|

=,

Hocnidyncenns cmocyromovcs  Papdoposux
8upo6is, wo ompumyoms Memooom 6i0AUCAHHS Y
2incoei popmu 3 mouxooucnepcrux wiixepis. bByao
6CMAHOBIIEHO NPUUUHU GUHUKHEHHS MPIWUH NO
Kpaax eupo6is nicas ymuavhozo i nOAUMO020 6UNALY
ma 3anponoHo8aH0 WASXU iX YCYHeHHs..

B pe3yavmami xomnnexcnozo 00cCaiocen-
Hs 0430601 Kepamiunoi macu 3a0an020 ckaady ma
6upooie 3 Hei OYN0 6U3HAMEHO PO MEXHONOLIMHUX
¢axmopis, axi 00ymo6a1010Mb POIMPICKYBAHHSL.

Busnauenns monxocmi nomeay 6upooHu-
YUX WIiKepie PisHUX napmiil noKasano, wo 3aau-
wox na cumi No 0063 xonusaescs 6io 0,7 do 3,5 %.
Bcmanosnenuit. npamuii  63a€mo036’A30K  MIdHC
GUHUKHEHHAM mMplwun Yy eupobax i nideumenum
NOKA3HUKOM 3ANUWKY, WO CNPUSLIO PO3UWAPYEAH-
HI0 Kepamiunozo wiliKepy 6 npoueci 6uUCmoro8am-
Ha 6 zincosux Qopmax. 3asnauene npu3eoouso
00 BUHUKHEHHS 6HYMPIWHIX HANpYz Yy cmpyxmypi
uepenxa. Inwum paxmopom, wo odymosus pos-
mpickyeanns eupobie, 6cmanosieno npucymuicmo
Y CKaa0i KepamiuHoi MAcu KpYnHux 3epen Keapuy,
SKI 6 Npoueci Hazpiey — 0X0J00NHCEHHS 30amHi 00
Mooudpikayiinux nepemgopenv. Oxpim mozo, Hu3v-
Ka memnepamypa ymuivHoz0 6uUnaay He CRPUAINQ
3aeepuiennio npouecie dezidpamauii eaunucmux ma
CI00UCIUX MIHEPANiE, W0 NOCUNIOEAII0 BHYMPIWHI
Hanpyau y uepenxy.

Hocnioncenns noxazanu, wo 0aa 3abezneuenns
AKICHUX NOKA3HUKIE KepamitHux eupooie neodxio-
HO He MiNbKU KOHMPOAI08AMU 3ATUWOK HA CUMI,
a i epaxosyeamu po3nodin ppaxuiiinozo ckaady
Kepamiunoeo wiKepy, NpuMomMy 6Micm Keapuoeoi
cK1a0060i po3mipom 30—63 Mxm Mae cmanosumu ve
oinvue 12 mac. %. 3asnavene cnpuse ymeopenuio
WiIbHO20 00HOPIOH020 HePENKa 3 6UCOKUM BMICMOM
MYaimosoi pasu.

B pesyavmami 0docnidicenv 3anpononosamo
maxooic IMICIMumu memnepamypy YymuioHozo 6una-
ay 3 660 do 800 °C. Came npu uiii memnepamypi
3asepuytomvcs npoyecu dezidpamayii wapyeamux
cunixamie ma cmaéiizyomvcs ycaodouni npouecu.

Ompumani pesynomamu mMoxcyno 6ymu 3acmoco-
8aHi HA MUN0BOMY GUPOOHUUMEL 20CN00aAPUO-NOOY-
moeux eupooie iz nusvkomemnepamypozo gpapdopy

Kniouosi cnosa: wnixep, nomen, xeapy, 6000no-
enunanns, eunan, papgop, posmpickyeanns, miy-
Hicmb, cnikanns, ycaoxa
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1. Introduction

Porcelain materials were used in manufacturing electri-
cal insulating products, sanitary, and household ceramics,
as well as ceramic granite [1,2]. This is due to the high
operational properties of this material — density, strength,
durability, dielectric properties, which makes it possible to
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operate reliably the products for a long time [3]. However,
porcelain has these characteristics only at ensuring proper
technologies during its manufacturing.

