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This paper reports research into the development of
compositions of engobe coatings for ceramic bricks and
investigating the influence of technological production
Jactors on their physical and mechanical properties.
The results of this work make it possible to solve the task
of expanding the range and improving the operational
properties of building ceramics.

The data obtained have made it possible to establish
physicochemical processes occurring during the forma-
tion of the phase composition and structure of engobe
coatings. This has revealed the possibilities for design-
ing engobe for various types of ceramic bricks, which
differ in technological parameters of production and
operational properties.

The charge compositions were designed in a
three-component system 'refractory clay — quartz
sand — cullet", taking into account the possibility of
their practical implementation in large-tonnage pro-
duction. It has been established that the most import-
ant condition for obtaining high-quality products is the
correlation of shrinkage and temperature coefficients of
linear expansion of the ceramic shard and engobe coat-
ing. To prevent various defects, these indicators should
vary by no more than 10 %.

The crystal-phase composition of engobe is repre-
sented by B -quartz and a small amount of devitrite,
which are evenly distributed in a vitreous dense layer of
coating on the surface of the ceramic shard.

Distinctive features of the results relate to the fact
that a solution to the problem of designing engobe coat-
ings for ceramic bricks has been proposed and the phys-
icochemical bases of production have been highlighted.
This paper also suggests ways to achieve coordination
of finely dispersed coatings with coarse-grained ceram-
ic masses by shrinkage and thermal processes.

The results reported here could be applied in typical
production of face, clinker, and in some cases — ordi-
nary brick or ceramic stone with firing temperatures of
950-1150 °C

Keywords: engobe, rheological properties, ceram-
ic brick, thermal expansion, crystal phase, shrinkage
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1. Introduction

Construction ceramics is the most common and de-
manded material used for the erection and cladding of build-
ings [1]. The products have high physical and mechanical
properties, provide an optimal indoor climate, and do not
emit toxic substances [2].

However, the consumer seeks to surround himself with
bright, aesthetically attractive and extraordinary things,
and exclusive design solutions require the development of
new finishing materials. In this sense, the natural coloring of
ceramic bricks, which is formed as a result of heat treatment
of low-melting clays, limits the possibility of their use in
modern construction projects. Therefore, there is a need for
new technological solutions that will expand the color gamut
of ceramic bricks and the ability to create decorative effects
with their help.
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To this end, the application of engobe coatings on the
front surface of the brick is the optimal solution, in contrast
to the volumetric coloring of products [3]. This technique
does not require the introduction of expensive coloring com-
ponents into the charge in significant quantities, and at the
same time makes it possible to obtain bright spectral colors
and a homogeneous surface of ceramic material.

Engobe coatings qualitatively selected to the ceramic
base, in addition to decorative, perform a protective func-
tion. It implies reducing the porosity of products by creating
a dense outer layer [4], which slows down the destruction of
their structure under the influence of environmental factors.

The limited production of engobe domestic products is
associated with certain difficulties in production, as well
as the lack of in-depth basic research. In particular, there
is no universal approach to the development of charge com-
positions of coatings for bricks with different firing tem-




peratures. The basic properties of the cover layer and their
dependence on technological factors are not sufficiently
studied. The physicochemical processes of phase formation
and formation of the structure of coatings are not covered,
the issue of adhesion of engobe to the ceramic base and coor-
dination of their shrinkage processes is not elucidated.

Therefore, designing and examining engobe coatings for
building ceramics is an urgent task in terms of improving
the basic properties of construction products and expanding
their range.

2. Literature review and problem statement

Engobe coatings in ceramic technology differ signifi-
cantly in composition, basic properties, and have a variety
of purposes.

In ancient times, engobe was used to decorate household
ceramics, in particular — red-figure painting [5]. Engobe
based on red finely ground clay was applied to the surface
of ceramic dishes, and then, after firing, painted scenes were
created using black varnish.

The most studied and widely used engobe relates to the
production of ceramic tiles and porcelain stoneware, as tran-
sition layer between ceramic base and glaze to balance the
difference in their coefficients of thermal expansion.

In [6], the possibility of replacing expensive frit, which
is specially made by cooking glass melt at temperatures of
1500 °C and above, by a secondary product. The compo-
sition of engobe is within the following limits, wt%: clay
1040, feldspar 040, cullet 1040, quartz 040, zircon 020.
Coatings after firing have water absorption of 820 wt%,
which is sufficient for the intermediate layer between the
ceramic base and glaze but unacceptable for the outer layer
of building ceramics.

The authors of [ 7] investigated the processes of degassing
ceramic granite through a layer of engobe and glaze during
firing at temperatures up to 1200 °C. The results showed
that the tiles somewhat complicated the process of removing
gases from the shard due to the presence of layers of engobe
and glaze, which leads to the formation of additional pores in
the shard of 0.83.0 microns in size. But the cited paper does
not investigate the effect of changes in the compositions of
engobe on these processes, and also does not consider the
ratio of shrinkage of the ceramic base and coatings, which is
often the cause of defects in the form of cracks [8].

