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PERSPECTIVE METHOD OF CLEANING WATER FROM TOXIC SUBSTANCES

Pashchenko B.a, Shtefan E. a, Lytvynenko A a. 
a National University of Food Technologies 
Kyiv, Volodymyrska st. 68, Ukraine, 01601 

e-mail: hoykke@gmail.com

Introduction of new technological processes in industry, the using of mineral fertilizers and 
pesticides in agriculture the shortage and imperfection of water purification facilities reduce the 
efficiency of wastewater treatment. Most of the toxic pollutants in the water is compounds of 
chemical and biological origin are discharged into natural reservoirs with industrial and municipal 
waste water. Traditional water purification technologies do not always provide the necessary 
sanitary-hygienic requirements. It is necessary the increasing the efficiency of all components of the 
system of treatment facilities and the using of promising ways to intensify the purification for 
improving the quality of water purification [1].

The authors conducted experimental research for determining the effectiveness of the 
simultaneous action of hydrodynamic cavitation and oxidants on ions of toxic metals with further 
separation of reaction products on ceramic filtration membranes.

The content of toxic substances in the samples was determined by gas chromatography with 
previous concentration. A polymer sorbent -  tenax -  with a specific surface area was used for 
concentration 30 m /g. Water was passed through a soroxial tube with a tenax on which pollutants 
were adsorbed. The impurities were washed from the sorption tube with an organic solvent and 
chromatographic analysis of the extract was conduct.

Sample analysis was conduct on a “Hewlett Packard” chromatograph in a temperature range 
40...200 °C at programming 5 °C/min. Quantitative analysis was performed by using of absolute 
calibration method.

The waste water of galvanic production was subjected by reagent clearing with pH 8.5, 
which contaminated with ions of heavy and non-ferrous metals. The reagent-oxidant (water solution 
of Ca(OH)2) was introduced into the cavitation flow of the environment through the means of 
creating a cavitation.

Water with a similar composition of pollutants was treated in the traditional way for 
comparison.

The sediment, which was formed in the neutralization of toxic pollutants, was separated with 
using a ceramic membrane module based on Al2O3 with an internal selective layer based on ZrO2 
[2].
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Fig. 1. Scheme of the cleaning ceramic module: 1, 5 -  fitting, 2 -  housing, 3 -  plug, 4 -  
sealing rings, 6 -  ceramic membrane.

The membrane module of the treatment plant (Fig. 1) consists of: fitting 1,5; housing 2, plug 
3, sealing rings 4, ceramic ultrafiltration membrane 6. Water was fed under pressure P1 = 0.4 MPa 
at a flow rate 0 = 55 l/h and at P2 = 0.6 MPa at a flow rate 0 = 60 l/h in accordance. At the same 
time there was a gradual change in productivity, depending on the duration of the filtration process 
as a result of sediment compaction on the inner surface of the membrane (Fig. 2).
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Fig. 2. Dependence of productivity on the duration of filtration.

The process of ultrafiltration, which occurred during separation of the sediment, is described 
by equations of balance. The equation is represented in the form of the law of conservation of the 
amount of motion with taking into account the law of mass conservation. At the same time for each 
of the phases the equation of relative motion has the form:

ai| Pi
d u d v R- p I - Vof - ~  - ai (Pi-p 2 )G = 0 ,
dt dt a.

p 2d V= - v  p - — + p 2G = 0dt a ,

(1)

( 2 )
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The force R, which is proportional to the relative average flow velocity of the fluid, is taken 
into account in accordance with the specific mechanism of interpenetration of the phases of the 
system [3]:

R = -^-aja2 (v - u)
a , (3)

where p -  coefficient of dynamic viscosity; a -  a generalized coefficient, which taking into 
account the type of pore material of the membrane [3].

The purification results are shown in Table 1.
Table 1
The results of purification of the treatment water

Composition of 
pollutants

Waste water 
before cleaning

Waste water purified in a 
mechanical stirring 
reactor

The waste water is purified in a new 
method

The content of pollutants, mg/l

o Au + 0,15 0,03 0

Fe* 2,4 0,01 0

Fe-+ 7,8 0,20 traces

Cu 0,04 0 0

Pb 0,05 0 0

Mg 46,0 0,27 traces

Conclusions. The authors propose a promising method of wastewater treatment from toxic 
pollutants. It involves the combined decontamination from ions of heavy and non-ferrous metals in 
conditions of hydrodynamic cavitation. Further purification was realized out by ultrafiltration on 
modules with ceramic membranes. The expediency of this method is substantiated and their results 
are given in comparison with typical cleaning technologies. A more detailed mathematical 
modeling of the process is planned in the future which is intended for in-depth analysis of 
deformation of filter elements.
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