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RECYCLING BIODEGRADABLE OILS FOR THE HYDRAULICS
CIRCUITS AND PROTECTION OF THE ENVIRONMENT

The paper deals with problems of biodegradable oils produced on a rape-seed basis.
The oils replace mineral oils heavily disturbing natural ecosystems. Biodegradable oils are
manufactured as raffinates but the substance of our research is the development of recycled
products. Recycled products are produced from already used food oils in which refining
and additivation are carried out. It is demonstrated that oils can be evaluated by methods of
tribotechnical diagnostics using several parameters (viscosity, acid number, water content),
however, the only parameter reliably determining its quality and service life is peroxide
number which is much more better in recycled products than in raffinates. In diagrams,
changes related to time are given in the peroxide value in sixsamples, data on the mean ti-
me of service life and relative lifetime.

Keywords: protection of the enviroment, biologically degradable oils, hydraulic cir-
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3HMKEeHHS BIVIMBY HA JOBKIJJIS HIJISIXOM IOBTOPHOI0 BUKOPUCTAHHSA
0i0JIOTiYHO PO3LIEIIIOBAHUX OJIMB JJI TiIPABJIYHUX CHCTEM

PosrnsnyTo npo6iieMyn BUKOpPHUCTaHHS 010J0TTYHO PO3LIEIUIIOBAHUX OJIUB, BUPOOJIE-
HUX 3 HAaciHHA parcy. [l 3MeHIIeHHS HETaTUBHOTO BIUIMBY Ha JOBKIISA 3alIPOMOHOBAHO
3aMiHy MIHEpaJbHUX MAacTUJ O10JO0TIYHO PO3IIEIUTIOBAHUMHU, SIKI BUPOOJISIOTHCS 13 BUKO-
pPHCTAaHUX Xap4YOBUX OJMB. SIKICTH OMMBH MOXeE OyTH OLIHEHa METOJOM TPUOOTEXHIYHOI
JIIaTHOCTHKHU 3a JCKIIbKOMa MapaMerpamMu (B'S3KiCTh, KUCIOTHICTh, BMICT BOJIM), OJIHAK
BU3HAYAIBHUM SIKICHUM TTOKa3HWKOM OJIMBH € BMICT MEpeKucy BonHIo. Llei moka3HuK €
BUIINM Y 010JIOT1YHO PO3UICTUIIOBAHUX OJIMBAX, HIK B OYUIIEHUX HadTompoaykrax. Ha mi-
arpaMax IMoKa3aHO JWHaMIKy 3MIHHU BMICTY MEPEKHCY BOJHIO B 010JOTIYHO pO3IIEILIIOBA-
HUX Ta MiHEpaJIbHUX OJINBAX 3a MEBHUM MPOMIKOK Yacy eKCIuTyaTallii.

KurouoBi cjioBa: oxopoHa JOBKI/UIA, O1070T1YHO PO3MICTUIIOBAHA OJIMBA, TiapaBIliy-
Ha CHUCTEMa, PEIYKTOP, IOBTOPHE BUKOPUCTAHHS OJIUB, HAIIMHICTD.
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Introduction

Possibilities of improving the environment conditions and decreasing the le-
vel of its pollution by fillings of gearboxes and hydraulic circuits of forest machines
through substituting mineral oils by biodegradable oils particularly by rape-seed oils
(HETG) were dealt with in recent years results being published by ROUSEK (2000).
Results of service life tests, development of the acid number and viscosity were pub-
lished by HARMS (1998) and effects of biodegradable oils on packing were studied
by KUCERA (1999). Studies dealing with impacts of waste hydraulic oils on the fo-
rest environment carried out by SKOUPY in our Department already for a number of
years are to be considered to be very important. Complexity of the problems in fo-
rest practice is mentioned by LAUHANEN and KOLPPANEN (2003) in a paper where,
in addition to generally known findings, conclusions of an experiment are given
studying the effect of oils on the germination of seed of Scots pine. Germination ca-
pacity is decreased from 95 % to 13-47 % under conditions of oil dispersion at an
amount of 20 1/ha according to a type (mineral or biodegradable oils) and decreases
to 0 % at 32 I/ha. The authors point out a need to introduce other parameters evalua-
ting effects on forest organisms because a mere biodegradation does not suffice.

