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Jim Hunt
NLGI President

2020 – 2022

On behalf of the NLGI, we would like to extend our sincerest gratitude to everyone that attended NLGI’s 
Technical Week August 24-28, 2020. We sincerely hope that the technical week was valuable to all of you that 
attended. Our goal was to provide a learning forum on grease and bring everyone up to date on the latest 
technological developments in the industry.  Incredibly enough, we had a total of 118 participants from across 
the globe. In fact, 25% of the attendees were from abroad. We appreciate your attendance despite the time 
difference.

Technical week encompassed various educational opportunities including NLGI’s renowned basic and 
advanced grease courses, followed by industry speaker Dr. Christopher DelleCorte’s amazing presentation 
on “Space: A Surprisingly Greasy Environment,” followed by twelve technical sessions on a variety of industry 
topics and concluded with the 2020 awards ceremony and live panel discussion on NLGI’s latest High-
Performance Multiuse (HPM) grease specification.

If you were not able to attend Technical Week, we cordially invite you to visit NLGI’s YouTube Channel for a 
copy of our opening video, awards ceremony and recording of the HPM panel session.  Please feel free to check 
out the other videos as well.

I’d like to extend my tremendous gratitude to all the volunteers who worked so hard to ensure the Technical 
Week was a success. We highly recognize that all of you have demanding jobs in addition to the work you do 
for NLGI and we are very appreciative.  The Technical Week could have never been possible without all of you, 
so THANK YOU!

I’d also like to thank our generous and loyal sponsors. We recognize this year is an anomaly and greatly 
appreciate your dedication to the organization. We had a total of 5 platinum sponsors, 9 gold sponsors, 3 silver 
sponsors and 10 bronze sponsors. Again, THANK YOU for your support!  Truly an amazing commitment 
from our loyal sponsors.

As we march ahead, please be on the lookout for additional information regarding the High-Performance 
Multiuse (HPM) grease specification, upcoming webinar series and more. To ensure you’re set up to receive 
NLGI communications, please contact nlgi@nlgi.org or 816-524-2500.

Stay safe and healthy,
Jim Hunt
President, 2020 - 2022

https://www.youtube.com/channel/UCzXCp1ibyi0N2UIwJq0mGfA
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Performance Considerations in Formulating 
Multi-Purpose EP Greases

Vasu Bala and Jim Hunt
Tiarco Chemical, Dalton, GA USA

Abstract 
This paper discusses three studies of effects of additives on performance properties of greases.  Three 
base greases were studied: two lithium complex thickeners and one calcium sulfonate thickener.  The 
additives were conventional EP (extreme pressure), anti-wear and corrosion inhibitor additives.  
Greases were tested for effects of individual additives and combinations of additives on weld loads in 
four-ball EP tests, wear scar diameters in four-ball wear tests and performance in copper corrosion 
tests.  This paper shows that it is possible to use additives to optimize and balance these performance 
properties.

This study was motivated by performance trends for EP greases and formulation considerations to 
meet and balance performance requirements for load bearing, wear and yellow metal corrosion.  
This paper includes background information that highlights important formulation considerations 
such as current sourcing demands for key raw materials used in thickeners.  Additional formulation 
considerations include Original Equipment Manufacturers’ (OEM) requirements, current global 
supply chains, and possible changes that may be required to provide alternate greases and support 
new approvals.  Supplies of key raw materials and anticipated future OEM requirements are driving 
the development of new grease formulations and encouraging manufacturers to consider alternate 
chemistries to ensure long-term sustainability of greases for industrial and automotive markets.   

Outline
I. Introduction
II. Grease Market Breakdown, Drivers and Trends
III. Grease Classifications and Specifications

A. General Grease Properties
B. ASTM D4950 Standard Classification and Specification for Automotive Service Greases
C. SAE J310
D. ISO Standards
E. DIN 51825
F. JIS K2220

IV. Studies of Grease Additives and Interactions
A. Grease Formulation
B. Properties of Greases and Additives Used in This Study
C. Study 1: Effects of EP and Corrosion Inhibitor Additives in Lithium Complex Grease
D. Study 2: Effects of EP, Corrosion Inhibitor and Anti-Wear Additives in Calcium Sulfonate 

Grease
E. Study 3: Effects of EP and Corrosion Inhibitor Additives in Lithium Complex Grease

V. Conclusions
Acknowledgements
References
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I. Introduction
OEMs are continuously striving to improve energy efficiency of machines by designing gear boxes 
with higher power densities and sumps with smaller capacities.  End users are operating machines 
at slower speeds to reduce churning and traction losses, using lower grease and lubricant levels and 
opting for longer drain intervals.  These drivers are placing higher performance demands on greases 
and other lubricants.  New products must inherently be able to provide lubrication under higher loads 
and lower speeds, possess improved thermal and oxidative stability, and operate in wider temperature 
ranges and harsher environments.

In meeting these higher performance trends with multipurpose EP greases, careful consideration 
is needed with respect to the type and functionality of key EP, anti-wear and corrosion inhibitor 
additives used to formulate these products.  Typical additives used for load bearing are metal 
dithiocarbamates, sulfurised olefins, polysulfides, sulfurised esters and metal sulfides, for example, 
molybdenum disulfide.  In recent years, ashless multifunctional additives such as thiadiazoles and 
alkyl dithiocarbamates have gained popularity.  These additives collectively can achieve higher load 
bearing performance, but typically at the expense of less effective resistance to wear and corrosion.  

This paper discusses test results for grease formulation options with select additives to attain high 
load bearing performance while improving anti-wear and corrosion performance.

II. Grease Market Breakdown, Drivers and Trends 
The National Lubricating Grease Institute’s (NLGI) most recent survey (in 2018) reported fairly stable 
production for 2017 at 2,587 million pounds of grease.  Their global survey included 226 companies 
and 261 grease plants.  The largest growth was noted for Europe and North America at 8.3 and 2.4%, 
respectively.

Production of lithium complex grease increased by 2.3% (at the expense of standard simple lithium 
grease), and production of polyurea grease grew to 6% of total grease production (Figure 1).  The 
largest growth was seen in calcium sulfonate greases by 12%.  Another leading trend was the 
increasing use of synthetic and non-conventional base oils, with Europe leading in their use (Figure 2).

Figure 1. 2017 Grease Production from 2018 NLGI’s Survey (1)
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Figure 2. Base Oils used in Grease Production for 2016 & 2017 (1,2)

Demands from government regulations and OEMs are leading to the development of greases that 
are environmentally safe and targeted for extended service.  Environmental factors are reduced 
water hazard classification, no heavy metals, no chlorinated compounds and increasing degree of 
biodegradability.  OEMs are developing smaller components, bearings and constant velocity joints 
(CVJs) in cars.  As well, OEMs are improving automobile reliability and less re-greasing (or more 
extended life), which places increasing performance demands on greases and brings about changes 
in the type of chemistries used in greases.  Selection of soap and thickener types, base oil types 
and viscosities and improved thermal stability, washouts and bleed rates are key parameters for 
consideration.  The performance additives used in greases need to be re-evaluated for their type and 
function to enhance the overall performance of greases, which is the purpose of this study.   

III. Grease Classifications and Specifications

A. General Grease Properties 
Lubricating greases are made of a thickening agent such as metallic soap, urea, carbon black or clay, 
and a base blend of synthetic and/or mineral base oils, rheology modifiers, tackifiers and performance 
additives.  This unique composition allows greases to be used in applications where the lubricant 
must stay in position.  Greases also assist in prevention of contaminants from entering critical 
mechanisms such as bearings, CVJs and gear boxes.  

There are various typical tests that quantify the properties of greases.  

The viscosity of a grease is dependent on the shear rate.  Due to its thickening constituents, the grease 
acts as a solid or semi-solid at low shear rates.  As the shear rate increases, the viscosity of the grease 
decreases to the limit of the base blend viscosity.  This apparent viscosity is affected by the type and 
amount of thickener and cannot be lower than the base blend’s viscosity.  This property is important 
for determining the flow of grease through dispensing lines and can be measured by ASTM D1092.

Another key property of the grease is its consistency, which is measured by the depth to which a cone 
will penetrate into a prescribed sample of grease.  NLGI has designated the numerical grade for grease 
consistency depending on the depth of penetration as described in ASTM D217.  Table 1 shows the 
Consistency Numbers as defined by NLGI.  
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Table 1. NLGI Consistency Numbers for Grease Using ASTM D217.

Elastomer compatibility of greases is important to ensure that seals maintain their sealing ability.  Any 
grease leakage  (or contamination of grease) can lead to premature failure.  ASTM D4289 measures 
the hardness and volume changes after elastomer samples are immersed in the grease for a specified 
temperature and duration. 

The temperature at which the grease becomes a liquid is called its dropping or drop point.  This 
is measured by ASTM D566 and subjects the grease to temperatures as high as 260 C.  For higher 
dropping points, ASTM D2265 is used for temperatures up to 330 C.  ASTM D972 and ASTM D2595 can 
be used to measure evaporative weight loss up to 316 C.  

Other key functional tests include:

• Corrosion resistance as measured by ASTM D1743.  
• Measurement of the effective lubrication of bearings by greases by ASTM D1263, ASTM D 1264, 

ASTM D1741, ASTM D3527 and ASTM D4290.  
• The mechanical stability of a grease can be determined by measuring the change in consistency 

after working or shearing for two hours at room temperature as described by ASTM D1831.  
• Another key test for greases is the measurement of the oxidative stability by ASTM D942, but 

the results have limited correlation to predict field performance.  Other oxidation tests available 
for consideration are the Penn State Micro-Oxidation test and Pressure Differential Scanning 
Calorimetry (PDSC) test in ASTM D5483.  

• Measurement of oil separation in grease during stoarge is described by ASTM D1742.  This method 
is a static test and does not simulate oil separation during dynamic applications.  

• Measurement of fretting wear of ball bearings under a prescribed oscillation and load is described 
by ASTM D4170.  Fretting wear can occur for bearings installed in machinery during shipment.

Table 2 provides a summary list of key ASTM test methods for qualifying greases.  
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Table 2. List of Common Key Grease Property Tests

B. ASTM D4950 Standard Classification and Specification for Automotive Service Greases (3,4)

The collaboration between American Society for Testing and Materials (ASTM), Society of Automotive 
Engineers (SAE) and NLGI led to the development and release of ASTM D4950 Standard Classification 
and Specification for Automotive Service Grease in 1989.  This standard was collectively accepted by 
OEMs for automotive applications.  The early success of this standard (with the grease tests listed 
above) was made possible by the development of grease test methods for automotive applications.  
Specific key tests for automotive applications include: 

• ASTM D3527 – Test Method for Life Performance of Automotive Wheel Bearing Grease
• ASTM D4170 – Test Method for Fretting Wear Protection by Lubricating Grease
• ASTM D4289 – Test Method for Compatibility of Lubricating Grease with Elastomers
• ASTM D4290 – Test Method for Determining the Leakage Tendencies of Automotive Wheel 

Bearing Under Accelerated Conditions
• ASTM D4693 – Test Method for Low Temperature Torque of Grease Lubricated Wheel Bearing 
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ASTM D4950 classifies automotive service greases into chassis and wheel bearing categories.  These 
two categories were further classified depending on the severity of the application, with two and three 
subcategories for chassis and wheel bearing greases, respectively.  Table 3 describes the performance 
requirements for the chassis (LA, LB) and wheel bearing (GA, GB, GC) grease categories.

Table 3. Guide to Requirements for ASTM D4950 Grease Categories (4)    
           

NLGI instituted a licensing procedure for greases qualifying for ASTM D4950 (3).  This procedure 
applies to only to the highest performance level categories for wheel bearing grease (GC) and 
for chassis grease (LB).  NLGI allows the use of three compliance symbols that can be applied to 
packaging and product literature.  The greases having these symbols must be registered with NLGI 
and meet requirements for one or both of the highest-level categories (Fig. 3).  NLGI does not offer 
symbols for the lesser performance categories, and NLGI specifically prohibits the creation and use of 
such symbols.  

Industry acceptance of the licensing system has grown, and now the NLGI compliance symbols are 
commonly seen on product packaging and literature.  Presently, most U.S. automakers recommend 
the use of NLGI Service Greases GC, LB and GC-LB for scheduled maintenance of chassis and wheel 
bearings of passenger cars and light-duty trucks (4). 

Figure 3. NLGI Service Grease Illustrations (3)
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C. SAE J310  
This SAE Recommended Practice was developed by SAE.  The section “Standard Classification and 
Specification for Service Greases” was developed by SAE in cooperation with ASTM and NLGI.  It is 
intended to assist those concerned with the design of automotive components and with the selection 
and marketing of greases for the lubrication of certain of those components on passenger cars, trucks 
and buses.  SAE J310 provides end users with an understanding of the terms related to properties, 
designations and service applications of automotive greases.

Table 4. Relative Importance of Lubricating Grease Properties for Automotive Use (5)

D. ISO Standards 
ISO 6743 established a general system of classification for lubricants, industrial oils and related 
products.  Within this classification, greases are also categorized (ISO 6743-9).  It is stipulated that 
a product cannot have more than one symbol.  For a product, the symbol corresponds to the most 
severe conditions of temperature, water contamination and load.

ISO 12924 specifies the requirements of greases used for the lubrication of equipment, components of 
machinery and vehicles.  This standard provides guidance to suppliers, end users and OEMs and helps 
them take into consideration climatic conditions worldwide and requirements for greases at time of 
delivery.  ISO 12924 is intended to complement ISO 6743-9.

E. DIN 51825 
This German standard allows for the classification of industrial greases.  The most common are as 
follows:

• DIN 51825 K – grease made from high viscosity mineral and/or synthetic oil with a thickener.
• DIN 51825 KP-K – K grease made with additional additives that reduce friction and protect 

against wear in mixed friction locations.
• DIN 51825 KF – K grease with additional hard additives such as graphite or molybdenum 

disulfide.
• DIN 51825 KPF – K grease with additional additives that reduce friction and protect against wear 

in mixed friction locations, plus additional solid additives (graphite, molybdenum disulfide). 
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F. JIS K2220  
This Japanese standard specifies lubricating greases and gear compounds to be used mainly as 
lubricants for various types of machine parts.  There are several test methods and ISO standards 
that are cited.  Key tests are ISO 2137 – Determination of Cone Penetration of Lubricating Greases 
and Petroleum; ISO 2176 – Determination of Dropping Point; ISO 11009 – Determination of Water 
Washout Characteristics of Lubricating Grease; ISO 12924 and ISO 6743-9. 

IV. Study of Grease Additives and Interactions 
The purpose of this study is to re-evaluate additives currently used in greases and asses their 
type, function and ability to enhance the overall performance of greases to meet new trends and 
requirements (discussed above).  

A. Grease Formulation 
The typical composition of grease includes up to 15% of performance additives, up to 20% of soap or 
other thickener and the remainder of up to 95% base oil (6).  The performance additives include EP, 
anti-wear, corrosion inhibitors, metal deactivators, antioxidants and polymers for enhanced grease 
structure.

Some common examples of EP additives are metal-based dithiocarbamates, sulfurized olefins, alkyl 
polysulfides, zinc dialkyldithiophosphates and molybdenum disulfide, a solid.  Typical anti-wear 
additives are zinc dialkyldithiophosphates and alkyl phosphates.  Corrosion inhibitors and metal 
deactivators are amine phosphate salts, imidazoline derivatives and triazoles, respectively.  Common 
antioxidants used are radical scavengers and peroxide decomposes.  Table 5 provides the key additive 
types and their function in greases. 

Table 5. Common Performance Additives and their Function in Greases
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B. Properties of Greases and Additives Used in This Study
There were two grease types that were used in this study.  Two were lithium complex greases (BG1 
and BG3), and one was a calcium sulfonate grease (BG2).  Base greases were compounded with their 
respective soaps, thickeners and base oils but no performance additives.  Lithium complex base 
greases BG1 and BG3 were formulated with different base oils, thickeners and processing.  All three 
greases had NLGI Grade 2 consistency.  Then, different types and concentrations of additives were 
added to base greases, and their functional performance was compared.  Interactions among the 
additives were quantified in several key performance tests. (Table 6)

Table 6. Base Greases and Performance Additives Used in This Study

Blends were prepared from base greases BG1, BG2 and BG3 and various levels of the performance 
additives EP1-EP3, CI1-CI3 and AW1-AW4, and then tested using the following:

• ASTM D2596 - Standard Test Method for Measurement of Extreme-Pressure Properties of 
Lubricating Grease (Four-Ball EP Method)

• ASTM D2266 – Standard Test Method for Wear Preventive Characteristics of Lubricating Grease 
(Four-Ball Wear Method)

• ASTM D4048 – Standard Test Method for Detection of Copper Corrosion from Lubricating Grease.
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C. Study 1: Effects of EP and Corrosion Inhibitor Additives in Lithium Complex Grease 
In the first study, EP1 and EP2 were blended with corrosion inhibitors CI1 and CI2 in base grease BG1.  
Figure 4 summarizes the weld load results from ASTM D2596.  The base grease had a weld load of 400 
kgf.  The EP additives EP1 and EP2 improved weld substantially to 800 kgf.  

The effect of EP1 was stronger than EP2 on copper corrosion performance (see Fig. 5).  EP2 affected 
no change in copper corrosion when compared to the base grease.  This result is atypical for EP 
additives.  

Subsequent tests were then performed using EP2 in combination with CI1 and CI2.  The corrosion 
inhibitor CI1 had negative effects on both weld load and copper corrosion.  The weld load and copper 
corrosion results were not affected by the addition of CI2.  

Figure 6 summarizes the wear scars from ASTM D2266.  The addition of EP1 and EP2 in combination 
with CI1 and CI2 all marginally increased the wear scars.  This suggests that the optimization of weld 
and corrosion inhibition affect wear performance.  The effects of anti-wear additives in another study 
are discussed below.

Figure 4. Effect of EP & CI Additives on Weld Loads in Lithium Complex Grease BG1

Figure 5. Effects of EP & CI Additives on Copper Corrosion in Lithium Complex Grease BG1
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Figure 6. Effects of EP & CI Additives on Wear Scar in Lithium Complex Grease BG1

D. Study 2: Effects of EP, Corrosion Inhibitors and Anti-Wear Additives in Calcium Sulfonate 
Base Grease 
In the second study, additives were blended in calcium sulfonate grease BG2 and evaluated for weld 
load, copper corrosion and wear scar diameter.  

First, EP2 and CI2 were compared at different levels.  Low levels of EP2 and CI2 did not change the 
weld load, which was the same as the base grease, 620 kgf (Fig. 7).  But increasing the level of EP2 
increased the weld load to 800 kgf.  The result (800 kgf) was the same when the level of CI2 was also 
increased.

The wear scar diameter was 0.57 mm far the base grease, slightly smaller (0.52 mm) with low levels of 
EP2 and CI2, and slightly larger (0.61 mm) with a higher level of EP2 (Fig. 8).  

The effect of CI2 on weld and wear was minimal.  This suggests that the choice of EP additive can be 
critical for initial weld and wear performance.  The copper corrosion results were 1a for the base 
grease and 1b with the various levels of EP2 and CI2 (Fig. 9).  

Next, anti-wear additives were added as top-treats to grease that contained EP2 and CI2.  With AW1, 
AW2 and AW4, the weld load was the same as the base grease (620 kgf).  But with AW3, the weld load 
was 800 kgf.

