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ABSTRACT

Doped ceramics materials structure can be conttalieing different synergetic effects as well as
consolidation parameters. Additives concentratioiluence on ceramics microstructure and
dielectric properties, based on fractal geomeasrgnalyzed. These properties level control leselary
important in advanced materials prognosis. Thel€®hwo-sphere model is used as initial one, for
developing a new two-ellipsoid model; unlike thpherical geometry, the ellipsoidal-polyhedral
geometry,besides better approximation of sinterpayticles, is in relation with consolidation
parameters (sintering time and temperature). Txmer@ments have been based on BaTildth
different additives (Ce£) MnCGQ;, Bi,Os, F&0s, Nb,Os, CaZp0s, ErLOs, Yb,0s, H0,O3), concentration
from 0.01wt% to 1wt%, consolidated under the pgrespressure up to 150 MPa and 1180°C-1380°C
sintering temperatures, are used. We performed S&MEDS analysis.

The fractal nature offers a new approach for #ramics structure analysis, describing, prognasid
modeling the grains shape and relations betweeamtes structure and electric-dielectric properties
The microstructure has a great importance froffferéint alternative energies points of view.
World’s interest race in renewable and new geimranergy sources development, especially the new
batteries systems, are in research and developtioenis, simultaneously, in the electric cars
technologies development. Beside the electrochenpimcesses and rechargeable speed, the storage
capacity has special significance which is enidchg the fractal natureanalysis and these scientifi
paper contributions with some fundamental eletteodical laws through fractal corrections expressed
by the relevant formulas. These are the new feositiin direction of electrochemical fractal
microelectronics. Also, the wind energy as new aftérnative energy source has important role
growing.

The land and obstacles of fractal nature, infleeo air/wind turbulence towards the wind genegator
propellers, has special effect on the wind spéedcribed by the logarithmic law equation which is
deduced from the similarity theory that is stgictipplicable to steady-state horizontally homogeseo
conditions in the surface layer. So, definitelytimis paper the fractal nature independently engsti
everywhere within the structures, contact surfapesctically, from microstructures, even on naenel

up to global bulk and massive shapes, fractal reatteramics materials existence is completely
confirmed within the electrochemical thermodynaanid fluid dynamics parameters, are confirmed.

Keywords: alternative energy, BaTigceramics, Coble’s model, microstructure, fractals,
electrochemical energy, wind generators.
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INTRODUCTION

Fractal nature analytic method in materials stmgcteconstruction, grains and pores, in order tkema
an advance designed microstructure properties peign is a new procedure in materials
microstructure characterization [1-4]. Electroniéecroscopy methods, regardless on resolution and
magnification, enables getting the micrographs.sThias applied on barium-titanate, silicate,
refractory and other ceramics, but can be applied to any material. Based on the grains and
perimeters fractal analysis, their reconstructisnniade by using Richardson method of variable
yardstick (Figure 1). It gives a more realistictpre as is obtained by the Euclidean geometry frame
which replaces the role of modeling, because ggireal micrographs shapes, on one hand, and from
the obtained passive micrograph, through the shegenstruction, leads to its prognoses possibility
with designed microstructure properties [5]. Applyithe known technology process syntheses
phases, obtained samples are the investigatedtebjeading toward a more ceramics electronic
materials properties exact calculations.

The characterization materials data, by SEM, da¢shave opportunity to play the active role with,
once reconstructed microstructure shapes in thetitmto the microstructure properties prognosis.
All available microstructure analyses tools areyamlpassive instrument to get characterization, data
so the fractal nature structure analysis practicaihking all of these known methods more alive and
applicable for developing future needs, especialljhe microelectronics miniaturization area [6].

From this point of view, all the most modern andxmeal optimized microstructure methods are
faced, with open question, how to provide moreifigity on the field of the structure units (grains
and pores) reconstruction and their interrelatiwits the final goal to be in function of a futurggher
levels, better packaging, microelectronic composemtd devices and electronic integrated circuits,
integrations. So, the new frontiers opening, basedaterials structure fractal nature, was praltyica
very important natural necessity in the triad conhpoint: much deeper material characterizatiohe- t
structure constituents (grains and pores) recortsiru — predicting the microstructure properties
within the miniaturization frame [7].

The “fractal nature structure analysis — fractacabnics” relation, is practically the new sciéinti
approach, immediately after nanoscience and teobies.

