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Introduction:

Advances in science and technology accelerate the rapid development of
industry in the modern era of globalization. It certainly benefits society, but
in addition to the positive impact, technological progress also causes
problems for the environment. Industrial liquid waste from chemical, oil
refining, pharmaceutical, textile, and other enterprises is one of the main
environmental problems. Liquid wastes from various enterprises
contaminated with dyes enter the ecosystem directly without proper pre-
treatment and/or purification very often. Various methods are used to
overcome this problem. Photocatalysis is considered to be a highly
competitive technology for wastewater treatment from organic pollutants
that cannot be treated by traditional methods due to their chemical stability
or low decomposition ability. Photocatalysis using semiconductor materials
has proven to be a promising method for the degradation of organic
pollutants repeatedly [1].

Work purpose:
Synthesis of zinc (ll) oxide photocatalyst and study of its photocatalytic
properties with respect to dyes circulating conditions.

Research methods:

To test the photocatalytic activity of ZnO under near-real conditions, an
experiment in which 2.0 g of ZnO powder was added to 3 L of the model
solution of Congo red with an initial concentration of 25 mg/L was
performed. A portion of the photocatalyst was pre-dispersed in a small
volume of the dye aqueous solution by ultrasound. The resulting suspension
was poured into a glass container with a volume of 5 L, which already
contained an aqueous solution of the dye with a volume of 3 L, and the
pump was switched on for pumping and circulation. For the first twenty
minutes, the unit was idling (without ultraviolet radiation) in the dark to
completely distribute the photocatalyst particles in the volume of the
solution. Then a UV lamp with a wavelength of 254 nm and a power of 24 W
was turned on. Samples of the dye solution subjected to photocatalytic
degradation were taken at regular intervals using a pipette and filtered
through a syringe membrane filter.

Research results:
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Fig. 1 - The degree of photocatalytic decomposition of the Congo red
(C,=25.0 mg/L) with a multiple-use of ZnO photocatalyst without

regeneration.

Since the photocatalytic activity of ZnO powder decreased while re-use, it
was advisable to conduct a study in which the used ZnO photocatalyst was
subjected not only to wash and dry but also to thermal regeneration with
calcination at 500°C after each cycle in the photocatalytic process. The
results of this study are presented in Fig. 2, in which the following is seen.
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Fig. 2 - Degree of photocatalytic decomposition of Congo red (C,=25.0 mg/L)
with a multiple-use of ZnO photocatalyst with regeneration.

The photocatalytic activity of ZnO after the first use and one high-
temperature regeneration was restored by 90-95%. After the second use of
Zn0O, its photocatalytic activity was fully restored. Such experimental results
clearly prove the ability of the ZnO photocatalyst to complete regeneration
and the possibility of its multiple uses in the photocatalytic process with the
circulating conditions.

Conclusions:

ZnO powder of a pure phase of zinc oxide of hexagonal syngony and type
Wourcite was synthesized by precipitation method.

Its photocatalytic activity in conditions near to real industrial, namely, on a
circulatory laboratory installation of a large volume, was investigated. The
possibility of multiple uses of the ZnO photocatalyst was investigated, and
it was found that its photocatalytic activity drops two times after the four
cycles of use without regeneration and stores equally high after full
regeneration.

The obtained experimental results demonstrated high photocatalytic
activity, regeneration, and the possibility of complete recovery of the
synthesized ZnO activity, as well as providing its ability to multiple uses,
which allows to recommend it for purifying high-concentrated sewage
from dyes.
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As can be seen in Fig. 1, the photocatalytic activity of the investigated
photocatalyst slowly reduced with each subsequent cycle of use without
regeneration, but despite this remained high enough. Interestingly,
photocatalytic activity was the same, equal to 85%, after 5 minutes of the
experiment in three cycles.

The solution of the Congo red dye with the initial concentration of 25 mg/L
and volume of 3 liters discolored at ~90% after irradiating by ultraviolet for
30 minutes in the presence of zinc oxide photocatalyst.
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