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Összefüggések tégla és cserépipari termékek anyagszerkezeti és száradási tulajdon-
ságai között
(A XXIII. Téglás Napokon elhangzott előadás alapján.)
Napjainkban, amikor az energiaköltségek eldönthetik egy-egy vállalat, vagy iparág versenyképes-
ségét, különösen fontos, hogy megértsük a tégla és cserépipari termékek szárításakor lejátszódó 
termodinamikai folyamatokat és anyagszerkezeti változásokat. Munkájukban a szerzők rámu-
tatnak a formázott nyers téglák és kerámia tetőcserepek anyag- és pórusszerkezetének a szárí-
tási folyamatban betöltött szerepére, különös tekintettel a 100°C-nál magasabb hőmérsékleten 
történő szárítás lehetőségeire és korlátaira. Az elvégzett vizsgálatok, elemzések rámutattak, hogy 
a formázott nyerstégla és kerámia tetőcserép tele van néhány mikrométer, vagy ennél is kisebb 
méretű pórusokkal és kapillárisokkal, amelyekből a vízcsepp eltávolításához – felületi feszültségé-
nek leküzdéséhez – több MPa nagyságú belső nyomás létrehozása szükséges. Ekkora belső „gőz-
nyomás” előállítása csak a jelenleg elterjedtnél lényegesen magasabb szárítási hőmérsékleten 
lehetséges! A szárítási hőmérséklet növelésével – a szárítási művelet gyorsításával – minden eset-
ben csökkent a formázott nyerstégla és kerámia tetőcserép száradási zsugorodása; jelentősen 
lecsökkentve így a zsugorodás által gerjesztett húzófeszültség nagyságát.
Kulcsszavak: szárítás, mikroszerkezet, pórusszerkezet, porozitás, hőátadás 
Keywords: drying, microstructure, pore-structure, porosity, heat transfer

László A. Gömze
is head of Department of Ceramics and Silicate 

Engineering in the University of Miskolc since 
1999. He has got scientific degree „Candidate of 
Technical and Engineering Sciences” at Moscow 

University M. I. S. I. in 1985, and has a wide 
range of experiments both in engineering and 
research works at different companies and in 
teaching of students at universities. Finishing 

the Civil Engineering University of Moscow 
(Russia) in 1973, L. A. Gömze started his working 

activity as structural engineering at the design 
department in Hungarian firm Building Ceramics 

(Épületkerámia) in Budapest. In 1986 he was 
already the managing director of the famous 

Hungarian porcelain manufactory HOLLÓHÁZA. 
Leaving Hollóháza in 1990 he used to work as 
associated professor at University of Miskolc. 

Since 1995. L. A. Gömze is regularly invited to 
the TU Bergakademie Freiberg, TU Madrid and 

other universities of EU countries. As invited 
professor he has reading courses for master 
and  PhD students in topics of ceramics with 

extremal mechanical and physical properties, 
and in themes of forming, drying and syntering of 
ceramics and CMC materials and bodies. He also 
has wide range experiments in study of rheology, 

as well as in mechanical and mathematical 
modelling of rheological properties of non-linear 
viscoelastic-plastic materials like clay-minerals, 

structural ceramics and ceramic-fibre reinforced 
ceramic-matrix composites. He has good 

experiments in examination and development of 
new material compositions and technology both 
for tradition and high-tech ceramics and CMC-s. 

His research works are presented in 78 research reports, 3 books, 2 patents and more then 100 
scientific articles. László A. Gömze is member of several Hungarian and international organization 

in fields of ceramics, material sciences and chemistry. He is member of „Kerpely Antal Doctoral 
School” of material sciences and technologies. Since 1996 he has successfully supervised 

several PhD students in fields of ceramics and ceramic matrix composites.

