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Abstract. Always in the shaped semimanufactures of ceramics is some humidity, which we must eliminate before burn-
ing. Drying process is to safeguard the satisfactory strength of semimanufactures. Additionally, changes of ceramic sam-
ples capacity is to end the drying process, associated with elimination of humidity that would not compose defects — gaps,
fractures, fragmentation etc. In this work it was shown, how the selected stages of drying regime influence the structural
parameters of ceramics (reserve of porous volume, heterogeneity degree of structure, maximum rate of capillary rise ac-
cording to watering front, capillary rate of mass flow, water absorption) and vice verse, how the selection of the dimen-
sions of the stages for drying regime depends on the desired values of the of ceramics.
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1. Introduction

The companies purpose is to control better technological
processes, maximum computerized and optimized manu-
facture. We want quickly and expressly appreciate the
influence of every factor on final product. The scientists
for this purpose have created various programs and calcu-
lating methods (Alinaitwe et al. 2007; Ginevicius et al.
2008; Zavadskas et al. 2008). In the factory of building
ceramics one of the main processes is drying.

Drying the semimanufactures of ceramics, defects
are discovered in them, because free water between the
particles of clay is drifting away; the particles of clay
move closer to each other, and the dimensions of the
product decrease. During the shrinkage mechanical
strains are produced, which may exceed the allowable
limits because of too fast water drift; consequently a se-
mi-manufacture cracks, even though the burning process
has not started yet (TxaueB u ap. 1999). While drying
volumetric variations can be divided into 3 phases. In the
first phase, the shrinkage is directly proportional to the
amount of humidity evaporated, in which particles are
close but do not come into contact. There is no proportion
of the shrinkage to the amount of evaporated humidity in
the second phase. The shrinkage increasingly falls behind
a decrease in water amount. The particles of clay come
into contact and pores emptied are filled with air. In the
third phase clay does not shrink, because the humidity is
decreasing, porosity of the semimanufacture gradually
increases. The first and partly the second phases are the
most dangerous, because semimanufactures shrink, and
therefore they must be dried slowly at that point (Siau-

¢itinas 2001). But it remains unclear, what in any case the
tentative time of drying must be.

The authors (Lewis 2000; Briscoe et al. 1998) have
offered to divide drying process into two parts: linear
drying of ceramics (when moisture is removed from cap-
illaries) and non-linear, when moisture is removed from
pores in the method of vapour-diffusion. These authors
have determined that drying of ceramics especially de-
pends on the level of humidity of a sample and drying
temperature.

Some authors (Amoros et al. 2003; Barati et al.
2003) have shown how the properties of semimanufac-
tures of ceramics depend on the moisture of substance
and drying time. They have determined that the drier
material is, and at the same time drying will be held for a
longer time (three and more days at the maximum tem-
perature of about 100 °C), the greater mechanical
strength is obtained. For example, as water moisture
equals 5%, strength — 0.5 MPa, when water absorption
equals 1%, the strength of analysed ceramics — 1.6 MPa.

In some scientific works (Mihoubi et al. 2002; Nas-
cimento ef al. 2000) it has been shown, how drying tem-
perature of the ceramic semimanufactures influences the
quality of the final product. This product was dried at the
temperature of 30 °C, 50 °C, 60 °C, 70 °C, 80 °C. It was
determined that the most qualitative ceramic articles which
reach the greatest strength (approximately from 2 MPa to
6 MPa) are obtained when drying semimanufactures at 70—
80 °C. In other works (Croft, Sheffield 1994; Kosykh et al.
2003) it has been analysed the maximum influence of dry-
ing temperature on the quality of ceramic chip. It was
shown how defects of the product vary in the maximum
temperature interval of 10-150 °C. It was determined that
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it is the best way to dry ceramic semimanufactures at 20—
110 °C. According to authors (Croft et al. 1994), firstly we
need to dry ceramic semimanufactures not less than a day
at 20 °C, then at 60 °C for 6 hours, and at the maximum
drying temperature of 110 °C for 24 hours. An article dries
gradually and macroscopic splits do not adjust. According
to authors (Kosykh et al. 2003), ceramic semimanufactures
need to be dried at 85 °C for 11 h and later at 100 °C for
obtaining a fixed mass.

