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AHOTALIA Ilpoananizo8ano cyuacHuti cmaH MexXHON02H BUPOOHUYMBA CKIAHUX 6upobdie, WO BUKOPUCHOBVIOMbCA 6
apximexmypHo-6y0ieenbHill 2ay3i, munu eHepeosdepicaroyux (roam-cmexkon ma ix poav y akocmi ocgimienus oyoigennv. Iloxkaszano
akmyanvHicme  euxopucmanus low-E cmexon, 30kpema y cxnonaxkemax. Pozenswymo iHHOGayilini meHOenyii y eupoOHuymei
JUCTNOB020 apXimekmypHo-6y0ieenvbHo20 hnoam-ckaa i3 3acmocy8antaM CY4acHUX mexnonoeii ma oonraounanuns, 3o0kpema, na IHAT
«lucuuancoruti cknoszaeod «llponemapitiy. Bcmanoeneno, wo cymmesum HeOONiKom Oinbul enepeoepexmusHux I-cmexon, sxi
Maiome WUPOKUll 0ianazon KOMPHUX XAPAKMeEPUCMUK, € HeOOCMAamHs MeXaHiuna MiyHicmb M'SKUX HOKPUMMIB, WO HAHOCAMb
MAcHempOHHUM BAKYYMHUM HanuneHHaM. Ilokazano, wo mexHonozis ueomoenents Husbkoemicitinux I-cmexon 3 maxumu
NOKpUMMAMU He 00360A€ 30IUCHIOBAMU iX 2apmy8anHs 3i 30epexnceHHAM 6CiX HeoOXIOHUX eKcnayamayiiunux napamvempis. Hageoeno
Qizuxo-ximiuni eéracmusocmi i eKCHAYAMAayiliHi Xapakmepucmuky 6eiuKo2abapumHux CcmeKon 3 CpPiOHUMU, COHYUE3AXUCHUMU
M'SKUMU NOKpUMMAMU, TAMIHOBAHI, NIOCKI MaA padiyCHi 3a2apmosawni cmekia, a maxodxc cgepu ix 3acmocyeanus. JocaiodxceHo
NPUHYUNU 3MIYHEHHS M AKUX MACHeMpOHHUX ROKpummie 0is oodepicanns Huzvkoemicivinux Double Low-E cmexon ma cknao,
KOMOTHayii wiapie il mexHon02iuHi napamempu HaHecents OA2amowaposux HaAHONOKPUMMIE 3a2anbHOI0 mosuuHol 0o 140 um, wo
ooseonae eapmysamu I-ckno 3 yumu nokpummamu. IIpoananizoeano mexwonoeiuni napamempu OMpUMAHHA HU3bKOEMICIuHux I-
CMeKON 3 apiamuHUMU NOKPUMMAMY, AKI pe2ynioiomb CHeKMpAalbHi ma eKCHAyamayitini noKa3HuKu Oauux cKI08upobieé 3a
miscoepacaguumu cmanoapmamu I'OCT EN 673-2016 11 I'OCT EN 410-2014. Po3enanymo mexHono2iuni Memoouxku 2apmyeanus
JUCMOB020 CKIA I3 HAHECEHUMU HU3bKOEMICIUHUMU NOKPUMMAMU WINAXOM CWEOPEHHA CheyianbHux ix ckiadie ma onmumizayii
npoyecie MacHempoOHHO20 HAHECEHHs, d MAKONXC OCHOBHI 3aKOHOMIPHOCTI po3mautysanus uiapie niiekoeoi cucmemu SizN4 / NiCr /
SisNs+ Ona eumpumysanns mepmiuynoi obpodku cmexon cucmemu R20—-RO-SiO:. 3anpononosano npunyunu Kopecy8awus ix
CHEeKMPATbHUX 1l MEXAHIYHUX XAPAKMEPUCMUK 8 3ATIeACHOCHIT 810 KOHYESHMPAyii ma cnie8iOHOUEHH KOMINOHEHMI6 MOHKONIIBKO8020
HaHowlapy, wo cnpusimume CMEOPEHHIO 8apiayilinozo psady groam-cmekon 3 HeoOXiOnum pienem 6i0Oumms 6 iHghpauepsoHomy
cnekmpi.

