827
Journal of Chemistry and Technologies, 2023, 31(4), 827-834

@l JOURNAL OF CHEMISTRY AND
O s, TECHNOLOGIES

Journal of Chemistry and Technologies R

j pISSN 2663-2934 (Print), ISSN 2663-2942 (Online).

journal homepage: http://chemistry.dnu.dp.ua

o purva s Feneind s 1971

UDC 628.1
ASSESSMENT OF DEOXYGENATION EFFICIENCY FOR WATER OF VARIOUS
MINERALIZATION

Mukola D. Gomelya, Andrii V. Holiaka, Inna M. Trus *
National Technical University of Ukraine «Igor Sikorsky Kyiv Polytechnic Institute», Peremogy Avenu 37/4, Kyiv, 03056, Ukraine
Received 15 September2023; accepted 12 December 2023; available online 25 January 2024

Abstract

The study of the influence of iron-containing redoxites on the efficiency of water deoxidation was carried out and
described. During this study, the dependence of the efficiency of water deoxygenation on the filtration speed (from
1.50 to 7.50 m/h) was also determined. The residual content of oxygen and the content of dissolved iron in water
were determined. As a result, it was shown that an increase in the filtration rate within the specified limits has a
rather strong effect on the residual oxygen concentration, namely its increase from 0.30 mg/dm3 to 1.51 mg/dm3.
The residual oxygen content also depends on the reaction of the medium, since an increase in the residual oxygen
concentration was noted when the pH of the medium increased from 7.770 to 9.75, but the residual iron content
was little dependent on these factors (in all cases it did not exceed 0.25 mg/dm3). When using columns with KU-2-8
cationite in the Na+* form in the scheme of the redox system, almost complete removal of iron ions from water and
sodium cation softening of tap water was noted.

Keywords: corrosion; redoxite; water deoxidation; water deironing; oxygen depolarization; sodium cationization.

BU3HAYEHHA E®EKTUBHOCTI 3SHEKMCHEHHSA BOIM PI3HOI MIHEPAJII3AILIIT

Mukouia [I. Tomensi, Aupiit B. Tosisika, Inaa M. Tpyc*
HayionaavHuli mexuiuHuli ynisepcumem Yxpainu «Kuiscbkuil nosimexwniyHuli incmumym imeHi lzops Cikopcbkoz2o», npocnekm
Ilepemozu 37/4, Kuis, 03056, Ykpaina

AHoTalif

IIpoBeseHa Ta omMcaHa po6oTa MO AOC/TiKeHHI0 BIUVIMBY Ha e(eKTHBHICTb 3HEKHCHEHHS BOJM 3a/1i30BMiCHUX
pefokcuTiB. IIpoTAromM nboro AOCaAiJ)KeHHs TaK0>XX BU3HA4Ya/IM 3a/1eKHICTh e(peKTUBHOCTi 3HEKUCHEHHSI BOAHU BiJ,
WBHAKOCTI pisbTpyBaHHa (Big 1.50 xo 7.50 M/roa). BusHayaBcs 3a/IMIIKOBUI BMiCT KHMCHIO Ta BMiCT pO34YHMHEHOT0
3aji3a y BoJi. B pe3yabTaTi 6y/10 NoKa3aHo, W0 36i/1blIeHHS WBUAKOCTI QiIbTpyBaHHA y BKa3aHMX MeXKaxX JOCUTh
CWJIbHO BIUVIMBAa€ HAa 3a/IMIIKOBY KOHIEHTpaLil0 KHMCHIO, a caMe BUKJ/IMKae ii 3pocraHHa Big 0.30 mr/am3 mo
1.51 mr/aM3. 3a/MIIKOBUH BMiCT KHMCHI0 TaKOXX 3aJ/IeKUTh BijJ peakuii cepeaoBUIa OCKiJIBKH 0yJ/i0 BigMideHO
3pOCTaHHA 3a/IMIIKOBOI KOHLleHTpalii KMCHIO 3a yMOBM nigBumieHHsa pH cepegosua Big 7.770 go 9.750, npote
3aJIMIIKOBUI BMIiCT 3aJ1i3a MaJsio 3aJIeXKUTh Bij nux ¢pakropiB (y Bcix Bumajgkax He nepeBuinyBaB 0.25 mr/am3). 3a
BHKOPHUCTAHHA Y CXeMi YCTAaHOBKU 3 PeJOKCUTOM, a TAKOXK KOJIOHKH i3 KaTioHiToMm KY-2-8 y Na+*-¢popmi BigmiueHO
NMPaKTUYHO IOBHe BUJIy4YeHHs iOHiB 3aJ1i3a i3 BoAu Ta HaTpilKaTiOHHe NOM KIIeHHA BOJONPOBiJHOI BOAM.