The intergranular contacts inside the perovskites@her electronic ceramics materials, generally i
all ceramics, we understand, nowadays, as thegmateular capacities real structure nature, and use
that as a capacities phenomenon explanation (F@juréhese fractal nature phenomena are stressed
in a set of papers, in the form of a correctiondaa that we added as a multiplicative constant for the
ceramics material relative permittivity, instead ok, in all formulas we sete,, with a hypothesis that
the real numbeti compensates increasing capacity which comes fhenintergranular contacts. One
approach is to estimate tlevalue to lead it out from the outline fractal dmsen or the ceramics
grains and pores surface fractal dimension. Innleantime, this was more developed as one very
exciting idea.

In that sense, we will take in consideration sormequations, as the Gibbs free energy equation, the
Gibbs free energyAG), the cell potential (E°cell) and the equilibrivconstants (K) connection
equation and the Butler-Volmer equation.

The new energy and alternative sources become dlse prrspective area in research and application.
The clean and renewable wind energy, is one ofitbst promising. A little change of the wind and
air fluid parameters might influence instability wind energy systems. The wind speed and other
fluid dynamic parameters are very important fordwamergy systems performances. The fractal nature
parameters characteristics were analyzed. Nowattayghaos theory concept is gradually adopted in
many applications, also in wind field by fractablysis. The fractal characteristics of the windegpe
and other parameters are studied. The fractal sisalythe wind speed area are very rare in thédor
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scientific relations. The first results within thditi ¢-Koci¢ fractal approach have been done
intergranular fractal capacitor.
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Figure 1. a) BaTiQSEM micrograh, b) fractal diagram, ¢) BaTigrain’ contour shap
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Figure 2.Euclidean geometry to fractal intergranular cajmase

Figure 3 shows the relationship between the suréaeaA, its fractal dimensiorD and the
strided.
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Figure 3. a) Size of the contact areid, D)vs. fractal dimension IB;
b) Increasing of the area size depends on fragtedrsion and measurement 1®
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Such considerations helped us to estimate the tgmdne micro-contact that occurs between two
neighbor ceramics grains:

A(DH
C=aee, % 1)
SO
2/D - 2
C=ace Constx o = KO -2 @)

whereJ is yardstick (stride)A area of the contact surface. From the last twmiibas it is clear that
the surface area increases wheagets smaller; theoretically, fdxDH,, 4 - +0 wheno - 0, .

EXPERIMENT

In this paper, it was necessary to prepare a sanggges based on BaTi@eramics, for further
investigations related to the microstructural aledteical characteristics interdependence optiropat
and for concrete fractals applications involvemenhe pressing pressure, sintering conditions
(temperature, sintering time), and the additivag@at on the microstructure influence and thushen t
final BaTiOs-ceramics characteristics, have been investigated.

For the research, pure BakiCas well as a powder based on Bafi@ith the additives (Cef
MnCQ;, Bi,Os, Fe0s;, CaZpOs;, Nb,Os, ERLOs, Y03, HO,Os, La, Sm, Dy) from 0.01wt% to 1wt%,
were used. Complete experimental procedure is slimwigure 4 [8].

After measuring a pure BaTiGand additives powders, the mixture was processeda mill with
balls, in which a certain water and an organic eiraimount, was added. Homogenization was carried
out for about 48 hours. Mass was transported tcsinayer by membrane pump, where it was dried;
thus determined powder granulation was obtainednTthe material was collected in a special vessel,
and its bulk density was investigated every howrca3ionally, a granulation analysis was performed
by vibrating sieve, which was essential for pregsithe powder particles were spherical shape (size
10-130 pum), with the particles agglomerates appearal he presented powders process preparing is
fully applied in a pure BaTi@powder consolidation.

In order to investigate the pressing pressure enite, i.e. the green density preforms influencéhen
obtained samples characteristics, a pure Ba$#nples double-sided pressing with pressures 3®m

to 150 MPa and different BaTi@eramics based on mixture with additives powdeegigy density,
were formed. The samples pressing was done onradlidpress (JAPAN KYOTO Murata B1) by
using a tool which is also applied for multi-layespacitor technology, the sample square shape
forming.

Sintering was performed in an electric tunnel feséCT-10 Murata) at temperatures from 1’800
138C°C (Figure 4.c). The samples are located in speciatainers (saggers), during the 38 sintering
hours. For easy separation after sintering, theokesyare covered with refractory special powdedsan
before sintering.

