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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 (II).

The present study highlights changes in some physico-chemical 
characteristics that occur during prolonged exposure to high tempera-
ture in different media. Ni(OH)2-polyvinyl alcohol, prepared using the 
cathodic template method, was aged at 80 °С under the air atmosphere 
and in the working electrolyte solution – 0.1 М 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-
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References 

1.	 Hayashi, A., Akimoto, K., Sano, F., Mori, S., Tomoda, T. (2009). Eval-
uation of global warming impacts for different levels of stabilization 
as a step toward determination of the long-term stabilization target. 
Climatic Change, 98 (1-2), 87–112. doi: https://doi.org/10.1007/
s10584-009-9663-6 

2.	 Cortés-Borda, D., Ruiz-Hernández, A., Guillén-Gosálbez, G., Llop, M., 
Guimerà, R., Sales-Pardo, M. (2015). Identifying strategies for miti-
gating the global warming impact of the EU-25 economy using a 
multi-objective input–output approach. Energy Policy, 77, 21–30. doi: 
https://doi.org/10.1016/j.enpol.2014.11.020 

3.	 Dincer, I., Hepbasli, A., Midilli, A., Karakoc, T. H. (Eds.) (2010). 
Global warming: Engineering solutions. Green Energy and Technol-
ogy. Springer. doi: https://doi.org/10.1007/978-1-4419-1017-2 

4.	 Panja, P. (2019). Deforestation, Carbon dioxide increase in the atmo-
sphere and global warming: A modelling study. International Journal 
of Modelling and Simulation, 1–11. doi: https://doi.org/10.1080/02
286203.2019.1707501 

ABSTRACT AND REFERENCES

TECHNOLOGY ORGANIC AND INORGANIC SUBSTANCES

5.	 Smart Windows: Energy Efficiency with a View. Available at: 
https://www.nrel.gov/news/features/2010/1555.html

6.	 Wang, S.-M., Liu, L., Chen, W.-L., Wang, E.-B. (2013). High per-
formance visible and near-infrared region electrochromic smart 
windows based on the different structures of polyoxometalates. 
Electrochimica Acta, 113, 240–247. doi: https://doi.org/10.1016/ 
j.electacta.2013.09.048 

7.	 Lee, S. J., Choi, D. S., Kang, S. H., Yang, W. S., Nahm, S., Han, S. H., 
Kim, T. (2019). VO2/WO3-Based Hybrid Smart Windows with Ther-
mochromic and Electrochromic Properties. ACS Sustainable Chemis-
try & Engineering, 7 (7), 7111–7117. doi: https://doi.org/10.1021/
acssuschemeng.9b00052 

8.	 Tang, Q., He, L., Yang, Y., Long, J., Fu, X.-K., Gong, C. (2016). Ef-
fects of substitution position on electrochemical, electrochromic, 
optical, and photoresponsive properties of azobenzenecarboxylic 
acid alkyl ester derivatives. Organic Electronics, 30, 200–206. doi: 
https://doi.org/10.1016/j.orgel.2015.11.010 

9.	 NuLi, Y. (2003). Electrochemical and electrochromic characteris-
tics of Ta2O5–ZnO composite films. Solid State Ionics, 160 (1-2), 
197–207. doi: https://doi.org/10.1016/s0167-2738(03)00162-0 

10.	 Cupelli, D., De Filpo, G., Chidichimo, G., Nicoletta, F. P. (2006). The 
electro-optical and electrochromic properties of electrolyte-liquid 
crystal dispersions. Journal of Applied Physics, 100 (2), 024515. doi: 
https://doi.org/10.1063/1.2219696 

11.	 Nicoletta, F. P., Chidichimo, G., Cupelli, D., De Filpo, G., De Benedit-
tis, M., Gabriele, B. et. al. (2005). Electrochromic Polymer-Dispersed 
Liquid-Crystal Film: A New Bifunctional Device. Advanced Func-
tional Materials, 15 (6), 995–999. doi: https://doi.org/10.1002/
adfm.200400403 

12.	 Ghosh, A., Norton, B., Duffy, A. (2016). Daylighting performance 
and glare calculation of a suspended particle device switchable 
glazing. Solar Energy, 132, 114–128. doi: https://doi.org/10.1016/ 
j.solener.2016.02.051 

13.	 Ghosh, A., Norton, B., Duffy, A. (2016). First outdoor characterisation 
of a PV powered suspended particle device switchable glazing. Solar 
Energy Materials and Solar Cells, 157, 1–9. doi: https://doi.org/ 
10.1016/j.solmat.2016.05.013 

14.	 Su, C., Qiu, M., An, Y., Sun, S., Zhao, C., Mai, W. (2020). Control-
lable fabrication of α-Ni(OH)2 thin films with preheating treatment 
for long-term stable electrochromic and energy storage applica-
tions. Journal of Materials Chemistry C, 8 (9), 3010–3016. doi: 
https://doi.org/10.1039/c9tc06354d 

