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Juice concentrates are made by extracting water from freshly squeezed juice. Extracting water from fresh juice
today is done by evaporation, freezing of the water, or using diaphragms. During evaporating, freshly squeezed
juice is heated in a vacuum below the boiling point to preserve all its beneficial substances. When water freezes,
it is removed by cold. When using diaphragms, freshly squeezed juice is passed through a membrane with tiny
cells, as a result of which water penetrates through the membrane, and large molecules of freshly squeezed juice
concentrate are deposited on the membrane. All these methods of concentrating freshly squeezed juice require
large economic costs. The article presents the concentration of fresh juice, using electrolysis of the aqueous
component of fresh juice, generated by direct electric current from a solar cell of a solar panel, leading to the
formation of negatively charged microdispersed electrolytic hydrogen bubbles and the production of high-quality
fresh juice concentrate by flotation of microsolid components of fresh juice with these bubbles. In the process of
freshly squeezed juice concentration, water is not removed from the juice, but itself ensures that a high-quality
foamy juice concentrate is obtained in an electroflotator-concentrator simply, quickly, and economically (without
the cost of electricity).

Keywords: concentrates of juice, solar cells of a solar panel, electroflotator, hydrogen electrolytic gas bubbles,
silicon semiconductor, solar energy

Introduction

Freshly squeezed juice with all the important components
inside is water that combines valuable microscopic particles
of sucrose, sugar, and acid.

Extracting water from fresh juice today is done by
evaporation, freezing of the water, or using diaphragms.

During evaporating, freshly squeezed juice is heated in a
vacuum below the boiling point to preserve all its beneficial
substances (1–4).

When water freezes, it is removed by cold (5, 6).
When using diaphragms, freshly squeezed juice is passed

through a membrane with tiny cells, as a result of which
water penetrates through the membrane, and large molecules
of freshly squeezed juice concentrate are deposited on the
membrane (1–4).

All these methods require large economic costs.

The article presents the concentration of fresh juice,
using electrolysis of the aqueous component of fresh juice,
generated by direct electric current from a solar cell
of a solar panel, leading to the formation of negatively
charged microdispersed electrolytic hydrogen bubbles and
the production of high-quality fresh juice concentrate
by flotation of microsolid components of fresh juice
with these bubbles.

In the process of freshly squeezed juice concentration,
water is not removed from the juice, but itself ensures
that a high-quality foamy juice concentrate is obtained
in an electroflotator-concentrator simply, quickly, and
economically (without the cost of electricity).

Materials for research

The developed concentration of freshly squeezed juice, using
the electrolysis of freshly squeezed juice, generated by direct
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electric current from the solar cells of a solar panel and a
specially designed electroflotator-concentrator was tested at
the Ganir plant (Israel).

The squeezed juices of different plants were used: orange,
apple, and mango.

Research and results

Solar panels (7–9) operate on the basis of a special solar
photomodule, which includes solar cells that capture solar
energy and convert it into a DC electric current, using
silicon semiconductors.

The solar cell in turn consists of two joint layers of silicon
doped with phosphorus, which has four electrons in the outer
orbit and, when combined with phosphorus, acquires five
more electrons and, thus, nine electrons are formed in the
common outer joint orbit of silicon. Therefore, one unpaired
electron will be extra, easily separated from the doped silicon
under external influences, an N-type (negative) silicon layer,
since the total number of electrons in the common outer
joint orbit of silicon and phosphorus should be eight and
ligated with boron, which adds only three electrons to the
four electrons in the outer orbit of silicon, and thus there
will be seven electrons in the common outer orbit instead of
eight and, therefore, one free space called a “hole” is freed up
(P-type silicon layer (positive).

The generation of the electrolysis process of freshly
squeezed juice, using solar cells of a solar panel powered by
solar energy is carried out as follows.

When a solar cell of a solar panel is exposed by a solar ray,
the “excess” electrons of the N-type silicon layer, due to their
proximity to the “holes,” begin to combine through the N-P
junction with the “holes” of the P-type silicon layer.

As a result, the border region of the N-type layer, due to the
fact that a small part of the electrons go into the region of the
P-type layer, turns out to be partially positively charged, and
most of the electrons “knocked out” by solar energy in the
N-type layer move freely throughout the entire layer N-type.