The wear scar result was smallest (0.48 mm) with A3 (plus EP2 and CI2), Fig. 8.  These results  
showed that the choice of AW can improve wear scar diameter while maintaining high weld load.  

The copper corrosion results were all rated 1b.  These results collectively show that it is possible to 
optimize performance for weld loads, wear scar and copper corrosion with the proper choice of EP, 
AW and CI additives.
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Figure 7. Effect of EP, CI and AW Additives on Weld Loads in Calcium Sulfonate Grease BG2.

Figure 8. Effect of EP, CI and AW Additives on Wear Scars in Calcium Sulfonate Grease BG2.

Figure 9. Effect of EP, CI and AW Additives on Copper Corrosion in Calcium Sulfonate Grease BG2.
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E. Study 3: Effects of EP and Corrosion Inhibitor Additives in Lithium Complex Grease. 
In the third study, the effects of EP2 and EP3 and combinations with CI3 were evaluated for weld load 
and wear scar.  Regression analysis was used to relate the data for weld loads and wear scars to the 
levels of additives tested.  The weld loads were affected by combinations of EP2 and EP3 (see Fig. 10).  

Figure 10. Effect of EP Additives on Weld Loads in Lithium Complex Grease BG 3 

Either EP2 or EP3 can be used to target a wide range of weld loads.  The interaction with the level of 
CI3 did not affect the weld loads.  

Figure 11 plots the wear scar diameter versus levels of EP2 and EP3 at low (left) and high (right) 
levels of the corrosion inhibitor CI3.  The data suggest that the wear scars are affected by the level of 
CI3.  With a low level of CI2, the wear scar diameter decreased when the level of EP3 was increased 
but the level of EP2 was decreased.  At the higher level of CI2, the wear scars were smaller when levels 
of both EP2 and EP3 were decreased.  

The copper corrosion results for these combinations did not change the ratings from the base grease 
BG3, which was 2c.  This study shows that a wide range of weld loads and wear scar diameters can be 
affected based on the choice of EP and CI additives.

Figure 11. Effect of Corrosion Inhibition on Wear Scars in Lithium Complex Grease BG3
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V. Conclusions 
In summary, three studies were conducted with lithium complex and calcium sulfonate greases.  Base 
greases were tested for weld load, wear scar and copper corrosion.  Then EP, AW and CI additives 
were blended into each base grease, and the same tests were used to evaluate their effects.

The initial selection of EP, AW and CI additives is critical and does rely on the base grease used.  The 
results from these studies show that it is possible to target high weld loads and mitigate wear scars 
while maintaining good copper corrosion prevention.  The studies also show that synergies can be 
exploited between EP, AW and CI additives.

While optimization of a grease formulation with EP, AW and CI performance additives can be done, 
it is also necessary to confirm additional grease performance traits such as consistency, oxidation 
stability, oil separation and water washout.  These performance parameters, although not discussed in 
this paper, are still important to evaluate overall performance of the finished grease.  
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Abstract 
The performance of greases in the field is strongly dependent on their adhesion to surfaces and their 
tackiness or ability to form threads. Recently, a new instrumental method was developed to measure 
with precision the adhesion and tackiness of greases based on repeated indentation and retraction 
measurements. However, until now, the link between grease adhesion, tackiness, and friction has 
not been explored. This study focused on investigating the relationship between adhesion and 
tackiness on friction of greases. Adhesion and tackiness were measured by indentation-retraction and 
compared with friction data from Mini-Traction (MTM) and TE-77 tests for formulated greases. 

Introduction
Greases are used widely in industrial and technological applications to decrease friction and to protect 
components from wear. The performance of a grease depends on its ability to lubricate as well as 
its adhesion to substrates, its cohesion, its consistency, and its tackiness. Conventionally, ‘grease 
tackiness’ is understood to be the ability of a grease to form threads when it is pulled apart. However, 
to define tackiness in terms of numbers is far more complicated because it strongly depends on speed, 
temperature, load, and other application conditions. At present, the most appropriate method to 
measure both grease adhesion and tackiness is based on analyzing the measurement curve from an 
indentation-retraction sequence [1-3]. 

In this method, a grease layer is applied on a standardized steel holder. An indenter such as a ball or 
pin is gradually brought into contact with the grease layer, and then pressed into the grease until a 
preset contact load is reached (maximum force in Figure 1a). Then, the indenter is gradually moved 
away from the greased substrate under well-controlled conditions until there is complete physical 
separation. 

During the retraction step, the following parameters are measured. The pull-off force (indicated by 
minimum force in Figure 1a) is the force required to start the physical separation of the indenter from 
the grease and relates to adhesion. As the indenter is retracted, a grease thread forms (Figure 1b), 
which resembles the finger test (Figure 1c). A highly sensitive sensor measures the force of the thread 
pulling against the indenter. After the thread breaks, the force is zero. 

In this study, both force and displacement of the indenter were recorded, and tackiness was defined 
as the displacement of the indenter during the retraction process required for complete physical 
separation. In addition, the separation energy (Se) was defined as the energy needed to fully separate 
the indenter from the grease by the pull-off force. Based on this definition, tackier greases formed 
longer threads as with the finger test. 

‘Tacky’ does not necessarily mean strong adhesion. A typical example can be found with glues that 
show strong adhesion (high pull-off force), but do not form threads.

   

Grease Adhesion and Tackiness: 
Do They Influence Friction?
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Figure 1: (a) Schematic of an indentation–retraction curve for a greased contact and measured values (taken 
from Ref. [2]). (b) Thread formation during an indentation-retraction test. (c) Formation of a grease thread 

during a finger test.

In this study, adhesion and tackiness depended on test conditions. In particular, they depended 
significantly on retraction speed and temperature, and were much less sensitive to grease film 
thickness and load during indentation. Results correlated with finger test observations and provided 
quantitative data for grease tackiness.

In the literature, there are reports that grease adhesion and tackiness affect friction [4]. This study 
investigated the possible links between adhesion, tackiness, and friction for greases. Formulated 
greases were studied, adhesion and tackiness were measured with indentation - retraction curves, 
and friction was measured with Mini-Traction (MTM) and Plint TE-77 tests. 

Experimental
The greases were formulated from commercial NLGI #2 calcium sulphonate grease. A pre-dissolved 
liquid tackifier (Tackifier A) was mixed with grease for 30 minutes with a three-speed laboratory-
scale planetary mixer on low speed. Four different concentrations of Tackifier A were selected, namely 
0.5, 1, 2, and 4 wt.%. Tackifiers B and C were mixed with grease at medium speed for 1 hour at a 
temperature between 100 and 120˚C (depending on softening point) and then milled for 30 seconds 
on high speed.  
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The adhesion and tackiness were measured based on the methodology described previously [2,3]. 
A grease layer of about 200 μm thickness was applied on a standardized DIN 6325 steel plate. A 3 
mm Ø copper ball indenter gradually approached the grease layer until it came into contact and then 
continued moving until the contact load reached 20 mN, at room temperature. Then, the indenter was 
retracted away from the greased substrate until there was complete physical separation of the ball 
from the grease. 

During this indentation–retraction cycle, the force on the load sensor was measured as a function 
of time and displacement of the indenter. This technique resembles pull-off force experiments 
with atomic force microscopes for studying physical interactions on a microscopic scale. From 
the indentation–retraction curve, the pull-off force (relates to adhesion), thread length (relates to 
tackiness), and separation energy (energy required for physical separation, also relates to tackiness) 
were calculated. 

For each indentation–retraction condition, ten test cycles were performed on the same grease in 
order to get information on the repeatability of the method and to perform statistical analysis of the 
obtained data. For these tests, retraction speeds ranged from 0.1 up to 5 mm/s.

To simulate sliding conditions, a Plint TE-77 (Phoenix Tribology) reciprocating sliding tester was 
used. A grease film was applied on a DIN 6325 steel plate, having Ra roughness of 0.2 µm. The 
counter-material was a 6 mm Ø x 6 mm length Cr6 cylinder. The displacement was set at 21 mm, and 
the applied load was 150 N; these conditions generated a line contact with a Hertzian pressure of 
about 500 MPa. Each sliding test consisted of four steps with different frequencies (1, 2, 5, and 10 Hz). 
Duplicate tests were performed per condition.

To simulate rolling conditions, an MTM2 Mini-Traction Machine (PCS instruments) was used with 
standardized AISI 52100 disks and balls with Ra roughness <0.02 µm. To ensure a uniform quantity 
and distribution of grease, a mask was applied and mixing/working of the grease was performed. A 
series of traction curves was performed at room temperature with an applied load of 20 N, Sliding-
Rolling Ratios (SRR%) between 1 and 10%, and speeds of 1000 mm/s. 

The initial intention was to run three replicates of each TE-77 and MTM2 test. However, in every case, 
due to the good repeatability and overlapping results from the first two repeats, a third one was not 
performed. 

Results and discussion
During a test sequence, multiple indentations were performed at different speeds and on different 
locations on the grease layer; this allowed the construction of so-called grease experimental (GET) 
curves [3]. A typical example is given in Figure 2, where the evolution of (a) thread length and (b) pull-
off force are presented as functions of retraction speed. Increasing the retraction speed resulted in 
longer threads and higher pull-off forces, independent of the concentration of tackifier. 
In addition, the higher the concentration of Tackifier A, the longer the thread formation, Figure 2a. 
On the contrary, the pull-off force decreased with higher tackifier concentration, Figure 2b. This 
indicated that pull-off force related mainly to the adhesion of these greases on the substrate and not 
to the formation of threads [1-3]. Furthermore, the sensitivity of this method made it possible to 
differentiate clearly between different concentrations of tackifiers. 
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Figure 3: Effect of tackifier composition on (a) thread formation and (b) pull-off force.

Analysis of the formulated greases under reciprocating sliding conditions showed that tackiness did 
not a have significant effect on the friction, Figure 4. It is believed that under these testing conditions, 
the lubricating quality of the grease layer had more influence on friction than its adhesion and 
tackiness. In addition, the increase of frequency seemed only to have an effect on the friction during 
the run-in period and at low frequencies (1 Hz). Subsequent tests above 1 Hz and for a longer period 
of time showed that this effect was mainly due to the homogenization of the grease layer.

Figure 2: Effect of tackifier concentration on (a) thread formation and (b) pull-off force.

By applying the same method, the effect of different tackifiers with the same concentration (1%) was 
measured, Figure 3. From this figure it is evident that, depending on the composition of the tackifier, 
there can be a different outcome. Thus, this method can be used as tool to aid in the formulation of 
new greases. Producers can modify the composition of a grease so as to optimize thread formation 
and/or adhesion, depending on the requirements of the industrial application. 

Figure 4: Effect of tackifier (a) concentration and (b) composition on the sliding friction of a grease 
(tested with a TE-77 apparatus).



- 24 - 
NLGI Spokesman  |  VOLUME 84, NUMBER 4  |  September/October 2020 

Contrary to the sliding tests, a correlation between the tackiness and friction was observed during 
rolling conditions, Figure 5. In particular, the increase of tackifier A level led to a decrease of friction, 
Figure 5a. However, more tackiness did not always lead to lower friction. For example, in Figure 5b, 
grease with Tackifier A had much higher tackiness than grease with Tackifier B, but their friction data 
were similar.

Figure 5: Effect of tackifier (a) concentration and (b) composition on the rolling friction of a grease
 (tested with an MTM2 apparatus).

It is believed [4] that both grease adhesion and tackiness are very important during rolling. In 
particular, adhesion defines the amount of grease that remains on the disk (Figure 6a), whereas 
tackiness determines the tranfer of grease from the disk to the ball via the formation of threads 
(Figure b). Therefore, in the case of Tackifier A, more grease was transferred from the disk to the 
ball (longer thread formation as shown in Figure 3a) improving the lubrication of the system (in 
comparison to the base grease). On the other hand, Tackifier B has better adhesion to the disk 
(indicated by higher pull-off force in Figure 3b). Optimizing the balance between adhesion and 
tackiness can bring about the best performance, as can be seen with Tackifier C.

Figure 6: Formation of grease threads on the (a) ball and (b) disk after MTM testing.
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Conclusions
The main outcomes of this study can be summarized in the following points:
This indentation-retraction method can be used to quantify the adhesion and tackiness of greases 
by measuring the pull-off force and thread length, respectively. This method efficiently differentiated 
among different concentrations and types of tackifiers in calcium sulphonate grease. Therefore, it can 
be a useful tool for the formulation of new greases because producers can modify the composition 
to optimize thread formation and/or adhesion, depending on the requirements of the industrial 
application.  

Adhesion and tackiness of grease did not seem to have a significant effect on friction during  pure 
sliding in a tribometer test. The lubricating effect of the grease layer dominated. 

Adhesion and tackiness seemed to have a stronger effect on rolling and roll-slip conditions in a 
traction test. In particular, it is believed that tackiness determined grease transfer from the disk to the 
ball, and adhesion influenced the quantity of grease that remained on the disk.

To get a better understanding of the influence of adhesion and tackiness on friction, more focused 
research will be needed. The authors intend to continue this work by investigating the performance 
of greases with different tackifier concentrations. Future studies will also include other widely-used 
test rigs (e.g., four-ball, light-load precision testers, etc.) The aim will be to establish under which 
conditions tackiness and adhesion play a role in friction. Further steps will examine the influence of 
temperature, since the intrinsic characteristics of greases are temperature dependent.                  
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Grease manufacturers use one set of tests to characterize greases and provide useful information for 
technical data sheets, while end-users rely on a different set of tests to monitor the condition of in-
service greases. This paper begins with a review of grease chemistry. It then explores the tests that are 
used for each purpose – grease selection and condition monitoring of greased bearings. Conventional 
as well as new tests are presented.  

Components
There are three components of a grease - the base oil, the thickener, and performance additives. 
Traditionally, the base oil was considered the major component. In many conventional greases, it 
can be from 70 to 95% of the grease. For this reason, many bearing manufacturers consider the base 
oil viscosity to be a predominant factor in grease selection and approval for their products. The fact 
remains that, with recent technological developments in the two other components (thickeners and 
performance additives), the base oil has become less of a determining factor and more of a component 
that can have synergistic effects with other components.

The second component is the thickener. This is what gives the grease its body. The thickener is 
typically how grease is characterized. Producing a thickener can be a complicated process. One 
manufacturer may attempt to produce one type of thickener for grease only to have it fall short in 
performance compared to other products of the same thickener type. The raw materials and the 
manufacturing process will dictate if a thickener will provide superior or marginal performance. 
Thickener types include simple metal soaps, complex soaps, synthetic organic thickeners, and 
inorganic gelling agents. Thickeners can account for between 2 and 40% of a grease formulation.

The performance additives incorporated into the grease formulation provide specific functionality 
such as rust and corrosion resistance, oxidation resistance, anti-wear characteristics, extreme 
pressure handling, and even improved lubricity. These chemicals, both solid and liquid, can account 
for between 1 and 25% or more of the final grease formulation, depending on what performance 
criteria and targets need to be met. Table 1 lists the various general types or classes of base oils, 
thickeners, and performance additives.
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Table 1 Components 

Grease Testing and Selection

Attempting to understand which grease is best for a given application can be a difficult task. Various 
controlled test methods have been established to make the selection process less painful.

Standardized tests have been developed to provide for the determination and verification of 
performance characteristics of greases. A short list of the ASTM tests for characterizing grease is 
presented in Table 2. When selecting a grease for a specific application, the overall properties of the 
grease should be considered. Table2 describes the test methods and how to interpret the test results. 
It is essential that the end-user evaluate the data prior to using a grease in a given application. The 
grease supplier should provide the customer with the desired test results.
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Table 2 Standard Tests
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These tests only provide a roadmap for final selection of a grease product. In order to truly determine 
the best grease for a particular application, a field study must be carried out. Choosing the best grease 
for a field trial can be difficult if not exhausting. When evaluating the test data, it is helpful to develop 
a spreadsheet for easy comparisons. Table 3 is an example of such a comparison. There is a challenge 
in trying to understand which test or tests best mimic the actual environment that the grease will be 
experiencing. In order to make an accurate and informed decision on grease selection for any given 
application, a few tests stand out as good barometers of performance.

Table 3 Grease Comparison 

Many facilities use several different greases, which can lead to costly misapplication mistakes. There 
has been a concerted effort to minimize the number of greases used in some facilities. This technique 
is known as lubricant consolidation. Maintenance teams are in search of a few greases to take the 
place of several that are being used.  

Grease Applications in Principle 
The primary function of grease is to separate two metal surfaces. This provides the best protection 
against wear. The grease will actually flow and create a fluid film layer between the two surfaces. 
The combination of oil, thickener, solid lubricants and performance additives work synergistically to 
lubricate and protect the part with a fluid film (Fig. 1). Under perfect conditions this will keep wear to 
a minimum. Conditions are not always perfect.

Fig. 1 Protective film
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Under heavy load conditions, grease is squeezed and forced to the edges of the bushing or race. For 
example, as the bucket of an excavator smashes into asphalt, the bucket pin (journal) slams against 
the bushing with incredible force, squeezing the grease and creating a marginal lubrication condition. 
This is considered thin film lubrication (Fig. 2).

Fig. 2 Thin film

When grease is put under continuous extreme pressure by heavy use, the thin film breaks down. 
Lubrication becomes dependent on other components and not necessarily the oil component of the 
grease. In this scenario, the lubricant is under so much pressure that it is momentarily squeezed out 
to the point that only certain performance additives, such as anti-wear additives, shock load reducers, 
adhesive / cohesive polymers, extreme pressure additives, and solid lubricants, form a boundary 
layer between the metal parts. These performance additives fill in asperities and plate onto the metal 
surface where they produce a solid boundary layer film for protection (Fig. 3).

Fig. 3 Solid Film

Grease can be fortified with lubricating solids such as molybdenum disulfide or graphite while 
incorporating high concentrations of anti-wear agents and a lubricating thickener such as calcium 
sulfonate. This allows the grease to absorb shock and withstand pressure. The combination of various 
performance additives, lubricating solids, and lubricating thickeners can supplement the base oil and 
relieve it from carrying the total lubricating burden.
 
Addressing the various lubrication problems with grease performance solutions can reduce 
mechanical part failures dramatically. When selecting grease for an application, looking to solve the 
problem should be the main consideration. Table 4 summarizes probable causes of bearing failures 
and the type of damage they can create. Lubricant quality and performance play a very important role 
in the longevity of bearings and have a direct impact on almost all facets of failure modes.
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Table 4 Bearing Failure Modes
Grease Applications in Practice
Various grease technologies are available that are designed to extend the operating life of the various 
components and help to decrease downtime, parts replacement, and labor costs. Greases are applied 
in many types of equipment where conditions can affect grease and cause problems: extreme 
heat, excessive pressure, water washout, and contamination all can degrade grease and leave the 
mechanical components unprotected. These problems, if not addressed, can manifest into equipment 
failure, resulting in downtime, parts replacement, and labor costs. The problems can be characterized 
in three main groups:

1. Excessive Load: force applied to a bearing or journal that exceeds the load carrying capability of the 
grease. The result: metal contact, premature wear, and increased heat.

