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Abstract. This article presents the results of research on the development of low-temperature fusible
glass enamel compositions based on Khiva quartz sand, Sultan Uvays feldspar, and lead-containing
industrial waste, as well as the investigation of their physicochemical and technological properties.
Based on experimental studies, GEF-1, GEF-2, and GEF-3 compositions were developed, and their
coefficient of linear thermal expansion, spreading ability, adhesion strength, density, and softening
temperature were determined. The results showed that the GEF-3 composition fully complies with the
requirements of GOST 24405-80.
Keywords: glass enamel, frit, quartz sand, feldspar, lead-containing waste, coefficient of thermal
expansion, physicochemical properties, low-temperature enamel.
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PA3PABOTKA Y UCCJIEJJOBAHUE CBOMCTB JIETKOIITABKHUX
SMAJIEBBIX KOMIIO3UIINN HA OCHOBE CUCTEMbBI «XUBHHCKHM
KBAPIEBBIN IMECOK — ITOJJEBOM IITIAT CYJTAH-YBAMC -
CBUHEILICOJEPXKAIIAE OTXObI»

bypanoesa /{lunapa baxmuapoena
Hoyenm kagedpsi xumuyeckux mexnono2uil, 0okmop ¢gunrocogpuu (PhD) no mexnuueckum Haykam, Ypeenuckuii 20cy0apcmeentbill YyHUepcumem umeHu
A6y Paiixana Bepynu, Ypeenu, Y3bexucman

Annomayun. B Oannou cmamve npedcmagieHvl pe3yabmamvl UCCIeO08AHULl NO  pa3pabomke
JIECKONIABKUX — CEKILOOMANEe8bIX ~ KOMRO3UYULL HA — OCHOBe  K8apyeeo2o necka  XuGUHCKO2O
Mecmopodicoenust, nonegozo wnama Cyiman-Yeaiic u cuUHeycoO0epHcauyux nPOMbIULEHHbIX OMX0008,
a makdce UBVUEHUI0 UX  QUBUKO-XUMUYECKUX U mexHolo2uueckux ceoucms. Ha ocnoge
9IKCNEPUMEHMANbHBIX  UCCAed08anull  Oviiu  paspabomanst cocmasvl GEF-1, GEF-2 u GEF-3,
onpeoenenvl Ko3phuyuenm TUHeUH020 MEPMULECKO20 PACUPEHUS, PACMEKAeMOCMb, NPOYHOCTb
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cyenienus, NIOMHOCMb U memnepamypa pasmacuenus. Ycecmanoesneno, umo cocmas GEF-3 nonnocmoio
coomseemcmayem mpebdosanusim I OCT 24405-80.

Kniouesvie cnosa: cmexknosmans, ¢ppumma, Keapyeevlii necox, nNoieoll wWnam, CeuHeycooeplIcaujue
0mx00bl, KOIDPuyuenm mepmuieckoeo pacuupenus, QuU3UKo-Xumuieckue ceotcmed, 1eeKoniasKas
IMAb.

“XIVA KVARS QUMI — SULTON UVAYS DALA SHPATI — QO‘RG‘OSHINLI
CHIQINDI” TIZIMI ASOSIDA PAST HARORATDA SUYUQLANUVCHI
EMAL KOMPOZITSIYALARINI ISHLAB CHIQISH VA XOSSALARINI

TADQIQ ETISH

Buranova Dinara Baxtiyarovna
Urganch davlat universiteti Abu Rayhon Beruniy nomidagi, “Kimyoviy texnologiyalar ” kafedrasi dotsenti, texnika fanlari bo ‘yicha falsafa doktori (PhD),
Urganch, O ‘zbekiston

Annotatsiya. Mazkur magolada Xiva koni kvars qumi, Sulton Uvays dala shpati va qo ‘rg ‘oshin saglovchi
sanoat chigindilari asosida past haroratda suyuglanuvchi shisha emal kompozitsiyalarini ishlab chigish
va ularning fizik-kimyoviy hamda texnologik xossalarini tadqiq etish natijalari keltirilgan. Tajribalar
asosida GEF-1, GEF-2 va GEF-3 tarkiblari ishlab chigilib, ularning termik kengayish koeffitsienti,
yoyilish darajasi, yopishish mustahkamligi, zichligi va yumshash harorati aniglangan. Tadgiqot
natijalariga ko ‘ra, GEF-3 tarkibi GOST 24405-80 talablariga to ‘liq javob berishi aniglangan.

Kalit so‘zlar: shisha emal, fritta, kvars qumi, dala shpati, qo ‘rg oshinli chigindi, termik kengayish

koeffitsienti, fizik-kimyoviy xossalar, past haroratli emal.

