DOI: 10.15587,/1729-4061.2020.205352

A STUDY OF THE INCREASED TEMPERATURE
INFLUENCE ON THE ELECTROCHROMIC AND
ELECTROCHEMICAL CHARACTERISTICS OF
Ni(OH),-PVA COMPOSITE FILMS (p. 6-12)

Valerii Kotok

Ukrainian State University of Chemical Technology, Dnipro, Ukraine
Vyatka State University, Kirov, Russian Federation

ORCID: http://orcid.org/0000-0001-8879-7189

Vadym Kovalenko

Ukrainian State University of Chemical Technology, Dnipro, Ukraine
Vyatka State University, Kirov, Russian Federation

ORCID: http://orcid.org/0000-0002-8012-6732

Electrochromic devices, as an element of “smart” windows, can
be exposed to extreme temperatures due to their purpose and loca-
tion. Exposure to high temperatures can change the characteristics of
electrochromic devices and lead to malfunction. The present study is
intended to fill in the gaps related to the stability of electrochemical
and electrochromic parameters of one of the known materials — nickel
hydroxide (IT).

The present study highlights changes in some physico-chemical
characteristics that occur during prolonged exposure to high tempera-
ture in different media. Ni(OH),-polyvinyl alcohol, prepared using the
cathodic template method, was aged at 80 °C under the air atmosphere
and in the working electrolyte solution — 0.1 M KOH for 8 hours. The
temperature was chosen based on the maximum registered tempera-
ture on Earth, possible film heat up and possible rapid degradation of
electrochromic films.

As a result, it was found that degradation does occur in a basic
solution, while on air some improvement was observed instead. The
authors propose the mechanism that explains experimental results,
which lies in “ageing” of active material Ni(OH)2. The latter occurs
in the active mass of alkaline batteries. Possible methods for prevent-
ing degradation are also proposed, which can be realized with the use
of thickened electrolytes or special films that are deposited onto the
electrochrome.

Keywords: electrochromic device, electrochemical deposition,
nickel hydroxide, template, polyvinyl alcohol, degradation, re-crystal-
lization, basic solution, coloration, bleaching.
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The core-shell structure of Ce-doped TiO,@SiO,@(Ni-Cu-Zn)
ferrite noted of CTSF as composite nanoparticles (NPs) was synthe-
sized using a modified sol-gel method. The physicochemical properties
of as-prepared products were characterized completely by X-ray dif-
fraction (XRD), Brunauer-Emmit-Teller (BET), X-ray photoelectron
spectroscopy (XPS) and superconducting quantum interference device
(SQUID), serially. Meanwhile, assessment of the photocatalystic activ-
ity of catalyst was performed by ultraviolet-visible spectrometry (UV-
vis). The results of the study show that the anatase phase related to the
TiO;, structure was constructed on the outer shell coating of composite
NPs. However, the second phase associated with the Ce structure was
not easy to be detected on the XRD pattern, confirming that the doping
Ce had been incorporated into the TiO, crystal structure. The mesopo-
rous structure of Ce-doped TiO, layers was demonstrated by the type
IV isotherm and H3 type hysteresis loop. The homogenous pore size
was generated with the specific surface area up to 111.916 m?/g and
0.241 cc/g of pore volume. The stoichiometry of the chemical com-
position formed with fewer defects on the surface of TiO, layers was
exhibited by the symmetry curve of Ti 2ps» and Ti 2p; » peaks of XPS



spectra. Meanwhile, the redox couple corresponding to Ce®"/Ce** was
incorporated inside the thin TiO, coating. Furthermore, the catalyst
magnetic NPs can be also separated by using an external magnetic field
from the reaction system. The product performance associated with the
degradation efficiency was achieved to be 50 % in the aqueous solution
of methylene blue (MB).