Ludmila N. Gömze
is the managing director of engineering service firm IGREX Ltd. Finishing the Civil Engineering 

University of Moscow (Russia) in 1974 she started her working activity as structural engineer at 
Hungarian design institution VIZITERV in Budapest. Further she continued her job as designer 

engineer at firm KEVITERV in city Miskolc. In her working experiments she has met first time with 
the problems of productions and technologies of ceramic items at the porcelain manufactory 

HOLLÓHÁZA in 1987. Since then she has a wide range experiments in examination, research and 
development of new material compositions and technologies both of traditional and high-tech 

structural ceramics as well as of ceramic matrix composites. The research works of Ludmilla N. 
Gömze are presented in several research reports, conference publications and 5 scientific articles 

in different German and Hungarian journals.

1. Introduction
Engineers and experts working at brick and ceramic roof tile 

manufacturing plants have been engaged in making the dry-
ing of produced green bodies more effi  cient already since the 
end of the 19th century [1, 2]. However, the fi rst theoretic study 
– signifi cant in respect of material science as well – was hall-
marked with the name of Pukall W. [3] at the end of the twenti-
eth years of the last century. Th is apparent delay of the applied 
theoretic researches is obvious, since the demand aiming at the 
theoretic and experimental analysis of material fl owing, trans-
formation and thermal processes occurring during the drying 
of such complicated material structures like extruded green 
bricks or pressed ceramic green roof-tiles, presented itself for 
the fi rst time only at the middle of the 20th century, when arti-
fi cial dryers came into general use [4, 5, 6, 7].

From this era it is worth mentioning the name and work of 
Csiszkij A.F. [8] determining not only the shrinkage, the bend-
ing- and compressive strength of the dried profi les on the basis 
of regression equations, but establishing at the given tempera-
ture also the „critical drying time” pertaining to the knee pre-
senting itself at the end of the linear drying, shrinking section, 
based on the Bigot curves. For the analyses – for setting the 
regression equations – Csiszkij altered the raw material com-
position, the mineral- and moisture content, the drying tem-
perature as well as the relative moisture content of the drying 
air. His work is all the more signifi cant because in the fi eld of 
ceramics he was the fi rst scientifi c researcher to process the ob-
tained test results by means of mathematical-statistic methods. 
Later Csiszkij’s results were developed further on by Schmidt 
H. [9] and Ratzenberger H. [10 and 11] applying the quadratic 
polynominal regression model.

From among the European researchers analysing the drying 
sensitivity and drying properties of the raw materials for brick 
and ceramic roof-tile production, Bálint Pál and Tóth Kálmán 
[12] were among the fi rst to succeed in stating the relation bet-
ween mineral composition of the mining materials used for 
green production and the parameters of the applied manufac-
turing and drying technology using the regression equation 
with 0,9 correlation coeffi  cient. Th eir work was focused among 
others on plasticity, the drying sensitivity and the porosity of 
the dried product (profi les) as a function of the montmorillo-
nite and chlorite content of the diff erent mining materials used 
for the production and the mass ratio of grains less than 10 μm 
resp. 2 μm fractions. More publications were issued on the sta-
tistic method applied by them and the results of their research 
work [13, 14].

102   | építôanyagépítôanyag � 2008/4 � 60. évf. 4. szám

ÉPA 2008_4.indd   102ÉPA 2008_4.indd   102 2008.12.15.   19:25:532008.12.15.   19:25:53

Adorjan
Typewritten Text
http://dx.doi.org/10.14382/epitoanyag-jsbcm.2008.16



Several reports were published in the journal „Építőanyag” 
(Building material) on the results attained in the analysis of 
the drying properties of mining materials for the brick and tile 
industry. Surely, the most important works of them are those 
elaborated by Bálint P. [14], Sopronyi G. [15], as well as Vér-
tesff y K. and Verdes S. [16], testing by up-to-date mathemati-
cal and statistic methods the drying properties of the newly 
formed green products of the brick and tile industry as a func-
tion of the mineral content of the mining materials – the quan-
tity of materials belonging to the caolonite, illite and smectite 
group. Th e obtained regression equations enabled the conclu-
sion that it was the quantity – the proportion – of the mineral 
materials belonging to the smectite group that exercised the 
greatest infl uence on both the drying process and the physical 
and mechanical properties of the dry semiproducts.