Based on such consolidation, the different sintetemperature (from 1320°C to 1380°C), as well as
different additive concentration, for example ,Bg (from 0.01wt% to 1wt%) influence on the
BaTiOs-ceramic grain density and size were investigaken. HoO; doped BaTi@ density varies
from 80% of theoretical density (TD) for high dopsaimples (1wt% of H®s) sintered at 1320°C, to
93% TD for low doped samples (0.01wt% of .B¢) sintered at 1380°C. By dopant concentration
increase, the grain size decreases. As a resul),5at% of dopant the average grain size was ftom
pm to 15 pm, and for the samples doped with 1wt%oplant grain size decreased to the 2-5 pm for
both sintering temperatures.
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The new possibilities, in micstructure characterization agcations, are directly introduced, w
which the hardware is reduced only to presentedtheagng system, providing new solutions rele
to software support. Such solution opens industriatiuction and application pobilities, and that is
a base for the Fractal electronics developr
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Figure 4. Experimental procedure

Thus prepared samples were analyzed by SEM (JE®I-5300) equipped with EDS (QX2000S)
additives concentratiomvestigations Figure 4.f). Themicrostructure analysis was performed ur
different magnifications (from x750 to x35,0(SEM images of Hg); doped BaTi(; are shown in
Figure 5.

In the early research and development stages, tmeasuring devicRunmate (Figure 4.h), which
measues the contour perimeter in a given image planappied in order to apply the k-counting
method to retrieve thigactal dimensio, DH;, which is the most important quantity involved lwihe
notion of fractals being introduced by Mandelbiidte fratal dimension, which is a natural extens
of the usual notion of dimension which is usualfjled topological (or geometri) dimension The
obtained perimeter data, for at least five difféneragnification of the same observed grain, pres
the basisfor data obtaining that can be applied to the Ritdan’ law and to further grain sha
fractal reconstruction procedure.

Each of these micrographs, which are obtained thithSEM microscope in digitized form, typica
in a 1808x1440 resolution in @-bit gray scale, could be further processed in sgraphical edito
(Figure 4.)). The selected ceramic grain's contoangfers into analytic form applying frac
interpolation procedure introduced by BarnsleyeAfterimeter points samples acquin, the fractal
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interpolation is applied. The result is a set afcgwise linear parametric functions defined by
iterative procedure.

Figure 5. SEM images of },0; doped BaTi@
a) 0.01wt%, 1320°C, b) 0.04%, 1350°C, c) 0.01wt%, 1380°C,d) 0.05w1320°Ce) 0.05wt%, 350°C,
f) 0.05wt%, 1380°C, g) Qwt%, 1320°C, h) 0.1wt%, 1350°C, i) 0.1wt%, 13809O,5wt%, 1320°C
k) 0.5wt%, 1350°C, I) 0.5wt%, 1380' m) 1wt%, 1320°C, n) 1wt%, 1350°Q), 1wt%, 1380°

In the early research and development <, a small measuring devi&unsmate (Figure 4.h), which
measures the contour perimeter in a given imageepla applied in order to apply the |-counting
method to retrieve thigactal dimensio, DH;, which is the most important quantity involved lwihe
notion of fractals being introduced by Mandelbiitte fractal dimension, which is a natural exten:
of the usual notion of dimension which is usualfjled topological (or geometri) dimension The
obtained perimeter data, for at least five difféneragnification of the same observed grain, pres
the basis for data obtaining that can be appliethéoRichardson’ law and to further grain sh
fractal reconstruction procedure.

Each of these rorographs, which are obtained with the SEM micopscin digitized form, typicall
in a 1808x1440 resolution in ar-bit gray scale, could be further processed in sgraphical edito
(Figure 4.)). The selected ceramic grain's contoansfers into anytic form applying fracta
interpolation procedure introduced by BarnsleyeAfterimeter points samples acquisition, the fie
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interpolation is applied. The result is a set agfcewise linear parametric functions defined by an
iterative procedure.

It should be mentioned that all these steps, whiatie the microstructure analysis experimental
character by microscope, as well as grain perinddéa collection, are, in fact, part of a completel
new ceramic materials, and materials in generaBingrand pore structure microstructural
characterization methods. This is a characteriaatiethods innovation, which allows the microscopy
different types applications.

RESULTS AND DISCUSSION

The experimental-theoretically data collection mahares for fractal analysis have appropriate
mathematical support for the grains and pores sfiap&l reconstruction [9].

