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Synopsis 
A new pre-formed polyamide-based grease thickener has been developed, which provides a high-
performance alternative to lithium thickeners. 
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Keywords Anhydrous Calcium grease, Technology comparison, Thickener study 
 

Synopsis 
The purpose of this paper is to conduct a technology comparison between lithium and anhydrous calcium 
thickeners. The study aims to increase our understanding of the performance of the base systems without 
influence of additive components. The outcome will highlight the differences and provide a deeper 
understanding of the baseline for lithium and anhydrous calcium grease. 
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Keywords: Lithium greases, calcium greases, thermal stabilisers, new hybrid thickener  
 

Synopsis 
Current potential lithium alternatives are mixed soaps, calcium sulfonates, thermally stabilised anhydrous 
calcium, and urea-derivatives. These thickeners are all well known, as are their weaknesses. To overcome 
these challenges, a new thickener system has been developed. 
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Synopsis 
Grease fluidity has a great influence on bearing performance such as bearing torque represented by 
channelling and churning states. In order to understand grease fluidity in more detail, the visualisation of 
grease inside a bearing is essential and neutron imaging technology is one of the effective methods. The 
technology is based on a characteristic that a neutron passes through heavy elements and interacts to light 
elements. In other words, neutron can identify lubricants with light elements inside the bearing with heavy 
elements. 
 
In this study, three types of urea greases with different thickeners were investigated. Each grease showed 
different bearing torque tendencies. After bearing rotations, neutron radiography and computed 



tomography (CT) measurements of the greases distributed in the bearings were performed by using RADEN 
in the Materials and Life Science Experimental Facility (MLF) of the Japan Proton Accelerator Research 
Complex (J-PARC). CT images demonstrate grease distribution inside bearings. Image analysis for CT images 
revealed grease adhesion to bearing balls correlates to bearing torque results, in other words, less adhesion 
of grease to bearing balls contributes to reducing bearing torque, conversely, the remarkable adhesion of 
grease causes higher shear resistance for bearing ball rotations. The neutron imaging technology has 
successfully verified the common hypothesis by the direct observation of grease distribution inside bearings 
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Synopsis 
What is a BIO or EAL grease and why getting rid of Lithium? 
We provide a definition for the BIO or EAL greases that clarifies and corrects untested/false statements that 
are often heard in relation to the subject. 
Besides pricing, there are other motivations to reduce or replace Lithium in specific grease application 
areas. An appropriate classification is provided. 
  
A journey through the last decade of EAL greases 
Significant progress has been made in terms of stability and performance in the last about 10 years when it 
comes to biodegradable and bioderived greases. Part of this journey has also been the replacement or 
reduction of Lithium in ester-based saponified greases. The stages of this journey are introduced through 3 
examples of greases focusing on; application areas, motivations, challenges, and technical characteristics. 
1. Pure Lithium – first excellent results 

2. Lithium / Calcium – a successful approach to reduce Lithium combined with the next performance level 

3. Calcium Sulphonate Complex – w/o Lithium and premium performance 

  
Cost/benefit comparison – giving an example for this recurring discussion 
“Low performance and high cost per grease volume, but good for the environment” is one of the typical 
statements about BIO or EAL greases. To demonstrate how this typical statement is not true, two greases 
are presented - a BIO and a mineral oil grease - for a construction application with a positive cost-benefit 
ratio for the BIO grease. 
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Synopsis 
According to the EU REACH regulations, lubricating grease is regulated in the category of mixtures. It means 

that, after making greases, no real chemical reaction should appear inside greases. The chemical interaction 

between thickeners, lubricants and additives is one of the key factors affecting greases. Using atomic force 

microscopy, the distribution of lithium soap fibres inside lubricating oil/additives was observed. It was found 

that the distance between lithium soap fibres was larger than the range reached by van der Waals and 

capillary forces. The chemical and physical phenomena of thickeners in organic substances were observed by 

a technique of "extreme dilution" of grease samples using polar and non-polar solvents. Based on the 

observation, it is proposed that grease could be formed by a primary gel system and a secondary gel system, 

which could be used to explain the phenomena observed by atomic force microscopy. “Different additives 

were selected and added to lithium base grease, polyurea base grease and calcium base grease to explore  

whether the primary and the secondary gel systems might appear inside the greases  

