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Abstract
In the present work two special instruments are described and introduced which were developed 
for the rheological tests of materials like minerals, raw materials and semi-finished products of 
ceramic industry or complex materials like ceramic particles and fibre reinforced metal alloys and 
hetero-module, hetero-viscous and hetero-plastic materials with increased dynamic strength. The 
working principles of introduced ‘rheotesters’ are relatively simple and easy for use to determine 
rheological parameters like instantaneous elastic modulus, delayed elastic modulus or viscosity 
of damaged and undamaged material structures. The instruments give the opportunity to easily 
and quickly prepare the rheological model of tested materials. 
Keywords: ceramics, composites, instrument, modulus of elasticity, rheology, viscosity
Kulcsszavak: kerámiák, kompozitok, vizsgáló berendezés, rugalmassági modulus, reológia, viszkozitás

László A. Gömze 
is establisher and former head of Department 

of Ceramics and Silicate Engineering in the 
University of Miskolc (Hungary). Author or co-

author of 2 patents, 5 books and more than 250 
scientific papers.

Ludmila N. Gömze 
is MSc (civil engineer), managing director of the 

IGREX Engineering Ltd. Author or co-author more 
than 30 scientific papers.

Sergey N. Kulkov 
is head of Department of Ceramics in the Institute 

of Strength Physics and Materials Science of the 
Russian Academy of Science Author of 5 books, 

more than 150 articles and 18 patents.

Igor Shabalin 
is member of the Materials and Physics Research 

Centre at University of Salford (United Kingdom). 
He has a wide range experience in research of 

various high-temperature/hard ceramic and 
composite materials.

Irena Gotman 
is a senior research and teaching Fellow at 

Department of Materials Science & Engineering 
at Technion as a Levi Eshkol Post-doctoral 

Fellow. She is a member of European Society for 
Biomaterials (ESB).

Fernando Pedraza 
is a professor at Laboratoire des Sciences de 

l’Ingénieur pour l’Environnement in the Université 
de La Rochelle (France). Vice-president of 

Université de La Rochelle and responsible for the 
international relations.

Giséle Lecomte-Nana 
is a member of the Groupe d’Etude des 

Matériaux Hétérogčnes (GEMH), Ecole Nationale 
Supérieure de Céramique Industrielle, Centre Européen 

de la Céramique (France). Author or co-author of 36 
scientific papers.

Tatiana Mayorova 
is working at Institute of Geology, Komi Science Centre, 
Ural Division, Russian Academy of Sciences, Syktyvkar 
(Russian Federation). She has considerable success in 

research of gallium and gold deposits.

Emese Kurovics 
is a student of the Faculty of Materials Science and 

Engineering at University of Miskolc and preparing her 
diploma thesis under the supervision of Prof. Gömze.

Alexandra Hamza 
is a student of the Faculty of Materials Science and 

Engineering at University of Miskolc and carrying out 
her research under the supervision of Prof. Gömze.

1. Introduction
There are many scientific works can be found recently for 

the investigation of rheological properties of materials in 
nanoscale [1-4]. Nevertheless, it is quite difficult to determine 
in macro-scale the most important rheological parameters of 
complex materials like
■■ mined convectional brick clays, 
■■ concrete mixtures reinforced with fibres, 
■■ asphalt pavements and asphalt concretes, 
■■ ceramic particles and ceramic fibre reinforced metallic 

matrix composites,
■■ hetero-module, hetero-viscous and hetero-plastic 

complex materials.
During the production of ceramics and ceramic reinforced 

composites it is obvious that the chemical and structural 
transformations in the materials are taking place as reactions 
in solid phase [5-10]. At a certain temperature and chemical 
or mineralogical composition the rate of these solid phase 
reactions are very high depending on the concentration of 
components and the volumes of their contact surfaces. Due to 
these, one of the most important technological goals during 
the production of convectional bricks, ceramic roof tiles, 
technical ceramics and ceramic reinforced composite materials 

is to give specific surface area as large as possible for the used 
raw materials during their crushing and comminuting. The 
achieved specific surface area of the components has very 
strong influence not only on forming processes and quality but 
on the required energy consumption of heat treatment or firing 
as well [11-15]. To get the necessary magnitude of specific 
surfaces of the raw materials the required energy consumption 
depends not only on their chemical and mineralogical 
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composition and the working principle of crusher and mixture 
machines and equipment, but also on physical, mechanical and 
rheological parameters of the used materials.

