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The exploitation of zinc-plated household water supply systems is associated with the problem of the
development of local corrosion processes on the inner surface of steel pipes. Research on this topic
IS quite relevant, as evidenced by the analysis of articles on short-term use of zinc-plated pipes in
water supply systems. The work presents aspects of consideration of the influence of water treatment,
operational parameters and the presence of zinc coating on the performance of the system from the
point of view of the development of local corrosion processes. The need for control by comparing
water quality indicators "before and/or after water treatment™ and "water in the system", was
highlighted. This makes it possible to detect an aggressive corrosive environment already at the
beginning based on the indicators of dissolved oxygen, free carbon dioxide and the index of
equilibrium saturation of water with calcium carbonate and to establish the state of the inner wall
("active / passive™) based on the presence of an increased concentration of iron, oxygen, and zinc
ions. It was established that the presence of molecular oxygen dissolved in tap water in the hot water
supply system in the temperature range of 60...70 °C leads to the loss of protective properties by zinc
due to the formation of a surface passive film of the ZnO, which leads to a shift in the corrosion
potential of zinc to a more positive region, compared to the protective potential of iron, values. Cold
water supply systems are characterized by the electrochemical nature of corrosion processes with
oxygen cathodic depolarization. On top of that, the inadmissibility of direct contact of zinc-plated
pipes with fittings elements and shut-off valves that made of brass, bronze and copper due to the
destruction of the metal wall of the pipes due to the contact corrosion, has been proven - the potential
difference of these galvanic elements is from 0.570 to 0.854 V.
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the occurrence of intra-pipe corrosion

1. Introduction .
processes. Failures of water supply systems

The thermodynamic instability of pipe due to the course of such processes are one of
metals used in water supply systems leads to the important aspects of ensuring uninterrupted
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functioning of the entire system as a whole.
This is primarily related to ensuring water
quality. The main attention in solving this issue
is focused on finding effective ways to clean
water, investigating the causes and preventing
the development of corrosion processes
(Klymenko et al., 2023; Bolshak et al., 2022;
Bolshak et al., 2020; Vasyliev, 2021;
Yanushevska, 2023; Vasyliev et al., 2018;
Vasyliev et al., 2020; Klymenko et al., 2020 ).

The most widespread method of
protecting the metal surfaces of pipes of water
supply systems is still the application of zinc
coating, in particular the method of hot-dip
galvanizing and galvanizing in the vapor
phase, which ensures complete surface
alloying with the formation of Fe-Zn
intermetallic phases (Marder, 2000; Jordan et
al., 1993; Petit et al., 2019). Wide use of pipes
with a layer of zinc coating in domestic water
supply systems is primarily due to the
environmentally safe nature of zinc
(Matviienkiv et al., 2016; Jain et al., 2018). In
addition, the ability of zinc to exhibit long-
term protective properties in relation to the
steel surface both in atmospheric conditions
and in agueous solutions, acting as an anode in
case of coating damage, is taken into account
(Lins et al., 2016; Gomatin, 2019). They act as
an adhesive barrier layer (Raja, 2006). The
electrode potential of zinc-saturated coatings is
in the range from -0.9 to -1.1 V relative to the
chlorine-silver reference electrode (CHE),
both on the surface of the coating and in the
places of its cohesive damage, providing an
effective protective effect on the metal against
corrosion destruction (Klymenko et al ., 2020;
Saeedikhani et al., 2020; Polyakov et al.,
2007).

At the same time, the operation of
galvanized systems is associated with the
problem of the development of local corrosion
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lesions of internal surfaces in contact with the
water environment (Klymenko et al., 2020;
Yadav et al., 2007; Desalegn, 2022; Ghalia et
al., 2023; Marjanowski et al. ; Delaunois et al.,
2014; Makisha et al., 2023; Pawtowski et al.,
2020). And they are more severe against
lesions of external surfaces exposed to internal
conditions (Shams et al., 2019). As for the
corrosion destruction itself, the sequence of
stages of the process is determined, namely:
thinning of the coating due to dissolution with
the formation of corresponding Zn-containing
corrosion products, which at the same time
inhibit the overall corrosion rate of the coating
itself; corrosion of the bare metal base in
places of local intensive wear of the zinc
coating; corrosion of the steel metal base under
a layer of formed corresponding corrosion
products in the complete absence of zinc
coating (Lins et al., 2016). Among the factors
affecting the general corrosion behavior of
galvanized steel, the following are
distinguished: ~ water  preparation  and
composition of tap water in relation to the
presence of components aggressive from the
point of view of corrosion, the presence of
deposits and accumulation of iron in the
circulation circuit; oxygen concentration;
temperature, which can affect the kinetics of
dissolution, changing the diffusion coefficient
of soluble forms of Zn(ll); stray currents;
microbiological corrosion (Klymenko et al.,
2020; Ghalia et al., 2023; Marjanowski et al.;
Delaunois et al., 2014; Makisha et al., 2023;
Shams et al., 2019; Nakhai et al., 2020) . At the
same time, the duration of operation of internal
water supply systems of tap water before
destruction can be as little as 18 months to 4
years (Klymenko et al., 2020; Pawtowski et al.,
2020).

The goal of this study was to establish
the causes of deterioration of water quality and
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loss of performance due to the destruction of
galvanized internal water supply systems for
short-term operation, which did not exceed two
years, as well as to determine the rational
conditions for their operation. From our point
of view, when investigating the causes, it is
necessary to apply a comprehensive approach,
which should include successive stages of
water treatment analysis (water quality at the
stages before and after water treatment and
circulation in the network according to the
consumption system), determination of the
nature of destruction and factors affecting the
kinetics of corrosion processes and
determining rational conditions of operation
with regard to influencing factors.