It was found that the oil separation values were affected by different additives and base greases which could 

be related to two gel systems after considering additive polarity. Analysis of the elemental contents of the oil 

samples separated from the oil separation tests showed that different functional groups of the additives may 

have different chemical/physical interactions with different thickeners, resulting in changes in the 

chemical/physical behaviour of the primary gel system, further resulting changes in the secondary gel system 

and the oil separation characteristics of grease samples. 
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Synopsis 
Grease polymers are highly selective, low treat additives used to modify the behavior of greases without 
much revision to the basic formula of the grease. Three new trends drive interest to grease polymers. First, 
standards for water resistance (ASTM D4049 water sprayoff and ASTM D1264 water washout) are increasing 
due to the new NLGI HPM (High Performance Multiuse) specification and additional WR (Water Resistant) 
performance tag. Second, there is trend toward the exploration of “alternative” non-lithium thickeners which 
each present new advantages, but also new challenges to solve. Third, there is a move to highly refined or 
synthetic base oils to meet longer life and higher temperature operation in anticipation of electric vehicle 
lubrication. 
As an extreme example, grease polymers have previously been shown to overcome significant difficulties in 
highly specialised H1 and biobased greases. If such highly deficient specialty greases can be addressed with 
polymer then there is significant opportunity to improve on standard industrial formulations too. This study 
focuses on the mainstream industrial grease market due to the three trends discussed above. Each trend 
creates a problem. The move from lithium to alternative thickeners will present a new material selection 
challenge due to the highly selective nature of grease polymers. Chemistries that were very useful for lithium 
greases may provide no benefit, or an antagonistic effect, to non-lithium greases if chosen poorly. This study 
will provide key insights on how to choose the right grease polymer for a given petroleum or synthetic 
industrial grease with lithium, calcium, aluminum, polyurea, or particle based thickeners for optimal water-
resistant performance. 
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Synopsis 
The significance of calcium sulphonate complex greases is growing. These premium greases have a high 
dropping point, excellent water resistance and very good mechanical and rolling stability. They also provide 
outstanding EP & AW properties, even without additives. 
 
This study is focused on the development of a thickener additive for calcium sulphonate grease that functions 
similarly to an aluminium complex grease thickener. Utilising such an additive offers numerous advantages 
including easy handling, reduced steps in the technology process, decreased number of raw materials, 
simplification of procurement and inventory processes and a reduction in the number of components subject 
to chemical safety registrations. 
 
Various samples were synthesised in the laboratory using different compositions and technologies. Their 
physico-chemical and compositional properties were investigated. Additionally, calcium sulphonate complex 
grease samples were prepared using these additives, and subjected to standard testing procedures, including 
application-specific tests. 
Future plans entail investigating the storage stability of the promising additive samples and undertaking 
scale-up procedures based on experimental findings. 
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Synopsis 
This paper describes the results of comparing the performance (thermal stability, shear stability, low 
temperature property, rust prevention, low noise property, and grease life) of three diurea greases made 
with three different base oils and a grease currently used in EV (electric vehicle). It is believed that this will 
help in the development of grease compatible with future NEV (new energy vehicle) including high speed EV. 
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Synopsis 
Nearly all grease manufacturers and marketers today are either producing or exploring Calcium Sulfonate 
Complex (CSC) greases. The NLGI grease production survey tells us that the global demand for CSC greases is 
increasing at up to double digit growth rates. Lithium grease production is increasingly challenged on cost 
and availability. The cost gap has closed closer to CSC greases where benchmark performance of basic 
formulations is already high. The ever increasing demand on performance has pushed the development of 
higher tier, optimised CSC thickener feeds. An undertaking was initiated to design and produce a new 
overbased sulfonate from the ground up to complement existing the industry standard mineral oil based 
overbased sulfonate grease feed. This newly developed sulfonate is a low colour, mineral oil free, synthetic 
drop-in replacement thickener for standard CSC grease thickening. It has excellent solubility and produces 
CSC grease with excellent load and wear capacities, water resistance, corrosion resistance, and mechanical 
stability. Further, this overbased sulfonate is capable of producing excellent yields, imparting improved low 
temperature properties, and improved high temperature life. During an intensive assessment, the greases 
produced with this CSC feed were found to have extended oxidative and thermal service life. The initial 
sulfonate was developed to comply with HX-1, Kosher, and Halal requirements. This paper will review 
sulfonate technology, what defines a high performance sulfonate, the requirements for producing a CSC 
grease for Incidental food contact, and how an optimised sulfonate grease feed can improve the already 
excellent performance of a CSC grease 
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Synopsis 
PTFE (= Polytetrafluoroethylene) is an important solid lubricant used in the formulation of lubricants for 
enhanced load carrying capability, for increased chemical resistance, for emergency running characteristics 
or even for thickening reasons. With these characteristics, PTFE has become an important ingredient in many 
oils, greases, bonded coatings, pastes, suspensions and more. It is widely used around the world in 
applications e.g., running under high loads, challenging low or high temperatures, under chemical attack, or 
simply for its white color. PTFE is even HX-1 registered for use in food grade lubricants with H1 requirement.  
Behind the background of the PFAS discussion, which had its last peak in September 2023, when the deadline 
for comments on the restriction proposal ended, the question arose: what is beyond PTFE?  
 