Introduction. The glass products
manufacturing industry is one of the key sectors of
the national economy worldwide. It consumes
substantial amounts of raw materials, energy, and
labor resources, which in turn determines the
development level of the economy's core branches.
Accordingly, the efficiency of the glass industry
depends directly on the rational and economical use
of these resources.

Rapid urban and industrial development has
made metal structures among the most widely used
materials in construction. Among these, enameled
metal products based on iron are of particular
importance. As petroleum prices continue to rise,
the cost of corrosion-resistant materials derived
from it also increases. Glass enamels have thus
gained wide adoption as an alternative corrosion-
resistant coating. Enameled metal surfaces offer
advantages such as smoothness and durability,
making them applicable not only in the construction
sector but also in the food industry,
pharmaceuticals, and other branches of the national
economy.

Glass enamel samples were studied in

accordance with the technical requirements of
GOST R  52569-2018  (Frits.  Technical
Specifications) [1]. This research aims to make
effective use of locally available raw material
resources in Uzbekistan and to substitute imported
products  with  domestically ~ manufactured
alternatives. In earlier studies [2-10], the authors
investigated compositions of glass enamels for glass
surfaces using Khiva deposit feldspathic quartz
sands [11], Sultan Uvays deposit feldspar [12], lead-
containing waste from zinc processing, and other
local raw materials [13]. The influence of siliceous
raw materials and alkaline earth metal oxides from
the Khorezm region was examined in the course of
these investigations.

Research Methods. The coefficient of linear
thermal expansion (CLTE) of the glass enamel
samples was determined by calculation, based on
the methods specified in GOST R 52569-2018 and
GOST 24405-80. The CLTE was calculated using

the following formula:
_oxapxm;
a= 100 - _ 1)
where o; is the coefficient of linear thermal

expansion of the oxide or component in the frit
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composition over the temperature range of 20-400
°C (°C"); m; is the molar fraction of each
component (%).

Surface spreading of the samples was
evaluated by selecting a standard enamel frit
reference sample. Frit materials were placed on
metal plates that had been washed with distilled
water and dried, and the spreading lengths were
measured before and after holding at 860 + 5 °C for
15 minutes. The spreading value was calculated
using the formula:

Tt 2)

leoXlyr’

where [,, — is the spreading length of the test
frit sample (mm); I, — is the spreading length of
the standard reference sample (mm); [,/ — is the
pre-determined spreading length of the standard
reference sample (mm).

Chemical resistance of the samples to
atmospheric conditions was assessed visually by
monitoring changes upon exposure to drops of 10%
citric acid solution. Surface microstructure was
studied using a EM-5 electron microscope with the
carbon plate technique. Microhardness was
measured with a PMT-3 instrument at loads of 0.196
and 0.49 N [14].

Chemical Composition of Raw Materials.
For developing the experimental glass frit
compositions, Khiva deposit feldspathic quartz sand
(HFQS), Sultan Uvays deposit feldspar (SUF), and
lead waste (LW) were selected as primary raw
material components (Table 1). Boron, titanium,
and nickel oxides were added in chemically pure
reagent form.

Table 1.
Chemical composition of raw materials used for
producing enamel coatings on glass surfaces

Sample name | Si0; | ALOs | FexOs | CaO | MgO | K;0 | NayO | PbO | ZnO | SOy
HFQS 97.04 [ 125 | 010 [ 021 [ 010 [ 013 [ 040 - - -
SUF 7408 | 13.64 | 005 | 055 | 030 | 901 | 156

LOIL wt.%
0.77
0.60

Several compositions were prepared, and
following comparative evaluation, three optimal
batch compositions GEF-1, GEF-2, and GEF-3
were selected (Table 2).

Table 2.
Batch compositions prepared for producing glass
enamel from the studied raw materials (wt.%)

No. Raw material GEF-1 | GEF-2 GEF-3
1 Khiva guartz sand 31.00 28.00 25.00
2 Sultan Uvays 29.00 29.00 29.00
feldspar
3 Lead waste 6.00 8.00 10.00
4 Calcined soda 20.00 20.00 20.00
5 Boron oxide 14.00 15.00 16.00
Total (2, 100 100 100
wt.%)

Na,O was introduced into the glass batch
through calcined soda. B20s, TiO2, and NiO were
introduced as chemically pure reagents. TiO, and
NiO were added at 5 wt.% and 2 wt.%, respectively,
relative to the total mass. The resulting chemical
composition of the developed enamel batches for
glass surfaces is presented in Table 3.