The acquisition of perimeter sample points are rieathe form(x, y);, which are points selected

according to the representative expression critarnd the result is the manipulators assessmeast. Th
total number of points), depends on the contour complexity and it typjcedinges from 40 to 70. By
applying the Barnsley’ algorithm, fractal interpoidor thex andy particular component are obtained
(the functiond andf,), so the contour is reconstructed in the paranfeter (f, f,), then again in the
points series form, their number is now increased(nh + 1), because, between every two points, a
newn + 1 points, are inserted. Thereby, obtained theae@tours polygonal approximation m+ 1
higher resolution than the contour which is repnése by the starting point (Figure 4.j).

On the other hand, to understand this complex isnisit separately how the fractal dimension, which
is very important in microstructure fractalizatiois, calculated by using the Richardson’ law, is
explained. In this sense, the Richardson’ law &pgithn can be explained by using the asymptotic
power-law formula:

L) ks P 3)

whered is the polygon side length inscribed in the greamtour, and.(d) is the polygon perimeter,
DHs is the contours fractal dimension aKds a positive constant. This formula is asymptotibich
means, and it is more accurate as soon as thegyoside lengtld is closer to zero. In this case, when
the 6 approaches to zero, the asymptotic equality signroay be replaced with the equality sign,
which gives:

logL(d)=logK + (1- D)logo 4)
or
D_1= _IogL(5)+IogK
logo logo 5)

and since th& is a constant,
im 29K _g 6)
5-0logd
one makes,
D-1= lim IogL(J)+ logK

5-0+ logl/o logo 7)

The right side limes can be approximately deterohiinem they = ax + f slope in thex, y-coordinate
system, that best approximates a pointssetlpg 16;, yi= log L(¢)) in the least-square metric. The
o, 1 =1, 2, ...m, are the side lengths of the inscribed polygod,lgy;) is the appropriate perimeter in
thei™ iteration. In eacim iteration, the polygon sides lengths do not havieet equal, and in this case,
d; is the maximum side length in tH&iteration (Figure 4.j).
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The line slopex is the only quantity that is required, and thestesuare approximation formula gives:

g = >log(1/8) > logL @ )-mY_ log(1/J) logL @ )
(Xtog(1/g))" - mY_ logf(1/4)) ©

From (7), it followsD = 1 +a, and thereby, the contour fractal dimension appmate value, which is
required, is obtained.

In order to increase the procedure applicabilibhe tise of microstructural analysis and results in
further electronic miniaturization and integratiolevelopment, within the Fractal electronics, is
anticipated.

The applied method application gives the possybditfaithful grains and pores shapes reconstractio
as ceramic materials microstructural constitueants, materials in general, on the one hand, antien t
other hand, all the reconstructed elements canskd in prognosis and designing important pre-
defined microstructure properties.

The fractal dimensiodH; of a typical grain's surface is just slightly abosurface’s topological
dimension,D;= 2, and the differencBH; — Dy = DH; - 2, is thereby supposed to be responsible for
ferroelectric phenomena affection; that cannot Belaen by purely grain surfaces Euclidean
geometry. Because the measured fractal dimensiderdithroughout the ceramics material, it is
suitable to introduce mormalized surface fractality parametes

= max{DHf}:E min{DHf} (DHT —min{DHf})

(9)

which ensures the unit range &< 1.

But, most of perovskites and other electronic-cécanmaterials are also porous materials, that
correspond to a lacunar fractal models, as a nemghenon; solidification of porous and “spongy”
materials increases overall fractal dimension fr@heoretically) 2 to full solid 3 (2 BHp< 3). It
generates another correction facterpbres”,

O’P:DT—DHP (10)

where Dt is dimension of the space amHp is corresponding fractal dimension of a porous
configuration. Therefore, Oas< 1. By their geometric root, the dimensionlessmjitias os and ap
will be calledgeometric fractality factors

As the next, we are aware of the existence of ive {dimensionless) factar, carrying over the
influence of disorder movement of ferroelectrictjgdes that is factor of fractal movements.

There is a moving particles “cloud” in semicondust¢and metals as well) consists of electrons in
atoms with large atomic numbers, nucleons in hesteynic nuclei, and gases consisting of quasi
particles with half-integral spin. This is calle@rfi gas and obeys Fermi-Dirac statistics which are
useful for further ideas development in this area.

