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Atomic force microscopy /AFM/ study of the surface morphology of TiO2 featuring with
Sm2O3 films obtained by the sol-gel method
Silviya Simeonova1, Stancho Yordanov2*, Irina. Stambolova3, Bojidar Jivov2, Lyuben Lakov2, Vanya Dyakova2, Vladimir Blaskov2
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Abstract: In this paper we present the results of atomic force microscopy (AFM) characterization of the surface morphology of the
nanostructured titanium oxide films featuring with Sm2O3 by the sol-gel method in order to increase the corrosion resistance of stainless
steel. Two types of titanium precursors were applied - titanium (IV) isopropoxide Ti[OCH(CH3)2] 4 and titanium(IV) butoxide
Ti(OCH2CH2CH2CH3)4.
Keywords: AFM, TIO2 FILMS, Sm2O3, SOL-GEL METHOD

A solution of Sm2O3 was prepared by dissolving in 2 M nitric
acid and isopropanol to a final concentration of 0.1 M. The
calculated amount of samarium solution is added to the titanium
solution:

1. Introduction
Atomic force microscopy (AFM) was used to study the
inﬂuence of thermal treatments on the structural and textural
properties of the sol-gel TiO2 ﬁlms obtained from Ti(OC3H7)4. Xray diffraction (XRD), ellipsometric and porosity measurements
have also been made. The TiO2 sol-gel ﬁlms were homogeneous,
transparent and amorphous. Heat treatments in the 400–600◦C range
indicate that the ﬁlms have a strong tendency to crystallization. The
high initial homogeneity of the TiO2 ﬁlms was preserved during the
crystallization process. AFM shows that the thermally treated ﬁlms
exhibit uniform, monodispersed crystals [1].

–
Sample Sm 1 was prepared from a sol containing 0.5 at.
% Sm in titanium isopropoxide solution;
–
Sample Sam 2 was prepared from a sol containing 1 at. %
Sm in titanium isopropoxide solution;
–
Sample Sm 3 was obtained from a sol containing 0.5 at. %
Sm in titanium butoxide solution;
–
Sample Sm 4 was obtained from sol containing 1 at. %
Sm in titanium butoxide solution.

The chemistry of the sol-gel process based on hydroxylation
and condensation of molecular precursors has been extensively
studied for silica. Transition metal alkoxides appear to be much
more reactive than silicon alkoxides. This is due to the lower
electronegativity of the transition metals compared with silicon and
the ability of transition metal atoms to exhibit several coordination
states [2, 3]. Among the transition metal alkoxides, those of
titanium have been systematically studied both from experimental
[4] and theoretical [2] points of view. In the literature are presented
the results of Atomic Force Microscopy characterization of the
surface morphology of the L-CVD SnO2 thin films prepared by LCVD technology and studied after exposure to air, dry air oxidation,
and ion beam profiling. These experiments showed that the L-CVD
SnO2 thin films exhibit a very high quality surface morphology,
what can be useful for solar cells and gas sensors application [5].

The prepared samples from a sol containing different
percentage of Sm in titanium isopropoxide solution or in titanium
butoxide solution wеrе studied and characterized by Atomic force
microscopy (AFM). The obtained images are presented in the work.
Atomic force microscopy (AFM) is a modern method that is
widely used in the field of nanotechnology for the study of surface
structure and topography of various samples. In the study with an
atomic force microscope, high precision and resolution in the
nanometric scale is achieved.
AFM imaging was performed on the NanoScope V system
(Bruker Ltd, Germany) operating in tapping mode in air at a room
temperature. We used silicon cantilevers (Tap 300Al-G, Budget
Sensors, Innovative solutions Ltd. Bulgaria) with 30 nm thick
aluminum reflex coatings. According to the producer’s
specifications the cantilever spring constant and the resonance
frequency are in the range of 1.5 to 15 N/m and 150 ± 75 kHz,
respectively. The radius of tip curvature was less than 10 nm. The
scanning rate was set at 1 Hz and the images were taken in highest
possible resolution mode of the AFM, 512 × 512 pixels in JPEG
format. Тhe NanoScope software was used for the section analysis
and roughness of the all images.

2. Experimental
In this study, nanosized TiO2 coatings donated with samarium
were obtained by the sol-gel method to increase the corrosion
resistance of 316L steel. Two organic titanium precursors were used
to prepare the solution for TiO2 deposition donated with samarium:
Titanium Isopropoxide (TTIP) and Titanium Butoxide.
Acetylacetone (AcAc) was used as a stabilizing agent.

X-ray diffractometer with a Bragg-Brentano focusing system
was used. The samples were studied at room temperature with CuK radiation (monochromatic radiation with a wavelength λ =
154178Å) in the range of 20o <2θ <65o, in steps of 0.04 2θ for 10
seconds. A graphite monochromator was used for better peak
resolution (better signal-to-noise ratio).

Titanium isopropoxide (TTIP); titanium butoxide and AcAc
were dissolved in 2-propanol. The resulting solution is clear and
orange, which is typical for the formation of a chelated complex.
After stirring vigorously at room temperature, a mixed solution of
distilled water and i-propanol (iPrOH) was added drop wise to the
above solution with stirring. The molar ratio of the components is
TTIP: iPrOH: H2O: AcAc = 1:30:1:1. The solution of the Titanium
butoxide was prepared by the same method.

3. Results and Discussion
The obtained results for the samples from the Sm series show
very good protective properties of the applied sol-gel coatings. For
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sample Sm 2 after 50 hours of cyclic testing, the corrosion test
showed little corrosion. As after 100 h of cyclic tests in sample Sm
3 no mass loss was reported and accordingly the corrosion rate is
zero. This behavior can be explained by the presence of corrosion
products in the pore volume, which leads to diffusion limitations - a
barrier effect and slowing down the corrosion process.

2.

3.1 Characterization of the measured surface of
the samples Sm 1, Sm 2, Sm 3, and Sm 4 by Atomic
force microscope

4. Conclusions

In the topography of the samples Sm 3 and Sm 4 with
applied organic precursor of titanium tetrabutoxide, again
areas with a smooth surface as well as areas with a
rougher surface are observed. The roughness value Rq for
the scan surface at 5 µm for the coating S 3 is in the range
between 23.2 nm and 47.7 nm, while the value for the
coating S 4 is in the range between 20.9 nm and 51.6 nm.

The lowest corrosion rate have the samples marked Sm 2 and
Sm 3. For the sample Sm 2, the corrosion rate during the first 50
hours is zero, and after the hundredth hour it is only 0.0007 - K [g].

The topography of the samples Sm 1, Sm 2, Sm 3 and Sm 4 was
measured using an atomic force microscope with a surface scan area
- 5 µm, presented in Fig.1 and Fig.2. An analysis of the surface was
made as well as an assessment of the roughness of the different
coatings: - TiO2-deposited coatings donated with different
percentages of Sm2O3 in titanium isopropoxide solution (Sm 1 and
Sm 2), as well as TiO2-deposited coatings donated with different
percentages of Sm2O3 in titanium tetrabutoxide solution (Sm 3 and
Sm 4). The morphology and roughness of the coatings were
compared.

It was observed, that the sample Sm 2 coating with a higher
percentage of 1 at. % Sm2O3 has higher roughness values Rq at
scann area 5 µm as compared to sample Sm 1 coating with a lower
percentage of 0.5 at. % Sm2O3. While the sample Sm 4 coating with
a higher percentage of 1 at. % Sm2O3, the roughness values Rq at
scann area 5 µm are close to those for sample Sm 3 coating with a
lower percentage of 0.5 at. % Sm2O3.
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Fig. 1. 3D AFM images of the surface of the samples Sm 1, and Sm 2 with
scan area 5 × 5 µm2 and z-range, z = 100 nm and z = 200 nm

S3

S4

Fig. 2. 3D AFM images of the surface of the samples Sm 3, and Sm 4 with
scan area 5 × 5 µm2 and z-range, z = 200 nm

From the AFM images and the analysis of the roughness of the
different samples it was found:

1.

In the topography of the samples Sm 1 and Sm 2 with
applied organic precursor of titanium isopropoxide, areas
with a smooth surface as well as areas with a rougher
surface are observed. The roughness value Rq for the scan
surface at 5 µm for the coating S 1 is in the range between
20.5 nm and 41.1 nm, while the value for the coating S 2
is in the range between 43.7 nm and 31.6 nm.
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The influence of Zn on the corrosion behaviour of amorphous and nanosized rapidly
solidified (Al75Cu17Mg8)100-хZnx alloys and their crystalline analogues
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1

Abstract: The influence of Zn on the corrosion behavior of amorphous and nanosized rapidly solidified aluminum alloys (Al75Cu17Mg8)100xZnx

(x = 0; 1; 3) at. % and their crystalline analogues was studied. Data were obtained for resistance of basic and rapidly solidified
aluminum alloys (Al75Cu17Mg8)100-xZnx (x = 0; 1; 3) at. % to uniform corrosion. It has been found that increasing the percentage of zinc
increases the corrosion rate of both base alloys and rapidly solidified ribbons with similar composition. Pitting and intergranular corrosion
tests have been performed. The parameters affected area, pitting density and pitting size were evaluated. An XRD analysis of the separated
corrosion products was performed. It was found that the chemical composition, and not the amorphous microstructure of the ribbons, was of
leading importance for the course of the corrosion process in the studied rapidly solidified ribbons (Al75Cu17Mg8)100-xZnx and base alloys.
Keywords: CORROSION, AMORPHOUS, RAPIDLY SOLIDIFIED, ALLOY, ALUMINUM, CUPRUM, MAGNESIUM, ZINC
1.