2. Excessive and/or Localized Heat: operational heat that is generated during extended operation or 
localized heat that is generated as metal asperities collide, producing temperatures in excess of 2000 
C. The result: breakdown of grease and cold welding (galling).
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3. Contamination: mud, water, and steam can wash away grease, leaving metal unprotected. Dust, 
fibers, and abrasive particles can combine with grease and grind away metal. Acids, caustics, and 
cleaning solutions can break grease down and corrode metal. The result: premature wear and grease 
breakdown.

Lab Tests That Mimic Problems in Applications 
Many ASTM tests are effective at fundamentally understanding the performance of grease. These tests 
are run in a controlled environment to reduce variables and provide reproducible results. Certain 
tests stand out as indicators of grease performance under specific circumstances. The selection of 
the following tests is the result of comparing test results with actual applications. The greases that 
demonstrate the highest performance in the following tests also have proven to provide the best 
protection, wear reduction, and overall lubrication. These tests only should serve to direct a decision 
and not be the deciding factor to choose a grease for a particular application.

Ball Weld (ASTM D2596) and Wear (ASTM D4172)
This pair of tests (Pic. 1) measures the ability of grease to withstand extreme pressure and provide 
protection from wear in a dynamic environment. Three steel balls are placed at the bottom of a fixture 
(Pic. 2). The fixture is filled with the grease of interest. A fourth ball is held in a chuck and rotated 
against the three balls. In D2596,  a series of  loads is applied to the fourth ball (Pic. 3). The load at 
which the balls begin to gall or seize is considered the weld point. In D4172, a single load is applied 
for a specific period of time, and then the size of the wear scar is measured. The higher the weld 
point, the more stress the grease can withstand. The smaller the wear scar, the better protection the 
grease will provide while under dynamic stress. These are perhaps the best test methods available for 
determining a lubricant’s ability to withstand load and protect from wear. Superior greases will have 
weld loads above 600 kg and scar diameters below 0.40 mm.

Pic. 1
4-Ball Test Instrument

Pic. 2
Test Balls in Fixture

Pic. 3
Forth Ball Held in the Chuck

Dropping Point (ASTM D2265)
This test determines the temperature at which the grease changes from a semi-solid to a liquid. A 
sample of grease is placed in a small sample cup with a thermometer (Pic. 4). The sample is placed in 
an oven (Pic. 5). The temperature at which a drop of oil comes out of the cup and falls to the bottom 
of the tube is the dropping point. Clay-based (bentonite) grease, also known as non-melt grease, does 
not exhibit a dropping point. At temperatures above 280 to 300 C range, the base oil may evaporate, 
leaving behind an abrasive clay. Table 5 compares the dropping points of various greases.
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Pic. 4
Sample Cup and Thermometer

Pic. 5 
Test Oven

Table 5 Dropping Point Comparison According to Thickener

Water Washout (ASTM D1264)
Measures grease resistance to washing out of a bearing. Grease is packed into the bearing and 
weighed (Pic. 6). A cover plate is placed over the bearing housing (Pic. 7). The bearing housing is 
then subjected to a water spray (Pic. 8). After the exposure, the bearing housing with grease is dried, 
then weighed again. The difference of the weight is recorded.  The lower the value, the less grease has 
washed out and the greater the resistance to water washout.

Pic. 6
Bearing Ready to Be Packed

Pic. 7 
Cover Plate

Pic. 8 
Test Fixture

Bomb Oxidation (ASTM D942)
This test measures the oxidation resistance of a grease. This can be helpful in determining the storage 
life as well as application longevity. Glass dishes holding the grease samples are placed on a rack 
and put inside an airtight chamber or “bomb” (Pic. 9). The sample is heated to 100 C under 100% 
oxygen and 110 psi measured with a pressure gauge (Pic. 10). As the grease sample oxidizes, oxygen 
is absorbed and reacts with the base oil and other ingredients, which causes the pressure to drop. 
The lower the change in pressure, the slower the oxidation and the longer the grease will last in 
applications.



- 34 - 
NLGI Spokesman  |  VOLUME 84, NUMBER 4  |  September/October 2020 

Table 6 Oxidation Resistance According to Thickener

Worked Penetration (ASTM D217, ASTM D4950, ISO 6743-9)
These tests measure the change in grease consistency after it has been physically stressed. The test 
vessel (Pic. 11) is filled with grease and a stress plate is screwed on to the vessel. The vessel is then 
placed on a mechanical unit that “works” the grease for a predetermined number of strokes (Pic. 12). 
The consistency of the grease is then measured using a grease penetrometer (Pic. 13).

  Pic. 9 
Bomb and Samples  

Pic. 10 
Pressure Gauge

Pic. 11 
Test Vessel and Work Plate

Pic. 12 
Working Unit

Pic. 13  
Penetrometer

To measure grease consistency, the sample holder is filled with grease and put onto the cone 
penetration unit. The cone is dropped down into the grease. The penetration value is determined 
by measuring how deep the cone sinks into the grease. The harder or ‘heavier’ the grease, the lower 
the number; the softer or ‘lighter’ the grease the higher the number. NLGI has designated a range of 
values for the depth of penetration of the cone in tenths of a millimeter at 25 C. Table 7 represents the 
penetration values for the various grades of grease.
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Table 7 NLGI Penetration Table [1]

The NLGI 2 grade is the most popular grade. The NLGI 1 is used primarily in climates below 0 C or in 
centralized lubrication systems where grease pumpability through narrow passages may be difficult. 
The “ought” or 0, 00, and 000 greases are used in special bearings and certain gears. There are 4, 5, 
and 6 grade greases that are very thick and have very specialized applications.

Additional Tests
There are a few tests that do not represent an application environment or are affected by test 
variables that skew the results. One test is the Timken OK Load Test, which was developed many years 
ago by the Timken Bearing Corporation to evaluate cutting fluids. Over the years, it has been used to 
evaluate load carrying capacity of lubricants. 

This test uses a tapered roller bearing race mounted on a rotating spindle (Pic 14). The race rubs on a 
test block, which is mounted on a movable arm (Pic. 15). The arm acts like a cantilever with a weight 
on the other end to produce a force on the race (Pic. 16). Grease is continuously fed into the contact 
area as load is applied (Pic 17).

Pic. 14
Spindle 

 Pic. 15 
Test Fixture 

Pic. 16 
Applied Load

Pic. 17 
Purging Grease

The Timken OK Load Test is run for ten minutes, after which the race and block are examined for 
scars. If the race and block pass, the test is run again at an increased load. This sequence is carried out 
until the test pieces show signs of failure. 

There are several shortcomings to the Timken OK Load Test. First of all, there are very few, if any, 
applications where fresh grease passes continuously through the bearing or journal. Secondly, it is 
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difficult to determine the true onset of the scoring. It is only after each test sequence that the bearing 
and test blocks are examined. 

The results obtained from this test do not correlate to those of the 4-Ball Test. According to statistical 
analyses, the precision of the Timken Test is limited. Repeatability refers to the difference between 
successive results obtained by the same operator with the same apparatus under constant operating 
conditions on identical test material. The repeatability for this test is 30% of the mean value. 
Reproducibility is defined as the difference between two single and independent results obtained by 
different operators working in different laboratories on identical test material. The reproducibility of 
this test is 70 % of the mean value.  

Another test that produces questionable results is the portable FLC Lubricating Tester (Pic. 18). A 
small journal is held against a rotating race (Pic. 19). Load is applied as the race is rotated.  An ampere 
meter is used to measure the energy requirements needed to spin the race at a prescribed rate. Force 
is applied manually on the journal. There is also a torque-measuring device located on the force arm. 
The force arm torque is adjusted by a turnbuckle (Pic. 20). Failure occurs when the amperes exceed 
acceptable limits or when the lubricant film ruptures, resulting in seizure.

Pic. 18 
FLC Test  

Pic. 19 
Bearing Load 

Pic. 20 
Adjustable Resistance

Results from the FLC Tester can be manipulated by varying the rate of torque on the force arm. A slow 
increase will produce one set of results, while a rapid increase could produce a different set of results.  
Also, by rapidly increasing the force, a grease containing molybdenum disulfide will quickly plate or 
“burn” onto the surface. Furthermore, if the force is rapidly increased at the beginning of the test, then 
the test block will actually last longer at higher loads, thus producing a deceptively high indicator of 
lubricating performance.  

Grease Selection - Properties vs. Functionality
The following steps can be used as a template for making an informed and accurate decision about 
grease selection. Consider the following:

Environment –Where will the equipment  typically operate?
• High, dry heat (above 65 C)
• High, moist heat (above 65 C)
• Low temperature (below 0 C)
• Steam – direct or indirect
• Submerged in water (fresh or salt)
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• Sand, grit, loose dirt
• Drastic temperature fluctuations
• Acids, caustics, solvents

Conditions – What are the operating conditions?
• Heavy loads
• High speeds
• Continuous shocks
• Dissimilar metals in bearings,  bushings, or  journals

Also consider the fact that, if several different greases are being used at one facility, a misapplication is 
likely to occur at some point. In certain cases, some greases may be incompatible. Mixing incompatible 
greases may cause an immediate failure. Table 8 summarizes the various grease technologies. This 
table may prove valuable in making informed choices.

Table 8 Grease Technology Comparison

Condition Monitoring of Grease
After a grease is in service, it undergoes changes due to contamination as well as extreme operating 
and environmental conditions. Several tests have been developed that can determine the health of 
grease as well as provide warning signs of impending bearing failure. These in-service tests can help 
identify misapplications, wear conditions, contamination, and potential grease failure.  

Consistency
The consistency of grease can change – harden, soften, or dry out – during service. It can be difficult 
to collect a large enough sample of in-service grease for a cone penetration test. Instead, a specially 
designed, patented device can be used to collect and test a small grease sample from an application 
such as a port on a machine. Then a laboratory instrument can be used to measure the applied load to 
extrude grease at various speeds through an orifice slot. Test results can be compared with data for 
fresh grease to determine whether there has been a change in consistency. 
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Contamination
FTIR and other spectrometric techniques are utilized to determine whether grease has been 
contaminated by other greases, water, other fluids and particles. 

Oxidation
The onset of oxidation (the point at which the base oil begins to polymerize) can be measured with 
several tests. Measuring the residual functionality of antioxidants in the grease through various 
methods can determine if the re-greasing interval is sufficient for the equipment. FTIR can also be 
used to measure the progression of oxidation through the development of a peak indicative of the 
hydrocarbon crosslinking and the development of the essential polymer structure. 

Colorimetry
Colorimetry testing utilizes a patent-pending method that includes a visible light spectrometer, a 
light-path sample cell, and a thin-film grease substrate to gather a visible light spectrum (from 400 to 
700 nm) of the grease sample.  This method can be used to validate observed appearance changes in 
greases such as darkening due to aging or overheating, characterize use of dyes in formulations of new 
greases and even approximate concentrations of certain particulate contaminants such as coal dust.

FTIR
FTIR is used to ‘fingerprint’ the molecular bonds and chemistry of a grease. A thin strip of grease can 
be analyzed by the beam of an FTIR. Similarly, this is done with the baseline grease. The two spectra 
are overlaid, and the analyst looks for differences between the two. Oxidation and grease mixing are 
detected through this methodology.

RDE Spectroscopy
In Rotating Disc Electrode atomic emission spectroscopy, a grease sample is dissolved in solvent 
and analyzed with the RDE. This method is useful for detecting certain wear particles such iron 
and Babbitt particulates as well as additive elements that could point towards grease mixing. By 
comparing element levels to the original baseline of fresh grease, the presence of other greases and 
wear metals is easily detected.

Sweep Voltammetry 
Sweep voltammetry refers to an instrument that works on the principle of linear sweep voltammetry.  
A small grease sample is mixed with a solvent, and a variable voltage is applied to the solution while 
the current flow is measured to determine the concentrations of  antioxidants remaining in the 
sample, which indicate the remaining useful life of the lubricant. This test can be used to monitor 
antioxidant levels to determine if the re-greasing cycle is appropriate. The test is now being evaluated 
to understand the remaining useful life of anti-wear compounds that behave like antioxidants due to 
their polar nature. 

Wear 
Wear testing detects the amount of ferrous debris and other wear metals in the grease. 

FdM+
The FdM+ is used as an overall monitoring device to detect wear particles. This test uses the idea of 
the Hall Effect to determine the amount of ferromagnetic material present in the sample.  This is used 
a general flagging test to identify samples with excessively high levels of wear particles.  Generally 
when the sample contains 5,000 ppm iron or higher, analytical ferrography is recommended.
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Analytical Ferrography
Analytical ferrography is used as an advanced test to determine the amount, shape, composition, and 
wear severity of the particulates in a sample.  A grease sample is dissolved in a solvent and poured 
through filter paper to collect debris particles.  The solids on the filter paper are examined under a 
microscope.  Their size, shape, color, as well as certain chemical characteristics are examined by an 
analyst against a database and other samples.  Often, this approach can be used to quickly determine 
the root cause to a failure or identify the onset of a potential failure.  

Rheometery
Rheometer testing is used as an advanced method to examine the consistency of grease. Using a 
cone and plate rheometer, normal force measurements can be used to determine oscillation stress, 
recoverable compliance, and other values. 

Conclusions
Several basic tests and advanced methods are used to understand the properties of in-service greases 
and determine the performance levels of various greases.  Care should be taken when assessing which 
grease is appropriate for an application.  Data comparisons are highly suggested. 
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Abstract 
This paper focuses on measuring the tackiness, water resistance, and low-temperature mobility of 
greases and studying how these properties interact to give a grease its unique functionality. In general, 
tackier greases have been considered superior in terms of water resistance and the ability to stay put 
in applications. However, addition of tackifiers to increase tackiness may potentially have adverse 
effects on the low-temperature and flow properties of a grease.

This paper uses a newly designed tackiness tester to measure the tackiness of different types of 
grease. The new instrument works on practically the same principle as the finger test, which stretches 
a grease sample until a string forms and breaks, but standardizes the results by calculating the force 
required to pull the grease sample apart. The device uses two metal plates, one stationary and the 
other moving and applying a constant outward force on the grease sample between the two plates. In 
general, the greater the force needed to break the string, the tackier the grease. Results obtained with 
this more scientific and precise method correlated somewhat with the finger test in this study.

 Low-temperature mobility was also examined using a configurable flow tester, following the 
Kesternich method and DIN 51805 testing specifications. Linear correlations between flow pressure 
and separation force were modest at 0 (R2 = 0.4) and -10 C (R2 = 0.3), and insignificant at -20 and -30 
C. Water washout characteristics were measured by means of ASTM D1264. Correlations were not 
visible in scatter plots of percent weight loss versus tackiness. Future work may include developing 
an ASTM method for the new tackiness tester, as well as updated Kesternich instruments and test 
techniques.

Introduction 
Lubricating greases are utilized in many industries such as machinery, automotive, and construction 
to ensure the protection of components from losses due to friction and wear. Some of these lubricated 
components include bearings, bushings, gears, chain drives, etc. It is believed that the majority of 
tapered roller bearings are grease lubricated. The primary purpose of a lubricant is to protect the 
mating surfaces from metal-to-metal contact under relative motion and to reduce friction and wear. 
Lubricants do this by forming a protective layer under different tribological regimes as described by 
the Stribeck curve [1,2]. Understanding the composition and properties of greases is important for 
determining their applications and how they may perform.

Users often characterize lubricating greases by so-called sensory examination, for example, color, 
feel, and smell. It is also common for a grease user to take a small amount of grease and pull and 
rub it between the thumb and index finger to judge the texture, smoothness, fibers, consistency, and 
tackiness of the grease [3-5]. Sometimes, these first impressions become the guiding criteria for 
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grease selection, leading to generalizations and subjectivity. Lubricating greases are non-Newtonian 
fluids, and therefore, their flow behavior and adherence to metal surfaces become critical. In this 
context, the definition of a grease by Vold and Vold [6] appears to be particularly appropriate and 
practical:

“A grease is a lubricant which has been thickened in order to [ensure] that it remains in contact with 
moving surfaces and does not leak out under gravity or centrifugal action or be squeezed out under 
pressure. At the same time, the grease must be able to flow into the bearing through an appropriate 
dispensing system and from spot to spot in the lubricated machine as needed and must not of itself 
add sufficient power required to operate the machine, particularly at the start.”

The term tackiness is used in different industries with slightly different meanings. Bikerman [7] 
stated that the terms tackiness and adhesion are interrelated and compared the molecular and 
rheological forces during the different stages of grease formation and separation. He also described 
the term tackiness as “the resistance which must be overcome to separate two solids joined by a liquid 
adhesive” [7]. For lubricating greases, the above description of tackiness also holds good, although 
stringiness, adhesiveness, and stickiness have also been coined for the same purpose. In a broader 
sense, tackiness refers to the ability of a lubricating grease to adhere to a metal surface under the 
influence of different environmental and operating conditions.

When it comes to the tackiness of greases, two main phenomena seem to play a significant role: 
adhesion and cohesion. Cohesion results from attractive forces between molecules of the same 
substance that tend to hold the substance together, whereas adhesion refers to the attractive forces 
between dissimilar molecules that help one material stay in place on the surface of the other [8-
11]. Cohesion helps lubricating grease  maintain its consistency against external forces, mechanical 
motion, temperature, and pressure, whereas adhesion helps grease adhere and uphold the integrity of 
the lubricant film on the metal surface. For the sake of simplicity, the combined effects of adhesion and 
cohesion in a particular grease are referred to as tackiness in this paper.

In the laboratory, tackiness is seen as the ability of the grease to form a string when pulled apart and 
depends strongly on the types of polymers added to it [12]. Tackiness is a result of incorporating 
tackifier polymer into the grease matrix during the processing stage. The type, amount, and chemical 
composition of polymer have significant influence on the extent of tackiness obtained. The base oil 
viscosity may also contribute to the tackiness of a grease. Greases with higher base oil viscosities may 
be tackier than greases made with lower viscosity base oils.

Traditionally, the tackiness of a grease has been measured using a qualitative approach known as 
the “finger test.” A small amount of grease is placed between the thumb and index finger, which are 
then separated gradually until a grease string breaks. The separation at which the string breaks 
determines the extent of tackiness. However, results may differ from person to person, and there is no 
standardized procedure for assessing and comparing results for different greases.

New instrumentation has made it possible to move from this subjective method to one that measures 
tackiness as the force required to pull the grease string completely apart. The principles behind this 
new instrumentation involve the resistance of an adhesive layer between two surfaces. When one of 
the two surfaces is pulled perpendicular to the adhesive layer and the second surface, equal tension 
is produced across the grease sample, forcing it to separate [6]. These ideas were also applied in 
previous approach-retraction experiments to characterize the adherence and tackiness of greases.
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Some tackifiers may yield better properties than others and are often specific to their application. 
For example, polymers of high molecular weight are added to some grease formulations in small 
amounts when the objective is to keep the cost low and the composition of the grease simple. Other 
formulations may call for low- to mid-weight polymers to be added as part of the base fluid. Tackiness 
helps with water resistance and cohesion of the grease product when it is subjected to forces [13]. 
Thus, it is important to understand and utilize results from tackiness tests for the optimization of 
lubricating greases.

