142

ISSN 0321-4095, Voprosy khimii i khimicheskoi tekhnologii, 2021, No. 4, pp. 142-150

UDC 544.65+661.43

O. Shmychkova a, I. Borovik b, D. Girenko a, P. Davydenko b, A. Velichenko

a

THE EFFECT OF IMPURITIES ON THE STABILITY OF LOW CONCENTRATED ECOFRIENDLY SOLUTIONS OF NaOCl
a

Ukrainian State University of Chemical Technology, Dnipro, Ukraine
b
Dnipro State Agrarian and Economic University, Dnipro, Ukraine

The synthesis of hypochlorous acid from low concentrated chloride-containing electrolytes
has been studied on various oxide materials at the anode current density of 50 mA cm–2.
Boron doped diamond, platinized titanium, metallic titanium doped with platinum and
palladium and materials based on lead (IV) oxide modified with fluorine and surfactants
turned out to be promising for the synthesis of hypochlorous acid by electrolysis. Whereas,
given the stability of oxidant synthesis during cumulative electrolysis, titanium modified
with platinum and palladium as well as pre-treated lead (IV) oxide containing surfactants
(sodium laureth sulfate) was the best. One should additionally take into account the
possibility of combined use of electrocatalysts for the synthesis of strong oxidants in the
reverse current mode in flow systems, when the implementation of the gas cathode leads
to the formation of hydrogen peroxide and hypochlorous acid is formed at the anode. In
fact, only a metal electrocatalyst, such as titanium modified with platinum and palladium,
can be a suitable material. The kinetics of hypochlorite conversion is primarily determined
by the pH value of freshly prepared solutions, temperature and storage conditions. The
presence of different organic and inorganic micro-impurities in the solution also affects
the kinetics of the hypochlorite salt decomposition. The following micro-impurities show
the most negative impact on the stability of sodium hypochlorite solutions: Co(II), Cu(II),
Mg(II), Al(III), and K3[Fe(CN)6]; Ni(²²), Fe(III), and K4[Fe(CN)6] influence the stability
to a lesser extent. The effect of chlorate on the inhibition of sodium hypochlorite activity
as a disinfectant has been investigated. The presence of chlorate in the disinfectant solution
involved results in the absence of bactericidal activity against S. aureus and P. aeuruginosa.
The growth of pseudomonas colonies becomes more abundant with increasing chlorate
content in the disinfectant.
Keywords: doped platinized titanium; disinfectant; sodium hypochlorite; test culture;
chlorate; micro-impurities.
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Introduction
Extensive positive experience has been gained
with the use of sodium hypochlorite solutions, the
scope of application is expanding, and new treatments
are being developed in recent years [1]. According
to the pharmacological action, sodium hypochlorite
solutions have disinfectant, antiseptic, antimicrobial,
detoxifying properties [2]. In addition, the
immunostimulatory and regenerative effects of these
solutions are noted [3]. They are practically nontoxic, do not cause allergic reactions, and their
components do not accumulate in humans and
animals, so the development of new medical and

