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Abstract

Glaze is a glassy layer used to cover surfaces of different ceramic
products. It gives ceramic surface hardness and high resistance to
chemical and abrasion which contributes to enhancing the chemical and
physical properties in addition to the aesthetics of the ceramic products.
Production process of glaze is complex and expensive, as it requires
accurate compositions of different materials most of which are
expensive. herefore, the main aim of this study is to develop a
transparent ceramic glaze from the Local clays of Qena Governorate.
Three types of local clays used in this study were “Taffla” marl clay,
“Hieba” Flood Clay, and Nile clay. The production processes were
conducted at different combustion temperatures of 1000, 1050, and
1100°C using borax as alkaline fluxing agents at different ratios of 50%,
60%, and 70%. The glaze is produced only from the clay and fluxing
agent without the need to add any former or bonding refractory materials
which are common in traditional methods of glaze production. The
required tests were carried out for clay and glaze to determine their
different characteristics. Results showed that among the three products,
the best results were achieved at combustion temperature of 1050°C and
the highest alkaline fluxing agent ratio of 70%. Moreover, the obtained
results demonstrated that the possibility of the production of transparent
ceramic glaze directly from special types of clay without adding any
other material which minimize effort, time glaze.

Keywords: Ceramics; Clay; Fluxing Agent; Transparent Glaze; Local
Clays of Qena Governorate.

1. Introduction

Ceramics are commonly used in most of aspect of our daily life
due to their excellent properties such as hardness, corrosion-resistance,
brittleness, excellent insulators, and hold high temperatures. Different
products of ceramics are used in many applications, mainly in the
pottery, brick, glass, and tile industries. Moreover, they are used to make
fiber optics, spark plugs, cooktops, artificial joints, and many other
applications. Glaze is a main parameter in the production of ceramics
because it makes pottery smooth, waterproof, hygienic, fashionable,
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mechanically stronger, chemical attack resistant, and luxurious[1, 2].
Ceramic glaze is a thin strong layer that being used over a body of
ceramic and made from a mixture of different minerals and fused to a
pottery body through combustion [3, 4] The first glazes were utilized in
Egypt and the Near East since 1500 BCE and in the Western world, the
lead glaze was utilized around the first century BCE. The glazed bricks
were used around 2000 BCE in Lower Mesopotamia for building
cladding [5]. Glaze composed from three major compositions, glaze
former such as vitrified materials (i.e silica), the fluxing agent which
decreases the melting temperature, and the bonding material which bond
the glaze to the clay [6]. Depending on the heat treatment temperature
and application, the glaze contains the mineral raw material or frit glaze
[7]. In various applications, the main goal is to produce a transparent
glaze on the ceramic material surface [8, 9]. A transparent glaze is
widely used on the decorative layer to keep a good decorative impact by
applying a smooth and easy and clean surface [10, 11]. Glaze
transparency is achieved when the material has the ability to transmit
large portions of incident electromagnetic radiation [12].

The preparation process of glaze should be achieved in a
systematic way to avoid any problems, especially those resulting from
the incorrect weighting of glaze compositions, mainly former and
stabilizer materials. The incorrect portion of different glaze
compositions can cause a loss of load for the entire kiln as well as reduce
the quality of the produced glaze. The ceramic glazes can be prepared
from a mixture of different natural materials using different
compositions and techniques [13]. Several studies are concerned with
glaze development using different raw materials and other additional
compositions to enhance glaze properties [14-30]. Sungmin and
Kangduk et al [14]used TiO; as a nucleating agent to apply CaO-Al,03—
Si0,-Zn0O (CASZ)-based glass to crystallize the glaze. The titanite
crystal phase was developed as the TiO; substitution increased and the
glaze crystallinity rapidly increased. Additionally, with increasing the
TiO, substitution glaze density increased. Samples without TiO;
substitution had the lowest value of hardness, and this value rapidly
increased with specimens containing TiO, substitution. A mullite-
enhanced transparent glaze was prepared by Y.uming et al. [15]. The
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particles of mullite were used in the raw materials which melted into frit.
The results indicated the dissolving of the mullite crystals into the melt
and then reprecipitating during firing, composing a branched
architecture that enhanced the collection of glass and mullite. The
addition of mullite didn’t affect the transparency of the glaze. Jiexi et al.
[16] investigated the effect of bentonite on the enamel product
performance and the glaze slurry suspension stability. The addition of 1
wt.% bentonite to the glaze slurry improved the glaze slurry’s stability
and the mechanical properties of the enamel products. Moreover, the
addition of bentonite by 0.5 wt.% was optimal for improving the
resistance to acid corrosion.