The porcelain production is complex, multistage, and
depends on many factors at each stage of the technological
process [4—6], influencing the quality of the final product. In
this connection, in case of occurrence of defects of products



related to the disruption of production technology finding
the causes and the ways of their prevention is quite complex
and time-consuming.

Establishment of the patterns of the influence of techno-
logical factors of production on the quality of finished prod-
ucts is an important task for each enterprise, as it will make
it possible to react promptly to these changes with a minimal
negative impact on the products.

2. Literature review and problem statement

Porcelain is the subject of research for many scientists
over the latest decades, but the improvement of the produc-
tion technology of this material is still relevant. This is due
to a variety of its types, compositions of ceramic masses and
production methods, requirements for the quality of the fin-
ished product, and other factors. A wide range of scientific
works [7—14] is devoted to the search for new raw materials
and effective sintering additives.

Paper [7] deals with the influence of the colemanite
additive on the intensity of porcelain sintering, paper [8]
proposes introducing a wollastonite additive for the same
purpose. However, papers [7, 8] do not consider any possible
deviations from the technological process and their conse-
quences.

Article [9] studies the possibility of using cullet and
volatile ash as a fluxing component instead of feldspar in
porcelain manufacture. Cullet was added in the amount of
10-25 % by weight and, it was found, based on determin-
ing the activation energy that the activity decreases at an
increase of cullet. At the same time, article [10] indicates
that the amount of cullet can be increased by up to 30 % by
weight, and the firing temperature is reduced to 1,150 °C.
The disadvantage of the cullet introduction to the porcelain
composition is a tendency of a semi-finished product to de-
form during firing, which was not explored in these studies.

Paper [11] explored the possibility to replace quartz in
the composition of the porcelain fired at the temperature of
1,200 °C. It was established that at the introduction of slag
in the amount of 5-10 % by weight, the content of quartz
residue in the structure of the fired material is really re-
duced, however, the mullite content decreases sharply from
20 to 2 % by weight. Instead, the anorthite crystalline phase
is formed. Its effective influence on an increase in bending
strength was found at the slag introduction in the amount of
more than 20 % by weight. However, slag is a waste product
of production and has an unstable chemical composition,
which can cause deviations from the specified technological
process, and this aspect was not considered in the study.

In article [12], the possibility of using nepheline-syenite as
a fluxing component of the porcelain masses was established.
The existence of nepheline-syenite in the amount of up to 15 %
by weight contributes to a decrease in sintering time required
to achieve low values of water absorption. In addition, the
microstructure becomes more homogeneous, and mechanical
characteristics increase. Similar ideas for expanding the raw
material base of the fluxing components of porcelain and
energy-saving aspects were outlined in paper [13]. However,
papers [12, 13] contain insufficient information on what types
of defects can occur when varying the compositions of ceram-
ic masses and technological parameters.

In paper [14], the efficiency of the replacement of quartz
sand with porcelain cullet in the production of high-voltage

porcelain was found. Quartz was replaced with the cullet
of products in the amount from 5 to 25 % by weight. It was
determined that at the firing temperature of 1,250 °C, the
mechanical compression strength of up to 89.7 MPa was
achieved. The high strength of the samples is explained by an
increase in the mullite phase in the structure of ceramic mate-
rial, which is stimulated by introducing the cullet of porcelain
products. The disadvantage of the research is that it does not
consider the deformation processes, which can occur during
firing due to the replacement of quartz with cullet.

Papers [15-18] contain the information about the study-
ing of the peculiarities of the structure formation of a por-
celain potsherd, the defects associated with modification
transformations of quarts were examined. Article [15] deals
with the occurrence of structural defects of porcelain at
cooling from the temperature of 1,250 °C. Microcracks were
found to occur at vitrification temperature (~800 °C) due to
the mismatch of coefficients of thermal expansion of glass,
mullite, and quartz particles. The process of occurrence of
micro stresses flows at several stages and ends at a tem-
perature of 300 °C. The radial cracking on quartz particles
occurs between the vitrification temperature of 800 °C and
the temperature of transition p—a. At the temperature of
transition p—a, cracking is temporarily interrupted due
to stress changes. At the temperatures below 500 °C, the
cracks with less intensity appear around the particles, espe-
cially at a decrease in temperature below 300 °C, and there
occurs the temperature of radial cracking of B—a transition
that appears on quartz particles. Studies [16] revealed the
occurrence of microcracks around the quartz grain at the
temperatures of 600—500 °C, which leads to a sharp drop
in strength. However, specific recommendations concerning
the way of preventing such defects are not given.

