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Abstract

The implementation of mandatory quality managensgatems in the food
industry generates the need to develop lubricaprogglucts with appropriate
performance properties that are safe for the et@sysWhen designing
specialized lubricants, special attention was given the selection of
components, taking into account, in addition tarthenctional properties, their
ecological properties. This article presents a wieison of a lubricant based on
non-toxic ingredients. The main components ofltheicant are synthetic oll
and a thickener with certified components. Theittdnt performance properties
and its oxidising stability were examined.

As a result, a comprehensive lubricant was developlaracterised by
performance durability. The designed lubricant d&®alth clearance certificate
of the National Institute of Hygiene and is pergdttin the food industry. The
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developed product is intended for industrial use dgpical bearing lubricant,
wherever it is required to use certified lubricant.

Introduction

The implementation of mandatory quality managensgstems in the food
industry forces the development of the approprabeicants with appropriate
lubricating properties and non-toxicity [1, 2, Bk present, all processing plants
producing food, including small and medium-sizedegprises in the food
industry adapt their production conditions to tleguirements set by the EU
directives relating to the safety and hygiene afdf@wroduction [4] and follow
the requirements of machine maintenance in regtrdsnly using certified
lubricants [5]. The diversity and specificity ofethproduction in the food
industry translates directly into an increased dedrfar specialized lubricants,
which are used wherever there is a risk of foodamimation [3].

In addition, the environmental policy pursued bg Buropean Community
is committed to the implementation of the certifica scheme, which aims to
promote those products in the Common Market thake hhe least adverse
impact on the environment [6]. To reduce the halndéfects on the
environment of the lubricants, special attentiooudth be paid in their design
process to the choice of their components in reg&rdheir non-toxicity and
biodegradability, in addition to their performarpreperties [2, 7].

The increasing demand for specialized lubricatingtemals for use in
machine bearings working in the food industry iwide range of rotation and
loads determined the undertaking of this researchthe development of
synthetic oil based, non-toxic and biodegradalieidants [2]. The key issue in
the production of non-toxic lubricant is a selentaf the main ingredient, which
is the oil base. Positive results [2, 9, 10] durtheg manufacture of plastic
lubricants were obtained by using highly refinedrgleum oils and synthetic
oils from Group IV and V [8] characterised by beitess harmful to the
ecosystem than other petroleum oils.

The manufacture of lubricants for the food industncluded the
appropriate requirements for oil bases, thickenans] additives [9, 10]. The
process [11] demonstrated the validity of the aggpion of statistical analysis
methods for experimental data in modelling perfarocgaproperties based on
experimental tests results and, in particular, tfaéranalysis and tribological
testing.

In accordance with oil classification of the AmamcPetroleum Institute
API [8], which divides oils into five groups depéng on their composition,
physicochemical properties, and production techygldhe selected base oils
for the non-toxic plastic lubricants were synthatits [2]. In order to produce
plastic lubricants with good structural and mecbahstability, and enhanced
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lubricating properties, a method of in-situ prodmct was developed for
manufacturing complex lubricant in a calorimetéactor [10]. The production

of the lubricant using thim-situ method consisted in a synthesis of the thickener
directly in the base oil and its dispersal in isitgy complex soap as a thickener
provides performance enhancement for the lubriGantomparison to the
lubricants where simple soap was used as a thick€aenplex thickeners have

a very complex structure and usually are in thenfof two acids of different
chain length and with the type of the introducetioacinto the soap molecule,
which affects the type of the thickener [10, 11].

The aim of the study was to investigate the infagenf the composition of
the complex thickener on the oxidising stability hforicants and their
lubricating properties determined in boundary agidwge conditions. Achieving
this aim required testing for the oxidation of theoduced lubricants using
thermal analysis methods and friction tests.

1. Materials and test methods

The objects of research were plastic lubricantsvilese synthesised in a base
oil with a complex thickener participation produdeyl thein-situ method with
lithium soaps of mono-(MK) and dicarboxylate (DKgids, with different
MK:DK molar ratios [2, 10]. The process consistadhe synthesis of thickener
(lithium soaps: 12-hydroxystearic and adipic acids)il, which forms the base of
the plastic lubricant. Synthetic oil PAO8 — polyplad-olefin was used as the base
oil. The manufactured lubricants with variable mglhtK) and dicarboxylate
(DK) acids’ ratios are indicated as follows: SM A& (MK:DK 1:0.5), SM
A2/0.6 (MK:DK 1:0.6), SM A3/0.75 (MK DK 1:0.75).

After the plastic lubricant was produced by thesito- method, based on a
complex thickener with varying molar ratios of aaxlic acids, the structures of
the produced lubricants were examined using spectedysis.

Oxidising stability of complex greases was examinsthg thePetrooxy
method by determining oxidation induction time. Tiests were conducted in
isothermal conditions at 140°C and with continutboxs of oxygen.

The parameters used for the basis of the evaluafidubricating properties
were the value of boundary load weagfgand the diameter of the wear trace “d”
after an hour test was carried out at a constauat ém the node of 3924 N. The
obtained value of the wear load cdescribes the anti-wear properties of the
lubricant in the conditions of boundary lubricatamd indicates the stability of the
boundary film. The lubricating properties in scaffiwas determined by scuffing
load R and threshold seizing pressurg imdicating the effectiveness of the
lubricant in the conditions of extreme force.
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2. Test results

When choosing the oil base made for the complestipldubricants, the
lubricating properties of the oil were taken intmsideration, since they are an
essential component of the lubricant (Fig. 1). Tii®icating characteristics of
the oils from the hydrocarbon group confirmed thghbst efficiency in anti-
wear performance of the PAOS8 oil in boundary lusstiitg conditions, which
was the basis for the selection of this oil as baisdor the production of
complex plastic lubricants.
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Fig. 1. A comparison of anti-wear properties of tegtic hydrocarbon oil bases — poly-alpha-
olefins type (PAO2, PAO4, PAOS8, Syn 100)

To monitor the process of in-situ a complex thiekeand plastic lubricant
production, an infrared spectral analysis method=ofIR was applied. The
FT-IR method is based on the analysis of the charatic absorption bands of
free carboxylic acid (RCOOH) and absorption bandhtloium salts produced
in the reaction of the acids with lithium hydroxi(RCOO Li"). The reaction of
mono- and dicarboxylate acids with lithium hydroxidesults in absorption
bands in the 1580 and 1560 ¢mange corresponding to the vibrations of the
Group C = O and absorption band ca. 1405'¢hat come from the C-O group,
which was confirmed by the formation of lithium tsa(RCOO Li) by the
dicarboxylate acids. The production of complex kkiters was confirmed by
the analysis of the change of the intensity of abtaristic absorption bands
assigned carboxylate ion CO® the spectral area of 1580-1560 t(fig. 2).

Based on the analysis, it was found that the siraadf the lubricants (SM
Al1/A2/SM 0.5, 0.6, SM A3/0.75) produced with valaiMK:DK ratios show
variation in the intensity of absorption bands @frboxylate groups, with
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a maximum for these bands obtained for the MK:DKlanoatio of 1:0.5. In
view of this difference, the impact on the stabilif oxidising and tribological
characteristics of the manufactured lubricants assessed.

44ag12,89/11/PAO8,atr.ZnSe 60
0307 42ag12,86/11/PAOS, air.ZnSe 60

Absorbancja
o
iy
>

e

' 18b0 ' ' ' ' 1760 ' ' ' ' 16b0 ' ' ' ' 15b0 ' ' ' ' 14bO ' ' ' ' 13b0 '
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Fig. 2. A fragment of the FT-IR (ATR) spectrum obtdnfrom oil based hydrocarbon lubricant
PAOS8 with different acid ratios of MK:DK, SM A1/0.8: 0.5), SM A2/0.6 (1-0.6), SM
(A3)/0.75 (0.75-1)

The stability of oxidation in the lubricants wassessed on the basis of
accelerated oxidation test by the Pertooxy methgdietermining, based on the
obtained graphs, the pressure drop as a functiaxidition time (Fig. 3a) in
the time of oxidation induction (Fig. 3b), whichdinates the resistance to the
process of oxidation of the tested lubricants.
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Fig. 3. The influence of thickener component ratidK:DK) on the stability of the oxidation
of complex plastic lubricants (SM A1/A2/SM 0.5, 03M A3/0.75) using the Petrooxy method:
a) pressure drop graph as a function of time afatiin, b) oxidation induction time



10 PROBLEMY EKSPLOATACJI — MAINTENANCE PROBLEMS 2-2015

The conducted experiments indicate that the SM Adisicant with the
lowest dicarboxylic acid content in the complex ckgner (1-0.5) is
characterized by the highest oxidising stabilityhiela indicates its best
resistance to oxidation processes compared to tibecants. The content of
the dicarboxylic acid DK in the thickener has anfigant impact on the effect
of slowing down the oxidation process; in this ¢ake lower its contents, the
longer oxidation induction time was observed.

In tribological experiments, the effectivenesstu tinti-wear properties of
the manufactured plastic lubricants was testedplegifying the maximum wear
load (Fig. 4) and anti-seizing properties in soggonditions (Fig. 5).

During the wear test, a reduction was observetiénrésistance to wear of a
steel friction node lubricated with the SM A3/0&Bmplex lubricant, manufactured
based on the thickener with the maximum contentlichrboxylic acid, which
resulted in a significant reduction in the maximuear load (Figures 4a, 4d).

When the contents of this acid in the thickenereneduced, the obtained
lubricant SM A1/0.5 produced a more stable boundaygr. As a result, the
resistance to wear doubled in the friction nodggFia, 4b).

a)
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| N
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Fig. 4. The influence of molar ratio of carboxyide MK:DK in the thickener on the maximum
wear load Goz and diameter of a the wear trace igiven complex lubrication
composition. Optical microscope image of frictitaces on a ball for the lubrication
composition: b) SM A1/5, c) SM A2/0.6, d) SM A3/6.7

The test conducted in seizing conditions confirnted effect of the
MK:DK ratio on the course of changes in friction ment as a function of the
load increase (Fig. 5). Depending on the contemticdrboxylic acid DK in the
thickener, it was observed that each of the tektbedcants shows a different
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course of the frictional moment, which in turn leamb seizing in different
conditions.
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Fig. 5. Changes in the friction moment with a liigancreasing load for plastic lubricants SM
A1/A2/SM 0.5, 0.6, SM A3/0.75

Based on the results obtained under the seizinglitons, it can be
concluded that the boundary layer created withidalot SM A1/0.5 and SM
A2/0.6 lasts longer than in the case of lubricawit A3/0.75. In the case of SM
A3/0.75 lubricant, a large increase was observetthenfrictional moment after
crossing the seizing load threshold, while at thmes time, the diameter of the
scar increased, which indicates the loss of thedabing properties of the tested
lubricant. However, in SM A1/0.5 and SM A2/0.6 ligants containing less
dicarboxylic acid in the complex thickener, theistnce of the node to seizing
clearly increases, which indicates an increase tgzhcity of the lubricating
film. After analysing the results, it was concludédt the molar ratio of mono-
and dicarboxylic acids, used in the manufactureaothickener complex
significantly affects the evaluated properties.

Conclusions

The production of the lubricant using the-situ method consisted in
a synthesis of the thickener directly in the baseand its dispersion in it.
Physicochemical and lubricant properties were mediby the selection of the
components that make up the complex thickener.

The research using methods of thermal analysisroeed the resistance of
complex lubricant to the oxidation process. Thetion tests have confirmed
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a significant impact of the molar ratio of mono-atidarboxylic acids (MK:DK)
in the thickener on the anti-wear and antiseizifiigotiveness of complex
lubricants.

Plastic lubricants for machines and equipment usethe food industry
should provide the required level of performancepprties, while meeting the
requirements of safety and health for food produnctiThe development of
a complex lubricant based on non-toxic componentaranteed producing
a lubricant that meets the requirements of the foatlistry, while meeting
performance requirements. The designed lubricarst &ahealth clearance
certificate of the National Institute of HygieneZi/1192/2013 and is
permitted for industrial use as a typical bearimgricant, wherever it is required
to use a certified lubricant.

Scientific work executed within the Strategic Peogme “Innovative
Systems of Technical Support for Sustainable Dpuedat of Economy” within
Innovative Economy Operational Programme

References

1. Morkis G.: Systemy zaszlzania jakéciag w przedsibiorstwach przemystu
spazywczego. Program Wieloletni 2005—-2009. IERi®/arszawa 2005.

2. Drabik J. i inni: Raport kacowy z zadania IV.2.2 Nietoksyczne,
biodegradowalne materialy smarowe przeznaczone dctogowa
specjalnych. Program Strategiczny pn. ,Innowacgpstemy wspomagania
technicznego zréwnowanego rozwoju gospodarki” w Programie
Operacyjnym Innowacyjna Gospodarka. Realizacja 220Q03.

3. Drabik J., Sitkowska R.: Analiza potencjalnego zagbowania na
nietoksyczne smary plastyczne z wykorzystaniem quory badania
tendencji rozwoju produktéw. Prace Naukowe Uniwargy Ekonomicz-
nego we Wroctawiu pt. ,Innowacje w zadzaniu” (red. J. Skalik,
A. Zabtocka-Kluczka). Wroctaw, 2013, s. 39-46.

4. Ustawa z dnia 27.07.2010 r. 0 bezpidcstevie zywnosci i zywienia (tekst
jedn. Dz. U. z 2010 r. Nr 136, poz. 914).

5. Norma PN-EN 1672-2:1999 ,Maszyny dla przemystuzspazego. Pajcia
podstawowe i wymagania z zakresu higieny”.

6. Rozporadzenie Parlamentu Europejskiego i Rady (WE) 66/2010

z 25 listopada 2009 r. w sprawie oznakowania ekolmggo UE.

7. Mackwood W.: The next generation food machineryagee10 years on.
NLGI Spokesman Vol. 76, No. 3, 2012, pp. 14-26.

8. API Publication 1509. Engine oil and licensing fferation system. 1% ed.
American Petroleum Institute, 1996.



2-2015 PROBLEMY EKSPLOATACJI — MAINTENANCE PROBLEMS 13

9. Drabik J., Trzos M., lowska J., Bereska B: Komgieke smary plastyczne
wytwarzane w reaktorze kalorymetrycznym. Cz. 1. @olparametrow
procesu wytwarzania ze wadu na jaké¢ smaru plastycznego. Przem.
Chem. 2013, 92/10, 1846-1849.

10. Howska J., Szwach |., Bereska B., Gniady J., SafaaM., Semeniuk 1.,
Drabik J., Kozdrach R.: Kompleksowe smary plastgcanytwarzane
w reaktorze kalorymetrycznym. Cz. 2. Wplyw parametiprocesu syntezy
smaru plastycznego na jego wdavosci. Przem. Chem. 2013, 92/10,
1850-1854.

11. Drabik J., Trzos M.: Modeling relation between @tidn resistance
and tribological properties of non-toxic lubricamtth the use of artificial
neural networks. J Therm Anal Calorim (2012) 109:527, DOI
10.1007/s10973-011-2176-3.

Nietoksyczny smar plastyczny dla przemystu spgywczego

Stowa kluczowe

Oleje bazowe, nietoksyczne smary plastycznegsamkasci smarne, stabilrid
oksydacyjna.

Streszczenie

Wprowadzanie w przende spaywczym obligatoryjnych systemow
zaradzania jakécia generuje potrzeb opracowania materialdbw smarowych
0 odpowiednich wigciwosciach eksploatacyjnych oraz bezpiecznych dla
ekosystemu. Podczas komponowania specjalistyczmateriatbw smarowych
zwrécono szczegdinuwag na dobdr komponentdéw, uwzghiajac oprécz ich
wihasciwosci  funkcjonalnych rownie witasciwosci ekologiczne. W artykule
przedstawiono charakterystyksmaru plastycznego wytworzonego na bazie
nietoksycznych sktadnikow. Gtéwnymi sktadnikamiasmn g: olej syntetyczny
oraz atestowane komponenty gszrzacza. Zbadano i oceniono §iavosci
smarne oraz stabil§é oksydacyja wytworzonego smaru.

W efekcie opracowano kompleksowy smar plastyczrarakteryzujcy sk
wysolky trwatcscia uzytkowa. Wytworzony smar posiada atest Jaido
Zdrowotnej PZH, dopuszczgly stosowanie go w przeglg spaywczym.
Opracowany produkt przeznaczony jest do zastosograemystowych jako
typowy smar teyskowy wszdzie tam, gdzie wymagane jest stosowanie
certyfikowanych smarow plastycznych.
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A METHOD FOR MANUFACTURING OF CONSUMER
PRODUCTS FROM RECYCLED RAW MATERIALS

Key words
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Abstract

Waste management is one of the most important besnef environmental
protection. In the European Union, one of the mogtortant legal acts regards
the document on community strategy in the fieldvabte management, with its
emphasis on waste prevention, recycling and reefseaste in the form of
useful products. The article presents models of-woven utility products
derived from raw materials from recycling. The stumed to obtain useful
products made from non-woven textile waste. Indidatre methods for
grinding and fiberisation of worn textile to forrecndary fibres and possible
techniques to be applied in their processing. Thd eesult is to present
examples of raw products in the three groups oforasent: “A” with
a predominance of natural fibre up to 85%, “B” miture of fibres of PE and
PP, and “C” — a mixture of synthetic fibres. In leaxf these groups, using the
proper technique, the examples of commercial, teahnand living products
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were manufactured, which may be the subject oftr@eveloped solutions will
be put into production by a company interestecharesults of this work after
market research.

Introduction

Growth in the EU is still accompanied by increasarmgounts of waste,
causing unnecessary losses of materials and erargypnmental damage, and
adverse effects on the health and quality of [aee of the strategic objectives
of the EU is to reduce these negative impacts ying the EU community into
a society using recycling and being resource effici Waste management is
already governed by a comprehensive set of ruled, there are still
opportunities for further improving the managemeifit some major waste
streams [1].

Textile waste represent, on average, approx. 3t®o$sehold waste, which
is approx. 250 thousand tons of textile waste altywpeoduced in Poland. Only
approx. 10% of that is subjected to material rdogcland at least 50% is
suitable for processing. For comparison, in the Wkuseholds annually
produce approx. 1 million tonnes of textile wasted 25% of the mass of waste
is recycled. Textile waste is generated mostlyaodeholds, and this is approx.
8-9%. With the undertaken projects in waste managénand the target
consumption of textiles per capita per year, iagsumed that the recycling of
the textile weight placed on the market should tothe level of 55%. This will
be similar to the present state of textiles plamedhe market, i.e., approx. 250
thousand tons per year [2].

In the last few years in Poland, there was a lamgort of used clothing
from Western Europe, which is sold in an extensieéwork of retail outlets
throughout the country, and we also now have a linfjex of cheap textiles
from the Far East, mainly from China. Because efghorter lifespan of these
goods, the textile waste problem will be more sesithan it is today [3].

Considering the overall balance of post-consumetilée waste, it is
necessary to take into account the textiles fropiaited vehicles. It is assumed
that, on average, one car is approx. 15 kg oflesxfor various purposes, and in
accordance with the requirements of the Europeanmnission Directive it is
required, since the 1st of January 2006, to rec§0Bé of recyclable materials
from the liquidated cars.

Because waste management is one of the branchies téxtile industry in
the field of environmental protection, it is hea@aysto prevent waste through
the use of low-waste technology for textile product the introduction of
cleaner production, and the development of recgcdfitethods aimed to obtain
raw materials for re-use in different processirghtwlogies [3].
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In the European Union, among the most importans &ctthe document
titted “Communication from the Commission to theu@oil and the European
Parliament on a Community Strategy in the fieldvalste management”. These
are guidelines for the Union's policies with an bags on waste prevention,
recycling and reuse of waste, and the safe dispdsakidues not recyclable.

The next few years will be a period of further dechdor textile products,
with a reduction of the lifetime of the products élyleast 20%, and a further
increase in the share of synthetic fibres. Thesethe next challenges for
effective relief of the environment and obtaininguable raw textile material
for re-use.

These research problems, including recycling feehd particularly textile
recycling, were included in the research prioritigfsthe Strategic Project
Innovative technical support for sustainable ecoitomdevelopment
implemented by the Institute for Sustainable Tedbgies, National Research
Institute in Radom. This is a proof that the subjeictextile recycling is an
object of technology and implementation researchedi at increasing textile
recyclables for reuse.

1. Segregation of post-consumer textile product®f material recycling

The most important issue, which, when properly sdjvdetermines the
ability to recycle all waste material is their seggtion by appropriate groups,
specific criteria, and procedure. Postconsumer ymsdsupplied as complete,
used household objects (Fig. 1) have been categbisthree groups in terms
of the percentage of the highest quantity of centai materials.

="

Fig. 1. Provided postconsumer products

The “A” group includes postconsumer products witlhigh share in its
composition of natural materials, i.e. wool, coftand artificial materials with
natural origin, such as viscose. The average stfatizese commodities in the
group was 88%.



18 PROBLEMY EKSPLOATACJI — MAINTENANCE PROBLEMS 2-2015

The “B” group includes postconsumer products withigh proportion of
synthetic polyester (PES) and polypropylene (PBYefi. The average share of
these commodities in the group was 82%.

The “C” group included all other postconsumer paiduvhere their fibre
composition was dominated by synthetic fibres (app60%).

2. Technological recycling attempts for particulargroups of waste and
equipment for the production of finished usablgroducts

In order to obtain the raw material for further geesing of textile waste, it
is necessary to grind it into the appropriate faactEach group of waste has
undergone a process of shredding and defiberisaticindustrial devices, such
as cutters, choppers, and defibrators. The preiggndrocess by cutting was
performed using a guillotine cutter and rotary eufFigs. 2, 3).

Fig. 3. Rotary cutter: a) input, b) output

After the grinding process, the next stage of textnaterial recycling of
post-consumer products is defibrating, which wadopmed on two types of
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devices on which different degrees of defibrateemals can be achieved. The
first device that was used for this purpose watbdabr (Fig. 4).

Fig. 4. Defibrator: a) input, b) output

The second device is a six-drum chopper showngargib.

Fig. 5. Six-drum chopper

As a result of technological trials, secondary dibmwere obtained in the
three groups of products, all of which were prepga@mple products that could
be marketed.

With post-consumer products in the “A” group, setamy fibres were
obtained with its composition containing naturabrés, i.e. wool, cotton,
and natural fibres such as viscose. Figure 6 shbesorm of raw material
obtained after the defibration process called ‘el plunk”, which may be
a commercial product.

