pHuC. 2).

400
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250 /

200

150 /
—_—

100

MMa

50

0

EdeKTUBHMIA MOAYNb NPY}KHOCTI, O,

(%)

10 15 20 25
KoHueHTpauia YL, mac. %

Pucynok 2 — EdexTiBHUN MOIYITb IPYKHOCTI BIJIBHUX TLTIBOK
cuctemu POLICRIL 590-YI1I:
0 — 6e3 momaBanusa CK, 1 — 1 mac. %, 2 — 2 mac. %,
3 — 3 mac. % CK Bix Bmicty YL

3anexxHiCTh e()EeKTUBHOTO MOIYNs MPYKHOCTI BiJ KOHIIEHTpa-
uii YL wmae miniiaui xapakrep i npu 30inbmenHi Bmicty YII
3 5 mo 25 mac. % 30umbmyerbest 3 102 go 263 MIla. Beenenus
1 mac. % CK mo3Bossie migBUmMTH IIei mMOKasHWK B 1,5-2,5 pasm.
EdexrusnicTs BBeneHHs 0inbioi kimpkocTi CK He € A0ITBHOIO.

BUCHOBKHA

B xoni mpoBeneHHST TOCHIKEHb PO3POOJIECHO TEXHOJOTIK BUTO-
TOBJICHHSI KOMIIO3UIIIMHUX MarepiajiB THIy MOKPHUTTIB Ha OCHOBI
cuctemu POLICRIL 590-Ull 3 nonepenuasoro 00podkoro YIII crea-
PUHOBOIO KHUCJIOTOIO.
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OpnepxaHo 3pa3ku (BUIbHI IUTIBKH Ta HOKPHUTTS) PO3POOIEHMX KOM-
MO3MLIH B IIMPOKOMY KOHIEHTpauiiiHomy intepsani YLL: 5-25 mac. %
ta pizaum Bmicrom CK 1-3 mac. % Big macu YIII.

BusHaueHo KyT 3MOUYyBaHHSI JIaHHX TOKPHUTTIB, BCI BOHU € Til-
podiTpHUME, iX KyT 3MOuyBaHHS He mepeBuirye 90°. Ta Bu3Ha-
YeHO 3aJIeKHICTh €e(PEKTUBHOTO MOMYJIS TMPYKHOCTI BiJl KOHIICH-
tpauii YL, BoHa Mae JiHIMHUA XapakTep i npu 30UIBIICHHI BMICTY
Ul 3 5 mo 25 mac. % 30inbimyerbes 3 102 mo 263 Mlla. Beenenns
1 mac. % CK 103BoJIsi€ TIBUIIIUTH 1IeH MOKa3HUK B 1,5-2,5 pasu.
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WHEN EXPOSED TO UV IRRADIATION
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Abstract. The study investigates the impact of functionalized silica
nanoparticles on the photodestruction of styrene acrylic polymer-based
coatings. The research uses infrared spectroscopy, ablation speed, and water
contact angle measurements to analyze the UV degradation of thin layer
coatings under accelerated aging conditions. HALS amine loaded coatings
are used as a reference. Results show that the photodegradation of the silica
nanoparticles-polymer composite thin film coatings is influenced by two
factors: screening of UV radiation and increased polymer hydrophilization
speed. At nanoparticle loads over 15 wt. %, the thickness ablation speed
decreases from 1.3 to 1.2 um/h, and the contact angle sharply drops to 40°
from the initial 89° within the first 30 minutes of exposure.

Key words: silica nanoparticles, polymer coatings, UV degradation, water
contact angle.

Polymer coatings play a crucial role in protecting substrates
in harsh environments and providing functional properties
such as water repellency. However, exposure to UV radiation
causes photodestruction of the organic part, leading to reduced
performance properties such as increased hydrophilicity and
decreased mechanical properties [1]. Approaches to reduce
photodestruction include the use of light absorbers, neutralizers of
photo-oxidation intermediates, and spatial shielding of the polymer
from UV radiation [2-4]. This study focuses on the use of
pyrogenic silica nanoparticles as a shielding additive to decrease
photodestruction. The study compares the photodestruction rate
of neat polymer and polymer-nanoparticle composite films with
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varying nanoparticle content. The effectiveness of nanoparticle
shielding is also compared to that of a UV absorber.

The ablation speed is a crucial parameter for comparing
the photodestruction resistance of different materials. It is represented
by the slope of the line approximating the thickness reduction of
the sample due to photodestruction. The most effective concentration
of the HALS UV absorber additive 5,151 is 6 wt. %, which reduces
the ablation rate by almost 1.7 times. The addition of silica
nanoparticles in concentrations below 15 wt. % does not provide
any significant reduction in ablation speed. However, at higher
concentrations, nanoparticles block some of the UV radiation,
leading to a decrease in ablation speed. The water contact angle
measurement is a more sensitive indicator of photodestruction
than FTIR measurements. Even after 1 hour of exposure, coatings
with 5,151 maintain contact angle values above 75°, while the neat
AC coatings show a sharp decrease to 40°. In contrast, AC-R972
compositions show an even sharper decrease in contact angle, which
starts after only 0.5 hours of exposure. All levels of HALS additives
help inhibit photodestruction.

CONCLUSIONS

The study shows that the photodegradation process of polymer
coatings is affected by two factors when nanoparticles are added:
spatial blocking of radiation at loads over 15 wt. % and increased
hydrophilization due to reduced film thickness and increased polymer
fraction under exposure, resulting in a significant decrease in contact angle
values. The thickness ablation speed also decreases from 1.3 to 1.2 pm/h.

References

1. Signoret, C., Edo, M., Lafon, D., et al. (2020). Degradation of styrenic
plastics during recycling: Impact of reprocessing photodegraded
material on aspect and mechanical properties. Journal of Polymers and
the Environment 28: 2055-2077. DOI: 10.1007/s10924-020-01741-8

2. Santabarbara, S. (2006). Limited sensitivity of pigment photo-oxidation
in isolated thylakoids to singlet excited state quenching in photosystem
IT antenna. Archives of Biochemistry and Biophysics 455: 77-88.
DOI: 10.1016/j.abb.2006.08.017

31



KOMMO3ULINHI MATEPIANN
(36ipka maTepianis XIl MixHapoAHOi HayKoBO-NpakTM4yHOi WEB-KoHdepeHLii)

3. Sat, C., Kim, L., Tanaka, H. (2016). Effect of H,0, on UV photo-oxidation
of pharmaceuticals and personal care products in wastewater. Journal of
Environmental Engineering. DOI: 10.1061/(asce)ee.1943-7870.0001132

4. Gijsman, P. (2012). Polymer Stabilization. Handbook of Environmental
Degradation of Materials 673—714. DOI: 10.1016/b978-1-4377-3455-
3.00023-7

YIK 678.234.71

BUCOKOHAIIOBHEHI NIOJIMEPHI KOMIIO3UTH,
OTPUMAHHA TA 3ACTOCYBAHHA

Hapis Cosa, 1. 1. H., 1011.,
Ouaexcanap Ciienuos, K. T. H., aCUCTEHT,
Jlwoomup Po3Bopa, acmipant

KuiBchkuii HaliOHATBFHAN YHIBEPCUTET TEXHOJOTIH Ta TU3aiHy

AHorauniss. PoboTta npucBsiueHa aHai3y TEXHOJOTIH CTBOPEHHS MOJIMEPHUX
KOMITO3HIIIMHNX MaTepialiiB Ha OCHOBI moJtionediniB.

KirouoBi ciaoBa: momiMepHAN KOMITO3UIIIHUAN Martepian, HarmoBHIOBAY,
(bi3uKo-MeXaHi4YHI BIACTUBOCTI, AUCIIEPTYBAHHs, MOJTi0NIe(iHM.

Abstract. The work is devoted to the analysis of technologies for creating
polymer composite materials based on polyolefins.

Key words: polymer composite material, filler, physical and mechanical
properties, dispersion, polyolefins.

Po3BHUTOK Cy4acHUX TEXHOJIOTiH BUMarae 3acTOCyBaHHS MarepiajiB
3 BIOCKOHAQJICHUMHU eKCIUTyaTalliiHUMH BiacTUBOCTAMHU. IlomimepHi
KOMIIO3UIIHI MaTepiaiii — Ie Marepiajld Ha OCHOBI MOJIMEPHOI
MaTpUIli, M0 MICTATh (PYHKIIOHAIbHI HANOBHIOBaYi. SIK HaIOBHIO-
Bauli MOXYTh 3aCTOCOBYBAaTHCh PI3HOMaHiTHI HEOpraHiuHi Ta opra-
HIYHI PEYOBWHH Yy BHIISAI JUCIEPCHUX TOPOIIKIB, BOJOKOH, JIYCOK.
Bubip ckiaay Ta BMICTy KOMIIOHEHTIB IOJIMEPHOTO KOMITO3HUI[IHHOIO
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MaTepianry BU3HAYa€ThCS HOTO HACTYITHUM 3aCTOCYBaHHSIM Ta HEOOXijI-
HUMH (QYHKIIOHAIBHUMHU BIaCTHBOCTAMHU [1].

3Ha4yHy poJib y GOpMYyBaHHI BIACTHBOCTEH MOTIMEPHUX KOMIIO3HTIB
BiJIIrPatOTh TEXHOJIOTIi OTPUMAaHHS [UX KOMITO3HTIB, CIOCOOU Morepe-
THBOT OOPOOKM HAIIOBHIOBAYIB Ta CIIOCOOW OTPUMAHHS TOTOBHX BHPO-
0iB Ha OCHOBI CTBOPEHNX KOMIIO3HTIB.

[TomiMepHiI KOMITO3UTH OTPUMYIOTh 33 TEXHOJIOTI€I0 KOMITAyHIy-
BaHHs. KoMIiayHayBaHHS — Mpoliec MOEAHAHHS IIISXOM 3MIITyBaHHS
KOMIIOHEHTIB Pi3HOT MPUPOAN HA EKCTPY31HHOMY yCTaTKyBaHHI.
KommaynayBaHHs MOKe 3A1MCHIOBATHCS TPhOMa OCHOBHUMH CITOCO-
Oamu: TIOTIepeHE 3MIITyBaHHS ab0 TPEMIKC; PO3IiThHE TO3yBaHHS;
KOMOIHOBaHWH TMpolleC 3 TMOEIHAHHSAM IIOTIEPEIHBOTO 3MIITyBaHHS
3 PO3IUIBHUM J03yBaHHsM [2-3].

[Nonepenne 3minTyBaHHS — MPOIEC KOMITAyHAYBaHHs MIPU SIKOMY BCi
KOMIIOHEHTH MalOyTHBOI CyMIllli MONEPEIHBO 3MILIYIOTh Y OKPEMOMY
YCTaTKyBaHHI MUIIXOM TOYHOTO 00’€MHOTOo ab0 MacoBOTO JO3yBaHHS
KOMIIOHEHTIB 32 Hallepes1 3alaHiM perienToM. Jlam rotoBy cymimr mepe-
POOISIIOTH y eKCTPY3iHHOMY YCTaTKyBaHHI 3 OTPUMaHHS TPaHYJIATY.

Po3ninbHe no3yBaHHS — Mpolec KOMMAayHIYBaHHS MpPU SKOMY BCi
HEOOXiTHI KOMITOHCHTH CTBOPIOBAHOTO KOMIIO3HMTY JO3YHOThCS HEIe-
PEpBHO Y 3a/iaHiil POTOpIIi y eKCTpy3iiiHe yCTaTKyBaHHS 3 BUKOPHC-
TaHHSIM J103aTOPiB HETIepepBHOI ii.

Kom0OiHOBaHUMI TIpoIieC KOMITayHIyBaHHS TOJSTA€ y YacTKOBOMY
MO€THAHHI HETIEPEPBHOTO JI03yBaHHS YaCTHMHU KOMITOHEHTIB Ta Here-
PEpPBHOIO J103yBaHHS YaCTUHH KOMIIOHEHTIB SIK IOIEpPEIHHO BUTOTOB-
JICHOT CyMili.

[MoniMepHi KOMITO3UTH OTPUMYIOTH Ta 3aCTOCOBYIOTH Yy BUIVISII
KOMIIAyHIIB Ta KOHIlEHTpariB. KommayHn — ToTOBa 10 IepepoOKH
CHCTeMa, IO 3a3BMUYail Mae CTymiHb HarmoBHeHHs a0 30-40 % wmac.
KoHIleHTpaT — BUCOKOHAIIOBHEHAa KOMIIO3MIISl MPU3HAYEHA YIS 3Mi-
UIYBaHHS 3 OCHOBHOIO CHPOBHHOIO IEpeA MepepoOKOr0, Mae BUCOKUH
CTYIIiHb HATIOBHEHHSI, 110 MOKe csiratu noHay 80 % mac., He npujaTHa
3a3BUYAl 10 IEPEPOOKH y UncTOMY BUTVIAAI [4].

Meton po3miTFHOTO JTO3yBaHHS 3 BHKOPHUCTAHHSIM JBOITHEKO-
BOTO EKCTPYyAEPY J03BOJIIE OTPUMYBATH BHCOKOHATIOBHEHI MOJIMEpHi
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KOMITO3UTH Ha OCHOBI TOmionediHiB, B SIKUX CTYIiHb HAIIOBHEHHS
nocsirae 65-80 % mac.

Januii MeToA OTpUMaHHS BHUCOKOHANIOBHEHUX IMOJIMEPHHX KOM-
MO3UTIB MOXKe OyTH e(DEeKTHBHO 3aCTOCOBAHHMU MPU BUPIIICHHI aKTy-
aJBLHOTO TUTAHHS TTOBTOPHOI MEPEpOOKH IMOTIMEPHUX TOJionediHo-
BUX BigXoZiB. 30KpemMa, BUKOPUCTAHHS TEXHOJIOTIi KOMIIayHIyBaHHS]
JO3BOJIMUTH CTBOPIOBAaTH BHCOKOHAIIOBHEHI KOHLIEHTPATH KapOoHaTy
KaJbI[il0 Ha OCHOBI MEPBUHHKUX Y BTOPUHHUX moionedinis, gki gaii
MOXYTh OyTH BHKOPHCTaHI /Ul BBEACHHS B CKJIJI TIIBKOBUX KOMIIO-
3UII NPU BUTOTOBJEHHI YMAKOBKHA. TakuM crmocoOOM IIaHYETHCS
3a0e3MeueH s 3HIKEHHSI 9acTKU MoJIiMepHOi (a3u y 3aranbHilt Maci
MOJIIMEPHUX BiJIXOAIB, IO € TO3UTHBHUM KPOKOM MpPH BHPIIICHHS
MUTaHHA yTWIi3alii momxiMepHux BinxomiB. Takok, BBENEHHS Kap-
OoHaTy Kamblilo B moJione(iHu NPUBOAUTH JO 3POCTaHHS T'YCTHHH
MOJIIMEPHOTO MaTepiaiay Ta 3HM)KEHHS HOro 3/JaTHOCTI 10 PO3HECCHHS
BITPOM NP MOTPATUISTHHI Ha TOJITOHHU.

BUCHOBKHU

Y po0oTi TIpoBeIeHO aHai3 TEXHOJOTI CTBOPEHHS BHCOKOHAITOB-
HEHMX MOJIMEPHUX KOMITO3HTIB Ta 3allPONOHOBAHO 3aCTOCYBAHHS TEX-
HOJIOT1i KOMITAyHyBaHHsI JUUIsl YaCTKOBOTO BHPIILICHHS NMUTAHHS Iepe-
POOKHU MOJTTUMEPHUX BiJIXOIIB.
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EXPANDING PERLITE MATERIALS TO OBTAIN
COATINGS THAT REPEL WATER
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Igor Sikorsky Kyiv Polytechnic Institute

Abstract. This paper explores a solution to the complex scaling, high cost
and low environmental resistance associated with superhydrophobic coatings.
By using organic coating technology, the paper demonstrates the possibility
of obtaining highly water-repellent surface coatings based on expanded
perlite and regenerated adsorbent. The study characterizes the properties
of the coatings through various techniques and concludes that they serve
as a good base coat for creating superhydrophobic volumetric hierarchical
coatings. Additionally, the research shows that using an adsorbent for used
refined sunflower oil is as effective as using freshly ground expanded perlite.

Key words: uperhydrophobic coating, water-repellent surfaces, crushed
perlite, water contact angle, water-repellent coating.

Superhydrophobic  surfaces have valuable properties but
face challenges of scalability, high cost, and low environmental
resistance. A solution to these problems lies in the use of traditional
organic coatings technology, which can provide cost reduction
and scalability due to established production and application
techniques [1]. Fillers that form the necessary surface texture and are
sufficiently hydrophobic can be used in these coatings, and surface-
treated hydrophilic materials can also be included. However, pure
nanoparticles have low mechanical resistance, so a combination with
microtexture-forming agents is necessary. The majority of fillers used
in protective coatings technology fall in this size range, with known
processing technologies and environmentally friendly solutions
available [2]. The sustainability of Cassie state is determined by
the microstructure formers’ ability to decrease the contact area with
liquid media. Directed platelet-like particles can minimize the contact

35



KOMMO3ULINHI MATEPIANN
(36ipka maTepianis XIl MixHapoAHOi HayKoBO-NpakTM4yHOi WEB-KoHdepeHLii)

area, making them of special interest. Ground expanded perlite is
a potential filler material, which is widely used as an adsorbent in
sunflower oil production. An acrylate polymer is considered as a binder
for microparticles in this study, which is a widely used film-forming
agent for exterior coatings [3].

During the wear test the value of the contact angle of the coatings
increases to a certain limit, after which begins to decrease to the initial
values and below (Fig. 1). The increase in the contact angle to
the extremum point can be explained both by surface contamination of
the microtextured coating with fragments or whole pearlite particles,
and by the removal of a part of the acrylic film former. A decrease in
this indicator after the extremum point, in turn, can be explained in
a gradual removal of pearlite microparticles that form the structure of
the coating this assumption is partially confirmed by the correlation of
the contact angle curves and the mass loss of the coating.
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Figure 1 — The impact of perlite filler content on the mechanical

abrasion resistance of coatings: a — 85 wt. %; b — 65 wt. %

CONCLUSIONS
The study demonstrates that crushed perlite coatings maintain
their water-repellent properties even during abrasive wear, and
the resistance to abrasion increases with higher binder content.
Grinding expanded perlite produces products with a smaller particle
size range, hydrophobized with polymethylhydrosiloxane, resulting
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in a wetting angle of 145° and surface energy of 27 mN/m.
The coatings exhibit an inhomogeneous surface geometry with
most fine fraction lamellar particles oriented perpendicularly to
the substrate. Water contact angles depend on the amount of abrasive,
with the extremum point determined by binder content. Under
the static action of water, a decrease in the contact angle occurs, but
the Cassie state is not completely lost.

References

1. Myronyuk, O., Dudko, V., Baklan, D., Melnyk, L. (2017). Study of
structure influence on wear resistance of hierarchial superhydrophobic
coatings. Eastern-European Journal of Enterprise Technologies,
3 (12 (87)), 44-49. DOLI: 10.15587/1729-4061.2017.103028

2. Assessment of using secondary raw materials from sunflower oil
production as a compound of elastomeric compositions. (2019). Voprosy
Khimii I Khimicheskoi Tekhnologii, (2), 99-105. DOI: 10.32434/0321-
4095-2019-123-2-99-105

3. Davachi, S. M., Heidari, B. S., Sahracian, R., Abbaspourrad, A. (2019).
The effect of nanoperlite and its silane treatment on the crystallinity,
rheological, optical, and surface properties of polypropylene/nanoperlite
nanocomposite films. Composites Part B: Engineering, 175, 107088.
DOI: 10.1016/j.compositesb.2019.107088

YIK 678.523.4

3ACTOCYBAHHA TEXHOJIOT'TI
AJUTHUBHOTI'O BUPOBHHUIITBA Y CTBOPEHHI
TEILJIONMPOBIJHUX TOJIMEPHUX KOMITIO3UTIB

Bornan CaB4eHKo, 1. T. H., IPO.,
Jenuc [MymkapboB, acmipant

KuiBchkuii HalllOHATBHUN YHIBEPCUTET TEXHOJIOTIH Ta qu3aiHy

AHoTtamis. Po0Oora mnpucCBsIYEeHAa BHCBITIICHHIO IUTAaHHS MOXJIUBOCTI
3aCTOCYBaHHS TEXHOJIOTii aQJWTUBHOTO BHPOOHWIITBA ISl CTBOPCHHSA
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BHPOOIB HAa OCHOBI MOJIIMEPHUX KOMITO3UIIIHHUX MaTepiasliB 3 MOKpPAIICHUMH
TEIIONPOBIJHUMH BIACTUBOCTSIMH.

KarouoBi caoBa: aautuBHe BUpOOHMITBO, 3D-ApyK, TEIUIONpOBiAHI
MOJIIMEpHI KOMIIO3WUTH, TEIUIO(QI3WYHI BIACTHBOCTI, ITapaMeTpH aTUTHBHOTO
BHPOOHHUIITBA.

Abstract. The paper is devoted to the issue of the possibility of using additive
manufacturing technology to create products based on polymer composite
materials with improved thermal conductive properties.

Key words: additive manufacturing, 3D printing, thermally conductive
polymer composites, thermophysical properties, additive manufacturing
parameters.

AUTHBHE BUPOOHHIITBO (TAaKOX Bimome K 3D-IpyK) € BaXKITUBOIO
CY4YacHOIO TEXHOJIOTI€I0, sIKa 3po0HiIa PEBOJIOLII0 Yy MPOMHUCIOBOCTI.
L5 TexHoOMOTIs Mependayae CTBOPEHHS! TPUBUMIPHOTO 00’ €KTa HIISIXOM
JIOJIaBaHHS IIapiB MaTepialy OJMH Ha OJHOrO, a HE BiJHIMAHHS MaTe-
piamy 3 OJIOKY, K y TpaJWIiHHUX METOJaX BHUPOOHHWIITBA. AJIWTHBHE
BHPOOHHIITBO TIPOIIOHYE KiJbKa TIEpeBar MOPIBHIHO 3 TPaIUIlIHHUMHA
METOZaMH BHPOOHUIITBA, BKIIOYAIOYH OiIBINYy THYYKICTh KOHCTPYK-
1ii, TBUIIKIA Yac BUPOOHUIITBA, 3MCHIIICHHS] MaTepiajJbHUX BiXOJIB
1 MOXKJIMBICTh CTBOPIOBATH CKJIQJIHI TeoMeTpii, siki Oysio O Baxkko abo
HEMOXJINBO BUTOTOBUTH TpajuiliiiHuMu Metofamu [1]. TexHosoris
3HAWIIIA MIMPOKUI CHEKTP 3aCTOCYBaHb y PI3HHMX Tally3siX, BKIJIIOYa-
I0YH a€POKOCMIYHY, aBTOMOOUTBHY, METUYHY Ta CIOXHBYY POMHCIIO-
BiCTb. BUKOpHCTOBY€ETHCS 7151 CTBOPEHHS BCHOTO: BiJl JIETKHUX KOMIIO-
HEHTIB JIITAKiB JI0 IHUBIAyaJIbHUX MPOTE3iB 1 3yOHUX IMIUIAHTATIB.

IcHye Kinbka TUMIB TEXHOIOTIH aJUTUBHOTO BUPOOHHUIITBA, KOXKHA
3 SIKHX Ma€ CBill yHiKanpHHWH mporiec ctBopeHHsi 3D-00’ekriB. Och
JesTKi 3 HaO1IBIT 9acTO BUKOPUCTOBYBAHHUX THIIIB aIMTUBHOTO BHPOO-
HUITBa: Tomrapoe HarutaBneHHs Qimamenty (FFF), crepeomitorpa-
¢is (SLA), BubipxoBe nazepue crmikanusa (SLS), mudposa obpodka
csitiiom (DLP), CnpsimoBane nazepue ocamkenns (DED).

[Momapose wnarutaBnenust ¢inamenty (FFF) Fused Filament
Fabrication — me momynmspHa TEXHOJOTIS aTUTHBHOTO BHPOOHMIITBA,
siKa Tiepeadadae TUTaBJICHHST TEPMOIIACTUYHOI HATKH Ta 11 HaHECEHHS
map 3a mapoM s ctBopeHHs 3D-00’exta. Ilporec mouymHaeThCs
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3 3D-Momerni, sika Hapi3aeThCs Ha TOHKI IMIapH, a MoTiM 3D-mpuHTep
HarpiBae TEPMOIUIACTUUHY HHUTKY JO TeMIeparypy I[UIaBICHHS
Ta ekcTpynye ii yepe3 comio. Jlami ekcTpyaoBaHMH Marepial HaHO-
CHUTBCS Iap 3a mapoM Ha OyiBenbHY Tuiaropmy, TIpH IIbOMY KOKEH
map 3’€THYEThCS 3 TIOMEPENHIM Y Mipy OXOJIOKEHHS Ta TBEPIiHHS.
[Iportec FDM mmpoko BHKOPUCTOBYETHCS 3aBISKHM HU3BKiM BapTOCTI,
MPOCTOTI 3aCTOCYBaHHS Ta YHIBEpCaJIbHOCTI, 1 3a3BUYal, BUKOPHUCTO-
BY€ETBCS JUISl HIBUJKOTO CTBOPEHHS MPOTOTHUIIIB, PO3POOKH OWHUYHOTO
MPOIYKTY Ta APiOHOCEPIHHOTO BUPOOHUIITBA.

AnutuBHe GopmyBaHHS a00 3D-IpyK € 4y0BOIO0 TEXHOJIOTIEIO IS
CTBOPCHHSI TEIUIOBIMBIMHUX KOPITYCiB IJISI €JICKTPOHHUX TPHUCTPOIB.
3a pomomororoo 3D-ApyKy MOXKHA CTBOPIOBATH CKJIQAHI TeOMeTpii
Ta (OpMH, SIKi BaKKO BUTOTOBUTH TPATULIMHUMH METOIAMH BHUPOO-
HunTBa. Lle Moxe OyTH 0COOMMBO KOPHUCHUM JUISI CTBOPEHHS CKJIaTHUX
KaHaJliB OXOJIOMKEHHsI Ta pedep, sKi 0MoMararTh ¢eKTUBHO PO3Ci-
I0BaTH TEIUIO BiJl MPUCTPOr0. JIOCUTh 4acTO TEXHOJOTIi aJUuTUBHOTO
BUPOOHUIITBA BUKOPHCTOBYIOTH Ul BUIOTOBJICHHS JA€TaJell Ta KOH-
CTPYKUIH U1 KOTPUX Ba)K/IMBa TEMJIOMPOBIAHICTh, 30KpeMa, KOPILYCH
JUISL CNIEKTPOHHUX MPHCTPOIB. AJKE TEIIo, MI0 BUAUISETHCS i dac
po0OTH eNIEKTPOHIKKA Mae OyTH BifiBelleHE Ui 3a0e3reueHHs Oe3mnepe-
O1MHOCTI Ta HAAIMHOCTI 11 poOOoTH.

TeruronpoBiHI MTOMIMEPHI KOMITO3UTH — II€ Marepiajiu, siKi MO€E-
HYIOTb IIOJIIMEpHY MAaTpHLIO 3 TEMJIONPOBIAHUMM HalOBHIOBAYaMHU
JUTSL TIOKpAIIeHHsT TeIIONPOBiTHOCTI Marepiany. [lomiMepHOIO MaTpu-
e Moke OyTH Oyab-sSIKWM TepMOIIACTUYHUHN a00 TepMOpEeaKTHBHUI
noJjiMep, Takui Sk mojiamif, monikapoonar, AbC-nactuk, nomiedipu
a00 HaBITh CMOKCHJHA CMOJIAa. TEIUIOMPOBIIHUMHU HAIOBHIOBAYaMH
MOXXYTh OyTH MeTaJIeBi a00 HeMeTaliuHI YaCTHHKH, BOJIOKHA a00 Ti1ac-
TiBIIi, TaKi sIK aFOMiHIN, MiJb, TpadiT abo ByrieneBi HAHOTPYOKH [2].
TernonpoBigHICTE KOMIIO3UTY BH3HAYAETHCS TEIUIONPOBIIHICTIO Yac-
TUHOK HAIllOBHIOBaYa Ta X 00’€MHOI0 YaCTKOK B MOJIIMEPHIM MaTpPHIIL.
YacTHHKM HAlOBHIOBaYa YTBOPIOIOTH MEPEKY BCEPEAMHI IMOJIMEp-
HOI MaTpHIll, CTBOPIOIOUM NIISIXU ISl TerJionepenadi depe3 KOMIIO-
3uT. YnuM BuIIe 00’€MHa 4acTKa YaCTUHOK HANOBHIOBauya, THM BHILE
TETUTONPOBIHICTH KOMITO3UTY.
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KpiM TermonpoBimHOCTI, iHII BaXKJIUBI BIACTUBOCTI TETIOMPOBI/I-
HUX TOJIMEPHUX KOMITO3UTIB BKIIOYAIOTh MEXaHIYHY MIIHICTh, CTa-
OUTBHICTH PO3MIPIB 1 EJIEKTPONPOBIAHICTh. BIacTHBOCTI KOMITO3HTY
MOYKHA aJIalTyBaTH NUISIXOM PETYJIIOBAHHS THUIY Ta 00 €MHOI 4acTKU
YaCTWHOK HAIOBHIOBada, a TaKOXK YMOB OOpOOKH, IO BHKOPHCTOBY-
FOTHCS JIJIST BATOTOBIICHHS KOMITO3HUTY.

BuxopucrtoByroun 3D-ApyK, Tako)k MOKHA BHTOTOBIISITH KOPITYCH
3 JIETKUMH, aji¢ MIIHUMHU KOHCTPYKIIISIMH, 110 3MEHIIYE Bary BChOTO
MPUCTPOI0 Ta TOKpairye iHoro MoOumbHicTh. Kpim Toro, 3D-apyk
JI03BOJIsIE BUKOPUCTOBYBATH IMEPEJOBI Marepianu 3i crenu(igHuMu
BJIACTUBOCTSIMH, TaKAMH SIK BHUCOKa TETUIOTPOBIMHICTB, SIKI MOXYTh
JIOTIOMOT'TH TiIBUIITUTH €(DEKTUBHICTH OXOJIO/PKEHHS KOPITYCY.

AIUTHBHE BHUPOOHMIITBO Ma€ PsiJi YHIKAIBHUX MOXJIUBOCTEH —
nporpaMHe IMEpeTBOPEHHS MOJETl BHpPOOy y IIapyBaTy IPOCTOPOBY
CTPYKTYpYy — 000NIOHKH Ta ii 3amoBHeHHs1. [IlapyBara cTpykTypa BHpoOy
JI03BOJIIE TIPOTPAMHUM YHHOM PETYJIIOBaTH PO3MOALT MaTepiaimy
Ta HOro opieHTaLio o0 (hopmu Brupoly. MIMOBIpHO, 10 0COGIHBOCTI
TEXHOJIOTil aJINTUBHOTO BHUPOOHMIITBA BIUIMBAIOTh Ta TEIUIO(I3UYHI
BJIACTUBOCTI CTBOPIOBAHUX TMOJIMEPHHX KOMITO3UTIB 1 JIOCIHIJKEHHS
B IIbOMY HaNpsMKY € aKTyaJlbHUM 3aBIaHHS TOJIMEPHOT rarysi.

Jnst mociijkeHb oOpaHO TMoOJIiMEpH, 110 HaH4acTinie BHUKO-
PHUCTOBYIOTHCSI B aJIUTUBHOMY BHUPOOHWIITBI, 30kpemMa PLA [3],
PET-g, TPU Ta kOMIIO3UTH Ha iX OCHOBI 3 TOCTYITHUMH Ta HEAOPO-
TUMH TETUIONPOBITHUMH HAMOBHIOBauYaMH, HAIMpPHUKIAJ, TOPOIIKU
MeTaJliB, OKCUIW METaiB, rpadit, ByrieueBi HaHOTPYOKH Ta iHMIi
pevOBUHU. [IJ151 OLIHKM BIIJIUBY MapaMeTpiB aJlUTHBHOTO BUPOOHU-
ITBa Ha Terao(pi3uYHI BIACTHBOCTI JOCIIKYBaHMX KOMIIO3HTIB
Oyne TpoBeJCHO TOPIBHSIHHS BIACTHUBOCTEH 3pa3KiB, OTPUMaHUX
JUTTSM TiJ] TACKOM Ta HaAPYKOBAaHUX 3 PI3HUM IPOCTOPOBUM PO3-
TallyBaHHSM IIapiB.

B pesynbrari mpoBeaeHHS JOCIHIIKEHb OUYiKY€ThCS BCTAHOBJICHHS
3aJIe)KHOCTE BIUIMBY NapaMeTpiB aJUTUBHOTO BUPOOHHUITBA Ha TEILIO-
(bi3UyHI BIACTMBOCTI MOMIMEPHUX KOMIO3UTIB. Po3po0ka ckimaxy Kom-
MTO3UIIIMHOTO MaTtepiajy Ta BHOIp TEXHONOTII CTBOPEHHS TOTOBOTO
BHUPOOY 3 IPOTHO30BAHUMH XapaKTEPUCTHKAMHU.
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BUCHOBKHA
1. Y poboTi mpoBeneHO aHalli3 MOXIWBOCTEH TEXHOJOTIH aiu-
TUBHOTO BUPOOHMIITBA MPHU CTBOPEHHI (PyHKIIOHATIHHHUX MOJIMEPHHUX
KOMITO3HTIB.
2. ChopmysbOBaHO METy Ta OCHOBHI 3ajadi JOCIHIDKCHHS IS
CTBOPCHHS TOJIIMEPHUX KOMITO3UTIB 3 TTOKPAICHUMH TEIIOMPOBiI-
HUMH BIIACTHBOCTSIMHU.
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BIIVINB HAHOHAIIOBHIOBAYA CACO; HA TEAKI
BJIACTUBOCTI MOJIETUJIEHY HU3LKOI I'YCTUHH

Karepnna Cunraibcbka,
JIr000B MeabHHUK, K. T. H., JIOII.

KIII im. Irops Cikopcbkoro

AHoTtanis. B maniit po6oTi Oyno mpoBeneHe AOCHTIHKEHHS BIUIMBY HaHOHA-
noBHioBaya CaCO; Ha Jesiki BIACTHBOCTI MOJIETHIICHY HHM3bKOI TI'YCTHUHH.
Byno 3’sicoBano, 10 101aBaHHS JAHOTO HAIOBHIOBAYa JO IMOJIETHIICHY HHU3b-
xoi ryctuan ([IEHI") crpusie migBUIIEHHIO MIIHOCTI MaTepiamy 6e3 3MiHH
TEMIIepaTypH IUIABJICHHS Ta CTYIEHS KpUCTaji3allii, ane Ipu IbOMY 3HUKY-
€TBCS HOTO IIIACTHYHICTb.

KurouoBi cioBa: HaHoHamoBHioBayi, momietwieH, CaCO,, momynp HOHra,
MeKa TEKYJOCTi, JehopMartis.
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Abstract. In this work, a study of the effect of CaCO, nanofiller on some
properties of low-density polyethylene was carried out. It was found that
the addition of this filler to low-density polyethylene (LDPE) increases
the strength of the material without changing the melting point, and degree of
crystallization, but at the same time, its plasticity decreases.

Key words: nanofillers, polyethylene, CaCO,, Young’s modulus, yield
strength, deformation.

JlucrniepcHi HamoBHIOBaYi — 1e ApiOHI pi3HOT GopMH peHOBUHH, SIKi
JIOAAIOTh y JIOCHTH BEJIMKHX KUTBKOCTSIX JI0 CKIIJy KOMITO3UTY ISt
3HIDKEHHSI BapTOCTI Marepiaily, peryiaroBaHHS Horo o0’eMy Ta MacH,
TOKparmeHds:  (i3MKO-MEXaHIYHUX, ONTHYHHUX Ta JCKOPaTHBHUX
BIACTHBOCTEH Marepiany. IX MokHa rpy6o pO3JiNMTH HA HEAKTHBHI
a00 TOMOBXKYIOUI HAalOBHIOBAYl Ta akTHBHI a00 (yHKUiOHaJIBHI abo
3MIIHIOIOY] HaOBHIOBaui [1].

HeaxTHBHI HamoBHIOBaYl BHUKOPUCTOBYIOTHCS JUIsS 3HMKEHHS Bap-
TOCTI MarepiajiB, a aKTUBHI BUKJIMKAIOTH OCOOJUBY 3MiHYy BJIACTHBOC-
Tel MaTepialliB, 3 METOIO OJIEpP KaHHS HaIlepeI 3aIaHUX TTOKa3HUKIB.

B ocranni poku 3’sBunacst HoBa 00JIaCThb JOCIIIKEHb — HAHOTEX-
HoJIorii [1], 1110 BUKOPUCTOBYE B SIKOCTI HAIIOBHIOBAUYiB YaCTUHKH OIUH
13 po3MipiB sikuX oBUHEH OyTH Bix 1 10 100 HM.

OnHi€r0 3 OCHOBHUX TMPWYMH BUKOPUCTAHHS HAHOYACTHHOK
€ BEJIMKE BiTHOIIEHHS TOBEPXHI A0 00’€My, sKe 30UIBITyE KiIBKICThH
B3a€MOIN YaCTUHOK i3 MaTpHLEI0, TAKMM YMHOM ITOCHJIIOIOYM BILUIMB
Ha 3araJibHi BIaCTUBOCTI Marepiany [2].

OcHoBHa uacTHHa. byJao TpoBeneHO MOCHIDKEHHsI BIUIMBY HaHO-
CaCO; Ha Temneparypy iasnenns (T,,), Temneparypy kpuctanizaiii (T,),
cryninb kpucramizamii (X,), monyns FOnra (E), mexy Ttekyuocri (oy),
neopMarIiro Tpy po3pHBi (€) KOMITO3HITIHOTO MaTepialy 3 MOIIMEPHOIO
MaTpHIeio Ha OCHOBI monieTmwieny Hi3bkoi Tyctuam (ITEHI), ockinbkm
BiH € HaWOLIBII TIOIIMPEHNM Ta TEXHOIIOTTYHUM MarepianoM. BeeneHHs
HaHodacTHHOK CaCQO,; B MOJIETHICHOBY MAaTpPHLIO Ja€ 3MOTY 3MIiHHUTH
BJIACTHBOCTI KOMITO3UTY TIOPIBHSHO 3 YUCTHM IOTICTHIICHOM.

Astopu [3] mocmimkysanu 3Miny BiaactuBocreit [TEHI npu noen-
HaHHi #oro 3 HaHo-CaCO,  kinbkocTi 3 Ta 5 Mac. %, pe3yabraTi 10Ci-
JDKSHB TIpeIcTaBiIeH] Ha rpadiky (puc. 1).
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Pucynok 1 — ®i3uko-MexaHigHI BIACTHBOCTI TOCTITHIX CUCTEM:
1 —guctmii [TEHT, 2 — kommosuis [TEHIT 97 mac. % + CaCO3
3 mac. %, 3 — kommosumist [TIEHT 95 mac. % + CaCO3 5 mac. %

SAx BumHo 3 Tpadixky Mogymp FOHra 31 30iMBIIEHHSM BMiCTy
HaHO-CaCO; 30impmryethes Big 205+5 Mlla (mst uncroro ITEHI)
no 25045 Mlla npu #oro HamoBHeHHI B 5 mac. % CaCO,. Mexa
TEKydJoCTi 3pociia Maiixe Ha 7 %, a nedopmanis 3au3unace 3 71 %
(mnst guctoro I[EHI) mo 39 % mnsa kommoswutist [IEHD 95 mac. % +
CaCO; 5 mac. %.

BUCHOBKHA

Byno npoananizoBano BIuiMB HaHoHanoBHIoBada CaCO, npu noxa-
BaHHI HOTO JI0 MOJieTUIICHY HU3bKOT I'YCTHHU. 301IbIICHHSI KOHIICHTPA-
1ii HaHOHAIIOBHIOBAaYA MPU3BOAUTH IO 3POCTAHHS MIITHOCTI MaTepiay,
IIPU CTAJIUX TEMIlepaTypax KpHUCTaji3amii, TIaBICHHS Ta CTYIICHI
KPUCTAJIIIHOCTI MaTepiary, BOZHOYAC 3HUKYETHCS HOTO TUIACTUIHICTD.
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Abstract. The study investigated the impact of different nanosized additives
on the fire resistance properties of intumescent coatings. The results showed
that the addition of organically modified montmorillonite and hydrophobized
silica reduced the fire resistance properties of the coatings. This was due to
the expansion processes being shifted to higher temperatures, which increased
the time of direct heating of the substrate. However, minor concentrations of
organically modified montmorillonite significantly changed the structure of
the coatings and increased their specific heat insulation properties. The study
also observed that nanosized additives had an effect on the expansion factor
and foam structure of the coatings. This effect was suggested to be due to
the complex influence of the nanoparticles on the bubble growth processes
through the modification of melt viscosity. Overall, the study highlights
the importance of carefully selecting the type and concentration of nanosized
additives when designing intumescent coatings for fire protection applications.

Key words: intumescent coating, expansion factor, heat insulation,
organically modifed montmorillonite, hydrophobic silica.

The determination of the fire resistance value of the formulation
involved measuring the time required for the steel substrate to reach
a temperature of 500 °C at the start of the test, taking into account
potential variations that may arise from changes in fire temperature,
thickness uniformity of the coating, among other factors. To obtain
accurate and reliable results, the test was repeated five times for
each formulation, and the data were then averaged for each testing
time. Remarkably, it was observed that the temperature rise followed
a similar pattern in all cases, as shown in Fig. 1. It illustrates
the uniformity in the temperature increase observed during the testing
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process for all five formulations. Given the possible discrepancies
that may arise from changes in fire temperature, coating thickness,
and other variables, the test was performed five times for each
formulation to obtain a reliable average value for each testing time.
The fire resistance value was determined as the time required for
the steel substrate to attain a temperature of 500 °C at the beginning
of the experiment. The results demonstrate a consistent trend
in the temperature rise for all formulations, as demonstrated by
the similarity in the temperature curves.
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Figure 1 — Experimental curves for fire resistance coatings:
1 — base coating; 2 — with 0.25 wt. % of o-MMT;
3 —with 1.25 wt. % of silica

The thermal curve of the coating can be divided into two main
sections: the first section is from the start to the infection point, and
the second section is from the infection point to the end. It is possible
to suggest that the position of the infection point and the slope of
the first section are influenced by the heat conductivity of the non-
expanded coating and the temperature of intumescence. On the other
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hand, the slope of the second section is entirely determined by the heat
conductivity of the resultant foam, specifically the conductivity of
the char layer formed (not the specific resistance).

Interestingly, the slope of the second section for the o-MMT filled
composition is less steep than that of the base composition line. This
suggests that the addition of o-MMT to the base composition enhances
the thermal insulation ability, even though the char layer thickness is
reduced due to the decrease in expansion factor. However, the position
of the infection point is shifted higher by 57 °C, which may be
attributed to the delayed decomposition of the blowing agent.

Moreover, the study showed that the total fire resistance of
the coating with o-MMT is 12 minutes lower than that of the basic
formulation coating. This can be explained by the general influence
of the additional load of inorganic fillers, including the nanosized
additives (silica and o-MMT), which delays the foam expansion
process and consequently decreases the total fire resistance of
the coating. Nonetheless, the use of silica and o-MMT reduces
the slope of the second segment of the thermal curve, indicating
an improvement in the heat insulation performance of such systems.

These findings suggest that there is potential for further
exploration of the use of silica and o-MMT in better-balanced
intumescent systems, with the aim of improving the thermal insulation
performance of the coating while maintaining or even enhancing its
fire resistance capabilities. Further research could focus on optimizing
the concentration and combination of these nanosized additives to
achieve the best balance between thermal insulation and fire resistance
in intumescent coatings.

CONCLUSIONS

It was determined that in the particular case of basic composition
used in this study, the nanosized additives-organically modifed
montmorillonite and hydrophobized silica had reduced the fre
resistance of the basic formulation. The main reason for this reduction
is the shifting of the intumescence processes to higher temperatures,
thus increasing the time of direct substrate heating. However, it was
also established that the minor concentrations of o-MMT (0.25 wt. %)
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can signifcantly change the structure and increase specifc heat
insulation property of the carbon foam. Such an efect can also be
observed in the case of the use of hydrophobic silica, but to a lesser
extent. In perspective, reducing the thermal insulation property
of nanosized additives containing coatings can be overcome by
using formulation solutions to help compensate for the reduction of
the expansion factor and expansion temperature rise. It was shown
that nanosized additives have strong efect on the expansion factor and
the foam structure. It was suggested that this infuence can be explained
by the complex infuence of nanoparticles on the bubble growth
processes through the melt viscosity modifcation.
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AHAJII3 BIVIUBY OKCUAY HUHKY HA BJIACTUBOCTI
MNOJIMEPHHUX KOMIIO3UTIB
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JIr000B MeabHHUK, K. T. H., JOII.

KIII im. Irops Cikopcpkoro

AHoTanig. B naniif cTaTrTi po3MISAHYTO BIUTMB HAHOIUCIIEPCHOTO OKCHIY
LIMHKY Ha pi3Hi moximMepHi Marpuni. [IpoanHanizoBaHO JOCIHIIKEHHS
3 3aJlaHol TEeMH, Ta BHABJICHI 3MiHH, IIO BiIOYBAaIOTHCS MPHU JOMaBaHHI
OKCHIYy IMHKY 10 moxiMepHoi Marpuui. [IpoaHanizoBaHO 3aleXHICTbH
3MIHM MEXaHIYHUX XapaKTePHUCTHK IOJIIMEPHOT0 KOMIIO3HUTY BiJl KOHIIEH-
Tpaiii OKCHIY [UHKY.

Kiro4oBi cjioBa: OkcuI LUWHKY, HAHOAMCICPCHHU HATOBHIOBAY, IOJIMEpHA
MAaTPUIISL, TIOTICTUIICH, MOJITPOIIJICH, JIATCKC.

Abstract. This article examines the effect of nanodispersed zinc oxide on
various polymer matrices. The research on the given topic was analyzed, and
the changes occurring when zinc oxide was added to the polymer matrix were
identified. The dependence of the change in the mechanical characteristics of
the polymer composite on the concentration of zinc oxide was analyzed.

Key words: zinc oxide, nanodisperse filler, polymer matrix, polyethylene,
polypropylene, latex.

HanonucnepcHi HamoBHIOBa4Yl B OCTaHHI POKH OTPUMAali 3HAYHY
yBary sK TIOTCHIIHI KOMIIOHEHTH Ui Monudikamii BiacTUBOCTEH
nojiiMepHux MatepiamiB. OAuH 3 HAWOLIBII JOCTIKYBAaHUX HAIOB-
HIOBaYiB — I1¢ HAHOAUCIIEPCHUHN OKCHA MUHKY (ZnO), IKUH Ma€ BUCOKY
KOpO3ifiHy CTIMKICTh Ta CTIHKICTH J0O OKHCIeHHs. Bomomie aHTHMI-
KpOOHMM e(heKToM, 110 pOOUTH HOTro 3aTpeOyBaHUM IPH BUTOTOBJICHHI
noJiMepHUX Komno3uuiitaux Marepiaiis (ITKM).

Takox B 3aJ1€:KHOCTI Bij| Horo koHmeHTpaiii B ckiaai [IKM moxHa
3MIHIOBATH MEXaHI4YHi, TEPMi4Hi, €IEKTPUYHI Ta ONTHYHI BIACTHBOCTI.
[Ipu BuroToBneni Takux [IKM B skocTi TosliMepHOi MaTpuIli Haidac-
Tillle BUKOPUCTOBYIOTh MOJIETHIIEH Ta MOJIIPOIIiIEH.
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Tax B pmocmimkeHHsx [l; 2] moka3zaHo, 1o BBemeHHS ZnO
10 5 mac. % ToKpalllye MIlHICTh Ha PO3pUB Ta 3HOcoCTiliKicTh [IKM
Ha ocHoBi nomietuieny (I1E) Ta noninponineny (I1I1).

B po6oti [3] miarBepmkeHo, 1m0 3 jgoxaBaHHsM ZnO 110 CKiIaxy
I[IKM na ocuosi IIE Ta IIII migBUIIy€eThCS TEPMOCTIMKICTH Ta CTiH-
KiCTb 70 Aii ynsTpadioneTOBUX MPOMEHIB.

B nocnimkenHi [4] moka3aHo, 110 BBeIEHHS 3 Mac. % HaHOYACTH-
HOK ZnO no ckiaay [IKM Ha ocnosi [1I1 30inbmye ix MexaHiuHi Biac-
THUBOCTI, 30KpeMa: 3MCHIIYETHCS KUIbKICTh MIKPOTPILIIMH Ha MOBEPXHi
3pa3KiB, 30UTBIIYETHCA MIIIHICTh Ha PO3PUB Ta MOIYIb MPY>KHOCTI.

Hocaigauku [5] posmsimamu [TKM wa ocHoBi cywmimi TTE+TIIIT
MpU BBEJEHHI HAHOYACTHHOK OKCHAY HMHKY Bix 0,5 mo 5 mac. %.
Byno BcraHoBieHO, mo 31 30inmbIIeHHSIM KOHIeHTpamii ZnO Moxyih
MPYKHOCTI 3pocTae Oinbi ik Ha 15 %, a MIIHICTh NP PO3TATYBaHHI
Maiixe Ha 24 %.

B pobGoti [6] mpoBoamau BUBUEHHS MEXaHIYHUX BIACTHBOC-
ter IIKM mHa ocuoBi IIE i IIIl npwm 30idbpIICHHSI KOHIICHTpAIIii
ZnO 1o 10 mac. %. Bcranosneno, mo ITKM 3 Bmictom 5 mac. %
HAHOYACTUHOK OKCHJy IIMHKY, TBEpIICTh 30imbmrmiace Ha 12 %,
a MOJYJIb eJ1acTHYHOCTI — Ha 43 %, TOpiBHSAHO 3 0A30BUM MOJIIMEPOM.
[Mpu 30inbiIeHHI BMiCTy HaHo4YacTUHOK g0 10 mac. % mnpu3BOANTH
JIO TIO/IAJIBIIIOTO 3POCTAHHS TBEPAOCTI HA 27 % 1 MOAYINS €1aCTUIHOCTI
Ha 92 %, MIIHICTh HA PO3PHB MPH BOMY 30UIbIIyeThCS Ha 32 % mpu
mBUAKOCTI Aedopmartii 100 MM/XB TOPIBHSHO 3 0A30BUM ITOJIIMEPOM.

Ili >k BHCHOBKM HiATBepIkeHi 1 B poboti [7], e aBTOpH
Ha [IKM 3 mosjieTUIeHOBOK MaTpHIICI0 MpPH BBeJAeHHI 5 Mac. %
Ha"oaucrnepcHoro ZnO 3adikcyBaiu IMiJABHINCHHS MIIHOCTI
Ha po3puB Ha 32 %, a Momyns TPYXHOCTI Ha 67 % TOpPiBHAHO
3 HEHATIOBHEHUM IIOJIi€TUIICHOM.

B po6ori [8] okpiM qociimkeHHS MEXaHIYHAX BIACTUBOCTEH, BCTa-
HOBJICHO, Tipu BBeAeHi 4 mac. % ZnO B [IKM na ocnosi I1I1 npusso-
JIUTH J10 301IbIICHHS TEMIIEPaTypH JIeCTpyKiii marepiainy 1o 358 °C.

Hanonmucniepcuuit ZnO Takox Moxe OyTH BUKOPUCTAHUH [T MOJIU-
(ixarmii BIACTHBOCTEH JIaTeKCHUX MaTepiainiB. Hampukiasn, BBemeHHS
ZnO 10 ckiaxy JaTeKCHOi KOMITO3HINT MO)Ke 3HWKYBaTH 3[aTHICTh
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JI0 pO3TATY Ta 30LIBIIYBAaTH MIIHICTB, IO, B CBOIO 4epry, 3a0e3mneuye
MOKpallleHy CTIMKICTh 70 po3puBy. KpiM TOro miiBUILY€ETHCS CTIHKICTh
JI0 yABTPadioneToOBOro BUIPOMIHIOBAHHS Ta 3pPOCTAI0Th aHTUMIKPOOHI
BJIACTUBOCTI JIATEKCY.

Tak B po6oti [9] BBemeHHs HaHOYacTHHOK ZnO g0 momiOyTami-
€HOBOTO JIATEKCYy MiJBUIIY€E HOTO MEXaHIYHYy MII[HICTh Ta elacTH4-
HicTb (Tabi. 1).

Ta6aunsa 1 — BnacTuBoCTi JIaTeKCy Ha OCHOBI MOJTIOYTA IIEHY 3aJI€KHO
BiJl KOHIICHTPAIlil OKCUAY ITUHKY

Konunenrpanisa | Moayas npyx- | Minnicts npu | BitHocHe noos:xenns
ZnO, mac. % | Hocrti, MIIa | po3pusi, MIla npH po3tssi, %
0 3,5 5,7 480
0,5 4,1 7,1 550
1 5,2 9,2 590
2 7,6 13,4 680
4 9,7 18,6 760

Aptopu [10] BCTaHOBUIM, LIO0 AOJABaHHS HAHOYACTUHOK ZnO
JI0 JIATEKCY Ha OCHOBI MOJIBIHIIOBOTO CIUPTY CHpHsIE 301JIbIICHHIO
CTIMKOCTI JIO Hil BOJAM Ta 3MCHIICHHIO PIBHS BOJOMOIIMHAHHSI
Maiixe Ha 20 %.

B po6orti [11] mpu BUKOpUCTaHHI JIATEKCHOT KOMITO3HUIIIi Ha OCHOBI
BIHIJIAIIETaTHOTO JIATEKCY MPOCITIHKYIOTECS aHAIOTiuHI 3aleKHOCTI
(hi3MKO-MEXaHIYHHUX BIIACTUBOCTEH Bij KOHIIEHTpaii ZnO.

PobGora [12] mnpucesvYeHa MOCITIIKCHHIO BJIACTUBOCTEH JIaTCK-
CHOI KOMIIO3HIIi Ha OCHOBI CTHPOJI-aKpUJIOBOTO cCIiBromiMepy 3 ZnO
B SIKOCTI HaroBHIOBaua. byiio 1mokaszaHo, 1o 31 30UIbIICHHIM KOHIICH-
Tparii HamoBHIOBa4a 70 5 Mac. % 301MbIIyeThCS MIITHOCTI Ha PO3-
puB Ta MimHOCTI Tipw 3ruHi. [Ipu 1boMy 30iNbIIEHHS KOHIIEHTpAIIii
ZnO npuU3BOIWIO A0 3HWKCHHS EJIEKTPUYHOI MPOBITHOCTI MaTepiay.
3o0kpema, OyJI0 BCTaHOBIICHO, 110 TIpU BBezeHHI 2 Mac. % ZnO 30iib-
HIYETHCS MIIHICTH Ha po3puB Ha 46 %. [lpu 30ibIICHH] KOHIIEHTpA-
ii 70 5 % MmirHICTE Ha po3puB 3pocTae Ha 92 %, MpoTe 3MEHITY€EThCS
eIeKTpUYHA TIPOBIIHICTE MaTepiary.
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BUCHOBKHA
BcraHoBneHo, 110 BapilOlOYM BMICT HAHOIMCHEPCHOTO OKCHIY
uuHKky B ckiagi [IKM moxHa perymoBatu Horo (i3Mko-MexaHiuHi
Ta EJIEKTPUYHI BIACTHBOCTI, @ TAKOXK TMOKPAIIUTH TEPMOCTIHKICTB, CTiii-
KICTh J10 YNIbTpagioieTOBOr0 BUNPOMIHEHHS Ta CTIMKICTH JIO i BOAH,
0 pOOWTH 1X MEPCHEKTHBHUMHM Ul BUKOPHCTAHHS B PI3HUX Taly3six
MPOMHUCIIOBOCTI, TAKHX SIK aBTOMOO1UTbHA, €JIEKTPOHHA Ta MEANIIMHA.
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Abstract. A study analyzed micro- and nanotextured coatings resistance
to UV radiation, water immersion, and flow. The coatings were created
using modified calcium carbonate microparticles and treated colloidal silica
nanoparticles. The study compared the aging of polymeric materials under
UV radiation to hydrophobized particles and proposed a mechanism for
organo-mineral coatings deterioration.

Key words: water contact angle, UV resistance, water repellent coatings,
coatings complex destruction.