veterinary pharmaceuticals based on sodium
hypochlorite is of considerable interest.
Sodium hypochlorite is known mainly as an
effective and harmless agent for disinfection of
premises in livestock farms [3]. Recently, sodium
hypochlorite has been widely used in medicine: at
renal and hepatic dysfunction, sepsis, peritonitis, food
poisoning, gastric ulcer, pneumonia, diabetic coma,
mushroom poisoning (toadstool) [4]. Sodium
hypochlorite is a donor of active oxygen and
stimulates the body’s oxidation of exogenous and
endogenous toxic substances: tissue breakdown
products, toxins of microorganisms, drugs. Sodium
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hypochlorite is produced by macrophages in
phagocytosis, it shows the ability to improve
hematological parameters and immune status [5].
The main focus of researchers is on the
development of promising anode materials for
electrolysis of low concentrated NaCl solutions,
where IrO2 and PbO2 are used as electrocatalysts
[6], as well as on the study of the effect of current
density on the current efficiency of the target product.
IrO 2-based materials were shown to be quite
promising for electrolysis, but their high cost,
imperfect sol-gel anode fabrication technology, and
increasing chlorate content in the target product with
increasing current density are significant barriers to
their implementation. Much attention is paid to direct
electrochemical or secondary chemical treatment of
toxic effluents using NaOCl [7]. The used wastewater
treatment methods should be divided into several
groups: reagents for the addition of hydrogen peroxide
and/or other oxidants, such as ozone, sodium
hypochlorite together with catalysts; photocatalytic
and electrocatalytic [8]. It was noted that peroxene
systems are promising for practical application, a
hydroxyl radical formed from the primary oxidant
by its catalytic decomposition being an effective
oxidant [9]. It was shown that the use of peroxene
systems of different types is the most effective for
the treatment of biological contaminants. The
presence of oxygen-containing radicals in such
systems can completely destroy both bacteria
(including genes that cause their resistance to modern
drugs) and viruses [10]. Particular attention should
be paid to the synthesis of hypochlorous acid, as the
latter is widely known as antimicrobial, antiviral and
antifungal agent [5], the effectiveness has been proven
even to the coronavirus COVID-19 [9]. The synthesis
of such an oxidant in the process of electrolysis is
also interesting in the context of disinfection of
hospital effluents.
The main obstacle to the use of sodium
hypochlorite solutions in medicine and veterinary
medicine is the lack of the necessary electrocatalysts
that allow developing the optimal design of the flow
electrochemical cell to obtain solutions of the
required purity.
The features of the anodic and cathode
processes, the creation of an anode with a highly
selective electrocatalytic coating, on the one hand,
and the presence of micro-impurities in solutions,
on the other hand, are recognized to be determined.
In the presence of micro-impurities, the anode
surface can be modified, irreversibly or reversibly.
By adsorbing on the electrode surface, impurities
can change the energy of surface particles, block the
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surface, and so on.
The presence of micro-impurities can affect
not only the selectivity and electrocatalytic activity
of the anode, but also the further stability of the
resulting solutions. It is quite a difficult task to study
the effect of certain impurities both in terms of
analytical chemistry and in terms of possible complex
regularities of action of impurities from the bulk.
Having in mind that the kinetics of NaOCl
decomposition is influenced by the presence in the
solution of micro-impurities of organic and inorganic
nature, the effect of metal impurities in the form of
simple or complex ions on the stability, as well as
the chlorate influence on the bacteriostatic effect of
the solutions involved was investigated in the present
work.
Considering results discussed herein, we
envisage that the low concentrated eco-friendly
NaOCl has interesting, prospective application as
disinfectant agent against multi-resistant strains of
microorganisms.
Materials and methods
All chemicals were reagent grade. Several types
of oxide and metal catalysts were used in the work.
The current collectors were a Ti plate with the
required surface area. The surface of the titanium
substrate was pre-machined, degreased at room
temperature in 5 M NaOH solution and then the
surface was etched at 800C in 6 M HCl for 20 min.
Platinum was deposited from nitrite electrolyte
at the temperature of 80 0C [11]. Under these
conditions, the current efficiency of platinum was
about 30%. The content of deposited platinum was
monitored gravimetrically. The surface platinum
content was 1–4 mg cm–2. Palladation was performed
at 600C from phosphate electrolyte. The current
efficiency was 90%.
An equimolar solution of SnCl4 in n-C4H9OH
based on SnO2 was used as a basic coating solution
to obtain coatings by pyrolytic method. For its
preparation, 5 cm3 of SnCl4 was dissolved at cooling
in 15 cm3 of n-butanol. To apply a modified coating
in 1 cm3 of this basic solution, additives were
introduced in appropriate amounts in the form of
RuCl3, H2PtCl66H2O, PdCl2, and IrCl33H2O, predissolved in a small amount of concentrated
hydrochloric acid. The layers were applied with a
brush, followed by drying at the temperature of 80–
900C for 10 minutes. After drying, the surface became
brownish-brown. Next, the anode was heat-treated
in a muffle furnace at 4500C for 5 min. After
application of 10 layers, the heat treatment was
performed at 5000C for 60 minutes.
For the preparation of anodes with an active

The effect of impurities on the stability of low concentrated eco-friendly solutions of NaOCl

