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Abstract   The article presents the results of research and development works and analyses the results in order to 
develop an ecological lubricant for use in food industry equipment. The research was carried out as part of  
a project undertaken by a scientific and industrial consortium. While the specialized lubricants were composed, 
particular attention was paid to the selection of components, taking into account both their functional and 
ecological properties. A vegetable oil and a mixture of vegetable and synthetic oil were used as the dispersion 
phase for the preparation of lubricants. Prior to the verification of the quality of developed lubricants in 
operation, oxidation stability and lubricating properties were tested in model experimental studies. The 
lubrication properties of the developed greases under operating conditions were verified. The properties of 
the developed lubricants have been verified in extreme operating conditions, namely, high dust environments, 
moisture, the presence of water. As a result, greases resistant to the oxidation process and with favourable 
anti-seizure and anti-wear properties have been developed.

Słowa kluczowe:  mieszanina olejów, olej roślinny, smary plastyczne, właściwości smarne.

Streszczenie   W artykule przedstawiono wyniki prac badawczo-rozwojowych oraz analiz  przeprowadzonych w celu opra-
cowania ekologicznego smaru do zastosowania w urządzeniach przemysłu spożywczego. Badania realizo-
wane były w ramach projektu podjętego przez konsorcjum naukowo-przemysłowe. Podczas komponowania 
specjalistycznych środków smarowych zwrócono szczególną uwagę na dobór komponentów, uwzględniając 
oprócz ich właściwości funkcjonalnych także ekologiczne. Do wytworzenia środków smarowych jako fazę 
dyspersyjną zastosowano olej roślinny oraz mieszaninę oleju roślinnego z olejem syntetycznym. Przed we-
ryfikacją jakości opracowanych środków smarowych w eksploatacji oceniono ich stabilność oksydacyjną 
oraz właściwości smarne w modelowych badaniach eksperymentalnych. Zweryfikowano właściwości smarne 
opracowanych środków w warunkach eksploatacyjnych. Właściwości funkcjonowania opracowanych środ-
ków smarowych zweryfikowano w ekstremalnych warunkach eksploatacji, a mianowicie wysokiego zapyle-
nia, wilgoci, obecności wody. W wyniku realizacji projektu opracowano smary odporne na proces utleniania 
oraz o korzystnych właściwościach przeciwzatarciowych i przeciwzużyciowych.
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INTRODUCTION

Special requirements for the usage the lubricants 
are in the food industry. The systematic increase 
of ecological awareness and related environmental 
protection requirements makes it necessary to look 
for new solutions that meet strict criteria in this area. 

These requirements include, among others, ensuring 
appropriate conditions for the operation of machinery 
and equipment in industries related to direct and indirect 
impact on the ecosystem [L. 1–2]. In this area, the issues 
related to the design of lubricants that provide desirable 
operating properties that meet the high environmental 
requirements are important [L. 3–4].
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The analysis of food production and hygiene 
requirements shows that the lubrication of machines 
in the food industry forces the use of only certified 
lubricants, and all components used to manufacture 
food items must meet the requirements of the level of 
certification, which results in a restriction in the use 
of a wide range of oil bases, thickeners, and enriching 
additives [L. 5–6]. The standard regarding machinery 
for the food industry clarifies the hazards that machinery 
can have for manufactured food and also what lubricants 
can be used in food zones [L. 7]. Food production plants 
adapt the production conditions to the requirements 
set by the EU directives on safety and hygiene in the 
production of food and particularly take into account the 
requirements for machine lubrication and the use of only 
certified lubricants.

The increase in the competitiveness of the food 
production industries and the analysis of the development 
trends of the machinery sector for the food industry 
confirmed the need to compose lubricants that meet 
requirements of functional properties and the precise 
selection of individual components for a final product 
that meets the stringent environmental standards. 

The Regulation of the European Parliament 
assumes the needs of strategic research in the field of 
developing environment-friendly lubricants mainly by 
improving the methods of their production in low-waste 
or waste-free technologies, as well as developing the new 
products based on safe raw materials in accordance with 
legal regulations regarding environmental protection 
and food production safety [L. 10].

The development of technologies of pro-ecological 
lubricants based on non-toxic components determines 
the use of vegetable oils or mixtures of vegetable oils 
with mineral or synthetic oils as a dispersing phase of 
plastic lubricants, which meet the physicochemical, 
lubricating, rheological, and ecological requirements 
[L. 11–14]. The solution of the presented problems 
requires undertaking scientific research, the verification 
of the obtained results in laboratory conditions, and 
their confirmation in industrial applications. However, 
the introduction of a new generation of lubricants 
developed based on non-toxic ingredients into the 
lubrication technique will undoubtedly contribute to the 
increase of competitiveness of enterprises. In research 
related to the design of lubricants, it was very useful 
to apply modelling methods to provide the predictive 
models supporting the method of grease development  
[L. 15–19].