The synthesis of Al-Cu-Mg-Zn alloys was carried out in an
installation, established at IMSETHAC-BAS.
The rapidly
solidified ribbons were obtained by planar flow casting (PFC)
method on the laboratory installation. The synthesis of alloys and
obtaining of the rapidly solidified ribbons are described in detail in
[8, 9].
XRD and EDS analyzes of the ribbons showed that in ribbon 2r
the amorphous part is 48 %, in 2r` - 45 %, in 2r``` - 63 % [9]. The
ribbons microstructure is an amorphous matrix with nanosized
crystals of several types of phases - Al, CuAl2, Al2CuMg,
Mg2Cu6Al5.
The test pieces were cut of the synthesized ingots and of the
rapidly solidified ribbons.

Introduction

The amorphous structure is thermodynamically unstable.
Nevertheless, it shows a chemically homogeneous nature due to the
absence of defects that act as chemically active sites: there are no
structural inhomogeneities such as grain boundaries, duplicates and
other defects of the metal crystal lattice; there are no
inhomogeneities of the composition such as separations and
inclusions. Therefore, it can be expected that the tendency to local
corrosion of amorphous metals will be lower than that of their
crystalline analogues [1].
On the other hand, unlike crystalline, amorphous metals have a
complex composition. The high content of metalloid elements in
complex amorphous compositions strongly influences their
chemical properties. Amorphous materials are also resistant to
corrosion due to the presence of useful minority solute in the solid
solution [2,3]. The beneficial role of minority alloying element
(minority solute) is usually expressed in its ability to promote glass
forming ability (GFA) [4].

Table 1 The designations of (Al75Cu17Mg8)100-хZnx alloys and
ribbons
Alloys Designations

The influence of minority solute on the corrosion resistance of
metallic glasses has not been sufficiently studied. Although the role
of supersaturated solutions in alkali-based alloys has been studied
by characterizing binary solid solutions [5,6], the influence of
minority solute in multicomponent metallic glasses on corrosion
resistance has not been well studied due to the difficulty of forming
glass without minority solute. To study the role of minority solute
requires at least two types of multicomponent metallic glasses, both
with and without minority solute.

2Al75Cu17Mg8
2`(Al75Cu17Mg8)99Zn1
2``` (Al75Cu17Mg8)97Zn3

Rapidly
solidified
ribbon

At.

Mass.

2b

2r

0

0

2`b

2`r

1

2

2```b

2```r

3

7

2.3 Test Methods

Data on the corrosion resistance of amorphous alloys in the AlCu-Mg system are missing or insignificant. It was found that the
addition of more than 2 at.% Ni to the near-eutectic composition of
the ternary alloy Al75Cu17Mg8 forms an amorphous structure by
melt spinning [4]. In addition, these glass alloys (Al75Cu17Mg8)100xNix) showed an improvement in pitting corrosion resistance
compared to their crystalline analogue (x> 2) [7].

2.3.1 Uniform corrosion (UC)
The UC test was carried out gravimetrically by the method of
continuous immersion of specimens for 15 days (360 hours) in
environment of 3%NaCl +0,1%H2O2 at room temperature. One
milliliter of 0,1%H2O2 was added every three days to control the pH
of the solution within the range 5,0-5,2. After the test completion,
the corrosion products were removed in ultrasound bath using 30%
HNO3 solution. The specimens were weighed prior to and after the
testing on analytical scales with accuracy of 10 -5 g.
The mass loss index ∆m was determined as ∆m=m0-m1, [g],
where m0 was the mass of the specimen before the testing, and m1
the mass after test completing and removing the corrosion products.
The corrosion rate K was calculated as K =
[g/m2h], where S

The aim of this study was to investigate and compare the
influence of Zn on the corrosion behavior and on the separated
corrosion products of fast-cured alloys (Al75Cu17Mg8) 100-xZnx (x =
0; 1; 3) at.% and their crystalline analogues
2

Zn [ %]

Base
casting
alloy

Experimental

2.1. Tested materials and test specimens

[m2] was the surface area of the specimen, and t [h] the test
duration.

The corrosion behavior of base alloys (b) and amorphous
rapidly solidified ribbons (r) of the same composition
(Al75Cu17Mg8)100-хZnx , x=0; 1; 2,5; 3 at. % or (Al61Mg6Cu3)100mass. % was studied. The designations of
хZnx , x=0; 2; 7
(Al75Cu17Mg8)100-хZnx alloys and ribbons are presented in Table 1.

2.3.2 X-ray diffraction test
XRD analyses were performed to determine the composition of
the corrosion products separated from the base (Al75Cu17Mg8)100crystalline alloys and amorphous rapidly solidified
хZnx
(Al75Cu17Mg8)100-хZnx ribbons during the uniform corrosion test.
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The products were collected, washed with distilled water and
filtered.
XRD analyses were performed with Bruker D8 advance
diffractometer with Cu Kα radiation and a LynxEye detector. Phase
identification was performed with Diffracplus EVA using an ICDDPDF2 database.

3.2 Pitting and intergranular corrosion tests results
The results of the pitting corrosion test are presented in Tables
3, 4, 5 and Figures 1, 2, 3. The reported values are an instantaneous
indication of the condition of the examined surface and the
morphology of the pittings.
In the analysis of the results for the total affected area A of the
samples after the 2-nd, 4-th, 6-th and 26-th hour of the test (Table 3)
it was found that the relationship between the area affected by the
pittings and the percentage of Zn in the test alloys. It is found that
with the increasing the percentage contense of Zn in the alloys and
the expusure time in corrosion medium , increases the affected
corrosion area.

2.3.3 Pitting (PC) and intergranular corrosion (IGC)
Pitting corrosion tests were performed only on the base
crystalline casting alloys (Al75Cu17Mg8)100-xZnx, x = 0;1; 3 at.%.
The PC and IGC tests were performed in full immersion
conditions in a solution of 3%NaCl+1%HCl at room temperature.
Аfter the corrosion test the surface of the samples was observed
with SEM Hirox 5500 with EDS system BRUCKER.
The results of PC test were registered after the 2-nd, the 4-th, 6th and 26-th hours of the testing. The affected areas of the testing
specimens, pitting density and pitting size are calculated according
to ISO 11463 by optical microscopy Jenavert.
The depth of IGC penetration after 48 hours exposure in the
corrosion solution was measured on metallographic specimens,
prepared according to the standard procedure normally to the
corrosion exposed surface of specimens at a distance at least 5 mm
from the edge of the test sample.
3

Table 3 Pitting corrosion - Affected area (A) [%]
Alloy
2-nd
4-th
6-th
26 –th
2b
5.55
5.55
5.55
5.55
2`b
21.76
25.46
27.35
30.42
2```b
19.90
22.22
31.94
37.20

Results and discussion

3.1 Uniform corrosion tests results
The results of the uniform corrosion tests are presented in
Table 2. The corrosion rates of each base alloy (Kb) and of the
ribbons after rapidly solidification (Kr) were calculated. The
parameter B shows how many times the corrosion rate of the base
samples of each alloy Kb exceeds the corrosion rate Kr of rapidly
solidified ribbon with the same composition.

Table 2 Corrosion rate of base alloy (Kb) and ribbons
after rapidly solidification (Kr)
Кb
Кr
B=Кb/ Кr
Alloys
[g/m2h]
[g/m2h]
2
0,0508
0,0037
13,73
2`
0,0930
0,0114
8,16
2```
0,0975
0,0146
6,67

Fig. 1 Affected area of alloy 2b (Zn free) after 4-th hour exposition

The obtained results show that, on the one hand, the corrosion
rate in both basic and rapidly solidified ribbons increases with
increasing Zn content. On the other hand, the Kr value of each of
the investigated ribbons is several times lower than Кb for its
corresponding base alloy. The highest value has the parameter B for
the alloy not containing Zn, and the lowest is that with 7 wt.% Zn.
These results can be explained by the results obtained from TEM
and XRD studies of the microstructure of rapidly solidified ribbons.
In ribbon 2r (Zn-free), the degree of amorphousness is 48%, Kr is
the lowest, and the parameter B has the highest value. In the ribbon
2`r, the degree of amorphousness is close to that of 2r, but Kb and
Kr are significantly higher, and the parameter B is 40% lower than
that of the zinc-free alloy. In ribbon 2```r the degree of
amorphousness is almost 24% higher than in ribbon 2r, but Kb and
Kr are even higher than those in ribbon 2`r, and the parameter B is
51% lower than in of the alloy with 7mass. % Zn.
The corrosion rate of amorphous rapidly solidified ribbons is
determined by two factors - chemical composition and
microstructure of the alloys. The degree of amorphousness of 2```r
is greater than that of 2```r, which means that it has fewer structural
defects and inhomogeneities of composition, but the corrosion rate
of 2```r is greater than that of 2`r. This is explained by the higher
percentage of Zn in 2```r.
This gives us reason to believe that the leading role for the
corrosion process in rapidly solidified ribbons (Al75Cu17Mg8)100xZnx with an amorphous part less than 100%, has the chemical
composition and not the microstructure of the studied metal alloys.