The study examined how coatings with micro- and nanoscale
textures react to UV irradiation and water flow. The coatings used
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calcium carbonate microparticles modified with stearic acid and
fumed silica nanoparticles treated with dimethyldichlorosilane, with
styrene butyl methacrylate and cellulose acetate butyrate as matrix
polymers. The ratio of particles to matrix that maintains the Cassie
state is determined by particle size, with a critical polymer content
of 6 and 88 wt. % for nano-sized silicon dioxide and micro-sized
calcium carbonate, respectively. The study found that UV irradiation
leads to a faster destruction rate of polymers than the treatment layer
on the surface of hydrophobized particles. Immersion in water reduces
the Cassie state stability, and water flow combined with UV irradiation
results in almost a two-fold deterioration in water-repellent properties.
Textures based on nanoparticles are less resistant to aggressive factors
than those formed by microparticles. The study proposes a mechanism
for the destruction of organo-mineral coatings based on the balance
of the rates of polymer degradation, detachment of particles due to
friction of water flow, and degradation of the treated surface layer,
which could be used to develop bulk water-repellent coatings.
CONCLUSIONS

Researchers conducted a study on micro- and nanotextured coatings
resilience against harsh conditions such as UV radiation, water
immersion and flow. These coatings were produced using modified
CaCO; microparticles and colloidal silica nanoparticles. The study
compared the aging rate of polymeric materials under UV radiation
to hydrophobized particles treated layer. Additionally, it assessed
the impact of water immersion and flow friction on the stability of
the Cassie state. The study proposes a mechanism for the deterioration
of organo-mineral coatings, based on the balance between rates of
UV degradation, particle detachment in water, polymer degradation,
and treated particle surface layer degradation.
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Anorauist. JlocaipkeHo p13H1 crocooun BI/Ip06HI/IHTBa TOHEpIB. 3pasku_OTpH-
MaHi METOJaMH CyCIICH3IHHOI Ta eMyIbCIiiHOI MomiMepHsallii Ta moxiMepH-
3alier0  MiHi-eMyinbeil.  Byno mpoctexeHo MOp(ONIOTivYHI  XapaKTepHCTUKH
BUTOTOBJICHUX TOHEpiB. JloCmipKyBaHi TOHEpH, OTPUMAaHI 32 CXEMOIO CYCIICH-
3ii, BusiBWIM Maibke cdepuuny (opMmy 3 HaiiMEHIIMM PO3MIPOM YACTHHOK —
4,95 MKM TIOpIBHSHO 3 E€MYJIBCITHUMH Ta MiHi-eMYJIbCIHHUME TPOXYKTaMH
moiMepu3artii i3 cepeaHiM po3mipoM gactuHOK 12,03 1 16,07 MKM BiamOBiAHO.
KurouoBi ciioBa: ToHep, Jla3epHUl IPyK, CYCICH31HHA MOJIIMEpU3allis, eMYJIb-
ciifHa mmoiMepu3aItis, MiHi-eMyJIbCiifHA ITOIMEPU3aLlis.

Abstract. Various methods of producing toners have been studied.
The samples were obtained by the methods of suspension and emulsion
polymerization and mini-emulsion polymerization. The morphological
characteristics of the manufactured toners were traced. The studied toners
obtained by the suspension scheme showed an almost spherical shape
with the smallest particle size of 4.95 um compared to emulsion and
mini-emulsion polymerization products with an average particle size
of 12.03 and 16.07 um, respectively.

Key words: toner, laser printing, suspension polymerization, emulsion
polymerization, mini-emulsion polymerization.
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Tonep — 1e npiOHOAMCIIEPCHUI TONIMEPHUH ITOPOIIOK PO3MipOM
Big 6 1m0 12 MKM, 34aTHUH NEPEHOCHTH 300pakKEHHS Ha MiIKIAAKY
3a JIOTIOMOTOI0 0araToeTarHoro MPOIIECy, BIJOMOrO SIK eJIEKTPO(OTOrpa-
¢iunnii qpyk. ToHEpH CKIIaIArOThCS 31 3B’SI3yFOUOTO, SIK MPABHIIO, COTIO-
JIMEpPy CTHUPOITY Ta aKpmiiaTy abo mojiedipHuX cMoJ; OapBHHKA 1 HEBe-
JIMKOT KUTBKOCTI JOOaBKM — areHTa Juisi KOHTPOJIO 3apsily, O Hajgae iMm
MOTEHLIa Ui APYKY. Y mpoueci enekrporpadiuHoro IpyKy iHAyKOBaHi
CNEKTPOHHI CHUTHAIIM TEPEHOCATh IPUXOBaHE 300pakeHHS Ha Oapa-
0aHi (OTOKOHAYKTOpa 3 MOAAJBIIOK MEPEAAUCIO SICKTPUIHO 200 Mar-
HITHO 3aps[UKEHOTO TOHEepa J0 BH3HaueHOi 0o0macTi 300paxkeHHs Oapa-
Oana. YacTHHKY TOHEpa 3roloM JPYKYIOTHCS Ha TAKIAIT, (QiKCYIOTHCS
Ta CIUIABIISIOTHCS 32 TIEBHOT TEMIIEPaTypH Ta THUCKY.

B peakuii noniMepuzanii npuiiMany y4acTs:

— MonomepH — ctupon (St) (Ipan) i n-Oyrunakpunar (BA) (Himeuunna);

— inimiaropu — nepekuc Oensoiny (BPO) (Kwurait) 1 a300icizo0y-
tupoHiTpun (AIBN) (HimeyunHna), peaokc, M0 CKIAAae€ThCs 3 BiTHO-
BHHKa (Qopmanbaeriacyabpokcuiary Harpito (SFS) i okuciaroBaya Tpe-
TrHHOTO OyTHATiApOoniepokcury (TBHP);

— TIOBEPXHEBO-aKTUBHI PEYOBUHHU — Jofeluicynbdary narpito (SDS),
cocrabinizaropa neruioBoro crupty (CA);

— 3mmBarouni areHt — 1,6-rexcanmmonaiakpiar (HDDA) (Himewsnna);

— crabimizatop — noniBiHUTOBHY criupt (PVA) (Kuraii);

— OapsHHK caxa (CB) — Printex U (Himeuunna).

Bci Bume3asHaueHi XiMiKaTH BHKOPUCTOBYBAJIH B TOMY BHIJISIII,
B SKOMY BOHHM OyiaW OTpUMaHi, 32 BUHATKOM St, SIKHH TPOMHUBAIU
10 mac. % po3umnom NaOH ans BupaneHHs iHrioiTopa rigpoxi-
HoHy. CKiaj KOMIIO3WILIM sl PI3HUX BHIIB IOJiMepHU3allii HaBe-
JeHo B Tabm. 1.

VY pasi cycnensiitHoi moimMepu3attii peaxiito mpoBoauiy npu 70 °C
npoTsaroM 6 rox mpu WBHAKOCTI nepemimryBaHus 400 06/xB mig mpo-
JIYBKOIO a30ToM. BinpHOpamukansHy comomimepusaiio St 3 BA Oyio
IHIIOBaHO PO3KJIaJJaHHsM OpPraHiuHO po3dMHHOrO iHimiatopa AIBN.
[lirmeHTOBaHI YAaCTHHKHU TOJIMEPY OCAKyBaJIN IEHTPU(PYTYBAaHHIM
CyMIIIli 3a JOTIOMOTOIO JIei0HI30BaHOT BOAM 3 ITONAJBIITIM BUCYIITYBaH-
HSIM Y BaKyyMHi# riedi npotsirom 12-tu roxuH [1].
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Ta6aumsa 1 — Ckiiag KOMITO3UITIT IS TTIOTiMepHU3aItii
py BUPOOHUIITBI TOHEPA

. Cxaan (Macosi yactuau Ha 100 yacTUH MOHOMePiB)
Inrpenient " - - .
cycneH3is eMyJIbCis MiHi-eMyJIbcist
St 80 80 80
BA 20 20 20
Bona 600 600 600
SDS 1,2 1,2
PVA 5 5 5
BPO 1 — 1
AIBN 2 — —
HDDA 6 6 6
CA — — 2
BignosauK — 1 1
CB 4 4 4

Emynbciiiny monimMepu3anio MPOBOAMIM 33 THX K€ YMOB, IO
1 CyCHeH3iliHY, 32 BUHSTKOM TOT'0, 1110 BBEACHHS pelokc-ininiatopa SFS
JO3BOJIMIIO 3HU3UTH Temmeparypy peakuii 70 40 °C. OKucmoBanibHO-
BiJTHOBHA ToJliMepu3allisi 6e3 pO3YMHHUKIB 3a0e3redye M’sKi YMOBHU
peaxiiii, Ta BUCOKY KOHBepciro. OTpuMaHuii TOHEp (QiIBTpyBaln, MPo-
MHBAJIN JCiOHI30BAaHOIO BOAOIO Ta 30epirayin Mmicys BUCHXaHHS [2].

3arajom comoiiMepH3allisi MiHi-eMYJIbCii € Kpallow B MOPiBHSHHI
3 eMyJbCIHHOIO 3aBASKM KpamoMmy MacooOMiHy. MiHi-eMynbciliHa
noJiiMepu3allis MPOXoAuiia MoIi0OHO 0 eMylibCiiiHoi, ane npu 55 °C.
Kpim Toro, y mpoMy BHIQJIKy JI0 PEaKIiHHOTO CEpPEeOBHUIIIA J0IABATN
crabimizatop CA mis mocsirHeHHS OajlaHCy KOHBEpCii Ta OKPYIIIOCTI
JaCTUHOK TIiT 9ac mojimepu3artii [2].

OTpuMaHi TOHEpHU 3 PI3HUX CXeM IojiMepu3auii HeHTpUyryBaau
Ta JUCIEPryBajy y BOAL 3 MOJANBLIOI 0OPOOKOIO YABTPAa3BYKOM IPO-
TSTOM MPUOIM3HO ABOX XBHJIMH JUIs pyHHYBaHHs arperaris. ucnepcii
TOTYBaJlM JiJIsi BUMIPIOBAaHHS PO3MIPY YaCTHHOK 1 PO3MOALTY YacTH-
HOK 3a PO3MipoM Ha aHajizatopi po3mipy uactuHOK (PSA, Malvern
Mastersizer 2000, AHIIIS) 3 MOXIJIMBICTIO BHSABJICHHS B JIiara3oHi
0,02—2000 MKM.
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Mopdororito momMepru30BaHUX YaCTHHOK TOHEpa CIOCTepiraiu
32 JONOMOTOI0 CKaHYIOUOTO €JIGKTPOHHOIO MiKpockoma, a Qakrop
(hopMu TOHEPIB BU3HAYAIIM 32 JIOTIOMOTOI0 MTPOrPAMHOI0 3a0e3eueHHS
image-J (tabn. 2). Ilepen cTBOpeHHSIM 300pakeHb MOPOIIKH TOHEpa
TTOKPUBAJIUCS 30JI0TOM, 100 3poOuTH iX mpoBigauMHU. [lepeTBOpeHHS
MOHOMEpY BH3HAYaJIH TPABIMETPHIHUM METOIOM.

Tadmuus 2 — Mopdonoriysi BI1acTHBOCTI TOHEPIB,
OTPHMaHHX PI3HUMH METOJIAMH

MeTgﬁ3g;Ji1.l.lMe_ d(50) mxm | InTepBan | OxnopianicTs (fl))?)g;opf’
Cycriensis 495 2,05 0,93 1,03
Emyrnscis 12,03 1,84 1,84 1,80

Mini-eMybCis 16,07 0,77 0,53 1,23

TepMiuHy MTOBEAIHKY TOHEpa MPOBOAMIN Ha nudepeHIliiHOMy CKa-
HYIOUOMY KaJopuMeTpi. BUMiproBaHHS MPOBOAMIM B Aiara3oHi TemIie-
paryp 0...150 °C 3i mBuakictio HarpiBy 10 °C/xB B atMmocdepi a3o0Ty.

{06 owiHUTH SIKICTH TOHEpa ISl IPYKY Ha OCHOBI €(eKTy po3Mipy
YaCTUHOK, MOKHA 3aCTOCYBaTH 3aKOH [ proHiiaxa. BinmoigHo, cepenHiit
pO3Mip YacCTHHOK TOHEpa OOCpHEHO MPOIOPITIMHMIA IIUIEHOCTI HaHe-
ceHoi Toukw. JJIT MOCATHEHHS iJealbHOTO BIATBOPSHHS 300pajkKeHHS
3 BUIIIOIO PO3/IUTLHOIO 3IaTHICTIO MOTPiOEH Manii po3Mip YaCTHHOK.

Sk mpaBMIO, YACTHHKM, IO MalOTh JiaMeTpd B Jiana3oHi
Big 10 MKM 10 5 MM, OTPUMYIOThH IUISIXOM CYCIIEH31HHOI ToniMepu3a-
1ii, 1110 BCE IIe HE MIIXOAUTh U BUCOKOSKICHOTO IU(PPOBOTO JAPYKY.
Ha macts, BBeOeHHA B CHCTEMY HEOPraHIYHMX IIOPOLIKIB, TAaKHX
sk CB, 3MeHmIye po3Mip Kpareib 3a paxyHOK iHTeHCHQIKaIlii 3Mimry-
BaHHi. KOHTpomb po3mipy Kpameinb Ha paHHIA cTafii cycneH3iiHOI
nojiMepu3auii MEBHOI MipOI0 BHM3HAuae€ KIiHLEBUH pPO3MIp CHHTe-
30BaHOrO TOHepa. Sk BuAHO 3 Tabi. 2, cycrHeHs3iliHa ToiiMepu3alis
€ YCIIIITHOIO y BUPOOHUIITBI TOHEPIB, IO MAIOTh BIATOBITHUI cepes-
Hil po3Mip IS BUCOKOSIKICHOTO APYKY [2].

Ha BigMiHy Bin cycrieHsii, eMysbciiiHa Ta MiHI-eMYIIbCiiiHa ToiMe-
pH3aLis mpu3Besna 10 Ay’Ke ApiOHMX YaCTHHOK CYOMIKPOHHOTO JiaMeTpy
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(muB. Tabm. 2). lle BuMarae 30UIbIIEHHS AiaMeTpa YaCTHHOK IO CIpH-
ATIUBOTO PO3MIpY, MPUIATHOIO Ul MPAKTUYHOTO 3acTocyBaHHs. Kpim
TOTO, JOJAaBaHHs OKHCHO-BimHOBHOTO mpekypcopa SFS-TBHP crtBo-
PIOE BHCOKOAKTHBHI PajIMKaNH, SIKI CHPUSIOTH YTBOPEHHIO YaCTHHOK,
SIKI MAIOTh MPUHHIATHAN TiaMeTp I ApyKYy — 8—12 MkM (quB. Tabm. 2).
Xoua eMynbCiiiHI a00 MiHI-eMYIIbCiiHI MeTOa moJimMepu3arii Oyiam O
O1IbLI LIKAaBUMH 3 TOUKHU 30y MOTPeOU B €HEprii, po3mip YaCTHHOK CIIij
JIOJTaTKOBO KOHTPOJIOBATHU ISl SIKICHOTO APYKY.

[IponyKTUBHICTh TOHEPHHUX JPYKAPCHKHUX 1 KOMIIOBAJBHHX MAIIWH
Oyne 3anexxatu Bij mMopdoinorii Tonepa. CepryHi YacTHHKH TOHEpa
MTiIBUITYIOTh SKICTh 300pakeHb, BOTHOYAC 3HIDKYIOUH €(EKTUBHICTDH
OUUIIEHHS Yepe3 3HWKECHHSA TePTS MK OYMCHUM JIe30M 1 OapabaHoM
¢doroxkonaykTopa. Bonu Takox 3meHmyoTs Ban-nep-BaanscoBy anre-
3110 Mi’K TOHEPOM 1 OCHOBOIO.

Ha puc. 1 mokazano SEM wikpodotorpadii momimMepr3oBaHHX
TOHEpPiB, OTPUMAHKX 3a JOIIOMOTOI0 PI3HMX CHOCOOIB MoiMepu3arii.
Cdepuuni 9acTHHKH ONEP)KYIOThCS MPHU CYCHEH3iHHIN moniMepu3arii

UMY RSO KK 10um  MYKV-EMIZ0D SMAMI | 0KV 280KX  0um  KYKY-EMI00  BN.O3EI

Pucynoxk 1 — Mikpodotorpadii SEM uactuHoKk TOHEpa,
OTpPHMaHMX METOaMH IojiMepu3alii B cycneHsii (a), emynbcii (b)
1 MiHI-eMyJIbCiT (¢)

BuxoprcTaHHs OKHCHO-BiTHOBHOTO iHiIliaTopa JEmi0 MOPYIIHIIO
(dbopMy TOHEpa B eMyJbCiHIA Ta MiHI-eMyJIbCIHHIN MONiMepH3aii
(muB. puc. 1,511, ¢) [3].

BUCHOBKHA

BcranoBneHo  3anexHICTH  MOP(OJOTIYHUX — XapaKTEPHCTHK

BHTOTOBJICHMX TOHEPiB Bim crmocody momiMepm3arnii. Tak ToHepw,
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OJIepaHi CyCIEH31MHOI TOJIMEepHU3aIli€l0 BUSBWIM Maibke cde-
puuny dopmy (koedinient dopmu=1,03) 3 HaliMEHIIUM PO3MIpOM
4acTUHOK (4,95 MKM) MOpPIBHSIHO 3 €MYJIbCIHHUMHU Ta MiHi-eMYJIbCili-
HUMH TIPOJAYKTaMH TMoJiMepH3alii i3 cepeHiM pPO3MIpOM YacTHHOK
12,03 i 16,07 mxm BigmoBigHO. OMHAK PO3MOALT YaCTHHOK 3a PO3Mi-
pPOM JUTS TIPOAYKTIB €MYJbCIHOI Ta MiHIeMYIbCIHHOT ToJiMepu3altii
cranoBuB 1,84 i 0,77 BignoBimHO, 110 OyJI0 3HAYHO HUXKYMM, HIK 3Ha-
yenHs 2,05 171 TOHepiB, OTPUMAHUX METOIOM CYCIEH31HHOI.
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MNIABUIIEHHA MEXAHIYHUX
BJIACTHUBOCTE MATEPIAJIIB HA OCHOBI
HAJIBUCOKOMOJIEKYJISAPHOT'O TOJIETHJIEHY

Tersina Kpasens,
JI1000B MeJabHHUK, K. T. H., JIOLI.

KIII im. Iropst Cikopcbkoro

Anoramisa. B naniii poOori Oymo OCHIMKEHO BIUIMB IOJiCTHICHIII-
koito (PEG) ta momietmneny Bucokoi miasHOCTI (HDPE) Ha MexaniuHi
BJIACTUBOCTI MOJIieTHIeHy HajaBucokoi mosekyssipHoi macu (UHMWPE).

59



KOMMO3ULINHI MATEPIANN
(36ipka maTepianis XIl MixHapoAHOi HayKoBO-NpakTM4yHOi WEB-KoHdepeHLii)

Jonasanust HDPE moxkpaniye mexanigHi BIacTHBOCTI (MIIHICTE Ha poO3-
pHUB, MIIIHICTh Ha BUTHH, yIapHa B’A3KiCTh, MOIYIb MPYKHOCTI TIPH BUTHHI)
y cuiBBinHomenHi UHMWPE/HDPE — 60/40. Xoua npu nomaanHi PEG
nokparyerscst TexHonoriunictrs UHMWPE, ane moripimyrorbess MexaHiuHi
BJIACTHBOCTI CyMIIIIi.

KarouoBi caoBa: momiermsien Bucokoi wmineHocti (HDPE), mnomietunen
HaaBucokoi monekynsipHoi mMacu (UHMWPE), ymapra B’s3KicTh, MIITHICTB
Ha BUTHH, MOJYJIb TIPY)KHOCTI, MEXaHI4Hi BIACTUBOCTI.

Abstract. This study investigated the effect of polyethylene glycol (PEG)
and high-density polyethylene (HDPE) on the mechanical properties of ultra-
high molecular weight polyethylene (UHMWPE). The addition of HDPE
improves the mechanical properties (tensile strength, flexural strength,
impact strength, flexural modulus) in the UHMWPE/HDPE ratio of 60/40.
Although the addition of PEG improves the processability of UHMWPE,
the mechanical properties of the compound deteriorate.

Key words: high-density polyethylene (HDPE), ultra-high molecular weight
polyethylene (UHMWPE), impact strength, flexural strength, elastic modulus,
mechanical properties.

[Nomietnnen Hax BucokomonekymsapHoi macu (UHMWPE) — e min-
TPYIO0 TEPMOTUIACTHYHOTO TOJlieTHIIeHy. BiH Mae Haa3BUYaiiHO HOBTi
JIQHITFOTHY, SIKi JO3BOJISIFOTH OLIbII €(EKTHBHO MEPCHOCUTH HaBaHTA-
JKCHHSI Ha TIOJIIMEPHHUI CKEJIeT LUIIXOM IMOCHJICHHS MIKMOJICKYJISIPHOT
B3aemoii. Ile mpu3BOAUTE IO Ay)KE€ MIITHOTO MaTepialy 3 HAWBHIIOIO
YIAPHOIO MIITHICTIO cepel OyIb-IKUX TePMOILTACTIB.

[omieTunen Bucoxoi minsHOCTi (HDPE) e momimep BHcokoi Tyc-
THHU, OTPUMaHHI PEAKIE€I TMOoJiMepu3allii eTHICHY TPU HU3BKOMY
TUCKY. B cTanmapTHHX yMOBax Iie TBEpIUii, >KOPCTKUH, BiIHOCHO TPO-
30pa peYOBHHA.

[Momerunenrnikons (PEG) — 3arambHa Ha3Ba MOJIKOHICHCOBAHUX
MOJIIMEPIB  €THIJICHTIIIKOMO0 abo0 IONIIMEPH30BaHUX TOJIMEpIB OKHCY
CTUJICHY 1 BOIH, [Ie HEWTpaJIbHUN, BOJOPO3UMHHUN TosIiMep. 3aleKHO
BiJI CEpEAHBOT MOJICKYJIIPHOI MacH MOJIiMepy — B’sI3Ka PiJlMHA, KEIEIO-
NiOHa a0 TBep/a PEUOBHHA.

B poGori [1] st 30iIbIIEHHS yAapHOI MIIIHOCTI TIOMIMEPY BHKO-
PUCTOBYIOTH  CyMilml  moiieTwieHy Bucokoi tmimbHOCTI  (HDPE)
i3 TomieTWIeHOM HaaBucOKoi Momekyasipaoi macu  (UHMWPE)
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ta nonietwieHrmikoneM (PEG), mo B moganpiioMy AeMOHCTPYIOTh 3011b-
LIEHHS MILHOCTI Ta yapHOi B’SI3KOCTI, MOPIBHSHO 3 YUCTHM IOTIMEPOM.

I'panynu HDPE mnonpiGHIOIOTE B MOPOLIOK Mepesa 3MillyBaHHSIM
3 UHMWPE i PEG ans orpumaHHs OJHODPITHOTO CKJIaAy 3 IMOJallb-
UM TPAHYJIIOBAaHHAM PO3IUIABY 3 BUKOPHCTAHHSIM OJHOIIHEKOBOTO
eKCTpyzepa 31 MBHAKICTIO oOepTaHHs mHeka 80 06/xB. BMicT xomro-
HEHTIB CyMillli y BiAMIOBIAHOCTI J10 TaO. 1.

Taomuus 1 — Cxian cymimeir UHMWPE/HDPE/PEG

Ho3nauenns 3paskiB | UHMWPE (mac. %) | HDPE (mac. %) | PEG (phr)
U10H90G 10 90 2
U20H80G 20 80 2
U30H70G 30 70 2
U40H60G 40 60 2
US50H50G 50 50 2
U60H40G 60 40 2

Temrmieparypa 1o 30HaM MaTepiaTbHOTO IIJIIHIPY SKCTpyAepa Bimmmo-
BimHO 195, 220, 220 1 240 °C. 3acTOCOBaHO XOIOMAHHUMA CIIOCIO TPAHYIIAIIII.

3paskn g gocHikeHb  po3mipom  12,7x3,0%x150,0 MM
(MpuHa X TOBIIMHA X JIOBKWHA) BUPI3aid 3 BIANPECOBAHOTO JIHCTA.
TexHomnoriuni mapaMeTpu (GOpPMyBaHHS JIUCTA: TeMIlepaTypa Mpecy-
BanHs 210 °C, yac npecyBanus 25 xB (15 xB HarpiBy ta 10 XB 0Xx0J10-
JDKSHHS T THCKOM), TUCK 14 MITa.

JlocmipkeHHST TIPOBOJAWIM Y  BIATIOBIAHOCTI 7O CTaHAAPTHUX
MmetoniB BuipoOyBaHHs ASTM D256-10 (Standard Test Methods
for Determining the Izod Pendulum Impact Resistance of Plastics).
BunpoOysanuss Ha ymap 3a [3omom mnpoBomwnu nHa I[MPats 15
(ATS FAAR Iramis). 3pasku s BUNpoOyBaHb BIATIOBIOANN THITY
II ASTM D 256. Haciuky Ha mmouHy 2,6+0,02 MM BHKOHYBaJIH
3a JIOIIOMOTI'0I0 Hapi3HOTO iIHCTPYMEHTY.

Mexaniuni BnactuBocti cymimeit UHMWPE/HDPE/PEG nokazani
Ha puc. 1. MiuHiCTh Ha PO3PUB, MILHICTh Ha BUI'MH 1 MOIYJb MPYXK-
Hocti mpu 3ruHi cymimedn UHMWPE/HDPE/PEG cnouarky 3po-
CTa€, aje TOTIM TMOCTYNOBO 3MEHINYETHCSA 31 30UIBIICHHAM YacTKH
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HDPE, 1 MakcuMajibHe 3HA4eHHs JOCATa€ThCs, KOJIM CITIBBIAHOIIECHHS
UHMWPE/HDPE 6yne cranoButu 60/40. MinHicTh Ha pO3TSI, Mill-
HICTh Ha BHIMH 1 MOXYJIb MNPYXKHOCTI NMPH BUTHHI 30UTBIIYIOTHCS
Ha 13,8 %, 25,7 % ta 32,5 % [2]. Lle moB’s3an0 3 TiiM, o UHMWPE
Ma€e BHCOKOB’SI3KOTIPYKUHY Oe3repepBHy (a3y, Koiu auctepcHa ¢asza
HDPE € Hu3bKO10, 1 B pe3ynbrari boro MoieKyisipHi ianitora HDPE
MPOHMKAIOTH Y MoJekysipHi janmorn UHMWPE. Lleii 38’130k nipu-
3BOIUTH A0 €(PEeKTUBHOTrO MPOTUCTOSIHHS Aedopmalii, TO X MIlHICHI
XapaKTEPUCTUKU TTOKPAIyOThes 13 nogaBanasmM HDPE.
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Pucynoxk 1 — Bruius yactku HDPE Ha MexaHiuHi BIacTUBOCTI CyMi-
meit UHMWPE/HDPE/PEG: a — BnacTHBOCTI Ha po3TsT; b — BIacTH-
BOCTI TIPH 3THHI

Vnapna B’s3kicte cymimerdr UHMWPE/HDPE ta UHMWPE/
HDPE/PEG nponemoncTpoBano Ha puc. 2 [1]. SIk BuaHO, ynapHa B s13-
kicte UHMWPE/HDPE mae Buiili Ta Kpariii MOKa3HUKH 1€ OB’ SI3aHO
3 TUM, IO MEPETUICTEHHS JIAHIIIOTIB JI03BOJISIE TIOTIMHATH OiJIbIle eHep-
Tii gepe3 mepeopicHTAIlifo JIAHIIOTIB Ta iX KOB3aHHSI.

[pasunenuit ckman cymimi UHMWPE/HDPE (tabm. 1) mae
BaroMe 3HadeHHs. YaapHa miuHicts cymimedt UHMWPE/HDPE 306e-
piraerbcst 1o 60 mac. % HDPE, ta npu 306inbmenni Bmicty HDPE
CIIOCTEPIraeThCs pamnToBe MajiHHA. buiblnr  e(eKkTuBHE MOINIH-
HaHHS eHeprii ymapy Oyino BHSBIEHO Ui KOMIIO3MINI IMPH BMICTI
UHMWPE 40, 50 i 60 mac. %. Y 1iuxX KOMITO3UIISIX HE CIIOCTEPIranocs
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pPO3pHUBIB JOCTHiAHUX 3pa3kiB. lle MOXHA TOSCHUTH TOBHHM CILIaB-
JICHHSIM Ta XOPOIIOK ajare3ito Mik mnoeepxHero posainty UHMWPE
3 HDPE [1]. Ane skmo B3stu Bmict HDPE 70 mac. % 1 Buie,
TO 11 IPHU3BEJIE J0 MOTIPIICHHS aIre31iHOT B3aeMOIiT MK YaCTMHKaMU
UHMWPE ta marpunieto HDPE, sk macmimok BimOymeTbest pedopma-
ii mmactuky. ToMy Ut 30epekeHHST MEXaHIYHUX BIACTHBOCTEH BMICT
HDPE B cknazi cymimi He noBUHEH nepeBuiysata 60 mac. %.
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Pucynok 2 — Ynapna B’s3xicte UHMWPE/HDPE
ta UHMWPE/HDPE/PEG

BUCHOBKH

VY nmaniii poOOTI MOCTIMHKEHO MeXaHIuHI BIACTUBOCTI CyMIllIi TOJIi-
eTuieHy Haaucokoi MosekynsipHoi Mmacu (UHMWPE) i3 nonietnneHom
Bucokoi minsHocTi (HDPE). 3aznaunmo, npu noxasanni PEG y cymim,
3HAUHO TOTIPIIYOThCS MexaHiuHi BiactuBocTi UHMWPE, xoua momi-
CTUJICHITTIKOIb MOXKE TIOKpAIlyBaTW TEXHOJOTIYHICTh TonimMepy. Tomy
nonaBanHs HDPE mokparrye Taki TMOKa3HWKH: MIITHICTH Ha pPO3PHB,
MIIHICTh Ha BWTHH, yJapHa B’S3KiCTh, MOIYJb MPYKHOCTI MPH 3THHI.
Onrumansanm crissiguomenasM UHMWPE/HDPE e 60/40.

Cnucoxk Jiteparypu
1. Mazatusziha, Ahmad, Mat, Uzir Wahit, Khairul, Zaman, Mohammad
Jawaid. “Thermal and mechanical properties of ultrahigh molecular
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weight polyethylene/ high-density polyethylene/ polyethylene glycol
bends. Article in Journal of Polymer Engineering. October 2013.
URL: https://www.researchgate.net/publication/258223781 Thermal and
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density polyethylenepolyethylene glycol blends

2. Rheological and mechanical properties of ultrahigh molecular weight
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THIN FILM POLYMER COMPOSITES INCORPORATING
RED MUD PARTICLES AS AGENTS FOR FORMING
TEXTURED SURFACES WITH WATER REPELLENT

PROPERTIES

Oleksiy Myronyuk, PhD, As. Prof.,
Denys Baklan, PhD student,
Li Che, PhD student

Igor Sikorsky Kyiv Polytechnic Institute

Abstract. This study explores a potential approach to derive the foundation
for water-resistant coatings from red mud. The process involves annealing to
remove the water-soluble components of the waste. The research demonstrates
that the utilization of stearic acid as a water-repellent agent yields
the highest contact angle of 143°. The findings indicate that red mud could
be a viable source for producing hierarchical systems capable of achieving
hydrophobicity, in addition to the conventional particulate fillers.

Key words: red mud, hydrophobicity, contact angle, water-repellent coatings,
organo-mineral composite.

Nature has a number of water-repellent surfaces that use the stable
Cassie state due to their unique structure and chemical composition [1].
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The study of lotus leaf surfaces has led to the development of the field
of research on hydrophobic surfaces, which has resulted in the creation
of theoretical criteria for the most effective water-repellent structures
based on geometry [2]. However, the technology of water-repellent
coatings is still in the developmental stage and is limited by issues such
as scaling difficulties, high costs, and low stability under atmospheric
conditions [3]. One potential solution to this problem is the use of
waste particles, such as red mud, as components of dispersed particles.
However, red mud has high chemical activity and water-soluble
components, which can be overcome through inactivation with acid
gases, the hydrothermal method, or high-temperature annealing. The aim
of the study is to confirm the possibility of producing thin-layer water-
repellent coatings based on these particles, which could open up a new
way to valorize this approach and contribute to the stability of the Cassie
state when using hierarchical structures based on agglomerates of
dispersed particles [4].

The study confirms the effectiveness of all water repellents used in
achieving contact angle values above 90° for initially hydrophilic sludge
particles. When modified with stearic acid, the sludge achieves the highest
contact angle values of up to 136°, attributed to the larger amount of this
water repellent compared to silane ones. However, Dynasylan OCTEO
is also effective in hydrophobization, and a clear difference in efficiency
is observed between annealed and unannealed sludge. To form textured
surfaces, different compositions were tested by varying the content of
the film-forming agent binding the particles on the surface. It is worth
noting that the intrinsic contact angle of the styrene-acrylic polymer used
is 85°, which is quite close to the hydrophobic state.

The squeegee method used to produce coatings based on red mud
and polymer results in a surface with heterogeneous wetting properties.
Three types of compositions with the polymer can be identified based
on their wetting properties. Type A contains the minimum amount of
polymer and high porosity, resulting in the development of the surface
structure. Type B has more polymer and fills voids between particles,
but the surface remains rough and matte. Type C contains enough
polymer to cover the red mud particles completely.
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Without polymer, unannealed red mud particles have a water
contact angle of 53°, while annealed red mud particles have a contact
angle of 55°. With the addition of a polymer, the contact angle
drastically increases to 131°.

When a binder is used, there is a gradient transition from
completely unwetted red mud particles to completely wetted particles.
The “A” condition denotes only the lower red mud particles being
wetted by the polymer, resulting in water contact angles of 133°
and 138° for unannealed and annealed red mud, respectively. The “C”
condition denotes complete polymer wetness of the red mud particles,
resulting in water contact angles of 86° and 101° for unannealed
and annealed red mud, respectively. The contact angles following
the order of C>D>E. It is worth noting that even untreated red mud in
the composition shows a high water contact angle, indicating the film-
forming properties of the styrene-acrylic polymer and its ability to
produce a stable coating that provides good protection against water.
Among the water repellents used, stearic acid was found to be the most
effective in achieving a contact angle of 143° in state A.

CONCLUSIONS

This article explores a potential method for repurposing red mud
to derive the foundation of water-resistant coatings. The water-
soluble segment of the waste is removed through annealing
at 950°C. The study demonstrates that the utilization of stearic acid
as a water-repelling agent in binder-depleted thin-film composites
leads to the highest contact angle of 143°. Consequently, red mud
can be deemed as a viable basis for producing hierarchical systems
capable of achieving hydrophobicity, in addition to conventional
dispersed fillers.
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AHAJII3 ®AKTOPIB IIJIBUIIEHHSA BOTHECTIHKOCTI
TKAHUX MATEPIAJIIB

J1060B MeJbHHUK, K. T. H., JOII.,
Ipnna Copokina
KIII im. Irops Cikopcbkoro

Anoranis. [ocnimkeno smuB antunipeny PVP (PR)-P-DCDA pi3Hux koH-
LEHTpaliii Ha BOTHECTIHKICTH OaBOBHH. 3pa3Kd OTpPHMaHi METOJIOM MpO-
coucHHs. [loBexeHno, mo o6podka PVP (PR)-P-DCDA cumpHO BIUTHBa€e
Ha CTIMKICTH 10 3acTocyBaHHs moryM si. Pesymbratn TGA mokazanm, 1o Tem-
repaTypa po3KiiajaHHs 00poOIeHUX TKAaHUH OyJia 3HIDKCHA HUITXOM 00pOOKH,
a PVP (PR)-P-DCDA 3narHmii 3aXxucTuTH 0aBOBHY BiJ TEpPMIUHOI Jerpamarii
Ta CHOpPUATH YTBOPECHHIO CTabiIbHOTO OOBYIIIEHHS. BcTaHOoBiIEeHO, IO Aona-
BaHHS AHTUIIPEHY J10 0OaBOBHM 3MEHIIYE 3aWMHCTICTh 4epe3 Jeriiparaiio
PVP (PR)-P-DCDA 10 oOBymJICHHS, YIIOBIJIBHIOE JOBXHHY OOBYIVICHHS,
a TaKoX BTPATy MacH 3pa3KiB.

Kurouosi ciioBa: 0aBOBHA, aHTUIIIPEH, BOTHECTIHKICTD, MOMIBIHIJIOBUH CIHPT,
0OBYTJICHHSI.

Abstract. The effect of flame retardant PVP (PR)-P-DCDA of different
concentrations on the fire resistance of cotton was studied. The samples
were obtained by impregnation. The treatment of PVP (PR)-P-DCDA has
been shown to greatly affect the flame resistance. The TGA results showed
that the decomposition temperature of the treated fabrics was lowered by
the treatment, and PVP (PR)-P-DCDA was able to protect the cotton from
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thermal degradation and promote the formation of stable char. The addition
of flame retardant to cotton was found to reduce the flammability due to
the dehydration of PVP (PR)-P-DCDA to char, slow the length of char, as well
as the weight loss of the samples.

Key words: cotton, flame retardant, fire resistance, polyvinyl alcohol, charring.

Mertoro pocmimkeHns Oyiia po3poOKa aHTHITIpeHY /Il OaBOBHH, €KO-
JIOTIYHO YHCTOTO Ta JIETKOTO B 3acTOCyBaHHi 3 epekrom P-N cuneprizmy.

OjHUM 13 METOJIB Ha/IaHHS BOTHECTIMKOCTI BHpOOaM € BBEICHHS
JI0 iX CKJIaJy aHTHIipeHiB, abo 00poOka HUMH BUPOOiB. B miii poboTi
iHTepec OyB 30Cepe/lXeHHil came Ha 00poOIl OaBOBHSHOI TKaHWHHU
AQHTHUIIIPECHAMH, OCKUTBKH caMe e METOJl € CKOHOMIYHHM 1 TIPaKTH4-
HUM BHOOPOM cepel iHIINX.

B poGori [1] 3anpomoHOBaHO 3 Ii€0 METOK BHKOPUCTAHHS
HOBOTO TOJIMEPHOro aHTumipeHy i3 (ochopHO-a30THUM CHHEP-
rismom (PVP (PR)-P-DCDA) cuHTE30BaHO Ha OCHOBI MOJNIBIHIJIO-
Boro crupty (PVA), rimpodinbroi momiediproi cmomu, docdop-
HOi kmcnotu Ta aumiangiaminy (DCDA). ¥V cuHTesi momiBiHiIOBHI
cnupt (PVA) OyB oOpaHuil 3aBaskd BUCOKIM peakmiiiHiii 37aTHOCTI
Ta 3/IaTHOCTI /10 KapOOHi3aIlii, a TakoK HU3bKii BapTocTi. BiH Takox
€ XOPOILUM 3ac000M sl OOBYINIIOBAHHS 1 MA€ CyMICHICTb 3 LIEJIONO-
3010. Jumiangiamin (DCDA) BUKOPHCTOBYBABCS 3aBASIKH TOMY, IO BiH
€ XOPOIITUM ITOPOYTBOPIOBAYEM Yy IHTYMECIICHTHIN CHCTEMi aHTHITipe-
HiB. 3aBIsKy 37aTHOCTI M0 3mmBaHHA PR (momiedipna cmoma 3 ring-
POKCHWIIBHUMHU T'pynamMu), Oyjla BUKOPHUCTaHA JUIsSl IiJBUILEHHS JOBIO-
BIYHOCTI IIUISIXOM 3IIMBAaHHS MK aHTHITIPEHOM 1 0aBOBHOIO [2].

[TokpokoBuii Tpollec CHHTE3y BKa3aHOTO AaHTHIIIPEHY JeTajlbHO
npeacTasienuii [ 1], 610k-cxema ioro 300paxena Ha puc. 1.

TotyBamm BOJIHI PO3UHHH OTPUMAaHOTO AHTHUITIPEHY
PVP (PR)-P-DCDA (75 %) 3 pi3HUMH KOHIIEHTpPAIlisIMH, TaKUMHU
sik 300 /71, 350 r/m, 400 r/m 1 450 r/m.

Jns mpurotyBaHHS fociigHux 3paskiB 100 % O0aBoBHSHY TKa-
HUHY Hapi3allil Ha CMYXKH JOBKHHOIO 200 MM Ta mmpuHOIO 50 MM
(Y MOB3IOBKHBOMY HANpPSIMKY Opi€HTAIlil BOJIOKOH), Ta MPOBOIMIN iX
MPOCOYEHHS BOJHUMH PO3YMHAMH aHTHITIPEHIB BKAa3aHMX KOHIIEHTpPA-
Iili TpbOMa 3aHypPEHHSMH NPHU KIMHATHIA TemIieparypi 3 BiTHOCHOIO
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BojioricTio noBitps 85 %. Ilotim 3pasku cymmum npu 100 °C npots-
rom 3 xB Ta orBepkyBanu npu 180 °C nporsrom 3 xB. Ilepen tecty-
BaHHSIM BCi 3pa3ku BUTpuMmyBaiuch npu 20+2 °C i BigHOCHIiH BoJO-
rocti 65+2 % npotsrom 24 roj.

OH
1hr |

Product ¥ O{"’P""OH
OH

120 ml H:O

55 ml (83%)
orthophosphoerie acid

12g
urea

“ hr

5hr,100°C

- e  QBEFReIM .+ | pyapr)PoH
2hr, 100°C

Pucynok 1 — briok-cxema cunrezy PVP (PR)-P-DCDA

OTtpumaHi 3pa3Ku JOCH/KYBAIM Ha BEpPTUKAIbHE TOPiHHS (BiI-
moBigHO 1m0 ISO 6940:2006 Ilpomenypa A (moBepXHEBE 3aiiMaHH:)).
VY BunpoOyBaHHI BUKOPHCTOBYBABCSI MAKCUMAaJIbHUN Yac 3aCTOCYBAaHHS
mosrym’st 20 ¢, TCJIsE 40r0 BUMIPIOBAIN TIOIIKOJDKEHY JTOBXKUHY (pHC. 2)
3paskiB. Ilicnsi BumaneHHsi Ipkepena MOIyM’sl Hi TOPIHHS, Hi TIIHHS
3pa3KiB HE CIOCTepirasocs.

Tect Ha rpanmunmii kucHeBnit iHmeke (LOI) mpoBOmwIM BiIIOBITHO
o craamapty BS 4589-2. BiH € ogHuM 13 HAWOMYIISAPHIIIX HAyKOBHX
METOJIIB OIIHKM BOTHECTIMKOCTI. TexcTmibHi Marepiany, 3i 3HadeHHs LOI
1o 21 % — mBuako ropsith, ko LOI B Mexax Big 21 mo 25 % — ropsith
noBibHO, LOI BHIIIE 26, MaTepia Ma€e IeBHI BOTHE3aXUCHI BIACTUBOCTI [3].

VY Tabn. 1 HaBemeHO pe3ynbTaTH BUNPOOYBaHb Ha 3aliMUCTICTh
nocmiganx 3paskiB. [lokasamk LOI mas HeoOpobieHoi GaBOBHAHOT
TKaHUHH ckianae 17,6 %.
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Pucynok 2 — BumiproBaHHS TTOIIKOKEHOT TOBKHHA
Yy BEpTHKAIEHOMY BUIPOOYBaHHI Ha TOPIOYICTh

Tadauns 1 — Pesynsraru 3aiiMucTOCTI 00pOOIEHUX OaBOBHSHHUX TKAHUH

Tun Konnenrpania | Tect Ha rpaHny- JoB:xnHa Brpara
TKa- PO3YMHY aHTH- | HUIl KUCHeBUH MOLIKO- MacH,
HUHHA nipeny (r/J) ingexc, LOIL, % | mxennss L (Mm) | W, %
450 27,1 133 13,72
100 % 400 27,2 141 13,54
6aBoBHa 350 25,8 156 26,96
300 25 162 17,85

Sx BuzxHO 3 Tabm. 1, MOIIKO/KEHA AOBXKHMHA Ta BTpara Baru
00p001eHO0l TKAHWHU OOEPHEHO OB’ s3aH1 3 KOHIIEHTPALisIMH aHTH-
nipeHy. Bumii koHIeHTpauii aHTHMIpEeHYy NPU3BOIATH O MEHIIOI
JOBKWHU OOBYTJIIOBaHHS Ta MEHIIOI BTPAaTH MacH B OOpOOJICHHX
0aBOBHSHUX TKaHMHAX.

O6pob6ka PVP (PR)-P-DCDA 3pmarna 3Ha9HO 301TBITATH 3HAYCHHS
LOI nys 6aBoBru (Big 17,6 mo 27,2), BOrHECTIHKICTh 3pocTae ~15 %.

Byno mpoBeneHo mnopiBHsibHUE [Y-cnexTpockomiyHuMii - aHa-
mi3z  (Spekord-75). Cnektpu HeoOpoOieHMX Ta  00poOJIeHUX
PVP (PR)-P-DCDA (400 r/n) TkanuH 3 0aBOBHM HaBEICHO Ha pHC. 3.

Y cmekTpi HeoOpoOieHoi OaBOBHSHOI TKAHWHH MOXKHA 3HANTH
OCHOBHI  ITIKM TIOTMIMHAHHA  BiOpamii ©aBOBHH  (IIEITIOJIIO3H).
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BaneHTHI KONMMBaHHS TiJPOKCHIBHUX TPYH LEJNIONO3H CTaHOBUIIN
3333 em!, a CH, — 2896 cm'. XapakrepHi niku konuBanb CH cra-
HoBwiM 1424 i 1315 cm'. Banentni konuBanus C—O Oyiau mpu-
omuzHo 1027 1 1052 cm!'. Xapakrepui miku mnortuHaHHs P i N
y PVP (PR)-P-DCDA wMoxna nerko imeHTH(iKyBaTH Ha 00poOIe-
Hii OaBOBHsHIM TkaHwHi. Hampukian, P cmocrepiraBes mpu mpwH-
omzao 831, 905 ta 1232 cm!, a — NH, cnoctepirascsi npuOIn3HO
npu 1659 ta 3333 cm~! Ha 00pobOieHux TkaHuHaX. L{i cMyru BKa3yrTh
Ha MPHUCYTHICTH XiMiKaTy, 10 MicTUTh P-N, Ha 6aBOBHSAHUX TKaHWHAX.

em-1

Pucynok 3 — Cnexrp Heoopobnenoi (1) i PVP (PR)-P-DCDA
00po0sIeHOT (2) 0aBOBHSIHOT TKAHUHH

TepmorpaBiMeTpHUHUI aHaJI3 € HAUTTOMTUPEHIIITAM METOIOM OITIHKH
TEPMIYHOI CTaOULTBHOCTI pi3HUX mMoniMepiB. Bimomo, mo aHTuUmipeHH,
0 MICTATh (POCGOP, YTBOPIOKOTH 3IIUTY MEPEKY BCEPEIUHI IIETFONIO3H,
sKa MOXKE TEPEeIIKOUKaTH BUBUIBHEHHIO JIETKUX TOPHOYMX (pparMen-
TiB 1 MOCWIJIIOBaTH YTBOPEHHs OOBYIVICHHS. BOHH MOXYTh 3MEHIIHTH
3aMHUCTICTh TIENIONIO3H, TOJIOBHIM YHHOM IUISXOM JerTinpartarii, ¢oc-
(hopmTIOBaHHA Ta MeXaHi3MIB po3kiaganHs Gocharaux edipiB. 3araaom
OYIKy€TbCS, IO BOTHE3aXMCHI PEYOBMHH PO3KIAAAIOTHCS 110 abo
OM3BKO JI0 TeMIlepaTypy poO3KJaJaHHs cyOcTpary, mo0 HepelKoaKaTH
npotiecy ropinus. Puc. 4 imoctpye KpuBi TepMOrpaBiMETPUYHOTO aHa-
i3y mns HeoOpooOneHoi Ta obpodmenoi 100 % OaBOBHSIHOI TKAaHUHH
3 PVP (PR)-P-DCDA (400 1/1). 3i6pani maHi miacymMoBaHi B Ta0I. 2.
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Pucynok 4 — TepmorpasimMeTpudHi KpuBi HeoOpoOeHoi (1)
1 00po0OseHoi (2) OaBOBHH

Tabauns 2 — J[ani HeoOpoOIeHNX 1 00pOOIEHNX TKAHUH

3pa3ok T,°C | T,°C 3agaumox npu 800 °C (%)
baBoBHa 342 373 3,2
Basosua — 400 r/n 273 310 19,7

baBoBHa 3a3BuMuall mipodi3yeThcs B a30Ti JBOMa albTepHa-
TUBHUMH NUISXaMH, $IKi BKJIIOUYAKTh PO3KJIAJaHHS TIIKO3UIIb-
HUX OJIWHUIL N0 aii)aTUYHOTO BYTULIS NPU HIDKYHX TeMIiepa-
Typax 1 JIemoJliiMepHu3aIlifo TaKuX OAWHHUIL IO JICTKUX MPOMYKTIB,
0 MICTATH JICBOTIIIOKO3aH, MpHW BUIIIA Temmeparypi. HasBHicTh
BOTHE3aXMCHUX OOpOOOK BIJIMOBiJa€ 3a CUJIbHE 3HIKCHHS TEM-
nepaTrypyu pPO3KIAJaHHS [EII0J03U, SK BHSIBICHO IOYaTKOBUM
3HaueHHsIM poskiananas (T1) 342...273 °C jgns oOpoOieHoro
3pa3ka. TepMmorpaBiMEeTpHUHHMI aHali3 00poOieHol OaBOBHU
B armocdepi a3ory mokazaB mpubauzHo 20 % Macu 3aJHUIIKOBOTO
Byrimg npu 800 °C, mo BKa3zye Ha BUCOKY TEPMiUHY CTaOiIbHICTB.
s TeHaeHIiS B OCHOBHOMY 3YMOBIICHAa B33a€EMOJIEI0 IIEITIONIO3U
ta PVP (PR)-P-DCDA mix yac cnantoBaHHs, 1m0 3ano0irae mojaaiib-
i gerpanpamii TkauuH. Li pe3ynpratu cBig4arh mpo Te, M0 J0ja-
BaHHS AaHTHUIIIPEHY J0 OaBOBHM MOIJIO 3MEHIIUTH 3aiMHUCTICTH
gepe3 nerinpararito PVP (PR)-P-DCDA mo o6ByTi1eHHS.
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MIJABUIIIEHHSA YIAPHOI B'A3KOCTI MATEPIAJIIB
HA OCHOBI HAIBUCOKOMOJIEKYJIAPHOI'O
MOMIETHUIERY IJIAA BPOHEKUJIETIB

Jlennc CaBueHKo, K. T. H.,
Basnentun Baaaimipos

KTII im. Iropst CikopchbKoTO

Anoranis. JlocniypkeHO TiIBUIICHHS YAapHOI B’SI3KOCTI OpOHEKHJIETIB
Ha OCHOBI HaJIBUCOKOMOJICKYJSIDHOTO ITOJIETHJICHY 3a JIOIIOMOTOIO CTBO-
penss rpanienty kpuctaiigaocti (KI'). 3pa3kn oTpuMaHi METOIOM T'paji€HT-
Horo HarpiBaHHs. JloBeseHO, MO 00poOKa 3pa3Ky IpaJiEHTHUM HarpiBaHHIM
CUJIPHO BIUIMBA€ Ha yHAApHY B’s3KicTb. Pe3ynbraTh BHMIpIB 3a JOTIOMOTOIO
BumpoOyBans Ha ymap Llapmi moxasamu, mo yrBopeHHs KI' cmmbHO BIum-
Ba€ Ha MOKA3HUKH YIApHOI B’S3KOCTi. BecTaHOBIIEHO, 1O NMPH TPajiieHTHOMY
HarpiBaHHI HIDKYOi YaCTHHU 3pa3ka, pe3yJbTyloua yaapHa B’ sa3kicTs Ha ~20 %
Kpalre, YUM BEpPXHbOI YaCTHHH.

KarouoBi cioBa: OpoHeXuIIeT, ynapHa B’sI3KICTh, HaJBUCOKOMOJIEKYJISIPHHUN
MIOJIIeTHJICH, TPali€HTHE HATPiBaHHS.

Abstract. An increase in the impact strength of bulletproof vests based
on ultra-high molecular weight polyethylene by creating a crystalline-
gradient (CG) was investigated. The samples were obtained by the method
of gradient heating. It has been proven that the treatment of the sample

73



KOMMO3ULINHI MATEPIANN
(36ipka maTepianis XIl MixHapoAHOi HayKoBO-NpakTM4yHOi WEB-KoHdepeHLii)

by gradient heating strongly affects the impact strength. The results of
measurements using Charpy impact tests showed that the formation of
a CG strongly affects the impact strength. It was established that with gradient
heating of the lower part of the sample, the resulting impact strength is ~20 %
better than that of the upper part.

Key words: bulletproof vest, impact strength, ultra-high molecular weight
polyethylene, gradient heating.

Metoro poboTH Oysi0 JOCIIPKEHHS 3MiHU YIapHOI B SI3KOCTI TuIac-
THH 3 HaJBUCOKOMOJIeKy/sipHOTo noietwieny (HBMIIE) mst Gpone-
JKUJIETIB METOJOM TPaJiEHTHOTO HArpiBaHHS IUIACTHH. | pamicHTHHIA
HarpiB — 1¢ HArpiB 3 Pi3HUM 3HAYCHHSIM TEMIICpPaTypH 1O TTPOTHIICHK-
HUM MOBEPXHAM 3pa3ka [1].

B po0ori [2] 3ampomnoHOBaHO CTBOPHUTH 3pa3Kd AJSl JOCITIJKEHb
3MiHd yjapHoi B’si3kocTi tiactun HBMIIE 3a paxyHok Temmneparyp-
HOTO TPaJieHTy. 3pa3Kd Mald BHIVISI NMPSMOKYTHHUKIB 3 PO3MipaMu
80x80x10 MM (mmpuHaA X JOBKHHA X BHCOTA), a JUIA X CTBOPEHHA
BHKOPHCTOBYBaJIacs allfoMiHieBa Gpopma.

AmomiHiEBY (OpPMY 3aIIOBHIOBAIIM TIOJTIMEPOM Ta MOMIIIAIH B TijI-
paBniunuii npec. Temmneparypa HarpiBy HWKHBOI 1 BEPXHBOI IUIMTH
npecy craHoBuin 390 ta 220 °C BiAmoBiIHO, TAKUM YUHOM CTBOPIO-
BaBCS TEMIIEPaTypHUH TPaTiEHT IO BHUCOTI 3pazka. Yac BUTPUMKH
y npeci 20 xB mpu THCKY 15 MIIa [2].

OxonompkeHHsT BUpoOy BigOyBanock y ¢hopMi py KiMHATHIHN TeMrie-
parypi. 3pa3oK MaB HamiBIIPO30PHUH OLTMH BUIVIAL i3 BUIAUMOIO MEXEIO
MIiX BEpXHIMH Ta HIDKHIMHU YaCTHHAMU 3pa3ka (puc. 1) [2].

Pucynok 1 — ®otorpadist TOCTiTHOTO 3pa3Ky

V 3pasky BepxHi noBepxHesi mapu HBMIIE-KI™ manu 6iny, Henpo-
30py TMOPHCTY CTPYKTYPY, @ HI)KHI — HamiBIPO30py Ta TOMOICHHY.

74



KOMMO3ULINHI MATEPIANN
(36ipka maTepianis XIl MixHapoAHOi HayKkoBO-NpakTM4yHOi WEB-KoHdepeHLii)

Lle migTBepamiu pe3yibTaTd CKaHyBaJbHOT enekTpoHHOi (CEM)
Ta aToMHO-cuiIoBoi Mikpockomii (ACM) (puc. 2). Kpim Toro, BepxHi
mapun HBMIIE-KI' n1eMOHCTpYIOTh KUTBLENOMIOHI KapTHHU elleK-
TpOHHOI auGpakiii BUOpaHoi 001acTi, TOAl SK HWXKHI MIApH JICMOH-
CTPYIOTh UiTKi TOYKOBI AUQPAKIIHHI KapTUHU (pHC. 3), MO € J0Ka-
30M CTPYKTYPHOTO MEpeXOAy BiJi HU3BKOI'O CTYNEHS KPHCTATiYyHOCTI
JI0 BUCOKOTO B JociimkeHux 3pazkax HBMITE-KT [1].

Pucynok 2 — Jlocnimkenns crpykrypu HBMITE-KT o Bucori 3pa3kis
o naanM CEM (a) Ta ACM (0)

Pucynok 3 — ludpakuiiini kapruan HBMITE-KI™ mo Bucori 3pa3kis

HBMIIE-KI' nemoncTpye OBy yAapOCTIUKICTh, KOJIH ymap
IPUXOOUTHCS Ha iX HIDKHIO cTopoHy. Kpama ynapHa B’S3KiCTh
OUTBII KPUCTANIYHOT HUKHBOI CTOPOHU, BUHUKAE 4Yepe3 BEIIUKY Killb-
KicTh eHeprii, sika moTpiOHa aisi nedopmanii KpUCTaIiuHOIro wLIapy,
a BEPXHS CTOPOHA CIYXKHUTh OTOPOI0, K4 MOYKE IEePELIKOKATH TTOILIH-
PEHHIO TPIIMH, PO3CIFOIOYH SHEPril0 BiJl HANPSIMKY yAapy 1O 1HIIHX
HampsmkiB. Hezanexxno Bim ctroponn yaapy, HBMIIE-KI' 3ab6e3neuye
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MOKpAIIEHY YIapOCTIHKICTh MMOPIBHSHO 3 €TAJIOHHUMH 3pa3KaMH 3 ByT-
neuesoi craii AISI 1090 ta HBMIIE (ta6an. 1) [1].