2. Materials, theoretical and experimental 
procedures

Nowadays, apart from the quality, it is the specifi c energy 
costs that essentially determine the market competitiveness of 
a product or technology. As far as the reduction of the specifi c 
energy costs is concerned, it is of vital importance to under-
stand and correctly interpret the thermomechanical processes 
occurring during drying and dehydration of brick and tile 
basic materials and formed green bodies [17]. Th e discovery 
and comprehension of physical-chemical connections and re-
lations between the microstructure as well as the drying and 
dehydration properties of brick and tile basic materials resp. 
green bodies can signifi cantly contribute to the improvement 
of the effi  ciency of the applied drying technologies and the re-
duction of the specifi c energy costs of the drying procedures 
[18]. At the same time the ever increasing transmission capa-
city of the raw material preparation and extrusion machines of 
the production lines applied in the brick and tile industry [19] 
also requires that the pressed green products be dried during a 
considerably shorter period. During our research work aiming 
at the discovery and comprehension of the relations between 
the material structure of the brick and ceramic roof-tile green 
products as well as their drying and dehydration properties, 
18 basic materials – mining materials – from Hungary, 6 ones 
from Romania and 4 ones from Austria were analysed. Our 
tests were aimed at replying the following questions:

What does the extent of drying shrinkage and drying 
sensitivity depend on?
Mechanical stresses of what character and what size do 
occur during the drying of green bricks and roof-tiles?
How is the drying procedure infl uenced by the tempe-
rature, the relative moisture content of the drying air as 
well as the mineral composition, the moisture content 
and the microstructure of the green brick?
What can cause dehydration cracks following perfect 
drying?

When examining the drying properties of the green brick 
and pressed ceramic roof-tile, we determined fi rst of all the 
mineral composition of the obtained mining materials using a 
Bruker D8 ADVANCE type X-ray apparatus, then established 

■

■

■

■

the BET and Langmuire specifi c surface area of the uncrushed 
samples taken from them by means of a Tristar-3000 apparatus. 
Th ereaft er we measured the moisture content of the obtained 
basic – mining – materials; and carried out the usual thermo-
analytical tests by plotting the DTA, TG and DTG curves in the 
temperature range of 

 20 °C ≤ T ≤ 1000 °C (1)

using a derivatograph. Having completed the above basic tests 
we prepared mixtures according to the formulas specifi ed in the 
experimental plan then adjusted the moisture content values 
as required for forming. We used a laboratory muller to pro-
duce the grain size and grain structure required for forming, 
then prior to the extrusion we determined again the BET and 
Langmuire specifi c surface areas. Th e green profi les required 
for the tests were produced by means of a KEMA –PVP5 type 
vacuum extrusion machine, while a „HŐKER” type climatic 
chamber was used for drying. Th is type of climatic chamber 
has an advantage whereby the temperature and the quantity of 
the drying air can be regulated together with its relative mois-
ture content and fl ow rate.  For plotting the Bourry-Morozov 
drying diagrams shown in Fig. 1., we measured the length, the 
cross section and the mass of the tested profi les per given time 
units.

 Fig. 1.  Typical Bourry-Morozow diagrams of the drying procedure of the green bricks
 1. ábra  Nyers tégla száradási folyamatának tipikus Bourry-Morozov féle diagramja

Our tests showed that the basic materials – materials –, the 
Bourry-Morozow diagrams of which had a greater – more in-
clined – negative angular coeffi  cient at the initial section, were 
more sensitive. Th e green bricks prepared therefrom shrank 
signifi cantly quicker – more intensively – in the initial phase of 
the drying procedure compared to those having a less inclined 
negative angular coeffi  cient in the same phase.

ANYAGTUDOMÁNY

 60. évf. 4. szám � 2008/4 � építôanyagépítôanyag |   103

ÉPA 2008_4.indd   103ÉPA 2008_4.indd   103 2008.12.15.   19:25:542008.12.15.   19:25:54



For the mathematical determination – calculation – of the 
energy required for the convective drying of the green bricks 
and green ceramic roof tiles in an in-line chamber type quick-
drier, a so-called agitator vessel model was used under adia-
batic thermal- and energy-transfer conditions. Later, having 
learned the work of Junge K., Tretau A. and Specht E. [20], 
we used for our tests the mathematical relations developed by 
them. For the simulation of the kinetics of quick drying, the 
above authors have developed a very well applicable soft ware 
as well, enabling the simple and quick modelling – testing – of 
the relation among the supply air mass fl ow, the green product 
water load, the energy requirement of drying, the evaporation 
rate and the planned drying curve.

