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properties.

1. Introduction

It is well known that ceramics is a wide used material
for production various engine parts possesses high strength,
hardness, wear resistance [1, 2], a wide range of thermal and
electrophysical properties, chemical and corrosion resistance
[3]. However, the presence of pores in the ceramics structure
results in a significant decrease of its mechanical strength. One
of the ways of increasing the strength of structural ceramic
materials is to use nanosized powders with a particle size of
several tens of nanometers [4].

The above nanosize powders can be produced using the
technique of salt denitration in high-frequency plasma [5,
6]. However, there are not enough data on the properties,
morphology and the structure of such powders, in particular
alumina, relative to the powder (coarsely crystalline, as a rule),
produced by conventional methods [7], although these data are
critical at sintering such systems. This is due to the fact that the
surface morphology, the fine crystalline structure parameters,
the specific surface area and the phase composition of the
powder system depend both on the crystallite size, the shape of
the particles and the degree of their agglomeration. Therefore,
sintering may have various features.

The present work is aimed at studying the features of
the phase composition, the specific surface area and the
surface morphology of the alumina powder synthesized in
the plasmochemical reactor with respect to conventional
alumina and sintered ceramics with various contents of the
plasmochemical Al,O, powder.

2. Materials and experimental procedure

Two types of alumina powders have been investigated:
alumina produced using the conventional method of thermal
decomposition of aluminium hydroxide and the plasma spray
pyrolisis of salt water solutions of aluminium (PSP) produced
using thermal decomposition of these solutions in high-
frequency plasma.

The powders were annealed at the temperatures of 600,
800, 1100 and 1200 °C for one hour. The X-ray studies were
carried out using a DRON-UMI1 diftfractometer with filtered

66 | épitdanyag = 2010/3 = 62. éf. 3. szdm

It have been studied the structure, phase composition and the specific surface of alumina-based
powder systems produced by the method of thermal decomposition of hydroxide aluminum and
the plasma-spray pyrolysis method. It was shown that in the plasmochemical powder there is
a sharp transition to the o-form in a narrow temperature interval (1150-1200 °C) while for
another powder this transition is occurred in wide temperature interval (600-1200 °C). Thus,
transformation in plasma-spray powders has an “explosive-like” character. This transition is
accompanied by destruction foam-like agglomerates and an increase in the specific surface,
which during sintering leads to recrystallization and activation of diffusion processes and high
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CuK radiation. The phases were identified by comparison of
the X-ray patterns with the ASTM table. The average crystallite
size was calculated from widening on small angle peaks [8].
Specific surface area was measured using the BET method on
the “Sorbi” unit, with an error of no more than 3%. The SEM
studies of powders were taken using the Philips-505 scanning
electron microscope.

The mixtures were prepared within the concentration
interval from the conventional AL O, to the PSP powder. The
powders were mixed in a ball-mill unit for 24 hours, before
mouldinga 5wt% polyvinyl alcohol was added into the mixture.
A sintering process was carried out at 1200, 1300, 1400, 1500
and 1650 °C for one hour. Density was measured using the
method of hydrostatic weighting, with the residual porosity
derived from the density values. Shrinkage was calculated from
geometric changes of the samples before and after sintering.
An “Instron-1185” unit was used to determine the ultimate
compressive strength.

3. Results and discussion

Powders

Phase analysis of the initial powders was indicated the
presence of rhombic (a), cubic (y), FCC (y’), hexagonal
(¢) and tetragonal phases. Annealing of powders at various
temperatures leads to a change in the phase content: at an
annealing temperature of 1200°C all metastable phases
transform into the rhombic modification.

In Fig. 1. it has been plotted the dependences of the a-phase
intensity and the total intensity of the metastable phases vs. the
annealing temperature. As one can see, the powders produced
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by the conventional method (Fig. 1a) are characterized by a
smooth transition to the a-form starting at 600 °C, while in
those obtained by the PSP method (Fig. 1b) the volume of the
metastable phases lasts up to much higher temperatures and
then, in the narrow temperature range of = 1150-1200°C a
sharp transition to the rhombic lattice occurs, i.e. the transition
has an “explosive-like” character.
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Fig. 1. Changing of phase content in powders vs. annealing temperature
1. dbra A porok fazisosszetételének viltozdsa a hékezelési hémérséklet fiiggvényében

Calculation of the average crystallite sizes in the powders
at various annealing temperatures showed that in the initial
alumina powder the average crystallite size was 23 + 5 nm,
whereas in the PSP powder the average crystallite size was
18 £ 5 nm, i.e. the average crystallite size in both types of
powders does not depend on the method of production and is
about 20 nm. Annealing of powders at a temperature of 600 °C
results in a slight decrease in the average crystallite size values,
while at annealing temperatures of 800, 1100 and 1200°C a
slight increase in the crystallite size is observed in both powder
systems. At an annealing temperature of 1200 °C the average
crystallite size was 30 + 8 nm for both systems.

The specific surface areas of powders are shown in Fig. 2. In
the initial powders conventional and the PSP Al O, the specific
surface area is 75 m*/g and 60 m?/g, respectively and as one
can see from the plots (Fig. 2.), in the first case, a smooth
decrease in the specific surface area is observed, whereas the

for PSP powder is characterized firstly by an increase in the
specific surface area at 600-800 °C with the following decrease.
Annealing of powders at 110 °C results in a sharp decrease
of the specific surface area for both systems, 25.5 m?/g and
27 m?*/g, correspondingly, and at 1200 °C the specific surface
area was about 1 m?*/g for both systems.

80 —
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Fig. 2. Specific surface of powders vs. annealing temperature
2. dbra A porok fajlagos feliiletének viltozdsa a hékezelési hémérséklet fiiggvényében

Using these data on specific surface area we are calculated
the average diameter of the alumina particles assuming
the spherical particle shape, these values was 20 £ 3 nm
and 26 = 3 nm for conventional and PSP correspondently.
Annealing at the temperatures of 600 and 800 °C practically
has no effect on the average particle diameter, but annealing
at 1200 °C leads to increase in the size practically 60 times as
compare to the initial state. This means that the powders are
sintered into dense polycrystal agglomerates thus decreasing
the specific surface area of the powders.

These results are confirmed by the scanning electron
microscopy, which showed that the initial alumina powder
obtained by conventional methods is represented by various
porous agglomerates with a size of 30 to 100 um consisting of
dense particles with regular faces. There are also individual
dense particles of 5 to 30 pm with a distinctly developed surface
relief. The initial alumina PSP powder consists of foam-shaped
agglomerates with a very smooth surface whose size varies
from tens of nanometers to tens of micrometers. Individual
particles are not observed. Fragments both hollow and filled
can be seen, with the wall thickness of the hollow fragments
being no more than 10 nm. Annealing of alumina at 1100 °C
contributes to the destruction of the agglomerates along the
interior grain boundaries. Individual particles are destroyed
and distinct layer-like structure can be observed. In the PSP
powder all the material after annealing at a temperature of
1100°C is in the aggregated state, with a particle size from 1
to 50 pm. There are also sintered agglomerates consisting of
dense filled spherical elements with a size about 200 pum.

Sintered ceramics

The studies of the density of sintered ceramics depending
on the ratio between the conventional and PSP powders in the
mixture are shown on Fig. 3. One can see that after sintering
at 1200-1400 °C its density practically does not change and is
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1.5 £ 0.2 g/cm?, its increase after sintering at 1500 °C and after
sintering at 1600 °C the densities of the samples are equal up
to 3.2 g/cm’ for samples containing 90% PSP powder. Thus,
the concentration dependence of the density looks like a curve
with a maximum whose position varies with changing of
sintering temperature.

3.5

Density, g/cm3

| v-1650°C; O - 1400°CY"

A - 1600°C; <© - 1300°C;

1 ©-1500°C; > - 1200°C;

0.5Iv[v[v[v{v[v[v[v[v[v‘v
0 10 20 30 40 50 60 70 80 90 100

Concentration of the plasmochemical powder

in the mixture, %

Fig. 3. Density vs. concentration of the PSP powder in the mixture at various
sintering temperatures
3. dbra A plazmatermikus por siiriiség-koncentrdcic dsszefiiggése kiilonbozé szin-
terelési hémeérsékleteken

80—

Porosity, %

Y=-1.51*X+70.2

0 T T T T T T T ]
[ 20 40 60 80

Shrinkage, %

Fig. 4. Porosity vs. shrinkage in ceramics based on alumina
4. abra Az Al,O, kerdmidk porozitds - zsugorodds gorbéi

The dependences of the porosity vs. shrinkage are shown on
Fig. 4 for studied ceramics. As one can see this plot is linear and
suggests a possibility of creating both shrinkage-free ceramics
and ceramic with almost theoretical density.

The dependences of the synthesized ceramics density vs. the
initial densities are shown in Fig. 5. After sintering at 1200 and
1300 °C densification of compacts does not practically occur
and all dependences are linear. All lines changes its slopes from
the positive to the negative and extrapolation of the straight
lines in Fig. 5 (dashed lines) shows them to cross at an initial
density value about 2 g/cm®. Thus, we can suppose that if the
method of cold pressing is used to achieve the pressing density
of 2 g/cm?, then after sintering its density will not change,
which suggests a possibility of creating such ceramics free
from shrinkage. This is likely to be due to the fact that during

68 | épitdanyag = 2010/3 = 62. éVf. 3. szam

pressing, as a result of a high pressure, agglomerates and
particles in the powder are destroyed and deform losing the
excess free energy and reducing the surface of the substance-
pore interface. Consequently, during the sintering process the
diffusion transport of a substance will be hindered owing to the
low vacancy concentration gradient on the grain surfaces.

0%
10% ~ o
ﬁ 20% \\1650 C

Density of synthesized ceramics, g/cm?3

\13’00 °C

1200°C

1 T T T T T ]
05 1 15 2
Density of initial compacts, g/cm?

Fig. 5. Dependences of the sintered ceramics density vs. green body density with
various concentration of the PSP powder in the mixture
5.dbra A szinterelt testek stiriiségének viltozdsa a nyers siirliség fiiggvényében
kiilonbozé mennyiségii plazmatermikus port tartalmazé elegyeknél

Compression testing for sintered ceramics showed (Fig. 6)
that after sintering at temperatures below 1500 °C the samples
were very brittle, and their compressive strength, practically,
did not depend on the PSP content in the system and lay
within the range of 5 to 50 MPa. Sintering at 1600 and 1650 °C
resulted in a considerable increase in the compressive strength.
After sintering at 1650 °C in the case when the plasmochemical
powder prevailed in the compacts, compressive strength
increased significantly and the maximum (500 MPa) was
achieved in the samples containing 80 wt.% PSP powder.

600 |, _j650°C;

v - 1600°C;
{1 & -1500°C;
o - 1400°C;
O - 1300°C;

4004 o . 1200°C;

Ultimate compression strength, MPa

0 20 40 60
Concentration of the plasmochemical powder
in the mixture, %

80 100

Fig. 6. Ultimate compression strength vs. concentration of the PSP powder in the
mixture at various temperatures of sintering

6. dbra A végsé nyomoszildrdsdg alakuldsa a plazmatermikus por koncentrdcidjdnak
fiiggvényében kiilonbozé hémérsékleteken szinterelt porelegyeknél

So, substitution of the conventional alumina for the PSP
ALO, powder leads to increasing the density and strength of
corundum ceramics. Apparently, it may be related to the fact
that over the range of sintering temperatures from 1200 to



MATERIALS SCIENCE - ANYAGTUDOMANY

1400°C in the powder compacts from the plasmochemical
powder an “explosive” phase transition to the stable a-form
takes place. This “explosive-like” transition is accompanied by
the destruction of the foam-like agglomerates and an increase
in the specific surface area, which during sintering results in
recrystallization and an increase in the substance-pore interface
surface. Thus, as new grain boundaries appear during the
sintering process activation of diffusion mass transfer occurs
due to an increase in the gradient of vacancy concentrations on
the additionally formed grain surfaces, i.e. there is activation of
the processes which take place during sintering [9].

The composition of 80 wt.% plasmochemical Al,O, powder
- 20 wt.% alumina allows to produce corundum ceramics with
the best properties after sintering. It is likely to be related to
the fact that under similar conditions of cold pressing alumina
particles, uniformly distributed in the volume of the compact
from the PSP powder and ensure a high initial compact
density.

4. Conclusions

In the plasma-spray Al,O, powder the transition from the
nonequilibrium state to the stable one has an “explosive-like”
character and lies within a narrow temperature range (1150-
1200 °C). During sintering the “explosive” transition in the
plasmochemical AL,O, powder results in the activation of the
diffusion processes of mass transfer as well as sintering.

Linear dependence of porosity on shrinkage has been found
for corundum materials with various morphology of the initial
particles at various sintering temperatures, which suggests a
possibility of creating both shrinkage-free ceramics and that
with a density close to theoretical.

The dependences of the final densities of alumina ceramics
vs. initial densities are linear and cross at the one point
= 0.5p/p, .. for various sintering temperatures, which imply a
possibility of producing shrinkage-free ceramics.
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Kiilonb6z6 szemcsemeéretii porokbol elballitott AlLLO,
keramiak szinterelése

Aluminium-hidroxid termikus bontasaval, illetve plazaszora-
sos pirolizisével keszitett Al,O, porrend-szerek szerkezetét,
fazisviszonyait és fajlagos felliletét vizsgaltuk. Azt talaltuk,
hogy hokezeléskor a plazmatermikus por mar viszonylag szik
(1150-1200°C) hémeérséklet-tartomanyban atalakul a-Al,0.-
da, miga masik pornal ez az atalakulas sokkal szélesebb (600-
1200°C) tartomanyban megy végbe. A plazmatermikus porbdl
tehat ,robbanasszerlen” alakul ki a-AlL,O,. A fazisdtmenet
soran szétesnek a habszerl agglomeratumok, névekszik a
fajlagos fellilet, és ez a szinterelés soran atkristalyosodashoz, a
diffazios folyamatok felgyorsulasahoz, ezaltal a tulajdonsagok
javulasahoz vezet.
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Crack width variation within
the concrete cover of reinforced

concrete members

= adorjan.borosnyoi@gmail.com

function.

1. Introduction

Cracking of concrete structures due to bending or tension has
usually great significance on structural behaviour. Structural
cracks can influence both serviceability and durability of
structural members. From the serviceability point of view, the
reduction of stiffness and increase of deformations, the possible
water leakage through the cracks and the aesthetical concerns
can be mentioned. From the durability point of view, the
possible attack of steel corrosion and the reduced service life of
structures can be in focus. Several papers discussed the impact
of crack width on the corrosion of steel embedded in concrete
[1, 2, 3, 4, 5, 6]. Results are controversial, however, it was
clearly demonstrated that the corrosion tendency and rate of
corrosion of steel embedded in concrete are independent from
the surface crack widths and can be considerably accelerated
in the presence of chloride ions. The pattern and width of the
cracks inside the concrete cover is frequently different from
that observed on the surface of the member, nevertheless,
structural cracks usually follow the stress trajectories developed
by loading [7, 8, 9, 10, 11]. Structural cracking of reinforced
concrete can be avoided only with full prestressing.

