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Hi Everyone, we sincerely hope that all of you and your families are healthy and safe. These are truly 
challenging times for us all. Obviously, a lot has happened since the last edition of the NLGI Spokesman. 
In case you may not know, I am your new NLGI President. I am tremendously grateful, humbled and 
honored to accept this lifetime opportunity to work for all the NLGI members and represent this 
incredible society for the next two years. I was hoping to celebrate with all of you in person at the NLGI 
meeting at Turnberry in June but, unfortunately the meeting was canceled. We will celebrate in the 
future. 

On behalf of the NLGI and our members we would like to express our tremendous gratitude to Joe 
Kaperick, our past president. Joe has done an amazing job leading the institute and accomplishing 
numerous strategic goals in the last two years. Thanks again Joe for a phenomenal job well done.

Once again, I am extremely honored to be your new NLGI President for the next two years. My goal, as 
your NLGI President is to continue to assist the NLGI in achieving our key strategic priorities. 

Here is a list of NLGI’s key strategic priorities which we’ll be working to accomplish in the next two 
years: 

• NLGI Membership Growth and Global Outreach: The NLGI remains highly committed to assisting 
in achieving our retention and recruitment goals in the future. The membership retention and 
recruitment remain essential to the long-term success of the NLGI. The NLGI will continue to provide 
an extensive array of value including industry access, recognition & influence, ability to increase your 
network, affordable training and a fantastic Annual Meeting. 

• Expanding Educational Opportunities: The level of educational opportunities provided by the NLGI 
remains one of the highest values we provide our members and non-members and it will always be a key 
strategic priority for the NLGI. NLGI will continue to fund the Research Grant Program in the future. 
This has been a phenomenal success for the NLGI, our members and the participants. The level of 
academic and outside agency interest continues to grow year after year. We are also working on creative 
academic programs to target even younger students to spike their interest in our industry. We need to 
continue to recruit and encourage the next generation lubrication specialist. 

• Hands on Training: Although we will not be able to continue our Hands on Training this year, it 
is our intention to renew the very informative and educational program next year. We have received 
confirmation from many companies to host the Hands on Training this year and thus we feel confident 
that we will have a similar level of interest next year as well. NLGI is scheduling 2-3 webinars to replace 
the hands on training this year. We encourage you to participate in these webinars. We would also 
greatly appreciate you sharing your feedback on the webinars.

NLGI Welcomes 
New President, Jim Hunt

continued on next page…



• Networking and Discussions on emerging industry trends: NLGI is dedicated to continuing to 
enhance opportunities for networking and discussions on emerging industry trends. The NLGI plans 
to develop new educational webinars and promote informative panel discussions. The Spokesman 
and social media will always be an intricate part of our outreach strategy.

• Effective Governance and Leadership: This strategic priority is essential to the NLGI’s financial 
growth and overall health of the institute. We will continue to work on reviewing and improving 
the governance structure. It is imperative that the NLGI evolve in a positive and productive manner 
to continue to bring value to the industry and our membership. We will keep you posted on our on-
going progress.

• Continuous improvement of NLGI communications: The NLGI remains focused on improving 
our overall communications of NLGI knowledge-based resources including the Spokesman and 
other marketing platforms that are designed to promote the NLGI. This priority is extremely 
valuable and essential to our overall long-term marketing success.  NLGI will continue our long 
and proud tradition of partnering with the industry’s most respectable global organizations. We are 
always honored and grateful for these amazing true global partnerships.

• HPM Grease Certification Program: As many of you may know, the NLGI is finalizing a new 
grease certification – High-Performance Multiuse Grease (HPM). Once again, this certification will 
not replace the current GC-LB certification. The new HPM multiuse grease certification marks are 
specifically designed to provide better unprecedented value to both the end users and the grease 
producers. We have recruited some of the most knowledgeable and experienced global grease experts 
to develop the new specification. This includes a steering committee of industry volunteers, the 
Center for Quality Assurance and a renown Technical Expert. The HPM certification is scheduled to 
launch in early 2021. From concept to completion, this certification is happening at an unpresented 
pace. Our tremendous gratitude to everyone involved. 

Once again, as your new NLGI President, I am fully committed to seeing through our strategic 
priorities over the next two years. In return I ask all of you for your highest level of participation. 
I encourage all of you to get involved. Please consider volunteering for one of our committees 
or subgroups. Attend our annual meetings and other trainings. Utilize the industry resources 
available through the NLGI because this is our NLGI. Thanks Everyone for your participation and 
commitment to the NLGI. We truly are eternally grateful. 

Hope you and your families remain safe and healthy.

Jim Hunt
NLGI President
2020 - 2022
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Optimizing Maintenance and Flight Safety 
with In-Service Grease Analysis

Rich Wurzbach, MRG Labs, York, PA, USA
Michael Johnson, AMRRI, Franklin, TN, USA

Abstract
Rotary-wing aircraft such as helicopters rely on flight controls and drivetrains that contain multiple 
grease-lubricated components including bearings, swashplates, and splines. Periodic relubrication of 
these components during established maintenance intervals is the primary method for replenishment 
of grease prior to degradation, to ensure reliable and safe operation of assets. A project was completed 
to develop techniques for sampling and analyzing grease from the drivetrain components of rotary-
wing aircraft. 