2. Materials and Methods

Samples of tap water taken from various
points of operating internal circulation systems
of cold (CWS) and hot (HWS) water supply
were used as the investigated solutions: water
supply network, after the water treatment
system, internal circulation system of
consumption. Sampling of water samples for
analysis was carried out in accordance with
DSTU ISO 5667-3-2001, chemical analysis of
water - in accordance with DSanPiN 2.2.4-
171-10. The concentration of molecular
oxygen in water was determined by a
CyberScan PD300 oximeter. Chemical
analysis of deposits of corrosion products was
carried out using micro-X-ray spectral analysis
on a Camebax FX-50 device.

Determination of the rate of corrosion of
steel in the corresponding samples of tap water
was carried out by polarization resistance
(static and dynamic environment) and
gravimetric methods. Measurements by the
method of polarization resistance (i) were
carried out using a universal corrosion rate
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meter UISK-101 using a flat coplanar two-
electrode sensor with the size of one electrode
30x7x3 mm, made of the metal of pipe
samples, the duration of the tests was 60
minutes. Gravimetric studies on the change in
the mass of the samples before and after the
tests (Am) with the determination of the mass
index of the corrosion rate (K,,) were
performed on samples with the removed
coating size 20x6x3 mm, the duration of the
tests was 284 hours. The samples were
weighed on analytical scales with an accuracy
of 0.00005 g. The values of the indicators were
calculated according to the formulas
(Gerasimenko et al., 2012; Nyrkova et al.,
2024):

. K _ K-AI _
i = . =0 (mm - year™1) 1)
_ Am g
Km s (mz-year) (2)
where:

- K- estimated sensor coefficient (for
steel — 167, for zinc — 214), Q mm - year™1;

- Al - current arising between the
electrodes, A;

- AE- potential difference, V;

- R,— polarization resistance, Q;

- Am — weight loss of the sample after
testing, g;

- S - sample area, m?;

- 7 - duration of tests, hours.

Electrochemical studies on the corrosion
activity of pipe metal and the protective
properties of zinc coating (applied by hot-dip
galvanizing) in the studied solutions were
carried out with free aeration by methods of
measuring potentials (external and internal
surfaces of samples with a duration of
measurements at one point of 1 hour) and
removing volt-amperage dependences (three-
electrode measuring scheme). Polarization
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studies were carried out on the MTech PGP-
550F potentiostat relative to the HSE
comparison (Ag/AgCl), the speed of the
potential sweep was 1 mVs™

As a working electrode, a sample made
of the studied steel with a working surface area
of 10° m2 was used, which was kept in the
solution for 30 minutes until a stationary
electrode potential was established with
subsequent polarization. For HWS pipes, the
protective properties of the zinc coating were
determined at 20 °C, 40 °C, 60 °C, 70 °C and
90 °C in a sample of water from the internal
circulation system of consumption with an
additional measurement of the current between
the zinc and the steel surface for one hour at
each temperature The probability of the
occurrence of galvanic corrosion was
determined taking into account the contacts
between galvanized pipes, the base metal of
the galvanized pipe (since contact corrosion of
steel is possible in the system after the contact
corrosion of the zinc coating has occurred) and
the copper, bronze and brass connecting
fittings available in the engineering design of
the CWS system by difference values of their
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stationary electrode potentials (AE= E_ .5 —
EZn(Fe))-

Samples made from fragments of pipes
of operating internal circulation water supply
systems were used as experimental samples,
namely:

- fragments of structural carbon steel
pipes 18 kp @76x3.5 mm CWS (CWS @76);

- fragments of galvanized pipes made of
structural carbon steel 08kp @25%2.4 mm
CWS (CWS @25) and @42x3.5 mm HWS
(HWS @42), zinc coating applied by hot-dip
galvanizing method.

3. Results and Discussion

3.1. Analysis of water samples of water
supply systems.

Results of chemical analysis of CWS
water samples taken from different points
(sample 1,2 - internal circulation system of
consumption - flowing water and stagnant
zone of the system, respectively; sample 3 -
before the water treatment system, external
urban water network; sample 4 - immediately
after the water treatment system ) are given in
Table 1.

Table 1. Chemical analysis of water quality CWS

Test pH Total | Ca?*, | Mg¥,| CI, | 0, | HCOs,|Fe?**" [COafree, Equilibrium
water hardness) mg LY mgL*mgL* mgL* mgL?*|mgL?* mgL™| saturationindex of
mg-eq L calcium carbonate
1
DSanPIN| 6.5-8.5| 7.0 - - 350 - - 0.3 <5 from 0.1to 0
1 7.4 4.0 52.1 | 17.02 | 19.8 5.2 170.8 0.20 8.8 -0.3
2 7.45 3.8 56.1 | 12.16 | 28.4 | 6.27 158.6 0.19 | 10.56 -0.3
3 7.4 3.5 50.1 | 12.16 | 28,4 | 7.72 158.6 0,20 | 10.56 -0.5
4 7.35 3.6 52.1 | 12.16 | 28.4 | 6.45 158.6 0.18 | 10.12 -0.25

According to the results of the water
quality analysis, it is worth noting the
inefficiency of the filtration system for
cleaning the tap water from iron ions (almost

the same concentration of ions at all sampling
points. In addition, it was established that the
water samples according to the indicators of
the content of dissolved oxygen, free carbon