The authors of this paper, in prior publications, 
presented the results of research on new lubricants 
development with application of components that meet 
ecological requirements, in particular, oil bases that also 
meet functional requirements [L. 20–24].

In this article, the authors presented the influence 
of the type of oil base on the functional properties of 

developed lubricants, dedicated for use in the agri-food 
industry.

MATERIALS  AND  METHODS

The subjects of the research were lubricants developed 
on the basis of vegetable oil (1A, 1B) and lubricants 
prepared on a mixed base of vegetable-synthetic oils 
(2AS, 4AS). Apart from the dispersion and dispersed 
phase, the component of the evaluated lubricants 
was the BCH multifunctional additive containing an 
antioxidant, a corrosion inhibitor, and EP/AW additives.  
[L. 22, 23]. Lubricants 1B, 2AS, and 4AS contained 
a multi-functional additive. Lubricant 1B, which was 
based on vegetable oil contained 1.5% m/m BCH added, 
and 2AS and 4AS greases prepared on a mixed plant-
synthetic oil base contained, respectively, 2.5% m/m 
BCH (2AS) and 1.5% m/m BCH (4AS). 

All developed lubricants were subjected to 
tribological tests, determining anti-wear and anti-seizure 
properties and durability. Tribological tests were carried 
out using a four-ball tribotester, at ambient temperature, 
under conditions of a constant and linear load of the 
friction node.

Anti-wear properties of the tested lubricants were 
determined in an hour test, carried out under constant 
load conditions, P = 392 N, of the friction node at constant 
spindle revolutions of 500±20 rpm at a temperature of 
20±5°C. After tests, the diameter (d) of the wear scare 
on the stationary ball was measured, then the limit 
value of the wear load was calculated from the relation  
Goz = 0.52 P/d2, which included the load on the friction 
pair (P) and the average diameter of the wear trace (d).

Measurements of the diameter of the wear scare 
of the ball were made using a Nikon NM-40 optical 
microscope, measuring the size of the wear scare, in 
the direction parallel and perpendicular to the direction 
of friction. The determined Goz parameter was adopted 
as a measure of the anti-wear performance of the 
tested lubricants. The test balls were made of 100Cr6 
bearing steel. The seizure loads were determined in 
the conditions of the linear increase of friction node 
load while maintaining a constant rate of 409 N/s load 
increment, a spindle speed of 500±20 rpm, and a slip 
speed of 0.19 m/s. Resistance to seizure of the friction 
junction was determined on the value Pt read from the 
graph.

After one-hour of wear testing, the surface 
conditions of abrasive elements were evaluated and 
quantitative and qualitative identification of elements in 
the trace of wear were carried out using the SEM/EDS 
technique (SEM scanning electron microscopy and EDS 
energy dispersion spectrometry).  

Due to the possibility of lubricant exposure during 
operation to thermal and oxidizing agents, it was 
necessary to assess their oxidative stability. A PetrooxyTM 
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apparatus from Petrotest Instruments was used to assess 
the thermo-oxidative stability. The principle of the 
method consisted of passing oxygen through a 10 g 
sample, heated to 80°C and 120°C. As a criterion for 
assessing oxidative stability, a 10% reduction of time 
was adopted, referred to as the oxidation induction time.

The main parameters determining the operational 
durability of a given lubricant are the working conditions 
of the bearing, namely, load, operating temperature, and 
rotational speed. Therefore, prior to the commencement 
of operational tests, the service life of lubricants was 
evaluated by performing tests under constant load 
conditions [L. 25].

RESULTS  AND  DISCUSSION

The oxidation stabilities of the lubricants were 
determined on the basis of the Petroxy test, which was 
carried out in the presence of oxygen at temperatures 
of 80°C and 120°C, which determined the oxidation 
induction time, Fig. 1.

hour testing, and then the Goz limit load of wear was 
calculated. The results are shown in Figure 2.