Of equal importance are the low-temperature flow properties of greases and how they contribute to 
the mobility of the grease. Without proper lubrication, engines or machine components may seize 
or become damaged, especially in cold environments. These properties of a lubricating grease are 
strongly dependent on the viscosity and viscosity index of the base oils that it contains. Base oils with 
higher viscosity indices are better equipped to withstand extreme cold as they experience lower rates 
of change in viscosity with temperature change [14]. Flow pressure tests provide insight to the force 
required to circulate the grease for proper lubrication.

Influence of Grease Composition on Tackiness 
Consistency is the term used to describe the flow characteristics of plastic liquid and solid 
materials under mechanical motion or pressure. Lubricating greases are plastic solids, and hence, 
the measurement of their consistency is desirable. The term consistency is used rather loosely in 
lubricating greases; it might be used to describe resistance to deformation by an applied force or .a 
difference in texture (smooth or fibrous), elasticity (rubbery or tacky), or ductility (short or stringy) 
[3].

Lubricating greases primarily consist of three main components: base oil (80-85%), thickeners (10-
15%), and additives. In order to provide additional strength to greases, polymers also known as 
tackifiers or viscosity modifiers, are sometimes added. Polymeric tackifiers are used widely in North 
America, but not significantly in Asia [5].

Both base oils and thickeners strongly influence the tackiness of lubricating greases. Additionally, 
the manufacturing and milling processes and equipment may also affect the tackiness properties of 
a grease. Higher base oil viscosities tend to provide better grease tackiness. However, the effect of 
base oil viscosity on tackiness may differ from the combined effect of base oil viscosity and viscosity 
modifier. For example, tackiness may differ significantly for a grease prepared with a specific 
thickener type in VG 460 base oil  versus a grease prepared with the same thickener type in a base oil 
blended with viscosity modifier polymer to meet the VG 460 grade.

Furthermore, the type of base oil may also influence the tackiness of a grease. Greases prepared in 
naphthenic base oil tend to be tackier than the same viscosity grease prepared in polyalphaolefin 
(PAO) base oil. This may be attributed to the interaction between different base oils with soap fibers. 
Similarly, the type of thickener and fiber structure provide different tackiness to the greases. Greases 
with long fiber thickeners, e.g., barium and sodium soaps, tend to appear tackier compared to greases 
with short fibers, e.g., calcium and aluminum complex. Lithium stearate greases with straight fibers 
have slightly more tackiness than lithium 12-hydroxy stearate greases with twisted fibers. The 
manufacturing process, extent of shearing during fiber formation, and milling and homogenization 
may significantly affect the tackiness. Greases with lithium, lithium complex, and calcium sulfonate 
thickeners are more stable and, thus, less affected by the manufacturing and shearing processes, 
whereas greases that contain polyurea, silica, and aluminum complex thickeners are impacted much 
more.
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Different types of polymers have been used commercially to develop the tackiness of lubricating 
greases. The most commonly used polymers are olefin copolymers (OCPs), polypropylene, 
polyisobutylene, polymethacrylate, styrene-ethylene-butylene copolymers (SEBs), and even natural 
rubber [9]. Some polymers are more shear stable and provide better tackiness and more prolonged 
consistency to the grease compared to shear unstable polymers, though they might initially suggest a 
tackier appearance.

There are different experimental practices like the thumb-finger, rat-trap, and hammer tests to 
evaluate the level of tackiness of greases. However, there is no standard test that quantitatively and 
accurately measures grease tackiness. There have been a few efforts by equipment manufacturers to 
develop more precise and accurate test equipment to measure the tackiness of greases [10,11].

Influence of Grease Composition and Polymers on Water Resistance Properties 
The majority of lubricating greases are known to be water insoluble. However, the extent of 
insolubility may depend on their chemical composition, especially the type of thickener. Calcium- 
and aluminum-based greases possess better water repellency characteristics compared to greases 
formulated with sodium thickeners. There are many applications in industries such as steel, paper, 
mining, marine, etc. where greases directly or indirectly come into contact with water, making their 
water resistance properties significantly important for the success of the end-use application. Under 
the influence of water, many greases exhibit the tendency to break down and wash away. Water 
resistance characteristics are most commonly measured using water washout (ASTM D1264) and 
water sprayoff (ASTM D4049) methods. 

Water insoluble polymers are sometimes incorporated in the grease matrix to improve the water 
washout properties of the grease. Different types of polymers and the way these polymers are 
incorporated in the grease matrix yield different water resistance characteristics. Kumar et al. [5] 
studied the effects of different polymers on water resistance properties of lithium and calcium 
sulfonate greases and found that polymers improve the water washout properties of these greases, 
but only to a certain extent. However, the use of excessive amounts of  polymers may also adversely 
affect grease water resistance properties.

Influence of Grease Composition and Polymers on Low-Temperature Flowability 
Low-temperature flowability is an important property of greases that affects performance in low-
temperature environments. This property becomes more desirable in centralized lubrication systems. 
The low-temperature behavior of a grease depends on its composition such as base oil, type and 
length of thickener fibers, and polymers. Polymers, in general, are known to deteriorate the low-
temperature flowability properties of greases. The effect of polymers on tackiness, flow, and water 
resistance properties have been reported [9,15,16]. Low-temperature properties of greases can be 
measured by different methods like ASTM D1478, ASTM D4693, DIN 51805, Lincoln Ventmeter, US 
Steel Mobility Test, etc.

There are reports and other publications in the literature that describe results of studies of effects 
of polymers on individual grease properties such as tackiness, water resistance, or flow behavior of 
greases. However, all three properties of greases may depend on some of the same variables and occur 
simultaneously rather than in isolation. This paper studies the symphony of these three properties 
and seeks to identify any correlations between them.

Materials and Methods

This study tested greases derived from lithium, lithium complex, or over-based calcium sulfonate 
thickeners formulated in Group I, Group II, or their combination, and synthetic PAO oils at different 
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base oil viscosities. Some were off-the-shelf commercially available greases, while others were 
synthesized in the laboratory. The lab-synthesized greases were prepared in either a 1 gallon Hobart 
mixer or 10 gallon Patterson counter-rotating pilot kettle. Greases were milled through either a three-
roll mill or a Charlotte mill. Some of these greases are described in Table 1.

Table 1. Descriptions of selected greases
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Tackiness 
Tackiness of the grease samples was first assessed using the traditional finger test, Figure 1. A small 
sample of grease was placed in between the thumb and index finger of the tester and slowly pulled 
apart to determine how resistant the grease was to the outward force. Two testers were called to 
perform this initial test to identify any differences in their perceptions of tackiness. Greases were 
rated with either low, moderate, or high tackiness, or a combination of classifications, e.g., low-
medium. Safety gloves were worn during these tests and changed between grease samples.

Greases were then subjected to force tests using a Koehler Tackiness Tester (K95200), Figure 2. 
Samples of 5 gm were loaded into a syringe and uniformly distributed on the test disk. Once the grease 
was in position and the test was initiated, the upper arm was lowered until it came in contact with the 
grease. Then the upper arm was raised while the instrument measured the force required to break the 
grease string apart. Each grease was tested using this method three times.

Figure 1. Finger test method for determining the tackiness of a grease [17]

Figure 2. Method for measuring tackiness using tackiness tester [18]

Low-Temperature Mobility 
Low-temperature flow properties of the greases were studied using a Koehler Flow Tester (K95300). 
This instrument relates the flow pressure of the grease at low temperatures to its mobility by cooling 
the sample to a set temperature and then raising the pressure until the sample freezes or is forced 
through the exit nozzle, Figure 3. If the grease sample froze, the pressure was taken to be the maximum 
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pressure of the equipment, 3225 mbar. Samples were tested at four temperatures: 0, -10, -20, and -30 
C. Pressure was increased in increments of 25 mbar every 30 s until the grease sample flowed due to 
the applied pressure (or froze). At this point, measurements for the pressure and the time to reach 
that pressure were recorded.

Figure 3. Nozzle used to test the grease samples for low-temperature mobility  [19]

Water Resistance 
Water resistance refers to the ability of grease to perform satisfactorily under conditions of water 
ingress and a humid environment. This property can be tested by two popular tests, ASTM D1264 and 
ASTM D4049. In this paper, water washout properties of the greases were evaluated by ASTM D1264. 
Under standard test conditions, 4.0 gm grease was packed in the deep grove ball bearing that was 
then inserted in the housing with specified clearance and rotated at 600 rpm. Water impinged on the 
housing at a rate of 5 ml/min for 60 min at 79 C. The amount of grease washed out was reported as 
wt% . 

Results and Discussion 

Tackiness 
When both testers gave the same rating to a grease using the finger test, that result was reported. 
Two testers agreed most commonly for greases with moderate tackiness. When testers gave different 
ratings, they were averaged, Table 2. As expected with such a subjective test method, there were many 
discrepancies between ratings by two testers. Averages were taken according to the following four 
conditions:

• Low and High – report the middle classification (Moderate)

• Low and Moderate or Moderate and High – report the in-between classification (Low-
Moderate or Moderate-High, respectively)

• Low and Low-Moderate or Low-Moderate and Moderate – report the common 
classification (Low or Moderate, respectively)

• Low-Moderate and High – report the classification as Moderate

When these qualitative results from the finger test were compared with the quantitative results 
from the tackiness tester, there was correlation for greases in the low-to-moderate tackiness, Figure 
4. However, this trend was not observed for tackier greases. One explanation could be the effect of 
temperature on tackiness. The temperature of the human fingertip can be reasoned to be greater 
than the temperature of the metal discs used to test tackiness. It has been previously shown that the 
cohesive strength of a material (or tackiness) increases at lower temperatures [20]. Consequently, it 
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is possible that some greases labeled as moderate during the finger test were able to achieve higher 
values for separation force due to the cooler temperature inside the tackiness tester.

It has been previously mentioned that grease composition has a significant effect on the level of 
tackiness achieved. Thickeners are known for having the ability to alter the tackiness of a grease. 
Referencing the grease descriptions with the finger test results shows that greases that were classified 
as low tackiness typically had the calcium-sulfonate thickener added (GRS06329, GRS06330, and 
GRS06331). On the contrary, greases with higher classifications of tackiness did not yield any common 
composition worth noting.

Future research utilizing a temperature-controlled tackiness tester would be needed to determine 
more accurate ranges for the force values of different greases and tackiness ratings. However, for most 
applications, the tackiness tester seems to be an effective tool for assessing the relative tackiness of a 
grease. Establishing a quantitative value to describe the tackiness of a grease can give valuable insight 
to its cohesive and intermolecular properties.

Table 2. Qualitative tackiness results from the finger test

Figure 4. Approximate ranges for the separation forces associated with the different qualitative  
tackiness classifications
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Low-Temperature Mobility

In general, the greases tested in this study using the Kesternich Method (DIN 51805) required 
higher flow pressures to be forced out of the test nozzle at lower temperatures compared to higher 
temperatures, Figure 5. This can be explained by the physical behavior, as grease tends to solidify 
and freeze at temperatures near -40 C. For most grease samples, low-temperature mobility began 
to break down in the -20 to -30 C range. This is where the slopes of the curves are the steepest in 
Figure 5, indicating a sharp change in the pressure required to move the sample through the nozzle. 
Lubricating greases are non-Newtonian fluids whose viscosities (contributes to flowability) change 
according to the type of force and stress applied [21], as was the case with the changing pressures and 
temperatures in this study.

Figure 5. Flow pressure of greases at four temperatures

It is worthwhile to note that samples GRS05907 and GRS06329, the two flattest curves in Figure 5, 
did not exceed a flow pressure of 500 mbar for even the lowest temperature, unlike the other greases. 
These two samples were rated low for tackiness according to the finger test and achieved relatively 
low force values using the tackiness tester (~16 N). The tackiest grease, GRS05724, had the second 
steepest curve for flow pressure and a relatively low water washout of 1.25. The low water washout 
speaks to the grease’s resistance, which is subsequently a result of tackiness. These three results for 
GRS05724 are an optimum example of how the different properties are interrelated.

Further correlation tests showed a somewhat linear relationship between flow pressure and tackiness 
as measured by separation force. The linear fit was best for high temperatures (larger R2 values at 
0 and -10 C) and worse (smaller R2) at lower temperatures. This was demonstrated by the smaller 
correlation coefficients in Figure 6.
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Figure 6. Linear correlation tests between flow pressure and separation force

A possible explanation for the spread of the data is the effect that temperature has on the cohesive 
properties of the grease. As temperature decreases, the greases tend to thicken, harden, and 
sometimes freeze. As such, the properties that lead to the tackiness of a grease begin to diminish 
and show instability, contributing to poor low-temperature flow properties of the grease. However, 
for higher temperature ranges, such as 0 and -10 C, the data fit the linear model better than at lower 
temperatures.

Water Resistance 
Scatter plots between ASTM D1264 water washout and tackiness results showed no clear relationship 
between the two properties, Figure 7. Although these results did not reveal any correlation between 
water washout and tackiness, other results showed  that tackifiers did have an improving effect 
on water resistance [22]. Perhaps a relationship could be better reasoned through the qualitative 
characterization of a grease’s texture or stringiness using the finger test.
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Figure 7. Scatter plots for weight loss (%) versus tackiness (N)
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Conclusions

A study of three key grease properties, tackiness, water resistance, and low-temperature mobility, 
showed that the behavior and strength of a grease had a strong dependence on its starting 
composition, specifically in the type and amount of tackifiers and polymers. Tackiness tests using 
a novel tackiness tester demonstrated a  correlation to the finger test for greases in the low-
to- moderate tackiness range. Using the combined results of the finger test and tackiness tester, 
approximate ranges for separation force were determined according to each qualitative description 
(low, moderate, or high tackiness).

Low-temperature mobility was studied using flow pressure tests for temperatures of 0, -10, -20, and 
-30 C. As expected, this collection of greases required higher pressures to flow at lower temperatures 
due to the thickening and freezing of the greases. Linear correlation fits of flow pressure versus 
tackiness yielded a partial direct relationship at 0 and -10 C.

Scatter plots of water resistance and tackiness showed no clear relationship. However, these data may 
give insight on other ways to compare these properties in future studies.
Acknowledgements 
The authors thankfully acknowledge Chevron RTC and the BTS team, especially Alvarez Jose, and Benjamin Grebinski, for 
their help in preparing the samples and developing test data.

References 
[1]Stribeck R., Kugellager für beliebige Belastungen (Ball Bearings for any Stress), Zeitschrift des Vereins DeutscherIngenieure, 
45, 1901. 
[2] Stribeck, R., Die wesentlichen Eigenschaften der Gleit- und Rollenlager (Characteristics of Plain and Roller Bearings), 
Zeitschrift des Vereins DeutscherIngenieure, 46, 1902. 
[3] Orr, Albert, S., “Sensory examination of lubricating grease” NLGI Spokesman , p-221- 225, August 1958. 
[4] Polishuk , A., “A brief history of lubricating greases” P 210 Llewellyn & McKane Inc, 1998. 
[5] Kumar, Anoop et al, “Lubricating greases : lubricate eye or bearings” NLGI Spokesman; vol 81, # 2, p 12-17 , May-June, 
2017. 
[6] The fundamentals of tackiness and adhesion 
[7] Bikerman, J.J., “The fundamentals of tackiness and adhesion” J of Colloidal Science, Vol 2, issue 1, P 163-175, 1947. 
[8] Achanta, S. et al. “Characterization of Cohesion, Adhesion, and Tackiness of Lubricating Greases Using Approach–Retraction 
Experiments.” Tribology International, vol. 44, no. 10, 2011, pp. 1127-1133, doi:https://doi.org/10.1016/j.triboint.2011.04.019. 
[9] Vargo, Daniel M., “The adhesiveness of greases” NLGI Spokesman , Vol 79 , No. 5, 2015. 
[10] Georgiou, E., “Measuring tack objectively” Eurogrease, # 4 , p16 -21, 2019. 
[11] Matt, H., Powell, B., etal , “ Development of grease tackiness test” Tribology Transactions, Vo 62, # 2, p 207-217 , 2019. 
[12] Harmon, Matt et al. “Development of Grease Tackiness Test.” Tribology Transactions, vol. 62, no. 2, 2019, pp. 207-217, doi:
10.1080/10402004.2018.1526991. 
[13] Steinhof, O. and Kull, A. (2014), “Extensional Flow Properties of Lubricating Grease and the Effect of Tackiness Additives,” 
Annual European Rheology Conference, Karlsruhe, Germany, April 8-11, 2014. 
[14] “Lubricant Challenges in Extreme Cold Environments,” n.d. https://www.klueber.com/ecomaXL/get_blob.
php?name=Lubricant_Challenges_in_extre me_cold_environments_0914.pdf. 
[15] Vargo, Daniel M., Lipowski, B. M., “Effect of polymers additives and grease flow properties” NLGI Spokesman , Vol 80 , No 
5 , 2016. 
[16] Kernizan, Carl L., etal, “Future directions: evaluation of greases formulated with polymers”  NLGI Spokesman, Vol 66 , No 8 
, 2002. 
[17] Georgiou, E.P., Drees, D., De Bilde, M. et al. Can We Put a Value on the Adhesion and Tackiness of Greases?. Tribol Lett 66, 
60 (2018). https://doi.org/10.1007/s11249-018-1011-4 
[18] Tackiness Tester User Guide 
[19] Trzaska, Elżbieta and Agnieszka Skibińska. “Determination of Low-Temperature Properties of Lubricating Greases.” Nafta-
Gaz, vol. 74, 2018, pp. 121-129, doi:10.18668/NG.2018.02.06. 
[20] O’Connor, Adrienne and Norbert Willenbacher. “The Effect of Molecular Weight and Temperature on Tack Properties of 
Model Polyisobutylenes.” International Journal of Adhesion and Adhesives - INT J ADHES ADHES, vol. 24, 2004, pp. 335-346, 
doi:10.1016/j.ijadhadh.2003.11.005. 
[21] Sisko, A. W. “The Flow of Lubricating Greases.” Industrial & Engineering Chemistry, vol. 50, no. 12, 1958, pp. 1789-1792, 
doi:10.1021/ie50588a042. 
[22] Lubricant Additives: Chemistry and Applications, pg. 357

http://www.klueber.com/ecomaXL/get_blob.php?name=Lubricant_Challenges_in_extre
http://www.klueber.com/ecomaXL/get_blob.php?name=Lubricant_Challenges_in_extre


- 53 - 
NLGI Spokesman  |  VOLUME 84, NUMBER 4  |  September/October 2020 

Advertiser’s Index

ELGI, page 60

Livent Corporation, 4 

Lockhart Chemical Company, page 57

Lubes’n” Greases, page 58

Patterson Industries Canada – 
a Division of All-Weld Company Limited, page 55 

ProSys Servo Filling Systems, page 59

SQM, page 77 

Texas Refinery Corp , page 65

Vanderbilt Chemicals, LLC, IFC

Warm Welcome to our 
New NLGI Member

#EssentialILMA Virtual Annual Meeting Oct 26 - 27, 2020 Virtual www.ilma.org 

ELGI Virtual Working Group Meeting Oct 26 – 28, 2020 Virtual www.elgi.org 

STLE Virtual Tribology Frontiers Conference Nov 9 – 13, 2020 Virtual www.stle.org 

7th ICIS & ELGI Industrial Lubricants Conference Nov 18, 2020 Virtual http://www.icisevents.com

ELGI 32nd Annual General Meeting Apr 24 – 27, 2021 Hamburg, Germany http://www.elgi.org

ELGI Working Group Meeting April 25, 2021 Hamburg, Germany http://www.elgi.org

2nd ELGI-STLE Tribology Exchange Workshop Apr 28 – 29, 2021 http://www.elgi.org    http://www.stle.org

75th STLE Annual Meeting & Exhibition May 16 – 20, 2021 New Orleans, LA www.stle.org

NLGI 88th Annual Meeting June 13 – 16, 2021 Napa, CA www.nlgi.org 

CNH Industrial America LLC 
Marketing Low

USA

IMERYS Graphite & Carbon
Supplier

USA

CountryMark Cooperatives LLC
Marketing Low

USA

Please contact Denise if there are meetings/conventions you’d like to add to our Industry Calendar, denise@nlgi.org
(Your company does not have to be an NLGI membeer to post calendar items.)