In the manufacture of engobe for tiles, they suggest the
use of secondary products, in particular ceramic sludge from
a wastewater treatment plant [9]. Ceramic sludge together
with cullet is fused at 1420 °C and frit is obtained, which
is introduced into the composition of engobe together with
clay, kaolin, feldspar, zirconium, talc, and bentonite. After
firing tiles at 1150 °C, an engobe of high quality is obtained
on their surface, with an indicator of thermal expansion close
to a ceramic base. But the implementation of this technology
in large-tonnage production will require high energy costs
since it includes an additional operation of sludge fusion.

Engobe for ceramic tiles was investigated in [10], using
frits based on diopside, zircon, and titanium. The intro-
duction of these components helps increase the opacity
of coatings and their permeability to form a high-quality
intermediate layer between the ceramic base and glaze. But
for ceramic bricks, such engobe is impractical to use since it

is necessary to obtain a strong densely baked engobe for the
outer layer.

As part of engobe for porcelain stoneware, in [11] it is
proposed to use pharmaceutical waste from glass, which is
a mixture of used medical ampoules in order to reduce the
negative impact of these wastes on the environment and
preserve mineral raw materials. The designed engobe with a
content of up to 30 wt% of glass waste is used as a transition
layer between ceramic base and glaze in the production of
porcelain stoneware with a firing temperature of 1185 °C.

In building brick technologies, firing temperatures are
lower. Only in some clinker brick productions can firing
occur at 1150 °C or more [12]. But more often in the man-
ufacture of facial products, these temperatures are within
1050-1100 °C [13], and under conditions of energy shortage,
studies are underway to further reduce them [14]. Thus, the
difference in engobe for ceramic bricks is that their compo-
sition and technological parameters of production should
contribute to the formation of a dense engobe layer with
water absorption indicators of up to 1.0 % at temperatures
1000-1150 °C.

Engobe samples for Dan Kwian pottery were developed
in [15]. It has been established that the best composition of
engobe contains, wt%: kaolinite clay 10, zirconium silicate
10, sodium feldspar 40, and quartz 40. This composition
of engobe is optimal for creating a beautiful appearance
of the surface of ceramics with a firing temperature of up
to 1200 °C. The color and surface of the engobe samples
are opaque white and glossy, respectively. Obviously, this
engobe does not sinter at low temperatures to a dense state
since it contains up to 60 % by weight of refractory compo-
nents. The only relatively low-melting component is feldspar
but depending on the chemical composition, it only begins to
melt at 1130 °C [16].

There are data on engobe for ceramic tiles, which reduce
its light absorption ability [17]. To this end, it is proposed
to include frit with a high diffuse reflection coefficient
(0.95), which is able to increase the reflective properties
of tiles from 0.69 to 0.75. However, it is also noted that the
growth of this ratio is limited due to crystallization, which
has not yet been fully controlled. In [18], the influence of
coloring pigments on the properties of reflective engobe
for roof tiles was investigated. It has been established that
the presence of zirconium oxides and chromium oxides in
the composition of engobe increases its diffuse reflection
coefficient, while the presence of cobalt and iron oxides
leads to its decrease.

The authors of [19] propose to use engobe coatings to im-
prove the aesthetic performance of ceramic bricks. Coatings
include clay, cullet, limestone, and a by-product of the steel
industry. The resulting engobe have a light and dark brown
color and make it possible to get ceramic bricks with an at-
tractive appearance. But the cited work does not sufficiently
disclose the dependence of the properties of engobe on the
composition and temperature of firing products.

Engobe coatings can be relevant not only for expanding
the color gamut of ceramic bricks [20] but also for creating
self-cleaning facades of buildings [21].

However, the problem of developing engobe coatings
for ceramic bricks is not sufficiently illuminated. The pe-
culiarities of the development of engobe compositions for
bricks burned at different temperatures, the possibilities of
regulating the rheological properties of engobe slurries, even



insufficiently formulated requirements for engobe as the
final product of firing have not been disclosed.

Therefore, it is necessary to devise a systematic ap-
proach to the selection of compositions of engobe coatings
for ceramic bricks obtained with different technological
parameters.

3. The aim and objectives of the study

The aim of this study is to establish the dependence of
the basic properties of engobe coatings for ceramic bricks on
the charge composition and technological factors of produc-
tion. This will make it possible to devise a basic approach to
the development of decorative and protective coatings for
ceramic bricks and formulate requirements for their basic
properties.

To accomplish the aim, the following tasks have been set:

— to justify the choice of raw materials for the design of
engobe;

— to investigate the rheological properties of engobe slur-
ries and establish their dependence on the composition and
technological parameters of production;

— to investigate the basic properties of engobe samples
and establish their dependence on the composition and tech-
nological parameters of production;

—to investigate the processes of formation of engobe
coatings on the surface of ceramic bricks and determine the
basic conditions for the coordination of engobe with the
ceramic base;

— to investigate the peculiarities of the formation of the
phase composition and structure of engobe, to establish the
basic composition of the coating and to formulate the basic
requirements for the properties.

stick samples with a size of 5x5x50 mm were similarly pre-
pared.

To determine the covering capacity and whiteness,
engobe slurries were applied to ceramic brick samples
50x30%10 mm in size, which were made of ceramic charge of
controlled composition.