Knwouosi cnosa: gnoam-ckno; Low-E nokpumms,; Oesneuni cmekid; mMexHoio2ii MazHempoOHHO20 HANUAEHHA, 2APMYBAHHS CKAA,
CHEKMPANbHI Xapakmepucmuku, apximexmypHo-0yoieeibHa 2any3b,; iHPpavepsoHull cnekmp
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ABSTRACT The current state of technologies for the production of glass products used in the architectural and construction
industry, types of the energy-saving float-glasses and their role in the lighting quality of the buildings was analyzed. The relevance of
the use of Low-E glass, in particular in the glass units, is shown. Innovative trends in the production of sheet architectural and
construction float glass with the use of modern technologies and equipment, in particular, at PJSC "Lysychansk glass factory
"Proletary ", considered. It is established that a significant disadvantage of more energy-efficient I-glasses, which have a wide range
of color characteristics, is the insufficient mechanical strength of soft coatings applied by magnetron vacuum spraying. It is shown
that the technology of manufacturing low-emission I-glasses with such coatings does not allow them to be hardened while
maintaining all the necessary operating parameters. Physicochemical properties and operational characteristics of large-sized
glasses with silver, sunscreen soft coating, laminated, flat and radial tempered glasses, as well as their areas of application are
presented. The principles of strengthening soft magnetron coatings for low-emission Double Low-E glasses and composition, layer
combinations and technological parameters of multilayer nanocoatings with a total thickness of up to 140 nm, which allows to
harden I-glass with these coatings, investigated. The technological parameters of obtaining low-emission I-glasses with variable
coatings, which regulate the spectral and operational indicators of these glassware according to the interstate standards GOST EN
673-2016 and GOST EN 410-2014, are analyzed. Technological methods of the sheet glass with low-emission coatings hardening by
creating of the special compositions and optimizing magnetron sputtering processes optimizing, as well as the basic regularities of
the arrangement of the film layers of the SizNs/ NiCr / SisNyfilm for the heat treatment withstanding of the glasses in the R20 — RO —
SiO: system are considered. The principles of adjusting their spectral and mechanical characteristics depending on the
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concentration and ratio of the components of the thin-film nanolayer, which will contribute to the creation of a variation series of
Sfloat glasses with the required level of reflection in the infrared spectrum, are proposed.
Keywords: float glass, Low-E coatings, safety glasses;, magnetron sputtering technology, glass hardening; spectral characteristics;

architectural and construction industry; infrared spectrum

Introduction

Giving of the fundamentally new performance
characteristics to the architectural and construction
polished glass through the use of scientific achievements
advances and advanced technologies has contributed to a
significant expansion of its application [1,2]. Providing
high light, heat and sound insulation of premises, almost
absolute environmental friendliness, a significant
reduction in lighting costs, a significant speed of
construction, as well as a significant improvement in the
strength of glassware in combination with giving them
different shapes, - all these factors have led to a new level
urban ideas about the role of glass [3,4].

Energy-efficient windows have become extremely
popular, and their widespread use in Europe has grown
significantly in recent decades.

Window structures of double glass appeared,
which opened new opportunities in architectural
construction [5]. In the 90s of the last century, thanks to
advances in float glass technology, an alternative to them
were the so-called low-emission glass including with
special coatings [6]. Light-protective glasses change the
spectral properties of the light that passes through them,
create a more comfortable, compared to colorless glass,
lighting and provides high clarity of perception of objects
and do not cause eye fatigue. Such glass significantly
reduces the flow of heat into buildings and protects
against the destructive effects of ultraviolet rays [7].

Light-protective float glass is widely used for
lighting buildings, where there is a problem of reducing
the brightness of lighting, there is a need for one-sided
inspection of the premises during the day and special
requirements for interior parameters, as well as for facade
and interior design of administrative, public and
residential premises. furniture, etc. When using low-
emission glass in double-glazed windows filling the
interglazed space with inert gas leads to an additional
increase in heat transfer resistance by 7 - 10%, while in
the case of ordinary double-glazed windows this measure
does not create the desired effect.

Low-E glasses include hardening safety glass,
which is used mainly in multi-storey offices and other
public buildings to ensure strict safety standards. There
are two types of low-E glasses: the first type is painted in
bulk with metal oxides in bronze, gray, blue and other
colors. These components provide the absorption of solar
thermal radiation and reduce transmission in the visible
part of the spectrum, thereby achieving the desired effect.
The second type includes glasses with special coatings
that provide a similar effect [8]. The disadvantage of
light-protective glasses, colored in bulk, is a fairly
significant cost due to the use of very expensive and
scarce, especially in Ukraine, dyes, as well as the
complexity of the cooking process of this type of glass

[9]. Thus, to obtain glasses colored with compounds of
manganese, chromium, copper, an oxidizing medium is
required, while sulfide selenium glasses and "copper
ruby" require a reducing or neutral atmosphere. n
addition, the peculiarity of cooking colored glass is
associated with low thermal conductivity of glass, which
greatly limits the possibilities of the manufacturing
modern methods widespread use such sheet glass [9].
[10]. Low-emission glasses with special coatings only a
few tens of nanometers thick, making them completely
transparent to the human eye, have presented serious
competition to the first type of glass [11].