To our regret, the Junge-Tretau-Specht soft ware was not 
available for us; thus we tested the mathematical relations 
given in their work [20] by means of the MathCAD program 
wellknown for us. Mainly the curves shown in Fig. 2., taken 
over from the author’s work, raised our interest, whereby the 
increase of the temperature of the drying air involves consider-
able decrease of the energy requirement of drying.

 Fig. 2.  Energy requirement of drying as function of supply air temperature (taken 
from [20])

 2. ábra  A szárítási energia igénye a betáplált levegő hőmérsékletének függvényében 
(átvéve: [20])

In their above mentioned work [20] the authors also describe 
that as a result of quicker drying at higher temperature the dry-
ing shrinkage of the green brick products will decrease. We 
oft en experience the phenomenon of reduced drying shrink-
age as well; Fig. 3 shows an example demonstrating the drying 
shrinkage of green bricks composed of 4 mixtures of diff erent 
composition.

Components 
[dkg] Mixture 1. Mixture 2. Mixture 3. Mixture 4.

T 40 40 40 40

A 100 100 120 100   

B 100 100 100 100

C 100 100 100 100

D 50 0 40 50

Sawdust 0 0 0 23,4

Total 390 340 400 413,4

 Fig. 3.  Drying shrinkage of green bricks composed of 4 diff erent composition
 3. ábra  Különböző összetételű keverékből készített nyerstéglák száradási zsugorodása

3. Results and discussion 
Fig. 3. showing the drying shrinkage of the green bricks as a 

function of the mineral composition and the drying tempera-
ture, clearly demonstrates that the composition has at least the 
same infl uence on the drying shrinkage as the temperature. 
From among the mining materials illustrated in the fi gure „A” 
contained more of montmorillonite and illite, „B” of illite and 
smectite, „C” of illite and chlorite and „D” of chlorite and main-
ly silica fl our (exceeding 50%). At the same time materials „A” 
and „D” contained also muscovite and kaolinite in appr. 5 to 10 
mass%. Th e saw-dust added in 3 mass% as a pore-forming addi-
tive has a remarkable drying shrinkage reduction eff ect!

Th e diff erences in the drying shrinkage and drying sensiti-
vity of the green bricks made of diff erent basic materials, mix-
tures, revealed the importance of the mineral composition, the 
moisture content, the microstructure, the grain- and pore-sizes 
of the applied basic materials.  While testing the material struc-
tures to discover the eff ect of the microstructure on the drying 
shrinkage, it was interesting to observe how the tetartoid [18] 
crystal structure of the quartz (Fig. 4) reminded of the water 
molecule structure [17]; respectively how the dipolar H-O-H 
chain [21] formed by the water molecules resembled the –Si-
O-Si-O- crystal chain of the silicate soda glass [22].

 Fig. 4.  Structure of the quartz crystal and the water molecule
 4. ábra  A kvarckristály és a vízmolekula szerkezeti felépítése

It is due partly to its above mentioned material structure, 
partly to its dipolar property, that water can be so properly 
used for wetting the basic materials of bricks and ceramic tiles, 
the mineral mixtures rich in quartz. At the same time it is well-
known that the tensile stress produced by the surface stress in 
the water drop can be determined on the basis of the following 
relation:  
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   (2)

where:
α – wetting angle,
σ – surface stress of the water drop, [N/m],
r – radius of the water drop, [m].
Consequently it is essentially important to learn the micro-

structure (Fig. 5.) of the raw materials to be applied even before 
forming (extrusion).   