The importance of rheological properties of raw materials 
during production of convectional bricks and ceramic roof 
tiles was first declared by Hallmann [16]. By his determination, 
most of the raw materials used in the building material industry 
can be described with the rheological equation of Eq. (1) as:

   [Pa]	 (1)

where: 
τ – the shear stress developed in the materials during processing (Pa);
τ0 – the yield stress or static yield point of used materials (Pa);
η – the dynamic viscosity of materials during processing (Pas);

- the shear rate developed in the material (s-1);
m, n – power law exponents.

Later, many authors have confirmed the above declaration of 
Hallmann during their investigations of rheological parameters 
of raw materials used for the production of different kinds of 
building materials. For example melted glasses, cement pastes 
with high water content, mortars, porcelain and china slurries 
for slip casting can be determined as:

     [Pa]	 (2)

It is obvious that Eq. (2) is generated from Eq. (1) under the 
following conditions:
m = 1, n = 1 and t0 = 0	 (3)

According to [17] the well prepared conventional brick clay 
during its extrusion can be characterized with the rheological 
equation of Eq. (4):

     [Pa]	 (4)

The above equation is also generated from Eq. (1) at 
boundary conditions of:
m = 1 and n = 1 	 (5)

In the 1970s Russian scientists [18-21] have achieved 
remarkable results in the investigation of mined convectional 
brick clays with relative water content of wr ≥ 15 m%. From 
the beginning of the 1970s the researchers have more and 
more intensively investigated the physical, mechanical and 
rheological properties of clay minerals. For example [22] has 
shown that the convectional brick clays with water content 
of >12-15 m% have lost their mechanical strength and elastic 
behaviour and they have turned into plastic materials. On 
this basis [23] has supposed that the conventional clays with 
mined moisture condition (water content) are viscous-plastic 
materials which can be characterized with the rheological 
equation of Eq. (6) as:

     [Pa]	 (6)

where η is the dynamic viscosity and dv/dx is the deformation 
rate gradient i.e. the shear rate during crushing the materials 
on high speed smooth rollers. This conception was later 
confirmed experimentally (Fig. 1) by [24].

Taking into consideration the rheological properties of 
mined convectional brick clays as non-Newtonian materials 

gave new opportunities to authors [25-31] to determine and 
optimize technological parameters of processing machines 
like crushers, extruders, etc. The basis of non-Newtonian 
rheological properties of ceramic raw materials and 
achieved results in theory of continuum mechanics gave also 
opportunities to develop mathematical methods for design 
smooth high speed rollers [32-35] and vacuum extruders for 
forming ceramic building materials and asbestos cement wall 
panels [36]. To examine the rheo-mechanical properties of 
elastic fibre reinforced viscous-plastic complex materials, new 
universal ‘rotovisco’ equipment was also developed [37].

	 Fig. 1. 	 The dynamic (effective) viscosity of mined clay minerals as function of shear 
rates (taken from [29])

	 1. ábra 	 Téglaipari agyagásványok effektív viszkozitása a deformációs gradiens 
függvényében (átvéve: [29]) 

The knowledge of rheological properties and parameters 
of convectional brick clays is required to understand the 
physical and mechanical processes taking place during 
crushing, comminuting and forming of ceramic materials 
as well as to increase the efficiency of the machines used in 
ceramic technologies and industries [38-46]. For example 
[47] recommends the use of the rheological model of Eq. (7) 
to investigate and determine the physical and mechanical 
processes taking place in the materials in the working ‘gaps’ of 
pan mills:
ηg = anηm     [Pas]	 (7)
where:
ηg – the dynamic viscosity of materials in the working gap of 
pan mill (Pas),
ηm – the measured dynamic viscosity of materials by the 
laboratory equipment (Pas),
a – coefficient; of which the value for ‘Malyi-clay’ is: 0.5-0.6,
n – power law exponent.

The value of the power law exponent can be determined as:

	 (8)

where:
 – the shear rate developed in the material during processing 

by industrial equipment (Pas),
 – the shear rate developed in the material during rheological 

tests by laboratory equipment (Pas).
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2. Traditional methods and equipment
There are many relatively simple methods and equipment 

available to determine and measure certain physical and 
mechanical properties of materials but it is quite difficult to 
measure and determine the physical, mechanical and rheological 
properties of complex materials like ceramic raw materials and 
ceramic particles or fibre reinforced composites [48-52]. The 
reason is that the instruments which are successfully working for 
rheological tests of materials in chemical, plastic, pharmaceutical, 
dairy and food industry cannot be used for tests of ceramic raw 
and semi-finished green materials because of their abrasivity, 
hardness, strength, etc. The advantages of these traditional 
rheotesters and instruments are their shortage in development 
the required shear stresses, mechanical pressures and/or 
temperatures or shear rates. Because of these for the rheological 
test of raw materials of ceramic and building materials industry 
are generally used so-called capillary viscometers (Fig. 2) with 
high value of mechanical pressure [39, 41, 53].

