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GRAY NON-PIGMENT GLASS COATINGS

Abstract. Color is an important indicator of the aesthetic evaluation of the quality of materials and products for
various purposes. The visual perception of the color by the human eye is subjective. For achromatic colors, the
human eye responds better to a change in brightness (lightness) of dark colors than light ones, since the relative
increment of lightness is higher in the first case than in the second. Gray is an achromatic color, which is the result
of a mixture of classic colors — black and white. Depending on the lightness, the shade of gray changes from black
(lightness 0%) to white (lightness 100%). In combination with other colors, it decorates any interior, emphasizes
its dignity. Gray color is in great demand in the manufacture of steel enamelled household articles. To obtain a light
gray color, the basic sodium borosilicate system (Na,O-B,03-SiO,) was chosen. For the experimental enamels,
physicochemical properties were determined, and for glass coatings - lightness and brilliance. In order to improve
these properties, the components in the composition of enamels were varied. Leachability of the best enamel was
0.11 cm3/g, temperature coefficient of linear expansion — 94.2-10°7 degrees-', spreadability — 24.3 mm, gloss of
the glass layer — 76%, lightness — 57%, the coating withstood the effect of 4%th acetic acid for 5 minutes without
losing gloss. On this enamel, the dependence of lightness and tint of the glass layer on the amount (0.067-0.6
parts by weight) of coloring oxides (CuO, NiO, CoO), which were injected in excess of 100.0% by weight, was
studied. The optimum content of the coloring components was determined. Non-pigmented glass coatings of light
gray color with a delicate blue tint and lightness 60-70% have been developed, which can be used for enameling

kitchen and tableware, as well as for other types of steel articles for household use.
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INTRODUCTION

In the conditions of the modern consumer
goods market, enterprises producing enameled
products take into account the increasing require-
ments for products covered with silicate glass
enamels.

In comparison with other coatings (organic and
electroplating), glass enamel coatings are distin-
guished by high hygienic, long service life and high
decorative characteristics.

To obtain competitive products, it is neces-
sary to constantly expand the range of enamels,
their color range and aesthetic and decorative
characteristics while maintaining the required
physicochemical and performance properties,
including chemical and corrosion resistance to
food environments and atmospheric influences.
In addition, glass-enamel coatings should not
contain toxic components that adversely affect
human health [1; 2].

Trends of modern design in the field of deco-
rating enameled household articles (dishes, parts
of electric and gas stoves, architectural panels,
etc.) are aimed at obtaining coatings of achromatic
colors. These colors provide an exquisite backdrop
for using a wide range of decals. In contrast to
white and black colors, it is light gray colors that
make it possible to provide a person with a positive
psycho-emotional state in everyday life.

For achromatic colors, lightness (the degree
of dispersion, that is, the % presence in a color of
white and light gray tones) is the only character-
istic. Black color has the minimum value of light-
ness (0%), and white maximum (100%) [3]. Gray
glasses, called neutral or smoky, are character-
ized by uniform transmission throughout the visible
spectrum [4]. Due to the lack of ready-to-use dye
gray, with which you can get gray staining, it is nec-
essary to apply a mixture of two or three coloring
components. The combination of dyes is chosen
so that the color caused by them is complementary
to the base color of the coating, and the mixing of
dyes is a subtractive process. With the help of the
third dye correction is carried out so that the final
color is as close as possible to the neutral one.

Gray glass enamels used for the manufacture
of varietal utensils and other products using ce-
ramic pigments are non-uniform. For dosing of
dyes it is necessary to take into account the influ-
ence of the composition of the main glass. lonic
dyes can be present in glass in various degrees of
oxidation, which depends primarily on the condi-
tions of cooking and the interaction of two or more
coloring ions simultaneously present in the glass.
From the literature it is known the difficulty of pre-
dicting the resulting color of the glass layer when
using several ionic dyes simultaneously. Good
results in reproducibility of staining are primarily
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obtained using the following dye combinations:
Fe,03-NiO-Co0 and Cr,03-NiO-CoO [3; 4]. From
an environmental point of view, glass enamels that
do not contain harmful components are more ap-
plicable. Therefore, it became necessary to obtain
a gray enamel coating based on enamel fluoride-
free enamel with the addition of the above oxides.