The repair methods are different during the repair of
unexpected or excessive cracking of concrete according to
the targeted objective of the repair that can be the restoration
of strength or stiffness, the improvement of the functional
performance (e.g. watertightness), the improvement of
appearance or the improvement of durability. Methods cover
resin injection, routing and sealing technique, grouting,
drypacking, gravity filling, impregnation and overlays or
surface coatings. Repair methods also depend on the expected
behaviour of the cracks (i.e. stabilized or active cracks).
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Crack width in reinforced concrete structures is usually considered to be constant within the
concrete cover by design codes. This simplification can lead to inaccurate or uneconomical design
and it is completely misleading for a possible crack repair design. Aim of present experimental
studies is to investigate the application possibilities of PU injection resins for active cracks in
dynamically loaded structural concrete members. Present paper summarizes the results of the
preliminary studies carried out with epoxy injection resin for a detailed survey of the variation
of crack widths within the concrete cover of reinforced concrete tensile members. The paper
highlights the significance of different concrete covers on the variation both of internal and
surface crack widths, confirms several findings of previous studies including the influence of the
so-called Goto cracks, and appreciates the recently developed proposal of the fib Model Code
2010 concerning the variation of the crack width along the concrete cover in the form of a power
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2. Significance and objectives of present studies

Technical literature and practical repair experiences demon-
strated that force transmitting injection of concrete by epoxy
resins is possible through cracks having widths higher than
0.05 mm [12]. On the other hand, dynamically loaded struc-
tural members could not be sealed with epoxy resins as they
are rather brittle polymers. Elastomeric or PU resins are avai-
lable for the permanent sealing of active cracks. The dynamic
crack movements can be absorbed by the flexibility of these
resins. Secure sealing needs the resin to be available in ade-
quate thickness, therefore, the dynamic crack bridging action
of the resins is supposed to be violated for small crack widths
like that of 0.05 mm.

Present experimental studies targeted the laboratory testing
of low viscosity PU injection resins within cracks of the widths
of 0.05 to 0.50 mm. Main focus of the studies is the dynamic
crack bridging action and sealing capacity of resins within
cracks of small crack widths. Present paper summarizes the
results of the preliminary studies on mapping of internal crack
widths within the concrete cover of reinforced concrete tensile
elements.

3. Previous studies

It is indicated in the technical literature that the surface crack
width of structural elements can be considerably higher than
the crack width available at the level of the steel reinforcement.
Results demonstrated that surface crack widths may be two
to ten times the crack width close to the steel reinforcement
[2, 7, 8, 10, 11]. It was also found that despite cracks are
originated at the surface of the steel reinforcement they are
often confined to almost zero width at the very vicinity of the
steel reinforcement. Fig. 1. gives experimental result of Beeby
(1978) indicating considerable differences between surface
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crack width and crack width close to the steel reinforcement
[2]. Husain and Ferguson (1968) found that the crack width
at the level of the steel reinforcement is independent from the
thickness of the concrete cover but the surface crack widths
were found to be proportional with the thickness of the
concrete cover [8]. Results of Broms (1965) confirmed these
findings and it was also demonstrated that the surface crack
width is almost linearly proportional with the tensile stress in
the steel reinforcement but the influence eliminates near to the
reinforcement [7]. Similar conclusions were found by Tammo
and Thelandersson (2006) [11].
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Fig. 1. Variation of crack width within a concrete cover of 38 mm [2]
1. dbra Repedéstdgassdg vdltozdsa 38 mm-es betonfedésen beliil [2]

4. Testing method

Reinforced concrete tie elements of 120x120 mm cross section
and 900 mm length were prepared for present experimental
studies with one single @20 mm deformed steel reinforcing bar
placed either concentrically or eccentrically. Concrete covers
were 20, 40, 60, 80 mm for the eccentric specimens and 50 mm
for the concentric specimens. Self compacting concrete of f_
= 82.6 N/mm?* average standard cube compressive strength
was used. Specimens were loaded monotonically, deformation
controlled (at a loading rate of 0.5 mm/min) with a 600 kN
capacity universal testing machine (Instron 1197) up to a
stabilized cracking condition with maximum surface crack
width of at least 0.30 mm. Typical test arrangement is given
in Fig. 2. Load-deformation responses were recorded digitally
with a HBM Spider8 multi-channel electronic PC measurement
unit and a portable computer with HBM Catman professional
measurement software. Loading never exceeded the maximum
load of 150 kN to avoid yielding of the steel reinforcement.
The applied actual maximum load was maintained for 12 to
18 hours during which the structural cracks were injected and
the resin was allowed to set. Main focus of present studies
was on the structural cracks that reach the concrete surface to
be injected, therefore, the injection was carried out from the
surface of the members through plastic injecting packers. As

being a preliminary study for the upcoming PU injection tests,
the detailed mapping of the internal crack width variation
within the concrete cover was targeted during the tests.
Therefore, high strength, brittle epoxy resin was selected for
the injection. Cracks were sealed at the concrete surface before
injection by a rapid set epoxy resin (MC-Quicksolid’) and the
injection was carried out by a very low viscosity (95 mPa-s),
high strength (85 N/mm?) injection epoxy resin (MC-DUR
1264 KF'). The cracks were maintained in their original, loaded
position and the axial load was released only after the resin
was allowed to set. Surface crack pattern and surface crack
widths were recorded and then the specimens were cut open
by a high speed diamond saw to make the crack widths visible
throughout the concrete cover. Crack widths were recorded
by a hand microscope (magnification of 0.01 mm) at every 2
mm along each crack. Typical detail is shown in Fig. 3. In this
way, eight cut surfaces were available for each crack. Concrete
compressive strength and Young’s modulus tests were also
carried out on the same day of the injection to complete the
tests.

Fig. 2. Typical test arrangement
2. abra Jellegzetes vizsgdlati elrendezés

Fig. 3. Typical detail of crack width reading
3. dbra Repeddstigassdg leolvasds jellegzetes részlete
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Fig. 4. Variation of crack width for specimen with concentric steel reinforcement (concrete cover of 50 mm)
4. dbra. Repedéstdgassag vdltozdsa kozpontosan elhelyezett acélbetét mellett (50 mm betonfedés)

5. Results and discussion

Surface crack widths were recorded both under loading
and following the release of the axial load - after the injection
resin was allowed to set. It was realized that the surface crack
widths did not change by the unloading procedure, therefore,
the injection was found to be effective and the cracks can be
supposed to be maintained in their original, as loaded position.
The cut open specimens demonstrated that the injection
material was able to penetrate as deep as the level of the steel
reinforcement, filling all the cracks even with the smallest
crack widths of 0.01 to 0.02 mm. The resin filled cracks were
visible and all the crack widths could be read accurately. One
representative result for a specimen with concentric position of
the steel reinforcement (concrete cover of 50 mm) is indicated
in Fig. 4.

Readings of crack widths along the concrete cover corres-
ponding to a specimen with eccentric position of the steel
reinforcement (concrete covers of 20, 40, 60, 80 mm) are
indicated in Fig. 5. It can be realized that the variation of the
crack width is non-uniform and nonlinear along the concrete
cover. Results also indicate that the different concrete covers

result in different local stiffnesses of the tensile member. Higher
stiffness parts apparently collect the deformations and higher
crack widths are resulted. If one compares the observed crack
widths at a distance of e.g. 20 mm from the steel reinforcement
0.11 mm, 0.15 mm, 0.20 mm and 0.32 mm could be found
corresponding to the concrete covers of 20 mm, 40 mm, 60 mm
and 80 mm, respectively. On the other hand, the crack width at
the level of the steel reinforcement is found to be independent
from the actual concrete cover that is in accordance with the
results introduced in the technical literature.

A further remarkable phenomenon can be also seen in Fig. 5:
the tendency of the change of the crack width is considerably
different in the close vicinity of the steel reinforcement (i.e.
within a distance of 10 to 15 mm) than in the outer parts of the
concrete cover. The apparent limits of these areas are indicated
with arrows in the diagrams and seem not to be depending
on the actual concrete cover. These observations confirm the
presence of secondary micro-cracks (i.e. Goto cracks) at the
surface of the steel reinforcement (schematically shown in Fig.
6. after Goto, 1971 [9]). The secondary micro-cracks represent
a smeared deformation field in the close vicinity of the steel
reinforcement and influence the crack width of the macroscopic
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Fig. 5. Variation of crack width for specimens with eccentric steel reinforcement (concrete covers of 20, 40, 60, 80 mm)
5. dbra Repedéstagassdg vdltozdsa kiilpontosan elhelyezett acélbetét mellett (20, 40, 60, 80 mm betonfedés)
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structural cracks. Outside this region the deformation of the
concrete cover governs the variations of the crack widths.

Fig. 6. Schematic representation of secondary micro-cracks (Goto cracks) at the
surface of the steel reinforcement [9]
6. dbra  Acélbetét feliiletén kialakulé mdsodlagos mikro-repedések (iin. Goto-
repedések) sematikus dbrézoldsa [9]

6. The role of the concrete cover

Neither design codes nor technical papers or reports give
indication about the variation of crack width within the
concrete cover or the increase of surface crack width due to
increasing concrete cover, however, it could be an important
part of serviceability limit state (SLS) design. Calculated
(design) crack widths are usually determined at the level of
the steel reinforcement and the crack width is assumed to be
constant over the concrete cover. The Chapter 7.6 of the fib
Model Code 2010 first complete draft document is the only
design code available in which one can find a reference to the
influence of concrete cover on crack width [13]. The Model
Code 2010 proposes a generalized formula to find the crack
width (w ) at any distance from the steel reinforcement as
follows:

*
w, —wd+Awd

w denotes the design crack width calculated at the level
of the steel reinforcement

denotes the crack width increase within the concrete
cover due to shear lag that has to be calculated as a
function of the concrete cover (c). The general form
of the function is Aw, = Axcf, where A is a function
of concrete compressive strength (f_ ) and the effective
reinforcement ratio (p_ ) and fis an empirical constant
0<pB<1 ’

It can be seen that the Model Code 2010 does not provide
a proposal that can be used directly, only the supposed
relationship is given between the concrete cover and the crack
width [13].

Present experimental results, however, confirm the supposed
existence of a power function that could be found between the
concrete cover and the variation of the crack width. Fig. 7.
represents the measured data given earlier in Fig. 5 together
with power function trend curves determined with regression
analysis. It can be realized that the variation of the crack width
along the concrete cover can be described reasonably well
with power functions. Parameter analysis is not possible to be
carried out for present experimental results as only one type
and strength of concrete as well as one reinforcement ratio was
applied. The empirical constant 3 was found to be in the range
of f = 0.4 to 0.7 that further ratifies the supposed relationship
given in the Model Code 2010. Present experimental results
indicate the need of further laboratory studies in the field.

7. Conclusions

Present paper summarized the results of preliminary studies
on the variation of crack widths within the concrete cover of
reinforced concrete tensile members. During present tests the
specimens (both with concentrically and eccentrically placed
steel reinforcements) were precracked and injected with low
viscosity, high strength epoxy resin. Results demonstrated
that the selected injection material is suitable to maintain

where: the structural cracks in their original, loaded position after
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Fig. 7. Regression power function curves for the variation of crack width for specimens with eccentric steel reinforcement (concrete covers of 20, 40, 60, 80 mm)
7. abra Repedéstdgassdg betonfedésen beliili véltozdsdnak dbrdzoldsa hatvdnyfiiggvény alakjdban; kiilpontosan elhelyezett acélbetét (20, 40, 60, 80 mm betonfedés)
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releasing the axial load. The observed variation of crack widths
confirmed the results of previous studies by several authors.
It was demonstrated that the surface crack width is strongly
dependent on the actual concrete cover, however, the crack
width at the level of the steel reinforcement was found to be
independent from the concrete cover. Test results clearly
indicate the influence of secondary micro-cracks (Goto cracks)
on the crack width of the macroscopic structural cracks and
the possible extent of the micro-cracked zone around the steel
reinforcement was also localized. Test results confirm the
potential of the proposal of the fib Model Code 2010 for the
relationship between the concrete cover and the crack width in
the form of a power function. The preliminary studies resulted
detailed general information about the internal crack pattern
and crack width variation within the concrete cover providing
an appropriate preparation for the PU injection resin studies.
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A repedéstagassag valtozasa vasbeton elemek
betonfedésén beliil

Jelen cikk 6sszefoglalta hlzott vasbeton elemek terhelés alatt
kiinjektalt repedései repedéstagassaganak vizsgalatat. Az
eredmények igazoltak, hogy a kivalasztott injektalé anyaggal
a legkisebb repedéstagassagi repedések is kitdlthetdek
injektald anyaggal, és a repedések a megterhelés soran
kialakult allapotukban tarthatdk tehermentesitést kdvetden
is. Az injektalo anyaggal telitett probatesteket kdvago géppel
felvagtuk, és a repedéstagassagok valtozasat a betonfedésben
folmértlik. Az eredmények ramutattak, hogy a betonelem
felszinén mérhetd repedéstagassag nemlinearisan flgg az
aktualis betonfedéstdl, ugyanakkor a betonacél felliletén
kialakuld repedéstagassag mértéke nem fligg a betonfedés
mértékétdl. A vizsgalatok igazoltak a betonacélok korl
kialakulé6 masodlagos mikro-repedések (Un. Goto-repedések)
jelenlétét és ramutattak e zona kiterjedésének mértékére. Az
eredmények alatamasztjak a fib Model Code 2010 nemzetkozi
mintaszabvany javaslatat, amely a repedéstagassag beton-
fedésen bellli valtozasat hatvanyfliggvény alakjaban javasolja
felvenni.

Kulcsszavak: repedéstagassag, repedéskép, betonfedés,

migyanta injektalas
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composites.

Introduction

AL O, is considered a valuable industrial material and the
most widely used ceramic. It possesses good mechanical
properties such as: high hardness, high compressive strength,
good chemical and thermal stability [1-2]. However, its
applications as a structural material have been limited by its
low fracture toughness and low-fracture strength. This is
because cracks easily propagate in this ceramics and therefore
they might fail unpredictably in service. The incorporation of
several reinforcement materials such as; ceramics, metals and
intermetallicsintoan AL O, matrix formingacomposite material
has been proved to be an effective experimental route which
improves toughness and mechanical strength of the composites
matrix [3]. Thus, composites can be constituted in some cases
of carbide ceramics, oxide ceramics and metals, and they can be
used, for example in application at high temperatures such as
in the construction of gas turbine engines in order to increase
their thermal cycle efficiency [4-5]. Therein, the mechanical
and physical properties of such type of composites have been
studied, as well as their production processes [6-8]. In spite
of this, the high temperature cementation of metal-dispersed
carbide composites has not been investigated in detail and there
are not sufficient reports on the high temperature cementation
of thermal barrier composite-coatings [9].

The Pack Cementation process has been used for many years
to develop protection coating in different materials. Here the
body is essentially heat treated in a reactive environment as
to chemically alter the surface region, thus forming ceramic
compounds that improve corrosion and heat resistance
behavior. Variables that affect the quality of coating include
body composition, powder bed composition, and heat treating
conditions such as temperature, time and furnace atmosphere.

Davio HERNANDEZ-SILVA - Departamento de Ingenieria Metalurgica
Epuarpo TERRES-ROJAS = Laboratorio de Microscopia Electrénica de Ultra Alta Resolucion
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The synthesis of Al 0,-based composites having different amount of fine titanium and titanium-
dispersed carbide reinforcement-particles has been explored. Two experimental steps have been
set for the synthesis; namely, solid sintering of ALO_-titanium powders which were thoroughly
mixed under high energy ball-milling, pressureless-sintered and then for the second step it was
induced formation of titanium carbide at 500 °C by the cementation packing process. SEM
analyses of the microstructures obtained in cemented bodies were performed in order to know
the effect of the activated carbon used as cementant on the microstructure of titanium for each
studied composite. It was observed that a titanium carbide layer growth from the surface into
the bulk and reaches different depth as the titanium content in the composites was increased.
The use of reinforcing titanium significantly enhanced density level and fracture toughness of the

Keywords: ceramic-matrix composites, particle-renforcements, fracture toughness
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Since elemental carbon may diffuse throughout an oxide
matrix at high temperatures, the metallic particles dispersed
in a matrix can consequently be cemented. In turn, the
crystallographic volume of such metallic-oxide’s dispersions
will expand, thus inducing micro stresses accumulation in
the surrounding matrix. As result, fissures can nucleate in the
neighboring matrix upon the stresses fraction generated by the
volume expansion. The later is particularly true if the magnitude
of compressive stresses reaches the ultimate fracture strength.
Inevitably, after multiple cracks formation, the composite
undergoes catastrophic fracture. It is then important designing
composites for high temperature applications, and so does
their analysis behavior at high temperature-cementation. The
later is the experimental aim of this work.

