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Abstract

During applying cutting fluids (coolants), whicheaused in the surface
treatment of metals, different microorganisms depellhe effects of microbial
growth in the cooling system are the following: stertened life of coolants,
increased operating costs, downtime connected thvethreplacement of coolant,
and the exposure of workers to the harmful impdehfected oil mist on skin,
eyes, and upper respiratory tract.

The paper presents the possibility of an innovagipplication of a pulsed
electric field method to disinfect cutting fluid$he contaminated coolant is
subjected to a pulsed electric field with the resiat there is a rapid
destruction of living microorganisms therein, ahdit spores.

Furthermore, the article demonstrates a laboraggsyem equipped with a
high voltage generator and a control system engpiirter alia, to change the
parameters of the pulsed electric field as weltheslaboratory model of the
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disinfection cell with variable spacing of the dledes. A research stand made
according to the predefined assumptions is alsasho

The research stand is intended for testing thectfess of reducing the
degree of biological contamination of the coolamtdunction of the parameters
of pulsed electric field. The obtained results astated to the results of a
research task of a strategic programme entitledpp8rt systems of ecological
exploitation of industrial oils and technologicéduids”. Obtaining promising
test results will be a stage leading to the deveklpt of a system for the
disinfection of cutting fluids on a technical scale

Introduction

Cutting fluids (cutting oils, coolants) are applisdmachining processes.
Their use increases the efficiency of machinesnioyeiasing the cutting speed,
improving the quality of machined surfaces, prologgthe life of the cutting
tool, reducing friction and energy consumptionwasdl as by the dissipation of
the heat produced during this type of treatmente Titost commonly used
cooling and lubricating fluids are oil-water emolss, prepared from
concentrates, which are mixed with water in aniorit order to obtain a stable
emulsion [1]. The presence of water and organictenamakes coolants
susceptible to contamination by microorganisms 3J24]. These are mainly
bacteria (including pathogens), but also moulds agdasts, and
immunologically reactive compounds of microbial gimi In practice, the
microorganisms get into the liquid in a continuenanner during its use. The
intensity of their growth depends on the compositid the cutting fluid. The
main source of contamination is the water usedHerpreparation of oil-water
emulsions and the pollution getting into the coglisystems from metal
workpieces and the environment. In addition to wase prerequisite for the
development of microorganisms is the presence afrdoarbons or other
organic substances such as fats and esters. Thenpezof bacteria and fungi
results in a marked deterioration in the qualitycoblants (cooling parameters
decrease), and they may accelerate the corrosiooegses of both metal
workpieces and the elements of machine tools.

During metalworking, oil mist rises around the wiack stand. On the
particles of the mist, there are biological agertsmainly bacteria and
endotoxin. The droplets of the mist are of sucte dizat they can easily
penetrate the human respiratory tract, and witlmtheacteria, fungi, and the
fragments resulting from their degradation. The taon of the respiratory
epithelium with microorganisms, their cell fragmgntand other chemical
compounds present in the oil mist (e.g. Sulphur pmmumds) influences the
proper functioning of the respiratory system andg mead to the occurrence of
various diseases among workers employed in metalepsing [5, 6, 7]. The
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most common symptoms of diseases associated v@tbxjposure to oil mist are
respiratory diseases such as asthma, inflammatitreaipper respiratory tract,
chronic bronchitis, and allergic alveolitis. As esult of contact with cutting

fluids, dermatological disorders such as allergas)e oil, and bacterial and
fungal infections can also occur. In order to redtiee exposure of workers and
ensure the high quality of the produced metal dbjdtis necessary to prevent
microbial contamination of coolants and to takerapgate corrective actions

when the number of bacteria or fungi exceeds tlmno

In practice, there are two methods to prevent tieahbial contamination.
One of them is the replacement of the fluid witmew one, combined with
careful washing of the installation for applyingtfuid. Research shows that
the method gives a short-term effect, because afstr several hours,
microorganisms start developing again, and afteveak, the bacteria levels
could rise by 3—4 orders of magnitude. Another meétlised to reduce the
microbial contamination of cutting fluids is addifgocides to the fluid [8].
Formaldehyde, isothiazolins, and boric acid sates most commonly used as
biocides. The formaldehyde was the earliest intcedubiocide. However,
because of its rapid degradation and evaporatmm the liquid, it was used in
high concentrations, which resulted in its pen&imatinto the air at the
workplace.