Keywords: Magnetic photocatalyst, Photodegradation, Cerium
doped TiO,, surface modification, photocatalytic performance.
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The issue of desalination is relevant for many countries of the
world; the most promising technology for demineralization appears
to be membrane technology. The stabilizing treatment of water before
feeding it to the membrane filters involved the ion exchange softening
of the solution based on the weakly acidic cation exchanger DOWEX
MAC-3 in the H” and Na* forms. This makes it possible to improve
the efficiency of baromembrane desalination and the service time
of membranes. The nanofiltration membrane OPMN-P ensures the
purification of low mineralized waters from sulfates (by 74-93 %)
and hardness ions (67-90 %); at the same time, the membrane has
low selectivity in terms of bicarbonate anions and does not retain
chlorides. This avoids the accumulation of these in the concentrates at
the nanofiltration purification of low mineralized waters. The inverse
osmotic membrane Filmtec TW30-1812-50 shows selectivity for
sulfates and hardness ions of over 99 %. The selectivity for chlorides
is 83-94 % for low mineralized water, and 90-95 % for highly mineral-
ized water. The concentrates contain hardness ions, sulfates, chlorides,
and bicarbonate anions in significant concentrations. We have defined
conditions for the effective softening of the formed concentrates at
the comprehensive treatment by lime and aluminum coagulants.
When desalinizing the concentrate of low- and highly mineralized wa-
ters, the sulfate concentration decreased to 2.55-6.53 mg-equiv./dm?
and 3.31-9.02 mg-equiv,/dm?, respectively. At the same time, the
concentration of hardness ions was 3.31-9.02 mg-equiv./dm?® and
4.20-10.65 mg-equiv./dm?. Creating comprehensive technologies for
the purification of mineralized waters makes it possible to ensure
the proper efficiency of water desalination and to utilize the waste
formed with obtaining useful products. That could reduce anthropo-
genic pressure on the environment and solve the problem of freshwater
shortage for people and industry.

Keywords: mineralized water, nanofiltration, reverse osmosis,
selectivity, productivity, sulfates, hardness ions.
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The effect of a methyl hydroxyethyl cellulose additive on the
technical and physical-mechanical properties of the cement matrix
has been investigated. The study involved cellulose ether of low
(11,000-16,000 MPa-s), medium (17,000-23,000 MPa-s), and high
(20,000-30,000 MPa) viscosity. The additives were introduced
into cement in the amount of 0.25, 0.5, and 0.75 % by weight. It has
been established that the introduction of cellulose ether in cement
leads to an increase in the normal density of the slurry and extends
the duration of the mortar setting. The normal density of cement
slurry increases with the introduction of cellulose ethers of low
viscosity (LV) and medium viscosity (MV) by 5.4-16.8 %; when
introducing the ether of high viscosity (HV), by 21.3-41.4 %. This
confirms the high water-retaining capacity of methyl hydroxyethyl
cellulose, which increases with increasing viscosity of the additives.
The setting duration of cement slurry increases, depending on the
concentration and viscosity of the additives, by 2—4 times, compared
with an additive-free material. There is also a significant reduction
in the strength of the cement matrix in the early periods of harden-
ing (1-7 days) depending on the concentration of the additives, by
2.2-4.2 times. The strength of the samples is least affected by the
cellulose ether of low viscosity, largest — by that of high viscosity.
The reduction of strength is observed at the age of 28 days, although
not very much pronounced. Compared to the additive-free cement,
the strength amount to: for the ester of low viscosity at concentra-
tions: 0.25 % by weight — 14.3 %, 0.50 % by weight — 23.9 %, 0.75 %
by weight — 40.5 %; for the ether of medium viscosity, respectively,
23.8, 26.2, and 33.3 %; for the ether of high viscosity, 28.6; 45.2, and
61.0 %. The corrosion resistance of the cement matrix with methyl
hydroxyethyl cellulose additives is increased at a concentration of
up to 0.25 % by weight and then gradually decreases. The above
results make it possible to recommend using, in the production of
dry construction mixtures, the cellulose ethers of low and medium
viscosity, which would ensure the required time to maintain the so-
lution mobility and the sufficient strength of the resulting material.