AIM OF THE WORK

To study the combined effect of coloring ox-
ides (CuO, NiO, Co0) in the quantities studied on
the change in color of the glass layer and to select
their optimum ratio. Get a coating of light gray with
a blue tint with a given lightness of 60-70%.

METHODS OF RESEARCH AND THEIR
RESULTS

The composition of the enamel mixture accord-
ing to the calculated recipe included the following
materials: quartz sand, titanium dioxide, boric acid,
alumina, chalk, sodium and potassium nitrate, so-
dium tripolyphosphate and iron scale. Coloring
oxides were introduced for melting enamel in ex-
cess of 100.0 wt.%.

Preparation of the charge for melting was car-
ried out according to the generally accepted tech-
nology, i.e. dry, clean, prepared materials were
crushed, sieved through a sieve No. 07 (98 holes/
cm?) and mixed well. The moisture content of the
mixture was 3%.

Experienced enamels melted at a tempera-
ture of 1260-1280 °C for 58-65 minutes. Frits
were obtained by the method of wet granulation,
then dried and ground according to the following
recipe, parts by weight: 100.0 frits; 5.0 chasov-
yarskaya clay; 0.1 NaNO, and 40.0 ml of water.
After 24 hours of aging, the enamel suspension
was applied to primed steel samples, which, after
drying at a temperature of 1100C, were burned
in the temperature range: 800-820-860 °C. The
quality of the glass layer was assessed visually by
the degree of melting and perceived color, and
the optical parameters were determined using the
spectrocolorimeter “Pulsar”.

The properties of the frits spreadability, water
resistance, and temperature coefficient of linear
expansion (TCLE) were determined by standard
methods. The enamel is water resistant to the Ill-th
hydrolytic class (leachability is 0.11 cm3/g), TCLE
— 94.2-10°7 degrees-1, spreadability — 24.3 mm.
The coating is gray in color with a brown tint, the
gloss of the glass layer is 76%, the lightness in-
dex is 57%. Glass coatings withstand the effect of
4% acetic acid for 5 minutes without losing gloss,
which meets the requirements for coating enam-
el, which can be used for external application to
household appliances [5; 6].

DISCUSSION OF RESEARCH RESULTS

Obtaining a uniform gray color non-pigment
glass-enamel coatings is a difficult task, which
is caused by the problem of obtaining a slightly
damped glass base and the selection of a certain
amount of coloring oxides. Sodium borosilicate
(Na,0-B,03-Si0,) was chosen as the base sys-
tem in which the following limits of the content of
components were determined, wt.%: 46.8-49.8
SiO,; 12.9-18.3 B,0g3; 1.5-3.5 TiOy; 3.0-4.5 Al,Og;
2.1-9.0 Ca0; 14.5-18.0 Na,0; 2.0-3.5 K,0; 3.5—-
5.5 P,0s; 0.5-1.5 Fe,05. After analyzing the phys-
icochemical properties of enamels, the quality of
the glass layer and the lightness index, the enamel
composition containing the following components,
was selected as the basis for producing light gray
coatings. The selected enamel is characterized
by weak silence due to a small amount of titanium
dioxide. Therefore, the density of light gray color
will be higher. A light gray color is obtained by com-
bining the process of ionic staining and isolating
the fine crystalline phase of TiO,.

Itis possible to obtain a gray coating with a giv-
en lightness on the basis of the selected enamel,
however, the glass layer is characterized by color
heterogeneity. This is due to the presence of iron
(1) in its composition. Paired combinations of col-
oring components, for example: copper and nickel
oxides, result in coatings with a brown-green tint.
The combination of oxides of cobalt and nickel
helps to obtain blue-brown shades on the coat-
ing. Glass coatings with a salad blue shades can
be obtained by applying the oxides of copper and
cobalt. To eliminate the undesirable brown tint of
the coating, compositions of copper, nickel, and
cobalt oxides were used in the work.