The project was developed to evaluate the effectiveness of existing maintenance intervals, and to 
develop engineering data sets to propose interval adjustments. Such adjustments could be made to 
enhance safety and performance, while finding opportunities to reduce manpower and operational 
costs. This project incorporates new technologies including the use of sampling tools outlined in 
ASTM D7718, and new analysis methods that allow for small sample volume evaluation of component 
wear, as well as grease contamination, oxidation, and consistency changes. 

This paper will present the progress that has been made: 1) development of means to obtain 
representative samples from bearings, swashplates and splines; 2) data analysis methods that 
combine maintenance and operating histories with grease analysis results; and 3) findings that may 
lead to safer and more economical operation of critical assets.

Background
Continuous evaluation and enhancement of flight safety, reliability, and cost-effectiveness are at the 
core of aircraft operations and maintenance. This applies both to newly designed and developed 
platforms, and those that have been in operation for many years. Some designs, particularly in military 
applications, have been utilized effectively for decades. 

New technologies have emerged that can aid in this continuous evaluation to find applications 
to ensure the continued safe and reliable operation of these assets. Grease analysis has lagged 
significantly behind oil analysis for many years, not only in aerospace assets, but for lubricated 
machinery of all types. Over the last 10 years, advancements have been made to address the two main 
barriers to effective grease monitoring: obtaining representative samples, and having a meaningful 
test slate that can be applied to very small sample sizes. 

The purpose of this study is to reinforce the engineering basis for grease replenishment and servicing 
intervals for deployed aircraft. This study has produced significant findings related to the consistency, 
oxidation state, and contamination of in-service greases as well as levels of wear, thus providing a 
basis for data-driven decisions related to reliability, flight safety, and cost of operation of helicopters. 
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Sampling Methodology Development
The sampling approach chosen for this project follows the principles and tools outlined in the 
American Society of Testing and Materials (ASTM) Standard D7718, “Standard Practice for Obtaining 
In-Service Samples of Lubricating Grease”. This practice details the methods and precautions 
necessary to obtain representative samples of in-service grease, and tools that enable the collection of 
these samples. 

Initially, a basic kit configuration was used in a trial on disassembled components in the inspection 
facility of an aircraft manufacturer. The purpose of this trial was to obtain samples and identify 
challenges and needed modifications of the basic kit. After testing several components, including 
driveshaft spline connectors, swashplates, and bearings, a new kit was designed to optimize the 
sample collection process by the technicians servicing the aircraft at regular intervals. 

The kit mostly resembled existing sampling kits for pillow (plummer) block bearings, with a minor 
modification of reduction of the length of the syringe nozzle of the sample collection device. The 
nozzle was shortened to be nearly flush with the body of the sample collection syringe. The spline 
areas typically were found with very little grease, and the nozzle was shortened in an effort to 
minimize the loss during transfer to the final analysis container, referenced in the ASTM D7718 
standard as the “Passive Sampling Device”. The shortening of the syringe tip resulted in no real loss of 
functionality, but gave a better yield of the available grease for the sample.

Figure 1 Kit for collecting a grease sample
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Labeling of samples was a very important consideration, as the collection of conditional data and 
proper identification of the aircraft and aircraft sampling point are critical to ensuring data integrity. 
Guidance for labeling was also found in the ASTM D7718 standard. The specific label format used in 
this study can be seen in Figure 2. This figure shows a “miscellaneous” label, which did not include the 
designation for specific locations. Most other labels were pre-printed with a designated sample point 
name for uniformity of data collection, which greatly improved the processing of samples in the lab. 
The use of barcodes also helped to minimize the possibility of improper sample point identification 
during data entry.

Figure 2 Miscellaneous labels

Selection Of Analysis Tests
A second ASTM Standard, D7918, was utilized in the establishment of the test slate to be applied in 
this study. In order to determine the optimal grease service interval, several degradation and loss of 
functionality modes were evaluated.
Replenishment of grease is performed ideally when grease nears the end of its oxidative life, which is a 
function of physical work and shearing, temperature, moisture, and other oxidation stressors. 

Replenishment is also used as a tool to purge contaminants that work their way from the surrounding 
environment to the load zones of the greased components. 

Changes in consistency, either softening or hardening, interfere with the grease functionality and can 
lead to loss of lubrication and protection. Any loss of grease functionality that results in an increase 
in wear rate puts the reliability and life of the component at risk. Therefore, all of these parameters 
should be monitored to determine the optimal service interval for replenishing the grease.

The test slate utilized five tests from the D7918 method, which were discussed in detail in a previous 
paper (Wurzbach 2018): 
• Ferrous debris level (ppm), 
• Colorimetry, 
• Die Extrusion (consistency), 
• Linear Sweep Voltametry (anti-oxidant levels),
• Moisture (ppm). 
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Additionally, Fourier Transform Infrared Spectroscopy (FTIR) was performed to compare sample 
composition with the identified baseline, and Rotating Disc Electrode (RDE) elemental spectroscopy 
was used to quantify contaminants and non-ferrous wear elements. Analytical Ferrography was 
performed on all grease samples to further characterize the type and nature of wear and other 
particulates extracted from the grease.