In our previous works (Maciulaitis et al. 2008; Ma-
Ciulaitis ef al. 2007) it was mostly emphasised the inter-
dependence between physical-mechanical indexes and
parameters of drying regime. However, we failed in find-
ing scientific works, where the influence of drying tem-
perature and other drying factors on structural indexes of
ceramics are analysed. Moreover, there is no one mind
what the duration of drying and the temperature of ce-
ramic semimanufactures must be. In order to solve the
mentioned problems, we need to analyse and validate
how each phase of drying regime influences particular
properties of ceramic samples. Moreover, we need to
determine the best drying regime according to parameters
and it has been accomplished in this work.

2. Characteristics of materials, research methods

In our investigations, easily fusible clay from Girininkai
deposit (chemical composition in Table 1) was deter-
mined by classical methods of chemical analysis of sili-
cate substances, was used as the main product.

Granulometric composition of this deposit, which
shows how many and how large there are particles in the
clay, is presented in Table 2.

Table 1. The chemical composition of used clay
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The clay plasticity, the shrinkage, while drying and
burning, and strength of products depend on granulomet-
ric composition. The more granulated clay is, the more
plastic it is, because the surface of particles, which is in
touch, and cohesiveness between them are higher. In
order to form dough from this clay, we need more water.
Number of plasticity of clay from Girininkai (from 3—6 m
depth) is 12.96. According to number of plasticity, the
clay from this digging place is of limited plasticity.

The samples were being formed in the manual plas-
tic way from these substances: the clay from Girininkai
deposit — 77%, the sand from Daugeliai quarry — 10%,
the chip (burned ceramic waste) from Rokai factory —
4.5% and cuttings 8.5%.

The clay used in the formation mass was dried, shat-
tered in the alligator, ground in the ball mill and forced
through 0.63 mm sieve. The chip from Rokai deposit was
shattered and forced through a sieve of 1.25 mm. The sand
from Daugeliai deposit used was forced through 1.25 mm
sieve. Granulated cuttings were forced through 1.25 mm
sieve. Dosage of components was performed by mass.

The semimanufactures (70x70%70 mm) formed of
the same composition were dried according to 8 selected
regimes (Table 3). Drying regime was divided into two
stages: drying in a laboratory under normal conditions (at
(20+2) °C) and drying in a stove SNOL, at a maximum
drying temperature. The stages of drying regimes were
expressed in the relative square measures in order to
evaluate influence of the temperature and duration of
keeping at it (i.e. the amount of heat obtained) on the
final characteristics of ceramics. The examples of the
techniques of recounting the values of the stages of dry-
ing regimes are presented in Fig. 1.

Chemical composition, %

SiO, ALO;+TiO, Fe,0; CaO MgO K,O Na,O SO, L.O.L
47.66 18.32 6.27 8.11 3.04 2.68 0.16 - 12.60
Table 2. The granulometric composition of clay
Size of fraction (mm) and amount (%)
0.5-0.2 0.2-0.09 0.09-0.06 0.06-0.01 0.01-0.005 0.005-0.001 Less than 0.001
0.20 0.10 0.08 4.58 9.28 24.28 61.48
Table 3. Drying regimes
Drying Drying Stage of drying Temperature Duration of Stage of dry- | Temperature of | Duration of
regime | degree of | in a laboratory of drying in a drying in a ing in the drying in the drying in the
samples i laboratory laboratory electric stove electric stove electric stove
% °C h V2, °C h
1 5.10 5.44 20 48 0 20 0
2 23.0 8.16 20 168 35.37 65 48
3 21.9 20.95 22 504 17.69 65 72
4 22.3 41.9 22 336 28.57 105 48
5 22.4 8.16 20 72 11.73 105 6
6 23.9 17.14 18 168 7.14 105 12
7 28.5 57.14 20 72 42.86 105 96
8 25.7 17.14 18 168 40.82 150 48
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Fig. 1. The evaluation of the relative square measure-
ments of drying regime

In order to evaluate the heat in the samples accord-
ing to Fig. 1 (Table 3, the fourth drying regime: the stage
of drying in the laboratory — at 22 °C for 336 h and the
stage of drying in the electrical stove — at 105 °C for
48 h), first of all we double the values of temperature and
the time of keeping at it:

yi'=22:336 = 7392, (1)
y,' = 48-105 = 5040. ©)