Fractalsand Electrochemistry Energy Area Application

Real Fermi gas dynamics impose necessity of fractalements factasy inclusion, that makes third
factor, next to geometric oneg andap. Since Fermi gas particles have dynamics simidaBD
Brownian onegy should be derivate of Hausdorff fractal dimendiaidy, of a Brownian 3D space-
filling curve. It is obvious that ¥ DHy < 3. The lower limit, miDy = 1, is imposed by a particle
trajectory continuity. The upper limit, mBy = 3, in turn is the maximum of trajectory comptgin
3D space. It is reasonable to normalize quantjtyby taking.
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_ 1
M = max{DH,,} - min{ DH, ]

(DH,, =min{DH,,})
(11)

which ensures Ocg< 1.

By this way, three independent dimensionless fli#i¢tactorsas, ap anday are introduced. These are
real numbers from the open interval (0, 1) [10, 11]

Our hypothesis is that electronic-ceramics workiagperature must be influenced by these three
fractality factors, making correction of ,theorétitemperaturerl, to get the new “real” temperatufg
which is temperature actually lower thdanwhich is affected by the material inner fractalignd
therebyT, =T - AT. Obviously,T, < T with equality if no fractal structure & P or M type is present;

by setting

T AT
a=—=1—-—
T T (12)

one hasl, = aT where,a is depends on all three alpha-componests, anday given by (9), (10)
and (11), so,

a=o(a,a,,a,)

(13)
For example, by the Curie-Weiss law [12], the retapermittivity will be given by
g —_— CC —_— CC —_ CC
" T-T. aT-T o@(a,0.a,) T-T (14)

whereC, = 1.7x16K is the Curie constant what is the natural wagldmonstrate the ceramics fractal
nature influence on dielectric constant. The cdpasislightly higher than it will be if the ceracsi
fractal nature is neglected.

We underline that the functio® is unknown up to now, but a good approximation ltdae a linear
combination obg, ap anday,,

a=0(a,a,,a,) = Was+wa+wg, (15)

where “» @ @52 0, w+w,* w,= 1, are so calledbarycentric coefficientsThe identity (15)

ensures boundedness of the funcﬁBr(and so otx as well), i.e.,

min(as,ap,a, )< P(a,a,.a,) < max@ sa .a (16)

Regarding the previous Fractal microelectronicsitfess and after the fractal correction, Gibbs free
energy, the Gibbs free energy, the cell potentil the equilibrium constants connection and the
Butler-Volmer dependence of the temperature egusitiwill have the following form:

Gibbs free energy equation:

G(pT)=U+ pv-T¢ a7

Technical Institute Bijeljina, Archives fechnical Sciences. Year VIII 2 M. 55



Miti¢, V. V. et al: Ceramics materials ...... Archives for Technical Sciences 2016, 14(1), 47-6
or

G(pT)=H-T< 18)
whereU is the internal energy, pressureY volume,Sthe entropy anéi the enthalpy.

AG, E°cell and K connection equation:

AG°=-RTIn K=-nFE, (19)

where Ris universal gas constamt,moles of &from balanced redox reaction aRdthe Faraday’'s
constant.

Butler-Volmer equation:

l—AnoE{exp[aa”F (E- Eeq} ex{-w( -Eeq)}}
a (20)

E{ '{aa F,q X{_%’?} (21)

wherel is electrode currenidelectrode active surface argeglectrode current density, exchange
current densityE electrode potentiak., equilibrium potentialn number of electrons involved in the
electrode reactiony.so-called cathodic charge transfer coefficieqtso-called anodic charge transfer
coefficient,; activation overpotential.

Simultaneously, by these fractal corrections witkiie electrochemical equations thermodynamic
parameters, it is very important to demonstrate foactal research performances as very powerful
“tool” for reconstruction of the microstructure @uents, like grains and pores are.

Once having the fractal dimension, this “tool” n@ffer a pretty well reconstruction of the contodir o
a ceramics grain, using fractal interpolation pthoe and characteristic sample data.

The studying base is a set of micrographs, obtawigdthe SEM microscope, bRun-metergrain’
perimeter measurement or in digitized form, tygical a 1808x1440 resolution in an 8-bit gray scale
is further processed in some graphical editor. $bkected ceramic grain’s contour transfers into
analytic form applying fractal interpolation proced introduced by Barnsley (Figure 6). After
perimeter points samples acquisition, the fractaérpolation is applied. The result is a set of
piecewise linear parametric functions defined byterative procedure.