	 Fig. 2. 	 The principle of capillary rheometers and the generated curves of volume flow 
(V(t)), pressure stress (p(t)) and shear stress 

	 2. ábra 	 A kapilláris reométer működési elve és az általa mért tömegáram (V(t)), 
nyomófeszültség (p(t)) és nyírófeszültség  az idő függvényében

Using the capillary viscometer first necessary to determine 
the volume flow (V(t)) and saw pressure (p(t)) as function 
of time and further from these data can be determined the 
shear stress and shear rate in the materials passing through 
the capillary with D. So, from determined by experiment the 
values of shear stress as function of shear rate is:

	      [Pa]	 (9)

The effective viscosity of materials can be determined as:

     [Pas]	 (10)

where:
L – the working length of capillary viscometer (m),
P – the mechanical pressure stress at the working length of 
capillary (Pa),
R – the radius of capillary (m),

 – the volume speed of tested material in the capillary (m3/s).

The advantages of the capillary viscometer are the simplicity 
of construction, the optional value of pressure strength due 
to the hydraulic movement of the stamp in the cylinder, and 
the working ability at wide range of moisture or plasticizer. 
The main disadvantage of these kinds of rheometers that the 
pressure stress pny at the capillary is not permanent as its value 
during the measurement is changing as:

     [Pa]	 (11)

where:
µ – coefficient of external friction of tested materials at the 
walls of instrument,
D0 – diameter of the saw stamp (m),
H – height of tested material in the cup of the viscometer (m),
pb – pressure stress at the surface of the saw stamp (Pa).

During the rheological tests, the heights of the tested 
materials in the cup of viscometer are changing as shown in 
Eq. (12):
0 ≤ H ≤ H0     [m]	 (12)

The heights of the tested materials at a certain moment can 
be determined as:
H = H0 – v0t     [m]	  (13)
where:
H0 – the starting height of the tested material in the cup (m),
t – the time of measurement from the starting (s),
v0 – the speed of the saw stamp in the cup (m/s).

3. The developed instruments and applied 
methods

The rheotester is reliable during the rheological investigation 
of ceramic raw materials, semi-finished products and ceramic 
particles or fibre reinforced metal matrix composites, it is 
relatively cheap and must satisfy the following requirements: 
a.	 the instrument must be capable to measure and 

determine the rheological parameters of the frequently 
used raw materials and/or semi-finished products in 
wide range of technical and technological conditions in 
different sectors of silicate industry,

b.	 the instrument must be capable to develop the 
mechanical stresses and shear rates in the materials at 
the same level that happen during their passing through 
machines and mechanical equipment of technology lines,

c.	 the instrument must be capable to develop temperature 
used to be in technological process in the silicate industry 
and must be controllable inside of the materials during 
the whole testing process,

d.	 the instrument must be capable to measure also the 
compaction ratio, external friction coefficient and 
effective viscosity of tested materials under variation of 
mechanical stresses, temperature and shear rates,

e.	 the developed new construction must be simple, easy to 
produce and use,

f.	 the new instrument must be capable for quick testing of 
rheological parameters and the measured data must be 
reproducible.
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So, the above requirements must also satisfy the following 
mathematical functional relationship for the compaction ratio: 
ΔH/H= f(σ, Hσ, P, Q, T, w)     [m]	 (14)
and for the external friction coefficient:
µ= F(σ, n, P, Q, T, w)	 (15)
as well as for effective viscosity:
ηe = Φ(ϕ, σ, P, Q, T, w)     [Pas]	 (16)
where:
σ – the normal mechanical pressure acting on the working 
surface of the tested material (Pa),
Hσ – the filling heights of material in the instrument (m),
P – the volume of used plasticizer (%),
Q – the chemical or oxide composition of the tested material,
T – the temperature of material during the measurement (oC),
w – the moisture content of tested material (%),
n – axis rotation rate (rpm),
γ – shear rate (s-1).

To satisfy the above requirements a universal ‘rotovisco’ (Fig. 3) 
and a combined rheo-tribometer (Fig. 4) were developed partly 
in Russia and at Igrex Engineering Service Ltd. in Hungary. 