In this way all the drying regimes are evaluated and
the biggest sum of the conditional areas is equated to 100.
Then proportion is applied (in this case the biggest area
was 17 640). So:

1= (7392-100)/17640=41.9, 3)
,= (5040-100)/17640 =28.57. @)

Dried samples were burned in the electrical stove select-
ing the same burning regime to all the batches. It was
burned for 36 h keeping at the maximum temperature of
1050 °C for three hours (Fig. 2).
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Fig. 2. Graph of burning regime

Selected (5 from 10 samples of representing
batches) encaustic blocks were used to determine the
structural indexes according to 1 (LST EN 771-1+Al
2005; Maciulaitis 1996; Mauronaiituc 1997; Maciulaitis,
Malaiskiené 2008; Malaiskiené, Maciulaitis 2004).

Grouping the results of the investigation which were
obtained and preparation for the regression analysis were
performed with ,Microsoft Excel” and ,,Statistica™ pro-
grams. Statistical analysis of the structural indexes ob-
tained was performed according to literature
(Cekanaviéius, Murauskas 2002; Sakalauskas 1998;
Masnura 2001). Regularity of constraint was investigated
applying such functions: linear (v = a + bx), quadratic (y
= g + bx?), degree (y = ax"), exponential (y = ab"),
degree-exponential (y = axc®), hyperbolical Oy =
1/(a+bx)), fractional rational (v = x/(a+bx+cx?)), modi-
fied exponential (y = ae™), model of Tornkvist (y =
ax/(b+x)), polynomial (y=a+bx;+cxy+t...+tdxix, +...+
+bx 2+ cx22+...) and mathematical model with epoch
(=a+bx)(y<const) + (y=a+ bx)(y>const))
(CekanaviGius, Murauskas 2002; Sakalauskas 1998). In
order to determine the mathematical relation, it was se-
lected the function describing the most precisely the
character of data distribution, also which multidimen-
sional correlation and determination coefficients are the
closest to one. Multidimensional correlation coefficient is
described as square root of determination coefficient R?;
it has negative value in case of negative regression and
positive when the regression is positive (Ostle et al.
1996).

Determination coefficient R* shows the suitability of
the model (Cekanavi¢ius, Murauskas 2002; Kleinbaum ez
al. 1998).

It was checked if distribution of the experimental re-
sults is normal, using Kolmogorov-Smirnov criterion
(Graybill, Iyer 1994). If the value of this criterion is
lower than it is indicated in the statistical table (it is se-
lected according to the number of the samples and the
level of magnitude (in our case 0.05)), the distribution of
data is considered normal. For example, when we analyse
40 values of the samples, at magnitude level of 0.05, the
value indicated in Kolmogorov-Smirnov statistical table
is 0.210 (Graybill, Iyer 1994).

Adequacy of the obtained equations was checked
according to Ficher criterion. If the mentioned index of
the equation is bigger than the one indicated in the stan-
dard table, the equation is considered adequate and suit-
able for data description. For example, as we investigate
40 samples, at magnitude level of 0.05, the value indi-
cated in the table of Ficher criterion equals 2.44 (Sa-
kalauskas 1998). The magnitude of the variables of the
equation was determined according to Stjudent criterion.
If the value of the index is bigger than in the standard
table (as we investigate 40 samples, at magnitude level of
0.05, the value indicated in the table of Stjudent criterion
equals 2.02), so the index is considered significant
(Cekanavigius, Murauskas 2002).

Average values of investigated structural indices de-
termined are presented in Table 4 and Fig. 3.