The goal of the work

The main purpose of the work was to analyze the
innovative trends of low-emission glass integrated
technologies and their problems, as well as to develop
ways of the significantly improve this product in Ukraine.

The main results and their discussion

Recently, the volume of production of laminated
glasses with special films and inorganic nanocoatings has
increased significantly. They are able to have the same
functional characteristics as the above low-emission
glasses, that is they can be energy-saving, sun-proof, etc.

The use of inorganic coatings has significant
advantages over laminating films due to their significant
durability. Typically, laminated glass is a triplex made by
gluing glass plates with a special polymer film PVB under
conditions of significant pressure and high temperature.
The hardened, reflective, energy-saving float glasses with
silk-screen printing or color printing are used as initial.
Bonding glass does not increase the mechanical strength
of the components of the triplex, but due to the formed
layers in the whole product as a whole increases the
resistance to fracture. In addition, triplex belongs to a safe
group of glasses due to the fact that when it is destroyed,
the fragments do not fly away, but remain on the film
[12].

Modern safety glasses include flat and curved
hardened glasses. The first of them is an indispensable
material for the building industry during the closing of
high-rise buildings, offices and banks, mansard windows,
greenhouses, subway cars, passenger trains, trams,
passenger transport; with the prepared details of the side-
by-side technology (folding shelves for refrigerators and
ovens), spare parts of furniture; decorative glassware with
a color digital signet [13].

Among the glasses with non-vacuum coatings
should be noted silver mirrors and glasses with color
photo printing, which are widely used in solving the
design of various rooms [12]. The advantages of digital
color printing on glass consist of a wide range of colors;
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at the same time thanks to the further heat treatment
glassware has all advantages of the tempered glass: the
increased durability, resistance to any mechanical
damages, ultraviolet radiation, influence of such
aggressive environments, as atmospheric precipitations,
chemical reagents.

However, the greatest attention is paid to glasses
that are integrated with functional coatings. This type
includes low-emission glass [14]. Today, two types of
low-emission coated glasses are produced: the so-called I-
glass (Double Low-E) with a soft coating applied by
magnetron in vacuum, and K-glass (Low-E) with a hard
metal oxide coating applied directly on the surface of the
still hot glass in the production process by pyrolysis.
These glasses differ mainly in the values of the coefficient
of emissivity, hardness and technology of their
production.

I-glass has high energy-saving properties. It
successfully reflects infrared radiation and partly -
ultraviolet, its heat transfer coefficient does not exceed
0.1. The service life of such glass is unlimited, but
provided that adequate protection against abrasive effects
due to insufficient hardness of the coating. Therefore, I-
glasses are used in double-glazed windows with a layer
sprayed inside these products, but their use for single
glazing is virtually excluded.

K-glasses with non-vacuum coatings, which are
characterized by special strength and are called solid, are
devoid of this disadvantage. These glasses have become
widespread due to the neutral color, ease of processing
and high thermal insulation properties. They can be
subjected to hardening, painting [13], used in the
manufacture of multilayer and single glazing systems.
The disadvantage of such glasses, from the point of view
of the architectural industry, is the impossibility of
varying their color shade. Therefore, special Low-E float
glasses need special attention.

The main feature of low-emission float glass is the
high values of light transmission and transparency, which
is due to the high absorption index in the infrared zone
(800-2000 nm) and the coefficient of thermal insulation.
In this work, to obtain such glasses with a "soft" coating
on the surface of the finished float glass after cooling by
cathodic sputtering in an electromagnetic field under
vacuum on a magnetron installation GC-254H (fig. 1) was
coated with metal-containing layers, alternating with
dielectric (oxides of BiOx, TiO,, ZnO, etc.). Their choice
depended on the required characteristics of these
properties.

