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Abstract

The kinetics of oxygen removal processes from water using gyrazine hydrate were studied. A
comparison method was used to determine a more effective reagent. It was shown that the speed and
efficiency of the process increase with increasing reagent concentration. The initial oxygen
concentration in water in this case depended on the temperature of the environment. The process was
monitored with an oxygen meter by changing the oxygen concentration in a hermetically sealed
container. At a temperature of 20°C, the oxygen binding process lasted for more than 60 minutes.
With an increase in the concentration of iron (1) ions, greater efficiency was achieved than when
using copper (1) ions.

Keywords: comparison method, iron (1) sulfate, copper (1) oxide, hydrazine, corrosion, oxygen
meter, electrochemical deoxidation methods.

Today, corrosion is one of the main technical and economic problems of the energy industry,
which requires constant attention, regular monitoring of the condition of equipment and the
introduction of modern protection technologies. The consequences of the influence of corrosion can
be the appearance of cracks and ruptures in pipelines under the influence of corrosion cracking, which
is especially dangerous for high-temperature and high-pressure systems.

Deoxidation is an important area of ecological research, as it is one of the effective methods for
combating metal corrosion. The use of iron and copper ions plays a significant role in studying water
deoxidation processes, since their combinations in heaps at different temperatures can yield
meaningful results.

Methods using redox sites consist of modified ion exchange resins that use cation exchangers
modified with iron (1) and copper (1) compounds, which have reducing properties. This method is
promising for industry and energy, since it does not leave toxic residues [1] and Polymer membranes
- they can also be used for water deoxygenation by filtration [2].

It is worth noting that the deoxygenation process is closely linked to corrosion and redox reactions.
Moreover, the reduction of oxygen levels influences the concentration of dissolved iron in water,
which in turn can impact water quality and its overall ecological condition [1].

To identify the most effective method of water deoxygenation, a comparative analysis was
conducted. The study was based on graphical representations and tables that clearly illustrate the
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kinetics of oxygen concentration changes when using copper and iron ions at 20°C. The aim of our
study was to compare the effectiveness of adding copper and iron ions at a temperature of 20 °C and
with the addition of hydrazine hydrate. to determine the efficiency of the water deoxygenation process
from temperature when using hydrazine hydrate. Distilled water was used as the working medium.
During the experiment, a sealed system and an oxygen meter were employed. A water bath was used
to maintain a consistent temperature throughout the study.

Based on the results of the research, dependences were obtained that demonstrate the kinetics of
changes in oxygen concentration over one hour. Tables 1 and 2 show the data on changes in oxygen
concentration at different concentrations of hydrazine, copper(l) and iron(ll) ions at 20°C.

Table 1. Oxygen removal efficiency using hydrazine hydrate at 20°C and iron(ll) ion concentration
for 1 hour

Initial Hydrazine Concentration Residual
concentration O2, concentration, of FeSOx, concentration Op,
mg/dm? mg/dm? mg/dm? mg/dm?
4,5 10 0,1 1,3
4,8 10 0,2 1,1
5 10 0,5 1
5,2 10 1 1
5,2 20 0,1 1,1
5,3 20 0,2 1
5,3 20 0,5 0,9
5,7 20 1 0,8
6 50 0,1 0
5,2 50 0,2 0
5,6 50 0,5 0
54 50 1 0
Table 2. Oxygen removal efficiency using hydrazine hydrate at 20°C and copper(l) ion concentration
for 1 hour
Initial Hydrazine Concentration Residual
concentration O>, concentration, of FeSOx, concentration Oy,
mg/dm? mg/dm? mg/dm? mg/dm?
5,2 10 0,1 3,2
5,2 10 0,2 3,3
51 10 0,5 3,1
5,3 10 1 3
4,7 20 0,1 0,7
4,9 20 0,2 0,6
5 20 0,5 1,2
5 20 1 1
5,3 50 0,1 0,3
51 50 0,2 0,2
54 50 0,5 0,1
5,2 50 1 0,1
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As a graphical example, curves are presented (fig. 1 and fig. 2) showing the kinetics of changes
in oxygen concentration over time at different doses of hydrazine hydrate and iron(II) and copper(I)
ions at 20°C.
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Figure 1. Kinetics of changes in oxygen concentration in water over time at different doses of
hydrazine hydrate and iron (Il) ions at 20 °C

At a temperature of 20°C (fig. 1), the trend shows a slight increase in the efficiency of oxygen
removal, remaining at a similar level as in previous cases. However, a significant reduction in the
time required to reach a 0 oxygen concentration can be observed when using a hydrazine dose of 50
mg/dm?, with the time decreasing from 40 minutes to 20-25 minutes. Additionally, at a dose of iron
(IT) ions ranging from 0.1 to 1 mg/dm?, this effect is also noticeable [3].