Industry Calendar of Events 2020/2021



- 54 - 
NLGI Spokesman  |  VOLUME 84, NUMBER 4  |  September/October 2020 

NLGI Interviews Ms. Kimberly M. Matthews
Research and Development Manager, 

BESTOLIFE Corporation, Irving, TX
Mary Moon and Raj Shah

Photos courtesy of Kimberly M. Matthews except where noted.

Base oils and chemical 
additives derived from 
petroleum are essential 
components of most lubricating 
greases. Yet, the upstream 
segment of the petroleum 
industry requires grease in 
order to discover, develop, and 
produce crude oil and natural 
gas. Grease serves as the basis 
for thread compounds (pipe 
dopes) that lubricate, seal, and 
protect threaded drill pipe 
(used to drill the well) and 
casing and tubing connections 
(used to transfer oil or gas from 
the well). In this interview, 
Kimberly M. Matthews 
discusses her career, thread 
compounds, drilling rigs, and 
her role as R&D Manager at 
Bestolife Corporation, Irving, 
Texas.

Career

NLGI: How did you become a 
scientist?

KMM: I excelled in math 
and science when I was in 
high school because these 

Betting on Environmentally Friendly 
Thread Compounds

Kimberly Milligan Matthews

The NLGI Spokesman, May-June 2020

subjects were interesting 
and challenging. Chemistry 
was my favorite course 
because it bridged math and 
science. After taking a Health 
and Occupational Science 
Association course my senior 
year, I decided to study Pre-
Pharmacy coursework at 
Southeastern Oklahoma State 
University in Durant, OK. My 
father encouraged me to obtain 
a bachelor’s degree before 
going to pharmacy school. 
I am forever grateful for his 
wise advice because I decided 
to enter the workforce after I 
graduated with a Bachelor of 
Arts in Biology with a minor in 
Chemistry instead of going to 
pharmacy school. At the time, 
I was torn by my decision, but 
I needed a job with benefits to 
support my small family. I look 
back on my decision with no 
regrets and am thankful for my 
career path.

NLGI: How did you enter the 
lubricant industry? What was 
your first job? 

KMM: After I graduated from 
college, my first job was 
working as a microbiologist 
at a Johnson & Johnson plant. 
Unfortunately, Johnson & 
Johnson closed the plant 
shortly after I was hired 
and moved manufacturing 

overseas. I then had a short 
stint working in the Quality 
Control Laboratory at Kraft 
Foods (now a division of Kraft 
Heinz Company) before I 
accepted a Technical Service 
Representative position at 
NCH Corporation. NCH has 
a vast product portfolio, and 
this job was my gateway 
to the lubricant industry. 
At NCH, I learned how 
to characterize samples, 
troubleshoot customer 
concerns, and draft analysis 
reports alongside John Barnes. 
My favorite memory at NCH 
was making lab batches of 
grease. Saponification is truly 
a science and an art. 

NLGI: What was your path to 
Bestolife?

KMM: A local recruiter 
contacted me after receiving 
a referral from a former 
colleague. I was interested in 
the opportunity at Bestolife 
because I was ready to 
specialize in an industry 
instead of being a generalist 
in many markets. I was 
unfamiliar with the oil and gas 
industry, but my experience 
with grease and industrial 
lubricants was exactly what 
Bestolife was looking for. 
In my new position as QC 
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Coordinator, I oversaw the QC 
Lab, led the ISO certification 
program, and contributed to 
R&D projects. Due to my hard 
work, I was promoted to QC 
Manager a few years later.

NLGI: What inspired you to 
continue your education 
and get an MBA while 
working? 

KMM: I felt like I hit a ceiling 
and needed an edge to 
compete and stay relevant 
in the workplace. I attended 
an accelerated MBA program 
at the University of Phoenix 
campus in the Dallas-Fort 
Worth (DFW) metroplex. 
There were many late nights, 
early mornings, and family 
sacrifices. The challenges of 
raising a teenage daughter 
did not make staying the 
course easy. Attaining 
an MBA enhanced my 
understanding of business 
ethics, processes, financials, 
and my contributions. I 
graduated with honors, 
and Bestolife recognized 
my accomplishments by 
promoting me to R&D 
Manager. 

NLGI: What is your current 
role at Bestolife? 

KMM: As R&D Manager at 
Bestolife, I am responsible 
for innovation, product 
regulatory compliance, 
and product quality. I have 
an amazing team that 
makes my job enjoyable. 
Catherine Henderson is the 

Quality Control Manager 
responsible for QA/QC and ISO 
conformance. Greg Woodard is 
the QC Laboratory Technician 
who partners with the 
production floor to ensure our 
products meet our customers’ 
expectations. Josh Boone is the 

Associate R&D Chemist who 
makes my ideas become reality.

My job is to provide the 
resources and support for my 
team members to do their best. 
Leading by example shows my 
team that no task is to big or 
small for anyone. 

A Divis ion of  ALL-WELD COMPANY LIMITED  •  Engineers Since 1920

49 PASSMORE AVE • SCARBOROUGH (TORONTO), ONTARIO M1V 4T1 • TEL: (416) 694-3381 • FAX: (416) 691 2768
E-MAIL: process@pattersonindustries.com • WEB: www.pattersonindustries.com

PATTERSON
I N D U S T R I E S  C A N A D A

" T h e  P r o c e s s  E q u i p m e n t  P e o p l e "

PROCESS  
KETTLES

DESIGNERS &   
MANUFACTURERS OF

F O R  T H E  P R O D U C T I O N 
OF INDUSTRIAL GREASES
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costly due to delayed or stalled 
operations and damaged pipe.

NLGI: How are thread 
compounds applied?

KMM: Thread compound 
must be applied with a clean 
brush or an automatic spray 
device to the connection 
contact surfaces, i.e., threads, 
shoulders, and faces of pipes. 
Prior to application, the 
connection and the thread 
compound must be prepared. 
The connection must be 
clean and dry to provide 
an optimal surface for the 
compound to adhere. The 
thread compound must be 
stirred thoroughly with a clean 
tool to incorporate any settled 
solids and separated oil to 
make a homogeneous mixture. 
Compound is applied until you 
can see the thread form but no 
metal surfaces. 

NLGI: Please tell us a little 
about the upstream side of 
the petroleum industry and 
the role of Bestolife. 

KMM: Bestolife makes thread 
compounds, also known as pipe 
dope, for the O&G industry. 
Pipe dopes are grease-based 
lubricants formulated with a 
considerable amount of solids. 
The dope is applied to the 
threaded drill pipe (used to 
drill the well) and casing and 
tubing connections (used to 
transfer oil or gas from the 
well). The fundamental thread 
compound functions are to 
lubricate, seal, protect, and 
control make-up (assembly) of 
the pipe. Proper application is 
as important as formulation. 
Thread compounds may be 
deemed a small part of an oil 
and gas job, but not having the 
right compound (or the right 
amount) can be extremely 

NLGI: Have you worked on 
drilling platforms or wells?

KMM: The first opportunity I 
had to spend time on a drilling 
rig was in Trinidad. Trinidad 
is an island in the Caribbean 
Sea off the shore of Venezuela, 
which is a country on the east 
coast of South America.  I 
accompanied our distributor 
to a land rig. I learned that it 
takes a certain amount of grit 
to be a roughneck, someone 
who works on the rig floor, 
adds or removes pieces of drill 
pipe to the drill string, and 
operates drilling equipment. 
The environment and work on 
the drill floor are challenging. 

Catherine Henderson, Bestolife QC Manager, Kimberly Matthews, and Josh Boone, 
Bestolife Associate R&D Chemist. Picture taken by Greg Woodard, Bestolife QC 
Technician. 

Threads on drill pipe connection contact 
surfaces. Photo courtesy of Bestolife.

Brush used to apply thread compound.  
Photo courtesy of Bestolife.
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Before I was permitted to 
enter the rig floor, I attended a 
mandatory safety briefing and 
learned to wear appropriate 
PPE. I was escorted and 
supervised the entire time I 
was on the rig to make sure 
that I stayed out of the danger 
zone where many moving 
parts meant high risk for 
inexperienced visitors. 

Whenever I visit a rig, I am 
aware that my presence can be 
a distraction. If I am present, 
it is probably because there 
is a problem, which can put 
the crew on edge. Fortunately, 
roughnecks typically enjoy 
showing visitors around the 
platform and explaining the 
intricacies of their operation. 
It is a fascinating experience to 
observe drilling operations in 
action.

I have not had the chance to 
visit an offshore rig. It may be 
my luck to receive an invitation 
to visit a job in the North Sea 
during a torrential blizzard, but 
I will be up for it. 

NLGI: What is a typical work 
week like for you?

KMM: My week starts off 
meeting with my team to 
discuss projects and target 
dates for the week. Once the 
plan for the week is made, I 
return to my office to provide 

technical support to our 
sales team and customers, 
prepare training presentations, 
research relevant advances 
in the industry, and prepare 
for meetings with Bestolife’s 
leadership team. The busy 
pace makes the weeks blur into 
months, and the months have 

Kimberly at a land-based drilling rig in 
Trinidad

New! Lubristay™ 9750
Potassium triborate. 7% boron content EP and 
Anti-Wear additive for greases, industrial oils 
and lubricants
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Flint, MI 48505    I    810.789.8330

www.lockhartchem.com
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become my 13-year tenure at 
Bestolife. 

NLGI: Do you have any work 
habits that contribute to your 
success?

KMM: I am an eternal optimist 
who is always smiling. My 

positive outlook is a strength 
because it helps me focus on 
the target and allows me to 
see challenges and obstacles 
as opportunities. In R&D, it 
usually takes at least a handful 
of tries to get a successful 
prototype formulation. I see 
early attempts not as failures 

but as steppingstones towards 
developing the best product 
for our customers. We learn 
from our mistakes and tweak 
the next batch, continually 
improving. American educator 
Thomas H. Palmer said it best, 
“If at first you don’t succeed, 
Try, try, try again.” 

Also, everything I do, I do to the 
best of my ability (just let me 
have my coffee first), know I 
am not the smartest person in 
the room, admit my mistakes, 
and never stop learning. 

NLGI: Do you have a favorite 
project?

KMM: Launching the first 
product I developed at 
Bestolife tops my list of favorite 
projects. After accepting 
the R&D Manager position, 
I was quickly introduced 
to the stage-gate process, 
which defines tasks required 
by involved departments 
before moving new product 
development to the next 
stage. After understanding the 
product attributes presented 
by Sales, confirming the needs 
with customers, developing 
a prototype, and validating 
performance in the lab and 
field, the product was launched 
at the Oil & Gas Conference. 
The industry was slow to adopt 
this new product, but over time 
it has become a top seller. 

My second favorite project 
is facilitating training with 
distributors and customers. 
Every presentation is a project 

We are the most diversified and respected resource for independent news, data 
and information for global lubricants industry. www.LubesnGreases.com

Subscribe today   USD $2500 

Find out more at LubesnGreases.com/electric-vehicles

2020 publishing dates February, May, August & November

N E W  M A R K E T  R E P O R T  F O R  2 0 2 0

Do you have a
2020 EV strategy?

Read the NEW 2020 Lubes’n’Greases 
Perspective on Electric Vehicles and  
get the insight you need to help develop  
your 2020 EV strategy.   

In the NEW annual report, we look at the 
latest developments in EVs & the lubricants 
market, in-depth discussion of EV lubricants  
& additive technology, legislation, forecasts 
and more.
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that caters to the audience and 
provides an opportunity for me 
to share a topic I am excited 
about, pipe dope. 

NLGI: What are some ways 
that you drive product 
development projects?

KMM: Voice of Customer (VOC) 
is, in my opinion, the best tool 
in the stage-gate process to 
drive product development. 
VOC is a market research 
technique for determining the 
expectations and preferences 
of customers. It is a good way 
to get firsthand knowledge of 
what the industry needs and 
encourage a willing partner to 
field test prototypes. 

At Bestolife, the Sales 
Department is a good source 
of ideas since they are fielding 
opportunities when they visit 
end users and distributors. 
Some ideas come from within 
the Technical Department as 
we research innovations in 

chemistry and engineering. 

All ideas are shared with 
Executive Leadership. If 
they believe a project is 
promising, a business case is 
developed to determine market 
placement and positioning. I 
participate in all stages, but 

I push development once I 
have the green light to make 
experimental batches. There 
is always a tug of war between 
performance and price. My job 
is to make sure the product 
meets the intended attributes 
at any cost.

Kimberly leading a training session in 
Trinidad

EST. 1985Servo Filling Systems



- 60 - 
NLGI Spokesman  |  VOLUME 84, NUMBER 4  |  September/October 2020 

Grease Industry

NLGI: What are your 
thoughts about the future of 
the grease industry?

KMM: I believe the future 
of grease will focus on more 
environmentally acceptable 
lubricants. Advances in 
biobased lubricants and 
economical options now 
available support my hunch. 
I read an article the other 
day about lithium-based 
environmentally acceptable 
greases. I cannot wait to get a 
sample to experiment with in 
the lab. This grease may not be 
acceptable in environmentally 
strict regions, but it is a step in 
the ecologically safe direction.

NLGI: What are some 
opportunities for the grease 
industry?

KMM: The fact that some 
lubricant companies have 
switched their production lines 
to make hand sanitizer during 
the COVID-19 pandemic shows 
the opportunities to diversify 
outside of industrial greases 
and applications. 

NLGI: What are some threats 
to the grease industry?

KMM: For the past several 
years, shortages of lithium 
have been a popular topic of 
discussion. There are other 
thickeners that will do the job 
of lithium, but resistance to 

change may threaten growth 
in market share for those 
chemistries. 

Joined by colleagues Choon Noi Lim 
(left) and Jackie Fahy (right) during a 
visit to Sydney.

Tackiness test

The ELGI Virtual Working Group Meetings 
will be hosted via Microsoft Teams by the chairmen of the different working groups. You will receive 
the agenda’s for the discussion in due course. Please note that the EU timings scheduled are subject to 
members in the different time zones on different continents confirming their participation. So, do confirm 
your participation by completing the registration form so that we can schedule the best time for all.

To date, The Working Group Meetings are scheduled as follows

13:00 Monday 26th October
Food Lubricants WG: Andre Adam – Fragol a.adam@fragol.de (Presentation on MOSH & MOAH)

15:00 Monday 26th October
Grease Particle Evaluation WG: Joe Kaperick – Afton Chemical joe.kaperick@aftonchemical.com

13:00 Tuesday 27th October
Bio-Based WG: George Dodos – Eldon’s g.dodos@eldons.gr

15:00 Tuesday 27th October
Railway Lubricants WG: Matt Smeeth – PCS Instruments Matt.Smeeth@pcs-instruments.com

13:00 Wednesday 28th October
Test Methods WG: Olav Höger – Shell Global Solutions olav.hoeger@shell.com

Please register your participation by completing the online registration form.

mailto:olav.hoeger%40shell.com?subject=
mailto:https://www.elgi.org/elgi.org/index.php/working-groups/virtual-wgm-registration?subject=
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NLGI: Do you have a favorite 
grease test?

KMM: My favorite grease test 
is the unofficial tackiness test. 
There have been developments 
of quantitative instruments 
to measure the tackiness of a 
grease, but I feel that nothing is 
more satisfying than seeing and 
feeling the spiderweb of grease 
strings as I pinch and retract 
my fingers. 

NLGI: Do you have a favorite 
grease chemistry?

KMM: My favorite grease 
chemistry is whichever one 
is suitable for the application. 
I know that is a safe answer, 
but it is true. Different grease 
chemistries are needed for 
different conditions and 
figuring out the best fit is 
problem-solving at its finest. 

NLGI: What are some of 
your favorite experiences 
about working in the grease 
industry?

KMM: The annual meetings 
provide excellent experiences. 
Networking with fellow ‘grease 
monkeys’ and attending 
technical papers on the newest 
developments make for a great 
event. 

Also, the grease industry has 
allowed me to travel around 
the world presenting technical 
papers and facilitating training 
sessions. One of my favorite 
trips was to Xi’an, China where 
I presented a paper entitled, 

“Functions and physical 
characteristics of solid particles 
in thread compounds” at the 
International Conference on 
Petroleum Tubular Goods, 
Equipment, & Materials (TEC 
2017) conference.

ASTM and ISO

NLGI: How did you become 
active in ASTM and ISO?

KMM: Attending American 
Petroleum Institute’s (API) 
semiannual meeting was my 
introduction to standards. 
It is an interesting dynamic 
where competitors work 
together to better the industry 
by creating and improving 
performance requirements 
and certifications. All work is 
done with strict adherence to 
policies prohibiting discussion 
that can restrain competition.

I am active in ASTM by co-
chairing Task Group 17 - 
Thread Anti-Seize Compounds 
for Subcommittee D02.G0.07 
(Grease Research Techniques) 

with a respected colleague in 
the industry. Additionally, I 
am co-chair of API’s Thread 
Compound Working Group. 
The Working Group is updating 
API 5A3 - Recommended 
Practice on Thread Compounds 
for Casing, Tubing, Line Pipe, 
and Drill Stem Elements. 
This document describes 
quality requirements for 
thread compounds and test 
procedures. The updated 
version is scheduled to be 
published in the next year.  

ISO is the international 
counterpart of API, a domestic 
standards organization. ISO 
13678 - Petroleum and Natural 
Gas Industries - Evaluation and 
Testing of Thread Compounds 
for Use with Casing, Tubing, 
Line Pipe and Drill Stem 
Elements is identical to API 
5A3. I’m also a member of 
the ISO/ TC 67/ SC 5/ Work 
Group 4 for requirements, 
evaluation, and testing of 
thread compounds for use 
with casing, tubing, and line 
pipe. The API document will be 
the lead document for thread 
compound requirements, 
and the ISO document will 
be a supplemental document 
including additional 
requirements important to 
international users.

Conference Agenda, TEC 2017

Kimberly at an NLGI Annual Meeting
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NLGI

NLGI: How are you involved 
with NLGI? 

KMM: My involvement started 
when I worked for NCH, a 
manufacturing member of 
NLGI. I continue to benefit from 
NLGI as a user by attending 
the grease courses as a 
refresher on manufacturing 
and selection. Now when I 
attend NLGI meetings, I am 
accompanied by other Bestolife 
employees who take advantage 
of the networking, technical 
papers, and education courses. 

NLGI: What is your favorite 
memory of an NLGI event? 