30 100 130 200 250 300

Figure 6. Fractal reconstruction of Baki€eramics grain outline.
1um on the SEM corresponds to 20 units in the recoctson right
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Fractalsand Wind Energy Applications

Based on development research, we can presenttitalfcorrection parameters influence on air/wind
dynamic new results[13]. As it is well known frohetair fluid dynamic, general equations are:

du_ 10p

—=———++lv

dt  pox

dv__10p

dt  poy

dw__19p_,
du dvﬁv

wheredt " dt’ dt are components of air acceleration. After trans&droms, which are including
molecular or turbulent viscosity, the continuityuatity, the equality of state and the adiabatic
equality, we have:

dT _G -G Tdp, 1 TdQ yadp 1 d
dt C, pdt g pdt g d ¢ di 23)
In the lower atmospheric layers, tangential stredsgand lex become dominant. In addition, the

ground layer is characterized by constant value$efand 7,, which means that wind direction

does not change by height. The thicknidssf this ground layer may range between 20m ananl@0
is anyway widespread acceptdd= 50m.

Turbulence may be characterizedlby ratio of turbulence. Propose that the stresspends only on
vertical velocity gradient, density and turbulemago:

au)
0z (24)

On the other hand, it is reasonable to thkekz wherek is dimensionlessMon) Karman's constant
describing the logarithmic velocity profile of arbwlent fluid flow near a boundary with ra-slip
condition

By analogy with (24), the turbulent atmospherean be replaced W, so that:

du
0z (25)

Comparison with (24) gives turbulence coefficient:

kK=uL=ukz (26)

where the friction velocityu, representshear stresgerm Lo for the fluid of densityp, andk is
Karman’s constant. Now, from (24) and (26), oneuded the wind profile differential equation
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combines thenean horizontal wind veIociH/ blowing on the heigtht above the surface, under near-
neutral conditions and with a homogeneous distidbubf obstacles,

o _u
0z kz (27)

After integration, where, is known asoughness lengtlfor roughness height which is the height
(above the surface) where the wind has zero speztave thavind profile logarithmic law

u@z)=int
K % (28)
It is empirically set that
Lhez<tn
10 30 (29)

whereh is the height of the obstacle to the wind. Sdngisvind profile logarithmic law (28), the
wind speedy, on the referent heiglat, andv some other heigl# one gets

vr—ﬁlni

k 7

vzﬁlni

k7
(30)

where from follows

v _In(z3z) _Inz-Ing
v, In(z/z) Inz-ing (31)

The logarithmic law (28) can be derived from the rifieObukhov [14] similarity theory that is
strictly applicable to steady-state horizontallymtumgeneous conditions in the surface layer. This
theory says that statistical characteristics imwfldynamics are invariant with respect to similarity

xy]' [axa)]T( a0)
transformation[ = and it is valid forzll Z . In praxis, the limits (29) faz, are

used, with the constants= 1/10 toA, = 1/30. But, in more accurate setting, bétrandi, may vary
depending on the environmental parameters, sdlibesreasonable to use linear interpolation

20:(1_9)/11h+9/12h 0<f<1 (32)

If we take into account fractality of the obstaclie different formulas can be approached. Indiéed,
an obstacle is some forest then, an intuitive imafggome contains “thickness” as a first parameter.
Some forests, lake these in polar areas are vemgespOn the other hand, some tropical forests are
impossible to pass through. Some canopies are wofatieny leafs some has large heavy leaves, so
that they absorb larger amount of energy from thmlelowing through such forest. The same is with
crops, habitats, rocks, mountains etc.

The “thickness” of the obstacle can be measurel frdgictal (Hausdorff) dimensiody. The object of
the average height, can have fractal dimension between 2 and 3.dhHa = 2, for an ideally flat
ground surface. The other extrentd, = 3 is reserved for a solid wall or hill cliff viitenough
horizontal dimension in direction orthogonal to thimd vector, to prevent the wind passing. In this

case, we may se’l2 - +°°, which implies nonlinear formula that will repla@2), and it is
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Ah
3-H, 2<H,<3

20:
(33)

For ideally flat groundHgy = 2, so that (33) yield&, = 1;h. From the dense point of view, impenetrable
obstacleHgy = 3, which gives

_ i AN
zo_llzr‘[]33_Hd = 400 (34)
which is equivalent a4, — +o .