These eight tests were and are being used for several reasons:
1) to gain insight into the performance of grease over the existing service intervals,
2) to find outlier conditions that result in abnormal changes in grease condition or wear, and 
3) to use statistical tools on the remaining samples (those without abnormal changes) to project 
opportunities to optimize re-lubrication frequencies by either increasing or decreasing these 
intervals.

Data Indications
Several new findings from this project have contributed to improvements in the sampling process, 
established relationships between measured parameters and observed grease and component 
conditions, and led to revised guidance for grease replenishment intervals. 

First, one accomplishment is a method for the overall summary of the state of oxidation of samples 
taken from multiple locations across the airframe. Oxidation was evaluated by quantification of the 
remaining levels of anti-oxidants in the grease samples as measured by linear sweep voltammetry. 
Since some of the greases contained one identified anti-oxidant, and others contained two (e.g., an 
amine and a phenol), an “Oxidation Index” was created in order to compare these greases.

The Oxidation Index weights the contributions of these anti-oxidants and compares greases with 
different types of anti-oxidant systems. The Oxidation Index is a scale from zero to a maximum value 
of 300 for samples containing the full amount of anti-oxidant additives present in new greases. For a 
grease with a single anti-oxidant, the percentage remaining is multiplied by three (X3). For a greases 
with two or more anti-oxidants, the percentage remaining of the amine anti-oxidant is added to two 
times (2X) the percentage remaining of the phenol anti-oxidant. This puts a heavier weighting on 
those samples that still have significant phenolic component remaining in the synergistic mixture of 
anti-oxidants. 

On this new index scale, 150 refers to those greases with significant (perhaps more than half) of their 
resistance to oxidation remaining. These greases are candidates for consideration of extension of re-
greasing intervals, at least as compared to replenishment required for greases approaching the end of 
their oxidative life. 

A graph that was generated early in the project showed that most samples showed significant 
remaining oxidative life, as seen in Figure 3. Figure 3 is a Pareto Chart where the Y-axis shows the 
number of grease samples with values of the Oxidative Index corresponding to each range shown 
on the X-axis. The red line shows the cumulative contribution of those values, such that 90% of 
the samples were either in the “Excellent” oxidative condition (Oxidative Index >150, green) or 
“Good” oxidative conditions (150 > Oxidative Index >100, blue). Of the few samples that fell into the 
“Marginal” (yellow) or “Poor” (red) classes, most were found to have been mixed samples or without a 
proper baseline reference. 
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Figure 3 Pareto chart of Oxidative Index values of grease samples

Second, significant silver (Ag) levels were found in grease samples from several locations. The graph 
in Figure 4 shows silver levels that were found in excess of 1000 ppm in several of the spline samples. 
Even in greases, such high concentrations of rarer elements such as silver are not typically found in 
lab samples. Further investigation showed that silver was being used as an anti-fretting coating on the 
component parts. 

Figure 4 Levels of silver (ppm) in 42 grease samples measured by RDE
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Third, moderate to low wear levels and relatively low contaminant levels were found in grease 
samples from most components tested. Additionally, the consistency of the grease, as measured by 
Die Extrusion, changed only moderately in most samples. These findings reinforced the known good 
operating history of these aircraft. Further sampling and analysis allowed the OEM engineers to 
recommend revised and optimized grease servicing intervals and activities to ensure the continued 
good flight safety and reliability performance of the evaluated helicopters.
     
Conclusions And Next Steps
Since the initial presentation of this project in June 2019, a statistically significant database was 
prepared with data from over 1000 grease samples from more than 20 lubricated locations on the 
subject helicopters. Calculations and conclusions were made using this database, which serve as the 
technical basis for grease servicing interval modifications. The results are new, revised recommended 
intervals for grease lubrication that have resulted in 50% fewer service interruptions for component 
greasing, and a reduction of 54% of the assigned greasing tasks per 1000 flight hours. 

Additional benefits include potential future optimization and even condition-based service intervals 
when a program of recurring grease sampling and analysis is utilized to monitor the health of both 
the grease and the components while under inspection. The results from these grease sampling and 
analysis activities are already demonstrating the potential for further enhancing aircraft reliability 
and safety through the identification and the incorporation of improved practices, materials, and 
guidance for grease service tasks. 

A complete presentation of results and findings from this project has been slated for presentation at 
the 76th Annual Forum of the Vertical Flight Society in October 2020. 
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Abstract
The year 2019 was a period of change for biodegradable lubricants. The rules and regulations of 
EU Ecolabel (EEL), US EPA Vessel General Permit (VGP) and Swedish Standard SS 155470 were all 
revised, resulting in new challenges and opportunities that will impact the environmentally friendly 
grease business. One example of an opportunity relates to lithium complex thickener technology. 
Previously, aquatic toxicity and biodegradability requirements were difficult to fulfill with lithium 
complex-based greases. However, recent regulation changes have now given grease formulators the 
chance to enter the market with such a thickener. 