KMM: My two favorite 
memories at NLGI were at 
the 2019 Annual Meeting. I 
presented my first technical 
paper at NLGI, that was 
later published in The NLGI 
Spokesman magazine. The 
2019 Annual Meeting was also 
my first time participating in 

the annual Fun Run, where I 
finished in second place behind 
Wonder Woman. It’s refreshing 
to know I can still experience 
‘firsts’ after attending NLGI for 
so many years.  

NLGI: How does NLGI add 
value to the grease industry?

KMM: Standards drive quality 
and set expectations. NLGI 
is the leader in steering 
the industry forward by 
highlighting advancements 
and making necessary 
improvements such as the 
new high-performance 
multipurpose grease 
specification. Having clear 
performance requirements 
allows consumers to 
confidently purchase greases fit 
for purpose. 

Diversity and Inclusion

NLGI: How do you feel about 
discussing diversity and 
inclusion?

KMM: It is a timely topic of 
discussion, and I am glad to 
have the opportunity to speak 
about diversity and inclusion. 
The ongoing protests and Black 
Lives Matter movement are 
mentioned in the news as much 
as the COVID-19 pandemic. I 
am not an activist, but simply 
a member of the human race 
who believes we are all better 
when we are together than 
when we are apart.  

NLGI: What has been your 
experience regarding 
diversity and inclusion?

I definitely stood out when I 
attended industry meetings 
early in my career. I was a 
young, black female, eager 
to learn more and make an 
impression in a white, male-
dominated sector. And I am 
pleased to share that the “good 
ol’ boys” welcomed me. I owe 
my acceptance to John Barnes, 
who introduced me to his 
colleagues and friends from 
working groups and meetings. 
John was not my boss, but he 
chose to have a vested interest 
in my professional growth 

While I was at NCH, I noticed a 
trickling of females attending 
industry meetings as 
participants, not as spouses of 
participants. It is frustrating 
and belittling to be asked who 
your husband is, instead of 
what company you work for, 
at professional networking 
events. 

The attendee list at my first 
oil and gas standards meeting 
was very much like my first 
lubricants annual meeting. 
Now there are many females 
committee chairs, directors, 
executives, and members of the 
C-suite at Big Oil companies. 
However, there is still room for 
more ethnic diversity. 

A recent article I read by 
Michael E. Webber, titled “The 
Color of Energy”, (https://
www.asme.org/topics-
resources/content/energy-
blog-the-color-of-energy) 
mentioned, “a remarkable lack 
of diversity in the workforce.” 
Webber discussed staggeringly 

NLGI Fun Run 2019 Women Winners

https://www.asme.org/topics-resources/content/energy-blog-the-color-of-energy
https://www.asme.org/topics-resources/content/energy-blog-the-color-of-energy
https://www.asme.org/topics-resources/content/energy-blog-the-color-of-energy
https://www.asme.org/topics-resources/content/energy-blog-the-color-of-energy


low statistics for the number 
of people of color holding 
executive positions in the 
industry or in positions to 
change the disparities in 
the country. Is the lack of 
diversity because of a lack of 
interest by minorities, or is it 
because of biases in hiring? 
In my experience, I believe I 
was hired because my skills 
and experience set me apart 
from other applicants, and not 
because the company needed 
to meet an affirmative action 
quota. I am grateful to have 
never directly experienced 
racism on the job, but 
understand some people are 
stereotyped and not given a 
chance because of their skin 
color. I am hopeful for change 
and practice what I preach 
when hiring talent for my team 
based on skills, potential, and 
perspectives.  

NLGI: What are some 
suggestions to foster 
equality?

KMM: Many companies have 
publicly declared their anti-
racism stance, and some 
have diversity and inclusion 
specialists who develop 
strategies to discourage 
discrimination and encourage 
tolerance aa part of the 
company culture. My simple 
suggestion is to encourage 
everyone to approach 
conversations about race with 
an open mind. Maybe it is my 
optimism, but I believe we all 
have more in common than not. 
Everyone has the same desires 
to work hard, play hard, and be 

loved. No one can fully relate to 
another person’s experience, 
but respectfully listening to 
someone with different views 
or opinions and agreeing to 
disagree is a step in the right 
direction. 

NLGI: Do you have time to 
be involved in volunteer 
activities? Hobbies? Travel 
with your family?

KMM: Outside of work, I 
enjoy spending time with 
my family, traveling, jogging, 
and volunteering at church. 
My immediate family lives in 
the DFW area, so I am lucky 
to spend quality time with 
them on a regular basis eating, 
playing games, and playing 
with our pets (our four-legged 
family). 

I love traveling for business 
or pleasure. My last personal 
trip was to Spain and Italy 
with my daughter, Allyssa, 
for her birthday last year. 
We look forward to another 
mother-daughter trip after the 
COVID-19 pandemic no longer 
limits travel. 

I ran track since middle school 
and continued this hobby as an 
adult. Currently I am training to 
run a virtual half-marathon. For 
virtual races, the participant 
has a certain time frame to 
complete the race at their own 
convenience instead of meeting 
in person on a certain date 
to run with a large group of 
registrants. I enjoy virtual races 
because I get all the swag from 
races (medal, race bib, t-shirts), 
but do not have to wake up 
and fight traffic to get to the 
race site. I have completed 
several races, from 5ks (five 
kilometers) to a full marathon 
(and I will not do that again!) 

Like many churches, our 
campus is closed due to the 
COVID-19 pandemic. However, 
volunteers are still able to 
serve virtually. I serve in the 

Kimberly’s daughter, Allyssa, on a 
mother-daughter trip to Spain

Kimberly and her husband, Phillip, on 
vacation in Tobago



- 64 - 
NLGI Spokesman  |  VOLUME 84, NUMBER 4  |  September/October 2020 

Member Care ministry, working 
with new members, volunteer 
connections, baptisms, and 
baby dedications. It is an honor 
to use my gift of helping and 
serving others at work and 
church.

NLGI: Where is your favorite 
place to travel?

KMM: Tobago is my favorite 
place to visit. The Republic of 
Trinidad and Tobago is a pair of 
islands in the Caribbean, near 
South America. Tobago is the 
smaller of the two islands, with 
beautiful beaches, a tropical 
rainforest, and a relaxing slow 
pace of the day. My husband, 
Phillip Matthews, and I visited 
Tobago to celebrate my 
birthday over the weekend 

before a work trip to Trinidad. 
Hiking up the waterfall, taking 
a ride in a glass-bottom boat, 
and listening to a steel drum 
band were highlights of our 
trip. We look forward to 
visiting Tobago again. 

NLGI: Do you have any 
suggestions for NLGI 
members who might visit 
Texas?

KMM: Texas has it all, you just 
need to know where to find it. 
For biking or running, there are 
several nice trails in the DFW 
metroplex such as Campion 
Trail and White Rock Lake. For 
some rest and relaxation, visit 
the Gaylord Texan Resort near 
DFW International Airport. 
For shoppers, NorthPark Mall, 

Dallas, and Galleria Dallas are 
perfect destinations. When 
it comes to professional 
sports, the Dallas Mavericks 
basketball team and the Stars 
ice hockey team play at the 
American Airline Center 
(Dallas). The Dallas Cowboys 
football team is usually in 
action at the AT&T Stadium, 
and the Texas Rangers play 
baseball at Globe Life Field 
(Arlington, in the DFW 
metroplex). Good food, from 
southern comfort cuisine to 
international delicacies, is 
served at many restaurants 
in the DFW metroplex. One 
of my favorite family outings 
is going to one of the drive-in 
movie theaters sprinkled in 
the DFW area.

Check out the NLGI Store
Click the sections below to learn more.

nlgi.org/store 

https://www.nlgi.org/store/
https://www.nlgi.org/store/
https://www.nlgi.org/store/
https://www.nlgi.org/store/
https://www.nlgi.org/store/
https://www.nlgi.org/nlgi_article/
https://www.nlgi.org/technical/whitepapers/
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NLGI: If you could have dinner with any three 
people, living or deceased, who would they be 
and why? And what might be on the menu?

KMM: I would invite Michelle Obama, Oprah 
Winfrey, and Beyoncé. All three women dominate 
in their respective spaces. I would love to hear 
their stories about overcoming adversity, never 
quitting, and secrets to their success while we 
dine on some New Orleans cuisine and drink 
good wine. I too would like to make an impact in 
the grease industry, like these women have done 
in politics, journalism, and entertainment. 

R&D, project management, and applications of 
tribology and electrochemistry. She served as 
Section Chair of the Philadelphia Section of STLE. 

Dr. Raj Shah is currently a Director at Koehler 
Instrument Company and was an NLGI board 
member from 2000 to 2017. A Ph.D in Chemical 
Engineering from Penn State University and 
a Fellow from the Chartered Management 
Institute, London, Dr. Shah is a recipient of the 
Bellanti Sr. memorial award from NLGI. He is an 
elected fellow of NLGI, IChemE, STLE, INSTMC, 
AIC, CMI, Energy Institute and the Royal Society 
of Chemistry. A Chartered  Petroleum Engineer 
from EI and a Chartered Chemical Engineer 
from IChemE, he is currently active on the 
board of STLE and on the advisory boards of 
the Engineering Departments at SUNY Stony 
Brook, Hofstra University, Auburn University and 
Pennsylvania State University. More information 
on Raj can be found at https://www.astm.org/
DIGITAL_LIBRARY/MNL/SOURCE_PAGES/
MNL37-2ND_foreword.pdf

Kimberly’s niece, Raegan; sister, Shane Nicole; father, James; 
and sister, Cory join Kimberly and her husband, Phillip, for a 
family get-together 

This interview series, started in 2019 by Dr. 
Moon and Dr. Shah, gives NLGI members a bit of 
insight into the professional and personal lives 
of their colleagues, developments in the grease 
industry, and the role of NLGI worldwide. If you 
would like to suggest the name of a colleague 
for an interview (or volunteer to be considered 
as a candidate), please kindly email Mary at 
mmmoon@ix.netcom.com or Raj at rshah@
koehlerinstrument.com.

Dr. Mary Moon is Technical Editor of The NLGI 
Spokesman. She writes scientific and marketing 
features published in Lubes’n’Greases and 
Tribology & Lubrication Technology magazines, 
book chapters, specifications, and other 
literature. Her experience in the lubricant 
and specialty chemicals industries includes 

https://www.astm.org/DIGITAL_LIBRARY/MNL/SOURCE_PAGES/MNL37-2ND_foreword.pdf
https://www.astm.org/DIGITAL_LIBRARY/MNL/SOURCE_PAGES/MNL37-2ND_foreword.pdf
https://www.astm.org/DIGITAL_LIBRARY/MNL/SOURCE_PAGES/MNL37-2ND_foreword.pdf
mailto:mmmoon%40ix.netcom.com?subject=
mailto:rshah@koehlerinstrument.com
mailto:rshah@koehlerinstrument.com
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August 24 - 28
This will be a virtual event.

VIRTUAL TECHNICAL WEEK
2020 NLGI

August 24 - 28
This will be a virtual event.

VIRTUAL TECHNICAL WEEK
2020 NLGI

August 24 - 28

TECHNICAL WEEK RECAP

Total 
Attendees:

118
Total Attendees
 from Abroad:

29
Basic Course  
Participants:

28
Advanced Course 

Participants:

13
Technical 

Presentations: 

12

Featured Industry Speaker
Dr. Christopher DellaCorte
Senior Technologist: Tribology & Rotating Machinery | NASA, Glenn Research 
Center

Space: A Surprisingly Greasy Environment
Space is often defined by what is lacking. No air, no water, no heat, no noise. The vacuum of space is the epitome 
of nothing. Yet, from this tribologist’s point of view, space is full of grease. In fact, grease has become an essential 
element that enables numerous space missions that open new frontiers in our understanding of the universe. Grease 
also plays a critical role in ensuring that vital systems ranging from telecommunications satellites to navigation 
systems operate flawlessly and efficiently. History, however, has shown that space can be unforgiving and that 
each space bearing or mechanism has unique lubrication needs. In this keynote presentation, the requirements for 
space lubricants and the proper selection of a wide range of space greases will be reviewed. A common theme is 
that space is a rather greasy place.

Biography 
Dr. Christopher DellaCorte is NASA’s Senior Technologist for Tribology (friction, wear and lubrication) and Rotating 
Machinery. He began his NASA career in 1985 as a graduate student of Case Western Reserve University and 
joined NASA as a permanent staff member in 1987. He has degrees in Fluid and Thermal Sciences, Mechanical 
and Aerospace Engineering with a deep emphasis in Materials Engineering.

Dr. DellaCorte has played key roles in many failure investigations including several on the International Space 
Station (ISS), Mars Curiosity Rover and NASA’s new Orion spacecraft. His earlier work on solid lubricant 
technology was recently recognized as NASA’s Government and Commercial Invention of the Year. He began 
exploring NiTi alloys for bearings, gears and mechanical components in 2004.

Dr. DellaCorte is the Editor-In-Chief of the journal Tribology Transactions and is a fellow of both the American 
Society of Mechanical Engineers (ASME) and the Society of Tribologists and Lubrication Engineers (STLE). In 
addition to nine awarded patents on tribology technologies, Dr. DellaCorte has published well over 100 peer-
reviewed papers and journal articles and has been recognized with prestigious national and international level 
awards.
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ABSTRACTS

Chuck Coe, 
President Grease Technology Solutions, LLC and past President of NLGI

Chuck holds a BS Chemical Engineering from the Pennsylvania State University, along with NLGI 
CLGS and STLE CLS professional certifications. He worked for Mobil and ExxonMobil for over 32 
years, including 6 years as ExxonMobil’s Global Grease Technology Manager and many years 
as an industrial oil and grease formulator and technical advisor. He retired from ExxonMobil and 

launched Grease Technology Solutions LLC, a grease training and consulting business in 2009. He is a past 
president of NLGI, currently on the Board of Directors, and is the Grease Education Course Chair of STLE. He has 
authored a number of technical papers and articles on grease, and received Best Marketing Paper and Best Paper 
awards from both NLGI (2008) and ELGI (2009), and both the John A. Bellanti Memorial Meritorious Service 
Award (2012) and the NLGI Fellows Award (2015) from NLGI, along with the NLGI Award for Educational 
Excellence (2019).

2019 NLGI Grease Production Survey
The NLGI Grease Production Survey continues to be the single most comprehensive global report on lubricating grease 
production. It tabulates the global production of grease providing a snapshot of growth by thickener type and base 
oil type, organized by geographic region of the world. This paper will provide a summary overview of the key results 
and trends from the completed 2019 production survey, which will be published in July 2020. 

HPM Live Panel Discussion 
including the following information:  

• Introduction and History of HPM 
• Philosophy of HPM
• Trademark and Licensing Information
• Live Q&A

Q: What attracted you most to register for Technical Week? 
A: Given the current Covid-19 situation the virtual aspect of this event was a great way in obtaining the typical 
information and experiences that I associate with the NLGI annual meeting. Well done to the team for assembling 
this and incorporating the material from the annual meeting in such a short time frame. I am glad I was able to 
attend.

Thank you to all who participated in 
our 2020 Technical Week Survey. 

Congrats to our Visa gift card 
survey winner: 

Michael Beauvais,
Phillips 66 Research Center
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Andy Waynick received his B.A. in Chemistry in 1974 from Central Methodist College, and 
his M.S. in Physical Chemistry in 1977 from Purdue University. For the 43 years since that time, 
Andy has been a professional research chemist. For more than 39 of those years he has been 
involved in fluid lubricants, greases, fuels, and fuel additives. Andy’s work includes 17 years 
at Amoco Oil Company and more than 7 years as a senior research scientist at Southwest 
Research Institute. His primary areas of responsibility have been and continue to be technology 
and product development and technical problem solving. Andy has developed commercially 

successful lubricating greases for automotive CV joints, automotive U-joints, sealed-for-life automotive wheel 
bearings, and rail track/wheel flange grease. Andy developed the first documented commercially successful 
polyurea thickened grease for steel mill continuous caster bearings. Under contract with the U.S. military, Andy 
developed a lithium-based grease for the engine thrust bearings used in strategic cruise missiles that resulted in 
a new MIL specification written specifically for it. Sponsored by and in cooperation with South Dakota School of 
Mines and Technology, Andy co-developed the first lubricating greases thickened in part or entirely by carbon 
nanotubes. At the invitation of the editor of ACS peer-reviewed journal “Energy and Fuels”, Andy submitted and 
had published the only review article ever written on the development and use of metal deactivating additives 
in the petroleum industry. Andy has 40 U.S. Patents and more than 34 published research papers. Andy has 
received the Clarence E. Earle Memorial Award, the NLGI Fellows Award, and the NLGI Author Award for 
Application.

A Fresh Look at Lithium Complex Greases Part 1:  Paper 2020-01 
How Did We Get Here?
In 1942, five U.S. Patents were issued with Clarence E. Earle as named inventor. These five patents defined simple 
lithium soap greases for subsequent decades. However, these greases were limited in their high temperature utility 
owing, at least in part, to their dropping points – typically about 200 C. In August, 1959, only months after the 
Earle patents expired, the first lithium complex grease patent issued. Stearic acid was used as the long chain fatty 
acid. An alkyl diester of sebacic acid was also used. Reaction with lithium hydroxide monohydrate with a small 
amount of added water accomplished the thickener formation. Reported dropping points were between 248 C 
and 276 C or higher when mineral oil was used as the base oil.

Since that 1959 patent, many modifications and advances in lithium complex grease formulation and 
manufacturing have been documented. All such work can be placed into one or more of only three categories: 
formulation change, process change, or manufacturing equipment change. Interestingly, no organized and critical 
review of the decades of development of lithium complex greases can be found in the published literature. This 
paper provides such a review. By doing so, explanations of certain physical and chemical behavior never fully 
documented are brought into full focus. This, in turn, allows those involved in the formulation and manufacture of 
lithium complex greases to gain an improved perspective on potential future paths to improve the cost-effectiveness 
of these greases. Given the recent sharp rise in lithium prices, such an improved perspective is more relevant now 
than ever before. 
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A Fresh Look at Lithium Complex Greases Part 2:  Paper 2020-02

One Possible Path Forward
The recent sharp rise in lithium prices has put pressure on the lubricating grease industry to find more cost-effective 
alternatives to the currently manufactured lithium-based greases. Three such alternatives appear possible: (1) use 
greases with other thickener chemistries that provide similar or improved performance at lower cost; (2) develop 
new finished lithium-based grease formulations with much higher performance properties, thereby reducing 
customer grease usage rates and associated cost; (3) develop new lithium-based grease thickener chemistry that 
will significantly decrease the required amount of lithium (and resulting cost) without reducing the performance. This 
paper provides new technology that falls into the third of these three alternatives.

The new technology involves the addition of a very small amount of overbased calcium sulfonate, overbased 
magnesium sulfonate, or both to the initial base oil before adding the thickener acids. Water and lithium hydroxide 
monohydrate are also added before the thickener acids. When properly used, this approach allows both thickener 
acids (long chain monocarboxylic acid and shorter chain dicarboxylic acid) to be added at essentially the same 
time with only one heating and cooling cycle. Additionally, the ratio of long chain monocarboxylic acid to shorter 
chain dicarboxylic acid can be increased to as much as 5.8. This is in contrast to prior art technologies where 
that ratio was between 1.0 and 3.2. The much higher value of this ratio results in a significantly lower required 
amount of lithium hydroxide monohydrate to achieve the same consistency final grease. Also, since the cost of the 
shorter chain dicarboxylic acid is typically 4 to 5 times the cost of the long chain monocarboxylic acid, further cost 
reductions result. 