The paper deals with problems of introducing the biodegradable oils in
connection with the environment protection. After the analysis of basic chemical,
physical and technical properties of refined biodegradable oils based on a rape seed
basis of HETG type possibilities are studied of improving their properties for
technical purposes, above all their thermooxidation stability. One of the possibiliti-
es to improve the property according to the state programme of a useful, economic
but above all ecological handling the problem of oil wastes conformable with Law
Ne 125/97 Gaz. on wastes and its novella Ne 167/98 Gaz. is collection and subseq-
uent recycling of food oils based on rape seed. Particularly deep frying oils which
were exposed to considerable thermal load in kitchen operations appear to be sui-
table. A basic idea consists in an assumption that through thermal load, considerab-
le amount of double bonds decreased the bonds being the basic source of polymeri-
zation reactions, in other words thermooxidation instability of oil. Such an oil, un-
der conditions of observing other important physical and chemical parameters, can
be used after recycling as a filling for gearboxes or less loaded hydraulic systems.
At the same time, in co-operation with SETUZA Olomouc Co., possibilities were
tested and verified to use recycled oils as an admixture for a raw material charge
for the production of methylester which is one of the basic components of biodi-
esel fuel of the second generation. Thus, in this threefold use of rape-seed raffinate
it is possible to see a required conclusion of the rape reproduction cycle from the
production of rape seed up to combustion in exhaust gases which are much less
carcinogenic than products of diesel oil combustion. Therefore, it is necessary to
create a more intensive pressure for introducing biodegradable oils. It is a fact that
application of rape-seed oil in hydraulic systems is rather problematic and a tempe-
rature range of 40 to 70 °C limits the field of their use. Based on circumstances
mentioned above conclusions were deduced that from the technical point of view it
1s necessary to direct applications of natural esters (rape-seed oils) to the field of
using in hydraulic circuits of machines and gearboxes of low load.
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Ecological aspects of the problems

Increasing the ecological safety of the operation of wood-processing or fo-
rest machines became (in consequence of the adoption of the Forest Law) one of
the main problems of the operation of forest machines and equipment. In § 32 de-
aling with forest protection and particularly in a section concerning the responsibi-
lity of an owner to protect the forest against pollutants occurring in the course of
forest management increased requirements are put to deal with sudden leakage of
fillings of hydrostatic circuits and gearboxes of machines into the natural environ-
ment. A transition to biodegradable oils mastered in the context of all aspects wo-
uld contribute to strengthen ecological safety of forest operations.

The following arguments contribute to substituting mineral oils by vegetab-
le oils on the basis of rape-seed triglycerides:

® the present trend of the development of prices in mineral oils,

® mineral oils are obtained from natural sources (crude oil) which are, unfortunately,
non-renewable,

® crop production as a source of rape seed shows favourable conditions in our geog-
raphical latitudes as well as a support based on experience obtained by many-year
tradition,

e through Law No. 289/95 Gaz. on forests, a duty has been enacted to introduce bi-
odegradable oils into forest operations.

On the ground of economic reasons it is advantageous to tend to biodegra-
dable oils based on rape seed basis. In biodegradable oils produced by traditional
refining procedures there 1s a number of problems in the field of technical use. The
paper deals with methods of their solution. It refers particularly to improving the
poor thermooxidation stability of raffinates manifesting in the origin of hardenable
polymer deposits which show a fundamental effect on the loss of the machine mec-
hanism function. A quite original procedure of treatment has been proposed consis-
ting in overheating the rape-seed oil to a high temperature, subsequent removing
the oil sludge and next treatment including additive addition which markedly
improve the instability. Thus, in this connection, the use of food oils subject to fo-
od-processing operations is directly offered.

Good lubricating and viscosity-temperature properties, resistance to corro-
sion (low water content), tolerance to materials of hydraulic circuits, low setting
temperature, stability of a liquid with a limited creation of sludge and sticky
substances rank among criteria used for assessing the suitability of fluids for a
function in hydrostatic mechanisms.