Taomuusa 1 — Cepenns eneprist pyiHHyBaHHS
Ta yaapHa B’sA3KiCTh MPENCTaBICHNX MaTepiatiB

. Enepris pyiiny- apHa B’si3-
Marepian B‘;I:{Hﬂ,pﬁ'My y):cilc)Tb, l'[a3
HBMIIE-KT (HmxHS yacTHHA) 5,69 1249.7
HBMIIE-KT (BepxHs yacTuHa) 4,95 1039
AISI 1090 Byrenena craib 3,19 764,6
HBMIIE nopiBHsIBHUH 3pa30K 0,12 110,6

Takum unnom, HBMIIE-KI' nemoHCTpy€e TOKpalieHy 37aTHICTh
MOTJIMHATH €HEPTiI0 Ta CTIWKICTh J0 y[apiB, IO poOUTH ix 3arpedyBa-
HUMU JIJ1s1 OpOHIOIOYHX MaTepiajiB Ta BUpoOiB [2].

Cnucok Jiteparypu
1. Crystalline-gradient polycarbonates prepared from enantioselective
terpolymerization of meso-epoxides with CO, /Y. Liu et al. Nat Commun.
2014. Vol. 5. P. 5687. URL: https://doi.org/10.1038/ncomms6687 (date of
access: 12.08.2014).
2. Janeschitz-Kriegl, H. Crystallization Modalities in Polymer Melt
Processing : monorpadis. 2nd ed. Springer Cham, 2018. 229 p.
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CTBOPEHHSI KOMIO3UIIMHAUX HETKAHUX
INOJIIMEPHUX MATEPIAJIIB

Bornan CaB4yeHko, 1. T. H., Ipo.,
Ouaexcanap Cienuos, K. T. H.,
€sreniii Byiarakos, acriipant

KuiBchkuii HaliOHATBFHAH YHIBEPCHTET TEXHOJIOTIH Ta TU3aiHy

AmnoTtanis. Po6oTa npucBsdeHa aHali3y cTaHy MUTAHHS CTBOPEHHS HETKAaHUX
MOJIIMEPHHUX MaTepiaiB Ha OCHOBI IMOJIMEPHUX KOMIIO3UTIB.

KurouoBi cjioBa: HeTkaHi OMIMEpHI MaTepiaiy, HAITOBHIOBAY, ITOJIITIPOITIICH,
KapOOHAT KaJIBIIII0, PO3TaTy>KeHA TTOBEPXHS.

Abstract. The work is devoted to the analysis of the state of the art of creating
nonwoven polymeric materials based on polymer composites.

Key words: nonwoven polymeric materials, filler, polypropylene, calcium
carbonate, branched surface.

Herkani mosiMepHi MaTepiaii — OKpeMHI KIac TEKCTHIHLHUX Mare-
piaiiB, IO IMHUPOKO 3aCTOCOBYIOTHCS B JIETKI MTPOMHUCIOBOCTI, MEIH-
LUHI, CiIbCBKOMY TocrofapcTsi, moOyti. Herkani marepiaium maroTh
psn mepeBarn Haja TKAaHWMHAMH, OCKUIBKHM, TEXHOJIOTIYHHH Tpolec
iX OTpUMaHHS MOXE 3/IMCHIOBATUCS B OJMH TEXHOJOTIUHUI Mpo-
Xig 1 € eKoHOMIYHO Outhml BUTiTHUM. CHpPOBHUHOIO IJII OTPUMAHHS
HETKaHUX MaTepialliB € BEeNWKa KiTbKICTh CHHTETUIHHUX ITONIMEPIB —
moJlinporniier, momiedipu, HEWIOH, TEePMOIUIACTHUYHI TOJiypeTaHH,
towmo [1]. OmHUM 3 METOIIB OTPUMAHHS HETKAHHX MOJIMEPHHX MaTe-
piainiB € aepoguHamMiuHe popMyBaHHs 3 PO3ILIaBy nomiMepy [2].

Hetkani momiMepHi Matepiaiu 3aBIsSKH CBOIH CTPYKTypl edek-
THBHO 3aCTOCOBYIOTHCS /ISl (DUIBTPYBaHHS TOBITPS Ta PIAMHHUX CHC-
TeM. Tak 3 MONMPOMNiNIeHy OTPUMYIOTh KaTpUDKi ISl (UIBTPIB AJIs
BOJIM, OJTHOPA30BI MEIMYHI Macku, ririeHiuHi Bupoou. [llupoxa cdepa
3aCTOCYBaHHs HETKAaHMX MarepiajiiB 3yMOBIIIOE€ 3arOCTPEHHSI MUTAHHS
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yTHIi3amii BUpoOiB, 10 BUYEPIIAIH CBOE MIJTbOBE 3aCTOCYBaHHA [3—4].
30kpemMa, 3 Ii€l0 NpPoOJEeMOI0 TOCTPO 3IMITOBXHYJIOCH CYCHUIBCTBO
B HAaCJIIJIOK €IifieMii KOpOHaBIpyCy Ta aKTUBHOTO BUKOPHUCTAHHS OHO-
pa3oBUX MEIMYHHUX Macok. Yepes3 CBOIO HHU3BbKY MOBEPXHEBY T'yCTHHY
BUKOPHCTAaHI HETKaHI MaTepiaJid JIETKO PO3HOCATHCS BITPOM TIpH
MOTPAIUISHHI HA MOJIITOHH, TOTPAILISIIOTh Y BOAONMH.

AHani3 miTepaTypHUX JaHUX Ta NPAKTUYHI HABUKU y PO3POOII
TEXHOJIOTH MepepoOKH MOMIMEPHUX MaTepialliB J103BOJSE 3aCTOCY-
BaTH KiJIbKa MPUHOMIB JUIsl BUPIIICHHS JTAaHOI MPOOJeMH. Y TMepuioMmy
BHIIAJIKy, MOXHAa 3aMIHATH TIONINPOIIIJICHOBY CHPOBHMHY Ha 0iomo-
JmiMepu, Hampuwkiaan moiutakTua. [lomimakTun — 1e  Oiomomiedip,
10 OTPUMYIOTh 3 MPOAYKTIB TIepepoOKu KyKypyasu. [lomiMep Bomomie
BOJIOKHOYTBOPIOIOUMMH BJIACTUBOCTSIMH 1 34aTEH MICIsl BUKOPUCTAHHS
PO3KJIaIaTHCh HA HEIIKiJTMBI KOMIIOHEHTH MPOTATOM 2 MICSILIB y CIie-
iaJIbHUX YMOBaX KOMIIOCTYBaHHSI.

Takuii cmoci®, Ha TEPIUN OIS 3MAETHCS 1ICaTBHAM IIIITXOM
JI0 BHpINICHHS NUTaHHA YTHIi3allii BUPOOIB 3 HETKaHWX Marepia-
niB. [Ipote, 3 iHIIOr0 OOKY, MOJLTAKTH CHOTOMHI 1€ KOIITYE 3HAYHO
JOpokue, HiK mominpominiedH. KpiM Toro, 3 TOYKH 30py NPHHLUIIB
LHUKTIYHOT €KOHOMIKH, TOBTOPHE MEpepoOIeHHs] BUKOPUCTAHUX BHPO-
0iB € CKOHOMIYHO BHTIJHIIIUM 1 AOIIBHIIIUM MTPOIECOM, HI’K KOMIIO-
CTYBaHHS, 110 Iependauae 0JHOPa30BE BUKOPUCTAHHS IIPOAYKTY.

Hpyruii BapianT mnependadae OTpUMaHHA HETKAHWX ITOJMIMEPHHX
MarepiajiB 3 TIONIMPOIMUICHY Ta IOJUIAKTHIY, TOMEpeIHbO HAIOBHE-
HUX MiHepaJbHUM HAlOBHIOBaYeM — KapOOHATOM Kajblilo. B mpomy
BUTIAJIKY, MOXXHA OTPUMAaTH HETKaHI MarepiaJldi Ha OCHOBI MOJiMep-
HUX KOMIIO3UTIB, SIKI BIJIPI3HSIOTHCS OB PO3ray>KCHOI MOBEPXHEIO
MaTepiay, o 0COOIMBO aKTyalIbHO MTPH BUPOOHUIITBI (PiTETPYBATEHUX
MarepiaiiB. Takox, 3aCTOCYBaHHS IOJIIMEPHUX KOMITO3UTIB 3a0e3medye
3HIJKEHHSI BapTOCTI HOJIIMEPHOI CKJIAA0BOI y BUIAIKy 3aCTOCYBaHHS
nominaktuay. HeTkani Marepiaqy OTpUMaHi 3 MOJIMEPHHX KOMIIO3MTIB
BOJIOJIIOTH BHUIIIOIO TOBEPXHEBOIO TYCTHUHOIO, 1[0 3HMKYE iX 3IaTHICTH
JI0 PO3HECEHHSI BITPOM IIPH TOTPAIUISTHHI Y HABKOITUIITHE CEPETIOBHIIIC.

[IpoBeneHi NOUIYKOBI €KCHEPUMEHTH B JaHOMY HANpPSMKY IOKa-
3a]M, IIO0 MOJiMEpHI KOMIIO3UTH € HOBHUM HAIPSIMKYy B PO3BHUTKY
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TEXHOJIOTIH HeTKaHWX MarepiamiB. Tak, 3acTOCYBaHHS BYIJICLEBHX
HaIOBHIOBAYiB J03BOJISIE OTPUMYBAaTH HETKaHI MOMIMEpHI MaTepiaiu
3 PErylibOBaHUMH EJIEKTPONPOBITHIUMHU BIACTUBOCTAMHU. MOXIHMBICTh
KOMOIHYBaHHSI HAIOBHIOBAYiB Pi3HOT (YHKI[IOHAIBHOCTI BiJIKPHBAE
HOBI cdepH 3acCTOCyBaHHS CTBOPEHHX HETKAHWX MaTepialliB Ta OTPH-
MaHHS MarepialiB 3 MPOrpaMOBAHUMH BIACTHBOCTSIMH.
BUCHOBKHA

VY poGoTi 3anpornoHOBaHO MOXIIUBICTH CTBOPEHHSI HETKAHUX Mate-
piayiB Ha OCHOBI TONIMEPHUX KOMIO3UTIB. OOIPYHTOBaHO OCHOBHI
repeBary JIJaHOTo crnocoly Ta MOXKITHBI 3aCTOCYBaHHS.
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EJEKTPOIIPOBIAHI EHOKCUKOMIIO3UTH
3 BYIVIEHEBUMU HAHOTPYBKAMU

Bacuiab Co11aTeHKOB,
JI1000B MeJabHUK, K. T. H., JIOII.

KIII im. Iropst Cikopcbkoro

AHoTtanis. B maniii poGori po3poOieHO METOAM OfAEpKaHHS 3pa3KiB
Ha OCHOBI EMOKCHIHOTO 3B’S3YIOUOTO Ta BYIICIIEBUX HAHOTPYOOK; BU3HA-
YEHO ONTUMAaJbHI TEXHOJIOTIUHI PEXHUMH IX BUTOTOBIIEHHsS. JlocmimkeHo
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CJIEKTPUYHUH OMip PO3pOOIEHUX KOMITO3HTIB B 3aJIC)KHOCTI BiJl KOHIIEHTpaii
BYIJICLICBHX HAHOTPYOOK.

KaiouoBi cioBa: monmimMepHnii KOMINO3ZUIIHHUI Marepial, ermoKcuaHa cModa,
BYIJICTIEBI HAHOTPYOKH, €ICKTPUIHUI OTIip, MATPHUIIS.

Abstract. This work develops methods for obtaining samples based on
epoxy binder and carbon nanotubes; optimal technological regimes for
their manufacture have been determined. The electrical resistance of
the developed composites has been studied depending on the concentration
of carbon nanotubes.

Key words: polymeric composite material, epoxy resin, carbon nanotubes,
electrical resistance, matrix.

[Momimepni xommozwumii (I1IK) depe3 psm cBOiX IIHHUX BIACTH-
BOCTEH Ta MOXIIMBICTh BapilOBaHHS CKJIay 3HAXOISTh BCE OLIbII
LIMPOKE 3aCTOCYBAHHS.

Bubip mnomiMepHOi MaTpuli Ta BHKOPHCTAaHHS HAIIOBHIOBAYiB
y cknani [IK mgae 3mory 3a0e3neuntn HeoOXiqHI, Harepe | 3a1aHi Biac-
THBOCTI KOMIIO3HTY.

OnHPMM 3 HAMOBHIOBAdiB, IO IOKPAIy€ MEXaHIYHI BIIACTHUBOCTI
(30inpIIye MILHICTH MOJIMEpY, TalbMYIOUH IOLIMPEHHS TPIlIKH)
Ta HAJa€ EJICKTPUYHOI Ta TEIUIOBOi MPOBIAHOCTI € BYIJIEIEBI HaHO-
Tpyoku (BHT) [1].

ByrnenieBi HaHOTPYOKHM — IMUTIHAPUYHI CTPYKTYPH JiaMEeTpOM Bif
OITHOTO TI0 JIEKITLKOX ECATKIB HAHOMETPIB, IO CKJIAMAlOThCS 3 OMHIET
a00 JIEKUTPKOX 3TOPHYTHX B TPYOKY TeKCaroHaJIbHUX Tpad)iTOBHX ILIO-
muH (rpadeHiB) 1 3aKiHUYIOTbCS 3a3BHYail HaIliBC(EPUUHOIO TOJIiB-
koo (puc. 1) [2]. BymreneBi HaHOTPYOKM — Iie IITY4YHO OTpPHMaHa
CTPYKTypa, IO SIBJIsSE COOOI0 CYKYIHICTh aTOMiB y BHINIAII TPYyOOK
3 IOPOYKHUHOIO BeepeanHi JoBkuHOI0 10 100 HM 1 miameTpoM 1-2 HM.
TpyOuara ¢opma Mae TpuU KOHTaKTHI ITOBEPXHi: 30BHINIHIO, BHY-
TPINIHIO TOBEPXHI Ta KiHIli TpyOoK [3].

HanotpyOku OyBaioTh pi3HOi (hopmu: omHOIIapoBi Ta Oararoruia-
POBI, IPsIMi Ta CipabHi, 3 BIAKPUTHMH Ta 3aKPUTUMH KiHISMHE [3].

OpHOMmMApOBI HAHOTPYOKM CTAHOBIISATH IUIACT BYIIIEIIGBUX aTOMIB,
3BEPHYTHX Y TPYOKy — BHYTpimHii mgiametp 0,2-2 uM. bararomaposi
HAHOTPYOKM TOOymOoBaHI 3 JEKUIbKOX TpadiTOBUX MHIIHIAPIB
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3 IPOCTOPOM MiK IIapaMu IpHOIU3HO Yy 3,4 A° — BHYTpilIHIN AiameTp
2-100 BM.

Pucynok 1 — CxemaruuHe 300paskeHHs
30BHIIIHHOTO BUIISITY HAHOTPYOKH

BHT wmatote HH3BKY TycTHHY (omHOmapoBi — 1,4 r/cm® i Garato-
mapoBi Byrienesi HaHOTPyOku — 1,8 r/cm?). 3a mUTOMOIO, BiJHECEHOT
70 TYCTHHH, MIIHICTIO BYIJICIIEBI HAHOTPYOKH JalIeKO IMEePEBEPIIYIOTh
Bcl iHII Marepianu [4].

dizuko-ximiuHi BiactuBocti BHT 00yMOBIIEHI BUCOKOIO MIIHICTIO
BYIJICTIb-BYTJICIIEBUX 3B’SI3KiB, CITYACTOI0 TEKCArOHAIBLHOIO OymIo-
BOIO 1 BiJICYTHICTIO Te(DeKTiB, a TaKOX THM, IO JOBXKHHA HAHOTPYOOK
B JCCATKHU Pa3iB NEPEBHIIYE JliaMETp.

EnexTpuuHi BIacTUBOCTI HAHOTPYOOK MOB’S3aHi 3 THM, IIO aTOMHU
BYIJICHIO MalOTh MOTPiIHHY KOOpAMHAIII, a TOMY HAHOTPYOKH —
e apOMaTHYHiI CHCTEMH, y SIKUX TPH 13 YOTHPHOX BAJICHTHUX EJIEKT-
pOHIB OepyTh ydYacTh B YTBOPCHHI CHUTMa(G)-3B’SI3KiB, a UYETBEPTHH
YTBOPIOE Ti(7)-3B’s130K. Came T-eNeKTPOHH 3aBASKH CIA0KUM 3B’ SI3KaM
MepeHoCcATh 3apsia. Lle mosiCHIOE eNeKTPUYHI BIACTUBOCTI HAHOTPYOOK.

3aBIsIKU BEJIMKOMY BiIHOLICHHIO JOBXHHHU TpyOOK 10 iX miamerpa,
HAaHOTPYOKH MarOTh NMEPKOJIIINHHI BIacTUBOCTI. [lepkoJisiiiss — npoTi-
KaHHA 1 (QiIbTparis piAMHM B MOPUCTHX Marepiajax, a TaKoXK MPOTi-
KaHHS CTpPyMy B HEOJHODITHUX Marepianax. BBeneHHS HaBiTh HEBe-
JIUKOi KUTPKOCTI TPOBITHUKOBUX TPYOOK B Ji€NEKTPUYHI Marepiayim
3HAYHO MOKpaIlye IXHi BIaCTUBOCTI (10JjaBaHHs B PE3UHY a00 MIIaCTHK
0,1-0,2 % npu3BOAUTH JO IMOKPAIIAHHS EJIEKTPOIPOBIIHOCTI TaKOTO
KoMITO3uIIiiiHOTO Matepiany B 1000 pa3is.

B sxocTi 00€KTiB AOCHIKCHHS B JaHiA poOOTI pPO3MIAIATHCH
IIKM Ha ocHOBi emokcuaHoi cmomu EJ[ 20 3 mmactudikatopom

81



KOMMO3ULINHI MATEPIANN
(36ipka maTepianis XIl MixHapoAHOi HayKoBO-NpakTM4yHOi WEB-KoHdepeHLii)

muoytundramnar ([Ab®D) Ta oTBepmKyBaueM MOJIETHICHIIOMIaMi-
HoMm (ITEITA) B sikocTi HamoBHIOBadua BukopuctoByBanu BHT ¢izuko-
XIMIYHI IOKa3HUKU HaBeJeHl B Ta0i. 1.

Tabauus 1 — Oi3uK0-XiMiUHI TOKa3HUKH BYTIICIIEBUX HAHOTPYOOK

IToxa3zaukn 3HaueHHA
Hacumna rycruna, r/om? 2040
[Turoma noBepxHsi, M%/T 200-400
30BHIMIHIN AiaMeTp, HM 1040
[TuToMMii eIEKTPUYHHMIA OITip CTUCHEHOTO MOPOIIKY 0.05-0.15
HEOUHIICHUX HAaHOTPYyOOK, OM'cM ? ’

vomenni 10:2,5:1 BignoBimHo EJI-20:/Bb®:IIEIIA Ta aucneprysaiu
B ynbTpa3BykoBii BaHHi BK-9050 3 wactororo 50 I'n 3 nomaBanasm BHT
(meBHOT KOHIEHTpallii) mpotsirom 30 xB. J{iist ofepkaHHs JOCHIAHUX 3pa3-
KiB, KOMITO3MIIiT HAHOCHUJIA METOJIOM HAJIMBY Ha CKJISIHI TTiJKJIAJIKH.

Enexrpodizrani xapakrepuctrku [TKM oriHFOBaNHCS 3a 3MIHOIO €IeKT-
pooropy Tpy KiMHATHIA Temmeparypi. [lapamerpn TOCTITHUX 3pa3KiB s
JIOCITIJDKEHHS eJIEKTPOIPOBITHOCTI CKITAJA B cepeHboMy S5 x 5% 0,25 cm.

PesynbraT oCHiKEHHS €IEKTPUYHOTO OTIOPY HaBe/IeHI B TaOII. 2,
a 3aJIe)KHOCTI eNEKTPUIHOro onopy Bin konueHrpauii BHT mpeacras-
JIeHi Ha puc. 2.

RIS 2 — MHHUH €JIEKTPUYIHUI OIIp €IMOKCUIHUX KOMITO3UIII
Tao. 2-00¢ ele OITIpP EIMOKC OMITO3HIIL
HarmoBHeHux BHT

N W w
Bwmict BHT, - < v g - v ~ v
mac. % = S = — ~
= ) o ~ < o
> > =) =) S S ~
o — — — —
Enexrpuunmit | ” X X x x N &
; . © =) — o) o0 3
orp, OM M (.l:) 2 o ° v IS — S
v o < © — N

3asiexHOCTI Jiorapudmy enekTpuyHoro omopy 3paskie [IKM Bixg
KOHIICHTpALlil BYIJICLIEBUX HAIIOBHIOBAYiB MAarOTh CTCIICHCBUH BHUIVISI,
TOMY JUTSI X OTIHICY JAOIITBEHO CKOPHCTATHCS TEOPI€I0 MEPKOIIAIIIT.
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Pucynok 2 — 3anexHicTh Jiorapudmy 00’ €MHOTO EIEKTPUIHOTO OTIOPY
Bix KoHueHTparii BHT

3rifHoO 3 SKOI0 caMe CHCTeMa EHOKCHIHA CMOJla — BYIJIELEBUI
HaIOBHIOBAY IOi0HA 10 MOJIEJi TPUBUMIPHOI CITKH 3 €JIeKTPOIpOBiI-
HUMH By3JlaMHM 3 YaCTHHOK HAIOBHIOBAa4Ya Ta OJOKOBAaHWMH BY3JIaMHU
13 yacTuHOK mnojiimepy. [lpu HeBeIMKOMYy BMICTI BYIJICIIEBOTO HAIlOB-
HIOBa4Ya, MOTO YaCTHHKHU PO3MOBCIOIKYIOTHCS B CIOKCHUIHINA MaTpHIli
JOBUTHHAM YHHOM 1 HE YTBOPIOIOTH CITKY, sIKa IPOBOIUTH CIEKTPHY-
HUH cTpyM. 3i 301IBIIEHHSM BMICTY BYIJICIIEBOTO HAIIOBHIOBaYa, HOTO
YaCTUHKH MMOYMHAIOTH B3a€EMOISITH OZHA 3 OJJHOIO, KJIACTEPH 3’ €/IHYBa-
THCS MiXkK COOO YTBOPIOIOUM Oe3epepBHUI Ki1acTep, TOOTO CITKY, sSKa
MIPOHU3Y€E 00’ €M KOMIO3UTY [5].

[To6nmu3y mopory MpoOTiKaHHS CIOCTEPITAETHCS Pi3Ke 3MEHIICHHS
eJNeKTpooniopy (Tak 3BaHMW TEPKONALIHHUN Tepexia), MpH ILOMY
OKpeMi KJI1acTepH BYIVICLIEBOIO HAIlOBHIOBAuA 3’ €IHYIOTHCSI MK cO0010
1 yTBOpIOEThCs Oe3nepepBHUI KiacTep, M0 1 MPU3BOAUTH A0 PI3KOTO
3MEHILEHHS EeJEeKTPOOIIopY, TOOTO BIACTHBOCTI KOMITO3HMTY 3MiHIO-
FOTHCS BiJI 130J15ITOpa 70 TPOBIHHKA.

Emokcuanri kommo3utu HamoBHeHi BHT MarTe mgyke HH3BKI
MOPOTH TIPOTIKAHHS 1 TEePKONAMIHHUN TIEePeXiJ CIIOCTepIiracTbes MpU
BMmicti BHT Gmu3bko 1 mac. %.
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BUCHOBKHA

1. Po3po0ieHO TEXHOIOTIYHHUNA PEKUM BUTOTOBIICHHS KOMITO3UITiH-
HUX MaTepiaiB THITy TOKpUTTiB Ha ocHOBI cuctemu EC — BHT.

2. OpmepkaHoO 3pa3KM  ENOKCHUIHUX KOMIIO3UIH B  HIMPO-
KOMY KOHIICHTpAI[iHHOMY 1HTEpBajl BYIJICLIEBUX HAIOBHIOBAYIB:
0-2,5 mac. % BHT.

3. BcranoBneHo, MmO TepKONAiHWIA mopir ans cucteMu EC —
BHT cknagae ~1 mac. %.

Cnucoxk Jiteparypu

1. Krueger, Anke. “Diamond nanoparticles: jewels for chemistry and
physics”. Advanced Materials 20.12 (2008): 2445-2449.

2. Zhou, Otto et al. “Materials science of carbon nanotubes: fabrication,
integration, and properties of macroscopic structures of carbon
nanotubes”. Accounts of chemical research 35.12 (2002): 1045—-1053.

3. Popov, Valentin N. “Carbon nanotubes: properties and application”.
Materials Science and Engineering: R: Reports 43.3 (2004): 61-102.

4. Menpruk JI. 1., Byns 1. O., BacumseBa O. O. CTpyMONpOBiIHI KOMITO-
3WIii Ha OCHOBI BYIJICIICBHX HAITOBHIOBAYIB i €MOKCHIHOTO 3B’S3YIOUOTO.
VI MixHaponHa HayKOBO-TexHiuHa web-koHbepeniis «KoMmo3uminiHi
Mmarepianu». Kuis, 2012. C. 165-167.

5. Vovchenko, L., Matzui, L., Yakovenko, O., Oliynyk, V., Len, T.,
Naumenko, A., Kulikov, L. Microwave absorption in epoxy composites
filled with MoS2 and carbon nanotubes. J. Appl. Phys. 2022, 131 (3),
035103.

84



KOMMO3ULINHI MATEPIANN
(36ipka maTepianis XIl MixHapoAHOi HayKkoBO-NpakTM4yHOi WEB-KoHdepeHLii)

YIK 678.617.64

EJEKTPOIIPOBIAHI KOMIIO3UTHI IOKPUTTAL.
OTPUMAHHSA TA BJIACTHBOCTI

Bornan CaB4yeHko, 1. T. H., Ipo.,
Poman CaicTisibHiK,
Tapac ®enopis

KuiBchkuii HaliOHATBFHAH YHIBEPCHTET TEXHOJIOTIH Ta TU3aiHy

Amnorauisi. Poborta npricBsiueHa TOCTIPKEHHIO BIUIMBY YMOB CTBOPCHHSI Ta THITY
YCTaTKyBaHHs Ha €JIEKTPOIIPOBIIHICTh MOJIMEPHUX KOMIO3UTHUX OKPHTTIB.

KawuoBi c/ioBa:  eleKTPONpPOBIJHE KOMIIO3UTHE TMOKPUTTS,  PIAKHIA
KOMITO3UTHUH Marepian, JucrepcidHa cucTeMa, TepKOJsiiHA —Teopis
MIPOBIHOCTI, TEXHOJIOT1s TUCTICPTYBAHHHSI.

Abstract. The work is devoted to the study of the influence of the conditions
of creation and the type of equipment on the electrical conductivity of
polymer composite coatings.

Key words: conductive composite coating, liquid composite material,
dispersion system, percolation theory of conductivity, dispersion technology.

EnexrpornpoBifiHi KOMIO3HWIIIIHI TOKPUTTS — II€ IMOJIMEPHI KOM-
MO3MLINHHI MaTepiaiu, SKi MOXYTbh MPOBOAWUTH EIEKTPHUYHHN CTPYM
Ta 3aCTOCOBYIOTBCSI JUII CTBOPEHHS CJEKTPUYHMX KOHTAKTiB abo
3a3eMJIEHHS MOBEpXOHb. BOHM MOXyTh OyTH HaHeceHl Ha pi3Hi CcyO-
CTpaTH, TaKi K METaJ, CKII0, ITACTHK Ta iHIII MaTepiam.

LI moxpurTs 3a3BMYAil CKIANAIOTBCS 3 MOMIMEPHOI Marpuill, sKa
MICTHTh METaJIeBI YaCTHHKH, TaKi SIK Miflb, aTFOMiHii a00 cpiOo, sKi 3a0e3-
MEYYFOTh EJIEKTPOIPOBIIHICTh a00 BYIVICIICBI HAMOBHIOBAYI, TaKi SIK Caxka,
rpadit, HaHOTPYOKH, TpadeH, ByIieneBi BOJIOKHA, M iX KomOiHaris [1-2].
[okpuTTst MOXyTh OyTM HaHECeHI Ha CyOCTpaTd Pi3HUMH CIIOCOOaMH,
HaIpHKJIaJ], METOIOM HaITiIeHH, papOyBaHHs a00 MTTAKITFOBAHHS.

EnexrponpoBiziHi KOMIIO3UTHI OKPUTTS IIUPOKO BUKOPUCTOBYIOTHCS
B €JICKTPOHILl, EJIEKTPOTEXHILIl, TEJIEKOMYHIKAIiSX Ta 1HIINX Tamy3sx, e
MOTPIOHUI HAJIMHUH eeKTPUIHUI KOHTAKT a00 3a3eMJIICHHSL.
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EnexrponpoBinHi KOMIO3UTHI MOKPHUTTS MOXYTh OyTH SK aHTH-
CTaTUYHHMH, TaK 1 JICJICKTPUUYHUMU, B 3aJISKHOCTI BiJ iX 3JaTHOCTI
MPOBOAUTH ENIEKTPUYHUI CTPYyM. AHTHUCTATUYHI MOKPHUTTS IpH3HA-
YeHI JIJIsl 3HWKCHHSI HAKOITMUYCHHSI CTaTHYHOT EJIEKTPUKH Ha TTOBEPXHI,
LI0 MOKE NPU3BECTU 0 BUXOLY 3 JIaJy €JIEKTPOHHUX HPUCTPOiB abo,
HAaBITh, JIO ClIajlaXy y BUOyXOHeOe3MeuHnx 30HaxX. BOHN MaloTh BUCOKY
CJICKTPONPOBIHICTh Ta 3a0€3MeuyI0Th IBUAKUNA CTaTHYHHUN Yac 3ara-
CaHHS, IO J03BOJISIE YHUKHYTH HAKOIMYEHHS CTaTUYHOTO 3apsiy.
JlieneKTpu4Hi TMOKPUTTS, HaBIAKH, MAalOTh BHCOKHHA DPIiBEHb 130JIAIi1
1 HE TPOBOJATH EJICKTPUYHHHA CTpyM. BOHM BHKOPHCTOBYIOTBHCS JUIS
3aXHCTy TTOBEPXOHD Bill KOPO3il, a0pa3suBHOTO 3HONTYBaHHS a00 1HIITHX
MOLIKO/DKEHb Ta 3a0€3MeUyI0Th EJICKTPUUHY 130JIALII0 Ul eJIeKTPOH-
HUX KOMIIOHEHTIB Ta IPUCTPOIB [3].

OnHak Jiesiki TOKPUTTS MOXKYTh MaTH 1 aHTUCTaTUYHI 1 JTieNeK-
TPHUYHI BJIACTUBOCTI, 110 JIO3BOJISIE 3a0€3MEUUTH 3aXUCT BiJI CTATUYHOI
CIICKTPHUKH 1 OJHOYACHO HAJATH 130JIAIIHHUAN 3aXHUCT.

EnexTporpoBigHi KOMITO3UTHI MOKPUTTS 3 ormopoM 100 OM i Himkde
MOXYTb BHKOPHCTOBYBATHCSl IJIsI CTBOPEHHS! HarpiBaJIbHUX eJEeMEH-
TiB, TaK SIK BOHM MalOTh JOCHTb BHUCOKY E€JICKTPUYHY MPOBIAHICTH AJIS
nepeaadi MOTY)XKHOCTI HarpiBy. OnHak, Li Marepiaid MOXKYTh TaKOXK
BUKOPHCTOBYBATUCSl JUII CTBOPEHHS CKpPAHYIOUUX 1 BiIOMBarOIHX
[IOBEPXOHb, TAK K, BOHU TAKOX MAIOTh JOCHUTb BHUCOKY IIPOBIIHICTH
JUIA [IAX I(UIEH.

EnextponpoBinHi KOMITO3UTHI Marepialii 3 HH3BKAM OIIOPOM
MOXYTb BHKOPHCTOBYBATHCS Ul CTBOPEHHS Pi3HUX THUIIB HarpiBalib-
HUX €JIEMCHTIB, TAKUX SIK TUTIBKOBI HarpiBadi, HUTKH, TEPMOCIEKTPHYHI
nepeTBoproBadi Ta iHmi. i HarpiBaibHI €IeMEHTH MOXYTh 3aCTOCOBY-
BaTUCh Y PI3HHUX Tajy3sSX MPOMHUCIOBOCTI — MEIWIIMHI, aBTOMOOUTEHA
MIPOMHCIIOBICTb, €JIEKTPOHIKA, TOLIO.

Kpim TOTO, €1eKTpOnpOoBiiHI KOMIO3UTHI Marepiaid MOXYTh BUKO-
PHUCTOBYBATHCS JUII CTBOPEHHSI MOBEPXOHb 3 EKPAaHYIOUMMH BIIACTH-
BocTsMU. Lli MaTepianu JO3BOJNISIOTH CTBOPIOBATH 3aXUCHY CKPaHYIOUy
000JIOHKY, JJIsl €IeKTPOHHHMX IPHCTPOIB, IO JIOTIOMArae 3aXHUCTHTH
iX BiA eNEeKTPOMArHiTHUX NEpeIlKoA. Takok BOHM MOXYTb BHKO-
PHUCTOBYBATHCS SIK €JIEKTPOMArHiTHI €KpaHU B PI3HUX Tally3siX, TAKHX
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SIK, aePOKOCMiUHa 200 METUIINHA, Je MOTPIOCH 3aXKCT BiJl €IeKTpoMar-
HITHUX TOJIB [4].

B enexTponpoBiiHUX KOMIO3HMLIHHUX TOKPHUTTSIX peaizoByBaHa
MPOBIIHICTh OIUCYETHCS MEPKOJSIIIKHHOI0 TEOpIEr0 1 B 3HAYHIA Mipi
3JICKUTH Bl TEXHOJOTIYHUX OIepalliii CTBOPEHHS ITaHOTO TOKPHTTS.
BaxnuBolo cTafi€lo OTPUMAaHHs €JIeKTPONPOBIAHOTO KOMIIO3UTHOIO
MOKPUTTSL € MPOLIeC AUCHEPIyBaHHS HANOBHIOBaYa i PO3MOALTY HOro
YaCTUHOK B TMOJIMEPHiH MaTpHLli MPH CTBOPEHHI PiJKOTO KOMITO3HILIiH-
HOTO Marepiaiy.

Byno pmocnmipkeHO BIUIMB TpoOIeCy JUCIEPTyBaHHS 3 BHUKOPHC-
TaHHSIM pi3HOTO YycrarkyBanHsA (1 — mucmepcep Marnit @CX-2A;
2 — crynkouii MiuH Fritsch Mortar Grinder Pulverisette; 3 — Tpu-
BankoBuid MiuH Exakt-50; 4 — ynpTpasBykoBHMII Iucmepratrop
V3/1H-A1200T) Ha nmUTOMHI E€NEKTPUYHHUH OIip €IEeKTPONPOBITHOTO
KOMITO3UTHOT'O TIOKPUTTSI HA OCHOBI MOJIBIHIJIOYTHPAIIIO, 10 MICTHIIO
KoMOiHOBaHMH HamoBHIOBaY — rpadiT mapku C1 Ta caxy mapku XC72
B KibKocTi 60 Ta 10 % mac. BignosigHo (Tabmn. 1). TpuBamicTs 3Mimry-
BaHHs BapiloBajlach B MIMPOKUX MEXKax A0 OTPUMAaHHS MiHIMaJIbHOTO
3HAUEHHS MUTOMOTO EICKTPUYHOTO OIMOPY Ul KOKHOTO BUAY AMCIEp-
T'YIOUOTO ycTaTKyBaHHs. HaHeceHHs! piKoro KOMIO3UTHOTO MaTepiary
Ha CyOCTpaT 3/11iCHIOBAJIOCH PAaKEIbHUM CIIOCOO0M. TOBIIMHA OTpUMa-
HOTO €JICKTPOTIPOBITHOTO KOMIIO3UTHOTO MTOKPHUTTS Oyima 50 MKM.

Tadamus 1 — [TuToMuii eTeKTPUIHHIA OTIip
JTOCITIHPKYBAHOTO €JIEKTPOITPOBITHOTO KOMIIO3UTHOTO TTOKPHTTS

ycfayﬁc \- Tpusagicrs aucmep- TuTomMuii eleKTPUYHMIA oTmip
BaHHs ryBaHHsA noeepxHeBHii, OM | 06’ emumii, OM-cm
1 15 xB 31,80 0,16
2 3,5ron 43,16 0,22
3 5 mepetupiB 1o 15 xB 136,67 0,73
4 10 xB (400 Bat 70 °C) 49,40 0,25

HaitHuxue 3HaueHHsS NHUTOMOIO EJEKTPUYHOIO OIOpPY BIAOCh
OTPUMATH TIPU 3aCTOCYBaHHI Jqucrnepcepa. TakuM YMHOM, JaHE yCTar-
KyBaHHS JIOIJTBHO 3aCTOCOBYBATH JIJIST TTOJABIIINAX JOCIIHKCHD.
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BUCHOBKMH

1. Y poboti mpoBefeHO aHali3 MUTaHHS CTBOPEHHS EIEKTPOIPO-
BiJTHOTO KOMIIO3UTHOTO IIOKPHUTTSI Ha OCHOBI TOJIMEPHOK MAaTpUIl
Ta KOMOIHOBAHOTO BYIVICLIEBOIO HAIIOBHIOBAYA.

2. JlocnipkeHO  BIUIMB  BHJY JHUCIEPIYIHOYOrO  YCTaTKyBaHHS
Ha 3MiHY MHTOMOTO €JIEKTPHYHOIO OMOPY CTBOPEHOI'O EJIEKTPOMPOBIiI-
HOT'O KOMITO3UTHOTO MOKPUTTS. JIMCTIepryBaHHs 3 BAKOPHUCTAHHSIM JIHC-
nepcepa 3abe3rnevyye OTpUMaHHS HAWHWKYOTO PIBHS MUTOMOTO €IIeK-
TPUYHOTO OTIOPY JJISl TOCIIJ[KYBaHOT KOMITO3UIII1.
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Abstract. The destruction of paint and varnish coatings in atmospheric
conditions is a problematic niche of today, which makes it urgent to identify
the negative impact of nanoparticles on the stability of water repellency and
the need for further research on improving the stability of water repellency for
systems intended for use in atmospheric conditions.

The author of the article investigates the effect of the introduction of
nanoscale additives and ultraviolet stabilizers into thin-layer coatings on their
destruction under the influence of ultraviolet radiation.

Key words: nanocomposite materials, thermoplastic polymers, UV radiation,
degradation, hydrophobicity.

The study of the effect of the introduction of nanoscale additives
and UV stabilizers into thin-layer coatings on their destruction under
the influence of ultraviolet radiation is an urgent task in the context of
finding effective ways to protect against ultraviolet radiation.

UV radiation causes the destruction of paint and varnish coatings,
which can lead to a decrease in their efficiency and service life.

In turn, the addition of nanoparticles is based on a study to increase
the resistance of coatings to atmospheric factors such as rain, snow,
and various types of pollution. The results of the study may be useful
for the development of new materials with improved UV protection
properties that will be used in various industries, such as construction,
transportation, electronics, and others.
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Styrene-acrylic copolymer Pliolite AC-80 was used as a polymeric
binder, chosen on the basis of its film formation properties, resistance
to high temperatures and corrosion.

Tinuvin 5151 (BASF), which is a 2-(2-hydroxyphenyl)-
benzotriazole, was used as a UV absorber in the light stabilizer of
the basic hindered amine (HALS). Tinuvin 5151 is specially designed
for use in coatings, plastics and adhesives. It effectively absorbs
ultraviolet radiation in the 290-400 nm range, which is the same range
of ultraviolet light that can cause photodegradation of many materials.

For the filler and UV blocking agent, dimethyldichlorosilane-treated
pyrogenic silica, designated as Aerosil R972 (Evonik), was chosen.
This is a type of silica, a highly pure, amorphous white powder with
a specific surface area of about 110 m?/g. Aerosil disperses well in
a variety of solvents and resins, which makes it easy to incorporate into
various formulations. Also, its transparency and rheological properties
do not harm the appearance of the film.

The polymer coating was applied to polished 6,063 aluminum
substrates measuring 30x30 mm and to KBr glass with a diameter of
40 mm and a thickness of 3 mm. The KBr glass was compressed from
a ground powder using a press to produce 0.5 g tablets, which were
then coated. The coating was applied by air spraying using a spray gun
at a distance of 20 cm from the sample in three layers with a pause
of 30 s to ensure uniform distribution of the film. The carrier used
was o-xylene. After application, the samples were dried in an oven
for 15-20 minutes. The thickness of the coating was calculated based
on the measurement of the substrate plane, weight, and density of
the applied coating.

The IR spectra were obtained using a Nicolet 4700 IR FT-IR
spectrophotometer in the range of 4,000 — 400 cm™' by the transmission
method. The change in the spectrum of polymers is shown in Fig. 1.

During the exposure of the acrylic film-forming agent to ultraviolet
light, a decrease in the intensity of the spectrum is observed,
which may be due to a decrease in the amount of substance and
a change in the spectral pattern. The formation of C=O-containing
oxidation products occurs, which is reflected in the increase
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in the intensity of the shoulder in the main peak of valence vibrations
of the carboxyl group with exposure time. After 4 hours of exposure,
there is a decrease in the intensity of the peaks in the IR spectrum
corresponding to asymmetric and symmetric vibrations of
the C—H bond, along with a decrease in the intensity of the peak
corresponding to C=0. This indicates a general loss of material from
the substrate. However, there is no appearance of absorption bands
that would correspond to the formation of additional OH groups on
the polymer surface, and the spectral pattern remains constant.

Dropping

M T T T T T T T N T M T T
4000 3600 3200 2800 2400 2000 1600 1200 800 400
Wave number, cm '

Figure 1 — Changes in the chemical composition
of the film during UV irradiation

According to the results of the experiment, the value of
the carbonyl index increases with exposure to ultraviolet radiation.
In the presence of 30 wt. % of nanoparticles of dimethyldichlorosilane-
treated aerosil, the oxidation processes are significantly accelerated,
but increasing the content to 50 wt. % leads to a decrease in this effect.
This can be explained by the interaction of two competing factors: first,
the introduction of nanoparticles increases the surface roughness [1-2],
which leads to an increase in the specific surface area exposed to
ultraviolet radiation. This can contribute to more efficient oxygen
access to the surface and an increase in the number of active oxidation
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centers. Secondly, aerosil particles are only partially transparent
to UV rays, which leads to a certain shielding of the polymer layers
located behind the aerosil particles. Probably, in the range of
nanoparticle content of 30—50 wt. %, these factors are balanced.

To assess the degree of polymer degradation, the carbonyl
index (CI) was used, for which there are several methods for
the isolation of indicative bands with different accuracy of results [3].
The CI was calculated by relating the absorbance of the carbonyl
band at 1,780-1,750 cm™ to the control band at 700 cm™ based on
the approaches described in [4-6]. The dependence of the carbonyl
index on the UV exposure time is shown in Fig. 2.

050 A C 80
0.45 - AC-80 + 30% R972
Bl AC-80 + 50% R972
i AC-80 + 30% R972 + 6% Tinuvin
0.35 AC-80 + 50% R972 + 6% Tinuvin

0,30
0,25

0,20 -

Carbonyl index

0,15
0,10

0,05 —

0,00 .
0,0 0,5 1.0

UV exposure time

Figure 2 — Dependence of the carbonyl index of materials
on the duration of UV irradiation

Adding a UV stabilizer to the system can lead to an increase
in the carbonyl index, which can be explained by the formation
of C=0 groups in the stabilizer itself. This effect can also lead to
an improvement in the UV resistance of the polymer material. But for
a more complete understanding of this effect, it is necessary to study
the interaction with other factors, such as the content of nanoparticles
and their properties, as well as the content of other stabilizers and
additional components.
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During the experiment, the value of the static wetting angle with
water was also determined using the sitting drop method. For each
sample, at least five measurements were made at different points and
the average value was calculated. The wetting angle measurements
were performed using an optical microscope, a Delta Optical
HCDE-50 digital camera, and the corresponding ScopeTek View software.

Table 1 shows the changes in wetting angles that occur due to
the removal of a part of the polymer and its oxidation. Oxidation leads
to the formation of C=0 groups on the surface of the polymer, which
increases its hydrophilicity and the wetting angle. The wetting angle is
more sensitive to destructive processes than infrared spectroscopy and
can identify changes in the polarity of the surface layer after 0.5 hours
of irradiation.

Table 1 — Wettability of films during UV irradiation

Sample Wetting angle with water, °
0h 0.5h 1h 15h

AC-80 88 85 40 35
AC-80+30 % R972 143 123 95 0
AC-80+50 % R972 148 144 98 0
AC-80+30 % R972+6 % Tinuvin 135 111 48 0
AC-80+50 % R972+6 % Tinuvin 137 136 89 0
AC-80+80 % R972 142 124 0 0

The hydrophobicity of the compositions depends on the properties
of the polymer and the surface texture, in particular, on the formation of
the Cassie wetting state. The composite with 50 wt. % aerosil is close
to superhydrophobic, but after 30 minutes of irradiation, the wettability
decreases. After one hour of irradiation, the system with 80 wt. % aerosil
is completely wetted with water. The reason for such a rapid change in
wettability is the reduced film thickness of the film former in this system.
After an hour and a half, all surfaces are hydrophilized.

The addition of a UV stabilizer reduces the water-wetting angle for
composites with different aerosil content, indicating a change in surface
polarity. UV exposure leads to a decrease in the intensity of peaks
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in the IR spectrum, in particular, peaks corresponding to the C—H and
C=0 bonds. After 4 hours of UV exposure, a general loss of material
from the substrate is observed. The use of Tinuvin does not help to
preserve the hydrophobicity of the coating after 30 minutes of coating.
CONCLUSIONS

In this work, the effect of the introduction of nanoscale additives
and UV stabilizers on the destruction of thin-layer coatings under
the influence of ultraviolet radiation was analyzed. The results of
the study showed that the content of silica nanoparticles in the amount
of 30 wt. % accelerates the oxidation of the base polymer, while
the content of 30 to 50 wt. % slows down the loss of mass and
thickness of the coating on the substrate by 2.5-3 times. The effect of
nanoparticles on the physical and chemical properties of the coating
and their influence on the photodegradation of thin-layer coatings was
determined. The importance of this study lies in the identification of
the negative effect of nanoparticles on the stability of water repellency
and the need for further research on improving the stability of water
repellency for systems intended for use in atmospheric conditions.
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MIIBUIIEHHA YIAPHOI B’SI3KOCTI MATEPIAJIIB
HA OCHOBI P-APAMIAY AJISI BPOHEKHUJIETIB

BikTopia Ky3bmiHcbka,
Apkaniii IleTyxos, a. T. H., ipod.
KIII im. Iropst Cikopcbkoro

AHoTanis. Y po0oti Oyn0 IpecTaBICHO MiABHUIICHHS yAapHOI MIITHOCTI KEB-
JIaPOBHX BOJIOKOH, IO 3aCOBYIOTHCS B SIKOCTI OaiCTHYHOTO 3aXHCTY, IIUISIXOM
iX mpocodyBaHHs pinuHO0 s 3ryweHHs 3cyBy (STF) 3 pisaum Bmicrom
HAaHOKpeMHe3eMy. BunpoOyBanHs 3pasKkiB Ha IIBMIKICHMHA ylap Ta peolo-
TiYHI TECTH IMOKa3ajM, IO MPH BMICTI HaHOKpeMHe3eMy 35 % mac. 4acThH
Bin (STF) — ymapna MiIJ,HiCTI) BOJIOKOH p-apaminy (KeBiapy) Aocsirae Haii-
e(EKTHBHININX 3HAYCHD.

KoarouoBi ciioBa: mnapa-apamin, OajxicTHUHMH 3aXHCT, KEBJIApOBI BOJIOKHA,
yAapHa MilHICTb, OPOHEKHUIICTH, PilHHA JJIs 3TYIICHHS 3CYBY, BUIIPOOYBaHHS
Ha IIBUAKICHAN yIap, MEXaHigHI BIaCTUBOCTI, PEOJIOTIUHI TECTH.

Abstract. This study presents the enhancement of the toughness of fiber-
reinforced material composed of woven Kevlar fabric impregnated with
a colloidal shear thickening fluid (STF) under rheological tests and high-
velocity impact loading. The best results of fabric Kevlar impregnated with
the STF were performed at 35 wt% nano-silica loading.

Key words: para-aramid, ballistic performance, Kevlar fibers, toughness,
body armor, shear thickening fluid (STF), high-velocity impact, mechanical
properties, rheological tests.
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3BuuaiiHi OpPOHEKMJIICTH 3a3BHYail CKIAMAIOTBCS 3 YHCICHHHX
nrapiB  TKaHWHM, BHUTOTOBJICHHX 13 CIELIaJbHUX BOJIOKOH, TaKHX
K p-apamif, MOJieTHJIEH HaJBUCOKOI MOJICKYJSPHOI MacH Ta IIOJi-
Oen3o0i30kca3on. lle poOUTh OpoOHEXKWIET 3aHAJATO TPOMI3IKUM
y TIPaKTUYHOMY 3aCTOCYBaHHI.

[Tapa-apamin (Takok BiIOMHUH SIK KeBiap) — 1€ apOMaTUYHUIN
MoJIiaMiJi, SIKMi CKIIAJJA€EThCS 3 TOBHICTIO BUTSATHYTUX PiIKOKpHCTa-
JIYHMUX JIAHIIOTiB, YTBOPEHUX Y3[OBX OC1 BOJOKHA, 3 BUCOKHM CTY-
MEHEM KPHUCTAJIIYHOCTI, IO MiJIBUIIYE MIIHICTh BOJIOKHA. P-apamimHi
BOJIOKHA MOYXHAa BUTOTOBJIATH 3 BIJIHOCHHM BHJIOBXKEHHSM TPH PO3-
puBi ~3,5 % [1].

XimiuHa Oy/toBa KOMITO3UTY 300paskeHa Ha puc. 1.

_@_\)@SG

| O,
Yy O O~

Pucynok 1 — Ximiuna 6yoBa mapa-apaminay

Tomy B poOoti [2] mis 30UThIIEHHS yHapHOI MIITHOCTI KeBIapy
BUKOPUCTOBYIOTH 3aryuryBad (STF), mo sBise co00r0 KOHIEHTPOBaHY
CYCIIEH31I0 3 BUpa3HUMH PEOJOTIYHUMHU BIACTHBOCTSIMH. Koim mpu
HaBaHTA)KCHI Ha KEBJIapOBi IUIACTHHHU HAIpyra 3CyBY 3pOCTa€ J0 KpH-
THYIHOTO 3HAYCHHS — B’s13KicTh STF MigBHIMYyEThCS Ha KiTbKa TOPS/IKIB,
IUIIXOM TIepexofy i3 piakoro crany B TBepauid. 1o B pesynbrari Hagae
Marepiaiy, MiIBUIIEHOT yAapHOI CTIHKOCTI Ta Kpammx (hi3uKo-MexaHid-
Hux BiactuBocteit. Kpim toro, noseninka STF mpu 3¢cyBi € 000pOTHOTO.

STF roryBanu nwisixom aumcnepryBanus 15, 25, 35 1 45 mac. %
Aepocmry OX50 (cepemniit po3mip gactuHOK 500 HM) y TIOTIETHIICH-
omikoni (PEG) [3].
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TexHonoriuHUi TMpoIrieC BUTOTOBIEHHS AOCITITHUX 3pa3KiB CKIla-
JaBcs 3 IOCIIOBHOTO BUKOHAHHS HACTYIHUX OMeEpaliii: MpUrory-
BaHHs po3unHy STF 3 BUKOpHUCTaHHSM YIBTpa3ByKy, MPOCOYCHHS
rtacTiH Kepnapy po3unHoMm STF (pi3HOT KOHIEHTpallii) po3BeICHUM
B €TaHOIIi, Mmociiaytoda cymka B miedi mpu 70 °C mpotsrom 20 XB 1is
BHJIAJICHHS €TAHOIY.

OTpumani 3pa3ku Majld PO3MIpOM 5X5 cM, iX IOCHIIAXKYyBalH
Ha WBUAKICHUN ynap. Takok MpoOBOJWIM PEOJIOTIUHI TECTH PO3UH-
HiB STF.

Peonoriuni BnactuBocTi STF pisHOi koumentparii 15, 25, 35
i 45 mac. % Oynmu moCHiiDKEHi 3a JOMOMOTror peomeTpy Anton Paar
MCRS501 3 xoHTposeM Hampyru 3 Jiarnma3oHOM KpPYTHOTO MOMEHTY
Bim 0,01 mMxH'Mm mo 300 mMH:'M 3 po3AiIbHOIO 3HaTHICTIO KpPYT-
Horo momenty 0,1 HH-m 1 mBuzakictio 3cyBy Bim 0/01 mo 2000 1/c.
Peonoriuna nosexinka pocmigaux STF npejgcrasiena Ha puc. 2.

— 15 W% STF g

10000 — 25 W% STF I s

s - - 38 w1% STF ! N
N — 45WLo6STF ! iy 2

Viscosity (PPa.S)

0 1 10 100 1000
Shear rate (1/5)

Pucynox 2 — Peonoriuna noseginka STF
[IPpY Pi3HOMY BMICTI HAHOKPEMHE3EMY

st Beix 3paskiB STF 3aiexHIiCTh B’SI3KOCTI BiJl MIBUIKOCTI 3CYyBY
€ HEHbIOTOHIBCHKOIO Ta IIOBHICTIO HEJIIHINHOIO.
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BumnpoOyBaHHS Ha BHUCOKOIIBUAKICHHUH yaap MPOBOIWIHCS 3 BUKO-
pPHUCTaHHSIM ra30BOi rapmMaTtd Ha JBO- Ta YOTHPHILIAPOBOMY YHUCTOMY
KeBJapi.

UYuctwnii keBnap Ta kommno3ut STF/keBnap i3 oTupMa pi3HUMH KOH-
LEHTpalisMi HaHOKpeMHe3eMy (15, 25, 351 45 mac. %) mociimKyBamu
B nmiana3oHi mBuakocteit Big 40 no 160 m/c. Ha xoxkHOMY Oys1o mpoBe-
JISHO TI0 TPY BUIIPOOYBaHHS HA MIBUJIKICTh 1 CEpEHE 3HAUCHHS 31 CTaH-
JApTHUM BiIXHUJICHHSIM.

Ha puc. 3 mnoka3zani nepdopoBaHi 3pa3ky IUIACTHH, BKJIFOYAFOYU
gucti Ta 15, 25, 35 1 45 mac. % komnosutiB STF/keBnap micis BUIpo-
OyBaHb Ha IMBUAKICHUH ymap.

Sk BUAHO 3 MalfOHKY, TOTIEPEYHUN MPOTHH (POPMH JIEMOHCTPYE
OJITHAKOBY TOBEIIHKY SIK U1 YMCTOi TKaHWHH, TaK 1 IJs mpocoye-
Hux STF. V 3paskax keBnmapy 3 jonaBaHHsAM STF BuTAryBanHs
BOJIOKOH Maii)ke HE CIOCTEpIra€ThCsi, 0COOIUBO NMPH BUIIMX KOH-
[EHTpaIifX BMICTY HAaHOKPEMHE3eMY, i 30Ha TOMIKOIKEHHS CTa€
Habararo MEHILIOIO.