Fig.2 Affected area of alloy 2’b (2 mass. % Zn) after 4-th hour
exposition
The density of the pittings changes slightly with an increase in
the percentage of Zn in the alloys (Al75Cu17Mg8)100-xZnx. (x = 0, 1,
3) (Table 4 and Fig. 1,2,3).
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Fig.3 Affected area of alloy 2’’’ b (7 mass. % Zn) after 4-th hour
exposition

Fig. 5 Layer of dense corrosion products of the alloy 2```b (7 mass.
% Zn)

Table 4 Pitting corrosion- Pitting density (D) [x104/m2]
Alloy
2b
2`b
2```b

2-nd
2.5x103
1x104
1x104

4-th
2.5x103
1x104
1x104

6-th
2.5x103
1x104
1x104

3.3 XRD results of corrosion products
The corrosion products separated from the base alloys (b) and
rapidly solidified (Al75Cu17Mg8)100-хZnx ribbons (r) are analyzed by
XRD. The results obtained are presented in Table 6 and Fig. 6.
The basic component of the corrosion products separated from
the aluminum alloys refers to a thin film of hydrated aluminum
oxide. According to ref. [10] the aluminum hydroxide film consists
of two sublayers: an internal one of boehmite AlO(OH) stuck to the
metal surface, and an outer one of bayerite β-Al (OH)3. Bayerite is
more porous and, depending on the environmental conditions, its
thickness slowly changes over time at the expense of boehmite. It is
a crystalline phase which can turn to gibbsite depending on the
environmental conditions.
Gibbsite is the main corrosion product of the test alloys (b) and
ribbons (r) . Bayerite dominates in the corrosion product of base
alloys and in the ribbon without Zn. Because of the small amounts
of corrosion products, it was not possible to determine exactly their
crystallinity degree and the phases percentage composition.

26 –th
2.5x103
1x104
1x104

The pitting size (Table 5), where is possible to be observed,
increases with the time of exposure of the samples to the corrosive
medium and with the increase of the percentage of Zn (fig. 4).
Table 5 Pitting corrosion- Pitting size (S) [mm2]
Alloy
2b
2`b
2```b

2-nd
0.5
2.0
2.0

4-th
0.5
2.0
2.0

6-th
0.5
2.0
8.0

26 –th
0.5
8.0
12.5

The lack of strict dependence of the estimated indicators of
pitting corrosion - affected area, pitting density and pitting size on
the percentage of Zn in the alloys and the exposure time in a
corrosive environment is explained by the model of developed
pitting corrosion of Al-alloys containing Zn [ 10,11].

Table 6 Powder XRD analyses results
Alloy/
Al
Bayerite
ribbon
poor
Al (OH)3
2b
+
+
2r
+
+
2`b
+
2`r
+
2```b
+
2```r
-

Fig. 4 Pitting size - alloy 2’’’ b after 26-th hour exposition
The formed pittings do not develop in depth, but grow mainly in
width and gradually merge. The separated bulky corrosion products
form a dense oxide layer that covers the surface (fig. 5).
The microscopic observation revealed no development of
intergranular corrosion in the samples of the base alloys
(Al75Cu17Mg8)100-xZnx, x = 0; 2; 7 mass. % for the time of exposure
in corrosive environment - 48 hours.
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Fig. 6 X-ray diffractograms of corrosion products

4. Conclusions









By increasing the percentage of zinc in the alloys
(Al75Cu17Mg8) 100-xZnx, x =0; 1; 3 at.%, the corrosion rate
of both base alloys and rapidly solidified ribbons with
similar composition increases. The lowest is the rate of
corrosion of the ribbons and the base analogue of the
alloy, which does not contain zinc - Al75Cu17Mg8.
The chemical composition, not the amorphous
microstructure of the alloys, with an amorphous part less
than 100%, is of leading importance for the course of the
corrosion process in the rapidly solidified ribbons
(Al75Cu17Mg8) 100-xZnx studied.
The development of pitting corrosion in Al-Cu-Mg-Zn
base alloys is characterized by the initial formation of
pitings, the density and width of which increase over
time, but do not develop in depth.
In the studied base alloys (Al75Cu17Mg8) 100-xZnx, x = 0;
1; 3 at.%, no development of intergranular corrosion was
observed.
The study of the composition of the corrosion products
showed the presence of the typical for aluminum alloys
phases Bayerite Al (OH) 3 and Gibbsite Al (OH) 3.
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Synthesis, phase composition and microstructure of colored ceramic materials
based on diopside
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Abstract: Experimental ceramic samples were obtained in which the presence of CaMgSi2O6 (predominant phase), MgCr2O4, CaAl2Si2O8
and quartz was detected by X-ray diffraction analysis. During the microscopic examination of the prepared sections, two mineral phases
were established: main - clinopyroxene and secondary - green spinel. The presence of prismatic-granular and skeletal structure was found.
In the formed dominant diopside phase the presence of numerous inclusions of magnesium-chromium spinel with green color (sizes up to
0,05 mm) was observed evenly distributed in the sections determining the characteristic green color of the samples.
Keywords: DIOPSIDE, MAGNESIUM-CHROMIUM SPINEL

2. Experimental procedures

1. Introduction

Standard equipment was used in the preparation of the
experimental samples: scales Sartorius A210 P-0 D1, porcelain mill
(working volume 50 l) equipped with grinding bodies, set of sieves,
press Alfred J. Amsles & Co. At the developed different
compositions the quantities of the introduced raw materials
vary (wt.%): kaolin 40-50, magnesite 20-30, calcite 15-25, quartz
sand 10-15 and Cr2O3 1-10. The weighed raw materials are
subjected to co-grinding in a laboratory ball mill. Experimental
samples were prepared from the compositions using a metal matrix.
After drying (for 24 hours at 80°C), the samples were subjected to a
final heat treatment at 1150±5°C and a thermal retention of 30
minutes. The thermal treatment of the compositions was carried out
in a programmable furnace Netzsch with the presence of a
programmer, providing the possibility to control the rate of increase
and decrease of the temperature values and the time of the
isothermal delays. From the obtained test specimens, section were
prepared, subjected to microscopic observation using a Stemi 2000C binocular microscope and an Amplival Pol D polarizing
microscope with a ProgRes CT3 Jenoptic camera mounted. During
the microscopic examination, a series of microphotographs of the
observed preparations were prepared. X-ray phase analysis of the
experimental samples was performed using an automatic powder Xray diffractometer Bruker D8 Advance with Cu Kα radiation.

In the production of building materials and other ceramic
products in the silicate industry are applicable various technological
methods for obtaining products with various decorative and color
characteristics [1-6]. Widely used are various glaze coatings
(colored, colorless, transparent, opaque, matte, glossy, etc.), which
are inorganic mainly silicate glass coatings (with a multi-component
composition) obtained after heat treatment [5]. The presence of a
glaze layer provides protection of products from the effects of
certain environmental factors and increases the performance and
aesthetic performance of the product. Some types of glaze coatings
are traditionally used in combination with underglaze and overglaze
decoration.
Another technological approach to decorating ceramic products
is the application of angoba coatings obtained from white-fired
plastic refractory clays and other raw materials [3-5]. Different
colored angobas are made from naturally colored clays or on the
basis of white clays and the introduction of appropriate dyes. The
angoba coatings are characterized by a number of advantages:
application of available natural raw materials, significant coverage,
one-time heat treatment, porous structure of the obtained coatings,
etc.
The introduction of suitable colorants in the molding
compounds, engobe and glaze compositions and the application of
opaque glazes allow the preparation of a wide range of aesthetic
products [4-7]. Inorganic pigments of natural origin, industrial
waste materials or synthetic products are in use. Different colorants
are used in production conditions: metal oxides, silicates (mullite,
garnet, villemite, zircon), sulfides, spinel, chromates and many
others components [5, 6]. Due to their stability in heat treatment and
the action of silicate melts, pigments can be classified as stable and
unstable [5]. There are pigments which, under conditions of heat
treatment at temperatures above 1300oC, retain their coloring
ability, while others change their color characteristics or lose their
coloring action.
A number of research teams are exploring the possibility of
developing alternative ceramic pigments with appropriate properties
[8-23]. Due to the relatively high cost of some standard colorants,
studies on the production of pigments from industrial waste
products are particularly promising.
In the present work the experimental laboratory results of the
synthesized color ceramic samples with predominant diopside
content are presented. The analysis of the experimental results
provides an opportunity to make adequate adjustments to the
technological methodology used to obtain a product. The developed
compositions and technological regime allow the production of
waterproof, non-flammable products, with a long service life,
resistant to cyclical seasonal changes and long-lasting aesthetic
color characteristics. The studied materials are considered as
potentially applicable for the production of materials suitable for the
construction of flooring and decorative cladding of buildings.