The influence of pyrophyllite additive on the peculiar-
ities of porcelain structure formation was studied in pa-
per [16]. Addition of 5-7.5 % of pyrophyllite as a substitute
for clay improved the fire strength by about 24 % compared
with the material without the additive, fired at 1,300 °C.
Besides, amorphous SiO; freed from dehydroxylate pyro-
phyllite inhibits further recrystallization of mullite. The
existence of a large quantity of undissolved quartz of a
smaller size, as well as isolated pores in the microstructure
of pyrophyllite-containing samples, prevents the spread
of cracks and thus improves the mechanical properties. In
paper [18], it is proposed to introduce pyrophyllite instead
of quartz, which leads to the early occurrence of the liquid
phase during firing and a decrease in thermal expansion of
samples. The addition of up to 15 % of pyrophyllite led to a
29 % increase in strength. The above is related mainly with
the elimination of stresses in the structure at a decrease in
quartz content, as well as at an increase in the quantity of
secondary mullite, distributed all over the volume of materi-
al. However, we must bear in mind that the pyrophyllite, un-
like quartz, is much more actively dissolved in the melt, that
is a large amount of glass is formed, as well as large elongated
pores, distributed in the matrix, which leads to worsening
of mechanical properties. Quartz sand in a ceramic mass
contributes to decreasing shrinkage and deformation during
firing [17]. In papers [17—19], there are not enough practical
recommendations for the technological parameters of the
process. In addition, these studies do not reveal the influence
of other components of the ceramic mass on the possibility of
occurrence of micro stresses in porcelain, which causes such
type of defect as cracking.



However, as studies [20,21] showed, the formation of
the microstructure of ceramics and its properties depend
on the complex of technological factors of production, so it
is necessary to consider the reasons for the occurrence of a
particular type of defect in a complex.

Thus, numerous scientific studies in the field of porcelain
improvement are aimed at the expansion of the raw material
base, improvement of operational properties of products, and
a decrease in power consumption of production, but there is
very little information about the analysis of possible causes
of defects of products. That is why when the problems of
faulty products or a decrease in quality arise under produc-
tion conditions, the search for the ways of their elimination
requires a comprehensive approach.

Therefore, it is advisable to conduct comprehensive re-
search into manufacturing porcelain products within one
technological process — from the choice of raw materials to
the formation of the structure of the final product. It is thus
possible to trace the causes of occurrence of a particular de-
fect and to find ways of its elimination.

3. The aim and objectives of the study

water in open pores of a sample after the saturation in a vacuum
and with the help of hydrostatic weighing.

The character of thermal transformations of ceramic
masses was determined with the help of differential-thermal
analysis using the derivatograph of the system of F. Paulik,
J. Paulik, L. Erdey Q — 1000 (the “IOM” company, Hunga-
ry) at the heating rate of 5 °C/min.

Qualitative mineralogical composition of the residue on a
sieve No. 0063 was determined by the petrographic method
with the help of the optical microscope MBS-10 (PA “Ru-
bin”, Russia).

The fractional composition of the experimental slips
was determined with the help of the sedimentograph
“FRITSCH” (Germany) “Analysette microtec”.

X-ray phase analysis was performed with the help of X-ray
analyzer DRON-3 (“Burevisnyk”, Russia) with Cu radiation.

To study the microstructure of the fired samples, the
raster electronic microscope “REM-106 — I” (SPC “Akadem-
prylad”, Russia) was used.

3. Results of studying porcelain with
a “cracking edge” defect

The aim of this study was to establish the technological
parameters of the production process, which will ensure the
formation of a dense structure of products without defects
after firing.