Biologically easily degradable hydraulic fluid is such a product which is bi-
ologically sufficiently quickly degraded and which is not toxic (both the fluid and
products of its degradation) for flora and fauna.

In carbonaceous substances, aerobic and anaerobic processes of degradation
are known. In aerobic degradation, fatty acids are decomposed by the action of
oxygen, water and bacteria to water and carbon dioxide a product being both energy
and biomass. Anaerobic degradation is characterized by the decomposition of fatty
acids by means of bacteria and water to methane and carbon dioxide and also energy
and biomass originate. At present, results are known of the decomposition of fluids
of both plant and synthetic origin which are to be substituted for mineral fluids (Fi-
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gure 1). It refers to fluids based on polyalkyleneglycols and synthetic esters which
are degradable after a period of 21days, according to a type from 10 to 100 % and
natural rape-seed oils degradable from 75 to 100 %. As compared with mineral oils
which are degradable only from 10 to 30 % a promising shift is evident.

Figure 1. Biological decomposability according to CEC-L-33-T 82

Above all, it 1s suitable to explain briefly the essence of ecologically favou-
rable properties of biodegradable oils. It refers to substances easily degradable by
microorganisms. Under the effect of oxygen and microorganisms which exist in
every normal soil the conversion of oil to biohumus (dead microorganisms) and pro-
ducts of degradation occurs which are water and gases (largely carbon dioxide) in a
final stage. The rate of decomposition is cardinal in the process. Advantages of easy
biological degradation of the fluids are thus based on their rapid transformation to
carbon dioxide, water and biomass after their penetration into soil or water. Due to
the fact, a rapid decontamination of the affected environment occurs. However, it is
not a case of leakage of large volumes of the fluids on small areas of soil or water.

Biodegradation can be defined as a biologically directed reduction of
complex chemicals (substances of both natural and anthropic origin). In case of a
total degradation of a chemical to primary mineral components (CO,, N, C, P etc.)
biodegradation is identical with mineralization. Biodegradation of hydraulic oils is
nearly exclusively assessed by a test designated as CEC L-33-A-93 from 1995.
The standard has become part of a direction of the Czech Republic Ministry of the
Environment No. 15-96. Up to 1995, the standard CEC L-33-T-82 was in operati-
on. The test is carried out in the water solution of oil under the use of a strain of
bacteria from a cleaning device.

Material

It is possible to state that rape is a plant species of the genus Brassica belon-
ging to the family Brassicaceae (Cruciferae). Its scientific name is Brassica napus.

Various forms where it can occur affect phytogenetic, anatomic and
morphological properties. For the purpose of a technical use, Brassica napus ole-
ifera is important as a source of oil. Oil is obtained through the multiple extraction
of seed. The procedure of further processing can be carried out in the following
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stages: sediment disposal, hydration, neutralization, bleaching and desodorization.
The objective of raw oil processing is to produce a raffinate which is a basic raw
material for the production of other products mostly through additives. Keeping the
quality of the implementation of particular production stages markedly affects the
raffinate quality. Rape oil ranks among the group of lipids consisting predomi-
nantly from glycerolesters of higher carbonaceous acids molecules of which are
composed from an alkyl group (C H, . ) and a carboxyl group (COOH). In additi-

on to a glycerolester the natural oil includes free fatty acids, phosphatides and non-
saponifiable components. The glycerolester consists of trivalent alcohols three OH
groups of which can be esterified to a triglycerol. The process of esterification can
be depicted as follows:

alcohol + acid ==> ester + water
glycerol fatty acids triglycerol H,0

The rape-seed triglycerol molecule contains more kinds of fatty acids and
References mentions that the content of oleic acid is 50-66 %, linoleic acid 18-31 %

and linolenic acid 6-14 % (molecule weight 282 g-mol_l). Ageing which is manifes-
ted by the increase in free fatty acids can be assessed in the technical rape-seed
triglycerol by determining the acid number as the acidity of oleic acid. Another prob-
lem is thermooxidation stability which is assessed by means of peroxide number.