3. Results and Discussion
In laboratory conditions, a series of monolithic ceramic samples
with green color was prepared using the described technological
methodology.
The presence of a predominant crystalline phase CaMgSi2O6
was found in the obtained experimental samples by the performed
X-ray diffraction analysis. At the same time, the presence of
MgCr2O4, CaAl2Si2O8 and quartz were proved in the compositions.
During the binocular microscope (Fig. 1-2) observation of the
prepared experimental sections, a well-defined uniform granularity
of the structure and the presence of multiple pores with sizes up to
0,5 mm were established.
Only two mineral phases were found by a polarizing
microscope (Fig. 3-9) - the main one: clinopyroxene (diopside type
according to X-ray diffraction data) and secondary - green spinel.
The morphology with predominant short prismatic habit and the
presence of a uniform prismatic-granular structure was established
in the experimental samples. Most of the grains are characterized by
skeletal growth, and by applying a higher magnification, the
presence of fine skeletal structures (micron-sized) is observed,
probably a consequence of the second generation of mineral
formation. In the studied sections, droplet-shaped inclusions from
the amorphous phase with the presence of separate needle diopside
crystals are rarely registered (Fig. 5).
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Fig. 6. Octahedral green spinel crystals with max dimensions 0,05 mm
(parallel nicols, marker 0,2 mm).

Fig. 1. General appearance of the sample: clinopyroxene aggregate with
prismatic-granular uniformly granular structure (crossed nicols, marker 5
mm).

Fig. 7. Octahedral green spinel crystals with max dimensions 0,05 mm
(parallel nicols, marker 0,2 mm).

Fig. 2. General appearance of the sample (the above photos at
parallel nicols, marker 5 mm, white and yellow spots - pores).

A specific feature of the obtained samples is the presence in the
formed dominant diopside phase of numerous included spinel
(MgCr2O4) with green colour, dimensions that vary up to 0,05 mm
and shape typical for octahedral symmetry (Fig. 8-9). Their
distribution in the sections is relatively even and determines the
characteristic green color of the ceramic samples.
The traces of anorthite detected by X-ray diffraction analysis
are probably localized in the areas between the skeletal crystals and
are too insignificant for microscopic diagnosis with the equipment
used in the present study. The presence of quartz was not observed
during the microscopic examination of the prepared sections.

Fig. 8. Diopsides with numerous spinel inclusions and micron-sized skeletal
structure (crossed nicols, marker 0,2 mm).

Fig. 9. Diopsides with numerous spinel inclusions and micron-sized skeletal
structure (the above photos at parallel nicols, marker 0,2 mm).

Fig. 3. Diopside aggregate with prismatic-granular structure and skeletal
growth at many of the individuals (crossed nicols, marker 0,5 mm).

4. Conclusions
Diopside CaMgSi2O6 (dominant phase), magnesium-chromium
spinel MgCr2O4, anorthite CaAl2Si2O8 and quartz were detected by
X-ray diffraction analysis.
During the microscopic analysis, two mineral phases were
recorded: main - clinopyroxene (according to X-ray data) and
secondary - green spinel. Morphology with a predominantly short
prismatic habitus and an uniformly prismatic-granular structure was
found. Skeletal growth was found in most of the grains as well a
fine skeletal structures with micron sizes. Drop-shaped inclusions of
the vitreous phase with the presence of individual needle diopside
crystals are rare. In the predominant diopside phase, numerous
inclusions of magnesium-chromium spinel with green color, sizes
up to 0,05 mm and shape characteristic of octahedral symmetry
have been registered. The found inclusions are relatively evenly
distributed in the experimental sections and their presence
determines the green color of the samples.
The traces of anorthite (registered by X-ray diffraction analysis)
are probably localized in the areas between the individual skeletal
crystals and due to their insignificant presence are inaccessible for
microscopic diagnosis with the equipment used. Quartz was not
observed in the examined sections.

Fig. 4. The above photos at parallel nicols, marker 0,5 mm.

a

b

Fig. 5. Drop-shaped vitreous inclusion with needle diopside: a) crossed
nicols, marker 0,5 mm; b) parallel nicols, marker 0,5 mm.
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Abstract: The main consumers of grinding balls are mining, metallurgical, cement and energy industries. In these industries one of the main
and very common operations is the grinding of various materials. Rolled steel balls are mainly produced by plastic deformation on crossscrew rolling mills. Technological limitations of increasing the hardness groups and the wear resistance of the balls currently available at
the Metal Rolling plant of JSC "Sokolov-Sarbay mining and processing production association" (MRP JSC "SSGPO”), and they do not
allow currently to quickly improve their quality. But at the same time, if the quality of finished products is improved, the MRP JSC "SSGPO"
may have the opportunity to sell balls not only between its enterprises, but also to the domestic market, as well as the opportunity to develop
export sales of balls to the countries of near and far abroad. Therefore, this paper presents the results of the study of the main causes of
defects at the ball rolling mill 30-60 of metal rolling plant JSC "SSGPO" and the search for their exclusion.
Keywords: GRINDING BALLS, BALL ROLLING MILL, DEFECTS, METAL ROLLING PLANT, STEEL GRADE
must be made of the following ball grades of steel SH1, SH2 and
SH3.
During the start-up and adjustment period of the new mill at the
metal rolling plant of JSC SSGPO, multiple failures were detected
due to brittle splitting of the balls after they left the quenching
device (figure 1). The output of defective balls occurred suddenly
during the production process and also suddenly stopped splitting
them at the same settings of the mill technology. Therefore, the
company was faced with the task of determining the main causes of
defects when rolling balls at the SHPS 30-60 mill and finding
solutions to eliminate them.

1. Introduction
Grinding balls are widely used in various industries. Balls are
used as grinding bodies in ball mills, where it is necessary to grind
the source material to the required fraction. Ball mills are widely
used in metallurgy, mining, processing plants, cement production,
construction materials, chemical industry, etc. There are several
ways to manufacture grinding balls - casting, forging, traditional
stamping, screw rolling. The most appropriate method from an
economic point of view is the method of rolling a round billet on a
special ball rolling mill. It provides a low cost of finished balls, high
speed of work and quality characteristics of the resulting products
for grinding [1].
Initially, at start metal rolling plant (MRP) of JSC “SokolovSarbay mining and processing production association” (MRP JSC
"SSGPO”) the ball production was carried out on two ball-rolling
mills SHPS 40-60 (China) with a total design capacity of both mills
12 thousand tons of grinding balls a year, but the actual achieved
annual capacity of the mills was only 7.8 thousand tons of grinding
balls of diameter 40 mm. Therefore, in order to increase production
in 2015, it was decided to install a new SHPS 30-60 ball rolling mill
at the MRP of SSGPO JSC. At the time of the launch of this mill,
the MRP had its own standard of the enterprise ST JSC 0018678910310-2011 "Grinding rolled balls supplied by the metal rolling
plant to the Department of ore preparation, enrichment and
pelletizing. Technical requirements", according to which the balls

2. Investigation of balls defects
Periodic sampling of balls for the study of chemical
composition showed that the chemical composition of steel balls
corresponds to the SH2 grade according to the enterprise standard,
since there is a variation in the carbon content of steel in the range
from 0.5% to 0.9%. The content of elements such as manganese
was no more than 0.8%, and silicon-no more than 0.37%, i.e. it did
not significantly affect the properties of the balls. At the same time,
the relationship between the chemical composition and the
occurrence of brittle splitting of the balls was immediately revealed
– after quenching, brittle splitting occurred on balls with a carbon
content of 0.75% or more.

Fig. 1 Chipped grinding balls after quenching

Special attention was also paid to the temperature of the balls
after the cooled device, i.e. the temperature of the balls at which
they are quenched, the optical pyrometer of the mill on this section
of the line recorded the temperature of the balls at a value of
870÷900° C. This temperature of balls made of eutectoid and noneutectoid steels is too high for their quenching, it is suitable for
quenching balls made of pre-eutectoid steels with a carbon content
of no more than 0.5% carbon. Therefore, to reduce the temperature

of the balls before quenching were undertaken to decrease the speed
of rotation of the drum cooled device in which the drum speed was
reduced from 20 to 16 rotates per minute. This deceleration allowed
to reduce the temperature of the balls to 810÷840° C, further
deceleration of the speed of rotation of the drum was not possible.
This led to the fact that due to the large flow of balls from the
rolling cage, too many balls were delayed in the booster device.
With a decrease in the speed of rotation of the cooled device, its
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drum overflows with balls. Balls in cooled device must be moved
rolling on the spiral baffles inside the drum. When the drum of the

cooled device is full of balls, the movement of balls in it becomes a
waterfall mode, as in a mill (figure 2).

Fig. 2 Waterfall mode of moving balls in a crowded cooled device

1. The standard enterprise ST AO 00186789-10310-2011
provides for the production of balls of high carbon steels (>0.75
percent), for the quenching of which the cooled device mill did not
allow for a reduction in the temperature of the hot balls to the
desired value.
2. The standard of the enterprise ST AO 00186789-10310-2011
lays down too large tolerance limits for the carbon content in steel
for the production of balls from 0.5 to 0.9%, steel at the lower and
upper tolerance limits are subjected to different types of quenching.
3. The standard of the enterprise ST AO 00186789-10310-2011
does not regulate the content of grinding balls in the chemical
composition of steel by elements: chromium, nickel and copper,
which fall into the liquid steel with the charge.
At the end of the start-up and adjustment period of the new
SHPS 30-60 mill, in the technological regulations of the new mill
the new limits for the carbon content in steel balls from 0.6 to 0.7%
were set.
Table 1 selects the steel grades from GOST 5950-73 that are
most suitable for use in the production of GOST grinding balls of 4
hardness groups at the SHPS 30-60 mill based on the feasibility of
their quenching at the mill and with the least alloying with
expensive elements, i.e. alloyed with only one element, preferably
the most affordable chromium.