Pucynoxk 3 — [Inactunu KeBiapy micis BUIPOOYyBaHHS
Ha IIBUJKICHUH yaap. | — 9rcTe BOJIOKHO; Ta BOJIOKHO
npocoudeHe STF npu BmicTi HaHOKpeMHe3emy: 2 — 15 mac. %;
3 — 25 mac. %; 4 — 35 mac. %; 5 — 45 mac. %
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BUCHOBKHA

B xomi nocmimkeHHsT BCTAHOBHITH, 11O TTPH 301IBIICHH] KOHI[EHTpAa-
uii HaHokpMHe3emy B ckiaai STF ynapHa MILHICTh MPOCOYCHUX KEB-
JIApOBHX BOJIOKOH — 3pocTae. KylneHenpoHUKHICTh 4 mapiB KeBIapoBoi
TKaHuHU, 00poOsmeHoi STF, maiixke ekBiBajieHTHa 14 miapaM 4YHCTOl
KeBnapoBoi TKaHWHHU [4]. Tok BUKOPHUCTAHHS MPOCOYEHOTO KEBIAPY,
SIKU € OCHOBOIO OpPOHEKUIIETIB, MOXKHA 3POOUTH HOTO OLIBIT JETKUM,
HaJIMHUM Ta CTIAKHM.
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SPRAY-PRINTING OF COMPOSITE GAS DIFFUSION
ELECTRODES WITH CONTROLLABLE POROSITY
AND HYDROPHOBICITY BASED ON NANOPARTICLES
AND POLYMERIC BINDER
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Abstract. This research evaluates the effectiveness of various composite
Gas Diffusion Electrode (GDE) architectures for carbon dioxide reduction.
The study employs a flexible spray printing technique to create hydrophobic
porous structures using a blend of carbon or metal nanopowders and
a polymeric binder. The resulting porous layers serve as different electrode
layers, including Gas Diffusion Layers (GDLs), Microporous Layers (MPLs),
and catalyst supports, which can enhance the activity and hydrophobicity
of GDEs. The study finds that the increased surface roughness (porous
structures) and Polyvinylidene fluoride (PVDF) content in these porous layers
improve their hydrophobicity/flooding tolerance. The study demonstrates
that the selective production of ethylene can be sustained for over 10 hours
at a high current density of —200 mA c¢m™ when porous MPL and catalyst
support layers are added. The use of hydrophobic porous structures as
electrode layers can provide a cost-effective and scalable approach to enhance
the hydrophobicity and activity of GDEs. Furthermore, the extended duration
of electrolysis using these porous layers has the potential to create more
efficient and sustainable electrocatalysts for carbon dioxide reduction.

Key words: gas diffusion electrode, polyvinylidene fluoride, electrocatalyst.

Gas diffusion electrodes, particularly carbon paper, have been
extensively used in fuel cells and batteries [1]. However, they are
not optimized explicitly for carbon dioxide reduction and exhibit
limited operational stability, which is primarily attributed to the loss
of hydrophobicity, binder degradation and pore blockage, especially
at elevated pH values [2; 3]. These challenges impede the maintenance
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of the three-phase boundary, which requires catalyst hydrophobicity
with suitable electrode configurations/architectures. The presence
of hydrophobic content within gas-diffusion and microporous layers
is crucial for ensuring the coexistence of gas-liquid interfaces and
serves as an effective barrier to liquid permeation, but it often leads
to reduced porosity and inefficient carbon dioxide transport. For
the electrochemical reduction reactions involving gases, a hydrophobic
surface is still preferred even in the case of catalyst layers, although
most existing works employ Nafion® which is hydrophilic to bind
the catalyst particles together. Despite numerous efforts, selective
production of ethylene over an extended duration remains a major
challenge [2; 5].

In this work, a practical approach is proposed for fabricating
composite gas diffusion electrodes (GDEs) using nanopowders and
polymeric binders with an extended operation at high applied current
densities (e.g. 200 mA cm?). Currently, only a limited number of
studies have reported the development of GDEs using emerging printing
technologies. Among the various manufacturing routes such as additive
manufacturing and vapour deposition, spray-printing is considered
to be a more efficient and applicable technique for self-assembling
microporous structures with conductive/catalyst materials at various
particle sizes ranging from nm to um [6]. This method was inspired by
the existing phase-separation/inversion methods [7] and has been used
for the preparation of high-performance batteries. Additionally, previous
works have reported that porous structures prepared through structured
templates followed by sputtering [8] or by electrodeposition [9] were
effective in facilitating carbon dioxide reduction.

We have demonstrated that hydrophobic and catalytic properties
were tailored using a spray-printing process with different electrode
compositions (particle size and polymeric binders (i.e. PVDF) and
relevant configurations / structures. A layer-by-layer approach enabled
flexible manufacturing of different electrode architectures without
additional treatment or subsequent procedures. For the challenging
ethylene electrosynthesis reaction (twelve-electron process) that
produces valuable feedstock chemicals for polymer production, several
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electrode compositions and configurations were evaluated. This
study is one of the few to implement an applicable printing technique
for producing bespoke, in-house gas diffusion electrodes (GDEs)
for electrochemical carbon dioxide reduction [10]. The enhanced
operational stability of the GDEs produced through this method is
rarely reported within the literature [11].

The chemicals and reagents utilized in this study were obtained
from Sigma Aldrich (UK or Germany). GDEs were spray-printed
onto commercial PTFE film (E4, ElectricFuel Inc., Israel) or carbon
paper (Freudenberg H23C2) substrates using an industrial nozzle and
suspension solutions of two fugitive solvents (100 mL volume), which
were delivered via a peristaltic pump at a flow rate of 2-3 mL min .
The spray-printing process was performed at elevated temperatures
(180...220 °C). The suspension solutions for porous carbon layers
contained 0.02 g Super P carbon, 0.12 g carbon black, and 0.02 g PVDF
binder in mixtures of NMP:EtOH solvents (100 mL). The suspension
solutions for porous copper layers consisted of approximately 1.2 g
copper nanoparticles (25-1,000 nm) and 0.01-0.06 g PVDF in mixtures
of NMP:1PA solvents, unless otherwise stated.

In comparison to sputtered or electrodeposited electrodes, spray-
printed electrodes offer flexibility in adjusting particle size and
binder compositions. Increasing particle size and binder compositions
enhances the hydrophobicity of the cataylyst layers (CLs), whereas
smaller nanoparticles improve the selectivity and activity of the carbon
dioxide reduction processes. Various porous electrodes were spray-
printed on different substrates, including carbon paper and polymer
film. By spray-printing on a PTFE film (E4, ElectricFuel Inc., Israel),
the porous carbon can serve directly as a gas-diffusion layer (GDL),
eliminating the need for carbon paper and facilitating carbon dioxide
transport to the electrochemical interfaces (Architecture A, Fig. 1).
Alternatively, the porous carbon can serve as a conductive layer
to cover the copper CL and provide electrical conductivity, as
demonstrated in a recent architecture proposed by Dinh et al. [2].
(Architecture B, Fig. 1). When spray-printed on typical carbon
paper (Freudenberg H,;C,), the same porous carbon can act
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as the microporous carbon layer (MPL), which acts as an effective
barrier to liquid permeation and is widely used for water management
in fuel cells (Architecture C, Fig. 1) [2].

GDL: gas diffusion layer

Spray-printing for Porous Carbon & Copper s soriveiayer

MPL: microporous layer

() * PTFE film as substrate: CS: catalyst support

Architecture A: Architecture B:
Porous Carbon as GDL Porous Carbon as SL

1M KOH 1M KOH

Porous carbon

co2 25 nm Cu COZ (as SL:
- wt PVDF - Supportive

Layer)

25 nm Cu wt

Porous PVDF
PTFEfilm " PTFE film
» Carbon paper as substrate:
Architecture C: Architecture D: Architecture E:
Porous Cu as CS Porous C (MPL) & Porous Cu (CS)

1M KOH 1M KOH

25nm Cu COZ .‘ ‘
filled in i (R
Porous Cu - \PEA &

support

1M KOH

25 nm Cu
filled in
Porous Cu
support

Porous
carbon

Porous
carbon

PTFE film PTFE film  (yerophobic

% MPL
PTFE film  (fvdrophobic)

Figure 1 — Schematics of electrode configurations / architectures
prepared by spray-printing using a PTFE film (Architectures A & B)
or carbon paper (Architectures C, D & E) as starting substrates
for the electrochemical reduction of CO2 to ethylene

In addition to porous carbon, porous copper with slightly larger
particle size (500 nm) and PVDF loading (2.5 wt. %) can serve as
a catalyst support, offering increased hydrophobicity (~130° contact
angle) and a larger area for three-phase reactions. However, this
combination showed a relatively poor faradaic efficiency for ethylene
conversion (<10% at —-200 mAcm?). To achieve competitive
catalytic performance (i.e., faradaic efficiency of ethylene: >30 %),
highly active nanoparticles (25 nm) with low PVDF loading
(1.25 wt. %) were subsequently introduced into these porous
structures (Architecture D, Fig. 1). Further, the hydrophobicity was
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enhanced by combining these porous electrode layers (porous carbon
MPL and porous copper catalyst support) on carbon paper GDEs
(Architecture E, Fig. 1).

The present study involved the fabrication of porous carbon and
copper electrode layers through a phase separation/inversion method
using a mixture of NMP and ethanol/propanol solvents with differing
boiling points at an elevated temperature of 200 °C. The resulting
porosities were influenced by the volumetric fractions of the two
fugitive solvents (Fig. 2). The porous electrodes demonstrated

(@)

230 pm

000 wol = HMP:ETOH

B020 ol = NP 1P 5050 v F0:70 wol= HMP:IFA

Figure 2 — Porous carbon and copper electrode layers were developed
through a phase separation/inversion method, which involved using
a mixture of two solvents, namely N-Methyl-2-pyrrolidone (NMP)
and a blend of ethanol and isopropyl alcohol (EtOH:IPA), at a hot-
plate temperature of 200 °C. The morphology of the porous («) carbon
and (b) copper electrode layers were obtained via spray-printing using
suspensions consisting of mixed solvents at varying volumetric ratios
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enhanced hydrophobicity (contact angles: >130°) compared to pure
PVDF films (contact angle: 85-130°) due to their PVDF content and
increased surface roughness. Porous carbon (10 wt. % PVDF) even
exhibited super-hydrophobic properties, as evidenced by a contact
angle exceeding 150°.

These porous carbon layers can serve as a replacement for
conventional carbon fibers as GDL (Architecture A) or as
a conductive layer (Architecture B) to improve operational stability
while providing a reaction interface and electrical conduction.
In contrast, the performance of spray-printed electrodes on carbon
paper substrates (Architectures C, D and E) exhibited gradual drop
in stability over time, despite their slightly higher faradaic efficiencies
(approximately 29-34 % at —200 mA cm?) (Fig. 3). The inclusion
of extra layers of microporous layer (MPL) (Architecture C) and
catalyst support (Architecture D) further improved the duration of
ethylene production, owing to increased hydrophobicity / flooding
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Figure 3 — The electrochemical reduction of carbon dioxide
to ethylene was carried out using Gas Diffusion Electrodes (GDEs)
with spray-printed electrode layers in various configurations,
as illustrated in Figure 1. The GDEs were operated for prolon ged
durations at a current density of —200 mA cm—2 in 1 M KOH using (@)
PTFE film (E4, ElectricFuel Inc., Israel) and (b) carbon paper
(Freudenberg H23C2) as additional substrates
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tolerance across the GDEs. The combination of porous MPL (carbon)
and the catalyst support (copper) (Architecture E) enabled selective
ethylene production to continue for over 10 h at —200 mA cm2 (Fig. 3).
CONCLUSIONS

This study presents an evaluation of various composite Gas
Diffusion Electrode (GDE) architectures based on carbon or metal
nanopowders and polymeric binder using a flexible spray printing
technique. The research demonstrates that high activity and enhanced
hydrophobicity of GDEs can be achieved through the use of
hydrophobic porous structures. These structures can be easily spray-
printed onto carbon paper or polymer film substrates using a mixture of
two fugitive solvents. The resulting porous layers can serve as different
electrode layers, including Gas Diffusion Layers (GDLs), Microporous
Layers (MPLs), and catalyst supports, and are capable of extending
the duration of electrolysis irrespective of the electrode configuration/
architecture. When porous MPL and catalyst support layers were
added, the selective production of ethylene was sustained for over
10 hours at a high current density of —200 mA cm 2. The enhanced
hydrophobicity/flooding tolerance across these electrode layers was
attributed to the increased surface roughness (porous structures) and
Polyvinylidene fluoride (PVDF) content. The findings of this study
have significant implications for the development of high-performance
GDEs for carbon dioxide reduction. The use of hydrophobic porous
structures as electrode layers offers a cost-effective and scalable
approach for enhancing the hydrophobicity and activity of GDEs.
Additionally, the extended duration of electrolysis achieved using
these porous layers could lead to the development of more efficient and
sustainable electrocatalysts for carbon dioxide reduction in the future.

References

1. SGL Carbon official website. URL: https://www.sglcarbon.com/pdf/
SIGRACET-Whitepaper.pdf (accessed: November 2021). 2021.

2. Nwabara, U.O., Cofell, E.R., Verma, S., Negro, E., Kenis, P.J. A.
Durable Cathodes and Electrolyzers for the Efficient Aqueous
Electrochemical Reduction of CO,. ChemSusChem 2020. 13 (5), 855-875.
DOI: 10.1002/css¢.201902933

106



KOMMO3ULINHI MATEPIANN
(36ipka maTepianis XIl MixHapoAHOi HayKkoBO-NpakTM4yHOi WEB-KoHdepeHLii)

Dinh, C.-T., Burdyny, T., Kibria, M. G., Seifitokaldani, A., Gabardo, C. M.,
Arquer, F. P. G. d., Kiani, A., Edwards, J. P., Luna, P. D., Bushuyev, O. S.,
et al. CO, electroreduction to ethylene via hydroxide-mediated copper
catalysis at an abrupt interface. Science 2018. 360, 783-787.

Chen, R., Su, H. Y., Liu, D., Huang, R., Meng, X., Cui, X., Tian, Z. Q.,
Zhang, D.H., Deng, D. Highly Selective Production of Ethylene by
the Electroreduction of Carbon Monoxide. Angew Chem Int Ed Engl
2020. 59 (1), 154-160. DOI: 10.1002/anie.201910662

Malkhandi, S., Yeo, B.S. Electrochemical conversion of carbon
dioxide to high value chemicals using gas-diffusion electrodes. Current
Opinion in Chemical Engineering 2019. 26, 112-121. DOI: 10.1016/
j.coche.2019.09.008

Bu, J., Leung, P, Huang, C., Lee, S. H., Grant, P. S. Co-spray printing of
LiFePO4 and PEO-Li1.5A10.5Gel.5(PO4)3 hybrid electrodes for all-solid-
state Li-ion battery applications. Journal of Materials Chemistry A 2019.
7 (32), 19094-19103. DOI: 10.1039/c9ta03824h

Zheng, J., He, A., Li, J., Xu, J., Han, C. C. Studies on the controlled
morphology and wettability of polystyrene surfaces by electrospinning
or electrospraying. Polymer 2006. 47 (20), 7095-7102. DOI: 10.1016/j.
polymer.2006.08.019

Yang, K. D., Ko, W.R., Lee, J.H,, Kim, S.J., Lee, H., Lee, M. H.,
Nam, K. T. Morphology-Directed Selective Production of Ethylene or
Ethane from CO2 on a Cu Mesopore Electrode. Angew Chem Int Ed Engl
2017. 56 (3), 796-800. DOI: 10.1002/anie.201610432

Sen, S., Liu, D., Palmore, G.T.R. Electrochemical Reduction of
CO, at Copper Nanofoams. ACS Catalysis 2014. 4 (9), 3091-3095.
DOI: 10.1021/cs500522¢

10. Romero Cuellar, N. S., Wiesner-Fleischer, K., Fleischer, M., Rucki, A.,

11.

Hinrichsen, O. Advantages of CO over CO, as reactant for electrochemical
reduction to ethylene, ethanol and n-propanol on gas diffusion electrodes
at high current densities. Electrochim. Acta 2019. 307, 164-175.
DOI: 10.1016/j.electacta.2019.03.142

Rabiee, H., Ge, L., Zhang, X., Hu, S., Li, M., Yuan, Z. Gas diffusion
electrodes (GDEs) for electrochemical reduction of carbon dioxide,
carbon monoxide, and dinitrogen to value-added products: a review.
Energy & Environmental Science 2021. 14 (4), 1959-2008. DOI: 10.1039/
dOec03756¢g

107



KOMMO3ULINHI MATEPIANN
(36ipka maTepianis XIl MixHapoAHOi HayKoBO-NpakTM4yHOi WEB-KoHdepeHLii)

UDC 661.728

COMPOSITE OF CELLULOSE-NANOFIBER-REINFORCED
CELLULOSE ACETATE BUTYRATE: IMPROVEMENT
OF MECHANICAL STRENGTH BY CROSS-LINKING
OF HYDROXYL GROUPS

Romain Milotskyi, As. Prof., PhD,
Ryo Serizawa, PhD student,
Gyanendra Sharma, As. Prof., PhD,
Naoki Wada, As. Prof., PhD,
Kenji Takahashi, Prof., PhD

Kanazawa University, Japan

Abstract. Today, biocomposites produced from a bio-based filler and bio-
based matrix are a great attraction, which can present desired functionalities
at a reasonable cost. In this study, cellulose laminates were prepared by
using CNF as a filler and cellulose acetate butyrate (CAB) as the polymer
matrix. Cellulose composite material was manufactured by sandwiching
CNF reinforcement filler between CAB matrices using the hot-press
technique. The cross-linking agent polyisocyanurate D376N (STABiO™)
was applied to improve the adhesion between the matrix and filler.
The optimal manufacturing conditions (cross-linker amount, hot-press
pressure, and time) were investigated. When 14.3 wt. % of the cross-linking
agent to the total weight of CNF and CAB was added, the tensile strength
and flexural strength were improved by 72.4% and 16.3%, respectively,
compared with neat CAB. It was concluded that this increase in strength is
a result of both: cross-linking between the CNF sheets as well as the cross-
linking occurring at the CNF/CAB interface.

Key words: composite material, CAB, CNF, mechanical strength, cross-
linking, urethane bond.

Results and discussion

First, the authors prepared a laminated material by combining
an acetone treated CNF (A-CNF) sheet and a CAB matrix. To increase
the strength of the final material, biomass-derived cross-linking agent
polyisocyanurate (D376N) was added (Fig. 1).
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Figure 1 — CAB/A-CNF composite material development

The mechanical strength was measured to determine the appropriate
cross-linking material amount and molding process conditions.
The mechanical strength of the laminate was first investigated by
varying the amount of crosslinking agent. Stress-strain curves obtained
from tensile tests are shown in Fig. 2.

The tensile strength increased as the amount of cross-linker
increased, and at 14.3 wt. % of D376N, the tensile strength was
43.1 MPa, which is 72.4% higher than for neat CAB. The tensile
strength remained constant at approximately 43 MPa even when
14.3 wt. % or more of D376N was added. Cross-linking agent D376N
contains three isocyanate groups. Although it can form a cyclic
structure with hydroxyl groups on the same surface of CNF, remaining
isocyanate groups can cross-link with other CNF surface hydroxyl
groups and residual hydroxyl groups in CAB. The elastic modulus
also showed a similar trend. From this experiment, it was found that
14.3 wt. % of cross-linking material is the most optimal amount for
developing a high-strength laminate.

Next, the effect of varying the hot-press time was subsequently
investigated: the amount of D376N was 14.3 wt. %, as determined
in the previous experiment, and the hot-press pressure was 20 kN.
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The obtained stress-strain curve is shown in Fig. 3. The tensile strength
was slightly lower for the hot-press time of 5 min, but the values
for 15 min and longer were close. The same trend was observed for
the elastic modulus. From the above, the authors conclude that 15 min
of hot-press time is sufficient. In the literature, the reaction time
between cellulose and different isocyanates varies largely depending
on the type of isocyanate and the reaction solvent system [1].
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Figure 2 — Tensile strength-strain behavior of laminated CAB/CNF
with different amounts of cross-linker D376N. Samples:

(A) A-CNF; (B) CAB500-5; (C) CAB/A-CNE/D376N (0 wt. %);
(D) CAB/A-CNF/D376N (3.9 wt. %); (E) CAB/A-CNF/D376N
(7.7 wt. %); (F) CAB/A-CNF/D376N (14.3 wt. %);

(G) CAB/A-CNF/D376N (24.5 wt. %)

We investigated whether the addition of a cross-linking agent
causes cross-linking between CNFs. FTIR spectra were measured
to confirm the formation of urethane bonds. The results of the FTIR
measurements are shown in Fig. 4. For both samples (before and
after the reaction), CH, angular vibration at 764 cm!, amide II
at 1570 cm™!, and NCO stretching vibration at 2,248 cm™! were
observed. The intensity ratio of NCO to CH, after the reaction

110



KOMMO3ULINHI MATEPIANN
(36ipka maTepianis XIl MixHapoAHOi HayKkoBO-NpakTM4yHOi WEB-KoHdepeHLii)

50
—A
—B
4 —C %
= —D ]
o
= —E
s3f —F
o
[=
g
»
020
@
c
°
10}
o 1 1 1 1 1 1 1

0 1 2" 3 "4" 5 & 7
Strain (%)
Figure 3 — Tensile strength-strain behavior of laminated
CAB/CNF/D376N for different hot-press time. Samples:
(A) A-CNF; (B) CAB500-5; (C) CAB/A-CNF/D376N 5 min;
(D) CAB/A-CNF/D376N 15 min; (E) CAB/A-CNF/D376N 25 min;
(F) CAB/A-CNF/D376N 35 min
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Figure 4 — FTIR spectra before and after the reaction
of A-CNF/D376N
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decreased compared with that before the reaction, while the intensity
ratio of amide II increase, confirming the formation of a urethane
bond between the A-CNF/cross-linker. This is in good agreement
with previously published data on cellulose cross-linking with
isocyanate reagents [2].

Furthermore, the results of the tensile test (Fig. 5) show that
the tensile strength of the A-CNF sheet alone was 16.5 MPa, while
that of the A-CNF/D376N was 36.2 MPa, an improvement of 119%.
The elastic modulus was also improved by 40.4%, from 1.93 GPa
to 2.71 GPa, which confirms the reaction between the cross-linker
and A-CNF surface.
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Figure 5 — Tensile strength and elastic modulus
of A-CNF and A-CNF/D376N

CONCLUSIONS

In this study, we developed cellulose composite material by
sandwiching CNF reinforcement filler between CAB matrices using
the hot-press technique. The optimal amount (14.3 wt. %) of cross-
linking agent polyisocyanurate D376N (STABiO™) was applied to
improve the adhesion between the matrix and filler. The obtained
composite material exhibits improved mechanical properties (tensile
strength) compared with neat CAB. Finally, it was shown that
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the improved mechanical properties of the CAB/A-CNF composite
are due to cross-linking between A-CNF fibers as well as a reaction
at the interface of CAB and A-CNF.
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EHEPTETUYHUI CTAH HOBEPXHI
JAUCHEPCHHUX OKCHAIB

Tapac BeperoBmii!,
Hina Mepe:xko?, 1. T. H., ipod.,
Banentun Ceinepebkuii', 1. . H., ipod.,
| ronmuaa Hynuenko| !

'KIII im. Irops Cikopcbkoro
2 KuiBChKHil HAI[IOHATBHUHN TOPTIBEIbHO-EKOHOMIYHUN YHIBEPCUTET

Amnoranis. EQekTrBHICTS 3aCTOCYBaHHS JUCIICPCHUX OKCHIIB B CKJIAJI KOMIIO3H-
LIHHUX MaTepialiB Pi3HOTO (yHKIIOHAIHLHOTO TIPU3HAYCHHS B 3HAYHIH Mipi BU3HA-
YaeTbesl (DI3MKO-XIMIYHMMHU BJIACTHBOCTSIMM X ITOBEpXHI. He MeHI BaIMBUM
(hakTOpOM SBIAETHCS 1 CTAOLTBHICTH OCTAHHIX B TIPOIIeCi ekcnTyaramnii. OmHak 1aHi
JIaHi BIJHOCHO TaKWX OCOOJMBOCTEH JTyke OOMEKEHI, TOMy METOIO CTaTTi € Kijlb-
KiCHa OILIHKa CKJIa Ly, GHEpreTUYHOIO CTaHy Ta aJICOPLIIHOI 31aTHOCTI psily OKCH-
aiB [I-IV rpym nepionuaHol CHCTEMH, 10 BUKOPHUCTOBYIOTHCS B SIKOCTI HAITOBHIOBA-
4iB 200 CITYT'yIOTh CKJIAIOBUMU KOMITIOHEHTAMH PI3HUX KOMITO3UTIB.

Mertonamu, 1o 0a3yloThesi Ha pi3HUX (DI3MYHUX NMPHHIMIAX (3MOYYBaHOCTI
TNOISPHAMH | HENONAPHMMH PiIMHAMH, JCIeKTPUYHUMH BIACTHBOCTSIMIL,
I4-criexTpocKois, KOMIICKCHHH TepPMIYHUIT aHAIII3) OLIHCHHH CHEPreTHHHUIT
CTaH IOBEPXHI AMCIEPCHUX OKCUAIB Ta HOro 3MiHM B mpowueci Aii BOIOroro
cepeIoBHIIA 3 MIKPOOPraHi3MaMH.
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BusiBiieHo piBeHb PO3BHTKY JECTPYKIIMHUX MPOLECIB Ta HAHOLIBII cTA0IIbHI
okcuHi Matepianm (Al,O, Ta oro Mmoaudikarii).

OpieprxaHi pe3ysibTaTi MOXKYTh 3HAWTH 3aCTOCYBaHHS B IIPOMUCIIOBHX 1 010J10-
TYHUX MPOLIECaX.

KoarouoBi ciioBa: juicriepcHi OKCH/M, 3MOYYBAHICTh, JICJIEKTPUYHI BTPATH,
IUTOMa TMOBEPXHS, EHEePreTWYHUH cTaH moBepxHi, [Y-cnekrpockomis,
nepuBatorpadis.

Abstract. The effectiveness of the use of dispersed oxides in composite
materials of various functional purposes is largely determined by the physical
and chemical properties of their surface. An equally important factor is
the stability of the latter during operation. However, the given data regarding
such features are very limited, so the purpose of the article is to quantitatively
assess the composition, energy state, and adsorption capacity of a number of
oxides of groups II-1V of the periodic table, which are used as fillers or serve
as components of various composites.

Using methods based on various physical principles (wettability by polar and
non-polar liquids, dielectric properties, IR spectroscopy, complex thermal
analysis), the energy state of the surface of dispersed oxides and its changes
during the action of a moist environment with microorganisms was assessed.
The level of development of destructive processes and the most stable oxide
materials (Al,O, and its modifications) were revealed.

The obtained results can find application in industrial and biological processes.

Key words: dispersed oxides, wettability, dielectric losses, specific surface
area, energy state of the surface, IR spectroscopy, derivatography.

IMocranoBka mnpodiaemu. EdexkTuBHe 3aCTOCYBaHHS OKCHIHUX
HAaIlOBHIOBAYIB B CKJIAJMi KOMIIO3HMIIIHHUX MarepiaiiB pi3HOTO (PyHK-
LIOHAJIBHOTO IMPU3HAYEHHS NPEICTABIsle€ 3HAYHUN HAyKOBMH 1 Ipak-
TUYHUI iHTepec. IcHyloui cydacHi migxoxum BHOOPY THX UM IHIIMX
OKCH/IiB 0a3yIOThCs MEPEeBaKHO Ha OLiHII (i3UKO-XIMIYHUX Ta EKCILTY-
aTaliiHUX BJIACTUBOCTEH KIHIIEBOTO CKJIaJy KOMIIO3UTY 1 MOTPEOyIOTh
OOITUPHIX CUCTEMHUX JTOCIIKEHb.

BiractrBoCTI TIOBepXHiI HAITOBHIOBAYiB (CHEPTCTHUHUN CTaH, HasB-
HICTh JTYXHHX 1 KACIOTHHX IEHTPIB, X (hi3MKO-XIMI4HI BIIACTHBOCTI)
70 yBarm 4acto He OepyThcs. ToMy MOPIBHSUIIBHMI aHajli3 BKa3aHHX
BJIACTHBOCTEH IUCIIEPCHUX OKCHAIB B acleKTi B3aeMofii 3 aacopba-
TaM{ PI3HOTO CTYNEHsS XIMIYHOI aKTHBHOCTI JO3BOJIUTh BHU3HAYMTHU
iX peakIiifHy 37aTHICTh Ta MPOTHO3YBaTH PiBEHb BIUIMBY Ha IMOKpa-
IeHHS eKCIUTyaTamiiHol HagifHOCTI KOMITO3UTHHX Marepiaib.
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3 iHmoro OOKy HasBHICTH Takoi iH(opMaIlii MOXXe CIPOCTHTH MPOIEC
BHOOpPY e(hEeKTUBHUX OKCHJIHUX HAIIOBHIOBAYiB.

[ToBHOTA 3MOUYyBaHHS MMOBEPXHI HAIOBHIOBAUIB SIBJISETHCS BU3HA-
YarUUM [apaMeTPOM B TEXHOJIOTIi TOTIMEPHUX KOMIIO3MTIB, SKa
repenbavae AWCIICPTYBAHHS HAITOBHIOBAYiB 1 IMITMEHTIB B pPO3YMHAX
a00 po3rmiaBax BHCOKOMOJCKYIISIPHUX CHONYK, ()OPMYBaHHS MMOKPHUT-
TiB Ta CKJICIOBaHHS CyOCTpariB pi3HOI XiMiYHOI CTPYKTYpH, aKTHUBAIIIIO
MOBEPXHI HEOPTaHIUYHUX 1 OpraHiyHuX moimepis [1].

PerymtoBaHHSI IOBHOTH KOHTAKTY MiX TBEP/IOI0 MTOBEPXHEIO HAIOB-
HIOBa4a Ta PiIWHOIO (3B’SI3yIOUMM) B HAI 9ac 0a3yeThes Ha peaizartii
KoHIIeNIii TiapodimsHO-TinmodinsHOor0 O6amancy (I'bJI) [2]. Le# mia-
Xig Mae psi 0OMeXeHb, IO KOHCTATyeThesl B pobdorax [3; 4]. OmgHiero
3 IPUYHH [BOTO sBIsIEThCS 3MiHa ['BJI moBepxHi HalOBHIOBAYIB B MPO-
1eci KOHTAKTy 3 OTOUYIOYMM CEpEeOBHIIEM, 30KpeMa BOAOIO B PI3HHX
arperaTHUX CTaHax Ta IHIIMMU ACCTPYKIIHHUMHU areHTaMH.

XapakTepHOIO OCOOTUBICTIO 3HAYHOI KUTBKOCTI OKCHJIHHMX Mare-
piamiB  SBISETBCA  HASBHICTh  KHUCJIOTHO-IY)KHHUX — BIIAaCTUBOCTEH
ix moBepxHi. Tak okcuam 3aimiza, TUTaHA, KPEMHIIO 1 ATIOMIHIIO Bij-
HOCSITBCSI JIO CHIIBHUX TBEPJIUX KUCIIOT ampOTOHHOTO Ta MPOTOHHOTO
THUIIIB, 3JaTHUX JI0 JIOHOPHO-aKIENTOPHOI B3aeMoiil 3 (heHIUIbHUMU
rpynaMd B CKJIaJi MONIMEPHUX 3B’SI3HUX. EJIEKTPOHHO-aKIeNTOpHA
1 MPOTOHHO-OHOPHA 3JaTHICTH 3POCTAE B PSTY OKCHIIIB CIIEMEHTIB Bill
Co,05 o ALO, [5].

[lepenba4aroTh, MO OKCHUAM CIIA0OIYKHOTO XapakTepy CIPHUSIOTh
3MEHIIICHHIO BUJIIJICHHS JIETKOJIIETKUX MPOJYKTIB IECTPYKIIii MoIiMepiB
Ta MiABULICHHIO CYLUIBHOCTI MMOKPUTTIB Ha iX 0cHOBI. JlocsiraeTbes Le
3a paxyHOK 3B’sI3yBaHHSI MOJICKYJI BOJH, II0 MIiCTHUTHCSI B KPUCTAJIOT1]I-
parax Takux OKCHUIIB [6].

Bigomo, 1m0 CTIHKICTh OKCHIHUAX CITONYK JIO Mii PiIKUX arpecUBHUX
CEpPENIOBHII BH3HAYAETHCS BEIUUMHOIO BUTBHOI €Heprii yTBOPEHHS iX
13 eneMeHTiB. [0 HaWOLIBII CTIHKHMX 33 L€ O3HAKOK BIJHOCITHCS
OKCH/IM Kanblilo, iTpito, nantany i topiro. Oxnak CaO i La,O, serxo
MiJJIa0ThCS Tiparallii, a OKCUIH ITPit0 1 TOPi0 HE 3HAXONATH IIHPO-
KOTO BUKOPHUCTaHHs. TOMY PO3IMOBCIO/DKCHHS HA MPAKTHIIl OTPUMAIU
OKCHUIH aJTIOMIHIIO, MarHiio i MMUPKOHI0, SKI MalOTh JOCTaTHHO BHCOKY
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XiMiuHy cTifikicTe. CiiJ BpaxoByBaTH HpH L[bOMY, 11O HE BCi 3rajaHi
OKCHJIHI CIIOJIYKH MOXYTb 3aJI0BUILHO CyMIILIaTUCS 31 3B SI3HUMH pevo-
BUHAMH Pi3HOT XIMIUYHOT IPUPOIHM BHACIIZAOK IX BUCOKOI AECTPYKIIHHOT
aKTUBHOCTI [7].

ITocTanoBKka 3aBAaHHs. METOIO IOCIIIKEHb SIBISETHCS KUIbKICHA
oIiHKa (hi3MKO — XIMIYHMX BIACTHBOCTEH MOBEPXHI JUCIIEPCHUX OKCH-
niB enementiB II-IV rpyn ta ocobmuBocTeil iX 3MOUYYBaHHS BOJAOIO
30KpeMa B MPUCYTHOCTI MiKpOOPIaHi3MiB, SIK aKTUBHOTO JIECTPYKILil-
HOTO CepeIOBUIIIA.

3agagamu poOOTH €:

— KUTbKICHA OIliHKa 3MOYYBAaHOCTI Ta CHEPreTHYHOTO CTaHy
MOBEPXHIi TUCTIEPCHUX OKCH/IIB;

— aHaJi3 3MiHU BJIACTUBOCTEH MOBEpPXHI MiX Ai€I0 BOAM B MOEA-
HaHHI 3 MIKpOOpraHi3aMamu;

— BCTAHOBJIGHHSI OCOOJHMBOCTEH B3a€MOJI OKCHIIB ATIOMIHIIO
3 BOJIOIO.

BceranoBneno 3a pe3ynbTaraMd  OIIIHKHM 3MOYYBAaHOCTI BOJOIO
MpH HaTiKaHHI, 110 BCI JAOCTIDKYBaHI Marepiali MOXKIHUBO TOIIIATH
Ha 7Bi rpynu. MiHiManeHy 3ModyBaHicTh (Ha piBHI 2,3-8,9%107?)
matoth okcuau Al, Ni, Ba, Co, Ti, Si, Ca ta Mg. Bcei iHumi okcuaHi
MaTepiajid XapaKTepU3YHThCsS MOKa3HUKAMH 3MOUYBAHOCTI Ha PIBHI
10,0-20,4x 102, Haiiripme 3mouyerbesi Bomowo AlLO,; (2,3x1072),
a Haiikpamte ZnO (20,4 x1072) (tab6m. 1).

CTOCOBHO €(eKTUBHOI IMTUTOMOI TTOBEPXHI MO BOII MOXKJIHBO Cepe
JOCIIPKYBAaHUX MaTepialiB BHIUIATH TpU Tpynu. MakcumalbHUN
ii piBenb (33,6-33,7 M?/T) BiAMIYCHO Yy OKCHIIB MAarHir0 i KaJblIiO.
Jlpyra rpymna BKJIO4Yae OKCHIM aitoMiHito Ta 3amiza (16,8-19,9 mM*/Tr).
[HII gocmipkyBaHi Marepiaiy MalTh €()EKTUBHY MUTOMY MOBEPXHIO
B Mekax 1,3 (Ba0)-9,2 (ZnO) M/t

AHaJi3 OTpUMaHUX JaHWX BIAHOCHO YMOBHOTO tg KyTa Iieiex-
Tpu9dHUX BTpaT npu 9acToTi 1000 ['11 CBiMIUTH PO BiJICYTHICTH 3HAY-
HO1 qudepeHIrialii B piBHAX B3aEMOJIT TUCTIEPCHUX OKCHUJIIB 3 ITapOI0
BOJIM Ha BiIMiHYy BiJl 3MOYYBaHOCTI B PiIKOMY cTaHi. BukitoueHHs
ckiagae tuibku MgO (tg 6=0,400, na ¢oni 0,500-0,599 mist Bcix
IHITAX i€JIEKTPHUKIB).
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Ta6auns 1 — BiacTuBOCTI MOBEpXHi TUCTIEPCHUX OKCH/IIB

3MouyBaHicTh K .. ITnToma YMoBHMI
oedinient
BOJIOI0 TIPH JE eexTHBHA TaHTeHC KyTa
Oxcug . . Jiodinab- .
HaTiKaHHI Hocri MOBEePXHs JieJIeKTPUIHUX
(x10%) o Boji, M2/ BUTPAT

MgO 8,916,1 0,4510,42 33,6 32,8 0,400 0,101
CaO 8,91104 1,00 | 0,40 36,7177 0,590 0,510
ZnO 20,419,8 1,07 10,38 9,215,6 0,59410,419
BaO 5,7111,3 0,4910,53 1,3]5,5 0,550 0,490

SnO 17,4153 2,2310,31 16,515,3 0,359 0,282
PbO 15,6 6,6 0,4710,32 6,214 0,219 0,100
B,0, 10,0179 1,401 0,29 1,413,5 0,500 | 0,099
AlLO, 2,315,1 0,201 0,63 16,8 ] 19,7 0,588 10,339
Cz,0, 14,715,5 0,4710,37 2,8]1,6 0,590 0,229
Fe,0, 15,418,0 1,83]0,14 2,2159 0,599 0,391
Co,0, 7,115,2 0,36]0,12 12,118,0 0,599 | 0,590
Ni,O, 5,0]84 0,5410,34 21,4379 —

SiO, 8,810,9 0,62 10,47 19,9 15,1 0,599 10,299
TiO, 7,8]11,6 1,66 ] 0,54 7,111,7 0,599 0,590

[MpumiTka: * B uucenbHOMY HaBeJIEHI JaHi Uil BUXITHUX OKCHIIB, @ B 3HAMCHHHKY
ITiCJIsS BATPUMKH Y BOJIOTOMY CEpPEIIOBHIII 3 MIKPOOPTaHi3MaMH.

BusiBieHO B 4acTHHI 3MOYYyBaHOCTI BOJOK HEOJHO3HAYHY Kap-
THUHY. 3pOCTaHHS OCTaHHBOI CIIOCTEPITaeThCs TUTHKHU Ui OKCHAIB Ba
(ma 286 %) ta Al (Ha 121 %). 3MouyBaHICTh BCIX IHIINX TECTOBAHHUX
MarepianiB moripmmiack B Mexax Big 89,8 (Si0,) o 21 % (B,0,).
AGcomoTHI MakcMManbHi 3HadeHHs B, Bimmiueno msa TiO, 1 BaO,
a miHiManbHi y SiO, OKpiM IBOX OCTaHHIX BIJHOCHO CYTT€Bi 3MiHH
B TIpolieci TecTyBaHHsI crioctepiraerhes B Al,O,;.

JliodinpHo-mi0hoOHNI OamaHC TOBEpPXHI AMCIEPCHUX OKCHIIB
micist Al BOJIOTH B TOEIHAHHI 3 MIKpOOpTaHi3MaMu, K 1 y BHUIAIKY
3MOUYYBAHOCTI BOJIOI0, 3MIHIOEThCS HeomHO3HayHO. KoedirieHT mio-
¢inpHOCTI 30UBLITY€ETHCS TUTbKU A1 BaO (45,7 %) ta ALO, (117,9 %).
MaxkcumanbHe Horo 3MmeHieHHs Bigmideno st Fe,O, (92,3 %),
a Mminimanbae — MgO (6,7 %). Jlinilika OKCUJHUX MaTepialiiB 3 HalHBU-
IIUMU 3HaYeHHSIMH § Mae Takuii Bua: BaO>Al,0,>TiO,>Si0,.
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BaxxnuBuM (akTopoMm TpH OIiHINI €HEPreTHYHOTO CTaHy MOBEPXHi
JUCIIEPCHOTO Marepially SBISIEThCS PiBEHb PO3BUTKY ii e(DeKTUBHOCTI
MUTOMOI CKJIaJIOBOI. AHAJIOTIYHO 3MOYYBaHOCTI BCTaHOBJIECHO aude-
peHiliioBaHy 3MiHy €()EeKTHBHOI MUTOMOT OBEPXHI IO BOJI JOCIIKY-
BaHHUX OKCHIIB TICJISI €KCTIO3UITIT y BOJIOTOMY CEpemoBHIIi. BoHa 30111b-
myethest y BaO (322 %), B,O, (150 %), SiO, (24 %) ta ALO, (18 %).
3a aOCOMOTHUMH BeJIMYMHAMHU e(DEKTHBHA MUTOMA MOBEPXHS Tepely-
Bae B Mexax 4,2 (BaO)-3,1 M*r (Al,O;). 3MEHIIICHHS TOBEPXHI MiCis
TecTyBaHb cTaHOBUTH Bix 372 % (Ti0O,) mo 2,4 % (MgO), 1o ckianae
BigmoBinno 4,2—0,8 M/,

JletanpHa OIiIHKA EHEPIETHUYHOTO CTaHy TIIOBEPXHI JHCIEpC-
HHAX OKCHIIB, SIKI MPEICTABISIOTh MPAKTHYHUH IHTEpPEC Ta BXOIATH
JI0 CKJIaJy TOJIMiHEpaJbHUX HAIOBHIOBadiB Oyia 3IiMCHEHA MUIIXOM
OIIIHKU iX KPHUCTAIIYHOTO ITOBEPXHEBOTO HATATY 3 BUKOPHUCTAHHSIM
OpraHiYHUX PEYOBUH OJIHOTO TOMOJIOTIYHOTO psiay (Taodi. 2).

Tab6auus 2 — Kputnaauii moBepXHEBUH HATAT TUCTIEPCHUX OKCH/IIB
(H/mx10%) micast il BOJOTH B PUCYTHOCTI MIKPOOPTraHi3MiB

Oxenpa Buxiguuii cran ITicsis1 BUNpoOyBaHb
MgO 96 86
CaO 126 90

AlO; 85 120

Fe,O, 140 96
SiO, 125 75

BcTaHoBieHO, 1110 MaKCHMaJbHUN KPUTUYHUN MTOBEPXHEBUM HATAT
cepen aocimimkyBanux okcuaiB Mae Fe,O; (140x10° H/m), a wmiHi-
manbauit — ALO, (85x107 H/m). Ilicns ekcnosuilii y arpecuBHOMY
CEpeNIOBHIII TUTBKH JIJII OCTaHHBOTO BiJIMIYEHO HOTO 30LIBIICHHS
Ha 41,2 %. MiHimManbHi 3MiHH KPUTHYHOTO TIOBEPXHEBOTO HATSATY CIIO-
CTEpIraeThesl TIIbKKM y OKcuay Martiro (10 %).

OTpumaHi eKCTepUMEHTalbHI JaHi IMOKa3ald HasIBHICTH CYTTeE-
BUX BIOIMIHHOCTEH EHEPreTHYHOrO CTaHy IIOBEPXHI JMCIIEPCHUX
OKCHJIIB Ta HOTO CTa0LIBHOCTI B TPUCYTHOCTI BOJOTH 3 MIKPOOP-
ranisMamu. Cepen IOCHiKyBaHMX MaTepialiB 0coOnuBoi yBaru
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sacnyrosye ALO,. Moro moBepxHs Mae MiHiMaIbHy 3MOUYyBaHICTH
BOJOIO 1 KOeilieHT JT10pIIBHOCTI Ta KPUTUYHUI [TOBEPXHEBHUI HATIT.
[Ticnst excro3uiii y BOJIOrOMY CEpeOBHINI ISl 3raJlaHuX MMOKa3HHUKIB
1 muTOMOT e(eKTUBHOI MOBEpXHi XapakTepHO cTabibHE 3POCTAaHHSI.
HasBHiCTP Takux 3aKOHOMIPHOCTEH Ha€ TIACTaBH CTBEPIKYBaTH
PO BHCOKY XiMiYHY aKTHBHICTh pPEaKIlifHO3IATHUX IEHTPIB HA HOTO
MOBEPXHI BIAHOCHO BOJM, L0 MOXE [OCHJIIOBAaTUCH aM(OTEPHUMHU
BJIACTUBOCTSIM OCTaHHboOro. Jly)xHo-3emensHi okcuan (Mg Tta Ca)
Ta KucioTHi (Si, Ti) 3HAYHO MOCTYMAKOTHCS B 37aTHOCTI JO XIMIYHOI
B3a€MO/Iii B TOBEPXHEBOMY IIIapi OKCHIY aJIFOMIHIIO.

Bukonannii ¢i3uKoO-XIMIYHAN aHai3 BHIIB OKCHIY aTIOMIHIIO
MOKa3aB, M0 OCOONHMBOCTI B3a€MOIii 3 TUTICHABHMH TprOaMu y BOJIO-
rOMYy CEpEINOBHUINI BHU3HAYAIOTHCS HASBHICTIO B HOro CKIajai Pi3HHUX
¢opm Bomu. 30umbiieHHs pH peakiiiHOro cepenoBHINa XapaKTEPHO
JUISL YaCTKOBO TiIpaTOBaHOTO, a 3MEHIICHHSI — JUIsi OE3BOJHOTO OKCHJTY.
HepeBatorpadiyanii aHami3 OKCHIIB aTIOMIHIIO PI3HOTO CTYIEHS Tij-
patanii (HasBHICTH AI(OH); Ta AIO(OH) miaTBepmKyoTh eHI0eheKTH
mpu 548-578 i 813 K BimmoBimHO) B KOPYH[I BHSBHB OCIaOIECHHS
3B’SI3Ky TIIPOKCHIIBHUX TPYI 3 MaTepiajioM MICis Jii ITiCHIBUX TPH-
0iB. EnmoedexTn, Bukiinkani HasBHicTIO Al(OH),; AIO(OH), 3HuKaoTh
noBHicTio (puc. 1).

OjHOYaCHO 3 IIMM BIJMIYA€ThCS TMOSIBA CHAOTEPMIYHUX e(dek-
TiB ipu 443-458 K, oOyMOBJIeHUX BHIAJICHHAIM aacopOoOBaHOI BOIM.
BuTtprMmka BKkazaHUX MarepiajiB y Bosoromy cepenosuii (96 %) npax-
TUYHO HE BIUIMBAE HAa HASBHICTH T1IPOKCWIBHUX TPyI. BiacyTHicTh
Ui JEesIKMX BUAIB TiJPaTOBAHOTO OKCHAY aJIOMIiHIIO eHIO0e(EeKTy
xapakrtepHoro juis AIO(OH) noB’s3aH0 3 HE3HAYHOK HOTO KIIBKICTIO
(menme 0,5 mac). MakcumanpHa BTpara macu (4,37 %) BiamideHO
y Marepiaiy 3i 30inpmennM BMictom AIO(OH).

Jis mmicHABuUX TpuOIB HA TIAPOKCHI AIOMIHIIO CYIPOBOIKY-
€TBCS 3MEHIICHHSAM 1HTEHCHBHOCTI eHpoedekry npu 593-608 K
(uactroBa perigparariiss AI(OH),) Ta npyroro He MEHII BHpaxe-
Horo npu 818-823 K (moBHa perinpartarisi). Brpara macu mnst rijg-
POKCHJTy aJFOMIiHIIO TICIIsl BIUTUBY MIKpOOPIaHi3MiB CKJIaJa€ iHTepBai
593-608 K 19,0 % B mopiBusuHi 3 17,6 % y xouTpombHOTO 1 17,02 %
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HiCIsl BUTPUMKH y BOJIOTOMY CEpEIOBHILI TPH KIiHIEBUX 3HAYCHHSIX
34,8 ta 34,55 % BinnosigHo. OTXe, MIKPOOPTraHi3MH CIIPUSIOTH [TOCIa-
OJICHHIO 3B’SI3KY T1APOKCUIBHUX TPYIl 3 aTOMOM aJFOMIHIIO.
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Pucynoxk 1 — JlepuBaropamu Al,O,
1, 2, 3 — Buximauit AL,O; 1', 2' — miciast BATPUMKH y BOJIOTOMY CEpPEIOBHIIL;
1", 2", 3" — micst i MiKpOOpTaHi3MiB Ta BOJIOTOTO CepeIoBUIIA

MOXITUBICTB TiJIpaTallii OKCHy alfOMiHIIO B IPOIIECi il TUTICHABUX
rpubiB MiATBEPAXKYIOTh MOSBOIO Ha Horo [Y-criekTpax MIMPOKOi cMyru
NOrMHaHHS 3 MakcuMyMoM 3450 cm!. CyTTeBuX 3MiH B AaHii obmacti
JUISL BHUXIJIHOTO 1 BHJIEPXKAHOTO Y BOJIOTOMY CEPEIOBHUIII OKCHILY
HE CIOCTepiraeTres (puc. 2).

Jist TuticHSIBUX TPHOIB Ha €NEKTPOKOPYHM, KU HE MICTHTH TIpak-
TUYHO BOJM, CYNPOBOMKYETHCS MPOTIKAHHAM JCHIO 1HIIMX HPOLECIB.
MakcumyM eHgoe(eKkTy, OOyMOBIEHOTO BHAAIEHHSM aacopOLiidHOT
BOJIY, 3MIIIY€ETHCSI B OUTBIII BUCOKOTEMIIEpATypHY o0Ojiacth Ha 55-70°.
[licig BUTPUMKH y BOJIOTOMY CEPEIOBHIII I HOPMAIBHOTO €JIeKTPOKO-
PYHIy Iie 3HAYCHHSI He TIepeBUIITye 45. a 1y 61710T0 eNeKTPOKOPYHIY 5°.
3meHmenHss Macu ckiagae 0,1 %. OTxke, BIVIMB MIKPOOPraHi3MiB
Ha €JIEKTPOKOPYH]I CIIPHSIE TOSIBI OUTBIII MIITHO COPOOBAHOT BOIH.
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Bukonanuii koMmruiekCHUN (i3WKO-XIMIYHUW aHali3 J03BO-
JIUB TMOSCHUTH MeXaHi3M 3MiH Ha noBepxHi ALO,. CyTHicTh Horo
MOJIATa€ B YTBOPECHHI TiAPOOKCUAIB TpH Jii MiKpoopraHizmiB
Ta Boau Ha Oe3Bomuuil Al,O, 3 iHriOyBaHHI X PO3BUTKY 3a paxy-
HOK KHCJIOTHO-OCHOBHOTO 3B’s3yBaHHS MPOAYKTIB MeTaboJi3My abo
B OesmocepenHbOMY Tepediry 3a3HadeHuX IPOIECiB Ha YaCTKOBO
TiIpaToBaHOMY OKCHII.
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Pucynok 2 — [Y-cniektpu okcumy amominito (1)
Ta OUIOTO eNeKTPOKOPYHITY (2) TiCIIST BUTPHUMKH
y BOJIOTOMY cepefoBuIli (*) Ta B MPUCYTHOCTI MiKpoopraHi3miB (**)

BUCHOBKH I ITPONO3UIIIT
MeronaMu aHalizy, oo 0a3yeTbesi HA PI3HUX (I3UYHUX MPUHIUIAX
TOCITIKEHb (I3MKO-XIMITHHX BJIACTHBOCTEH IMOBEPXHI IHUCIIEPCHUX
OKCH[IIB Ta iX CTaOIIBHICT Y BOJOTOMY CEpEIOBHIII 3 MIKpOOpTraHi3-
Mamu. HaBenmena kiacudikaiisi OKCHIIB 3a IMMOKa3HUKaMU 3MOYYBa-
HOCTI, tg KyTa JieNCKTPUYHHX BTpPAT Ta KPUTHYHOIO MOBEPXHEBOIO
HarsTy. BusiBieHo HaiOmbII CTiHKI MaTepiany (Ha OCHOBI allfOMIHIIO).
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KOMMNO3ULIVHI MATEPIANU
HA OCHOBI TYTOINJIABKUX
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KOHCTPYKIIMHI EJJEMEHTH HA OCHOBI
HI3IPIOBATUX BETOHIB 31 CKIOUEMEHTHUM
APMYBAHHAM

Irop I'myxoBcbKuii, K. T. H., AOL.,
Baagucaas IimyxoBebkuid, K. T. H., JOLI.,
Oabra Tynuus

KIII im. Iropst Cikopcbkoro

AHoTauisi. BcTaHOBIICHI eKCITyaTaIiitHIX XapaKTepUCTHK CKIOIEMEHTHUX
KOMIIO3MLIIH, 110 TBEPAIIOTh Yy HOPMaJIbHUX yMOBax Ta IOKa3aHa MOXJIH-
BiCTh BUTOTOBIICHHSI Hi3/IPIOBATUX CTIHOBHX €JIEMEHTIB, apMOBaHHUX CKJIOBO-
JIOKHUCTOIO apMaTypoIo.

KirwouoBi cioBa: CKJIOIEMCHTHI KOMITO3WTH, HI3IpIOBaTi OCTOHH, CTiHOBI
KOHCTPYKI[IHHI €lIeMEHTH, CKIISIHE BOJIOKHO, MMOPTIAH/IIEMEHT, Ty)KHUHN [[EMEHT.

Abstract. The operational characteristics of glass-cement compositions
that harden under normal conditions have been established. The possibility
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of manufacturing slotted wall elements reinforced with fiberglass
reinforcement is shown.

Key words: glass cement composites, aerated concrete, wall structural
elements, glass fiber, Portland cement, alkaline cement.

EdextuBHicTs  OyniBenbHOTO  BHUPOOHHMITBA  3a0€3MEYYETHCS
HE TUIBKU MPHU BUKOPUCTAHHI e(eKTUBHUX OyHiBeIbHUX MaTepiaiis,
a 1 3aBISKM BUKOPHCTAHHIO €(QEKTHBHHUX OYIIBEJIBHUX TEXHOJOTIH,
o Tependadae CyTTEBE CKOPOUYCHHSI TEPMIHIB 3BEICHHS OyiBelb.
Ha cyuacHomy ertami po3BUTKY OynmiBelbHa Traiy3b, y OUITBIIOCTI
BUIIAJKiB, BIIMOBHJIACH BiJ] BUKOPUCTAHHS KPYIHUX OTOPOKYIOUHX
KOHCTPYKLIN y BUIVISIAI CTIHOBUX MaHENeH sIKi IIMPOKO BUKOPHCTOBY-
Bayucs y 70—-80 pokax MUHYJIOTO CTOJITTS Ta 3a0€3IeuyBaaid BUCOKY
MIBUJIKICTh BHUKOHAHHS OyHiBETbHO-MOHTXHUX poOIT. OCHOBHOIO
MPUYMHOIO BiJIMOBH BiJl BUKOPUCTaHHS KPYIHHUX CTIHOBHUX OTOpPO-
JOKYFOUUX KOHCTPYKIIA € 1X He3aJOBiIbHI TEIJIOTeXHIYHI Xapakre-
PUCTHKH, sIK1 HE B 3M031 3a0€311€UYNTH BUKOHAHHS BUMOT LI0AO0 TEIJIO-
BOT 1307151111 Oy/1iBEJIb.

CyuacHl TIpOMHCIOBI BHPOOHHUITBA aBTOKJIABHOTO HIi3JIpIOBa-
TOTO OCTOHY ITOCTABJISAIOTh HAa PHHOK CTIHOBI JApiOHI OJI0OKM XOda,
1 CaMOI0 TEXHOJIOTi€0, 1 MIFOYUMHU TEXHIYHUMH Ta HOPMATHBHUMH
nokymeHTtamu [1; 2] mependadeHa MOXIJINBICTH BUPOOHULTBA KPYII-
HUX apMOBAHMX KOHCTPYKLIMHUX €JIEMEHTIB 3 Hi3IpPIOBAaTOTO OETOHY.
BincyTHicTh Ha PHHKY LLOTO BHJY BUPOOIB 3 Hi3APIOBATHX OCTOHIB
MIOSICHIOETBCST THUM, 1110, Ha BIAMIHY BiJl CTIHOBHUX TaHEJeH Ha OCHOBI
BOKKHX OCTOHIB, MOBTOBIYHICTH apMyIOUOro KapKacy SIKHX 3a0e3-
MEYy€EThCS JIY)KHUM CEPEJOBMIIEM LIUIBHOIO LIEMEHTHOI'O KaMEHIO
Ta 3aXHCHUM IIApOM KOHCTPYKLIMHOTO €NeMEHTYy, NPH BUKOPHC-
TaHHI B SIKOCT1 0a30BOTO Marepiany Hi3ApIOBATOro OETOHY, apMYIOUNi
KapKac MOBUHEH OyTU 3aXMIIECHUH CIEliaJIbHUMU MOKPUTTIMHU [1],
0 CYTTEBO YCKIAIHIOE TEXHOJIOTII0 Ta 3HIKYE PEHTAOENbHICTH
BUPOOHUIITBA TAKUX BHPOOIB. 3aMiHa METAJICBOTO apMaTypHOTO Kap-
Kacy Ha aHaJOTi4HI BUPOOW, 110 HE MOTPeOyIOTh HAaHECEHHS 3aXHC-
HUX TOKPHUTTIB [3] mo3Boisia BUPIMIUTH BKa3zaHy mpoOiemy, ane
3apa3 poOOTH B IbOMY HampsiMi HE IPOBOJISATHCSI.