Useful products obtained from recycled fibre in th& group were
prepared by two mechanical manufacturing technigueswing and needling.
The sewing technique allows obtaining householddpects, e.g., woven
material, cloth, packaging, etc. (Fig. 7). It isséd on stitching of a moulded
layer of raw material with yarn using special nesdbn a piercing machine.
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Fig. 6. Six-drum chopper Fig. 7. Clothesnirstitched weave

Needling consists in mutual interlinking of the rdmd layer of raw
material in a uniform, stable product with the usfeneedles with special
notches, fixed in the board of needling machines thchnique was used to
produce, from waste products, the raw materialagrbnomic types, such as
shielding mats, anti-weed mats, veneers enrichetl Vertilizer made from
fabaceae. The obtained consumer products are sindwgures 8, 9, and 10.

Fig. 8. Non-woven reinforced fabric with Fig. 9. Non-woven agronomic fabric to
grass seed for strengthening slopes control the growth of weeds
and embankments

Fig. 10. Agronomic fabric for cultivation with félizer made fronfabaceae

In the post-consumer waste products from group $8¢ondary fibres were
obtained by grinding and defibrating with a highoportion of synthetic
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polyester fibres (PES) and polypropylene (PP). Whik type of fibre, one can
produce both household products for thermal ingatmaterials (warmers,
duvet insert) and technical fabrics, such as dggreand road components.

Nonwoven materials are obtained with simplifiecefie moulding, as used
for blanket inserts, where a loose and airy texisiabtained to a predetermined
thickness to achieve a stable structure of thengp@rameters. The resulting
samples of insulating nonwovens of different thiekses are shown in Figures
11 and 12.

[T

Iy

Fig. 11. Thick warmer Fig. 12. Thin warmer

Another consumer product obtained from recycledeilderived from post-
consumer products in the “B” group is the “techhicanwoven”, which was
prepared with mechanical consolidation of a fledgger by needling on
a needling machine to obtain a product with stada@ieameters for the surface
weight and thickness. This non-woven material isiegelly intended for
drainage, as a lining for ditches, and mostly eairgforcing material, stabilizing
land for the construction of roads, both accesds@ad highways. Examples of
manufactured consumer products in the form of teethmonwovens are shown
in Figures 13 and 14.

Fig. 13. Drainage fabric Fig. 14. Road-constauncfabric
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Post-consumer products, qualified for the final “@bup, were secondary
fibres obtained mostly as a mix of different type#dibres. Such a mixture of
fibres has commonly been called “synthetic plunk”.

From the plunk, two consumer products were obtaifée first is a felt
that is often used in furniture manufacturing, whis manufactured with the
mechanical needling technique (Fig. 15).

Fig. 15. Furniture fabric — felt type

The second product obtained is “synthetic plunkhick is also used in
furniture manufacturing, which is produced by neegll and thermally
stabilising established technical parameters.

The thermal stabilization technique is conducted aomeedled fabric
by subjecting it to a temperature and pressuredalender machine. The figure
below presents the device producing the finisheddyet in the form
of a furniture fabric with given parameters (Fig).1

Fig. 16. Thermal stabilization process of furnitdabric: a) infeed of a fabric, b) the output
of the finished product
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The thermal stabilization process allows one taiobthe finished product
with a predetermined thickness, density, and rigidharacteristics, which is of
particular importance in the application of thesedpicts. Presented below is
furniture fabric derived from the processing of lagmed synthetic plunk of
varying density, stiffness, and thickness (Figs-20j.

Fig. 18. Thinrfuture fabric

Fig. 19. Stiff furniture fabric Fig. 20. Compsoi of thickness of fabrics

Conclusions

From post-consumer products received from the glias part of the
material recycling, one can produce finished coreumproducts for both
household and technical appliances. A higher ecaneffect can be achieved
by the selection of used materials in terms of naaterials. Waste selection is
essential in processing materials for recycling e form of finished products
of a certain application and purpose. The articlesents examples of
a selection for the three groups of raw materiatipcts for recycling. With the
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obtained secondary fibre a total of 15 exampleprofiucts (several in each
group) were produced to be used in the economy.

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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Metodyka wytwarzania wyrobow uzytkowych z surowcow wtornych
z recyklingu materiatlowego

Stowa kluczowe

Odpady tekstylne, recykling materiatowy, wyrobyytkowe z surowcow
wtérnych.

Streszczenie

Gospodarka odpadami jest jedrz najwaniejszych gadzi ochrony
srodowiska. W Unii Europejskiej jednym z najmdejszych aktow prawnych
jest dokument dot. strategii Wspolnoty w dziedzigjespodarki odpadami,
ktadagcy nacisk na zapobieganie powstawaniu odpadow paprecykling
i powtérne wykorzystanie odpadow w postaci wyrobd&uytecznych.
W artykule zostaty przedstawione wzory widkninowyekirobow wytkowych
otrzymanych z surowcow pochag¥ch z recyklingu materialtowego. Badania
mialy na celu uzyskanie petnowadtiowych widkninowych wyrobow
wytworzonych z odpadow tekstylnych. Wskazano metaayzdrabniania
i rozwtOkniania zuytkow tekstylnych do postaci wiokien wtérnych oraz
techniki maliwe do zastosowania w ich przerobie. Wynikiermé&awym jest
zaprezentowanie wzoréw wyrobow w trzech surowcowygmupach
asortymentowych: “A” z przewag widkien naturalnych do 85%, “B”
z mieszanki widkien PE i PP oraz “C” z mieszankibkigén syntetycznych.
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W kazdej z tych grup, przy zastosowaniu odpowiedniehméd, wytworzono
wzory wyrobow komercyjnych, technicznych i bytowycktére mog by¢
przedmiotem obrotu handlowego. Opracowane rgzaviia zostan wdrazone
do produkcji przez zainteresowane wynikami tychcppazedsibiorstwo po
wczesniejszym dokonaniu marketingowego rozpoznania ryridwytu dla
opracowanych wzoréw wyrobow.
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PROMOTION OF THE BEST AVAILABLE TECHNIQUES
AND POSITIVE ECOLOGICAL SOLUTIONS FOR
LEATHER INDUSTRY IN THE LIGHT OF EFFORTS
CARRIED ON WITHIN LIFE+ PROGRAMME
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Abstract

An effect on the environment and its protectionyplecreasing importance
in industrial activity. The leather industry hasebetrying for years to
accommodate to increasing demands. The best exammemodernisations in
tanneries, which notably have reduced the emissidowadays, the producers
must face up to new challenges. There is an intrg@ggessure to reduce the
amount of greenhouse gases emitted by industry.ETinepean Union has also
started the promotion of the best available teasg(BAT) and reduction of
“CO, footprint” by financing several projects. Withimet footwear sector,
examples of such projects are “ShoeBAT” and 56be” are carried on within
LIFE+ programme. Beside of development of a tooltfe calculation of the
enterprise’s effect on environment and providing #ntrepreneurs with new
knowledge on low emission techniques, in theseegtsjthere are gathered and
analysed data related to the perception of enviesinprotection issues by
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entrepreneurs of leather industry from such coestais Poland, Spain, Portugal,

Italy, and Belgium.

So far, research allowed us to draw the followiagatusions:

1. Knowledge on BAT and problematics of greenh@ases emissions is low
among entrepreneurs of leather industry.

2. In majority of enterprises (tanning sector imtjgalar), there are exploited
obsolete techniques and processes which constitutehreat for
environment. Some of the enterprises do not resheatlevant legislation,
using inadequate techniques and/or not monitoethissions.

The obtained image of knowledge on carbon footpaimi BAT and the
ecological awareness of leather sector entrepreneilk be confronted with
results of the planned questionnaire surveys thiit alow evaluating the
effectiveness of promotion tools developed withiRE+ programme.

Introduction

The leather industry is commonly considered asrenmientally unfriendly.
In spite of continuous modernisation of tannindhtedogies and growing pressure
towards the reduction of the effect on environmtd,leather sector is treated as
an unavoidable and the neighbourhood of the pramugiant is often perceived
by local residents as an unwanted factor, whichirdéim a quality of life and
reduces the prices of real estates.

On the other hand, in European Union tanneriesniSpaand Italian in
particular), there has been significant technoklgicogress achieved, which aims
to accomplish ecological sustainability. Positiwlegical modernisations have
been made as the foremost activities to guaraei@mnity with the demands of
local societies. An active cooperation with alloaistof the supply chain allowed
achieving notable successes in the field of enuiemtal protection. These
changes include the following:

* Reduced water consumption,

» The substitution of hazardous chemical agents ledth harmful ones,
*  More efficient wastewater treatment,

» The reduction of generation and better reuse ddgical wastes,

*  Waste recycling, and

* Incineration and energy recovery from wastes.

The analysis of our leather sector indicates thathér technological
development is necessary. This development musidraze with international
standards as well as with the improvement of ttedogical image of the whole
sector. To achieve this aim, the priorities of aesand identified technologies
have been outlined, which will significantly reduttee effect on environment.
Additionally, the implementation of these techndésg may bring notable
financial benefits for entrepreneurs. However, lgude investments require
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significant financial expenses; moreover, the quaif the final product is often
affected. In the ShoeBAT project, realised withinLB-E+ programme of
European Union, data has been gathered on variggtsalailable technologies
(BAT) in the leather sector, including implemertatiexamples, advantages, and
disadvantages of every solution.

One should highlight that Europe plays a significesie in international
leather trading. Italy and Spain, the main Europeatwear producers, account
for 20% [19] of the global leather footwear expprsth the European leather
sector representing 23% of tanned leather produeettiwide [19]. On the one
hand, the European footwear industry consists darge number of small
enterprises. However, there are differences betwesmber states: French and
German enterprises employ on average about 100eveprivhile Spanish and
Italian only 15. The other Member States are pldid/een these two extremes.
For such small companies, it is very difficult txass to the most environmentally
friendly techniques; therefore, the ShoeBAT projmciprimarily addressed to
these SME companies. One should also stress tsitel of small size of leather
companies, in total, the leather sector gives eynpdmt to huge number of
workers. In 2009, the footwear sector covered ZB,&@terprises (including
components suppliers), generating a turnover of Eifiibn and a production
added value of €20 billion, and directly employjl,000 people [20].

1. Best available techniques for tanneries

In the project, the most important considered BAWantioned in BREF
document [1], which is a catalogue of commonly ateé as the best available
technologies in the EU, were considered. Below vesgnt a review of several
BATSs, including their advantages, disadvantaged,esample applications.

1.1. Chromium-free tanning

At the moment, the most dominant method used indaes is processing
leather with chromium salts. These chemical agergsonsidered as hazardous
(EU Directive no. 2002/95/WE). Even small quansitaf hexavalent chromium
may negatively affect human health. Contact withtaminated substances is
associated with occurrence of allergic symptomsxadalent chromium
penetrates cell membranes. When it enters thescellérior it is reduced to
trivalent, which releases electrons damaging thiscenembrane. Then it
participates in the formation of the complex comuuats first of all with DNA,
which leads to its deterioration and consecutitieé/occurrence of cancer [2].

Admittedly, restrictive legislation practically hasompletely eliminated
CrVI; however, at the moment also Crlll is consa&terto be potentially
dangerous. Additionally, there is always a riskrahsformation of “harmless”
Crlll into harmful CrVI [3]. The alternative for comium technologies have
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been known for ages and had been used long bdferehromium salt solution
had been developed. Vegetable tanning methodsharfotemost technologies.
In comparison to the chromium technology, the vaiglet method is inferior in
many aspects. First of all, the rheology parametéithe product are affected.
Therefore, research to substitute chromium withkeogubstances continues to
take place, for example, titanium.

Titanium has a proven usefulness for the produatideathers. It is a non-
toxic metal that has several advantages. Titanailsidcompatible, inert, gives
no allergic response.

Titanium bounds with leather’s collagen in an agalal way to chromium.
An unguestionable advantage is that titanium faatés production of leathers
in a wider range of colours. It is deprived of tigomium-tanning disadvantage
— the occurrence of a blue tint, whereas titanivsnnéd leathers are
characterized by a yellowish tone, which allows thaners to obtain pale
colours. The application of the technology doesreqtiire any additional costs;
however, it also brings no significant savings ahé main advantage is
diminishing the effect on the environment (elimioat of chromium, less
chlorides and sulphates, grease and oils needdxhfos) [4].

Titan tanning technology has been introduced ineisvtanneries, for
example, in INCUSA Tannery in Spain.

The other tanning technology, which may be usedeats of chromium
salts, is tanning with oxazolidine compounds. OXdites are saturated
heterocyclic compounds prepared by reacting pringmino alcohols with
formaldehyde. Monocyclic or bicyclic oxazolidinengi structures are formed,
depending on the choice of starting chemicals Thhanks to this technology, it
is possible to obtain more biodegradable leatheith &n appearance and
properties suitable for the manufacture of shoessadiner leather goods.

In relations to the effect on environment, the paters of produced
effluents are comparable with chromium tanning, ferformed analyses have
proven better biodegradability. Moreover, therehigher probability that
chromium-free effluents may be reused, for examiplagriculture.

Regarding the proportion of oxazolidine used (3566), no differences
were found in the leathers, which promotes the econ viability of the
technology, since the higher oxazolidyne cost comgbao chromium salts
(2.5+3 €/kg for oxazolidine versus 1 €/kg for chiom salts) is compensated by
the lower dosage (3% of oxazolidine versus 8% obiciium salts).

Despite of numerous research projects that conflren high quality of
oxazolidine-tanned products, as well as the faat thady-to-use formulas are
available on the market (MP Angus Company), thedaies approach with fear
to the implementation of this technology and oneuth assume that the
chromium tanning will still dominate in the futur€herefore, the eco-friendly
technologies for tanneries using chromium are gfartance. An example of
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such a technology is the separation of chromiuns $adm the aqueous effluent
stream by precipitation, with dewatering of the gipdate. The precipitated
chromium may be used as a partial substitute feshfrchromium salts or the
chromium sludge may be used as a raw material bthanindustry. From the
chemical point of view, chromium recovery is a sienprocess, but it needs
strict analytical control and requires special pquént such as the following:

» A separate tank for collecting spent chromium tagdiquors;

» Material to analyse the chromium content, acidity] alkalinity;

» A tank with stirrer and pH control for adding thight amount of alkali for
the precipitation;

* A sedimentation tank for chromium hydroxide setjin

» Afilter press or centrifuge for the chromium hyxiide sludge; and,

A tank with stirrer and heating equipment for thesplution of the
chromium hydroxide by concentrated sulphuric acid.

In the case of double precipitation, the use o$ifd®our to absorb fats and
other chemicals present in the spent chromium tanhguors is necessary —
more filter presses, more chemicals, more timesipiired, and consecutively
the higher costs are involved.

The liguors containing chromium are collected Bpacial tank, after which
the chromium is precipitated by addition of an &lka&he precipitated
chromium is separated from the supernatant, aftéchwthe chromium sludge is
dissolved in concentrated sulphuric acid (for 1GgO; as precipitate about
1.9 kg HSO, is required). The supernatant is generally digprto the
effluent. Any alkali will precipitate chromium, buhe stronger the alkali, the
faster the rate of coagulation. Below we presewtrsed options:

* Sodium hydroxide or sodium carbonate will lead tfast precipitation and
voluminous sludge;

» Fast precipitation with additional agents (poly#lelytes) to facilitate
coagulation has the advantage that only simple tiimg is necessary;

» Slow precipitation, e.g. magnesium oxide, giveseaseér sludge, which
allows for decanting. (Another advantage of the o&gO is that any
excess addition will not cause the pH to rise beybd, so that any sludge
redissolving at higher pH levels is avoided.)

Based on reports, the recovery processes are @ffiteent (even 99.9%).
The recovered chromium sulphate solution can bgcted into the tanning
process by replacing up to 35% of the “virgin” amiaom salt. Italy and Portugal
each have one common chromium-recycling unit. Thentpin Italy was
designed to receive 400-500° raxhausted floats per day from about 250
operators and produces 2000 kg@zrper day. The tanneries mostly use a
mixture of 1 part recycled to 2 parts fresh chramisalts. The primary driver
for establishing this plant was economics, becaarsergy is saved because
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neutralization and filtration take place withouetheed of heating. Of course,
environmental reasons were also taken into accouoivever, one should
remember that chromium recovery requires the usealkdli, acids, and
auxiliaries. Consequently, the quantity of neutsallts discharged to the
also has the disadvantage that a slight changkeircolour may occur, since
organic compounds can produce a greyish tint. df dbhieved quality of the
final product is negatively affected by the usere€overed chromium, the
chromium can be used for tanning of split. The diisatages are not as severe
as in recycling the liquors, because the conceatratf organic compounds,
which is usually low, does not disturb the precifign process. Chromium
recovered in this way resembles, in a higher degtiee quality of fresh
chromium; therefore, this technique of chromium cppitation tends to be
favoured over direct chromium recycling.

The technique can be implemented both in new amstiey plants. It is
independent of any local conditions and can beihtced in any tannery using
chromium as a tanning agent. In practice, it hankapplied in larger tanneries
or in common effluent treatment plants. It is ngipropriate for treating
effluents from high-exhaustion chromium tanning.

The advantage of slow precipitation is that no gtweent in filtering
equipment has to be made. However, it should besstd that slow
precipitation may not always be technically possibas fat and protein
impurities may interfere with the settling of theegpipitated chromium. In
conseqguence, the economic feasibility will dependh® exhaustion rate of the
chromium-tanning agent and the quantity of chromiligmors generated. In
general, the lower the exhaustion rate during teaind the higher the volume
of the floats, the higher the economic feasibilitg, 15].

Data from 2004 indicates that the investment casafchromium treatment
plant for the treatment of 100 m3 water containihgomium is approximately
350 000-450 000 EUR.

Several central chromium recovery installationsehbeen constructed in
European tannery conglomerations in order to befrefin economies of scale,
e.g. Consorzio Recupero Cromo SpA, in Italy. Sonthvidual tanneries have
also been able to implement chromium recovery ta si.g. in Germany (e.g.
Bader and Gmelich) [16], and Italy and Sweden (ES8weeden AB) [14].

1.2. Replacement of hazardous chemical substanaegh environmentally friendly

Chromium salts are not the only substances that fammful for
environment. In various stages of production, thera need to use chemicals,
and an opportunity to introduce BAT.
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Such a production stage is finishing. To achievatamactive and desirable
effect, leather is treated with various chemicdistances, dyes foremaost. Some
dyes and pigments (particularly yellow, orange,egjecontain heavy metals,
such a cadmium, lead, chromium (V1)), which shduddreplaced by compounds
based on organic substances. Unfortunately, orgagioents are less effective
in concealing leathers’ defects than “metallic’mpients; therefore, applicability
of “organic” pigments is limited to high qualitypat- and scar less leathers.
This limitation also affects the cost-benefit rasioce, despite of the fact that
changes in production cost resulting from slightigher price of “organic”
pigments is insignificant, due to necessity to higg quality leathers, the final
price is notably higher. Despite of this disadvgsetathe technology has been
implemented in several tanneries — in Spain isiduin 95% of the plants.

Another processing stage where the BAT may be doited is the
degreasing stage. There is an option to replaagbahted organic compounds
either by non-halogenated solvents or by changingr ado an aqueous
degreasing system. The linear alkyl polyglycol ethearboxylates, alkyl ether
sulphates, and alkyl sulphate can be applied.

In the stage of aqueous degreasing of sheepskiae ts a possibility to
use of linear alcohol ethoxylates instead of alkgipol ethoxylates. Surfactants
are used in many different processes throughouttdéheery, e.g. soaking,
liming, degreasing of sheepskins, tanning, andrdyeNonylphenol ethoxylate
(NPE) surfactants were used in the leather industrthe past. NPEs can be
degraded to smaller chain NPEs and nonylphenoh bbtvhich are toxic. The
European Union carried out an extensive risk ass&sis of nonylphenol that
concluded that nonylphenol displays an endocrisedgiting activity. The use
of NPE in leather processing is now restricted urtde REACH regulation. Its
use is banned, unless there are adopted such resaghich prevent release to
waste water or there are employed systems withiapgeatment where the
process water is pre-treated to remove the ordaadtion completely prior to
biological waste water treatment (degreasing oéphkins) as it is specified in
point 46 of Annex XVII of the regulation [11]. Imheepskin processing, a closed
loop cycle is adopted in order to avoid dischargdsoctylphenol and
nonylphenol ethoxylates. The main alternativeshim degreasing of sheepskins
are linear alcohol ethoxylates with different chdémgths and ethoxylation
degrees. The efficacy of C10 linear alcohol ethateylas a degreasing agent is
comparable to that of NPE. In this application, anaphase with very low
surface energy is formed that is converted intoagrnosemulsion. A process for
the recovery of the surfactant and fat by solvastilihtion using heptane and
ethanol has been demonstrated on a pilot scale Tt¥ best recovery rate
found was 75%. Each one of the aliphatic ethoxgletcohols has distinct
properties, so that the process design differs riilipg on the material chosen;
therefore, the process requires more attention tealized with “standard”
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methods. On the other hand, an advantage of theaégy from the point of
view of the producer is the lack of the necessftpreliminary purification of
effluents before the biological purification.

The other substances containing halogenated cordsoware flame
retardants. Actually, firm leather with a densedilinterweaving is itself more
flame resistant than other leather types [8]. Tlwees flame resistance is
possible by applying appropriate syntans and thitiad of melamine resins in
the retanning process, as well as by selectingldeitfatliquors. Furthermore,
the application of, e.g. ammonium bromide, leads tiame-retardant effect that
is sufficient for some applications. As an alteiveatto brominated flame-
retardants, phosphorus compounds, such as ammaulyphosphate, may be
applied. Additionally, silicon polymer products dsi finishing can give some
fire resistance, in that they burn to leave a wgsiof silica (Si@) which protects
the leather. The advantage of the technique isitltan be applied to both new
and existing installations. Unfortunately, for sotypes of leather, the affinity
to the leather is insufficient. The flame proofiafjsome types of waterproof
leather may still require the use of halogenateshtbals. The technology has
been introduced in large number of installationEumope.

1.3. Reduction of water consumption

The tanning sector is commonly considered as vzaesuming, so it is not
a surprise that tanneries are looking for solutioeducing water input. Of
course, the concern for environment is not a sedson. The cost of water and
resulting management of wastewater is, at the mgroae of the most notable
component of costs. One should stress that therityagd Polish and European
tanneries, even those that represent an “averageél,| have achieved
significant success in this field. According toteria related to the “ecolabel”
award, the following limits to water consumptiorr filne tanning of hide and
skin shall not be exceeded [6]:

*  Hides: 35 nit,
«  Skins: 55 rit.