HETPAIALIAHI IIIXOIU TA METOAU YV BOAOIIATOTOBLI 50



Water & Water Purification Technologies. Scientific and Technical News

dioxide and the equilibrium index of carbonate
saturation calcium do not meet the
requirements of DSanPIN 2.2.4-171-10, and
their level is sufficient for the course of
intensive oxygen corrosion of steel pipes.
Thus, oxygen dissolved in water is one of the
main causes of local corrosion of steel because
it causes the formation of differential aeration
vapors, which leads to destruction of areas of
metals in contact with water less saturated with
oxygen. The rate of corrosion of steel is
directly proportional to the concentration of
oxygen dissolved in water. According to the
theory of macrogalvanic pairs (Evans, 1971),
side processes under the action of oxygen on
steel are the formation of aeration pairs - pairs
of uneven (differential ) aeration and a sharp
decrease in the content of ferrous iron Fe?* as
a result of their oxidation to Fe*'. In addition,
free dissolved carbon dioxide determines the
corrosivity and stability of water, since excess
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aggressive carbon dioxide converts alkaline
carbonates into bicarbonates, which leaves the
metal without a protective surface layer,
lowers the pH of the water, and serves as a
catalyst for oxygen corrosion of steel.

For HWS, a significant deviation of
water quality was detected only in relation to
the indicator of the total amount of iron, the
content of which in the circulating internal
system of consumption increased 40 times
(from 0.05 mg/dm® to 0.7 - 2.4 mg/dmd)
compared to the similar indicator in the sample
of water from the external city water network,
which indicated an intensive corrosion process
of the main metal of the pipeline.

3.2. Chemical analysis of corrosion
products.

The image of fragments of CWS and
HWS galvanized pipes damaged during
operation is presented in Fig. 1.

Fig. 1. Image of the inner surface of fragments of CWS @25 (a), CWS @76 (b) and HWS @42

(c) pipes damaged during operation.

The sediments revealed during a visual
inspection of the inner wall of the pipeline
fragments had a structure of insoluble red-
brown sediments characteristic of the
formation of corrosion products, characteristic
of iron corrosion products (Fig. 1a—c) and a
finely dispersed structure of white color (Fig.

1a), characteristic of products of corrosion
oxidation of zinc.

Table 2 shows the results of micro-X-ray
spectral chemical analysis of deposits of
corrosion products of the inner wall of
pipelines CWS @25 from the circulation
system of internal water consumption (A),
CWS @76 immediately after water treatment
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(B) and from the circulation system of internal
water consumption HWS @42 (C). .
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Table 2. Chemical composition of CWS and HWS corrosion products, %

Cucrema Si Mn S Cr Al Ca Fe Zn Mg @)

CWS @25/ A | 0.719 | 0.059 | 0.139 - |0.375]0.153|33.86 | 19.9 | 0.6 |44.195
CWS @76/ B | 0.936 | 0.021 | 0.642 | 0.021 | 0.291 | 0.126 |47.309| 1.125| 0.4 |49.53
HWS @42 C | 0.700 | 0.056 | 0.121 - 10.358|0.155|34.01| 19.9 | 0.5 |44.200

According to the results of the analysis
of corrosion products, the main part of ~98
wt. % was iron, zinc and oxygen for galvanized
pipes of the CWS @25 (A) and HWS @42 (C)
systems and iron and oxygen for steel pipes
CWS @76 (B). This made it possible to assume
that the corrosion products for the pipelines of
the CWS @76 (B) system consist mainly of
iron oxides and hydroxides Fe(OH)2, Fe(OH)s,
and for the galvanized pipes of the CWS @25
(A) and HWS @42 (C ) — additionally from
zinc oxidation products (Zn(OH)2 hydroxide).

3.3. The corrosion rate of steel of
polarization resistance and gravimetric
methods.

To conduct a comparative analysis
according to the "speed of corrosion™
parameter, the "0" sample of water (pH 6.7)

Table 3. The corrosion rate of steel

was used in CWS, taken directly from the
sampling point of the city network, which is
independent and separate from the investigated
circulation system of the water supply, the
chemical analysis of which showed full
compliance with all indicators of water quality

according to with the requirements of
DSanPIN 2.2.4-171-10. The results of
corrosion rate measurements in a static

(without mixing) and dynamic (with mixing)
environment of various CWS and HWS water
samples (sample 1,2 — internal circulation
system of consumption, flowing water and
stagnant zone of the system, respectively;
sample 3 — to the water treatment system,
external urban water supply network; sample 4
- immediately after the water treatment
system) are shown in Table 3.

Water sample K, —° e T year i .
meyear static dynamic
«0» 0.052 0.057 0,007
1 0.117 0.142 0.08
CWS 2 0.093 0.083 0.118
3 0.086 0.116 0.012
4 0.099 0.128 0.035
HWS 1 0.075 0.097 0.010
4 0.073 0.095 0.009

The increase in the rate of steel corrosion
in static conditions by 1.5+10 times compared

to dynamic conditions in both CWS and HWS
is explained by the transition in the presence of
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an oxidant of iron ions Fe?* to Fe*, which
assimilate electrons in the cathodic areas of
corrosion pairs and are reduced to Fe?*
However, in the dynamic flow, there is a
constant removal of Fe* ions from the surface,
and therefore the corrosion rate is lower.
Therefore, as expected after conducting a
chemical analysis of water quality (Table 1),
the content of dissolved oxygen and free
carbon dioxide, due to which the rate of
corrosion in CWS increases, namely:

- in static conditions ~1.5 times (from
0.097 mm-year™* up to 0.142 mm-
year~! ) and ~2.5 times (from 0.057 mm -
year~1 up to 0.142 mm - year~1) against to
HWS and independent CWS, respectively;

in dynamic conditions ~8 times (from
0.01 mm - year~! up to 0.08 mm - year™1)
and ~11 times (0.007 mm - year~! up to 0.08
mm - year~!) against to HWS and
independent CWS, respectively.