Experimental procedure

Composite materials were prepared using two consecutive
steps. First, titanium-dispersed oxide aluminium composites
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were prepared using precursor powders of Al,O,(99.9%, 1 um,
Sigma, USA)and Ti(99.9%, 1-2 um, Aldrich, USA). Theamount
of powder was selected as to obtain Al,O,-based composites
having 0.5, 1, 2 and 3 vol% of Ti. The powder mixture was ball-
milled in a commercial high energy mill (Simoloyer) using
ZrO, media (with Si,N -inner coating to avoid contamination),
the rotational speed of which was set to 400 rpm for 8 h. The
ball-to-powder volume ratio was set to 20:1. Using milled
powder mixtures, cylindrical samples of 2 cm in diameter and
0.3 cm thick were fabricated by uniaxially pressing 2 grams at
250 MPa. Cold-pressed green samples were then pressureless
sintered PLS in an electric furnace using argon atmosphere.
Heating rate was set to 5 °C min’, sintering temperature was
1500 °C and holding time 1 h. After sintering, furnace was
turned off and samples were left inside it for gradual cooling.
Then for second step the composites were cemented in vacuum
as follows. The composite powder produced as described before
was placed inside a graphite-made container as it can be seen
in Fig. 1. Inside the container the sintered-compact sample
was totally surrounded by the cementing medium (powdered
activated carbon) and then heated in vacuum up to 500 °C for
1 h. The later set arranged in order to induce carbon diffusion
into the sample and to cement metallic particles that are found
near the surface of the composite, before being allowed to cool
down inside the furnace.

Body to be cemented
Reactive powder (C)

Graphite container

Fig. 1. Schematic configuration set for inducing cementation on the test-specimens
1. dbra Az indukdlt cementdlds megvaldsitdsdra szolgalo kisérleti berendezés

The specimen’s characterization was conducted as follows.
Density of fired specimens was determined using the
Archimedes’ method. Cemented samples were analyzed using
scanning electron microscopy SEM (XL30 ESEM, Philips)
and energy dispersive spectroscopy EDS (Noram), to observe
their microstructure and chemical composition, respectively.
Thickness of the carbide (cemented) layer as a function
of the titanium-carbide content in each sample was also
determined by using these techniques. Microhardness of the
obtained specimens was evaluated using Vickers indentation
in a microhardener (Buehler Micromet 2003), whereas their
toughness was estimated following the fracture indentation
method, the most widely used technique in the literature for
assessing the fracture toughness directly from indent cracks
utilizes the Vickers indenter. First proposed in the late 1970’s,
this technique was developed to estimate the fracture toughness
of ceramic materials by measuring the lengths of cracks
emanating from Vickers indents [10]. Evans et al. modeled
the elastic-plastic behavior under the indent, assuming that a
median/radial crack system is created due to tensile stresses
that form during unloading. They derived the expression:

K, =0.16 (c/a)"* (Ha'?) (1)
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where K| is the fracture toughness, H is the hardness, c is the
length of the surface trace of the half crack measured from
the center of the indent and a is the length of the indentation
mark.

Results and discussion

The cross section view of prepared composite-specimens
is shown in Fig. 2., as a function of the Ti content and after
completing their cementation process at 500 °C for 1 h. These
fractographs reveal general features of the microstructure and
larger grains for the 2 and 3 vol% Ti specimens. It is evident the
formation of homogeneous specimens, because the Ti particles
(typically disclosed by SEM as tiny white dots), which retained
their very fine sizes were well distributed in the alumina matrix
(gray-dark phase). In general the resulting microstructures
displayed few pores left in the matrix after sintering. In these
pictures, it can also be observed that there are no Ti particles
in the surface region to a depth of about 50, 83, 107 and 119
pum for samples with (0.5), (1), (2) and (3) vol% of titanium,
respectively. The local region in which Ti-particles have reacted
with diffusing carbon is defined to as the cemented zone,
whose thickness turns into layer depending on the gradient
concentration and sintering time. A common factor in all
pictures shown in Fig. 2. relates to the fact that Al O,-based
composites do not fracture by the Ti-cementation.

Fig. 2. Cross section view of the functional graded material s resulting
microstructures. The right side of each fractograph corresponds to its
outermost part or external surface.

(a) 0.5, (b) 1, (c) 2 and (d) 3 vol% Ti

2. dbra A funkciondlis rétegszerkezetii anyag keresztmetszeti mikroszerkezete.
Minden egyes torési kép jobb oldala a minta legkiilsé feliiletét mutatja;
a Ti-tartalom tf%-ban: (a) 0,5, (b) 1, (c) 2 és (d) 3.

Fig. 3. shows a cross section SEM-view of the 2 vol% Ti
specimen after sintering. EDS-microanalysis conducted both
at the white particles at the edge and in the core of the sample
confirmed the existence of elemental carbon, particularly
being more concentrated at the specimen’s edge. As long
as the qualitative analysis is conducted at inner zones of the
composite the carbon concentration diminished. Not evident
from this picture but there is a certain surface layer displaying
a slightly different color contrast with respect to the AL,O,-bulk
matrix. Such contrast, in practice exhibited similar texture to
the cemented region. So that between the cemented layer and
the non-cemented region, there is an intermediate zone which
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consists of partially-cemented Ti particles. Therefore, moving
from the outermost surface part into the bulk of material, it
has been detected three specific regions, featuring: (1) fully
cemented metal particles, (2) partially cemented particles and
(3) metallic particles not being cemented.

Al

Fig. 3. EDS microanalysis conducted both at the white particles placed in the edge
(near external surface) and in the core of specimen containing 2 vol% Ti
3. dbra A 2 tf% titdnt tartalmazé mintdk EDS mikroelemzésének eredményei; az
elemzéseket a minta fehér, a legkiilsé feliilethez kozeli részén, valamint azok
belsejében is elvégeztiik

Fig. 4. shows depth of the cemented layer as a function of the
titanium content supplied into the alumina-based composites.
There is an evident increment on the layer’s depth as the Ti
concentration rises. This on-growing behavior is not lineal and
the curve’s trend suggests eventual saturation of titanium at
the surface, which accounts for its composite-nature. From the
same figure it is also clear the toughening effect that results on
the composites derived from the formation of TiC, i.e., as long
as the cement layer gets thick. To explain toughening in these
composites we assume the crack-bridging effect operating,
which often occurs when dispersing metals into ceramic
matrix [3]. Thus, when enough external energy is conferred
to the composite material, micro cracks or remaining micro
pores act arresting it and avoid fracture, to some extent. The
Ti ligaments present in the ceramic matrix absorb part of the
fracture energy.
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Fig. 4. Thickness of the cement layer plotted as a function of Ti content in the ALO,
matrix
4. dbra A cementdlt réteg vastagsdgdnak viltozdsa az Al,O, matrix Ti-tartalmdnak
fiiggvényében

Table 1. summarizes the relative density and some mecha-
nical properties measured on the studied material. It can be

observed that density increased as Ti content was rose in
the composites. It is worth noting that microhardness was
evaluated by indenting two different zones on the specimens.
First testing was carried out at the edge of the sample whereas
others were practiced near to its core. Microhardness for all
studied samples with Ti is larger at the edge of specimens
than that observed at their core. This behaviour is due to the
formation of hard TiC near to the edge of samples. The later
takes place through the reaction: Ti + C — TiC. This chemical
reaction is thermodynamically favored since its free energy of
formation is - 43.2 Kcal/mol [8]. The TiC formation takes place
with carbon gas diffusing through the specimen’s edge into
the bulk. Cementation degree depends on the temperature and
gas concentration. In practice, it is thus possible to fabricate
Al O,/TiC/Ti - composites.

System Relative Edge hardness Core hardness K.
(vol% Ti) density (%) (GPa) (GPa) (MPa-m*2)
0 94.95 11.97 +/-0.5 11.94+/-05 3.2+/-0.2
0.5 97.64 9.76 +/-0.3 6.80 +/-0.3 41 +/-0.2
1.0 97.75 10.01 +/-0.4 9.13 +/-0.3 4.8+/-0.1
2.0 97.93 10.34 +/-0.4 9.69 +/-0.4 5.0+/-0.1
3.0 99.76 10.17 +/-0.5 7.09 +/-0.3 5.2+/-0.1

Table 1. Relative densities and mechanical properties measured in the studied
composites
1. tabldzat A vizsgdlt kompozitok relativ siirtiségei és mechanikai tulajdonsdgai

The magnitude of fracture toughness K. attained in the
studied materials is reported in Table 1. For all studied cases,
this strength parameter is superior to that of the pure alumina
which is of about 3.2 MPa-m™?[3], see Table. It is concluded
that the metallic particle’s dispersion into a ceramic matrix,
as conducted in this work may increase its toughness. Some
authorshavereported that the reinforcing mechanism operating
here is associated to the crack bridging phenomena triggered
by ductile metallic ligaments [8, 11]. The high densification
level conferred to the composites is another factor that greatly
influences their toughness value. Catastrophic cracking of
specimens usually takes place as large voids are left in it.

Conclusions

Strengthened Al O,-based composites can effectively be
reinforced by inducing fine dispersions of TiC/Ti, throughout
a combination of experimental techniques, such as; mechanical
milling, pressureless sintering PLS (Ar-atmosphere) and
cementation process (vacuum). The later provided that ALO,,
Ti and activated carbon fine precursor powders are bring
together as to react upon sintering forming a functionally-
graded-cemented layer. This in-situ synthesis method produces
composites that are greatly sinterable and do exhibit enhanced
toughness, as compared to monolithic-Al, O, ceramics. This
toughening improvement technique offers the possibility of a
low synthesis cost, turning into an attractive synthesis route for
scaling the process up to a pilot plant-level.
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Titan- és titan-karbid diszperziokkal erésitett
aluminium-oxid alapu tarsitott anyagok

Kulénb6z6 mennyiségl, kis szemcseméretl titan és titan-
karbid erositofazist tartalmazo, ALO, alapd tarsitott
anyagok eldallitasat vizsgaltuk. Az eldallitas két I€pésbol
all: az elso lépéshen az Al Q,-titan porelegyet nagy
energiaju golydés malomban végzett 6rléssel Gsszekeverjik,
majd nyomasmentesen, szilard fazisban szintereljik. A
masodik Iépésben 500°C-on cementaljuk a mintat a titan-
karbid képzodés elosegitésére. A cementalt prébatestek
mikroszerkezetét SEM modszerrel vizsgaltuk. A vizsgalatok
célia annak felderitése volt, hogy a mintaba cementalé
anyagkeént bevitt az aktivalt szén miként befolyasolja a titan
mikroszerkezetét. Azt talaltuk, hogy a titan-karbid réteg a
fellletrdl kiindulva névekszik, és onnan halad az anyag
belseje felé, és a behatolasi mélység a titan tartalommal
valtozik. A titan, mint erositdfazis bevitele jelentdsen novelte
a kompozitok siirliségét és torési szivossagat.

Kulcsszavak: keramia matrixi kompozitok, részecske-erosités,
torési szivossag

Ref.: http://dx.doi.org//10.14382/epitoanyag-jsbcm.2010.15
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strengthened with titanium and titanium carbide dispersions.
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A BAU vezetd témai, melyekhez a tematikus kiallitdsok és
forumok torténései, illetve a kiallitok altal a standokon bemu-
tatott termékek kapcsolodnak: fenntarthato épités, tobb-
generacios épitkezés, kutatas és innovacio, oktatas és
tovabbképzés. A BAU kiéllitasi terlletei anyagok, termékek és
témak szerint vannak felosztva. A kiéllitasi csarnokokban a k-
I6nbemutatok, forumok, kongresszusok és szakmai napok all-
nak a k6zéppontban.

Killonbemutatok

Green Envelope - Fenntarthato épités ablakokkal, homlokza-
tokkal és ajtokkal: ablakok, homlokzatok és ajtok segitségével
megvalésitott innovativ energiahatékony hazak és fenntarthato
épitési modok.

Tobbgeneracios épitkezés - gazdasagos, rugalmas, akadaly-
mentes: hogyan fest a gyakorlatban a tébbgeneracids épitkezés,
és milyen tervezést, termékeket és anyagokat igényel.

Solar Decathlon Europe: a kidllitds a rosenheimi foiskola szo-
larhazat mutatja be, amely a jaliusi madridi ,Solar Decathlon
Europe” versenyen masodik helyet ért el.

Intelligens épitkezés - A Fraunhofer-Allianz Bau tematikus kialli-
tésa egy ,Fraunhofer-varoson” keresztiil 16 épitészeti innovaciot
tar a latogatok elé.

Textilépitészet - a kiallitds a szOvet- és foliatermékek épitészet-
ben torténd hasznalatara hivja fel a figyelmet.

Forumok — BAU plusz!

A kivalé szakembereket felvonultatd, szabadon latogathatd
férumok (Intelligens épitkezés, ,MakroArchitektura”, ,Az épités
jovoje”) informéacios gydjtdhelyként szolgalnak a vasar latogatoi
részére.

Versenyek és dijatadasok

Szamos épitészeti és mérndki dij nyertesét a BAU vasaron is-
merheti meg a nagykozonség (pl.: ArchiWorld Academy; Az IT-re
épitve - épitészpalya a jovoben; Epitdanyag-piaci Oscar-dij).

Vezetett bejarasok

A BAU 2011 vasaron vezetett bejarasokat szerveznek szinte va-
lamennyi foglalkozasi 4g szamara (épitészek, kisiparosok, lakas-
gazdalkodas, valamint a mester- és ipari tanulék).

Az épitészet hosszl éjszakaja

A BAU vasar Uj fénypontja ,az épitészet hosszl éjszakaja” 2011.
januar 21-én, pénteken. A BAU latogat6i a vasari nap lecsen-
géseként éjszakai kirdndulason vehetnek részt a miincheni épi-
tészet vilagaban. A sztvevok kiilonbozo tarak kozil valaszthat-
nak: gyalog a miincheni belvarosban, autébuszos ingajarattal
Miinchen kiilsd kerileteinek leglatvanyosabb éplileteihez, high-
light-tira épitészeti mliemlékekkel, angol nyelvi tara a kilféldi
vendégeknek.

A BAU latogat6i altal igénybe vehetd szolgaltatasokrol, va-
lamint a fenti programokrél részletes informacié taldlhaté a
www.bau-muenchen.com oldalon.
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Energy optimization of the grinding process in operating conditions

The efficiency of grinding is most determined by the speed of grinding, which depends on the
particle size of the material, grindability as determined by the cohesion forces and the micro
structure of the particles, the surface characteristics (tendency to adhesion) and moisture
content of the resulting fine particles, as well as the type of stress subjected to the particles in
the grinding machine (impact, abrasion...) and the stress intensity depending on the design and
technological features of the grinding machine (specific rate of energy input). At the Felnémet
limestone processing plant of OMYA Kft. grinding is performed using grinding mills featuring built-
in wind sifters; additionally, hot air is supplied to the mill for drying. Therefore, electricity and
natural gas, respectively, are used for grinding the limestone and keeping the moisture content
of the end-product within the specified limits. Consequently, the total energy needed for grinding
is determined by grinding and drying in correlation. The measurement model for the consumption
of energy entering the grinding-grading-drying technological process is established based on
a large number of experiments. Based on the design of the model and the evaluation of the
measurements, a feed-forward control system can be established, which - making use of the
major parameter data of the process - allows the automatic control of the volume of natural gas

Dr. NAGY Lajos

banyamérndki oklevelét 1975-ben szerezte a
Miskolci Nehézipari Miszaki Egyetemen. 1975 és
1985 kozétt a Borsodi Szénbanyak Farkaslyuki
Aknalizemében dolgozott, mint izemmémok,
majd korletvezet6, késobb fomémok. 19853l
1990-ig az Egercsehi Banyalizem lizemvezet
foméméke volt. 1990481 az Orszagos Erc-6s
Asvanybényék Felnémeti Banyaiizeméhez keritt,
ahol a tulajdonosvaltas utan az OMYA Eger Kft.
ligyvezetd igazgatja lett. Iranyitdsaval készilt

el a vilagszinvonall technoldgiaja Uj felnémeti
banya és mészkdorld lizem beruhazasa. Az
technoldgia megépitése, és izembe helyezése 6ta
foglalkozik az drlés, osztalyzas széritas energia
felhasznalasanak optimalasaval, illetve egy
altaldnosan hasznalhato modell felallitasaval.

usage required for drying.