Problems of the attainment of high thermooxidation stability of rape rafti-
nates and the effect of particular factors influencing the stability consists in un-
derstanding the oxidation processes occurring in the oils. Main oxidation processes
were described by VELISEK (1999). As for his findings, the list of particular possi-
bilities of oxidation but particularly problems of antioxidation factors are necessary
to be accepted. A fundamental finding deserving attention is a chapter on reactions
occurring in rape-seed oil raffinates and deep-frying oils.

Oxidation stability is the capability of oil to resist to the effect of oxygen
which in relation to environment temperature causes a number of chemical changes
in the TAG molecule.

It refers particularly to reactions on a double bond in the chain of fatty acids.
The higher the degree of unsaturation of fatty acids the more sensitive the acids to
oxidation. It is the main reason of rape breeding to the low content of linoleic and li-
nolenic acid. A number of substances, e.g. oxygen (particularly of singlet type), he-
at, light, occurrence of metals (particularly Cu, Fe and Mn) and antioxidants (natural
and synthetic) effects oxidation and antioxidation properties. Of fundamental impor-
tance are the level and quality of refining processes, methods and conditions of sto-
rage (inert atmosphere) etc. The process of ageing vegetable oils can be briefly
described as a chemical reaction starting with the formation of peroxides (oxidation)
and hydroperoxides (autooxidation) on a double bond, formation of dimers and
polymers (polymerization), splitting the ester bonds and formation of free fatty acids
and partial glycerol esters (esterification), formation of aldehydes, ketones, oxy —
and hydroxy acids. By virtue of the knowledge of some chemical characteristics it is
possible to conclude that the oil is liable to the changes.
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Peroxide number informs on the amount of bound active oxygen (peroxi-
des) on the double bonds. At the beginning of operation it increases, initiation rate
1s small and it is desirable this stage of reaction (induction period) to be as long as
possible because in this stage the oil is chemically constant. In the stage of advan-
ced degradation a turn occurs which is related to the process of polymerization,
formation of polymers in a fluid. In the process of polymerization, decrease in do-
uble bonds occurs in the TAG molecule with unsaturated fatty acids. Chain grou-
ping takes place of particular TAG molecules. However, starting the moment oil
viscosity begins to increase, and iodine number decreases. Polymerization plays a
crucial role in oil desiccation.

Acid number increases with the hydrolysis of ester bonds (KOH con-
sumption for buffering free fatty acids). General conclusions that determination of
iodine or peroxide number is of importance have to result in comparisons of the
numbers (ROUSEK, 1996). Oleic acid shows about 90 mg 1,/100 g, linoleic acid
181 mg I,/100 g and linolenic acid 273 mg I,/100 g. Iodine number of synthetic es-
ters oxidation stability of which is evaluated as comparable with mineral oils is gi-
ven about 10 mg [,/100 g. It is possible to notice a certain dependence which has to
be, however, verified experimentally in the course of the service life test. Actually,
it is possible to suppose that the oil service life is related to small changes in acid
number, iodine and peroxide number and the higher the peroxide or iodine number
the higher oxidation stability can be expected (ROUSEK 1996).

Effects of temperature on the course of peroxide number is based on a fact
that at higher temperatures peroxide decomposition occurs. The higher the tempe-
rature during oxidation the lower the maximum value of peroxide number. Peroxi-
des of markedly unsaturated fatty acids are decomposed already at a normal tempe-
rature. The more unsaturated the acids the faster decomposition of the peroxides.
Stability of hydraulic oils at high temperatures plays the same role as at low tempe-
ratures in connection with their applicability in hydraulic systems. Ageing (oxidati-
on) should start as late as possible even at high temperatures. In addition to this, no
acids causing corrosion must not be released and viscosity must not be markedly
changed. Through oxidation and temperature instability various parameters (parti-
cularly viscosity) of a hydraulic fluid can be markedly changed.

