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An analysis of modern designs of membrane devices, which are used at
enterprises of the food and processing industry, was carried out. The need for a wider
use of membrane technologies for the processing of food liquids is substantiated. In
particular, the processes of concentration and illumination. Characteristic
shortcomings of baromembrane processes are identified. The conducted analytical
studies made it possible to conclude that membranes with a larger pore diameter do
not allow obtaining the required degree of illumination. Membranes with a smaller
pore size are characterized by low permeability.

Keywords: microfiltration, ultrafiltration, reverse osmosis, membrane
treatment, baromembrane processes, membrane devices, food industry

AHAJII3 KOI:ICTPYKL[Iﬁ MEMBPAHHUX ATTAPATIB
XAPYOBOI TA TIEPEPOBHOI ITIPOMHUCJIOBOCTI

I'.B. Meiinnyenko, JI.B. ImutpeBcbkuii, B.M. UepBonuii,
J.B. I'openxos, B.B. JlappeHok

Ilpogedeno amaniz cyyacHux KOHCMPYKYiti MeMOpaAMHUX anapamie, AKi
BUKOPUCTNOBYIOMbCS.  HA  NIONPUEMCMBAX — Xap4o6oi ma nepepobHOi  eanys3i.
Ob6rpynmosano  HeobXiOHicmb  Oilbll  WUPOKO20  GUKOPUCTIAHHS  MEMOPAHHUX
MexHo02ill 01151 30iiCHEeH s npoyecie nepepooKu Xapuoeux piouH. 3okpema npoyecie
KOHYEHMPYBaAHH ma  OCBIMJIeHHA. Busnaueni  xapaxmepni  Hedoniku
bapomembpannux npoyecie. Ilposedeni ananimuuni 00CHIONHCEHHS O0380MUNU
3poOuUmU BUCHOBOK, WO MeMOpanu 3 Oinbuwium Oiamempom nop He 0036801AH0Mb
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ompumMysamu ROMpIOHY cmyninb oceimienHs. Memopanu 3 MeHuwuM po3mMipom nop
XapakmepusyomsCs HU3bKOW HPONYCKHOI 30AMHICIO.

Ha oanuii uac, ynempaginempayiss € eKOHOMIYHO eqheKmUueHUM NPOYecom
00pobKru xapuosux pioun. Lleti npoyec mae neeni nepesacu neped mMpaouyiuHuUMU
npoyecamu KOHYeHmpyBanHs ma OCEIMIEHHs Xapuoeux piouH.

Vavmpaginempayiiini anapamu cymmeso nidguwgyioms 6UXi0 20M08020
npooykmy. IIpu yvomy, xapuosa ma bionociuna npoOyKkmie ne smenutyemucs. Axicmo
KiHYe8020 NpoOyKm NOKPAWYEmMbCa Y, wjo 0ae 3MO2y OMPUMYBAMU XaP406i NPOOYKMu
3 BUCOKOIO XAPHOB0I0 YIHHICMIO | HOBUMU 61ACTIUBOCHIAMU.

Lo anapamis, 3a 00nomo2010 aKUX peanizyemvcs npoyec yibmpaginempayii,
8IOHOCAMb anapamu 3 MAaHeeHYIHOW NOMoKosoio @inbmpayicio. Taneenyianoha
Ginompayia mooice euxopucmogyeamucsi AK O0as Mikpoginempayii, max i 0Ons
ynempaginempayii  eun  ma  QpPYKmMogo-aciOHux  cokie.  3acmocyeanHs
maneenyianvhux ¢hinempie 3abesneuye npo3opicmo i Mikpobionoeiuny cmitikicmo
xapuosux pioun. Taky npooykmusHicme memOpan MmodcHa ompumamu 0Oe3
BUKOPUCTNAHHSL OONOMIJICHUX peqosun i 000agok. Lle euxniouac pizni npobremui
cumyayii, nog'sizani 3 ymunizayiero Oanoi npooykyii. Membpanu, 3a ymosu
npasUIbHO20 BUKOPUCMAHHA MA CBOEHACHO20 00CIY208Y8AHHA Qinbmpa, Marmo
Oinvwuli mepmin cyocou 6 NOpIGHAHHI 3 MPAOUYIUHUM MYRUKOBUM CHOCODOM
Ginompayii. Buxopucmanns maneenyianbHux Qinompie maKooic cnpusie 36epesiceHtio
CMpYKmMypHUX i opeanonenmuunux enacmusocmeii npooykmy. Taueenyianvhi
Ginompu € camoouucHuMu i He BUMALAIOMb OOPO2UX GUMPATHUX MAMEPIATIS.