Keywords: dry construction mixes, methyl hydroxyethylcel-
lulose, cement, normal density, setting time, strength, corrosion
resistance.

References

1. Rynok sukhykh budivelnykh sumishei: stan ta prohnozy (infohrafi-
ka) (2019). Budivelnyi portal. Available at: http://budport.com.ua/
news/13193-rinok-suhih-budivelnih-sumishey-stan-ta-prognozi-in-
fografika

2. Dry Mix Mortar Market Share 2020-2026. Available at: https://
www.gminsights.com/industry-analysis/dry-mix-mortar-market

3. Wan, L. R. (2002). Advanced Dry Mortar Technology for Construction
Industry. Professional Services Development Assistance Scheme, 1-19.

4. Patural, L., Marchal, P, Govin, A., Grosseau, P, Ruot, B., Deves, O.
(2011). Cellulose ethers influence on water retention and consisten-
cy in cement-based mortars. Cement and Concrete Research, 41 (1),
46-55. doi: https://doi.org/10.1016/j.cemconres.2010.09.004

5. Omikrine Metalssi, O., Ait-Mokhtar, A., Ruot, B. (2014). Influence
of cellulose ether on hydration and carbonation kinetics of mortars.
Cement and Concrete Composites, 49, 20—25. doi: https://doi.org/
10.1016/j.cemconcomp.2014.01.011

6. Spychal, E. (2015). The Effect of Lime and Cellulose Ether on Se-
lected Properties of Plastering Mortar. Procedia Engineering, 108,
324-331. doi: https://doi.org/10.1016/j.proeng.2015.06.154

7. Fleysher, A., Tokarchuk, V., Sviderskiy, V. (2015). Use of the admix-
ture consisting of products of processed polymer fraction of munici-



20.

21.

pal solid waste as a cement hardening accelerator. Eastern-European
Journal of Enterprise Technologies, 4 (6 (76)), 23—29. doi: https://
doi.org/10.15587/1729-4061.2015.47731

. Fleysher, A, Tokarchuk, V., Sviderskiy, V. (2015). Influence of water-

repellent admixtures on the properties of cements. Technology audit
and production reserves, 3 (4 (23)), 32-37. doi: https://doi.org/
10.15587/2312-8372.2015.43747

. Ma, B. G, Su, L, Jian, S. W,, Zhao, Z. G., Liu, M. (2012). Ear-

ly Stage Hydration Process of Hydroxypropyl Methyl Cellulose
Ether Modified Cement Pastes. Advanced Materials Research, 476-
478, 1709-1713. doi: https://doi.org/10.4028 /www.scientific.net/
amr.476-478.1709

. Biilichen, D., Kaingz, J., Plank, J. (2012). Working mechanism of meth-

yl hydroxyethyl cellulose (MHEC) as water retention agent. Ce-
ment and Concrete Research, 42 (7), 953-959. doi: https://doi.org/
10.1016/j.cemconres.2012.03.016

. Zhang, G., He, R., Zhao, G., Wang, Y., Wang, P. (2017). Effect of Hy-

droxyethyl Methyl Cellulose on the Morphology Characteristics of
Ca(OH), in Portland Cement Paste. Jianzhu Cailiao Xuebao/Journal
of Building Materials, 20 (4), 495-500. doi: http://doi.org/10.3969/
jissn.1007-9629.2017.04.001

. Zhang, G., Wang, P-M. (2010). Effects of hydroxyethyl methyl

cellulose on cement hydration products at the early hydration pe-
riod. Jianzhu Cailiao Xuebao/Journal of Building Materials, 13 (5),
573-577. doi: https://doi.org/10.3969 /j.issn.1007-9629.2010.05.003

