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AHOTANIA

Pusicosa O.I1. HaykoBi OCHOBH TEXHOJOI(l KOJHOPOBUX EKOJOTIYHO O€3MeYHuX
ckoemaneit. — Karmidikariiina HayKkoBa Tparls Ha IpaBax PyKOIHUCY.

Juceprattiss Ha 3700YTTS HAYKOBOTO CTYIEHS JOKTOpa TEXHIYHMX HayK 3a
cneumianpHicTIO  05.17.11 — TexXHONOriss TYrOIUIABKUX HEMETATIYHUX MaTepiaiiB,
Jlep>kaBHUI ~ BUIIMKA ~ HaBYAIbHUN  3aKian  «YKpaiHCBKUM — Jep)KaBHUM — XIMIKO-
TEXHOJIOTIYHUN YHIBepcUTEeT», HallloHanbHUN TEXHIYHUN YHIBEPCUTET «XapKIBChKHUI
NOJITEXHIYHUHN IHCTUTYT», XapKis, 2020.

JucepTallito MPUCBSIYEHO PO3BUTKY HAYKOBHUX OCHOB TEXHOJIOTIi €KOJIOTTYHO
Oe3MeYHNX 3aXUCHO-ICKOPATUBHUX CKJIIOEMAJICBUX MTOKPUTTIB MIUPOKOI KOMIPHOI raMu
Mo CTaJli 1 KOJbOPOBHM MeTajiaM, a TaKOXX TMPHUHIUIIB pEryJioBaHHSI Ta
MIPOTHO3YBAHHS iX KOJNIPHUX XapaKTEPUCTHUK.

BHacnimok mipoBeneHHS JOCHIKEHHS 3a TEMOK JHUCEpTaIliiHOl poboTu
oJIep>KaHl Takl HAyKOB1 pe3yJIbTaTu:

- HAyKOBO OOTPYHTOBAHO Ta €KCIIEPUMEHTAIBHO TOBEICHO, 110 OTPUMAHHS Ha
KOJIbOPOBUX METaJIaX eMajieBUX MOKPUTTIB, K1 HE BMIIYIOTh [L1roMOyM, MOXKIIMBE Ha
ocHOBI crekon cucreMu Na,O-BaO-B,0;-SiO,; 3a KOMIUIEKCOM BHU3HAYEHHX
BJIACTUBOCTEN Ta 3/JaTHOCT1 yTBOPIOBATH HAUOUIBII SIKICHI MOKPUTTS Ha MI1JHIA OCHOBI
BUAUIEHA oOnacte 0a3zoBoi cucremu, Moil.%: Na,O — 24,2-40,5; BaO — 5,0-10,0;
B,0; — 15,2-30,5; SiO, — 24,0-53,5, sika y 3piBHSAHHI 3 MEXaMHU IIUX KOMITOHEHTIB B
BIJOMHX CKJIaJjax Oe3MTIoMOaTHUX eMaliell XapaKTepU3yeThCs 30UIBIIEHUM B 2 pa3u
BMmicToM B,O3 1 BigHOCHO HeBeMUKUM BMicToM Si0»;

- BCTAHOBJICHI OCHOBHI TEHJEHIli 3MIHM KOJIPHOTO TOHY CTEKOJ CHUCTEMHU
Na,0-BaO-B,05-Si0,, ski CyrreBO BiApI3HAIOTHCA 3a XIMIYHMM CKJIaJOM Ta
3a0apBiieHl 10HHUMHU OapBHUKaMU, 3 OISy Ha pO3TallyBaHHA MakcumymiB [Y-
CIEKTPIB CTEKOJ Ta IX KUCJIOTHO-OCHOBHI BJIACTUBOCTI; OCTaHHI OLIHIOBAJIUCH JBOMA
PO3PaXyHKOBUMH CTPYKTYpHUMHU Tmapamerpamu: fsi — CTymiHb 3B A3HOCTI
KPEMHEKHCHEBOTO Kapkacy i W, — Opi€HTOBHMI NMOKa3HHWK KOOPJWHAIIMHOTO CTaHY