This paper will show the important uses of PTFE, where alternatives are adequate and cases when PTFE-
replacement is not a promising idea. A comprehensive tribological comparison of several formulations with 
and without PTFE completes the picture and demonstrates in which cases PTFE might be substituted or better 
kept in the formulation. 
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Keywords: Calcium Sulphonate Complex Grease, Lithium grease, Calcium Grease 
 

Synopsis 
For some time now Afton have promoted their patented process for manufacturing grease soap thickener 
using a 300TBN calcium sulphonate. This process offers several benefits in production time and cost savings, 
however, the inclusion of isopropyl alcohol as a promoter must be given serious consideration due to its low 
flash point (~13°C). This study examines how several alternative promoters were identified and screened, 
their HSES status considered, following through to the implementation and optimisation of the best 
candidate to full scale up batch production and performance evaluation.  
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Synopsis 
We shall discuss the different alternates evaluated against lithium greases. New non-lithium greases 
developed have been developed with physicochemical and performance test against the prevalent 
specification requirements. 
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Synopsis 
The importance of lithium-free thickening technologies is increasing day by day because of the usage of 
lithium-based batteries in automotive technologies. Recently, lithium-based products’ costs are increasing 
and lack of lithium and lithium hydroxide would force the industry. In this study we have investigated the 
improvement of anhydrous calcium grease thickeners with different approaches. Performance parameters 
of the thickener measured with traditional applications and compared with marketed lithium greases. 
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Synopsis 
According to the latest NLGI’s Grease Production Survey, presented at the NLGI annual meeting in June 2023, 
polyurea grease is representing 7.33 percent of the global grease production and growing in some countries 
such as China [1]. However, it is well known that polyurea grease was patented in 1952 by William C. Bryan 
et.al [2].   
 
During the last 70 years, the polyurea formulations as well as their manufacturing processes have been 
improved significantly. Earlier polyurea grease exhibits a number drawbacks such as so-called age hardening, 
poor shear stability and poor pumpability. Today, polyurea greases have been recognised in a number of 
advanced and challenging applications due to their unique properties such as high degree of water resistance, 
high temperature, long life, low noise. Hence, two of the very fast-growing areas for this type of thickener 
system are in electrical cars and electrical motors. 
 
PU substances are formed from a controlled reaction between one or more isocyanates and one or more 
amines, forming a urea bond between the co-reactants. The reaction parameters will determine the nature 
of the PU formed and the concentration of residual unreacted isocyanate/amine. Generally, although near 
stoichiometric quantities of reactants will be used, a slight excess of amine ensures that no free isocyanate 
remains. The reaction conditions (temperature, duration, etc.) will determine the ratio of oligomers that are 
formed, i.e., dimers, trimers, tetramers, etc. The main structural difference between groups of PU substances 
is due to the isocyanate that is used in the reaction. Three main isocyanates can be used in the manufacture 
of PU substances: methylene diphenyl diisocyanate (MDI), toluene diisocyanate (TDI) and naphthalene 
diisocyanate (NDI). 
 
The aim of this experimental orientated work is to investigate the influence of the base oil solvency used in 
the performance of two type of di-urea thickener-based greases, short and long chain respectively. In total, 
ten different formulations have been examined in which the batch size and set-up were kept constant.  
The outcomes emphasise the importance of the understanding the impact of the base oils and the formation 
of the thickener on its characteristics and performance.  
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Synopsis 
As the high price and unpredictable supply of lithium continues to plague the grease industry, manufactures 
and customers find themselves in the difficult situation of deciding if they should stay with lithium grease at 
high prices or bear the cost and risk of switching to a non-lithium grease. One helpful contribution towards 
making a decision with confidence is comparing the performance of lithium greases against calcium greases. 
This paper will present data showing dynamic (Emcor) and static rust test results under mild to severe 
conditions focusing on additives for calcium greases 
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Synopsis 
Grease analysis has grown up in the last five - ten years, mainly in the main bearings, pitch bearings and 
generator bearings of wind turbines. Due to higher power and loads in onshore and offshore wind turbines, 
most of the manufactures have moved from oil lubrication systems to grease lubrication systems. These 
changes have extended the operating life of the components and help to decrease downtime, parts 
replacement, and labor costs. The main variables that must be considered in these bearings are load, speed, 
vibrations, heat, water washout contamination and environmental conditions. Other topics that should be 
taken into consideration are the physicochemical characteristics of the grease and the lubrication practices 
(manual or automatic systems). 
 