To achieve the aim, the following tasks were set:

— to research the rheological and technological proper-
ties of the ceramic mass and the products from it, which have
a defect of “edge cracking”;

— to study the dependence of the porcelain properties on
the fineness of grinding of the ceramic mass;

— to determine the temperature of the bisque firing of a
ceramic potsherd.

4. Materials and methods to study the production of fine
ceramic masses and experimental samples

For the research, we selected the ceramic mass and the
technology of manufacturing low-temperature porcelain
under production conditions, in which the products’ defect of
“edge cracking” occurred. The slip composition of the basic
ceramic mass is the following, % by weight: refractory clay —
12.5; concentrated kaolin — 21.5; quartz sand — 17.3; alka-
line kaolin — 45.3; cullet of products — 3.4. Above 100 % by
weight of dry matter, ceramic slip included electrolytes, % by
weight: soda — 0.32; liquid glass — 0.06. The temperature of
bisque firing was 660 °C and that of glazed firing —1,250 °C.

The rheological properties of the slips and physical-ceramic
characteristics of the samples were assessed by the standard
methods. The fineness of grinding was determined by the
indicator of residue on sieve No.0063. The indicator of the
slip fluidity, which represents the time of flowing of 100 ml of
suspension through the hole of 4 mm, was measured with the
help of the Ford dish. Plasticity number was determined by the
difference in the moisture content of the mass at its transition
from the plastic state into the fluidity state and from the plastic
state into the dry state. Shrinkage indicators were determined
by a change in the dimensions of the samples — semi-finished
products before and after drying and firing. Water absorption
of sintered materials was assessed by the amount of absorbed

5. 1. Studying the rheological and technological prop-
erties of slips and fired products

Production of porcelain, due to the existence of numer-
ous technological operations, is quite complicated and the
search for the cause of occurrence of any defect should con-
sider “foreseeing” it at any stage. That is why the cracks on
products’ edges that occurred after bisque or glazed firing
(Fig. 1) not systematically from batch to batch, could be
caused by the factors of each previous stage (grinding, mold-
ing, drying). Consequently, the comprehensive studies of the
industrial slip and the products fired from it were conducted
to identify the reasons for a defect.

Fig. 1. Edge defects of products from ceramic mass: a — on
the bend of a product; b — on the handle, c — on a flat area

Rheological properties of factory slips of the uniform com-
position, selected during different shifts, are given in Table 1.

Table 1

Rheological properties of factory slips

No. of | Moisture con- | Fluidity | Residue of sieve| Existence of cracks
sample| tent of slip, % |of slip,s| No. 0063, % in fired products

1 33.2 17 2.3 ++

2 34.5 21 0.7 -

3 341 20 0.8 +

4 329 16 3.5 +++

5 33.6 16 3.1 ++

6 339 20 1.2 +




Our studies showed that fluctuations in
the indicators of moisture content and fluidity

Table 2
Properties of ceramic mass after drying and firing

of the slips of different batches were insignif-

. . No.of | Plasticity | Air shrink- | Fire shrinkage after | Water absorption after
feant. Most attention was eaggégtoegg’bvyvh‘ﬁ sample | number® | age,% | firingat 660 °C, % | firing at 660 °C, %
changes from 0.7 % to 3.5% at the values ; ji g; 2(2) 12(1)
recommended for porcelain — up to 0.5 % [19]. : . : :

The stratification capability of slips was 3 4.5 3.7 9.1 182
determined by the indicators of residue on 4 3.2 25 78 21.5
sieve No. 0063 in the samples selected at the 5 3.2 2.5 78 21.5
top and the bottom part of the tank having a 6 4.1 3.1 8.6 19.2

height of 20 cm. Samples were taken during
slip settling for 1.5 hours, which is the average
indicator of time taking the wall of a semi-fin-
ished product on the surface of the gypsum
mold. The results are shown in Fig. 2.

At the lengthy rest, the samples of slips in
varying degrees are actually capable of strati-
fication. Thus, for sample No. 1 after 1.5 hours
of settling, the residue on sieve No. 0063 at the
upper part of the tank is 0.7 %, and in the lower
part, this indicator reaches 2.4 %, since most of
the stone particles settle on the bottom of the
vessel. In slips No. 2 and No. 3, the residue on
sieve No. 0063 is lower (0.7-0.8 %), and thus the
stratification is smaller — the difference between
the residue on sieve No. 0063 in the upper and in
the lower parts of the tank is insignificant.