Bopy B cTpykTypi ckna. JloBeneHo, 1o Mix KomipHUM TOHOM A Ta W, icHye 3HaUHUI
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KOpEJISIIMHUM 3B'SI30K Jisi cTekod, 3abapsiennx CuO r*=—0,83 1 CoO r*=—0,87 Ta
cmabkuit — mist crekod, 3abapsieHnx K,Cr,07 — r'=0,5;

- BUSBJICHI 3aKOHOMIPHOCTI 3a0apBJICHHS OJHOI CKJIOMAaTpHIl 1 €MaleBOro
MOKPUTTS Ha i1 ocHOBI B cuctemi R,0-BaO-ZnO-Al,03-B,03;-TiO,—SiO, psgom
ionHUMH OapBHUKIB. HeszanexxHo Bim BMICTY OapBHHKIB, BOHH HAJAIOTh OJHAKOBUMN
KOJIIPHUI TOH K CTEKJIaM, TaK 1 MOKPUTTAM Ha OCHOBI UX CTeko, a came: CuO (1,0-
3,0 mac.%) A=489—494 um (cunbo-3enenwuii), Fe,03; (0,52 mac.%) A=575-585 um
(xoBtHit), K,Cr,07 (0,5-2,0 mac.%) A=570-576 um (xkoBTo-3enenuii), CoO (0,5-1,0
mac.%) A=441-463 um (cunabo-dionerosuii), NiO (0,5-1,0 Mac.%) Aya=559"-571" Hm,
Mioxpnrris=098—629 HM (kopuyHeBuii). Jloka3aHO, IO 3a CTYINEHEM IHTEHCHBHOCTI
3a0apBieHHSI CTEKOJ Ta IOKPUTTIB HA iX OCHOBI OapBHUKH PO3TAIIOBYIOTHCS B
HacTynHid nociaigoBaocTi: CoO > NiO > CuO > K,Cr,0; > Fe,0g3;

- BIEpIIEe BCTAHOBICHWHA MEXaHI3M TIYIIHHSI TPO30POTO MATPUIHOTO
emaneBoro ckiaa B cucremi R,0-BaO-ZnO-TiO,~Al,03-B,05-TiO,-Si0, mnpu
BBenieHI MoQj3, B pe3ynbTaTi IKOTO BUHUKAE SIBUIIE OMAJICCIICHIIIT, a caMe: 3a PaXyHOK
nudpaxiii mpyu po3NOBCIOHKEHH] XBIWIb B MIKPOHEOTHOPITHOMY CEPEIOBUIIT, B SIKOMY
po3mip gactok MoaioaeH(V1) okcuay (0,05-0,15 MxkM) MeHIIIE JOBKUHU XBHIb O1710T0O
CBITJIA;

- BIIEpILI€ BCTAHOBJICHA 3AJICKHICTh KOoedilieHTa Ju(dy3HOro BIAOUTTS eMalleBUX
NOKPUTTIB BiJ XIMIYHOTO CKJIaAy emajeBux ¢GpuT, sKa oTpuMaHa oOpoOKOIo
eKCIIepUMEHTaIbHOi BUOIpkM 471 cKiagy MOKPUBHUX €MalleBUX (pPUT METOIOM
MHO>XMHHOTO KOpEISLUIMHOIO aHadi3y 1 MpeAcTaBieHa Yy BHUIVISAI MaTeMaTHYHOI
MOZeNi, 10 JI03BOJISIE PO3paxyBaTH XIMIYHUN CKJIaJl TOKPUBHUX e€Malieil 13 3aJlaHuM
KJIB; xoedimieHT Kopemsmii MiXK eKCIEePUMEHTAIBHUMH 1 PO3PaxyHKOBUMU
3HaueHHsMu — 0,98;