 Fig. 5.  Microstructure of the clay from Mezőberény
 5. ábra  A mezőberényi agyag mikroszerkezete

In Fig. 5. the size, the shape and the open porosity of the dif-
ferent grains of the mining material used for brick production 
can be observed well, and the form and size of the gaps (cavi-
ties) among the grains can also be seen well. By means of the 
fi gure the total volume of the pores and „gaps” in the clay used 
for green production can be determined as follows:

  (3)

Aft er the extrusion the free gaps among the grains will cease; 
part of them will be converted into closed or open pores and 
capillaries, while the other part of them will defi nitively cease; 
the total pore volume can be determined as follows: 

  (4)

Th e symbols used in relations (3) and (4) are as follows:
A, B, C, E, F and G – number of the open and closed pores as 

well as capillaries in the clay used for green production respec-
tively in the extruded green brick.

D – number of the gaps among the grains of the clay prior 
to extrusion.

Vnpi – i-th open pore volume, [m3],
Vzpj – j-th closed pore volume, [m3],
VkpL – k-th capillary volume, [m3],
Vhtl – l-th gap volume among the grains, [m3].

Th e specifi c pore volume of the clay used for green produc-
tion can be determined by means of the following relation:

  (5)

while for the determination of the specifi c pore volume of 
the extruded green brick the following relation can be applied:   

  (6)

where:
Va,ö – total volume of the clay used for green production, be-

fore extrusion; [m3]
Vnt,ö – total volume of the extruded green „compact” brick, 

before drying; [m3]

While the green products for brick production are extruded, 
respectively the green ceramic tiles are pressed, the water used 
for the forming processes „gets jammed” into these open and 
closed pores, the capillaries and gaps among the grains, which is 
to be removed during drying. Th e smaller the pores fi lled with 
water are – in case of identical total volume – the more ener-
gy will be required for their removal (evaporation). Th us for 
examp le in case of a 200 μm diameter pore the heat transferred 
to the water drop shall ensure that the pressure produced by 
evaporation surpass the 1,5 MPa tensile stress produced by the 
surface stress of the water drop. In case of a water drop jammed 
in a 2 μm diameter pore this value is already 150 MPa! Dri-
ers and drying technologies applied at present are not capable 
of producing evaporation „steam-pressure” of such an extent. 
Among others it is due to the high pressure required to remove 
the water from the micropores that at least 1 to 3% water still 
remains in each case in the green brick and ceramic roof-tile 
products when drying is over.

Quick drying at high temperature of porous materials like 
green bricks or ceramic roof-tiles raises several questions. For 
example: What will happen when the water in steam form pas-
ses across the „wall” of the product at high pressure, through a 
nanometre diameter, needle-like capillary and arrives in one or 
more macrometer size pores [23]? or: How can the phenome-
non of the so-called „heat pipe eff ect” observable in such cases 
be explained [17]?  Th e reply to these questions can be found 
only in the changes occurred in the material structure – the 
micro- and nano-structure – of the formed green brick and 
ceramic roof-tile during the drying procedure (Fig. 6 and 7).
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 Fig. 6.  Change in the material structure of the green brick in case of drying at 150 oC 
and 300 oC

 6. ábra  A nyers tégla anyagszerkezetben végbement változás 150 °C és 300 °C-os 
szárítás esetén

Fig. 6. illustrating the material structure at thousand times 
magnifi cation demonstrates how the surface of the grains 
building up the green brick, the form and size of the gaps 
among the grains change during the drying procedure as a re-
sult of temperature increase. When the drying temperature is 
increased from 150 oC to 300 oC, the size of the gaps among the 
grains considerably increases, while the grains themselves will 
become smaller due to the thermal shrinkage. Th e gaps among 
the grains will continue to exist in the form of closed pores or 
capillaries even aft er burning, thus the applied drying tempera-
ture and technology are of decisive importance in respect of 
the material structure, the thermal physical properties and the 
mechanical strength of the burnt brick and tile products.

Fig. 7. demonstrates the material structural changes over the 
surface of a single grain of the green brick as a function of the 
drying temperature, at ten thousand times magnifi cation.