Kawuosi cnosea: Koposis; pefoKCUT; 3HEKHCHEHHS BOJAM; 3He3asi3HEHHs BOJM; KHCHeBa JeNoJisapusalisg; HaTpii-
KaTiOHyBaHHS.
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Introduction

Water resources are an essential component
of industry. The large volumes of water are
primarily used in energy production and cooling
systems in the industry. Industrial enterprises
consume significant amounts of water, and some
of them require a continuous water supply. The
water consumption by enterprises exceeds the
amount of water consumed by the population by
tens of times. The quality and quantity of water
for production purposes depend on various
factors, including water sources, the nature of
production, the technological process, and the
equipment used. These factors can vary widely.

Promising methods for ensuring economic
benefits and environmental sustainability in the
use of natural water resources include water
conditioning methods and the application of
water circulation systems (closed-loop and
recirculating systems). Therefore, these methods
need to be constantly improved, and all aspects of
the processes involved in them should be studied.
In heating, cooling, hot water and steam
production, and electricity generation systems, a
significant amount of attention is always given to
equipment corrosion protection issues.

Removal of Dissolved Oxygen from Water is a
crucial process in many industrial sectors, used
to reduce corrosion, poor heat transfer, and
oxidation of food products and medicines.
Corrosion is a problem in steam and energy
production. This type of corrosion occurs in the
presence of dissolved oxygen and leads to the
formation of galvanic cells in water, increasing
the corrosion rate. Therefore, removing dissolved
oxygen is essential for controlling this type of
corrosion [1-3].

For systems with temperatures up to 40 °C
and normal oxygen saturation in water,
inhibitors-passivators are effective, including
phosphonic acids, phosphates, pyrophosphates,
and phosphinates [4]. Their effectiveness
increases in the presence of zinc ions and other
metals [5].

In highly mineralized water with high
temperatures, inhibitors-passivators are less
effective. The desired effect of reducing metal
corrosion rates is achieved through water
deoxygenation.

The corrosive activity of water primarily
depends on its dissolved oxygen content. As a
result of iron oxidation, corrosion products are
formed, including iron oxides, commonly referred
to as iron sludge [6].

Oxygen has a dual impact on the corrosion
process. On one hand, oxygen acts as a passivator,
reducing corrosion by forming a protective film
on the metal surface, oxidizing exposed areas,
and creating passivating adsorption layers. On
the other hand, oxygen, as an active depolarizer,
can intensify corrosion by depolarizing cathodic
areas [7].

With an increase in the concentration of
oxygen in the solution, the corrosion rate initially
increases. However, the protective effect of
oxygen eventually prevails, leading to a decrease
in the overall corrosion intensity. Oxygen
corrosion of steel is particularly accelerated at
high water flow rates, as protective films are
detached from the steel surface. Therefore, it is
recommended to use stable water in closed-loop
and recirculating cooling and heating systems.
Corrosion aggressiveness of water can be
reduced through various methods, including the
use of corrosion inhibitors or the prior removal
of aggressive gases from water, known as water
degassing [8]. These methods can be categorized
as chemical, biochemical, physical, and
physicochemical.

Physical methods for degassing include the
thermal degassing, vacuum degassing, nitrogen
purging, desorption, and membrane degassing
[9-16].

Hydrazine [17] is practically capable of
completely deoxygenating water, producing inert
nitrogen as a byproduct.

N2H4 + Oz = 2H20 + N (1)

This method is the most effective. However, it
has the drawback of the high cost of hydrazine,
which results in significant economic expenses.
Therefore, this method is mainly used for the
final removal of oxygen from water after physical
methods.