With this movement of the balls in the drum, the balls roll over
the spiral partition into neighboring turns, thereby reducing the path
and time of the ball's stay in the device. With this operation of the
cooled device, the drive of the device perceives overload and the
impact of balls on the inner walls of the drum negatively affects the
structural elements of the device. These circumstances reduce the
effectiveness of further (less than 16 rpm) reduction in the speed of
rotation of the drum.
However, it was also understood that even if it was possible to
achieve cooling of the balls to the required temperature of 750÷800°
C, this would only avoid brittle splitting of balls with a carbon
content of ≥0.8%, but the pre-eftectoid balls with a carbon content
of 0.5÷0.6% available in the total production volume would be
subjected to "incomplete quenching". This circumstance will also
lead to the release of defective balls due to insufficient hardness and
low performance of balls in mills when grinding iron ore raw
materials.
At the end of the start-up and adjustment period of the new mill
SHPS 30-60 the following reasons were identified that do not allow
to establish the technology and to exclude the defects in the
production of thermally hardened grinding balls in the new SHPS
30-60 mill:

Table 1: Steel grades according to GOST 5950-73 for the production of balls of group 4 at the SHPS 30-60 mill, %

4HS
6SH
7H3

С
0,35-0,45
0,60-0,70
0,65-0,75

Si
1,20-1,60
0,60-1,00
0,10-0,40

Mass fraction of elements, %
Mn
Cr
0,15-0,45
1,30-1,65
0,15-0,45
1,00-1,30
0,15-0,45
3,20-3,80

8H3

0,75-0,85

0,10-0,40

0,15-0,45

Steel grade

3,20-3,80

W
-

V
-

Mo
-

Ni
-

-

-

-

-

steel grade is ideally suited for the technological line of the SHPS
30-60 mill and has the minimum alloying among steel grades
according to GOST 5950-73.

The steel grades shown in the table above for the production of
grinding balls of 4 hardness groups according to GOST 7524-89 at
the stage of steelmaking processing will require additional costs for
such ferroalloys: ferrosilicochromium or ferrochromium. Chromium
is a very refractory element, so alloying steel with chromium is not
an easy operation, in addition, chromium increases the resistance of
steel to plastic deformation, which will create difficulties when
rolling a billet made of such steel on a long mill.
From all steel grades listed in table 1, the most interesting to use
is steel grade 6SH, which has an acceptable carbon content and the
lowest content of alloying elements. The critical temperature points
of steel are shown 6SH in table 2.
According to the data given in table 2, it is determined that the
quenching of balls made of 6SH steel is carried out from the heating
temperature: 830 + (30÷50) = 860 ÷ 880° C.
When quenching balls made of this type of steel, a sharp
cooling of the balls from the quenching temperature to a
temperature of 250° C is required. Thus, it becomes clear that this

Table 2: Critical temperature points of steel grade 6SH [2]

Temperature of the
beginning of the
phase
transformation
Ас1
770° С

Temperature of the
end of phase
transformations
Ас3
830° С

Temperature of the
end of the
martensitic
transformation
Мн
250° С

At the same time according to the current technological
regulations for the balls production on SHPS 320 mill of MRP JSC
"SSGPO" the following requirements on the content of alloying
elements are set: manganese, not more than 1.20%; silicon not more
than 0.90%; chromium not more than 0.35%; copper less than
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Kazakhstan voted for the adoption of a new version of GOST 75242015 to replace GOST 7524-89. The new version of the standard for
all ball hardness groups regulates the minimum carbon coefficient
of steel grades used in the manufacture of balls (p. 5. 1. 5).
Paragraph 5.1.6 of the updated version of GOST 7524-2015
specifies the admissibility of manufacturing grinding balls from
steel grades according to GOST 5950 and GOST 14959.
Therefore, at present, there are no obstacles to the production of
grinding balls made of 65G steel. Quenching balls made of 65G
steel can be carried out without problems from a temperature of
800÷820° C, and when quenching balls, they will need to be sharply
cooled to a temperature of 270° C (table 4).

0.35%; nickel not more than 0.35%; sulphur not more than 0,055%;
phosphorus not more than 0,045%.
The above requirements for the chemical composition of steel
are made taking into account the maximum plasticity of the
workpiece during hot deformation between the rolls of the long
mill, as well as when straightening round steel in the cold state on
the correct machine. The entire volume of the round initial billet of
the new ball rolling mill is subjected to straightening for subsequent
heating in the induction heating unit of the mill. The chromium
content in the steel composition in the amount of 1% impairs the
ability of steel to undergo cold straightening and bending.
It should also be noted that at present, in the electric
steelmaking shop of the MRP of JSC SSGPO, steel grades are
smelted that are alloyed only with manganese or silicon, the
chromium content in which is kept in the amounts of technological
impurity (no more than 0.35%). When smelting steel grade 6SH in
an electric steel furnace, the bath of such a furnace will be
contaminated with chromium, so such a bath of the furnace will be
unsuitable for smelting other steel grades from the shop's
nomenclature. Therefore, the introduction of a new steel grade in
the product range of the electric steelmaking shop of the MRP of
SSGPO JSC will greatly complicate the technological scheme, and
also implies the use of a new ferroalloy – ferrosilicochromium.
Therefore, in this situation, the best solution is to choose a steel
grade from the range of already produced steels. As already noted
above, the steel grades SH1, SH2 and SH3 from the standard of the
enterprise ST AO 00186789-10310-2011 can only be applied with
adjustments to the tolerance limits for carbon content, because
according to the standard, these grades have too large tolerance
limits for carbon content, the difference between the lower and
upper limits reaches 0.3%. In all GOST requirements for the
chemical composition of steel grades, the range of carbon tolerance
limits does not exceed 0.1%. The content of chromium, nickel, and
other elements is not regulated by the company's standard at all,
which, of course, is an incorrect approach to ensuring the stable
quality of the produced grinding balls.
The greatest interest among other grades of steel that are already
being smelted in the electric steel shop is the use of 65G steel for
the production of grinding balls according to GOST 14959-79
"Rolled products made of spring-spring carbon and alloy steel"
(table 3). This steel grade is used at the MRP of SSGPO JSC for the
production of grinding rods with a diameter of 100 mm for rod
mills. The technology of smelting this brand of steel has long been
worked out by the technological staff of the electric steel shop,
since blanks from this brand of steel are a permanent product range.

Table 4: Critical temperature points of 65G steel [2]

Temperature of the
beginning of the
phase
transformation
Ас1
721° С

Mn

Si

0,620,70

0,901,20

0,170,37

Cr

P

S
No more

Cu

Ni

0,25

0,035

0,035

0,20

0,25

Ас3
750° С

Temperature of the
end of the
martensitic
transformation
Мн
270° С

3. Conclusions
Based on the above it can be concluded that for metal-Rolling
plant JSC "SSGPO" production of grinding balls of the 4th group of
hardness on ball mill SHPS 30-60 of steel grade 65G is the most
advantageous from the point of view of economic feasibility, by
eliminating the use of additional expensive alloys, the effective use
of the lining baths electric furnace units and steel pouring ladles,
and peculiarities of the technology of rolling mill for long products,
and ease the transition to manufacturing grinding balls made of this
steel grade.
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Table 3: Chemical composition of 65G steel, %

С

Temperature of the
end of phase
transformations

Another advantage in favor of choosing this brand of steel for
the production of balls of the 4th hardness group was the fact that
until 2016 this steel could not be used for the production of grinding
balls, since such balls could not be sold to third-party consumers
according to GOST 7524-89, since they did not meet the
requirements of standards for chemical content. This circumstance
would not allow the MRP of JSC "SSGPO" to supply its balls to
third-party organizations, since the need of the external market was
for balls regulated by standards.
In this case, the MRP of JSC "SSGPO" would be able to supply
grinding balls according to the standard of the enterprise ST JSC
00186789-10310-2011 only to the structural divisions of
JSC"SSGPO". In 2014, instead of GOST 7524-89, the state
enterprise "Ukrainian scientific and technical center of metallurgical
industry "Energostal" developed a new version of GOST 7524 and
proposed it for adoption by the Eurasian Council for
standardization, Metrology and certification (ECSC). And at the
beginning of 2016, a directive was received that by Protocol No.
79-P of August 27, 2015, the state standard of the Republic of
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Summary of sol-gel synthesis of materials with electronic applications
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Abstract: The sol-gel process is a well-known and reliable process for obtaining materials and coatings of different structure and properties.
An important feature of this method is the choice of starting precursors to obtain the desired compositions. The complexity of the technology
is due to the difficult process control. For this purpose it is necessary to accurately calculate the stoichiometry to obtain the final phase.
Thus, the sol-gel technology is widely used as in the production of coatings by immersion and spraying, aerogels and others. However, there
are many other applications such as electronic materials that have not yet been well studied. In this study, after a brief explanation of the
process, some of the most important applications are considered.
Keywords: SOL-GEL, CERAMIC MATERIALS, ELECTRONICS
behavior. The application of mixed alkoxides compounds provides
an additional opportunity in the efectiv control of the homogeneity
and stoichiometry of the final materials [12].
The sol-gel method allow the synthesis of various high-purity
porous, monolithic (glasses, ceramic) and bulks materials (oxides,
ceramic powders etc.) from different metal alkoxide (M(OR)n M=
Al, Ti, Si, Ta, Hf, Nb, Zr, etc. and R = CH3, C2H5, C3H7) [9, 11,
19].
The initial compounds for preparation of a sol are raw
materials, which content of a metal or metalloid element surrounded
by different ligands. Thе used metal alkoxides contains various
reactive alkoxide groups (–OR), which interact with water in the
process of hydrolysis in the presence of а base or a mineral acid as
appropriate catalyst. The hydrolysis reaction provoke replace of
alkoxide groups with those present hydroxyl groups (–OH), which
in the following condensation process form new metaloxane bonds
(M–O–M) [11].
When performing research in laboratory conditions, the solgel method is widely used to perform experimental syntheses of
new materials and develop appropriate technological solutions for
obtaining various products [20, 21].