144

ISSN 0321-4095, Voprosy khimii i khimicheskoi tekhnologii, 2021, No. 4, pp. 142-150

coating based on lead (IV) oxide, a basic electrolyte
with the following composition was used: 0.1 M
CH3SO3H/HNO3 and 0.1 M (CH3SO3)2Pb/Pb(NO3)2.
Some modifying additives were added to the
deposition electrolyte by a portion or an appropriate
aliquot to achieve the desired concentration of the
additive in the solution. Surfactants were introduced
into the electrolyte in the form of aqueous solutions
of known concentration. The thickness of the studied
coatings was 20–50 m. Platinized titanium was used
as a collector for PbO2-based anodes.
The concentration of NaClO and NaClO3 in
solutions was determined by iodometric titration [12].
The standard deviation in determining the
concentration does not exceed ±3 mg L–1 and ±2
mg L–1 for sodium hypochlorite and sodium chlorate,
respectively. Standard deviations for current
efficiencies are ±1.0% and ±0.5% for hypochlorite
and chlorate, respectively.
The determination of bactericidal activity and
control of the absence of bacteriostatic effect of
solutions involved were determined against seven
cryogenic strains (E. coli, S. aureus, S. tiphymurium,
P. aeruginosa, L. monocytogenes, L. ivanovi, and
L. innocua) according to the following method.
Washings from beveled solid nutrient medium of test
cultures of strains involved were obtained with sterile
saline under aseptic conditions. Further, suspensions
of these test cultures were made according to the
McFarland optical turbidity standard, which

corresponds to 2.0109 colony forming units/cm–3;
then we used them for testing to determine the
bactericidal activity and control the absence of
bacteriostatic effect of experimental disinfectants. The
tests were performed by the suspension method using
3 sterile tubes (three repeats of the tests) of each
working dilution of the experimental disinfectant,
spilled on 4.5 cm3. In all tubes with working dilutions
of disinfectant, 0.5 cm3 of the prepared appropriate
suspension of test cultures of microorganisms were
taken, mixed thoroughly and kept in a working
solution of the experimental disinfectant according
to the exposure period (exposure time being 30 s in
the study case). Bactericidal activity of 100 mg L–1
NaOCl was used as reference solution. Another
reference was 100 mg L–1 NaClO3 Three solutions
containing 100 mg L–1 and 10%, 50% and the same
amount of chlorate were investigated.
Results and discussion
The synthesis of hypochlorous acid from low
concentrated chloride-containing electrolytes on
various oxide materials was carried out at the anode
current density of 50 mA cm–2. The results are
presented in Table.
As can be seen from the obtained results, boron
doped diamond, platinized titanium, and metallic
titanium doped with platinum and palladium as well
as materials based on lead (IV) oxide modified with
fluorine and surfactants turned out to be promising
materials for the synthesis of hypochlorous acid by

The effect of anode material on the achieved concentration of ClO–ions obtained by electrolysis in a sulfate electrolyte
(0.5 M Na2SO4) additionally containing 0.05 M NaCl*

Material
Boron doped diamond
Ti/Pt
Pt-doped SnO2 obtained pyrolitycally
Pd-doped Ti/Pt
PbO2 obtained from methanesulfonate electrolyte
PbO2–3 wt.% SLES
PbO2–3 wt.% SLES. Pre-treatment 20 min
PbO2–3 wt.% SLES. Pre-treatment 60 min
PbO2–3 wt.% SLES. Pre-treatment 180 min
PbO2–3 wt.% SLES deposited on Ebonex
PbO2–0.042 wt.% F–
PbO2–4.2 wt.% SDS
PbO2–2 wt.% SDS
PbO2–3.2 wt.% SLES obtained from nitrate electrolyte