According to the literature, most of the studies focused on the
development of glaze using different materials, namely a former,
stabilizer, and flux agent. Therefore, the objective of the present work is
to develop a novel transparent glaze. The glaze was prepared directly
from clay and an alkaline fluxing agent without any other additions. The
p Three types of low-cost clay formed in upper Egypt were used. The
experiments were conducted at different combustion temperatures with
different ratios of the fluxing agent.

2. Search aim:

Possibility of obtaining Transparent Glaze from the Local clays
of Qena Governorate.

3. Search hypothesis:

Transparent glaze can be obtained from local clay in Qena
Governorate.

4. Search parameters:
4.1 Clay:

clay (A) “Taffla” marl clay, From the western plateau in the
village of Al Mahrousa “Ballas” in Qena Governorate. Clay (B) “Hieba”
Flood Clay, From the eastern valley in the city of Qena. Clay (C) Nile,
From the banks of the Nile in Qena Governorate.
4.2 fluxing agent:

alkaline fluxing agent "borax" (Na;B40O7).
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5. Materials and methods
5.1 Material

The samples used in this study are divided into two parts: the
body which is made from prepared terracotta slabs and the glazed layer
which is formed using three different types of clay. The materials used
for glaze production shown in Fig. 1 are “Taffla” marl clay, “Hieba”
Flood Clay, and Nile clay referred to as clay (A), clay (B), and clay (C),
respectively. These clays are located in Qena, Egypt at low cost.
Therefore, the glaze production process will be inexpensive. Borax
(Na;B;0O7) was used as an alkaline fluxing agent to reduce the melting
temperature of the used material at different mixing ratios.

Fig. 1 (a). Digital photos with high resolution show the different types of
clay used in this study.
2.2 Experimental methods
In order to prepare the frit, the clay sample was placed with the
fluxing agent inside a crucible that has channels, and the mixture is
exposed to a high temperature of 1050°C inside an oven until the
mixture melts. The liquid mixture passes through the channel to the
outside of the oven into a container of water. The mixture was converted
into glass balls that were ground and converted to a powder called frit as
shown in Fig. 2. The produced frit can be used as a glass coating
material with low cost compared to other traditional production methods.
The development of the new glaze formula is processed by the 9-grid
coordinate method as shown in Fig. 3 to organize and distribute
proportions of the clays, fluxing agents (50, 60, and 70 wt.%), and
combustion temperatures of (1000°C, 1050°C, and 1100°C), which enable
the acquisition of the suitable formulas.
The three types of clay were kept in air and then soaked in water to
get rid of excess organic matter and salts. This process continued three
times, then the samples were dried and ground again, and sifted using an
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ASTM 325 sieve (75um mesh). The prepared clay was calcined using an
electric oven at 600°C for 1 hour. The weight ratios of the glazes were
prepared from the raw materials according to a 9-grid coordinate method
as given in Table 1. Each type of clay used in the experiments was
applied to the previously prepared terracotta slabs (50% ball clay and
50% kaolin, 4 cm in diameter, fired at 1000°C), then the samples were
fired according to the specified burnlng degrees by an electrlc furnace.
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Fig. 2 Experimental procedure simulator of production of glaze frit: 1)
clay mixture, 2) mixture melting, 3) liquid mixture passed in container
of water, and (4) frit.
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Fig. 3 Clay samples by 9-grid coordinate method.

Table 1. Clay samples by 9-box grid coordinate method.