When using this new technology, the chemical reaction between the lithium hydroxide and the two thickener acids 
occurs almost instantaneously, in contrast to typical prior art technologies where the reaction requires much more 
time. Greases made using this approach will have dropping points typically between 299 C and 328 C. Closed 
and pressurized reaction kettles or contactors are not required; open reaction kettles can be used to achieve these 
results. When properly formulated, high performance lithium complex greases with significant cost reductions are 
possible. This paper documents the development of this new technology and provides some insight into why it 
works the way it does. 

Andy Waynick received his B.A. in Chemistry in 1974 from Central Methodist College, and 
his M.S. in Physical Chemistry in 1977 from Purdue University. For the 43 years since that time, 
Andy has been a professional research chemist. For more than 39 of those years he has been 
involved in fluid lubricants, greases, fuels, and fuel additives. Andy’s work includes 17 years 
at Amoco Oil Company and more than 7 years as a senior research scientist at Southwest 
Research Institute. His primary areas of responsibility have been and continue to be technology 
and product development and technical problem solving. Andy has developed commercially 

successful lubricating greases for automotive CV joints, automotive U-joints, sealed-for-life automotive wheel 
bearings, and rail track/wheel flange grease. Andy developed the first documented commercially successful 
polyurea thickened grease for steel mill continuous caster bearings. Under contract with the U.S. military, 
Andy developed a lithium-based grease for the engine thrust bearings used in strategic cruise missiles that 
resulted in a new MIL specification written specifically for it. Sponsored by and in cooperation with South 
Dakota School of Mines and Technology, Andy co-developed the first lubricating greases thickened in part 
or entirely by carbon nanotubes. At the invitation of the editor of ACS peer-reviewed journal “Energy and 
Fuels”, Andy submitted and had published the only review article ever written on the development and use of 
metal deactivating additives in the petroleum industry. Andy has 40 U.S. Patents and more than 34 published 
research papers. Andy has received the Clarence E. Earle Memorial Award, the NLGI Fellows Award, and the 
NLGI Author Award for Application.
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Paul Shiller, PhD, AARDCO, LLC; Youngstown, OH
Paul received a Ph.D. degree in Physical Chemistry from Case Western Reserve University 
in Cleveland, OH developing mechanisms for surface reactions at fuel cell electrodes using 
molecular orbital theory under the guidance of Dr. A. B. Anderson. He received an M.S. 
degree in Chemical Engineering also from Case Western Reserve University where he 
deposited and characterized “Diamond-like films” with his advisor Dr. John C. Angus. From 
Youngstown State University he received an M.S. degree in Chemistry for a project that used 

attenuated total reflectance infrared spectroscopy to study surface electrochemical reactions under the direction 
of Dr. Daryl Mincey. He also received a BE degree in Chemical Engineering from Youngstown State University. 

Paul owns AARDCO, LLC a consulting engineer company with clients mainly in the tribology and lubrication 
areas. Paul, through AARDCO, LLC, works as a freelance digital copywriter in the STEM disciplines writing 
technical articles, white papers, and case studies. Paul also develops training classes and is working on 
taking these training classes to an online audience. Paul retired from a research professor appointment at the 
University of Akron. He moved to the University of Akron as a Research Scientist in an “Open Innovation” 
collaborative effort between The University of Akron and The Timken Co. in 2011. At The University of Akron 
he is working in the Timken Engineered Surfaces lab and the Center for Surface Engineering and Lubrication 
Research. This position is also affiliated with the National Center for education and Research on Corrosion 
and Material Performance. He is also currently a part time Senior Lecturer in the department of Engineering 
and Science Technology. In his research position he carries out fundamental studies of lubrication additives 
and lubrication mechanisms with an emphasis on chemical modeling, rheology, and high-pressure viscosity. 
Prior to moving to the University of Akron he worked at The Timken Company as a Tribological Specialist 
within the Tribology and Next Generation Materials group at the Timken Technology Center in North Canton. 
At Timken he analyzed how the chemistry of lubricants affects bearings especially how additives can be 
used to extend bearing life. Before coming to Timken he managed a polymer analytical chemistry lab at the 
Packard Electric division of DELPHI. He started at Packard Electric as a quality control engineer in the ignition 
cable department when Packard Electric was a division of General Motors. He was a Process Engineer on the 
thin film deposition processes for liquid crystal display products at PanelVision in Pittsburgh. Paul worked as a 
Research Engineer at The General Tire Company in Akron developing process controls for polymer extrusion 
and molding and analyzing the key process variables that affect the performance of tennis balls. Paul has 
received a Professional Promise Award from AIChE and the Shell Lubricants award for Instructor Excellence 
from NLGI. Paul is a member of STLE, ACS, SOR, and MENSA.

A Fundamental Examination of Grease Thickener Paper 2020-03

Self-Assembly. 
The University of Akron research grant from the NLGI has been completed. The research results from this grant are 
presented. The results confirm that the critical micelle concentration is 4% lithium hydroxystearate soap thickener 
in ISO VG 10 base oil. Testing confirms the mixture properties change around this concentration point changing 
from a simple mixture at 3% to a grease at 5%. Dynamic light scattering puts the particle size at about 1600 nm. 
Cone on plate rheology shows a yield stress and solid-like properties at 4% concentration indicative of grease 
formation. Molecular dynamic modeling hints at the fibrous growth of the thickener as opposed to the spherical 
growth usually associated with micelle formation. This force acts along the length of the soap molecule rather than 
through the head or tail groups.
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Mr. Wurzbach has nearly 30 years of experience in the development of Condition Based 
Maintenance programs and the applications of diagnostic technologies for industrial equipment. 
His past experience includes work at the Three Mile Island and Peach Bottom Nuclear Plants 
and the US National Institutes of Health. He has served on two research teams in Denmark 
studying lubrication and sampling practices for off-shore wind turbine components. Mr. 
Wurzbach holds four patents on his designs for lubricant sampling and analysis devices. He 
authored the Electric Power Research Institute’s (EPRI) report “Effective Grease Practices” and 

was a co-author of the EPRI Report, “Lube Oil PdM, Handling, and Quality Assurance Guideline”. He has 
participated on the American Wind Energy Association CBM Committee that has developed Recommended 
Practice guidelines for Wind Turbine Operations and Maintenance. He has presented and published over 50 
scientific papers. He holds a Bachelor’s Degree in Chemistry from Millersville University in Pennsylvania, and is 
a Machinery Lubrication Engineer (MLE), Machinery Lubricant Analyst (MLA-III), Machine Lubrication Technician 
(MLT-II), and Laboratory Lubricant Analyst (LLA-II) by ICML.

Getting A Jump on It! The Correlation Between  Paper 2020-04

ASTM 7718 & 7918 Grease Analysis and Bearing Failure
ASTM D7718 and ASTM D7918 test methods address grease analysis and is arguably a valuable tool for 
determining the condition of the lubricant and discovering abnormal conditions in equipment that may otherwise 
lead to unexpected failures. But just how good is the correlation between the data of early on-set and an eventual 
failure? This presentation explores the various screening tests (ferrous debris, FT-IR, and Colorimetry), the basic 
tests (metals, die extrusion), and advanced analysis (analytical Ferrography, rheology, RULER, particle count) for 
grease providing insight into the correlation between these data points and failure opportunities. The information 
obtained will provide an understanding of bearing reliability entitlement according to various applications and 
conditions.

Dr. Amenh Schneider
PRESENT AFFILIATION: Area sales manager for Europe & Asia - Lubricant expert at Optimol 
Instruments Prueftechnil GmbH – Munich/Germany
EDUCATIONAL: PhD. in Technical Chemistry from Technical University of Vienna in organic 
Chemistry
QUALIFICATIONS/MAJOR: 25 years of experience in Engineering Research and Development - 
Mainly in the field of Tribology and lubricants
ACHIEVEMENTS / AWARDS: More than 25 publications and one patent in the field of ionic 
liquid as additive

Challenges and Different Methodology in Tribological  Paper 2020-05

Testing of Greases
Lubricating greases can be used in a wide range of applications and conditions as well as gain more importance 
by e-mobility. Lubricating greases and lubricating oils behave differently in a tribo logical contact. Complex 
tribological characteristics of greases have been discussed through the last decades in which the effect of 
thickeners on tribological performances has been the core of many publications. The aim of this study was to 
investigate the influence of test parameters and modes on the tribological performances of differently formulated 
greases. The aim of this study is to investigate the influence of tests parameters on the tribological response of 
differently formulated greases. Challenges such as transferring the real load collective to the test environment 
will be discussed. In the presented tribological tests, special emphasis is placed on motion pattern, velocity and 
temperature. In addition to the coefficient of friction results the wear volume is also taken into consideration. In 
special cases, tribo-film were subjected to X-ray photoelectron spectroscopy (XPS) analyses. The results provide 
more insights about formation of the tribo-film and its stability.
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Dr. George Diloyan received his PhD in Mechanical Engineering from Temple University, 
USA with a focus on nano technology, electrochemistry and material science. He has extensive 
experience with applications of nano materials to solve hardcore industrial problems. Dr. 
Diloyan also holds two MS degrees in Computer Science and Thermodynamics. 

Mr. Diloyan also has extensive experience in technology commercialization, development and 
implementation of IP strategy, technology analysis, prior art forensic analysis, drafting and 
filing of patent applications.

Less Could Be More – Leveraging Technology to   Paper 2020-12 
Produce Cost-Effective High-Performance Greases
Today’s highly competitive market demands automotive and heavy-duty industries to increase efficiency, reduce 
downtime and emission. Core parts of various mechanisms are exposed to extreme conditions: temperature, load 
and vibration. To meet industry requirements the use of the high-performance additive for lubricant and grease 
production to protect equipment under extreme conditions, has significant importance. It is well known that in 
order to fulfill these requirements, beside a suitable thickener type and base fluid, several types of additives are 
used e.g. extreme pressure, anti-wear, corrosion inhibitor, tackifier, friction modifier, copper passivator etc... 
However, one of the drawbacks of combining numerous of components is balance. Combination of multiple 
components in many cases may give antagonistic effect and result in significantly increased cost. 

The authors believe that one of the hardest challenges to formulate a high-performance lubricating grease is laying 
in the simplicity of the formulation which in turns can be linked to both performance and cost efficiency. 

The aim of this work was to ease this challenge by minimizing the number of the components needed. Hence only 
four components were used: Thickener, Base oil, Antioxidant and submicron spherical (IF-WS2) and platelet/
lamellar structure. One of the areas of this research was to understand if there is any relationship between 
the internal resistance of the grease and the availability of the solid particles on the tribological contacts in a 
rotational movement e.g. ball on disc. 

The outcome of the performance study suggests a simpler and subsequently more cost-efficient lubricating grease, 
this without any compromise in the performance, for use in various industrial applications. 



- 72 - 
NLGI Spokesman  |  VOLUME 84, NUMBER 4  |  September/October 2020 

- 73 - 
NLGI Spokesman  |  VOLUME 84, NUMBER 4  |  September/October 2020 

Rajeev Kumar is a Research Associate in Lubricants Technology at ExxonMobil Research 
and Engineering. (EMRE). He joined EMRE in 2014. He contributed to various lubricants 
(oil and grease) product research & development. In 2007 he earned his PhD in organic 
chemistry at the Indian Institute of Technology, Kanpur, India. He joined University of 
California Santa Barbara, CA as Post-Doctoral Fellow. Starting in 2010 he worked for Nano 
Terra Inc., Boston as Senior Scientist. In past he has participated in working groups in ASTM 
D02 N Subcommittee.

Oscillating Wear – A Little Back and Forth      Paper 2020-07

Fretting wear is the oscillating motion of two mating pieces against each other and can result in significant 
damage to grease lubricated bearings and other components. Examples of such wear are seen in wheel bearings, 
heavy machinery and wind turbines. The measurement and prevention of this type of wear is critical for grease 
formulators. This paper presents an examination of oscillating wear and its measurement with specific focus on the 
Fafnir fretting wear test including historical context, critical aspects of measurement and a discussion of its value to 
the grease industry today. Data will be presented from studies to highlight additive effects as well as the variability 
of the test.

Joe Kaperick is a Senior R&D Advisor for Greases at Afton Chemical Corporation. Joe 
began working for Afton in their St. Louis manufacturing facility as an Analytical Chemist in 
1991 and moved to their Richmond, Virginia headquarters in 1994. Joe received a Master’s 
Degree in Analytical Chemistry from St. Louis University as well as undergraduate degrees in 
Chemistry, Fine Arts and Classical Humanities. He has been in the Industrial R&D area with a 
primary focus on Grease since 1999.

Joe is currently serving as President of NLGI. Joe has also been recognized as a Certified Lubricating Grease 
Specialist by NLGI. He is a member of STLE, the chair of the joint NLGI/ELGI Working Group on Grease 
Particle Evaluation, and the Chair of Section G.01 Chemical and Laboratory Tests for ASTM. 

Back to the Basics – Part II: Fundamental Building  Paper 2020-08

Blocks of Grease Formulation – The Next Story
Previous work focused on evaluation of common additives and additive systems in a simple lithium base grease. 
Some routine and less common performance tests were used to evaluate differences between different types of 
additives and packages as well as looking at the impact of additive combinations. The focus was on antiwear 
(AW), extreme pressure (EP), antioxidant (AO) and borate components along with performance packages 
containing different component combinations. 

This current work explores the differences observed with these same components and tests when the base grease 
used is a lithium complex thickener.
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Erik Willett, PhD is the technical director at Functional Products Inc. His key interests are 
studying and applying the unique behavior of polymers to solve customer-driven problems in 
lubrication. Erik graduated with a Bachelors in Chemistry from the University of Connecticut in 
2011; and a Doctorate in Polymer Science from the University of Akron in 2018 while working 
at Functional as polymer engineer. He has previous won the NLGI Development Author Award 
and NLGI India’s P.P.C. Gonsalves Memorial Award.

The Mechanical Stability of Polymer-Modified Greases Paper 2020-09

Polymer additives are routinely used to improve the water resistance, oil bleed, and tackiness of grease. The role 
of those grease polymers in the ‘mechanical stability’ of grease is less known.

Mechanical stability is a broad concept but generally refers to the ability of a grease to resist changes in 
consistency from continued mechanical shearing in the field or by lab methods like worked cone (ASTM D217) 
and roll stability (ASTM D1831). Data points collected over the years does indicate that certain polymers reduce 
consistency losses in ASTM D217 and ASTM D1831.

This study seeks to establish a more fundamental understanding of why grease polymer structure influences the 
mechanical properties of grease and how to select the right grease polymer for a given grease. The study includes 
various polymer chemistries in combination with NLGI #2 base greases of simple lithium, lithium complex, calcium 
sulfonate, aluminum complex, silica, and bentonite.

Alan Gurt is a graduate student at Louisiana State University who received a B.S. in 
Mechanical Engineering in May 2019, and is currently working towards an M.S. in 
Mechanical Engineering. His field of research is Tribology, with a focus on grease lubrication. 
He was a speaker at the 2019 NLGI annual meeting where he discussed the use of entropy as 
a measure of degradation and its application to grease. He is currently working on developing 
a model to quantify the effects of various mechanisms of degradation on grease. 

On the Evaluation of Grease Water Resistance:  Paper 2020-10

The Past, Present, and Future Outlook
Many grease-lubricated bearings operate in wet environments where appropriate grease selection can make 
a significant difference to the life of the machine. Although there are current industry standards attempting to 
evaluate a grease’s resistance to water contamination, basic tests indicate that these may actually have minimal 
utility. This paper overviews existing water resistance standards, discusses previous experiments seeking to 
describe the effects of water on grease, demonstrates the need for more meaningful standards, and proposes a 
new parameter to describe a grease’s water resistance.
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Liwen Wei is president and CTO of Novitas Chem Solutions with over 20 years of technical 
and commercial experience in the lube and grease industries. Since 2006 Liwen begun his 
consulting career in the grease industry and in 2015 assumed the president position and in 
2019 the CTO position of IFIR, institute of innovative research, a division of Novitas Chem 
Solutions. 

An In-Depth Study of the Structural Stability  Paper 2020-11
  

& TribologicalPerformance of Polyurea Grease
This paper described our recent study on the structural stability and tribological performance of polyurea grease 
made via preform thickener. The use of perform thickener gives the flexibility and ease in the control of grease 
structural stability that is defined through the use of particle size analyzer and rheometer. In the subsequent ad-
dition of additives through a combination of Timken, 4-ball, and Falex P&V testers testing a noel and ashless 
(S/N/P) EP additive was uncovered that outperform traditional alternatives. 

“I appreciate the effort that went into this conference. The use of 
pre-recorded presentations and live Q&A was effective and seemed 
to eliminate the problems associated with transitions between 
speakers. It was great that the timing remained on schedule.”

“The topics are geared toward manufacturing of greases, which is 
not necessarily my industry; however, the papers and topics were 
extremely insightful and very well done - anyone would benefit from this 
conference!

“I was very impressed with the Industry speaker — He was an excellent 
speaker, with industry relevant content, and talked about some very 
interesting/unusual applications. Inspiring!”

Q: What did you enjoy most about Technical Week?
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PLATINUM SPONSORS

GOLD SPONSORS

SILVER SPONSORS

Climax Molybdenum  
Marketing Corp

BRONZE SPONSORS
AOCUSA
Battenfeld Grease & Oil Corp. of NY
Calumet Branded Products, LLC
Functional Products
Grease Technology Solutions, LLC

King Industries, Inc.
Molykote Specialty Lubricants
Patterson Industries Canada – A Division of All-Weld Co. Ltd.
The Unami Group, LLC
Warren Oil Company, LLC
    

LANXESS Corporation  Texas Refinery Corp

Thank you to all Technical Week Sponsors

http://www.daubertchemical.com
http://www.ergon.com
https://livent.com
https://www.lubrizol.com/
http://www.shell.com
http://www.axelch.com
http://www.chevron.com
http://www.aftonchemical.com
https://www.fedchem.com/
http://lubeperformanceadditives.com/
http://www.lelubricants.com
https://www.sqm.com/en/productos/litio-y-derivados/
http://www.vanderbiltchemicals.com/
http://www.tiarcochem.com/
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SQM is expanding lithium capacities to deliver 
continuous supply to you, today and tomorrow.
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The NLGI Awards recognize those who, through their farsightedness, enterprise and 
innovation, pioneered significant and lasting improvements within the Industry.

DR. GARETH FISH 
This year’s recipient is Dr. Gareth Fish of The Lubrizol 

Corporation. Dr. Gareth Fish is an internationally respected 
lubricating grease and tribology professional with more than 
35 years’ experience. Gareth holds a Bachelor of Science degree 
in Chemistry and a PhD in Tribology from Imperial College of 
Science, Technology and Medicine, London, England. 

Gareth worked for the UK Ministry of Defense and then 
spent 17 years in the automotive industry in both the UK and 
Detroit, before joining The Lubrizol Corporation in 2007. He is 
now a Technical Fellow in the Industrial Additives business. 

Gareth has authored more than 60 technical papers and 
taught more than 70 public training classes on lubricating 
grease and tribology. Gareth has previously won six industry 
awards for technical papers from the NLGI, ELGI (Europe) and 
CLGI (China). 