Table 4 and Fig. 3 show that analysed values of
structural indexes were fluctuating significantly. More-
over, it was obtained a ceramic chip belonging to the
second group according to effective porosity (W, > 26 %)
(Maciulaitis 1996; Mautonaiitiuc 1997).
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Table 4. Average values of structural indices of ceramic

samples

R, N, Hpox g W

Batch X1, X X3, X4, Xs,

% mm g/ecm? %
1 19.16 1.017 49.3 1.045 21.62
2 23.34 0.392 27.3 0.473 17.93
3 24.63 0.390 273 0.396 17.61
4 24.35 0918 26.3 0.436 17.74
5 16.66 0.470 253 0.487 19.22
6 21.79 0.493 29.0 0.520 17.55
7 26.86 0.262 17.7 0.255 16.63
8 22.07 0.826 21.0 0.334 19.41

here: R, — rezerve of porous volume, N,— heterogeneity degree
of structure, H,,,, — maximum rate of capillary rise according to
watering front, g — capillary rate of mass flow, W), — water ab-
sorption.

7/ The total open porosity, %
% Effective porosity, %

45
209100940
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No. of batch

Fig. 3. Average values of common open and effective
porosities

Mostly, when changing drying regime, and all the
other technological specifications were fixed, heterogene-
ity degree of structure was fluctuating from approxi-
mately 0.2 ( the 7th batch) to 1 (first batch), maximum
rate of capillary rise according to watering front was fluc-
tuating approximately from 17 mm (the 7th batch) to
50 mm (the first batch) and capillary rate of mass flow
which was fluctuating from 0.25 g/cm? (the 7th batch) to
1 g/em® (the 1st batch).

The results which we obtained indicate that drying
regime determines strongly final properties of the ceramic
article; therefore it is important to know how each dimen-
sion of the drying regime stage influences structural in-
dexes of the ceramic chip.

We determined the influence of the dimensions of
the selected drying stage on the structural values by per-
forming statistical analysis.
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3. Statistical analysis

It is determined, that distribution of experimental values
of investigated structural indexes is normal, therefore it is
possible to form adequate empirical equations. The val-
ues of Kolmogorov-Smirnov criterion are obtained from
0.07 to 0.199, and value given in statistical table in our
investigated case is 0.210 (Graybill, Iyer 1994). Mathe-
matical model with epoch was selected to describe ex-
perimental data, because it mostly corresponds to the
character of data distribution and its correlation and de-
termination coefficients were the closest to 1. Other in-
vestigated models, such as linear, quadratic, logarithmic,
degree, exponential etc., have got much lower values of
determination coefficient. Similar values of determination
coefficient (as in mathematical model with epoch) we
obtained to polynomial of the 3rd and the 4th degree.
However, those equations do not reveal physical meaning
of investigated indexes which interests us.

Empirical equations, which results make sure of a
higher reliability, show more precise tendencies of
change of investigated indexes and allow us to use equa-
tions when producing ceramic articles were formed ac-
cording to the experiments results. Therefore, in one case
structural indexes of ceramics are x, and in the reverse
case — y, in order not to cause misunderstanding, while
deriving empirical equations, we do not change the nota-
tions of indexes. Also, investigating empirical equations
we made the assumption that interpretation of obtained
equations do not have to defy logic. For example, accord-
ing to mathematical dependence, we would obtain that
structural indexes determine drying temperature of semi-
manufacture, but structural indexes of temperature cannot
influence. On the contrary, drying temperature deter-
mines values of the final qualitative characteristics of
ceramics.

We will examine dependency of structural indexes
on selected drying stages according to 5-9 empirical
equations.

x1= (17.95 — 0.047y; + 0.097y,) (x; < 22.36)+
(22.92 + 0.052y, + 0.010y,) (x, > 22.36), )

x>=(0.438 — 0.003y, — 0.001,) (x2< 0.656) +
(2.199 — 0.069y; — 0.0035) (x2> 0.656), (6)

x3=(31.23 — 0.224y, — 0.108») (x3 < 29.50)+
(49.74 + 0.731y, — 1.245y,) (x3> 29.50), 7)

x4= (0.471 —0.004y, — 0.001y,) (xs< 0.535) +
(1.239 - 0.004y, — 0.016y,) (x4 > 0.535), (8)

xs= (17.76 + 0.019y, + 0.001y,) (xs< 18.23) +
(20.74 — 0.040y, — 0.018y») (x5 > 18.23). )

Multidimensional correlation and determination co-
efficients and average standard deviations of empirical
equations 5-9 are presented in Table 5.
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Table 5. Multidimensional correlation R and determination R
coefficients, average standard deviations s, of empiri-

cal Eqs 5-9
Eqgs Indexes R R S,

5 | Reserve of porous 0.881 | 0.777 | 133%
volume, x;