Fig. 1. Oxidative stability of lubricants determined at 
80oC and 120oC – Petroxy test

Rys. 1. Stabilność oksydacyjna środków smarowych wyzna-
czona w temperaturze 80oC i 120oC – test Petrooxy

The most favourable thermo-oxidative stability at 
80ºC and 120°C were found for 2AS and 4AS greases 
developed using a base mixture of vegetable and 
synthetic oils. It was also observed that the content of 
the multifunctional additive influences the increase in 
the oxidative stability of greases. In the case of vegetable 
lubricants, it was found that the multifunctional 
additive, in the amount of 1.5% m/m, enhances the 
oxidation stability of the 1B grease than the 1A grease. 
However, increasing the amount of the additive in 2AS 
plant-synthetic grease to the level of 2.5% m/m slightly 
changes the stability of the 4AS grease containing  
1.5% m/m of this additive. Lubricants 1A and 1B 
produced using a base of vegetable oil were characterized 
by significantly lower oxidation stability compared to 
lubricants 2AS and 4AS based on a mixture of vegetable 
oil and synthetic oil.

Anti-wear properties were determined based 
on the diameter of the wear trace on the ball after an 

Fig. 2. Effect of content of multifunctional BCH additive 
on antiwear properties of lubricants (1A, 1B, 2AS, 
4AS), limit load of wear Goz and average diameter 
of wear scare, d

Rys. 2. Wpływ zawartości wielofunkcyjnego dodatku BCH 
na właściwości przeciwzużyciowe smarów (1A, 1B, 
2AS, 4AS), graniczne obciążenie zużycia Goz oraz 
średnia średnica śladu zużycia, d

The introduction of the same amount of additive 
(1.5% m/m) to lubricants 1A (vegetable) and 4AS 
(plant-synthetic) resulted in slight changes of anti-wear 
properties, expressed in the limit value of Goz wear. 
The larger amount of additive (2.5% m/m) in the 2AS 
vegetable-synthetic lubricant resulted in a significant 
reduction in the diameter of wear scare of ball. After 
an hour of wear testing, the surface conditions of 
friction elements were evaluated, and quantitative and 
qualitative analysis of chemical elements in the trace of 
wear using SEM/EDS technique was performed, Fig. 3.

Fig. 3. Results of EDS X-ray analysis of the surface of the 
ball, after one hour wear test (d – mean diameter of 
wear scare)  in the environment of tested lubricants 
– 1A, 1B, 2AS, 4AS

Rys. 3. Wyniki analizy rentgenowskiej EDS z powierzchni 
kulki po godzinnym teście zużyciowym (d – średnia 
średnica skazy) prowadzonym w środowisku bada-
nych smarów – 1A, 1B, 2AS, 4AS

In the trace of friction after the tests carried out 
in the presence of 1A vegetable grease, no presence of 
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active elements, such as phosphorus and nitrogen, were 
found on the surface. They appeared on the surface of the 
balls after tests carried out in the presence of 1B, 2AS, 
and 4AS lubricants, which contained a multi-purpose 
additive Brad-Chem 351 (BCH). A significant effect 
of additive on the quantities identified in the surface 
layer of active elements was found. They were derived 
from the used multifunctional additive and observed in 
the chemically modified surface layer as nitrogen and 
phosphorus. The obtained results confirmed that the 
content of the BCH multifunctional additive in lubricants 
affects the lubricant-surface interactions, which results 
in the increase in resistance to wear and as result the 
wear scare diameter reduction, Figs. 2 and 3.

The lubricants that were the subjects of the tests 
showed different courses of the frictional moment 
changes as a function of the linearly increasing load and 
were characterized by variable resistance to scuffing. 
Figure 4 compares the friction torque curves obtained 
for vegetable grease 1B and plant-synthetic 2AS, 4AS 
lubricants, which contained a multifunctional additive in 
their composition.

Depending on the composition of the tested 
lubricants, there is a difference between the courses of 
the moment of friction, which is expressed in the delay 
of the initiation of scuffing as well as the subsequent 
seizure. When the lubricating film is interrupted, the 
friction torque increases dramatically until it becomes 
seized, under the load called “the limiting seizure load 
Poz”. Analysing the courses of the frictional moment of 
the composed greases, it was found that initiation of 
scuffing for 1B grease occurs under a lower load than 
for 2AS and 4AS greases. The observed faster initiation 
of scuffing and seizure in the case of 4AS (1.5%m /m 
BCH) grease in comparison with 2AS (2.5% m/m BCH) 
is associated with a lower content of the multifunctional 
additive. The boundary layers created with 2AS grease 
are more durable than when using 1B and 4AS greases.

Fig. 4. The curves of Mt friction torque as a function of 
test time, obtained under conditions of continuous 
increase of load P, for developed lubricants:  based 
on vegetable oil 1B and based on a mixture of 
vegetable oil with synthetic 2AS, 4AS

Rys. 4. Krzywe momentu tarcia Mt w funkcji czasu badania, 
uzyskane w warunkach ciągłego wzrostu obciążenia 
P, dla opracowanych środków smarowych: na bazie 
oleju roślinnego 1B oraz na bazie mieszaniny oleju 
roślinnego z syntetycznym 2AS, 4AS 

As it results from the presented results, the type of 
dispersive phase and the amount of the multifunctional 
additive used have a significant influence on the anti-
seizure properties of the composed greases.