1. Introduction
The sol-gel method has been used since 1890 to obtain ceramic
materials [1, 2], glass materials [2-4], optical materials [2, 5],
superconducting materials [2, 6], enzyme and catalysts carriers [2,
7, 8] and other materials. Currently this technological approach has
been successfully applied to produce different products and present
a promising rapidly evolving technology [9].The sol-gel technology
offers many fundamental advantages compared to the clasical
methods, such as use low-temperature synthesizing [10], better
homogeneity for multicomponent systems [10], less chemicals
consumption [11], insensitivity to the atmosphere [11], durability of
properties [11], high yield [12], low equipment costs [9, 13], low
production costs [12] and less environmental impacts [11, 14]. Тhe
technology provides an opportunity of efectiv control over the
physicochemical parameters of the synthesized products by
controling kinetic and mechanism of chemical proeses and precision
variation of the technological conditions at the different stages of
the ongoing reactions in the system [12].
The specific characteristics of sols and gels allow the
obtaining of various fibres [15, 10] or thin-film coatings [11], by
applying different techniques: spinning or dip-coating [16, 10].
The sol-gel method is based on the use of a homogeneous
solution is obtained via dissolving the suitable precursor in a solvent
reaction (water or an organic solvent) which is the important stage,
no matter if the started precursors is an inorganic salt or various
metal alkoxide [2, 17, 18].
There are a number important factors (properties of precursors
and reaction conditions) that influence the course of sol-gel
processes and determine the characteristics of the obtained final
products: metal ion radius, electronegativity, coordination number,
reaction medium temperature, reaction time, specificity of the
solvent, properties and of the catalyst, concentrations of the catalyst,
ratio of water to metal alkoxide and other [2].
The processes that take place in the synthesis of different
materials by this method can be divided into several successive
technological stages [12]: initially preparation of the solution of
suitable precursors, hydrolysis and gradually partial condensation of
introduced alkoxides to obtaining a sol, formation of wet gel by a
polycondensation process of the hydrolyzed starting precursors,
evaporation of the solvent on drying and obtaining xerogel,
formation of mechanically stable final products.
The stability of the prepared solution is essential factor and
must be kept with constant parameters along a period of time. The
processes of hydrolysis and condensation require presence of an
acidic or basic catalyst, which influences the hydrolysis and
condensation rate and stability of solution [9]. The hydrolysis
reaction provоке formation of sol and then condensation processes
lead to the obtain of an specific oxide network – gel [9].
In most cases used raw-materials in the sol-gel technology are
those alkoxides, Mx(OR)y, which have composition and structure
that are useful in the chemical control of of the properties of
synthesised products. It is possible to choose of precursors with
apropriate alkyl groups according to the necessary chemical

2. Main characteristics of sol-gel technology
Sol-gel is a process of synthesizing a wide range of materials, in
particular mixed oxides, which is used due to its advantages of
flexibility, low temperature synthesis, etc. The control over the
stoichiometry of the obtained product is an advantage of this
method [22] The sol-gel method (Fig. 1) is widely used in the
synthesis not only of glass and ceramics, but also of organic
materials and biomaterials. The process provides a variety of
precursors to choose from as starting materials, covering a wide
range of systems, including conventional superconductors, high
temperature
superconductors,
ferrites,
manganites,
multiferroelectrics and other compositions. It offers homogeneous
growth of small particles (at nano scale), uniform size distribution
and monodisperse nature of the particles. The Zol-gel method is
very economical to operate and facilitates and gives predefined
stoichiometric compounds.

Fig.1 Presentation of a diagram of the sol-gel method in the work of
Chládová et al.[22].
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Barium Tin Oxide

In this method, the precursors are mixed in solution by
hydrolysis and condensation. The reactions combine to form a sol.
The sol, or sometimes the precursor solution itself, can be used to
prepare gel films by centrifugation, immersion, spraying, or gel
fibers. The rapid evaporation of the solvent causes gelling during
the actual film or fibrous preparation. The sol may also react with
water in an emulsion process and / or be spray-dried to obtain
powders, or may undergo additional condensation reactions leading
to a gel. Depending on the reaction conditions, the gel may be of a
partial or polymeric nature, and it is also possible to make
homogeneous and mono-dispersed nanometer or micrometer
powders or monolithic gel bodies. The high stress during drying
causes many crushing or breaking gels, so dust is formed. Xero gel
("xero" means dry) can be crushed and baked in thick glass and
ceramic. It is possible to obtain porous materials in which the solid
network of the wet gel is maintained after drying. By using
supercritical drying, capillary pressure is avoided and the solvents
can be extracted from the gel without cracking. The resulting
aerogels have very low densities and may have a solid content of
only a few percent by volume. Another way to reduce shrinkage is
to remove the hydroxils by modifying the surface and thus reducing
condensation. Similarly, the ceramic method is not very useful for
the preparation of highly efficient ceramics, as the materials have
very large particle sizes, are inhomogeneous and have a high
content of impurities [23]. So many studies have focused on various
chemical methods for the synthesis of BST powders, e.g., sol-gel,
co-precipitation [24-26].

15000
14000
13000
12000
11000

Lin (Counts)

10000

4000
3000
2000
1000
0
6

Lin (Counts)

50

60

70

Table1. Influence of layer thicknesses. The data in the first four rows
correspond to the discharge of a 528 KOhm resistor, and the last two to a
20 kOhm resistor according to the cited authors. As shown, the thinner the
dielectric layer, the higher the capacitance. It is also clear that the lower the
"resistor", the higher the capacitance. The difference in the measured
dielectric constant probably reflects the unevenness of the handmade
structure. [28].
Test
Dielectric Initial
Dielectric Operating Dielectric
thickness discharge constant
voltage
constant
(d)
voltage
(εR)
at
(εR) over
(V0)
operating
entire
voltage
range
Discharge
only (528
1.81 ×
8.02 ×
kΩ)
1.47 mm
2.20 V
0.7 V
109
108
Discharge
only (528
2.46 mm
5.78 ×
3.52 ×
kΩ)
2.16 V
0.8 V
108
108
Discharge
only (528
2.87 mm
4.44 ×
2.66 ×
kΩ)
1.85 V
0.9 V
108
108
Discharge
only (528
4.13 mm
4.43 ×
2.86 ×
kΩ
2.18 V
0.8 V
108
108
Discharge
only (99
2.59 mm
1.43 V
5.0 × 109
0.2 V
1.2 × 109
kΩ)
Discharge
only
0.38 mm
1.27 ×
(20.8 kΩ)
1.60 V
0.55 V
109
Discharge
only
0.25 mm
1.54 ×
(20.8 kΩ)
1.44 V
0.6 V
109

Capacitors with two-layer and three-layer structure have some
promising advantages for electrical and electronic applications. The
three-layer capacitor can to be one of the best options to avoid
abrupt change of the electric field from a polycrystalline region to
an amorphous region. Comparative electrical parameters of
breakdown voltage and electrical conductivity of the three-layer
with those of the single-layer amorphous structure, but relatively
high dielectric constant also make the three-layer capacitor more
attractive to industrial use.

1000
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40

Samuel Fromille and Jonathan developed super dielectric
materials, the results of which are cited in Table 1.

2000

50

30

Fig 2. XRD of the BaSnO3 via sol-gel synthesis and annealing in 700OC.