Chemical analysis of raw materials was determined using
the X-ray fluorescence spectrometer Zetium (PANalyti-
cal B. V., The Netherlands).

The rheological properties of slurries and the physicom-
echanical parameters of the samples were evaluated using
standard methods. The readiness of the slurry was deter-
mined by the indicator of the sieve residue No. 0063, which
was not more than 0.5 %. The yield strength of the slurry,
which is the time of outflow of 100 ml of suspension through
a hole of 4 mm in size, was measured using a Ford bowl.
Shrinkage indicators were determined by changing the size
of semi-finished samples before and after drying and firing.
The water absorption of the sintered materials was estimat-
ed by the amount of water absorbed in the open pores of the
sample after saturation in vacuum.

The hardness of the coatings was assessed on the Mohs
scale by scratching the surface of the samples with a steel
knife with a hardness index of 7.

The whiteness was measured using a WM-106 whiteness
meter (Walcom, China).

The temperature coefficient of linear expansion was
measured using a dilatometer DIL 402 Expedis Classic by
Netzsch (Germany).

X-ray phase analysis was performed using X-ray analyzer
DRON-3 (“Burevestnik”).

To study the microstructure of burnt samples, the raster
electron microscope “REM1061” (NPP “Akademprilad”)
was used.

4. The study materials and methods

The object of our study is the compositions of engobe
coatings for ceramic bricks.

The main hypothesis of the development was to establish
the possibility of influencing the physical and mechanical
parameters of engobe coatings by changing the ratio of
components in the charge composition of the engobe and the
technological parameters of the process, which led to the for-
mation of the required phase composition and coating struc-
ture. At the same time, special attention should be paid to
the study of the processes of coordination of the parameters
of ceramic products and engobe during drying and firing.

The study assumes that the most rational for the de-
velopment of engobe compositions and the establishment
of dependences of their indicators on technological factors
and conditions for the formation of the phase composition
of coatings is a three-component system “refractory clay —
quartz sand — cullet”. This system contains common and
non-scarce raw materials and is easily managed and pre-
dictable.

To determine the indicators of shrinkage, water absorp-
tion, and hardness of coatings, the engobe slurries of a given
composition were used to make samples-tiles the size of
30x30x5 m by casting into gypsum molds; they were dried
and burned at appropriate temperatures. To determine the
indicators of the temperature coefficient of linear expansion,

3. Results of investigating the dependence of the
properties of engobe on the charge composition and
technological factors of production

3. 1. Justification of the choice of raw materials

Our review of the scientific and technical literature
showed that the experimental compositions of engobe
coatings are very diverse and the number of components
in the batch varies widely. However, the components,
depending on their role in the composition of the engobe,
can be divided into clay (clay or kaolin), lean (quartz sand,
chamotte, battle products), and flux (cullet, pegmatite,
feldspar).

Clay materials provide engobe slurries with suspension
ability, prevent the deposition of stone particles, and are also
the basis for the formation of the body of sintered materi-
al [22]. The task of lean materials is to create a “frame” of the
coating and regulate shrinkage processes during drying and
firing [23]. Flux ones are introduced into ceramic masses to
intensify liquid-phase sintering and obtain dense durable
material [24].

Therefore, for the development of engobe, the system «re-
fractory clay — quartz sand — container cullet> was chosen;
the chemical composition of raw materials is given in Table 1.

In this system, the contents of the components were
changed, according to Table 2. In this case, the oxide com-
position of engobe differed as follows (Fig. 1).



Table 1 Engobe No. 10 has the lowest

The chemical composition of raw materials, wt % yield strength (9.8 s) and humidi-

ty (32.2 %), engobe No. 1 has the

Name of raw materials | SiOy | AlyO3 | FesO3| TiOy | CaO | MgO | KyO | Na,O L os.i.on highest indicators (20 s and 46.3 %,
IBMUON | Loghectively).

Refractory clay DN-1 | 51.1 | 34.5 | 0.7 0.1 0.5 0.5 2.0 0.5 10.1 The ability of ceramic slurries

Quartzsand PK-150-3 | 974 | 214 [ 04 | 02 [ 0 [ 0 [ 0 | 0 | 02 | ¢4 stratify due to proofing was also

Container cullet 731 3.5 0.6 0 2.9 3.7 0 16.0 0.2 evaluated. This phenomenon is dan-

gerous because it leads to defor-

Table 2 mation, uneven shrinkage, and the

occurrence of additional internal stresses in the microstruc-
ture of the samples, which, in turn, leads to a decrease in

Experimental compositions of engobe coatings, wt%

Component Composition number performance properties [26].
name 1]2)3]14]5[6]7|8]9]10]11 For visual assessment of deposition ability, samples-tiles
Refractory clay | 80 | 50 | 50 | 65 | 65 | 50 | 60| 35|35 [20 [40|  5x5x1 cm in size were cast from engobe slurries into gypsum
Quartzsand | 10| 10 | 40 | 10 | 25|25 |20 | 25 | 40 | 40 | 30 molds, which were dried and burned at a temperature of
Container cullet [ 10 | 40 | 10 | 25| 10 [ 25|20 | 40 | 25 | 40 | 30 1100 °C. Evaluation was carried out by the presence of defor-
mation of the samples (Fig. 2). The results are given in Table 4.
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Data in Fig. 1 demonstrate that the content of the basic rrn
oxides of the experimental system is within, wt%: 66—83 a

Si0Os, 10-32 Al,03, 2-7 Na,O. Such oxide composition lim-
its allow covering a wide range of engobe compositions that
can potentially be used in the brick industry.