More recently he led the NLGI effort to develop the new 
HPM grease specification due for publication in 2021. He is 
active in the technical committees of the ASTM, SAE, NLGI 
and STLE.

Sponsored by Texas Refinery Corp

NLGI Award For Achievement
The Institute’s highest award, it honors the achievement of those who have made exceptional 

contributions to the growth and development of the Institute.

2020 
NLGI AWARDS

August 24 - 28
This will be a virtual event.

VIRTUAL TECHNICAL WEEK
2020 NLGI
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AXEL Americas LLC
AXEL Americas LLC, headquartered in Kansas City, Missouri 
is one of the leading suppliers of lubricating greases in North 
America and a part of the AXEL Christiernsson Group  For 
over 130 years, AXEL has been a leader in the development and 
manufacturing of advanced lubricating grease technologies. 
From its six state-of-the-art manufacturing facilities in Sweden, 
France, the Netherlands, and the US, it supplies high quality 
industrial, agricultural, mining, automotive, and food grade 
lubricants to many of the largest lubricants companies around 
the world. Accepting this award on behalf of AXEL Americas is 
Tom Schroeder, President of AXEL Americas. 

Sponsored by MOLYKOTE® Specialty Lubricants by DuPont

NLGI Founders Award
In recognition of the three NLGI founding Companies, the Founders Award is presented to a company that has had a 

positive impact on the NLGI in the tradition established by these founding fathers.

DR. LOU HONARY 
This year’s recipient is Dr. Lou Honary with Environmental 

Lubricants Manufacturing, Inc. Lou Honary is president of 
Environmental Lubricants Manufacturing, Inc., where he leads 
a team of innovators committed to the worldwide growth of 
biobased lubricants. He is world renowned for his advocacy 
and promotion of biobased grease and microwave-based grease 
processing technology.  

Dr. Honary served as founding director of the National 
Agriculture-Based Lubricants (NABL) Center at the University 
of Northern Iowa from 1991 to 2014. Under Honary’s leadership, 
the UNI-NABL Center developed over 30 biobased grease and 
lubricant formulations. In 2000, NABL’s patented technology was transferred to a new commercial start-up 
company, ELM, Inc., co-founded by Dr. Honary and the University of Northern Iowa Research Foundation. 

Honary has served as officer, editorial advisor, and board member for several technical organizations 
including ASTM, SAE, NFPA, NLGI, ELGI, and STLE. He has contributed to the future viability of biobased 
products through his service on the US Department of Agriculture/US Department of Energy Biomass 
Research and Development Advisory Committee and on former Iowa Governor Tom Vilsack’s Life Sciences 
Advisory Committee. 

An international expert in biobased lubricants, Dr. Honary has ten patents and two pending patents and 
is the author of a book on biobased lubricants, several book chapters, as well as numerous publications and 
invited presentations.

Sponsored by Grease Technology Solutions, LLC

NLGI Fellows Award NLGI Fellows Award
Acknowledges valuable work within the Institute, in the technical development of greases, grease tests, 

or the promotion of grease usage.
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NLGI Award for Educational Excellence 
“For outstanding instruction as exemplified by subject knowledge and presentation skills 

in NLGI Grease Educational courses.”

DR. ANOOP KUMAR 
This year’s recipient is Dr. Anoop Kumar with Chevron Corporation. Dr. 

Kumar has over 28 years of experience in product and process development, 
scale up, production, applications and marketing of lubricating greases. He 
started his career at Indian Oil Corporation in India and served as Senior 
Research Manager of Greases for ten years. He spent the next ten years as 
Director of R&D and Business Development at Axel Royal, LLC, a lubricating 
oils and greases manufacturing company based in Oklahoma. Dr. Kumar 
currently serves as Senior Staff Scientist at Chevron Corporation. 

Dr. Kumar has received several awards in the past including NLGI’s John A 
Bellanti Sr Memorial Award in 2018, Chevron Lubricants award in 2012, NLGI 
India Chapter’s Long Service Award in 2020 and PPC Gonsalves Best Paper 
Award in 2003, 2004 & 2010. 

In his spare time, Dr. Kumar likes to watch Bollywood movies and cook Indian cuisines. His favorite dish is 
chicken tikka masala.

Sponsored by Shell Lubricant Solutions

CHAD CHICHESTER 
After completing service in US Armed Forces Chad began work at Dow 

Corning Corporation in Midland, Michigan as a Reliability Engineer, 
specializing in Condition Monitoring Techniques like Vibration Analysis, 
Acoustic Emissions, Infrared Thermography, Lubrication analysis, and just 
good ole fashioned common sense. 

While working full time Chad completed Mechanical and Electrical 
Engineering programs at Saginaw Valley State University (GO Cardinals!), 
and for the last 15 years has been an Application Development Engineer 
for Molykote Lubricants. Chad joined NLGI in 2005 as an Application 
and Maintenance Course instructor and moved on to teach in Basic and 
Advanced Courses for many years, and now serves as one of two NLGI’s 
Technical Co-Chairs where he currently facilitates NLGI Academic Outreach and Fundamental Research 
Programs. Chad serves with other dedicated volunteers on the Education Strategy Committee, HPM 
Steering Committee and Marketing Task Force. 

Additionally, Chad has been an integral part of the NLGI Board of Directors for 5 years and currently 
serves on NLGI’s Executive Committee. He has received other NLGI awards including the Award for 
Educational Excellence and the Clarence E. Earle Memorial Award for Technical Contributions.

Sponsored by FedChem, LLC

John A. Bellanti Sr. Memorial Meritorious Service Award 
Acknowledges meritorious service on the NLGI Board for three or more years, 

or on Technical Committee projects, or to the industry.
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DR. BRIAN CASEY 
This year’s recipient is Dr. Brian Casey of Vanderbilt Chemicals, LLC. 

Dr. Brian Casey works for Vanderbilt Chemicals, LLC, located in Norwalk, 
Connecticut, USA. Currently, he is a Research Specialist responsible for 
innovation and new product development with applications as antioxidants, 
wear protection and extreme pressure additives, friction modifiers, and 
corrosion inhibitors for engine oils and greases.  

Brian manages technical research projects at all stages of development 
from ideation to commercialization.  In addition, he coordinates the Product 
Management Review portion of Vanderbilt Chemicals’ Integrated Business 
Planning process.  Brian received his Ph.D. in Chemistry from Lehigh 
University performing research with Professor Robert A. Flowers, II, and was 
a postdoctoral research scientist with Professor Scott E. Denmark at the University of Illinois at Urbana-
Champaign prior to joining Vanderbilt. 

During his career, Brian’s research efforts in the areas of organic and organometallic chemistry have led to a 
number of papers in peer-reviewed academic journals and several U. S. patents and patent applications.

Sponsored by Afton Chemical Corporation

CHUCK COE 
This year’s recipient is a dedicated individual who is passionate about the 

Institute and is currently a member of NLGI’s Board of Directors. This year’s 
recipient is Chuck Coe of Grease Technology Solutions, LLC. 

Chuck Coe is President Grease Technology Solutions, LLC and past President 
of NLGI. Chuck holds a BS Chemical Engineering from the Pennsylvania State 
University, along with NLGI CLGS and STLE CLS professional certifications. 

He worked for Mobil and ExxonMobil for over 32 years, including 6 years as 
ExxonMobil’s Global Grease Technology Manager and many years as an industrial 
oil and grease formulator and technical advisor. 

He retired from ExxonMobil and launched Grease Technology Solutions LLC, 
a grease training and consulting business in 2009.  He is a past president of NLGI, 
currently on the Board of Directors, and is the Grease Education Course Chair of 
STLE. 

He has authored a number of technical papers and articles on grease, and 
received Best Marketing Paper and Best Paper awards from both NLGI (2008) and ELGI (2009), and both 
the John A. Bellanti Memorial Meritorious Service Award (2012) and the NLGI Fellows Award (2015) from 
NLGI, along with the NLGI Award for Educational Excellence (2019). 

Sponsored by Chevron Lubricants

NLGI Author Award – Application 

NLGI Author Award – Development 

For the best paper presented at our Annual Meeting 
that focuses on selection, application, or use of lubricating grease.

For the best paper presented at our Annual Meeting 
that focuses on formulation, development, and manufacture of finished greases.
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JOE KAPERICK 
Joe Kaperick is a Senior R&D Advisor for Greases at Afton Chemical 
Corporation. Joe began working for Afton in their St. Louis 
manufacturing facility as an Analytical Chemist in 1991 and moved to 
their Richmond, Virginia headquarters in 1994. 

Joe received a Master’s Degree in Analytical Chemistry from St. Louis 
University as well as undergraduate degrees in Chemistry, Fine Arts and 
Classical Humanities. He has been in the Industrial R&D area with a 
primary focus on Grease since 1999.

Joe has also been recognized as a Certified Lubricating Grease Specialist 
by NLGI. He is a member of STLE, the chair of the joint NLGI/ELGI 
Working Group on Grease Particle Evaluation, and the Chair of Section 
G.01 Chemical and Laboratory Tests for ASTM.

For the past two years, Joe has served as President of NLGI. His passion for the organization and industry 
have catapulted NLGI over the past couple of years. Joe’s ability to empower NLGI members, leadership and 
staff is unparalleled. During his presidency, Joe launched the new High-Performance Multiuse (HPM) grease, 
created the inaugural Hands-On Training Course, exceeded membership recruitment and retention goals as 
well as moved forward various other key strategic priorities.  

Sponsored by Functional Products Inc

Clarence E. Earle Memorial Award 

President’s Award
This award acknowledges recognition and appreciation for having served the NLGI in the office of President for the 
previous term.

MICHAEL KHONSARI
This year’s recipient is a dedicated individual who is passionate about 

the industry. This year’s recipient is Professor Michael Khonsari with 
Louisiana State University. 

Professor Khonsari eared his PhD in Mechanical Engineering at 
The University of Texas at Austin. He is the holder of Dow Chemical 
Endowed Chair and Professor of Mechanical Engineering at Louisiana 
State University. 

He is the Editor-in-Chief of Journal of Tribology published by 
American Society of Mechanical Engineers. He has published 
3 technical books in applied tribology, bearings instability, and 
mechanical fatigue as well as nearly 400 technical papers. 

Additionally, Professor Khonsari is a Fellow of ASME, STLE, AAAS, 
and a Senior member of National Academy of Inventors.  

Sponsored by The Unami Group, LLC

For outstanding contribution to the technical literature relating to lubricating greases during the year.
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NLGI Honorary Membership Award 
Entitles lifetime membership to those who, over a period of years, have served the Institute in some 

outstanding capacity and are not now associated with a member company.

MR. ROGER MILLER
Roger was a chemical engineer for 36 years before retiring from 

ExxonMobil in January 2020. He rotated through various process 
engineering assignments before beginning his career in the grease 
industry in 1990.

He served as Manufacturing Supervisor, Application Engineer, 
finishing with an assignment responsible for Americas Zone process 
support developing control schemes and de-bottlenecking.  Roger has a 
B.S. in Chemical Engineering from Louisiana State University and also 
received his M.B.A. from Louisiana State University.

Sponsored by Patterson Industries Canada – 
a Division of All-Weld Company Limited

Available to 
Members 

Only

Summary 
& Full 

Reports 
Available

Login to the members’ only area 
to read the report today:

https://www.nlgi.org/my-account/

NLGI RESEARCH GRANT REPORTS

“Strategies for Optimizing Greases 
to Mitigate Fretting Wear” 

Most recent report finalized by The University of Akron

“Determination of Grease Life 
in Bearings via Entropy” 

Most recent report finalized by Louisiana State University

https://www.nlgi.org/my-account/
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Questions? Contact NLGI HQ at 816-524-2500 or nlgi@nlgi.org

High-Performance Multiuse (HPM) 
Grease Specification

Start Formulating Products 
to Meet Specification Details

Specification Details and Much More 
Now Available HERE 

Stay Tuned for More Information Including:

• Pricing
• Application and Certification Process
• Renewal and Audit Process

https://www.nlgi.org/about-us/high-performance-multiuse-grease/
mailto:nlgi%40nlgi.org?subject=
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High-Performance Multiuse (HPM) Grease Specification
H

PM
  S

pe
c

Cone Penetration of Lubricating Grease Worked 60 
Strokes ASTM D217 dmm 220 340

Cone Penetration of Lubricating Grease

Prolonged 
worked 

penetration 
(Δ100k)

ASTM D217
dmm - 30 + 30

Elastomer compatibility of Lubricating 
Greases and Fluids [using NBR standard 
reference elastomer per ISO13226]

168 hours 
@ 125°C ASTM D4289

ΔHardness 
(Shore A 
points) -15 +2

Δ Volume 
percent -5 +30

Oxidation Stability of Lubricating Greases by 
the Oxygen Pressure Vessel Method

Pressure drop 
after 100hrs  

@ 100°C
ASTM D942 kPa (psi) 35 

(4.9)

Determining the Water Washout 
Characteristics of Lubricating Greases

60 minutes  
@ 79°C ASTM D1264 wt% 10

Low Temperature Torque of Ball Bearing 
Grease -20°C ASTM D1478

Starting torque mNm  
(g·cm)

1000 
(10,200)

Running torque @ 60 minutes mNm  
(g·cm)

100 
(1,020)

Oil Separation from Lubricating Grease 
During Storage

24 hours 
@25°C ASTM D1742 wt% 5.0

Oil Separation from Lubricating Grease  
(Conical Sieve Method)

30 hours 
@100°C ASTM D6184 wt% 7.0

Roll Stability of Lubricating Grease  
[using 1/2 scale penetration]

2 hours 
@ Room 

Temperature ASTM D1831
dmm

-10% +10%

Wear Preventive Characteristics of Lubricating 
Grease (Four-Ball Method) Wear Scar 
Diameter

75°C, 1200 rpm, 
60 minutes ASTM D2266

mm
0.60

Measurement of Extreme-Pressure Properties 
of Lubricating Grease (Four- Ball Method), 
Weldpoint

1770 rpm  
@ 27°C ASTM D2596 kgf

250

Determining Corrosion Preventive Properties 
of Lubricating Greases

48 hours  
@ 52°C ASTM D1743 rating Pass

Determination of Corrosion-Preventive 
Properties of Lubricating Greases Under 
Dynamic Wet Conditions (EmcorTest)

DistilledWater, 
2 bearings ASTM D6138 rating 0,1

Detection of Copper Corrosionf rom 
Lubricating Grease

24hours 
@100°C ASTM D4048 rating 1B

Property Test 
Conditions Test method Units Min Max
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Property Test 
Conditions Test method Units Min Max

H
PM

 +
H

L

Wear Preventive Characteristics of Lubricating 
Grease (Four-Ball Method) Wear Scar 
Diameter

75 °C,  
1200 rpm, 
60 minutes

ASTM D2266 mm
0.50

Measurement of Extreme-Pressure Properties 
of Lubricating Grease(Four-Ball Method), 
Weldpoint

1770 rpm 
@ 27°C ASTM D2596 kgf 400

Determining Extreme Pressure Properties of 
Lubricating Greases Using a High- Frequency, 
Linear-Oscillation (SRV)Test Machine

(Procedure B  
at 80°C) ASTM D5706

N 800

Fretting Wear Protection by Lubricating 
Greases

Average of 2 
runs,22 hours 

@ Room 
Temperature

ASTM D4170 mg 5.0

Determining Fretting Wear Resistance of 
Lubricating Greases Under High Hertzian 
Contact Pressures Using a High- Frequency, 
Linear-Oscillation (SRV) Test Machine

50°C, 100N, 
0.300mm, 
4 hours

ASTM D7594 mm 0.500

H
PM

 +
 C

R

Corrosion-Preventive Properties of 
LubricatingGreases in Presence of Dilute 
Synthetic Sea Water Environments

10% Synthetic 
seawater 

(as in ASTM 
D665)

ASTM D5969 rating Pass

Determination of Corrosion-Preventive 
Properties of Lubricating Greases Under 
Dynamic Wet Conditions (EmcorTest)

100% Synthetic 
seawater  

(as in ASTM 
D665)

ASTM D6138 rating 1 , 2

Determination of Corrosion-Preventive 
Properties of Lubricating Greases Under 
Dynamic Wet Conditions (EmcorTest)

0.5Nsolution  
(~ 3% NaCl 

solution)
ASTM D6138 rating 2 , 3

H
PM

 +
LT

Low Temperature Torque of BallBearing 
Grease -30°C ASTM D1478

Starting torque mNm (g·cm) 1000 
(10,200)

Running torque @ 60 minutes mNm (g·cm) 100 
(1,020)

Grease Mobility -20°C US Steel 
LT-37 g/min 10

Determination of flow pressure of lubricating 
greases according to Kesternich method -30°C DIN 51805 mbar 1400

H
PM

 +
W

R

Determining the Water Washout 
Characteristics of Lubricating Greases

60 minutes  
@ 79°C ASTMD1264 wt% 5.0

Determining the Resistance of Lubricating 
Grease to Water Spray

5 minutes  
@ 38°C ASTM D4049 wt% 40

Roll Stability of Lubricating Grease in 
Presence of Water(10% by wt distilled water)
[using1/2scalepenetration]

2 hours 
@ Room 

Temperature
ASTM D8022 dmm -15% +15%

High-Performance Multiuse (HPM) Grease Specification
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NLGI is interested in developing a weekly webinar series, specifically focused on the tests included in the new 
High-Performance Multiuse (HPM) grease specification.

• The series is estimated to start in early October 2020 and run through March 2021 (avoiding holidays).

• Each week would focus on a new test from the HPM specification.

• See the schedule/test HERE. 

• The tests schedule each week can be flexible. Contact NLGI HQ for specifics

 

The webinars are designed to be short (approx. 15-20 minutes) and mostly use video with voice-over. Please 
contact nlgi@nlgi.org for a demo. 

NLGI has contracted with an A/V technician who can help format your company’s video/voice-over if needed. 
Companies are responsible for obtaining all content for the video and voice-over; however, NLGI’s A/V 
technician can help construct for the final version.

 

What’s the Value for my Company?

·     Company promotion (name, logo) on all NLGI electronic promotions

·     Company promotion on NLGI website

·     Repository of all videos available on members’ only area of NLGI website

·     Company recognized as industry expert

 

Is your company interested in producing one of these weekly webinars? If so, please indicate your top three 
choices here and send to nlgi@nlgi.org by Friday, October 9, 2020.

• The webinars will be assigned on a first come, first served basis so we encourage you to submit your choices 
soon. 

• To clarify, your video is not due by 10/9, only the form indicating your top three choices. 

 
Please do not hesitate to contact us at nlgi@nlgi.org or 816-524-2500 with any questions.

Thank you, 
NLGI HQ

High-Performance Multiuse (HPM)  
Grease Specification

WEBINAR SERIES

https://files.constantcontact.com/239e34c7001/c03fa333-2311-49a0-bfca-6c2137c93f69.pdf
mailto:nlgi%40nlgi.org?subject=
mailto:nlgi%40nlgi.org?subject=
https://files.constantcontact.com/239e34c7001/c03fa333-2311-49a0-bfca-6c2137c93f69.pdf
mailto:nlgi%40nlgi.org?subject=
mailto:nlgi%40nlgi.org?subject=