. Ou, Z. H.,, Ma, B. G,, Jian, S. W. (2012). Influence of cellulose ethers

molecular parameters on hydration kinetics of Portland cement at
early ages. Construction and Building Materials, 33, 78-83. doi:
https://doi.org/10.1016/j.conbuildmat.2012.01.007

. Zhang, G., Wang, P. (2014). Study of hydration process of cement paste

modified with hydroxyethyl methyl cellulose by AC impedance spec-
troscopy. Jianzhu Cailiao Xuebao,/Journal of Building Materials, 17 (1),
9-14. doi: https://doi.org/10.3969 /j.issn.1007-9629.2014.01.002

. Wang, Z., Zhao, Y., Zhou, L., Xu, L., Diao, G., Liu, G. (2019). Effects

of hydroxyethyl methyl cellulose ether on the hydration and com-
pressive strength of calcium aluminate cement. Journal of Thermal
Analysis and Calorimetry, 140 (2), 545-553. doi: https://doi.org/
10.1007/s10973-019-08820-6

. Al-Dulaijan, S. U., Maslehuddin, M., Al-Zahrani, M. M., Shar-

if, A. M., Shameem, M., Ibrahim, M. (2003). Sulfate resistance of
plain and blended cements exposed to varying concentrations of so-
dium sulfate. Cement and Concrete Composites, 25 (4-5), 429-437.
doi: https://doi.org/10.1016,/50958-9465(02)00083-5

. Estokova, A., Kovalcikova, M., Luptakova, A., Prascakova, M.

(2016). Testing Silica Fume-Based Concrete Composites under
Chemical and Microbiological Sulfate Attacks. Materials, 9 (5), 324.
doi: https://doi.org/10.3390,/ma9050324

. Baghabra Al-Amoudi, O. S. (2002). Attack on plain and blended ce-

ments exposed to aggressive sulfate environments. Cement and Con-
crete Composites, 24 (3-4), 305-316. doi: https://doi.org/10.1016/
$0958-9465(01)00082-8

. Djuric, M., Ranogajec, J., Omorjan, R., Miletic, S. (1996). Sulfate cor-

rosion of portland cement-pure and blended with 30% of fly ash. Ce-
mentand Concrete Research, 26 (9),1295-1300. doi: https://doi.org/
10.1016,/0008-8846(96)00127-5

Zhang, G., Zhao, J., Wang, P, Xu, L. (2014). Effect of HEMC on
the early hydration of Portland cement highlighted by isothermal
calorimetry. Journal of Thermal Analysis and Calorimetry, 119 (3),
1833-1843. doi: https://doi.org/10.1007 /s10973-014-4346-6

Ou, Z. H,, Ma, B. G, Jian, S. W. (2013). Pore Structure of Ce-
ment Pastes Modified by Non-ionic Cellulose Ethers. Journal of
Building Materials, 16 (1), 121-126. doi: https://doi.org/10.3969/
j.issn.1007-9629.2013.01.023

22. Sheinich, L., Pryymachenko, A. (2016). Modeling of corrosion
process of the high-performance concretes in sulfate environment.
Eastern-European Journal of Enterprise Technologies, 2 (6 (80)),
53-59. doi: https://doi.org/10.15587/1729-4061.2016.64113

DOI: 10.15587,/1729-4061.2020.204173

ANALYZING THE CAUSES OF CRACK FORMATION IN
PORCELAIN AND THE WAYS TO ELIMINATE THEM
(p. 34-41)

Olena Khomenko
Ukrainian State University of Chemical Technology, Dnipro, Ukraine
ORCID: http://orcid.org/0000-0002-3753-3033

Borys Datsenko

Kyiv National University of Civil Engineering and Architecture,
Kyiv, Ukraine

ORCID: http://orcid.org/0000-0002-5083-623 1

Olga Hurzhii
Dnipropetrovsk Scientific Research Forensic Center, Dnipro, Ukraine
ORCID: http://orcid.org/0000-0002-9753-1830

Lidiia Savchenko
Sumy National Agrarian University, Sumy, Ukraine
ORCID: http://orcid.org/0000-0002-9444-2031

Oleksandr Savchenko
Sumy National Agrarian University, Sumy, Ukraine
ORCID: http://orcid.org/0000-0003-0498-218X

The studies deal with the porcelain products produced by casting
finely-dispersed slips into gypsum molds. The causes of the occurrence
of cracks on the edges of products after bisque and glazed firing were
established and the ways of their elimination were proposed.