	 Fig. 3. 	 Sketch of the developed universal ‘rotovisco’ laboratory instrument
		  1-rigid metallic frame, 2-rotatable ring-shaped measuring pot with tested 

materials, 3-unrotatable ring-shaped disk pressed down by a special hydraulic 
cylinder with variable pressure

	 3. ábra 	 A kifejlesztett univerzális rotoviszkó elvi vázlata 
		  1-rigid metallic frame, 2-rotatable ring-shaped measuring pot with tested 

materials, 3-unrotatable ring-shaped disk pressed down by a special hydraulic 
cylinder with variable pressure

	 Fig. 4. 	 Scheme of combined rheo-tribometer
		  1-instrument table, 2-small drive, 3-electric motor, 4-cable drum, 5-cableway, 

6-batching car (with the shearing plate), 7-inductive displacement detector, 
8-force-meter (spider), 9-heatable specimen holder, 10-pneumatic power 
cylinder, 11-magnetic valve, 12-pressure gauge, 13-compressor, 14-thermostat, 
15-control unit, 16-data recorder (spider 8), 17-computer (capturing and 
processing data)

	 4. ábra 	 A kifejlesztett kombinált reotribométer elvi vázlata 
		  1-instrument table, 2-small drive, 3-electric motor, 4-cable drum, 5-cableway, 

6-batching car (with the shearing plate), 7-inductive displacement detector, 
8-force-meter (spider), 9-heatable specimen holder, 10-pneumatic power cylinder, 
11-magnetic valve, 12-pressure gauge, 13-compressor, 14-thermostat, 15-control 
unit, 16-data recorder (spider 8), 17-computer (capturing and processing data)

The universal ‘rotovisco’ can be successfully used to the 
rheological tests of plasticized cement pastes and concretes 
reinforced with mineral fibres [51-54] as function of setting 
time and temperature [55]. The combined rheotribometer 
can be successfully used for rheological tests not only asphalt 
mixtures and pavements [56] but for different silicon-carbide 
composites [57-58] and for aluminum-titan alloys [59-60]. The 
complex rheological and mechanical test of complex materials 
like mined conventional brick clays also possible on this 
instrument [61]. The instrument measures the shear rates (), 
shear stress ( and effective viscosity (ηe), during the rheological 
test and computes their values by Eqs. (17)-(18)-(19) as follows:

     [s-1]			  (17)

	      [Pa]	 (18)

     [Pas]		  (19)

where:
 – the shear rate developed in the materials in the ring-

shaped pot,
ηe – the effective viscosity of the material,
ω – the angular speed of ring-shaped container (s-1),
A – the magnitude of sheared surface (m2),
H – the height of the tested materials in the ring-shaped pot,
M – the value of the measured torque (Nm),
r – internal radius of ring-shaped pot (m),
R – external radius of ring-shaped pot (m),
R0 – the radius belongs to the average volume speed of materials 
in the pot (m).

The working principle of the combined rheotribometer 
– patented in Hungary – is even simpler. The rheological 
parameters of tested materials also can be measured as function 
of chemical and mineralogical composition (Q), temperature 
(T), developed mechanical stress (σ), moisture content (w) and 
volume ratio of used plasticizer (P), etc. During the rheological 
tests the instrument measures and computes the values of 
shear rate (), shear stress (τ) and the effective viscosity (ηe) as:

     [s-1]				    (20)

     [Pa]				    (21)

     [Pas]			  (22)

where:
A – the magnitude of sheared surface (m2),
F – the pulling force (N),
H – the working height of the tested materials (m),
V – the speed of batching car with the shearing plate (m/s).

Converting the batching car with shear plate into Tolstoi’s 
instrument (Fig. 5), it is possible to get the deformation-times 
curves (Fig. 6) of the tested materials as function of their 
compositions, temperatures, and loading forces.  
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	 Fig. 5. 	 Scheme of Tolstoi’s instrument
		  1-loading force, 2-rope pulley, 3-lower tool, 4-upper tool, 5-hold-down roller,
		   6-displacement beacon, 7-printer, 8-material
	 5. ábra 	 A Tolsztoj-féle készülék elvi vázlata
		  1-loading force, 2-rope pulley, 3-lower tool, 4-upper tool, 5-hold-down roller,
		   6-displacement beacon, 7-printer, 8-material