Unsatisfactory peroxide number of raffinates resulted in the elaboration of
a method leading to its improvement. The procedure was operationally termed
recycling because an idea to use high overheating of oil at the beginning of use for
the purpose of removing polymers can be easily applied in the treatment of deep-
frying oils. The procedure consists in a fact that after overheating the oil undesirab-
le substances are removed, the raw material is bleached, its acid number is decre-
ased and additive addition follows. Recycled biodegradable oil preserves properti-
es comparable with biodegradable oils based on rape seed.

Under the term recycled oil we understand oil produced on the basis of
using the rape raffinate subject to operation characterized by high temperature load
which was treated for further mainly technical use. Through mixing palm oil
(20 %) and rape oil (80 %) so called deep-frying oil is obtained. The oil is prede-
termined for frying in small deep fryers or in large devices of public canteens and
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dining rooms. Law No. 125/97 Gaz. on wastes sets categories of classification and
procedures for waste disposal. Rape-seed oil disposal is carried out according to a
key for wastes which includes exclusively vegetable oils. Through the publication
of an amendatory bill No. 167/98 Gaz. on wastes an obligation of the user is enac-
ted to document the method of used oil disposal.

Methods

While up to now, oil in various machine mechanisms is exchanged after
elapsing obligatory lawful replaceable periods without any relationship to its servi-
ceable properties, implementation of the measurement of basic indicators makes
possible to achieve more economical use of hydraulic and gearbox oils. Theory of
technical diagnostics is used to monitor and evaluate the measurements. There is a
close relationship between theory of reliability and technical diagnostics. In the
application of methods of technical diagnostics already in the stage of monitoring
the reliability (of an experiment) it is evident that indicators of reliability will not
be related only to moments of the origin of disorders and defects as in the case of
standard reliability but on the period of the machine operation related to the achi-
evement of a certain value of a diagnostic signal. Through optimization calculati-
ons, it is possible to determine the optimum technical condition of oil for various
measures of maintenance and thus to build a system of preventive diagnostic main-
tenance. The objective is to predict a time when it will be necessary to carry out re-
newal (treatment, repair or exchange) on the basis of the knowledge of actual
technical condition of the machine element. It is necessary to define indicators of a
failure-free condition as the function of a technical condition. Within a test of the
service life of a machine element we will monitor not only the operation time t but
also a suitable diagnostic signal S which is called an indicator of the technical con-
dition of a studied parameter.

Determination of studied parameters

In the course of previous tests it was proved that following parameters ran-
ked among basic indicators of the service life of hydraulic biodegradable oils:

1) Viscosity (mm®s ') at 40 °C 2) Acid umber (mg KOH-g ")

3) Water content (%) 4) Peroxide number (mmol O,/kg)

Layout of the test equipment

The tests were carried out in hydraulic trial circuits and gearboxes. A
hydraulic trial stand is designed as a simple open hydraulic circuit. Particular kinds
of oils were tested under various parameters of pressure and temperature, pressure
in the hydraulic circuit up to 7 MPa, oil temperature in the tank in the course of test
was kept in a range of 40-65 °C.

On the ground of savings of financial costs, gearboxes are also used in the
tests which load the oil mechanically similarly as elements of hydraulic circuits.
Relatively small weight of gearboxes, the size of transferred power per kg of we-
ight, wide range of powers from 0.37 to 30 kW and prefabricated construction pre-
determine them for wide use and, therefore, they were chosen for testing the servi-
ce life of biodegradable oils.
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Sampling

From the point of view of diagnostics, it is necessary to determine conditi-
ons for taking the necessary sample of oil filling. There are general rules given in
References. After 100-300 hours, oil is sampled to test parameters and after their
implementation its remaining part is given back to the circuit or gearbox. A rule is
observed that the temperature of a sampled oil ranges between 40 and 65 °C. The
test is interrupted after the evident degradation of one of the measured parameters.

The filling 1s formed by raffinates of BIOMIL type and a recycled oil on
rape-seed basis, samples NAPRO — HO. A working hypothesis is as follows: pro-
perties of a tested oil will be very good for at least 1500 service hours and changes
in basic selected parameters will be in permitted tolerances.