- BUKOPHCTOBYIOUH 1/I€10 MPO BBENICHHI B OYyIb-IKU MaTepias (CKIIO, MIrMEHT,
CUTaJ, METaj) MEeBHUX KOMIIOHEHTIB B HE3HAUHIN KIIbKOCT1 ajia  Moaudikalii Horo
BJIACTUBOCTEM, BHeplIe BUSBICHO HACTYIHE: «Maluid fgonatok» Fe,Oz y KibKOCTI
0,25 mac.% B ckiiaal Oe3IUIIOMOATHUX €MaJIEBUX CTEKOJI HAa OCHOBI 0a30BOI CUCTEMH
Na,0-BaO-B,03-SiO, i 1 mac.% B ckiaai 6e3payopucTHX CKiIoeMajeii Ha OCHOBI

6a3o0Boi cucremu Na,0—B,03;-SiO, akTuBizye npouecH JiKBaiiiHOTO pO3IIapyBaHHs
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CKJIa, 1110 J103BOJIsi€ 30UIBIIMUTH B 1,5-2,5 pa3u IHTEHCUBHICTh TJYIIIHHS MOKPUTTIB, a
TaKOX TMOKpAIIUTH  ONTUKO-KOJIPHI  XapaKTEPUCTUKH IMIrMEHTHO3a0apBIECHUX
CKJIOTIOKPUTTIB, 30KpEMa, YEPBOHOIO KOJIbOpY. «Manmuii nogatok» ZrQO; y KUIbKOCTI
o 1wmac.% B ckmaai MajgoQuIyOpHCTOi THTAHOBOI €Malli CHpPHSE AKTHBHOMY
BUJIUICHHIO aHaTa3y B IMOKPHUTTI MiJ Yac BHUMAIy Ta MOKPAIICHHIO HOr0 ONTHYHHUX
XapaKTEePUCTUK;

- 3a JIOTIOMOT'OI0 PO3pO0OJIeHOI crierianbHoi koMl 1otepHoi nporpamu COLOUR
GLASS, sika aBTOMaTUYHO PO3PaXOBY€E KOOPJMHATH KOJIHOPHOCTI X Y, KOJTIPHUMN TOH A,
YUCTOTY KOJbOPY P Ta HAaHOCUTH KOJIpHI XapaKTEpUCTUKU MaTepiaiiB Ha rpadik
MKO, Brepiie 1oka3zaHo, 110 3a KAPTHHOIO PO3TAIyBaHHS TOYOK KOJIBOPY, MO-TIEpIIIE,
MOKHa pPOOUTH NPOrHO3M BIIHOCHO PIBHOBAarv, $IKa YTBOPIOETHCS MIK 10HHUMH
3a0apBIIOIOYMMH KOMIUIEKCAMH IIiJT Yac BapKW CKIa, MO-ApYyre, Mpo KOJIOPUCTHYHI
MO>KJIMBOCTI CyMIIIIX MITMEHTIB

- BIepiie B 00JacTi TEXHOJIOTIH, SKI MOTPeOYIOTh MiJBHUIIEHUX TEMIIEPaTyp,
BCTAHOBJICHI 3aJIKHOCT1 KOOPJAUHAT KOJIbOPY €MaleBUX MOKPHUTTIB BiJ CKJIAy CyMiIi
HNICMEHTIB 'y BUIJISAIAI TOJTIHOMIAJIBHMX MaTEMaTHUYHHUX MOJelIed, M0 JTO3BOJIHIO
BUPIIIMTH CKJIAJIHY MaTepiajio3HaBUY KOJOPUCTUYHY MpOOJEMy 3HAXOKEHHS
CIIBBIIHOLIEHHS MITMEHTIB JJIs BIATBOPEHHS KOJIbOPY 3pa3Ka i3 3aJJaHUMU KOJIIPHUMU
XapaKTepPUCTUKAMH.