124



KOMMO3ULINHI MATEPIANN
(36ipka maTepianis XIl MixHapoAHOi HayKkoBO-NpakTM4yHOi WEB-KoHdepeHLii)

BuroroBneHHs Hi3AproBaTHX OCTOHIB 3a TEXHOJOTIEIO SIKA HE TEpe-
0auae BHUKOPUCTAHHS BHCOKOTEMIIEPAaTypHHX TipoueciB [4], mo3Bo-
JIsi€ 3alpOTNIOHYBATH JUIsl CIPHUAHSTTS PO3TATYIOUMX HAaBAaHTAXKEHb, SIKi
BUHHKAIOTh Y BUPOOax BEIMKOTO PO3MIPY B TpoIieci X BUTOTOBICHHS
Ta TPAHCIIOPTYBAHHS, CKIIOLIEMEHTHUX KOMIIO3UIIHHUX €IEMEHTIB.

MeToro TOCIHiIKEeHb, PE3yIbTaTH SKUX HaBEeICHI Y IIbOMY TTOBIJIOM-
JICHHI € BU3HAYCHHS CKCIUTyaTaliiHUX XapaKTEPUCTHK CKIOLEMEHTHHUX
KOMIO3HUIIH, 0 TBEPAIIOTh Y HOPMAJIBHUX YMOBAaxX Ta BCTAHOBJICHHS
MOXKIJTUBOCTI BHTOTOBJICHHSI Hi3JPIOBATHX CTIHOBHX €JIEMEHTIB, apMo-
BaHMX CKJIOBOJIOKHHUCTOIO apMaTyporo.

Jlnst peamizariii METH IOCHTIDKEHL Oy BHKOPHCTAHI TOMEpemHi
JOCIIPKEHHS. aBTOPIB 3 PO3POOKH TEXHOJIOTI] BUTOTOBJICHHS Hi3pIO-
BaTuX OETOHIB, sIKi TBEpHAilIOTH y HOpMalbHUX yMoBax [4]. OcHOBHi
(i3uKo-MexaH14Hi XapaKTepUCTUKU TaKUX OCTOHIB HaBeJeHi B Ta0. 1.

[Ipu BuBYEHHI mporeciB (GOPMYBaHHSI CTPYKTYPH CKIOLEMEHTHHX
KOMTIO3HIIiHi BUKOPUCTOBYBAIHCS] KOMIIO3HIIl HA OCHOBI MOPTIAHAIIC-
MEHTY Ta Ha OCHOBI JIy)KHOTO LIEMEHTY. B sIKocTi apMyl04oro Kommo-
HEHTY BUKOPHUCTOBYBQJINCSI CKJISIHI BOJIOKHA aJIOMOOOPOCHIIIKATHOTO
cknany. Kineruka 3MiHM B 4aci piBHS MIITHOCTI CKJIOLIEMEHTHUX KOM-
Mo3uIlil HaBe/ieHa Ha puc. 1.

Tabauus 1 — PizuKo-MexaHIgHI XapaKTePUCTHKH
HI3IPIOBaTUX OETOHIB HOPMAIBHOTO TBEPIHECHHS

Mapka MaxkcumanbHe 3HaYeHHs1 | MinnicTs npu crucky, Mlla,
OeToHy KJjacy 0eToHy 3a MilHi- Hi3APIOBATOr0 0€TOHY HOP-
3a cepej- CTIO MPH CTHCKY (MapKa) | MaJbHOI0 TBepAiHHA Y Biui
"o | Gesamronaanmioro Gerony | 70 | 2816 | 360 1i6
Ha ocHOBI nopTIaH/IIeMEeHTY
J1600 B 2 (M25) 34 3,8 4,1
J1700 B 2,5 (M35) 5,2 5,6 5,9
J1800 B 3,5 (M50) 6,9 7,7 8,1
Ha 0CHOBI JIy’)KHOTO LIEMEHTY
J1500 B 1 (M15) 3,3 4,1 5,2
J1600 B 2 (M25) 3,6 4,5 5,5
J700 B 2,5 (M35) 5,4 6,3 6,8
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Pucynok 1 — KineTrka 3MiHH MIITHOCTI TTpH BUTHHI
CKJIOLIEMEHTHHUX KOMITO3HUIIil Ha OCHOBI ITOPTIAHAIIEMEHTY (a)
1 JIy’kHOTO B’siKydoro (6) i HezaxwumieHoro (1) Ta 3axumeHoro (2)
BOJIOKHA aJIFOMOOOPOCHITIKATHOTO CKIIAAy

3a pesynapraTaMu JOCITIKeHb Oylo BCTAHOBJIEHO, HIO PiBHI Mill-
HOCTI CKJIOLIEMEHTHHUX KOMITIO3HIIIM BIANOBIIAIOTh BUMOTIA 0 3HAYE€Hb
HOPMAaTUBHUX Ta PO3PaXyHKOBUX IMOKA3HUKIB MIIIHOCTI CKJIOIEMEHT-
HUX KOMIIO3HUIIIH, SIKi pEKOMEHI0BAHO JUIsl PO3PaxXyHKy MaHeJeH 3 KOM-
OiHOBaHMM apMyBaHHSM, 3HAUCHHS SIKUX HaBeZCHI B Ta0M. 2.

Po3paxyHok maHeni Oyjlo BHKOHAHO 3 ypaxyBaHHSIM HACTYITHUX
MOJIOXKEHD:

— M Ji€I0 TEXHOJOTIYHUX HaBaHTAXXEHb, SKi BHHUKAIOTH TPHU
po3nanyOItoBaHHI, TPAHCIOPTYBaHHI Ta MOHTaxy, MaHEIb CIPUIMae
HABaHTAXKEHHS MPU BUTHHI;

— OCKUIBbKH, Y BIJITIOBITHOCTI /0 BUMOT HOPMATHBHHX JIOKYMCHTIB,
y OCTOHI KOHCTPYKIIiH, SIKi MOCTABIISAIOTHCS 3aMOBHHUKY, HAasIBHICTD TPi-
IITUH HE JIOMyCKAETHCS, Y 3B’ SI3KY 3 UAM B ITAHEIIAX, IO apMOBaHi CKJIO-
BOJIOKHOM HE JIOITyCKA€THCS YTBOPEHHS TPIIIMH ITiJT Ti€F0 TEXHOJIOT14-
HHMX HaBaHTa)KEHb.
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— TMpH YaCTKOBOMY a00 TMOBHOMY 3aMiHEHI CKIIOBOJIOKHOM CTajlb-
HOI apMarypH, sKa MpU3HAYCHA Ui CHPUHHATTS TEXHOJIOTTYHHX
HaBaHTaXXEHb, BUPIO BBaXKAETHCS KOMOIHOBAHO apMOBAaHUM, TOMY PO3-
paxyHOK KOMOIHOBaHO apMOBaHHX BHPOOIB 3/IHCHIOEThCS 0€3 ypaxy-

BaHHS BIUIMBY CTaJbHOI apMaTypH.

Tabauns 2 — Hopmarusni (R,,) Ta pozpaxynkosi (R,)
3HAYEHHSsI OIOpY Ipu po3TarHeHHi, Mlla, Ta 3HaYeHHS

[IOYaTKOBOTO MOJYJIIO TpykHOCTI, MIla

3Ha4yeHHs ONOPY NPH PO3TATHEHHI OIHOTO

1Iapy CKJI0LEeMeHTHOI KOMIo3uuii TMouyarKkoBmii
Mapxka nopmarusHe (R,.,) | pospaxynkoge (R,,) MOAYJIb
apMyH40ro NPH TBepAiHHI NPH TBepAiHHI NPYKHOCTI
KOMIOHEHTY | yop- npo- HOp- MPHU PO3THAT-
MalbHi | mapro- | MajabHi n[:}(;r]l::{pﬂm- nenni (Ey)
YMOBH BAHHSA YMOBH
PBEP 10-2400 4,85 3,45 3,20 2,30 31
PBP 13-2640 5,05 3,60 3,40 2,40 34

1
l 1-1

2
3435

HizAnORATHE Batan N6

Wap ckAoLeMeHTHOI komMnoswuil Ha ocAoei poefHry PEP 10-2400 ‘

Pucynok 2 — KoHCTpyKIIist CTIHOBOI TTaHedi 3 Hi3APIOBATOro OETOHY
3 TEXHOJIOTIYHUM apMyBaHHS Ha OCHOBI CKisiHOTO poBiHTy PBP 10-2400
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BUCHOBKHA
BuxonaHi pesynbpraTe po3paxyHKy CTIHOBOI IaHeNi Ha OCHOBI Hi3-
JPIOBAaTOr0 OETOHY 3 TEXHOJIOTIYHUM apMyBaHHSM (pUC. 2) BKa3ylOTh
Ha Te, 110 HapYKEeHH:I, IKi BAHUKAIOTh B KOHCTPYKIIIi BiJ] TEXHOJIOT14-
HUX HaBaHTAKEHb, CYTTEBO HUXKYi, HI’K 3HAYCHHSI HOPMATUBHUX Xapak-
TEPUCTUK CKJIIOIIEMEHTHHUX KOMITO3HITIH, 10 BUKOPHUCTAHI B SIKOCTI TEX-
HOJIOTIYHOI apMaTypH.

Chnucok Jgiteparypu

CH 277-80 MHCTpYKITHSI TTO U3TOTOBICHUIO M3ICIIUI U3 TUYCHCTOTO OETOHA.

2. TlocoOue Mo MPOEKTHPOBAHUIO OCTOHHBIX M YKEIE300€TOHHBIX KOHCTPYK-
nui u3 sueuctoix 6etonoB (k CHull 2.03.01-84). Mockga : Ctpoiiuzaar,
1985. 72 c.

3. SlyencroOeTOHHBIE M3/EIHS COCTEKIISTHHOM apmarypoii / [lamenko A. A.,
CepOun B. I1., I'myxoBckuii B. B., Muxaitmmmuna H. 3. Becmnux KIIH.
Xumuueckoe mawunocmpoenue u mexuonocuu. Buin. 28. Kues, 1991.
C. 60-61.
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USAGE OF SPECIFIC TERMINOLOGY
AND THEIR INTERPRETATION IN MODERN STUDIES
OF PROPERTIES OF COMPOSITE MATERIALS -
AREVIEW

Yurii Kovalenko,
Volodymyr Tokarchuk, PhD, As. Prof

Igor Sikorsky Kyiv polytechnic institute

Abstract. Quality of cement based composites such as concrete, stucco, dry
mixes etc., are characterized by definition of their physical characteristics.
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Mostly they are: mechanical, water retention, work time, setting time
and rheology. In recent studies most of the characteristics of composites
divided into groups that received common name. Strength based studies,
durability etc. are relate to the physical-mechanical properties. Whilst some
authors relate setting time, workflow, consistency and etc. to the rheological
properties. This paper presents review and comparison of different works on
question of modern determination by studies on definition of the terminology
for physical and rheological properties.

Key words: composite materials, cement, concrete, terminology, rheological
properties, physical properties.

Usage of cement based composite materials widely connected to
their durability to withstand high mechanical pressure in the solid state.
Yet, to achieve aforementioned constructional strength the composites
must be prepared with abidance to the physical and rheological
characteristics for slurry of paste of cement based composite.

Most characteristics as compressive strength, water retention,
working time (setting time) are mentioned as physical-mechanical
properties and flowability is rheological property for composites [1].
Thus terminology and methodics remained unchanged for long
period since by authors [2] and later by [3] in their studies comes to
the conclusion that rheology, setting, hydration is connected and have
influence on the each other [2]. Thus in a review [3], authors mention
this connection and therefore widen the area for methods for studying
the rheology by including workability (setting time) and stability
(water retention).

Furthermore, to the rheology on cement compositions by
authors [4-5] were included drainage tests [4] that described ability for
cement pastes (as for stucco) to retain and separate water in modified
compositions [5]. There also conclusion in the review [5] wich include
other studies on rheology properties of the cement based fiber modified
composites, that mentioning shrinkage as rheological property.

CONCLUSIONS

The definition of what rheological studies are in the question of
the related methods that are performed in determination of properties
for cement based compositions are connected to the physical-
mechanical studies as mentioned in review. Moreover, some methods
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that are related to the physical studies of cement composites can be
related to rheological as well.
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YIK 691.542:666.9.022

ACIHEKTH BUKOPUCTAHHSA
BIIXO/IB TEIINIOEHEPTETUKH
B XIMIUHIW TEXHOJIOT1i HIEMEHTY

Haraunis loporaus, k. T. H.,
JleB YUepHsK, 1. T. H., Ipod.,
Tersana Hocanuyk
KIII im. Iropst Cikopcbkoro

Anoramisi. J[oCTiPKeHO MOXJIMBICTh BHUTOTOBJIEHHSI LIEMEHTY 3 3acCTOCYBaH-
=M 301 BuHOCY TEC sIK KOMITOHEHTY BHXIZTHOI CHPOBHHHOI cyMmimri. [3 3acTo-
CyBaHHSIM KomIr'totepHoi mporpamu  «KIIiHKEp» TPOBEICHO PO3paxyHKH
Ta aHaJi3 MOMKJIMBOTO BMICTY BKa3aHHX BIJXO[IB B CyMIIll Ha OCHOBI CHCTEMH
BalHsK-TNIMHA. Bu3HaueHo ckmaja cywimn 3 BMicToM 8,5 mac. % 3011 BHHOCY.
ITokazaHo ocoOmuBOCTI (opMyBaHHs (Ha30BOr0 CKJIaAy MPH BUIATl 3 MaKCH-
MaibHOIO0 Temrieparypoto 1400 °C Ta BIacTHBOCTEH MIHEPAIBHOTO B SKYYOTO.

KoarouoBi cjioBa: 1ieMeHT, 30712 BHHOCY, CYMIIll CHPOBHHHA, CKIIaJl, BHIIAJ,
(asu KpuCTaTivHi, BTaCTHBOCTI.

Abstract. The possibility of making cement with the use of TPP fly ash as
a component of the raw material mixture was studied. Calculations and
analysis of the possible content of the specified waste in the mixture based
on the limestone-clay system were carried out using the “Clinker” computer
program. The composition of the mixture with a content of 8.5 wt. % fly ash
was determined. The peculiarities of the formation of the phase composition
during firing at a maximum temperature of 1,400 °C and the properties of
the mineral binder are shown.

Key words: cement, fly ash, raw mix, composition, crystalline phases,
properties.

Beryn. IlutanHs po3mMpeHHS CHPOBHMHHOI 0a3u BHPOOHHUIITBA
CHJIIKATHUX MaTepialiB € MPeAMETOM YHCICHHHMX JO0CIIKEHb, MPHU
IIbOMY HAarojoc poOHUTHCS HA 3IyUCHHI B TEXHOJOTIUHI MPOIECH Bif-
XOJIiB IHIIIMX Tay3ei MPOMUICIOBOCTI K TEXHOTEHHOI CUpOBUHH [ 1-5].
BupimenHs 1poro npoOJeMHOro HHUTaHHS NOTpeOye BiANOBIIHOTO
PO3BUTKY HAayKOBO-TEXHIYHHMX 3acaJl XiMIYHOI TEXHOJIOTil CHIIIKATiB
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13 BU3HAYCHHSIM 3aKOHOMIPHOCTEH I0/I0 BILTUBY KOHIIEHTpAIlii Pi3HO-
BUIB TEXHOTCHHOT CHPOBUHH Ha CTPYKTYPOYTBOPEHHS Ta BIaCTHBOCTI
CUJTIKAaTHUX Martepiaiis [6-9].

ExcnepumenTtaibHa yacTuHa., O0’€KTOM JIOCHIDKCHHS B JIaHIN
poboTi crana 3oma-BuHocy bypmruachkoi TEC Ta cupoBuHHI cyminTi
3 1i 3acTOCyBaHHSM ]ISl BATOTOBJICHHSI MTOPTIIAHAIIEMEHTHOTO KITIHKEPY.
Takuii BUOip 00yMOBIIOETHCSI MOKJIMBICTIO PO3BUTKY TEXHOJIOTIi OPT-
JAHIEMEHTY 3 JOTPUMAaHHSIM BUMOTI pECypco30epeKeHHs 10 yThii3a-
1ii BiJIXOIB IIPOMHUCIIOBOCTI.

Sk kapOOHATHUI KOMIIOHEHT 3aCTOCOBYBaJIM BamHsIK JlyOOBEILKOIO
pomosutia IBano-PpaHKIBCHKOT O0I., SIK KpeMHE3eM- 1 TTTHHO3EMBMICHI
KOMITOHEHTH — [IHMHY KpUBHUHCBHKOTO pojoBuia PiBHEHCHKOT 0O
1 30my-BuHOCy Bypmruncskoi TEC (IBano-®pankiBcbka 0011.).

Ximiko-minepanoziunuit cknao cuposunu

BcranoBiieHO 0coOIMBOCTI XIMIKO-MiHEPAJIOTiyHOTO CKJIaIy JOCITi-
JokyBaHoi cupoBMHH (Tabm. 1). 3a XIMIYHMM CKIIQZOM JOCIIIKY-
BaHa 30JIa-BUHOCY i3 BMicToM, Mac. %: 46,12 SiO, 1 4,03 CaO nane-
XKHUTh JI0 TUITy KPEMHE3eMHUX a00 KHCIUX. Bim KpHUBHUHCHKOI TIIMHU
npoba 30JM-BUHOCY BiApi3HSAEThCS Jemo OutebmmM BMicToM Al O;
(18,0 mpotu 15,6 mac. %) nipu cyrreBo MeHIomy BMmicti SiO, Ta criB-
BigHomeHni Si0,:ALO; (2,6 mpotun 3,9), 3Ha4HO OiNBIIMM BMic-
tom Fe,0,.

Ta6anus 1 — XiMigHAN CKIIa] CHPOBUHU
Bwmict okcuais, mac. %
SiO, | AL O, | Fe,O, | TiO, | CaO | MgO | SO, | Na,O | K,O | B. n. .
Bamusxk | 3,13 | 0,06 | 1,05 | — |52,82| 0,52 (0,10 — | — | 42,32
Imuaa | 60,96 | 15,66 | 5,57 | 0,79 | 3,33 | 2,04 | 0,16 | 0,30 (2,70 | 8,48

0T 46,12 | 18,00 22,17 [ 178 | 403 | 146 [021| — |2,10| 149
BUHOCY

CupoBuna

HasBuicte 2,5 wMmac. % Bymiemio BKa3ye Ha 3aJIUIIKOBY
TEIJIOTBOPHY 3/IaTHICTh, MiABUIICHUA BMICT OKCHIIB 3aii3a 00yMOB-
JIF0€ MOXJIMBICTh 3MEHILICHHS MaKCUMAIbHOI TEMIIEPATYpHU CIIKAHHS,
10 BaXJIMBO IS 3MEHIICHHS MMUTOMHUX BUTpAT MajuBa MpPU BUMAIL
CUPOBUHHHX CyMillICH.

132



KOMMO3ULINHI MATEPIANN
(36ipka maTepianis XIl MixHapoAHOi HayKkoBO-NpakTM4yHOi WEB-KoHdepeHLii)

AHaJi3 MiHepaJIoTi9HOTO CKIIAAy AO0CIIKYBaHOT CHPOBHHH, TTPOBE-
JeHu# 3 3actocyBaHHsM nudpakromerpy APOH-3, mokaszas, mo 1y6o-
BEI[bKUI BaITHSK XapaKTEPU3Y€EThCS MPEBATIOIOYAM BMICTOM KaJbLUTY
3 JIOMIIIKaMHU JIOJIOMITY 1 KBapily, KpUBHUHCHKa IJIMHA BiJIHOCHTHCS
0 TPYNMH TOJTIMIHEPATBHUX 1 BIJ3HAYAETHCS IIABUIICHHM BMIiCTOM
MOHTMOPHWJIOHITY, KBapIly i MOJBOBUX MINATIB, 30J1a-BHHOCY Bi/I3HAYA-
€ThCS HASIBHICTIO CKJIO(a3H Ta KPUCTANIYHUX (a3, TOJIOBHUM YHHOM —

KBap1Ly, MyIiTy (puc. 1).

{3, 35—
ER

400

4,25

Eﬂg 2
b el g gﬁﬂ PR & o
SN 7 ?}iﬂ
X Mg v T + 4] XV v + 100

¥O 6B GO G4 62 G0 58 S0 54 52 S0 48 A5 44 42 40 38 35 34 32 30 2e 26 24 22 20 1B 18 14 12 10 B 6 4 2

V-KBapll, + -MyJIiT, X-KaJbLIUT
Pucynok 1 — /ludpakrorpama 3011 BUHOCY

Buznauennsa cknady cuposunnoi cymiuii

Po3paxyHku Ta aHai3 CKJIaAy CHPOBHHHUX CYMIIICH IS BUTOTOB-
JICHHSI IEMEHTHOTO KIIIHKEPY MPOBOJAUIN 3 BUKOPUCTAHHSIM CTBOPEHOI
koM totepHoi mporpamu «KJIIHKEP» [10]. Lle mo3Bomwio omepa-
THBHO BU3HAUNTH PAIliOHANbHI CITIBBITHOIICHHS KOMIIOHEHTIB Y BHXII-
Hili CHpPOBHMHHINA CYMIIIIi 3a 3aJaHUMH 3HAYCHHSAMHU KOe(illieHTy HacH-
yeHHs: KH ta kpemMHEe3eMHOT0 n MOAYIIO.

3a pesynpraTaMy KOMIT IOTEPHUX PO3PaXyHKIB y CyMilllaX Ha OCHOBI
CUCTEMH BaIlHSK-TJIMHA-30J1a BUHOCY B IHTEPBaJIi 3HAYCHb KOoe(illieHTa
HacnueHHs: KH=0,80-0,95 MOXIuBHN BMICT 30JI1 BUHOCY CTAaHOBHTH
Bix 2,8 mo 10,4 mac. % (puc. 2). [Ipn nbomMy 04eBUIHO, IO MOKITUBUI
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BMICT JIOCHI/DKYBaHUX BIJIXOMIB 3MEHIIYEThCS 13 301IBIICHHSAM 3a/1a-
aux 3Hauens KH 1 n.

C,%
a._
10 - -

b.'-———.v_____.v__ o
3 |

O T T T 1
0,75 0.3 0,85 04 nas KH

x

Pucynok 2 — 3anexnicts BMicTy 3011 BUHOCY (C) B cymilIi Ha OCHOBI
CHCTEMH BalHsK — IIMHA Bij Koedinienty HacnueHHs: KH kninkepy
mpu KpemMHe3eMHoMy Monyii n=1,9 (a), n=2,0 (b) i n=2,5 (¢)

JIis  moJaibIIoro JIOCHI/KEeHHs Oyiao o0paHO CUPOBHHHY
cymitn 10T, mo mpu KH=0,85 BinmoBimae peKoOMEHJIOBaHUM 3Ha-
YeHHSIM KpemHe3eMHoro n=2,0 Ta rauHo3emHoro p=1,0 mMomynis
XapaKTepU3yeThcs BMIicTOM 8,5 mac. % BIIXOAIB TEIIOCHEPTETUKHU
(Tabm. 2).

Taomuus 2 — Cxial CHpOBUHHOT cyMili

.. Bwmict koMnoHeHTiB, Mac. %
Kon cymimi
BAIHAK IMHA 30J1a BUHOCY
10T 79,0 12,5 8,5

3a XIMIYHUM CKJIAJIOM JOCIHIKyBaHa CYMIIl XapakTepH3y-
FOTbCSI  KUTBKICHUMH  CITiBBigHOMmEHHAMNA okcumiB  Si0O,:Al,0,=3,9,
Ca0:85i0,=2,9, Ca0:Al,0,=11,3 npu BMmicti okcuui 3amiza 3,6 %
(tabm. 3). Bkazani 0coOIMBOCTI XIMIYHOTO CKIIaAy Oarato B 4OMY
BU3HAYAIOTh BIPOTiIHICT (HAa30BHX IEPETBOPEHb MPH TEPMiuHiN
00poOI11i cyMillli Ta BIACTUBOCTI MaTepiaiy Micisi BUTIAIY.
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Taoauns 3 — XimMiuHAN CKIa]l CHPOBUHHOI CyMillni

Ha3sBa BwmicTt okenaiB, mac. %
npoou SiO, | ALO, | Fe,0,| CaO | MgO | SO, | B.aLn | cyma
10T 14,70 | 3,75 | 3,60 | 42,42 | 0,81 | 0,12 | 34,60 | 100,0

Dazoymeopennsn npu eunaIi ma 61ACMUBOCHE YeMEHmY

Pesynbratn peHTreHo(a30BOro aHajily MOKa3yloTh OCOOJMBOCTI
(ha30BHX MEpEeTBOPEHD MPU BUTAJI AOCIIKYBaHOI CHPOBHUHHOI CyMili
(puc. 3, 4). OueBuAHO, IO BUXITHA CyMilll XapaKTepU3YEThCsl MpEBa-
JFOI0YMM BMICTOM KaJIBITUTY Ta KBapIly 3 HASBHICTIO JOMIIIOK TiApo-
CITFOIH, KAOJIHITY 1 MObOBUX IIIATIB.
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Pucynok 3 — Jludpaxrorpama nmpodu 10T

[Ticnsa Bumany Ha MakcuManbHiM Temneparypi 1400 °C mae micue
MOBHE pYHHYBaHHS KPHCTATIYHHUX I'PATOK BKAa3aHUX MOPOIOYTBOPIOIO-
YUX MIHEpalliB CUPOBUHHHMX KOMIIOHEHTIB, YTBOPEHHS HOBUX KpHCTa-
nmigaux (a3 ta ckimodazu. Kinkep i3 cymimm 10T xapakrepusyerbes
repeBaXHUM po3BUTKOM C,S mipm cyTTeBO MeHImoMy C;S, IeBHUM PO3-
BHUTKOM aJIFOMO- 1 3aJi30BMicHHX (a3, B Tomy uucii C,F 3a xapakrep-
Humu pedexcamu 4,88, 2,05 A.

3a pesynbTaraMM TEXHOJOTIYHMX TECTyBaHb IIICJS  BHIATLY
Ha MakcuMmaipHy Temmeparypy 1400 °C  3rigHo  kiacuikarii
JACTY B B.27-91-99 «Bsoky4i MiHepalibHi» OTPHMaHHUN —MaTe-
pian BIIHOCATBCS JO Tpymu cepeanboi wimHocTi (30-50 MiIla),
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a 3a MBUAKICTIO TYXKaBJICHHS — JIO TPYITN IIBUIKOTYKaBIIOUHX (TepMiH
novatky Bif 15 mo 45 XB), XapakTepHUMHU NpPEICTaBHUKaMH SKOi BBa-
YKAIOTHCSI AHT1IPUTOBUH 1 INIMHO3EMUCTHH LIeMeHT (Tabi. 4).

fot - fann
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Pucynok 4 — JTudpaxrorpama npodu kiinkepy 10T

Tabauus 4 — BracTuBoCTI 1IEMEHTY

. MinHicTh HAa CTHCK
Kon | Temmeparypa | Tepminu TyxkaBjienus MiIla >

npodu | Bunaimy, °C

NMOYaTOK, XB | KiHellb, roJ | 2 100m 28 n1id
10T 1400 30 11,5 9 34,0

BUCHOBKHA

1. BukopucrtanHsi 0araTOTOHHa)KHUX BIIXOIIB MPOMHUCIOBOCTI —
3omu BuHOcy TEC sIK TeXHOreHHOI CHUPOBHHH € TEPCIEKTHBHUM
Y MacOEMHOMY BHPOOHHIITBI MiHEpaTbHUX B SDKYUUX MaTepialib.

2. AHaji3 KOMIT IOTepHUX PO3PaxyHKIB Ta EKCIIEPUMEHTIB CBi9aTh
po MOXKIIHBICTh BBeeHHS 3—10 Mac. % BKa3aHHX BiJIXOIB K KOMIIO-
HEHTa BUXIJHOT CyMIIlli JUIsi BUTOTOBJICHHS IIEMEHTY Ha OCHOBI TpaJH-
LiHOT CHCTEeMH BarHSK-TIMHA.

3. 30inbieHHs 00°€MiB yTHITI3alil BiIXO/IB SIK TEXHOT'€HHOI CHPO-
BUHU Mae 0a3yBaTHCs Ha PO3pOOIl Ta BIPOBAJPKCHHI HOBHX CKJIAJIIB
CHUPOBHHHUX CyMILLIEH, 1110 € METOI0 IOAAJIBIINX JTOCIIAKEHb.
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AHAJII3 BTIACTAUBOCTEM NOBEPXHI
HAITOBHIOBAYIB ITOJIIMEPHUX KOMIIO3UTIB

J1o60B MeJbHHUK, K. T. H., JOII.,
€Brewniii Porizuunii

KIII im. Irops Cikopcpkoro

AHoTtanig. O0’eKTOM IOCHTIIKEHHS CTalN AUCIIEPCHI HATIOBHIOBAUi: aHAC3HT,
LEOJIiT, MepiiT, 30Ja BUHOCY byprmtuHchkoi Ta Kypaxiseekoi TEC, uepso-
HUM LUIaM Ta YEpBOHUH IUIaM BUMaJeHUH 3 gopaBaHHsM 20 mac. % DIMHU.
Bu3naueHo TyCTHHY MOCHIZHMX HANOBHIOBA4YiB 1 BCTAHOBICHO, IO BOHA
Bapitoerbest B 1,82 1o 3,14 r/cm®. HacumHa TycTHHA 3MIHIOETHCS B MEKax
Big 0,81 mo 1,42 r/em?. Bei pocrnifHi HAaNoOBHIOBadl € TiapodiIbHUMH MaK-
CHMAaNbHUHA KyT 3MOuyBaHHS € 83°, 3a(hikCOBaHO IS IEONITY, IKHH B CBOIO
4epry Mae HaiHIK4Yy MOBepXHEBY eHeprito 33,07 JIx/m?.

KuirouoBi cjioBa: HanmoBHIOBaY, MIKHOMETPHUYHA I'YCTHHA, KyT 3MOUYYBAaHHS,
MIOBEPXHEBA EHEPrisl.

Abstract. The object of the research was dispersed fillers: andesite, zeolite,
perlite, fly ash from the Burshtyna and Kurakhivskaya thermal power stations,
and pure and fired red mud with the addition of 20 wt. % clay.

The pyknometric density of the experimental fillers was determined
and found to vary from 1.822 to 3.145 g/cm?®. Bulk density varies
from 0.805 to 1.422 g/cm®. All experimental fillers are hydrophilic,
the maximum wetting angle is 830, recorded for zeolite, which in turn has
the lowest surface energy of 33.07 J/m?.

Key words: filler, pycnometric density, wetting angle, surface energy.

HaroBHIOBa4i B KOMIO3UIIITHUX MaTepiaiaX BUKOPHCTOBYIOTHCS
JUIS TIBUINCHHS iX (Di3MKO-MEXaHIYHUX BJIACTUBOCTEH. BBeneHHs
HAaIllOBHIOBAYiB 10 CKJaJy IOJIMEPHOTO KOMIIO3UI[IMHOTO Mare-
piany (ITKM) Moke MOKpamuTH iX KOPCTKICTh, MIIHICTh, yAapHY
B’SI3KICTh, TEPMOCTAOUIBHICTS Ta 1HIII Haepea 3aJaHi XapaKkTepuc-
Tuku. HamoBHIOBaui MOXYyTh OyTH BBEIEHI O MaTPHIl B Pi3HHUX
dbopmax, Takux SIK AUCMEPCHI YaCTUHKHU, BOJIOKHA, HUTKH, HAHO-
TpyOKH, IJIACTUHH Ta TKAHUHH.
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Haii0inpm BXMBaHUMH HAITOBHIOBaYaMH B KOMIIO3UTaX € BOJIOKHA,
oo 3a0e3nevyloTh apMyIodi BJIACTHBOCTI MAaTpULi Ta MiJBHILYIOTh
MIIHICTh Ta >XKOpPCTKicTh. OJHAK, MOJMIMEpPHI KOMIIO3MMLIKWHI Marepi-
QI apMOBaHI BOJIOKHAMH MArOTh aHI30TPOIII0 BIACTUBOCTEH, TOMY
BHUKJIMKAE IHTEPEC MOCITIDKEHHS MUCIIEPCHUX HANIOBHIOBAYiB 30KpeMa
BYJIKaHIYHOTO (TIEPIIT, IEOJIIT, aH/IE3HT) Ta TEXHOTEHHOTO TTOXOKEHHS
(uepBoHUH 1IaM, 30ma). Came MOCIHIIKEHHSM BIACTHBOCTCH JaHUX
HAIOBHIOBAYIB 1 IPUCBSIUCHA JaHA CTATTSI.

OO0’ €KTOM JIOCITIKSHHSI CTaJIM JIUCIICPCHI HATIOBHIOBAY1 TakKi SIK: aHJie-
30T, LEOJIIT, IEpIIiT, 307a BUHOCY bypinruncekoi (3011a b) Ta KypaxiBcbkoi
(3oma K) TEL] Ta weponwmii miam (Y11I) — 6aratoroHaxHi BiIXOIH BUPOO-
HunTBa mmHO3eMy [IpAT «3aropi3pkuii amoMiHieBUH KOMOIHAT» Ta BiH
ke BUTaJIeHuH 3 mofaaBanHsM 20 mMac. % rwau (YLHT).

Meroauka poboTu nependavaia BU3HAUYCHHS KyTa 3MOYyBaHHS BKa-
3aHUX HAITOBHIOBAUiB Ta PO3PaxXyHOK iX MOBEPXHEBOT €HEprii.

[ToBepxHeBa eHepris € BaXJIWBUM (PAKTOPOM y BH3HAUYEHHI 3MO-
qyBaHHS Marepiany pimuHamu. lle eHepris, HeoOXimHa ISl CTBO-
PEHHsI OIMHMIII IUIONII HOBOi MOBepxHI Marepiamy. KyT 3mouyBaHHS
€ Ie OAHUM BaXKJIMBUM (AKTOPOM, SIKUH BU3HAYAE CTYMiHb KOHTAaKTy
PLAMHY 3 TBEPAOIO MTOBEPXHEIO.

JlucriepcHi HANOBHIOBAYl TEXHOI'CHHOTO Ta BYJIKAHIYHOTO ITOXO-
JDKEHHSI MOXXYTb MarTd pi3HY IIOBEPXHEBY CHEPIil0 Ta KyTH 3MOUY-
BaHHS 3QJIEKHO BiJ iX XIMIYHOTO CKJIaIy Ta XapaKTePUCTHUK TOBEPXHI.
Hanpuknan, monspHi HamoBHIOBadYi, Taki SK KpPEeMHE3eM 1 TIJIMHH,
K MPaBUJIO, MAlOTh BHILY IOBEPXHEBY CHEPIril0 Ta HIKYiI KOHTAK-
THI KYyTH 3MOYYBaHHS 3 NOJSAPHUMH DPiJUHAMH, TAKAMH SK BOJA, TOJ1
SK HETOJISIPHI HAIIOBHIOBAYI, TaKi SIK Caxka, SIK MPAaBHUJIO0, MAIOTh HUKIY
TTOBEPXHEBY €HEPTII0 Ta BHIII KOHTAKTHI KyTH 3MOUYBaHHS 3 HETIOJSAP-
HUMH PiIUHAMH, TAKUMH SIK MacJa.

[loBepxHEBy €HEpril0 AMCHEPCHHUX HAIOBHIOBAYiB MOXKHA BH3HA-
YUTH, BUMIPABIIM KyT 3MOYYBaHHS Kparuli PiIUHM Ha [OBEPXHi
HarmoBHIOBa4a. KyT 3MOYyBaHHS, TakoX BIiJOMHH $IK KOHTaKTHUH
KyT — € KYyT, YTBOPEHHH MDK JOTHYHOIO 1O TOBEPXHI pO3IiIy
pimuHA—TBEpC TiJO Ta JOTUIHOIO 0 MOBEPXHI TBEPAOTO Tijla B TOYII
KOHTaKTy Kparuti (puc. 1).
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Pucynoxk 1 — Kpanuist piguau (3B’ 3y040T0 ) Ha TBEpiil MOBEpXHi

3MoUYyBaHHS HAIIOBHIOBAYA IMOJIMEPHHUM 3B’ SI3YIOUHM — HEOOX1THIH
eTar BUTOTOBJIEHHS Oyapb sxoro [TKM.

Tox BHM3HAUCHHS AAHOTO TAapaMeTpa € JOCUTh BAaXIUBUM, HOTO
3I1MCHIOBANHN TI0 BOJII 3@ IOTIOMOTOI0 PiBHAHHS YouOypHa:

2
hT:rXG;COSG)’ )
n

ne h — BHUCOTa KamuIApHOTO MiTHATTA, M; { — Yac WiAHATTS, C;
7 — pamlyc Kamisipy, M; cos ® — KOCHHYC KyTa 3MOYYBaHHS;
N — JMHaMi4Ha B’ S3KiCTh 3MOUYyBalbHOI pianHy, [1a-c; 6 — noBepx-
HEeBUH HATAT PiAMHH, 1110 3MOYY€E MOPOIIOK, H M.

[lepeTBOprorouH 1€ PiBHSIHHS OTPUMYEMO:

2 x b
rxoxt

CR 2

Buxonsiuu 31 3HaueHs cos @ po3paxoByBaju MOBEPXHEBY CHEp-
ril0 JOCHIAHUX HAallOBHIOBa4iB 3a piBHsHHsAM [OHra, pesynabraTu
HaBezeHl B Ta0m. 1.

Sk cBiguarh pe3ynbTaTH  JAOCHIPKEHh MIKHOMETPHYHAa TyC-
THHA IS JOCTITHUX 3pa3KiB 3HAXOMUTBhCS B Mexax Big 1,822
1o 3,145 r/cm® 1 30imbIIyeThest B psiy: 30da b<meomir<annmesur<mep-
mitT<zona K<UYILIT <YIII.

PazomMm 3 TuUM HaculiHA TyCTHHA 3MIHIOETBCS B  MEXKax
Bix 0,805 g0 1,422 r/cm® i wmae Jemo iHIIYy 3aJI€XKHICTE:
UHIT <30ma K<Ileomit<3oma b<IlepmiT<UIL<Anne3ur.

Lle MoXxe CBITUHUTH PO pi3HY MHTOMY TOBEPXHIO Ta QOopMy i po3-
Mip 4YacTOK JIOCHTIJHUX HAIlOBHIOBAYiB, IO MOXE OyTH IMPEeIMETOM
HACTYITHUX JOCIIKCHb.
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Taoauns 1 — BiaacTuBOCTI MOBEpXHI HAITOBHIOBAYiB

I'yctuna mik- I'yeruna KVT 3M0uV- Hosepxgena

3pa3ok | HOMETPHYHA, HACHIIHA, y y eHepris,
r/em® r/em® BAHHs, rpa. Jlox/m?
Leounit 2,22 1,01 83 33,07
[lepmit 2,31 1,20 70 50,12
AHne3ur 2,28 1,42 67 53,14
4y 3,14 1,27 74 45,02
YIlr 2,39 0,81 77 42,49
3ona b 1,82 1,03 69 51,67
3oma K 2,32 0,91 79 39,58

KyT 3MouyBaHHS mOKa3ye, 10 BCi AOCHIJHI HAlOBHIOBaYi € Tiapo-
¢inpHuMHE X 0<90°. MakcumalpHe 3Ha4eHHsI LIbOTO TapaMeTpy 3adik-
coBaHo st Leomity i cTaHOBUTH 83°, MpH bOMY BiH Ma€ HAWHIKIY
TTOBEPXHEBY CHEPTIIO.

OT1xe, KpailloBUI KyT 3MOUYBaHHS XapaKTEPU3Y€ MPOLIEC YTBOPECHHS
aJre3ifHOrO 3’€JHAHHS MDK HAallOBHIOBAuYeM Ta IOJIMEPHUM 3 S3YIO-
YHM, 110 € HeOOXiIHOI0 YyMOBOIO opMyBaHHS skicHoro [TIKM.

BUCHOBKHA

Bu3HaueHO MIKHOMETPUYHY TYCTHHY JOCHTIJHHX HAIlOBHIOBaYiB
i BCTAHOBJIEHO, IO BOHA BapitoeThes Bix 1,82 1o 3,14 r/cm’. Hacumua
ryctuHa 3miHooeTbes B Mexax 0,81 mo 1,422 r/cm®. Bcei mocmimni
HAIIOBHIOBAYi € TiAPOQIIEHUMU MaKCHMaIbHUHA KYT 3MOYyBaHHS € 83°,
3a(hiKCOBaHO LI LICOJIITY, SIKMH B CBOIO YEPTy Ma€ HAHHMKUY MOBEPX-
HeBy eHepriro 33,07 Jhx/m?.

Chnmncok Jgiteparypu
1. Kypra C.A. HamoBHioBaui — CHHTE3, BJIACTHBOCTI Ta BHKOPHUC-
TaHHS : HaBYaNbHHI TMOCIOHUK. I[BaHO-DpaHKIBCHK : BUIaBHUITBO
[Ipukapnarchbkoro  HaI[lOHaJBHOTO  yHiBepcuTeTy  imeHi  Bacwmis
Credannka, 2012. 302 c.
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VIIK 691.32

BIIVINB AKTUBHUX MIHEPAJIBHUX IOBABOK
HA BOJONOTPEBY HEMEHTHHUX KOMITO3UIIIHU

Irop I'myxoBcbKuii, K. T. H., AOL.,
Baagucaas IimyxoBebkuid, K. T. H., JOLI.,
Ouabra Tynuuos

KIII im. Irops Cikopcbkoro

AnoTranisi. BcTaHOBIeHO BIUIMB BHIY Ta KITBKOCTI AaKTHBHUX MiHe-
padbHUX JA00aBOK [0 IICMEHTY Ha BOJOMOTPEOy KIHIICBOTO IMPOMYKTY.
JocmimkeHo 3MiHY BOJOIIEMEHTHOTO BiHOIICHHS TiCTa HOPMAaJbHOI Tyc-
THHHU Y LIEMEHTaX 3 J00aBKaMH.

KarouoBi cioBa: TOpTIaHALEMEHTHHH KIIHKEp, AaKTUBHI MiHEpajbHI
NOOaBKHM /IO IIEMEHTIB, 30Ja BHHOCY, TpEIel, BOJOLEMEHTHE BiTHOIICHHS,
TICTO HOPMAJILHOI I'yCTHHH.

Abstract. The influence of the type and amount of active mineral additives
to cement on the water consumption of the final product was determined.
The change in the water-cement ratio of the dough of normal density in
cements with additives was studied.

Key words: Portland cement clinker, active mineral additives to cements, ash
removal, aspen, water-cement ratio, dough of normal thickness.

3HIDKEHHSI €HEePrOEMHOCTI Ta MaTepialOEMHOCTI HAI[lOHAIBHOTO
MPOAYKTY € TEPIIOYESPTrOBOIO 33/1a4€H0 PO3BUTKY ITPOMHUCIIOBOTO KOMII-
Jiekcy Ykpainu. Y ranmy3i OymiBeJIbHOrO BUPOOHHUIITBA 1151 3a/1aua MOXE
OyTH BHPpIIICHA HUIIXOM 3MCHILICHHS BUTPAaT OCHOBHOTO MiHEPaJib-
HOTO B’SDKYYOTO — IMOPTIAHAIEMEHTHOTO KITIHKEpY, 3arajibHa €Hepro-
€MHICTh SIKOTO CTaHOBUTH Om3bk0 7500 Mk Ha TOHHY, Ta 3a paxy-
HOK 3aJIy4eHHS JI0 CKJIJy MOPTIaHIEMEHTY aKTHBHHX MiHEpaTbHUX
nobaBok. OJTHUM 3 OCHOBHHX HAINPSMIB CKOPOUYCHHSI C€HEPrOEMHOCTI
Oy/iBEJIbHOTO BHUPOOHMIITBA, SIKUH BIAMOBIJAE€ ICHYFOUYUM CBITOBUM
TEHJICHITISIM, € 3MCHIICHHS KITBKOCTI KIIIHKEPHOI CKIIAIOBOI y CKJIai
OymiBeIbHUX BHPOOIB, NUISIXOM BBEICHHS JO CKJIaay IIEMCHTIB
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3arajbHOOY/IIBEIBHOTO MPU3HAYCHHSI AKTMBHUX MiHEPAJIbHUX KOMIIO-
HEHTIB, IO 3HANIUIO BiZOOpaskeHHs y AiI0OYMX B YKpaiHM HOpPMaTHB-
HUX JDOKyMeHTax [1].

3rinHo [1] mepembadaeTbCsi MOMIIMBICTH BHKOPUCTAHHS  PSLY
AKTUBHHUX MIiHEpaTbHUX T00aBOK, SKi MOKHa BHUKOPHCTOBYBAaTH ITPH
BUPOOHMIITBI IIEMEHTY. Ajie B YKpaiHi 3 HUX B HasBHOCTI € TiTBKH
30JIU-BUHOCY 1 MyLOJaHU NPUPOAHOTO IMOXOKEHHS (Tpemen, OIOKa,
niatomit). B TBepuitouoMy HeMEHTI BOHM 3[aTHI MPOSIBISTH IyLOJa-
HOBY aKTHBHICTh — 3B’sI3yBaTH BallHO B HU3HKOOCHOBHI TiJPOCHIIIKaTH
NpU TBEPAHEHHI y HOpPMaJbHUX yMOBax. Hapsjay 3 MM, OCKUIBKH
TUCTICPCHICTh AO0ABKH CIIBPO3MipHA 3 pO3MipaMH 3epeH IIEMEHTY,
BOZIOTIOTpeOa B SKYyUOTO 3pOCTa€ 31 30UIBIICHHSM KiJTbKOCTI BBEACHOT
N00aBKH, IO, y BiJNOBIOHOCTI MO 3aKOHY BOJOLEMEHTHOIO BiTHO-
meHHs [2; 3], BIUIMBa€e Ha KiHIIEBY MIIIHICTh KOMITO3HUIIIH.

3a pesysibraTaMH JOCIIPKEHHS OYJI0 BH3HAYEHO BIUIMB aKTHBHUX
MiHEepaJIbHUX T00aBOK HAa BOAOMOTPEOyY IIEMEHTHOTO TIiCTA.

Jis BU3HAYEHHsI BIUIMBY SIKICHOTO Ta KiJIbKICHOTO CKIIQAy ITOpT-
JAHJLEMEHTY Ha HOro peoNOTiYHI XapaKTePUCTHKH, Oyl1M BUIOTOB-
JeHi komno3unii Ha ocHOBI mementy tumy IIL-I 3 moGaBkamm 301U
BuHocy Jlammwxkuncbkoi TEC Ta Tpeneny KoHOMmIsiHCEKOTO pomoBHINA
(KipoBorpacekoi 00:1.) ckiiain sSIKUX HaBeAeHi y Taoi. 1.

Tabaunsa 1 — Ckmaan KOMIIO3UITIH, IO TOCHTIKYBaJINCh

Ne KmHKf P, Bua no6aBku IL[(:)HGI:EI::IZ’ Tun
ckaagy | mac. % Mac. % LEMEeHTYy
1 100 — 0 I 1
2 94 Tpenen 6 TTLT IT-TT
3 80 Tpenen 20 T II-TT
4 94 30J1a-BHHOCY 6 11 11-3
5 80 30J1a-BUHOCY 20 11 11-3
6 79 Tpernen+301a-BUHOCY 21 TTIIT TV/A
7 65 Tpernen+30Ja-BUHOCY 35 T TV/A
8 64 Tpernen+301a-BUHOCY 36 I IV/Bb
9 45 Tpernen+30Ja-BUHOCY 55 ML IV/Bb
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Pesynbraté  MOCHIDKEHHS.  3aJIeKHOCTI  BOJONOTPEOHM IIEMEHTY
3 aKTUBHMMH MiHEpaJbHHMHU J00aBKamH, sika BH3Hadanacs 3a B/L]
TiCTa HOPMaJIbLHOI T'YCTHHHU HaBeeHi Ha puc. 1 Ta B Tabm. 2.
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& 03
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0 10 20 30 40 50 60

Kinbkicte akTMBHOI miHepanbhoi gobaeku, %

Pucynok 1 — 3anexuicts B/L] Ticta HOpManbHOT TyCTHHU
BiJI KUTBKOCTI aKTUBHOI MiHEpaIbHOI T0OAaBKH
y CKJIaJIi TOPTIIAHAIEMEHTY

Tabaumsa 2 — BonoiieMeHTHE BiIHOIIEHHS TicTa HOPMAJIbHOI TYCTHHH
JUTSI CKJIAJIB IIEMEHTIB 3 aKTUBHOI MiHEPAJILHOKO JI00aBKOKO

No Tun uemeHTty KinbkicTs zf)oﬁamm, B/Llvur
cKJIany (anaJior) Mmac. %

1 M1 0 0,24

2 TTLT 11-1T 6 0,26

3 ITIT 11-TT 20 0,30
4 T IV/A 21 0,30

5 MLHITIV/A 35 0,34

6 I TV/B 36 0,33

7 MIITIV/b 55 0,42

[Ipu Bu3HaueHHI BIIMBY BHIY Ta KUJIBKOCTI aKTHBHOI MiHEpalb-
HOI 100aBKM Ha PEOJIOTIYHI XapaKTePUCTHKH TiCTa HOPMAILHOI Tyc-
TUHH (pUC. 1) BCTAHOBJIEHO, LIO i3 30UIBIICHHAM KUIBKOCTI J10OaBKH
y CKJIaJli OPTJIaHIIEMEHTY 3 g00aBkoro nyionanu (ananor [TL] 11-1T),
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BOJIOTIOTpeOa TicTa HOPMAIBHOI TYCTHHH 301JBIIYETHCS, IO CYIPOBO-
JoKyeTbes 30utbmeHHSIM B/ 3 0,26 (pu KinbKoOCTi 100aBKH Tpe-
nexry 6 mac. %) 1o 0,30 (npu Kinbkocti 106aBku Tpeneny 20 mac. %).
AHaIoriyHo, Npu 301IbIICHHI KITBKOCTI JOOABKH y CKJaJi MOpPT-
JMAHAIEMEHTy 3 mob6aBkoro 3oym-BuHOCY (amamor IIL II-3), Bomorio-
Tpeba TicTa HOPMaJIbHOI TYCTHHH 301TBIITYETHCS Ta CYMPOBOMIKYETHCS
30inbieHHsIM B/ 3 0,26 (mpu KibKOCTI 100aBKH 30JIM-BUHOCY
6 mac. %) 1o 0,28 (pu KinpKocTi 100aBKu 30mu-BHHOCY 20 Mac. %).
[lpu 30imblIeHHI  KUIBKOCTI  KOMOIHOBaHOI  j00aBku  (Tpe-
neyly Ta 30IU-BHHOCY) Y CKIQJi TYIOJaHOBOTO IIeMeHTy (aHa-
sor IILIL IV/A), BomomoTpeba TicTa HOpMAaIbHOI TYCTHHHU 301TBIIY-
€TBHCS Ta CYNPOBOKY€EThCs 30ibmeHHs B/, 3 0,30 (mpm KimbKoCTi
nobasku 21 mac. %) o 0,34 (mpu kimpkocTi 00aBku 35 mac. %).
AmHanoriyHo, npu 301IbLICHH] KUIBKOCTI KOMOiHOBaHOi m00aBKH
(Tpemneity Ta 30JHM-BHHOCY) Y CKJIaJi IYIIOJAaHOBOTO IEMEHTY (aHa-
nor TTLLL IV/B), Bomomnorpeba TicTa HOPMaJIBLHOI TYCTHHHU 301JIbINY-
€TBCS Ta CYNMPOBOMKYEThCS 30UmbmenHs B/ 3 0,33 (pu KimbKoCTi
no6asku 36 mac. %) o 0,42 (mpu KimpkocTi 00aBKku 55 mMac. %).
BUCHOBKHA
V3arajabpHIOIOUM Pe3yibTaTd, U0 OTPUMaHi IpU BH3HAUYEHHI BOJO-
noTpedU IIEMEHTHOTO TICTa, MOXKIUBO 3POOUTH BHUCHOBOK, IO BBE-
JICHHSI 710 CKJIaJy MOPTIAaHAIIEMEHTY 3arajlbHOOYIiBEIbHOTO MpH3HA-
YeHHS aKTUBHHUX MiHEpaJbHUX NTOOABOK IMPH3BOIUTH MO 301TBIICHHS
BOJIONIOTPEOU IIEMEHTY, IO CYMPOBOIKYETHCS MIIBUIIICHHSIM 3HAYCHHS
B/l Ta MOBUHHO, Y MOJAIBIIOMY, BIUIMBATH Ha aKTUBHICTH KOMIIO-
3MIIil HA OCHOBI BKa3aHUX B’ SKYUHX.

Chnucok Jgireparypu
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Minperion0yn ykpaiam, 2011. 20 c. (HamionaneHi crangapta YKpainn).

2. baxenos 0. M. Texnomnorust 6etona [Tekcr]. Mocksa : 3n. ACB, 2003.
500 c. ISBN 5-93093-138-0.

3. Tou B.I. Beronu i OynmiBenbHi pozumuu [Tekcr] : migpyunuk. Kuis :
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T'AJIbBAHIYHI BIAXOAU MPOMUCJOBOCTI
K BAPBHUKH B KOMITIO3UI[INHUX MATEPIAJIAX

Mapia MacasiHuyk',
Haraunisa Joporanp?, k. T. H.,
KOais MipomHu4yeHko', k. T. H., JIOIL.,
JleB Yepusik?, 1. T. H., Ipod.,
Ouer Hupyk?

'Tlomitexuiunuii nineit HTYY «KIII»
2KIII im. Iropst Cikopcbkoro

Anotanist. OCHOBOIO JJaHOTO TOIIYKOBOTO IHIIIaTHBHOTO JIOCII/KEHHS CTaJIO
BHUBYCHHS PE3YJIBTaTHBHOCTI 3aCTOCYBAaHHS BiNIXOIIB TalbBaHIYHOTO BHUPOO-
HUIITBA MAIIMHOOYIIBHUX MIANPUEMCTB YKpaiHH K OapBHHUKIB, 10 3a0e3me-
YyIOTh JICKOPAaTHBHI BIIACTHBOCTI Oy/liBEJIFHUX MaTepiajiB Ta apXiTEKTypHY
BHPA3HICTh CIIOPY.

KorouoBi ciioBa: nirMeHT, OapBHUK, TaTbBAHOILIAMH, BIXOIH, TiIIC, JTaK, KOJIp.

Abstract. The basis of this exploratory initiative study was the study of
the effectiveness of the use of electroplating wastes of machine-building
enterprises of Ukraine as dyes that provide decorative properties of building
materials and architectural expressiveness of buildings.

Key words: pigment, dye, galvanic sludge, waste, gypsum, varnish, color.

Beryn. B Vkpaini € Benvka KiUIbKICTh 3aBOIIB MalIMHOOYIyBaHHS,
NOOIYHUMH MIPOAYKTaMHU POOOTH SIKMX € TanbBaHivHi Bixxoau. Ha nanunit
0JICHOTO HUIAMy MPH BUPOOHMIITBI ac(aiibTy, OCTOHY, KepaM3HTY, TOIIIO.
VY nmaniii HayKoBiif poOOTI MPOIOHYETHCSI BUKOPUCTAHHS TabBaHOIILIA-
MiB 3 BEJITMKMM BMIiCTOM OapBHUX OKCHJIB SIK MITMEHTa B KOMITO3HIIIHHIX
cUCTeMaXx; JIOCHIIKY€eThCcsS e(hEeKTHBHICTh BHKOPHCTAHHS TaJlbBAaHIYHHX
BIJIXOJIIiB SIK OapBHHKIB. BcTaHOBJIEHO, M0 3a0apBICHHS KOMITO3UITIH-
HUX CHCTEM Ha OCHOBI MiHEpaIbHOrO (TiNCy) Ta MOJIMEpHOro (JIaKy)
B'SDKyYMX 3a JOMOMOTOI0 TIEPepOONICHWX TallbBAaHIYHUX BiJIXOMIB
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€ pe3yJbTaTUBHUM, aJKe IPH HEBEIMKiH KoHueHTpauii (1o 25 %) orpu-
MaHO JIOCTaTHBO SICKPaBi Ta MPUEMHI BiATIHKM; BUSIBJICHI YIIIIBHIOOU1
¢yHkuii ranesBanonuiamy [1-3].