6 | Desreeofheterogene- 1 o761 g gsg | .16
ity of structure, x,
Maximum rate of cap-

7 | illary rise according to 0.895 0.801 | 5.11 mm
watering front, x;

g | Capillaryrateofmass | g9 | 203 0.13 g/em’
flow, x,

9 Water absorption, x5 0.845 0.714 0.85 %

Multidimensional correlation coefficients of Eqs 5—
9 are quite close to one, therefore we state that relation
between investigated indexes is strong, and determination
coefficients are higher than 0.7 (Table 5), therefore ma-
thematical model is selected properly. Average standard
deviations are low enough, therefore real (obtained in
experiment) values calculated according to empirical
equations will differ slightly.

Empirical Eq 5 shows how reserve of porous vol-
ume varies subject to values of drying regime stages. The
stage of drying in a laboratory before and after epoch
(22.36%) influences differently values of index of reserve
of porous volume. In order to obtain higher than 22.36%
(empirical Eq 5) reserve of porous volume, we need to
increase value of the drying stage in a laboratory. The
stage of drying in a stove influences positively the reserve
of porous volume, i.e. the higher reserve of porous vol-
ume we want to obtain, the higher this drying stage we
need to select. This can happen because more slowly and
gradually the free moisture evaporates from big open
pores and capillaries, particles of substance are getting
closer to each other making smaller and more closed
pores and capillaries. Semi-manufacture is shrinking
equally and splits do not appear. Volumetric and exploita-
tive frost resistance depends mostly on the value of re-
serve of porous volume. Therefore, we can also increase
volumetric and exploitative frost resistance of final prod-
ucts when keeping ceramic samples for appropriate time
in a laboratory and in the electrical stove.

We can work out from the data of empirical equa-
tion 6 and Table 5, how selected values of the stages of
drying regimes influence index of degree of the structure
heterogeneity. This index is influenced negatively by the
stage of drying in a laboratory and the stage of drying in
the electrical stove before and after epoch (0.656), as
effective porosity of ceramic chip is higher than 26 %, i.e.
the higher we want to get the index of degree of hetero-
geneity of structure, the lower we select values of stages
of drying in a laboratory and in the electrical stove. This
can be explained, that the more quickly semimanufac-
tures are being dried (i. e. the lower stages of drying in a
laboratory and in the electrical stove ), the more slowly
free moisture evaporates from the samples, which later
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evaporates too quickly as semimanufacture assumes a
higher amount of heat making a lot of pores and capillar-
ies, which are ranged in disorder. Eq 7 shows the depend-
ence of the index of maximum rate of capillary rise ac-
cording to watering front on the selected drying
parameters. The value of the stage of drying in a stove
influences negatively this index. The higher stage of dry-
ing in the electrical stove, the lower maximum rate of
capillary rise according to watering front we obtain. The
stage of drying in a laboratory before and after epoch
(29.5 mm (Eq 7)) influences differently the maximum
rate of capillary rise according to watering front. The
lower maximum rate of capillary rise according to water-
ing front we want to obtain, the higher stage of drying in
a laboratory we have to select. This can happen because
drying the articles more slowly, the degree of defects of
samples decreases, samples are obtained of equal struc-
ture, and burning semimanufactures more closed pores
and capillaries are being formed. Therefore, if we select
too intensive stage of drying in a laboratory, free mois-
ture will not evaporate gradually in time and cracks will
form, and the values of maximum rate of capillary rise
according to watering front will start to increase.

From the data of Eqs 8 and 5 in the table, we can see
how the rate of capillary flow depends on selected values
of drying stages. The values of drying stages influence
negatively values of mentioned structural index. The
lower the capillary rate of mass flow we want to obtain,
the higher values of drying stages we need to select. That
is logical, because the better sample dries, i.e. free and
part of absorbent moisture evaporate more evenly, the
better they parch, the possibility of defects and diameter
of open pores and capillary decrease when later burning
semimanufactures. That is why the sample absorbs a
lower amount of water.