During the study of the mineralogical com-
position of the residue on sieve No.0063, it
was found that its prevailing amount is repre-
sented by quartz grains (Fig.3) and only in a
small amount — by feldspar and mica minerals.

Fluctuations in the fineness of the mass lead to a
change in its drying and firing properties (Table 2).

Overall, the basic ceramic mass refers to
low-plastic (plasticity number is less than 7). On
the one hand, such masses rather quickly take the
wall on the surface of a gypsum mold during product
casting, but on the other hand, such masses are more
prone to stratification in a resting state. In addition,
low-plastic masses have a low binding capacity,
which makes them prone to cracking during drying
or firing. Table 2 shows that masses No. 1, 4—6, for
which the elevated indicator of residue on sieve
No. 0063 was established, have lower plasticity indi-
cators in comparison with masses No. 2, 3.

Shrinkage and water absorption indicators
correlate with the fineness of slips: the more the
residue on a sieve, the lower the shrinkage indi-
cators and the less dense the structure of the pot-
sherd is formed during sintering.

During the analysis of data on the technological
process, attention was paid to a rather low tempera-
ture of the bisque firing of ceramic products — 660 °C.
Differential thermal analysis was performed in order
to establish the behavior of the ceramic mass at heat-
ing. The results for sample No. 6 are shown in Fig. 4.

The resulting data suggest that at the tempera-
ture of the bisque firing of 660 °C, the process of de-
hydration of laminated clay minerals are incomplete
and the formation of a potsherd that is relatively
stable in terms of shrinkage extends up to 800 °C.

Indicator of residue on

Note: * — to determine plasticity number, plastic masses were obtained from
slips using the drying method

4

3.5
3
2.5
2 a
1.5 1
1 a
0.5 -
O .
1 2 3 4 5 6

Composition number

@ tank top
@ tank bottom

sieve No. 0063, %

Fig. 2. Determining the stratification capacity of slips
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Fig. 3. Mineralogical composition of residues on sieve No. 0063 of
experimental samples
980

N

DTA
110
300

510

Fig. 4. Results of differential-thermal analysis of sample No. 6




5. 2. Studying the dependence of product properties
on the fineness of grinding a ceramic mass

Data from Table 1 show that for samples No. 2 and 3
with the same residue on sieve No. 0063, cracks in prod-
ucts of a batch are found during grinding (0.7-0.8 %) in
one case, while in the other case — they are not. It was
assumed that the estimation of the fineness of the ceramic
mass according to the indicator of the residue on a sieve
is insufficient. Quartz grains of the dimensions of less
than 63 um (passing through the mentioned sieve) can be
also subject to modification transformations with volume
changes. Thus, they can also cause cracks as larger grains.
Then it was decided to study how the duration of grinding
can affect a change in the distribution of the granulomet-
ric composition of slip particles, including quartz.

Grinding for ceramic slip sample No. 6 was continued
under laboratory conditions. Ceramic slip in the amount
of 500 g was loaded into a porcelain drum with the ratio
of slip: grinding bodies, which is close to factory-related
(1:1.4), and sampling for studying the grinding capacity
of components was made every 20 minutes. The data
in Fig. 5 show that at almost the same residue on sieve
No. 0063 of 0.5-0.7 % (samples 2-5), the distribution of
fineness of the particles of a slip by fractions is different.

20

100

é 80

'§ O less than 5
s o o5 30

.5 40 W 30-63

=t @ more than 63
]

2

Z

0
6 7 8 9 10

Sample number

Fig. 5. A change in the ratio of slip fractions during grinding

Thus, samples No. 7 and No. 8 both have the residue on
sieve No. 0063 of less than 0.7 %. However, the content of a
medium fraction of dimensions of 30—63 pm, which is rep-
resented mainly by quartz grains in these slips, is different:
it is 31 % for sample No. 7, and 22 % for sample number 8.