Based on IPS’s knowledge, most Polish tanneried these requirements.
Regarding the other countries, a water consumptafn approximately
12-25 ni/t (for bovine hides) can be achieved if the tagpraperates efficient
technical control and good housekeeping. The ecant@asibility of a change
in consumption to this level depends greatly ondb&t of consumed water. In
Germany, some tanneries use 15-28t.mA tannery in the Netherlands,
processing bovine hides, uses about 38.m

The way that is possible to reduce the amount aémeonsumption is to
adopt various technologies, for example, purifyamgl storage of wastes used
at the initial stages of production. For the pugpad the secondary use,
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post-tanning and post-dyeing water is purified ipedimentation tank and used
for soaking in the liming drum and as post-limingshes. Acidic effluents are
purified mechanically and then alkalized and sedii& with the addition of
polyelectrolytes and metal salts. The obtainedfigariwater is used for soaking
in the first rinse stage after liming. Water frohe tsecond soaking after liming
should be collected and sedimented and may befosdle first soaking. Due
to high sulphide and organic contamination, thet fiinse requires the treatment
to be purified. This technique provides savingsatdo 20% of total water
consumption. On the other hand, the side effeclsidie a build-up of the salt
content, an increase in temperature, as well adlems arising during
biological treatment of the effluents. One shoukbaake into account higher
energy consumption and a more complicated producgocheme, which
consecutively may require increased employment. éd@w calculations based
on data obtained in the reference company with rapleyees (Josef Heinen
GmbH & Co. Kg, Wegberg) assume that average sawangt0 000 EUR per
year and there was no reported any deterioratiaquafity [9]. It was achieved
at the investment cost of 298 000 EUR.

In Poland, the sensible solution seems to be theagament of rainwater.
The amount of rainwater that falls onto a tannéey will vary according to the
weather pattern for the locality. It is good preetfor rainwater falling on the
roofs of the buildings to be collected separateiyrf the process effluent so as
to reduce the volume of water requiring treatmimhay be useful to store it for
use both in process operations as well as for génee (cleaning).

A further reduction in water consumption can beaotsd if rainwater
falling onto all area of the tannery is also diedrtaway from the process
effluent stream. Rainwater from paved yard areawliich spills of process
substances (chemicals) are present is collectacescess effluent; therefore, it
is recommended to design operations so that thet giara used is as small as
possible, so as to minimize the amount of rainwetdected [7].

The other question is cost-benefit ratio of theestment. In Poland, on
average, there is reported 600 mm of rainwateryper. So it is possible to
gather (theoretically) 6 000°hper hectare, which (based on ecolabels criteria)
is enough to process about 171 tonnes of hidesrdtks for delivery of water
and collection of sewage vary in various areasaém, but, for the assumed
cost of 15 PLN, the potential saving are 90 000 PLN

1.4. Reduction of chemical content

Regardless the efforts to substitute the hazardments with harmless
ones, there is always a necessity to use agertartha potential burden for the
environment.
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It is possible to achieve by the rearrangement rofipction stages. An
example of such an approach is to split leathéhénearlier stage of production
to reduce the amount of leather to be treated vetining agents (obtained
wastes are not subjected to the further treatm@&ayings in chemicals per
square meter of the final product during the stiagieveen liming and shaving
are directly proportional to the weight of wastengrated in the lime splitting;
moreover, eventual non-tanned wastes are less hlatonfthe environment and,
in comparison to the tanned leather, comparative®yl biodegradable. The
technology’s inconvenience is the fact that leatpdit after liming may require
more shavings after tanning since splitting aftairlg is less precise. It may
lead to the generation of more wastes. Thereforgpplications where more
uniform and exact thickness is required, the difteing splitting is unavoidable.
Moreover, in the case of extremely thin leatheterdiming splitting may result
in diminished efficiency of the splitting proceds. such cases, after tanning
splitting may be a recommended solution, sincesfilié leather may be used in
further processes [13].

Theoretically, this technology may be used in aid aew installations, but
it requires purchase or modification of splittingachines. Machines used in
after liming splitting and post tanning splittingeegenerally identical; however,
it is necessary to introduce some modifications remprecisely, there are
required rollers of different hardness and roughndee to these disadvantages,
a single machine cannot be used for both methodwpldfing simultaneously.
Investment costs include about 140 000 EUR per spditting machine. In case
of a used machine, the cost may be significantyced.

The other option to reduce chemical agent consumpis to use
“intelligent” chemicals. An example of such a s@utis to carry out dehairing
by dissolving the hair root rather than the wholgr.h Consecutively, the
concentration of hair breakdown products in thduefit is reduced. The hair
comes out of the follicle without being macerated #s structure is preserved.
The obtained hair may be managed by various metidtdwugh it is difficult
to find an economic outlet, hair can be reusedllasgf material or as a fertiliser
(low rate of releasing nitrogen). An example plamBweden has implemented
hair-saving since the end of 1998 for all produttibhe generated hair is used
by local farmers as a fertilizer [10].

Generally, sheep wool and goat hair are easieretb $he biggest
advantage is that hair is not included in liquiflueints. Hair has a very high
organic load; therefore, its presence in effluewdsild result in high production
of sludge. Additionally, there is a lower volume siudge for disposal or
treatment (The volume of sludge is reduced by 1%-3Mere are also reports
that there may be obtained a reduction of the amofisludge dry matter to
100-110 kg per tonne raw hide). Moreover, a savimgvastewater treatment
chemicals is achieved.
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The hair-save dehairing techniques are based ordifferent chemical
behaviour between the proteins keratin and collagamilagen is the leather-
making protein of the hide while keratin is the dhble protein, stabilised
through disulphide (-S-S-) bonds. The resistancekefatin to chemical
degradation can be substantially increased byniexat with alkali (but without
sulphides). The alkali transforms the sulphur ctiogs into different, highly
resistant thioester bonds. Mature keratin is mucieneasily immunised than
immature keratin. This increases the differencelégradability between hair
and hair roots; thus simplifying the hair-save dehg technigue. Immunisation
can be achieved by using sodium hydroxide, limecalcium hydroxide and
usually takes 1-1.5 hours. Several commercial $aie techniques are
available on the market. One should admit thesdtisols are not suitable for all
types of raw hides and leather products. In Itélys technique is applied to
bovine hides for footwear, leather goods, and wibkof, but not to bovine
leather used for the production of sole leatha@pajoatskin.

A hair-save technology for sheepskins, called jantconsists of the
application of a semifluid paste on the flesh sidléhe skin, composed of an
inert material (kaolin or other) containing sulphidnd lime. The treatment is
carried out in a warm environment (max. 30°C) aia$ several hours [18].

Modern hair-save dehairing techniques include speeguipment for
recirculating the float and separating the hairir H&paration is preferably
carried out simultaneously with hair loosening, ae to minimise the
degradation of the hair [13].

The technigue requires capital investment for @gstanneries. The basic
investment includes cost for a drum (wooden, sixeddmetres) equipped with a
system for recycling water and with a filter forimeemoval is around EUR
100 000-130 000. Besides this cost, there will dsscfor the reinforcement or
construction of appropriate concrete foundations. éxisting drum can be
rebuilt introducing channels and washing systemetgcle the float in order to
separate the hair. The cost is estimated at EUR-SDO0O0O.

Examples of tanneries that introduced this BATEImo Sweden AB, Rino
Mastrotto Group — Division Calbe (ltaly), Lapuanh¥a (Finland) [14].

During deliming, there is eliminated the alkalinitpused by lime on the
collagen. Ammonium salts (NH4CI) are usually used this process. At the
moment, it is recommended to replace it by wealawig acids. Examples of
such substances are Magnesium lactate, organis sieah as lactic acid, formic
acid and acetic acids, or esters of organic a&idgironmental benefits that can
be achieved using this technique are reductioritaigen in the effluents and a
reduction of gaseous ammonia. The deliming prodacts usually based on
various organic and inorganic acids, esters of agilic acids, non-swelling
aromatic acids, etc. A deliming auxiliary basedesters of carboxylic acids will
normally be added at a concentration of 1.5% on weight. These agents
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increase the COD load [13]. No data have been ramdiable to evaluate the
substitution of ammonium in the effluents againshigher COD load and
against the effects of the various substitutes imeatl above.

The technique can be applied to both new and egigtiants. Negative
opinions have not been reported on the qualitythencontrary, positive effects
on the quality of the pelts are observed.

A significant disadvantage is that ammonia-freaéndiely with commercial
products may be more than six times as expensigelaring with ammonium
salts; on the other hand, less bating agent isesuiesitly needed. [12, 13].

Conclusions

Within the ShoeBAT project, there have been idedifnearly seventy
BAT for tannery and footwear industries, which given opportunity to nearly
every company to improve their eco-friendlinessyéeer, many of these BAT
are beyond the capabilities of various tannerieanning process requires
several stages to process a leather from raw higd¢e high quality leathers. It
is not possible to make the whole process complet@lironmental friendly; it
simultaneously offers a great opportunity to immgrosven a single stage.
Entrepreneurs, encouraged by legislation (ban garabechemical products) as
well as increasing cost of management of sevemymts (for example water),
have developed/introduced various methods. Theaicessful implementation
depends on several factors, sometimes indepenflém entrepreneur (climate,
availability of raw materials). Additionally, tanres in Europe are under heavy
pressure of competition from countries (Pakistath ladia foremost), which (in
practice) do not take care of the environment dratefore may offer much
cheaper products. Therefore, European tanneridsrebatroduce any BAT,
have to take into account many factors, mostly envoal. One should admit
that some investments may be supported finandsi§eU, but this support is
limited only to initial investments, whereas regudectivity (e.g. purchase of
chemicals) is entirely on the entrepreneur.
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Promocja najlepszych dosgpnych technik oraz proekologicznych
rozwigzan dla przemystu skorzanego véwietle prac prowadzonych
w projektach programu life+

Stowa kluczowe

Slad weglowy, najlepsze dogbne techniki, BAT, przemyst skorzany, O
protokét z Kioto.

Streszczenie

Oddziatywanie na@rodowisko i jego ochrona odgrywsagoraz istotniejsg
role w trakcie prowadzenia dziatalém przemystowej. Przemyst skérzany od lat
stara sj dopasowé do wzrastagjcych wymaga. Najlepszym przykiademas
zmiany w garbarniach, ktore znace zmniejszyly emisgj zanieczyszc#e
Obecne czasy stawigprzed producentami nowe wyzwania. Wzrasta presia,
zmniejszy poziom generowanych przez przemyst gazow cie@agmh. Do
promowania najlepszych depnych technologii (BAT) i obrenia sladu
weglowego” produktow wiczyta sé rowniez Unia Europejska, finansig
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szereg projektow. W obszarze przemystu skdrzanemykladem takich

projektéw g ,ShoeBAT” oraz ,CQShoe” realizowane w ramach programu

LIFE+. Oprécz opracowania nadzi do obliczania wplywu dziatalsoi

przedsg¢biorstwa nasrodowisko oraz dostarczania przetsbrcom wiedzy na

temat niskoemisyjnych technik, w ramach tych prijek s zbierane

i opracowywane dane dotygz postrzegania kwestii ochroénpdowiska przez

przeds¢biorcédw z brany skérzanej z takich krajow jak: Polska, Hiszpania,

Portugalia, Wtochy, Belgia.

Prowadzone dotychczas badania pozwolity sformutoweastpujace
whnioski:

1. Znajomé¢é BAT oraz problematyki emisji gazow cieplarnianyalérod
przedsgbiorcéw z brany skdrzanej jest niska.

2. W znacznej c#ci przedsgbiorstw, zwlaszcza z brap garbarskiej,
stosowane g przestarzate techniki i procesy stwagzaj zagraenia dla
srodowiska. Niektore z przedsiorstw nie stosuj sie do regulaci
prawnych, wykorzystuc niewtgciwe techniki i/lub nie monitorgg emisiji.
Uzyskany obraz wiedzy przegsiorcow z przemystu skérzanego na temat

sladu weglowego oraz BAT, a take swiadomdaci ekologicznej, zostanie

skonfrontowany z wynikami przewidzianych w projaktabadéa wsrdéd tych
przedsgbiorcéw, co pozwoli na ocenskutecznéci oddziatywania zbudowanych

w ramach projektow LIFE+ nagdzi promowania prsodowiskowych rozvwgzan.
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INSULATING OIL REGENERATION
AND ITS INFLUENCE ON THE TECHNICAL SAFETY
OF TRANSFORMERS
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Abstract

Insulating oils are the coolants of the transforménding. During the
operation, they are subjected to numerous and gsdvesxtortion; they
accumulate destruction of a variety of productsswiictural elements of the
transformer in themselves and, as a result theggehtheir own properties. The
systematic analysis of composition and charactesisdf the insulating oil
provides information about the condition of the Wehtransformer. The article
presents the results of an investigation of insudatoil condition during
operation of a transformer, and it proposes actionmonitor the insulation oil
and prolong its service life. Regular tests allév@ tegeneration of oil (e.g. by
vacuum treatment, drying) at the right time, whitiminates the need for costly
oil exchange in many cases. Monitoring of the iagob oil also has a large
impact on the technical safety, which is relatedrisik mitigation of major
accidents, such as electric shocking or even toamsfr explosions. The
obtained results confirm the validity of the indirlg oil regeneration process as
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a method for decreasing operating costs, whiclinisilsaneously efficient and
environmentally friendly.

Introduction

The proper functioning of the transformer is deiesd by the condition of
the oil-paper insulation. Transformer oil servesaolant, restricts the access
of air, protects against corrosion, and servesmtat insulating functions. The
main factors that affect the intensity of the tfansier oil aging process during
operation are high temperature, the impact of orytee presence of water, the
catalytic effect of the copper and the depolymeioraof cellulose in paper
insulation. The cellulose insulation is intendedpimtect windings made of
electrolytic copper [1, 2]. The stability of thetisformer insulation determines
the transformer operating time and depends on matyors, such as
temperature, humidity, impurities, winding displammt at points of expansions
and contractions, and vibration [3, 4]. The mordtegk cellulose is, the faster
the process of depolymerization goes. Under tHeente of load and time, the
transformer occurs the aging process. The nomifaldf a transformer is
estimated at approx. 30 years; however, economisiderations have shaped
the trend of maximizing the functional life trangfeers, which entails the need
to carry out the regular inspections, modernizateomd repairs. These actions
are intended to ensure the faultless operatioraattormers [5].

Extending the functional life of a transformer regega the fulfilment of the
following basic conditions affecting its operatifj:

* Protection against external factors;

* Maintaining the temperature and the load;

» Controlling the insulating oil parameters;

* The implementation of maintenance and renovatiod; a

* Conducting a comprehensive diagnosis of the utethnical condition.

One of the primary transformer operation managentents is their
comprehensive diagnostics [6]. Proper control ef tdkchnical condition of the
transformer is based, inter alia, on the deternonadf moisture and aging of
paper insulation, insulating oil moisture measunetmaneasurement and
localization of partial discharge, dielectric lofsctor measurement at high
voltage and winding resistance, transformer windleéprmation detection, and
the investigation of gases dissolved in the oil GDissolved Gas Analygis
[3, 7]. The diagnostic tests selected depend ontype and power of the
transformer. It is necessary to appropriately $edattable research techniques,
because transformer failures have very seriousecpsices, both technical and
economic. For example, these are power failurescastl the costs of repair and
replacement of damaged equipment and facilitieduding the contamination
of the area. An improperly supervised and mainthitransformer can cause
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environmental problems associated with the possitof still commonly used

mineral transformer oils entering into the envir@amn Preferably, it would be
the best to avoid it leaks into the ground and,segaently, contamination of
water reservoir and watercourses [1, 8].

Transformer oil exploitation involves the graduattetioration of its
operating parameters, often as a result of con@ioim which may be
impurities such as sand, corrosion products, miteeofcellulose, or chemicals
such as water, furan derivatives, organic acidd,gaseous products [9].

If irregularities of the technical condition of tih@nsformer or transformer
oil, they can be removed depending on their degfeemplexity.

One of the major solutions is the regenerationhef oil. This procedure
allows improving the operating characteristics, #mas extending the faultless
operation of the transformer.

1. Insulating oil regeneration methods

For transformer oil regeneration, physical, cheiiaad physico-chemical
methods are applied. The selection of the apprprizethod depends on the
degree and the type of oil contamination. Moisttaa be removed by draining
oil, solid contaminants are removed by appropriatefication, and gaseous
products are removed by degassing the transfornheiFar transformer oil
purification, the following methods are applied:[1]

« Filtration,

» Centrifugal separation,
* Sorption, and

» Electrostatic separation.

Filtering methods are based on the use of porousrias and allow
removal of solid contaminants such as metal pasgijclcarbon black,
microfibers, etc. Filtration methods include graWiitration, in which the oil
flows through the filter by gravity forces, pressuiltration, wherein the oil
passes through the filter due to the pressurerdiifee before and behind the
barrier filter, filtration through extrusion, wheme the solid particles are
separated from the oil as a result of extrusioough a filter using a press. The
advantage of filtration methods is their high pssceffectiveness.

The centrifugal methods use the phenomenon of tbeement of the
impurities contained the oil to separate them. Tdtes of deposition of the
particulate impurities contained in the oil depadthe size and the density
difference between them and the oil. In practieey tnethods for producing
centrifugal force field are used: driving the oit icentrifugal rotation in
a stationary apparatus called a hydrocyclone dinguthe oil into a centrifuge,
which is the more popular technique. The advantdgesing these techniques is
the ability to quickly remove water and solid coniaants.
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Sorption methods are based on the selective reteofi the contaminants
using absorbents, including aluminosilicates. SBlely removing polar
impurities improves the colour of the oil, the tmeroxidative stability, and
dielectric properties. The methods of sorption ateduce acidity and the
content of the resins and asphaltenes. A commoptisor method is the
percolation method, which involves passing oil tlglo an adsorbent layer
usually placed in a column. This method may usé Istationary and portable
devices. The advantages of sorption methods aréotheost of the purchase
and maintenance of the apparatus, and the factthlestt do not require high
pressures and temperatures. The disadvantage iprtidem of the waste
management of sorbents.

Electrostatic methods rely on the release of pial@urities (endowed with
a partial electrical charge) that are depositedtlom respective electrodes
constituting the cover of the capacitor. Electristanethods allow for the
removal of moisture as well as solids from transier oils, which translates
into an improvement in the dielectric parameteid amysicochemical.

2. Research methodology

As the object of investigation, insulating oil worl in a 49-year-old
transformer with a power 3.6 MVA was chosen. Thisad not been subjected
to physical and chemical analysis for over 10 yeatsich makes it a suitable
subject for study. Special analysis for insulatirlg collected from such power
transformers were performed, including the follogvivisual evaluation of the
sample oil (clarity, separated water content, th@ent of foreign bodies), acid
number, flash point, and the content of dissolvegtew Analysis of the
insulating qualities of the oil was also performebeakdown voltage,
resistivity, and dielectric loss factor. The usecetmods have a technical
meaning and allow the correct diagnosis of the nimeh condition of
transformers. Appearance evaluation of the transforoil is based on visual
observation of a sample having a thickness of ab0wm in transmitted light at
ambient temperature. This method allows determinthmg clarity of oil, the
presence of visible contamination, and separatederwaWater content
determination was performed by coulometric titmatiosing a Metrohm
apparatus proposed by Karl Fischer. The acid numiasrdetermined by acid-
base titration with a glass burette and titrateehtisals. Determination of flash
point was performed with a Pensky Martens close@ semi-automatic
apparatus by Herzog. To determine the value ofkdi@&n voltage, automatic
apparatus by MEGGER was used. For each sampletemieations were
performed and the relative standard deviation wasd. Measurements of the
resistivity and dielectric loss factor were madagsan automatic oil tester by
BAUR DTL C. The oil resistivity measurements wemrfprmed at a constant
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voltage at a field strength of 0.25 kV/mm after §6conds from the time
of application of voltage. The oil dgmeasurement was performed under
alternating voltage of 50 Hz frequency and an isitgnof the electric field
of 1 kvV/mm.

To examine the degree of cellulose insulation ggihg measurement of
the concentration and changes in the content ahfaompounds in particular 2-
furfural (2 FAL) was performed. The content of farderivatives in the oil was
determined using the authors’ methodology develapadker the guidelines of
the standard PN-EN 61198:2002. Analyses were paddr using a high
performance liquid chromatograph Perkin Elmer epeip with a UV-VIS
detector for separation using a C18 reverse phaseno.

3. Testresults

An exemplary analysis chromatogram of an insulagiihgollected from a
49-year-old transformer with a power of 3.6 MVAsisown in Fig. 1.

2 FAL

;

5.0 55 6.0 6.5 7.0 75 8.0 8.5 2.0 95 10.0

Fig. 1. The chromatogram of the transformer oll

In the chromatogram shown in Fig. 1, the peak dfirflsral is marked.
Based on a calibration curve prepared earlierctiment of 2-furfural in the test
oil is 0.09 mg/kg. Such a low content of this comnpd in the oil provides
minimal cellulose insulation aging, which has thenmegative effect on the
mechanical strength of the cellulose. [10].

The results of physico-chemical properties of iasnf oil are shown in
Table 1. The tested oil successfully passed a vessessment. It was limpid,
and there was no separated water content or tisemee of particulate matter.
Resistivity, the dielectric loss factor, acid numband flashpoint meet the
requirements of the relevant standards. Howevava# found that the value of
the breakdown voltage is lower than required, whichndoubtedly a result of
excessive water content in the oil, which was minigther than the permissible
values. As a result, it was found that the testlo#s not meet the requirements
of the posed insulating oils in transformers grdujn terms of breakdown
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voltage and water content. Allowing such oil to ttone to work in the
transformer without regeneration is therefore ingdds. The oil was
regenerated through the filtration under reducegssure, after its previous
heating to a temperature that allows the simultasedehydration. This
procedure prevents the overheating of the oil durdewatering and its
degradation and enables a reduction of the amdurgai energy needed to heat
the oil. The properties of the regenerated oilski@vn in Table 1.