1. Bevezetés

A fejlett tarsadalomnak egyre tobb nélkiilozhetetlen asvanyi
nyersanyagot kell kitermelnie a foldkéregbél. A kitermelés,
mely banyaszati modszerekkel torténik, csak az elsé 1épés ab-
ban a folyamatban, amely sordn a nyersanyagokbol a létfenn-
tartashoz sziikséges targyak, eszkozok késziilnek.

A nyersanyagok feldolgozasa soran feltlinden nagy az apri-
tasi és Orlési el6készitést igénylé nyersanyagok ardnya, amihez
komoly mennyiségli energiara van sziikségiink. Az apritas az
asvanyfeldolgozas legenergiaigényesebb miivelete. A fejlett
orszagokban a teljes felhasznalt energidnak 3-5%-at apritas-
ra forditjdk. Az energiaigényesség kiilondsen igaz az 6rlésre,
a finomdrlésre. Ezért igen fontos, hogy az 6rlést hatékonyan
valositsuk meg. A felhasznalt energia csokkentése nem csupan
gazdasagi kérdés, hanem nagyon komoly szerepe van a termé-
szeti kornyezetiink allapotdanak megdvasaban is.

Az 6rlés hatékonysagat legerdteljesebben az 6rlési sebesség
hatdrozza meg, amely az anyag szemcseméretének, a kohézios
erdk és szemcsék mikroszerkezete dltal meghatarozott 6rolhe-
tségének, a képz6dé finom szemcsék feliileti tulajdonségainak
(adhézidra hajlamanak), nedvességtartalmanak éppugy fligg-
vénye, mint az 6rlégépben megvaldsuld igénybevételi médnak
(tés, dorzsolés...), az Orlégép kialakitdsatol és technoldgiai
jellemz8ktdl fiiggd igénybevételi intenzitasnak (bevitt energia
fajlagos mértékének).

Az felnémeti mészkoéfeldolgozd 6rlési-osztalyozasi rendszere
egybeépitett gorgds malombdl és légosztalyozobdl, valamint
szarito levegot eldallitd egységbdl all. Tehat villamos és f6ld-
gazenergia segitségével torténik a mészké orlése, ill. a készter-
mék nedvességtartalmanak adott hatarértéken beliili tartdsa.

Az 6rlés Osszes energia-szitkségletét az Orlés és szaritas kol-
csOnos Osszefiiggésben hatdrozza meg:

= egyrészt a nedvességtartalomnak az 6rolhetség vonat-

kozasban van optimélis értéke (a nedvesség Srlést gatld
és Grlést el@segité anyagként egyarant hathat);

= masrészt az érlésre forditott energia nagy része h6vé

alakul, amely részt vesz a szaritasban;

= harmadrészt a hdmérséklet nemcsak szaritja a szem-

cséket, hanem a szemcsék 6rolhetdségét is kisebb-
nagyobb mértékben befolydsolhatja (gondoljunk

a ho hatdsara kitdgult mikroszerkezetre, és ebbdl
kovetkezéen a diszlokaciok konnyebb vandorlasara,
hibahelyek keletkezésére [1]).

Az tzemeltetés sordn korabban elvégzett kisérletek is meg-
erdsitették, hogy az 6rlés-osztalyzas energiaigénye, koltségei az
tizemparaméterek alkalmas megvalasztasaval jelentdsen csok-
kenthetdk.

A jelen tanulmanyba foglalt kutatémunka célja az ener-
gia-optimalis iizemviszonyok meghatarozdsa, valamint az
Orlérendszer energia-optimalis viszonyok kozotti mitikodését
szolgald tizemszabalyozasi modszerének elméleti és kisérleti
vizsgélatokkal torténé kidolgozasa.

E vizsgalatokhoz szorosan kapcsolodo teriileteket tobb ku-
tatd vizsgalta. Smekal [2] az apritds eredményeinek a felilleti
energiat tekintette, és ezzel vezette le az apritas hatasfokat. Beke
[3] foglalkozott Smekal allitasanak biralataval, s megallapitotta,
hogy az érlés hatasfokat egy tort adja meg, melynek szamlaléja
a hasznositott, nevezdje pedig az Osszes bevezetett energia. A
nem hasznositott energia h6vé alakul. Bown [4] szintén foglal-
kozott a lasst 6rlési folyamatra jellemzé energia mérleg felalli-
tasaval. Sekula [5-7] és munkatdrsai moédszert dolgoztak ki a
diszperz rendszer, valamint az 6rlési folyamat energia eloszlasa-
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nak kvantitativ meghatarozasara. Mindemellett megallapithato,
hogy a jelen munka célkittizésével és tartalmaval az altalam at-
tanulmanyozott szakirodalom kozvetleniil nem foglalkozik.

2. Az elvégzett kisérleti vizsgalatok

A szisztematikus tizemi kisérletek keretében az alabbi vizs-
galatokra kertilt sor:
= az Orlési tér hdmérséklet novelésének hatasa az
SrolhetSségre, foldgaz felhasznalas csokkentésének
lehetdségei (adott terhelés és Grlési finomsag mellett);

= amalomtérbdl tivozo gaz hdmérsékletének hatdsa a
porlevalaszté miikodésére: foldgaz felhasznalas csok-
kentésének korlatai;

= amalomterhelés és fajlagos energiafelhasznalds kapcso-
lata (adott 6rlési finomsag mellett);

= az Orlés-szaritds energiamérlegének kimérése ill.
meghatdarozasa, a szaritasra forditott villamos energia
mennyiségének megéllapitasa;

= szabalyozasi modell és stratégia kidolgozasa.

A szisztematikus lizemi kisérleti vizsgalatok eredményei
alapjan az 6rlés-osztalyozas-szaritas technologiai egységbe be-
vitt energia felhaszndlasanak mérési modellje keriilt kidolgo-
zasra. A modell kialakitasa, és a mérések kiértékelése alapjan
meghatarozhat6 volt egy el6recsatolasos iranyitasi rendszer,
amely a folyamat legfontosabb paramétereinek ismeretében le-
het6vé teszi a szaritashoz feltétleniil sziikséges foldgazenergia
nagysaganak megallapitasat és szabalyozasat.

3. A mérési eredmények kiértékelése

3.1. Az Orlési tér hémérséklete és a fajlagos energiafel-
hasznalas

Ebben az tizemi mérési sorozatban a feldolgozott anyagaram
alland¢ értéken tartasa mellett az 6rlési tér hémérsékletét val-
toztattuk. Az Orlési tér homérsékletének novekedését a ma-
lombdl kilép6 gaz (levegd) hémérsékletének mérésével jelle-
meztem. Mértiik tovabba a malommotor hatasanak villamos
teljesitmény-felvételét, valamint a felhasznalt gaz mennyiségét.
Mindezekbdl a fajlagos energiafelhasznalasok (6rlési, gazftitési
és a kettd Osszege) szamithatok (1. tabldzat, 1. és 2. dbra).

At Q T P \%
Idészak Malom Kilép6 gaz  Malom hajtomotor  Gazfo-
terhelés homérséklete villamos teljesit- gyasztas
mény felvétele

h t/h °C kW méh
2 50 37,8 687 0
2 50 50,0 644 56
2 50 60,0 642 84
2 50 70,0 630 112
2 50 80,0 614 139
2 50 90,0 528 153

1. tdblazat Az 6rlési tér h6mérséklete és az energiafelhaszndlds
Table 1. Temperature of the grinding chamber and energy consumption
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1. dbra  Fajlagos villamos energia fogyasztds 6rléskor, viltozé malomtér hémérséklet mellett
Fig. 1. Specific power consumption during grinding vs. milling chamber temperature
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2. dbra  Fajlagos sszes energiafelhaszndlds
Fig. 2. Specific total energy consumption

Megallapithato:

= anovekvo gazfelhasznalas nem jar egyiitt fajlagos 6rlési
energia csokkenéssel (1. dbra): az 50-80 °C-os kilép6
levegé hdmérséklet tartomanyban a W, fajlagos energia
alig valtozik (alig csokken), a csokkenés mértéke nem
fedezi a gazfelhasznéalasbol szairmazo energia felhasznd-
las jelentés novekedését;

= afajlagos 6rlési villamos energia stagnalasa ill. csok-
kenése ellenére ugyanis az Osszes fajlagos energia, a
foldgaz felhasznalas miatt, drasztikusan névekszik;

= agazenergia hasznalata (fenti mértékben) az 6rlés
szempontjabdl felesleges, indokolatlan, szerepe csak a
szaritasban van.

3.2. A gazfelhasznalas csokkentésének hatarai

"o

A gazfelhasznalas nem cs6kkenthetd korlatlanul. A porsziiré
miikodését ugyanis a szlir6be belépé gaz hémérséklete alap-
veté modon befolyasolja. Ez a mérési sorozat a porsziiré meg-
felel6 miikodését biztositdé malombol kiléps gazhdmérséklet
magallapitdsat szolgalta (2. tabldzat és 3. dbra). Ez a hatarérték
tehat ahhoz sziikséges, hogy a por-levegé elegyet szétvalaszto
porsziirben a porbetapadas kovetkeztében fellépé nyomas-
killonbség-novekedés a gyartd altal megadott hatarértéknél
kisebb legyen, s ne veszélyeztesse a technoldgia zavartalan mii-
kodését.

Megfigyelhet6, hogy 35 °C-os hémérsékletnél éri el a nyo-
maskiilonbség a maximumat, ami esetiinkben 12,0 mbar, és ez
az érték a gyarto altal el6irt 20 mbar érték alatt marad.
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Datum / id6 1 2 3 4 5 6 7 8 9 10 11 12 13
Malomra feladott anyagaram, t/h 62,0 620 620 620 620 620 620 620 620 620 620 620 620
Porsziir6 nyomas, mbar 88 119 111 11,3 115 11,1 11,2 10,7 105 9,7 9,5 8,8 8,1
Kozbens6 nyomas, mbar 369 392 388 40,2 40,0 414 40,7 341 36,2 374 367 391 370
Hémérséklet, °C 30,0 350 40,0 450 50,0 550 600 650 700 750 80,0 850 900
Datum / id6 1 2 3 4 5 6 7 8 9 10
Feladas 620 620 620 620 620 620 620 620 620 620
Porsz(ir6 nyomas, mbar 11,1 11,0 112 11,2 114 10,5 8,2 10,2 10,5 10,7
Kozbens6 nyomas, mbar 405 396 385 378 351 41,7 490 350 411 47,0
Hémérséklet, °C 350 40,0 450 500 550 600 650 700 750 80,0
2. tablazat  Porsziiré nyomds valtozas a gazhémérséklet fiiggvényében

Table 2. Change in dust filter pressure vs. gas temperature
Malom-feladas tomegarama [t/h] 48 49 50 51 52 53 54 55 56 57 58
Fajlagos villamos energia fel- [kWh/t] 131 130 124 128 125 123 122 122 130 117 117
hasznalas
Malom-feladas tomegarama [t/h] 59 60 61 62 63 64 65 66 67 68
Fajlagos villamos energia [KWhy/1] 11,7 114 121 115 111 104 105 10,6 102 9,7

felhasznalas

3. tdblazat  Fajlagos villamos energiafelhaszndlds a malomterhelés fiiggvényében
Table 3. Specific electric power consumption vs. mill load (capacity)

Porsziiré nyomas a hémeérséklet fliggvényében gazos kisérlet

14

0 /lp*\(
Lo VN

6 = Porsz(ir6 nyomas 2

= Porsz(ir6 nyomas 1

mbar

0 20 40 60 80 100

Hémérséklet, °C

3. dbra Porsziir6 nyomds
Fig. 3. Dust filter pressure

3.3. Malom-terhelés és a fajlagos energiafelhasznalas

Ismert, hogy a korfolyamatos malmokra feladott anyagaram
novelése egy hatarig a fajlagos 6rlési energia csokkenésével jar,
hiszen az 6rlési tér kihasznaldsat vonja maga utdn (majd az op-
timalis terhelést kovetden az Grlésre visszajar6 dara-anyagaram
lavinaszerti novekedése mellett a malom telitédik, majd leful-
lad). A jelen gytirismalomra ez az 6sszefiiggés nem ismert, pe-
dig ismerete a malom {izemének energia-optimalis szabalyo-
zasahoz elengedhetetlen. A 3. tdbldzat és a 4. dbra az ez iranyu
tizemi mérés eredményeit foglalja Ossze (az Orlési finomsag
allando értéke mellett).

A 4. dbra szerinti fiiggvény:

y=-0,149 x + 20,35.

Orolhetdségi vizsgalatokkal megallapitottuk, hogy a kis ned-
vességtartalmu, tiszta mészké &rolhetségét a hémérséklet
nem befolyasolja [8].

Fajlagos energia [kWh/t]

9
I I I I I

48 52 56 60 64 68
Kapacitas [t/h]

4. dbra  Fajlagos villamos energiafelhaszndlds a malomfeladds tomegdrama (kapaci-
tds) fiiggvényében
Fig. 4. Specific electric power consumption vs. mass flow of feed (capacity)

3.4. Uzemi mérések a szaritasra forditott villamos energia
mennyiségének megallapitasara

Kisérletek adataibol megallapithato a bevitt villamos energi-
abol a szaritasra rendelkezésre 4llo energia:

Q. =Q, +k- Qvill.energ.
k - az energia modellb6l meghatdrozott tényezd, amely azt
mutatja meg, hogy a bevitt villamos energia hany szazaléka
forditodik szaritasra.

A mért paraméterek alapjan az aldbbi Osszefiiggések segitsé-
gével, matematikailag meghatarozhaté az az energia mennyi-
ség, amely megmutatja, hogy a pillanatnyi mérési adatok alap-
jan mennyi energiara van sziikség ahhoz, hogy a késztermék
nedvesség tartalma a kivant érték alatt maradjon. A malomtér-
ben az 6rlési folyamatok elvégzésére egyrészt villamos energiat
visziink be, masrészt az 4thizo6 légaramnal villamos energiara
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atszamithaté hdenergiat juttatunk be, amelynek elsésorban
szaritasi feladata van.
1. A bevitt villamos energia: 684,95 kWh

2. Az 4thuzé légarammal bevitt energia: 522,53 kWh

A rendszerbe bevitt 6sszes energia: 1207,48 kWh
1. Szilard anyag hétartalma 583,86 kWh
2. Akilép6 leveg6 hétartalma 364,50 kWh

A bevitt villamos energia megoszlasa a mérési eredmények
alapjan.
1. Az 0rlési és szaritasi folyamat szempontjabol veszteség-
ként jelentkezd tételek:

a. Hajtomi veszteség 21,74 kWh
b. Hajtomt paldst hé veszteség 2,42 kWh
¢. Malom paldst hé veszteség 74,99 kWh
Veszteségek Osszesen: 99,15 kWh
2. Orlésre forditott energia: 159,97 kWh
3. Szaritasra forditott energia: 425,83 kWh

Az athazo légaram hémérséklet valtozasabol szamolt, a ma-
lomtérben leadott hémennyiség villamos energia egyenértéke
és a bevitt villamos energia szdritdsra forditott része all rendel-
kezéstinkre, mivel a késztermék szdritdsat biztositd energia.