In this case, the structure of porcelain after firing be-
comes denser and more homogeneous (Fig. 6).

Fig. 6. Microstructure of experimental slips after firing the samples at 1,250 °C:
a—No.7, b—No. 9
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W A A

A @ No. 9
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™
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No. 6

70 60 50 40 30 20 206

Fig. 7. Radiograms of experimental samples:
A — mullite, e — 3 — quartz

Change in fineness of the ceramic mass also influences
the phase composition of the fired potsherd. Radiograms
of samples No. 7 and No. 9 are shown in Fig. 7.

Sample No. 9, which is made from a slip of finer grinding,
contains a reduced amount of quartz (the diffraction maxima
of quartz have lower intensity). Instead, the amount of the
mullite phase due to the greater homogeneity of the mass and
more complete flow of the sintering process is higher.

3. 3. Choosing the temperature of the bisque firing of
ceramic mass

The bisque firing of a ceramic semi-finished product is in-
tended to form a ceramic potsherd before applying the glazed
layer. In this case, strength should be sufficient to perform the
glazing operation, and the high porosity of a bisque potsherd
should ensure the adhesion of a coating with the ceramic base
before gazed firing. However, as shown by differential-thermal
research into the ceramic masses (Fig.5), the bisque firing
temperature of 660 °C is insufficient in terms of completeness
of the process of dehydration of clay minerals.

Therefore, the degree of sintering of ceramic mass was
studied in the subsequent study in the interval of 660—
850 °C. Ceramic samples from slip No. 9 were fired in a
laboratory furnace within the specified temperature range
with the pitch of 40 °C, and sintering de-
gree was determined by the indicator of
water absorption and shrinkage (Fig. 8).

Fig. 8 shows that the shrinkage process
extends to the temperature of 800 °C, and
then comes a period, in which the indica-
tors of shrinkage and water absorption of
the experimental samples remain constant.
That is, we can assume that the process
of dehydration of clay minerals and mica
existing in the ceramic mass completes
exactly at the indicated temperature.

Given the results obtained, it is ap-
propriate to increase the temperature of
bisque firing from 660 to 800 °C.
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Fig. 8. Determining the sintering of ceramic samples of composition No. 9

6. Discussion of results of improving the technological
process aimed to reduce defects

Using the example of a particular production, the proper-
ties of ceramic slip and fired products were studied in order
to identify the causes of the occurrence of cracks on the
edges after bisque and glazed firing.

The study of the rheological properties of factory slips
made it possible to detect systematic disturbances of the
grinding mode from batch to batch towards an increase in the
residue on sieve No. 0063, which changed from 0.7 to 3.5 %
(Table 1). The increased content of coarse fraction in the por-
celain mass cannot only help to speed up the rate of taking a
wall on the surface of the gypsum mold but also increase the
stratification capacity of a slip in a free state. If this is the case,
non-uniform casting can manifest itself in the form of defor-
mation and cracking at the subsequent stages.

To prove this hypothesis, the stratification capacity of
slips was determined (Fig. 2). It was found that the samples
of slips with increased residue on sieve No. 0063 had a strong
stratification tendency in the process of settling. In the state
of rest, large stone particles quickly settled down onto the
bottom of the tank, and only fine clay particles remained in
the upper part [22].

Having simulated this difference during casting into a
gypsum mold, it is possible to see that a change in the slip
fineness causes a difference in shrinkage processes in the
upper-lower part of the product (Fig.9). The difference in
shrinkage causes deformation and causes internal stresses in
a semi-finished product, which may be uncontrollably man-
ifested during subsequent thermal treatment of the product.

l more shrinkage

¥ less shrinkage

Fig. 9. Distribution of shrinkage deformation at a violation of
the slip grinding mode

Samples No. 2, 3 appeared to be most stable among the
experimental samples. For these samples, there was a min-
imum discrepancy between the indicator of the residue on
sieve No. 0063, selected from the upper and lower parts of
the tank in the state of long rest. If we have a look at Table 1,
we will notice that for products made from these slips, the
minimum edge cracking was recorded.