Table 1. Transformer oil test results

Type of the . Assessment Th_e The oil sampled The oil after
test Unit criteria required from the regeneration
value transformer
The clarity - PN-EN Limpid Limpid Limpid
60296:2012
The separated, - PN-EN Does not Does not contain Does not
water content 60296:2012 contain contain
The suspended — PN-EN Does not Does not contain Does not
solids content 60296:2012 contain contain
The kV PN-EN >40 28.7) 68.8)
breakdown 60156:2008
voltage
The relative % PN-EN <20 19 10
standard 60156:2008
deviation
The resistivity | Qm PN-EN >5x 10 5.8 x 10° 7.4 x 10°
at 50°C 60247:2008
The dielectric - PN-EN <0.07 0.003608 0.003225
loss factor T§ 60247:2008
(50°C)
The water ppm PN-EN <25 31.1 131
content by 60814:2002
Karl Fischer
method
The acid value PN-1ISO <0.25 0.09 0.09
[mg KOH/g] 6618:2011
The flash-point °C PN-EN-ISO >130 154 154
2719:2007
2 FAL content| mg/kg PN-EN - 0.09 0.09
61198:2002

*) The arithmetic mean of 6 measurements

As the presented data show in Table 1, after ifafion under reduced
pressure, the water content was reduced by 70%hwhisulted in an increase
in the value of breakdown voltage to the requimekel. Other parameters such
as resistivity and dielectric lossdtgvere also improved. These data allow
concluding that, as a result of insulating oil nesy by filtration under reduced
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pressure, it is possible to restore the oil propertequired for the insulating
oils used in transformers Group |I.

Summary

In order to assess the technical condition andalsiity for further
transformer operation, a series of diagnostic test® performed. Physical and
chemical properties of the dielectric oil were istigated. Visual inspection of
the sample, the acid number, water content, breakdmltage, and dielectric
loss factor were determined. Based on the testitsestiwas found that the
tested transformer oil does not meet the requirésnér insulating oils in
transformers group Il in operation. The oil con&rntoo much water and had
breakdown voltage below the required limit. The teom of furan derivatives
indicated a good state of transformer celluloselat®n. Taking into account
the results of the analyses, it was decided tonegee the oil such way that
removing the excess water does not degrade th@'wel.oil was filtered under
reduced pressure. As a result of such a treatrttentyvater was removed from
the oil, which raised value of the breakdown vadtag the required level. An
additional benefit resulting from the purificatiohoil and reduction of its water
content is to slow or inhibited degradation of gkelse insulation, which is
hydrolytic and quickly occurs in the presence ofewaQil with such properties
can be further exploited in a transformer in acaoc® with its intended
purpose and technical parameters. However, dubket@ge of the transformer
(49 years), there must be systematic control ostaeof the transformer oil and
its regeneration, when necessary. This will enti#esafe and reliable operation
well beyond its originally estimated service life.

Scientific work executed within the Strategic Peogme “Innovative
Systems of Technical Support for Sustainable Dpueat of Economy” within
Innovative Economy Operational Programme
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No

Regeneracja olejow elektroizolacyjnych i jej wptywna bezpieczéastwo
techniczne transformatorow

Stowa kluczowe

Izolacja papierowo-olejowa, olej elektroizolacyjngliagnostyka transforma-
torow, regeneracja olejéw.

Streszczenie

Oleje elektroizolacyjneasczynnikiem chtodgcym uzwojenie transformatora.
Podczas pracy wdzenia poddawane sne licznym i réanorodnym wymuszeniom,
gromadz w sobie rénorodne produkty destrukcji elementow konstrukogimy
transformatora i, w efekcie, zmienjagwoje widciwosci. Systematyczne badanie
sktadu i widciwosci oleju elektroizolacyjnego dostarczaewiinformacji o stanie
technicznym catego transformatora. W artykule pstaegiono wyniki bada stanu
oleju elektroizolacyjnego w trakcie eksploata@insformatora oraz zaproponowano
dziatania majce na celu kontrel stanu izolacji olejowej i wydienia czasu jej
eksploatacji. Regularne badania pozwgalap regeneragj oleju (np. poprzez
wirowanie, osuszanie) we wtdwym czasie, co w wielu przypadkach eliminuje
konieczné¢ kosztownej wymiany oleju. Monitoring wi@iwosci oleju
elektroizolacyjnego ma réwnie duzy wplyw na bezpiecZstwo techniczne
Zwigzane z ograniczeniem ryzyka wagtnia powanych awarii, takich jak
przebicia elektryczne, a nawet wybuch transfornaatodzyskane rezultaty
potwierdzaj zasadn& procesu regeneracji oleju elektroizolacyjnego jateiody
obnizajacej koszty eksploatacii, a przy tym efektywnejaypaznejsrodowisku.
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THE DISPERSED NETWORKS OF SENSORS

Key words

Coal mining, energy harvesting, piezoelectric epdngrvester, self-powered
sensor.

Abstract

The possible use of self-supplying sensors, whsf energy, lost during
physical phenomena, for monitoring the selectedmpaters of mining machines
operating in areas threatened by methane and/drdosaexplosion hazard, is
presented. Self-supplying sensors are more and oftea used in intelligent
control systems. They use in their supply systehepmena such as heat flow,
the energy of vibrations, or light. The analysiowhd that this technology
could be used in automatics and diagnostics syst#msining machines and
equipment.

Introduction

The results of projects associated with developn@nivireless, self-
-supplying sensor networks for operation in aréasatened by methane and/or
coal dust explosion hazard are given. Analysisasfsible sources of energy to
be used in building the networks of sensors, a$ agethe methods for energy
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conversion and tests on a piezoelectric energyelstey are presented in the
article.

The use of the systems for monitoring the operatigrarameters of the
machines in areas threatened by methane and/ordostlexplosion hazard is
regulated by the 94/9/EC (ATEX) Directive, whicht@dimitations on the
designer. Directive 94/4/EC (ATEX) is a obligatdggal act for the entire
European Union. General requirements concerningelen of electric devices
used in areas threatened by explosion hazard eledad in the PN EN 60079
0:2009 Standard harmonized with the ATEX DirectiRequirements of the
regulations limit the possibilities of the modiftica of existing control and
monitoring systems.

This especially concerns the following cases:

» Extensive technical systems in mine roadways — leeff. conveyors of
length up to a few kilometres for transportatiomui-of-mine;

e Changes in the equipment configuration of the maahiand devices in
mining areas, resulting from the advance of thamgifront;

e The accumulation of heavy machines in a small arghthe necessity of
removing heat; and,

e The automation of technological processes in mirniregminerals to limit
the number of people working in threatened areas.

Bearing in mind the needs of the mining marketl[l], work aiming at the
development of wireless networks of self-supplysgnsors in the machines
operating in areas threatened by methane and/bdasaexplosion hazard was
undertaken. There are on the market systems okimdieg pressure sensors,
which organize communication with use of wirelesgworks, supplied from
batteries [11], which generates a problem assatiatth the duration of sensor
operation and the frequency of measuring datafeans

When building the self-organizing network of wiredesensors [4], it is
necessary to determine an alternative method tplgits components, based on
lost energy during physical phenomena in the smdiowg environment, e.g.
energy of mechanical vibrations [12, 13, 14], tha&rranergy [3], energy of
rotary movement or energy of electromagnetic ramligtl 8].

1. Methods for conversion of energy

There are the following popular methods for enarggversion, which can
be applied undergrounds in mining operations:

The electromagnetic method which uses Faraday's law saying that
electromotive force, is induced in a conductor ethin an alternating magnetic
field. The alternating magnetic field is most ofgmerated by moving magnets,
and systems of coils play the role of conductorl1[® 18].
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The piezoelectric methoduses the phenomenon consisting in generation of
electric charges on the surface of piezoelectrideried under mechanical
stresses. A piezoelectric component is placed dewvce in a way ensuring
maximal use of energy of mechanical phenomena, twbacur in the device
[6, 7, 8, 16, 18].

The electrostatic method includes conversion of kinetic energy of
vibrations into electric energy with use of varlkhpacitor, which is polarized
by operation of electrets (a dielectric materiahttthas a quasi-permanent
electric charge or dipole polarisation). Electrengrates an external electric
field and is the electrostatic equivalent of a pamant magnet [9, 18].

The magnetostriction method is based on the phenomenon of
ferromagnetic materials deformations in magnetidds. The Villari effect is
the inverse effect. The change of dimensions uadeagnetic field can have a
linear or volumetric character [9].

The thermoelectric methodis based on recuperation of thermal energy
[3, 5]. To convert, e.g., thermal energy to eledyj thermogenerators are used.
These devices produce electricity as a result mperature difference and the
stream of thermal energy. There are two main tyfidhermogenerators; those
based on the Seebeck effect (Peltier Cells) andethwsing the phenomenon
occurring in Stirling engines. Peltier Cells aresdx on Seebeck thermoelectric
phenomenon (Seebeck effect), which consists irgémeration of electromotor
force (also calledhermoelectric forcgin a circuit consisting of two different
materials, contacts of which have different tempees [3]. It is the result of
the relationship between the contact potentiaked#ifice between materials and
the temperature. Contact potential is generated &sult of diffusion through
the contact surface of electrons from one maté&siahother [3, 18].

2. Sources of energy available in underground

Considering the specific character of the processalzed in hard coal
mines, the sources of energy, which can be usedgply components of self-
supplying, wireless network of sensors, were idienti Sources of energy
available underground in mining operations areoflews [2, 14]:

Sources of mechanical energy
 The vibrations of machines,

* Rotary movement,
* Braking energy, and,
e  Human motion,

The sources of thermal energy
* The heat from machines and equipment (lost energy),

* The heat from the human body, and
* The heat from rock mass.
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The sources of energy coming from electromagneti@diation:
» Electric motors, transformers, and
* Power cables.
The sources of energy coming from the air flow
* The flow of air in vetube fans, and
* The flow of air ventilating the mine workings.

3. Energy of mechanical vibrations — PiezoelectriEnergy Harvester

Machines operating in underground workings generadlbeations from
rotating components, toothed gears of electric nsptetc., as a result of mining
processes and transportation of run-of-mine.

It is possible to use the energy of vibrationsuppy the sensors measuring
the following parameters:

» The temperature at any place and the change obsem®sition during the
machine exploitation,

» The pressure of medium in a hydraulic system,

» Vibrations (vibrodiagnostics),

e The tension of flight-bar conveyor’s chain, and

e The illuminance of mine railways (suspended monem@and floor-mounted
railways).

Piezoelectric components (piezoelectric transduydeiszoelectric Energy
Harvester) and electromagnetic generators are witsh used components,
which convert the energy of mechanical vibrationsoielectricity. These
components have to be tuned to the machine’s Wiimst or automatic tuning
has to be applied.

Available piezoelectric components most often adapted to operation
within the range 40-250 Hz. The amplitude of vilma¢ also affects
the generated power. After the initial laboratogstt [2], the Piezoelectric
Energy Harvester MIDE V-21BL-ND (Fig 1) was selattéor further tests
associated with use of piezoelectric componentghén process of supplying
the sensors [10].

V21BL-ND transducer has a narrow range of resonfnecgiency, and it is
tuned by adding a weight at its end. Voltage gededrdy the transducer
changes, depending on operational frequency amddueer articulation. The
relationship between power and voltage at an ot frequency 40 Hz is
presented in Fig. 1. The weights that should bel tedoad the transducer as
well as amplitude of articulation, at which a sfiec output voltage can be
reached, are defined in the catalogue card ofrémsducer.
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Tuned to 40 Hz 4.8 gram Tip Mass

0.250 g, Pmax=0. o
0.375 g, Pmax=0. v
0.500 g, Pmax=0.806 mW
1.000 g, Pmax=2.662 mW

3

Pawer (mW)

-5 0 5 10 15 20 25 30
Operating Voltage

Fig. 1. V21BL-ND piezoelectric transducer and iperational characteristics at 40Hz [10]

Piezoelectric Energy Harvester MIDE V-21BL-ND testere carried out
using a diesel engine (Volvo Penta D5AT, whichhis &ngine used in mining
machines). The engine was installed on the testhén order to set torque.
During tests, the voltage generated by the PiezteleEnergy Harvester MIDE
V-21BL-ND, the operating parameters of the inverfieput UIN and output
UOUT voltage), and vibration measurements wererdszh Figure 2 shows an
electronic system of the test rig. A LTC3588 comeemwas used as the basic
element of the electronic system. The followingaoaeters recorded by the
oscilloscope are indicated in the following diagram
* Uy — input voltage, generated by the PiezoelectriergynHarvester MIDE

V-21BL-ND,

*  Uout — output voltage, to supply the sensor (simuléted),

*  Upsoop — System status, the high value of this paramaticates that the
“unit” (the sensor) is supplied by energy of vilwas. The theoretical
considerations assume that, for the proper operatiothe sensor, the
power-on time must be at least 100 ms, which idithe necessary to take
measurement and to send a signal by radio.
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Fig. 2. Diagram of the measurement system [12]
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Verification of the results of laboratory tests rigal conditions was the
work objective. These tests allowed us to deterrhio@ the electronic system
works under changing operational conditions. It wiecided to use the
additional mass of the 2 g installed at the endhef Piezoelectric Energy
Harvester. According to the data sheet, the os$difiafrequency is tuned to
60 Hz. In the study, nine series of measurements waken at various engine
speeds (in the range of 820 to 1796 r.p.m.). Irteke the elements are installed
in a horizontal position (Fig. 3) with a magnetider.

Fig. 3. a) Piezoelectric Energy Harvester MIDE \BRAND installed on Volvo Penta D5AT,
b) test rig [12]
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Fig. 4. An example of the time process of voltaigeals recorded during the test [12]

Then the analysis of signals recorded during tesis made to verify how
the electronic system responsible for the manageroérgenerated energy
works under the simulated load (Fig. 2).

The demand for energy of the temperature senssrcalaulated. It was
found that the sensor has to operate minimum forrh® (UPGOOD signal) to
take the correct measurement and to send the infmmby radio signals. The
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sensor was simulated by adding the load resistRreel0 K2 to the electronic
system. The voltage of simulated receiver is equd.3 V and the current is
0.33 mA.

The sample time process of the signals recordehgltine measurements
are given in Fig. 4. The UPGOOD signal was at Higyel for 152 ms in
intervals of about 320 ms.

Summary

More and more solutions appear on the “energy Isting® devices market,
which is a sign that this relatively new branchuigder development. This is
possible mainly due to the commercialization of demergy electronic systems.
In the case of underground mining in the areasatereed by methane and/or
coal dust explosion hazard, it is impossible toam@mon solutions.

The possibility of using the energy lost in physigaenomena to supply the
components of network self-supplying sensors isgmted. It was proven that
the utilization of the energy of mechanical viboas and energy of rotary
movement is possible.

The laboratory tests of the piezoelectric energydster were made with a
diesel engine used to drive mining machinery. Téwmults of the study allowed
selecting the Piezoelectric Energy Harvester MIDE2NBL-ND to conduct
further research work on self-powered sensor ndtsvarhe results showed that
it is possible to supply the electronic system vaitmicrocontroller and a radio
system by the piezoelectric energy harvester.
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Wykorzystanie energii odpadowej do zasilania rozprsezonych sieci
czujnikow

Stowa kluczowe

Gornictwo, energy harvesting, przetwornik piezoehgleny, czujniki samoza-
silajace.

Streszczenie

W artykule zaprezentowano #iavosci wykorzystania czujnikbw samoza-
silajacych, ktore wykorzystyj energe tracor w trakcie zjawisk fizycznych, do
monitorowania wybranych parametrow maszyn gorniczydziatajcych
w obszarach zagtonych wybuchem metanu i/lub pytueglowego. Czujniki
samozasilace g coraz cgsciej stosowane w inteligentnych systemach sterayani
wykorzystup do zasilania takie zjawiska jak przeplyw cieptagrge drgar lub
swiatto. Przeprowadzona analiza wykazaataka technologia nme by stosowana
w ukfadach automatyki i diagnostyki maszyn iadz gorniczych.
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Abstract

Environmental requirements, increasing costs, anatew usage are
generating the need for closed water cycles irptbéduction processes and for
reclaiming water from sewage. Activities in thisgaed also include the
emulsion fluids used in subtractive machining psses used as mixtures with
90-98 percent water. This article presents a mefbiocecycling waste cutting
fluids consisting in separating of the oil/waterusion and treating the water to
the level that will allow its reusing for technigalirposes. The waste emulsion
fluids that had been used in subtractive steel mauah were subjected to
testing after coagulation, barrier filtration, agsimn, and aeration. The
subsequent processes were carried out using tleoged device. The changes
between the physicochemical properties of the rogittiuid and the reclaimed
water phase were determined to reflect the effentgs of the processes. The
reclaimed water was subjected to a detailed arslgEiits physicochemical
properties, which would consequently determinesitisability for reuse for the
manufacturing of cutting fluid. It was found thats a result of destabilization
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processes and wastewater treatment, the reclainagel wroperties that allow
its reuse for technological purposes were restored. method and the device
can be used in the metal industry.

Introduction

In Poland, the annual consumption of the concesgrfdr metal machining
is at about 8.7 thousand tonnes. These are coatesitintended to be used as
2-10% emulsions or water solutions [1, 2]. Therefdhe amount of generated
waste fluids can reach as much as 87-435 thousamuked. In view of the
complex chemical composition and the presence dafogically harmful
components, the European Commission Decision 26Q(E& of May 3, 2000,
and in the Waste Act from April 27, 2001, deemedsteacutting fluids
hazardous waste [3, 4]. In contrast to other wadtesy must be treated
separately in regards to the disposal and they brisendered harmless [5, 6].
The most effective technique for the disposal oktacutting fluids is the
separation of oil/water emulsions and the maximegovery of the resultant
ingredients. Due to more than 90% water contentjngmortant step in the
recycling of cutting fluid is the separation of dsian into a water phase and an
oil phase. Subsequently, the treatment of the obthiwater phase must be
rendered to a state allowing its reuse for tecthmogposes or safe introduction
into the wastewater system, and the maximum deps§isgparated sludge must
be reached. As a result, this leads to minimizireggmount of produced sewage
of hazardous waste and protecting water resoureey.[

For separating waste water-oil emulsion, chemigaiysicochemical,
electrochemical, and physical methods are usedn{¢hémethods are based on
the destabilisation effects of selected chemicahmmunds on the Stern ion
layer surrounding individual droplets of oil, theheir coalescing and the
production of emulsion. Physicochemical methodduihe the small droplet
process of aeration, the evaporation of the wabase, flocculation, and the
destruction of the oil phase by special strainsbatteria. Electrochemical
methods are based on a process of the destahilizati emulsions in an
electrostatic field and electrocoagulation. Modgtmysical methods include
filtration, using membranes working in the micradaultrafiltration. Especially
effective is the de-emulsifying method using spiécimtroduced components.
They are inorganic salts of metals and inorganidsaor polymeric organic
compounds. In addition, carbon dioxide and hydrogeroxide can be used.
[10-14].

The article presents a method and a device foradiising waste cutting
fluids by chemical methods and a multi-step wastewaeatment of the water
phase.
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1. Characteristics of the method and the device f@ecycling of waste
cutting fluids

Waste cutting fluid recycling occurs in two basiages — destabilisation of
the fluid and the treatment of the separated walt@ise. The diagram for this
method is presented in Fig. 1.

] Destabilisation of !

[ Waste cutting fluid the waste fluid

[ Separation of the phases]

K v N :
[ Oil phase ] [ Water phase ] [ Solid contaminants ]i

_______________________________________

Concentration | ! Filtration Treatment of

reclaimed water

Adsorption

Filtration

Fig. 1. Diagram of the recycling method for cuttihgd

The destabilisation of the fluid is achieved by fitecess of coagulation.
Prior to the process, the Chemical Oxygen Demaneveduated. The COD
assessment allows a preliminary estimation of thecentration of coagulant
required to effectively destabilize the fluid. Senevaste cutting fluids are
characterized by very diverse chemical compositiosiiitable type of coagulant
is selected at this stage. The process utiliseanazgpolymer coagulants and
sulphates of aluminium and iron. The coagulatiarcpss runs in the processing
Tank I, at room temperature. In order to carry destabilizing of the fluid,
small portions of the coagulant are introduced rdurimixing. Contact of
components is maintained for 30 min during contusicstirring. This is
followed by a process of settling and sedimentatidter a clear separation of
the water and oil phase (20-24 h), the oil phag#ramed from the tank. It is
transferred to the filtration press, where it ibjeated to a process of filtration
and concentration. Meanwhile, the water phase igested to a process of
treatment by the barrier filtration method. Thegass lasts for 30 minutes, and
after this time, the water is pumped to procesdiagk Il, where the water is
subjected to adsorption and aeration or just aeratThe quantity of the
adsorbent necessary to carry out the process dementhe rate of the COD
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indicator of the reclaimed water phase. In ordercaory out the process of
adsorption during mixing, the absorbent is intralidnto the water. The

mixing lasts 30 minutes. After this time, the waitersubjected to a filtration

process, while aeration may be conducted befoedter the adsorption process.
Optionally, instead of aeration, a deep oxidatieaction can be applied. The
treatment is carried out until the required paramseare obtained (Tab. 1). The
guality of the water described by the parametessificient for reusing it in the

manufacturing of cutting fluid [15].

Table 1. Criterial values of recycled post-emulsiater

Parameter Criterial value Research method
COD, O mg/dn? <1000 PN ISO 6060: 2006
Total organic carbon, mg/dm <200 PN-EN 1484:1999
pH 6.5-9.0 PN-EN I1SO 0523:2012
Dissolved substances content, mgidm <500 PN-C-04541:1978
Organic compounds content, ppm <10 Infra-Cal aealys

The processes of the destabilization of waste rgtfiluids and the
treatment of the separated water phase are camiedsing the developed and
manufactured device shown in Fig. 2.

Fig. 2. A device for the recycling of waste cuttiiwgd
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Technical specifications of the device are as fadlo

« Destabilizing output — 200 d24h

« Filtration output — 100 dith

«  Aeration output — 120-150 dmin,
» Qil fraction separation output — 30 d40 min

» Filtration size —5-15um

» Processing tank volume —200Hm

» Electrical supply —-380V, 50 Hz

* Semi-automatic control.

The basic technological modules are the following:

» The destabilisation module for waste cutting flwidhich is used to separate
oil and water phase in the fluid;

* A module for sludge separation and thickening, Wwhaéms to isolate the
separated oil phase and to concentrate it by sépgraut the remaining
water;

e The barrier filtration module, which is used to wam solid pollutants from
the separated water phase; and,

» The post-emulsion water treatment module, whickdsigned to remove
dissolved organic and inorganic components fromwtaer.

The modular construction of the device allows aogfiguration according
to the technological needs.