Proceedings of the XXV International Science Conference
«Ecology. Human. Society» dedicated to the memory of Dr. Dmytro STEFANYSHYN
(June 12 2025, Kyiv, Ukraine) 209



Martepiaan XXV MikHapoAHOI HAYKOBO-NIPAKTHYHOI KOH(pepeHuil
«ExoJoris. lroguna. Cycniabereo» nam’ari a-pa JImurpa CTE@AHUIINHA
(12 yepBHs 2025 p., m. KuiB, Ykpaina)

Komuenrpauia O, Mr/am’

Konnentpauia O, mr/am’
N .

0 5 0 15 20 25 30 35 40 45 50 55 60 65 0 5 10 15 20 25 30 35 40 45 50 55 60 65
Yac, xp Yac, xB

1 — hydrazine hydrate dose 10 mg/dm® 2 — hydrazine hydrate dose 20 mg/dm’

Kouuentpauia O, Mr/am®

0 5 10 15 20 25 30 35 40 45 50 55 60 65

Yac. xB
3 — hydrazine hydrate dose 50 mg/dm’

Figure 2. Kinetics of changes in oxygen concentration in water over time at different doses of
hydrazine hydrate and copper (I) ions at 20 °C

As can be seen from pic. 2, a slight increase in the efficiency of deoxidation when using Cu+ ions
as catalysts was achieved at maximum doses of reagents and elevated temperature conditions [4].

When comparing reagents, it can be noted that iron (II) sulfate reduces the oxygen concentration
to zero faster than copper (I) oxide. This result was achieved at a dose of hydrazine hydrate of 50
mg/dm3.
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ITOPIBHAHHA BIIVIMBY 10HIB 3AJII3A I MIII HA TPOINECHU 3BHEKUCHEHHA
BOJU ITPU TEMIIEPATYPI 20 °C 3 BUKOPUCTAHHSAM I'IIPABUHY

Muxona KOCMHUHA

Kuiscokuii nonimexuiunuu incmumym imeni leops Cikopcbko2o
np.bepecreiicbkuii, 37, M. Kuis, 03056, Ykpaina
https://orcid.org/0009-0004-9692-3930

KOnais HOCAYOBA

Kuiscokuii nonimexuiunuu incmumym imeni leops Cikopcbko2o
np.bepecreiicbkuii, 37, M. Kuis, 03056, Ykpaina
https://orcid.org/0000-0001-6431-7128

Anomauis.

Busueno kinemuxy npoyecié 6udanenHs KUCHIO i3 600U 3a O0ONOMO20M 2ipa3uH 2iopamy.
3acmocoeano memoo nopieHanHA 05 8U3HAYEHHA Oinbule eghekmuenozo peazenmy. Iloxazarno, wo
WBUOKICMb ma egheKMUBHICMb npoyecy 3pOCmae npu niosuweHHi Konyenmpayii peacenmy. Buxiona
KOHYeHmpayis KUCHIO y 600i 8 0GHOMY 8UNAOKY 3aexcana 6i0 memnepamypu cepedosuwa. Ilpoyec
KOHMPOMIOBANU KUCHEMIDOM NO 3MIHI KOHYEHMpayii KUCHIO, WO 3HAXOOUIUCL Y 2epMemUiHO
saxpumit emnocmi. Ilpu memnepamypu 20°C npoyec 36 ’a3y8anus KucHo mpusas nonao 60 xe. Ilpu
30inbuwenti  Konyenwmpayii ionie 3aniza (1) Oocsenymo 6Oinbwioi eghexkmugHocmi, HidC npu
suKopucmanni ionie mioi (I).

Knrouosi cnosa: memoo nopisnsanus, cyregam saniza (I1), oxcuo mioi (1), eiopasun, xoposis,
KUCHeMID, eleKMPOXIMIUHI MemoOU 3HeKUCHEHHS.
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