For preliminary calculations of the coatings
composition used a coating designer, the action of which
is based on the software of modeling the spectrum of
SCOUT. We calculated the coordinates x, y, z of the
desired color (fig. 2), which the program converted to L *,
A * B *, RGB coordinates (red, green, blue), and the
allowable values of the transmission coefficients in
certain spectral ranges. Thanks to the software, a preview
of the change in the optical model and spectral
characteristics in the process of calculating the thickness

of the individual layers of the coating carried out. To
characterize the spectrum, the dominant wavelength was
calculated, which reflects the position of pure spectral
colors in the x —y plane (from 380 to 700 nm)
relative to white and facilitates the choice of spectrum.
Light transmission and reflection coefficients,
sunlight transmission and reflection coefficients, color
rendering index were calculated according to color
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1 —vacuum chamber, 2 — doors, 3 — glass, 4 — carriage,
5 — MRS, 6 — streams of atomized atoms, 7 — ion source,
8 — anodes, 9 — light source, 10— optical registration
system
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Fig. 1 — Vacuum installation for magnetron spurterive of
the coatings
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Fig. 2 — Color coordinates to calculate the properties of
the optical coating

However, oxide components, which are typical
components of the low-emission glasses nanocoating, are
subject to destruction during heat treatment at the
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hardening. However, the nitride components are resistant
to quenching temperatures. Therefore, it was proposed to
replace the composition of the multifunctional coating
components to simultaneously preserve the color and
spectral properties with the possibility of hardening. SnO,
in the adhesion layers was replaced by silicon nitride
Si3Ny4 and silicon nitride doped with aluminum SizN4:Al
(SiAl). They, like SnO,, correct the color characteristics
of the glass well, but, having much greater strength,
provide a significant strengthening of the "soft" coating at
a very small thickness (up to 140 nm). Their application
to the glass was carried out by magnetron cathodic
sputtering of targets containing silicon. In particular, a
target with a content of from 80 to 95 wt.% Si and from 5
to 20 wt.% Al was used to apply the SiAl adhesive layer.
For a similar purpose, the Cr darkening layer was
replaced with a thinner NiCr layer. All this allowed to
obtain low-emission float glasses with reinforced soft
coatings, resistant to external influences, which are
subject to hardening. The thickness of the barrier
layer in them is from 5 to 50 nm, preferably from 10 to 30
nm. This allowed to achieve low values of surface
resistance (4 Ohm) and satisfactory flexibility. In
addition, the coating due to the barrier layer of the
specified thickness reliably protected the glass in a humid
atmosphere.

For the variation of color characteristics, a system
of arrangement of I-glass coating layers with different
values of the required spectral characteristics was
developed (Fig. 3).

mittance, T(A) %

Cloefficient of trans:

m 0 1200 1700 20 20 e 1200 1700 0
—Grey 40(T) —Grey 20 (T) — -Bronze 40 (T) =-=-Blue violet 40 (T)-+-Grey 40 —Bronze40 — - Bronze 28 (T)

a b

Fig. 3 — Features of transmission (a) and visibility (b) of
created glasses

According to the results of testing for gritting, the
glasses correspond the standards of annealing R 43.

During the tests for mechanical strength through
the abrasion, it was found that the composition of the
coating changing allowed to increase this parameter from
200 to 1000 abrasions. Technological parameters for the
creating of low-energy I-glasses with variable coatings,

which regulate spectral and exploitation indicators, made
it possible to obtain multifunctional low-energy float
glasses in accordance with the international standards
GOST EN 410-2014 and GOST EN 673-2016. They have
been successfully implemented at the LLC “Lysychansk
Glass Factory” and in the architectural and construction
industry.

Conclusions

Thus, the analysis of innovative trends in
integrated technologies of low-emission float glasses
showed the relevance of their use in architecture and
construction and the advantages of I-glass with so-called
soft magnetron coatings over K-glasses with hard
pyrolysis coatings.

Replacement of oxide components of magnetron

multilayer nanocoatings with nitride, as well as
development of technological parameters of their
application allowed to significantly increase the

mechanical strength of coatings, provide the necessary
spectral and color characteristics of finished glass
products and carry out the hardening process.