XapaxmepHroto ocobrusicmio maneenyianohoi ginbmpayii € 6invuw mpusanuil
mepmin excnayamayii. Ilpu ypomy nemae HeoOXionocmi 3acmocogysamu 000amKo8i
eumpamui mamepianie. [lanuii mun MemOpaHu OYUWYIOMbCS  NPOMUMEUIEO.
Membpanu eucomosneni 3 HeUMpAIbHO20 XAPU06020 NONiMepy, abo Kepamiku.
Taneenyianvna inempayis 3abesneyye 3a0amy cmyninb Qinempayii 3a 00uH npoxio.

Kniouosi cnosa: mikpoghinempayis, ynempaghinempayis, 360pomHuitl 0cmoc,
Membpanna o0bpobka, OapomemOpanHi npoyecu, MeMOpAaHHi anapamu, Xapyoga
NnpoOMUCIOBICMb

Statement of the problem. The fruit and vegetable industry performs
one of the main tasks of providing the population with food products that
have high biological and nutritional value, and also contain vitamins and
biologically active substances that are indispensable for humans. Juices are
one of the main products of the fruit and vegetable industry.

In the juice, unstable phenolic compounds can polymerize, forming
tannins, which, interacting with proteins, contribute to the appearance of
secondary turbidity. With traditional filtration methods, these compounds are
usually removed by bentonite treatment. During ultrafiltration, this problem
is solved by removing one of the components of the reaction - protein.
Therefore, when choosing juice clarification membranes, it is necessary to
ensure the removal of proteins. In addition to macromolecules dissolved and
suspended in the solution, bacteria, yeast, molds and their spores are
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completely removed during ultrafiltration. Therefore, the filtrate obtained
during ultrafiltration is sterile. However, when bottling such juice, secondary
infection of the juice is possible when passing through the bottling and
capping equipment, so the pasteurization process cannot be excluded if
aseptic bottling conditions are not ensured [1].

One of the main stages of the apple juice production process is the
clarification stage. This process is carried out for the purpose of colloidal
stabilization of the product during storage, as well as to improve the consumer
appearance of the product and its organoleptic properties. In order for the
product to meet international standards, it is necessary to use modern
technologies and equipment based on advanced developments [2].

This type of equipment includes membrane technologies that provide
a higher yield, improvement in taste, appearance and nutritional value of fruit
and berry juices. At the same time, vitamins, amino acids and other
biologically active components are preserved. This is possible due to the
rejection of preservatives and the thermal sterilization stage. Membrane
processes make it possible to create energy-efficient juice concentration
technologies and expand the range of products [3]. Using microfiltration and
ultrafiltration processes, you can get products with an adjustable mineral and
carbohydrate composition [4].

The processes of separation of complex systems at the micro level are
carried out with the help of membrane technology, which can be effectively
used in the processes of filtration, purification and clarification of fruit and
berry juices [5]. Separation of substances using membranes under pressure is
carried out using reverse osmosis or ultrafiltration methods [6]. Reverse
osmosis refers to forced filtration of solutions through semipermeable
membranes that allow solvent molecules to pass through and retain molecules
or ions of dissolved substances. Reverse osmosis processes occur at a
pressure of 4...10 MPa [7].

Ultrafiltration is the process of separating high-molecular and low-
molecular compounds in the liquid phase on selective membranes that pass
molecules of low-molecular compounds and retain high-molecular
compounds. If a solvent and a solution or two solutions of different
concentrations are separated by a semipermeable membrane that can pass
only the solvent, transfer of the solvent across the membrane is observed.
This transfer is called osmotic, and the phenomenon is called osmosis [8].