Concentration of ClO–, 103, mol dm–3
Electrolysis duration, min
60
120
180
240
300
1.75
3.5
4.45
6.75
8.58
1.5
2
1.65
1.4
1
0.5
0.7
0.7
0.7
0.7
2.3
2.45
2.79
2.49
2.15
1.0
1.6
1.65
1.5
1.3
1.25
1.6
1.35
1.05
0.8
1.1
1.95
2.05
1.7
1.35
0.65
1.4
1.75
1.75
1.6
0.6
0.95
1.2
1.05
0.95
1.2
1.4
1.3
1.2
1.25
1.6
2.64
1.95
1.55
1.15
0.95
1.3
1.3
1.3
0.95
1.15
1.55
1.6
1.45
1.0
1.1
1.9
2.25
1.7
1.7

Note: SLES stands for sodium laureth sulfate (CH3(CH2)11(OCH2CH2)nOSO3Na); SDS stands for sodium dodecylsulfate
(CH3(CH2)11OSO3Na).
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electrolysis. Whereas, given the stability of oxidant
synthesis during cumulative electrolysis, titanium
modified with platinum and palladium and pretreated lead (IV) oxide containing surfactants (sodium
laureth sulfate) were the best. Thus, these materials
are of considerable interest for further development.
One should additionally take into account the
possibility of the combined use of electrocatalysts
for the synthesis of strong oxidants in the reverse
current mod e in flow system s, w hen the
implementation of the gas cathode will lead to the
formation of hydrogen peroxide and hypochlorous
acid will be formed at the anode [13]. In fact, such
a material can only be a metal electrocatalyst such
as titanium, modified by platinum and palladium.
It should be noted that the process of
hypochlorite synthesis is catalytic and occurs with
the participation of particles adsorbed on the catalyst
surface; thus, the change in the concentration of
hypochlorite formed (steady state or concentration
drop) is due to the passivation of the electrode surface
over time, which is characteristic for Ti/Pt surface
[13], and for lead dioxide surface. This phenomenon
can be explained by both the adsorption of sulfate
ions from sulfate solution and recrystallization.
Unlike hydrogen peroxide, the decomposition
products of which are effective oxidants only in the
presence of catalysts, the main advantage of using
hypochlorous acid is its own oxidative activity and
combined action. On the one hand, as a strong
oxidant, it can interact with hazardous chemicals,
leading to their partial or complete destruction. On
the other hand, hypochlorites exhibit bactericidal,
virulent and fungicidal activity and are widely used
for disinfection, which is an additional advantage
for the treatment of hospital effluents [1–5]. In
addition, the destruction of hypochlorous acid in a
photocatalytic system under the action of light leads
to the formation of oxygen-containing radicals (one
of the options for the implementation of peroxene
systems), which will contribute to the destruction of
resistance genes in bacteria [3,10]. The general
regularities of chemical processes that take place in
solutions of hypochlorous acid are quite well studied
[14]; however, they still have specificity depending
on the structure of the substance with which the
oxidant interacts.
It should be noted that the prolonged action of
hypochlorites depends on changes in their
concentration. It was found that during storage of
hypochlorite solutions, in addition to reducing the
total content of hypochlorites, there is a gradual
increase in the content of chlorate ions in the solution
[13]. This phenomenon is due to the fact that
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hypochlorites exhibit the properties of redox
amphotericity, because the chlorine (I) atom can
not only reduce the degree of oxidation, but also
increase it. The decomposition of hypochlorite is
usually described by second-order kinetics. However,
we did not experimentally detect significant amounts
of ClO2–. This is due to the rapid reaction of excess
ClO– ions. Since the concentration of hypochlorous
acid decreases with increasing and decreasing pH of
the solution and the concentration of ClO– anions
at pH<5 is almost zero, it should be concluded that
the fastest disproportionation reaction of HClO
should occur at 5<pH<8. This conclusion is well
confirmed by experimental data on the dependence
of the process rate on the acidity of solutions [13].
Thus, the kinetics of hypochlorite conversion
should primarily be related to the pH of freshly
prepared solutions, temperature and storage
conditions. The kinetics of decomposition is
influenced by the presence of organic and inorganic
micro-impurities in the solution.
The effect of metal impurities (510–6 M) in
the form of simple or complex ions on the stability
of NaOCl solutions was investigated. This rather low
concentration was chosen based on the amount of
micro-impurities that can enter the solution of
sodium hypochlorite with NaCl and water. Ions were
introduced in the form of appropriate solutions of
salts (usually chlorides) into a solution of sodium
hypochlorite, which was prepared using doubledistilled water and NaCl. The initial pH of the
solution was 8.9. At this initial pH, even the initial
solution is not stable enough: the decrease in NaOCl
concentration was 25% during 160 days. A solution
with this pH was prepared specifically to make the
effect of micro-impurities as noticeable as possible.
It was found that the strongest catalytic action is
demonstrated by Co(II), followed by Cu(II) (Fig. 1).
Their catalytic action is due to the redox couples
Co(II)/Co(IV) and Cu(II)/Cu(I). Next, Mg(II) and
Al(III) ions follow the effect on stability. Most likely,
there is catalysis of micelles of aluminum and
magnesium hydroxides. Probably, other impurities
are adsorbed and concentrated on the surface of these
micelles, thus forming colloidal catalytic centers.
Ni(II), Fe(III), Mn(II), an Ca(II) ions have a similar
effect on the stability of the initial solution of sodium
hypochlorite.
The following reaction schemes of catalytic
action of Ni (II) (Eqs. (1)–(4)) and Co (II) (Eqs. (5)–
(6)) have been proposed in the literature [15]:
Ni(II)+ClO – O= Ni(IV)+Cl – ;