In connection with the planned entry into force tbe “EU biocide
directive” (from 2014) imposing significant restiams on the use of biocides,
new liquid coolants and lubricants, which do nobtain such measures, will
appear on the market. The main advantage of thegield is that they possess
the capacity to prevent the growth of bacteria fwk toxic additives with
bactericidal action. An alternative to the abovehuods of coolant disinfection
are new technologies in which no chemicals are ficsedecontamination. An
environmentally friendly method for decontaminatiof cutting fluids mixed
with water, containing mineral oils, is provided Baysser, which is a HP
manufactured device, which uses ultraviolet ligdv{C) for disinfection [9].
The germicidal UV-C impact is performed by passaghin film of coolant
(approx. 1.5 mm) on a rotating cylinder surroundedone side by shielded
fluorescent tubes. This arrangement provides aiitiadal circuit of coolant
that flows back into the machine after disinfecti®he method is effective even
in the case of microorganisms that have developeskiagtance to bactericidal
and fungicidal chemical measures. Works on theofiddV for the disinfection
of coolants are performed in ITeE — PIB in Radorthimi the research task of
strategic programme entitled: “Support systems atflagical exploitation of
industrial oils and technological liquids”. The netl of pulsed electric field
(PEF) used for disinfection of cutting fluids seetosbe innovative and at the
same time ecological [10, 11]. This method has ltested for several years in a
pilot or semi-technical devices for food presematilt uses the impact of high
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voltage pulses on the food placed between two reldes [12, 13]. The main
preserving factor is the electric field acting destively on microflora existing
in food. The essence of the influence is the udaigif voltage for a very short
period of time, expressed in microseconds, fonglsipulse.

1. The mechanism and the influence of the electrield on the cell

The microbial cells are surrounded by a cell membyravhich acts as a
barrier and allows the cell to maintain differenbstances within itself such as
a cytoplasm and organelles [14, 15]. Each cell nmamdis polarized. It means
that there is a difference of charges (the positihvarges carried by the cations
and the negative charges carried by the anionsyeeet its outer and inner
surface. This implies that, across the membrarezetls a potential difference,
or voltage, called a resting potential (membrartemtial), which usually ranges
from -20 to -200 mV depending on the type of orgamiand the type of cell.
This potential is expressed as a negative valuausecthere are slightly more
negative charges inside the cell than the posithes.

cell membrang

&

inside of cell cell erviromert

biological cell " : \ DNFE
________________ F + f
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Fig. 1. Schematic representation of the impachefdlectric field on the cell

The mechanism of the inactivation of the cells unttee influence of
electric field is not fully understood. There amivous theories that attempt to
explain this phenomenon. Currently, the most paparhal most widely accepted
explanation for this phenomenon is the electropamabf the cell membrane
(Figure 1). A biological cell behaves in a manniemilar to a capacitor with a
low dielectric constant. Therefore, when it is @lddn the electric field,
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E =U/d,

where U — the voltage applied to the area of influencthefelectric field,
d — distance between the electrodes defining tba af influence of the
electric field,

the ions inside and outside the cell will move I direction of the applied
electric field. This in turn leads to the accumiglatof free, opposite electric
charges on both sides of the cell membrane. Thieasges are influenced by
force F proportionally to the intensity of the electrielfi E and the size of the
charge q,

F=Eq,

causing localised pressure increases on the cathbmame, which leads to
changes in its thickness and to the formation omgn of existing membrane
pores. A defective cell membrane is more permetbfmall molecules, which

facilitates the equalization of the osmotic pressiloetween the external
environment and the contents of the cell. This roayse the cell to further
swell. If the natural cell membrane potential riabsve the natural, which is the
critical value of about 1V due to the applied diliectield, the disruption of the

cell membrane occurs causing the cell death — drsdvle electroporation

occurs. The critical voltage depends on the sizd®fcell. The smaller it is, the
higher the critical voltage must be applied.

2. Disinfection system of cutting fluids

Figure 2 shows a diagram of the system using tHeegduelectric field
method in food processing [16]. It consists of ¢himsic components: a high-
voltage pulse generator, disinfection cell, andoatil system with process
control.

COMTROL
SYSTEM
HIGH wOLTAGE ELECTROPCRATION
———
PULS GEMERATCR CELL

Fig. 2. Diagram of the system of pulsed electrddfiin food processing
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The Institute for Sustainable Technologies — NatidResearch Institute in
Radom developed and built a research stand fonfdiding cutting fluids in
laboratory conditions, which is shown in Fig. 3.

Fig. 3. Laboratory research stand for the disimndecof cutting fluids

The stand consists of a high voltage pulse geressiitn an integrated
microprocessor control system and a stationarynfdistion cell, which
comprise a PEF system as well as a digital oscifips. The oscilloscope
allows the registration of the voltage pulse wawaf® for analysis with a view
to select optimal parameters of the pulsed elefiegld for the disinfection of
the coolant.