X

5. 2. Investigation of rheological and technological
properties of engobe slurries

The rheological properties of engobe slurries determine
their manufacturability (mobility, adhesion to the ceramic
base, the quality of spreading on the surface of ceramics), as
well as the physical and mechanical properties of baked coat-
ings (porosity, strength, hardness). At minimum humidity,
slurries should be easily transported by a slurry line, have
sufficient filtration properties, and at the same time should
not delaminate during long-term storage and during applica-
tion to the surface of the ceramic product [25].

The rheological and technological characteristics of ex-

b c

Fig. 2. Schematic representation of the distribution of shrinkage
processes in the ceramic bulk: @ — with high sedimentation
resistance; b — with a tendency to stratification; ¢ — illustration
of engobe sample No. 10 with stratification

Data in Table 4 indicate that engobe slurries No. 2, 6, 9,
10, 11 have the ability to stratify and deposition.

perimental engobe slurries are given in Table 3. As a diluent
additive, the electrolyte reotane was added to all slurries in
an amount of 0.2 mass parts.

3. 3. Investigation of the ba-
sic properties of engobe samples
during drying and firing

The physical and mechanical

Table 3 ,roperties of engobe coatings play an
Rheological and technological characteristics of experimental slurries important role in coordination with
— the ceramic base, as well as in assess-
L Composition number . ;
Characteristic ing the properties of engobe ceram-
1 2 3 4 5 6 7 8 9 [ 10| 11 . . . .
— — ics. Fig. 3 shows the change in the in-
Viscosity (fluidity) 100 ml, s | 20.0 | 14.2 | 14.4|17.0|14.1| 14.7|15.7 [15.1|11.5| 9.8 | 13.3 dicators of air and fire shrinkage of
Slurry moisture, % 46.3143.043.2|43.3(45.2|41.2|43.0 |36.7|39.3(32.2| 37.7 engobe; Fig.4 — water absorption
Density (by pycnometer), g/cm?| 1.49 | 1.53 [1.54|1.53|1.50 | 1.56 | 1.53 [1.62| 1.58 [1.71| 1.60 at different firing temperatures.
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Fig. 3. Engobe shrinkage rates: a — air; b — firing

Data in Fig. 3 demonstrate that the minimum air shrink-
age characterized for engobe No. 10, and the maximum — en-

gobe No. 1. Fire shrinkage at all test firing tem-
peratures is minimal for engobe No. 3.

In terms of water absorption, it can be noted
that the most active sintering is observed for en-
gobe No. 2 and 4, while samples No. 3 and 9 do not
form a dense structure even at maximum firing
temperature.

For ceramic materials on which glaze coatings
are applied, in particular facing ceramic tiles, sani-
tary ceramics, electro porcelain, and others, one of
the most important indicators is the temperature
coefficient of linear expansion [27]. The discrep-
ancy between the ceramic base and coating based
on this indicator causes low adhesion strength
and the presence of internal stresses in the contact
zone, which can lead to chipping or cracking of the
coating layer. Engobe contains less vitreous phase
than glazes but water absorption indicators of the
engobe layer are 10—12 times lower than that of the
ceramic base due to the difference in structure and
phase composition of these materials. Therefore, the
danger of internal stresses is also high and, to min-
imize it, their thermal expansion indicators must
be carefully monitored. Temperature coefficients of
linear expansion of samples of experimental engobe
after firing at 1100 °C are shown in Fig. 5.

The temperature coefficients of engobe coatings
annealed at 1100 °C vary within (51-89)-107 1/°C.

For experimental engobe samples, a quali-
tative assessment of hardness in the annealed

state was carried out. To this end, a steel blade of a knife,
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at which the coatings were not damaged. The
results are given in Table 5.

Table 5

Evaluation of the resistance of sintered engobe
at 900C samples to scratching with a steel knife after
firing at different temperatures

Composition Firing temperature, °C
number of engobe | 950 | 1000 | 1050 | 1100 | 1150
1 ++ | + - - -
2 + | - -1 - -
3 |+ | + -
4 - =] = -
5 ++ |+t + + -
6 ++ + +— - -
7 ++ |+ - - -
8 + + — | - -
9 R I ST R
10 Sl o o [ [
11 R I ST R
Note: “—” — no surface damage, “+” — minor trace,

“++” — significant trace, “+++" — deep footprint,
“+—7 — different on different surfaces of the same
sample

From the above data it can be seen that en-
gobe No. 2 and 4 form a dense surface with high

hardness already at 1000 °C, unlike other samples, which
acquire hardness at higher temperatures.