ExcnepuMeHTaIbHA YACTHHA

Bioomocmi npo euxopucmani é ekchepumenmi 2anbeaHouwt1amu

SIK MOXITMBI TEXHOT€HHI OapBHHKH BHKOPHCTAIN TajbBaHIUHUI
[IaM JIBOX TallbBaHIYHUX MIiANPUEMCTB YKpaiHu: XMeIbHUALBKOT (A)
ta [lonrarcekoi (B) obnacreit (puc. 1).

Pucynok 1 — Bigxoau ranpBaHigHOTO BUPOOHHUIITBA

JocmimpkyBaHi BIIXOIU BiJPI3HSIIOTHCS 3a TEHE3UCOM (BIIMIHHO-
CTSIMM TaJIbBAaHIYHMX BHUPOOHHUITB), KOJIBOPOM, CTYNEHEM JHCIIepC-
HOCTI Ta XIMIYHUM CKJIAZIOM.

OnHakoBa CTYMiHB AMCIIEPCHOCTI MPOO BIIXOMIB TEepex BUTOTOB-
JICHHS AOCIIDKYBaHUX 3pa3KiB 3a0e3reuyBaiach pO3TUPAHHIM Ta Ipo-
ciBom uepe3 curo 10 000 oTe/cm?.

Hapmani kKOMIOHEHTH 3TiHO CKJIaay A03YBald IO Maci Ta 3Milly-
BaJIX JUIs1 TOMOTeHi3alil.

Jist BU3HAYEHHST XIMIYHOTO CKJIamy MPOoO0 TaIbBaHIYHHX BiIXOMIB
3acToCcOBYBaNM peHTreHodyopectenTauii anainiz (POA, XKI').

Meron PDA 3acHoBanuii Ha 300pi Ta aHai31 CHEKTPY, AKUH BHHU-
Ka€ Tpu ONMPOMIHEHHI JOCTIJKYBaHOTO MaTepially pPeHTTeHIBCHKUM
BUTIPOMIHIOBAaHHSIM.

3a JaHWMU PEHTIeHO(IYOPECIEHTHOIO aHalli3y XIMIYHHNA CKIaj
nmpoOn A TajdhbBaHIYHUX BIAXOIIB XapaKTEPU3YETHCS TIEPEBAKHOIO
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KibKicTIO cnonyk wmimi (89,51 %), CyTTEBOIO KiJBKICTIO JiOKCHILY
cutiito, nomimkamu Gocdopy, KanpLito Ta 3aiiza (tadm. 1).

Taoauusa 1 — XimMiuHM cKIIa rabBaHIYHAX BiAXOI1IB

Kon BwmicT okcuaiB, %
npo6u | Si0, | CuCl, | CuO | Cr,0; | Fe,O, | Ni,0, | CaO
A 8,50 46,81 42,7 — 0,30 0,02 0,46
B 2,60 — 2,37 4,22 22,58 1,72 50,42
CaSO, | MgO ZnO CdO SnO, P,0,
A — — — — 0,21 0,89
B 3,24 6,82 3,64 0,66 0,22 1,10

XiMIYHHHA CKJIaT BigxomiB mpobu B Big3Ha4aeThes IMEepeBaKHOIO
KITBKICTIO OKCHIIB KaibIlito Ta 3aii3a (73 %), CyTTEBOIO KiTBKICTIO
OKCHJIIB MarHito, Xpomy, IHUHKY, KPEMHII0, Mifi, JOMIIIKAMUA OKCHIIB
HikeIno, pochopy Ta KaaMiro.

Excnepumenm nHa 0CHOGI NOJIIMEPHO20 8’A)HCYU020

Sk MiHepanbHe B’SDKyde BHKOPHCTOBYBaJHM OyNiBENbHUI Tirc
Mapku ['-5, 10 MHUPOKO BUKOPHUCTOBYETHCS B OYIiBETLHOMY KOMILICKCI
VYipainu [4]. Cximagu TOCHiTHUX CyMillle Ha OCHOBI TilCy Xapakrte-
PHU3YBINCH BapilOBaHHSM BMICTYy rajibBaHIYHHMX BiIXOIiB B iHTEpBaji
5-25 mac. % mist mpodbu A (tabm. 2) ta 5-15 mac. % mist mpoou B
(tabm. 3).

Tabaunsa 2 — Cxitagy JOCHiTHUX CyMilllel Ha OCHOBI TiTICy

Koz npo6u BwmicT komMnoHneHTiB, Mmac. %
rine I'-5 0apBHHK A
m 100 —
ml 95 5
m2 90 10
m3 85 15
m4 75 25

Meroayka BHWTOTOBIEHHS 3pa3KiB B JaHii poOoTi Bimmo-
BiZlaJJa OCHOBaM TEXHOJOTIYHOTO MpPOLECY, IO € CHUCTEMOIO
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B3a€MOIIOB’SI3aHUX [Jill 3 MOMEHTY OTPUMAaHHS BHXIIHUX JaHHUX
710 IOCSITHEHHS TIOTPiIOHOTO PEe3ybTary.

Tadmuusa 3 — Cxiaay J0CHiTHAX CyMillleld Ha OCHOBI TiNcy

Ko npo6u BwmicT komMnoneHTiB, mac. %
rinc I'-5 0apBHuk B

m 100 -

m5 95 5

mo6 85 15

[Ipy BHUTOTOBIIEHI TINCOBOIO TiCTa, IO OTPUMYETHCS LUIIXOM 3Mi-
LIYBaHHS TIMCY 1 BOAY 10 HOPMaJIbHOI TYCTUHH, IPOBOAMIN JJOAATKOBY
oreparlio, 3ajJaHa KUIbKICTh TEXHOTCHHOTO MIrMEHTY 3MillyBajach
3 BOJIOIO, @ MOTIM IIUM PO3UMHOM 3a4nHsuIH Tinc. Le crpusiio romoreH-
HOMY PO3MOLTy ITIrMEHTY B JOCIIAHIN CyMiITi.

BryTpimHo oBepxHIO QOopM IS 3pa3KiB-0aJ0vd0K 3JIerKa MpOTH-
paJii MacTWJIOM 1 TOTOBE TICTO BKJIAJalld JIO HUX. 3alOBHEHI (OpMHU
CTpYUIyBaJIM 5 pa3iB, a 3aJMIIKH TilICOBOTO TiCTa 3HIMAIM HOXKEM.
Uepes 45 xB 3pa3ku 00epekHO po3(hOPMOBYBAIIH 1 uepe3 2 Toj OLiHI0-
BaJIi JOCSTHYTHH TEKOpaTUBHUN e(DEKT.

OueBuHO, IO TIPH BBEJCHHI JOCHIIPKyBaHUX TaJbBaHIYHUX Bifl-
XOMIB y TINCOBY CYMIII JOCATAETHCS 3a0apBiCHHS 3pa3KiB BUPO-
0iB. [Ipu mpomy cTymiHb eekTy 3aleKUTh BiJl PI3HOBHIY BiJXOIiB
Ta ix koHmeHTpauii. Tak, IpH 3acTOCYyBaHHI TEXHOT€HHOTO IITMEHTY
pobu A B iHTEpBaIi HOro KoHIEHTparii 525 % KorbopoBa raMa 3pa3KiB
3MIHIOETHCS Bi OJTIZI0 CAIaTHOTO JIO0 CBITIIO 3€JIEHOTO TOHY (pHC. 2).

Lpomy edekTy BiOIOBiAIOTh ONTHYHI XapaKTEPUCTHKH MOBEPXHIi
3pa3KiB BHPOOiB: 13 301IbLICHHSAM CTYHEHIO 3a0apBieHHS KOeQilieHT
BiIOUTT cBiTIA 3MeHIyeThes Bif 0,40 mo 0,25 mpotu 0,75 st 3pas-
KiB Oe3 mirMeHTty (puc. 3).

[Ipu BUKOpHCTaHHI TEXHOTEHHOTO MIrMEHTy mpoOu B B iHTepBai
roro xoHIeHTparii 5—15 % koapopoBa rama 3pasKiB 3MIHIOETHCS Bif
0migo 6eXKeBOro 10 CBITIIO TOMapaH4YeBOTO TOHY (pHC. 4).

Lpomy edexTy BiIMOBITAIOTH ONTHYHI XapaKTEPUCTHKH MOBEPXHi
3pa3kiB BHPOOIB: 13 30LIBLICHHSM CTYHCHIO 3a0apBIeHHST KOEQilieHT

149



KOMMO3ULINHI MATEPIANN
(36ipka maTepianis XIl MixkHapogHoi HaykoBo-npakTuyHoi WEB-KkoHbepeHuii)

BiOWTTA CcBiTIA 3MeHmyeThes Big 0,65 mo 0,50 mpotu 0,75 mist 3paz-
KiB Oe3 mirMeHTy (puc. 5).

Pucynoxk 2 — KonbopoBa rama 3paskiB rirncy 3 0apBHUKOM A

n
0.8

N
N

0.2

0 . : ; . ; \
0 5 10 15 20 25 C

Pucynok 3 — 3anexHicte KoedilieHTy BIZOUTTS CBITJIA BiJl KOHIIECH-
Tparlii TeXHOI€HHOTO OapBHUKA A

OTxe, onTUMalbHa KOHIIGHTpAIlis MrMeHTy A 3 rincom 5-25 %,
MH OTPHUMYEMO CIIEKTP BIl CajJaTOBOTO O CBITIIO 3€JICHOTO,
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a mirmenty B 3 num camum B’sokyuuM 10 15 % st oTpuMaHHS
raMMH Bijf O€KEBOTO /10 CBITJIO MOMapaHueBOro Koibopis. [Ipu 6inb-
i KoHHmeHTpauii poboTa 3 MarepiaJoM HEMOXJIMBA, aIKe Tilc
3aHAJITO IIBHJIKO TBEPJIIE.

Pucynok 4 — KonmbopoBa rama 3pa3skiB rimncy 3 6apsHukom B

n
0.8
4

O _\.

0,4

0,2

U T T T
0 5 10 15 C

Pucynok 5 — 3anexHicTh KoeilieHTy BIIOUTTS CBITIA
BiJI KOHIICHTpAIIii TeXHOTEHHOTO OapBHUKA B
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Excnepumenm na 0CHo6i nOIiMepHO20 8’A)HCYH020

Sx  momimepHi

B SDKyYl

3aCTOCOBYBaJIM  OE3KOJLOPOBI  BOJIHO-
TIACTICPCHI JTaku Ha OCHOBI akpmiry Mapok Novoset 3340 ta TRIORA
wood, 10 BUKOPUCTOBYEThCS B YKpaiHi. CKilaan JOCTiAHOTO TTOKPUTTS
Ha OCHOBI JIaKy [5] XapakTepu3yBallCh BapifOBaHHSIM BMICTY TajbBa-

HIYHHX BiaXomiB B iHTepBaii 2—20 mac. % (Tadiu. 4-6).

Ta6aunsa 4 — Ckiiaau JOCIiHOTO MOKPUTTS HA OCHOBI JIAaKy

Kon npo6u BwmicT kommoHeHTiB, Mac. %
Novoset 3340 0apBHUK A
Ip 98 2
2P 90 10
3P 80 20
Tadauus 5 — Cxaaam JOCHTITHOTO TIOKPUTTS Ha OCHOBI JIaKy
Ko npo6u BwmicT komnonenTiB, mac. %
TRIORA wood 0apBHHK A
p 100 —
Pl 98 2
P2 90 10
P3 80 20
Tadauus 6 — Cxaaam TOCHTITHOTO TIOKPUTTS Ha OCHOBI JIaKy
Kon npo6n BwmicT kommoHeHTiB, Mac. %
TRIORA wood Bapsuuk B
P 100 -
p4 98 2
P5 90 10
p6 80 20

[linroToBka 3pa3KiB JOCIITHOTO MOKPUTTS BKIJIOYAia JI03yBaHHS
KOMITIOHEHTIB IO Maci, 3MIlllyBaHHs Ta TOMOI'CHI3allif0, HAHECCHHS
[IEH3JIEM Ha IOBEPXHIO, TePMiuHy 00poOKy 3a Temmeparypu 110 °C

poTsIToM 15 xB.
BcranosieHo,

0 AaHaJOTIYHO JI0 3pasKiB TiMCY,
JIEHH]1 JOCHI/DKYBaHUX TajbBaHIYHUX BIJXOMIB B JAaK JOCATAETHCS
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3a0apBIiIeHHs 3pa3KiB MOKPUTTA. IIpu 1boMy CTymiHb €EeKTy 3aJIC)KUTh
BiJl PI3HOBHY JIaKy, BIAXOMIB Ta iX KOHIEeHTpaiii. Tak, mpu 3acTocy-
BaHHI TEXHOTEHHOTO MIrMEHTY mpoOu A B iHTepBami HOro KOHIICH-
tparii 2-20 % KoJbOpoBa TaMa 3pa3KiB IMOKPUTTS Ha OCHOBI JIaKy
Novoset 3340 3MIHIOETBCS BiJl CBITIIO OIPIO30BOTO J0 TEMHO Oipro30-
BOTO TOHY (pHC. 6).

[Ipn 3acTocyBaHHI TEXHOI€HHOIO IIIrMEHTy mpodbu A B iHTep-
Bami #oro xoHueHTpamii 2—20 % KkoJIbOpoBa rama 3pas3KiB HOKPHTTS
Ha ocHoBi na3zypi TRIORA wood 3miHIO€TBCS BiJl CBITIIO GipI030BOTO
110 0ipr030BOro TOHY (pHC. 7).

-

— ——

Pucynok 6 — KonmsopoBa rama 3paskiB Ha ocHOBI Jaky Novoset 3340
3 OapBHHUKOM A

 ESESres InE i ¥ 43

Pucynox 7 — KonbopoBa rama 3pa3KiB Ha OCHOBI Jia3ypi
TRIORA wood (1) Ta 3 6apeaukamu A (2) 1 B (3)
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[Ipu 3acTocyBaHHI TEXHOTEHHOTO WIrMeHTy mnpodbu B B iHTep-
Bam #oro xoHueHTpamii 2—20 % KkoJIbOpoBa rama 3pasKiB HOKPHTTS
Ha ocHoBi Jmaky TRIORA wood 3MmiHIOETBCSI Bif CBITIIO OE€KEBOTO
JI0 TIOMapaH4YeBOTO TOHY.

OTxe, onTHUManbHA KOHIICHTpAIlisA 1 MIrMeHTy A, 1 mirmenty B
3 noaiMepHuM B’ sKyuuM 110 20 %, B pe3ysbTaTi OTPUMYEMO SICKpaBi
KOJIbOPU, TaKOX BapTO 3a3HAYMTH, LIO0 YHMM OlIbIIA KOHIIEHTpA-
Ui MIrMEHTY, THM MEHIIa Mpo3opicTk. Ilpu Oinbmriii koHIEHTpamii
poboTa 3 MarepiajioM HEMOXJIHMBa, OO BiH BTpavyae CBOi BJIACTUBOCTI
1 CTa€ PO3CHUITIACTHM.

BUCHOBKH

ExcnepumeHTaIbHO TOBENIEHO, IO yTUII3aIlis TAbBAHIYHUX BiIXO-
NIiB SIK OapBHUKIB Y XIMiYHIN TE€XHOJOTIT OyIiBeTbHUX KOMITO3UIIHHIX
MarepiajiB CIPUSATUME KOMIIJICKCHOMY BHUPIIICHHIO 3a/1a4 iABUIICHHS
e()eKTUBHOCTI BHPOOHUIITBA, PeCypco30epeKeHHs, eKojorii Ta Oye
JIOCTAaTHBO JIOCTYIHOIO 3a IiHOI. Came X BHKOPHUCTaHHS KOJbOPO-
BUX OymiBEIbHUX MaTepialliB € 3HAYHUM (HAKTOPOM IPHUBAOIUBOCTI
Ta BUPA3HOCTI CHOPY/ Pi3HOTO MPU3HAYCHHSI.
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VIIK 666.94

BILIMB KPUCTAJIYHOI MOTUPIKAIIIL C3A
MNOPTIAHAUEMEHTHOI'O KJIIHKEPY
HA PYXOMICTb BETOHHOI CYMIIII

Amnacracis bexorpag

KIII im. Iropst Cikopcbkoro

Anotanig. IlopTaHAneMeHTHHI KITIHKEp MICTUTh KyOidHy Ta OpTOpPOM-
01uHy (hOpMH aTFOMIHATY KaJIbIIiI0, OKpeMO ab0 B KOMOiHAIIii, 16 MOHOKJIIHHOT
MoauGikauii He CIIOCTEePIiraeThes.

Byno npoBeneno nocnimkeHHsT yTBOPEHHS Pi3HUX MOTIMOP(PHAX MOTU(IKaIIii
TpukainbiieBoro amominty 3CaOAlLO;, npucyTHIX y MOPTIAHAIIEMECHTHOMY
KJIIHKEpi, BUPOOJICHOTO 3 Pi3HOI0 KUIBKICTIO OKCHJLy HaTpilo Ta KaJIilo y CITiB-
BigHOMIEHH] 3 okcuaoM cynbdypy (IV) B cupoBuHHIN Cymimii Ta iX BIUTUBY
Ha PeoJIOTivYHY MOBEAIHKY LIEeMEHTIB, 1o MicTsaTh 3CaOAl, O, ky6iuHOI Ta/abo
opropom0OiuHoi Moandikarii, y 6eToHi.

Kiiio4oBi cioBa: TOpPTIAHIEMEHTHHH KIIIHKEP, TPHUKAJBILIEBUN aJIFOMIHAT,
KyOiuHa Moxumdikamis, opropomOiuHa Moaudikamis, MNOPTIAHIIEMEHT,
PEOJIOTIs IEMEHTY.

Abstract. Portland cement clinker contains cubic and orthorhombic
forms of calcium aluminate, alone or in combination, where monoclinic
modification is not observed.

The formation of various polymorphic modifications of tricalcium aluminate
3Ca0AlO; present in Portland cement clinker produced with different amounts
of sodium and potassium oxides in relation to sulfur (IV) oxide in the raw
mix and their influence on the rheological behavior of cements in concrete
containing cubic or/and orthorhombic modification 3CaOAl,O, was studied.

Key words: portland cement clinker, tricalcium aluminate, cubic
modification, orthorhombic modification, portland cement, cement rheology.

Kpucramiuna crpykrypa 3CaOALO; B MopTIaHIIEMEHTHOMY KITiH-
Kepi B OCHOBHOMY BH3HAUYa€ThCS BKIIOYCHHSIM JyXHUX okcuuiB: K,O
ta Na,O Ta ix chiBBigHOWmEHHAM A0 okcuay cyibdypy (IV), a Takox
€ (DYHKIII€XO MIBUJKOCTI OXOJOJKCHHS KIIIHKEpY, OOMJBI Jii CHUIBHO
BIUTMBAIOTh HA 3MIiHU PEAKIIHHOI 3aTHOCTI KJIIHKEPIB, 1 SIK HACTIIOK,
MAalOTh BIUIUB HA PEOJIOTiI0 OETOHHUX CYMIIIEH.
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Touna kinbkicHa omiHKa (ha3, BKIFOYAIOYH MPOMOPIIi momiMopdis
3Ca0AlO,, Moxe OyTH JOCATHYTa 3a JIOIOMOTOI0 PEHTIEHIBCHKOI
mudpaxuii. Kopemsiii mixx Bmictom syriB Na,O, K,0 1 SO; MoxyTh
CBigUMTH TIpo YacTkoBe 3aMmimieHHss CaO Ta BriroueHHst Na,O abo K,O
y BakanTHe Micie kyoiunoro 3CaOAl,O;, mo npu3BOAWTH 0 YTBO-
peHHst opropoMOiyHOi (hasm (puc. 1), Mo moOymOBaHWN Ha OCHOBI
pe3yibTaTiB  pPeHTreH-Iu(PaKIifHOTO Ta PEHTIeH-(IIyopecIeHTHOTO
anani3zy noprmianauementy 11 I 500, B mepepaxyHKy Ha KIIiHKep.

7 040

; It 0as

% 3a macotr
o
]

% 3a mMacot

015

0.10

! 0 IR T | 005
0 . 0.00

------------------ — pe3ynbryroua kpuBa Bmicty Na,O, % 3a macoto;
------------------ — pe3ynabTyroua KpUBa BMICTY
optopomb6iunoi Moaudikanii 3CaOAL O3, % 3a Macoro

Pucynox 1 — 3anexHicts BMicTy okcuay Na,O
Ha KiJIbKOCTI opTopomOiuHOi Moaudikarii 3Ca0OALO;

Tax sk JTy’>KHI OKCHAM y TIPOLIECi CHiKaHHsS KIIHKEpY HE 3ajuiia-
IOTBCSl y BUIBHOMY CTaHi, @ YTBOPIOIOTH CIOJIYKH 3 TPUOKCHIOM CIpKH
y Bunsai minepanis apkanirty (K,SO,), aditamity (Na,SO,-3K,SO,),
ta nanrbenity (2CaSO,-K,SO,), BiINOBIZHO 3 TOYKH 30pYy BEACHHS
npolecy BUIaly, Ta YTBOPEHHs IEBHOI moniMopdroi mommdikarii
TPUKAJBIIIEBOTO aTIOMIHATY, BAKJIMBO KOHTPOJIOBATH CITiBBITHOIICHHS
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okcuny cynbdypy (IV) mo BMICTy JIy’)KHUX OKCHIIIB, 32 HACTYITHOIO
¢dopmyoro (1):
S/A=(50,/80)/((K,0/94)+(Na,0/62)—(Cl,/71)). 1

Konu cmiBBigHomeHnass S/A Huxde HIDK 1, TOOTO HacHYEHHS
He BiZIOyBa€ThCS 1 OKCUIM LHUPKYIIOIOTh Yy Mi4HIA CUCTEMH, HE 3B’ si-
3yIOUUCh B Cynb(aTH, BOHH MOYMHAIOTH BXOJUTH B KPHCTAIIYHY
CcTpyKTypy KyOiuHoro 3CaOAI203 BUKIHKaIOYH HOTO TOJIMOpP-
(He mepeTBOpeHHA B opTOpoMOiuHy Momudikaimito. 3 puc. 2 BHIHO,
10 3aJIeKHICTh 30€PEKEHOCTI MIIACTUYHOCTI OETOHHOI CyMillli Kope-
JOETHCS 31 3HAYCHHSIM S/A.

JIyist OCITiKeHHST JTAaHOTO BIUIMBY 10 OCTOHHOI CyMillli HE BBOJIH-
ek turacTudikyroui 100aBky, BUMPOOYBAHHS TIPOBOJUIIOCH 33 OJ{HA-
KOBHUX YMOB Ta PELENTYPH.
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o - 0,00

------------------ — pe3ynbpTyIo4a KPHUBA 0CAAKH KOHYca OCTOHHOI CyMIIIIi MicIs
90 XBUJIMH ITICJIS 3MIITYBaHHSI, CM;
— pe3ysbTyl04a KpHBa CITIIBBIAHOMIEHHS S/A

Pucynok 2 — 3anexHicTh MIacTUUHOCTI OETOHHOT cyMili
Bij criBBigHOIIEHHS S/A

BUCHOBKH
1. Y pobGorti npoBeneHo anami3z moniMophHUX Moaudikaimiid TpH-
KaJbI[IEBOTO AQIIOMIHATY Ta BHSBICHO 3aJICKHICTh, MO KyOiuHa
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momudikaris 3CaOAI203 MeHImT akTHUBHA IMiJ 9ac peakiii rigpararii,
HDK OpTOPOMOiYHO1, 1110 Ma€ MO3UTUBHUM BIUIMB Ha PEOJIOTIYHI Biac-
THUBOCTI IIeMEHTY B OeToHi. [inacTuuHicTh OKpalyeTbes B 1,5 pasu.

2. JlocnmijpkeHO 1 BUSIBJICGHO, 110  CIIIBBIJIHOIIECHHS  BMICTY
TPUOKCUAY CYTbPYyPy IO OKCHIIB HATPIfO Ta KaJlI0 Ma€ MPSMUHN TUIHB
Ha (opmyBaHHA KyOiuHoi mommpikamii 3CaOAI203. OntumansHe
CHIBBIIHOIIEHHS JIEKUTH B MexKax Bin 1 mo 1,2.
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BUKOPUCTAHHS BIIXOJIB IEPEBOOBPOBHOI
IMPOMUCITOBOCTI Y BAPOBHUITBI KEPAMIYHUX
BYAIBEJIbHUX MATEPIAJIIB

Ipnna Cy06oTa, K. T. H., 1011.,
Jlapuca CnacboHOBA, K. X. H., JIOLL,
Karepuna ®ecyn

KIII im. Iropst Cikopcbkoro

Anoranist. MeTolo 10/ uKeHHs Oy/0 BUBYCHHS BIIACTHBOCTEH KEpaMidHHX
Mac Ha OCHOBI MiCLEBOT MiHEPaJIbHOI CHPOBHHH LUISIXOM MOAMiKawil ii Bix-
xonamu  1epeBoo6po6Hoi npomucinosocti. CywacHi OyniBenbHi Marepiann
€ JIOBrOBIYHMMH, CKOJIOTIYHHMH Ta NMPUPOTHMMHU. BoHHM 3a0e3mnedyroTs mia-
BHITIICHY KOM(OPTHICTH OyAiBENb 3aBISKH CTBOPCHHIO CIIPHATINBOTO TEMIIC-
paTypHOro KJiMaTy Ta BOJIOIOCTI MPHMIIICHb. 3aCTOCYBaHHS IPOMHCIOBUX
BIJIXONIB Y BHPOOHHUITBI Oy/IiBENBbHUX MarepialliB CIPHsE 3HMKEHHIO Mare-
plalloEMHOCTI Ta €HEPrOEMHOCTI BHPOOHHUITBA. TakoXX BIPOBAKECHHS BTO-
PUHHOT CHUPOBHHH JO3BOJISE€ 3MCHIIMTHA BHUKOPUCTAHHS MiHEpPaJIbHUX pecyp-
CiB 1 3HM3UTH CO0OIBapTICTh rOTOBOT MPOAYKIii. J[iiss BUpOOHUIITBA MaTepialiB
OymiBeTPHOTO TPU3HAYCHHS 3aCTOCOBYBAJHM MICIIEBY TONIMiHEpaIbHY IJIH-
HUCTY CHUPOBHMHY B KOMIIO3HUINI 3 BiZXOJaMu IepeBOOOPOOHOI MPOMHUCIIO-
BOCTI. Pe3ynbraTy mpoBeaeHuX MOCIiUKEHb MTOKa3ald, 0 ONTHMaJIbHA Mill-
HICTB 3pa3KiB IOCATAETHCS TIPH BUKOPHUCTAHHI CHPOBHHHOI CyMiIi i 100aBOK,
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110 BUTOPAIOTh, OJJHAKOBOI ANCIIEpCcHOCTI. BeTanoBeHo, 1110 301IbIICHHS TUC-
MepcHOCTI T00aBOK, 1[0 BUTOPAIOTh, i TEMIIEPAaTypy BHIIATY 3pa3KiB CIPHSE
361J'II)IJ_ICHH}O MIIHOCT1 OTPUMAaHUX MaTepilaliB.

KarouoBi ciaoBa: TIMHHCTa CHpPOBHMHA, BIIXOOW  JIepeBOOOPOOHOI
MIPOMUCIIOBOCTI, KepaMiuHi Marepianu, Oy/iBebHa Kepamika.

Abstract. The purpose of the study was to explore the properties of ceramic
masses based on local mineral raw materials by modifying them with waste
from the woodworking industry. Modern building materials are durable,
ecological, and natural. They provide increased comfort of buildings due to
the creation of a favorable temperature climate and humidity of the premises.
The use of industrial waste in the production of building materials helps to
reduce the material and energy intensity of production. Also, the introduction
of secondary raw materials allows to reduce the use of mineral resources and
reduce the cost of finished products. To produce construction materials, local
polymineral clay raw materials were used in a composition with waste from
the woodworking industry. The results of the conducted research showed that
the optimal strength of the samples is achieved in case of using a mixture of
raw materials and burning additives of the same dispersion. It was defined that
increasing the dispersion of additives that burn out and the firing temperature
of the samples contributes to increasing the strength of the obtained materials.

Key words: clay raw materials, woodworking industry waste, ceramic
materials, building ceramics.

BbazoBa ramy3p OymiBeiabHOI MPOMUCIOBOCTI — BUPOOHHULTBO Oyi-
BEJILHUX MarepiaiiB — y 3B 53Ky 3 BUCOKOIO €HEPTOEMHICTIO € OJIHIE0
3 HaWOLIBIN MOCTpPaKIANUX ITiJT Yac BIMCHKOBHX di. B manumii gac
MTOCTa€ MUTAHHS MPO TOCTPY HeCcTady CydacHHUX OymiBEIBHHX MaTepi-
amB Ta BUPOOiB. YKpaiHa Mae BCi MOXIIMBOCTI JJIsi PO3BUTKY BHPOO-
HULTBA OymiBeJIbHUX MaTepiasiB. 3pocTaHHS OOCATIB BITUYU3HSHOTO
BUPOOHUIITBA Oy/liBEIbHUX MaTepiajiB Ta po3poOKa HOBHX BHJIIB Kepa-
MIKH € ChOTOJIHI aKTYaJIbHUM 1 OJJHAM 13 IPIOPUTETHUX HANPSIMIB BUBE-
IIeHHsT OyIiBHUIITBA 13 KpHU30BOi cuTyarlii. OmMHaK BUCHAKEHHS 3aI1aciB
BHCOKOSIKICHUX TJIMH ITPU3BOAMTH IO HEOOXITHOCTI IIMPITIOTO BHKOPHC-
TaHHS MICIIeBOi CUPOBUHH I KEPAMiKH Oy/liBETHHOTO MPU3HAYCHHSL.

Jnst  peamizamii mOTeHIianmy MicleBoi MiHEpaJbHOI CHPOBHHU
Ta BIUIMBY Ha 1l BJIACTUBOCTI PI3HUX J00aBOK HEOOXIHO BHBYCHHS
(i3UKO-XIMIYHMX TIPOIIECIB, MO BiAOYyBalOTHCS TPH CYIIIHHI Ta BHIIA-
JICHHI TIWH Ta iX cyMmimreil. 3acToCyBaHHS MIHEPAJIbHUX Ta OPTaHITHUX

160



KOMMO3ULINHI MATEPIANN
(36ipka maTepianis XIl MixHapoAHOi HayKkoBO-NpakTM4yHOi WEB-KoHdepeHLii)

MIPOMUCIIOBUX BiZIXO/IB Y BUPOOHUIITBI Oy/TiBEIbHUX MaTepialliB € OJHUM
13 OCHOBHHX HAITPSIMKIB 3HIDKEHHSI MAaTePiaIOMiCTKOCT] Ta €HEPrOEMHOCTI
LOr0 0araTOTOHHAXKHOTO BUpOOHHUIITBA. Lli BijxoaM 3a CBOIM XiMIYHUM
CKJIaJIOM 1 TEXHIYHUMH BIIACTUBOCTSIMU OJU3BKI JI0 TIPUPOITHOT CUPOBUHH,
a B 0araTboX BHIIAIKaX MAIOTh PSII IepeBar Taki SK MOTEPEIHs TepMidHA
00po0OKa, ITiIBUIIIEHa TUCTICPCHICTD Ta 1HIIII.

VYTumizaniss IpOMHUCIOBUX BiIXOMIB CIPHS€E PO3IIMPEHHIO CHPO-
BUHHOI 0a3u KepamiyHOi MPOMHCIOBOCTIi, OyIy4l €KOHOMI4HO e(ek-
TUBHOIO 1 CHpsSMOBaHA Ha BUPILICHHS EKOJOTIYHUX Ta COIaJbHHX
npoOieM. 3aCTOCYBaHHS BTOPUHHOI CHPOBHHH J1a€ MOKJIMBICTH 3MCH-
ITUTH CTIOKWBAHHS MiHEPAIbHO-CUPOBUHHUX PECYPCIB 1 3HU3UTH COOi-
BapTiCTh TOTOBOI MPOIYKIIi{, OCKUIBKH BiIXOMu B 2—3 pa3u JeleBIli
3a IPUPOJHY CHPOBHUHY.

Jns BUpOOHUNTBA €QEKTUBHUX OYIiBENbHUX MarepialliB BUKO-
PUCTOBYIOTh  BIIXOAHM  JIEPEBOOOPOOHOI  MPOMMCIOBOCTI,  TaKi
SIK THpCa, CTPYXKKa, MEPEBHE OOPOIITHO, KOpa TOIIO. 3aCTOCYyBaHHS
MarepialliB Ha OCHOBI JEPEBHHX BIIXOIB, TOPSA 3 BHCOKHMH
TEXHIKO-€KOHOMIYHUMHU TOKa3HUKaMH, 3a0e3ledye apXiTeKTypHY
BHUPA3HICTh, TapHUH MOBITPOOOMIH Ta MIKPOKIiMar NPUMIILEHB,
MOKpPAIICeH] TeIUIOTeXHIYHI TTOKa3HUKH.

Meroro n1aHoi poOoTH OyIlo JTOCIIIKEHHS BIUIMBY BIIXO/IB JIepEBO-
00pOOHOT MPOMUCIIOBOCTI Ha XapaKTePUCTUKN KEPAMITHHX MaTepiaiiB
3 Mic11eBo] JierkoruiaBkoi mHu KuiBcbkoro o0macTi.

Binxomu nepeBooOpoOHOI IPOMHCIOBOCTI TaKi SK TUpca i JiepeBHa
305la BBOAWJIM B KepaMmidHy Macy y KinbkocTi g0 10 %. Bonu Buko-
PHUCTOBYIOTHCSl SIK TapOyTBOPIOIOYA CKJIaI0Ba, MO CHPUSE EKOHOMIl
eHepril npu BHMAJCHHI. Y X0/l MPOBEACHHUX JOCIIPKCHb BHBYAIU
BIUTUB TUCTIEPCHOCTI MTOOABKH BiIXOMIB IEPEBOOOPOOKH Ha MIIIHICTh
OTPHUMAaHHMX 3pa3KiB.

B po0oTi BHBYaIM BIJIMB JIHUCHEPCHOCTI BUTOPSIOYOi J00aBKH
(Tupca) Ha MIOHICTH 3pa3KiB MpPH PI3HUX TeMIeparypax BHUIIAIY.
Ha puc. 1 mokazana 3aexHicTh MIITHOCTI 3pa3KiB Ha CTHCK 3aJIe)KHO
BiJl JMCIEPCHOCTI BUTOPSIOUOi J00ABKM 1 TEMICpaTypu BHUIIAIY.
JucniepcHiCTh BHUXIZHOI IVIMHMCTOTO CHPOBHHU CTAaHOBMJIA MEHILE
HDK | MM.
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17
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11
10 —&—3-5 Mm

MiyHicTb Ha cTuck, MMa

—0—1-3 Mm

—&— MeHwe 1 mm

925 950 975 1000 1025 1050 1075
TemnepaTtypa Bunany 3paskis, °C

Pucynok 1 — MinHicTb 3pa3KiB Ha CTUCK B 3aJICKHOCTI
BiJ] TUCTIEPCHOCTI BUTOPSIIOYO] J0OABKH 1 TeMIIepaTypH BULIATY
MpY BEJIMYMHI JUCTIEPCHOCTI BUXIAHOT MIMHUCTOT cupoBUHHU 1,0 MM

AHaji3 OTpUMaHMX pPE3yJIbTAaTiB MOKa3aB, M0 Kpall MOKa3HUKU
MIIIHOCTI JOCATAJUCS y 3pa3kax IPU TUCIEPCHOCTI BHUXITHOI TIH-
HHCTOI CHPOBHHH Ta THPCH TIPH CITiBBigHOIICHHI 1:1.

PesynbraTi qocipKeHHST MIITHOCTI B 3aJI€)KHOCTI BiJI TeMITepaTtypu
BUIIAJTY 1 JIUCIIEPCHOCTI JOOABKH, 1110 BUTOPAE MIPH BEIWYHHI JUCIIEPC-
HOCTI BUXIIHOT NIMHUCTOT cupoBuHu 0,8 MM HaBe/ICHI Ha puc. 2.
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925 950 975 1000 1025 1050 1075

Temnepatypa Bunany 3paskis, °C

Pucynok 2 — MinHicTh 3pa3KiB Ha CTHCK B 3aJICXKHOCTI
BIJI JIUCTIEPCHOCTI BUTOPSIIOUOT T0OABKH 1 TEMIIEpaTypy BUIIATY
MPY BEJTMYMHI TUCTIEPCHOCTI BUXIAHOT IMUHUCTOT cupoBuHH 0,8 MM
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Ha puc. 3 HaBenmeHi pesyibraTH JOCIiIKEHHS BIUTUBY I00aBKH,
0 BUTOpAE, 3aJICKHO BiJ| TEMIEpaTypH BUNAIY MPH JAUCIEPCHOCTI
BUXIIHOT NIMHUCTOT cUpoBHHU MeHIe 0,5 MM.

11

=
o

——3-5mMm

—0—1-3 mm

—&— MeHwe 1 mm

MiuHicTb Ha cTuck, MMNa
o0

925 950 975 1000 1025 1050 1075
Temnepatypa Bunany 3paskis, °C

Pucynok 3 — MitHicTh 3pa3KiB Ha CTHUCK B 3QJICIKHOCTI
BiJl IMCTIEPCHOCTI BUTOPSIOYO0T TI0OABKH 1 TEMIIEpaTypy BUTIATY
MPY BEJTUYMHI TUCTIEPCHOCTI BUXIHOT ITMHUCTOT cupoBuHH 0,5 MM

PesynpraT TpoBelEHUX JOCHIDKCHb IOKa3ald, IO OINTH-
MaJlbHa MIIHICTh 3Pa3KiB JIOCSTAETHCS MPH BUKOPHCTAHHI CHPOBUH-
HOI cyMimri i 1o0aBOK, IO BUTOPAIOTh, OMHAKOBOI AHCIEPCHOCTI.
BcranoBneno, mo 30i7IbIIEHAS] TUCTIEPCHOCTI J00ABOK, 110 BUTOpa-
I0Th, 1 TEMIIEpaTypy BUIIATY 3pa3KiB CHpHUsi€ 301JIbIIEHHIO MIIHOCTI
OTPUMAaHMX MaTepialib.

Chnucok Jgireparypu
1. Clifton, E. Beyer. Ceramic Technology and Its Impact on Curriculum
Development in Industrial Technology University of Wisconsin. Madison,
1991. 396 p.
2. Wolfram, Holand, George, H. Beall. Glass — ceramic Technology. Wiley —
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YIK 666.1+622:502.7:553.068.546.711

YTUJAIBALIS BIXOAIB METAJTYPTTHHUX
BUPOBHUIITB 3 BUKOPUCTAHHSIM CKJISTHUX
TEXHOJIOI'TA

Haragisa )KnaHok, K. T. H.,
Karepuna Kpusopyuko

KIII im. Irops Cikopcbkoro

AnoTtanisi. Y po0OoTi BHBYCHO MOXIIHMBICTH YTHIi3alii BigxoniB 30ara-
YeHHS 3aJi3HUX PYI 3a CKISHOIO TEXHOJIOTi€l0. BuBYeHO BIIMB 100aBOK
MgO u Na,O 1o BigxoAiB pyno3daradueHHsi Ha TEXHOJOTIYHI XapaKTepHc-
THKM CHHTE30BAHOTO CKJIa. BCTaHOBICHO ONTHMANBHY TeMIIEpaTypy CHH-
Te3y, BiAMamy Ta KpucTaiizamii 3pa3kiB ckia y cucremi (Fe,0,-FeO)-SiO,-
MgO-Na,O. Po3po0iieHO CKIagud HOBHX CKIOKPUCTAIIUYHUX MarepiajiB
3 JICKOPaTUBHUMH BIIACTUBOCTSMM, IO JO3BOJIUTH YTHJII3yBaTH BiIXOIH
pyao3baradeHHs 3aMi3HUX PYyA Ta 3HAYHO MiJBHUIIATH PiBEHb €KOJOTiIHOL
Oe3rnekn paiioHy TX HaKOIMUYECHHS.

KarouoBi  ciaoBa:  BiAXomM — TipHHYO-METANypPriifHOTO  KOMITICKCY,
CKJIOYTBOPCHHS,  KpHCTali3aliiHa 30aTHICTh, TEPMIYHHN  KOeQIIliEHT
JIHIKHOTO PO3MINPEHHS, B A3KICTb.

Abstract. The article explores the possibility of recycling iron ore enrichment
by glass technology. Based on the research, the influence of MgO and
Na,O additives on the ore wastes on the technological characteristics of
the synthesized glass was established. The optimum temperature for synthesis,
annealing and crystallization of glass samples in the (Fe,0;-FeO)-SiO,-
MgO-Na,O system was determined. Warchouses of new glass-crystalline
materials with decorative properties have been developed, which will
allow utilization of iron ore ore dressing waste and significantly increase
the environmental safety level of their accumulation area.

Key words: wastes of the mining and metallurgical complex, glass formation,
crystallization ability, thermal coefficient of linear expansion, viscosity.

Buxaax marepiaiy. Brachinok poOoTH ripHHY0-30araqyBaibHUX
kombinaris (I'3K) Kpusbacy HakonuueHHi BiBajaM MOPiJ, TaK 3BaHUX
«XBOCTiB» 30aradeHHs, 1[0 CTBOPIOIOTH CEPHO3HI EKOHOMIUHiI Ta €KO-
JiorivHi mpoonemu [1].
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«XBocTu» 30araueHHs Py IMPEICTaBIAIOTH COOO0 ICOK TEMHO-
CIpOro KOJhOPY 3 BHCOKHMM BMIiCTOM 3aii3a. BoHH MOXyTh OyTH Bil-
HeceHl 10 ¢epo- Ta ¢epocuikatHuX cucteM. CrnenngiuHor 0co0-
nuBicTIO BixonmiB pymosoaradenHs: ['3K Kpupopixkcbkoro Oaceiiny
€ HEeHMOBIpHO BHCOKa KUTBKiCTh OKCHAIB 3amiza (12—15 mac. %) [2].
[Ipu romy Depym(Il) oxcun ta Depym(Ill) oxcwm MicTaThCS TpH-
ONMM3HO y OJHAKOBUX KUIBKOCTSX. OCHOBHMM KOMIIOHEHTOM XBO-
cTiB pyno3OaradenHs € Cuminid(IV) okcma. Y Bigxomax mpucyTHI
Yy HEBEJIUKUX KUIBKOCTSX OKCUIM JYKHO3EMEIbHHX METaJIiB, aJIFOMi-
Hill okcHl, a Takoxk Gochop Ta cipka, BMICT SKUX HE3HAUHWH. Takum
YUHOM, y XBOCTax pyao30aradeHHsl MPUCYTHI BCi Ti KOMITOHCHTH,
0 y Till 9M iHIIIH Mipi MICTIATBbCA y OLTBIIOCTI cTeKosI. BukioueHHs
CKJIQJIAl0Th TUTBKH OKCHJIU 3aJTi3a.

VY 3B’s3Ky 3 TIepeBakarouuM BMicTOM KpeMHeseMy (Si0,) i okcuaiB
3amiza (Fe,O; ta FeO), nanmii ckiag MOXKHA pO3IVISIIATU SIK OiHApHY
cucremy. Taka cucTeMa XapaKTepU3y€eThCsl BHCOKOKO TYTOTUIABKICTIO Ta
HE MO)ke 0e3mocepeIH0 OyTH BUKOPHUCTAHA y KIACHIHIN CKIISTHIN TeX-
Hororii [3]. Tomy nmo ckimamy mMXTH, KpiM BiIXOMIB pymo30aradueHHs
MOTPIOHO BBECTH KOMITOHEHTH, 110 MIOHMKYIOTh TEMIEpaTypy BapKu —
iaBHi. Y AaHiil poOOTi, y SIKOCTI MiAIIMXTOBKH BHKOpHcTaHO MgO
ta Na,O [4].

B’s13KicHI XapaKTepUCTHKH CTEKON JIaHOI CUCTEMH HE MOXKYTh OyTH
BH3HAUCHI Oe3MOcepeHho 3a KIACHIHUMH METOAaMHU OCKUIBKH J1aHi
CKJIaIM TyXe CXWJIBbHI 1o Kpucrtamizamii [5]. Tomy Mu 0OMEXHIINCH
JIBOMa XapaKTePUCTUYHUMH TeMIIepaTypaMH, a caMe: TeMIIepaTyporo
Bignany Tg i TemmepaTyporo po3M sSIKLIICHHS MiJ HaBaHTKEHHSIM Tp.
Bonu 1mo6iyHO MOXXYTh HaJaTH YSBICHHS PO EBOJIOLII0 B’SI3KOCTI
B MEeBHOMY iHTepBami Temmeparyp. Lli temmneparypu Oynu Bu3HaueHi
METOZIOM IujaToMeTpii (puc. 1).

Haiibinpmr TyrommaBKMMH € BHCOMarse3ianbHi cKiagu. MoxHa
KOHCTaTyBarH, o GppouT i3o0miniil Tg, 1 Tp B Oik 3HIKEHHS iX 3HAYEHb
BIJIIAJIIETHCS CIIOYATKY BiJl IUX CKJIAJIB, @ TIOTIM Bijl CTOPOHH TPUKYT-
Huka «X» — MgO. CunbHy ¢umrocytouy aito Hagae Na,O [4].

Po3paxosani 3nauenust TKJIP ctekon mpeacraBieHi y BUIVISAL JTia-
rpaMu Ha pucC. 2.
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Pucynoxk 1 — Po3nozin 1uiaToMeTpUYHUX TEMIIEPATyp
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y cucremi (Fe203-Fe0)-Si02-MgO-Na20
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Pucynok 2 — Posnonin 3Hauenp TKIITP
y cucremi (Fe203-Fe0)-Si02-MgO-Na20
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B nmocmimxysaniii cuctemi TKJIP 3miHIoeTbes B AianasoHi
(8+140)x107, K''. TlepeBaxkuuii BruiuB Ha 30inbinenHss TKJIP P
B 00acTi BHCOKOMarHe3iaJbHHUX CKIIa/iB BHKa3y€ 3MEHILIEHHS BMICTY
MgO, a notim — 30inbIeHHS BMicTy Na,O.

Ha puc. 3 naBemena OanbHa OIIHKA 3aTHOCTI IO KpHCTali3amil

JEKOTPUX CKIIAIB Ta BiJIMOBiIHA TeMIIepaTypa ek30e(eKTa.
e

90 % “X”

10 20 30 40
@ Bucoka 30amricms do kpucmanizauii

@ CepedHsi 30amHicmb do Kpucmanisauii

@) Hu3bka 30amHicmb do kpucmadsizayir

Pucynok 3 — 3naTHicTh O KpHCTaTi3allii CTEKOI
y cucremi (Fe,0;-Fe0)-Si0,-MgO-Na,O

3akpucTanizoBaHi 3pa3Ku HEMTPOTHO30BAHO TOKPAIyBaIXd a0 TOTip-
IITyBaJIM CBOT JICKOPATHBHI BIACTUBOCTI Y TIOPIBHSIHHI 3 BUXITHUMH.

PentrenodasoBuii ananiz OyB 3nilicCHEHMH BUOIPKOBO U JBOX
CKJIaJiB, MMO3HAYCHUX TOUKaMH 2 1 5. SIk BHTIKae€ 3 peHTICHOTPaMH,
B IIPOAYKTAX KpUCTaIi3amii IUPOKO MPEACTaBICH]I MiHEpaJId Ha OCHOBI
okcumiB depymy; rematutr — Fe,O;; depitr — Fe,O,; depo-maraesi-
anpHasg mminens — MgO-Fe,O,. IIpucyTHi Takok CHITIKaTH KaibIIifO
i marairo: mioncua — CaO-MgO-28Si0,; xriHoeHcTatuT — MgO-Si0O,.
VY BHCOKOKpEMHE3eMHCTOro ckiany Ne 2 B mpomyKTax KpucTamizanii
MPUCTYHIHN Tako Kpuctodamit — Si0,.

BaxJTMBOI0 TEXHOJIOTIYHOIO BJIACTHBICTIO PO3IUIABY € 3/1aTHICTh
1o ¢popmyBaHHS. J{J1s BCiX 3pa3kiB MOXKYTh OyTH 3aCTOCOBaHI HACTYITHI
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MeToau: BHIUB B (hopmy abo mpokat [6]. Bei ckmaam, kpim 1,3 ta 14
MOKa3aJi BUCOKI (hOpMyBasIbHi BIACTUBOCTI.

Binbiricte 3pa3kiB Maid TIMOOKHN YOPHUH KOJIP Ta IVISHIICBY
noBepxHio, 3pazku Ne5 Tta 13 a jmeski Maiud pPO3BOAM OIHBKOBOTO
Ha JUMYaro Koibopy BimmoBimHo. Ilicis kpucramizamii 3pa3ku CKiia
3 migBUIIeHNM BMicToM Na,O HalyBamm Oyporo BiATIHKY, IO TOSIC-
HIOEThCS HasBHICTIO (hepiTy Ta TOTIpIIye JEKOPATHBHI BIACTUBOCTI

(puc. 4).

iL

s h

Pucynox 4 — ®ororpadii oTpuMaHux 3pa3KiB CKiIa
Ta CKJIOKPUCTAIIIYHUX MaTepialiB

BpaxoByroun BCi XapaKTepUCTUKH 3pa3KiB MOXKHA KOHCTAaTyBaTH,
1110 JIJIs1 BUPOOHMIITBA JIMIIOBAJILHUX MaTepiaiiB MOXKXYTh OyTH BUKOPH-
cradl cxiagu Ne2, 5, 6, 8, 9, 10, 12, 15. OnTuMaasHUMHU CKJIagaMH
€5,6,10Ta 15.

BUCHOBKHA

Y poOoTi MpOBEACHO KOMIUIEKCHE JOCHIKCHHS CKJIOYTBOPEHHS
y cucremax (FeO+Fe,0,)-Mg0-Na,O-Si0,. BuBueHO BIJIMB XiMIYHOTO
CKJIaJly Ha BapuibHI Ta (OpMyBajbHI XapaKTEPUCTUKU CKJISTHOI MacH,
a TaKOXK BU3HAYCHO TEMIIEPATyPH BiANaTy 1 pO3M SIKIIICHHS CKJIa.

BcTanoBneHi onTHManbHI CKIaAHM ITUXTH IS OTPUMAHHS OOJTHITIO-
BaJIbHUX MaTepiaiB 3 BUCOKUMH TEXHOJIOTIYHUMH XapaKTEPUCTHKAMHU
Ta JCKOPAaTUBHUM €(DEKTOM.

JocmipkeHo  KpuCTai3alliiHy —3/1aTHICTh CKJIaJiB Y CHCTe-
Max (FeO+Fe,0,)-Mg0-Na,0-Si0,. Jlns Bcix ckimagiB BH3HA4e-
HAW ONTHMANbHI PEKAMH TEPMOOOPOOKH 3 METOI0 OTPHUMAaHHS
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CKJIOKPUCTAIIIYHUX MarepiayliB Ta BHBYCHO BIUIMB XIMIYHOTO CKJIaIy
Ha BJIACTUBOCTI CUTAJIB.

Takum 4uHOM, TIPOBE/ICHI JOCIIKEHHS I ITBEPIUIIHU, 1110 TEXHOJIO-
TiYHI BJIACTUBOCTI CUJIIKATHUX PO3ILJIABIB HA OCHOBI BiJIXOJIB Py/1030a-
radyeHHs MOKYTh OyTH YTHIII30BaHi 3a CKIITHOIO TEXHOJIOTIEIO.
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YIK 628.316.12:666.3-1

KEPAMIYHI COPBIINHI MATEPIAJIA
HA OCHOBI KAOJIIHY

Bousionumup IlaBaenko, K. T. H., A0L.,
Bikrtopis Tobinxo, . T. H., A01I.,
AHToHiHa BoHnapeBa

KIII im. Irops Cikopcbkoro

Amnorauis. [Ipencrasieni pe3yasTaTi po3pOOKH TEPMOXIMITHOTO METOIY OTpPH-
MaHHsI IOPYBaTHX MarepiajiiB MyJiTOBOI cTpykTypH. [lokazaHo, 110 copOuiiiHi
BJIACTUBOCTI MOXKYTh OyTH MOKpAILEH] IUISIXOM HAaHECEHHSI I1apy IICOIITY.

Kiro4oBi ci1oBa: xaomiH, MyJIiT, TOPYBAaTHH MaTepiai, IEOIT.

Abstract. The presented results of the development of a thermochemical
method for obtaining porous materials with a mullite structure. It is shown
that the sorption properties can be improved by applying a layer of zeolite.

Key words: kaolin, mullite, porous materials, zeolite.

Po3poOka edekTnBHHX COpOMIMHUX MAaTepialliB I BITYICHHS
3 BOJHMX CEPEIOBHIN BAXKUX METajiB, pPaTiOHYKIi/IiB, OpraHid-
HUX PEYOBHMH Ta IHIIMX TOKCHKAHTIB HA OCHOBI JIENIEBOI Ta JOCTYII-
HOI CHPOBHMHHM € aKTyaJbHHM EKOJIOTIYHHUM 3aBJAHHSM CbOTOICHHSI.
[MpuponHi mapyBaTi allOMOCWIIKATH Ta MPOAYKTH iX Moaudikarii,
30KpeMa, TMOopyBaTi KepaMidHi Marepiaju, € MepCIeKTUBHOI CHITIKaT-
HOIO CHPOBHWHOIO JIJIsl oJiep>KaHHs copOeHTiB. Ha iX 0CHOBI MOXHa CHH-
Te3yBaTd 3pa3Ky i3 MHUPOKO PO3BUHEHOIO TIOPYBATOIO CTPYKTYPOIO, SIKi
BIJPI3HSIOTHCS BHCOKOIO TEPMO- Ta KHUCIOTOCTIHKICTIO, MEXaHIYHOIO
MIIHICTIO, COpOIiiiHOO 31aTHICTIO 1 cenekTuBHICTIO [1]. Ha edexrus-
HICTh 3aCTOCYBaHHs IMOpPYBaTOl KEpaMiKH y BOJOOYHILNEHHI CYTTEBO
BILJIMBAE SIK MOP(OIIOTis MOBEpXHi COPOEHTIB, Tak i (hopMa Ta po3Mipu
mop. OCHOBHUMH MeTonaMu (OpMyBaHHS MOPYBaTHX KepaMidHHUX
CTPYKTYP, SIK BiJJOMO, € BUKOPUCTaHHs BUXiJTHOI CHPOBHHU MOHO(DpaK-
LiHOTO CKJIagy, BBEJCHHS 100aBOK, SIKi CIIPHUSAIOTH YTBOPEHHIO IIOP,
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30KpeMa, BUTOPSIOUNX, XIMIYHE TOPOYTBOPEHHSI, CITydyBaHHS [IPH Tep-
M000poO1i Ta iHmI Metonu [2; 3].

B naniii poOoTi 1Sl CHHTE3Yy MOpPYBaTUX KepaMidyHHX MaTepiaiiB
3alpOMOHOBAHO TEPMOXIMIYHUN METOJ] aKTHBallii TpPaHylIbOBAHHX
3pa3KkiB, BHTOTOBJICHMX Ha OCHOBI KaoNiHy [TyXoBEem»KOTO pPOIO-
Buma. Bimomo, mo npu temmeparypax Bume 1000 °C B kaomiHiTi,
OCHOBHOMY IOPOJIOYTBOPIOIOYOMY MiHEpalsli KaOJiHOBUX TJIMH, Bif-
OyBarOTbCs CTPYKTYPHI MEPETBOPEHHS 3 YTBOPEHHSIM MYIITy 1 BUMI-
JEeHHSIM aMOp(HOTO AIOKCHUAY KPEMHII0, KM J00pe PO3UMHSETHCS
Yy PO3YMHAX TIAPOKCHIIB IMyxHUX MeTtaniB. [Ipu HacTymHii 0OpoOIi
MIPONYKTY BHUIATY PO3YMHAMH TiIPOKCHUIY HATPif0 aMOphHHUHA KpeM-
HE3eM IEepPexXOJUTh B PO3UYMH 3 OTPUMAHHSIM IOPUCTOrO KEPaMidHOIO
Marepiany MyJliTOBOI CTPYKTYPH.

3 iHmo1 cTOpoHH, (Bi3UKO-XIMiIUHI XapaKTEPUCTUKU MMOPUCTOI Kepa-
MiKH, B TIEpINy Yepry COpOIiiHi, MOXYTh OyTH MOJIMIICHI HUITXOM
OCa/DKeHHS Ha {i TTOBEpXHI PEYOBHH 3 aKTUBHUMH (YHKIIOHATEHUMHU
rpymnaMu, B TOMY 9HCII, 1eodiTiB. OTprMaHi Ipy I[bOMY HOBI Marepi-
anu, 30epiratroun (i3MKO-XIMi4HI Ta MEXaHIYHI BIACTUBOCTI Kepamid-
HOi Marpuli, Ha0yBalOTh HOBHX XapaKTEPHCTHUK, 30KpeMa, IiJABHIICHY
CEJICKTUBHICTh Ta OOMIHHY €EMHICTb [4; 5].