2. An example of the recycling process of wastetting fluids

Using the constructed device, the recycling of usatting fluids was
performed. There were two types of emulsion fluldsthe first stage, the type
and amount of coagulant was selected, which isimedjtio carry out the process
of the destabilisation of the fluid. In both casiésyas the hydrated aluminium
sulphate. The coagulant concentration was 0.25%Ffaid 1, and 0.28% for
Fluid Il. The water separated after the destaliiisaboth for Fluid | and Il was
subjected to barrier filtration by a set of thrdeefs with a filtering size of 5
pum. Next, the purified water from Fluid | was aedhtand subjected to
adsorption using solid adsorbents. The adsorbest WMeaching earth with a
maximum grit size 0.2 mm and specific surface are@d5 m3/g. The aeration
supported intensive growth of bacteria and biolalgiceatment of water. The
aeration process lasted 10 days at room tempera&dserption was performed
at 5% concentration of bleaching earth, also amrt@emperature. Tab. 2 shows
the change of physicochemical properties of wasténg Fluid | subjected to
the process of coagulation and of the separateeradter aeration process and
adsorption.
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Table 2. Changes of physicochemical and microbickigproperties of waste emulsion cutting
Fluid | after subsequent treatment processes

Waste | Reclaimed| Water after] Water after
Research method . . .
Fluid I | water phas¢ aeration | adsorption
COoD, & PN ISO 6060: 2006 45 00Q 5100 2 300 800
mg/dn?
oil S‘;me”t' Infra-Cal analyser 29 000 70 50 15
pH PN —EN ISO 10523:2012 6.8 6.6 6.3 6.0
Bacterial dip slide 16 10 10 10
content
Fungus conten dip slide medium medium mediym madijl
Conductivity PN-EN 27888:1999 - - 1.06 1.10
mS/cm
The content of
dissolved PN-C-04541:1978 - - 0.5 0.4
substances, g/
Total organic PN-EN 1484:1999 - - 650 120
carbon, mg/drh

Waste cutting Fluid | was characterised by a hightent of oxidating
organic and some inorganic biodegradable componetich is indicated by
the high value of the COD. It contained many oilmpmnents and was
contaminated with bacteria at a high level and viithgus at a medium level.
After destabilising, the separated water phaseah@dold lower value of COD
and 400-fold less oil content. Microbiological camination did not change, but
there was a slight change in pH towards an increasacidity. After the
subsequent processes of aeration and adsorptidumthteer reduction in the
content of organics and oils occurred in the flandl a slight increase in acidity.
After the adsorption, the fluid conductivity, whickflects the presence of ions
(cations and anions), increased slightly, whichld¢dae a result the introduction
of ions from the bleaching earth in the acid usedua activator. The value of
total organic carbon decreased more than 5-folde Thicrobiological
contamination of the fluid remained unchanged.dswecessary to disinfect the
water phase with UV radiation, which reduced comtation of bacteria to a
level of 103. The fungi content was not found. Aseault, the treated water,
separated from the waste cutting liquid reached|¢wel of properties that
allowed its re-use as a thinner for cutting fluahcentrates.

Because waste cutting Fluid Il did not contain beat or fungi, in the
process of treatment of the separated water phasation was replaced by deep
oxidation. The basic reaction reagents were hydrogeroxide and ferrous
sulphate. The process was carried out at a tenyperaf about 70°C, in the
presence of a catalyst. After oxidation, the watas subjected to the adsorption
process using bleaching earth at 3%. Tab. 3 shdws changes in the
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physicochemical and microbiological properties ofste cutting Fluid I
subjected to the process of coagulation and tredtmfthe separated water
phase.

Table 3. Changes of physicochemical and microbickigproperties of waste emulsion cutting
Fluid Il after subsequent treatment processes

Research method Wasté Reclaimed| Water after] Water after
Fluid Il | water phas{ oxidation | adsorption
COD, .
0, mg/dn? PN I1SO 6060: 2006 66 00Q 8100 290Q 750
oil ggme”t' Infra-Cal analyser 37 000 90 60 8
pH PN —EN ISO 10523:2012 7.3 7.0 6.9 6.6
Bacterial L
dip slide none none none none
content
Fungus conten dip slide none none none nong
Conductivity PN-EN 27888:1999 - - 111 111
mS/cm
The content
of dissolved PN-C-04541:1978 - - 0.8 0.8
substances, g/l
Total organic PN-EN 1484:1999 - - 700 100
carbon, mg/drh

Compared to Fluid I, waste cutting Fluid 1l contdna larger amount of
organic and inorganic pollutants, susceptible ® #ction of oxygen (higher
COD) and oil ingredients. However, they did notteam bacteria or fungi. After
the coagulation, the separated water phase waaathesed by the COD value
that was 8-fold lower than the fluids and oil caoriteof 400-fold lower.
Subjecting the water to subsequent treatment psesesesulted in further
improving its quality. As a result, the processadborption and deep oxidation
applied in the separated water phase resulted tairohg high-quality water.
The treated water had a low COD value, practicatlgtained no oil, was not
contaminated with bacteria or fungi, and the cotsterf the soluble substances
and substances present in organic compounds was Toe high level of
assessed properties allowed its re-use in techyolog

Conclusions

The results of research showed that the describeithad for recycling
waste emulsion cutting fluids, implemented using tonstructed device,
provides the means to reclaim the water used ®ptkparation of these fluids
and to give it a quality suitable for its reusetéthnological processes. The
treated water was characterised by low values dfcators reflecting the
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presence of compounds dissolved and suspended ter,warganic and
inorganic, oil ingredients, and cations and anioftsis indicated an effective
destabilisation of waste fluids, a separation efwater phase, and the removal
of the remains of the cutting fluid and coagulammponents. Using the
developed methods and the designed device prothidemeans to use it on-site
of the waste cutting fluid.

Taking into consideration the amount of cuttingdlwsed quid per year
(over 400 thousand tonnes), containing more th&n @@ter, even a one-time
reclamation treatment and returning part of it éovie brings a quantifiable
economic effect and an incalculable but a very irgu ecological effect
embracing the global trends in the protection afewaesources.

Scientific work executed within the Strategic Peogme “Innovative
Systems of Technical Support for Sustainable Dpusdat of Economy” within
Innovative Economy Operational Programme
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Metoda i urzadzenie do utylizacji emulsyjnych cieczy obrébkowych
Stowa kluczowe

Zuzyte ciecze obrébkowe, utylizacja, koagulacja, wpdgmulsyjne.

Streszczenie

Wymaganiasrodowiskowe oraz rogee koszty i zaycie wody generuj
potrzels zamykania obiegébw wodnych w procesach produkcyjnywaz
odzysku wody zdciekow. Dziatania w tym zakresie obejraupkze emulsyjne
ciecze obrébkowe stosowane w procesach ubytkowepb&b metali jako
90-98-procentowe mieszaniny z wodW artykule przedstawiono metpd
zagospodarowania zytych cieczy obrobkowych poleg@h na rozdzieleniu
emulsji olej/woda oraz uzdatnieniu wydzielone] famyodnej do postaci
umazliwiajacej ponowne wykorzystanie jej w celach technicznyBladano
zwyte ciecze emulsyjne stosowane podczas ubytkowepb&b elementdw
stalowych poddane procesom: koagulacji, filtracizggrodowej, adsorpcji
i napowietrzaniu. Kolejne procesy realizowano zampe opracowanego
urzadzenia. Wyznaczono zmian fizykochemicznych wigciwosci cieczy
obrobkowych oraz odzyskanej fazy wodnej odzwieleigde skuteczn@
stosowanych proceséw. Odzyskane wody poddano Szceegn badaniom
fizykochemicznym decydagym o maliwosci ich ponownego wykorzystania
do wytwarzania cieczy obrébkowych. Stwierdzomw wyniku zastosowanych
proceséw destabilizacji i uzdatniania ze zytych cieczy obrébkowych
odzyskuje si wody o widciwosciach pozwalajcych na ponowne ich
wykorzystanie w celach technologicznych. Metodazadzenie mog znalec
zastosowanie w przedsiorstwach przemystu metalowego.
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Abstract

The global trend to reduce operating costs of nmelii and equipment,
while improving their reliability without harminghé environment, makes it
necessary to monitor the quality potential of irtdak oils. This generates the
need for inexpensive and fast methods for oil wgsin working conditions that
would greatly limit or replace the current labontensive and time-consuming
laboratory assessment. This article presents a auetind a device for
diagnostic assessment of the performance of indusiils by measuring the
impedance parameters of a serial replacement systeaparallel inductive
measuring capacitor with oil as its dielectric. Tdigect of this study was used
hydraulic oil subjected to the process of monitgrihe physicochemical
properties were studied that reflect the ageinghef oil and its electrical
properties. The correlations between the impedgaameters of inductive
measuring capacitor and selected parameters diegcrihe physical and
chemical characteristics of oils are presented. Bhedy confirmed the
usefulness of the method and the diagnostic ddeicenonitoring changes in
hydraulic oils during their service lives.
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Introduction

The fundamental direction of a pro-ecological ecopas minimizing the
amount of produced waste [1-3]. This also applesindustrial oils and
lubricants. In respect to such products, this mears the maximum use of
performance potential and lengthening service[#fe5]. The quality status of
oil determines the proper functioning of the maemnand equipment. It
reflects not only the level of performance propmetof the oil, but also the
degree of the wear of machinery and equipment, hichv it functions.
Continuous and strictly specified in time and scopentrol of the properties
makes it possible to monitor the predefined oilf@@nance in lubrication
systems. It makes it possible to apply appropriegatment to re-create the
qualitative potential of the oil or to replace ttthe most optimal moment. It
also makes it possible to diagnose the conditiamathinery [6—8].

Monitoring the quality of the oils includes a numbef individual
indicators, usually measured in laboratory condgig6, 7] and often by time-
consuming, expensive methods, requiring a condaeramount of research
samples and specialised equipment. Such a situasionot conducive to
frequent oil testing. Thus, solutions are soughtfitml a means for fast,
inexpensive, and comprehensive assessment of alityupreferably at the
place of operation. The indicators of oil qualityat can be measured in all
conditions are dielectric parameters [9, 10]. Triscle presents a method and a
diagnostic device for the assessment of the pedpoe of industrial oils by
measuring the impedance parameters of an induste&suring capacitor with
oil as its dielectric.

1. Diagnostic device for the evaluation of workingils

The device is used for the examination of the chang the quality of
industrial oils in service. The measured impedapeeameters reflect the
content of polar components, which are diagnosticchemical aging, among
others, for chemical ageing products, water, anthiie wear products from
friction elements. The device is shown in Fig. 1.

The set consists of a volume measuring microprocessd a measuring
capacitor (volume sensor) submerged in the sampgle combined with
a measurement using a specialized measuring cdbte 1). The meter
measures the impedance parameters of the measapagitor with the tested
oil as is its dielectric. The parameters are thiofong: capacity, loss of
resistance, and loss coefficient D, or a goodnes#icient (Q) for both parallel
and serial equivalent circuit capacitor. The assess$ of the degree in the
performance change of the oil is made by compatimg results of the
measurements of impedance parameters for useddfr@sh oil. The meter can
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be used with a computer and with the dedicatedvsodt, and the measurements
can be recorded in the text files.

a)

Fig. 1. The evaluation device for changes in indaispils (a), and measuring capacitor (b)

Technical specifications of the device:
Measuring capacitar

* A double-sided printed circuit board with the etedes in ridge
arrangement are in the casing with a socket foggihg it to the volume
sensor. The dimensions of the active part of thes@eare 25 x 30
x 1.6 mm.

* Impedance parameters of the capacitor in the aisat for a frequency of
fp = 10 kHz.

» For serial the equivalent capacitor system, theifipations are as follows:
serial capacity Cs = 100.70 pF, serial resistanse=R2.27 K, and
goodness coefficient Qs = 70.

* For the parallel equivalent capacitor system theciijgations are as
follows: parallel capacity Cs = 100.6 pF, paratesistance Rr = 11 M,
and goodness coefficient Qs = 70.

Volume meterType APPA 703 — technical specifications as petruction
manual of the meter.

2. Method of the evaluation of the quality of hydaulic oil using
a diagnostic device

The method of quality evaluation of hydraulic ailses the measurement of
the dielectric properties of the oils, which aree tffiollowing: leakage
conductance q, and resistance r in parallel, amthlsmeasuring system.
Because the dielectric properties of themselves rase included in the
requirements of the norms for hydraulic oils, ahdyt are a reflection of the
presence of polar particles in oil (mostly the thefoxidising ageing products,
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water, and functional additives), their changesehbgen correlated with the
changes in the normative parameters, showing tadaeship of such products
as acid number and water content. According to d¢édelines of the

manufacturers and companies involved in the oiheowy, the value criterion of
the acid number change in oil during operationds3%, and the maximum
water content can reach the level of 0.2% [2, T, 11

conductanse q

resistance [kQ]

0 0,5 1 1,5 2 2,5 3

b) acid number[mg KOH/g]

Fig. 2. The correlation of the leakage conductdageresistance, (b) and the acid number in aged
hydraulic oil LHL 46

Figure 2 presents the relationship between selatitdelctric parameters on
the selected acid number of the LHL hydraulic ajed under laboratory
conditions, while Figure 3 presents the relatiopshietween the same
parameters and water content in hydraulic oil. @bied number was determined
according to the PN-ISO No0.6618: 2011, while thetewacontent was
determined according to PN ISO 3733:2008, and cliete parameter values
were obtained through the diagnostic device.

Changes in the value of leakage conductance detedrfor parallel (gr)
and serial (gs) equivalent system showed a dirgothportional dependence,
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while in the resistance is measured in the rs Issygtem, and the changes had
an inversely proportional dependence in relatioth#® acid nhumber of the oil
(Fig. 2). The correlation between the changes éndielectric parameters and
the acid number was high. The? Roefficient of the determination of the
obtained lines was very high (greater than 0.9kré&fore, the measurement of
dielectric properties can indicate chemical ageihigydraulic oils.

The designated trend lines between the leakageuctanite, the resistance,
and the water content in hydraulic oil LHL 46 showide parameters to be
highly correlated (Fig. 3).

180
170
160 §
150 +-
140 A
130 A
120 A
10 +-

conductanse g

100 F-=======mmmmm————————— y =-0,0454x + 153,07 Fevcceeuuanaad
R2 =0,9571
90 fmmmmmmmmmmm e T ]
80 T T T T T
0 200 400 600 800 1000 1200
a) water content [ul]

16 L-Toon—}---ly=00088x+ 10274 | __________ P
R2 = 0,9962 _

resistance [kQ]
S

0 200 400 600 800 1000 1200
b) water content [ul]

Fig. 3. The relationship between leakage conduetda) resistance (b), and the water content in
hydraulic oil LHL 46

Because water suspended in oil has a tendencyko teisting for leakage
conductance and resistance in water-contaminateee carried out at intervals of
3 h and 24 h. For each series of tests, resultinges were linear in shape. The
coefficient of determination was within the 0.939range, which indicated a high
correlation between variables. With the increasevater content, the value of
leakage conductance decreased and oil resistalnes wacreased.

The determined correlations between the selecidaliic parameters and
the acid number or water content in hydraulic bidgsre a linear form, and the
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values of the coefficients of determination wereyvgigh. It was found that the
dielectric properties can be an indicator of cheiahanges and water content
changes occurring in oil. A survey of many diffdramils differing in their
viscosity class, and in varying degrees of chemérpding and water content,
has enabled the determination of the criterial geamalues in the selected
dielectric parameters exceeding the limit of acitmber and water content
(Tab. 1) [12]. They are key indicators of the testthods of the state of
functioning using the described diagnostic device.

Table 1. Boundary values of changes in the dielegierameters of oils for which the acid
number increased by 20%, and the water contenedeckthe value of 0.2% (measured
at the frequency of 1 kHz)

Leakage Leakage Resistancesr
conductance g conductance q &
Acid number
Boundary value of changes| 7.5 ‘ 6.5 | 1.0

Water content

Boundary value of changes| 6.0 ‘ 5.5 | 1.0

Figure 4 is a diagram illustrating the method fbe tevaluation of the
fitness for use of hydraulic oils using the diagimsquipment.

N| I

,] Oilin use |<

| Monitoring dielectricparameters I

A

Determination difference in the valueshetween
the dielectric properties of the used and fresh oi

A 4

v v v
Difference do not exceed the Difference exceed the houndary Difference exceed the boundary
boundary values designated for valuesdesignated forwater content valuesdesignated foracid number
water content and acid number J{ l
I Assesse water content I I Assesse acid number I
w
A4 A4 A 4
Water content< Water content Change of acid Change ofacid | |
02% >02% number > 20% number < 20%
Decisionabout KI Detailed laboratory tests I
further use of the oil

Fig. 4. A diagram of the method for assessing itine$s for use of hydraulic oils using diagnostic
device
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The method involves monitoring the following chasga the dielectric
properties of oil: leakage conductance in seria parallel systems and circuit
resistance in a serial system. The measurementsaaied out at an electrical
frequency of 1 kHz, at the same temperature foshfreil and used oil. The
measured differences in the values between theepiep of the used and fresh
oil determine further steps in regards to the wkdVhen one of the boundary
values designated for water content or the acidbauris exceeded, the value of
these parameters is assessed. If the water coistdass than 0.2% and an
increase in the number of acid number is less #@#6, the monitoring of the
dielectric properties of oil is continued. Howevdrthe water content or the
increase in the acid number exceeds the boundaugsahe oil is subjected to
detailed laboratory tests. Depending on the vatidbhe evaluated parameters,
a decision is made concerning further use of the oi

3. An example of a practical application of the miod

A study was conducted on dielectric and physicodtedmroperties (correlated
with the indicator) of the hydraulic oil used inrieaus pieces of equipment in the
same enterprise. The time of active operation vfeeyeht for in different pieces of
equipment. Direct values of the parameters weresuned and the differences in
reference to fresh oil were calculated. Table 2qts the results.

Table 2. Dielectric and physicochemical propertitthe tested hydraulic oils

Fresh oil Oil 1 Oil 2 Oil 3 Oil 4 Oil 5
gs 78.60 73.50 71.10 71.10 69.8D 69.50
Change gs - 4.90 7.50 7.50 8.8( 9.1p
qr 77.60 73.30 70.30 70.6 71.1 70.30
Change qr - 4.30 7.30 7.00 6.50 7.30
rs [kQ] 23.60 24.10 24.80 24.7 24.7( 24.9D
Change rs [R] - 0.50 1.20 1.10 1.10 1.30
Acid number [mg KOH/g] 0.46 0.55 0.86 0.88 0.9(¢ 0.9
Acid number change [%] - 19.60 86.90 91.30 95.60 4.30
Water content [%)] 0.003 0.007 0.011 0.009 0.009 09.0

The water content in the tested oils did not exabedimit value of 0.2%;
however, oils 2-5 were characterised by an acidbeurof more than 20% in
relation to the fresh oil. Moreover, the values tbe selected dielectric
parameters were greater than the criterial valk@s. Oil 1, the dielectric
properties did not exceed these values.
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Summary

The products of chemical ageing and water conteat have a very
negative impact on the functional properties of raytic oil have a polar
character. Having a dipole moment of these pagictekes it possible to
determine their concentration by examining theediglc properties. This study
has shown a highly linear correlation of the meadudielectric properties with
the acid number, indicating the degree of chenagging of oils and the water
content. The high indicator of determination amothg obtained results
indicates the possibility to test the status ofoilise by evaluating the dielectric
properties using the diagnostic device. The metthescribed is intended for
hydraulic oils; however, it may also be used toeasghe quality of any other
type of industrial oils. However, due to the di#fat performance requirements
and very different chemical composition, it is reqd that separate criterial
values are set for the changes in the dielectopgaties of these oils.

Scientific work executed within the Strategic Peogme “Innovative
Systems of Technical Support for Sustainable Dpuedot of Economy” within
Innovative Economy Operational Programme
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Zestaw i metoda do oceny stanu eksploatacyjnego e hydraulicznych
z wykorzystaniem pomiarow parametréw impedancyjnych

Stowa kluczowe

Oleje hydrauliczne, parametry dielektryczne, fgkolejow.

Streszczenie

Ogodlnadwiatowa tendencja do ograniczania kosztow ekspifiataaszyn
i urzadzen, przy jednoczesnej poprawie ich niezawagn@raz bez szkody dla
srodowiska naturalnego, stwarza koniecgnomonitorowania potencjatu
jakosciowego olejow przemystowych. Generuje to potezetsowania tanich
i szybkich metod badania olejow wliovych do stosowania w warunkach
eksploatacji, ktére znacznie ograniczhjb zas¢puja stosowan obecnie praco-
i czasochiona ocer laboratoryjm. W artykule przedstawiono metpdraz
urzadzenie diagnostyczne do oceny stanu eksploataayjwégjow przemy-
stowych poprzez pomiar parametrow impedancyjnycltepazego ukiadu
szeregowego lub rownolegtego kondensatora pomiagowe ktorego
dielektrykiem jest olej. Przedmiotem badayty oleje hydrauliczne pochogize
z eksploatacji poddane procesowi monitorowania. aBad wi&ciwosci
fizykochemiczne odzwierciedligge stopi@ chemicznego zestarzenia olejow
oraz wiaciwosci  elektryczne.  Przedstawiono  korekacj parametrow
impedancyjnych kondensatora pomiarowego ze zmianamybranych
parametréw opisagych wiaciwosci fizykochemiczne olejow. Stwierdzono
przydatné¢ zastosowanej metody i wdzenia do diagnostyki zmian stanu
olejow hydraulicznych w trakcie ich eksploatacji.
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A MANUFACTURING METHOD FOR ORGANIC
LUBRICANTS FROM REFINING BY-PRODUCTS
OF VEGETABLE OIL
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Abstract

The requirement for the use of "environmentallyesdfibricants in many
areas of technology makes it necessary to searatefe raw materials for their
manufacture, and its potential source may be thproglucts obtained during
the refining of natural oils. The article descrilzesiethodology for the isolation
of tribo-active substances from refinement by-patdwof rapeseed oil, which
resulted in producing ecologically safe additivEke lubricating compositions
obtained in this process were then tested in regartheir physicochemical and
lubricant properties. The results obtained havewvshthat they have a higher
effectiveness of anti-wear properties and more wdggous rheological
properties in comparison with commercial oils reamended to be used in
conditions of moderate loads and node friction e#jo A high degree of the
biodegradability of lubricant allows its applicatian settings where there is a
risk of direct contact with natural environment.
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Introduction

Lubricating products based on petroleum raw mdgehave a number of
beneficial properties related to their purpose; éwav, they simultaneously
constitute a very high ecological risk, due to thiw biodegradability.
Biodegradability is defined as the ability of tharficles to decompose as a
result of the complex interactions of living orgsms and their enzymes [1-5].
These processes lead to the transformation of @mrgsompounds into low
molecular non-organic forms, such as water or garboxide.