At the same time, for HWS it was
established that an increase in water
temperature from 20 °C to 60 °C increases the
increased indicator almost twice from 0,09
mm - year~! to 0,148 mm - year~1.

When using zinc-filled protective
protection systems, it is necessary to obtain
their ability to form finely dispersed powdery
deposits on surfaces, products of zinc
oxidation under the influence of the operating
environment, which leads to changes, partial or
complete loss of protective properties, namely:
grinding, reduction of adhesiveness, partial /
complete cohesive destruction, loss of power
defenders due to passivation. Thus, to increase
the temperature of the zinc coating from 20 °C
to 60 °C led to an acceleration of the corrosion
process with an increase in the corrosion rate
of zinc from 0,068 mm - year~! to 0,099
mm - year~! and its subsequent decrease to
0,048 mm - year~! due to the formation of a

On-line ISSN 2521-151X

passive film of zinc hydroxide Zn(OH).. The
latter is a negative factor that leads to both
partial and complete passivation of the zinc
coating and the loss of its protective protective
properties when attributed to the steady further
development of local corrosion processes in
the form of pitting corrosion.

3.4. Volt-ampere characteristics

The main cause of steel corrosion is due
to its thermodynamic instability - the tendency
of the metal to change from the metallic state
to the ionic state (that is, to dissolve).
lonization occurs with an increase in free
energy (AG) from -48.6 kJ/mol to -127.3
kJ/mol, which indicates a tendency for the
metal to transition into an oxidized state, and a
negative value of the indicator (AG<0)
indicates an electrochemical mechanism of
corrosion process

The results of the investigation of
corrosion behavior (anodic dissolution and
cathodic depolarization) of the inner steel
surface of CWS @76 samples by the method of
removing polarization curves in water samples
are shown in Fig. 2.

22 1t EV

-5 -44 -3.8 -32 -2,6
Logi, A/sm*

Fig. 2. The results of measuring the
corrosion potential on the CWS pipe @76 in
water samples taken from the CWS external
urban water supply network (1), the internal
circulation consumption system (2) and after
water treatment (3).

According to the current-current
characteristics (Fig. 2), the value of the
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stationary electrode potential of the base metal
CWS @76 in a neutral medium (pH 7.0...7.1)
is from -0.404 V to -0.505 V, which
corresponds to the state of active ionization of
the metal — active dissolution. Under the
conditions of anodic polarization
(displacement of the potential in the region of
positive values), initially only electrochemical
dissolution of the inner surface occurs - metal
ions from the crystal lattice pass into water in
the form of hydrated ions:
Fe + mH;0 = Fe?* mH,0 + 2¢ (3)

At the same time, an equivalent number
of electrons remains in the metal and the inner
surface of the metal of the pipe acquires a
negative charge, and the water - a positive one.
Electrons released in the anodic process are
joined by an oxidizing agent (depolarizer),
whose role is oxygen dissolved in water. At the
cathode, molecular oxygen is regenerated -
ionization:

Oz +2H" + 4 =20H 4

The values of the reverse oxidation-
reduction potential of oxygen (Eoy-,0,) and
the electromotive force (Exes)rev Of @ corrosion
galvanic cell are, respectively, for pH 7.1 pH
7.1 Eon-70,=0,811 V Ta (Ezeg)rev = 1,215V,
ans pH 7 Egp-70,= 0,817 V Ta (E298)rev = 1,221
V. And the values of Eqy-/0, themselves are

W=

Fe
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more positive than the value of the reverse
potential of the steel pipe under these con-
ditions  (Epe/pez+ = —0,404...— 0,505 V).
Therefore, the inner surface of the test tube
corrodes by an electrochemical mechanism
with oxygen cathodic depolarization, as a
result of which the concentration of hydrogen
ions decreases and the water becomes more
alkaline. The presence of electronic
conductivities of metal and water determines
the course of anodic and cathodic processes
both territorially separated and on the same
surface, alternating in time. Thus, corrosion
occurs only on the anodic areas of the inner
surface of the steel pipe, and on the cathodic
areas, which may include graphite Cgr,
cementite FeCs, etc., only depolarization
occurs without loss of metal. This explains the
presence on the inner surface of the steel pipe
of local areas with formations in the form of
"growths™ of corrosion products - rust.

According to the state diagram of Fe —
H>0O (Pourbet diagram) (Fig. 3a, b), the region
of the corresponding pH values and the
stationary electrode potential of the metal from
Epe/pez+ = —0,404V (pH 7) t0 Ep,/pe2+ =
—0,505 V (pH 7.1) corresponds to the state of
the Fe?* jon in the research sample of CWS
water.

b)

Fig. 3. State diagram of the Fe —H0 system for Er, /r,2+ = —0,505V (@) and for Eg, /pe2+ =
—0,404V (b): oxygen electrode equilibrium diagram (1); equilibrium diagram of the hydrogen
electrode (2); boundaries of separation of the equilibrium regions of the steel electrode (3).
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Based on the state of iron ions in the
form of Fe?" in water, in addition to cathodic
and anodic processes, the course of secondary
chemical reactions takes place with the
formation of Fe(OH)2 (due to the increase in
the concentration of hydroxide ions due to the
course of cathodic processes) and Fe(OH)s ,
formed by further oxidation of Fe(OH)., with
the formation of surface layers of iron
corrosion products in the form of rust on the
inner surface of CWS @76.
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3.5. Protective properties of the zinc
coating of the CWS and HWS system.