This paper gives an overview of all the regulation changes implemented in 2019 before going on to 
discuss the formulation, testing and performance data for an EU Ecolabel-compliant, biodegradable 
and nontoxic lithium complex grease.

Introduction
What a year! Many of the traditional European green labelling programs and the US EPA Vessel 
General Permit or VGP underwent revision during 2018. At the beginning of 2019, the EU Ecolabel 
released a revised regulation to the market. The status of the updated VGP, due at the end of 2018, was 
still unclear in 2019, and an updated SS 155470 is expected during 2020.

EU Ecolabel
The author had the honour of being involved in the EU Ecolabel revision working group and gained 
valuable experience as a result. The EU Ecolabel (EEL) was established in 1992 and is recognised 
globally as a label of environmental excellence awarded to products and services meeting high 
environmental standards throughout their lifecycle: from raw material selection to production, 
distribution and disposal. The EEL promotes the circular economy and supports products and 
services that have a lower environmental impact, contribute to sustainable development throughout 
their life cycle, are energy efficient and meet a set of high environmental and performance standards. 
(A circular economy is designed to use recycling and other means to gradually decouple growth from 
the consumption of finite resources.)

EEL criteria provide useful and straightforward guidelines for companies looking to lower their 
environmental impact and improve the efficiency of their operational activity through third party 
controls. Furthermore, many companies turn to EEL criteria for guidance on eco-friendly best 
practices when developing their product portfolios [1].

Right at the core of the EEL is the lifecycle approach. All of the products that display the EU Ecolabel 
have been designed to ensure that their main environmental impact is reduced throughout their 
life cycle. In the case of greases, the life cycle definition is quite limited. It includes selecting the raw 
materials and whether the product lifetime ends in release to the environment, disposal or, in some 
cases, with energy regained through waste treatment facilities.

 Environmentally acceptable lithium complex 
grease for a wide temperature range

Roland Ardai
Axel Christiernsson International AB

Nol, Sweden
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The criteria for lubricant product categories were first established in 2001 by the European 
Parliament and the Council. Regulation (EC) No 66/2010 states that specific EEL criteria will be 
established according to product categories. Commission Decision 2011/381/EU established the 
criteria along with the related assessment and verification requirements for lubricants. That decision 
was officially in place until the end of December 2018. The EU Ecolabel Fitness check of 30 June 2017 
reviewed the regulation and concluded that there was a need to develop a more strategic approach 
that included streamlined criteria for selecting lubricants.

In order to take into account recent market developments and innovations during the intervening 
period, it was appropriate to establish a new set of EEL criteria for lubricants. The aim of such criteria 
would be to promote products that have a limited impact on the aquatic environment, contain a 
limited amount of hazardous substances and perform as well as or better than conventional lubricants 
available on the market. In line with the objectives of the European strategy for plastics in a circular 
economy, the criteria should also seek to facilitate the change by encouraging improved designs and 
by further incentivising the demand for recycled materials. Commission Decision (EU) 2018/1702 of 
8 November 2018 establishing the EEL criteria for lubricants was formally introduced on 1 January 
2019.

A transitional period has been given to producers whose products have already been awarded the EEL 
for lubricants based on the earlier criteria set out in Decision 2011/381/EU, giving them sufficient 
time to adapt their products to comply with the revised criteria and requirements. For a limited 
period after adoption of this Decision, producers are also allowed to submit applications based either 
on the criteria established by Decision 2011/381/EU or on the revised criteria established by this 
Decision. Where the EEL was awarded based on the criteria established by Decision 2011/381/EU, 
use of the label should not be permitted after 31 December 2019.

The new criteria, as well as any related assessment and verification requirements, will remain valid 
until 31 December 2024, considered the innovation cycle for that product group [2].

Vessel General Permit
The Clean Water Act gives authority for the National Pollutant Discharge Elimination System (NPDES) 
permitting program to regulate the discharge of pollutants into US waters. Since 2008, the EPA has 
regulated discharges incidental to the normal operation of a commercial (i.e., non-military, non-
recreational) vessel when operating as a means of transportation (i.e., incidental discharges) under 
the NPDES permitting program. The EPA controlled these incidental discharges primarily through two 
NPDES general permits: the Vessel General Permit (VGP) and the Small Vessel General Permit (sVGP).

The EPA issued the 2013 VGP with an effective period of 5 years, up to December 18, 2018. The VGP 
provided nationwide NPDES permit coverage for discharges incidental to the normal operation of 
commercial vessels greater than 79 feet in length. However, the Vessel Incidental Discharge Act (VIDA) 
extends the 2013 VGP’s provisions, leaving them in effect until new regulations are finalised and ready 
for implementation [3].