If the pressure on the solution increases, osmosis slows down and at
a certain pressure, called osmotic, it stops completely. When the pressure on
the solution is further increased, the transfer of the solvent in the reverse
direction from the concentrated solution is observed. This process is called
reverse osmosis. Ultrafiltration is carried out at low pressures (0.3...1.0 MPa).
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The main element of an ultrafiltration or reverse osmosis installation is a
membrane device. Different modules of membrane installations are known.
Tubular modules are used in the canning industry for clarification and
concentration of fruit and berry juices [9].

The membranes are located on the inside of a dense porous tube
through which the working solution is passed. One of the main areas of
application of membranes in the production of juices is their clarification and
concentration. Clarification of juices is carried out with the aim of destroying
the colloidal system of the product, removing high-molecular protein, pectin
and polyphenolic substances and microorganisms. At the same time, a
necessary condition is the preservation of biologically active and valuable
components - vitamins, sugars, acids, mineral and aromatic substances.
Concentrated juice is obtained during the processing of direct-pressed juice.
For this purpose, the direct-pressed juice can be concentrated in various ways.
Among these methods, the membrane method of concentration has become
widespread. As a rule, neither sugar nor other sweeteners are added to the
composition of concentrated juices [10].

Review of the latest research and publications. Traditional juice
production technologies involve filtration of freshly squeezed juice through
porous partitions with the loss of some valuable substances, as well as the
introduction of preservatives and the use of heat sterilization to ensure the
necessary shelf life.

The use of these technologies does not guarantee complete removal of
fruit pulp particles and obtaining a final product with a high level of
organoleptic indicators and nutritional value. Some methods of brightening
and stabilizing fruit juices are based on the addition of external additives to
the product, namely brightening materials. Together with these materials, an
excessive amount of mineral and other substances often enters the
composition of the juice. The duration of juice processing according to
traditional technology is from 24 to 30 hours [11].

As a result of such long-term contact of the product with air oxygen,
part of the biological value of the juice components is lost. It is obvious that
such a phenomenon negatively affects the quality of finished products [12].

Recently, membrane methods for separating mixtures have become
widespread. These technologies are characterized by simplicity, economy
and efficiency. Membrane filtration ensures the separation of various
components in the stream according to the size and shape of microparticles.
When filtration is improved, the quality of the finished product improves and
its yield increases. In addition to improving the quality of products, the use
of membrane units as part of technological lines for the production of juices
provides the opportunity to improve the economic indicators of enterprises
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due to the simplification of the composition of lines and the reduction of
energy consumption of processes [13].

Based on the analysis of literature sources, the main problems
preventing the widespread use of membrane technologies in the production
of fruit and vegetable juices are the rather high cost of membrane installations
due to the large filtration area, which compensates for the decrease in
productivity due to the deposition of a sediment (gel layer) on the surface of
the membranes.

The objective of the research. The purpose of the article is to carry
out analytical studies of the constructions of membrane devices used at
enterprises of the food and processing industry.

Presentation of the research material. Reverse o0smosis,
ultrafiltration, and electrodialysis processes are used to clarify, stabilize, and
concentrate juices, soft drinks, and wines.

Membrane processes are especially appropriate to use in cases where
the separated mixture contains labile substances that are easily destroyed.
These are most often liquid food media, for example, juices, extracts, protein
solutions, etc. The development of membrane processes for their separation
makes it possible to create fundamentally new technological schemes and
equipment for complex processing of plant raw materials, to reduce
environmental pollution through the use of waste-free technologies, as well
as to obtain food products with new functional properties and high nutritional
value [14].

Membrane processes in fruit juice production technology are currently
used mainly for their clarification and concentration. For the main filtration
of juice in sugar factories, vacuum filters are used complete with settling
tanks or disk thickeners, disk filters and filter presses. Cartridge and bag
filters, filter presses and disk filters are used for control filtration of juice.
Cartridge and disc filters, as well as filter presses, are used for the main
filtration of juice [15].