The border region of the P-type layer turns out to
be partially negatively charged, while the majority of
unoccupied “holes” move freely in the general region of the
P-type layer (Figure 1).

If electrodes (cathode and anode) are connected to the
outer N-type layer and the following outer P-type layer, then
two oppositely charged poles will appear on the electrodes:
minus on the cathode, plus on the anode, which will lead
to the creation of a potential difference. If the electrodes
are connected to an electrical circuit, the load of which
will be an electroflotator for concentrating freshly squeezed
juice, then in the process of flowing direct electric current
through the wastewater between the electrodes, the process
of electrolysis of freshly squeezed juice in the electroflotator
is generated (Figure 2).

In the developed method of concentrating freshly squeezed
juice during the electrolysis of the aqueous component
of freshly squeezed juice in an electroflotator-concentrator,
microdispersed electrolytic hydrogen bubbles are formed
that have a negative charge, are uniform in size, are
slightly prone to sticking together after separation from
the cathode, and maintain a constant diameter during the
time they remain in the environment of freshly squeezed
juice (10).

The formed negatively charged microdispersed electrolytic
hydrogen bubbles, floating to the free surface of freshly
squeezed juice, meet on the their way solid microparticles
of sucrose, sugar, and acid, the size of which is much larger
than the size of microdispersed hydrogen bubbles, induce
a positive charge on the surface of the microparticles and,
due to the resulting force of electrostatic attraction opposite
charges and surface tension forces, acting in one direction,
are fixed on the surface of solid microparticles, forming
foam from hydrogen bubbles and solid microparticles of
sucrose, sugar, and acid, the lifting volume of which increases
sharply and, due to the increased force of Archimedes, the
foam accelerates to the free surface of the freshly squeezed
electroflotator juice.

Figure 3 schematically shows the design of the developed
electroflotator-concentrator, powered by a solar cell of a solar
panel, and the principle of its operation in the process of
continuous concentrating freshly squeezed juice.

A structurally designed electroflotator-concentrator for
continuous concentration of freshly squeezed juice, powered
by direct electric current from the solar cell of the solar
panel through electrodes -1 connecting the negative electrode
of the N-type silicon semiconductor layer -2 with the
cathode terminal of the electroflotator-concentrator, located
on a special plug device, connecting external leads with the
electrodes of the electroflotator-concentrator and the positive
electrode of the P-type silicon semiconductor layer - 3, has
a flotation chamber - 6, made in the form of a rectangular
container, the corners of which are equipped with special
inserts, as a result of which the inner part of the chamber
takes the shape of a cylinder, and the rear upper part the wall
is equipped with a reflector.

The main element of the developed electroflotator-
concentrator is the electrolysis base-12, connected to the
solar cell of the solar panel with a special plug device and
containing a special mechanism, made from non-conducting
material, installed on the cathode, which allows simply
adjusting the size of the interelectrode gap.

During the concentration process, freshly squeezed juice
enters the flotation chamber - 6 through a pipe with a valve
4, a pocket 5, and a slot 7.

When DC voltage is applied to the electrodes of the
electrolysis base, the electrolysis of water component of
freshly squeezed juice water occurs, intensively generating
negatively charged microdispersed electrolytic hydrogen
bubbles, which, floating to the free surface of the freshly
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FIGURE 1 | The electron-hole P-N junction and electrons “knocked out” by solar energy move freely in the total N-type region, and unoccupied
holes move freely in the total P-type region.

FIGURE 2 | Solar cell operation.

squeezed juicer, encounter in their path solid microparticles
of sucrose, sugar, and acid, the size of which is much larger
than the size of microdispersed hydrogen bubbles.

The negatively charged microdispersed electrolytic
hydrogen bubbles induce a positive charge on the surface
of the microparticles and, due to the resulting force of
electrostatic attraction opposite charges and surface tension
forces, acting in one direction, are fixed on the surface
of solid microparticles, forming foam from hydrogen
bubbles and solid microparticles of sucrose, sugar, and
acid, the lifting volume of which increases sharply and,
due to the increased force of Archimedes, the foam
accelerates to the free surface of the freshly squeezed
electroflotator juice.

Pop-up foam concentrate from hydrogen bubbles and
solid microparticles of sucrose, sugar, and acid is collected
in the upper part of the flotation chamber and removed by
a paddle device - 9 into a special receiving capsule.