A fenti adatokbdl

k = [583,86 — (522,53-364,50)]/ 684,95 = 425,83/684,95 =
0,622
azaz most felirhato:
Q. = Q,, + 0622 Qvill.energ.

k - az energia modellb8l meghatarozott tényezd, amely azt
mutatja meg, hogy a bevitt villamos energia hanyad része
forditédik szaritasra.

3.5. A szabalyozas stratégiaja

A fentiekben felvazolt matematikai modellhez tartozdan az
6rlési folyamatban a kovetkez6 paraméterek mérése, adatainak
szamitogépes rogzitése, és a folyamatszabdlyozasi program sza-
mara az elérése sziikséges.

1. A malom feladasi anyag folyamatos hémérséklet és

nedvesség tartalom mérése.

2. A késztermék homérsékletének és nedvesség

tartalmdnak folyamatos mérése.

3. Az athazo légaram belépd és kiléps homérsékletének,

valamint mennyiségének folyamatos mérése.

4. A malom motor energia felvételének folyamatos mérése.

5. A feladott anyag, ill. késztermék tomegének a mérése.

A fenti adatokbdl a szaritashoz sziikséges energia:

Qaszp =Q (feladott anyag hévéltozésa) T Qz( srologtatés feladott anyag)
ahol Q - apillanatnyi anyagparaméterek alapjan meghatdro-
zott szdritdsi energiasziikséglet

Q, =c,m_At

Q,=c,m At+ ¢ m

Q, =c,m At

Qszﬁk = Ca ma Ata + Cv mv Atv + (Pvmv

c, - a feladott anyag fajhéje (KJ/kg°C)

m_- a feladott anyag tomege (kg)

At - abelépd és kilépd anyaghSmérséklet kiilonbsége (°C)

c, - aviz fajhdje (KJ/kg°C)

m,_ - afeladott anyagban és a késztermékben 1évo viz
mennyisége kiilonbsége (kg)
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At, - a belép6 anyagban 1év6 viz és a kilépd anyagban 1évé

viz hémérséklet kiilonbsége (kg)

¢, — aviz fajlagos parolgasi h6je a malomtér hémérsékletén (KJ/kg)

1) Abban az esetben ha

Q. > Q,
akkor a rendszerbe plusz energiat kell bevinni.

A plusz energia beviteli modja az athazé légaram belépési
hémérsékletének f6ldgaz elégetésével torténd novelése, amely a
malomtéren athaladva eldsegiti a késztermék kivant nedvesség
tartalmanak a biztositdsat. A kiilsé energiatobblet nagysag:

Qs = Qaszp - Q.
2) Amennyiben
Qaszp - Qszz’\r
akkor nem sziikséges a szaritashoz kiils6 energiaként foldgazt
hasznalni, s6t a rendszerben
AQ=Q, -Q,,

energiafelesleg van, amit példaul a malomfeladas anyagarama-
nak m, értékkel valé novelésével kéthetiink le:

AQ
w

t.B

m, =

4. Osszefoglalas

A felnémeti mészkételdolgozd tizemben az 6rlés széloszta-
lyozéval egybeépitett gorgds malmokkal torténik. A malom-
ban a szaritashoz meleg leveg6t vezetnek. Tehat villamos és
foldgazenergia segitségével torténik a mészké szarité orlése,
a késztermék nedvességtartalmanak eldirt hatarértéken beliili
tartdsa.

A mérések igazoltak, hogy az Orlés Osszes energia-sziik-
ségletét tehat az Orlés és a szaritas kolcsonos Osszefiiggésben
hatdrozza meg, a mindenkori energiamérleg elkészithetd.
Nagyszamu kisérlet eredménye alapjan kertil kidolgozasra az
Orlés-osztalyozas-szaritas technoldgiai egységbe bevitt energia
felhasznalasanak mérési modellje, valamint energia-optimalis
modell és szabalyozasi stratégia.

Az tizemben a folyamat-jellemzék mérésével, optimaélis mo-
dell és szabdlyozasi stratégia alapjan egy elérecsatolasos ira-
nyitasi rendszer vezethetd be, amely a folyamat legfontosabb
paramétereinek ismeretében automatikusan szabalyozza a sza-
ritashoz feltétleniil sziikséges foldgazenergia felhasznalasanak
a nagysagat.
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1. Introduction

In general, reducing of the sizes both of integrated circuits
logic devices and memory elements yields their improved
performance. However, such advanced “scaling” simultaneously
reduces thickness of the insulator films used for gate or
capacitor dielectrics what can be compensated only by the
substantially increasing in permittivity [1]. Many materials,
like the simple and nitrided metallic oxides and silicates, were
under the consideration as potential replacements for ultrathin
(nanometric) dielectric films in gate and capacitor stack-
structures. In recent years, perovskite-type and some related
complex materials have attracted much attention due to their
extremely high permittivity at low frequencies unchanged over
the quite wide temperature ranges.

Namely, high permittivity had been found in oxides
of the type ACu,Ti,O , (and in isostructural compounds
ACu,Ti,FeO ) [2]. The most exceptional behavior was exhibited
by CaCu,Ti,O,,, which shows a permittivity at frequency of
~ 1 kHz of about ~ 12000 that is nearly constant from room
temperature. The cubic structure of these materials is related
to that of perovskite (CaTiO,), but TiO, octahedra are tilted to
produce a square planar environment for Cu** ion. According
to the neutron powder diffraction studies, the CaCu,Ti,O ,
structure down to ~ 35 K remains cubic and centric. As for the
compositions of the type A, Cu,Ti O, (where A is the trivalent
rare earth or Bi), most of them show permittivity above ~ 1000.
Cubic CaCu,Ti,O,, possesses a low-frequency permittivity
~ 10*, which is only weakly varying in the temperature range
100-400 K, but below ~ 100 K, there is an abrupt ~ 100-fold
reduction in the value [3]. Thermodynamic and X-ray data
argue against an explanation in terms of ferroelectricity, i.e.
collective ordering of local dipole moments. Both the low-
frequency dielectric response as well as Raman scattering data
suggest the existence of highly polarizable relaxional modes
with a characteristic gap. Optical conductivity measurements
on the perovskite-related oxide CaCu,Ti,O,, provide a hint of
the physics underlying the observed giant dielectric effect in
this material [4]. A low-frequency vibration displays anomalous
behavior, implying that there is a redistribution of charge within
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Theoretical framework is introduced to explain high effective permittivity of a stacking nano-faulty
semiconductor film. Effective permittivity dependence on the temperature is shown to be a step-
like function with levels determined by the sum parts of constituent layers with relatively high
resistivity in film thickness within given temperature region because they are short-circuited by the
relatively low resistive layers. These levels at sufficiently low and sufficiently high temperatures
coincide with material’s true permittivity while at intermediate temperatures may significantly
exceed its value. In chemically pure or homogeneously doped coarse-crystalline semiconducting
films, the layers distinguished by resistivity can be formed due to piezoresistance effect induced
by the local elastic stresses which are related with stacking nano-faults existing in film’s plane.
Keywords: semiconducting film, stacking nano-fault, effective permittivity
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the unit cell at low temperature.
At infrared (THz) frequencies,
the value for the permittivity
was found to be ~ 80 at room
temperature, which is far
smaller than the value of ~ 10° obtained at lower radio (kHz)
frequencies. This discrepancy implies the presence of a strong
absorption at very low frequencies due to dipole relaxation.
At room temperature, the characteristic relaxation times are
fast (< 500 ns) but increase dramatically at low temperature,
suggesting that the large change in permittivity may be due to
a relaxor-like dynamical slowing down of dipolar fluctuations
in nano-size domains. In wide region above 100-150 K, thin
CaCu,Ti,O,, epitaxial films have a temperature-independent
permittivity of the order of ~ 1500 [5], making this material a good
candidate for applications. Note that its frequency dependence
at lower temperatures indicates an activated relaxation process.
Impedance spectroscopy on cubic perovskite-type ceramics
CaCu,Ti,O,, has demonstrated [6] that they are electrically
heterogeneous and consist of semiconducting grains with
insulating grain boundaries. The giant permittivity values in
excess of ~ 10* up to kHz-frequencies have been therefore
attributed to an internal barrier layer capacitance instead of an
intrinsic property associated with the crystal structure. It is a
room temperature value, which drops to about ~ 100 below
~ 100 K. The large temperature-independent, low-frequency
permittivity observed in CaCu,Ti,O,, single crystal is most
plausibly interpreted [7] as arising from spatial inhomogeneity
of its local dielectric response. Probable sources are various
nano-domain boundaries endemic in such materials: twin, Ca-
ordering, and antiphase boundaries. In general, the material
in, and neighboring, such boundaries can be insulating or
conducting. Constructed all possible internal morphologies
yield dielectric behavior consistent with observations. The
further experiments are needed to distinguish between
them. Using transmission electron microscopy neither in
CaCu,Ti,O,, single crystals, nor in polycrystalline samples,
included sintered bulk and thin films, it has been observed
twin domains. Nevertheless, it was found [8] very high density
of dislocations, as well as regions with cation disorder, lattice
displacements introduced by the planar defects, and grain
boundaries with oxygen deficiency, in comparison with grain
interior. Obviously, the defect-related structural disorders and
inhomogeneity, serving as an internal barrier layer capacitance
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in a semiconducting matrix (and supporting morphological
model with percolating-conducting regions and blocking
regions), might explain the very large dielectric response of the
material.

Substituting Cd for Ca reduces the room temperature value
of permittivity by over an order of magnitude [9]. The origin
of the large permittivity may be due to an internal barrier
layer capacitance effect: infrared measurements on the Ca and
Cd compounds showed that low-frequency modes increase
dramatically in strength at low temperatures, suggesting a
change in the effective charges and increasing electronic
localization that may lead to a breakdown of the effect.

Copper phthalocyanine based composites also display high
permittivity, of order of several hundreds. In an attempt to
determine whether they have a high permittivity intrinsically,
and if so, in order to identify the circumstances under which
such high permittivity could result, a systematic ab initio study
was undertaken in [10]. The tendency of Cu-phthalocyanine
and closely related H,-phthalocyanine monomers, and
polymeric sheets as well to stack was critically assessed, and the
concomitant changes in the electronic and optical properties
as a function of the stacking distance were determined.
Obtained results indicate that both considered monomer
systems exhibit an insulator to metal transition as the stacking
distance approaches the equilibrium spacing. Consistent with
this behavior, the permittivity reach large values as the stacking
distance approaches equilibrium spacing, while it is small for
larger distances.

Dielectric relaxations of charge-ordered Ln, Sr, NiO,
(Ln = La and Nd) ceramics were investigated over a broad
temperature range [11] (see also [12]). The high permittivity
(over ~70000) with alow dielectric loss of ~ 0.1 was determined
at high frequencies (up to 5 MHz) over a broad temperature
range. There are found two dielectric relaxations in the vicinity
of charge ordering temperatures. The thermal activated small
polaronic hopping between two charge ordering temperatures
should contribute to the giant dielectric response in the present
ceramics. Compared to other giant permittivity materials,
these materials have the notable advantage for high frequency
applications.

A giant low-frequency in-plane permittivity, ~ 10°, for
epitaxial thin films Ca,_La MnO, (x < 0.03) also has been
observed[13] overabroadtemperaturerange. Thisphenomenon
was attributed to an internal barrier-layer capacitor structure,
with Schottky contacts semiconducting grains. The measured
increasing in permittivity with electron- (in this case, La-)
doping exceed that of conventional two-phase materials (based
on (Ba,Sr)TiO,, CaCu,Ti,O,, or (Li,Ti)-doped NiO).

Thickness dependence of the permittivity was analyzed
[14] for the case of epitaxial Pb(Zr,Ti)O, thin ferroelectric
films and it was shown that the frequency dependence of the
measured capacitance is best simulated by an equivalent circuit
incorporating the trap-containing capacitance of a Schottky
contact (the presence of traps was evidenced by a photovoltaic
effect at subgap wavelengths). The thickness dependence
of the permittivity, calculated using the formula of a plane
capacitor, appears to be an extrinsic effect due to the interface
phenomena in the metal-ferroelectric-metal structure.

As for the intrinsic permittivity of the material, it seems to be
thickness independent (it was also proven by piezoresponse
force microscopy measurements) and of lower value of about
30-40, which is closer to the values estimated from Raman
measurements, on the one hand, and from quantum theories
of ferroelectricity, on the other hand.

Measurements of the permittivity of multiphased binary
and ternary mixed alkali halides, which have found a multitude
of applications in optical and electronic devices, have been
reported in the temperature range from room temperature to
423 K [15]. It was found that the temperature variation in the
binary mixed crystal (NaCl) .. (KBr),, . is drastically larger
than in any other. This variation was shown to be quantitatively
reproducible by means of a simple model, which does not
contain any adjustable parameter and solely makes use of the
properties of the end members NaCl and KBr.

It has been reported [16] the effects of grain size on high
dielectric and related electrical properties of Li  ,Ti  Ni O
ceramics, which were prepared by a direct thermal
decomposition method. The analysis of complex impedance
indicated that these ceramics were electrically heterogeneous
consisting of conductinggrainsand insulating grain boundaries.
Obtained results revealed that the permittivity increases with
the increase in grain size, which can be well described by a
relaxation mode; and that the different microstructures resulted
in chemical change (e.g., oxygen vacancies) inside the grains,
leading to the changes in electrical properties of the ceramics.

Structure and dielectric characteristics of Ba[(Fe Al  ),.Ta .]O,
solid solution were investigated too [17]. The cubic
crystal structure was confirmed in the Al-substituted
Ba[(Fe ,Al ), ,Ta,,]O,ceramics. Theextendedgiantpermittivity
step and the significantly reduced room-temperature dielectric
loss were obtained in the Al-substituted Ba[(Fe ,Al ), Ta,.]
O, ceramics. These improvements of dielectric characteristics
have great scientific significance for potential application of
giant dielectric constant materials. Performed X-ray analysis
has confirmed that the low-temperature dielectric relaxation is
originated from the mixed-valent structure of Fe**/Fe** and the
hopping of the charge carriers between them.

The crystalline structure and dielectric properties of
Sm_ Sr .NiO, ceramics were presented in [18]. These ceramics
were refined as orthorhombic phase and it was noted that the
orthorhombic strain may change the statue of charge ordering.
The temperature-stable giant permittivity (~ 100000) with
low dielectric loss of ~ 0.1 was observed at frequency up to
5 MHz over a broad range of temperature (150-500 K) and
frequency (100 kHz — 5 MHz). The grain interior should be
the dominative factor which contributes the giant dielectric
response in these ceramics after the equivalent circuit fitting,
and the thermal activated small polaronic hopping related to
the charge ordering is that factor. Compared to other giant
dielectric materials, the present materials have a great potential
in the practical application, especially for the high frequency
application.

Thus, there exists the class of film materials which
quite often are characterized by the giant values of charge
capacity C: they noticeably exceed so-called geometric value
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C,=xxS/d calculated on the basis of film area S and thickness
d, and material true intrinsic static permittivity k. Effective
permittivity k can be recalculated from the measured capacity
using similar formula C =k x S/ d. Consequently, the ratio of
effective permittivity and real one x ./ x = C/ C, is defined by
the ratio of measured and geometric capacities. Let note that all
above described materials are complex chemical compounds.
But, effect of the giant effective permittivity for a long time is
known in elemental boron. Then, it may be realized different
physical mechanisms of the phenomena.

In the present work, theoretical framework able to explain
high effective in-plane permittivity of a film is introduced and
the issue is discussed how such effect can arise even in coarse-
crystalline and chemically pure material.