Results and Discussion

For the purpose of information we give results of service life tests in
recycled NAPRO oils as compared with a rape-seed oil BIOMIL PR (typical rafti-
nate), viz. changes in viscosity (Figure 2), and peroxide number (Figure 3).

Changes 1n viscosity in both types of oils are not marked, the requirement of
Czech standards to evaluate good conditions of oils by 10 % are fulfilled and the
quality of oils cannot be specified from the viewpoint of thermooxidation stability.

Based on the diagrams it is possible to conclude that in all samples visco-
sity changes within a tolerable limits up to 1000 service hours. Noticeable differen-
ces occur, however, in peroxide number where thermooxidation instability of raffi-
nates is evident. Thermooxidation stability of recycled products is good being
comparable with mineral oils.
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Figure 2. Comparison of the viscosity of recycled products and raffinates
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Figure 3. Comparison of the peroxide number of recycled products and raffinates

The dependence of changes of a peroxide number on time given in Figure
5 shows the course of changes of measured values of particular samples converted
by the method of fitting a polynomial to the Figure of the course of a function. These
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basic data will be used to elaborate tribotechnical diagnostic methods where the reli-
ability (service life) of oil is evaluated by the rate of changes in a diagnostic signal
(Figure 4). The diagnostic signal is the value of a peroxide number and one of objec-
tives is the calculation of a mean time of operation on the given values of a peroxide
number (specifically on levels 3, 4, 5, 6, 7, § mM O kgﬁl) according to a formula. It

is valid that on level S, the mean time of operation will be (HAVLICEK, 1989):

_ NEY) n—z(S)
t(SI):;' > 1,(S;)+ Zlfz'j(Sl) ; (1)
j=

i=1
where: n — number of tested elements (oil filling); z(S7) — number of machine ele-
ments existing under condition (S7); #;(S7) — time of operation of the i-th element
existing under condition (S7); #j(S]) — technical life of the j-th element which did
not experience technical condition (S7).

Indicators of technical service life f{7)
£(t) . P 5
prubeh diagnostického signalu §;
' g4 i-tého streojniho prviku

Indicators of a diagnostic signal AS)
t{5)

0 E(SI) E(SII} — F(S) ~m— 0o ... o

Figure 4. Representation of results of the comprehensive monitoring the technical
condition of oil

The studied value increases up to a limit value (limit condition) correspon-
ding to the technical life of the oil filling.
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Figure 5. Relation of the mean time of operation to the value of a diagnostic signal S
(peroxide value)
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The second value which is necessary to be determined is a further possible
indicator called relative time of operation ¢,.. The relative time of operation is the
probable (expected) time of operation of elements living under a certain technical
condition. Unlike the mean time of operation #(S), only those elements are included
into operation which attained a certain technical condition expressed by the concre-
te level of a diagnostic signal S. The discrete value of the relative time of operation
of machine elements (fillings) living under condition §; can be determined by me-
ans of the relation (HAVLfCEK, J.,1989)

1 #(S)

L, (SI) Z(SI) lgltl (SI )9 (2)
where: z(S;) number of machine elements living under condition Sj; #(S;) time of
the operation of the /™ element living under condition S;.

14 -

12 | y= 1’497460,001%(’
2 _
10 . R%= 0,941
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Figure 6. Relation of the mean time of operation to the value of a diagnostic signal §
(peroxide value)

It is evident that the only value t(S)), (Sp), ... , tr(S)),..., tr(Sy) corres-
ponds to each level of the diagnostic signal S, Sy, ..., S, ..., Sw.

The given dependence will convert data on the technical condition of an oil
filling to the respective quantities of the mean time of operation #(S). Mutual com-
parison of the quantities is already possible because they are given in units of the
time of operation of the filling under investigation. If a datum is available for a cer-
tain element on its actual state S, it is possible to express a forecast on its further
probable time of operation by means of a function #(.S).