3000

40

20

2-Theta - Scale

4000

30

10

File: BaSnO3 Proba8.raw - Type: 2Th/Th locked - Start: 5.300 ° - End: 79.984 ° - Step: 0.029 ° - Step time: 52.5 s - Temp.: 25 °C (Room) - Time Started: 11 s - 2-Theta: 5.300 ° - Theta: 2.650 ° - Chi: 0.00 ° - Phi: 0.0
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01-087-2480 (A) - Barium Tin Oxide - Ba2(SnO4) - Y: 80.02 % - d x by: 1. - WL: 1.5406 - Tetragonal - a 4.14280 - b 4.14280 - c 13.29930 - alpha 90.000 - beta 90.000 - gamma 90.000 - Body-centered - I4/mmm (13

Barium Titanium Oxide

20

7000
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The investigated ferroceramic materials were obtained by
standard sol-gel technology. Phases have been synthesized in
BaTiO3 systems - BaSnO3, BaCeTiO3, BaNdTiO3. The modifiers
used are in order to increase the value of the relative dielectric
constant. Zol-gel processes are carried out according to the above
method. The drying processes take place in a different temperature
range between 50-100°C. The annealing is carried out in the
temperature range 800-900°C. The presented researches are on
diagrams from the long experience of the authors over the years for
synthesis of ferroelectrics by low-temperature synthesis methods.
After obtaining the phases, magnetron sputtering targets are
developed and made on different substrates. The team has
developed a target in the system BaTiO3 - BaSnO3 whose result of
relative dielectric constant is determined in the order of 12000.
Table 1 presents a comparative diagram of the experience of other
authors on the determination of dielectric constant.
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3. Synthesis of materials exhibiting dielectric
properties
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Fig. 1. XRD of the BaSnO3 via sol-gel synthesis and annealing in 800OC
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17. A. C. Pierre, ―Gelation. In Introduction to Sol-Gel Processing‖,
Pierre, A. C., Ed.; Springer: Boston, MA, USA, 1998; pp. 169–204.
18. L. L. Hench, J. K. West, ―The Sol-Gel Process‖, Chem. Rev.,
1990.
19. C. J. Brinker, G. W. Scherer, ―Sol-Gel Science‖, Academic
Press, New York, 1990.
20. S. I. Yordanov, A. D. Bachvarova-Nedelcheva, R. S. Iordanova,
I. D. Stambolova, ―Sol-gel Synthesis and Properties of Sm Modified
TiO2 Nanopowders‖, Bulgarian Chemical Communications 50,
2018, pp. 42-48.
21. A. Bachvarova-Nedelcheva, S. Yordanov, R. Iordanova,
I. Stambolova, ―Comparative Study of Sol-Gel Derived Pure and
Nd-doped TiO2 Nanopowders‖, Journal of Chemical Technology
and Metallurgy 53(6), 2018, pp. 1167-1172.
22. A. Chládová, J. Wiener, J. Mavela Luthuli, V. Zajícová,
―Dyeing of glass fibres by the sol gel method‖ autex Research
Journal, (2011),11, pp18-23.
23. M. Leskela et al., J. Vac. Sci. Technol. A., vol.7, pp. 3147-3171,
1989.
24. L. Majsela, R. Glenga, ―Thehnology of thin films‖, Proceeding,.
Acta Crystallographica Section A, 1976, 32, 751-767.
25. S. K. Reaney, C. Begg, S. J. Bungard, J. R. Guest, J.
Gen.Microbiol.1993, 139, 1523-1530.
26. K. H. Suchomel, D. K Kreamer, A. Long,
Environmentalscience&technology.1990, 24, 1824-1831.
27. M. Cernea, O. Monnereau, P. Llewellyn, L. Tortet, ―Sol–gel
synthesis and characterization of Ce doped-BaTiO3‖, Carmen
Galassi ;Journal of the European Ceramic Society 26 (2006) 3241–
3246.
28. S. Fromille, J. Phillips, ―Super Dielectric Materials‖, Materials,
2014, 7, 8197-8212

4. Conclusions
Sol-gel method is considered to be very suitable for preparation
of high permittivity ferroelectrics due to its advantages to obtain (i)
homogeneous ceramic materials, (II) the low temperature of
synthesis and sintering, (III) to synthesize materials and compounds
with complex structure and phase composition and small grain
sizes.
Only recently has attention been paid to the possibility of
obtaining electronic ferroelectrics by low-temperature synthesis
methods, which would generally exhibit symmetry-breaking
instability of the electronic ground state. Another mechanism for
electronic ferroelectricity is based on the phenomena of charge
arrangement (including charge density waves) in complex oxides.
The obtained ceramic materials are aimed for application in
electronics and many other industries.
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Crystallographic cluster in the reciprocal lattice of hexagonal crystals
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Abstract: The points on off reciprocal lattice with equal radii-vector have been named as crystallographic cluster (CC). The position of CC
does not depend on the choice off unit cell in crystals lattice. But their indices of CC are distinguished for different unit cell in the same
crystal. As an example it was analysis the CC of two hexagonal unit cell with γ = 120 0 and γ = 600.
KEYWORDS: DUPLE LAYER CLOSED PACKING (DLCP), FEATURE OF DLCP, CRYSTALLOGRAPHIC CLUSTER, INFLUENCE UNIT
CELL CRYSTAL TO RECIPROCAL LATTICE, WEIGHT OF RL - POINTS

1. Introduction
Duple layer closed packing (DLCP) or hexagonal closed pacing
system has some features, which distinguish from other crystal
lattices [1, 2]. The first, it is impossible to image the unit cell with
6-axis. The second, in any 3-D lattices one may do P-unit cell on
the less interatomic distance. In the analyzed situation a unit cell has
a=b=c, α=β=γ=600. But this basis has translation only along atomic
plane. In c direction the translation is absent, because every atomic
plain of twinning the third the unit cell DLCP has one atomic
parameter based on the fact that c=2a√6/3, where a – is diameter of
atom. Type of the unit cell with two homological point does not
consistent with any bravery cells. It is proposed to name this atomic
system by special term (as f.e. diamond line structure). For DLCP
γ = 1200 and γ = 600 are calculated the crystallographic cluster (CC)
as system reciprocal lattice (RL) point with equal linear parameters.
It was known the opinion that unit cell of crystal influence to the
RL, but it is not exactly [3], since the crystals lattice and RL are
inner properties off matter and they do not depend on some external
factors.

Fig. 1. The centers of atoms on the first plan ( ) and
second plan ( ). The z axis is normal for atomic layers
At the figure 1 there are the examples of pain set of centers
atoms and one can see the two orientation coordinate axes for
γ = 1200 (1) and γ = 600 (2).
For ideal spheres c/a = 2√6/3 = 1,633.
The monoelement crystals present in the table 1

2. The structure of two layers packing system
The hexagonal crystals have next geometrical parameters of
their lattices unit cells: a=b, c, α=β=900, γ=1200 (600). The
important geometrical experimental characteristic are the complex
of experimental values of other places metallic crystals (vectors 𝑑 ).
Every 𝑑 have pair 𝑟* which is known as reciprocal lattice (RL)
vector of point which describes the point with indices’ (hue).
Relation between d and (abc, αβγ, hkl) (where abc are linear
parameters of unit cell and αβγ are the angel parameters) is wrote
as:

h

a

cos  cos 

1

h

a

cos 

1

cos  h

Table 1. The parameters unit cell of some monoelement crystals
with two layer cloused packing [4].
(point group 6m2)
Simble

N

aÅ

cÅ

c/a

Li

3

3,111

5,093

1,637

Berilium

Be

4

2,2853

3,5829

1,5677

Natrium**

Na

11

3,767

6,154

1,634

Magnium

Mg

12

3,2093

5,2102

1,6235

Scandium*

Sc

21

3,3090

5,2733

1,5936

Titanium**

Ti

22

2,9504

4,6833

1,587

Cobalt*

Co

27

2,5074

4,0699

1,6216

Zink

Zn

30

2,6647

4,9469

1,856

Strontium*

Sr

38

4,319

7.071

1,635

Cadmium

Cd

48

2,9787

5,6166

1,8858

Gadolinium

Gd

64

3,6360

5,7826

1,5904

Crystal
Lithium*

a

h k
1 cos  k  cos  k cos  l  cos  1 k
a b
b
b
c
b
l cos 1
l
l
cos

1
cos

cos

1
c
c
c

1 cos  cos 
d2
(1)
cos  1 cos
cos  cos  1

**

* − may be Fm3m, ** − may be Im3m
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𝐹 2 ℎ𝑘𝑙 = 𝐹 ℎ𝑘𝑙 ∗ 𝐹 ∗ ℎ𝑘𝑙

If c/a distinguischis from 1,633 it means that this crystal atom
are non-spheare.

(5)

Table 3. Crystallographic cluster for γ = 600. 𝐻 = h2+k2-hk.
N is only for 𝑙 .

Relation 1 for the unit cells with different γ are next:
γ = 1200

𝐻

N

Crystallographic cluster (hk)

1

6

10, 01, 10, 01, 11, 11

3

6

11, 11, 21, 21, 12, 12

4

6

20, 02, 20, 02, 22, 22

7

12

.

9

6

30, 03, 30, 03, 33, 33

The number H = 2,5,6,8,10,11,14,16 are imposible we take
𝐻𝑚𝑎𝑥 = 136 but CC may be determined all possibl value (H).

12

6

22, 22, 42, 24, 42, 24

Table 2. Crystallographic cluster for different H=h2+k2+hk.
N – number of clusters points. N is only for 𝑙 .