As a result of the comprehensive research into the basic ceramic
mass of the assigned composition and products from it, a series of the
technological factors that cause cracking were determined.

Determining the fineness of grinding of production slips of vari-
ous batches showed that the residue on sieve No. 0063 ranged from
0.7 to 3.5 %. The direct correlation between the occurrence of cracks
in products and an elevated indicator of the residue that contributed
to the stratification of a ceramic slip in the process of settling in
gypsum molds was established. This led to the emergence of internal
stresses in the structure of a potsherd. It was established that an-
other factor that caused cracking of products was the existence in the
composition of the ceramic mass of large quartz grains, which in the
heating-cooling process are capable of modification transformations.
In addition, the low temperature of bisque firing did not contribute
to the completion of the process of dehydration of clay and mica min-
erals, which strengthened the internal stresses in a potsherd.

The research revealed that to ensure qualitative indicators of
ceramic products, it is necessary not only to control the residue on a
sieve but also to take into consideration the distribution of the frac-
tional composition of a ceramic slip, while the content of the quartz
component of 30—63 pm should not exceed 12 % by weight. This
contributes to the formation of a dense homogeneous potsherd with
a high content of a mullite phase.

As a result of the research, it was also proposed to change the
temperature of bisque firing from 660 to 800 °C. It is at this tem-
perature that the processes of dehydration of layered silicates are
completed and the shrinkage processes are stabilized.

The obtained results can be applied at the typical production of
household products from low-temperature porcelain.

Keywords: slip, grinding, quartz, water absorption, firing, porce-
lain, cracking, strength, sintering, shrinkage.
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The main factors of the formation of porosity of pressed products

based on spongy titanium were studied. Three types of pores were stud-
ied and separated — cluster (in the place of particles), inter-cluster, and
natural pores of the material. The cluster models of particles packing at
the stages of pressing were developed (from bulk density, or the forma-
tion of temporary structures to the formation of stable structures). The
number of cluster faces in the models depends on coordination num-
ber A, which means tetrahedral (A=4) clusters at the initial stage and
cuboctahedral (A=12) at the later ones. Based on the Gaussian rule, for
spheres packing, it was found that the most correct form of clusters for

later pressing stages is cuboctahedral, as the pores between the spheres

at the maximum tight packing with the coordination number of 12 have

the shape close to cuboctahedrons and octahedrons, but with concave

faces. Based on the difference between the volume of spheres, for which

particles and clusters in the model were accepted, based on calculated



volumes of intercluster octahedrons and cuboctahedrons, the volume
of pores in the shape of the Steiner octahedron or cuboctahedron was
calculated. In calculating the strength of adhesion between the par-
ticles, the proper porosity of spongy titanium is determined through the
assumption that a part of the powder is a conglomerate that is formed
from hollow spheres of the regular shape at the stage of titanium reduc-
tion by the magnesium thermal method. Accordingly, in the formula for
calculating the strength of adhesion, the force that influences a particle
will consist of the difference between forces of elastic deformation and
the destruction of hollow spheres contained in the deformed volume.
The developed models were proved by the results of practical research.
Actual measurements show the average exponential ratio of the poros-
ity to pressing pressure, which makes it possible to calculate s maximum
inter-cluster porosity at the maximum compaction of 66 % and the
compression factor of the studied material of 0.15.

Keywords: composites, powder metallurgy, spongy titanium,
packing of particles, pressing, types of pores.
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