Firing Temperature

Clay% Fluxmog
agents% 1000°C 1050°C 1100°C
30% 70% Al-1 Al-2 Al-3
Clay (A) 40% 60% All-1 All-2 All-3
50% 50% Alll-1 Alll-2 Alll-3
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. Firing Temperature
Clay% Fluxing

agents% 1000°C 1050°C 1100°C

30% 70% BI-1 BI-2 BI-3

Clay (B) 40% 60% BII-1 BII-2 BII-3
50% 50% BIlI-1 BIII-2 BIII-3

30% 70% Cl-1 Cl-2 CI-3

Clay (C) 40% 60% Cll-1 Cll-2 ClI-3
50% 50% clI-1 CllI-2 CllI-3

6. Results and discussion
6.1 clay analysis

The chemical composition of used clay and borax was carried out
using X-Ray Fluorescence (XRF) as given in Table.2. The
mineralogical analysis of clay was conducted using the X-Ray
Diffractometer (XRD) as shown in Fig. 4. The XRF analysis of all used
clay indicated that the percentage of SiO, which acts as a glaze former
and show high percent for all the samples of clay. The analysis shows
the presence of Al,O; which acts as a stabilizer at a good percentage.
Moreover, the test results indicate the presence of Fe,O3 which acts as a
colorant, and K,O, MgO, or CaO which act as fluxing agents. The loss
of ignition (LOI) of clay A, B, and C was 0.109, 0.073, and 0.027,
respectively.

In addition, the XRF analysis indicated that the content of K,O
in the clay samples ranging from 0.96 to 1.15 %, which can significantly
reduce the temperature of samples and constructing it conducive to firing
[31]. From another side, the highly ratios of SiO,/CaO are evident in the
Fired clay bodies which indicated appears the gehlenite as a new phase
[32]. Previous studies have shown that reducing the rate of SiO,/CaO the
crystalline phase transforms from diopside to gehlenite, as established by
XRD[33].The XRD patterns of clay samples (A, B, and C) are shown in
Fig. 4. The figure indicates the presence of quartz (96-900-9667),
coesite (96-900-7170), corundum (96-900-9672), boehmite (96-901-
2251), lime (96-900-6743), magnetite-h (96-900-2333), periclase (96-
901-3245), and brucite (96-900-2352) in clay samples A, B, and C,
respectively. Both XRF and XRD demonstrated the good properties of
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different used clay giving them the ability to produce transparent good
glaze without the need of adding other materials.

Table 2. The XRF analysis of clay and borax used in this study.
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Fig. 4. XRD pattern for different types of clay used in this study show
the crystal structure of each materials composition.
6.2 Fabrication of transparent glaze
To optimize the combustion temperature and fluxing ratio, the required
analysis is applied to the developed glaze. The data obtained from glaze
will analysis in terms of; (1) evaluation of the glaze characteristics, (2)
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enable technological reconstruction, and (3) compare especially when
attached to stylistic and morphological classifications [2]. To better
understand the developed glaze, the glazes were characterized
microstructurally by visual analysis, X-ray diffraction (XRD), and
scanning electron microscopy (SEM).
6.2.1 Visual analysis

Optical method is one of the common techniques that can indicate
behavior of glazes and terracotta surface. A visual analysis of the glaze
quality of all samples is shown in Fig.5. The glaze characteristics were
evaluated in terms of transparency, luster, glossiness, and defects.
Table.3 shows the most important characteristics of different glaze
samples at different operating conditions.
As shown in Fig. 5 and Table.3, strong evidence of transparency and
suitability was resulted for the majority of achieved recipes. The best
results of all the produced glazes were A-1-2, B-1-2, and C-1-2. This
demonstrated that the flux ratio of 70% and the combustion temperature
of 1050°C are the best operating conditions. The remaining samples
showed a well-known glaze defect such as crazing which occurs due to
the differences in the rate of expansion or contraction of the terracotta
body and the glaze. There are some other defects such as pin holing
defects as found in samples C-1-1 and C-11-2. In addition, there are
blistering defects such as those found in A-Il-1 and A-I11-1. Based on
the data obtained from the visual analysis, the best results for clays A, B,
and C were determined. Therefore, some other analyses were performed
for samples A-1-2, B-1-2, and C-1-2 only.
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A-l1-1 A-11-2 A-11-3

A-111-1 A-l111-2 A-111-3

B-1-2

B-11-1 B-11-2 B-11-3

B-111-1 B-111-2 B-111-3
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C-1-1 C-1-2 C-1-3
C-11-1 C-11-2 C-11-3
C-l11-1 C-111-2 C-111-3

Fig. 5 Digital photographs of glaze samples of different types of clay.