Physical water degassing methods can be
carried out in two ways. In the first case, water is
brought into contact with air at near-zero partial
pressure. In the second method, conditions are
created to reduce the solubility of gas in water.
Since the carbon dioxide pressure is close to zero,
its degassing occurs during aeration [18; 19].

The deoxygenation process of water was
conducted using sulfite-form anionite [20].
Desalinated water and condensate were used for
research purposes. However, the more important
and interesting question is the removal of oxygen
from water containing hardness ions. In this case,
the process will depend on the concentration of
anions. Therefore, the application of redox
potential of ion-exchange resin of this type can be
problematic for cooling systems that use natural
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water without partial softening. This process was
studied using AV-17-8 anionite in Cl- and SO42-
forms when passing tap water [21].

One of the methods for deoxygenating water is
the use of redoxites - modified by reducers of
cationites or anionites. This method allows
complete removal of oxygen ions from water
without secondary contamination. The
peculiarity of redoxites lies in a wide range of
redox potentials due to the polymeric carrier and
ionogenic groups, high redox capacity provided
by a significant number of functional groups, a
developed internal reaction surface for redox
group fixation by a polymeric chain [22].

There is a water deoxygenation technology
that is more rational from a technical and
economic standpoint. It involves the use of
electron-ion exchange filters, which are loaded
with ionites capable of undergoing redox
reactions and ion exchange reactions. Such
electron-ion exchangers have gained the name
"Redox filters" or "redoxites" [23; 24].

Redoxite is an organic-mineral compound
made based on synthetic ion-exchange resin (e.g.,
cationite with metal ions of the variable valence
introduced and fixed in it).

Methods for obtaining filtering loads for water
deoxygenation using elements of the variable
valence, abrasive materials, and during variable
conditions of metal salt treatment with
conversion into an insoluble state, have been
described [25; 26]. This approach has led to a
reduction in the solubility of iron compounds
fixed on the surface and in the pores of the
filtering material, preventing the leaching of iron
ions from the filtering material, while
simultaneously reducing the dissolved oxygen
concentration in water to less than 50 pg/dm?
[27]. The initial material contains cation-
exchange resin in the Na* form and anion-
exchange resin in the Cl- form. This mixture was
treated with a solution of iron sulfate (II) with
sodium thiosulfate and alkali to convert the metal
into an insoluble state [28].

There is also active development in the
direction of deoxygenation using biologically
synthesized nanoporous loads on silicates and
carbon [29; 30].

In the work [31], a new technology for
chemical deoxygenation of water using a
monosolution of Na;SOz in a stoichiometric
amount, at a concentration of 10-15 %, followed
by filtration through a Redox catalytic filter, was
proposed. The catalytic filtering material used in

this case is redoxite. Production studies have
shown the effectiveness of this technology.

However, all these methods require the
regeneration of spent redoxites.

This study aimed to determine the
effectiveness of water deoxygenation with iron-
containing composites based on redoxites while
reliably controlling the iron compound content in
the deoxygenated water. The research focused on
environmentally safe heating systems and steam
and electricity production systems.

The research objectives included:

- evaluating the effectiveness of new iron-
containing composites in deoxygenating tap
water and sodium-cationized water;

- determining the conditions for removing
iron compounds from deoxygenated tap water
and softened water;

- establishing the dependence of
deoxygenation and iron removal efficiency on the
filtration rate through the redox filter.

Materials and methods

The study suggests using a modified load
based on iron-containing composites (iron-
containing sorbent) as a reducer. This material is
readily available, obtained from industrial waste,
and in case of its decreased activity, the problem
can be solved by replenishing with additional
quantities of iron-containing sorbent.

Oxygen removal processes from water were
conducted using the iron-containing sorbent
(Fig.1a) and a filtering load consisting of
sequential filtration through a column filled with
an iron-containing composite and a column filled
with cationite KY-2-8 in the Na* form (Fig.1b) (Vi
= 50 cm3). The setup diagram is presented in
Figure 1.