mat 950 °C
Hat 1050 °C
Wat 1150 °C
IL_ = n M
1 2 3 4 5 6 7 8 9

10 11
Composition number of engobe

. 4. Change in engobe water absorption indices

1 2 3 4 5 6 7 8 9 10 11

Composition number of engobe

Fig. 5. Dependence of the temperature coefficient of linear expansion of
experimental engobe after firing at a temperature of 1100 °C on its composition

whose hardness is 7 on the Mohs scale, scratched samples of

engobe burned at different temperatures and we set the limit

5. 4. Investigating the processes of formation of en-

gobe coatings on the surface of ceramic bricks

From the typical ceramic mass used in the production of

building bricks, tile samples were prepared by plastic mold-



ing, on which experimental engobe coatings were applied by
irrigation. Engobe slurries were applied to freshly formed
tiles. This technique has advantages over the technique of
coating dry samples since both the engobe and the ceramic
base dry simultaneously and slowly, which reduces the risk of
defects due to the difference in shrinkage (Fig. 6). If engobe
is applied to dry samples, this risk increases significantly.
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Fig. 6. Indicators of air shrinkage of engobe and experimental

ceramic mass

The Fig. 6 shows that the most consistent in terms of
shrinkage with ceramic mass are engobe No. 2—4, and 6.

Engobe samples were fired at a temperature of 1050 °C,
which was determined as the most appropriate for sintering
the base ceramic mass. The results of visual analysis of fired
samples are given in Table 6.

Table 6
Visual analysis of engobe ceramics

Composition | 4 | 5 | 31 4 | 5|6 |7]|8|9]10]11
number

Whiteness, % | 71 | 62 | 76 | 68 | 73 | 67 | 67 | 65 | 67 | 66 | 62

Cracks - =-1=-1=-1-1-1-1-1-1-1-

Yellowness | — [++| — | = | = |++| = | + | = | = [++

Irregula.rity S R A R N IR R A
of pouring
Ilumination

of theshard | — | A E A O R

Visualization .:'“k ..

Note: 1. Studies are conducted at an engobe layer thickness of up to
100 microns.

2. The designations in the table correspond to: — absence of de-
Ject, “+” — presence of defect, “++” — strong manifestation of the defect.

«_»

The table above shows that the most common defects
of the samples are yellowness (No. 2, 6, 8, and 11), uneven
pouring (No. 2, 5, 7, 8), and shard translucency (No. 3,
7-10). Engobe samples No. 1 and 4 have no defects.

5. 5. Investigation of phase composition and micro-
structure of engobe coatings

The formation of the directed phase composition of ce-
ramic materials and coatings makes it possible to control the
properties of the finished product. For the analysis, an engobe
of composition No. 4 was chosen, which turned out to be the

most rational according to the complex of properties obtained.
Radiographs of samples of this engobe after firing at tempera-
tures of 1000, 1100, and 1150 °C are shown in Fig. 7.

Fig. 8 shows radiographs of engobe No. 1 and No. 8.

The microstructure of engobe No.4 and No.3 on the
surface of ceramic samples after firing at 1100 °C is shown in
Fig. 9, 10, respectively.
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Fig. 7. Radiographs of engobe prototypes of
composition No. 4
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a

Fig. 9. The microstructure of engobe No. 4 on the surface of ceramic shard after firing
at 1100 °C: a — cross-section; b — top view

20.00kV_ x1.00k

a

Fig. 10. The microstructure of engobe No. 3 on the surface of ceramic shard after firing
at 1100 °C: a — cross-section; b — top view

Thus, as a result of our research, it was possible to ob-
tain a complex of properties of experimental engobe and
establish the physicochemical basis of its production. In
almost all respects, engobe No. 4 has shown the most man-
ageable and stable technological and operational proper-
ties, so it can be recommended for wider testing on various
types of ceramic bricks.

6. Discussion of results of the development of universal
coatings for ceramic bricks

The design of universal engobe coatings for various
types of building ceramics (front, clinker) is a difficult task
since these materials differ significantly in performance
properties, the kinetics of shrinkage processes, and features
of the formation of phase composition and structure [2, 12].
The system «refractory clay — quartz sand — cullet» in a
significant approximation makes it possible to cover almost
all possible combinations of known engobe in terms of filling
with clay, lean, and glass-forming components. This makes it
possible to investigate the physicochemical processes in the
engobe material at each production stage and to establish
the dependence of the basic properties of engobe on its com-
position and technological parameters of production.

Analysis of rheological and technological characteris-
tics of engobe showed (Table 3) that with a decrease in the
content of clay components in the composition of the slurry,
the moisture required to achieve a fluid state decreases from

46.3 to 32.2%. At the same
time, the viscosity (fluidity)
decreases from 20 to 9.8 s. The
density of engobe slurries, on
the contrary, increases since
the content of lean components
with a higher density increases,
compared with clay minerals.
The engobe slurry of com-
position No. 1 with the highest
clay content has a sufficiently
high fluidity index (20 s) at
b maximum humidity (46.3 %),
which indicates its increased
viscosity. This makes it dif-
ficult to apply engobe to the
surface of the ceramic product
since the engobe spreads un-
evenly, which can lead to thick-
ening of the layer in individual
areas and the appearance of mi-
crocracks. The introduction of
electrolytes can partially solve
this problem but there are diffi-
culties at a further stage — this
engobe has the highest indica-
tor of air and fire shrinkage,
which complicates consistency
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deposition, engobe No.9-11
had problems. Their viscosi-
ty in comparison with engobe
No. 1 is almost 1.82 times less
(fluidity 9.8—11.5) and, due to
the low content of the clay component, these slurries are sub-
ject to strong delamination and deformation (Fig. 2). For the
same reason, it is necessary to note the composition No. 2.

