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AHAJITAYHUAM OI'JISA] CYYACHHUX IMTPOIIECIB
BOAOHIAI'OTOBKU TA BOAOOYHNIIEHHA

I'.B. deiinuyenko, 3.0. Ma3usik, B.B. I'y3enko, B.O. lanuiienko

Buceimneno icuyroui mpoyecu 6000ni02omoeku ma 60000YUUIeHHs Ol
xapuoeoi npomucirosocmi. Ilooano xapakxmepucmuky pizHUx cnocodie mpaouyiuHoi
i MeMOpaHHOi ni020mo6KU Ma OYUWEHHS 800U Ol XAPY0B0i NPOMUCIOBOCHMI.
Busnaueno nepesacu 3acmocysanms MemMOpAHHUX NPoOYecié 6000NIO20MOBKU Md
BO00OHUUWICHHSL 6 DIZHUX 2ANY3SX XAPY0B0L NPOMUCLIOB0OCHI. 3anpononHosano
Cnocobu  GUKOPUCMAHHA —~ MeMOPAHHUX  npoyecie i3 Memow  po3pooKu
eHepe030epiearouux MexHoN02il 6000NI020MOBKU MA 60000YUULEHHSL.

Knrwuosi cnosa: 6oda, npoyec, membpana, po30iieHHs, OYUWEHHS,
nioeomoska.
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AHAJIMTUYECKHAIN OB30P COBPEMEHHBIX
MNPOLHECCOB BOAOIIOAI'OTOBKHU U BOAOOYNUCTKH

I'.B. deiinuyenko, 3.0. Ma3usik, B.B. I'y3enko, B.O. lanuiienko

Ocsewenvl cywecmeyiowue npoyeccvl 8000N0020MOBKU U 60000UUCHIKU
05l nuwesoll npomvluienHocmu.  [Ipedcmasnena Xapakmepucmuka pasiuiHblX
Ccnocob0o8 MpaoUYUOHHOU U MEMOPAHHOU NOO20MOBKU U OYUCMKU B00bl 05
nuwegoti  npomvluienHocmu.  Onpedenenvl  npeumyujecmea  NPUMeHeHus.
MEMOPAHHBIX NPOYECCO8 8000ONO020MOBKU U B000OYUCIKI 8 PASTUYHBIX OMPACIAX
nuwegoti npomwiuiienHocmu. Tpednoscenvl cnocobbl UCNONb308AHUSL MEMOPAHHbIX
npoyeccog ¢ yenblo  paspabomKu  dHePeocOepeLaruux — MexHOI02Ull
68000n0020MOBKU U BOOOOUUCTHKU.

Knrouesvie cnosa: sooa, npoyecc, memopana, pazoenenue, 80000YUCHKA,
6000n0020MOBKA.

ANALYTICAL CHARACTERISTICS OF MODERN
PROCESSES WATER TREATMENT

G. Deynichenko, Z. Mazniak, V. Guzenko, V. Danilenko

This article is devoted to the questions of the modern processes of water
treatment and water purification in food industry. The analysis of theoretical
researches concerning the main methods of water treatment and water purification
for their further application in different sectors of food industry is presented. The
characteristics of different methods of traditional and membrane preparation and
purification of water for food industry are presented. The literature analysis
demonstrated that for a primary processing of water used in the food industry
sedimentation, coagulation, softening processes (membrane distillation, electro
dialysis, thermal and ion exchange methods), and for decontamination —
chlorination, ozonation, microfiltration, anodic oxidation and so on.

The special consideration the characteristics of the main types of the
baromembrane methods and their application during the process of water treatment
and water purification is devoted. Membrane processes (microfiltration,
ultrafiltration, Nano filtration, reverse osmosis) allow improving the processes of
treatment and purification of water for food industry without the application of
reagent methods, and improving quality (physical-chemical, microbiological, etc.)
indexes of water as a raw material in the technologies of different food products.
Analysis of the article data relating to the characteristics of baromembrane
processes of preparation and purification, allows us make the conclusion that
during the use of membrane processes, compared to other conventional methods of
water removed weighty substances, viruses, bacteria without losing additional
energy. Application of membrane processes for the treatment and purification of
different kinds of water resources is important for technical, ecological and social
objectives of the food industry.

Keywords: water, process, membrane, filtration, treatment, purification.
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The general formulation of the problem. Today we can distinguish
the phenomenon which is relevant for all regions of Ukraine — the uneven
distribution of fresh water, which leads to certain problems related to
water supply enterprises of food, microbiological and pharmaceutical
industries. Intensive development of food industry in Ukraine causes a
significant increase in the consumption of drinking water. Equally rapid
development of energy in metallurgy, agricultural and chemical industries
over the last century led to an environmental disaster in the country. After
the introduction of more demanding quality standards for drinking water
treatment of surface waters by traditional technology under the controlled
growth of their contamination is recognized in the developed countries
unsatisfactory because of inadequate drinking water chlorination, presence
of organic substances, pesticides and other hazardous substances [1].

