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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



2-2015 PROBLEMY EKSPLOATACJI — MAINTENANCE PROBLEMS 7

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.
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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
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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).
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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
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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.








