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Important characteristics of any product are quality and reliability. One of the factors affecting product reliability
is the surface cleanliness provided by flushing with liquids. Electroactivated water and aqueous solutions can be used
as liquids. On the basis of domestic and foreign experience, leading experts have developed methodological instructions
for the widespread implementation of electro-activated water and aqueous solutions in instrument-making and
mechanical engineering. For the production of electrochemically activated water and solutions, non-flowing and flow-
through modular elements, as well as universal installations, have been developed. Analysis of the structures of these
devices has shown that flat metal plates are used as electrodes, therefore there are volumes of water that are subjected
to uneven electrical effects. As a result, the specific energy consumption for obtaining activated water is significant. The
purpose of the work is to reduce the specific energy consumption in the production of activated water and aqueous solu-
tions. Coaxial arrangement of the electrodes leads to reduction in energy consumption. The study of the electroactiva-
tor of water with a coaxial arrangement of electrodes allowed us to establish the optimal ratio between the volumes of
anolyte and catholyte and the time of electrolysis of water and an aqueous solution of sodium chloride. A new indicator
of efficiency (the specific energy consumption per unit of change in the pH of water or an aqueous solution) objectively
reflects the perfection of the design of electroactivators. The research results can be used in instrument and mechanical
engineering.
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Baoicnoii xapaxmepucmuroii 1106020 uzdenusn AGIAEMCs Kavecmeo u HaoexicHocms. OOHUM U3 Gaxmopos, eiusiio-
WUX HA HAOEICHOCMb U30elUll, S6ISLeMCsl YUCHOmMA NOBEPXHOCMU, KOMOpas 06eCnevu8aemcs nPOMbLEKOU HCUOKOCHIsL-
mu. B kauecmee srcuokocmu mo2ym Ovbims UCHOIb3068AHbL EKMPOAKMUBUPOBAHHASL 600d U 600Hble pacmeopul. Ha oc-
HOBe OMeYecmBenHo20 U 3apyOescHo20 ONbima 6e0YWUMU CREYUATUCAMU PA3PAOOMAHbL MEMOOUYECKUe UHCTPYKYUU
N0 WUPOKOMY NPUMEHEHUIO U UCNOTb30BAHUIO INEKMPOAKMUSUPOBAHHBIX 800bl U BOOHBIX PACMEOPOS 6 NPUOOPO-
U mMawunocmpoenuu. Jis noay4eHus d1eKmpoXumMudecKy akmueuposanHol 600bl U pacmeopos paspabomanvl Henpo-
MouHble U NPOMOYHBIE MOOYIbHbIE INEMEHMbL, A MAKHICE YHUBEPCANbHbIE YCMAHOGKU. AHANU3 KOHCMPYKYUL 9MUX YCM-
POUICME NOKA3ANL, YMO 8 KA4ecmae 2NeKmpo008 NPUMEHAIOMCS NIOCKUEe MeMALIUYecKue NIACTUHbL, NOIMOMY UMEIOM-
¢l 0bveMbl 800bI, KOMOPbLE NOOBEPLAIOMCIL HEPABHOMEPHOMY IJIEKMPUYECKOMY 8030elicmeuio. B pesynomame smozo
YOenbHble dHep203ampamyl Ha NOJYYeHUe aKMUSUPOBAHHOU 800bl 3HAYUMENbHYL. Llenblo pabomul A6UNOCH CHUdICEHUE
VOENbHbIX DHEP203ampam npu NoAyYeHud akmueuposaHHou 600bl U BOOHBIX pacmeopos. Koakcuanvnoe pacnonodicenue
INEKMPOO08 NPUBOOUM K CHUNCEHUIO dHepeozampam. Hccnedosanue 31eKmpoakmueamopa 800bl ¢ KOAKCUATbHIM
PACRONOJCEHUEM INEKMPOO08 NO3GONUNLO YCNAHOBUMb ONMUMATILHOE COOMHOUIEHUE MeNCOY 00beMamu aHOIUuma
U Kamoauma u epemenem 21eKmpoau3a 600bl U 600H020 pacmeopa xaopuda nampus. Hoewiil noxazamensv 2¢hgpexmus-
HoCcmu (yOenbHble dHEP203ampamvl Ha eOUHUYY USMEHEHUsT 6000POOHO20 NOKA3Amens 800bl UIU 800HO20 PACMEOPQ)
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00bEKMUBHO ompasitcaent Co8epuleHcmeo KOHCMPYKYUU IJ1eKmpoaxkmueanopoe. Pe3yﬂbmambl UCCre008aHUs. mozym

ObIMb UCNONL308AHDL 8 npu60p0— U MAUUUHOCMPOEHUU.

Knroueswvie crosa: 606(1, 3JleKmp0xuMuquKud akmueamop, anoaum, KamoJjaum.