[TpakTHYHEe 3HAYCHHS OTPUMAHUX PE3YJIbTATIB:

- pO3pO0JICHO CKJIQJM €MaJeBUX CTEKOJ JUIsi KOJhLOPOBUX METaNliB, SIKI HE
MICTATH [[1roMOYyMy — OZJHOT 0 13 caMUX MIKIJUIMBUX JJI1 HABKOJUIIHHOTO CEPEIOBUIIA
€JIEMEHTa, 3alIpOlIOHOBAHO OCHOBM TEXHOJOIIi OJEepXaHHA BHpPOOIB 3 iX
BUKOpPUCTaHHSAM. HoOB1 emani mUpOKOi TaliTpU KOJBOPIB, PIZHOTO CTYIECHIO
IPO30POCTI CTBOPEHO HAa OCHOBI MaTPUYHOI MTPo30poi emaii. BoHu xapakTepu3yroThes
onHaKoBUM iHTepBamoM Bumany 780-820°C, y 3B’SM3Ky 3 YHMM CIpPOILYETHCS
TEXHOJIOTISI OTPHMaHHA XYyJOXKHIX 1 IOBeNMipHUX BHpoOiB. Emami mnpounuim
BUIMIPOOYBaHHS Ta PEKOMEHI0BaH1 /10 BIPOBA/KEHHS Y BUPOOHUIITBO 3 BUTOTOBJIEHHS
XyJIOXKHIX BUPOOIB B MaWCTEPHI, 1110 3HAXOJUTHCS B CTPYKTYpl My3ero yKpaiHChKOTro
xuBorucy (M. JIHIMpO), a TakoX Ha MIANPUEMCTBI 3 BUTOTOBJICHHS IOBEIPHUX

BUpOOiB, komnaHist «Diademay, m. Binnun. [TaniTpa emaneBux MOKPUTTIB Ta BUPOOH
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3 HUX OpeJCTaBlieHl i 4ac gomnosial Ha 24 MixHapogHomy KoHrpeci emanbepiB B
M. Yukaro y 2018 p. 3rigHo MikHapojnHoro poroBopy Mmix [IBH3 VIXTY ta
kommaniero «Richemont International SA Varinor SA » m. [enemont, IllBeitmapis,
BUTOTOBJICHO 1 MEpEIaHO 3aMOBHUKY €MajieBl CTEKJIa Y BUTJISI MOPOUIKY 1 eMajIbOBaHi
MIJTHI 3pa3KHu;

- CTBOPEHO KaTajor 3pa3KiB KOJbOpIB, B SIKOMY IpPEICTaBIECHO CKJIOOCHOBH,
KUTBKICTh OapBHUKIB, TIYIIHHKIB, BITHOBHUKIB Ta ONTHUKO-KOJIPHI XapaKTEPUCTHKU
eMaJIeBUX MOKPUTTIB, 10 He MicTATh [lmomOym. Ha3By KonbOpiB BCTAHOBIIOBAIU Y
BIJIMOBIIHOCT1 13 Ha3Bow koybopiB cuctemMu RAL. TlamiTpa po3poOieHux emalei
IOBETIIPHOTO Ta XYAOKHBOTO MPH3HAYECHHS BKJIIOYAaE 54 KOIbOPH: >KOBTO-UYEPBOHI,
CUHBO-3€JI€H], OJIMBKOBO-TIPYMYHI, MACTENbHI Ta KOPUYHEBO-YOPHI;