According to modern concepts, the basic com-
ponents of glass form an environment in which
redox reactions take place between the elements
of variable valence [7]. Such a medium, which is an
alkaline silicate melt, consists mainly of silica and
aluminoboric anions of varying degrees of com-
plexity, cations of alkali and alkaline earth metals,
as well as oxygen ions, among which are bridging
(associated only with silicon cations), non-bridge
and free 02 ions. From the standpoint of the theory
of acids and bases, it is the latter that have the
greatest activity and are typical bases.

Important for the redox potential of glass melt
is the basicity of the melt, as well as the presence
of dye ions (CuO, NiO, Co0), which perform mainly
the functions of modifiers, are located in the cavities
of the structural network, dyes are in oxygen enamel
dissolved form, and they are more or less solvated
by enamel molecules. Enamels with such dyes are
painted immediately during melting. The oxygen re-
leased by them during the melting process increases
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the internal oxygen pressure in the melt, delaying staining with compositions of two or more coloring
the dissociation of the coloring oxide. In the produc- ions is used. The combinations of dyes (CuO, NiO,
tion of colored glasses and enamels, in most cases, Co0) used by us in the studied ratios (fig. 1-3)

0,6 CuO/l

CoO
a) b)
Fig. 1. The amount of coloring oxides of 0.2-0.6 parts by weight (a) and the lightness of gray
coatings, % (b)
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Fig. 2. The amount of coloring oxides 0.13-0.4 parts by weight (a) and the lightness of gray coatings, % (b)
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Fig. 3. The amount of coloring oxides is 0.067-0.2 parts by weight (a) and lightness values of gray
coatings, % (b)
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due to their individual color when mixed ensure the
formation of a glass layer of gray color [3].

Dyeing metal oxides were introduced to the
enamel melting, initially in the maximum amount
of 0.6 parts by weight (fig. 1). The compositions
with CoO had a gray color with a pronounced blue
tint; with CuO — with a touch of salad; with NiO —
brown tint. Special attention is attracted by glass
coatings which include two or three coloring ox-
ides. The following compositions were the best
in terms of density, smoothness and neutrality of
color, parts by weight: N°5 — 0.2 CoO and 0.4 NiO;
N°6 — 0.4 CoO and 0.2 NiO; No10 — 0.2 CoO,
0.2 NiO and 0.2 CuO. The lightness of the glass
layer ranges from 40.8 to 45.6%. At the same time,
these coatings are not light gray in terms of light-
ness, but have a rich gray color. We also investi-
gated other amounts of coloring oxides (0.13-0.4
parts by weight, fig. 2) and (0.067-0.2 parts by
weight, fig. 3).

After analyzing the characteristics of enamel
coatings, it was determined that the lightness index
is directly proportional to the amount of coloring
oxides in the enamel, i.e., as the dye content in-
creases, the lightness index decreases. The pres-
ence in the enamel of the studied metal oxides of
variable valence in the amount of 0.13-0.4 parts
by weight helps to obtain glass coatings with a
lightness of 60.5-69.5%, and 0.067-0.2 parts
by weight — with a lightness of enamel coatings
— 70.5-74.0%, which in terms of indicators ap-
proaches white coatings.

Based on the results of the research, we de-
termined the optimal content of dyes, namely:
0.2 wt.h. CoO, CuO and NiO (for coatings No12,
14), or the presence of all three dyes in the same
amount (0.13 parts by weight) — coating No17.

CONCLUSIONS

As a result of the studies performed, the base
enamel was selected to obtain gray glass coatings
on its basis, the composition of ionic dyes (CuO,
NiO, CoO) was selected over 100.0 wt.%, Regulari-
ties of lightness change of non-pigmented glass
enamel coatings of gray color were established.

Analysis of the lightness values of glass coat-
ings showed that to obtain a light gray color of a
glass layer with a blue tint and a lightness of 60—
70%, the following content of colored oxides is
most preferable, parts by weight: 0.13-0.2 NiO;
CoO and CuO. The developed glass-enamel coat-
ings are intended for external application to steel
products for household purposes.
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BE3MNIrMEHTHI CKJTONMOKPUTTSA CIPOIro KOJibOPY