When applied to a ceramic sample of an engobe slurry
capable of deposition, internal stresses in the structure may
occur due to a violation of uniformity, which will contribute
to the peeling of the coating even during the drying process.

Other types of engobe in terms of complex rheological
properties turned out to be satisfactory while engobe No. 4
was noted as the most technologically advanced in terms of
humidity (43.3 %), fluidity (17 s), suspension capacity, and
homogeneity. The slurry spreads well over the surface of the
brick, does not form gaps or craters, there is no cracking of
the coating during drying of samples.

Analysis of the main indicators of properties, in particu-
lar the shrinkage of engobe during drying and firing, showed
its significant difference depending on the content of lean
components and the firing temperature. Shrinkage during
drying varies from 11.6 to 1.6 %, and during firing from
8.5 % for engobe No. 1 at 1150 °C to 2.2 % for engobe No. 5
at 950 °C. Such a wide interval of change in coating shrink-
age indicators opens up prospects for the possibility of se-
lecting engobe for ceramic masses with almost any indicator
of shrinkage. The intensity of shrinkage correlates well with
the content of the clay component in the charge of engobe.

Fig. 3, a demonstrate that engobe masses containing
60—-80 % clay have rather high air shrinkage rates: from 12.4
to 8.3 %. This may provoke the formation of internal stresses



during drying of the semi-finished product. With a decrease
in the content of the clay component to 20 %, the air shrink-
age of engobe decreases to 2.1 %.

From the given data in Fig. 6, it shows that water ab-
sorption of less than 1 % can be achieved at a temperature
of 1050 °C for engobes No. 2, 4. When the temperature rises
to 1150 °C, the number of engobe types that are sintered to
almost zero water absorption expands to No. 1, 2, 4, 7, 8, 10.
The density of coatings increases with increasing content —
cullet from 10 to 40 wt%.

Engobe No. 4 is stable when sintered over a wide tem-
perature range. After firing at 1050-1150 °C, the water
absorption of samples is 0.50.6 % and remains virtually
unchanged, so this engobe can potentially be used in the pro-
duction of a wide range of ceramic bricks. For clinker bricks,
the firing temperature of which approaches 1100 °C or more,
engobe No. 6—8 can also be used.

However, it is necessary to pay attention to the indi-
cators of the temperature coefficient of linear expansion of
coatings (Fig. 5), which should be as close as possible to a
similar indicator of the ceramic base [28]. In this sense, en-
gobe No. 8 has a slightly overestimated coefficient compared
to typical ceramic construction products, but No. 4, 6, and
7 remain satisfactory for this indicator in combination with
the previously given properties.

Within the range of temperature coefficients of linear
expansion of typical ceramic bricks ((50-70)-1076 °C~!) or
painted fine-stone masses [28], all engobe except No. 1, 2, 8,
10, 11 are found. Consequently, for most experimental com-
positions of engobe, it is possible to predict their maximum
coordination in terms of expansion with the brick base on
which the coatings will be applied.

Hardness determines the ability of ceramics to resist the
indentation of other bodies, which is especially important,
for example, during transportation and during bricklaying.
The simplest and most affordable method for assessing the
hardness of materials is the Mohs scale [29]. For ceramic
bricks, this indicator is usually 56, for porcelain stoneware
up to 8. For ceramic bricks, this indicator is not regulated
by the requirements of the standard but quite fully makes it
possible to characterize the degree of sintering and adhesion
of the engobe to the ceramic base.

Data in Table 5 demonstrate that engobe hardness great-
er than 7 on the Mohs scale is acquired at different tempera-
tures, starting from 1000 °C. After firing at 950 °C, none of
the samples has such hardness, while engobe No. 9—11 reach
more than 7 only at 1150 °C. There are also samples in which,
due to delamination, surfaces with varying degrees of hard-
ness were obtained, therefore, in Table 5 there are symbols
«+=». Such engobe types are undesirable to use for bricks
under these temperature conditions of firing.

Visual analysis of engobe ceramic samples showed (Ta-
ble 6) that no sample had cracks on the surface, which
probably turned out to be associated with a thin layer of the
coating itself (up to 100 microns). But this thickness is not
enough for high-quality coating of the ceramic shard — trans-
lucent areas appear, exposure of the smallest protrusions on
the surface of the product is manifested, which reduces the
visual perception of the engobe product as a whole. With an
increase in the thickness of the engobe layer to 120—130 mi-
crons, most of these defects disappeared but cracks appeared
on all engobe surfaces that differed from the ceramic mass in
terms of shrinkage by more than 10 % (Fig. 6).