- po3p0o0JICHO CKIaau MaTo(pIyOpUCTUX OUIHUX 1 CBITI03a0apBICHUX TUTAHOBUX
emasieit, 6e3(pryoprcToi CKII00CHOBH IS OTPUMAHHSI SICKPaBO3a0apBICHUX €MaeBUX
MOKPUTTIB MIrMEHTHUM CIOCOOOM, sKi BHIPOOyBaHi B BHpoOHHUMXx ymoBax TOB
«HOBOMOCKOBCBHKMI TIOCY/l» 1 PEKOMEHIOBaHI JO CEpPIHHOTO BIPOBAHKCHHS Ha
3aBOJIaX 3 BHUITYCKY €MaJlbOBAaHUX BHUPOOIB TOCIOAAPYO-IOOYTOBOTO MPU3HAYCHHS.
TexHomoriudal 0COOIMBOCTI BUPOOHUIITBA 3aMpPOIOHOBAHMX €MaJIel J103BOJISIOTH
3CHIOBATH BHCOKOTEMIIEpAaTypHi omepamii Bapku emainedl Ha 100°C, a Bumamy
nokpuTTiB — Ha 30-50°C HmKYE BiJOMHX, [0 B €MTOXY TOTAJIBHOI EKOHOMII TOTUIMBHO-
€HEePreTUYHUX PECypciB AyXke akTyanbHo. Manodiyopucti cBiTiI03a0apBieH1 KpeMoBa
1 cipo-OnakuTHa emai BinpoBaikeHl Ha TOB «HoBoMoCKOBCHKHUIA TOCYT»;

- BOEpIE JUIsi TEXHOJOTl eMaJieBUX MOKPUTTIB Ha CTajl PO3pO0JIECHO METO]
KOJIIPHOTO MOJETIOBAHHSA, 3aBISKH SKOMY TMOOYIOBaHO KOJIPHUM TPUKYTHUK-
HOMOTpamy JJIsi BUPOOHWYOI CKIIOOCHOBH 1 MITMEHTIB KOBTOT'0, YEPBOHOT'O, CUHBOTO,
3a JOTIOMOTOI0 SIKOTO 3aJa€ThCsl HEOOXIIHUM KOJIp 1 PO3PaxOBYETHCS HEOOXITHE
CIIBB1IHOIIIEHHS TIITMEHTIB.

MeTo1 KONIpHOr0 MOJIENIIOBAHHS € YHIBEpCAJIbHUM 1 MOXKE OYTH 3aCTOCOBAHUM
70 IIAPOKOTrO AaCOPTUMEHTY CHJIIKATHUX MAaTeplajiiB: TIJa3ypoBaHI MOKPUTTS Ha

KepaMI4Hii OCHOBI, KOJIbOPOB1 Oy/AiBeIbHI MaTepiaiu Ta 1HIII.
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VY BcTymi OOrpYHTOBAHO AaKTYaJIbHICTh TE€MH AucepTalii, chOpMyIbOBaHO
TOJIOBHY METy Ta 3aBAaHHSA POOOTH, MPEICTaBICHO HayKOBY HOBH3HY Ta MPaKTUUHY
LIHHICTh OJICP’KaHUX PE3YJIbTATIB.

B mepmomy po3mini HaBeAeHO aHali3 TATEHTHOI Ta HAYKOBO-TEXHIYHOI
JTEpaTypH, M0 CTOCYETHCA OTPUMAHHS EKOJOT1YHO O€3MEYHMX eMaye HIUPOKOi
KOJIIPHOI raMH, Cy4acHOTO CTaHy BUPOOHHIITBA KOJbOPOBUX €Majiell Ta KOHTPOJIO iX
KOJIIPHUX TOKAa3HUKIB, MEXaHI3MIB 3a0apBJICHHS CKJa Ta emayied 1 (akTopis, 110
BIUTMBAIOTh HA OPMYBAHHS KOJIHOPY.

Y gpyromy po3aiuli  HaJaHO OCHOBHI TOHATTS Ta BHU3HAYCHHS, SKi
BUKOPUCTOBYIOTBCS B POOOTI, a TaKOXX METOAMKU AOCHIHKEHHS (P13UKO-XIMIYHHUX
BJIACTUBOCTEH 1 CTPYKTYpPH CTEKOJI, MOKPUTTIB Ta iX KOJIPHI XapaKTEPUCTUKH.