Through the comparison of particular times of operation #(S) of oil fillings
on the first level of a diagnostic signal with the relative time of operation #(S;) two
conclusions can be stated. If #(S)) < tr(S)), it is necessary the oil to be considered
relatively older because it reached the same technical condition sooner than an ave-
rage oil with a relative time of operation #(S;). Thus, it is in a worse technical con-
dition which does not correspond to its actual time of operation #,(S;) and vice ver-
sa, if £(S)) > tr(S)), it is necessary the oil to be considered relatively younger becau-
se it reached the same technical condition for a longer time of operation than an
average oil with a relative time of operation #(S;). Thus, it is in a better technical
condition which does not correspond to its actual time of operation #,(S).

In conclusion, I think it is correct to give the value of biodegradability degree ac-
cording to the CEC L-33-A-93 test which amounts to 96.8 % in NAPRO HO 9901 oil.
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Figure 7. Relative time of the service life of recycled products in relation to the course
of peroxide value

Conclusion

The paper deals with a possibility to improve thermooxidation stability of ra-
pe-seed oils of HETG type. One of the possibilities which corresponds to the state
programme of a useful, economic but above all ecological solution of the problem of
oil wastes in agreement with Law Ne 125/97 Gaz. on wastes and its novella
Ne 167/98 Gaz. is the collection and subsequent recycling of oils on a rape seed ba-
sis. Particularly deep frying oils appear to be suitable. A basic idea consist in an as-
sumption that through thermal load considerable amounts of double bonds decreased
the bonds being the basic source of polymerization reactions, in other words thermo-
oxidation instability of oils. After recycling, such an oil (maintaining other important
physical and chemical parameters) can be used as a filling of loaded hydraulic circu-
its. Service life tests have showed that NAPRO HO oils are in a good condition after
1500 service hours. Comparisons with the behaviour of commonly recommended
oils show that NAPRO oils rank among types of rape-seed oils with average proper-
ties. Thermooxidation stability of the oil has been substantially improved, peroxide
number is stable and the origin of hardenable polymerized deposits has not been
proved. In the operation, it is suitable to recommend annual terms of exchange. With
respect to the decrease in additives and other chemicals originated as products of
ageing it is possible to suppose even less aggressive behaviour to living organisms
in the process of biodegradation in recycled products.

Acknowledgement

The paper was prepared in connection with a partial project within the
MSM 434100005 Research Plan. The author thanks for the financial support to de-
al with the project.

References

1. Busch Ch. (1989) Entwickelung und Untersuchung einer umweltfreudlichen Hydrau-
likflussigkeiten auf Rapsolbasis. Aachen, Institut fur hydraulische und pneumatische Antriebe und
Steuerung.

2. Harms H. H. (1998) Vyvojové trendy v hydraulice mobilnich stroji. Sbornik prednasek
z 16. Mezinarodni konference Hydraulika a pneumatika '98, Brno, vydavatelstvi TANGER Ostrava,
pP. 144 —150. ISBN 80-86122-23-9.

3. Kucera M. (1999) Ucinky zmien elastomernych tesniacich 14tok s biologicky degrado-
vatelnymi hydraulickymi olejmi. Zbornik prednasok z vedeckej konferencie Mobiln¢ energetické
prostriedky — Hydraulika — Ekologické oleje — Zivotné prostredie, Zvolen, Vydavatelstvo Technickej
univerzity vo Zvolene, pP. 91 —96. ISBN 80 — 228 — 0833 — 4.

2. Exo10riuni mpodsieMu JIicOrocnoaapehbKoi JisibHOCTI 317



YxkpaiHcbKHil Jep:kaBHHI JIiCOTeXHIYHUI YHIBepCHTET

4. Kucera M., Rousek M. (2003) Assessing the recycled biodegradable oils in a hydrostatic
system. Proceedings of the 2" International Scientific Conference Fortechenvi — Forest and Wood-Pro-
cessing Technology and the Environment, part [, pP. 209 — 214, ISBN 80-7157-665-4, 434100005.

5. Lauhanen, R., Kolppanen, R., 2003: Effects of spent hydraulic oil on the germination of
Stots pine seed. Proceedmgs of the 2™ Internatlonal Scientific Conference Fortechenvi — Forrest and
Wood-processing Technology and the Environment, part L., pP. 221 — 224, ISBN 80-7157-665-4.