Today, greases in use are mainly being analysed from the point of view of degradation, contamination and 
wear. However, the rheological properties of the greases (degree of consistency and oil separation) must 
also be considered. 
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Synopsis 
The main purpose of the lubricants industry has often been the improved performance of machine elements 
and the minimisation of losses during the use phase. These efforts can be identified as improving energy 
efficiency through better lubricity, minimising wear through appropriate tribological systems and extending 
product service life using suitable additives. Technology today provides ever-improving options for the above 
parameters that lead to the development of more sustainable products as well for the industry as for the 
society. Each year, numerous technical papers are being published, highlighting operational performance 
parameters of lubrication products, but what happens before these products reach the use phase of their 
life cycle? 

 
Can we improve the performance of lubricating grease, even before it reaches the application point? 
Obviously, the formulation and production method used will dictate the greases performance in the field, 
however, these are the same two parameters that will also provide the manufacturers and the end users 
with the sustainability performance of the product.  
 
There are a number of methodologies published that go through step-by-step on how the product carbon 
footprint of a formulated product is calculated. Most of these models are fairly generic and even though they 
are useful as a tool, for example, they cannot intrinsically distinguish between a good and a better performing 
product particularly in the case of a formulated grease solely by looking at the carbon footprint.  
 



However, in this study, the authors are applying a proven Product Carbon Footprint (PCF) model together 
with prior experience, by investigating three different grease thickener systems and a combination of 
different mineral base oils and one re-refined oil, with a known impact on product sustainability. The purpose 
of this industrial-scale study is to broaden the understanding of PCF and lifecycle-analysis understanding 
within the lubricating grease industry. Ultimately the expectation is that this work will act as a tool for 
developing benchmarks with regards to product sustainability within all bounds of the grease formulators 
accountability, from cradle to gate. 
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Synopsis 
The behaviour of lubricating grease in various tribological contacts has been discussed intensively for many 
decades, resulting in widespread knowledge about how various antiwear and extreme pressure additives 
may boost the performance of the lubricating greases in a well-defined tribological contact. The performance 
of a typical AW/EP additive depends on number of parameters such as the operating temperature, applied 
pressure and compatibility with other components in a grease formulation. 

 

At the same time, we are witnessing a growing interest in the use of solid lubricants as AW/EP, such as 
Molybdenum disulfide (MoS2) and IF-WS2 (a submicron (nano) particle of Inorganic Fullerene-like Tungsten 
Disulphide) within industrial and demanding applications. Widely used four ball is not always a relevant 
method for simulate the Anti-wear and extreme pressure properties for lubricants containing solids. Previous 
studies have demonstrated that IF-WS2 outperforms MoS2 in various type of greases and base oils, preferably 
lithium and lithium complex greases in high viscous naphthenic oils. 

 

The aim of this study is to compare performance differences for lubricating greases containing IF-WS2 and 
ZDDP (Zinc Dialkyl-dithiophosphate) under various tribological conditions and temperature. 

The chosen tests in this study are two SRV® tests according to ASTM D5706 and ASTM D7594 at different 
temperatures. Measurement of the electrical contact resistance during the tribo-testing in 2023 with SRV® 
gave more insight on the condition of the building of tribo-film and are considered in this investigation. 

The outcome from this investigation offer another piece of information with regards to the formulation 
of high performance polyurea grease based upon naphthenic oil and combination of AW/EP additives. 
Specially with respect to fretting protection. 
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Synopsis 
The economy is gradually transitioning to a circular model that extends resources, reduces waste, and 
requires a great deal of creative thinking. Both established and emerging global economies view waste as a 
bioresource for our next generation energy, chemicals, or platform molecules and materials. Waste 
minimisation can be achieved in an efficient way by focusing primarily on the first of the 3Rs, "reduce -reuse-
recycle." In the past it has been demonstrated that the use of renewable raw materials as well as the 
reduction of the energy consumption in the grease production can contribute to an increasing sustainable 
profile of lubricating greases. In order to move forward the utilisation of waste materials and the re-use of 
end-of life components in the production of greases, can promote further the sustainable performance 
within a circular model.  
 
In this paper, a first attempt is made to evaluate the potential of recycling and reusing the thickener content 
of used greases at the End-of-Life stage. A series of used greases were collected, analysed and subjected to 
extraction or separation process in order to recover the contained thickener. The properties of the recovered 
thickener were examined, and the latter was further processed and assessed as a pre-formed thickening 
agent in new grease preparations. The ability of the recycled thickener to produce mechanically and 
thermally stable grease formulations was examined, and a comparative assessment was carried out against 
conventional virgin formulations. This approach has the ability to increase the sustainable performance of 
certain greases and it can have a positive impact on the overall LCA by reducing the depletion of resources 
and by promoting the transformation of the value chain from linear to circular. 
 

 