15.	 Kotok, V. A., Kovalenko, V. L., Zima, A. S., Kirillova, E. A., Burkov, A. A., 
Kobylinska, N. G. et. al. (2019). Optimization of electrolyte composition 
for the cathodic template deposition of Ni(OH)2 -based electrochromic 
films on FTO glass. ARPN Journal of Engineering and Applied Sci-
ences, 14 (2), 344–353. Available at: http://www.arpnjournals.org/ 
jeas/research_papers/rp_2019/jeas_0119_7562.pdf

16.	 Kotok, V., Kovalenko, V. (2019). A study of an electrochromic device 
based on Ni(OH)2/PVA film with the mesh-like silver counter electrode. 
Eastern-European Journal of Enterprise Technologies, 5 (6 (101)), 
49–55. doi: https://doi.org/10.15587/1729-4061.2019.181396 

17.	 Kotok, V., Kovalenko, V. (2020). Selection of the formation mode of a 
zinc mesh electrode for an electrochromic device with the possibility 
of energy recovery. Eastern-European Journal of Enterprise Tech-
nologies, 2 (6 (104)), 13–20. doi: https://doi.org/10.15587/1729-
4061.2020.200559 

18.	 Kotok, V. A., Kovalenko, V. L., Kovalenko, P. V., Solovov, V. A., Dea-
bate, S., Mehdi, A. et. al. (2017). Advanced electrochromic Ni(OH)2/
PVA films formed by electrochemical template synthesis. ARPN Jour-



54

Eastern-European Journal of Enterprise Technologies ISSN 1729-3774	 3/6 ( 105 ) 2020

European Journal of Enterprise Technologies, 5 (12 (95)), 18–24. 
doi: https://doi.org/10.15587/1729-4061.2018.145223 

33.	 Kotok, V., Kovalenko, V. (2018). A study of the effect of cycling 
modes on the electrochromic properties of Ni(OH)2 films. Eastern-
European Journal of Enterprise Technologies, 6 (5 (96)), 62–69. doi: 
https://doi.org/10.15587/1729-4061.2018.150577 

34.	 Jayashree, R. S., Kamath, P. V. (1999). Factors governing the electro-
chemical synthesis of α-nickel (II) hydroxide. Journal of Applied Electro-
chemistry, 29, 449–454. doi: https://doi.org/10.1023/A:1003493711239

35.	 Kotok, V., Kovalenko, V. (2018). Definition of the aging process 
parameters for nickel hydroxide in the alkaline medium. Eastern-
European Journal of Enterprise Technologies, 2 (12 (92)), 54–60. 
doi: https://doi.org/10.15587/1729-4061.2018.127764 

36.	 Kotok, V. A., Kovalenko, V. L. (2019). Non-Metallic Films Elec-
troplating on the Low-Conductivity Substrates: The Conscious 
Selection of Conditions Using Ni(OH)2 Deposition as an Example. 
Journal of The Electrochemical Society, 166 (10), D395–D408. doi: 
https://doi.org/10.1149/2.0561910jes 

DOI: 10.15587/1729-4061.2020.203186
SURFACE MODIFICATION OF MAGNETIC TiO2 CORE-
SHELL WITH DOPED CERIUM FOR ENHANCEMENT 
OF PHOTOCATALYTIC PERFORMANCE (р. 13-20)

Fachruddin 
State Polytechnic of Jakarta, Jawa Barat, Indonesia 

Ching-Cheng Chen
National Dong Hwa University, Hualien, Taiwan ROC 

Sulaksana Permana
Universitas Indonesia, Jawa Barat, Indonesia

ORCID: http://orcid.org/0000-0003-3473-5892 

Nugroho Eko Setijogiarto 
State Polytechnic of Jakarta, Jawa Barat, Indonesia 

Fuad Zainuri
State Polytechnic of Jakarta, Jawa Barat, Indonesia 

ORCID: http://orcid.org/0000-0001-8996-281X 

Johny Wahyuadi Soedarsono
Universitas Indonesia, Jawa Barat, Indonesia

ORCID: http://orcid.org/0000-0001-6051-2866 

Iwan Susanto
State Polytechnic of Jakarta, Jawa Barat, Indonesia 

ORCID: http://orcid.org/0000-0001-7120-0374 

The core-shell structure of Ce-doped TiO2@SiO2@(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 
TiO2 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 TiO2 crystal structure. The mesopo-
rous structure of Ce-doped TiO2 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 m2/g and 
0.241 cc/g of pore volume. The stoichiometry of the chemical com-
position formed with fewer defects on the surface of TiO2 layers was 
exhibited by the symmetry curve of Ti 2p3/2 and Ti 2p1/2 peaks of XPS 
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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./dm3 

and 3.31–9.02 mg-equiv./dm3, respectively. At the same time, the 
concentration of hardness ions was 3.31–9.02 mg-equiv./dm3 and 
4.20–10.65 mg-equiv./dm3. 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.
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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 µm 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 λ, which means tetrahedral (λ=4) clusters at the initial stage and 
cuboctahedral (λ=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 
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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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