Thus, the ratio of fineness of grinding and the strati-
fication capability of slips with the existence of defects of

Water absorption
— - - Fire shrinkage

products showed the dependence of the
intensity of defect occurrence: the higher
the indicator of residue, the greater the
slip stratification and the larger the num-
ber of products having cracking.

The study of the mineralogical com-
position of the residue on a sieve made it
possible to establish that 82 % of it is rep-
resented by quartz grains. The existence
of coarse-grained quartz in the com-
position of the porcelain mass can also
cause cracking of ceramic products due
to modification transformations when
heating, and especially, when cooling the
products [15, 16]. That is why, given an increased content
of quartz in residues, it could be argued that their existence
could also provoke cracking in the experimental samples.

The paper also explored the conditions for grinding ce-
ramic slips (Fig. 5) and their impact on the granulometric
composition of the porcelain mass. It turned out that the
residue indicator is insufficient to assess the suitability of a
slip of the assigned composition to manufacture high-quality
porcelain products. The estimation of the ratio of the frac-
tions in the slip is not of less importance, because the quartz
of the dimensions of 30—63 pum also poses a danger in terms
of internal stress in the structure of a potsherd during the
firing-cooling.

The difference in the content of the medium fraction can
explain why cracks were found in on a batch of products and
were not found in another batch at the same residue on a
sieve (Table 1).

At the prolonged time of grinding, the ratio of the frac-
tions is changed, but there is a moment when the energy
consumed for grinding virtually does not affect the crushing
of grains under these conditions. The example of samples
No. 9 and No. 10 can show that they have almost the same
distribution of fractions, so it does not make sense to contin-
ue grinding. However, when you compare samples No. 7 and
No. 9, the content of a fraction of 30—63 pm decreases al-
most threefold from 35 % to 12 %. This means that the over-
whelming number of quartz grains acquires the dimensions
of less than 30 pm, which is optimal in terms of preventing
negative consequences of modification transformations [21].

Fig. 6 shows the microstructure of the samples, made
from samples No. 7 and No. 9. In both samples, a sufficient
amount of vitreous phase is formed during firing to provide
liquid-phase sintering and formation of a dense potsherd.
However, in the presence of quartz with the prevailing
dimensions of 30—63 pm in the mass, the structure is less
homogeneous — in the break of the potsherd, there are clearly
pronounced non-dissolved quartz grains immersed in the
basic vitreous mass. In the presence of the quartz grains
of the dimensions of 5-30 pm, the fired sample has a more
homogeneous structure, without any large unchanged frag-
ments of quartz.

The differential-thermal analysis (Fig.4) showed the
existence of four endo effects on the DTA curve. The endo
effect with the maximum at 110 °C is associated with the
removal of physically bound water from the kaolinite compo-
nent of the ceramic mass. At the same time, small mass losses
were recorded on the TG curve. The endo effect with the
maximum at 300 °C is associated with the partial decompo-
sition and the destruction of the structure of hydro-mica and
the burnout of organic impurities contained in the ceramic




mass. The endo effect of high intensity with a maximum of
510 °C is associated with dehydration of the kaolinite min-
eral, that is, the removal of chemically bound water from the
structure of clay mineral kaolinite and mica. The effect is of
high intensity because kaolinite is introduced both by clay,
and kaolin, and alkaline kaolin, that is, its content in the
mass is up to 45 % (because according to the calculations by
the TG curve, the mass losses are 6.7 %). And, finally, the
endo effect at 605 °C is associated with the final destruction
of the mica components of the slip. By the intensity of the
endo effect, it can be argued that there is not less than 5-8 %
of mica in the sample of the ceramic mass since it is not a
high-intensity effect, but still, it is recorded on the DTA
curve. The final weight loss associated with dehydration,
judging by the TG curve, finishes at 780—-800 °C.

The exo effect with a maximum of 980 °C is associated
with the crystallization in the structure of the primary mul-
lite material with kaolinite.

Thus, as the final dehydration of silicates ended at high-
er temperatures than the temperature of the bisque firing
of products, the shrinkage processes in the mass were not
completed, which could lead to cracking of products at the
second firing as well. This is completely in line with the
constructed concept of the occurrence of cracks in the items
of this production. Given the results of the sintering of the
ceramic mass (Fig. 8), it would be advisable to increase the
temperature of bisque firing from 660 to 800 °C.