Eq. 9 shows, how water absorption is influenced by
the values of drying stages. The stage of drying in a labo-
ratory influences negatively this index, i.e. the lower
water absorption we want to obtain, the higher stage of
drying in a laboratory we need to select. The stage of
drying in the electrical stove influences differently before
and after epoch (18.23% (Eq 9)). The lower water absorp-
tion (< 18.23%) we want to obtain, the higher value of
the stage of drying in the electrical stove we select. This
can be explained that, a lower number of defects arises in
the samples which have a higher degree of drying. De-
pendence of theoretical (calculated according to obtained
empirical equations) and factual (determined in experi-
mental way) values of water absorption is presented in
Fig. 4.

We will prove hypothesis which was formed, when
deriving Eqs 10-11 of reciprocal dependence

= (249+0.57x; — 0.72x, + 0.46x3 — 7.62x4 — 0.27x5)
(1 <24.11) +(340.2 — 3.23x; + 37.3x, —4.42x3+
260.7x4— 12.5x5) (1 > 24.11), (10)
12=(=20.0 + 0.82x; — 1.33x, — 0.32x3 —4.21x4 + 1.50x5)
(y2<22.43) + (62.1 + 0.46x; +20.53x; — 1.42x3 +

74.3x,— 2.29x5) (1, > 22.43). (11)
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Real value of water absorption, %

165 170 175 180 185 190 195 200 205 21,0
Teoretical value of water absorption, %

Fig. 4. Dependence of theoretical and factual values on
water absorption

Multidimensional correlation and determination co-
efficients of empirical Eqs 10-11 presented in Table 6
shows, that there is a strong relation between selected
drying stages and structural indexes and mathematical
model, which were used to describe data are selected
properly, because the values of the coefficients of correla-
tion and determination are close to one. The average
standard deflection obtains quite low values, therefore
theoretical, i.e. calculated according to obtained empirical
equations and factual values, differ slightly.

Table 6. Multidimensional correlation R and determination R
coefficients, average standard deviations s, of empiri-
cal equations 10-11

Eq | Indexes R R’ Se

The stage of drying in a

10 laboratory, y;

0.977 | 0.954 2.75

The stage of drying in

the electrical stove, y, 0.971

0.943 3.59

Eq 10 shows, how the value of the stage of drying in
a laboratory changes depending on the selected values of
structural indexes, which we want to obtain. Water ab-
sorption of ceramic chip influences negatively the stage
of keeping under normal conditions in a laboratory, be-
cause, as it was mentioned before, the sample dries even-
ly, smaller number of inner strains is produced, the de-
gree of defects of semi-manufacture decreases and we
obtain ceramics with smaller number of open pores and
capillaries. Other indexes influence differently before and
after epoch (24.11 (Eq 10)). For example, if we select
higher reserve of porous volume and lower degree of
heterogeneity of structure and capillary rate of mass flow,
we will obtain higher values of drying in a laboratory but
not higher than 24.11.

We can work out from Eq. 11, how the values of
structural indexes, which we want to obtain, influence the
value of the drying stage in a laboratory. The lower
maximum rate of capillary rise according to watering

front and higher reserve of porous volume of ceramics,
which effective porosity is higher than 26%, we select,
the higher value of drying in the electrical stove we ob-
tain. As it was mentioned before, the values of porous
volume of ceramics increase, and the values of maximum
rate of capillary rise, according to watering front, de-
crease when semimanufactures are being dried evenly
and for a quite long time. Other structural indexes influ-
ence differently the value of the stage of drying in the
electrical stove before and after epoch (22.43 (Eq 11)).
For example, if we select higher degree of heterogeneity
of structure (after epoch 22.43), capillary rate of mass
flow and lower water absorption, when effective porosity
of investigated ceramics is higher than 26 %, the higher
value of the drying stage in a laboratory we obtain. The
stage of drying in a laboratory (especially than it is higher
when 22.43) begins to influence positively the degree of
heterogeneity of structure and capillary rate of mass flow,
because moisture does not evaporate from the inner lay-
ers on time, and semi-manufacture develops structure
which is uneven and has more open pores and capillaries.

4. Example of usage of empirical equations

We present the example of usage of empirical equations
when we only vary the values of the selected parameters
of drying regime and all the other technological condi-
tions are stable. Formation mix of ceramic samples was
prepared from: clay, sand, chip and cuttings. It was
burned for 36 hours, keeping at the maximum tempera-
ture of 1050 °C for 3 hours.