The necessity for compliance of specific requirements for water
quality used in food industries requires introduction of technologies for the
purification of drinking water in industry. In addition, people suffer from
poor-quality food products, manufactured with the use of inefficiently
purified drinking water.

Analysis of recent research and publications. Today, strict
requirements are claimed to the water used in the process of food
production defined by special technological instructions. They established
maximum allowable number of substances, which liquid may contain. For
this reason, water used directly in the process of food production, is treated
specially [2].

The quality of the research and environmental safety of the treated
water is determined primarily by quality projects of processes and treatment
facilities. Therefore, under the economic crisis in Ukraine the research and
development of modern environmental technologies prevent pollution of the
surface and ground waters either leads to a significant reduction or requires
the fastest implementation. Today, economists and technologists need to
understand that technology is economical and safe when it is ecological [3].

The purpose of the article is to analyze the characteristics,
advantages and disadvantages of applying modern water treatment
processes for defining future directions in the development of energy-saving
technologies to produce high quality treated water for technological needs
in food industry.

The main material of the research. In modern conditions, the
majority of industrial enterprises in all sectors of food industry uses water
resources to cool process equipment (reverse water), its heating (heating
water) as well as for the main process (technological water) [5].

For the treatment of water, food industry uses such processes as
sedimentation, coagulation, softening (thermal, ion exchange, membrane
distillation and electrodialysis), and for disinfection — chlorination,
ozonation, microfiltration, anodic oxidation, etc. [6; 7].
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The level of water purification is very low today. Existing treatment
facilities, even in the case of biological treatment remove only 10...40% of
inorganic  substances (40% — nitrogen, 30% — phosphorus,
20% — potassium) and virtually remove heavy metals, so each industry
should establish its own innovative technologies, which provide measures
for the prevention of water source contamination.

Classification of some separation processes by the separating
components’ chemical and physical properties are presented in Table 1.
According to Table 1, the differences in size of molecules, vapor pressure,
affinity, charge or chemical nature of molecules help to fulfil membrane
separation of water with different levels of contamination [8].

How can we choose the separation process for the solution of this
problem? Several common factors can affect this solution, which, however,
cannot be applied to all situations. Therefore, some specific criteria, which
are to satisfy the substantiated choice of the process, can be considered.
Simultaneously, two general criteria can be applied to all separation
processes. These criteria can be divided by technical and economic factors.

The first criterion is quite understandable, since two main
requirements are put forward to the process of water resources separation:
the need to achieve the required degree of extraction and quality (purity) of
the resulting water. Sometimes these needs require a combination of two or
more separation processes. However, economic opportunity of the process
depends largely on the value of target products [9].

Table 1
The separation processes based on molecular properties of water
resources subjected to processing

Molecular properties The process of separation

Size Filtration, microfiltration, ultrafiltration,
dialysis, gas separation, gel permeation
chromatography

Steam pressure Distillation, membrane distillation

Freezing temperature Crystallization

Affinity Extraction, adsorbing, absorbing, reverse
0smosis, gas separation, pervaporation

Charge Ion exchange, electrodialysis,
electrophoresis

Density Centrifugation

Chemical nature Complexation, liquid membranes
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Compared to existing conventional methods demanding large areas,
multi-step processing technology, large operating costs and a significant
number of operational personnel, increasing recognition baromembrane
acquire technology for high quality purified water.

Among existing technologies used for water purification in the
manufacture of drinks, the technology of hyper-filtration is one of the most
effective. This technology is realized due to the installation of treatment
systems based on membrane filtration processes. Consequently, the
company gets clean water that does not contain any hazardous substances,
harmful to human health.

The value of membrane technology in Ukraine and abroad has
recently increased primarily as a technology with the ability to bridge the
gulf separating industry and the environment. Membrane technology
acquired the status of national critical technology as well as catalysis,
molecular design, new materials, genetic engineering and other global
priorities [10].

Desalination of seawater is an example illustrating the membrane
separation problem whose solution can use the competing processes based on
different principles of separation, and consuming different amounts of energy.

Today, in water treatment process two basic types of filtration —
conventional filtration and membrane filtration — are used. Schematically, Fig.
demonstrates the variety and relative position of these processes. The major
classification features of baromembrane processes are the average pore size of
the membrane, the value of the operating pressure of the process and size of the
particles delayed or skipped by the filter. Thus, different methods of membrane
processing: filtration, microfiltration, ultrafiltration, Nano-filtration, reverse
osmosis are used for water treatment of various types of preparation in food
manufacturing enterprises.
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Fig. Types of filtration processes used for water treatment
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Normal filtering designed to discharge particles larger than
10 microns from the treated water; membrane filtration separates dispersed
phase particles whose size is less than 10 microns [11].

Microfiltration (MF) is intermediate between conventional ultrafiltration
and filtration. Microfiltration is used for water purification from colloidal
particles, suspended solids, bacteria, with the size of 0,1...10 mm. The working
pressure process according to various sources ranges from 0,03...0,1 MPa to
0,01...0,2 MPa. In the process of MF polymer and ceramic membranes with a
pore size of 0,05...10 microns and thickness of 10...150 microns are used.