All vessels must use an environmentally acceptable lubricant (EAL) in all oil-to-sea interfaces, 
unless technically not feasible. EALs are lubricants that are biodegradable, minimally toxic and not 
bioaccumulative. For purposes of the VGP, products meeting the permit’s definitions of an EAL include 
those labelled by the following programs: Blue Angel, European Ecolabel, Nordic Swan, and Swedish 
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Standards SS 155434 and 155470, Convention for the Protection of the Marine Environment of the 
North-East Atlantic (OSPAR) requirements and EPA’s Design for the Environment (DfE) [4]. 

The introduction of VGP requirements had a noticeable effect on the biolubricant market, but 
uncertainty around the implementation of an updated version slowed down this effect and forced the 
marine market segment into playing “wait and see”.

SS 155470
In 1998, environmental criteria for lubricating greases were compiled within the Gothenburg project 
Ren Smörja. These criteria have since been elaborated and are now a part of the Swedish Standard 
Lubricating Grease – Requirements and Test Methods – SS 155470. After an international hearing, the 
standard was issued in 2002, with an official English version introduced in 2004. This standard is now 
widely recognised.

From an international perspective, the environmental requirements are rigorous and signify that 
the base fluid in the lubricating grease should be biodegradable with minimal aquatic toxicity. 
Furthermore, an examination of chemical compounds with sensitising properties is also required. 
A lubricating grease conforming to SS 155470 is classified in one of three environmentally adapted 
classes, A, B or C, that are differentiated by the maximum level of non-renewable substances allowed. 
Class A implies the strictest requirements and, with respect to renewable ingredients, Class A 
stipulates a mass content of more than 65%. The content of renewable resources in Class B should 
be more than 45%. In contrast, Class C does not include any demands regarding renewable material 
content [5].

The standard is currently under review, and an updated version is expected in 2020.

Why bio?
First of all, EALs are safer for employees to handle, and secondly, they have less impact on the 
environment, than traditional lubricants. 

End users should dismiss common misconceptions when choosing EALs. In the past, the instability 
and resulting failures of early EAL technologies created a barrier to future acceptance of newer, higher 
performing products. Today, operators who use EALs do not need to sacrifice lubricant performance 
as modern EALs now offer operational benefits that can match, or even exceed, those of top-tier 
mineral oil lubricants. 

When considering the introduction of an EAL, operators must still pay attention to potential issues 
related to compatibility between the existing and new lubricants as well as equipment components. 
The incompatibility of ester- and polyalkylene glycol-based lubricants with some widely-used seal 
materials has historically been a well-documented issue that led to the development of appropriate 
seals, typically made from fluoropolymers, that are now readily available. 

Operators are often unaware that high performing, effective and long-lasting EALs are now available 
worldwide [6].
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Why lithium complex?
Lithium complex (LiX) greases are used widely around the world and particularly popular in North 
America. Their volume represents over 40% of all grease produced in the US, and worldwide it 
exceeds 20%. In Europe, the volume is growing quickly, but is not yet as popular as in the US.

While volumes of biobased greases are currently nowhere near such levels in volume terms, according 
to the 2017 NLGI Grease Production Survey, a growing trend in their production is emerging both in 
Europe and globally. Legislative controls and changing market trends are increasing the interest in 
biobased or biodegradable products. It is very difficult to draw conclusions about the North American 
market at this time [7].

Table 1. Lithium complex (LiX) and biobased (Bio) shares of grease production

Figure 1. Share of lithium complex (LiX) and biobased (Bio) grease production 
on the basis of 2014 worldwide production
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Figure 2. Share of lithium complex (LiX) and biobased (Bio) grease production 
on the basis of 2014 North America production

Figure 3. Share of LiX and biobased grease production on the basis of 2014 Europe
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Changes in EU Ecolabel
The key changes for greases are:
• New rules for completely excluding or limiting the treat rate of hazardous substances, e.g. 

H-phrases, shall now be considered.
• Three new subcategories with different aquatic toxicity requirements are based on the risk of 

release to the environment: total loss (TLL), partial loss (PLL) and accidental loss (ALL) lubricants.
• The biodegradability requirements are the same for all three lubricant loss subcategories.
• The requirement for renewable content has been removed. But to use the term biolubricant or 

biobased lubricant, the final product must contain ≥ 25% renewably sourced carbon (EN16807).
• Palm oil, palm kernel oil or derivatives must be produced in a sustainable way, and this should be 

proven with an RSPO (Roundtable on Sustainable Palm Oil) certificate.
• Plastic packaging and containers should be made using a minimum of 25% recycled content.
• Minimum technical performance must be presented.
• Information regarding use and disposal must be present on the packaging.

Changes in VGP and SS 155470
There remain open questions. A new version of VGP was promised (but not released) before the 
conference where this paper was presented in June 2019. Hopefully, the European green products will 
be exempt and will be called EAL. The new SS 1555470 is expected in 2020 and will correspond with 
the European standard of biolubricants (CEN – EN 16807).

Environmental requirements
To understand the limitations of EEL-compliant lithium complex greases, we need to first list the 
limitations of biodegradability and aquatic toxicity for ALL, PLL and TLL greases.