Table 3. Visual analysis glaze characteristics of different samples.

Defects

Transparency Glossy
o i
Transparent K w . »
Opaque ~ Glossy ~Matt  Crazing  Crawling ~ PinHoling  Blistering
L M H
Al v v v
A-l-3 v v
A-ll-1 v v v v
A-ll-2 v v v
v v v
- v v v v
A-ll1-2 v v v
B-1-1 N y \
B-1-3 v v v
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B-11-1 v v v
B-11-2 v v v
B-11-3 v v v
B-111-1 v v v
V v J
I —
v v J v
 —
C-11-1 v v
ez - v v v
! Transparent glossy glaze, Transparent glossy glaze, Q Opagque glossy glaze, many
no/minor defects medium defects defects

6.2.2 Physiochemical analysis

The XRF and XRD analysis was carried out on the developed
glaze frits A-1-2, B-1-2, and C-I-2. The XRF analysis of prepared
samples is given in Table 4. The sample analysis indicates the presence
of silicon dioxide as a major mineral in all samples with the following
percentages of 31.92 wt.%, 30.08 wt.%, and 37.01wt.% for glaze
samples (A-1-2), B-1-2, and C-1-2, respectively.

The XRD patterns of samples A-1-2, B-I-2, and C-I-2 are shown
in Fig. 6. XRD analysis was performed from 5° to 80° (20 -scale) at a
scan rate of 2.5¢/min. As shown in the figure, all samples have
amorphous peaks, indicating that no crystal precipitation occurred in the
optimal samples and the glaze was vitreous. These results with the
appearance of the glaze, this proved that the non-crystalline precipitation
of the glaze layer was the internal cause of the glaze’s luster
transparency. This finding is consistent with the SEM micrograph
indicated by Figs.7.

Figure.7 shows SEM images of glaze samples and glaze frits,
respectively. The results shown in Figs. 7 and 8 explain the high
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transparency produced by these glazes, indicating that they contain
significantly low volumetric fractions of devitrified crystalline phases.
Combined with the optical photograph, XRD and SEM result in Fig.7,
respectively the transparent ceramic glaze and glaze frits (i.e., A-1-2, B-
I-2, and C-1-2) can be successfully prepared by the local clay with a
fluxing agent.

Two phenomena can be observed the first is the addition of
fluxing agent into the clay will intensification the liquid phase, causing
in a molten glaze that compresses the interspaces inside the clay [34].
The second is the presence of clay with Cao lime tends to enhance the
adhesion between the dry glaze and the raw body [35].Table 4. XRF
analysis results of samples A-1-2, B-1-2, and C-I1-2.
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Fig. 6. XRD pattern of samples A-I-2, B-1-2, and C-I1-2 cristobalite.

A-1-2 B-1-2 C-1-2
Fig. 7. SEM micrographs of samples A-1-2, B-I-2, and C-1-2., SEM
micrographs of sample frits a-1-2, b-1-2, and c-I1-2.

7. Conclusion

The development and utilization of raw materials of ceramic
involve glaze have great importance in ceramic industry. This process
gives ceramics excellent characteristics such as being waterproof,
hygienic, beautiful, strong, and having attractive appearance. The
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resulted transparent ceramic glaze using different types of local clay
using only an alkaline fluxing agent. The production process was
conducted at different firing temperatures of 1000°C, 1050°C, and
1100°C, using borax as fluxing agents at different ratios of 50%, 60%,
and 70%. The development of the glaze process achieves the following
characteristics.

e XRD analysis results indicate the presence of many compositions
mainly used in transparent ceramic glaze production, especially
SiOz, A|203, and Na,O.

e Many experiments were carried out at different firing
temperatures and alkaline fluxing agent percentages.

e The best results of transparent glaze were achieved at a firing
temperature of 1050°C and fluxing agent ratio of 70% for all
used clays.

e The obtained results demonstrated the possibility of developing
transparent ceramic glaze using only certain types of clay and
alkaline fluxing agent without any other additions.
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