The next stage of research was undertaken to 
evaluate the operational properties of the composed 
greases in relation to the standard [L. 25]. The resistance 
to wear of the tested lubricants was evaluated on the 
test stand with the friction contact roller - ring [L. 12]. 
Optical profilometry for the analysis of the geometric 
structure of the surface was used to assess the wear scare 
of rollers. The exemplary wear scares that were obtained 
for the 2AS grease under different loads of the friction 
junction are illustrated in Figure 5.

Fig. 5. The wear scare on the surface of the rollers after tests carried out under different loads, in the presence of 2AS 
grease

Rys. 5. Ślad wytarcia na powierzchni wałeczka po testach prowadzonych przy zmiennym obciążeniu w obecności smaru 2AS

Analysis of the acquired surface images of the 
friction element made it possible to determine the 
volume consumption at various loads of the friction 

contact. The tests carried out showed that, in the test 
conditions, the 2AS grease worked without disturbances 
at all given loads. At higher loads of 12 kg and 15 kg, 
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a slight increase in the wear volume was observed 
compared to the lower loads. Under the conditions of 
the tests, 2AS grease was characterized by a good wear 
resistance, so it was reasonable to verify its properties 
under operating conditions.

of the lubricant caused a drop in the temperature of the 
bearing housing and a reduction in the noise level. This 
indicates that the lubricant used functions properly in 
such extreme conditions with a large amount of sugar 
dust. Based on the previous observation, it was found 
that the developed grease can be a replacement for the 
previously used lubricant in the slide bearing of the 
screw conveyor.

During operation, there were no symptoms 
determining the need to replace grease in the bearing, and 
there were no changes in the conditions and disturbances 
in the correct operation of the bearing were observed. 
Verification of the developed lubricants confirmed that the 
lubricants fulfilled their functions very well in conditions 
of high levels of sugar dust, humidity, and loads.

CONCLUSIONS

As a result of the research, it was confirmed that the 
development of an ecological lubricant with usable 
properties appropriate to the operating conditions 
requires careful selection of high-quality components.

The research confirmed that the developed 
procedure for designing the lubricant should take into 
account the stages of both the selection of components 
at each stage of grease design as well as verification tests 
on each of component. 

As a result of the work carried out in accordance 
with the adopted procedure, including model tests in 
laboratory experiments, verification of the properties 
of developed lubricants under extreme operating 
conditions, namely high levels of dust, moisture, and the 
presence of water, the lubricants were selected that meet 
the required assumptions.

The ecological lubricant developed was successfully 
verified at work after direct application in food industry 
machinery nodes.

The lubricant developed as a result of cooperation 
between research and development units and industrial 
enterprises ensures the safety of use for both people 
and the environment and meets all the functional 
requirements assumed.

ACKNOWLEDGEMENTS

Project co-financed by the European Union from the 
European Regional Development Fund under the Intelligent 
Development Program POIR 04.01.02-00-0004/16.

Fig. 6. Volume wear Zv of the friction contact element 
lubricated with 2AS grease at different load

Rys. 6. Zużycie objętościowe Zv elementu węzła tarcia sma-
rowanego smarem 2AS przy różnym obciążeniu

After the tests in the model conditions adopted as 
the basis for the developed greases, tests were carried 
out in the devices selected for conducting supervised 
use. The correctness of the functioning of the tested 
devices with the application of the composed greases 
was monitored during the production mode. The 
efficiency of the functioning of the developed greases 
was evaluated in devices in the baking and confection 
industries as well as in the vegetable processing industry 
[L. 12, 24].

Lubricants were tested in bakery devices under 
highly dusty conditions. For example, 2AS grease 
was used in spherical roller bearings (22310) and in 
articulated–sliding nodes (GE45ES) in a lifting tipping 
system by dosing the right amount of grease in selected 
intermeshing elements. In addition to monitoring the 
functioning of the applied lubricant in the bearing, the 
monitoring of the correct functioning of the equipment 
in the production mode was carried out.

The 4AS grease was used for testing in a confection 
plant, where it was applied in screw conveyor bearings. 
During operation, the lubricants were supplemented in 
accordance with technical requirements. The monitoring 
of the bearing operation in which the grease was 
applied consisted of temperature control and noise level 
measurement. It has been observed that the replacement 
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