Example. If we want to obtain production with ap-
propriate structural indexes, e.g. reserve of porous vol-
ume 25%, degree of heterogeneity of structure 0.4, maxi-
mum rate of capillary rise according to watering front
25 mm, capillary rate of mass flow 0.4 g/cm’, water ab-
sorption 17%, we insert values into the equations 10-11
(it is used that part of the equation which has a lower
consumption of energy ) and obtain such parameters of
drying regime: the value of the drying stage in a labora-
tory 15.1 and drying in a stove — 15.8 (at 105 °C).

In order to ascertain reliability of parameters of drying
regime which were obtained, we insert values which were
calculated in the Eqs 5-9 and obtain, that reserve of porous
volume equals — 24%, degree of heterogeneity equals — 0.4,
maximum rate of capillary rise according to watering front —
26 mm, capillary rate of mass flow — 0.4 g/cm’, water ab-
sorption — 17%. These results are in Table 7.

Table 7. Results of usage of empirical equations

Rp N, h H max g Wh
Parameter X1, X X3, X4, Xs,
% mm | g/cm? %
Chose structural 25 04 25 0.4 17
parameters
Calculatedstructural 24 04 26 04 17
parameters

here: R, — rezerve of porous volume, N,— heterogeneity degree
of structure, H,,,. — maximum rate of capillary rise according to
watering front, g — capillary rate of mass flow, W, — water ab-
sorption.
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Therefore, the values obtained differ extremely
slightly from the selected characteristics of the ceramic
article.

5. Conclusions

1. It is determined that relation between the stages
of selected drying regimes and structural indexes which
were investigated is very strong. The values of multidi-
mensional correlation coefficients describing relation are
R =0.845-0.977.

2. It is proved, that the drying regime is selected
properly, when all other technological factors are stable,
and can significantly improve characteristics of the final
ceramic product. For example, the value of porous vol-
ume can increase from approximately 19% to 27%.

3. There are presented examples how to use the
empirical equations obtained. Checking corresponding of
experimental results to the values calculated according to
empirical equations, it is determined, that all the other
technological factors do not fluctuate. It is possible to
select drying regime according to structural indexes
which we want to obtain. And, conversely, it is possible
to forecast final structural indexes of ceramic article
when selecting drying regime.
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DZIOVINIMO REZIMO ITAKA KERAMIKOS STRUKTURINIY CHARAKTERISTIKU VERTEMS
R. Maciulaitis, J. MalaiSkiené
Santrauka

Dziovinimas gaminant keraminius dirbinius yra labai svarbus technologinis procesas, nes dziovinant turi baigtis keraminiy
bandiniy ttirio poky¢iai, susij¢ su drégmés pasiSalinimu, kad neatsirasty defekty — plysiy, itriikiy, nuskilimy ir t. t. Darbe
buvo i$nagrinéta, kaip dziovinimo rezimo parinkimas gali lemti defekty atsiradima ir tokias struktiirines keraminiy band-
iniy charakteristikas, kaip poringosios erdvés rezervas, struktliros nevienalytiSkumo laipsnis, maksimalus kapiliarinio
pakilimo pagal drékinimo fronta greitis, kapiliarinis masés srauto greitis ir vandens imirkis. Tikslui pasiekti keraminiai
bandiniai buvo paruosti parinkus 8 dziovinimo rezimus, o kitus technologinius veiksnius (formavimo mi$inio sudétis,
degimo temperariira, temperatiiros kélimo greitis degant ir kt.) palikus nekintamus. Nustacius keraminés Sukés struk-
tirines charakteristikas ir atlikus gauty duomeny statisting analiz¢, buvo sudarytos empirinés lygtys. Pagal jas buvo pa-
grista, kaip kiekvienas parinktas dziovinimo rezimo etapo dydis lemia struktiiriniy rodikliy verciy kitimg ir kaip galima
reguliuoti dziovinimo rezima, norint gauti tam tikras strukttriniy charakteristiky vertes.

ReikSminiai ZodzZiai: keramika, strukttriniai rodikliai, dZiovinimo rezimas, statistiné analizé.
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