Table 2. Summary of the environmental requirements for EEL-compliant greases

Independent of application type, the readily biodegradable content must be at least 80%, and the non-
biodegradable content must not be more than 15%. Only non-bioaccumulative material is allowed. 
The differentiation by loss category is determined by the maximum aquatic harmful and toxic material 
contents. Obviously, the less harmful and toxic the material in the grease, the higher the quantity 
allowed to be released into the environment. These limitations might make the lithium complex 
products impossible to use in total loss or even partial loss applications, but the regulation gives the 
formulators another option with an alternative toxicity evaluation method.
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Table 3. Aquatic toxicity requirements for products and main components

With this option, the aquatic toxicity of the lubricant must be tested on three trophic levels, fish, 
daphnia and algae, whilst those components present at greater than 5% in the lubricant must be 
tested on 2 trophic levels. If the lubricant itself is not toxic, and the main components meet the given 
toxicity levels, the product is EEL-compliant according to the aquatic toxicity requirements. In the case 
of the example presented, it would be beneficial to test aquatic toxicity for proof of compliance with 
loss categories other than accidental loss, but for this study we worked with calculated toxicity data.

Materials
• Soap components
The Lubricant Substance Classification list (LuSC list) provides a good starting point for the selection 
of raw materials suitable for EEL products. The LuSC is a non-limiting list. Companies are not obliged 
to use any of these substances or brands. But if they are used, their EEL classifications can be used 
directly on the application form without requesting the underlying documents [8]. 

Lithium complex greases are made with lithium 12-hydroxy stearate and a complexing agent, which 
can vary from dimer acids to boron esters or other chemistries. But for green applications, the options 
are more limited. The LuSC list gives the toxicity classification and biodegradability of only 3 lithium 
salts: lithium 12-hydroxystearate (Li12HSA), dilithium azelate (LiA) and dilithium sebacate (LiS). The 
pure substances are classified below:

Table 4. Biodegradability and aquatic toxicity classification of LuSC-listed lithium soap substances

For the purpose of this paper, the author decided to use sebacic acid because an earlier version of the 
LuSC list classified LiA as an aquatic toxic material. Today, the classification is the same for LiA and LiS. 
Previously performed internal studies showed that sebacic acid offered performance benefits in high 
temperature bearing tests with ester base oils.

To make NLGI grade 2 lithium complex grease presented in this paper, 12 wt.% of Li12HSA and 5 
wt.% of LiSA were used. This equates to a total of 17% aquatic harmful content and, therefore, only 
accidental loss applications are appropriate if component-level aquatic toxicity is considered as the 
basis for proof of compliance with EEL.
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• Base oils
The soap and additives comprise almost all of the non-biodegradable and harmful parts of the grease 
formulation, so the only possible options for base oils are biodegradable and nontoxic chemistries 
such as vegetable oils, synthetic esters, polyalphaolefins (PAOs) and glycols. The main purpose of 
this study is to produce grease with a wide operating temperature range, which excludes the use 
of vegetable oils on the basis of their relatively high pour points and high unsaturated content. 
Commercial documents from suppliers show that readily biodegradable PAOs have low viscosities 
and, therefore, are not best suited for use in multipurpose grease products unless formulations are 
modified accordingly.

To survive the grease cooking part of the preparation process, where the ester is exposed to high 
temperature, water, free acid and alkali, the thermal, oxidative and hydrolytic stability of the ester 
is crucial. However, it is not possible to fulfil all the criteria at the same time with only one ester. For 
example, the low temperature behaviour, hydrolytic stability and seal compatibility are better for 
unsaturated esters than saturated ones, but the thermal and oxidative stability of saturated esters are 
much better than saturated ones [9].

To match the general requirements for multipurpose lithium complex grease and to survive the severe 
two-step soap forming process, the ester was carefully selected. To ensure high renewable content 
for this study, an ester was chosen with 320 mm2/s viscosity at 40°C from the LuSC list. This complex 
ester was readily biodegradable and nontoxic, with limited unsaturated chemistries proven by a mid-
range iodine value and a low acid value to prevent autocatalytic hydrolysis in the presence of water.

• Additives
To provide good lubricity across a wide temperature range and over a prolonged period of time, 
multiple additives were chosen from the LuSC list that included antioxidants, extreme pressure (EP) 
and anti wear (AW) additives, a yellow metal passivator and a rust preventive. They are all available 
on the LuSC list, so environmentally beneficial versions can be picked without compromising technical 
performance. 

Sample preparation
Lithium complex grease samples were made in a laboratory-scale open kettle. The soap 
was synthesized in around 40% of the total oil volume. The first saponification step, using 
12-hydroxystearic acid, was performed with a temperature ramp from around 95°C up to around 
110°C. The temperature was then increased to 140°C, which is over the melting point of sebacic 
acid, where the second soap reaction occurred. The soap was then heated to 208°C before starting 
the controlled cooling phase using the remaining oils. The grease was finally additised, milled and 
deaerated for 1 hour.

Methods
In this study, the grease was evaluated using several tests common to the grease industry. These are 
listed in the table below along with the corresponding standards:
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Table 5. Grease tests with corresponding standards.

SKF R2F-B test: The continuous upper operating temperatures of the greases were assessed using the 
SKF R2F-B test. This test consisted of a pair of spherical roller bearings (SKF 22312) that had been 
run-in according to a specific protocol. 