Introduction. The amazing properties of water ob-
tained by electrolysis were discovered in different coun-
tries independently. The unusual properties of the electro-
activated water were discovered by chance, not by the
doctors, but by the gas workers, not in the laboratory, but
on the drilling test towers of the Institute SredAzNIIGaz.
This institute was located in Tashkent and was engaged in
gas production in the Kyzyl Kum desert. The scientists of
this institute came up with an original installation: on the
basis of electrolysis, two solutions were obtained from
ordinary water. One of them, catholyte, was used to pro-
duce drilling mud with high physical and chemical indi-
ces. Another solution — anolyte — was used for coagula-
tion of excess clay phase.

The study and use of electroactivated water solutions
began in 1978 in the organization “Sreda-3 Nllgaz”,
where S. A. Alekhin, V. M. Bakhir, N. A. Mariam-
Polsky, U. D. Mamadzhanov et al. worked [1-3].

Three international symposiums were held on the elec-
trochemical activation of water and aqueous solutions
[4-6]. In the introductory report at the first symposium
the President of the Academy of Medical and Technical
Sciences of Russia, Doctor of Technical Sciences, Profes-
sor. B. I. Leonov noted that “electrochemical activation of
water and water solutions is the technology of the future,
which will allow creating an ecologically clean future for
the Earth and other planets”. Further work confirms the
conclusion of the scientist [7-9].

The widespread use of activated water is presented in
article [10]. Water with pH 2-3 was introduced into a
solution of ferric chloride for etching printed circuit
boards [11]. The etching rate has increased, the consump-
tion of chemicals has decreased, the process of industrial
waste regeneration has been simplified. For cleaning
printed circuit boards, a composition consisting of electro-
activated water (pH 12-14) and caustic soda has been
developed [12]. The cleaning time is reduced several
times. When cutting metals, the redox potential of the
emulsion was measured at the time of chip removal. As
soon as the cutting began, the redox potential became
negative. Having added electroactivated water (catholyte)
with redox potential from minus 300 to minus 800 mV to
the emulsion, a new coolant-lubricant was obtained [13].
Working on the process of industrial waste utilization, the
authors improved the previously developed coolant-
lubricant. The activator was close to the metalworking
machine. At the same time, the catholyte was directed to
the cutting zone, and the anolyte was mixed with the
spent emulsion. The effect of increasing the cutting tool
durability was obtained, the emulsion stability increased
1.5 times, and the used coolant did not require additional
treatment for utilization [14].

For washing printed circuit boards, various liquids are
used. In the study [15] electroactivated water was used for
this purpose, which led to a reduction in the consumption
of chemicals.

To obtain electrochemically activated water and solu-
tions such devices are used as: STEL installations,
Aquachlor, Izumrud; flow modular elements PEM-3,
PEM-7, PEM-9; universal MB-11, MB-26, etc. With a
small consumption of activated water, a large variety of
electroactivators are offered: Iva-1, Melesta, AP-1,
Aqualife and others (fig. 1).

Analysis of the structures of these devices showed that
flat metal plates are used as electrodes, therefore there are
volumes of water that are exposed to uneven electro-
chemical effects. In addition, due to the small surface area
of the electrodes, the current density increases, which,
according to the Tafel equation, leads to an increased
overvoltage of electrochemical processes. As a result of
this, the specific energy consumption for obtaining acti-
vated water is significant and amounts to 1530 W - h /1.
The calculation is made on the basis of passport data.

In the Espero-1 electroactivator shown in fig. 2, the
anode is made in the form of a graphite rod of square sec-
tion, the cathode is made of thin-sheet steel in the form of
a cylindrical shell. The electrodes are mounted coaxially
to each other. The anode is in the center, the cathode is in the
periphery. As a result, all the water in the activator is sub-
jected to electrochemical exposure, which leads to a sig-
nificant reduction of energy consumption to 2+3 W - h /1
(when dissolving table salt in water 10 g/l). On the side
surface of the anode, due to the right angle, the electric
field strength and current density are increased, which
adversely affects the efficiency of the electroactivator.

Methods and equipment of research. To study the
activator with a coaxial arrangement of electrodes, a de-
vice with a graphite rod of circular cross-section was
manufactured [16]. Fig. 3 shows an experimental electro-
activator.

Tarpaulin cloth is used as the diaphragm. The anode is
a graphite rod, the cathode is a hollow stainless steel cyl-
inder. Fig. 4 shows the assembled electroactivator, power
supply, multimeter and pH meter.