(1)
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t/days
Fig. 1. Kinetic curves of NaOCl concentration drop in the
presence of 510–6 M cations. Initial pH 8.9

O=Ni(IV)+Ni(II)Ni(III)–O–Ni(III);

(2)

Ni(III)–O–Ni(III)+ClO–
Ni(II)+Ni(III)–O–O – +Cl – ;

(3)

Ni(III)–O –O – Ni(II)+O 2 ;

(4)

ClO – +Co(OH ) 2 Cl – +Co(OH ) 4 ;

( 5)

Co(OH) 4 Co(OH) 2 +O 2 +H 2 O.

(6)

It is known that upon recrystallization of sodium
chloride, potassium hexacyanoferrate (II) is added
to the mother liquor as an additive that prevents
caking and clumping. In this regard, we additionally
considered the effect of potassium hexacyanoferrate
(II) and hexacyanoferrate (III) additives on the
stability of hypochlorite solutions (Fig. 2). If in the
presence of Fe(III), the NaOCl concentration
decreased rather rapidly during the first 10–20 days;
then in the presence of ferrocyanide additives the

nature of the kinetic curves of NaOCl decomposition
is close to the reference solution. However, the
pre sence of hex acyanofe rrat e (I I) and
hexacyanoferrate (III) increases the rate of
decomposition by 1.6 times and 4 times, respectivlay,
as compared with the reference solution. The rate of
NaClO 3 accum ulat ion in the prese nce of
hexacyanoferrate (III) coincides with the action of
Fe(III), and the activity of hexacyanoferrate(II) is
almost 2 times lower. The kinetic curves of the
decomposition of NaOCl and the accumulation of
NaClO3 in solutions of sodium hypochlorite, which
were obtained from reagent grade and technical
NaCl, are shown in Fig. 3. The nature of the curves
in Fig. 3 coincides with the nature of the curves 1
and 3 in Fig. 2, indicating the presence of
K4[Fe(CN)6] impurities in technical NaCl.
The act ion of Mn(II ) cation on the
decomposition of hypochlorite is similar to the
catalytic action of Ni(II) and Fe(III). There is a
sharp decrease in concentration during the first 10–
20 days in the presence of these ions, and then the
rate is comparable to the rate of decomposition in
the reference solution. One can distinguish two linear
are as w ith rate constan ts of 1.710 –5 and
1.510–6 L/(mgday) (Fig. 4). Thus, after 70–80 days,
the rate of decomposition of NaOCl decreases by an
order of magnitude. During this period, there is a
main accumulation of chlorate. After 80 days, the
chlorate almost ceases to accumulate, and further
decomposition occurs only via the oxygen formation.
There is a monotonic decrease in the
concentration of NaOCl in the presence of Cu(II).
The rate constant of NaOCl decomposition is
1.210–5 L/(mgday) (Fig. 4).
The kinetic curves in the presence of Mg(II)
by their nature coincide with similar curves for
Cu(II). The rate constant of NaOCl decomposition