Table 4 illustrates the results of
measurements of potentials (E) on the internal
galvanized surface covered with corrosion
products of zinc (c. p.) and steel 08kp of CWS
and HWS pipe fragments, as well as active zinc
in water samples from the circulation system
of internal consumption.

Table 4. Comparison table of potentials of CWS and HWS galvanized pipes

E of the surface at temperature, V
System s s s s s
20 C 40 C 60 C 70 C 90 C
CWS @25 (c. p.) | -0.730 - - - -
HWS @42 (c.p.) | -0.702 | -0.775 | -0.612...-0.791 | -0.555...-0.634 | -0.66...-0.812
Zn active -0.976 | -0.985 -0.931 -0.969 -0.947
Steel 08kp -0.681 | -0.684 -0.68 -0.707 -0.688

According to the tabular data, the value
of the potential of the inner galvanized surface
of the HWS @42 pipe (p.c.) at temperatures of
20 °C and 40 °C (-0.702 V and -0.775 V,
respectively) is more negative against the base
metal and is between the potentials of pure zinc
and of the base metal (-0.976 V and -0.681 V,
respectively), and therefore minimal protective
protection of the base metal of the pipe is
provided. At temperatures of 60 °C, 70 °C and
90 °C, passivation of the inner surface of the
galvanized pipe occurs and the potential, at
some moments of time, becomes more positive
than the potential of the base metal (-0.612 V,
-0.555 V and -0.66 V, respectively) that is, the
zinc coating loses its protective properties.

The data of potential measurements
regarding the loss of the protective properties
of the zinc coating are additionally confirmed
by the results of measuring the current flowing
between zinc and steel in the HWS system at

ALTERNATIVE APPROACHES AND METHODS IN WATER TREATMENT

different temperatures, graphically shown in

Fig. 4.

600
500 -
400
300 -
200 -

100 -

N
s
[ N [P

Fig. 4. Effect of temperature on the
magnitude of current between zinc and steel in
HWS

Thus, according to the obtained data,
temperatures of 40 °C and 50 °C correspond to
the highest value of the current, and therefore
zinc actively dissolves, providing protective
protection against steel. At temperatures of
60 °C, 70 °C and 90 °C, active dissolution of
zinc (preserving protective properties) occurs
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at the initial moment, followed by passivation
of the surface of the zinc coating due to the
formation of zinc oxidation products
(Zn(OH)2), and the current decreases ( the
protective properties of zinc decrease).
Obviously, this behavior makes it possible to
make an assumption that with further aging of
zinc and steel under the influence of the
specified temperatures, a drop in the current to
zero and a change in its polarity will be
observed, which will lead to the loss of the
protective properties of the zinc coating and
the active local dissolution of steel in the
operating HWS water supply .

3.6. Probability of galvanic corrosion.
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The stationary electrode potential
relative to Ag/AgCI of the reference electrode
of the base metal (steel) of the pipe fragment
of the CWS system was Ep, = —-0.634V,,
zinc coating in a passive state (passivation due
to the formation of zinc oxidation products)
E;, = —0.73V,, in an active state (protective
protection) E,, = —0.909 V. The results of
the study of the probability of the course of
galvanic corrosion in CWS due to the presence
of contacts between copper, bronze and brass
connecting shaped products with a galvanized
pipe (zinc coating active and passive), carried
out in a water sample taken immediately after
the system water treatment, presented in Table
5.

Table 5. The difference in potentials of the "zinc coating / steel - shaped product” system.

Shaped product | E g4y, V AE of the system, V
alloy Zinc active Zinc passive Steel
Copper -0.055 0.854 0.675 0.579
Bronze -0.125 0.784 0.605 0.509
Brass -0.160 0.749 0.570 0.474

Thus, the values of the potential
difference obtained (from 0.474 V to 0.854 V)
are quite sufficient to ensure the course of
galvanic corrosion in CWS in the presence of
direct contact between the galvanized pipe, its
base metal (steel) and brass, bronze and copper
connectors shaped elements.

4. Conclusions

According to the results of the chemical
analysis of water quality, it was established
that the level of indicators of the content of
dissolved oxygen (5.2 ... 7.72 mg L7), free
CO2 (8.8 ... 10.56 mg L) and the equilibrium
index of calcium carbonate saturation (-0.25 ...
-0.5) in water CWS is sufficient for the course
of intensive oxygen corrosion of steel pipes,

and the value of the indicator of the total
amount of iron (0.7 ... 2.4 mg/dm?®) indicates
the intensive course of the corrosion process of
the main metal of the HWS pipeline.

Chemical analysis of corrosion products
showed that their main part (~98 wt. %) was
iron, zinc and oxygen for galvanized pipes
CWS @25 and HWS @42 and iron and oxygen
for pipes CWS @76, mainly compounds
Fe(OH)2, Fe(OH)3 and zinc oxidation products
Zn(OH)> for galvanized pipes.

For CWS and HWS pipes, the increase in
the rate of steel corrosion in static conditions
by 1.5+10 times compared to dynamic
conditions, which ensure the constant removal
of Fe?* ions from the surface, is due to the
transition in the presence of an oxidant of iron
ions Fe?* to Fe3*, which assimilate electrons in
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the cathode areas of corrosion pairs and are
reduced to Fe2+. Against HWS and
independent CWS, respectively, the presence
of dissolved oxygen and free carbon dioxide in
the studied CWS water samples contributes to
an additional increase in the corrosion rate
under static conditions by ~1.5 times (from
0.097 mm - year™! to 0.142 mm - year™1)
and ~2.5 times (from 0.057 mm - year~1to
0.142 mm-year~1), and under dynamic
conditions - by ~8 times (from 0.01 mm -
year~! to 0.08 mm - year~1!) and ~11 times
(from 0.007 mm-year 'to 0.08 mm-
year~1). At the same time, for HWS, the
increase in water temperature to 60 °C
contributes to the growth of the value of the
indicator from 0,09 mm - year™! to 0,148
mm - year™1.