It is also necessary to note low whiteness — almost all
engobe coatings are gray or beige and have a yellow tint,
especially No. 2, 3, 6, and 11. This effect is exerted by an
increased cullet content in the composition of engobe with
a low content of quartz sand. An excess amount of the vitre-
ous phase leads to the fact that even minimal impurities of
iron oxides in raw materials cause undesirable coloring. For
these compositions, «spots» in the form of vitrified areas are
noticeable, which is caused by the ability of these slurries to
precipitate. This is unacceptable for ceramic facing bricks.

The phase composition of engobe is represented by B-quartz
SiO, with well-fixed diffraction maxima characteristic of
quartz d=4.25; 3.32; 2.45; 2.12; 1.98; 1.81; 1.66; 1.37 A, and
devitrite NayCasSigOy6 with diffraction maxima d=5,23; 4,18;
3,79; 3,66; 3,45; 2,95; 2,11 A. At the same time, the phase
composition practically does not change in the experimental
temperature range — the intensity of the main diffraction
maximum, characteristic of quartz (d=3.32 A), only slightly
decreases from 840 imp./s at 1000 °C to 660 imp./s at 1150 °C.
This indicates a very slow dissolution of quartz in glass melt,
the amount of which increases with increasing temperature.

The intensity of devitrite crystallization is very low —
diffraction maxima practically do not exceed the intensity
of 200 imp./s, which indicates its small content in experi-
mental engobe.

If we compare radiographs of other engobe types (Fig. 8),
we can find that they have similarities in qualitative phase
composition — just as in engobe No. 4 the B-quartz and devi-
trite are identified, but the intensity of peaks is different. For
example, almost only B-quartz is present in engobe No. 1, the
devitrite phase is almost not formed due to the low amount
of its source — cullet. The expected mullite crystalline phase,
which is usually formed during the thermal transformation
of kaolinite at 950—-990 °C [30], is not registered since mul-
lite in the temperature range of 1000—1200 °C recrystallizes
and can be in its embryo state.

Engobe No. 8 contains a high amount of cullet, so the
content of the crystalline phase in it is less and decreases
with increasing temperature: the quartz crystalline phase
dissolves in the glass melt, and the devitrite barely notice-
ably increases. This trend has a positive effect on the com-
paction of the engobe material, but reduces hardness, which
is undesirable for decorative and protective coatings.

In Fig. 9, a, a dense, well-sintered layer of engobe No. 4,
122 um thick, on the surface of a porous coarse-ceramic
shard is clearly traced. The engobe layer is sufficiently vit-
rified, practically does not contain gas inclusions, which
indicates intensive sintering of the coating during the period
when the degassing of the shard has already been completed.
The outlines of crystals with an average size of 515 microns
in large quantities are recorded, which, according to the
results of X-ray phase analysis, can be identified as B-quartz.
Probably, the presence of a sufficiently high amount of
quartz, firmly «cemented» by the vitreous phase, causes the
high hardness of engobe No. 4 (after firing at 1000 °C, there
is no trace of a steel knife when scratching the surface).

Fig. 10 shows for comparison the microstructure of en-
gobe No. 3 on the surface of the ceramic shard after firing at
1100 °C. This engobe belongs to lean engobe, with a reduced
content of cullet and clay, therefore, even at 1150 °C, it does
not sinter to a dense state (Fig. 4).

Therefore, on the chip of the sample (Fig. 10, a), the
boundary between the ceramic shard and the engobe coating



is practically not traced, and the engobe surface contains
numerous micropores (water absorption of this engobe at
1100 °C is 7.5 %). On the one hand, such an engobe agrees
well on shrinkage processes and thermal expansion with
a ceramic base, which minimizes the likelihood of defects.
And on the other hand, such a layer will not fully serve as a
protective coating for the exterior cladding of the building,
reducing the durability of products.

Thus, according to the complex of properties, engobe
No. 4 turned out to be the most universal. It has the fol-
lowing rheological and technological indicators: fluidity,
17 s; humidity, 43 %; and density, 1.53 g/cm3. According to
these parameters, the slurry spreads well over the surface of
ceramic samples, does not crack during drying, and adheres
well to the ceramic base. The thickness of the engobe coating
layer should be 100-130 microns while the shard does not
shine through, and small roughness is covered.

The engobe coating after firing in the range of 1050—
1150 °C has water absorption of 0.6-0.5 %, temperature
coefficient of linear expansion 66-10~7 1/°C, Mohs hardness
over 7, and can be used to decorate and protect the surface
of a wide range of bricks. One of the main requirements
when matching the engobe coating and ceramic base is the
difference in shrinkage rates of both materials is not more
than 10 %.

So, the advantage of the current study is that the physico-
chemical processes of engobe layer formation on the surface
of the ceramic shard are comprehensively considered, the re-
lationship between the composition of coatings, their struc-
ture, and operational properties is established. Unlike most
works on engobe construction products [6-9, 11, 17, 18],
where coatings for thin ceramics are developed, this paper
reveals the algorithm for developing engobe coatings for
building ceramics, which has a rough structure, which great-
ly complicates the coordination of coating and ceramics.
In contrast to the few works on engobing bricks [19, 20],
which offer engobe compositions with limited use, our paper
formulates a systematic approach to the development of en-
gobe. That has made it possible to establish the dependences
«property — structure — composition», to reveal the possibil-
ities of their regulation and adaptation of engobe coatings to
brick production.