The grease was tested under a constant radial load of 8340 N at a speed of 1500 rpm for a period of 
20 days. During the first 24 hours, no external heat was applied. But for the remaining 19 days, the 
test rig was heated to keep the outer ring at the desired test temperature, which could range from 60 
to 160°C.

Following each test run, the bearings and the grease were inspected. The quantity of grease left in the 
housing was measured, and the lubricant films on the rollers and raceways of the test bearings were 
inspected. The degree of oxidation, consistency and wear particle content of the grease taken from or 
adjacent to the bearings were determined. If the conditions in the bearing after the test were judged to 
be within normal operating conditions, then the test was rated a pass.

Lincoln ventmeter tests: The Lincoln ventmeter determined the pumpability of grease at a given 
temperature in a 25-foot-long tube and performed at 20, 0, -10, -20, -30 and -40°C. For the low 
temperature tests, the grease and apparatus were allowed to acclimatise to the test temperature over 
a period of 4 hours. A pressure of 1800 psi was built up by closing the system. When the valve was 
opened, the pressure was monitored for a period of 30 seconds by a digital pressure gauge. The test 
was repeated 3 times, and the average pressure (in psi) was calculated. The specimen was kept in the 
cold chamber for the entire duration of the test.
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Results
• General performance
The consistency of grease is given by the concentration, quality and distribution of the soap structure. 

The grease in this study had cone penetration values in the range from 265 to 295 (1/10 mm), which 
represents NLGI grade 2 consistency.

The mechanical stability of grease is the ability of the thickener to withstand shear degradation. In 
this study, penetration was tested after grease was worked for 100 000 strokes, together with the 
Shell Roll Stability (SRS) test, which simulated the rolling action inside a bearing. Penetration values 
before and after mechanical and/or thermal stress were measured, and changes were reported. 

The consistency change after 100 000 strokes gave results between 10 and 15 (in units of 1/10 mm). 
To verify thermal and shear stability, the SRS test was modified by using more severe conditions (from 
ambient to 80°C, and from 2 to 50 hours). The softening of the grease following this modified SRS test 
was slightly below 40 (units of 1/10 mm).

Additional standard grease test results are listed below to demonstrate performance of the 
experimental biobased lithium complex grease (Bio LiX):

Table 6. Test results of the experimental Bio LiX grease
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• Low temperature performance
The selected ester has a pour point of -40°C, which also reflected the flow pressure limit for the 
finished grease, as shown below:

Figure 4. Flow pressure by temperature with logarithmic trendline

The Lincoln ventmeter method, used to determine low temperature pumpability, is the method that 
comes closest to simulating central lubricating system application conditions. At room temperature, 
the Bio LiX sample flowed very easily in the pipe. At -10 and -20°C, resistance to flow progressively 
increased until -30°C where the grease did not flow at all.

Figure 5. Lincoln ventmeter pressure drop curves for Bio LiX grease
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• High temperature performance
The sebacic acid-based lithium complex soap ensured a dropping point above 300°C, but it did not 
give much information about the thermal and oxidation stability of the grease sample. 

High Pressure Differential Scanning Calorimetry (HPDSC) can give information about the oxidative 
behaviour of a sample. During the Oxidation Onset Temperature (OOT) test, an oxidation peak was 
clearly visible around 230°C in repeated scans with the same sample of Bio LiX.

Figure 6. OOT curves of the same BIO LiX sample

Multiple Oxidation Induction Time (OIT) tests were run at different temperatures. At 210°C, 
oxidation occurred within 5 minutes. The oxidation peak appeared later and less suddenly when 
the test temperature was reduced to 180°C, and the peak disappeared completely when the 
temperature was lowered to 155°C: 

Figure 7. OIT curves at different temperatures for Bio LiX grease
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For bearing applications, the Bio LiX grease was tested in the SKF R2F B test at 140°C, and it passed. 
At the end of the test, the rollers were covered with a good oil film, and grease consistency changed 
only slightly. At higher temperatures, the grease was unable to last for the full 19-day test period.

Figure 8. The appearance of the used BIO LiX after 20 days in the SKF R2F test at 140°C

Discussion
• Grease properties
The mechanical stability test at room temperature did not result in significant softening of the grease 
after 100 000 strokes, which demonstrated good structural integrity.

When higher temperatures and prolonged testing periods were applied, the consistency of the sample 
fell by one NLGI grade. The reasons could be numerous and complex, but this change in consistency 
was most likely due to a combination of thermal and mechanical degradation of the soap. A 40-unit 
increase in cone penetration value is considered in line with the normal level of softening expected of 
synthetic LiX greases.

The storage stability of the sample was considered excellent in light of the oil separation and 
evaporation results achieved. That said, it is not recommended that this product be kept for decades, 
because of the fact of its very good biodegradability. Consequently, a typical shelf life of between 2 
and 3 years is realistic, if the provided product and packaging are stored appropriately to avoid water 
ingress or continuous oxygen exposure.