Methods of conducting experiments in the study of
electroactivator with a coaxial arrangement of electrodes:

1. Filling the glass tank with cold tap water.

2. Settling water with the lid open for at least 8—10
hours at room temperature.

3. Control the pH of the source water.

4. Filling the anodic and cathodic spaces of the activa-
tor with water.

5. Installation of the electrode in the anode space.

6. Pause from 3 to 5 minutes to level the water levels
in the cathode and anode spaces.

7. Electrochemical effect on water by passing a cur-
rent.

8. Current control.

9. After disconnecting the voltage, the anolyte is dis-
charged into a separate container.

10. Control of pH of the anolyte (pHA) and the ca-
tholyte (pHK).
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Fig. 1. Electric water activators: Iva-1, Melesta, AP-1

Puc. 1. DnekrpoakruBaTopsl Bojsl: MBa-1, Menecra, All-1

Fig. 2. Electroactivator “Espero-1”

Puc. 2. DnextpoakruBarop «Jcmepo-1»

Fig. 3. Experimental electroactivator

Puc. 3. DkcnepuMeHTaNBHBIH 3JI€KTPOAKTHBATOP
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Fig. 4. Used equipment

Puc. 4. Ucnons3yemoe ob6opynoBaHue

q 3
0,35
25
2 /
1,5 M (57
1
0,5
0 T T T T T T T 1
1 2 3 4 5 6 7 3

Fig. 5. The change in pH of anolyte and catholyte from the time of activation of tap water

Puc. 5. U3menenue pH anonurta 1 KaToiauTa OT BpEMEHHU aKTHBUPOBAHUS BOZOIPOBOIAHON BOJBI

Specific energy consumption is determined by the
formula:
Q=1-U160V, (1

where U is the voltage on the electrodes, V; V is the vol-
ume of activated water, I; / is the amperage, A; 7 is the
time of water activation, min.

We believe that the specific energy consumption does
not reflect the efficiency of the electroactivator. It is pro-
posed to evaluate the operation of the device according to
the following indicator:
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q = Q/ApH, (@)
where ¢ is the specific energy consumption per unit
of change in the pH of water or an aqueous solution;
ApH = pHK — pHA is the difference in pH values of ca-
tholyte and anolyte.

The experiments were conducted at a different ratio of
the volumes of anolyte and catholyte from 0.35 to 1.72.

Results. Experiments have shown (fig. 5) that the
minimum value of specific energy consumption per unit
of pH change is typical for a volume ratio of 0.57, there-
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fore, further experiments were carried out with this ratio.
It can be seen from the figure that with electrolysis time
from 3.5 to 7 minutes specific energy consumption for the
specified ratio of volumes is 15-20 % less than for other
values.

Fig. 6 shows the changes in the pH of anolyte and ca-
tholyte from the time of water activation. It follows from
the graph that the maximum change in the hydrogen index
(pH) occurs in 7 minutes of electrochemical activation of
water.

For the experiments an aqueous solution of sodium
chloride (0.9 % physiological solution widely used in
medicine and in everyday life — the Espero activator) was
used. The results are presented in fig. 7, 8.

The nature of the change in the pH of the solution and
the specific energy consumption does not change with the
activation time.

However, the specific energy consumption is an order
of magnitude less and the maximum change in the pH
value occurs in 3 minutes.

PH14

12

pHk

pHa

Fig. 6. The change in pH of anolyte and catholyte from the time of water activation

Puc. 6. U3menenue pH anonuTta u KaToauTa OT BPEMEHH aKTHBALIMH BOJIBI
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Fig. 7. Specific energy consumption per unit of change using an aqueous solution
of sodium chloride (0.9 % physiological solution)

Puc. 7. Y nenbHBIC S5HEPro3aTpaThl Ha SIMHUIYY U3MEHEHUS C HCIIOIb30BaHUEM
BOJHOTO pacTBopa xnopuaa Hatpus (0,9 % ¢usnonorundeckuit pactBop)
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Fig. 8. The change in the pH of the anolyte and catholyte from the time of activation
of water using an aqueous solution of sodium chloride (0.9 % physiological solution)

Puc. 8. V3smenenne pH anonmra 1 KaTonuTa OT BPEMEHH aKTUBALH BOABI C UCIIOIb30BAHHEM
BOAHOTO pacTBopa xyopuna Hatpust (0,9 % duznonoruueckuii pactBop)

Specific energy consumption per unit of change in the water pH

Model Ratio V,/V} Specific energy consumption q
Melesta 0.6 2.86
AP-1 0.33 2.77
IVA-1 0.75 2.96
Aqualife 0.11 2.76
Espero-1 0.2 1.5
Electroactivator under study 0.57 1.25

The results of the calculations of the specific energy
consumption per unit of change in the water pH are
shown in the table. It follows from the table that the elec-
trical activator has the minimum value of specific energy
consumption per unit of change in the pH value.

Conclusion. Existing devices for the electrochemical
activation of water and aqueous solutions have design
flaws, and therefore have increased specific energy con-
sumption. The developed electroactivator with a coaxial
arrangement of the electrodes has the lowest specific en-
ergy consumption per unit of change in the pH value,
which is very important at the present time.
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