The solutions obtained in the process of research close
the problematic part of the lack of a systematic approach to
the development of engobe for ceramic bricks. The paper not
only identifies the basic properties of the covering engobe
layer, their dependence on the composition of the charge and
technological factors, but also reveals the mechanisms of their
regulation. The physicochemical processes of phase formation
and formation of the structure of coatings are also illuminat-
ed, the issue of adhesion of engobe to the ceramic base and
coordination of their shrinkage processes are disclosed.

When applying the above results in practice, as well as in
further theoretical studies, it must be borne in mind that the
only composition of engobe, which could be used for bricks
of various types, is incredibly difficult to obtain. Even for
one type of facing brick, ceramic masses with a wide range
of shrinkage indicators, different features of sintering and
structure formation are used in different industries. There-
fore, the developed composition of engobe coating No. 4 with
an acceptable set of properties may need to be modified in a
particular production. But the highlighted physicochemical
processes that occur in the experimental system can reduce
the labor intensity of such research.

The limitations of the application of the developed com-
position of engobe No. 4 are the requirements for the ceramic
mass — its air shrinkage should be 7.4£10 %, the sintering
temperature should be 1050-1150 °C, and the thermal ex-
pansion index of the shard is 66-1077+10 % 1,/°C. Under oth-
er conditions, additional studies of the consistency of mass
and coating are required.

The disadvantages of this work are that on the basis of
this system it was not possible to obtain dense coatings on
the surface of building bricks, which are burned at tempera-
tures below 1000 °C due to insufficient sintering of any of
the considered engobe. Probably, this requires more effective
sintering components, or special mineralizing additives.

Further research may involve the adaptation of engobe
to specific ceramic masses, the study of the possibility of
replacing the components of the engobe in order to increase
the whiteness of the surface, intensify sintering. The study
of the role of coloring components in the formation of the
engobe structure, including the use of production waste, is
relevant. A possible area of research may also be the study of
the effect of burning additives in the composition of ceramic
masses on the formation of a solid engobe coating.

7. Conclusions

1. The choice of raw materials for the design of engobe
has been substantiated. As basic, the system “refractory
clay — quartz sand — cullet” was proposed, which includes
raw materials available for the large-tonnage industry.

2. The rheological properties of engobe slurries were
investigated and their dependence on the composition and
technological parameters of production was established.
The main requirements for engobe slurries established suf-
ficient spreading over the surface of ceramic material and
the absence of a tendency to deposition and deformation
during subsequent drying and firing. Such requirements were
satisfied by engobe with the following content of components,
wt%: 50—65 refractory clay, 10—40 quartz sand, and 10-25 cul-
let. Indicators of the properties of these engobe are: fluidity,
15.117 s; humidity, 43-45 %; and density 1.52-1.54 g/cm™.
Engobe types with a higher content of clay components have
difficulty with liquefaction and subsequently show increased
shrinkage. If engobe types have a higher content of lean
components, they are prone to delamination and deposition.

3. The basic properties of engobe samples were investigat-
ed and their dependence on the composition and technological
parameters of production was established. Air shrinkage var-
ies from 11.6 to 1.6 %, and fire shrinkage from 8.5 % to 2.2 %,
depending on the content of the clay component in the coating
and the firing temperature. Also, these parameters depend on
the indicators of the temperature coefficient of linear expan-
sion, which varied within (51-89)-10~7 1/°C. Regarding the
hardness index of coatings on the Mohs scale, values of more
than 7 units were achieved at different firing temperatures
also depending on the composition of the initial charge.

4. The processes of formation of engobe coatings on the
surface of ceramic bricks have been investigated and the
basic conditions for coordination of engobe with a ceramic
base were determined. The main indicators by which the
coordination of these two materials should be monitored
are air and fire shrinkage and the temperature coefficient of
linear expansion. The engobe coating should be applied to
the ceramic base with a layer thickness of 100—130 microns,



but the indicators of shrinkage and thermal expansion of
materials should not differ by more than 10 %. With a small-
er thickness, the likelihood of defects such as peeling and
cracking of coatings is reduced, but the decorative effect of
the coating is reduced, as exposures and roughness of the
surface appear.

5. The peculiarities of formation of phase composi-
tion and structure of engobe were investigated, the basic
composition of the coating was established and the basic
requirements to its properties were formulated. As an
engobe, which provided samples with a complex of high
physical and mechanical characteristics, composition No. 4
was chosen. The dense structure of the coating is formed at
1050 °C and lasts up to 1150 °C, which for the most part is
a sufficient interval for firing front and clinker bricks. At
the same time, water absorption of the layer is 0.50.6 %,
temperature coefficient of linear expansion 66-10~7 1/°C,
hardness is more than 7 on the Mohs scale after firing at
1000 °C and above, whiteness is 68 %. The phase compo-
sition of engobe is represented mainly by B-quartz SiO,

and a small amount of devitrite — the cullet crystallization
product.
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