Meroro ngaHoi poGoTH Oyllo OfiepKaHHS IOPYBaTHX Kepamid-
HUX MarepiaiiB I 3aXHUCTy BOIHOTO CEPEIOBHINA Bix 3a0pyIHECHHS
i0OHaMH Ba)XKKMX MeTauiB. [ MOCATHEHHS TOCTaBIeHOi 3ajadi OyIro
OTPUMAHO CIIOYaTKy MOPYBaTy CHJIIKaTHY MaTpHILIO, HIJISIXOM BHCOKO-
TeMIIepaTypHOI aKTHBALlil KaONiHOBHX I'PaHy 3 HACTYIHOIO 0OPOOKOIO
MPOIYKTIB BHUMATY JY)KHUMH po3unHamu. [Ipu mpomy mociiuKyBaiu
BIUTMB TEMIIEpaTypH, KOHIICHTpPAILlil pO3YMHY Ta 4Yacy BUIYTOBYBaHHS
Ha XIMIYHHH Ta MiHEpaJOTiYHUHN CKJIax OTpUMaHuX (a3 Ta iX (izuko-
XIMI4HI BITaCTHBOCTI.

['panynu Ha OCHOBI KaoJliHy OTPUMYBAIM METOIOM IIJIACTUYHOIO
¢dopmyBanns. OneprkaHi 3pa3ku po3MipoM 5—6 MM MicCIsl BUCYITYBaHHS
BUTNIANIIOBAIN y MydenbHil neui npu Temneparypi 1100 °C Bripomosxk
JeKinpKoX roauH. Ilicng mporo xepamiyHi MaTpHIll Ha OCHOBI MYIITY,
OTpUMaHI TEPMOXIMITYHIUM METOAOM, OOpPOOISUIH CYMIINIIIO PO3YNHIB
CWIIIKAaTy Ta allFOMiHATy HATPil0 3 METOI0 OCA/DKEHHS Ha iX MOBEPXHi
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neomiTHEX (a3 1 Bu3Hauanw ¢a3oBWid cKkian Ta (Hi3HKO-XIMIYHHX
XapaKTEPUCTHKH OJepKaHUX MaTepialib.

Jnst BU3HAYCHHS! XIMIYHOTO 1 MiHEpaJIOTIYHOTO CKJIAy BUXiTHHX
3pa3KiB Ta MPOAYKTIB CHHTE3y BHKOPHCTOBYBAJIM METOIU XIMI4HOTO,
penTreno$a3oBoro Ta TUQEepeHIIHHO-TEPMITHOTO aHAI3Y.

B pesymberari mpoBeneHWX IOCHIPKEHb BH3HAYCHO ONTHMAaJbHI
YMOBH ITPOIECY TEPMOXIMIYHOI aKTUBAIII] KAOJTIHOBUX TPaHYI, SIKi J03-
BOJISIIOTH MPAKTUYHO MOBHICTIO BUIAIUTH aMOpPGHHH AIOKCHI KpeM-
HII0 3 TEPMOOOPOOJICHOTO KAOMiHy 1 OTpHUMAaTH KepaMidyHHW Marepiai
Ha OCHOBI MyJiTy XiMidHOTO cKiagy 63-65 % AlO;, 23-25 % SiO,.
CuHTe30BaHi 3pa3Ku MalOTh 3arajibHy MOPHUCTICTH 45-52 %, MIlHICTH
Ha ctrck 37-40 Mlla i MoxyTh OyTH BUKOPHCTaHI B IKOCTI HEOpraHid-
HOI MaTpuIli JJIsi BUTOTOBJICHHS €(EKTUBHUX COPOCHTIB Ta MOPUCTHUX
¢inpTpyrounx MarepiaiiB. MysiToBa CTpYKTypa OTPUMAaHHUX IMOPUCTUX
KepaMiYHUX MarepiajiB MiATBEpKEeHA peHTTeHO(Pa30BUM Ta audepeH-
HIHHO-TEPMIYHUMH aHAIli3aMU.

BcranosieHo, Mo XapakTepUCTUKHU IEOTITHOI (a3 Ta (i3uKo-
XiMiYHI BJACTHMBOCTI OJIEPKAHOTO Marepially 3ayexarb BiJl YMOB
cunte3y. [lokazano, Mo mpu NEBHUX yMOBaX NMPOBEACHHS CHUHTE3Y
(Temmepatypa, 4ac nepeMilryBaHHsl, CIIBBiIHOIIECHHS KOMIIOHEHTIB)
copOIilfiHI BJIACTUBOCTI MOAU(IKOBAHOTO MaTepiajy II0J0 10HIB
K00anbTy 3HAYHO BHINE, HX y BuxigHoro. KommiekcHe ¢izuko-
XIMIgHE JOCHIKEHHS CKJIaAy IeOoTiTHOI (a3 mokaszanao, Mo BOHA
3a CBOIMH peHTreHOrpadiuHUMU Ta KPUCTAJIOONTHYHUMH XapakTe-
pucTukamMu mnpexacrasieHa neoiitoM NaP (dimimeut). Otpumanuit
Monu(piKoBaHUN KepaMiuHMW Marepial Mae BHCOKY COpOLiliHYy
3ATHICTh /10 KaTiOHIB METaiB, 30KpeMa, CTYIiHb BHIIYYCHHS 10HIB
KOOAJIBTy 3 MOJIEIBHHUX PO34HHIB, ki MicTsITh 10 mr/am® Co*, nepe-
Butrye 93 %.

Takum 9uHOM, KepaMidHi MOPHUCTI Marepialii Ha OCHOBI KaoiHY,
Mou(iKOBaHI TEOTITaMH, MOXYTh OyTH TEPCIIEKTUBHUMH Marepia-
JaM{ Ul BUIYYEHHsI BaKKUX METaliB Ta 1HIIMX TOKCHKAHTIB 3 MPH-
POJHHX BOJAHHMX 00 €KTIB Ta IMPOMHUCIOBUX CTOKIB.
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MICIHEBA MIHEPAJIbHA CHPOBHHA
KHiBCBhKOI OBJIACTI SIK OCHOBA
CYYACHUX BYIIBEJbHUX MATEPIAJIIB

Jlapuca CnacboHOBA, K. X. H., JIOIL.,
Ipuna Cy06ora, K. T. H., JOII.,
Karepuna Osienuyk

KIII im. Irops Cikopcpkoro

Anortanisi. OO’ €KTOM JOCHIDKEHHS € BJIACTUBOCTI KepaMiuHUX Mac
Ha OCHOBI MICIEBOI JIETKOIUIaBKOI IMHUCTOI cupoBuHU KuniBchkoi obmacti
VkpaiHn NUIIXOM PEryiioBaHHs XIMIKO-MIHEpPaJOTIYHOTO CKJIaly Ta TEXHO-
JIOTIYHMX pexkuMmiB. [l BUpOOHMITBA MarepialiB OymiBEIbHOTO IMPHU3HA-
YEeHHsl 3aCTOCOBYIOTh B OCHOBHOMY IOJIIMiHEpaIbHI IIMHHUCTI KOMIO3MIT
3 I0JaBaHHSAM IIPUPOAHOI MiHEpaslbHOI CHPOBUHU. {11 eekTnBHOTO 3acTO-
CyBaHHS IIUX MaTepialliB HeoOXiTHO BUBYUTH iX TEXHOJIOT1YHI BIACTHBOCTI.
ToMy akTyaJbHUM 3aJIMINAETHCS IHUTAaHHS JOCII/PKEHHS Mac Ha OCHOBI
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JIETKOTUIABKUX TIIMH JJIsi BUPOOHMITBa OymiBenbHOI kepamiku. Jlns Bupi-
IICHHSI TIOCTABIICHOI 3aj7a4i 3 OfiepXKaHHSI KepPaMidHOTO Marepiaiy 3 Micie-
BOT CHMPOBHMHH BHKOPHCTOBYBaJIM Cy4acHi (hi3MKO-XiMiuHI 1 (Pi3MKO-TEXHO-
JIOT1YHI METOIH Z[OCJ'IiZ[)KeHHSI CHPOBHHHHX MaTepiaJIiB 1 Mac Ha 1X OCHOBI.
IIpoBeneni 10CTI/UKEHHS CBiYaTh, MO MiCLEBa MiHEpalbHA CHPOBHHA NPH
BIANPALIOBAHHI TEXHONOITYHMX PEKUMIB MOXe OyTM BHKOpUCTAaHA [l
BUPOOHHMLTBA OyNiBENbHOI KepaMiKH, sika Tak HeoOXimHa Oyae micis 3aKiH-
YeHHsI BOEHHOTO CTaHy i JUIA BiTHOBJICHHS YKpaiHH.

KoarouoBi cioBa: nerxoruraBka INIMHUCTA CHUPOBHMHA, NITIKEp, KepamMivHi
Marepianu, OyIiBeTpHa KepaMika.

Abstract. The object of research is the properties of ceramic masses based
on local low-melting clay raw materials of the Kyiv region of Ukraine by
adjusting the chemical and mineralogical composition and technological
modes. Polymineral clay compositions with the addition of natural mineral
raw materials are mainly used to produce construction materials. For effective
use of these materials, it is necessary to explore their technological properties.
Therefore, the question of researching masses based on low-melting clays to
produce construction ceramics remains relevant. Modern physics-chemical
and physics-technological methods of research of raw materials and masses
based on them were used to solve the task of obtaining ceramics from local
raw materials. The conducted studies show that local mineral raw materials,
with the development of technological regimes, can be used to produce
building ceramics, which will be so necessary after the end of martial law and
for the restoration of Ukraine.

Key words: low-melting clay raw materials, schlicker, ceramic materials,
building ceramics.

PisHOMaHITHE 3acTOCYBaHHS KE€pPaMiKH 3 KOXXHHM POKOM BUMAarae
PO3pPOOKHM BCE HOBHX THUIIIB KepaMiyHMX Mac 1 OUIbII Cy4acHHX €HEp-
roz0epirarounx i pecypco30Oepirarounx Ccroco0iB iX BHUPOOHHIITBA.
BucHaxxeHHsI 3amaciB BUCOKOSIKICHMX IVIMH TPU3BOAUTH JI0 HEOOXij-
HOCTI 3HaXOPKEHHSI HOBHUX BUIIB KEPaMIYHUX Mac, peaii3ylodn MOTeH-
Iiajgl MicIeBoi MiHEpalbHOI CHPOBUHHU. ToMy BHWBUEHHS MOKJIMBOCTI
BUKOPUCTAHHS MICIIEBOI JIETKOILIaBKOT MNTMHN KHIBCHKOTO perioHy s
BHUTOTOBJICHHS KEPAMIYHUX MaC 3JIMIIAE€THCS aKTyaIbHUM 1 Hapasi.

MicneBa serkoruiaBka minHa [1] € HamiBKUCIION, MOMIipHO-TUIAC-
TUYHOIO 3 YHUCIOM IUIACTHYHOCTI 12 1 BOTHETPUBKICTIO MEHIIE
1350 °C. Bmict okcumiB, o 3a0apBIIOIOTh KepaMidyHy Macy, CTaHO-
BUTH Oinst 5 %. B pesynprari peHTreHOrpadivHOro M0CITiPKEHHS TITHH
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KuiBIMHM BCTaHOBIICHO, II0 OCHOBHMMH MiHEpajlaMH iX CTaHOBHUTH
riIpociioa Ta He3HaYHa KibKiCTh MOHTMOPHIIOHITY.

TakuM YWMHOM, [DJIMHA € MOHTMOPHWJIOHITO-TIPOCITIOIUCTORO.
TepMmorpaBiMeTpyuHUI  aHai3 [0Ka3aB HASBHICTh EHAOTEPMIU-
Hux edektiBs npu 100...170, 650...750 ta 800...890 °C, mo miza-
TBEP/IMB HAsABHICTh y TIHMHI HE3HAYHO! KUTBKOCTI MOHTMOPWIIOHITY.
Ennorepmiunuii epext npu 780 °C mokazaB TakoX HasBHICTb B AaHid
JISTKOTUIABKIM TJIMHI KaJIbIIHTY.

Bigomi uncnenHi cnocoon mMoau@ikalii JerkoriaBkoi KepaMigyHol
CHPOBHHH 3a JONOMOTOI0 JIOJIaBaHHS B KepamiuHy Macy TEeXHOTCH-
HUX BiIXOZiB, XIMIYHUX PEarcHTiB, KOMIIOHEHTIB, 110 TIACTH(IKYIOTh,
Ta IHIMKX J100aBOK, IPY BBEJCHHI SKHX 000B’I3KOBOIO YMOBOIO € OTPH-
MaHHS Mac 3 HeOOXiJTHUMHU XapaKTePUCTUKAMH.

[lpu nocmiKEeHHSIX OTPUMaHHS KepaMiuHOI MacH, 10 Mae€ Biac-
TUBOCTI MalOJIIKOBOI, JI0 BUXIJHOI CHPOBHUHHU JIONABAIM ILJIACTUYHY
IMHY pooBuina Yepkacbkoi obnacti. Takox aiisi JOCATHEHHS HE0O-
X1THOT TeMmmepaTypy IUIABJICHHS B Macy BBOAWIM Oiif ckia. B sxocTi
CJICKTPOJIITY BUKOPUCTOBYBAJIH COLY.

CupoBHHHY Macy TOTYBajM IUTIKEPHUM CIOCOOOM, SKMH € Hai-
OubI e(eKTHUBHUM TP BUKOPUCTAHHI CyMillli HEOIHOPIIHUX TJIKH.
CUpOBMHHI KOMIIOHEHTH 3arpykajlld B KyJbOBUH MIIMH, B SKOMY
METOJIOM CYMICHOTO TIOMENIy TOTyBaJM Macy MpoTaroM 3—-3,5 Tom.
[Ipu BUTOTOBNIEHHI KepaMiYHHX BHPOOIB ILIIKEPHUM METOIOM HEO0O0-
X1JIHO MaTH ySIBIIEHHS PO JIMBApHI BIACTHBOCTI KEPaMidHHUX Mac, TaK
AK BiJl HUX 3aJIe)KaThb BIACTHBOCTI FOTOBHX BHPOOiB. [00BHUM 3 HHX
€ JIOCTaTHSl TEKyYiCTh MpH MiHIMalbHIA BOJOTOCTI KepamMiuHOi MacH,
HU3BKUI piBEHb 3aryCTiHHS, XOpOIIi (iIbTpalliifiHi BIACTUBOCTI, CTili-
KiCTh 10 po3mapyBaHHs. [licis MpUTOTYBaHHS BH3HAYMIN BOJIOTICTH
OTPUMAHOTO LIIiKepy Ta Horo Tekyuictb. Bomoricts cknana 31-33 %,
texyuictb 8—10 ¢, a micns BurpuMku npotsirom 30 xB — 12-18 c.

[Mopsin 3 B’SI3KICTIO 1 MIBUAKICTIO 3aryCTiHHS KepamiyHOTO ITi-
Kepy HEOOXiJIHO 3HaTH CTYIiHb HOro BOAOBLAJadYl, sika OOYyMOBIOE
MIBUJKICTh HaOOpy Macw y TinmcoBUX (opMmax i TpUBAJICTh (opmy-
BaHHA BHUPOOIB y dopmax. I[lIBuakicte HabOpy Macu B 3aJIeIKHO-
CTi BiJl TOBIIMHU HamiBpaOpukary ckianaia Big 1,5 go 3 rox. [licas
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MPUTOTYBAHHS LIUTIKEPY FOTYBaJIM 3pa3Ky, sIKi BUCYLITYBaJIU Ta BULIAJIIO-
Banu. Temmeparypa Bunany ckiazgana 950...1000 °C.

[lpy BUBUYEHHI TEXHOJOTIYHUX BIACTUBOCTEH KEpaMiYHHMX Mac
OJTHMM 13 CYTTEBUX TIOKA3HUKIB € CTYMIHb CITIKAHHS BHPOOIB. BiJ| SIKOT
B 3HAYHIN Mipi 3aJICKUTH CTPOK CIIYKOM KepaMiKu Ta ii TeTUTOTPOBiIHI
BiacTUBOCTI. Il XapaKTepUCTUKHU SIKOCTI CHIKaHHS OTPUMaHMX 3pas-
KiB BH3HaUaJId BEIWYMHY 1X BOAOMNOIIMHAHHS, sika cTaHOBMiA 3—7 %.
Jnst omiHIOBaHHS MOBEIIHKHM HamiB()aOpHKaTy NpH CYLIiHHI, BH3Ha-
YeHHS MIBHKOCTI MiAHOMY TeMIeparypH Ta OTpUMaHHs 3pa3KiB He0O-
X1THUX PO3MIpiB BU3HAYAJIM YCAAKY TPHU CYIIiHHI Ta 3arajbHy YCaIKYy.
[ToBiTpsina ycanka cranoBmna 4,0-4,1 %, a 3aramepna 12,0-12,4 %.
[IpoBeneni TexHONIOTIYHI BUMPOOYBaHHS JOCITIDKYBaHUX Mac IOKa-
3aJH, LI0 BOHHU JIETKO PO3PLIKYIOTHCS, MAIOTh 3aJ0BUIBHI JIMBapHi
BJIACTUBOCTI Ta JJOOpEe CIIKAIOTHCSI.

[IpoBeseHi HOCHIKEHHS TI0Ka3aJi, 10 MiclleBa MiHepaJibHa CHPO-
BHHA TIPH BiANPAIIOBAaHHI TEXHOJOTIYHUX PEXHUMIB MOXe OyTH BHKO-
pucTaHa I BUPOOHHIITBA OyMiBEIBHOI KepaMiKH, sika TaK HEeoOXimTHa
Oy/Ie TicIIst 3aKiHYeHHSI BOEHHOTO CTaHy 1 IS BiTHOBIIGHHS YKpaiHU.

Cnucok Jiteparypu
1. Spasonova, L., Subota, 1., Sholom, A. Devising technology for utilizing
water treatment waste to produce ceramic building materials. Eastern-
European Journal of Enterprise Technologies. Ne 1/10 (109). 2021.
P. 14-22. URL.: http://journals.uran.ua/eejet/article/view/225256/225251
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YIK 66.067.124-026.772:502.17](043.2)

I'PAHYJIBOBAHI KEPAMIYHI MATEPIAJIN
JJIA 3BAXUCTY HABKOJIMITHBOTI'O CEPEJOBHIIIA

Maxkcum I'epmaHiok,
AnTtoniHa bongapeBa, acucteHnt

KIII im. Irops Cikopcbkoro

AHotanig. OnepxaHo TpaHyIbOBaHI KepaMidHI MaTepialn Ha OCHOBI KaoJi-
HITY Ta HYyJBBAJICHTHOTO 3ajli3a Ul 3aXUCTy HAaBKOJMIIHBOTO CEPEJIOBHIIA.
BcTaHOBINICHO, IO JA0JaBaHH: A0 CKIIaIy KepaMidHOi MacH MOpOyTBOPIOBAYIB
JTO3BOJISIE 30UTBIIUTH KUTBKICTh HAHECEHOTO IMapy HYJIBBAJICHTHOTO 3ali3a
Ha TMOBEPXHIO TpaHyl. BuBueHO MexaHiuHI Ta (Di3MKO-XIMIUHI BIACTUBOCTI
oTpuMaHuX MatepiamiB. [loka3zaHo, IO 3a7i30BMICHI TpaHYITH € TEpPCICK-
TUBHUMHU MaTepiallaMH UL 3aXHCTy HaBKOJHIIHBOTO CEPEeJOBHINA, a CaMe
MOXXYTb BUKOPHCTOBYBAaTUChH SIK COPOCHTH JUIS JOOUMILEHHS CTIYHUX BOJ BiX
3a0py/HEHb BKKUMHU METaJIaMH.

Kuro4oBi ci10Ba: KaomiHiT, aKTHBOBAaHE BYTULIS, TOMIBIHIIOBUN CIIUPT, HYJb-
BaJICHTHE 3aJli30, KepaMiuHi MaTepiaid, IUIacTUYHe (HOPMYBAHHS, 3aXHCT
HABKOJIMIIHBOTO CEPEIOBHILIA.

Abstract. For environmental protection, granular ceramic materials
were obtained based on kaolinite and zero-valent iron. It was established
that adding pore formers to the composition of the ceramic mass allows
for increasing the amount of the applied layer of zero-valent iron on
the surface of the granules. The mechanical and physicochemical
properties of the obtained materials were studied. It is shown that iron-
containing granules are promising materials for environmental protection.
Namely, they can be used as sorbents for further wastewater purification
from heavy metal pollution.

Key words: kaolinite, activated carbon, polyvinyl alcohol, zero-valent iron,
ceramic materials, plastic forming, environmental protection.

CtBopeHHS O€3MEepepBHUX TEXHOJOTIYHUX TIPOIECIB  3aXUCTY
HABKOJIMIITHFOTO CEPEIOBHINA, HAMPHUKIA] IJIs JOOYHCTKH CTIYHHX
BOJ ab0 MOBITPS NpH POOOTI MPOMHCIOBUX MiANPHEMCTB € BasKJIU-
BHUM 3aBJaHHsIM cborojieHHs [1]. Cepen iCHYFOUMX METOJIIB 3HIKEHHS
piBHS 3a0py[QHIOBadiB, 3aBASKH CBOIM YHIBEpCAJILHOCTI, MPOCTOTI
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3aCTOCYBaHHS Ta €KOHOMIYHIH JOIIIFHOCTI, HANNEpPCIEKTHBHIIIUMU
BBXKAIOTHCS aJ1cOpOLiliHi MeTonu [2].

OnHak, nepeBaykHa OiIBIIICT MPUPOAHUX Ta INTYYHUX COPOCHTIB
XapaKTEPU3YIOThCSI BHCOKOK JUCIIEPCHICTIO, IO OOMEXKYE IX BHKO-
pucranus. ToMmy, akTyaJbHUM 3aBIaHHAM € CTBOPEHHS I'PAaHYJIbOBA-
HUX MarepiaiiB Ha OCHOBI JIEIIEBOI Ta JOCTYITHOI CHPOBHHH, 30KpeMa
QIFOMOCHIIIKATIB. IX HeOpraHiuHa MaTPHIIS MOEAHYE JOCTATHBO BUCOKY
e(EeKTUBHICTb 3 HU3BKOIO BAPTICTIO, TOCTYIMHICTIO, MEXaHIYHOIO MillHi-
CTIO Ta XIMIYHOIO CTIHKICTIO [3].

B naniit po0oTi rpaHynbOBaHI KepaMidHi Marepiaiii OTpUMYBaJU
METOJIOM IUIACTUYHOro (opMyBaHHS. [l LIbOTO TOTyBajdM Kepa-
Mi4Hy Macy Ha OCHOBi KaojiiHy Mokporo 30aradeHHs (ImyxoBerpke
pomoBuie, YKpaiHa) Ta MOpPOYTBOpIOBada 3 PI3HUM MAaCOBHMM CIIiB-
BiJHOIICHHSIM KOMIOHEHTIB (Tabm. 1). B skocTi mopoyTBoproBadis
BUKOPHCTOBYBAIM ModiBiHIIoBHA cnupT (Merck, MonexynspHa maca
~70 000) Ta akTHBOBaHE BYTLIIS, IO MICTUTHh HE3HAYHI JOMIIIKH KPO-
XMaJo i TanbKy. @opMyBasbHA BOJIOTICTh KEPAMIYHAX Mac CTAaHOBHIIA
26-28 %. Ilicast popmyBaHHs rpaHyny CYLIMIH NMPH KIMHATHIA TemIie-
parypi, a motim npu 105 °C y cymmnbHid madi g0 moctiiiHoi Macu.
Bumnain 3paskiB npoBoaniu B MyenbHii nedi npu temmepatypi 800 °C
3 BUTPUMKOIO 2 TOJI IPY MaKCHMAJIbHIHM TeMIepaTypi.

Tabauns 1 — XapakreprucTrka CKiIay KepaMigHuX Mac

Inp spasky BMi‘CT‘ H‘OpOyTjiOplOBa'la B KepaMivHii Ma‘ci, %

NOJiBiHIJIOBHI CIUPT | aKTHBOBaHe BYTJLIsA
K-800 — —
M2-800 1,8 —
M3-800 2,4 —
M4-800 3,3 —
M5-800 — 3
M6-800 — 7
M7-800 — 12

Hactynaum ertammom Oyno opepkaHHsS TpaHyl 3 HAaHECCHUM
MIapOM HYJIBBAJEHTHOTO 3ajli3a 32 METOAMKOIO OIHCAHOK aBTOPAMHU
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B poOorti [4], Ha puc. 1 mpencrasneHa GorTorpadis OTPUMAHOTO MaTePi-
aiy. 3a JaHUMH XIMIYHOTO aHai3y, Micisl KUCIOTHOI 0OpOOKH TpaHy,
KUTBKICTh HaHeceHoro Fe’ 30iIbInyeThCss TPH TOAaBaHHI MOPOYTBO-
proBava J1o ckiaay kepamiunoi macu. Kpim toro, ais 3paskis M5-800,
M6-800, M7-800 cmisBigHOmIEeHHs Kaomin:Fe’ Oinapmie B MOpiBHAHHI
31 3pazkamu M2-800, M3-800, M4-800.

1

Pucynoxk 1 — I'panyiboBanuii COpOSHT Ha OCHOBI KAOJIiHY
miciist Monu(iKyBaHHS TOBEPXHi

MexaHidHy MIITHICTE KepaMIYHUX TpaHyl OIIHIOBAIHM IIIITXOM
MOJISITFOBAHHA TIpoliecy copOrii y BOTHOMY CEepelIOBHIN Ta HACTYII-
HOMY pO3paxyHKy KoegiuieHTy crtupanHs. OTpuMaHi pe3ynbTaTd
CBimyarh, MmO 31 30UIBLICHHSM KiNBKOCTI MOMIBIHIIOBOTO CIHPTY
B KepaMmiuHI Maci, MEXaHiuyHa MIIHICTh 3pocTae. Takoxk, rpaHyiau
3 TIOJNIBIHIJIOBUM CIIMPTOM MalOTh HIDKYI 3Ha4eHHS Koe(illieHTy CTu-
paHHS, HDK TpaHyId 3 aKTHBOBaHMM BYyrinmM. Lle mMoxna mosic-
HUTH, TIO TONIBIHUIOBUM CHUPT, SK BOJOPO3YMHHHUHU IONIIMEp, KPiM
MOPOYTBOPIOBaYa BUKOHYE (PYHKILIIO 3B’ 513y10401 100aBKH.

Bennunna BogonormuHaHHS AJS BCIiX 3pa3KiB 3HAXOJUTHCS B MEXKax
33-34 %, 1o B TOEAHAHHI 3 pe3yabTaTaMH HU3BKOTEMIIEPATYPHOI
azcopOii/aecopOIrii a30Ty T03BOJIIE 3pOOWTH BHUCHOBOK IIPO HAsB-
HICTh BIIKPUTHX MIKpO- Ta ME30II0P.
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HocmimkeHHss e(heKTUBHOCTI JOOYHINEHHS CTIYHHX BOJ, Ki Mic-
TATh B CBOEMY CKJIAJ{i I0HM BaKKUX METAIIB MPOBOAMIN HA MPUKIAJI
MozenbHol Bonu, 3a0pyanenoi Cu(ll), Cd(Il), Zn(Il), Co(Il), Cr(VID).
BcranoBieHo, 10 cHHTE30BaHI Marepiann € e¢eKTHUBHUMH B Jliara-
30HI BUXimHHX KoHIleHTpamii 50-400 mxmons/am®. Ilpu mpoMy THII
MMOPOYTBOPIOBaYa CyTTEBO HE BIUIMBAE HAa BEJTMUNHY COPOTIii.

B HacTymHUX MOCHIHKEHHSX TOMUTEHUM OYyIio O pO3TIISTHYTH MOXK-
JIUBICTH ONTHUMI3aIlil KepaMidHOI MaCH MUISIXOM OJIHOYACHOTO BBE/ICHHS
710 11 cKJ1aly MOJIBIHIIOBOTO CIIUPTY Ta aKTUBOBAHOTO BYT1JLISL.
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YIK 666.189.3:691.618.93:536.24.08

TEIIJIO®I3NKA MPOLECY CIIIHIOBAHHS NTHOCKJIA

Mukoua Il1eMsiHHIKOB, K. T. H., JIOII.,
JMapuna LBip
KIII im. Iropst Cikopcbkoro

AHoTanisg. JocnipKyrOThCs TEIIOOOMIHHI MPOIECH MPH YTBOPCHHI MiHO-
ckia. ExcriepuMeHTansHO OTpUMaHi TeMmneparypHi nmpodini y 3pa3ky i gac
niHoyTBOpeHHsl. TeMmeparypHi AaHi OTpUMaHI HUIIXOM TOYKOBHX BHMIpIB
OTOJICHMMH CHasIMHM TEpMOIIap. 3a EBOJIOLIEI0 TEMIIEPaTypHOro IMOoJsl po3pa-
XOBaHi Koe(ili€eHTH TEMIIePaTypPOIIPOBIIHOCTI, IO Aif0Th. Po3paxyHOK mpoBe-
JICHO IIUISIXOM BUPIIICHHS 3BOPOTHOI 3aj1a4i TEIJIONPOBIJHOCTI METO/IB KiH-
LIEBUX pi3HMIL. BUsBIEHO aHOMAIT TEMIIEPaTypHOTO TI0JIs, SIKI HOSICHIOIOTHCS
CKJIAIHUM MEXaHi3MOM TEIIO00OMiHY Ta €K30TepPMiYHIMH MPOIIeCAMHU.

KarouoBi cioBa: mMmiHOCKIIO, CIIIHIOBAaHHs, TEpMOINapu, TEIUIOOOMIH,
TeMIIepaTypHe 1oJie, TepMidHa abepartis, TeMIIepaTypOoIpOBiIHICTS.

Abstract. The heat exchange processes during the formation of foam glass
are investigated. Temperature profiles in the sample during foaming were
experimentally obtained. Temperature data obtained by spot measurements
with bare thermocouple junctions. Based on the evolution of the temperature
field, the effective coefficients of thermal diffusivity are calculated.
The calculation was carried out by solving the inverse problem of thermal
conductivity using finite difference methods. Anomalies of the temperature
field were found, which are explained by the complex mechanism of heat
transfer and exothermic processes.

Key words: foam glass, foaming, thermocouple, heat transfer, temperature
field, thermal aberration, thermal diffusivity.

[liHocknO — 1e KOMIIO3WI[IHHWI MaTepiaj, B SKOMY MaTpH-
IIEI0 € CKJO, a BKJIIOYEHHSIM € Ta3 y BUIIAAI 3aMKHEHUX KOMIpOK.
[linockio — wymoBui TerutoizonsTop. Lled marepiam Heroprouwmid,
OpH TOXEXI 1 HarpiBaHHI HE BHUAUISE TOKCMYHUX pPEUYOBHH. BiH
IHepPTHH, JOBrOBIYHMI, HE MiJAA€ThCs OIOKOPO3ii, HE MOUIKOIKY-
€Tbcs rpusyHamMu. CHPOBHHOIO JJISi HOrO BUPOOHHWITBA CIYKHUTh
0iii ckiyia pizHOro MoxoKeHHs. [le — OCHOBHMIT KOMITOHEHT IIMXTH,
0 Y CHIIY CBO€1 He3aTpeOyBaHOCTI 1HOMI IMOTpAIuIse y HaBKOJHIITHE

181



KOMMO3ULINHI MATEPIANN
(36ipka maTepianis XIl MixHapoAHOi HayKoBO-NpakTM4yHOi WEB-KoHdepeHLii)

CepeIOBHIIE, MOTIPIIYE EKOJIOTIYHY OOCTaHOBKY. TakuM YMHOM, NPHU
BUPOOHHMITBI MiHOCKIA BHUPIMIYIOTHCS TAaKOX 1 MUTAHHS OXOPOHHU
HaBKOJIUIIHBOTO cepenoBuia [1].

[Tpu BUTOTOBIEHHI BHPOOIB 3 MIHOCKIIA BiIOYBA€THCS MEpedir Beix
MOKJTUBAX MEXaHI3MIB TEIJI0OOOMiHYy (KOHIYKITii, KOHBEKIIl 1 pamia-
1ii) [2]. Lle#t mporec yCKITagHIOETHCS OTHOYACHUMH TETIO-MaCOOOMiH-
HUMH [POLIECaMH, TETNIOBUMH e(peKTaMH, IPOCTOPOBUM PYXOM CaMOT0
Marepiajiy B IPOLEC] CITyYEeHHSI.

3HaHHs TeO(I3UYHUX XapaKTEPUCTHK PEUOBHUHH B JIAHIIIOTY BCIiX
MepeTBOPEHb (BiA MOYATKOBOI CHPOBHHHOI CyMmimli 0 KiHIIEBOTO IPO-
IYKTY) 3aiMa€e qy’Ke BaXKJIMBE MicIle Ha CTalii po3poO0KH ONTUMaTHEHUX
peXKHUMIB OTpUMaHHS MmiHOCKNA [3].

B po0oti 3anponioHoBaHMi HOBHI METOI BU3HAYEHHS TEMIIEpaTypo-
MPOBIIHOCTI CKJIa, SIKUH MOke OyTH Ha3BaHWUH METOJOM «IOBLIBHOTO
TEMIIEPaTypHOTO PEKUMY B HeOOMexeHid miacTuHi» [4]. B ocHoBy
IOTO METOAY TOKJIAJCHO Ty BaXJINBY OOCTaBWHY, IO ITiJl Yac Harpi-
BaHHS IUIACTHHM EBOJIOLiA TEMIIEPATypHUX KPHUBHX Y 4aci Uil TPbOX
JIOBUTPHUX TOYOK Hece B coOi iH(pOpMAIl0 Mpo IF0Yy TeMIlepaTrypo-
MPOBIJHICTh B JTAHOMY CEpEelOBHINI. TemrieparyponpoBiiHiCTh BU3HA-
YaeTbesi 3 AUPEPeHLiabHOTO PIBHAHHI TeruonpoBingHocTi Dyp’e.
Junst Ti BUpINIEHHST BUKOPHCTOBYEThCS YMCIOBUI METOJ| KiHIIEBUX Pi3-
HULb. B manoMy Bumaznky nefl METOZA 3aCTOCOBYETBHCS AJIsl BUPILLICHHS
3BOPOTHOI 3a/1a4i TeTUIOTPOBITHOCTI, KOJIH 32 BiJIOMUMH YMOBaMH OJTHO-
3HAYHOCTI: TEOMETpii, BUMIPHOCTI, PO3MIpiB, a TAKOX 32 BiJJOMOIO €BO-
JIOLIIEI0 TEMIEPATYPHOI'O IOJIs, BU3HAYAETHCS OHA 3 YMOB OHO3HAY-
HOCTI, — TEMIIEPaTypOIPOBIHICTh CKJIA.

Po3poOka HOBOTO «THYYKOT0» METOJY E€KCIePHUMEHTAIBHHUX JIOCITi-
IDKEHb JIO3BOJISIE pEai3oByBaTW caM EKCHepUMEHT. JlocmimKyBaHa
IIMXTAa Ha TIOYaTKOBIM CTamil EKCHEpUMEHTY 3allOBHIOE KIOBETY,
0 peaizye TeoMeTpilo «HeoOMexeHoI» miacTuHu. Lle o3Hadvae,
o ii Bucora (rmOrHa MiHOCKIA) TOBUHHA OyTH MEHILOO 32 il ropu-
30HTaJIbHY MPOTSDKHICTH MpUHAHMHI Y 5 pa3iB. Lle Moxke OyTu cranesa
kroBera. Cxema MpoBe/ICHHS eKCIIEPUMEHTY TT0Ka3aHa Ha puc. 1.

KroBera mnomnepeanbo 3amoBHIOETHCS 1uxroro. [lluxra mpen-
CTaBisUla COOOI0 BHMCOKOOHMCIIEPCHUM MOPOIIOK 13 JIMCTOBOTO CKJla
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i 1,8 % mopowmky anTpamury. Yepe3 4OTHpH OTBOPHM B 11 KpHIILi
B IIMXTYy BBOJAUTHCS YOTUPH TEPMOIMAPH 3 OrOJICHUMHU CIIasiMU.
TepMmomnapu 3akpilUTIOIOTBCS TaK, [0 TOYHO BIJIOMiI KOOPJMHATH
crnaiB. TepMOMETpUYHI JPOTH MPOTATHYTI B JBOKAHANBHI MOPIIEIs-
HOBI TpyOku. Ha mowaTky eKCreprMEeHTY IIMXTa 3allOBHIOE KIOBETY
nuiie B ii cepenHiit yactudi. Lle HeoOXiTHO A7 TOTO, MO0 3aTUIIaBCcs
mpocTip Juis 30iUblIeHHsT 00’ eMy Macu, Mo crhiHreTbes. [ 30epe-
JKCHHSI T€OMETPIii M0YaTKOBA 3aCHUIIKa IIUXTH 3 OOKIB OOMEKeHa IIaH-
KaMH 3 IIamoTy-JerkoBary. [Ipu cmiHiOBaHHI MacH I TUIAaHKH Iepe-
MIIAIOTBECS 0 KpaiB KIOBETH, THM CaMHM 30€pirarodu TeoMeTpito
mracTuHU. PyX Macu BiOyBaeTbcs y TOPH3OHTAIBHOMY HANpsMKy —
B3JIOBXK i30TepMivyHUX TUTomuH. Lle mo3Bomnsie BBaXaru, mo Take mnepe-
MiIIEHHs He BHOCUTD NepTypOalilo y TeMrepaTypHe moje 3paska.

Pucynok 1 — CxeMa ekcriepuMeHTy

VY momnepeaHbo po3irpity mid jgo temmeparyp noHaa 900 °C Oyno
BBeJICHO GopMy 3 muxrToro. [licis 3aKkpuTTs medi npubIn3HO Yepe3
3 XB moyasiacsl peecTpauis TeMIepaTyp 110 YOTHPbOX KOOpAHMHATax
yepes KOoXKHI 5 XB. 3a MMUMHU JaHUMH OYIyIOTbCS KPHBI 3MiHH TeM-
neparyp y 4aci, siki OyayTh BHKOPUCTaHI NMPU MOJaNbIIid 00pooIi
pe3yabTaris.

BukopucTaHHS YOTHPHOX TEpMOINap JO3BOJIHWTH PO3PAXOBYBAaTH
TeMITepaTypPOIPOBIAHICTS JII YOTHPHOX MOXKIWBHX KOMOIHAIIIHA
3 TphoMa Tepmorapamu: (1-2-3), (1-2-4), (1-3-4), (2-3-4).
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[Ticast mporo Ha MiACYMKOBUX KpUBUX (pHUC. 2), SIKI MOXYTh OyTH
Ha3BaHI «XpOHOTEPMOTpaMm», Oyno 3adiKCOBaHO perepHi TemIepa-
TYpH, TIOKJIaJIeH1 B OCHOBY MOJAJIBIINX PO3PAXyHKIB.

MaremariuHa 00poOKka pe3yJbTaTiB MPOBOJMIACS 32 JIOTOMOTOO
crieniagpHo po3pobieHoi mporpamu. llporpama BimTBOpIOE iTeparriii-
HUM METOAOM MpOQiidh TeMIepaTypHOro IoNi (TOIMOTepMOrpamy),
SAKUW 1oBHHEH OyB OM MaTH MiclLie IpU AaHid eBOMOLii Temmeparyp-
HOTO TOJsl, 3a(iKCOBAHOMY 3a TPbOMa JOBUIBHHMH KOOPAMHATAMHU
Mo Tepepizy miacTuHU. TaKuM YMHOM, IPOPaXOBYBAIHCS YOTHPHU BKa-
3aHi BapiaHTH.
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Pucynok 2 — XpoHorepmorpamu
JUISL YOTUPHOX (PIKCOBAHMX KOOPAWHAT

Komm’torepHa iporpaMa KpiM BiATBOPEHHS TEMIEPAaTypHUX TPO-
¢bniB 3milicHIOE pO3paxyHOK e()EeKTHUBHOI TeMIIEPaTypOIPOBITHOCTI,
o Jie, Mpu AKiA MOXKe MaTdh Micle AaHud npodins Temmeparyp.
PesynbraTi KOMIT IOTEpHUX PO3PAXYHKIB [UIsl ycix koMOiHauiili HaBe-
JIEHO Ha puc. 3.

ITo oci abcuuc HaBejneHa Temreparypa. [1o oci opiuHAT HaBEICHO
MPOCTOPOBY KOOpJAWHATY (3a rmepepizoM) Ta KoedilieHT ePeKTHBHOI
TeMITepaTypoIpoBigHOCTI. B ekcmepuMeHTI TemmeparypHi mpodimi

184



KOMMO3ULINHI MATEPIANN
(36ipka maTepianis XIl MixHapoAHOi HayKkoBO-NpakTM4yHOi WEB-KoHdepeHLii)

MOKa3aHi y BUIVISIMI CiIMEWCTBA KPUBHUX, IO (DIKCYOTBCSA Yepe3 KOXKHi
5 xB. BoHu BHIiNEH] YepPBOHUM KOJIBOPOM. 3aJEkKHICTh KoedilieHTa
e(eKTHBHOI TEeMIepaTypoONpOBIAHOCTI BiJ TeMIeparypu IOKazaHa
KPHBOIO 3€JICHOTO KOJIbODY.
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Pucynok 3 — EBororiist TeMmepaTypHOTO TTOJISI Y 9aci 1 TeMIieparypHa
3aIeXKHICTh €()eKTUBHOI TeMIepaTypOIpOBiAHOCTI

Ha cxemi (1-2-3) temneparypHi npodini 3MiHIOIOTHCSI MOHOTOHHO
no temneparyp 600...700 °C. Ilicnst 1bOro BUHUKAIOTH NEBHI NEPTYp-
Oarii, siki MOXKyTh OyTH Ha3zBaHi Tepmoabepariicto. CTabiIbHICTh PO3-
pPaxyHKOBOi CXEMH JEIIO MOPYIIYEThCSA. AJie BOHA 3HOBY CTa€ CTiHd-
KOIO TICJsl TIPOXO/DKEHHS IOTO iHTepBany Temreparyp. HactymHi
TeMIiepaTypHi mpodisii 3HOBY HaOyBarOTh MOHOTOHHOCTI. Tpeba Bij-
3HAYHTH, IO MEPEe]] MOSBOK TepMoabepallii CroCTepiraeTbes CTPiMKe
3pocTaHHss e(eKTUBHOrO KoedilieHTa TeMIepaTyponpOBiIHOCTI.
HaBenennii mume ¢pparMeHT KpuBoi. @opMambHO HOTO 3HAYEHHS A0CA-
rae 350x 107 m?/c.
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Ha mouarkoBi#i crazii HarpiBy Ta micis 3a3HadeHoi aHOMauii 3Ha-
YeHHS! e(eKTUBHOIO KoedillieHTa TeMIepaTyponpoBiniHOCTI nepely-
Bae Ha piBHi 5x107 m*c. He3abapom, miciast JOCATHEHHs CEPEAHBOT
TeMIIepaTypu Tepepizy 3paska, mo Tpoxu mnepesuinye 800 °C, moun-
HA€THCS 3POCTaHHS e(PEKTUBHOTO KOE(iIli€HTa TEMIIEPaTyPOTIPOBITHO-
CTi 3 JIOCSTHEHHSIM 3Ha4deHb mopsaky 20x 1077 M*/c mpu Temmeparypax
nopsiaky 900 °C.

Ha cxemax (1-2-4), (1-3-4), (2—3—4), temneparypsi npodiui
3MIHIOIOTBCSI MOHOTOHHO Ha BCHbOMY TEMIIEpaTypHOMY IHTEpBaly.
3rajanuii Buiie eekt mpakTuuHo He Mae Micist. CTIHKICTh po3paxyH-
KOBOi CXEMH HE MOPYIIYETHCS.

Ha modatkoBoMy erami Koe(illieHT —TeMIepaTyponpoBiIHO-
cri nepebyBae npuOau3HO Ha piBHI 5% 107 m*/c. Ilpu momanbiomy
HarpiBaHHi CIIOCTEPIraeThCsi HOro 3pOCTaHHS 3 JOCATHEHHSIM MakcH-
Mymy 10 10x107 m?/c. mpu temmeparypax 600...700 °C. Exctpemym
Ha KPUBHUX MOXKE BUHMKATH BHACIIJIOK €K30TEPMIYHOIO MPOIIECy BHUIO-
pauHs anTpanuty. Ilicimsa #ioro 3akiHdeHHS KOe(DIIEHT TeMIIeparypo-
MIPOBITHOCTI 3MEHIIYETHCSA A0 Monepeanporo piBHs. [lomanpmie Harpi-
BaHHS MPHU3BOAUTH 10 3poctanus a0 (2+30)x107 m%/c. Ile moxHa
MOSICHUTH  pajialiiiHUM TEIJIOOOMIHOM B HACHIJIKy JOCSTHEHHS
JOCTaTHBO BUCOKUX TEMIIEPATYP.

Jnist OPIBHSAJIBHOTO aHalli3y €BOIIOIIT TeMIlepaTypHUX NpodiiB,
OJIEP’KYBaHUX Y YOTHPHOX BHITANIKAX, 1X Oa)KaHO TIOPIBHIOBATH CITUTHEHO
Ha ofHil miarpami. Take y3arambHEHHS pe3yJbTaTiB KOMI FOTEPHOTO
MozetoBaHHs HaBeneHo Ha puc. 4. Ilpodimi mosnadeni NeNe 1-9.
Bonu BiamosinatoTb MoMeHTaM dacy: 5, 10, ..., 45 XB BiI yMOBHOIO
MOMEHTY MTOYaTKy €KCTIEPUMEHTY.

Crix 3a3HauuTH, 10 BCl MPOQLIl MPAKTUYHO 1I€HTHYHI BCIM Bapi-
aHTIB TIpOpaxyHKiB okpim cxemu (1-2-3). [Ipodim 2, 3, 4, 5 mokazy-
I0Th TICBHY aHOMAJIIIO.

Bce ne moxe OyTH MOSCHEHO TiNBKM THM, L0 B IOBEPXHEBHX,
OLIBII TapsiuuX, Mapax 3pa3ka AifOTh e SKICh 1HII MEXaHi3MH TeIuIo-
nepenadi. Lle Moxxe OyTu mosiBa 00’€éMHUX JDKEpesd Teluia, IMoB’si3a-
HUX 3 €K30TepMi€l0 (hi3MKO-XIMIYHHUX MEPETBOPEHBb BIPOJOBK AKTHB-
HOTO cITiHFOBaHHS. JIoKkanbHe MiABUIICHHS ¢(PEeKTUBHOTO KoedilieHTa
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TEMIIEPaTYPOIPOBITHOCTI MOXe OyTH HACIIKOM aKTHBHHUX MAaco00-
MiHHHX (ra3000MiHHHUX) IPOLECIB MIPH CIIHIOBAHH.
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PucyHnok 4 — Y3araapHEHHS pe3yibTaTiB
KOMIT FOTEPHOTO MOJICITIOBAHHS
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PucyHnok 5 — AHomautii TeMIiepaTypHOTO OIS
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Ha wpoMy mpencraBieHi Bci JeB’sTh mpodiniB, MOOyIOBaHUX
3a eKCIICPUMEHTAIBHUMH TOYKaMHU Y BCiX 4-X KOOpAMHATAX 1 3Iy1aJiKe-
HUX 3a METOJIOM HaWMeHIIMX KBajapariB. KpiM 1boro 3pobieHo
BUOIPKY TpboX TpodiniB, po3paxoBaHux 3a cxemoro 1-3—4. Y pos-
paxyHKy IuX HOpoQiliB «HE Oepe ydacTi» Temrmeparypa «aHOMajlb-
HOTOY» Jpyroro mapy. Lli mpodini moka3aHo JiHI€I0O CHHBOTO KOIHOPY.
Ob6nactb po30ixHOCTI KX aHoManbHUX (NeNe 2, 3, 4) mpodiniB noka-
3aHa 3aJIMBKOIO YEPBOHOTO KOJBHOPY. 3 PUCYHKA BHIHO, IO (PPOHT Tep-
Moalepallii mepeMilaeThcs 3BepXy JOHU3Y (Bif 00macTi 3 BUIUMHU
TeMIeparypaMu y OUIbII XOJIOAHY 00JacTh). BigxuieHHs MK peaib-
HOIO Ta EKCIIEPHMMEHTAJIbHOIO TeMIlepaTypaMu B KOOPAMHATI APYroi
TepMonapu 3MiHIEeThCs: 23, 65, 75 °C.

BUCHOBKHA

[Ipu BUTOTOBIJICHHI MIHOCKIIA MalOTh Miclie CKJIaHI (Pi3uKO-XiMiuHi
Ta TeII0-MacoOMiHHI mporiecu. Jlias omTumizamii TEIUIOBUX PEXKH-
MiB HeoOXigHa iH(popMallisi PO MEXaHi3MU TeIuIoNepenadl B CKIaj-
HIl CHCTEMI, SIKOIO0 € TIHOCKJIO Ha BCiX eTamax HWoro orpuMmaHHs. Taka
iH(hopMaIris Moke OyTH OTpPUMaHa TUTBKH eMITIpHYHUM IIIISIXOM TeTII0-
(Gi3UYHOrO eKcrnepuMeHTy. 3 OTPUMaHOi 3 EKCHEPUMEHTY iH(opMma-
Uil Ipo €BOJIIOLII0 TeMIIEpaTypHOTO Mo 1 Aitodi koediuieHTn edex-
TUBHOI TEMIIEPaTypPONPOBIIHOCTI 13 3alydyeHHSIM Teopil MomiOHOCTI
3’SIBUTHCSI MOYKJIMBICTh ONTHUMI3AIT ITPOIIECIB TEPMOOOPOOKH MHOCKIIA
B peaJbHUX BUPOOHUYUX YMOBAX.
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MIIBUIIEHHA TEPMIYHOI CTABLJIBHOCTI ITO IJIIBOK

Amnacracis Ilosom,
Aptem SueHko, K. T. H., JIOII.
KIII im. Iropst Cikopcbkoro

AnoTtamnisg. O0’eKTOM JOCIIDKEHHs € eekTpornpoBiaHi mpo3opi ITO (Indium
Tin Oxide) MOKpUTTS, OTpUMaHi MIPOJITHYHUM METOJOM Ha CHJIIKATHOMY
CKJIi, AIKi 3HAUIIIN IIMPOKE 3aCTOCYBAaHHS Yy (POTOBOIBTAIlll, MIKPOEIEKTPO-
Hilll, ONTHYHOMY NpHJIaf00ynyBaHHI Ta iH. [Ipenmerom mocikeHHS € Tep-
MiYHa CTAOUTBHICTh TAaKUX MOKPHUTTIB T4 MOKIIUBUX BapiaHTIB ii i BUIICHHS.
Po3misiHyTe B MOCHIIKEHHI PIMICHHS CTOCYETHCS BUKOPHCTAHHS KOMITO3UT-
Hoi (GararomapoBoi) ctpykrypu ITO MOKpUTTS 3 Pi3HUM XIMIYHHM CKJIAJIOM
3aMiCTh OJHOMIAPOBOTO. JIJI1 YHUKHEHHS BIUIMBY IHIMNX (DAKTOPIB XiMidHUMA
ckjan mapiB obpaHo B omHii cuctemi In,0,—SnO,, mpoTe 3 pi3HUM CHiB-
BIJJHOILICHHSIM KOMITOHEHTiB. [loka3zaHo, 1[0 CIIOCTEpIraeThesl MiJBUILEHHS
TEPMi4HOI CTIMKOCTI OTPUMAHHMX IIPONITHYHUM METOLOM HA CHILKATHOMY
Kyt mpo3opux  enekTponpoBiauux ITO mmiBOK HUTSIXOM CTBOpEHHs Oara-
TOWIAPOBOI CTPYKTYpH B siKiii 30BHINIHII 10 BIIHOLICHHIO 0 CKIIA IIAp Mae
ximiganit ckaan 10 ar. % In,0,+90 ar. % SnO,, a BHyTpimHIl cKIagaeThes
3 90 ar. % In,0,+10 ar. % SnO,, BigmosinHO. Takuii BapiaHT po3TanIyBaHHS
mapiB MoKa3aB 30UIBIICHHS JOCIIKYBaHOI TEPMIYHOI CTIMKOCTI y MOpiB-
HSHHI 31 3pa3kaMu 3 OOCPHEHUM BapiaHTOM PO3TAIIyBaHHS IIAPiB Ta BUXIJ-
HUM 3BUYAIIHUM OJHOIIAPOBUM MOKPHUTTSM ckiaaxy 90 ar. % In,0;+10 ar. %
SnO,. Briue kinbkocTi mapiB y JaHiil poOoTi He J0CiKyBaBcs. TepMiuny
CTIHKICTB OLIHIOBAJIM METOJOM MOPIBHSHHS 32 BEJTHIUHOKO INTOMOIO I10BEPX-
HEBOIO OINOPY B 3aICXKHOCTI BiJl TEMIEPATypH Ta TPUBAIOCTI BUTPHMKH.
E¢exriBHicTh 3anpONOHOBAHOTO PILICHHS MiATBEPIKYETHCS OLIBIIOI Tep-
MIYHOIO CTabUIBHICTIO KOMIIO3UTHOI IUIIBKA 3a APYIMM BapiaHTOM y IOpiB-
HSTHHI 3 TIEPIINM Ta TPETIM B JOCHTIHKyBaHOMY Jliala30Hi TEMIEPaTyp.

Kuaio4oBi cioBa: mpo30pi eJIEKTPOITPOBIIHI MOKPUTTS, CHITIKATHE CKJIO, OKCH]T
1H/1if0-0JI0Ba, TepMidHA CTaOIIbHICTh, KOMITO3UTHI TUTIBKOBI TOKPUTTS.

Abstract. The object of research is electrically conductive transparent
ITO (Indium Tin Oxide) coatings obtained by the pyrolytic method on silicate
glass. They have found wide application in photovoltaics, microelectronics,
optical instrumentation, etc. The subject of research is the thermal stability
of such coatings and possible options for its improvement. The solution
considered in the study concerns the use of a composite (multi-layer)
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structure of ITO coating with a different chemical composition instead of
a single-layer one. The chemical composition of the layers is chosen in
the same In,0,—SnO, system, but with different ratios of components to
avoid the influence of other factors. Transparent conductive ITO films were
obtained by the pyrolytic method on silicate glass by creating a multilayer
structure in which the outer layer relative to the glass has a chemical
composition of 10 at. % In,0,+90 at. % SnO,, and the inner layer consists of
90 at. % In,0;+10 at. % SnO,, respectively. This version of the arrangement
of the layers showed an increase in the investigated thermal stability in
comparison with the samples with the inverted version of the arrangement of
the layers and the initial ordinary single-layer coating of the composition of
90 at. % In,0;+10 at. % SnO,. The influence of the number of layers was
not investigated in this work. Thermal stability was evaluated by comparing
the value of the specific surface resistance depending on the temperature and
duration of exposure. The effectiveness of the proposed solution is confirmed
by the greater thermal stability of the composite film according to the second
option compared to the first and third in the studied temperature range.

Key words: transparent conductive coatings, silicate glass, indium-tin oxide,
thermal stability, composite film coatings.

e 50 pokiB TOMy BuU€HI Ha MPUKIJIAJ MMPO30PHX MPOBITHUX OKCH-
niB TCO (Transparent Conductive Oxides) BHUSBHJIM, IO TPOBIJIHICTH
1 ONTHUYHA TIPO30PICTh MOXKYTH CIIBICHYBaTH [ 1; 2], a 3acTOCyBaHHS TaKUM
MarepiagaM 3HaUAeThCs Maibke y Oymb sKif cdepi HayKd Ta TEXHIKH.
KomOiHartisi eneKTporpoBiTHOCTI Ta TIPO30OPOCTi, SKa, 3a3BUYAi, HEMOXK-
JMBa y CTEXIOMETPUYHHX OKCHIAX JOCSATAETHCS LIISIXOM BUTOTOBJICHHS
MarepiajiB 13 HeCTEeXiIOMETPHYHUM CKJIAJIOM a00 IUISIXOM BBEICHHS Bifl-
MOBIHUX JIeryrounx J100aBOK [3]. TOHKI €NeKTPOIPOBI/IHI TLUTIBKA BHKO-
PHCTOBYIOTH y CKJIafl €IEKTPOONTHYHUX ITPUCTPOIB, PiIKOKPHUCTATIYHUX
eKpaHiB Ta JWCIUIEiB, OioceHcopax [4], (OTOCIEKTPUIHUX EIIEMEHTaX,
paioeneKTpoHili (pe3nucTopax, TpaH3UCTOpax, (HOTO- Ta CBITIIOBHIIPO-
MIHIOBaJIbHUX Jiofax Ta iH.), HAIiBIPOBIIHMKOBHX Jia3epax, MPO30PHX
TETUIOBUIUISFOUMX MTOKPUTTAX HA ONTUYHUX €JIEMEHTaxX Toulo [5, 3].