After all, the wind profile logarithmic formula (2®&ecomes

u(z)=in-2(3- H,)

"k Ah (35)
while (31) gives

Inz+In(3=Hy)=In(A.h)
V=V

"Inz +In(3- H,)-In(Ah) (36)

The mean horizontal wind velocity depends on tlgalithm of the constarg (in meters) known as
the roughness heightince it depends on the roughness surface ovahvthe wind blows. Here, we
suggest a refinement of the “classig’estimation by the mowing average formula contoblig the
unitary interval parametét, which is recognized as a linearization of the enmatural form containing
fractal dimension of the surfat, which replaces the linear law by a hyperbolic.one

So, finally, the first time in air fluid science,enhave fractal correction based on different land
obstacles influence involved in wind velocity eqaas which directly influence on wind generator
propeller motions.

From the fractal nature point of view, the micrasture roughness on the grains and pores surfaces,
have the same position like the global phenomencdbdand shapes. So, the mountains, hills and
vales on the Earth, observed by the space telessm@penostly similar to sub-micro roughness and
shapes on grains and pores surfaces.

CONCLUSION

This paper has significance from the ceramics rsicuoture consolidation prognosis fractal aspect
point of view and possibility of having better igkt into some internal properties such as
intergranular microcapacity. There is existing uefhice of ceramics grains’ surface fractality plus
particle dynamics in the material on the overa#rgy distribution. It is pretty efficient since thpper
error limit in grains shape reconstruction rarekceeds 3%. Such experimental-theoretical model
clarifies the relationship between energy and &l#gtwhat is the key factor in final material pegy
prognosis. High precision of the applied fractatun@ mathematics opens the new perspectives to
better intergranular capacity evaluation and miotpedances spatial distribution understanding with
the further miniaturization and electronic circuitgegration frontiers. With this, we can proceed
towards better components and devices packing becdne semiconductor technology possibilities
are already limited.Presented experimental-reseaadkd theoretical work is the extended
investigations part in the materials structuresiyesis area, and the fractal nature domain, which is
important for more precise contact surface in enetgrage area and in materials consolidation for
battery systems. These results confirm microstrectonstituent’'s shapes, grains, reconstruction
possibilities with Brownian motion particles applion, by long term scientific research on the
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electronic materials fractal analysis. This is @y contribution in the basic electrochemical
thermodynamic parameters area by introducing dhédractal correction function, having as the
arguments three correction parametegsapr anday, as electrochemistry area functions, especially
from the energy storage aspects and creating npmwagh towards intergranular capacity. This offers
a solid base for the future procedure and furtippfieation, to create new perspectives and solsation
for advanced miniaturization, electronic parameteudti-level integration, materials, components and
circuits (especiallyC, R, L) characteristics, as well as new solutions fortdobetomponents and
electronic circuits packaging (Figure 4.k).

All of these is of huge importance for the new atirnative energy sources, as the new frontiers
towards miniaturization, what is in the new expenntal-theoretical approach frame in the new [8]

model line, which could consider as the electrodkgnarea Fractal microelectronics. From the other
side, this paper is a systematic approach to cteatenethod for the wind motion and turbulences,
prognosing the fractal nature influence. One ofrttest important thing is the wind parameters frlacta

analysis for different terrain roughness profilesfinitely, this is the first time in air fluid sence that

we have recognized the fractal nature influencaiwithe matter. In this way, we confirmed the new
fractal frontiers in the area of alternative enesgyrces, what is very new, precise and powerful
approach. The concept design main goal is to rédahnventive ideas for final products with best

performances.

Through this method and results, we are openingRtaetal microelectronic new frontiers and
technological processes, especially specific imggrglar relations within grains surfaces coatings.
This enlightening the new future intergranular tfilim’'s fractal nature microelectronics, from theeo
aspect, and also opening the new “window” towahdd the sizes of the objects on the Earth, under
the telescope from the space, are like microstrastuinder the microscope, from the other aspect
regarding the fractal nature in the matter.

From that aspect the relation large-small in tigltliof fractal analysis is very important. An ideal
fractal can be magnified endlessly but natural molgpgies cannot. This is the reason why natural
objects cannot be ideal fractals. The exceptiomagbe the Universe as whole. Our microstructures
do not differ regarding fractality from macrostruets. The practical question is what is the measure
range in which fractality can be identified? Byauthe minimum information we need must be ranged
in at least 3 orders of magnitude. For exampletherievel of 1 micron, 10 microns and 100 microns,
although it gives a very rough estimation. More egtable model understands 6 to 7 orders of
magnitudes. Since our typical grains are 50 miclange, in average, we need magnification that
reveals more or less 50 grains which supposedwirabw” of about 3000 microns in diameter. The
next will be 300 microns, then 30 microns (focusimg grain), 3 microns, 300 nm and finally 30 nm.