Tap water (H = 49 mg-eq/dm3; A
4.9 mg-eq/dms3; [Caz*] = 3.9 mg-eq/dm3; pH
7.500; [CI] = 351 mg/dm3; [SO4%]
27.5 mg/dm3) was filtered at a flow rate of 1.50
7.50 m/h. Sodium-cationized water (H =
0.0 mg-eq/dm3; A = 4.9 mg-eq/dm3; pH = 7.770)
was filtered at a flow rate of 1.50-7.50 m/h.

Water samples were collected after passing
through the column filled with the iron-
containing sorbent. The residual oxygen content
(instrument Milwaukee MW600), iron
(instrument Milwaukee MW14), and pH of the
medium  (instrument pH-150 Mi) were
determined in the water.

Water was passed through the filtering load.
Residual concentrations of oxygen, iron, pH of the
medium, and residual water hardness were
determined in the collected samples.
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Fig. 1. Water deoxygenation setup diagram

Results and Discussion

Tap water from Kyiv was passed through a
column loaded with the iron-containing sorbent.
The oxygen content before and after the

experiment, the total iron content, and the total
water hardness were determined. The results of
deoxygenating tap water with the iron-containing
sorbent are shown in Figures 2 and 3:
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Fig. 2. Dependency of dissolved oxygen concentration (1; 2) and iron concentration (3; 4) on the volume of tap water
([0z] = 6,10 mg/dm3; H = 4,90 mg-eq/dm3; pH = 7,71) passed through the iron-containing sorbent (1; 3) and
filtration media (2; 4). Filtration rate - 1.50 m/h
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Fig. 3. The dependence of pH (1; 2) and hardness (3) on the volume of passed tap water ([Oz] = 6.10 mg/dm3; H =
4.90 mg-eq/dm3; pH = 7.71;) through the iron-containing sorbent (1; 3) and filtration media (2). Filtration rate -
1.50 m/h

Through contact with dissolved oxygen in
water, the oxygen concentration decreases from
approximately 6.10 to 0.87 mg O2/dm3, which is a
7.01-fold reduction. However, this method has

certain drawbacks. Water additionally becomes
contaminated with iron ions, the average content
of which is 0.75-0.77 mg/dms3, and the water
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hardness remains at the initial level (H =
4.9 mg-eq/dm3).

Therefore, the water was subsequently passed
through a filtering load to prevent secondary
contamination with iron ions. Samples were
taken in 2 dm3 portions. The samples were
analyzed for oxygen content, iron ions, pH of the
medium, and total water hardness. The results of
deoxygenation of tap water with sequential
treatment using an iron-containing sorbent and
cationite KY-2-8 in the Na* form are shown in
Figures 2 and 3:

When using the filtering load, the
concentration of dissolved oxygen decreases
from 6.10 to 0.55 mg 02/dm3. Ion exchange on
the cationite allows for the removal of a
secondary contaminant - iron - from the water. In
this case, the iron concentration decreases from
0.77 to 0.09 mg/dm3. This treatment allows

C (0,), mg/dm’

reducing the water hardness to zero in the initial
samples. Further, as the ion-exchange capacity of
the ionite is exhausted, its concentration
increases to the initial values. The increase in the
efficiency of oxygen removal occurs through its
binding when interacting with iron (II) cations
sorbed on the cationite.

When the cationite is saturated with Ca?+ ions,
its efficiency in sorbing Fe2?* ions decreases.
Therefore, when the ion-exchange capacity of the
ionite is exhausted by calcium ions in the
solution, an increase in the concentration of iron
ions is observed. Additionally, to some extent, the
pH of the medium decreases (Figure 3, 5), leading
to a decrease in the effectiveness of binding
oxygen with sorbed iron ions. After the

regeneration of the cationite with a NaCl solution,
its activity increases, and it effectively removes
iron (Figure 2).
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Fig. 4. The dependence of dissolved oxygen concentration (1; 2; 3; 4) and deoxygenation efficiency (5; 6; 7; 8) on the
volume of passed Na* cation-exchanged water ([0z] = 6.10 mg/dm3; pH = 7.770) through the filtration media at
different filtration rates, m/h: 1.50 (1; 5); 3.00 (2; 6); 4.50 (3; 7); 7.50 (4; 8)
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Fig. 5. The dependence of iron concentration (1; 2; 3; 4) and pH (5; 6; 7; 8) on the volume of passed Na+ cation-
exchanged water ([0z] = 6.10 mg/dm3; pH = 7.770) through the filtration media at different filtration rates, m/h:
1.50 (1; 5); 3.00 (2; 6); 4.50 (3; 7); 7.50 (4; 8)