Paper is organized as follows. Next Section presents a
brief overview of the available studies on effective permittivity
of boron. Then, the model of a film inhomogeneous by the
resistivity is constructed and values of the internal stresses
associated with stacking faults existing in real crystals are
estimated. And finally, some concluding remarks concerning
such kind high effective permittivity are made.

2. Effective permittivity of boron

To best our knowledge there are no recent studies of
other authors devoted to the interesting phenomenon of high
effective permittivity in boron samples. As for the early data,
they are as following.

The capacity-measurements [19] performed at frequencies
of 10*and 5 - 10° Hz for elemental boron lead k  value between
13 and 14, which seems to be only something overestimated
in comparison with k commonly characteristic for boron in
ground-state 3-rhobmohedral (3-B) structure. Light refractive
index near the absorption edge equaled to 3.3, what corresponds
to the high-frequency permittivity of k_~ 9.9. According to
the B-B reflectance measurements [20], for waves longer than
25 and shorter than 20 pm k = 10.0+0.5 and k_ = 8.4+ 0.4.
This kind of dispersion displays non-equivalency of the boron
atomic sites in extraordinary complex unit cell (with 105 regular
atoms, what causes dipole moment removing the forbidding
putted on the single-phonon optical absorption processes).
Capacity of the sample measured in [21] also was agreed with
its geometrical value. However, it is impossible to exclude that
in this case there were contaminations capable to eliminate
inhomogeneity by conductivity inherent to a material. In [22],
using capacitor method (in frequency range of 10° — 10”7 Hz)
and based on B-B optical reflection spectrum, it was found «
=10.0+0.5and k_ = 8.0 + 0.5. Note that the difference of Ak =
2.0 £ 1.0 again exceeds measurement errors. Elliptical-metrical
determination of the macro-crystalline 3-B optical constants
for wave-lengths from 1.000 up to 0.425 pwm specified [23]
increase in refractive index approximately from 2.7 up to 3.2.
It corresponds an interval of k_ = 7.3 - 10.2. By same method
and also based on measurements of the B-B transparency and
reflectance it was revealed [24] that at reduction of the light
wave-length from 1.20 to 0.35 um the reflectance increase
from 3.00 to 3.35, what means something different region of
k_=9.0 - 1.2. Applying contactless techniques of perturbation
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by the microwave resonator for 3-B spherical sample x has
been measured at 9.5 - 10° Hz [25]. Specified frequency is
noticeably low in comparison with the value corresponding
to the edge of transition from « to «_ (i.e. to wave-length of
25 um). Nevertheless, the found value of x = 8.0+ 0.5 is less
than other measured values and is more similar to k_.

In [26], the temperature-dependence of . for [(-B
macrocrystalline sample was curved based on the total
conductivity measurements at the fixed frequency of
4.7-107 Hz. At the room temperature it has been found x  ~15.
With rise in temperature, the step-growth of k , was observed.
It comes to an end with peak k = 30 at ~ 460 K. Comparison of
this curve with results of measurements of internal friction had
allowed to connect its features with existence of point defects
in combination with dislocations and twins.

Charge capacity together with dielectric losses tangent
were measured in temperature interval of 80 — 325 K [27]
in polycrystalline boron films, microstructures of which are
characterized by the defects in form of dislocations and twinned
layers. The peak of losses had been found out, which with
increase in frequency (in the range of 5 - 10> — 5 - 10° Hz) was
displaced toward high-temperatures. Such behavior specifies a
relaxation origin of a maximum. As for the capacity, its values
to the left of peak are small and practically constant, but to the
right of peak - rapidly increase. Further, at the frequency and
temperature ranges of 1 — 10* Hz and 80 — 750 K, respectively,
these two parameters have been simultaneously measured in
zone-melted and film samples using the alternating current
bridge [28,29]. At frequency of 50 Hz, two peaks have been
found out on the dielectric losses curve. In areas of maxima,
the sample capacity remained practically constant, but at
higher temperatures sharply increased. Both characteristics
displaced along a temperature axis with growth in frequency.
Atfrequency of 10* Hz, it has been revealed one more relaxation
peak of dielectric losses, intensity of which was correlated with
concentration of carbon impurities. In higher temperature
region, namely at ~ 570 K, there is a non-relaxation peak. At
the same point, sample capacity passes through the maximum.
The location of these maxima, independent on frequency,
coincides with temperature of the well-known effect of the
abnormal changes in some properties of 3-B. It is necessary
to note that the variation of thickness of the zone-melted B-B
samples did not render essential influence on dielectric loss
peaks. Concerning temperature dependence of the boron films
capacity, it is possible to emphasize that they are similar to the
curves obtained for massive samples. However, losses in films
have somewhat other character. At frequency of 3 - 10* Hz, in
boron films it was observed wide relaxation peak, which settles
down approximately at half-height of the low-temperature
maximum in massive crystals. Existence of such rich spectrum
of the dielectric losses maxima should be caused by the
complex interactions between point defects, dislocations, and
thin twinned layers in polycrystalline 3-B.

Step-like temperature-dependence of B-B capacity has
been detected [30, 31] for pure single crystals too. Transitions
between steps were accompanied by narrow peaks of dielectric
losses. Obtained behavior has noted to be unusual for relaxation
process: with increase in frequency these peaks were displaced
toward low (instead of high) temperatures.
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Dielectric losses in 3-B alloyed with Cu, Ti, and V up to 5,
10 and 10 wt. %, respectively, were specially investigated in [32].
Measurements were carried out in the interval of 125-275 K.
For example, in case of V-doped B-B at frequency of 50 Hz,
there are observed high background absorption practically
independent on temperature and intensive low-temperature
maximum, which at increase in frequency is displaced in the
region of higher temperatures. Apparently, V-impurity atoms
are connected with vacancies, high concentration of which is
characteristic for B-B lattice. On the other hand, relaxation
intensity makes impression that the planar defects clusters in
B-V system are equivalent to formation of the domain areas.

In [33], the values of B-B charge-capacity at the room
temperature depending on frequency of a variable electric
field and a constant biasing voltage have been measured for
a pure material, macrocrystalline samples, and single crystals.
Despite of significant discrepancies by structural perfection
and impurity contents, obtained results for all them were
practically identical. Capacities measured at low-frequencies
and small bias noticeably exceeded corresponding geometrical
values and rapidly decreased to this level with increase in
frequency (from 10* up to 10° Hz) and/or constant bias voltage.
As at room temperature f3-B predominantly realizes a hopping
mechanism of conductivity such behavior may be connected
with dipole-layers at interfaces between sample and electrodes.
In such case, thickness of dipole-layers depends on current
carriers’ hopping probability, and at increase in frequency have
to decrease. But, giant effective value of the 3-B capacity seems
to be a bulk effect, not a contact one. It has been proved by test
of the various electrodes, what had practically no influence on
measurement results.

Voltage effect on B-B capacity was suggested earlier [34],
in connection with an electric current switching phenomenon.
It was established that in this material at relatively low-
temperatures (80-250 K) switching is caused by double-
injection from contacts, whereas at higher temperatures
(250—-400 K) current instability possesses a thermal nature.
One of experimental arguments also gives B-B capacity-voltage
characteristic: near the double-injection threshold, the sample
capacity sharply decreases, while during the thermal switching
remains approximately constant.

In view of quickened interest in high-x dielectric
(semiconducting) materials, recently we have returned to
the problem of effective permittivity in boron films [35-38].
The temperature-dependences of low-frequency dielectric
properties of the various series of B-B films, including
mostly pure and perfect samples, have been measured and
then results have been analyzed within frames of model
of the semiconductor inhomogeneous by resistivity [39].
Summarizing all data available for B-B dielectric properties,
one can mark out following two main features: (i) polarizing
dielectric losses in this material are small and, hence, its true
intrinsic permittivity poorly depends on the applied electric
field frequency; in any case, it is of order of 10; (ii) as a rule,
the effective low-frequency permittivity of the -B samples
are high, noticeably exceeding the values calculated from
their geometry. The conclusion has been made that high
effective permittivity of real B-B crystalline films are caused

by the presence of planar defects leading to their nano-scale
inhomogeneity. It should be emphasized a correlation between
experimentally obtained abrupt change in effective permittivity
around room temperature and theoretically predicted [40, 41]
intrinsic structural phase transition in B-B, which takes place
in same temperature region and changes pattern of the partially
occupied (vacant) atomic sites.

Now leaving behind the problems of applicability
(like the barrier height, carrier mobility, thermodynamic
stability, morphology, electrode and technological processes
compatibility, reliability etc) specially of boron films as a
dielectricinintegrated circuits’ active or passive components, we
will construct a general theoretical framework explaining high
effective permittivity of a stacking nano-faulty semiconductor
film.

3. Theorizing the dielectric properties of a
semiconductor inhomogeneous by resistivity

There are known some theoretical studies devoted to the
explanation high permittivity values obtained in various film-
materials.

Based on calculations of the shadow image in far field
below a thin crystal when a coherent electron source is placed
at micrometer distance above the specimen, it was noted [42]
that the presence of a planar fault should result in very strong
oscillatory contrast (then, using a field-emission electron
source in a microscope these predictions were realized in
Bi,Sr,CaCu,O, superconductor containing thin intercalated
layers determining lattice displacements at planar faults with
accuracy down to ~ 1 pm). In [43], applying a symmetry-based
atomic scale theory of lattice distortions it was demonstrated
that elastic textures, such as twin and antiphase boundaries,
can generate intricate electronic heterogeneities in material
with strong electron-lattice coupling, as observed in perovskite
manganites and other functional electronic materials. The
related problem of computing the effective frequency-
dependent conductivity of heterogeneous materials was
considered in [44]. To get over the difficulties related with
possible broad variations (over many orders of magnitude) of
the local conductivities, it was used an efficient method, based
on computing the waveletscale and detail coeflicients of thelocal
conductivities. The method identifies the high-conductance
paths in a large lattice and reduces it to one that requires far
less computation of the effective AC conductivity. In [45], the
concept of macroscopic conductivity of heterogeneous media
was reexamined and defined with the assessment that the
effective properties of randomly inhomogeneous materials are
not unique, but scatter within some uncertainty limits; hence,
random irregular systems may not have definite percolation
thresholds.

The influence of the interface roughness on the charge
capacitance between two different dielectric media was
investigated [46] assuming roughness fluctuations to be self-
affine. It was shown that roughness exponent characterizing
short wavelength roughness fluctuations plays the dominant
role with respect to the root-mean-square roughness
amplitude and the lateral correlation length. Furthermore, it
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was shown that any evolution of he interface roughness under
conditions leading to time variant local interface slope will
have significant influence on charge capacitance properties. An
efficient computational method has been proposed within a
first-principles framework to calculate capacitances of metal-
insulator-metal structures including interfacial effects [47]. In
this approach, it was employed metal-insulator models under
external electric fields to calculate dielectric responses near the
interface region. Macroscopically averaged potentials allow
for evaluating the capacitance and local permittivity values of
the corresponding capacitor. As the achievement of sufficient
capacitance-voltage linearity in metal-insulator capacitors
with high permittivity dielectrics is still a challenge, based on
fundamental physical mechanisms, such as electrostriction,
Coulomb interaction between electrodes, and nonlinear
optical effects, a microscopic model, which describes the
nonlinearities in capacitance-voltage characteristics of high-x
capacitors, has been presented in [48]. The extended model,
which includes stacked high-x dielectrics and interfacial layers,
is able to predict the quadratic voltage—capacitance coeflicients
as functions of the permittivity.

There are constructed some models of the inhomogeneous
dielectrics explaining their high permittivity values. In [49],
a capacitor device was modeled consisting of a close-packed
arrangement of spheres as the dielectric layer. The top electrode
was deposited directly on the upper half of the top layer of
spheres and bottom electrode was a flat conductor. Expressions
are derived for the capacitance for multiple layers of spheres.
The model predicts a decrease in capacitance as the number of
sphere layers increases. A semiclassical double-well model of
dielectric relaxation current in glasses has been extended [50]
to nonzero temperature, complex bias histories, and strong
electric fields. For a sinusoidal electric field, thermal excitation
gives a contribution to the permittivity that varies having a
real part that varies logarithmically with frequency and an
imaginary part that varies as the inverse tangent of frequency.
These analyses lead to a number of testable predictions, and
should be useful for understanding the phenomenon of
dielectric relaxation and its impact on electronic devices. An
analyticalmodel tointerpretnano-scale capacitance microscopy
measurements on thin dielectric films has been presented
[51]. The model displays a logarithmic dependence on the tip-
sample distance and on the film thickness-permittivity ratio
and shows a good agreement with finite-element numerical
simulations. Another analytical model based on an equivalent
capacitance circuit for expressing a static effective permittivity
of a composite dielectric with complex-shaped inclusions was
suggested in [52]. The geometry of the capacitor containing
a composite dielectric was discretized into partial parallel-
plate capacitor elements, and the effective permittivity of the
composite was obtained from the equivalent capacitance of the
structure. First, an individual cell diphasic dielectric (a high-
permittivity spherical inclusion enclosed in a lower permittivity
parallelepiped) was considered. The capacitance of this cell was
modeled as a function of an inclusion radius/volume fraction.
The proposed approach is extended over a periodic three-
dimensional structure comprised of multiple individual cells.
The results of modeling were compared with results obtained
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using different effective medium theories, series and parallel
mixing rules. The equivalent capacitance model may be
applied to composites containing inclusions of any geometry
and size. Although the method is at static electric field, it can
be generalized for prediction of frequency-dependent effective
permittivity.

But, quoted models do not cover case, when film is
inhomogeneous by the resistivity.

Let us, consider a semiconductor film as a dielectric
with variable resistivity. According to the general theory of
inhomogeneous semiconductors (see, for example, [53]),
film’s electric capacity C and dielectric loss tangent tand are
expressed as following:

C, g px(+tan’d) 1)
C 4« (+tan?s))
z pxtang,
ans < =K [(L+tan?3,) . ()
i=n le

“x,(l+tan’3))

Here « is the true intrinsic static effective permittivity of the
material; # stands for the total number of layers with different
resistivity across the bias electric field; x,and tan§, denote i-type
layers’ permittivity and dielectric loss tangent, respectively; and
p, is the sum part of the i-type layers in film thickness obeying
the normalization condition

Sp =1 3)

Regardless of possible complicated frequency- and temperature-
dependences, k, values should obey inequalities «_ <k, < x
where «_ is the true intrinsic high-frequency permittivity of
the material.

As for the dielectric loss tangent tand in i-type layers, it
is expressed by the sum of two terms corresponding to the
polarization (tand,) and conduction losses, respectively:

tand, = tand; +1/x kwp, 4)

Here p, is the conductivity of i-type layers and w is the cyclic
frequency of the applied alternating bias field. On the one
hand, the usual relative deviation «_ from k is slight. On the
other hand, in spite of frequency and temperature dependences
polarization dielectric losses have to satisfy the inequality
tand’ < (Vi/x_ - Vk_/x)/2. Consequently, polarization losses
in any layer should be small and lattice vibration can influence
the total dielectric losses in i-type layers (see Eq. 4) only if they
are small too. But, in this case, as one can see from Eqs. 1 and 2,
the parameters of i-type layers do not affect C and tand values.
Aiming to consider influence of the inhomogeneous resistivity,
we assume the permittivity spatial homogeneity, k. = k, and
neglect by the polarization losses, tand’ << 1.

As a result we get the simplified formulas for dielectric
parameters:

&N (1+tan 8) (5)
c = 1+1/(K Kop,)?
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i=n

b
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By fixing the bias field frequency, on the basis of obtained
relations it can be considered the diversity of temperature
regions with different resistivity values in layers.

If conduction losses in layers of all types are small,
K,kwp, >> 1, the total dielectric losses in inhomogeneous
semiconductor is small too, tand << 1, while film’s capacity
approximately equals to its geometric value, C = C,.