Fig. 2. Kinetic curves of NaOCl decomposition (initial pH 8.9) and NaClO3 accumulation in the presence of cations of the iron
group (510–6 Ì): 1 – reference solution; 2 – FeCl3; 3 – K4[Fe(CN)6]; 4 – K3[Fe(CN)6]
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Fig. 3. pH change and kinetic curves of NaOCl decomposition (pH 8,9) and NaClO3 accumulation in the sodium hypochlorite
solution prepared from reagent grade (1) and technical (2) NaCl

Fig. 4. Kinetic curves of NaOCl decomposition (initial pH 8.9)
in the presence of additives (510–6 Ì): 1 – MnCl2; 2 – CuCl2;
3 – MgCl2

in the presence of Mg(II) is 1.6 less than in the
presence of Cu(II) and is 7.510–6 L/(mgday). If
the catalytic action of Cu(II) can be explained by
the existence of Cu(I)/Cu(II)/Cu(III) redox couples,
then the action of micro-impurities of Mg(II) is
difficult to explain. The selective action of AlCl3,

which accelerates the decomposition of hypochlorite
but does not affect the rate of chlorate accumulation,
is also not easy to explain. A similar situation is
observed with the influence of micro-quantities of
CaCl2. As an explanation, one can assume the
possibility of the formation of catalytic centers in
the form of micelles of the corresponding hydroxides.
The micelles themselves act as heterogeneous
catalysts or catalytically active micro-impurities from
solution can be specifically adsorbed on their surface
with the formation of heterogeneous catalytically
active colloidal particles.
In addition, the influence of chlorate on
inhibition of sodium hypochlorite action as
disinfectant was investigated. The data concerning
this inhibition are absent in the literature.
The 100 mg L–1 concentration of NaOCl is
considered to be effective, at which the experiment
repeated three times at the appropriate exposure time
ensured the absence of growth of test microorganisms
on liquid and solid nutrient media in the presence
of typical growth of test cultures in growth controls
(Fig. 5).
The presence of chlorate in the disinfectant