Usually, in heating systems and when
supplying water to water heaters and steam
boilers, softened or desalinated water is used.
Therefore, sodium-cationized water was used,
involving a two-stage water treatment process:

water softening on cationite KY-2-8 and
deoxygenation using filtering load. Samples were
taken in 1 dm3 portions. The water was analyzed
for oxygen content, iron, and medium reaction.
The results of deoxygenation of Na+* cationized
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water on the filtering load are shown in Figures 4
and 5. During the deoxygenation of sodium-
cationized water, in which hardness ions are
absent, the dissolved oxygen concentration is
approximately 0.30 mg 0z/dm3, and the residual
iron concentration averages 0.05 mg/dm?.
Separate removal of hardness ions and iron from
ionites allows obtaining separate exhausted
regeneration solutions that can be easily
processed.

Since the process of deoxygenation of water
occurs as a result of a chemical reaction - the
oxidation of iron compounds, it was reasonable
to conduct research to determine the dependence
of the effectiveness of water deoxygenation on
the filtration rate through the load. The filtration
rate varied from 1.50 to 7.50 m/h. The filtration
rate significantly affects the effectiveness of
deoxygenation and the removal of the secondary
contaminant - iron ions from the water. The
efficiency of removing compounds depends
linearly on the filtration rate. With an increase in
the filtration rate by 2.0-3.0 times, the oxygen
content increases from 030 to 0.60-
0.90 mg/dm3, which is an increase of 2.0-
3.0 times. With an increase in the filtration rate to
7.5 m/h, the oxygen content increases almost 5
times (from 0.30 to 1.51 mg/dm3). The same
tendency is observed in the processes of iron ion
removal. The iron content increases from
0.05 mg/dm3 to 0.25 mg/dm3 as the filtration
rate increases from 1.50 to 7.5 m/h.

The use of an iron-containing sorbent ensures
effective removal of oxygen from water. When
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treating tap water with an iron-containing
sorbent, a deoxygenation level of 87 % was
achieved at a filtration rate of 1.50 m/h with a
loading volume of 50 cm3. Of course, with such a
loading volume, the contact time of water with
the sorbent is very short to ensure complete
oxygen binding. However, when using a filtering
load, the deoxygenation level increased to 95 %
with practically complete removal of iron from
the water. In the case of using sodium-cationized
water and two-stage filtration, the deoxygenation
level reached 97 %. Clearly, by increasing the
volume of loading with an iron-containing
sorbent, complete deoxygenation of water can be
achieved.

The fact that the effectiveness of water
deoxygenation decreases with an increase in the
filtration rate only confirms that at a constant
rate of interaction of the iron-containing sorbent
with oxygen, the degree of binding decreases
with a decrease in contact time with the sorbent.
This parameter can be changed by increasing the
volume of loading with an iron-containing
sorbent. Therefore, in further studies, the optimal
ratios between the volume of loading with
redoxite, filter diameter, and redoxite layer
height will be determined at selected filtration
rates.

The influence of the environment's pH on the
process efficiency was determined. An increase in
the environmental pH from 7.77 to 9.75 results in
a decrease in oxygen binding efficiency. With an
increase in filtration rate and environmental pH,
the iron concentration in the water rises.

=
-
=
= h

1,5 3

45 7.5

Filtration rates, m/h

Fig. 6. The impact of the environmental pH and filtration rate on the iron concentration of the filtered Na+ cation-
exchanged water through the filtration media was studied

In the figure 7 - presented typical technological scheme of using the researched method. It can also
be supplemented with waste processing technologies and regeneration solutions.
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Fig. 7. Technological scheme (I - water intake for preparation; II - outlet of purified water for further use; 1 - tank
with water for preparation; 2 - pump; 3 - microfiltre; 4 - redox column; 5 - cationite column; 6 - tank with purified
water)

Conclusions

The efficiency of water deoxygenation using
an iron-containing sorbent has been determined,
which allows reducing the concentration of
dissolved oxygen in water from 6.1 mg 0,/dm? to
0.87 mg O2/dm3, which is 7 times lower. The
drawback of this process is the secondary
contamination of water with iron ions
(0.77 mg/dm3).