B TperboMy poO3nil NPEACTaBICHO JOCHIIKEHHS 3 PO3POOKM EKOJIOTTYHO
Oe3nmeyHnX eMalei I MiJli Ta MPOTHO3YBAaHHS iX KOJIPHUX XapaKTEPUCTHK.

B uerBepTOMy poO3aimi MpeACTaBICHO pe3yibTaTH AOCTIIKEHb 3 PO3POOKH
JIETKOIUIaBKOT TUTAHOBOI eMaJli, sKa BIAIOBialia O BUMOraM JiIOYMX CTaHJIApTIB Ta
BUIIATIOBAJIACh B PECypco- Ta €Hepro3depiraloumx ymoBax BUPOOHHUIITBA Ta Oyia
MaKCHUMAaJIbHO €KOJIOTTYHO 0€3MeYHOI0 /ISl HABKOJIMIIIHBOT'O CEPEOBHIIIA.

[I’sTuit po3aisl MPUCBAYEHUN JOCHIKEHHSIM 3 PO3POOKHM CKIIAJIB €MajeBUX
¢pur, mo He BMImyOTs @ayop, SKi BUKOPHCTOBYIOTHCS IJIsi OTPUMAHHS
SACKpaB03a0apBIICHUX €MaJeBUX IOKPUTTIB JUIsi BUPOOIB ToCMOAapy0-noOyTOBOrO
pU3HAYCHHS.

B mioctomy po3aini mpenctaBieHl pe3yJabTaTh PO3POOKU METOJY KOJIPHOTO
MOJIeIOBaHHs. BigTBopuTH, a TUM Oiibllle CHOPOrHO3YBAaTH KOJIp 13 3aJaHUMH
KOJTIPHAMH  XapaKTEpPUCTHUKAMU —  HAJ3BUYAlHO  CKJaJHA  0OararoruraHoBa
MaTepiaJio3HaB4a MpoOiemMa, HaBiTh SIKIIO BigoMa penenTypa CKia 1 MOKPUTTS,
PEXUMU 1X BapKH Ta BUIATY.

B chomomy po3aini HagaHO pe3ynbTaTH MPOMHUCIOBOI anpoodartii, pearizarii Ta
BIIPOBA/PKEHHS OTPUMaHUX MaTepiaiB.

Krouosi crnosa: cknoemais, Giyop, [1nroMOyMm, i0HHE 3a0apBiICHHS CKJIa, MITMEHT,
TUTAHOBE TIOKPUTTS, MPOTHO3YBAHHS KOIBOPY, KOTIPHUNA TOH, YHCTOTA KOJIBOPY, MANITPa,

XYJ0HI 1 FOBETIpHI BUPOOU.
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SUMMARY

Ryzhova Olga. Scientific foundations of colored environmentally safe glass
enamel technology. — Qualifying scientific work on the rights of the manuscript.

Thesis for a Doctor of Science Degree in Specialty 05.17.11 — Refractory Non-
Metallic Materials Technology, State Higher Educational Institution "Ukrainian State
University of Chemical Technology”, National Technical University "Kharkiv
Polytechnic Institute"”, Kharkiv, 2019.

The dissertation is devoted to creation of physicochemical bases of technology
of ecologically safe protective and decorative glass-enamel coatings of wide color
scale on steel and non-ferrous metals, development of principles of regulation and
prediction of their color.