6. Rousek M. (2000) Metodika zpracovani ﬁdajﬁ 0 Zivotnosti biologicky odbouratelnych
oleju. Acta Universitatis Agriculturae et Silviculturae Mendelianae Brunensis (Brno), XLVIIIL, No. 3,
pP. 103-115. ISSN 1211 — 8516, MSM 434100005.

7. Rousek M. (2000) Characteristics and Application of Recycling Biologically Degradable
Oils. Proceedings of the International Scientific Conference Forest and Wood Technology vs. Envi-
ronment, MZLU, Brno, pP. 315 — 322, ISBN 80-7157-471-6, MSM434100005.

8. Velisek J. (1999) Chemie potravin. Tabor, OSSIS, 328 pp.

]

Viadimir SEDIVY', RN Dr., CSc., lecturer — Mendel University,
Brno, Czech Republic

MAY OPERATORS OF FORESTRY MACHINES WORK
ACCORDING TO THE ENVIRONMENTAL PROTECTION RULES?

New style of managing requires besides others so-called sustainable development. In
forest it means to work with natural resources and in natural surroundings like before thro-
ugh the medium of new techniques and technologies considerate to the working and living
environment. Evidently workers will work with new evolved forestry techniques. According
to our operational hypotheses they feel working environment as unfriendly and they have
very low cognitive knowledge. We used method of questionnaire. We put in questionnaire
for the present to 905 persons working as and preparing to the forestry occupation. Result is
that workers are not able to work considerate to the environment. Change of a social at-
mosphere is ahead of us yet. Forestry management needs to require wholly certainly forms of
their work, and to monitor these forms under the threat of sanctions. Ecologically education
initially in short theses, later on in principle of causality have to be learned concurrently.

Keywords: behaviour, environment, knowledge, questionnaire, social perception.

Bonooumup CE/JIIBH — Yn-m cinbcbKo20 ma 1ico8o2o 2ocn-6a
im. Menoensn ¢ bpno, Yecoka Pecnyonixa

YUn MOKyTh ONepPATOPH JIiICOBUX MAIIMH MPANIOBATH 3TiIHO 3 NPaBUJIaAMH
OXOPOHM AOBKLUILIA?

HoBuii ctunp ynpasiiHHs noTpedye, OKpIM 1HIIOTO, TaK 3BaHOT0, CTAJIOTO PO3BUTKY
JicoBoro rocrnoaapcTsa. Lle o3Havae, 1110 moTpiOHO MPAIIOBATH B JIiCi 3 HOBOIO TEXHIKOIO 1
TEXHOJIOTIE€I0 13 OUTBII OEpeXTMBUM CTaBJICHHSIM JIO POOOUYOTO Ta KUTTEBOTO MPOCTOPY.
PobiTHHKYM OyIyTh MpAIOBATH 13 HOBOCTBOPEHOIO JTICOBOIO TEXHIKOIO 1, 32 HAITUMHU TiMO-
Te3aMu, BOHH OyayTh MAaTH HU3bKI Mi3HABAIbHI 3HAHHS 1 COPUUMATUMYTh HETATHBHO PO-
O6oue cepenonuiie. Mu nposenu ankeTyBaHHs 905 0ci0, K1 MPAIIOIOTH B JTICOBOMY T'OCIIO-
napcetBi. PesynpTaT mokaszaB, 110 poOITHUKH MPAIIOIOTh, HEXTYIOUU MPaBUJIaMU OXOPOHU
JTOBKULIS. 3MiHA coIiaabHOI aTMocdepH Iie nornepeay Hac. JlicoBe rocromaproBaHHs MIs-
XOM pi3HUX CaHKIIIi TOBUHHE KOHTPOJIOBATH METOAM pOOOTH CBOiX POOITHHKIB Ta 3a0e3-
MeYyBaTH X €KOJIOTiYHEe HaBYaHHS.

KrouoBi ciioBa: noBeiHKa, T0BKULISA, 3HAHHS, aHKETYBaHHSI, COL[IaJIbHE CIIPUMHSTTSI.
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