References

[1] Jokar, S., Aghel, B., Fathi, S., Karimi, M. (2021). Removal
of dissolved oxygen from industrial raw water in a
microchannel. Environmental Technology & Innovation,
23,101672.
https://doi.org/10.1016/j.eti.2021.101672.

[2] Feng, ], Wang, ZM., Zheng, D. Song, G.L. (2021).
Influence of dissolved oxygen on the corrosion of mild
steel in a simulated cement pore solution under
supercritical carbon dioxide. Construction and Building
Materials, 311,125270.
https://doi.org/10.1016/j.conbuildmat.2021.125270

[3] Yu, B, Li, D.Y, Grondin, A. (2013). Effects of the
dissolved oxygen and slurry velocity on erosion-
corrosion of carbon steel in aqueous slurries with
carbon dioxide and silica sand. Wear, 302(1-2), 1609-
1614. https://doi.org/10.1016/j.wear.2013.01.044.

[4] Gomelya, M., Shabliy, T., Shuryberko, M., Chuprova, K.
(2018). Development of reagents for protection of
equipment of water supply systems from scale and
corrosion. Technology Audit ant Production Reserves,
5/3(43),27-32. https://doi.org/10.15587/2312-
8372.2018.147094

[5] Stack, M. Mathew, M. Hodge, C. (2011). Micro-
abrasion-corrosion interactions of Ni-Cr/WC based
coatings: approaches to construction of tribo-corrosion
maps for the abrasion-corrosion synergism.
Electrochim. Acta, 56, 8249-8259.
https://doi.org/10.1016/j.electacta.2011.06.064

[6] Gomelya, M. Nosacheva, ], Korda, T. Potylchak, T.
(2015). Assessing the efficiency of redoxites derived
from a weakly acidic cationite dowex MAC-3 by IRON
compounds. Eastern-European Journal of Enterprise
Technologies, 5(6), 34-38.
https://doi.org/10.15587/1729-4061.2015.50615

[71 Moussallem, L, Pinnow, S., Wagner, N., Turek, T. (2012).
Development of high-performance silver-based gas-
diffusion electrodes for chlor-alkali electrolysis with
oxygen depolarized cathodes. Chemical Engineering

During the deoxygenation of water and its
subsequent sodium-cationization, the dissolved
oxygen content in the water decreases to
0.57 mg 02/dm3, and secondary contamination of
water with iron ions does not occur.

The influence of filtration rate on the
processes of water deoxygenation and iron ion
removal has been investigated. A linear inverse
relationship between the efficiency of compound
removal and the filtration rate has been
demonstrated.

and Processing: Process Intensification, 52, 125-131.
https://doi.org/10.1016/j.cep.2011.11.003
[8] Bernstein, H. F. (2008). Water degassing in the
networks of hot water supply. Entgasung und
Wasserbehandlung in Fernwdrmesystement. Euroheat
and power, 37(6), 50-55.
[9] Butler, L, Schoonen, M,, Rickard, D. (1994). Removal of
dissolved oxygen from water: a comparison of four
common techniques. Talanta, 41,211-215.
https://doi.org/10.1016/0039-9140(94)80110-X
Marti¢, I, Maslarevi¢, A, Mladenovié, S. Luki¢, U,
Budimir, S. (2015). Water deoxygenation using hollow
fiber membrane module with nitrogen as inert
gas. Desalin. Water Treat., 54, 1563-1567.
https://doi.org/10.1080/19443994.2014.888677
Ito, A, Yamagiwa, K., Tamura, M., Furusawa, M. (1998).
Removal of dissolved oxygen using non-porous hollow-
fiber membranes. | Memb. Sci, 145, 111-117
https://doi.org/10.1016/S0376-7388(98)00068-4
Garudachari, B., Al-Odwani, A. Alambi, RK, Al-
Tabtabaei, M., Al-Foudari, Y., (2020). Development of
carbon nanotube membranes for dissolved gases
removal as seawater pretreatment. Desalination and
Water Treatment, 208, 104-109.
https://doi.org/10.5004/dwt.2020.26465
Garudachari, B., Al-Odwani, A., Kumar, R., Al-Tabtabaei,
M., Al-Rughaib, M. (2021). Membrane degasification for
desalination  industries: a literature review.
Desalination and Water Treatment, 238, 28-37. doi:
10.5004/dwt.2021.27821.
Shao, J., Liu, H., He, Y. (2007). Boiler feed water
deoxygenation using hollow fiber membrane contactor.
Desalination, 234(1-3), 370-377.
https://doi.org/10.1016/j.desal.2007.09.106.
Li, T, Yu, P., Luo, Y. (2014). Preparation and properties
of hydrophobic poly (vinylidene fluoride)-SiO2 mixed
matrix membranes for dissolved oxygen removal from