This will be enough for fractal dimensi@H; to be estimated with error of 3 to 5%. The erram be
reduced down to 1% by combining successive maguific with some geometric actions, for
example by SEM picture rotations for some angle laypgbrocedure repeating. The other way is to
analyze several details, at the same time. Anyivagtal dimension accuracy increasing needs good
choice of the scaling range. For example, if onedseo determin®H;for an oak leaf, it is pointless
to begin an oak observation from the distance kin5 since the oak canopy looks as a point, which
results as zero starting dimension.Also, leaf swrfmagnification to the nanometer level will not
reveal any information about a leaf as a wholetbhatpicture of molecular structure of starch irf lea
cells.

ACKNOWLEDGEMENT

This research is a part of the project ,Directechflyesis, structure and properties of multifunctibmeterials*
(172057). The authors gratefully acknowledge tharftial support of Serbian Ministry of Educatiomiehce
and Technological Development for this work.

(Received December 2015, accepted December 2015)

Technical Institute Bijeljina, Archives for TechaliSciences. Year VIII -°NL4.



Miti¢, V. V. et al: Ceramics materials ...... Archives for Technical Sciences 2016, 14(1)647

REFERENCES

[1] Mandelbrot, B. (1983). The Fractal GeometryNature, W. H. Freeman and Co., New York.

[2] Barnsley, M. (1988). Fractals everywhere, Asait Press.

[3] Mandelbrot, B. (1975). Les objets fractalgnie, hasard et dimension, Flammarion, Paris.

[4] Miti¢, V.V. (2001). Structure and electrical propertigls BaTiOs;-ceramics, Monography, Andrejévi
Foundation, Belgrade, Serbia.

[5] Miti¢, V. V., Kocié,Lj. M., Mitrovi¢, I., Risté, M. M. (1997). Models of BaTiQ@Ceramics Grains Contact
Surfaces, The 4th IUMRS International ConferencAsia OVTA Makuhari, Chiba, Japan.

[6] Miti¢, V. V., Pavlove, V. B., Kock,Lj. M., Paunow, V., Marti¢, D. (2009). Application of the
Intergranular Impedance Model in Correlating Midrosture and Electrical Properties of Doped BafJiO
Science of Sintering, Vol. 41, No. 3, pp. 247-256.

[71 Miti¢, V.V., Paunow, V.,Koci¢,Lj. (2015). Fractal approach to BaTi@eramics micro-impedances,
Ceramics Int. 41 (5),pp. 6566—-6574.

[8] Miti¢, V.V., Koci¢,Lj. (2015). Fractal nature structure, grains awodep, reconstruction analysis method
and application in advance designed microstruchnaperties prognosis function, Patent, Application
number 2015/0152, Intellectual Property Office,ser

[9] Thompson, H., Katz, A. J., Krohn, C. E. (1988)ethod and means for determining physical progert
form measurements of microstructure in porous medigted States Patent, Patent number (4,628,468).

[10] Bastt, F. (2014). The Fractal Nature Materials Microstane Influence on the Battery Systems and Fuel
Cells Energy Efficiency and Capacity Increasing, Msis, Faculty of Electronic Engineering, Univigrs
of Ni§, Serbia.

[11] Miti¢, V. V., Kocié,Lj. M., Paunow, V., Bastt, F., Sirmé, D. (2015). The Fractal Nature Materials
Microstructure Influence on Electrochemical Ene8purces, Science of Sintering, Vol. 47, No. 2,195-
204.

[12] Miti¢, V. V.,Paunou, V.,Koci¢,Lj. (2014). Dielectric Properties of BaTi@eramics and Curie-Weiss and
Modified Curie-Weiss Affected by Fractal Morpholqgin: Advanced Processing and Manyfacturing
Technologies for Nanostructured and MultifunctioMaterials (T. Ohji, M. Singh and S. Mathur eds.),
Ceramic Engineering and Science Proceedings, 60|68 pp. 123-133.

[13] Sirmi, D. (2014). Wind Energy as Alternative Source &mdctal Nature Analysis Application in Wind
Generators Materials Consolidation, Ms Thesis, Fgaoof Electronic Engineering, University of Nis,
Serbia.

[14] Obuhov, A. M. (1988). Turbulentnost’ idinaraiktmosfery, Gidrometeoizdat.

Technical Institute Bijeljina, Archives fechnical Sciences. Year VIII 2 M. 61