For the zinc coating, the increase in
water temperature from 20 °C to 60 °C led to
an increase in the corrosion rate of zinc from
0,068 mm - year~! to 0,099 mm - year™1,
followed by a decrease to 0,048 mm - year™!
due to the formation of a passive film of zinc
hydroxide Zn(OH)2.

Based on the results of polarization
studies, it was established that the CWS @76
metal in the studied neutral environment (pH
7.0..7.1) is in a state of active ionization
(dissolution). The value of the stationary
electrode potential of the base metal
(Epe/re2+), the reverse oxidation-reduction
potential of oxygen (Eoy-,0,) and the
electromotive force (Exes)rev Of a corrosion
galvanic element were, respectively, [
Ere/rez+ = —0,404..—- 0,505V,
Eon-70,=0,811...0.817 V T1a (E298)rev =
1.215...1.221 V. And the values of Egy- /0, are

more positive than the value of the reverse
potential of the steel pipe under these
conditions. The inner surface of the test tube
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corrodes locally by an electrochemical
mechanism with oxygen cathodic
depolarization, as a result of which the
concentration of hydrogen ions decreases and
the water becomes more alkaline. In addition,
the ionic state of iron Fe?* also contributes to
the course of secondary chemical reactions
with the formation of Fe(OH)., followed by its
oxidation to Fe(OH)z and the formation of
surface layers of iron corrosion products in the
form of rust on the inner surface of the steel
pipe.

Regarding the protective properties of
the internal zinc coating of CWS and HWS, it
was established that the temperature increase
to 60 °C, 70 °C and 90 °C leads to partial
passivation of the inner surface of the
galvanized pipe at some moments of time and
the potential becomes more positive than the
potential of the base metal (respectively -0.612
V, -0.555 V and -0.66 V against -0.681 V ),
that is, the zinc coating loses its protective
properties.

It was also established that the potential
difference from 0.474 V to 0.854 V, which
occurs in the presence of direct contact
between the galvanized pipe (steel) and the
shaped elements in the CWS (brass, bronze,
copper), is quite sufficient to ensure the course
of galvanic corrosion.

References
1. Klymenko, N.; Savchyna, L.
Kosogina, I.; Vrubel, T. Rational conditions of

producing the activatedcarbon with well-developed
nanoporousstructure for the treatment of natural
andwaste waters. Water and Water Purification
Technologies. Scientific and Technical News, 2023,
35(1), 56-69. https://doi.org/10.20535/2218-
930012023277964

2. Bolshak, A.; Patalashka, R.; Gudim, N.;
Liuts, V.; Shevchuk, O. Development of high-efficiency
replacement filters for purification of drinking water on

ALTERNATIVE APPROACHES AND METHODS IN WATER TREATMENT 57



Water & Water Purification Technologies. Scientific and Technical News

household filter pitchers. Water and Water Purification
Technologies. Scientific and Technical News, 2022,
34(3), 10-21. https://doi.org/10.20535/2218-
930032022256741

3. Bolshak, A. P.; Mitchenko, T. Ye,;
Mitchenko, A. O. Efficiency assessment of the
additional drinking water treatment with household
cartridges. Water and water purification technologies.
Scientific and technical news, 2020, 26(1), 12-20.
https://doi.org/10.20535/2218-93002612020199279

4. Yanushevska, O. The effect of the type and
content of carbonates on the characteristics of porosity
of ceramic membranes. Water and water purification
technologies. Scientific and technical news, 2023, 35(1),
46-55. https://doi.org/10.20535/2218-
930012023275757

5. Vasyliev, S.; Vasylieva, A.; Novosad, Y.;
Gerasymenko. Ul-trasonic modification of carbonate
scale electrochemically depositedin tap water. Ultrason.
Sonochem., 2018, 48, 57-63.
https://doi.org/10.1016/j.ultsonch.2018.05.026

6. Vasyliev G. Improving mild steel corrosion
resistance in tap water: influence of water flow and
supply rates. Water and Water Purification
Technologies. Scientific and Technical News., 2021,
30(2), 51-58. https://doi.org/10.20535/2218-
930022021236684

7. Vasyliev, G.; Vorobyova, V.; Zhuk T.
Raphanus sativus L. Extract as a Scale and Corrosion
Inhibitor for Mild Steel in Tap Water. Journal of
Chemistry, 2020, 5089758.
https://doi.org/10.1155/2020/5089758

8. Klymenko, A.; Kovalenko, S.; Kuzmenko V.
Corrosion of galvanized pipes in hot water systems.
Physico-chemical mechaniks of materials: Problems of
corrosion and corrosion protection of materials, 2020,
Special Issue 13, 281-286.
https://www.ipm.lviv.ua/corrosion2020/Chapter_05/1
281 Klymenko.pdf

9. Marder A. R. The metallurgy of zinc-coated
steel. Progress in Materials Science, 2000, 45(3), 191-
271. https://doi.org/10.1016/S0079-6425(98)00006-1

10. Jordan C. E.; Goggins, K. M.
Benscoter, A. O.; Marder A. R. Metallographic
preparation technique for hot-dip galvanized and
galvannealed  coatings on  steel.  Materials
Characterization. 1993, 31(2), 107-114.
https://doi.org/10.1016/1044-5803(93)90051-V