Below yield stress / Below yield stress

Over yield stress / Over yield stress

	 Fig. 6. 	 Typical deformation of plasticized asbestos cement pastes as function of time
	 6. ábra 	 A képlékeny nyers azbesztcement massza jellegzetes deformációja az idő 

függvényében 

On the basis of the deformation-time curves created 
by combined rheotribometer it is possible to determine 
the instantaneous elastic modulus (E1), the delayed elastic 
modulus (E2) and viscosity of damaged (η1) and undamaged 
material structures (η2) as well as their static yield points (τ0) 
for complex hetero-modulus, hetero-viscous-plastic materials 
like ceramic reinforced metal alloys and shield materials with 
extreme dynamic strength [62] in functional relationship as:
E1 = f(τ, p, Q, T, w), 	      [Pa]		  (23)
E2 = f(τ, p, Q, T, w), 	      [Pa]			   (24)
η1 = f(τ, p, Q, T, w), 	      [Pas]			   (25)
η2 = f(τ, p, Q, T, w), 	      [Pas]			   (26)
τ0 = f(τ, p, Q, T, w), 	      [Pa]	 		  (27)
where:
τ – the shear stress developed in the tested material by loading 
force F1 (Pa),
p – the pressure stress developed in the tested material by 
loading force F2 (Pa),

Q – the mineralogical, chemical and grain structure of the 
tested material,
T – the temperature of the tested material during the 
measurement (0C),
w – ratio of the moisture or quantity of used plasticizer in the 
tested material (m%).

On the basis of the deformation-time curves it is quite easy 
to determine and find the rheological parameters of tested 
materials and create their rheological models [63]; see for 
example Figs. 7 and 8.

	 Fig.7. 	 The typical rheological model 
of mined convectional brick 
clays used for production of 
ceramic roof tiles

	 7. ábra 	 A tégla és a kerámia tetőcserép 
gyártásához használt 
bányanedves agyagásvány 
reomechanikai anyagmodellje

	 Fig. 8. 	 The typical rheological model 
of asphalt pavements, asphalt 
concretes and elastic fibre 
reinforced cement pastes

	 8. ábra 	 A lehűlt, megszilárdult 
útburkolati aszfaltkeverékek, 
valamint az ásványi 
szállal erősített friss beton 
reomechanikai anyagmodellje

4. Conclusions
The developed universal ‘rotovisco’ and combined rheotribo

meter fully satisfied the requirements explained in section 3. 
The instruments are not complicated and easy to use them to 
measure the most important rheological parameters of complex 
materials like convectional brick clays, asphalt pavements or 
other raw materials and semi-finished products of the building 
industry. By the requirements the instruments can be armed 
with special heating furnace of high temperature and they can 
be used for rheological test for complex materials like ceramic 
particles and ceramic fibre reinforced metal alloys and other 
hetero-modulus, hetero-viscous and hetero-plastic materials for 
safety and protection of transport equipment and flying objects. 
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32nd, International Conference of the
POLYMER PROCESSING SOCIETY
July 25-29, 2016
LYON, France.

GENERAL CONSPECTUS
The Polymer Processing Society was founded in March 1985 at the University of Akron, Akron, 
Ohio, USA. The intent was to provide a mechanism and format for interaction and presentation 
of research results in the international polymer processing community. The Polymer Processing 
Society (PPS) was founded with the intention to foster advancement and innovation in science, 
technology and engineering of polymer processing. www.tpps.org

Goals
The goals of the Polymer Processing Society (PPS) as embodied in its constitution are to foster 
scientific understanding and technical innovation in polymer processing by providing a discussion 
forum for the worldwide community of engineers and scientists in the field. The thematic range 
of the PPS encompasses all formulation, conversion and shaping operations applied to polymeric 
systems in the transformation from their monomeric forms to commercial products. The Annual 
PPS Meeting is held to establish a discussion forum for the worldwide community of engineers 
and scientists in the field.

PPS 32 in Lyon, France – July 25-29.
The 32nd International Conference of the Polymer Processing Society (PPS-32) will be held in Lyon, 
France. It provides cutting edge research results and latest developments in the field of polymer 
engineering and science. The thematic range comprises conventional processing technologies as 
well as materials based macromolecular research.
General Symposia and a series of Special Symposia will offer a forum for more than 600 oral and 
200 poster presentations. Further highlights are the Plenary Lectures given by speakers from 
academia and companies focusing on topics from the academic science and global challenges 
for industrial polymer engineering. On top of that the 2016 Awardees of two notable prices of 
the Polymer Processing Society will present their contributions. A technical exhibition and a 
splendid social program will accompany the conference. Besides, there will be opportunity to 
join several industry plant tours to regional plastic processing companies and institutions.

 http://pps-32.sciencesconf.org/
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