Fig. 4. The control system integrated with the highage pulse generator
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The high voltage pulse generator produces rectangullses with a pulse
power up to 3 MW, with energy expended up to 90 kjgés second in
continuous operation. The control system integratigd the generator (Fig. 4)
is equipped with a keyboard that allows for settimg following output voltage
pulse parameters:

* The voltage up to 20 kV,

» Pulse repetition frequency in the range of 1 H2 1z, every 1 Hz,

* Pulse width in the range ofiis to 200us, every lus, and

» The generation of pulse ,packages” with the set memof pulses in the
range of 1-99 and the set frequency and pulse wnidtie “package”.

The stationary cell for coolant disinfection is ahmoin Fig. 5.

Fig. 5. Stationary cell for disinfection of cuttifigids

It was made based on the cuboid, polycarbonateairmrt wherein two
rectangular stainless steel electrodes of dimeasi@nx 145 mm were placed.
One of the electrodes connected to the negativenged pole of the generator
is permanently attached to the cell and forms dtddon. Second, the movable
electrode is connected to the positive pole of gemerator. The distance
between the electrodes is determined by meanssofiating spacers with a
height of d = 3, 6, and 9 mm. This creates theipiig of abrupt changes in
electric field intensity at a fixed output voltagéor maximum output voltage
U = 20 kV and the electrodes distance d = 3 mm,eleetric field E in the
disinfection cell achieves the value of approxiryaé® kV/cm.

Conclusions

The developed research stand allows for testing dfiectiveness of
reducing the degree of biological contaminatiorthef coolant with the use of
the pulsed electric field method. Additionally, ttesults obtained in such a way
can be compared with the outcomes of the reseask developed in the
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strategic programme entitled: ,Support systems atflagical exploitation of
industrial oils and technological liquids”.

The design of the high voltage pulse generator labdratory cell for
disinfecting enable one to conduct research withiwide range of parameter
changes in pulsed electric field. Consequentlyisitpossible to predict the
optimum values of these parameters in terms ofriglolgical and economic
processes of coolants decontamination. Obtainimgniging results will form
the basis for designing a system for disinfectingfieg fluids on a technical
scale.

Scientific work executed within the Strategic Peogme “Innovative
Systems of Technical Support for Sustainable Dpuedat of Economy” within
Innovative Economy Operational Programme
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System do dezynfekcji cieczy obrébkowych z wykorzysniem pulsacyjnego
pola elektrycznego

Stowa kluczowe

Skazenie cieczy obrobkowej, komorka mikroorganizmu, spaljne pole
elektryczne (PEF), elektroporacja.

Streszczenie

W obrébce powierzchniowej metali stosuje¢ stiecze obrobkowe
(chtodziwa), w ktérych w trakcie ichzytkowania rozwijag sie drobnoustroje.
Efektami rozwoju mikroorganizméw w uktadzie chtodige : skrécenie
zywotnadici chtodziw, zwekszenie kosztow eksploatacji, przestoje produkcyjne
zwigzane z wymias chlodziwa oraz navanie pracownikow na szkodliwe dla
zdrowia oddzialywanie zatanej mgly olejowej na skér wzrok czy goérne
drogi oddechowe.

W artykule przedstawiono milwos¢ innowacyjnego zastosowania metody
pulsacyjnego pola elektrycznego do dezynfekcji myeabrobkowych. Skane
chtodziwo poddawane jest dziataniu pulsacyjnega pt¢ktrycznego, w efekcie
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czego naspuje szybkie zniszczenigjacych w nim mikroorganizmow, a tad
ich zarodnikow.

Przedstawiono laboratoryjny system wypassy w generator wysokiego
napkcia i uktad sterowania umliwiajacy miedzy innymi zmiag parametrow
impulsowego pola elektrycznego oraz laboratoryjngdel celi dezynfekciji
0 zmiennej odlegkzi elektrod. Przedstawiono stanowisko badawcze wsgke
wedtug przygtych zataen.

Wykonane stanowisko badawcze uthwi przeprowadzenie bada
skutecznéci zmniejszania stopnia sk@nia biologicznego chtodziwa w funkcji
parametrow pulsacyjnego pola elektrycznego oraziesthmie otrzymanych
rezultatbw do wynikow prac uzyskanych w zadaniu dveckym Programu
Strategicznego pt.: ,Systemy wspomagania proekohogij eksploatacji olejéw
przemystowych i cieczy technologicznych”. Uzyskabigiecugcych wynikow
bada pozwoli na opracowanie wdzenia do dezynfekcji cieczy obrébkowych
w skali techniczne.