In contrary, if conduction losses in layers of all types are
high, k xwp, << 1, the total dielectric losses should be high
as well, tand >> 1, and film’s effective capacity should exceed
geometric one, C > C,, by the factor of ~1 / p where p is the sum
part of layers with lowest conductivity.

When conductionlossesin part oflayers arelow, k xwp,>> 1,
and in rest of layers are high, k kwp, << 1, the total losses should
be low, tand << 1, while capacity again is expressed by the ratio
C,/ p. But, now p denotes the sum part of layers with relatively
low (not only with lowest) dielectric losses.

Thus, the temperature dependence of the inhomogeneous
semiconductor should be described by a step-like function
with levels determined by the sum parts of layers with relatively
high resistivity in given temperature region because they are
short-circuited by the relatively low-resistive layers. The switch
from one level to another takes place in narrow temperature
interval where resistivity of a certain k-type of layers meet the
condition k kwp, ~ 1. From general Eq. 6 one can see that within
this region the dielectric loss tangent may be approximated in
following way:

tand =

pi/p . 7)
(L+ i/ p)RoKOp, +1/KKOP,
Here p stands for the sum part of layers with high resistivity,
K kwp, >> 1. According to the obtained Eq. 7, the dielectric loss
tangent considered as function of resistivity in k-type layers in
general has a maximum

_ /P (8)

2\1+p/p
at the temperature corresponding to the k-type layers
resistivity value of

pk max = 1/K0K(1) 1+pk /P : (9)

If p, >> p, the value of p__ does not meet the condition
K kwp, ~ 1. Consequently, peak falls beyond the temperature
interval determined by this condition and the maximum does
not reveal. But, when p, < p one can find the narrow loss-peak
with magnitude of tan§, < 1/2V2.

Finally, if there is only one type of layers, ie. n = 1,
we dial with homogeneous semiconductor and the film’s
capacity exactly equates its geometric value, C = C, while the
temperature-curve of the dielectric loss tangent follows to
that of the p, = p resistivity, tand = 1/k wp. The situation like
this also should be realized even in inhomogeneously doped
semiconductors at sufficiently high temperatures when all of
layers switch to the intrinsic conductivity.

tand =

tand

kmax

In general, the dielectric loss in inhomogeneous
semiconductor film in dependence on the temperature
should follow to that of the specimen conductivity averaged
by the certain way. As it is known, semiconductors reveal
the monotonous growth in their ohmic conductivity
with temperature. However, inside the inhomogeneous
semiconductor specimen between two adjacent layers with
different ohmic conductivities it can be formed the barrier
layer with non-ohmic conductivity which may in unusual way
depend on the temperature.

Summarizing above discussion we can conclude
that temperature characteristic of the inhomogeneous
semiconductor capacity is a step-like function. The step-
levels at sufficiently low and sufficiently high temperatures
(location of the low-temperature region depends on the bias
field frequency) coincide with specimen geometric capacity C,
while at intermediate temperatures the capacity-levels exceed
this value, C> C. As for same characteristic for loss tangent, in
general it reveals growth of the dielectric losses but at least the
part of the switches between different capacity-levels should be
accompanied by the loss tangent maxima.

4. Planar defects in semiconductor as a source of
the inhomogeneous resistivity

There are known number of different physical mechanisms
of the inhomogeneous electric resistivity connected with
chemical impurities and structural defects in semiconductors
like the inhomogeneous doping and impurities segregation,
grain boundaries in polycrystalline specimens, as well as
formation of complexes of impurity atoms with radiation
defects in irradiated material [54] etc, which yield unusual
high values of various electro-physical parameters (see, for
example, [55]). At the same time, there are strong evidences for
resistivity-inhomogeneity effect even in single-crystalline and
chemically pure semiconducting films, namely, boron samples.
In such cases the layers with different resistivity can be formed
only due to piezoresistance effect induced by the local elastic
stresses which are related with twinning boundaries and/or
stacking faults existing in real single crystals. In adjacent areas
of the material, these planar defects create mechanical stresses
causing piezoresistance effect sufficient to form inclusions
of layers with noticeably increased resistivity. In addition, at
borders of such layers with matrix with different (i.e., lower)
resistivity can arise barrier layers also with high resistivity. Such
kind of inhomogeneity of the real crystalline films by resistivity
means an opportunity of electric charge accumulation not
only on film’s interfaces with electrodes, but also in bulk -
at borders between areas with relatively low resistivity and
relatively high resistivity. As a result, effective thickness of the
equivalent capacitor decreases and measured value of capacity
in comparison with geometrical one increases.

The fact is that the real single-crystalline structure can
include the twinned nano-layers. Besides, the stacking nano-
faults are capable to combine into micro-twins. In both
cases the twinning boundary is a symmetry plane for the
twin components. Therefore, it seems appropriate the model
[56] of simple tilt boundary between the pair of disoriented
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single-crystalline blocks constructed from the equidistant
edge dislocations: the neighbor dislocations are located at the
certain h distance. It should be emphasized that such kind of
dislocation assemblies are stable and at the same time do not
produce long-range stresses in crystal.

There are useful the Cartesian co-ordinates for which
yOz plane coincides with tilt boundary while the component
dislocations are directed along the Oz axis. Then, the local
dilatation caused by the boundary stresses does not depend
on z co-ordinate. However, it is a periodic function of y with
periodicity of h and monotonously decreases as the distance
| x | from the boundary increases. Particularly, considering
isotropic medium we get the relative change in volume in form
of

AV(x,y) _ 1-20  sin®/2 sin2my/h
V 1-c cosh2rx/h—cos2n y/h

Here o is the material Poisson coefficient and 6 is the
structure turning angle at the boundary. It should be noted
that according to this expression the dilatation is divergence
at the isolated points y = nh (n = 0,£1,%2,..) located exactly on
the x = 0 boundary. This effect is related with inapplicability
of the theory of elasticity at the distances comparable with
inter-atomic like the dislocation core radius. But, inside the
overwhelming part of stressed region the first term cosh 2w x /h
of the denominator in Eq. 10 significantly exceeds the second
one cos 27 x /h, and neglecting by latter we can obtain the
approximated expression with quite physical behavior at the
boundary. We extrapolate it for ultra-short | x | distances too.
Now we can average out absolute value of the dilatation by y
within the range of periodicity 0 < y < h:

AV(x)|_21-2c sing/2
|V | n 1-0o cosh 2i x/h

One can see that function expressed by Eq. 11 has a wide
maximum at the boundary and rapidly (nearly exponentially)
decreases at large distances from the boundary. Consequently,
in good approximation it can be substituted by the step-
like function which equals zero at large distances and non-
zero constant § = AV (0) / V within the certain finite region
symmetric against boundary. The width of the dilatation
constancy region

Xy =h/2
is determined by equating the areas under the graphs of exact
and approximate functions.

Introducing of the constant dilatation allows find the
internal pressure value p = K§ within the stressed regions. Here
K denotes the compression bulk modulus which is determined
via the Young’s modulus Eas K = E/ 3 (1-20). Thus, the pressure
inside the layer with width of /1 / 2 and centered at the defect’s
plane can be calculated as follows

_2sine/2 E
3t l-o

Egs. 13 and 14 should be used for estimates of the
piezoresistance effect in regions adjacent to the twinning
boundaries and stacking planes in semiconductor crystals.

(10)

(11)

(12)

(13)
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5. Concluding remarks

Summarizing obtained results it should be stated that
effective permittivity of the semiconductors inhomogeneous
by resistivity spatial distribution is expected to be a step-
like function of temperature with levels determined by the
sum parts of layers with relatively high resistivity. At the
intermediate temperatures these levels may lay significantly
higher than permittivity value calculated from the specimen
geometric form and sizes neglecting by its inhomogeneity. The
part of switches between different permittivity-levels may be
accompanied by the dielectric loss tangent maxima.

In chemically pure or homogeneously doped single-
crystalline semiconducting films the layers with different
resistivity should be formed due to piezoresistance effect
induced by the local elastic stresses connected with planar
defects — nano-faults and/or micro-twins.
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Stdszolt, nano-hibahelyes film permittivitasarol

Elméleti megfontolasok alapjan értelmezziik egy stoszolt,
nano-hibahelyes félvezetd film nagy tényleges permittivitasat.
Kimutatjuk, hogy az effektiv permittivitds a homérséklet
flggvényében lépcsds flggvény szerint valtozik. A flggvény
szintjeit a filmalkot6 rétegek 0sszegrészei hatarozzak meg; e
rétegek az adott homérséklet-tartomanyban viszonylag nagy
ellenallasuak, mivel a viszonylag kis ellenallasu koztirétegek
rovidre zarjak azokat. A szintek eléggé alacsonyak, és ha
a homérséklet elég magas, a kapott permittivitasok jol
egyeznek az anyag tényleges permittivitasaval, mig kbzbenso
hémérsékleteken jelentdsen meghaladhatjak azt. Kémiailag
tiszta, vagy homogénen adalékolt durvakristalyos félvezetd
filmekben a kilonbozd ellendllast rétegek piezoellenallas
eredményként alakulhatnak ki, helyi elasztikus fesziltségek
hatésara; e feszlltségek a film sikjaban megjelend nano-
hibahelyekkel fuggnek ossze.

Kulcsszavak: félvezeto film, stoszolt nano-hiba, effektiv

permittivitas

Ref.: http://dx.doi.org//10.14382/epitoanyag-jsbcm.2010.17
Chkhartishvili, L. S.: On permittivity of a stacking nano-faulty film.
Epitéanyag, 62. évf. 3. szam (2010), 84-91. p.
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BesziAmoLo A fib 2010. Evi KONGRESSZUSAROL

A 2010-es fib (Federation Internationale du Beton, Nemzetkozi
Betonszdvetség) Kongresszusa egy igazi sikertorténet, mind ma-
gyar, mind nemzetkozi viszonylatban. A kongresszust 2010. ma-
jus 29. és jlnius 2. kdzbtt a washingtoni Gaylord International
Szallodaban tartottak. A Kongresszus tarsszervezdje a fib mel-
lett az amerikai Feszitett és El6regyartott Betonok Intézete (PCI
= Prestressed Precast Concrete Institute) volt.

A kongresszuson és a vele egyitt szervezett éves Hid Konfe-
rencian kozel 6tszaz eléadas hangzott el. A kongresszus helyet
adott egy szinvonalas szakmai kidllitasnak is, amely lehetéség-
gel majdnem szaz, foképpen eldregyartassal és feszitési techno-
I6giaval foglakoz6 cég élt. A négyévente szervezett kongresszus
lehetdséget biztositott tovabbi szakmai Ulések szervezésére
is. Uléseztek a fib szakmai munkacsoportjai, az Ggynevezett
Commission-ok és Task Group-ok. Intenziv munka folyt az (j
Model Code 2010 (Minta Szabvany) mihamarabbi véglegesité-
se érdekében is.

A konferencia rendkivil j6 alkalmat jelentett a észtvevé szak-
emberek szamara, hogy betekinthessenek a Nemzetkozi Beton-
szdvetség munkajaba. A tébb mint ezer észtvevé kozott szamos
magyar kolléga képviselte a hazai és a hataron tdli szakmat.

A hagyomanyos tisztUjité Ulésen kerllt sor egy szamunkra na-
gyon fontos szavazasra. Az addigi alelnokot Balazs L. Gyorgyot,
a Budapest Miiszaki és Gazdasagtudomanyi Egyetem (BME)
professzorat, az Epitdanyagok és Mérnokgeologia Tanszék
vezet6jét, a fib Magyar Tagozat elnokét valasztottak meg a
fib Nemzetkozi Betonszévetség uj elnokévé a 2011-12
évekre. Ezzel nagy megtisztelés érte az egész magyar betonos
tarsadalmat, egy oriasi lehetdség hazank nemzetkozi szakmai
tekintélyének novelésére, és egyben nagy feladat az Gj elndk és
a tevékenységét segitd munkatarsak szamara. Az (j alelndk az
angliai Gordon Clark lett.

Rudiger Tewes (a fib fotitkara), Michael Fardis (a fib jelenlegi eIndke),
Balazs L. Gyorgy (a fib megvalasztott, Uj elndke),
Gordon Clark (a fib megvalasztott, Uj alelndke)

A kongresszus hivatalos megnyit6jara az Ugynevezett Opening
Ceremony Breakfast adott alkalmat, amelyen a szervezdk megnyitd
beszédei hangzottak el, illetve atadték a fib Kiemelkedd Szerkeze-
tek Dijait (fib Awards for Outstanding Structures). Nagy 6rominkre,
volt egy magyar jeldlt is, a Kbroshegyi volgyhid. Magasépitési kate-
goriaban nyertes lett: két 2008-ban elkészilt épllet, a canberrai
(Ausztralia) nagyrészt latszébeton felllletl National Portrait Gallery
és a fukuokai (Japan) Island Tower Sky Club, amely harom karcsu
toronybdl all, ezeket harom kiilénb6z0 szinten levo, ,égi kert”-nek
nevezett, parkositott vasbeton lemez kapcsol dssze.
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Gyalogos hid Briinnben (Csehorszag)

Mélyépitési szerkezetek kategoridban harom nyertes volt: egy
briinni (Csehorszag) gyalogos hid, egy zaragozai (Spanyolor-
szag) kosarfiles fliggesztett ivhid, illetve egy ammani (Jordania)
tébbtamaszu, ferdekabeles hid Y-alaku pilonokkal és S-alaku
alaprajzi vonalvezetéssel.
A konferencia mottéja volt: Globalis gondolkodas lokalis megva-
I6sitas (Think Globaly Build Localy). Ennek szellemében tartotta
meg érdekes nyitd eldadasat Jim Hartzfeld.
A Kongresszus lektoralt el6adasai a kovetkezd négy parhuza-
mos szekcidban zajlottak:

= Epitési rendszerek (Building systems), 11 szekci6iilés

= Tervezés (Engineering and design), 34 szekcidilés

= Anyagok (Materials), 18 szekci6lilés

= Nagy teljesitoképességii betonok (UHPC, Ultra High

Performance Concrete), 5 szekci6llés

Ezekkel egy id6ben rendezték a mar emlitett PCI Hid Konferenci-
at (PCI Bridge Conference), 32 szekcidllés keretében.
A kongresszuson hat magyar eléadas hangzott el.

= Elsoként Lenkei Péter (Pécsi Tudomanyegyetem) beszélt

a meteorologiai szabvanyok egységesitéseirdl, illetve ar-




SOCIETY AND PROFESSIONAL NEWS : EGYESULETI ES SZAKHIREK

rél, hogy a jovobeli modellek hogyan tudjak figyelembe
venni a klimavaltozas hatasait.
= A beton tliz hatasara bekovetkezett karosodasairol,
illetve egy magas hdmérséklettel szembeni ellenallé
beton 0sszetételének optimalizalasrdl tartott eldadast
Balazs L. Gydrgy, tarsszerzd volt Majorosné Lubléi Eva
(BME, Epitdanyagok és Mérndkgeoldgia Tanszék).
= Szab6 K. Zsombor (BME, EpitSanyagok és Mérndk-
geoldgia Tansz€k) eldadasa a felllet-kdzeli szerkezeti
megerositések kapcsolati feszlltségeirdl és a kisérleti
eljarasosok befolyasolé hatasa figyelembevételének
fontossagarol szolt, tarsszerzd Balazs L. Gyorgy volt.
= Kovacs Tamas (BME, Hidak és Szerkezetek Tanszék)
feszitett tartok karosodasanak vizsgalatardl tartott
eldadast.
= A nemzeti beszamoldk kozott Balazs L. Gyorgy ismer-
tette a magyar betonos szakma kiemelkedd teljesitmé-
nyeit az elmult négy évbol.
Ahogy azt mar megszoktuk, a Kongresszuson részt vettek anya-
orszagon kivil él6 magyarok is. Demeter Istvan és Nagy Gyorgy
Tamas a Temesvari Mszaki Egyetem kutatdi kdzos munkajat
Stoian Valeriu adta eld, eléadasukban a kivagott vasbeton leme-
Az elbadasokbdl szerkesztett cikkek teljes terjedelemben a kon-
ferencia CD-n olvashatok.
Az eldadasokon kivil tarsadalmi események is segitették a szak-
emberek kozotti kapcsolatok kiépulését. Szakmai kirandulas al-
kalmaval egy Washington kozeli eléregyartdé zembe latogattak
el a résztvevok. A kongresszus diszvacsorajat a Potomak folyon
rendezett sétahajozas keretében rendezték meg.
A masnapi zaré Unnepségen kihirdették, hogy a kovetkezd,

2014-es fib Kongresszus szervezésének tisztségét India kapta
meg. A legkdzelebbi, ,Concrete engineering for excellence and
efficiency” cimmel megrendezésre kerl6 fib Szimp6ziumot
Pragaban, 2011. jlnius 8. és 10. kozott tartjak. A pragai szim-
p6zium cime a vilaghalén: www.fib2011prague.eu. Minden bi-
zonnyal ez is sikeres fib rendezvény lesz, a szervezok jelentds
magyar részvételére szamitanak.