Thus, the conducted research revealed the factors that
caused the appearance of cracks in the fired products. Rec-
ommendations for the production were given, and the chang-
es in the product quality were tested after the production.
The results of the improvement of the technological process
are given in Table 3.

Thus, the results of the research into the basic ceramic
mass revealed the instability of the grinding of ceramic slip,
which led to its stratification and provoked the occurrence of
internal stresses in the structure of products and led to their
cracking at various stages of firing. The second factor which
contributed to the occurrence of cracks was the existence of
coarse quartz grains, which undergo modification changes
during heating-cooling. It was established that the addition-
al factor that caused cracks, even at the glazed firing, was the
too low temperature of bisque firing, at which the process of
dehydration of clay materials did not have enough time to be
completed and intensified the emergence of internal stresses
during the second firing.

As a result of the implementation of research results in
the production, it was possible to eliminate the edge cracking.

However, it should be noted that reaching the recom-
mended indicators of the technological process at every
particular production depends significantly on the nature
of raw materials and the slip composition of the ceramic
mass, features of the design of grinding, molding and firing
equipment, the quality of coolant and the environment in the
furnace and other conditions. That is why the development
of production technology with a minimum number of defects
requires an individual approach.

These studies are appropriate to direct at further re-
search into the relationship of “defect — structure — tech-
nological parameters”, covering as many deviations from
the normal flow of the technological process of production
of porcelain that provoke the emergence of various types
of defects. Such studies will facilitate the improvement of
production quality.

Table 3
Results of improvement of the technological process
Before | After
Indicator the the Notes
study | study
Stability Careful control over the slip
of grinding fineness at the beginning of
conditions by | 0.7-3.5 |0.5-0.7 | the technological process
the residue of made it possible to enhance
sieve No. 0063 the product quality
An increase in the fineness
of grinding of the ceramic
Maximum in- mass resulted in a decrease
dicators of res- in slip stratification in the
. . 3.5 0.7 .
idue on sieve process of casting and a
No. 0063, % decrease in the difference in
shrinkage processes on the
product height
Control of the content of
Content of this faction in the slip made
the fraction it possible to decrease the
Not mea- | Up to e N
of 30-63 pm amount of “residual quartz
. ; sured 12 : S
in ceramic in porcelain with the
liqueur, % tendency of modification
transformations
An increase in the tempera-
ture of the bisque firing of
Temperature s
) the semi-finished product
of bisque 660 800 ade it possibl biain :
firing, °C made it possible to obtain a
' more stable formed structure
of a potsherd
‘ Found in The complex of 'pro‘posed
Existence of 14.% of measures for adjusting of
cracks on the ° no grinding and firing modes
the prod- . . .
edge made it possible to eliminate
ucts .
cracks in products

7. Conclusions

1. The research into the rheological and technological
properties of the ceramic mass and products from it revealed
that the defect of “edge cracking” is caused by a complex of
factors. These factors include instability of the grinding con-
ditions of the ceramic slip, insufficient fineness of grinding
of the mass components, and low temperature of the bisque
firing of a semi-finished product. Due to the difference in
shrinkage in various parts of the product, there occurred in-
ternal stresses in the structure of a ceramic potsherd, which
was manifested in the appearance of cracks.

2. The studies of the dependence of the porcelain proper-
ties on the fineness of grinding of the ceramic mass revealed
that the content of the fraction of 63-30 um in the amount
to 12 % in the slip is rational in order to obtain high quality
produce. This makes it possible to decrease the content in
porcelain of “residual quartz”, capable of modification trans-
formations.

3. To prevent the occurrence of the cracking defect of
porcelain products, it was recommended to increase the
temperature of bisque firing up to 800 °C.

Thus, to prevent the occurrence of a cracking defect, it
is recommended to implement the complex of the following
measures: to ensure the constancy of the indicator of residue
on sieve No. 0063 of not more than 0.5-0.7 %; to develop the
grinding mode so that the slip should not contain more than
12 % of the fraction of 63—30 pm; to increase the tempera-
ture of bisque firing up to 800 °C.
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