 Fig. 7.  Change of the material structure of a single grain  
 7. ábra  A szemcse anyagszerkezetének változása a szárító hőmérséklet hatására

According to Fig. 7, as the temperature is increased from 
150 oC to 300 oC, the tested independent grain – of some 10 μm 
size only – became essentially more compact; while the num-
ber of the open pores over its surface considerably decreased 
and their size became smaller. Simultaneously, as the drying 
temperature increased the surface of the tested grain became 
less articulated, while the number of the submicronous and 
nano-size crystals – grains – considerably increased.

4. Conclusions
Th e results of the performed thermodynamical analyses, 

drying experiments and material structural tests can be sum-
marised as follows:

Prior to drying, the material structure of the formed 
green brick and ceramic roof-tile is rather articulated, 
it is full of some micrometer or smaller pores and 
capillaries, thus internal pressure of more MPa shall be 
produced to surpass the surface stress. Th e production 
of such an internal „steam-pressure” requires conside-
rably higher drying temperature compared to the value 
being generally in use at present!
As the drying temperature was increased – the drying 
process was accelerated – the drying shrinkage of the 
formed green bricks and ceramic roof-tiles decreased 
in each case, reducing thereby the tensile stress in the 
drying product produced by the shrinkage.
Th e material structural tests performed on the pro-
duced profi les before and aft er drying revealed that 
as the drying temperature increased, the gap among 
the micrograins increased as well, while the grains 
themselves shrunk. At the same time due to the great 
number of gaps – pores and capillaries – among the mic-
rograins, and their increased size resulted from more 
intensive drying, the shrinkage of the produced profi les 
decreased as far as the macro-size was concerned.
Th e drying temperature and the drying dynamics can 
essentially infl uence the material structure of the brick 
and ceramic roof-tile, whereby also their mechanical 
and physical properties, most important in respect of 
their application, will be infl uenced. Th e discovery and 
comprehension of these relations require further tests 
and researches.

■

■

■

■
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„ZSOLNAY 180” Kiállítás a Magyar Szabadalmi Hivatalban

180 éve született „a legnagyobb magyar fazekas”, Zsolnay Vilmos. Az 
évforduló alkalmából a Magyar Szabadalmi Hivatal kiállítást rendezett 
„Zsolnay 180” címmel. 
A „Tudomány-művészettechnika” alcímmel évek óta zajló kiállítás-
sorozat e három emberi tevékenységforma egymásra hatását, egymásra 
épülését, egymás általi kölcsönös meghatározottságát kívánja bemutat-
ni. Zsolnaynak az eozin a legismertebb találmánya, azonban két másik, 
nagy jelentőségű műszaki újdonság is született Zsolnay munkássága 
nyomán: a porcelánfajansz és a pirogránit. A kiállítás rendezői arra 
törekedtek, hogy Zsolnay munkásságának minden szeletéből felvil-
lantsanak néhány érdekes tárgyat vagy dokumentumot. A látogatók 
megismerkedhetnek a különböző technológiával készült dísztárgyak-
kal, sőt néhány kísérleti darabbal is. Látható volt Zsolnay Vilmos egyet-
len szabadalommal védett találmánya, egy keménycserépből készült 
bélyegnedvesítő készülék, valamint néhány korabeli kísérleti eszköz is.
Néhány érdekes eredeti kiviteli terv ugyancsak helyett kapott a falakon, 
csakúgy, mint a gyár archívumából származó érdekes dokumentumok 
másolatai, valamint korabeli fotók is.
A Zsolnay védjegyek különböző változatai (közülük az egyik egy muzeá-
lis értékű hivatali lajstromkönyvben) is szerepeltek a kiállításon.
Az épületdíszeket egy-két eredeti darabon kívül számos – néha külön-
leges részletességű, vagy különleges helyről készült – színes felvételen 
mutatták be a kiállítás rendezői.
A tárgyakat főként a pécsi Zsolnay múzeum, az Iparművészeti Múzeum, 
valamint az Országos Műszaki Múzeum bocsátotta az MSZH ren-
delkezésére. A Magyar Televízió „Századfordító Magyarok” sorozatának 
Zsolnayról és a gyárról készült filmje is megtekinthető volt a kiállítá-
son.

Varju Zsuzsa
Magyar Szabadalmi Hivatal
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