The implementation of these results at
Lysychansky Glass Factory LLC has led to the production
of products at the level of the best world analogues, which
are successfully used in the architectural and construction
industry.
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AHHOTAITHA [Ipoananuzupoano co8pemenHoe COCmosiHue mMexHOI02Ull NPOU3800CMBEA CMEKISHHbIX U30eUll, UCHONb3YEMbIX 8
apxumexmypno-cmpoumenvhou ompacau. Ilokazana axmyanshocms  ucnonvszosanus low-E  cmexon, 6 uacmmocmu 6
cmexnonaxkemax. Paccmompensl unHosayuonHvle meHOeHYuU 8 NPoU30OCMaEe AUCMOB020 APXUMEKMYPHO-CINPOUMENbHO20 Qroam-
CMeKIa ¢ NpuUMeHeHUueM COBPEMEHHbIX meXHono2uti u obopyodosanus, 6 uacmuocmu, Ha OAO « Jlucuuanckuii cmekio3a600
«IIponemapuiiy. Ycmanosneno, umo cywecmeenHbiM HeOOCMAMKOM 3Hepeodh@exmusnvix E-cmekon, komopuvle umeom wupoxuil
OUANA30H YBEeMOBbIX XAPAKMEPUCMUK, S6TAEMCS HeOOCMAMOYHAsL MEeXAHUUeCKAas NPOYHOCMb MASKUX NOKPLIMULl, HAHOCUMBIX
MACHemPOHHBIM BAKYYMHbIM Hanvlienuem. Ilokazamno, umo mexwonoeus uzeomoenenus E-cmekxon ¢ maxumu NOKpulmMusmu He
no380J18€em OCYywecmeansimy ux 3aKaiky ¢ COXpaHeHuem 6cex HeoOX0OUMbIX IKCIIYamayuoHnbix napamempos. Ilpusedensvlt ghusuxo-
XumMuyeckue colcmea u IKCHILYAMAayuoHHble XapaKkmepucmuKky KpynHo2abapumHolX CmeKoil ¢ CepeOpsHbIMU, COTHYEe3aUUmMHbIMU
MSASKUMU  NOKPLIMUAMY, JTAMUHUPOBAHHBIX, NJIOCKUX U PAOUYCHBIX 3AKAJIEHHBIX CMEKON, a MaKdce cepovl Ux NPUMEHEHUs.
Hccreoosanvl npunyunsl ynpounenus MASKUX MASHEMPOHHBIX NOKPLIMULL 0151 NOTyYeHUusa Huskoamuccuonuvix Double Low-E cmexor,
UX cocmas, KoMOUHAYUU Cloe8 U MeXHOLo2UYeCcKUe Napamempsbl HaAHeCeHUss MHO2OCIOUHBIX HAHONOKPLIMUL 00well MmomyuHou 0o
140 Hm, umo nozeonuno 3saxarame E-cmexno c¢ Humu. Ilpoanmanuzuposanvl mexHoso2UYecKue napamempvl HOLYUeHUs:
HUBKOIMUCCUOHHBIX E-cmekon ¢ eapuamueHviMu NOKpubIMusMU, KOMOpble pe2ylupyrom CHeKmpaibHble U IKCHIYAMAYUOHHbIe
nokazamenu OAHHbIX CMeKIou30enuil 8 coomgemcemeuu ¢ medxceocyoapemeenuvimu cmanoapmamu I'OCT EN 673-2016 u TOCT EN
410-2014. Paccmompenvt mexnonocuueckue MemoOUKU 3aKAIKU JUCMOBO20 CMEKAA ¢ HAHECeHHbIMU HUZKOIMUCCUOHHOE
NOKPLIMUSIMU NYMEM CO30aAHUsL CREeYUATbHbIX COCIMABO8 U ONMUMU3AYUU NPOYEeCcco8 MAZHEMPOHHO20 Hanecenus.. Paccmompenbl
OCHOGHblE 3aKOHOMEPHOCMU PACNoNodiceHus cioed nienoynou cucmemvl SisNg / NiCr / SisNg Ons évioepoicusanuss mepmuieckou
obpabomku cmexon cucmemvt R 20-RO-SiO:2 u npeonosicenvl npunyunst KOppeKmMuposKU Ux CHeKMpanbHuIX U MeXaHUYeCKux
Xapakxmepucmux 8 3asUcCUMOCU OmM KOHYEHMPAyuu U COOMHOUIEHUSI KOMNOHEHMO8 MOHKONIEHOUYHO20 NOKPuImus, umo Oyoem
cnocobocmeogams  CO30AHUID  8APUAYUOHHO20 pAOA (POAM-CMEKOL C HeoOXO0OUMbIM YPOSHEM OMPAXCeHUs 8 UHPPAKPACHOM
cnekmpe.

Knroueevie cnosa: ¢proam-cmexino;, Low-E noxpuvimus; 6e3onachvie cmexia; mexmoiocuu MAzHemMpOHHO20 HANLLAEHUA, 3aKaIKd
cmekaa, CneKmpaibHble XapaKxmepucmuxy, Cmpoumenbtas Ompacib;, UHQOPAKpAcHwill OUana3on
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