As a result of the research on the topic of dissertation the following scientific
results were obtained:

- scientifically substantiated and experimentally proved that the production of
lead-free enamel coatings on non-ferrous metals is possible on the basis of the Na,O —
BaO — B,0; — SiO, glasses, by the complex of defined properties and the ability to
form the highest quality coatings on a copper basis the selected region of the base
system, mol %: Na,O — 24,2-40,5; BaO — 5.0-10.0; B,O; — 15.2-30.5; SiO, — 24,0—
53,5, which in comparison with the limits of these components in known compositions
of lead-free enamels, is characterized by a 2-fold increase in the content of B,O3z and a
relatively small content of SiOy;

- the basic tendencies of color change of glasses of Na,O-BaO-B,03;-SiO,
system has been established, which differ significantly in chemical composition and
has colored by ionic dyes, taking into account the structural features of glasses and
their acid-basic properties. They has been evaluated by two calculated structural
parameters: fs; is the degree of connectivity of the silica framework and ¥, is an
indicative index of the coordination state of Boron in the structure of the glass. It had
proved that there is a significant correlation between the colors A and Wv had proved
for glasses colored CuO r * = - 0,83 and CoO r * = - 0,87 and weak — for glasses
colored K,Cr,Oy, -r *=0,5;
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- the patterns of coloring of one glass matrix and enamel coatings on its basis in

the system R,0-BaO-ZnO-Al,0;-B,0s-Ti0,-SiO,; by a series of ionic dyes has been
founded. Regardless of the content of the dyes, they give the same color tone to the
glass and coatings based on these glasses, namely: CuO (1.0-3.0 wt%) A = 489-—
494 nm (blue-green), Fe,03 (0.5-2 wt%) A = 575-585 nm (yellow), K,Cr,0O; (0,5
2.0 wt%) A = 570-576 nm (yellow-green), CoO (0.5-1.0 wt%) A = 441-463 nm (blue-
violet), NiO (0, 5-1.0 wt.%) A glass = 559" — 571 nm, A coatings = 598-629 nm
(brown). It has been proved that in the degree of color intensity of glasses and coatings
based on them, the dyes has been arranged in the following sequence: CoO> NiO>
CuO> K,Cr,07> Fe,04;

- for the first time, the mechanism of silencing of transparent matrix enamel
glass in R,0-BaO-ZnO-TiO,~Al,05-B,05,-TiO,-SiO, system with the introduction
of MoO; has been established, which results in the phenomenon of opalescence,
namely: due to diffraction at propagation of waves in microinhomogeneous medium in
which the particle size of molybdenum (VI) oxide is 0.05-0.15 um less than the
wavelength of white light;

- for the first time, the dependence of the diffuse reflection coefficient (CDR) of
enamel coatings on the chemical composition of enamel frits, obtained by processing
the experimental sample 471 of the enamel frit composition by multiple correlation
analysis, which is presented in the form of a mathematical model that allows you to
calculate the chemical composition of the enamel coatings with a given CDR; the
correlation coefficient between experimental and calculated values is 0.98;

- using the idea of introducing into any material (glass, pigment, sitall, metal)
certain components in a small amount to modify its properties, the following has been
first discovered: "small addition" of Fe,O; in the amount of 0.25wt.% in the
composition of lead-free enamel glasses based on the base system Na,O-BaO-B,03;—
SiO; and 1 wt.% in the composition of fluorless glass enamels based on the basic
system Na,0-B,03;-SiO, activates the processes of differentiation of the segregation-
dropping structure of glass, which allows to increase the intensity of opaque coatings
by 1.5-2.5 times, as well as to improve the optical-color characteristics of pigment-

colored glass coatings, in particular, red. "Small addition" of ZrO, in the amount up to
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1 wt.% in the composition of low-fluoride titanium enamel promotes the active release

of anatase in the coating during firing and improving its optical characteristics;

-with the help of a dedicated COLOR GLASS computer program that
automatically calculates color coordinates x y, color tone A, color purity P, and maps
the color characteristics of materials to the CIE graph, it has been first demonstrated
that the picture of the location of the color points, first, you can make predictions
about the equilibrium that is formed between the ionic coloring complexes during the
melting of glass, and secondly, about the color potential of the pigment mixture.

- for the first time in the field of technologies requiring high temperatures, the
dependences of the color coordinates of the enamel coatings on the composition of the
pigment mixture in the form of polynomial mathematical models has been established,
which made it possible to solve the complex material-coloristic problem of finding the
ratio of pigments to reproduce the color of the sample with the specified color
characteristics.