11. Petit, E.J.; Gay B. General vapour-
phase galvanizing and duplex coatings. Surf. Coat.

On-line ISSN 2521-151X

Technol., 2019, 380, 125029.
https://doi.org/10.1016/j.surfcoat.2019.125029
12. Matviienkiv, O.; Prysyazhnyuk, P.;

Myndiuk, V. Development of the zinc coating pipe
connection technology with arc soldering method using.
Eastern-European of Enterprise Technologies, 2016,
81(3/5), 51-54. https://doi.org/10.15587/1729-
4061.2016.70346

13. Jain, R.; Pitchumani R. Fabrication
and characterization of zinc-based superhydrophobic
coatings. Surf. Coat. Technol., 2018, 337(15), 223-231.
https://doi.org/10.1016/j.surfcoat.2018.01.014

14. Lins, V. F. C.; Alvarenga, E. A.
Atmospheric corrosion evaluation of electrogalvanized,
hot-dip galvanized and galvannealed interstitial free
steels using accelerated field and cyclic tests. Surf. Coat.

Technol., 2016, 306 (B), 428-438.
https://doi.org/10.1016/j.surfcoat.2016.04.021
15. Gomatin, N.A. Physical and chemical

basis of corrosion of zinc coatings. Int. J. Human. Nat.
Sci., 2019, 4, 32-35. https://doi.org/10.24411/2500-
1000-2019-10746

16. Raja, V. S.; Panday, C.K.; Saji, V. S;
Vagge, S. T.; Narasimhan, K. An electrochemical study
on deformed galvanneal steel sheets. Surf. Coat.

Technol., 2006, 201(6), 2296-2302.
https://doi.org/10.1016/j.surfcoat.2006.03.044
17. Saeedikhani, M.; Wijesinghe, S. L;

Blackwood, D. J. Moving boundary simulation and
mechanistic studies of the electrochemical corrosion
protection by a damaged zinc coating. Corros. Sci. 2020,
163, 108296.
https://doi.org/10.1016/j.corsci.2019.108296

18. Polyakov, S. G.; Kovalenko S. Yu;
Gapula N. A. The control physiomechanical and
protective properties of modern anticorrosive paint and
varnish systems. Physico-chemical mechaniks of
materials: Electrochemical protection and corrosion
control, 2007, Special Issue 6, 195-201

19. Yadav, A. P; Katayama, H.; Noda, K.;
Masuda, H.; Nishikata, A.; Tsuru T. Surface potential
distribution over a zinc/steel galvanic couple corroding
under thin layer of electrolyte. Electrochim. Acta, 2007,
52(9), 3121-3129
https://doi.org/10.1016/j.electacta.2006.09.061

20. Desalegn, A. Y.; Moera, G. J;
Hirpa, G. L.; Mesay, A. T. Internal corrosion damage
mechanisms of the underground water pipelines. Adv.
Sci. Technol. Res. J., 2022, 16(3), 111-123.
https://doi.org/10.12913/22998624/149369

HETPAIULIAHI IIIXOIU TA METOAU YV BOAOIIATOTOBLI 58



Water & Water Purification Technologies. Scientific and Technical News

21. Ghalia, A.; Gaber, L. Z;
Mohamed, A. A. Study the corrosion issues on
galvanized steel induced in water tanks. Chemical

Papers, 2023, 77, 7539-7549.
https://doi.org/10.1007/s11696-023-03043-4
22. Marjanowski ~ J.,  Ostrowski J.

Electrochemical protection against corrosion processes
in hot tap water installations. C.B.W. UNITEX Ltd.
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.
1.1.621.6135 (accessed Nov 08, 2023).

23. Delaunois, F.; Tosar, F.; Vitry V.
Corrosion behavior and biocorrosion of galvanized steel
water distribution systems. Bioelectrochemistry, 2014,
97, 110-119.
https://doi.org/10.1016/j.bioelechem.2014.01.003

24. Makisha, N.; Chukhin, V.
Determination of corrosion rate in galvanized pipes in
centralized hot water supply systems. Appl. Sci., 2023,
13(19), 10564. https://doi.org/10.3390/app131910564

25. Pawtowski, B.; Tyrala, D.; Pilch, M.
Metallographic investigations of the premature
corrosion failure of steel seam-welded galvanized cold
water pipes, J Fail. Anal. and Preven., 2020, 20, 9-14.
https://doi.org/10.1007/s11668-020-00803-2

26. Shams, D.F.; Islam, S.; Shi, B;
Khan, W.; Gunawardana, B.; Saad, M.; Qasim, M.;
Javed, H. A.; Afridi S. G.; Naeem, M.; Khan, Sh. G.
Characteristics of pipe corrosion scales in untreated
water distribution system and effect of water quality in
Peshawar, Pakistan. Environ. Sci. Pollut. Res., 2019,

On-line ISSN 2521-151X

26(6), 5794-5803. https://doi.org/10.1007/s11356-018-
04099-6

27. Nakhai, D.; Kosari, A.; Mol, J.M.C.;
Asselin. E. Corrosion resistance of hot-dip galvanized
steel in simulated soil solution: A factorial design and
pit chemistry study. Corros. Sci., 2020, 164, 108310
https://doi.org/10.1016/j.corsci.2019.108310

28. DSTU ISO 5667-3-2001 (ISO 5667-
3:1994, IDT). Water quality. Sampling. Part 3.
Guidelines for storage and handling of samples. Kyiv:
Derzhstandart Ukraine 2003 [in Ukrainian].

29. DSanPIN 2.2.4-171-10 Hygienic
requirements for drinking water intended for human
consumption. Kyiv: Ministry of Health of Ukraine 2010
[in Ukrainian].