Pe3iome. Konip € BaXxnavBuM nokazHMKOM eCTETUYHOI OLIHKM SKOCTI MaTtepianiB i BUpoG6iB Pi3HOro npu3Ha4eHHs.
BigyanbHe cripuiiHITTS KOJIbOPY JIIOACBKUM OKOM € Cy6’eKTUBHUM. [ axpoMaTuyHuX KOJbOpPIiB JII0ACLKE OKO
Kpalye pearye Ha 3MiHy siCKpaBOCTi (CBIT10TM) TEMHUX KOJIbOPIB, HiIX CBIT/INX, OCKiJIbk/ BiAHOCHE 30i/1bLLUEHHS
cBiT/a1a B NepLIoOMy BUNaaky BuLlue, HiX y apyromy. Cipui Koaip — 4e axpoMaTuyHni Koaip, Sk € pe3ysibTatoM
3MiLLaHHS KJaCUYHUX KOJIbOPIiB — YOPHOro i 6inoro. 3anexHo Big CBITI0TU BiATIHOK CipOro 3MIiHIOETLCS Bif
yopHoro (csitnota 0%) no 6inoro (ceitnota 100%). Y noeaHaHHI 3 iHLUMMUW KOJIbOPaMu BiH rnpukpailuae 6yab-
KU IHTep’ep, niakpectoe oro ocobamsocTi. Cipuii KOsip KOPUCTYETLCS LLUMPOKUM MOMUTOM MPUY BUrOTOBJIEHHI
cTazeBux emMasaboBaHuX BUPOBIB rocrnoaapcbko-rnobyToBOro npu3HayeHHs. [ns oTpuMaHHS CBIT/10-Ciporo
Kosibopy b6yna obpaHa 6azoBa HatpiribopocunikatHa cuctema (Na,O-B,03-Si0,). Ans npobHux emanei 6ynu
BU3HAY€H| Qi3nKo-XiMi4Hi B1aCTUBOCTI, a AJ19 CK/IOMOKPUTTIB — CBIT/I0Ta | 6/1MCK. 3 METO MOJINILIeHHs LUnx
BJ1ACTUBOCTEN MPOBOANIIOCS BapitoBaHHS KOMIMOHEHTIB y ckaani emasen. BuayroByBaHHS kpaLljoi emarni
ctaHoBusio 0,11 cm3/r, TemnepatypHuii KoeilieHT NiHIiHOro po3wupeHHs — 94,2-107rpaa’, po3TikaHHS —
24,3 MM, 6211MCK CK10C1010 — 76%, MOKa3HWK CBITIOTU — 57 %, MOKPUTTS BUTPUMAIO Aito 4%-i o4yToBOI KncaotTun
npotsarom 5 xBuanH 6e3 BTpatu 6aucky. Ha uii emani 6yna BuB4eHa 3aJ1€XHICTb CBIT/IOTU | BiATiHKY CKJIOCJ10H0
Bia kinbkocTi (0,067-0,6 mac.4.) papbyBanbHux okcuais (CuO, NiO, CoO), siki BBoannucs noHan 100,0 mac. %.
BusHa4eHo ontumaabHui BMicT papOyBasibHUX KOMMOHEHTIB. PO3p06s1eHO 6e3rirMeHTHIi CK/10MOKPUTTSI CBIT/10-
CipOro Kosibopy 3 HiIXHUM OJaKUTHUM BiATIHKOM i cBiTs1I0TOKO 60-70%, SIKi MOXYTb BUKOPUCTOBYBATUCS A5
emMaJiloBaHHs1 KYXOHHOIro T1a CTOJIOBOIro MOCyAy, a TakoxX A iHLWuX BUAiB cTaneBux BupobiB rocrnogapcbko-
nobyToOBOro NPU3Ha4YeHHs.

Knro4oBi cnoBa: cipuii konip, cknoemarsib, eMasibOBaHi BUpobu, KinbKicTb 3a6apB/loYMX OKCHAIB, CBIT/1I0TA.