13

12

1

= 𝑟∗

𝑑2

γ = 60
1
𝑑2

2

=

4

ℎ2 + 𝑘 2 + ℎ𝑘 +

3𝑎 2

𝑙2
𝑐2

=

4
3𝑎 2

𝐻+

𝑙2

(2)

𝑐2

0

= 𝑟∗

2

=

4
3𝑎 2

ℎ2 + 𝑘 2 − ℎ𝑘 +

𝑙2
𝑐2

=

4
3𝑎

2𝐻 +

𝑙2

(3)

𝑐2

The points of RL with equel 𝑟 ∗ have formed the
crystallograpfical clusters (CC). At the table 2 and 3 the indeces of
hk for equle H and 𝐻 were wroton for unit cells with 1200 and 600.
𝜆
.
Minimal
experimental
d/n
is
𝑑𝑚𝑖𝑛 =

21, 21, 12, 12, 31, 13,
31, 13, 32, 23, 32, 23

2sin 𝜃

This namber is border for H(𝐻 )=h2+k2±hk. So 𝐻𝑚𝑎𝑥 =

H

N

3 𝑎2
2
4 𝑑 𝑚𝑖𝑛

6

10, 01, 10, 01, 11, 11

3

6

11, 11, 21, 21, 12, 12

4

6

20, 02, 20, 02, 22, 22

7

12

30, 03, 30, 03, 33, 33

12

6

22, 22, 42, 42, 24, 24

13

12

16

6

The double layer closed packing monoelement systems must be
analyzed as independent state of crystalline object. The first in this
system it is impossible to build the P – unit cell on the shortest
interatomic distance. This unit cell have only two translation along
plane atomic layer. In the third direction the translation is absent.
The second, the unit cell determined by only unknown parameter a
as atomic diameter, because c=2a√6/3. For hexagonal system
a = b, c, α=β= 900, γ=1200 (or 600). The unit cell is described by
Bravais P – type with one homological point. The symmetry of the
physical properties of crystals of the DLCP system correlates with
its point group

31, 13, 43, 43, 34, 34
40, 04, 40, 04, 44, 44

4. References

For cubic crystals the inter layer distance are determined by one
type crystallographic indices (hkl). CC may be determined by
permutations the number hkl its signs. For DLCP it needs to write
all CC. Except 𝑟 ∗ the RL points have “weight” which is
determined by structural amplitude (F(hkl)) and structural factor
DLCP they are written:
𝑛
𝑗

𝑓 𝑥𝑗 𝑦𝑗 𝑧𝑗 ∗ exp 2𝜋𝑖 ℎ𝑥𝑗 + 𝑘𝑦𝑗 + 𝑙𝑧𝑗

and if l odd

3. Conclusion

41, 41, 14, 14, 31, 13,

𝐹 ℎ𝑘𝑙 =

2

ℎ𝑘𝑙 ~ sin 𝜋 ℎ𝑥 + 𝑘𝑦 + 𝑙 + .
2
For fixed l the points of H CC are inside the circle 𝐻 CC etc.
For γ = 1200 x = 1/3, y = 2/3, for γ = 600 x = 1/3, y = 1/3.
On the base of (4, 5) and tables 2 and 3 it means that the type of
unit cell does not influence to the 𝐹 ℎ𝑘𝑙 2 . This parameter
determines the intensity of XR – reflexes (hkl). The changing of unit
cell type may change the RL индексы but douse not change r* and .

13, 13, 32, 32, 23, 23

6

𝑙

𝐹2

21, 12, 21, 12, 31, 31,

9

13, 13, 43, 34, 43, 34

For DLCP where 𝐹 2 00𝑙 = 0 when l odd.
𝑙
If l even 𝐹 2 ℎ𝑘𝑙 ~ cos 𝜋 ℎ𝑥 + 𝑘𝑦 +

Crystallographic cluster (hk)

1

41, 14, 41, 14, 31, 31
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Where 𝑓 𝑥𝑗 𝑦𝑗 𝑧𝑗 – is atomic factor scattering. N – number of
atoms in unit cell.
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Abstract: Nowadays, roads and airports are the most used ways of communication to connect people to each other inside and outside of
Albania. Based on it, infrastructure has been a key parameter to develop economy and social life of Albania. The request of the people to use
the roads and airports is increasing every year which has made the government to concentrate on the infrastructure improvement and
development. The most common problem comes from Mother Theresa airport due to non-formal management control. Due to it, our research
work will be focused on the quality control of the concrete pavement constructions of the Mother Theresa Airport.
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1. Introduction
Nowadays, roads and airports are the most used ways of
communication to connect people to each other inside and outside
of Albania. Based on it, infrastructure has been a key parameter to
develop economy and social life of Albania. The request of the
people to use the roads and airports is increasing every year which
has made the government to concentrate on the infrastructure
improvement and development. More quality is needed to meet the
requirements of the current transport infrastructure of concrete or
asphalt used in these transport routes. More efficient methods for
road monitoring and structural assessment have been needed to
ensure good care and provide an adequate road maintenance
solution.






The minimum bending strength shall be 4 MPa in 28 days
for runways designed to accommodate aircraft with a
gross weight of 13,600 kg or less.
Minimum cement content will be around 300 kg / m3.
Ratio of Maximum water / cement will be 0.50
The air content is based on the exposure conditions and
the maximum size of the aggregate
The purity modulus (F) of the aggregate should be
between 2.5 and 3.4

Table 1: Raw materials in the mixture.
Raw Materials
Pure limestone
Limestone
Argil limestone
Mergel
Mergel Argil
Argil

In general, the design and construction of airport concrete
pavement requires consideration of many features, including the
concrete quality, construction method, performance of concrete
under service conditions and the economy [1, 2]. In Albania, the
most common problem comes from Mother Theresa airport due to
non-formal management control. Structural condition and quality
control are the main factors to be considered for road maintenance
planning. In aviation runway at Mother There airport are often
managed informally, based on the judgment and experience of the
staff. Experience has shown that there are three important steps that
are particularly helpful in managing airport runways such as:
 Inventory of all runways
 Periodic assessment of the condition of all runaways.
 Use condition assessments to set priorities for projects and
consideration of alternative options.
Based on it, our research work will be focused only in the
quality control of the concrete pavement constructions of the
Mother Theresa Airport. In the current paper we need to be
concentrate on the accredited laboratory testing by using only
compression test of the concrete.

CaCO3 (100%)
96-100
90-96
75-90
40-75
10-40
0-4

3. Sample preparation
The prepared samples has been casted in three cube-shaped
molds with dimensions 150x150x150 mm and another sample in a
mold with dimensions 100x100x500 mm. All mixtures were
compacted on a vibrating machine to ensure that the samples have
been mixed correctly. For best results, the concrete should be
vibrated as well as possible so that the results are as accurate as
possible. The Fig. 1 depict the machine that make compact the
mold.

2. Materials for Production of the Concrete
The Portland cement has been prepared for our research work.
For the production of Portland cement, various minerals of natural
origin can be used, as well as industrial products. The main
minerals for this purpose are minerals which contain the main
components of Portland cement such as: calcium oxide (main
ingredient), silicon oxide, aluminum oxide and iron oxide. We have
used three important steps for production of the Portland cement
which are as follows:
 Preparation of raw material;
 Production of clinker;
 Production of cement
Table 1 depict raw materials where carbonates have hardness
according to the degree of Mohs.
Fig. 1 Compact molding machine

The quality of concrete is usually determined in terms of
workability, strength and durability. Our aviation runaway
construction have fulfilled the request for concrete quality which we
have used in Mother Theresa Airport and are listed below:

After compaction, all samples are stored for one day in molds
at room temperature. The samples are then opened and stored as can
be seen in the Fig. 2.
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Afterward, an increasing compressive force is applied over the
sample until its destruction appears determining the maximum
force. Concrete can withstand compressive strength in the range of
3 - 35 MPa, which is suitable for our applications like airport
runways. The test was conducted at 28 days of the conservation
process. The compression test is the quantity that is indirectly
determined by the measurement which depends on the force applied
to the sample. Sample stress σ of uniaxial compressive strength is
evaluated as the ratio of maximum applied force Fmax and sample
cross-sectional area A in the beginning of the test according to
equation (1) [3].



Fmax
A

(1)

5. Measurement Results
Based on our measurement we will show in the Table 2 the
dimensions of the sample and in the Table 3 the compressive
strength results.
Table 2. Dimensions of the samples.
Sample
(No)
1
2

Fig. 2 Wet preservations of concrete samples

4. Laboratory Testing
Laboratory tests will give us an accurate data about the quality
and characteristics of cement. Usually laboratory tests were done to
examine the physical-mechanical properties of cement where these
properties directly affect the quality of concrete. Our quality control
will be focused only on compression test of the concrete.

Length
(mm)
150
150

Width
(mm)
150
150

Heigh
(mm)
150
150

Weight
(g)
8200
8260

Density
(kg/m3)
2430
2447

Table 3. Compressive strength results
Sample
(No)
1
2

Age of
Sample
> 28
> 28

Day
2020
2020

Fig. 3 depict a compression test device that we have used for
cubic shaped cement samples.

Average of σ

Crush
Normal
Normal

Load
(kN)
622.1
603.3

σ
(MPa)
27.6
26.8
27.2

From the above results of the performed tests we have seen that
the values of compressive strength of the concrete sample come out
within the predicted values.

6. Conclusions
This papers briefly describes the quality control of the concrete
pavement construction for Mother Theresa airport in Albania. Also
we have been focused on the sample preparation of concrete and
one of the important quality control factor that is compressive
strength test. The future research work will be concentrate to the
other quality controls for aviation airport such as wet permeable test
and flexural test concrete.
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