The basic ingredients of the lubricants are lulidaase oils (70—-99%),
which largely determines the ecological charactéhe lubricant and additives.
The most common additives include oxidation inlutst detergents and
dispersants, corrosion and rust inhibitors, thiekenand additives to improve
the lubricating properties of the oil (anti-weantigriction, extreme pressure,
friction modifiers). Some of them — particularlyblicating additives — contain
sulphur, chlorine, phosphorus, and heavy metaltsimolecules, which are all
elements harmful to human health. Most of them lekthow biodegradability,
which is equivalent to their concentration in tleumal environment [3, 6, 7].

A main alternative to the mineral base oils, whach not able not meet the
ecological requirement (biodegradability 10—-40%g, @egetable oils and a few
synthetic oils (ester, polyalkylene, palkyelefines) [8-11]. Often, however,
their desirable characteristics are negated byr ttedic, non-biodegradable
lubricating additives. Therefore, the content oés additives in lubricants
should be minimised or replaced by a new generatdn non-toxic,
biodegradable, and ashless additives. These tyjpaedditives are required to
improve the basic properties of base oil withoutréasing the emission of
pollutants into the environment. The compounds et these criteria contain,
in their composition, active functional groups, &tample, ester, hydroxyl, and
carboxyl. Often these are esters of higher carbo@adids, aliphatic alcohols, or
hydroxy-carboxyllic acids.

A potential raw material for organic additives mhg the by-products
formed during the refining of natural oils. The léaling components are
removed during the refining process that can bel usethe manufacture of
organic additives: free fatty acids, phospholipidsionoglycerides and
diglycerides, provitamins, alcohols, waxes, tocoplse and sterols.

The aim of the study was to develop a method fer manufacture of
additives using refining by-products of rapeseed and to create a
biodegradable lubricant using these additives.
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1. Research objects and methods

The natural waste materials for the manufacturki@degradable additives
for lubricants were technical fatty acids, which & by-product of the
deacidification process (neutralising). These wag@ducts underwent
esterification using enzymatic processes.

The manufacturing technology of ecological addgiweit of natural waste
materials consisted of several unit processes,hndrie the following:

*  The production of enzyme preparation;

» The production of esters out of the fatty acidthim presence of the enzyme
preparation;

* The separation of biomass; and,

» Final biological product.
A technological diagram of microbiological synthes shown in Fig. 1.

Strain
enzyme
preparation (**)

Raw Materials

» <
L w

energy —— bioreactor
<«—— adjustment
ar —»

|

Separation
of biomass

A 4

Product separation

Fig. 1. A diagram for the microbiological synthesfsiological products

Biological material

The cultures used the strains of non-pathogéfucor circinelloidesTB
mold, extracted from the shells of shrimp, from thsources of the Institute of
Technical Biochemistry of the Technical Universititodz. The strains were
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stored at 4°C, on slanting agar containing breweant &t a concentration of 8.5°
Blg and pH 5.8.
The method for obtaining the enzyme Nlucor circinelloides lipase
TB80301A) included the following
1. Creating mould culture
2. Growing mycelium of mould Mucor circinelloides TBB0A selectant
containing a preparation of the lipase
3. Producing a biomass of Mucor circinelloides TB80&0and
4. The separation, purification, stabilisation of ttezyme preparation

The production of TKT_EMC1 in the presence of Mucor circinelloides lipase
as an enzyme catalyst
Enzymatic reactions were carried out in a Radléysrical reactor.

Separation of the biomass, producing the bio-product

The reaction mixture, after being drained in order separate the
biocatalyst, was separated using flash chromatbgrap

After the separation and ester fraction are cadlécthey were combined
and concentrated in a vacuum evaporator.

The tested additives were synthesised at the utetipf Industrial
Biochemistry, Technical University of Ladby a team headed by Prof. T
Antczak. The method of production of these add#iisethe subject of patent
application.

Creating TKT_EMC6b
Ozonizing was conducted in a measuring set mad©zgne Generator
803N and an Ozone analyser BMT 964 meter.

Manufacture of lubricants

Lubricants were prepared in the laboratory condfidy introducing a
suitable aliquot of the additive into the oil bag&04). The concentration of
additives obtained from the post-refinement rawemals of rapeseed oil was
1% of weight for TKT_EMC1 and 2% of weight for TKEMC6b. These are
the optimal concentrations from the point of viefattze anti-wear effectiveness
[12]. After thorough mixing of additives with theake oil by using an
electromagnetic mixer at a temperature of approtaipab01C, in order to
check the stability of the composition. Then, itswatored for 48 hours at room
temperature.

To analyse and verify the results of the perforreamesearch of bio-
additives, they were compared with the lubricatc@mpositions based on
selected oils and Acorox 880, a commercial prodbgt Jaschem, Rafineria
Jasto), containing ca. 80% (m/m) ZDTP (Zinc Dialkylthiophosphate) in
mineral oil. It is a widely used commercial additiwith good AW (anti-wear)
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properties and poorer EP (extreme pressure) pieperhd showing antioxidant
and anti-corrosive actions.

Lubricating compositions with the participation bfo-additives were
compared with commercial oil EKO-PIL (by EKOMAX, i&fice). According to
the manufacturer recommendation, it is a biodedradanineral oil, and it
probably contains a viscosity modifier, a depresand zinc dithiophosphate. It
is designed for the lubrication of chains and mad® saw guides.

Testing lubricating and physicochemical properties of lubricants

Lubricating properties (anti-wear) of the produced composition were
evaluated in the conditions of mixed friction, actog to PN-76/C-04147 and
WTWT-04/MPS-025, in relation to the base oil, ahdsi based on the wear
value of load index €. Tribological tests were carried out using therfoall
apparatus (T-02) in the following conditions: rumgitime = 3,600 sec.,
rotational velocity = 500 rpm, and load = 392 N.

Dynamic viscosity(authors’ methoyl was determined using a rotational
viscosity meteiPhysica MCR 101by Anton Paar). The apparatus is equipped
with a Peltier system with a temperature contraigea of —40-200°C and
external thermostatic system (VISCOTHERM V2), opiegin the temperature
range of —20-200°C. Rheometer control and the aisabf the measuring data
is done using Rheoplus software. The measuremesnts performed using the
cone-plate measurement system in the cutting wgloange of 1007 and in
the temperature range of 19-200°C.

Flow temperatureindicates the lowest temperature at which thedityi
of the oil is still observed during oil cooling istandardized conditions
(PN ISO 3016). Flow temperature allows evaluatimg behaviour of the oil in
changing ambient conditions, and particularly @mperatures below zero. Flow
temperature was determined using tBke CPP 5Gs analyser

A study of corrosive action on coppeaccording to PN-EN ISO 2160: 2004
norm, was carried out at a temperature of 100°C3fdr. After this time, the
appearance of the copper plate was compared witbston patterns according
to ASTM D 130.

Resistance to oxidationauthors’ metholl was measured using the
automatic deviceQuantuni™ Oxidation-Testerby Tannas in the following
conditions:

* Temperature: 140°C,

* Initial pressure: 90 Psi,

*  Oxidizing factor: oxygen,
«  Sample volume: 50 cin

The measured quantity was the amount of time aitieich there was
a decrease in the maximum pressure of 25 psi. driget the time of oxidation,
the greater is the resistance to the oxidatiomefubricant.
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Measurement obulphur contentwas made with &INDIE-7039device,
which uses monochromatic x-rays from a low-powexedy lamp, air-cooled
with a built-in compressor. The radiation excites tlectrons of the K-layer of
sulphur atoms, which emit characteristiax Kadiation for the sulphur at a
wavelength of 0.5373 nm. The radiation is colledigdhe monochromator and
its quanta are counted by the detector. The memsmtewas taken at room
temperature within 30 to 300 sec.

Testingbiodegradability using CEC L-33-A-%bnsisted in measuring the
decrease of hydrocarbon concentration in the taapkes.

The concentration of hydrocarbons was measuredirgpbotometrically
in infrared at 2930 + 10 cm-1, after ultrasound ication and extraction
in 1,1,2-trichloro-1,2,2-trifluoroethane. In pard|la sample of biocide was set
with HgCl, as a control of the changes in the concentratiohydrocarbons
without the participation of microorganisms (,paienl” sample). The
absorption in the IR is measured at 0.7 after 2ysdaf experiment. The
concentration of microorganisms was >/if). As the biodegradable pattern,
di-isotridecyl adipate (DITA) was used.

2. Test results

The results of the study indicated that all thedpicied compositions in the
tested range of concentrations have better anti-pegerties than the base oil
[Fig. 2]. The introduction of 1% by weight of th&KT_EMCL1 (analogically as
in 2% Acorox) additive to PAO-4 resulted in an o0& increase of the wear
load index. The 2% content of TKT_EMC6b results anslightly smaller
increase of the wear load index in comparison t® #%6 content of the
commercial Acorox additive in the oil base. All hidating compositions exhibit
better anti-wear properties than the commerciat&iO-PIL.

1200+

800

Gozao [N/mm?]

400

Fig. 2. The effect of additives on the anti-weaspgarties of oil PAO4
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The effects of additives on the viscosity-tempemtproperties of the
synthetic oil PAO4 were examined [Fig. 3].

PAO4

2%TKT_EMC6

5% — & 1%TKT_EMC1 —o0— PAO4+2%ACX
— 8 EKO-PIL

Viscosity [Pas]

Temperature’C]

Fig. 3. A comparison of viscosity-temperature prtips of compositions based on PAO4 oil and
additives and EKO-PIL oll

It was found that the smallest variation in vistpgn the total temperature
range was in lubricating compositions containing-&dditive TKT_EMC1 and
Acorox. Somewhat more variation in temperature exdigdenced by a base oil
containing TKT_EMCG6b additive. The worst viscosibermal properties were
evidenced by the commercial oil EKO-PIL. An additid rheological
description of lubricating oil is provided by flotemperature [Tab. 1]. It was
found that the introduction of bio-additives and tommercial Acorox additive
does not affect the low-temperature propertiesasehoil. For each composition
in which bio-additives played the anti-wear rolee tlegree of corrosion was la
or 1b (no corrosive effects on copper). The tengediaccause corrosion in
copper plates was shown only in compositions cairtgi Acorox, a multi-
purpose additive, including anti-corrosive propesti

Table 1. Physicochemical and ecological propedfdsbricants

Physicochemical and Lubricant

ecological properties 1%TKT-EMC1| 2%TKT-EMC6b PAO_2%ACX EKO-PIL
Flow temperature [°C] -72 -73 -75 -25
Corrosion level la 1b 3b 1b
Oxidation time [min] 603 607 1.187 2.387
Sulphur content [ppm] 2.7 2.6 2.943 7.108
Biodegradation 96 97 - -
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The table indicates that the compositions with duditives practically
contain no sulphur (less than 3 ppm). It shouldeb®hasized that the high
antiwear efficiency, comparable to Acorox, was oted for the additives that
do not contain sulphur. Lubricants with bioaddivare highly biodegradable,
and thus easily decompose in the environment [13].

Conclusions

The obtained results indicate that it possible @place environmentally
harmful additives (e.g. Acorox) in the conventiondlbases with additives that
are based on carbon, oxygen, and hydrogen compalads, resulting in the
improved wear properties of the lubricant compositiThe use of ecological
lubricants makes their operational and disposaltscéswer than mineral
lubricants. These lubricants may be used to lutwid¢action nodes working
under moderate conditions (temperature, load), wodking in areas under
special protection, such as forests, water intakesional parks, recreation
areas, farm areas, as well as road construction.

Scientific work executed within the Strategic Peogme “Innovative
Systems of Technical Support for Sustainable Dpueot of Economy” within
Innovative Economy Operational Programme
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Metoda wytwarzania ekologicznegdrodka smarnego z produktow
porafinacyjnych oleju roslinnego

Stowa kluczowe

Srodek smarowy, rafinacja olejow, produkty porafijae, oleje rélinne,
substancje triboaktywne.

Streszczenie

Wymog stosowania ,ekologicznie bezpiecznyckfodkéw smarowych
w wielu obszarach techniki sprawige zasadne stagic poszukiwania nowych
surowcow do ich wytwarzania. Potencjalngnddiem mog produkty uboczne
powstajce podczas rafinacji olejow naturalnych. W artykpleedstawiono
metodyk wyizolowania substancji triboaktywnych z produktéporafina-
cyjnych oleju rzepakowego, ktora w efekcie dopromiad do otrzymania
ekologicznie bezpiecznych dodatkow uszlacheqniggh. Otrzymane z ich
udzialem kompozycje smarowe poddano badaniomsom@sci fizyko-
chemicznych i smarnych. Uzyskane wyniki wykazaty charakteryzujsic one
wyzszy skutecznécia przeciwzuyciowa i korzystniejszymi wigciwosciami
reologicznymi w poréwnaniu z komercyjnym olejemezainym do stosowanych
w warunkach umiarkowanych ole¢en i predkosci wezta tarcia. Wysoki stopie
biodegradacji otrzymanegérodka smarnego pozwala na zastosowanie go
w skojarzeniach, w ktérych istnieje niebezpiecsteo bezpéredniego kontaktu
zesrodowiskiem.
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OF VOLATILE ORGANIC COMPOUNDS USING
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Abstract

An adult spends approximately 80% of the time indoBuilding materials
and the furnishings that are in the room emit waairganic compounds (VOC
— Volatile Organic Compoundls Many of the emitted VOC might adversely
affect the human body, especially when their cotre¢ion in the air exceeds
certain critical thresholds. For this reason, itlesirable and often necessary to
monitor their concentrations in the air. For mar@, the highest permitted air
concentrations are set at extremely low levels.réfoee, their detection and
quantitative determination requires the use of stglated analytical tools.
Qualitative and quantitative methodology was devetb for measuring VOC
concentrations in the air at very low levels, whislecessary for the quality
control of the equipment used in VOC testing framg aource. For this purpose,
gas chromatography (GC) in conjunction with masscspmeter (MS) was
used, supported by thermal desorption (TD). Usihg tmethodology, the
volume of emissions was studied for several difier¢OC derived from
common materials in enclosed work areas. The k@eas of the applied
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methodology are discussed, from the preparaticgesbé the apparatus through
the collection and preparation of the sample foalyms, ending with the

appropriate analysis with the TD-GC-MS techniqué e interpretation of the

result analysis. This methodology is used for testor the presence of VOC in
the membrane station and for verifying the purityhe test chambers for VOC
emission form various materials.

Introduction

Volatile organic compounds (VOC) are a group of ssabces, which
include a wide range of carbon compounds such deshwiles, ketones, and
micromolecular hydrocarbons. The number of substmndassified in this
group exceeds 500 [1], and they have been diviaed3 basic sub-groups: very
volatile VOC (VVOC) with the boiling point (BP) ithe range of 0-100°C,
VOC with BP in the range of 100-240°C, and SVOChvBIP in the range of
240 to 400°C [2-3]. The majority of the total VOGQnigsions into the
environment (86%) are natural sources, called bimgg4], the remaining
emissions come from anthropogenic sources and arigted mainly by
a broadly defined industry, which is to the greagent associated with the
production and use of plastics [5-6]. In the depgaient of civilization, these
proportions have been in a continuous flux; andaaigh contamination is not
a new phenomenon, over the recent years, theintating and quantitative
compositions have been changing. Taking into adcthenfact that more than
70% of Europeans live in urban areas, the protectd air quality and
continuous monitoring of pollutants (including VO®ecomes a necessity
[2, 3]. There is substantial evidence that larg@wams of VOC are harmful to
human health [7]. For example, substances such3akutadiene and benzene
have been proven to have teratogenic and carciimgéacts [8, 9]. In addition
to direct influence, the volatile organic compounasy have damaging indirect
effects, contributing to the formation of secondagpgllutants, including
tropospheric ozone. Reducing the emissions of allugants, including the
amount and type of VOC, is a complex, global issuem an environmental
point of view, any steps taken in this directionsinbe related to both the
elimination of specific sources of pollution (maeatent of specific chemicals)
and the general restriction of the consumptioraef materials and energy in the
industrial, residential, and transport sectors [,

Due to the harmfulness of volatile organic compaynd has become
mandatory to analyse the levels of their concepimadnd to establish maximum
levels for contaminants in buildings, workplacds, &hese issues are regulated
by a number of national (VDI, US EPA, PN) and in&ional (ISO) standards,
for the classification of compounds, the rangeghafir maximum permitted
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concentrations in ambient atmosphere, as well aseglures for obtaining and
analysing samples.

At present, the aim is to be able to simultaneoashlyse as many VOC as
possible at the lowest levels of concentrationshin vast majority of studies,
the final analysis uses the gas chromatography (@Chnique with FID
detection or in combination with mass spectroméifys) [12]. This may be
done in combination with other methods of obtairémgl preparing the samples
for analysis. Among them, combinations of thermegatption with GC and MS
analysis seems to offer a comprehensive approatth thve most advantages
despite the considerable complexity of the requinggaratus.

The aim of this study was to develop a methodolfmgydetermining the
presence of volatile organic compounds by the TDMEX method in air
samples collected by the aspiration method. Fasethlexperiments, samples of
air were obtained from the laboratory premises rmturremodelling and
construction, which included a newly purchased giefcfurnishing (under-desk
cabinet). The changes were analysed of the coratEmtrof volatile organic
compounds emitted from building materials in thaditons of temperature and
air exchange increase. The changes of the VOC otmation were analysed in
the laboratory room equipped with membrane systems.

1. Research method

In developing the methodology for the determinatadnvOC, a Perkin-
Elmer TurboMatrix 650 ATD thermal desorber was usdte commercial, steel
sorption tubes by Perkin-Elmer filled with 200 mf Tenax TA were used,
which were conditioned prior to use for 6 houra &&mperature of 300°C in the
flow of carrier gas (helium clean N6, 0) of 100 mmiA. Air samples were
collected on the sorption tubes using the layootwshin Figure 1, consisting of
a membrane pump — Schwarzer Precision SP670ECh-angtabilised power
supply unit, combined with a rotametre flow range3@ dni/h and flow
regulator.

Air Sampling TD tube flow meter regulator  membrane pump
- ————& %

‘ Stabilized power supply ‘

Fig. 1. Schematic diagram of the sampling system
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The values of the volume and force of the airfloelested based on
previous experiments (3 dm3 at a velocity of 100mim.) meet the normative
requirements, including ISO 16000-6: 2011, and @aeysafe for the stability of
sorption deposits and allow for the analysis ofideawrange of concentrations.
The assumed volume was positively verified (by examg the second, serially
attached tube) because of the lack of a “breakthefadsorptive deposit. The
tube were subjected to thermal desorption at a ¢eatpre of 280°C for 10
minutes in a carrier gas flow of 30 ml/min. Thegimal stream of desorption
was routed to the cryogenic trap chamber (-20°@nfwhich, by means of the
heated transfer line (225°C), it entered the gasmhtograph.

The tests used the GC/MS Perkin-Elmer Clarus 680G 600MS
chromatographic system. The RTX-VMS Restek capilleolumn was used,
which was 30 m in length and 0.25 mm in diametathvei stationary phase
1.4 um thick. The temperature programme startedOd€C for 3 min, then
increasing at the rate of 5°C/min. until 200°C wasched, followed by
a further momentary increase to 250°C at 25°C/miithout sustaining it.
Separated analytes were then routed through ach&atesfer line (220°C) for
the mass detector (ionization in a stream of adestr mass range 20-400 m/z,
a single scan time, and the internal between eaah of 0.2 and 0.1 s.). The
carrier gas that was used had a purity of 6.0 N §ystem was calibrated using
commercial multicomponent standards for volatilegamic compounds
(VOC-Mix 18 OEKANAL®, Fluka) by a direct jet onto the sorption tubellip
a dilution series and by plotting calibration lirfes all identified compounds in
at least four levels of concentrations. For thengjfiaation of substances for
which the apparatus was not calibrated, the residte given as the equivalent
toluene quantity. For the analysis of chromatograrstalChrom and
TurboMass software was used, which was produceBdmkin-Elmer, and the
obtained mass spectra were identified using th& NiBaries.

2. Results and discussion

New elements of an interior (construction materialgrniture, and
commercial equipment) are characterized by inceeasmissions of VOC,
which is related to the properties of materialsriselves, as well as to activities
related to their processing. In order to verify tlagsumptions of the
methodology, the qualitative and quantitative cosifian of VOC air was
examined, which was collected from the newly boughbsed under-desk
cabinet with an interior volume of approximatelybl@res, and the surface area
of the inside walls was approximately 2.#.nThe cabinet was made of
laminated particleboard; and after being manufactuit was tightly wrapped
with stretch film. Before obtaining the sampleflaiw (chromatographic lab) of
5251 was run through the cabinet (5 x V of the nab. The chromatographic
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testing identified 16 volatile organic compoundsthwiclear the dominant
signals. Then, in order to examine the changesniisstons, again the same
portion of air was exchanged and the second samgéeobtained. The results
are presented in Table 1, and the observed chargeshown in the diagram

(Fig. 3).

Table 1. Amounts of identified VOC before and aftenting of the tested piece of furniture

Compound RT Initial conc. [ug/rr?] Conc. after venting [pg/rr?]
Hexane 3.63 641.70 668.80
Acetonitrile 3.89 4.50 448.20
Methylcyclopentane 4.14 518.80 68.70
Trichloroethene 5.65 140.80 150.30
Pentanal 6.47 91.70 88.50
Toluene 7.06 160.50 132.80
Tetrachloroethene 7.46 71.80 0.00
Hexanal 8.42 210.10 185.40
Xylene 8.95 20.60 12.50
a-Pinene 9.66 230.10 216.00
Heptanal 10.28 32.60 14.80
N/A 1 10.58 74.70 79.60
3-Carene 10.99 48.60 79.80
D-Limonene 11.37 30.00 29.70
N/A 2 11.62 42.90 36.10
Octanal 12.07 31,8 33,5
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Fig. 2. Changes in concentration of the identifiempounds before and after venting the
container

After a 5-fold air exchange inside the test objeat, decline in
concentrations of most compounds was observediditg a-pinene (terpene,
resin present in coniferous trees), D-Limonenenipleomponent of essential
oils), and organic compounds related to the pradocprocesses of plastics
(toluene, xylene, methylcyclopentane, pentanalahek tetrachloroethylene).
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There was also a registered decrease in concemsatif two substances that
had not been identified using the compound libr&wyrthermore, increases in
concentrations of hexane and acetonitrile werechbeeause of the “airing” of

the tested object with air from the chromatogragatr, where, among others,
hexane was used as a solvent for samples in gasmatowgraphy, and

acetonitrile, as an eluent in HPLC. To confirm thés sample of air from

chromatographic laboratory was analysed, where atdelv levels of these

solvents were found, explaining their detectiortbia analysis of the air from

inside the cabinet.