Ultrafiltration (UF) is the process of membrane separation from the
aqueous solution of macromolecular compounds (particle size of
0,001...0,02 microns; the value of working pressure is 0,1...1,0 MPa) and their
fractions. UF process is used when the molecular weight of the dissolved
components is much larger than the molecular weight solvent.

Polymer composite asymmetric membranes formed by phase
inversion are used for the UF process. The minimum pore size of
UF-membranes according to various sources is 0,001 microns, 0,003
microns or 0,01 microns. The maximum size of UF pore is 0,1...0,2 microns.

Reverse osmosis (RO) is a liquid-phase baromembrane process in
the process of which selective solvent transfers against its osmotic pressure
gradient under the influence of the applied operating pressure to the
membrane. The essence of the process is reverse osmosis solutions filtration
under the pressure through semipermeable membranes, which leek the
solvent (water) and delay all or some of the molecules or ions of the
dissolved substances. RO grounds on the phenomenon of osmosis — free
transfer of a solvent through a semipermeable membrane into solution until
equilibrium is achieved.

The main distinguishing RO feature from other baromembrane
processes is a very small pore size and, consequently, high operating
pressure. The diameter of the membrane pore for RO ranges from
0,0001 microns to 0,01 microns. Thus, very dense membranes causing
much greater hydrodynamic pressure compared with the other types of
membranes are used for reverse osmosis.

Under current conditions, RO is mainly used for membrane
separation of true solutions. The main area of its application is desalination
of seawater to obtain of drinking and highly purified water for various
sectors of food industry.

The key characteristics of baromembrane processes used in water
treatment are presented in Table 2.

From the data presented in Table 2, it is evident that Nano-filtration — a
mediating process between ultrafiltration and reverse osmosis — refers to
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baromembrane processes. The amount of particles held by Nano-filtration is
about 1...2 microns, the value of working pressure is 0,8...3,0 MPa.

Nano-filtration is used for the purification of water from organic
substances and mineral mixtures at the stages preceding the final water
purification by ion exchange or electrodialysis. Nano-filtration treats natural
and industrial water at low operating pressure, ensuring the retention of high
organic matters and colloids, microorganisms, hardness, and reduces water
coloration.

Analysis of these data (Table 2) allows us conclude that compared to
other membrane processes while using MF and UF, the suspended solids,
viruses, bacteria are removed from water without the high electricity costs.
In addition, application of MF and UF for the purification of surface water
is especially promising because these methods allow us obtain clean
drinking water without any chemicals.

UF water treatment is applied at the previous stage of natural and
wastewater before subsequent desalination by membrane or other physical
and chemical methods.

Table 2
The main parameters and characteristics of different types
of membrane filtration of surface water

Characteristic | Microfiltration| Ultrafiltration| Nano-filtration Reverse
0SMOSsis
1 2 3 4 5
Material Polyamide, Cellulose, Cellulose, Cellulose, thin
polypropyle | polysulfone, thin film film composite
ne, poly- ceramics composite materials,
sulfone, materials polysulfone
ceramics
Pore size, ~0,01-1,0 | 0,001-0,01 | 0,0001-0.001 <0,0001
microns
Size of
molecule that
>100,0 2,0-100,0 0,3-1,0 0,1-0,3
are removed
(xDalton)
Working
>2,0 1,5-7,0 3,5-20,0 15,0-70,0
pressure, bar
Removal of Yes (large Yes
suspended colloids, . Yes Yes
. . (colloids)
solids emulsion)
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Table 2

1 2 3 4 5
Removal of
dissolved No Yes Yes Yes
organic matter
Removal of
dissolved No No 20,0-85,0% | 95,0-99,0%
inorganic
matter

Cysts, large
Removal of Cg:tcst; lr?;ge bacteria, All All
microorganisms i seaweed, microorganisms| microorganisms
seaweed .
viruses

Chemical water Doesn’t Varies . .

Iy . Varies Varies
composition vary partially
Consumption of
energy, Low Low Low-moderate Moderate
kW-h/m'

The use of UF in the process of water preparation has several
advantages: low energy absorption capacity and high process does not
require the use of chemicals, water pH remains constant.

For further water treatment by means of membrane methods it is
reasonable to use RO and electrodialysis, which are currently used mostly
for the purification of water, desalination of salt and brackish water to
produce drinking water with low salt content . During the RO, fluoride ions
are to be trapped by the membrane with other ions.

Thus, the application of baromembrane processes for the preparation
and purification of food products has significant advantages comparing with
the other traditional methods.

Conclusions. Analysis of the above data let us make the conclusion
that the usage of membrane processes for the treatment of water resources is
an important technical, environmental and social task for food industry
development. During the application of membrane processes, all suspended
solids, viruses, bacteria are removed from water without electricity power
costs. In addition, the use of baromembrane technology in water treatment
is especially promising because these methods allow for high-quality
purified water with the strongly marked physical, chemical and
microbiological parameters without any chemicals.
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