[10]

[11]

[12]

[13]

[14]

[15]


https://doi.org/10.1016/j.eti.2021.101672
https://doi.org/10.15587/2312-8372.2018.147094
https://doi.org/10.15587/2312-8372.2018.147094
https://doi.org/10.1016/j.electacta.2011.06.064
https://doi.org/10.1016/j.cep.2011.11.003
https://doi.org/10.1016/0039-9140(94)80110-X
https://doi.org/10.1080/19443994.2014.888677
https://doi.org/10.1016/S0376-7388(98)00068-4

834

Journal of Chemistry and Technologies, 2023, 31(4), 827-834

[16]

[17]

(18]

[19]

[21]

[22]

(23]

[24]

water. Journal of applied polymer science, 131, 40430.
https://doi.org/10.1002 /app.40430

Jincai, Su, Yanyan, Wei (2019). Novel tri-bore PVDF
hollow fiber membranes for the control of dissolved
oxygen in aquaculture water. Journal of Water Process
Engineering, 30, 100584.
https://doi.org/10.1016/j.jwpe.2018.02.019
Medvedev, R, Merdukh, S. (2013). Water - chemical
mode and mathematical modeling of the second
contour of a nuclear power plant with a type of reactor
WWPR - 1000. Naukovi visti NTUU KPI,3,132-139.
Wang, Y., Du, Ch,, Yan, Z, Duan, W,, Deng, ]., Luo, G.
(2022). Fast deoxygenation in a miniaturized annular
centrifugal device. Separation and Purification
Technology, 297, 121546,
https://doi.org/10.1016/j.seppur.2022.121546.

Zhao, Z., Song, Y., Chen, ]., Chu, G., Shao, L. (2017). Study
of water deoxygenation using a rotor-stator reactor.
Journal of Beijing University of Chemical Technology
(Natural Science Edition), 44(1)., 13-17.
https://doi.org/10.13543/j.bhxbzr.2017.01.003
Homelia, M., Shabliy, T., Tsveniuk, V., Shuryberko, M.
(2017). Study of the sorption and desorption processes
of sulfites on the anion-exchange redoxites, Eastern-
European Journal of Enterprise Technologies, 6/6(90),
47-52. https://doi.org/10.15587 /1729-
4061.2017.118369

Tamazashvili, A, Makarenko, I. (2015). Evalation of the
reducing ability of anion exchange resin AV-17-8 in the
sulphite form. Chemistry & chemical technology, 1, 91-
94. https://doi.org/10.15587/1729-4061.2012.4038
Zhao Z., Wang J., Sun B., Arowo M., Shao L. (2018). Mass
transfer study of water deoxygenation in a rotor-stator
reactor based on principal component regression
method. Chemical Engineering Research and Design,
132,677-685.
https://doi.org/10.1016/j.cherd.2018.02.007.
Lafontaine, Y. Despatie, S. (2014). Performance of a
biological deoxygenation process for ships ballast
water treatment under very cold water conditions,
Science of The Total Environment, 472, 1036-1043.
https://doi.org/10.1016/j.scitotenv.2013.11.116
Homelia, M. Korda, T, Shuryberko, M. (2016).
Evaluation of the corrosiveness of water and stability
with respect to scale formation. «Problems of ecology
and energy saving in shipbuilding»: XI International
Science Technology Conference, 95-97.