Fig. 5. Typical growth of test cultures in reference solution (100 mg L–1 NaClO3): a – Escherichia coli (F50) ATCC No. 25922; b
– Staphylococcus aureus ATCC No. 25923; c – Salmonella tipymurium 144; d – Pseudomonas aeruginosa ATCC No. 2853(F);
e – Listeria monocytogenes ATCC No. 19112; f – Listeria innocua ATCC No. 33090; g – Listeria ivanovi
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solution involved leads to the absence of bactericidal
activity against S. aureus and P. aeuruginosa, and
the growth of P. aeuruginosa colonies becomes more
abundant with increasing chlorate content in the
disinfectant.
Conclusions
Boron doped diamond, platinized titanium,
metallic titanium doped with platinum and palladium
as well as materials based on lead (IV) oxide modified
with fluorine and surfactants were stated to be
effective catalysts for the synthesis of hypochlorous
acid by electrolysis. Whereas, given the stability of
oxidant synthesis during cumulative electrolysis,
titanium, modified with platinum and palladium and
pre-treated lead (IV) oxide containing surfactants
(sodium laureth sulfate) were the best.
The presence of micro-impurities can affect
the stability of the solutions obtained. It has been
revealed that Co(II), Cu(II), Mg(II), Al(III),
K3[Fe(CN)6] demonstrate the maximum negative
impact on the stability of sodium hypochlorite
solutions, while Ni(²²), Fe(III), K4[Fe(CN)6] develop
it to a lesser extent.
The decomposition of hypochlorite is described
by second-order kinetics. There is a sharp decrease
in concentration of NaOCl during the first 10–20
days of storage in the presence of these ions, and
then the rate is comparable to the rate of
decomposition in the reference solution. The
pre sence of hex acyanofe rrat e (I I) and
hexacyanoferrate (III) increases the rate of NaOCl
decomposition by 1.6 times and 4 times, respectively,
as compared with the reference solution. The rate
constant of NaOCl decomposition in the presence
of Cu(II) is 1.210–5 L/(mgday), whereas it is
1.6 less than in the presence of Cu(II) and is
7.510–6 L/(mg day) in the presence of Mg(II). Such
action of micro-impurities on the stability of NaOCl
solutions can be explained by the formation of
catalytic sites in the form of micelles of corresponding
hydroxides.
The low concentrated eco-friendly NaOCl can
be used as disinfectant agent against multi-resistant
strains of microorganisms, however the presence of
chlorate in the disinfectant solution involved results
in the absence of bactericidal activity against S. aureus
and P. aeuruginosa.
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ÂÏËÈÂ ÄÎÌ²ØÎÊ ÍÀ ÑÒÀÁ²ËÜÍ²ÑÒÜ
ÍÈÇÜÊÎÊÎÍÖÅÍÒÐÎÂÀÍÈÕ ÅÊÎËÎÃ²×ÍÎ ×ÈÑÒÈÕ
ÐÎÇ×ÈÍ²Â NaOCl
Î. Øìè÷êîâà, ². Áîðîâèê, Ä. Ãèðåíêî, Ï. Äàâèäåíêî,
Î. Âåë³÷åíêî
Äîñë³äæåíî ñèíòåç ã³ïîõëîðèòíî¿ êèñëîòè ç íèçüêîêîíöåíòðîâàíèõ õëîðèäîâì³ñíèõ åëåêòðîë³ò³â íà ð³çíèõ îêñèäíèõ ìàòåð³àëàõ çà ãóñòèíè àíîäíîãî ñòðóìó 50 ìÀ/ñì2.
Àëìàç, ëåãîâàíèé áîðîì, ïëàòèíîâàíèé òèòàí, ìåòàëåâèé
òèòàí, äîïîâàíèé ïëàòèíîþ ³ ïàëàä³ºì, à òàêîæ ìàòåð³àëè
íà îñíîâ³ ñâèíåöü(IV) îêñèäó (ìîäèô³êîâàí³ ôòîðîì òà ïîâåðõíåâî-àêòèâíèìè ðå÷îâèíàìè) âèÿâèëèñÿ ïåðñïåêòèâíèìè ìàòåð³àëàìè äëÿ ñèíòåçó ã³ïîõëîðèòíî¿ êèñëîòè ï³ä ÷àñ
åëåêòðîë³çó. Îäíàê, âðàõîâóþ÷è ñòàá³ëüí³ñòü ñèíòåçó îêèñíèê³â ï³ä ÷àñ êóìóëÿòèâíîãî åëåêòðîë³çó, íàéêðàùèìè áóëè
òèòàí, ìîäèô³êîâàíèé ïëàòèíîþ ³ ïàëàä³ºì, òà ïîïåðåäíüî
îáðîáëåíèé ñâèíåöü(IV) îêñèä, ùî ì³ñòèâ ÏÀÐ (íàòð³é ëàóðåòñóëüôàò). Ñë³ä äîäàòêîâî âðàõóâàòè ìîæëèâ³ñòü êîìá³íîâàíîãî âèêîðèñòàííÿ åëåêòðîêàòàë³çàòîð³â äëÿ ñèíòåçó ñèëüíèõ îêèñíèê³â ó ðåæèì³ ðåâåðñó ñòðóìó â ïðîòî÷íèõ ñèñòåìàõ, êîëè ³ç ðåàë³çàö³ºþ ãàçîâîãî êàòîäà áóäå óòâîðþâàòèñÿ
ã³äðîãåí ïåðîêñèä, à íà àíîä³ óòâîðþâàòèìåòüñÿ ã³ïîõëîðèòíà êèñëîòà. Ïðèäàòíèì ìàòåð³àëîì ìîæå áóòè ëèøå ìåòàëåâèé åëåêòðîêàòàë³çàòîð, òàêèé ÿê òèòàí, ìîäèô³êîâàíèé ïëàòèíîþ ³ ïàëàä³ºì. Ê³íåòèêà ïåðåòâîðåííÿ ã³ïîõëîðèòó, â
ïåðøó ÷åðãó, âèçíà÷àºòüñÿ âåëè÷èíîþ ðÍ ñâ³æîïðèãîòîâëåíèõ ðîç÷èí³â, òåìïåðàòóðîþ òà óìîâàìè çáåð³ãàííÿ. Íà ê³íåòèêó ðîçêëàäàííÿ ã³ïîõëîðèòó âïëèâàº íàÿâí³ñòü ó ðîç÷èí³
ì³êðîäîì³øîê îðãàí³÷íî¿ òà íåîðãàí³÷íî¿ ïðèðîäè. Ì³êðîäîì³øêàìè, ÿê³ ìàþòü ìàêñèìàëüíî íåãàòèâíèé âïëèâ íà
ñòàá³ëüí³ñòü ðîç÷èí³â íàòð³þ ã³ïîõëîðèòó, º: Co(II), Cu(II),
Mg(II), Al(III), K3[Fe(CN)6], â ìåíøîìó ñòóïåí³ öå: Ni(²²),
Fe(III), K4[Fe(CN)6]. Äîñë³äæåíî âïëèâ õëîðàòó íà ³íã³áóâàííÿ ä³¿ íàòð³é ã³ïîõëîðèòó ÿê äåç³íô³êóþ÷îãî çàñîáó. Íàÿâí³ñòü õëîðàòó ó äîñë³äæóâàíîìó ðîç÷èí³ äåç³íô³êóþ÷îãî
çàñîáó ïðèçâîäèòü äî â³äñóòíîñò³ áàêòåðèöèäíî¿ àêòèâíîñò³
ùîäî S. aureus òà P. àeuruginosa; ð³ñò êîëîí³é ñèíüîãí³éíî¿
ïàëè÷êè ñòàº á³ëüø ðÿñíèì ³ç çá³ëüøåííÿì âì³ñòó õëîðàòó â
äåç³íô³êóþ÷îìó çàñîá³.