Table 3.
Chemical composition of the developed enamel
batch compositions for glass surfaces

Sample  Si0:  ARO:  K:0  NaxO  CaO MgO Fe:0 n0O PLO B:0: S0
GEF-1 5174 4.45 2.70 12.11 0.37 0.17 0.27 0.37 217 1372 L10
GEF-2 48 88 443 269 12.18 0.41 018 034 049 2.89 1470 146
GEF-3  46.02 4.41 2.69 12.24 0.44 0.19 0.41 0.61 3.61 1568 1.83

Sample Preparation and Test Results. Each
component was weighed out at 1 kg and glass
enamel batch compositions were prepared
according to the specified formulations. Samples
were fused in unglazed corundum crucibles at
1200°C with a 45-minute hold. The resulting glass
melt was first quenched in a water bath at room
temperature, then allowed to cool freely for 12
hours. The visual characteristics of the glass enamel
samples are presented in Table 4 and Figure 1.

Table 4.
Visual characteristics of the obtained glass
enamel samples

[ LW 2.40 0.68 1.93 049 | 3.77 36.10 | 6.10 | 183 | 26.65
Development of Batch Compositions and
Sample Preparation. Based on a review of the
relevant literature, low-melting glass enamel
compositions in the “quartz sand — feldspar —
industrial waste” system were investigated. As a
reference, the chemical composition (wt.%)
prescribed by GOST 24405-80 for grade “ESG-31”
(borate type) was adopted: SiO2 — 45-52; Al>O3 — 5-
7: FeoO3—<3; CaO — <7; Na20O + K20 — 16-20; B203
—13-18; TiO2— <5; NiO — 0.5-3; CoO - 0.2-0.8.

Visual characteristics GEF-1 GEF-2 GEF-3
Degree of fritting Moderate Good High
Number of bubbles in fused 7 4 None
glass, pcs. (per 1 cm?)

Number of undissolved 5 3 None
inclusions, pcs. (per 1 cm?)

Visual inspection revealed that the sample
produced from the GEF-3 experimental
composition outperformed the others in terms of
fritting degree and visual quality — no undissolved
inclusions or bubbles were observed per 1 cm? of
surface area (Figure 1).

To address the defects observed in GEF-1 and
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GEF-2, additional samples were prepared and
compared at temperatures above 1200 °C and with
firing durations ranging from 45 to 60 minutes.
Based on the results, firing at 1200 °C for 45
minutes was identified as the optimal condition.

a b c
Fig.1. Visual appearance of glass enamel frit
samples

a— GEF-1; b - GEF-2; c — GEF-3

Technological and Physical Properties. The
technological properties of the glass enamel frit
samples for glass surfaces were determined in
accordance with GOST 24405-80, and the results
are summarized in Table 5.

Table 5.
Technological properties of the obtained samples

No. | Technological GOST GEF-1 | GEF-2 | GEF-3
property 24405-80

1 CLTE, a x 95-105 91.5 94.2 97.4
10—7,0(:—1

2 | Spreading on 3040 31 33 36
surface, mm

3 | Adhesion - 4 4 5
strength,
score

Analysis of the table shows that GEF-3 best
satisfies the requirements of GOST 24405-80:
CLTE 0f 97.4-107 °C%, spreading of 36 mm, and an

adhesion strength score of 5.

The key physical properties of the glass
enamel frit samples were also determined, and the
results are given in Table 6.

Table 6.
Physical properties of the experimental glass
enamel frit samples

Physical property GEF-1 GEF-2 GEF-3
Density, g/cm3 291 2.94 2.98
Refractive index 1.62 1.66 171
Softening 601 579 552
temperature, °C
Mass loss in 0.26 0.27 0.27
chemical medium,
wt.%

Conclusions. Based on the results of the
study, the following conclusions were drawn:

1. Three glass enamel frit compositions (GEF-
1, GEF-2, GEF-3) were developed within the
“Khiva quartz sand - Sultan Uvays feldspar - lead
waste” system.

2. The GEF-3 composition (Khiva quartz sand
25 wt.%, Sultan Uvays feldspar 29 wt.%, lead waste
10 wt.%, calcined soda 20 wt.%, boron oxide 16
wt.%) fully complies with the requirements of
GOST 24405-80.

3. No visual defects (bubbles or undissolved
inclusions) were detected in GEF-3. The sample
exhibited a CLTE of 97.4-107 °C"1, spreading of 36
mm, density of 2.98 g/cm® and a softening
temperature of 552 °C.

4. The optimal firing condition was
determined to be 1200 °C with a 45-minute hold.
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