O.MN. PbDKOBA, kaHf,. TexH. Hayk, P.U. KWCJIUYHASA, kaHa. TexH. Hayk, T.U. HATOPHAS, kaHA,. TEXH. HayK,
C.10. HAYMEHKO, kaHA. TexH. HayK

BECMUIMEHTHbBIE CTEKJIONOKPbITUAA CEPOIO LIBETA

Pesiome.LiBeT aB€TCH BaXHbIM rioka3aresieM 3CTeTUHECKON OLeHKU Ka4ecTBa MartepuasioB n n3aean pas-
JINYHOro Ha3Ha4YyeHusi. BudyanbHoe BOcnpusiTue LBeTa 4eJ10Be4YECKUM r11a30M CyObekTUBHO. s axpomaruye-
CKUX LUBETOB 4YE€J/I0BEYECKUI r/1a3 N1y4HLle pearupyeTt Ha M3MeHeHUe SPKOCTHU (CBET/I0Tbl) TEMHbIX LUBETOB, YEM
CBET/IbIX, Tak Kak OTHOCUTE/IbHOE YBEIMYEHWE CBET/IOThI B MEPBOM CJlyHae Bbille, 4eM BO BTOPOM. Cepbiii LuBET
— 3TO0 axpoMaTu4eckuii UBET, KOTOPbIN SBSETCS Pe3y/1bTaTOM CMELUEHUs] KIaCCU4Y€CKUX LIBETOB — YepPHOro
n 6es0ro. B 3aBMCUMOCTM OT CBET/IOTbI OTTEHOK CEeporo n3MeHsietcsi ot 4épHoro (ceetnota 0%) Ao 6esoro
(cBetnota 100%). B co4etaHuu ¢ ApyrumMu LBeTaMu OH yKpaluaeT /000 MHTepbep, noa4yepknBaeT ero 4oCTo-
uHcTBa. Cepblii UBET Mob3yeTcsl LUMPOKUM CrPOCOM Py U3roTOBJIEHUN CTaslbHbIX 9MaanpPOBaHHbIX U3AENI
X035liCTBEHHO-ObITOBOro0 Ha3HayeHvs. [171s nony4eHusi CBeT/10-ceporo ueta bbiia BbibpaHa 6a3oBasi HaTpuii-
6opocunukatHas cuctema (Na,O-B,03-Si0,). [Ans onbiTHbIX aManei 6biav onpeaesneHbl Gu3nko-xumMm4eckme
cBolicTBa, a A4J1s1 CTEK0MNOKPbLITUI — cBeTioTa v 6aeck. C Lesbio YyylleHns 3TUX CBOMCTB KOMIMOHEHTbI B CO-
cTaBe amarsieli BapbupoBainuCk. BeilllenaynBaemMocTs yyiieri amany coctasmna 0,11 cm3/r, TemnepatypHbiii KO-
apPuLmMeHT nuHeriHoro paciumpeHus — 94,2-10-"rpag’, pactekaemoctbs — 24,3 MM, 6sieck cTeknocsioss — 76%,
rokasaresib CBET/I0Thbl — 57%, NOKpbITUE Bbiepxaso aerictene 4%-ii yKCyCHOV KUCJIOTbl B TEeHEHUe 5 MUHYT 6e3
norepu 6necka. Ha aToii amanu 6bina n3ydeHa 3aBUCUMOCTb CBET/IOTbl M OTTEHKA CTEKJI0CJ1I051 OT KOJIMYeCcTBa
(0,067-0,6 mac.4.) kpacswmx okeugos (CuO, NiO, CoO), kotopbie Beoanance ceepx 100,0 mac.%. Onpeae-
JIEHO ONTUMAasibHOE COAEepXaHue Kpacslnx KOMNOHEHTOB. PadpaboTaHbl 6€CnUrMeHTHbIE CTEeKI0MOKPbITUS
CBET/1I0-Ceporo LBETa C HEXHbIM roslybbiM OTTEHKOM 1 CBEeT/10ToM 60-70%, KOTOPbIE MOIYT UCM0J/Ib30BaTbCS /151
AMasINpPOoBaHVs KYXOHHOU 1 CTOJI0BOM MOCYAbl, a Takxe AJ1s APYrux BUAOB CTaslbHbIX U3AEJNI XO3SMCTBEHHO-
6bITOBOro Ha3Ha4eHwusl.

Knro4yeBbie cnoBa: cepbivi UBET, CTEKII09Maslb, IMasiMpOBaHHbIE U3A4E/NS, KOJINYECTBO KPacCsLUMX OKCUA0B, CBET-
Jiora.
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