The practical significance of the obtained results:

- the compositions of enamel glasses for non-ferrous metals, which do not
contain Plumbum - one of the most harmful for the environment element, had been
developed; the basics of technology of obtaining products with their use had offered.
New enamels of a wide range of colors with varying degrees of transparency had been
created on the basis of matrix transparent enamel and they had characterized by the
same firing interval of 780-820°C, which makes the technology of obtaining artistic
and jewelry easier. Enamels had been tested and recommended for implementation in
the production of artistic products in the workshop, which locates in the structure of
the Museum of Ukrainian Painting (Dnipro), as well as at the jewelry company,
Diadema, Vinnytsia. The enamel coatings palette and their products had presented
during a report at the 24th International Congress of Enamels in Chicago in 2018.
According to an international agreement between the Ukrainian State University of
Chemical Technology (Dnipro) and Richemont International SA Varinor SA,
Delmont, Switzerland, enamel glass powder and enameled copper samples had been

made and handed over to the customer;
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- a catalog of color samples, which presents the glass base, the number of dyes,

opacifiers, reducing agents and the optic-color characteristics of enamel coatings
which do not contain Plumbum, has been created. The color name was set in
accordance with the color name of the RAL system. The palette of designed enamels
of jewelry and artistic purpose includes transparent matrix enamel and 53 colors:
yellow-red, blue-green, olive-mustard, pastel and brown-black;

- a series of compositions of white and light-colored titanium enamels
containing reduced amount of Fluorine, has been developed, also the composition of
fluorless frites to obtain brightly colored enamel coatings pigmented way of color,
which were fused and passed extensive testing in production conditions factories for
the production of enameled household products, has been synthesized. Technological
features of production of the enamels offered permits to carry out high-temperature
operations of melting at 100°C below the known ones, and firing of coatings — by 30-
50°C, which is very relevant in the era of total saving of fuel and energy resources.
Low-fluoride light-colored cream and gray-blue enamels has been introduced at
"Novomoskovsk dishes";

- for the first time for the technology of enamel coatings on steel, a method of
color modeling has been developed, through which a color triangle-nomogram has
been constructed for the production glass base and pigments of yellow, red, blue, by
which the required color is specified and the necessary ratio of pigments is calculated.

The color modeling method is versatile and can be applied to a wide range of
silicate materials: glazed ceramic coatings, colored building materials, and more.

The introduction substantiates the relevance of the dissertation topic, formulates
the main purpose and objectives of the work, presents the scientific novelty and
practical value of the obtained results.

The first section provides an analysis of the patent and scientific and technical
literature concerning the production of environmentally safe enamels of a wide color
range, the current state of production of colored enamels and the control of their color
indices, the mechanisms of color of glass and enamels and factors affecting color

formation.
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The second section provides the basic concepts and definitions used in the work,

as well as methods for investigating the physicochemical properties and structure of
glasses and coatings and their color characteristics.

The third section presents studies on the development of environmentally safe
enamels for copper and the prediction of their color characteristics.

The fourth section presents the results of research on the development of fusible
titanium enamel which would meet the requirements of current standards and be
burned in resource- and energy-efficient production conditions and be the most
environmentally safe for the environment.

The fifth section is devoted to the research on the development of enamel frits
that do not contain Fluorine and used to produce brightly colored enamel coatings for
household products.

The sixth section presents the results of the development the color modeling
method. Reproduce, and even more so predict, color with predetermined color
characteristics is an extremely complex multifaceted material science problem, even if
glass and coating formulations, modes of melting and firing are known.

In the seventh section the results of industrial testing, realization and
implementation of the received materials has been presented.

Keywords: glass enamel, Fluorine, Plumbum, ionic glass coloring, pigment,
titanium coating, color prediction, color tone, color purity, palette, art and jewelry

wares.
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