During construction and remodelling works, bothgtomction and finishing
materials are used, as well as secondary matatials as adhesives, silicones,
varnishes, etc. In order to verify the effectivenesthe developed methodology
for VOC analysis, air samples were taken from @ in which an interior
door was replaced with new one made of wood-bassérials. In the process
of installation, the door was fitted (cut to sizé).order to register potential
changes of concentrations through time, anothepkamas obtained after 72
hours. A number of low-boiling-point organic compols were identified, and
they were analysed quantitatively (Tab. 2, Fig. 3).

Table 2. The quantities of identified VOC at the nemnof new door installation and after 72 hrs

Compound RT Initial conc. [ug/n?] | Conc. after 3 days [ug/m
Acetone 3.55 242.60 19.06
Acetonitrile 3.90 70.50 58.30
Pentanoic acid (methyl ester 4.7 190.70 4.70
Methyl-cyclohexane 5.69 56.40 4.70
Toluene 7.11 234.30 5.90
Acetic acid (butyl ester) 8.31 16.50 0.00
p-Xylene 9.00 41.70 2.90
a-Pinene 9.66 710.20 1.60
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Fig. 3. Changes in concentration of the identifiempounds at the moment of new door
installation and after 72 hrs
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On the day of the door installation, elevated catre¢ions of acetone,
methylcyclohexane, toluene, xylene, amginene were observed. It is likely
that significant quantities of the last elementeverleased into the environment
while the door was being cut, while the rest is fikely the ingredients of
materials used in the course of installation, aghesives, polyurethane foam,
varnish, and sanitary silicon. With the exceptidracetonitrile, after 72 hours,
the concentrations of all compounds listed deckkdselow the point of
detection within this method.

Volatile organic compound emission by many consioncmaterials, for
obvious reasons, increases as their temperatwgs. flis order to examine the
changes in the emissions of VOC as a function mptrature (and indirectly -
time function), samples of air were taken from pnemises where the tests were
carried out on the microfiltration membrane systdinere were many plastic
components used for its construction, mainly PVBetuand rubber. The first
measurement was made before turning on of the myfEmp. approximately
19°C). Another measurement was taken after an bbaperation, when the
temperature increased about 10°C. As a result alfysis, 12 substances were
identified whose concentration increased duringetigeriment of both samples.
The results are presented in Table 3 and Figure 4.

For all identified substances, approximately a 90f%ease of emission
was observed — the greatest being for 1-chloroectte by 119.3%, and the
smallest for tetradecane by 79.7%. Most of thesmpomnds are organic
substances used in the plastics industry, includoigents, i.e. toluene, xylene,
and 1, 3, 5-trimethylbenzene. However, in this tipgriod, the maximum
allowed concentrations (WEL - workplace exposummit)i of the listed
substances were not exceeded.

Table 3. Quantities of the VOCs identified at ttertsand after 1 hr of operation

Compound RT Initial conc. [ug/n?] | Conc. after 1 hour [pg/n]
Heptane 5.13 51.80 104.40
1-Dodecanol 5.69 35.20 58.60
Toluene 7.08 10.40 20.20
Xylene 9.01 28.40 49.10
1-Chlorooctadecane 10.49 25.20 60.20
1, 3, 5-trimethylbenzene 11.31 28.20 48.80
Undecane 12.18 36.30 61.20
Dodecane 13.76 24.60 48.30
Tridecane 15.24 14.70 30.50
Tetradecane 16.64 11.20 17.80
Pentadecane 18.08 6.60 13.10
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Fig. 4. Changes in concentration of the identifiesnpounds before starting and after 1h of
operation of the membrane system

Conclusions

The examples presented in this paper confirm that TD-GC-MS
technique, and the methodology designed for itisisful in the analysis of the
concentrations of VOC in the air. Despite the higlyree of the complexity of
the apparatus, labour consuming calibration, anehesdhat high costs of
materials, this method, nonetheless, has the nib&nsages in comparison to
other methods of analysis. It allows for the simn#ous identification of the
gualitative (chemical composition) and reliable wfitative assessment of VOC
in the tested object. It also allows an approximasimation of the
concentrations of the substances for which no katitn has been carried out.
Moreover, the compact size of both the sorptioresudnd aspiration systems for
sampling make the TD-GC-MS method broad in appboat from miniature
personal devices, and portable systems for fieldwtr extensive stationary
analysers for continuous monitoring of contamirratio

Scientific work executed within the Strategic Peogme “Innovative
Systems of Technical Support for Sustainable Dpusdat of Economy” within
Innovative Economy Operational Programme
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Metodyka badania stzenia lotnych zwizkow organicznych
z zastosowaniem techniki TD-GC-MS

Stowa kluczowe

Lotne zwgzki organiczne (LZO), termiczna desorpcja, GC/MS.

Streszczenie

Dorosty cziowiek spdza ok. 80% czasu w pomieszczeniach zagtikein.
Zarbwno materiaty budowlane, jak i spiy znajdugce s¢ w pomieszczeniu
emitujg lothe zwgzki organiczne (VOC ¥olatile Organic CompoungisWiele
z emitowanych VOC m@ negatywnie oddziatywiana organizm ludzki,
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szczegolnie gdy ich gtenie w powietrzu przekroczy pewne krytyczne progi.
Z tego powodu zasadne, acsto nawet konieczne, jest monitorowanie ich
stezenia w powietrzu. Dla wielu VOC najisize dopuszczalne egenia
w powietrzu g ustalone na skrajnie niskim poziomie. Dlatego wgkrywanie
ich i ilosciowe oznaczanie wymaga zastosowania wyrafinowanydhnik
analitycznych. Opracowano metodyjakasciowego i ilgciowego oznaczania
VOC w powietrzu na bardzo niskich poziomactrat, niezlzdnych do kontroli
jakosci pracy uradzenh do badania emisji VOC z dowolnegoddia. Do tego
celu zastosowano chromatogeafjazovs (GC) w sprzzeniu ze spektrometrem
mas (MS), wspomagan termiczry desorpci (TD). Przy zastosowaniu
opracowanej metodyki zbadano wiedkoemisji do otoczenia kilkudziesiiu
réznych VOC, pochodgych z materiatdw powszechnie wgstijacych

w zamknigtych pomieszczeniach pracy. Omoéwiono kluczowe agpek
realizowanej metodyki, od etapu przygotowania apaya poprzez pobieranie

i przygotowanie probki do analizy, wgwg analiz techniky TD-GC-MS, do
interpretacji wynikéw analizy. Opracowana metodyktosowana jest do
badania obecrioi VOC na stanowisku membranowym oraz do weryfikacj
czystaci komér shiacych do badania emisji VOC z mdych materiatow
uzytkowych.
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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

________________ T || = e

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.
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Abstract

The specificity of the machining operation, durimpich the machining
fluids have direct contact with the environment émel human body, creates the
need to seek solutions that would increase theiGgtigh of ecologically safe
products. An alternative to petroleum and synthétses may be vegetable
products having good ecological properties. Thigepgresents a method for
producing cutting fluids based on glycerol fractitoom the production of
biodiesel and a mixture of cardanol ethoxylates aydthetic ester. The
produced fluids were studied in terms of their fiowal properties, which
determine their operational suitability as well thgir physicochemical and
microbiological properties. The wear of a tool lifter working in an
environment of such fluids was also determinedhds been found that the
cutting fluids, prepared according to the methodettgped, have preferred
functional properties. They meet the performancquirements for these
products and can be used in metalworking erosivegsses.
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Introduction

Because of the detrimental effects of lubricans @h the environment,
there is an increasing interest in products witls lecologically harmful impact
[1, 2]. This also applies to technological fluigsimarily those that interact with
the environment during machining operations. A vegge group of these
products are cutting fluids [3-5]. Their annual emption in Poland is at 8.7
thousand tons of concentrate used as a 5-10% miwtitin water. While using
cutting fluids, they have direct contact with theinrfan body and the
environment. The fluids penetrate the environmerdugh evaporation, during
the removal of chips and cut objects and by leakmstallations. The size of
losses can reach 30% of the annual consumptidmediquid. Health risks arise
due to oil mists formed during the operation ane tlirect contact with skin
[7-9]. Machining fluids, due to the physicochemicabmposition, are
ecologically and dermatologically harmful [10]. lispate enterprises, which
fit into the worldwide trends of human health amyieonmental protection, are
those that aim to minimize the environmental andlthedangers of cutting
fluids. There is an increasing interest in replgdime mineral base components
with plant and synthetic products [4, 5, 11].

The glycerol fraction, a by-product formed in thegess of esterification
of the fatty acids of plant oils, in particular eseed oil, may be used as a base
for cutting fluid [12]. Chemical separation of girol fraction is often applied
to isolate the crude glycerol, which is characttizby more stable
physicochemical properties. Another vegetal produor which new
applications are being searched, is cardanol, eashell oil [13, 14]. Due to its
strong antiseptic properties, it is advisable te tre product in the production
of cutting fluids, due to its basic functional pesty of a high resistance to
microorganisms. Preliminary studies have shown ttatdanol has weak
lubricating properties. The parameter improved ificantly after subjecting the
product to oxyethylation [15]. This article preserihe physicochemical and
microbiological properties of cutting fluids basemh chemically purified
fraction of glycerol and cardanol ethoxylates.

1. Research object and methods

Two packages of cutting fluids were tested: ondritathe G1-G3 symbol
produced based on chemically purified fraction lgtgrol and the other having
the C1-C3 symbol based on a mixture of cardanabgtiate and synthetic ester.
The direct use of ethoxylates as bases of cutlindsf has not been possible due
to insufficient stability of ethoxylates and wateixtures. However, the stability
was ensured by the use of ethoxylates as a compohbmary base containing
synthetic ester. The packages G1-G3 and C1-C3edfm terms of additives.
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The cutting fluids were subject to research idgmtd their
physicochemical, microbiological, and technologiqaioperties as well as
determining the level of their biodegradability. tAoorrosive properties (PN-
M-55789: 1992) and anti-foaming properties (botdst ASTM D 3519 and
blender test ASTM D 3601:1982) for liquids were ess®d. Moreover, the
value of the pH indicator (PN-EN ISO 10523: 2012he degree of
contamination with bacteria and fungi (,dip slidefnethod through
microbiological samplers) as well as stability (afly) were determined.
Resistance to microorganisms was tested on a oésediand, which was
equipped with a main thermostated tank containingeraperature sensor,
electrical stirrer, and a thermometer. The mairk taras connected with a
contactor tank situated next to the main one, doimg steel chips and glass
beads. The construction of the stand enabled tialation of the tested liquid
between the tanks. The main tank was able to hehstr its contents. During
the study, 5 percent mixtures of liquid and wategrav subject to aging
processes, and contaminated with the used cuttindg from the operation,
which was characterized by a high content of biterl0). The processes
were carried out at a temperature of 36+4°C in Urhrycles, repeated every
24 h for 12 weeks. Samples were taken weekly. Hlaages in the value of pH,
anti-corrosive properties, anti-foaming properties the content of bacteria and
fungi were monitored.

The studies on the lubricating properties were ootetl in accordance
with the requirements of PN-C-04147: 1976. The tdsements were spheres
with a diameter of ¥z inch made of 100Cr6 bearimglstThe size of the defect
diameter on the spheres, with a constant load 2f138l, speed of 1450 rpm,
and time of 1 h was determined.

The biodegradation of the liquid was investigatgdhe Zahn-Wellens test,
in accordance with the guidelines of the OECD 30ibBn.

Technological properties were assessed by the pation of the wear of a tool
bit after working in an environment of the fluidader studies. The research was
carried out according to the PN-ISO 3685 standasidg tool bits made of P10, P20
and P30 cemented carbide. Shafts having a diaroktpr= 50 mm and length
| =500 mm, made of structural carbon steel ofragi quality (St 3) alloy steel 40H
and stainless steel OH18N9 were rolled. The stuatya@nducted at a spindle speed
of w = 450 rpm, with a progress of 0.1 mm/rev. andliingodepth of 1 mm. For
each shaft, two passes of the tool bit were used.

2. The method for producing cutting fluids

The process of producing cutting fluids includes fibllowing steps:
» The preparation of input materials for the proaafsasiodifying the glycerol
fraction and cardanol oxyethylation,
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» The separation of glycerol fraction or cardanoletkylation,

» Monitoring tests of the produced ethoxylate orifmdated glycerine,
» The preparation of the base and refining additives,

» Base and additive blending,

» The control of physical and chemical propertiethefliquid, and

e producing the liquids.

A crucial step in the manufacturing process ofiogtfluids is cardanol
oxyethylation and the separation of glycerol fracti The research on the
synthesis of ethoxylates allowed identifying theimjal process conditions and
catalyst type, which ensures that the product &ekidnas the most favourable
properties. For the preparation of cutting fluidsproduct having an average
degree of oxyethylation n=6 was selected [15]. 3yrghesis of ethoxylates was
carried out in the presence of NaOH catalyst iamount of 0.1% calculated on
the product, at a temperature of 160°C, at a pressfi0.25-0.35 MPa. The
glycerol fraction was separated by means of foragic. The acid was used at
the concentration of 3% at room temperature. Tharob parameter of both
manufactured products was the refractive indexartier to produce the liquid,
output components were prepared using a base gmdpajate sets of additives
(corrosion inhibitor, biocide, anti-foam lubricantilext, the blending process
was carried out at a temperature 25-30°C in a gwmrtaquipped with a low
speed mixer. Upon completion, the basic physicodtenproperties of the
liquid were examined.

3. Overview of the results

Since the cutting fluids are produced as concesgrddr dilution with
water, the study of physicochemical, microbiologiead lubrication properties
was carried out for 5 percent solutions of theetdiquid diluted in water. They
were the predicted concentrations of the solutiohsoperating liquid. For
comparison, the commercial water-diluted cuttingd$, which are used in a
wide range of processes for deficient metalworkingre examined. They were
marked with symbols K1 and K2.

Table 1 presents the research results of physiodcheé and
microbiological properties of the developed and e@rcial cutting fluids.

The cutting fluids G1-G3, produced, based on gipeeand C1-C3 based
on the mixture of cardanol ethoxylate and syntheéister, had the
physicochemical and microbiological properties &mto the level determined
for the commercial products (Tab. 1). They did slodbw a corrosive effect on
steel and cast iron. The pH of the developed andnuercial liquids was
slightly alkaline (liquids G) and alkaline (liquids), which was not conducive
to the growth of microorganisms. The values of diemeter of the defects on
the test spheres, which were determined after ¢ésearch on the developed
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G1-G3 liquids and the commercial K1 and K2, wemilsir, indicating the same
ability to protect against wear caused by frictidm.contrast, the anti-wear
properties of C1-C3 liquids, which had slightly inég values of the defect
diameters, were less effective, but they met tiggirements for cutting fluids.
All liquids were stable. After 24 hours, there was delamination of any of
them. The developed liquids showed significantlyrenfavourable anti-foam
properties than the commercial products, examingdodith the bottle and
blender tests. None of the cutting fluids contaibadteria and fungi.

Table 1. Physicochemical and microbiological prtiperof 5 percent solutions of the cutting
fluids diluted in water

Cutting fluids

Parameter
Gl | G2 | G3] c1] c2] c3] Ki|] K2
Anticorrosive properties HO HO HO HQ HQ H( HO HO
pH 7.7 7.7 7.9 9.5 9.0 8.7 9.2 9.0

Anti-wear properties, defect

X 0.77 | 0.77| 0.60f 0.9 1.0 0.90 0.66 0.86
diameter, mm

Stability (visually) s* s* s* s* s* s* s* s*
Anti-foam properties (bottle > 1 1 1 3 4 20 10
test), s
Anti-foam properties (blender > 1 5 5 3 5 30 40
test), s
number of microorganisms (dig
slide):
bacteria none | none | none | none | none | none | none | none
fungi none | none | none | none | none | none | none | none

The developed cutting fluids demonstrated high stesce to
microorganisms (Table. 2).

Table 2. Change of physicochemical and microbiolalgizoperties of the 5 percent mixtures of
the developed cutting fluids diluted in water agsult of their laboratory aging

Liquid symbol
Parameter C1 2 C3
. Before aging nw* nw* nw*
Total number of bacteria After aging W W 16
. Before aging nw* nw* nw*
Total number of fungi After aging W W W
Anticorrosive properties Before aging HO HO HO
prop After aging HO HO HO
H Before aging 9.5 8.7 8.9
P After aging 9.5 8.7 8.9
Anti-foam properties Before aging 4/40 5/35 5/35
Bottle test/blender test, s After aging 5/55 15/60 20/60
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Gl G2 G3
duration, weeks 12 12 12
. Before aging n/i* n/i* n/i*
Total number of bacteria After aging Y e 16
. Before aging n/i* n/i* n/i*
Total number of fungi After aging Y e e
Anticorrosive properties Before aging HO HO HO
After aging HO HO HO
oH Before aging 7.7 7.7 9.5
After aging 7.9 7.7 9.5
Anti-foam properties Before aging 3/5 2/5 10/15
Bottle test/blender test, s After aging 5/5 10/30 10/20

* not identified

As a result of aging, there was no change in theifstant physicochemical
and microbiological properties of the liquids prodd based on glycerine and
cardanol ethoxylates (Tab. 2). Bacteria and fupgeared in none of the cutting
fluids. The anticorrosion properties of the liquii not change. None of them
had a corrosive effect on steel and cast ironoMtrast, antifoaming properties
slightly deteriorated. The fluids, however, whichderwent the aging process,
were comparable in this respect to the fresh comuadecutting fluids (Tab. 1).
This indicated that the developed liquids met tegfgrmance requirements in
terms of resistance to microorganisms.

All prepared fluids, both the ones based on thetume of cardanol
ethoxylates and diisooctyl adipate (C) and the dveeed on purified glycerol
fraction (G) had a high susceptibility to biocheatidecomposition (Table 3).

Table 3. The degree of the biodegradation of predwuitting fluids

Fluid symbol
C1 C2 C3 Gl G2 G3
biodegradation degree [%] 94.9 92.9 90.p 98|5 99.098.8

Each fluid developed met the criteria of biodegtaataprocess of cutting
fluids, according to which the level of biodegraitigh above 80 percent
classifies the fluid to easily biologically degrat@products.

The study of technological properties was condudtgthg the real process
of rolling. The test results were expressed usingndard geometrical
parameters of the tool bit blade wear: KT — thetklepf gouge the on the
surface, VBB - the average bandwidth of abrasivarves the contact surface
and VBBmax — the highest bandwidth of abrasive warathe contact surface.
They showed similar properties of the developed @rdmercial cutting fluids
(Tab. 4).
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Table 4. The wear of the tool bit blade while tagivarious materials in the presence of 5% test
solutions of cutting fluids

Tool bit type/steel Cutting fluids
type Gl | G2 ] 3] c1] c2] c3] KiI[ K2
KT [mm]
P10/ST3 0.64 0.42 N* N* N* 0.63 N* N*
P10/40H 0.33 0.43 N* N* 0.39 0.46 0.35% 0.19
P10/OH18N9 0.03 0.11 0.03 N* N* N* N* 0.01
P20/ST3 0.49 0.13 N* 0.65 N* 0.59 0.43 0.37
P20/40H 0.19 0.30 0.04 N* N* 0.51 0.33 0.26
P30/OH18N9 N* 0.16 0.04 0.09 N* 0.07 N* 0.04
Vby, [mm]
P10/ST3 0.97 0.78 0.70 0.72 0.1p 0.80 0.11 0,36
P10/40H 0.48 0.67 0.44 0.44 0.5¢4 0.65 0.44 030
P10/OH18N9 0.01 0.11 0.07 0.0% 0.74 0.23 0.p3 0Jjoo
P20/ST3 0.91 0.12 0.00 0.88 0.0¢ 0.56 0.82 0,89
P20/40H 0.30 0.45 0.09 0.51 0.4p 0.99 0.56 041
P30/OH18N9 0.04 0.14 0.06 0.11 0.08 0.03 0.p8 0Jjos
meax [mm]
P10/ST3 1.14 0.88 0.97 1.0 0.2D 1.05 0.19 0,36
P10/40H 0.55 0.80 0.99 0.51 0.6p 0.3 0.57 030
P10/OH18N9 0.01 0.15 0.09 0.09 0.80 0.42 0.p5 0Jjoo
P20/ST3 0.98 0.19 0.00 1.17 0.0p 1.90 0.97 0,89
P20/40H 0.39 0.56 0.14 0.57 0.6p 1.92 0.66 041
P30/OH18N9 0.07 0.16 0.08 0.20 0.04 0.05 0.p8 0Jjos
N* built-up.

The developed cutting fluids, especially the onesed on glycerol,
protected the tool bits against wear during macigjirf OH18N9 stainless steel
and 40H alloy most effectively. The depth of gotige on the surface and the
wear of the contact area of all the tool bits wibeesmallest. In this respect, the
effectiveness of the G1-G3 liquids was similar he tommercial K2 liquid.
Tool bit wear during the machining of the same kaidsteel with the use of
commercial liquid K1 was greater. However, the ofthe liquids developed to
process standard quality steel resulted in higledues of the tool bit wear
indicators in relation to K2 liquid and similar vals to those obtained for K1
liquid.

Conclusions

The results showed that cardanol ethoxylates aywkghe might constitute
the basic components of cutting fluids. The liquitlssed on them could be
characterized by high physicochemical, microbiatagi and technological
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properties. They were similar and sometimes sugshsemmercial products in
this respect. Both the purified glycerol-based iliguand the mixtures of
cardanol ethoxylate and synthetic ester showedgh bhtability of chemical
composition and resistance to bacteria and funigeyTwere characterized by
high anticorrosive and anti-foam properties. Thyuilis sufficiently protected
cutting tools against wear, especially in proceassiigh quality steel. The use of
plant products as a base and additives having tmtogicity and relatively high
biodegradability provided a high degree of bioddgteon of the liquids
produced. This is very important for the environindue to the nature of the
operation of cutting fluids. Therefore, it can beoncluded that these waste
products (glycerol fraction and cardanol) can pievihe raw materials for the
core components of cutting fluids. The cuttingdkibased on these components
can be applied in the metalworking erosive processe

Scientific work executed within the Strategic Peogme “Innovative
Systems of Technical Support for Sustainable Dpusdat of Economy” within
Innovative Economy Operational Programme
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Metoda wytwarzania i zastosowanie cieczy obrébkowycna bazie
sktadnikéw ekologicznych

Stowa kluczowe

Ciecze obrobkowe, oksyetylaty kardanolu, frakcjaeglnowa.