e-mail: velichenko@ukr.net
The synthesis of hypochlorous acid from low concentrated
chloride-containing electrolytes has been studied on various oxide
materials at the anode current density of 50 mA cm–2. Boron
doped diamond, platinized titanium, metallic titanium doped
with platinum and palladium and materials based on lead (IV)
oxide modified with fluorine and surfactants turned out to be
promising for the synthesis of hypochlorous acid by electrolysis.
Whereas, given the stability of oxidant synthesis during cumulative
electrolysis, titanium modified with platinum and palladium as
well as pre-treated lead (IV) oxide containing surfactants (sodium
laureth sulfate) was the best. One should additionally take into
account the possibility of combined use of electrocatalysts for the
synthesis of strong oxidants in the reverse current mode in flow
systems, when the implementation of the gas cathode leads to
the formation of hydrogen peroxide and hypochlorous acid is
formed at the anode. In fact, only a metal electrocatalyst, such as
titanium modified with platinum and palladium, can be a suitable
material. The kinetics of hypochlorite conversion is primarily
determined by the pH value of freshly prepared solutions,
temperature and storage conditions. The presence of different
organic and inorganic micro-impurities in the solution also affects
the kinetics of the hypochlorite salt decomposition. The following
micro-impurities show the most negative impact on the stability
of sodium hypochlorite solutions: Co(II), Cu(II), Mg(II), Al(III),
and K3[Fe(CN)6]; Ni(²²), Fe(III), and K4[Fe(CN)6] influence
the stability to a lesser extent. The effect of chlorate on the
inhibition of sodium hypochlorite activity as a disinfectant has
been investigated. The presence of chlorate in the disinfectant
solution involved results in the absence of bactericidal activity
against S. aureus and P. aeuruginosa. The growth of pseudomonas
colonies becomes more abundant with increasing chlorate content
in the disinfectant.
Keywords: doped platinized titanium; disinfectant; sodium
hypochlorite; test culture; chlorate; micro-impurities.

Êëþ÷îâ³ ñëîâà: ìîäèô³êîâàíèé ïëàòèíîâàíèé òèòàí,
äåç³íô³êóþ÷èé çàñ³á, íàòð³é ã³ïîõëîðèò, òåñò-êóëüòóðè,
õëîðàò, ì³êðîäîì³øêè.
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