The clean water, having passed through the post-treatment
chamber - 8, is drained from the electroflotator-concentrator
through a pocket and a drain pipe with a tap - 10.

After completing the washing of the electroflotator-
concentrator and removing all remaining water, a pipe with a
tap is provided - 11.

Results

At the Ganir plant (Israel), a developed concentration of
freshly squeezed juice, using electrolysis of freshly squeezed
juice in a specially designed electroflotator-concentrator,
generated by direct electric current from a solar cell of solar
panel was tested.

The tests were carried out on a specially designed
continuous-action electroflotator-concentrator (Figure 3),
generating electrolysis of the aqueous component of freshly
squeezed juice with a direct electric current, coming from
the solar cell of the solar panel, causing intense formation
of negatively charged microdispersed electrolytic hydrogen
bubbles, flotation of solid microparticles of sucrose, sugar,
and acid, which allows obtaining a high-quality juice
concentrate, as well as purified pure water.

The foam concentrate from hydrogen bubbles and solid
microparticles of sucrose, sugar, and acid is collected in the
upper part of the flotation chamber of the electroflotator-
concentrator and removed by a paddle device into a special
capsule for receiving juice concentrate.

The concentration results are shown in Table 1
(I.R.D Laboratories).
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FIGURE 3 | Design of the developed electroflotator concentrator continuous type, powered by a solar cell solar panel.

The total time taken by the process of juice concentration
was 18 s,

The Brix parameter in Table 1 is a measure of the mass
ratio of sucrose dissolved in water to liquid.

The Ratio parameter in Table 1 is the ratio of sugar and
acids in the obtained concentrate.

Table 1 shows the results of obtaining a high-quality
juice concentrate.

The obtained concentrate is highly concentrated with solid
microparticles of sucrose and sugar a foam juice, which can
be used to prepare a hydrogen cocktail with various additives
of fruit juice from different fruits.

TABLE 1 | Results of the tests of the juice concentration, using
electrolysis of freshly squeezed juice in a specially designed
electroflotator-concentrator, generated by direct electric current from
a solar cell of solar panel.

Brix Ratio Ascorbic acid, Mg/L Pulp,%

65.5 19.2 11.4 10

In order to determine changes in the parameters of
the foamy juice concentrate, presented in Table 1, it was
decided to determine the parameters of waste (purified)
water, discharged from the flotation chamber of the
electroflotator-concentrator after concentrating the juice,
for the use of the developed electroflotator-concentrator in
the process of treating wastewater, obtained after a general
process at the plant.

Table 2 presents the results of wastewater treatment,
obtained after the completion of the general technological
process at the Ganir plant (I.R.D. laboratories).

The parameter COD (chemical oxygen demand) in Table 2
determines the amount of organic pollutants of the water.

TABLE 2 | Results of the purification of waste water of the plant
Ganir.

Brix Pulp,% COD,

Before cleaning 0.4 2.5 7100
After cleaning 0.1 0 80
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Table 2 shows that parameter Brix decreased from 0.4 to
0.1, and cellulose from 2.5% to 0.

The decrease in the values of these parameters is explained
by the increase in their content in the juice concentrate
after purification.

Attention should be paid to the COD parameter, which is
the main indicator of water pollution by organic substances.

As follows from Table 2, after treatment, COD decreased
from 7100 to 80 mg/l, which indicates the high efficiency of
the developed method of juice concentration for wastewater
treatment at this plant.

Conclusion

Developed concentration of fresh juice, using electrolysis
of the aqueous component of fresh juice, generated
by direct electric current from a solar cell of a solar
panel, leading to the formation of negatively charged
microdispersed electrolytic hydrogen bubbles and the
production of high-quality fresh juice concentrate by
flotation of microsolid components of fresh juice with these
bubbles.

In the process of freshly squeezed juice concentration,
water is not removed from the juice, but itself ensures
that a high-quality foamy juice concentrate is obtained
in an electroflotator-concentrator simply, quickly, and
economically (without the cost of electricity).

The conducted tests confirmed the production of high-
quality fresh juice concentrate by developed concentration in
the special designed electroflotator-concentrator.

Tests have also shown that the developed fresh juice
concentration and a specially designed electroflotator-
concentrator can be effectively used for wastewater
treatment at this plant.
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