Streszczenie

Specyfika eksploatacji, podczas ktorej ciecze okwdle maj bezpdredni
kontakt z otoczeniem i organizmem cztowieka, gejeepotrzely poszukiwania
rozwigzan zwigkszapcych aplikacg produktow bezpiecznych ekologicznie.
Alternatywg dla baz naftowych i syntetycznych mofgy¢ produkty rg@linne
charakteryzyjce s¢ dobrymi wigciwosciami ekologicznymi. W artykule
przedstawiono meted wytwarzania cieczy obrébkowych na bazie frakcji
glicerynowej z produkcji biodiesla oraz mieszaninisyetylatu cardanolu
z syntetycznym estrem. Zbadano $eiavosci funkcjonalne wytworzonych
cieczy, decydujce o ich przydatriei eksploatacyjnej, a ta& ich wia&ciwosci
fizykochemiczne i mikrobiologiczne. Oldleno take zwycie naza tokarskiego
po obrébce wsrodowisku tych cieczy. Stwierdzonagge ciecze obrobkowe,
wytworzone wedtug opracowanej metody, charaktegyzsip korzystnymi
wiasciwosciami  funkcjonalnymi.  Spetniaj wymagania eksploatacyjne
dotyczce tego rodzaju produktow i mgpgby¢ stosowane w procesach
ubytkowej obrébki metali.






2-2015 PROBLEMY EKSPLOATACJI — MAINTENANCE PROBLEMS 121

o INSTITUTE "
— EUROPEAN UNION AN
INNOVATIVE ECONOMY | (6o o oL | 45
MNATIONAL COHESION STRATEGY JATIORAL NEBEANGH INSTITUTE (N RADOM DEVELOPMENT FUND e

Project co-financed by the European Union from the European Regional Development Fund

Marek SWAT
Institute for Sustainable Technologies — Nationes&arch Institute, Radom
marek.swat@itee.radom.pl

METHOD FOR ECOLOGICAL COMBUSTION
OF ORGANIC WASTE IN COMMERCIAL LOW POWER
BOILER

Key words

Biomass, biomass combustion, energetic efficieacy|ogical efficiency.

Abstract

The structure of primary energy in Poland stilfaemed by a high position
of coal from domestic resources. The widespreadafighis fuel encourages
and facilitates “co-combustion of biomass with &oa power boilers.
Differences in the structure and behaviour durifge tpreparation and
combustion of coal and vegetable fuel are the cafisthe difficulties with
co-combustion of raw biomass in power boilers. Bas® research, the effect of
biomass characteristics on the basic parametetBeoprocess of combustion
and co-combustion of coal in a low-power boiler idevwas determined.
Changes in excess air-ratios and exhaust gas tatapes, and changes in the
concentrations of toxic components of exhaust gasesg the combustion
process were determined. The amount of heat gemeratthe boiler during
the combustion of biomass and fuel blends of bienaas coal was determined.
Controlled changes in process parameters of comobustonditions
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(co-combustion) of coal and selected types of bgsmaallow for
environmentally friendly combustion in commerciavtpower boilers.

Introduction

The use of renewable energy sources has becomssantial part of the
energy industry. This condition is imposed by thedpean Union. Poland has
committed to use 7.5% of primary energy from rerf@eaources in 2010, and
this number is to be increased to 15% by 2020. &ebecentres, where
numerous studies have been conducted, and investsmall and medium-
sized enterprises in the country and the world heaan interested in renewable
energy sources, especially biomass for many year$,[9, 12, 17, 19]. The
main direction of the use of biomass in Polandeattproduction based on the
direct combustion of the fuel in boilers.

Co-combustion is considered to be the easiest veayintrease the
production of energy from renewable sources. Thidue to the relatively low
funding for the modernization (the possibility ofing existing boilers) and
ecological benefits (reducing emissions of,SRO, and CQ) [5, 7, 9, 17, 19,
21]. Disadvantages of the use of such combusti@ canrently problems
associated with ensuring availability of biomassfisient storage of biomass,
and the uncertainty associated with the constamkea@se of biomass. Biomass
can cause environmental hazards and operationblgons in the installation
[3, 4,9, 15, 19].

In Poland, the co-combustion of biomass and sokddl i practically carried
out on an industrial scale in most power plantslpl], This process includes a
variety of fuel configurations (different speciesprimary fuels and biomass)
and technological configurations (grate boilersstduoilers and fluid boilers).
The research [1, 10, 11, 14, 17, 21] shows thatrtbgt common fuel is carbon
co-combusted with wooden biomass (sawdust, woops¢hdust), biogas and
waste from animal and vegetable production (rakbagasse, chicory coffee
bagasse, and bone meal, etc...) According to tt@esy biomass, depending on
the type, is characterized primarily by a relagvieigh humidity (35-50%) and
low calorific value (6—20 MJ/kg) as compared toaemtional fuels parameters.

“Small energetics” (individual heating, small inthigl and municipal
boilers) having a significant share of the totaligsions of the environment,
remains in the "grey zone" because of the laclegtilation of the interference
in the use of technology to ensure compliance withission standards for
combustion processes. The share of small energetitee process of energy
production is estimated at 20-30% in the countf},[2nd, because of the poor
condition of the operated installation, the sestahare of total emissions is
much higher. Despite the dynamic development of dbiestruction of small
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solid fuel boilers, devices are still operated witw efficiency and high
emission rates.

1. Aim of the work

The aim of the work was to recognise the effecbiofnass properties on
the basic parameters of the processes of combuatidnco-combustion with
coal in low power boilers.

2. Realisation

The presented experiments involved the power psieg®f fuel mixtures
prepared of waste materials derived from the fowtls$try (cherry processing
waste and sunflower oil pulp) and of coal.

The selected materials were subjected to laboratsis to evaluate their
properties such as fuel ash content, calorificeyethe fuel elemental (C, H, N, S).

The essential parts of the work were conducted t@stastand that included
a low-power boiler unit adapted to burning coal.

In the course of experiments conducted with theénwdt parameters of
boiler operation, the temperatures inside the fcerend thermal performance of
the device were controlled. Observed factors wdre temperature and
composition of the gases emitted into the atmospher

3. Test stand

The basic element of the test stand was a low pewergy device designed
to burn solid fuels, mainly coal.

The stand used a universal boiler type KJ-WD, witinermal output of 15
kw, from PPHU “PIECBUD".

The stand is equipped with a system for measurimgj ecording the
temperature in the combustion chamber and in theauwst system. The
combustion chamber has a system of three slidimgpéeature sensors (special
sleeves in the water jacket) with heat-resistantards with K-type
thermocouples and temperature recorder type KDufaatured by Kobold.

A combustion chamber of the boiler is equipped wéhsystem for
measuring the amount of air supplied to the comtmisT o measure the amount
of air used, the Hoffer turbine (probe RPR-51S H&gd flow laminators and
mass flow rate computers (Masstrol ST2L10P from KEPor the analysis of
the exhaust gas, a microprocessor analyser (GAw&) [ used from Madura.
To measure the concentrations of hydrocarbon an2W&-analyser from
Hermann was used. The stand is equipped with a&rsysdbr measuring and
recording the energy output of the boiler duringnbastion. Measurements of
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the energy of the boiler were performed with anctetmic energy meter
(PolluTerm) from SENSUS, which registers the enafjiieating medium (GJ)
and the momentary power (kW).

4. Test results

Before the tests, the fuel properties were assestating with determining
the basic chemical composition of the materialslusdhe study. The results of
elemental composition tests of prepared fuel coitipas are shown in Table 1.

Table 1. The composition of elements in testedsfuel

Element concentration
Type of fuel [%]
Coal Hydrogen Oxygen Nitrogen Sulphur
Coal (“Eco-grain”) 75.74 5.35 6.7 1.49 0.69
Cherry processing waste 43.5 6.4 43.7 0.70 0.14
Sunflower pulp 45.2 5.1 38.1 0.15 0.11

From the materials listed above, the fuel mixtunese prepared, which
were used for further tests. Table 2 shows thechaaiameters of the tested
fuels.

Table 2. The basic parameters of the tested fuels

Parameter
Type of fuel Humidity | Ash | Fly particles Calorific value
[%] [MJ/kg]
Coal (“Eco-grain”) 6.37 7.25 32.3 28.5
Cherry processing waste 7.3 1.33 80.8 17.1
Sunflower pulp 8.1 4.32 72.7 16.1

Figs. 1 to 8 presents the results of the combustiofuels derived from
food processing waste (cherry processing wastd|osuar oil pulp). Figure 1
shows the change in the excess air ratiduring the combustion of selected
fuels. The presented data indicates that this patemfluctuated around the
value 2. In all cases, the combustion of fuelshef process a small change of
the excess air ratio was observed in the peridc2Ddb 100 minutes. Coal in the
same time period required changes\of2.2, cherry processing waste~2.0,
sunflower oil pulph ~1.8. This time period can be for all test casmssitlered
to be the primary process of laminar combustionictviis the stabilisation of
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changes of excess air ratio and the temperatutheofprocess. The biggest
change of the excess air ratio was found in alesasf combustion at the
beginning and end of the process. The beginning mmpid combustion of
vaporized fly particles of fuel with the simultansopropagation of flame in a
large mass of fuel on the grate. The smallest aharfigg was found for cherry
processing waste (from 3.9 to 1.9). The end ofdbmbustion process is the
inhibition of oxidation by combustion products ofiet primary process.
Combustion in this period requires the smallesingea of\ for sunflower oil
pulp and cherry processing waste (from 2.0 to 48 4.7), and the largest
changes were required for coal (from 2.2 to 5.9).

There was a momentary slight change ofihie a few cases (involving a
mixture of 50, 25 and 15% of the cherry processiragte and sunflower oil
pulp), resulting from changes in the compositiontioé instantaneous fuel
blends, due to differences in their density. Desflie very good mixing of the
components before the tests, their partial separaticcurred during fuel
delivery, which results in an erratic operatiortted furnace. No indication was
observed that the composition of fuel mixtures ba grate furnace burned
directly affect the value of the excess air ratip (

6 \ \ \ \ \ \ 3
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Fig. 1. Variation of excess air ratio during contirs of coal, cherry processing waste and
sunflower oil pulp

In whole combustion process, the average excesatiaiiwas greatest for coal,
Aavc= 3.03, and smallest for cherry processing wagtgr= 2.28 (see Fig. 8).

Figure 2 presents the changes of the exhaust gasetature measured
in the exhaust pipe. During the tests, the tempesavaried in the range
150-350°C, taking the most common values in thegeanf 200-330°C.
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Comparing the obtained data with the values ofetteess air ratio)j, it can be
concluded that increasing the exhaust temperateiceedses the coefficieit
and, conversely, the exhaust gas temperature decigabserved as an increase
of excess air ratio. It follows that with constamount of fuel dispensed into
the combustion the factor that effects the coedfitih. and exhaust gas
temperature may be the amount (portion) of fuellmasted at any given time on
the grate of the furnace.

In all performed fuel combustion processes, it wlserved (following the
sharp increases of exhaust gas temperatures ipetfianing — the combustion
of evaporated fly particles) that the speed of ékbaust gas temperature rise
was slowed (locally reduction of the temperaturehaf process) in relation to
the takeover of power by the fuel bed on the goafernace.

The lowest average exhaust gas temperature in timewcombustion
process (see Fig. 9) was observed for sunflowepulpp, Tav sp = 187°C, the
largest for coal “eco-grain”, Tav ¢ = 256°C.
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Fig. 2. Variation of temperature of exhaust gasasnd combustion of coal, cherry processing
waste and sunflower oil pulp

Figure 3 presents a comparison of the energy vakmsived by the heat
installation during combustion tests of coal ores&dd types of biomass, and
Figs. 4 and 5 present the energy obtained duringpbastion of fuel mixtures of
coal and biomass.
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Fig. 3. The amount of heat energy generated irsyiséem of boiler during combustion of coal,
cherry processing waste and sunflower oil pulp

The presented data shows that, during the combusfithe same mass of
fuel in similar conditions of the thermal proced® energy produced increases
with the decrease in the share of biomass in cotetusiel blend from 41.09
MJ for fuel with 100% sunflower oil pulp (50.81 Mdr cherry processing
waste) to 72.58 MJ for fuel composed of 100% carbon
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Fig. 4. The amount of generated energy in the baileing combustion of mixtures of cherry
processing waste and coal

It has been found that the energy obtained fromctirabustion of cherry
processing waste, compared to the energy obtamed the combustion of coal
is 10% greater than the result from the comparidfocalorific values of these
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two fuels. The uniform, regular, spherical partisiee of bulk cherry processing
waste (greater surface in contact with air) makes grocess of combustion
increase the thermal efficiency of the boiler. Thenbustion of fuel mixtures of
coal and cherry processing waste (50, 25, and 1886llIts in energy
comparatively close to the ratio of calorific vaduaf these mixtures.
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Fig. 5. The amount of generated energy in the bdileing combustion of mixtures of sunflower
oil pulp and coal

Tables 3 and 4 show the comparison of the calovdice and the energy
generated during the combustion of the differentieti@s of mixtures of
biomass with coal. Only for the case of the combusof pure sunflower oil
pulp was the obtained energy close to the raticatdrific values sunflower oil
pulp and coal. For other cases of the combustiomixtures, the thermal
efficiency of boiler was decreased.

Table 3. Calorific value and obtained energy for bastion of mixtures of cherry processing
waste and coal

Mixture composition Calorific Received

[%] value ener Wpip/WcoaI Epip/ Ecoal
W [%] [%]
Cherry processing [MJ/kg] [MJ]
Coal
waste

100 0 17.1 50.81 60 70
50 50 23.1 58.06 81 80
25 75 25.8 65.32 91 90
15 85 26.8 67.5 94 93

0 100 28.5 72.58
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Table 4. Calorific value and obtained energy for bastion of mixtures of cherry processing
waste and coal

Mixture composition Calorific Received
[%] value energy Wpng/Wcoal Epng/Ecoal
Sunflower oil Coal [MJ/kg] [MJ] [%] [%]
pulp
100 0 16.1 41.09 56 55
50 50 22.6 54.44 79 75
25 75 25.6 57.34 89 79
15 85 26.7 60.24 93 83
0 100 28.5 72.58

Figures 6-8 present the concentration of toxic gaseombustion products
for the analysed types of biomass and coal.

Figure 6 shows the changes in the concentratiaradifon monoxide in the
exhaust gas. The presented data shows that, iimitle# stage of combustion,
the temperature rise in the furnace caused a dexirdhe concentration of CO
from about 1600 ppm for coal to about 800 ppm ie fthmain, laminar
combustion stage. For cherry processing waste anflosver oil pulp, the
concentrations were 1300-1600 ppm in the beginaimy500-600 ppm during
laminar stage.

Probably the primary factor affecting the valuet& carbon monoxide
concentration was a momentary temperature of thewabte. The low
temperature of about 200—400°C in the initial pgrimused that the oxidation
process of steam-gas produced in the furnace pledewith relatively low
yield. The temperature increase to a level 700-O0firing the laminar stage
meant that a substantial part of gases produceccorabusted. The reason for
the observed temperature rises in the later peviasl the energy derived from
the combustion of previously emitted carbon monexadd hydrocarbons.

Analysis of the results of the effect of the exceds supplied to the
combustion of coal and biomass on the concentratibrcarbon monoxide
confirm the fact resulting from the analysis of tbembustion process that
increasing the value of the excess air ratio ugualiresponds with the decrease
of the carbon monoxide concentration in the exhgast

In addition, analysis of the results of the effefttemperature in the
combustion zone on the concentration of carbon wideo resulting in co-
combusted of the blends, confirms the fact resulfiom the analysis of the
combustion process of fuel components that an @se&rein combustion
temperature causes a decrease in the concentdtiG® in the exhaust gas.
The reduction in CO emissions was observed fothedl tested mixtures at a
constant load and constant excess air ratio supfgighe combustion chamber.
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During combustion, the lowest mean CO concentratimere found for
cherry processing waste — 661 ppm, and the lamgastfound for coal — 1013
ppm (see Fig. 8).

The increase in the percentage of biomass in auneixtith coal resulted in
a proportional decrease (cherry processing wastefjosver oil pulp) of the
concentration of carbon monoxide in the exhaust gas
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Fig. 6. Variation of carbon monoxide concentratiorexhaust gases during combustion of coal,
cherry processing waste and sunflower oil pulp

Analysis of the results of the effect of temperatur the combustion zone
on the concentration of nitrogen oxides formed myrthe combustion of
biomass and coal indicates that the increase irbustion temperature causes
an increase in the total concentration of nitrogeides NOXx in the exhaust gas.

In the combustion of coal, NOx held the largestratat the high values of
oxide concentrations in fuels, both because ofatheunt of elemental nitrogen
in fuel (1.49%) and because of the relatively heghess air ratioh(~2.2) in the
main laminar combustion stage. The thermal oxid@sng combustion only
occurred at high temperatures (above 700°C).

The result of combustion of cherry processing wastas the formation of
the lowest values of average concentrations of XD ., , = 103 ppm — see
Fig. 8) in the whole process, mainly thermal oxjdesen though the fuel
contained 4 times the amount of elemental nitragan the sunflower oil pulp.
In this case, the lowest average excess air katig = 2.28 and low average
temperature of combustion (exhaust gas temperdtyge, = 202°C) had the
dominant role.
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Fig. 7. Variation of nitrogen oxides concentrationexhaust gases during combustion of coal,
cherry processing waste and sunflower oil pulp
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Fig. 8. Average values of changes of excess #@, rexhaust gas temperature, carbon monoxide
concentration, nitrogen oxides concentration arphsur dioxides in exhaust gases during
combustion of coal, cherry processing waste anfi@auer oil pulp

The results of nitrogen oxide emissions duringdbmbustion of coal and
biomass blends, as expected, show an increase woticentrations of NQlue
to the increase in the percentage of carbon imlgred during co-combustion of
cherry processing waste and sunflower oil pulp.

Analysis of the results of the effect of the tygewel on the concentration
of SO, formed in the combustion process leads to the lasimn that the
emission of sulphur dioxide in the exhaust gas &niy dependent on the
elemental content of elemental sulphur in fueltetks
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During the study of combustion of coal, cherry meging waste and
sunflower oil pulp the S©Oconcentration was found to be proportional to the
sulphur content in the fuel.

Generally, it can be said that the increase imp#teentage of biomass with
coal mixtures reduces $@missions during combustion.

Conclusions

e Changes in process parameters, for both the combhusinditions, as well
as the co-combustion of coal and certain typedarhlss and its impact on
emissions of pollutions (CO, NOSG), support the conclusion that the
increase in the value of these parameters imprtheegjuality of thermal
conversion process of the materials by reducing dbecentrations of
certain pollutants; however, at the same time gimedity of the combustion
process is reduced due to other pollutants.

* Anincrease in combustion temperature — as an @mkgmt variable parameter
— improves combustion, reducing the concentratfaradon monoxide, but at
the same time increases the emission of sulphuiddicand nitrogen oxides
NO,. The increase in the oxygen supplied with thet@ithe combustion
chamber caused a significant reduction in the adraton of carbon monoxide
and sulphur dioxide, while increase in concentnaticof NQ. These
relationships were observed for all tested fuels.

* Analysis of the energy properties of mixtures afbca and selected types
of biomass showed that the high calorific valueb@mass allows the
participation of dry biomass in the mixture up @&

 An ecological method of combustion and co-combustfthe assumed
maximum thermal efficiency) of selected types afrbass is to control the
oxidation process by changing the excess air fatespecially in the initial
period of rapid increases in temperature (combnstb evaporated fly
particles). The intensity of oxidation during thieriod determines the
nature of the combustion in the main part of tmeitear combustion.

* A change in the excess air ratio during this pesbduld not be larger than
Apup <0.4/min Ay, <0.2/min, which reduces the increase rate of, MO
eNOx pup<14.5 ppm/min and eNQ,, <10.4 ppm/min. The intensity of the
oxidation of CO shows a satisfactory level of gG© 48 ppm/min and
eCQy> 55 ppm/min.

* Inlaminar combustion, the excess air ratio shdaldnaintained at the level
of A ~2.0 for cherry waste arid~1.8 for sunflower pulp.

Scientific work executed within the Strategic Peogme “Innovative
Systems of Technical Support for Sustainable Dpusdat of Economy” within
Innovative Economy Operational Programme
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Metoda ekologicznego spalania odpadéw organicznyet komercyjnym
kotle matej mocy

Stowa kluczowe

Biomasa, spalanie biomasy, sprawtenergetyczna i ekologiczna.

Streszczenie

Struktue energii pierwotnej w Polsce va¢i ksztattuje wysoka pozycjaegla
z zasobow krajowych. Powszechne stosowanie te@wapaprzyja i utatwia tzw.
wspotspalanie biomasy zg¢glem w kottach energetycznych. &ae w budowie
i zachowaniu podczas przygotowania oraz spalag@glaw paliwa rélinnego g
przyczyry pojawiagcych s¢ trudnaci eksploatacyjnych przy wspoétspalaniu surowej
biomasy w kottach energetycznych. Na podstawie poomeadzonych bada
okreslono wplyw wigciwosci biomasy na przebieg podstawowych parametrow
procesu jej spalania i wspoétspalania gglem kamiennym w ugdzeniu kottowym
matej mocy. Okrdono zmiany wspoéiczynnika nadmiaru powietrza, zmian
temperatur gazow spalinowych, zmianyzat toksycznych sktadnikéw spalin
w trakcie procesow spalania. Ustalonosdlo energii cieplnej wytworzonej
w instalacji kotlowej w trakcie spalania biomasyieszanin paliwowych biomasy
z weglem kamiennym. Kontrolowane zmiany parametrow @sowych warunkow
spalania (wspédtspalania) ¢gla i wybranych rodzajéw biomasy pozwalapa
ekologiczne prowadzenie procesow spalania w konmerdy kottach matej mocy.