Bag filters are used for control filtration. Sulfated juice is filtered on
cartridge or muscle filters, sulfited syrup — on cartridge filters, filter presses
or muscle filters. Filtration equipment must meet the following basic
requirements: provide maximum filtration speed, maximum productivity,
continuity of the process and its mechanization and automation to reduce
manual labor costs and reduce production costs during operation [16].

Fabric, ceramics, and metal sieves are used as a filter partition during
filtration. However, such a filter partition itself, without sediment, does not
provide filtration, as it passes a significant number of small particles, and a
cloudy filtrate is obtained. In the sediment, voids are formed between the
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settled particles, which form thin winding passages that allow a transparent
liquid to pass through [17].

The quality of the sediment is important during filtration: if it is large
crystalline, filtration is fast; through fine sediment, the liquid passes more slowly,
since the smaller sizes formed, the filter channels offer a lot of resistance.
Filtration is even worse with heterogeneous sediment, when small particles fill
the spaces between large ones. It is most difficult to filter gelatinous sediments
(gels) that are formed during the purification of diffusion juice from proteins,
calcium salts of pectin, pectic and humic acids, etc. Currently, CrossFlow
tangential filters are widely used for baromembrane processes. These filters are
also called cross-flow filters [18].

Tangential filters with a transverse (tangential) flow allow you to
obtain the effect of ultrafiltration with the help of a tangential flow only when
the raw material passes through the filter once. At the same time, the
necessary transparency and microbiological stability of the finished product
is ensured. Such characteristics are achieved without the use of auxiliary
substances and additives. The main component of the tangential filter unit is
filter membranes having a capillary structure with an open fiber. The
diameter of the capillaries is 18 microns [19].

The membranes are placed in stainless steel housings, which are
assembled in parallel in such a quantity as to achieve the desired filtering
surface area. The liquid, which is filtered from the storage tank with the help
of a pump, is fed into the body of the tangential filter and moves along the
membranes at high speed. Part of the liquid passes through the pores into the
membranes. All clean and filtered liquid is collected from all membranes and
pumped out. The pump, which pumps out the filtered liquid, periodically
switches for a few seconds in the reverse direction, creating a water hammer
in the membrane. Due to this, the particles settled on the surface of the
membrane fly off it and are captured by the flow of the contaminated liquid.

An example of the construction of a tangential membrane filter with
tubular membranes is presented in Fig. 1.

| Permeate
Fig. 1. Membrane module with tubular membranes
Tangential filters are self-cleaning filters and do not require expensive
consumables. Basically, the average service life of membranes is about 5
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years, but with proper use and timely maintenance of the tangential filter, this
period can increase to 10 years [20].

Filtration of kvass or juice on a tangential filter will allow you to
brighten the liquid as much as possible to the color you want. But the filter
also has disadvantages - it always has the same filtration rating (depending
on the membranes installed at the factory) and you will not be able to perform
different degrees of filtration, as, say, with kieselguhr or press filters.

Conclusion. During the analysis, it was established that the output of
the finished product increases significantly when using ultrafiltration devices.
At the same time, the nutritional and biological value of clarified juices does
not decrease. And the quality of the final product improves. This, in turn,
makes it possible to obtain food products with high nutritional value.

Modern ultrafiltration processing using tangential crossflow filters
can be used for processing beer, wine, and juices. This type of membrane
processing allows you to preserve the organoleptic properties of the product
as much as possible. In addition, the use of the modern Crossflow tangential
filtration method allows you to completely replace such a complex of
technological equipment as a separator, kieselguhr filter, filter press. In
addition, this technology significantly extends the service life of the
membrane module. A characteristic feature of tangential filtration is a longer
service life. Atthe same time, there is no need to use additional consumables.
This type of membrane is cleaned by countercurrent. Membranes are made
of neutral food grade polymer or ceramics. Tangential filtering provides a
given degree of filtering in one pass.
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