Haii6inpm mmpokoro BukopucTaHHs B sikocti TCO HaOynmu TOHKI
HaIBIPOBIAHUKOBI TUTBKK In,O,, meropanoro 3a momomMoror SnO,,
mupoko BimoMi sk ITO (Indium Tin Oxide). Born MaroTh yHiKaJNbHI
BJIACTHBOCTI: BUCOKHU KOEQIIIEHT MPOMYCKaHHS Yy BHIMMOMY Jiara-
30HI CIEKTpa, IO OOYMOBIIOE IX ONTHYHY MPO30PICTh, Ta HHU3bKUH
MUTOMHI MMOBEPXHEBUH €JIEKTPUYHHUN OMip, IO 3a0e3neyye iM BHCOKY
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€IIEKTPOTIPOBITHICTD, SIKa HAOIMKAETHCS JI0 EIEKTPONPOBITHOCTI MeTa-
niB. [Ipu umpomy, ITO muiiBKM MaiOTh BHCOKY aires3iro J0 HEOpraHid-
HUX MarepiaiiB, TaKHX SIK Kepamika Ta CKJIO, XapaKTepH3YIOThCs CTa-
OUTbHUMHU (DI3MYHUMHU Ta XIMIYHAMH BJIACTHBOCTSIMH, XO4Ya 1 BIJIHOCHO
HU3BKY TEPMIUHY CTIHKICTB, sIKa CTa€ HECTAOUTLHOIO BXKE 32 TEMIIEpaTyp
Butmie 120 °C [2—7]. Haii0inbIn iMOBIpHOIO PUYWHOIO HU3BKOT TEpMid-
Hoi crilikocti ITO miBok € 3MiHa 1X (a30Boi CTPYKTYpH 3 ITiABUILICHHSIM
SNIEKTPUYHOTO OMOPY Ha TpaHMLi po3ainy ¢as, i, 1K HACHiIOK, Jerpaaa-
151 €IEKTPONPOBITHAX BIACTHBOCTEH TaKHX TUTIBOK.

CporomHi HAyKOBI JOCHIDKCHHS CHPSIMOBaHI Ha TIONMIyK CHC-
TeM 3 OUTBINIOI0 TEPMIYHOIO CTIMKICTIO, SIK MOXJIMBOI QJIBTEPHATHBH
ITO nokpurram. Tak, Bxe AocTtaTHbO BHBYeHI cuctemu ZnO Jero-
BaHOTO 32 jonomorow Al,O; (AZO), ZnO neroBanoro Ga,0, (GZO),
SnO, neroBanoro ¢ropom (FTO) Tta oxcugy onoBa JErOBaHOTO
Sb,0, (ATO). IIpore, HamiBnpoBigHUKOBI TwiiBKH [TO MaioTh BHILY
MPOBIHICTH 1 BUIIUN KOC(IIIEHT CBITIONPOIYCKAHHS, 1110 00YMOBITIOE
iX TIomasbIe PO3MOBCIOMKEHHS Ta 3acTocyBaHHA [8]. Takum dmHOM,
JOCIIPKEHHS Y HaMpsIMKY TiABHINEHHS TepMiuHOi ctabimpHOCcTi [TO
MOKPUTTIB € aKTyaJbHOIO 3a/1a4eio JIIsl PO3IIUPEHHS Ceph 3acTOCy-
BanHs Takoro tumy TCO.

IcHye nekinbka ocCHOBHHUX MeTofiB orpuMmanHs TCO Bin sSKHUX
3anekarb  (I3UKO-XIMIUHI  XapaKTepUCTUKU OTPUMAaHUX Marepi-
ajiB, SKi HEOOXiMHI I KOHKPETHUX TMPAKTHYHUX 3aCTOCYBaHb.
e PVD (Physical Vapour Deposition), CVD (Chemical Vapour
Deposition), CSD (Chemical Solution Deposition) [9].

OcHoBHEM MeTozmoM oTpuMaHHs [TO mIiBOK I MiKpOEJIEKTPO-
HIKM € BaKyyMHe MarHeTpoHHe HaHeceHHs (PVD-meron). IIpu otpu-
MaHHI METOJIOM PEaKTUBHOI'O MAarHETPOHHOTO PO3MWICHHS Y TuIa3mi
aprony Ta kucHio (50 % Ar+50 % O,), cTpyKTypHi Ta ONTHYHI Tapa-
METpPH MOKPHUTTIB, HaBiTh 0€3 HACTYMHOI TepPMOOOPOOKH, HE TIOCTYTIa-
IOTHCSl TIapaMeTpaMHy TUTIBKaM, SIKi OTPUMYIOThCS 1HIIUMHU METOJIaMU
3a OB BHCOKUX TeMmeparyp [10-12].

Jlyist 37eNIeBlICHHST MacOBOTO BHPOOHMIITBA 1 B 00JacTi 3acTo-
cyBanHsi [TO B sKOCTI TUTIBOK, IO HArpiBalOThCs, BUKOPHCTOBY-
0Th TiponiTnuHe ocamkeHHs (CVD-meton) 3 BUKOPHCTaHHSIM
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SIK TIPEKYPCOpPIB PO3UMHUX CIIONYK iHJit0 Ta ojoBa [13], skuit i Oymo
o0OpaHoO B JlaHiii poOOTi.

Jnst 30inbiieHHst enekTpo-tepmiunoi cradinmpHOocTi ITO mutiBok
3alpOIIOHOBAHO PIMICHHS, SIKE TMOJSTa€ Y BUKOPUCTAHHI KOMITO3UTHOI
0araromapoBoi CTPYKTYpH IUTIBKH, SKa CKJIQJAETHCS 3 €IEKTPOIpPO-
BITHUX WIapiB 3 pi3HUM XiMiYHUM cKiaaoM. JlociimKyBaHi BapiaHTH
CXEMH PO3TalllyBaHHS TAaKUX IIapiB HaBEACHO Ha puc. 1.

o 90/10 iToo0/10 o 2o
v ) v v O A
Cornlll et S
BapianT 1 BapiaHT 2 BapiaHT 3

Pucynok. 1 — [locnipkyBaHi BapiaHTH pO3TallyBaHHS
mapiB [TO-nokpurts Ha ckii, ne 1 — monomap ITO cknamy
90 ar. % In,0,+10 ar. % SnO,; 2 — noagiiHK# map ITO
B sikOMY 30aradeHa SnO, TuTiBKa 3HaXOAUTHCS HA 30BHIIMIHINA TOBEPXHI;
3 — nongiitani#t map ITO B sxomy 36arauena In,O; miiBka
3HAXO/NUTHCS Ha 30BHIITHIA TOBEPXHI

JUis yHUKHEHHS BILUIMBY 1HITMX (AaKTOPiB XIMIYHHUI CKIa] mapis
obOpano B oxHi#t cucremi In,0;—SnO,, mpoTe 3 pi3HUM CIHiBBiIHO-
IIEHHSIM KOMITOHCHTIB. BIUIMB KigbKOCTI ImapiB y JaHiii poOoTi
HE JTOCIiKyBaBCs.

[IniBku wHanocwim CVD-meronoMm, HIISIXOM IMipoJi3y TOHKOPO3-
MUJIEHOTO BoAHOcTHpTOoBOro 1M po3umny cnomyk In ta Sn 3 cmis-
BIJIHOIIICHHSIM KOMIIOHEHTIB, SIKE€ MPHU3BOJUTH JIO OTPUMAHHS ILTIBOK
3 ximigawui ckimagom 90 at. % In,0;+10 at. % SnO, (tumy ITO 90/10)
ta 10 ar. % In,0;+90 ar. % SnO, (tumy ITO 10/90). Ilipoxi3 mpoBo-
IWIA Ha TIOMEepemaHbo po3irpitnx a0 7=500 °C craHmapTHHX 3pas-
Kax MOKPUBHOTO CHJIIKATHOTO CKjia 3aBToBIIKK 0,15 MM 3 po3mipamu
B IUIOIIMHI 24 X 24 MM.

TpuBamicTIO HaHECEHHSI aepo30JI0 PO3UUHY 3 TEPIOAWYHUAM TIiJi-
IPIBOM 3pa3KiB CKISHUX IMIJKIaJ0K J0CSTaid HeOOXiJHOrO MUTOMOIO
MTOBEPXHEBOTO EIIEKTPUYHOTO Omopy IumiBok p=8,0 Om/M2, TouHa
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BiJIMOBI/THICTh SIKOMY 3a0e31edyBajach CENEKIi€l0 OTPUMaHUX 3pa3KiB
CKJIa 3 HAHECEHUM HPO30PHUM EJICKTPOIIPOBIAHUM ITOKPUTTSM.

Peanizarisi 3anponoHoBaHoOl i€l MiJIBUIIICHHS TEPMIYHOI CTaOuUIb-
HOCTI IUISIXOM CTBOPEHHSI KOMITO3UTHOI 0araromapoBoi CTPYKTypH
IUTIBKH JTOCSATANACh MUISIXOM ITOYEPTOBOTO IIPOII3y TBOX aepo30JIeH
PO3UMHIB 3 PI3HUM CITiBBiTHOIIEHHIM cIToNyK In Ta Sn.

TepmiuHy CTaOUIBHICTD OTPUMAHUX 3pa3KiB OLIHIOBAIM MICIS Pi3-
Hux excnosumii npu 100, 200, 300, 400 ta 500 °C mMeTomoM MOpiB-
HSHHSI 32 3MIHOIO BEJIMUYMHH THTOMOTO ITOBEPXHEBOTO OIOPY, SKUH
30i7pIIyBaBCSl Yy TMOPIBHAHHI 3 BHXIAHUM TICIS TEPMOOOPOOKH.
PesynbraTti 10CTIHKEHHS 3a1€KHOCTI TUTOMOTO IIOBEPXHEBOIO OIOPY
BiJl XiMIYHOTO TEMIIEpaTypH Ta 4acy eKCIIO3MIlii HaBe/leHi Ha puc. 2.

0]
500 °C
60 -
—_—
—2
—3
-:. 400 °C
Q401
a
300 °C
10 .
200 °C
100°C
0

o 2 4 6 3 10

Tpusanicte ekcnoswuuii, ke

PucyHnok 2 — 3anexHicTh MUTOMOTO TOBEPXHEBOTO ONOPY
BiJ TEMIIEpaTypH, TPUBAJIOCTI €KCIIO3HLIT Ta CXEMH PO3TaIlyBaHHS
nrapiB ITO miBok, e 1 — oqHOIIApOBE MOKPUTTS 32 BaAPiaHTOM
Ne 1, 2 — nBomrapose ITO-nokpHTTS 3a BapiaHTOM
Ne 2, 3 — geomapose ITO-iokputTs 3a BapianTom Ne 3
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3 HaBeICHMX JaHWX BHUIHO, IO MUTOMHN NMOBEPXHEBUH Omip 3ae-
KHUTh Bil OOpaHUX 3MIHHUX MapaMeTpiB. 3ajeXHICTh HOCHUTH BUpa-
KEHUH XapakTep, SKAH CBIAYUTH MPO PICT IIBUAKOCTI MPOLECIB Tep-
MIYHOI Jierpajaiii mpy Majux €KCIO3HI[SX Ta CIOBUIBHEHHS IMPH iX
36umpmenHi. OTpUMaHi MaHHI TTOKa3alu €()EeKTHBHICTH 3aIlpOIIOHOBA-
HOTO DillIeHHSs, 0 MiATBEPKYETHCS OITBIIOI TEPMIYHOIO CTAa01IbHI-
CTIO KOMITO3UTHOI IDTIBKM 32 JIPYTUM BapiaHTOM y TOPIBHSHHI 3 Tep-
OIMM Ta TPETIM B JOCIHIIKyBaHOMY Jliarma3oHi Temneparyp. TepmiuHa
CTaOUIBHICTD BUSBISIETHCS OUTBIIONO 32 KIIACUYHUI BapiaHT HAHECEHHS
OJIHOIIAPOBOT TUTIBKM JIMIIE TMPH 3a3HAYEHOMY MOPSJIKY HaHECEHHS
mapiB y BIAMOBIMHOCTI 10O apyroro BapiaHTy. OOepHEHWH MOPSIOK,
B siKoMy IUTiBKa 30aradeHa ¢azoro In,O, (ITO 90/10) 3maxomuThes
Ha 30BHIIIHIN TOBEPXHI, 10 BiAMOBIa€ TPETHOMY BapiaHTy, HE BUSBUB
MO3UTUBHOTO BIUIMBY Ha 301IbIIEHHS TEPMIYHOT CTIHKOCTI.

[TosicHeHHs, IMOBIPHO, KPUETHCA B 3aXMCHOMY €(eKTi IIiBKU
ckiany ITO 10/90, sxuii TPUBOIUTH O CIOBUIBHEHHS, a00 MIPUTHI-
geHHs (a30BHX IMPOIECIB, TPUPOIY Ta CYTHICTh SKUX MAaIOTh IIiJ-
TBEPJIUTH HACTYITHI JOCII/PKEHHsSI 3MiH (a30BOT0 CKJIaAy OTpUMa-
HUX TTIBOK.

BUCHOBKHA

B pesynbrari npoBeAeHOro JOCTIKEHHsSI BCTaHOBJICHO, IO 3aCTO-
cyBaHHSI KOMITO3UTHOI cTpykTypu ITO mmiBok Mae niepeBary B TepMiu-
Hil CTIHKOCTI TIepe]T OHOMIAPOBHMH.

[linTBepmKeHO, IO TEPMOCTAOUTBHICTE, a TaKOXK ITHTOMHMM
MMOBEPXHEBHI OIip IUTIBOK ICTOTHO 3aJIeKUTh BiJI TeMIepaTypu
Ta TPUBAJIOCTI EKCIO3UIIII.

[Toka3zaHo, 1110, HAHKPAIIOK TEPMIYHOKO CTIMKICTIO 3 JTOCIIPKEHUN
XapaKTepU3y€eThCs caMe KOMIO3MIIHHA CTPYKTYpa ITiBKY 3 30BHILIHIM
mapom, sSkui Biamosinae ckmamy 10 at. % In,0,+90 ar. % SnO, .
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YIK 666.3.03:004

METO/IH 3D-IPYKY BUPOBIB TEXHIYHOI KEPAMIKH

Oabra ®omMeHkKO,
AnToHiHa Bonnapena,
Bikrtopis Tobinko, k. T. H., A0L.

KIII im. Irops Cikopcpkoro

Awnorauis. [Iposeneno mniteparypHuit orisn TexHonorid 3D-apyky st Buro-
TOBJICHHSI BUPOOIB TexHIYHOI Kepamiku. [IpencraBieHO KOPOTKHMI omuc pis-
HHX METOJIB, X mepeBard Ta Henomku. ITokasaHo, 1o 3a JOMOMOIOK HHX
MOXKHA OZIEPXKYBATH KepaMidHi BUPOOH CKJIaaHOi (bopMH SIKI BA)KKO BUTOTO-
BUTU TPaauUiHHUMU crocobamu (opMyBaHHs. BCTaHOBICHO MEpCHEKTHB-
HICTh BUKOpHCTaHHS 3D-IpyKy KepamMivHHX BHPOOIB JUII MIKpOEIEKTPOHIKH,
MEJUIMHH, CHEPreTHYHOT raiy3i TOIIO.

KurouoBi ciioBa: TexHiYHA KepaMika, TexHonorii 3D-apyky, HaHOMaTepiam,
6iokepamika, CKIaaHI CTPYKTYPH.

Abstract. The literature review of 3D-printing technologies for
the manufacture of technical ceramics products is carried out. A brief
description of various methods their advantages and disadvantages is
presented. It is shown that they can be used to produce ceramic products of
complex shapes that are difficult to produce by traditional molding methods.
The prospects of using 3D-printing of ceramic products for microelectronics,
medicine, energy industry, etc.

Key words: ceramic engineering, 3D-printing technology, nanomaterials,
bioceramic, complex structures.

BupoOu TexHIYHOT KepaMiky IIMPOKO 3aCTOCOBYIOTHCS B XIMIUHIH,
MAaIIMHOOY/MIBHIH, €JIeKTPOHHIH, aepOKOCMIYHIA, MEAMYHIA Ta 1HIIMX
rajry3sx MpoMHUCIoBOCTi. e 00yMOBIIEHO BHCOKOIH MEXaHIYHOK Mill-
HICTIO, TBEPIICTIO, TEPMIUYHOIO Ta XIMIYHOIO CTIMKICTIO, ONTHYHUMH,
SNCKTPUYHAMHA, MAarHITHUMH Ta 1HITAMH EKCIUTyaTaIlifHUMH XapaKTe-
pUCTHKaMH MarepialliB Ha OCHOBI TeXHIYHOi kepamiku. Hapasi cTBo-
PEHO BEJMKY KUIbKICTh HOBHX BHIIB KepaMiuHMX BHPOOIB, K1 Bigpi3-
HSIFOTHCS T1IBUIIICHOIO TBEPJIICTIO, XKapO- 1 3HOCOCTIUKICTIO.
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Ha cproronninniii 1eHb, B MEAULUHI IIUPOKO 3aCTOCOBYETHCS Kepa-
Mika B SKOCTI 3yOHMX 1 KICTKOBMX iMmIuIaHTaTiB. [0llOBHUMH mepe-
BaraMu € O10iHepTHICTh B OpraHi3Mi JIOAMHH, TBEPIICTh 1 CTIHKICTh
JI0 3HOIITYBaHHSI.

[TosBa TexHoMOTI# TpEBUMIpHOTO MpyKy (3D), sAKi Takox Ha3W-
BalOTh QJUTUBHUM BUPOOHHITBOM (AB), BBaKa€ThCsl PEBOIIOIIEID
y BUpOOHHMUTBI BUPOOiB TeXHIYHOI Kepamiku. 3D-ApyK 103BOIISIE€ BUTO-
TOBJISITU KepaMidHi BUpOOW pi3HOI GOpMHU Ta HaA3BHYAMHO CKIAJHOT
CTPYKTYpH, SIKi JyKE€ CKIQJHO OJep)KaTH, BUKOPUCTOBYIOUH TpaJu-
uiifHi Metonu ¢popmyBaHHs [1].

Bnposamkennass 3D-npyky y BHPOOHHIITBO KepaMiuHHUX BHPOOIB
BiJIKpHUBAa€ a0COJIFOTHO YHIKaJbHI MOMIIMBOCTI JIJIi CTBOPEHHS HOBHUX
MarepianiB. Ha cbOTOMHINIHINA J€Hb 3aBISIKU OCTAaHHIM JIOCSTHEHHSIM
y MaTepiasio3HaBCTBI Ta iH(OpMamiHHUX TEXHOJOTISX PO3POOICHO
BEJIMKY KIJbKICTh MeTofiB 3D-IpyKy cremiaqpHO Ui BHPOOHHIITBA
KepaMmiku. B 3anmeXHOCTI Bil CTaHy BHIXIJHOI CHPOBHHH (CyCTEH3is
YU MTOPOIIIOK) TIepe APYKOM IIi TEXHOJIOT1l PO3MITIAIOTE HAa METOIH, SKi
HaBegeHI B Ta0m. 1 [2].

Tadmuus 1 — Kepamiuni Texnosnorii 3D-npyky

®opma BUXITHOT KepamiuHuii THII TeXHOJIOTIiH AGpesiatypa
CHPOBUHH 3D-npyky

Crepeormitorpadis SL

Hudpora 0d6pobka cBiTia DLP

Ha ocHoBi cycriensii JIBooToHHA TOMIMEpH3aITis TPP
CrpymeHeBuUi Ipyk 1JP

[Ipsime HanMcaHHS YOPHUIIOM DIW

TpuBumipHHi 1pyK 3DP

Ha ocHoBi mopomiky CeneKTHBHE JIa3epHE CITIKaHHS SLS

CelleKTUBHE Ja3epHe TUIaBJICHHS SLM

Hacunni Ha TBepaiii BupoOHUIITBO TaMiHOBaHUX MTPEIMETIB LOM

OCHOB1 MopnenroBaHHS HaILJIaBJIEHHS FDM

Texnomnorist SL BBakaeTbCsi HAUMOIMYNISAPHILIO TEXHOJIOTIEIO
3D-mpyKy, sika IIMPOKO BUKOPHUCTOBYETHCS B ychoMmy CBiTi. SL —
1Ie TIPOIIEC, Y SIKOMY JKEPEJIO CBIT/Ia MIEBHOT JOBKHHU XBUIII (3a3BHUail
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B ynbTpadioNeTOBOMY Jiama3oHi) BUKOPHCTOBYEThCS ISl BUOIpKO-
BOTO 3aTBEPIHHS MOBEPXHI PIJIMHU B EMHOCTI, 1110 MICTHTb, TOJIOBHUM
9HHOM, (hoTOmONiMEpU30BaHI MOHOMED pa3oM 3 iHIIUMH A00aBKaMu
B JIy’KE€ MaJIMX KUTBKOCTSIX, 30KpeMa, (DOTOiHII[iaTOpaMH.

SL kepamika yTBOPIOETHCS 3 JOAABaHHSAM JAPIOHUX KepaMidHUX
YaCTHHOK PO3MIpOM J0 MIKpO/HaHOMETpPIB y (OTOTBEpIIiiIEe Ccepemao-
BHUIIE, sIKE MOKe OyTH BOJHMM abo HeBoAgHMM. PimuHa crae kepamid-
HOIO CYCIIEH3I€I0 MiCHsl TOro, SIK 11 JoOpe AMCIEePryIoTh y CepelOBHIL
3a JIOTMIOMOTOK) OCHOBHHUX ITOBEPXHEBO-aKTHBHHMX PEYOBUH 1 J100a-
BoK. Ha puc. 1 mokazani ¢oTo KepaMmidHHX NeTajei, BUTOTOBICHUX
3a goniomororo SL TexHoorii.

(a) (b) () (d) (e) (f)

Pucynok 1 — Kepamiuni gerani Ha ocHOBi Si0,,
BUTOTOBJICHI 3 BUKOPUCTAaHHSAM SL TexHOorii: (a) mopucTuii
OlokepamiuHuii kKapkac; (b) hOoTOHHI KpUCTAIH; (C) TTOPOKHUCTA
TypOiHHa jomnarka; (d) poboue xoneco; (e)—(f): popmu uts utTs [2]

3D-mpyk kepamiku 3a SL TEXHOJOTISIMH IIMPOKO 3aCTOCOBYIOTHCS
JUIsL BUTOTOBJICHHSI HIUTBHUX/TIOPUCTHX KEepPaMiYHHUX JeTajeid y psami
oOJacTeil, MOYMHAIOUN BiJ JleTanel 31 CKIaJHOI0 CTPYKTYPOIO, TaKUX
SIK JUBapHi (QOpMH 3 IITICHUM CEpACUYHHUKOM, MIKPOCICKTPOHHUX
KOMITOHEHTIB, TaKUX SIK JAaTYUKW 1 (DOTOHHI KpHUCTaIH, 10 OiomMemud-
HUX IMIUIAHTATiB, TAKUX SK KICTKOBI KapKacH 1 CTOMATOJIOT14HI KOM-
noneHTu. Ha puc. 2 300paxeHo JeTanmi 3i CKJIaJHOK Ta JICTIKATHO
CTPYKTYPOIO, sIKi BUTOTOBIICHI MeTo/IoM SL.

Texuika mmudpoBoi 00poOkm cBiTIa abo 1HUPPOBOI TPOEK-
mii ceiTma (DLP) ¢daktrmuno € SL Ha OCHOBI Macku, y SIKii IiTiCHE
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300paKeHHsI TIEPEHOCUTHCS Ha TOBEPXHIO PIAMHH, M0 (OTOIIOIMI-
MEpPU3YETHCS, IUISIXOM EKCIIOHYBaHHsS JKepelia CBiTJIa 4yepe3 MackKy
3 MaJIOHKOM JIMIIE OJWH pa3. TakuM METOIOM OTPUMYIOTh BHCOKO-
HIUTBHI CTPYKTYpHI JeTani 3 TIOKCHIY IHMPKOHII0 Ta TMHOo3eMy [3].
Ha puc. 3 npencrasieni ¢poTo 3pa3kis.

Pucynok 2 — Jlerani Ha ocHoBi SiC, Burorosieni 3a SL TexHOI0TiIIMU
(3Bepxy — 3D-ApyK, 3HU3Y — BUTOTOBJICHI METOOM HariBCyXOro
npecyBaHHs 1 BunaneHi) [2]

Pucynok 3 — 3pa3ku, BuroroniieHi 3 (a)—(b) OKCHy alfOMIiHIIO
Ta (¢)—(d) 6iockia 3a gormomororo metoxy DLP [2]

Kepamiuni marepianm, Taki sIK JIOKCHI IIUPKOHIIO Ta [-TpHKaIb-
uii gocdar, Takok OyaM yCHIIIHO HAaJPYKOBaHi 3 BMICTOM TBEPAHMX
pedoBuH 10 50 00. % [4]. Buma edexruBnicts DLP y mopiBHsHHI
31 3BUYaiHUM TporecoM SL poOHTh HOro MepcreKTHBHOK TEXHIKOIO
3D-npyKy 111 BUTOTOBJICHHSI KEPAMIiKH.
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B ocTanHi poku 3pocTa€ MOMUT HAa BUTOTOBJICHHS HAHOPO3MIPHHUX
TPUBUMIPHUX MiKPOCTPYKTYP, OCOOIUBO B raiy3sx HAaHOOIOMEAULIUHH,
HAHOEJIEKTPOHIKK Ta HAaHOMEXaHIKH. 3pOCTalOuMd Mporpec y Ximii
MarepiajiB 1 JIa3epHild ONTHI 3pOOMB MOXIHBHM PO3POOKY HOBHX
METOIIB Olep KaHH BUPOOIB TEXHITHOT KEPAMIKH.

[lepeBara Texnomorii TPP momsrae B 3maTHOCTI mMoONMiMepH3Yy-
BaTl CyOMIKpOHHI (POKycHi 00’eéMH BcepeOuHI MOJIMEPHUX pPiAuH.
Lle HEMOXIMBO 3IMCHUTH 31 3BHYaHUMH OAHO(POTOHHUMH HpOLe-
camu (takumu sik SL), y sSKkuxX momiMepu3ailiss BigOyBaeThCs IHUILIE
Ha moBepxHi pinmHU. TPP BuKopucTOBYyBaBCS 1JIsi BUTOTOBIEHHS
3D Zr-Si momiMepHUX KepaMidHUX KapKaciB JJIs iHKEHepii ayToio-
riYHOi KICTKOBOI TKaHWHH, IO JO3BOJISIE KOHTPOJIIOBATH IOPHUCTICTh
CTPYKTYpH Ta po3mipu mop [5].

Byno ycmimHO BHTOTOBJICHO MOPOXKHHCTI TpyO4yacTi HaHOTPATKU
SiO,, TiN i Al,O; 3 yHiKaIbHUMH ONTHYHUMHU 1 MEXaHIYHUMH BIIaCTH-
BocTsMU. Ha puc. 4 moka3aHo KOHCTPYKIIO Ta BUTOTOBJICHY HaHO-
TpaTKy MOPOKHHUCTOT TPYyOKH 3 kKepamiku TiN.

1 |.im A3m 10rm ﬂlﬂplm

1 1
11 | LI I
Wall Thkckness. Tube Ases UnktCall

Pucynok 4 — (a) CAD-u3aiiH eninTuYHOT HAHOTPaTKH
3 MIOPOKHUCTUMH TPyOKamH, 1ie 301IbIIIeHa YaCTHHA € €JICMEHTapHOIO
KoMipkoro oktaeapa; (b) CEM-3o00paxkenns FIB-dpezepoBanoro kparo
HaHorpatky; (¢) SEM 300pakeHHs1 TOBHOI CTPYKTYpH [2]

3a 101oMororo TBOGOTOHHOI MONIIMEpHU3allii MO’KHA BUTOTOBHTH JIMIIIE
JIeTalti Jay)Ke MaJIUX Po3MipiB y Mikpomaciitadi, i, sk TIpaBuiio, HEOOXi-
HUH OUTHIINI Yac BUPOOHUIITBA Yepe3 HAA3BUUANHO BUCOKY TOIHICTb.
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Crpymenesuii apyk (IJP) — e noOpe BimoMuil MeTon CTBOpPEHHS
JBOBUMIPHOTO HU(POBOTO TEKCTy Ta 300pa)keHb 3a JONOMOIOI0
BUKUAY pinkodazHUX MarepiaiiB (TOOTO 4YOpHHWIA) Yy BUIISAAL Kpa-
Mejib 4Yepe3 coIuia JPYKYUol rojOBKM Ha mamip, IacTHMK abo iHIIi
migkmaakd. [JP BUKOPUCTOBYBaBCS IJIT BUTOTOBIICHHS 3pa3KiB TETpa-
TOHAJIBHOTO Aiokcuay nupkoHito (3Y-TZP) mimiMerpoBoi HIiMBHOCTI
3 BMicToM 3 Moi. % iTpito, CTaOiTI30BaHOTO OKCHJIOM ITUPKOHIIO
(3Y-TZP), 3 BukopuctanusaMm 24 00. % dYOpHMIA 3 TOBIIMHOIO APy
300 MKM a7 BUKOPHCTaHHS B JApyKOBaHMX Iiarax [6]. Ha puc. 5
TIPEICTaBICHO (POTO 3PA3KiB.

Pucynoxk 5 — 3pa3ku, BurotosieHi metogom 1JP
(po3mipu 2%2x0,3 MM (Bropi) i 3x4x0,3 MM (BHH3Y)) [6]

3aranom, [JP — me yniBepcanbHa Texuika 3D-apyky st Opyky
HEBEJIMKUX KepaMiYHHUX JIeTalieil, Xoua i 3 0OMEXKEHO THYYKICTIO
B TNPOEKTYBAHHI CKJIQJAHHUX CTPYKTYp, HAIPUKIAI, HEMOKIMBOCTI
IPYyKyBaTH HaBHCalodi ab0 TMOPOKHHUCTI KOHCTPYKINI depe3 Tpya-
HOMII 3 MiATOTOBKOIO omopu. OaHaK 3aBAsSKH HHU3bKi BapTOCTI,
npocToro crnocody oOpoOKM Ta pi3HOMAHITHOCTI y BUOOpi marepi-
aNiB JAaHWH METOJ JIPYKY IIMPOKO 3aCTOCOBYETHCS Y BUPOOHHULTBI
KepaMiK#, 0COOJIMBO B 00JIACTSAX MIKPOEJIEKTPOHIKM Ta €HEepreTHy-
HUX MpUCTPOiB. Burorosnene 3ybuacre koneco meroaom [JP 300pa-
JKeHO Ha puc. 6.

Hapasi migBuiyeThcs 3aIlikaBIeHICTh 10 BUKOPUCTAHHS MPSIMOTO
gopHuibHoro nuckMa (DIW) mst BupoOnunrea kepamiku. Kepamiuna
texHojorigs DIW 3mimye xkepamiyHuid HOPOLIOK i3 3B’SI3yI0UOI0 peuo-
BUHOIO, JIUCIIEPTaTOpOM Ta IHIIMMHU J00aBKaMH B PO3PiIKyBalbHUHI
JOPHWIBLHUHN Marepial (He3aJeKHO BiJ Kpareiab ado 1MacTh), eKCTPYI0-
BaHUI 4yepe3 IpyKapCchKe COILIO IIEBHOTO JiaMeTpy.
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Pucynoxk 6 — 3y6uacre xoneco Si;N,, Burorosnene [JP meronom:
(a) HagpyKoBaHMit 3pa3ok; (b) crieueHni 3pa3ok [2]

3 TOYKH 30py BUTOTOBJICHHSI iHKEHEPHOI KePaMiKH, 30BCIM HEJaBHO
Briepmie Oyno TOBimoMieHO mpo BukopucTanHs DIW y moennaHHI
3 ICKPOBUM IJIa3MOBHM CITIKAHHSAM O€3 THCKY Ui BUTOTOBJICHHS Ieo-
MeTpu4yHO ckiagaux kommoHeHTiB B,C. IinpHICTE cIikaHHS JaHUX
Mmarepianis gocsria 90 %. HaapykoBaHi CTpyKTypH MoKa3aHi Ha puc. 7.

Pucynoxk 7 — ®ororpadii BuCymieHHX cTpyKTypHUX aeraneit B,C,
BHUTIOTOBJIEHHX 3a Jtoriomoroio DIW [2]

HesBaxaroun Ha Te, mo DIW nmyxe migxoawTh AN TPUTOTY-
BaHHS I1HAMBIAYaJbHUX CTPYKTYp 3 MEpPIOAUYHUMH XapaKTepuc-
THKaMH, OpTaHiuHa CIIOJIyYHa PEYOBHMHA, IO BUKOPUCTOBYETHCS
B I[bOMY NIPOIIECi, BCE OAHO CYTTEBO BILIMBAa€E Ha KepaMiyHUU Mare-
pian Ta MIIHICTh CITiIKaHHS.
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Meton 3DP crniodatky OyB po3pOoOSieHHI /sl MIBUAKOTO BHPOOHU-
LTBa KOMIIOHEHTIB 3 OuIbIIOl pi3HOMaHITHOCTI MarepianiB. BuximHi
Marepiaju BKIIOYAIM Kepamiky, MeTaiadm 1 ruactMacu y Qopmi vac-
THHOK, a TakoX X komOiHalii [7]. OJHUM i3 KOPUCHHMX 3aCTOCYBaHb
€ BUTOTOBIICHHS KepaMiudHUX KOPIycCiB (OpM 1 CTPIIKHIB IS JIUTTS
MeTairy. 30kpemMa, 0araroo0imsroUi TocIipKeHHs Oynu 3po0eHi B 6io-
MeAnYHil ramy3i. Ha cborofHimHil 1eHb, HAWOUIBIT CyYacCHUMU MaTte-
pilanamu Ui €HIOMPOTE3yBaHHS € CKagOIIH, sSKi MOBHICTIO IMITYIOTh
CTpyKTYypy KicTku. Ckadoyiu MpeICTaBiIsSiOTh COO0K KOMITO3HIIHHY
MOPHUCTY MATPHII0, SIKY HACHUYYIOTh OIOJOT1YHO aKTHBHUMH pPEYOBHU-
Hamu. [lanuit MaTepialn mpeacTaBiIeHnid Ha pUC. 8, SIKAH BUTOTOBJICHHMA
metoaoMm 3DP. biocymicHa kepamika, Taka Sk rigpokcuanarut, Gpocdar
KaJbLilo 1 Tpukaibliid ¢ocdar, yacto BUKOpUCTOBYeThCst B 3DP mms
JPYKY KapKaciB JJisl 3aMiHU KiCTOK.

Pucynoxk 8 — Cxaddonau, Burorosneni 3DP 3 Bukopuctanssim
OiocymicHux MarepiaiiB: (@) rigpokcuanatut; (b) pocdar KaabLio
(oOuaBa MaroTh O3HAKU TPyOOTO po3aineHHs) [2]

3aramom, mepeBaru 3DP momsratoTh y BHCOKIM THYYKOCTI TeoMe-
TPUYHOTO JM3aifHy 0e3 mofaBaHHA omop. BiH Halkpamie miaXoanTh
JUISL BUTOTOBJICHHS JIeTaJIel 3 MOPUCTOi kepaMiku. OJHaK 0OMEKEHHS
3actocyBanHst 3DP npu oOpoOui BOOCKOHANIEHUX KepaMiuHUX Marepi-
ajiB BUHHMKAIOTh, OCKUIBKY HEMOMIKAMM I[i€1 TEXHIKA € HU3bKA SIKICTh
PO3AUTBHOI 3MaTHOCTI, OOpPOOKM IMOBEPXHi, MIIIBHICTE Ta MEXaHIYHI
XapaKTEePUCTHKH.
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VY mpoueci SLS na3epHuil MpoMiHb BHCOKOI MOTY>KHOCTI BHKO-
PHUCTOBY€ETHCSL JUIsI BHOIPKOBOTO ONPOMIHEHHS IOBEPXHI LiJIbO-
BOro mapy mnopouiky. IToTiM mopomok HarpiBaeTbcsl 1 BigOyBaeThes
crikaHHs Juiss 00’€éMHOTro 3’€AHaHHs. [liciasi BOrO Ha TMOMNEPEIHIO
[IOBEPXHIO HAHOCHUTBHCS HOBUH IIap IOPOILIKY JJIsI HACTYIHOI'O Harpi-
BaHHS Ta 3’€AHAHHA. TakUM YHHOM, IIPOLEC IOBTOPIOETHCSA LIAP
3a MIapoM, JOKW He Oyde BHTOTOBIEHO po3podneHy 3D-nmerans.
Texnonorist SLS 6e3 omop 103BoJisie peanizyBaTH F€OMETPUYHO Kepo-
BaHI CKJIAJHI/MOPUCTI KepaMidyHi JeTani. TakuM 4YHHOM, Kepamid-
Huit SLS He 3marHWil BHUPOOIATH TOBHICTIO 3aKPUTI KOHCTPYKIII.
Ha puc. 9 300paxeni ckiamHi KepaMidHi JeTalli, BUTOTOBIICHI METO-
noM SLS. He3Baxaroun Ha Te, 10 HEMOJiKHA KepaMiuHoi SLS Bkitto-
YalTh HU3bKY PO3AUIbHY 3[aTHICTh, MOraHy oOOpoOKy MOBEpXHi
Ta MOPHUCTI MIKPOCTPYKTYpH BCEpEeIWHI BUTOTOBJICHUX JeTajel, BOHA
MPUIHATHA JJIs OUIBIIOCTI 3aCTOCYBaHb, 30KpeMa y BUTOTOBJICHHI Kap-
KaciB 3a JOMTOMOTO0 ToMoTpadii s uineﬁ 6i0Mezquo'1' ianeHepi'f.

Pucynok 9 — CkiaiHi kepaMidHi eTaii, BATOTOBIEHI MeTooM SLS:
(a) nerami 3 Al,O, 32 TONTOMOTOIO KBa31i30CTaTUYHOTO MPECYBAHHS
Ta octatouHoro pumnany; (b) yactuau 3YSZ micng SLS
1 micost moeqHaHHS 3 iHQUIBTPALIEIO T/ THCKOM/TETIITM
130CTaTHYHUM MPECYBaHHIM 1 OCTATOYHHM BHUITAJIOM [2]

[ligBonsum migCyMOK MOXKHA CKa3aTd, IO BCi BHUINE HaBeaeHI
Metoau 3D-IpyKy 3acTOCOBYIOTHCS NPH BUTOTOBIICHI PI3HUX BHPO-
0iB TexHiuHOI Kepamiku. OIHAK IiCHYIOTb 3HAuHI MEPELIKOON JUIS
MIMPOKOTO BUKOpUCTaHHS 3D-apyky. [IpomucinoBe macoBe BHpPOOHU-
[ITBO JeTalield 1 MaTepiajiB 3 JOMOMOTOI0 OMHCAHUX METOIIB IOTpE-
Oye ckmamgHOTO 1 BapticHOTOo OoOmamHaHHa. KpiM Toro, HemomikaMu
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OTPUMaHUX BHPOOIB € BUCOKA KPUXKICTh 1 HU3BKUH KOEQIIiEHT Tep-
MIYHOTO PO3IMIUPEHHS BUPOOIB.
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YIK 666.3.017

BILJIUB AJJIOMOCHUJIIKATHUX MIKPOC®EP
HA ®OPMYBAJBHI TA MEXAHIYHI BIACTUBOCTI
IJIACTUYHOI INTMHUCTOI CHPOBUHHA

Bikrtopis Tobinxo, k. T. H., A01I.,
Boaogumup IlaBieHko, K. T. H., J011.
KIII im. Irops Cikopcbkoro

Amnotamisi. JlocnipKeHO BIUIHB T00aKH aTFOMOCIUTIKATHHX Mikpocdep Ha dop-
MyBaJbHI Ta MEXaHIYHI BJIACTHBOCTI IUIACTHYHOI KepaMiuyHOI CHpPOBHHH.
BuByeno ¢azoBmii, MiHepaJOriyHWi Ta XIMIYHHHA CKJIaJu OCHOBHOTO TJIH-
HUCTOTO KOMIIOHCHTY Ta H00aBKH 10 HBOro. [lokazaHo, mo i3 30LTBIICHHIM
BMiCTy Mikpocdep y Maci YMCIIO THIACTUYHOTI 3MIHIOEThCS HECYTTEBO, a BOJO-
TIOTVIMHAHHS 1 TIOPYBATICTh POCTYTh, 110 CYTTEBO BILIMBAE Ha MIIHICTh 3pa3KiB.

KarouoBi ciaoBa: amroMocwitikaTHi MikpochepH, IJIHHA, IUIACTHYHICTD,
MeXaHIYHI BIIACTHBOCTI 3pa3KiB.

Abstract. The influence of the addition of aluminosilicate microspheres on
the forming and mechanical properties of plastic ceramic raw materials was
studied. The phase, mineralogical and chemical compositions of the main clay
component and its additives were studied. It is shown that with an increase
in the content of microspheres in the mass, the number of plasticity changes
insignificantly, while water absorption and porosity increase, which
significantly affects the strength of the samples.

Key words: aluminosilicate microspheres, clay, plasticity, mechanical
properties of samples.

[Ipu BuroromnenHi BupoOiB Tpy0Ooi Ta TOHKOI KepaMiKH B SKOCTi
OCHOBHOI CHPOBHHU BHMKOPUCTOBYIOTbCS DJIMHHUCTI mnopoau. s
MOKPALICHHA iX TEXHOJOTIYHHX BIACTHUBOCTEH 10 CKIaAy IIUXTH
BBOJATH Pi3HI AOMIIIKH SIK TPUPOAHOTO, TaK 1 TEXHOTEHHOTO IOXO-
mkenas [1]. YV gawiii poOOTI NpUBENEHI ITOCHIIHKCHHS BIUTUBY
ATIOMOCHITIKATHUX ~ Mikpochep Ha ¢dopMmyBadbHI Ta MeEXaHIUHI
BJIACTUBOCTI MacH Ha OCHOBI SKICHOI BHMCOKOIUIACTUYHOI IJIMHHU
BecenoBcbkoro pomosumia. lLle nomomoxke BUPILWTH NHTAHHS
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HE JIWIIIe TTOKPAIeHHSM BIACTUBOCTEH MacH, alle ¥ 3ajady i3 yTHIli-
3aI[i€r0 TPOMHUCIIOBHX BiJIXOJIB.

AJIOMOCHITIKaTHI TOPOXKHHUCTI Mikpocdepu (ueHochepr) BXOAATh
JI0 CKJIQJy TUCTICPCHUX JICTHOUUX 3071 BiJl MUJIONOAIOHOTO CIIaTOBaHHS
BYTUIIS Ha TETUIOBUX €JIEKTPOCTAHIIAX. 32 PaXyHOK HU3BKOI 00’ €MHOI
TYCTUHH BOHH MOXYTH JIETKO OYTH BHIIIJICHI y BUIJISII KOHIEHTpATY
3 BUKOPHCTAHHSM I'paBiTallilHUX METOJIiB Y BOJHUX CEepeloBHINax abo
310paHi 3 BOJHOT MOBEPXHI CXOBUIII 30JIOILJIAKOBUX BiJIXOIIB.

CyKyIHICTh YHIKQJBbHUX BJIACTUBOCTEH Mikpochep 0O0yMOBIIOE
IIMPOKUI CIEKTp iX 3aCTOCYBaHHS y CydacHI mpomwucioBocTi. s
HUX XapaKTepHOI € Hu3bKka HacumHa TyctuHa (0,2-0,8 r/cm?®), mami
po3mipu (5-500 mxMm), chepruna (opma, BUCOKI TBEpIHiCTh (TycTHHA
Mmarepiay CTiHOK YaCTHHOK — 2,5 r/cM®) i Temreparypa IUIaBICHHS
(T,,=1350-1500°C), a Tako XiMiUuHA IHEPTHICTh (BMICT OCHOBHHX
KOMIIOHEHTIB 3MIHIOEThCS B Mexkax 50—65 mac. % SiO,; 20-36 mac. %
ALQO;; 2-10 mac. % Fe,O;). lleHochepu BHKOPHCTOBYIOTH Y BHPOO-
HULTBI OYIIBETBHUX, TETUIOI3OJSIIIMHNX, TaMIIOHAKHHUX MaTepialiB,
a TaKOXK B SIKOCTI JITKMX HAITOBHIOBAYIB B Pi3HI THITH ITOJIIMEPIB 1 KOM-
MO3UIIHUX MaTepiamiB [2].

OCHOBHMM  KOMIIOHGHTOM  KepamiuHOi Macu Oyna  [iIuHa
BecenoBcbkoro pojioBuIla, sKa 3a CBOIM MIHEPAJIOTIYHUM CKJIAJI0M
BIIHOCUTBCS 10 KAOJIH-TIAPOCIIOAUCTOI CHPOBUHM, MICTUTh JOMIIII-
KaM{ KBapIly Ta BKIIOUYEHHS IMPKOHY, PYTHIY, UTbMEHITY, aHaTasy,
TOOTO, HACKHUTH A0 TPYIMH TMONIMiHEpAIbHUX TJIHMH. 3TiHO TPOBE-
JCHOTO PEHTreHo(a3oBOro aHajiily MiHEpaJOriuyHUi CKIad IIMHU
HacTynHuil: kaoxiH 41 %, rigpocmrona 32 %, kBapu 27 %. XiMiuHuH
CKJIaJl OCHOBHUX KOMIIOHEHTIB BecenoBcbkoi mmuu (Mac. %): SiO, —
66,3; Al,0,—22.8; CaO — 0,97, Fe,O, — 0,78 Ta BIIIT - 6,3 %.

Y sKocTi MO0aBKM BUKOPHCTOBYBAJIM KOMEPIIHI aJFOMOCHIII-
katHi Mikpochepn (xommanis Recycling Solutions) 3 HacTymHUMEH
XapaKTepUCTHKaMu: HacumHa ryctuHa — 0,37-0,41 r/cm®, mutoma
Bara — 0,65-0,75 r/cm®, cepenmuiit po3mip 3epHa — 140-155 wmxwm.
[IpoBeneHuii XiMiYHUN aHaJi3 MOKa3aB, [0 AJIFOMOCHIIIKATHI MIKPO-
coepu mictare 51,5 % SiO,, 32,0 % AlLO,, 0,87 % CaO Ta 0,12 %
Fe,0,. 3a mannmm peHTreHOo(a30BOro aHajizy OCHOBHUMH (a3zaMu
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€ wmymit (45 %) 1 miokcwa KpeMHiIo, TPEICTaBIeHUH KBapIlem
ta amoppHuM Si0O,.

JIJiss MOCIIJKeHHST BILUTUBY aJlFOMOCHIIIKaTHUX Mikpocdep Ha ¢op-
MyBaJbHI Ta MEXaHIUHI BJIACTHBOCTI IUIACTMYHOI KepaMidHOi Macu
TOTYBaJId 3pa3Kd 3 PI3HUM CIIiBBITHOIIECHHAM KOMITOHEHTIB (Ne 1 —
100 % tuan, Ne2 — 959% mmHu 1 5 % wnenocdep, Ne3 — 90 %
mmHd 1 10 % uenocdep, Ne4 — 85 % mmau 1 15 % uenocdep).
dopmyBabpHa BONOTiCTh cTaHoBuia 2022 %.

BceranoriieHo, 1110 mipu 301IbIIEHHI BMICTY JI00aBKH YHMCIIO TUIAC-
TUYHOCTI TIMHHM MPOTOPLIAHO 3MEHIIyeThCs. Tak, Uil MacH, sika
He MICTHTh neHocdep, BOHO ckmamae 29 %, a ans iHmMX 3pas3KiB —
26 %, 24 % Tta 23 % BigmoBigHo. 3rigHOo [3] TIMHUCTAa CHPOBHHA
3 YHUCJOM IIACTUYHOCTI A0 25 BIiIHOCHUTBCS 1O CEPEAHBOIIACTHY-
HOi, IO y HAalIOMy BHMAJKy BKa3ye Ha Te, L0 JOAaBaHHS LIEHO-
cdep 10 BHUCOKOIUTACTHUYHOI IIMHU BecesoBCHKOro poIoBHINA JIEIIO0
3MEHIIy€e ii YHUCIO TUIACTHYHOCTI, BHCTYMAIOYH B SKOCTI CITICHIO-
Baya. DopMyBaHHS 3pa3KiB, sIKI MICTHIM OLIBITY KUTBKICTH BBEICHOI
no6asku (10-15 %) BimOyBanock A€o CKIaIHIIIe i MEHII SKiCHIIIE.

Jnst BU3HAUEHHS MEKi MILHOCTI Ha CTUCK, 3THH, BEJIMYMH BOAOIO-
[IMHAHHA Ta TOPYBAaTOCTI Marepiaiy, BUTOTOBIEHOTO 13 JOCIiIKyBa-
HUX Mac, BAKOPUCTOBYBAJIHM TPAJHIIHHI MeTONUKH [4; 5].

bymo BimdopmoBano 3paskum y GopMmi IUTHTOYOK Ta Oajgodok
Ta KyOWKiB HeoOximHoro posMipy. llicis sucymryBanas (t=200 °C)
npoBoawiIKM Buman npu Ttemneparypi 1050 °C  Bopomosxk 2 rom.
OTtpumaHi ekcliepuMeHTalbHI JaHi IpeIcTaBiIeHi Ha puc. 1.

3HaueHHsT MEXi MIIHOCTI Ha CTHCK A 3pasky i3 mmHH (Ne 1)
cxinano 339 Mlla, mo 3Ha4HO mepeBuuLye Taki st 3paskiB NeNe 24,
SIKI MiCTHITH 00aBKy amoMocdep. Tak, i3 301IbIICHHSIM 11 BMICTY Mill-
HICTh 3pa3KiB Ha CTHK 3MEHIIYEThCS 1 cTaHOBUTH 326 Mlla mmst 3pasky
Ne 2, 238 MIla mns 3pazky Ne 3 1 157 Mlla ns 3pasky Ne 4. 3HaueHHs
MOBITPSIHOT Ta BOTHEBOI yCa KM 3pa3KiB MpeCTaBICH] Ha puC. 2.

3 OTpuUMaHMX [JAHUX BHUXOAWTh, IO 13 30UIBIICHHAM BMICTY
n00aBKH TMOBITPSHA ycaaka 3MEHITyeTbes Bin 7,8 % mo 5,2 %, a Bor-
HsHA ckiamae Oinmst 1 % amsa Bcix 3paskiB i3 mo0aBKorO Mikpocdep,
10 MEHIIIe, [T 3pa3Ka, BifdopmoBanoro jwiie i3 mHu (1,7 %).
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85 % rimHN
90 % rauHI
95 % rimHI
100 % rouar

Pucynok 1 — Brumus oaBaHHS aTFOMOCHIIIKATHUX MiKpochep
Ha BJIACTUBOCTI KepaMiuHOi Macu

l l L Bornsna ycaaka
ITosiTpsiHa ycanka

No 1 Ne 2 Ne 3 Ne 4

S N A~ O

® [JoBiTpsiHa ycaaka ™ BorHsHa ycaJaka

Pucynok 2 — IloBiTpsiHa Ta BOTHSIHA YCaJIKU 3pa3KiB

TakuM 4MHOM, OTPUMaHI EKCIIEPUMEHTANbHI JIaH1 BKa3ylOTh Ha Te,
0 JOJaBaHHS AITIOMOCIUIIKATHUX Mikpocdep M0 IUIACTUYHOI TIIH-
HHUCTOI CHPOBMHHU B KIJIBKOCTI He Oinblie 5 % chpusie MOKpaIieHHIO
CYIIMIBHUX BJIACTUBOCTEH IJIACTUYHOI IIMHH, ajie 3MEHIIye Mexa-
HIYHI XapaKTepPUCTHKH 3pa3kiB. HeoOXximHO mpoBecTH J0AATKOBI
JOCHIJKEHHS TIPU 1HIIUX YMOBaX €KCIEPHUMEHTY Mepel TUM, SIK 3pOo-
OWTH BHCHOBOK TIPO OIUIBHICTH BUKOPHUCTAHHS aAJTFOMOCHITIKATHHX
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Mikpocdep SK KOMIIOHEHTa IIMXTHA NMPU BUTOTOBJICHHI BUPOOiB rpy0oi
Ta TOHKOI KepaMiKu.
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CLAY-BASED FILLERS AS HEAT-RESISTANT
ORGANOSILICON COATINGS PROPERTIES MODIFIERS

Tetyana Bikhalets,
Viktoria Pakhomova

Igor Sikorsky Kyiv Polytechnic Institute

Abstract. One of the aspects of creating resource- and energysaving
technologies in one of the most energy-intensive industries — cement is being
solved. The effect of energy saving was studied by increasing the corrosion
resistance of the operation of units, in particular, dedusting units. The effect of
fillers on the performance properties of organosilicon coatings, which are used
to protect the inner surface of electrostatic precipitators, has been determined.

Key words: organosilicon varnish, clay minerals, corrosion resistance,
electrostatic precipitator.
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The need to take into account environmental problems has
increased the requirements for environmental protection and tightened
the standards for emissions of gases and dusty air into the atmosphere.
Electrostatic precipitators are the most adapted devices for cleaning
large volumes of gases [1].

At present, attempts are being made to improve dedusting devices
and make them more reliable in operation. At the same time, there is
a desire to more fully use the exhaust gases in the technology.

Since the largest amount of dust is emitted from the zones of
drying, decarbonization and exothermic reactions, it mainly consists
of a mixture of fired clay and undecomposed limestone. The dust may
contain 10-25% clinker minerals: - and y-C,S (8-10%); C,F and C,AF
(10-12%). With an increase in the content of clinker minerals in the dust,
the content of free lime also increases from 2 to 14%. Compared to
sludge, dust contains alkalis and sulfates in an increased amount [2].

Alkaline compounds are represented by sulfates, carbonates and
bicarbonates of sodium and potassium, as well as alkaline silicates
of variable composition. The amount of K,0O and Na,O in the dust
caught by electrostatic precipitators varies from 0.9 to 45% with
the predominance of K,O. At the same time, fine dust fractions
(field III of the electrostatic precipitator) contain 3—4 times more
alkalis than in bunkers I and II fields. The content of calcium sulfate in
the dust is 0.8-7%.

Gradually, during the operation of electrostatic precipitators,
the destruction of the metal of the structure occurs as a result
of chemical or electrochemical interaction with a corrosive
environment. The problem of protecting the internal working
space of the electrostatic precipitator to increase the service life of
the unit often arose before many cement plants, both in Ukraine and
abroad [3]. Analyzing the experimental material on the creation
of polyfunctional coatings based on organosilicon compounds for
the protection of various materials, we proposed an organosilicon
polymethylphenylsiloxane (PMPS) varnish, filled with oxides
and dispersed clay minerals as a protective coating for steel
structures [4; 5]. The main criterion for selecting the composition
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for filling on the test sample was the maximum adhesion of the film to
the metal substrate, taking into account the optimal content of the filler.
Structural-mechanical and technological parameters of the proposed
compositions showed a good correlation.

The oxides A1,0,, TiO,, SiO, (amorphous and crystalline), Fe,O,
and some clay minerals, montmorillonite, kaolinite, and palygorskite,
were used as fillers. The proposed compositions were applied to samples
of steel ST. 3, a group of building steels. A total of 40 samples were
prepared, which, after curing the film, were transferred to the cement
plant and installed in the second field of the UG type electrostatic
precipitator. The installed samples were periodically visually assessed
and a conclusion was made about their safety. It turned out to be
ineffective to assess the state of the surface in other ways.

After 6 months of testing, the coatings made with the introduction
of A1,0, fillers and kaolinite underwent changes — cracks appeared,
peeling of the protective film was outlined. The rest of the samples
were preserved in their original state, the continuity of the coating
was not disturbed, but sticking of dust was indicated. After 12 months
of testing, the surface of the films with the introduction of the filler
changed more significantly: the coating with the A1,0; filler by about
50% peeled off; the coating based on crystalline SiO, and kaolinite
peeled off by 60%.

At the same time, films containing TiO,, the amorphous form of
Si0,, Fe,0,, and palygorskite remain unchanged.

The final check of the samples after 4 years of testing showed
the following results. Films filled with A1,0;, SiO, (crystalline) and
kaolinite almost completely exfoliated. Films containing Fe,O; and
montmorillonite exfoliated by about 40%. Films containing SiO,
(amorphous) and were preserved almost completely, but cracks
appeared along the edges of the samples. The films containing
TiO, and palygorskite remained unchanged under the experimental
conditions; showed the highest stability. We propose, taking
into account the cost of fillers, compositions of PMPS varnish —
palygorskite as protective coatings for metal structures under
the influence of dust entrainment products from a rotary kiln.
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