Karimi, A.,, Mahdizadeh, F., Salari, D., Niaei, A. (2011).
Bio-deoxygenation of water using glucose oxidase
immobilized in mesoporous MnOz. Desalination, 275(1-
3) 148-153
https://doi.org/10.1016/j.desal.2011.02.053
Troiatskyi, M. Bykov S. (2007). The method of
obtaining filter material: pat. 26988 Ukraine: IPC: BOI]J

[27]

(28]

[29]

(30]

[31]

[32]

[33]

[34]

20/30, BOIJ 20/20. N2 u200706648. Troiatskyi, M. V.,
Bykov S. V. (2007). Ukraine Patent No. 26988 U. Kyiv,
Ukraine.

Troiatskyi, M., Masalitin, V., Homelia, M., (2010). The
method of obtaining filter material for filters designed
for water deoxygenation: pat. 89903 Ukraine: IPC: BOI]J
20/20, BOIJ 20/30, EO03B 3/00, BOID 39/16. Ne
a200811234. Troiatskyi, M. V., Masalitin, V. M,
Homelia, M. D. (2010). Ukraine Patent No. 89903. Kyiv,
Ukraine.

Moon, ]S, Park, KK, Seo, G, Song H.R. (2002)
Dissolved oxygen removal method using activated
carbon fiber and apparatus thereof: Pat. 6391256 USA,
21.9. Moon, ]. S, Park, K. K, Seo, G., Song, H.R. (2002).
US Patent No. 6391256.

Mahdizadeh, F., Eskandarian, M. (2014). Glucose
oxidase and catalase  co-immobilization on
biosynthesized nanoporous SiO:z for removal of
dissolved oxygen in water: Corrosion controlling of
boilers. Journal of Industrial and Engineering Chemistry,
20(4), 2378-2383,
https://doi.org/10.1016/j.jiec.2013.10.016.

Xia, Z., YaBin, L., Hao, X., XiaoChun, W., ZhongLin, Ch.
(2017). Effect of dissolved oxygen concentrations on
the operational efficiency of the powdered activated
carbon-membrane bioreactor (PAC-MBR) and single
membrane bioreactor (MBR). Desalination and Water
Treatment, 93, 22-29.
https://doi.org/10.5004/dwt.2017.21460
Porzhezinskyi, U. (2020). New technological solutions
for the preparation of water for hot water boilers and
thermal systems. Naukovi pratsi NUKhT, 26(1), 91-97.
https://doi.org/10.24263 /2225-2924-2020-26-1-12
Remeshevska, 1, Trokhymenko, G. Gurets, N,
Stepova, 0., Trus, I., Akhmedova, V. (2021). Study of the
ways and methods of searching water leaks in water
supply networks of the settlements of Ukraine.
Ecological Engineering and Environmental Technology,
22(4),14-21.
https://doi.org/10.12912/27197050/137874

Trus, I, Radovenchyk, I, Halysh, V., Skiba, M,
Vasylenko, I, Vorobyova, V., Hlushko, O., Sirenko, L.
(2019). Innovative approach in creation of integrated
technology of desalination of mineralized water.
Journal of Ecological Engineering, 20(8), 107-113.
doi:10.12911/22998993/110767

Trus, I, Gomelya, N, Halysh, V., Radovenchyk, I,
Stepova, 0., Levytska, O. (2020). Technology of the
comprehensive desalination of wastewater from
mines. Eastern-European Journal of Enterprise
Technologies, 3(6-105), 21-27.
https://doi.org/10.15587/1729-4061.2020.206443



https://doi.org/10.1016/j.seppur.2022.121546
https://doi.org/10.15587/1729-4061.2012.4038
https://doi.org/10.1016/j.scitotenv.2013.11.116
https://doi.org/10.1016/j.desal.2011.02.053
http://www.ecoeet.com/Author-Iryna-Remeshevska/138856
https://doi.org/10.12912/27197050/137874
https://doi.org/10.15587/1729-4061.2020.206443