30. Gerasimenko, Ju.S.; Klimenko, AV.
Methods and means of monitoring stress-corrosion
destruction of the pipelines. Physicochemical mechanics
of materials, 2012, Special Issue 9(2), 647-652 [in
Ukrainian].

31. Nyrkova, L.l.; Klymenko, A.V;
Osadchuk, S.0.; Kovalenko, S. Yu. Comparative
investigation of electrolytic hydrogenation of pipe
assortment steel under cathodic polarization. Int J
Hydrogen Energy, 2024, 49(D), 1075-1087.
https://doi.org/10.1016/j.ijhydene.2023.06.316

32. Evans, U.R. The Corrosion and
Oxidation of Metals: Scientific Principles and Practical
Applications; Arnold, 1971, 1094 p.

ALTERNATIVE APPROACHES AND METHODS IN WATER TREATMENT 59



Water & Water Purification Technologies. Scientific and Technical News On-line ISSN 2521-151X

OCOBJUBOCTI EKCILTYATALII CHCTEM XOJIOJHOI'O TA
TAPSIYOTO BOJONIOCTAYAHHS 1010 KOPO3IIHOI
AKTHUBHOCTI OLIUHKOBAHMX TPYE B BOJOT'THHII BO,II

Knumenro A.B.2, Kosanenxo C.IO.?, Kosanenxo F0.0.2

'KuiBchkuit HaykoBo-a0CiAHMI iHCTUTYT cynoBux ekcreptus (KHICE), Ykpaina
[ncTutyT enektposBaproBanus iM. €.0. [Tatona HAH Ykpainu, Ykpaina
SHauionaneHuii TexHiunuil yHiBepcuTeT YKpainu «KuiBChKHil MOTITeXHIUHM iHCTUTYT iMeHi
Irops Cikopcbkoro», Ykpaina

Excnnyamayis oyunkosanux cucmem noOymoeo2o 6HYMpIUHbL020 8000NOCMAYAHHS NO8 A3AHA 3
npooIeMOI0 PO3GUMKY JIOKATbHUX KOPOZIUHUX NPOYeCié HaA 6HYMPIWHIL NOBEPXHI cmanesux mpyo.
Hocnioocenns yiei memu € 00Cumv aAKMYAIbHUM NPO WO CEIOYUMb AHANI3 cmamell Uooo
Manompusanoi ekcniyamayii OYyuHKOBaHux mpyo 8 cucmemax 600onocmavanis. Y pobomi naeeoeno
acnekmu po3ensidy NUMAHHA W0O00 GNAUBY 6000NIO20MOBKU, eKCHIYAMmAayilHux napamempis,
HAABHOCMI YUHKOBO20 NOKPUMMISL HA NPAYE30AMHICMb CUCEMU 3 MOYKU 30Dy PO3GUMKY KOPOIIUHUX
npoyecig. Budineno neobXioHicms KOHMPOIIO WLISAXOM NOPIGHSIHHS NOKA3ZHUKIE AKOCMI 800U «00 [
nicia 8000NI020MOBKU», «800a 8 cucmemi». Lle 0036015€ 6dice HA NOYAMKY GUABUMU AZPECUBHE
KOpo3iline cepedosuwa 3a NOKASHUKAMU PO3ZYUHEHUL KUCEeHb, BIIbHA 6Y2N1eKUCIOmMA Ma ITHOeKC
PIBHOBAINCHO20 HACUYEHHS 800U KAPOOHAMOM KANbYil0 Ma 6CIMAHOBUMU CIMAH 6HYMPIUHbOI CMIHKU
(«axmuenuil | nacusnuii») 3a HassHicmio niOUWEHOI KOHYeHMpayii i0HI6 3ani3d, KUCHIO, YUHKY.
Bcmanosneno, wo nasagHicms MONEKYIAPHO20 POZUUHEHO20 ) 8000IHHIU 800 KUCHIO 6 cucmemi
2apsauo20 ooonocmavarnhs 6 oianazoni memnepamyp 60 °C...70 °C npuzsooums 0o eémpamu yunkom
NPOMEKMOPHUX 6I1ACMUBOCIEl Uepe3 YMEOpeHHs nosepxHesoi nacuenoi nuieku ZnO, saxa
npU3800UMb 00 3MIWEHH NOMEHYIAY KOpo3ii YuHKy & obnacmv OiibulL NOZUMUBHUX, NOPIGHAHO 00
3axucHo2o nomenyiany 3aniza, 3Havens. s cucmem X0N00HO20 8000NOCMAYAHHI XAPAKMEPHUL
eIeKMpOXIMIUHUL Xapakmep nepedicy Kopo3ilHUX Npoyecie 3 KUCHe80I0 KamoOHOK 0enoisipU3ayicio.
Oxpim mozo, 0068e0eHo HenpunyCmuMicmes 6e3n0cepeoHb020 KOHMAKMY OYUHKOBAHUX mpyd 3
Gaconnumu enemenmamu ma 3anipHo apmMamyporo, 8Uc0MoGIeHUMU 3 AAMYHI, OPOH3U Mma Midi
uepe3 pYUHYBAHHA CMIHKU Memany mpyou 3a paxyHoKk KOHMAaKmHOI KOpo3ii — pi3Huysa nomenyianie
Ooanux eanveaniunux eremenmie ckaaoae 6io 0,570 0o 0,854 B.

Kniouosi cnosa: cucmema e6odonocmauanus, 80002IHHA 800d, SKICMb 600U, KOpO3id,
OYUHKOBAHI MPYOU, eNeKMPOXIMIUHI 00CTIONCEHHS.
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