Szabé K. Zsombor

Tobbtamaszu, ferdekabeles hid Y-alakl pilonokkal és S-alakd
alaprajzi vonalvezetéssel, Amman (Jordania)

Pataky Elemer
| 1936-2010

74 éves koraban, varatlanul elhunyt
a Szigetel Szakosztaly korabbi elnoke
és jeles tagja, Pataky Elemér.

1936. aprilis  19-én  sziiletett
Hédmez6vasarhelyen. A kistjszallasi
Allami Altalanos Méricz Zsigmond
Gimnaziumban érettségizett 1954-
ben. Az érettségi utdn az Epitdipari és
Kozlekedési Miiszaki Egyetemre jart,
épitészmérnoki oklevelét 1959-ben szerezte meg. 1962-1964 kozott
elvégezte az Epitéipari és Kozlekedési Miszaki Egyetem Gazdasagi
Mérnoki Szakat.

Az egyetem utdn 1959-1963-ig a 25. sz. Allami Epitéipari Véllalat-
nél dolgozott, mint helyettes épitésvezets, majd szakipari tizemvezetd.
1963-t0] tizennyolc éven at dolgozott a Vegyimiveket Tervezd
Vallalatnal, ahol miitragyagyarak és gyogyszergyarak tervezésével,
generaltervezéssel és 1étesitményi f6mérnoki feladatokkal, valamint
szigetelési és korroziovédelmi problémaékkal is foglalkozott.

Ezutan 10 évig a szovetkezeti épitdiparral foglalkozott, mint az Ipari
Szovetkezetek Orszagos Tandcsa épitSipari osztalyvezetdje. Ez idében
végezte el az Epiiletszigetelé Szakmérnoki Szakot (1987).

1991-t81 dolgozott az Epitési Vallalkozok Orszagos Szovetségénél
muszaki tigyvivéként, ahol igen széleskor(i muszaki tevékenységen tul
az oktatdsi kérdések, foleg az épitdipari szakmunkasképzés érdekvé-
delmi faladatai is munkakéréhez tartoztak.

1996. végén ment nyugdijba, szakmai tevékenységét ezutan sajat cé-
gén keresztill, valamint tarsadalmi munkdaban végezte.

Tobb tudomanyos, szakmai szervezetnek volt tagja (Szilikatipari Tu-
domanyos Egyesiilet - Szigetel§ Szakosztély; Epitéipari Tudoményos
Egyesiilet — Epitéskivitelezési Szakosztaly; Epiiletszigetel 6k, Tetéfedok
és Bddogosok Magyarorszagi Szovetsége; Magyar Epitész Kamara).

A Szilikatipari Tudomanyos Egyesiilet Szigetel6 Szakosztalyanak
titkara, késébb elnoke volt. Az Epﬁletszigetelék, Tet6feddk és Bado-
gosok Magyarorszagi Szovetség oktatdsi felel6se volt. Az Epiiletener-
getikai Tanacsad6 Szolgalat (ETSZA) — Alapitvanyban a Kuratérium
elnokeként dolgozott.

Sokat tevékenykedett az épitSipari szakmunkasképzésben vizsgabi-
zottsagi elnokként, valamint szakmai versenyek szervezésében. Részt
vett néhany épitSipari szakma szakmai és vizsga kdvetelményeinek
kidolgozasaban.

Az Epitéstudomdanyi Egyesiilet és az Epitési Vallalkozék Orszdgos
Szakszovetsége dltal 1994-ben létrehozott Epitdipari Mesterdij Alapit-
vény kuratériumaban az Epitéipari Mesterdij és az EpitSipari Nivodij
tigyeit intézte.

2002-ben az Epitdk Napja alkalmdbél Miniszteri Elismerd Ok-
levelet kapott. 2001-ben ETE Erdeméremben, 2004-ben Alpar Ignac
dijban részesiilt. Az EMSZ (Epiiletszigetelk, TetéfedSk és Bddogosok
Magyarorszagi Szovetsége) 6rokos tiszteletbeli tagja volt.

Aranydiplomajat 2009. majus 21-én vette at.
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TAJEKOZTATO AZ EPITOANYAG FOLYOIRATBAN KOZLENDO CIKKEK KEZIRATANAK OSSZEALLITASAHOZ

A bekiildendo teljes kézirat a kovetkezo részekbdl all: szoveges torzsrész, irodalom, kivonatok, abrajegyzék (abra alairasokkal), tablazatok (tablazat cimekkel), abrak, fotok, a szerzé
rovid szakmai életrajza.

Alentebb rogzitett paraméterekkel készitett kézirat javasolt terjedelme 5 oldal; indokolt esetben max. 6 oldal lehet, abrakkal egyiitt.

A cikk tartalmaért és kdzolhetbségéért a szerzo a felelds.

A CIKK CIME, SZERZOJE, HIVATKOZAS

A cikk cime legyen rovid, targyilagos és figyelemfelkeltd. Egysorosnal hosszabb cimet lehetdleg ne hasznaljunk.

A cim alatt a szerz6 neve (tudomanyos fokozat nélkiil), munkahelye neve, a szerzé e-mail cime kovetkezik.

Ha a kdzlemény eredetileg el6adasi vagy poszteranyag volt valamelyik konferencian, rendezvényen, akkor ezt jelezni kell a szerz6k adatai utén.

SZOVEGRESZ, FEJEZETEK

A word dokumentum marg6 beallitasai: fent 3 cm, lent 3 cm, bal 2,5 cm, jobb 2,5 cm. Papirméret: A4.

A szbvegrész betlimérete 10 pt, normal, sorkizarassal igazitva. Szimpla sorkoz. Betiitipus Times New Roman.

A cikkben mindenhol az Sl-rendszer mértékegységeit kell haszndlni.

IRODALMI HIVATKOZASOK

A cikkek szerz6i igyekezzenek attekinteni a témara vonatkozo és fontos szakirodalmakat, és ezt kozoljék is. A kézirat szovegében az irodalmi hivatkozasokat szévegbeni sorszamuk
beiraséaval kell megadni, pl. [6], a hivatkozasi sorrend szerint szamozott irodalomjegyzéket kell késziteni.

Meg kell adni a hivatkozott kdzlemény bibliografiai adatait a kdvetkezé mintdk szerint:

- Folydirat esetén: Téth, Gy. - Maté, B.: Foldtani tényez6k bazaltbanyak miivelésénél. Mélyépitéstudomanyi Szemle. XXIV. évf. 4. szam (2004), pp. 145-148.

- Kdnyv esetén: Vadasz, E.: Magyarorszag fldtana. Akadémiai Kiadd. Budapest, 1960.

Ezektdl eltérd esetekben értelemszerdien kell eljarni.

ABRAK, TABLAZATOK

Abrénak mindsiilnek a vonalas rajzok, grafikonok, fotdk is. A szoveghen legyen benne az abrak, tablazatok hivatkozésa. Ez a szerz6 (tmutatésa arra, hogy hové kivanja az abrat, tablézatot he-
lyeztetni. Az brakat nem kérjiik a szveghe beszerkeszteni, kérjiik kilon-kilon képfajlban stb. megadni. A tablazatok a kdzlés sorrendjében, a kivonat utan legyenek elhelyezve, vagy kiilon fajlba téve.
LehetGleg minden abranak, tablazatnak legyen cime magyar és angol nyelven. Lehetdség szerint ker(iljlik a terjedelmes tablazatokat.

Kérjiik figyelembe venni, hogy a megjelenés szine fekete-fehér! Bizonyos szinek sziirke valtozata ugyanolyan arnyalatu, emiatt a grafikon vagy abra nem értelmezhetd.

Abrék elektronikus jellemzi: tiff, jpg vagy eps kiterjesztés, 300 dpi felbontés fotd esetén, 600 dpi felbontas (a megjelentetés méretében) vonalas abra esetén.

KIVONAT, KULCSSZAVAK

A cikkhez - a nemzetkozi referalas érdekében - kiilon kivonatot kell késziteni angol nyelven (ha ez nem oldhat6 meg, magyar nyelven), mely tartalmazza a cikk cimét is. A kivonat ismertesse a
kdzlemény legfontosabb eredményeit negyed oldal - max. fél oldal terjedelemben.

A szerzd adjon meg olyan kulcsszavakat magyar és angol nyelven, melyek a cikk legfontosabb elemeit jel6lik.

SZAKMAI ELETRAJZ

Szigortian szakmai €életrajz nagyjabdl 500 karakter terjedelemben (mely tartalmazza a tudomanyos fokozatot is).

LEKTORALAS

A cikkeket a Szerkeszt6 Bizottsag lektoraltatja. Az aprobb, technikai vagy nyelvhelyességi valtoztatasokat a szerkesztd kdzvetleniil atvezeti a kéziraton. A lektor altal javasolt, Iényeget illet6 valtoztata-
sokrol a foszerkesztd a szerz6t értesiti. Mivel a cikk tartalmaért nem a lektor, hanem a szerzd felelds, a szerzd nem kotelezhetd a lektori javaslatok elfogadasara.

KORREKTURA

A szerzdnek a korrektdrara megkuldott kefelevonatot postafordultaval vissza kell juttatni.

KAPCSOLATTARTAS

Az elkészitett cikkre és kiegészitéseire szilkség van elsdsorban elektronikus valtozatban. Az értelmezhetdség miatt eldfordulhat, hogy a nyomtatott, fekete-fehér valtozatot is kérjik.

E-mail: femgomze@uni-miskolc.hu vagy info@szte.org.hu.

Postai cim: Szilikétipari Tudomanyos Egyesiilet, 1034 Budapest, Bécsi it 122-124.

Kérjilk a szerz6ket, hogy adjak meg postai cimiiket, vezetékes és mobil telefonszamukat, e-mail cimiiket a gyors egyeztetés, elérhetdség érdekében.

The authors can download an English Guideline from the Society’s website.
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KOSZONJUK A SZAKKEPZESI TAMOGATAST'

A Beton Viacolor Térké Zrt.

i Adeptus Zrt.

: Bakony Kopasillé Keramia Kft.
Baumit Kft.

Creaton Hungary Kft.
Duna-Driva Cement Kft.

i Geoproduct Kft.

Guardian Oroshaza Kft.
Hajda Tégla Kft.

Holcim Hungéria ZRt.

{ KGS Diamond Hungary Kft.

2009 ben tamogatomk

i Columbian Tiszai Koromgyarto Kft.

A Miskolci Egyetem Keramia- és Szilikitmérndki Tanszéke észinte koszonetét fejezi ki szakképzési

: tamogatisukért a fenti vallalatoknak!
Felhivjuk figyelmiiket, hogy tamogatéink részére kedvezményesen villalunk szemcse- és
anyagszerkezeti, anyagosszetételi, hevitomikroszkopos, termoanalitikai, mikro- és makrokeménységi, |
valamint alakadasi, szinterelési és technologiai vizsgalatokat. :

Kemenceszoba

Korall Csempe Kft.

Kvarc—Asvﬁny Kift.

Malyi Tégla Kft.

Mullit Kft.

Refmon ZRt.

Saint-Gobain Weber Terranova Kft.
Tondach Magyarorszag Zrt.

Villas Hungaria Kft.

Villeroy & Boch Magyarorszag Kft.
Wienerberger Zrt.

XELLA Magyarorszag Kft.

Haake RS80
! | Reométer

Dr. Gomze A. Laszlo

HITACHI TM-1000
Scanning elektronmikroszkop

Malvern Mastersizer X

LézergranuloméEr

Camar Elettronica
Hevitomikroszkop

ST-3001
Karcvizsgilé

:"Kovomuk Onoknek, hogy szakképzési adojuk egy rusrcnek aladaaa\«dl 2000- ben is hoznuarultak i
i a Miskolei Egyetem Keramia- és Szilikaitmémoki Tanszéke laboratoriumainak fejlesztéséhez. Az; :
Onoktol kapott szakképzési tamogatas jelentds mértékben segit benniinket abban, hogy az Lpll(}-
i €s epitbanyag-ipar, valamint miiszaki keramidk szamdra olyan korszer(i laboratoriumokat hozzunk
i 1étre Tanszékiinkon, amelyek egyarant szolgaljak a szinvonalas oktatast és az ipari alkalmazott !
kutatast.

ONOKKEL EGYUTT ONOKNEK KEPEZZUK A
SZILIKATTECHNOLOGUS BSc, ILLETVE A KERAMIA- ES
SZILIKATMERNOK MSc SZAKEMBEREKET.

KOSZONJUK AZ EHI—IEZ NYUJTOTT SEGITSEGET'
Elerhetosegemk

Tel.: (30) 746-2714; Fax: (46) 565-103; e-mail: femgomze@uni-miskolc.hu



Mindségi alkatrészek és szerviz

Sandvik
In Action

A Sandvik a vilag vezet0 banyaszati gépgyartdjaként korszeri megoldasokat kinal a furasi,
torés- osztalyozasi, anyagmozgatasi feladatokra. Berendezéseinkkel és magas szinten képzett
szakembereinkkel allunk partnereink rendelkezésére a banydszat és az épitdipar minden
tertiletén.

Az altalunk forgalmazott gépekhez eredeti, mindségi alkatrész és szervizellatast biztositunk.

Villaljuk rész- vagy komplett tizemek tervezését, kivitelezését, miiszaki tanacsadast.

SANDVIK
T

Sandvik Mining and Construction Europe GmbH. H-1103 Budapest, Gyomréi u. 3 1. mihaly.skublics@sandvik.com www.sandvik.com




Kopasvedelmi
megoldasok

Cirkonkorund alapu keramia kopasallo burkolatok magas hé- és kopasallosaggal
ipari berendezésekhez.

Els6sorban cementgyari, betonltizemi, erémui alkalmazasokhoz
az alabbi tertileteken: - bunkerek

- ciklonok

- surrantok

- csuszdak

- rampak
kopasnak frekventaltan kitett helyeinek védelmére.

~a )

F6bb miiszaki jellemzok \-\-.\ /o
(tipikus értékek) .

Al,O3 58,9 %

ZrO, 232 %

SiO, 12,7 %

Tests(rliség 3,1 g/lcm3

Hideg nyomészilardsag 85 N/mm?

Kopas (ASTM 704 sz. szerint) 1 0eh

Max. alkalmazasi hémérseklet 1250 °C .

_ _ _ REFMON Tlizalléanyag-gyarto,
I/R | rE " ﬁ: | Kereskedelmi és Szolgaltaté ZRt.

m I’O m H-9200 Mosonmagyarovar-Ujudvar, Bereki Gt 1.

Tel.: +36 /96/ 578-578 Fax: +36 /96/ 578-577
web: www.refmon.hu e-mail/skype: refmon@refmon.hu
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