In the copper corrosion test, the sample gave the best possible rating of 1a. Furthermore, corrosion 
protection in the presence of both distilled water and 100% synthetic sea water, as determined by 
the EMCOR test, was considered very good despite the limited additive options and low treat rates. 
In the most severe EMCOR test, where seawater continuously flowed through the test bearing for the 
duration of the test, the result was still very good.

The 4-ball weld load test, according to both DIN and ASTM standards, showed excellent EP properties 
for a multipurpose grease product. The AW properties of the sample were also very good at 400 N and 
1 hour.

Water resistance in the cases of both the static water and the bearing test was excellent. In the water 
spray off test, more than 50% of the sample was removed from the steel plate. This was a good result 
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for a formula that did not include biodegradable polymers to boost such performance. Options for 
these polymers are available on the LuSC list.

• Low temperature properties
Experience with formulated vegetable oil-based lubricants has shown that the pour point alone 
should not be relied upon as a measure of performance at cold temperatures. This is somewhat unique 
to vegetable oil-based technology because, although a vegetable oil may have a pour point at a given 
temperature, that oil may cease flowing at higher temperatures when exposed to cold temperatures 
for extended periods of time [10].
This behaviour can be improved with the right selection of ester base oil. As mentioned above, higher 
unsaturated content can help improve the low temperature properties. But in the case of this trial, the 
grease passed the flow pressure test down to -40°C and was even pumpable in the Lincoln ventmeter 
down to -20°C, which aligned with the desired wide temperature range of the multipurpose grease 
requirement. The high quantity of the soap (17%) can be a possible reason why the sample did not 
show a pressure drop at -30°C.

• High temperature properties 
A dropping point of >300°C was expected for a high-end synthetic lithium complex grease. 
The oxidation stability results from the HPDSC tests showed excellent thermal resistance. This was 
due in part to the low free acid and low unsaturated content of the selected ester, in combination with 
the antioxidants used from the LuSC list.
In the SKF R2F B tests, where the upper temperature limits were determined in a long-term bearing 
test, the samples passed at 140°C without any problems. The sample discoloured during the 19-day 
test and started to release oil, as shown in the picture. However, the grease was fit for continuous 
operation at 140°C based on the results achieved. 

• Environmental performance
The grease sample involved in this study met the environmental requirements of the revised EU 
Ecolabel with respect to accidental loss lubricating greases. Testing the aquatic toxicity of the sample 
on fish, daphnia and algae could show a positive result and open the possibility of using this grease for 
partial and total loss applications. This would require that the critical concentration for acute aquatic 
toxicity on all the tested species is above 1000 mg/l, or the chronic aquatic toxic concentration is more 
than 100 mg/l.

Table 7. Calculated environmental performance of the Bio LiX grease
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Conclusions
This study demonstrated that biodegradable nontoxic lithium complex greases can be formulated to 
deliver good levels of performance. 

The performance profile of the sample involved in this study was purely experimental. The 
formulation could, of course, be modified to further enhance particular performance features and 
benefits depending on the specific needs of a wide variety of real world, end-user applications that 
require an extended operational temperature range. 

Acknowledgements
The author would like to acknowledge the support from his colleagues in the R&D laboratory at Axel 
Christiernsson International for their quick and high-quality testing. The author also acknowledges 
Dr. Johan Leckner and Mr. Mark Wheeler for technical discussions. This paper was based on a 
presentation given at the 86th Annual NLGI Meeting, June 8-11th, 2019, at JW Marriott Resort, Las 
Vegas, Nevada, USA.

References

[1] [Online]. Available: https://ec.europa.eu/environment/ecolabel/products-groups-and-criteria.
html

[2] [Online]. Available: https://eur-lex.europa.eu/legal-content/EN/TX-
T/?qid=1542112371100&uri=CELEX:32018D1702

[3] [Online]. Available: https://www.epa.gov/npdes/vessels-vgp

[4] [Online]. Available: https://www.regulations.gov/document?D=EPA-HQ-OW-2011-0141-0949

[5] [Online]. Available: https://www.sp.se/en/index/services/lubricanting%20grease/sidor/default.
aspx

[6] Gavin Lipsith: Four falsehoods and the truth about EALs, Marine Propulsion & Auxiliary Machinery, 
March 2019

[7] Grease Production Survey Report, NLGI, 2014 and 2017

[8] [Online]. Available: http://ec.europa.eu/environment/ecolabel/documents/LuSC-
list_06032019_18-1702_no%20track_vs2.pdf

[9] Dr. Herman-Josef Stolz, Dr. Martina Mennicken-Meuthen, Dr. Wilhelm Huber Franziska Günther: 
The iodine value as a measure of the stability of ester base oils, LUBE MAGAZINE NO.150 April 2019

[10] L. Honary and E. Richter, Biobased Lubricants and Greases: Technology and Products, Chichester: 
John Wiley & Sons, 2011

https://ec.europa.eu/environment/ecolabel/products-groups-and-criteria.html
https://ec.europa.eu/environment/ecolabel/products-groups-and-criteria.html
https://eur-lex.europa.eu/legal-content/EN/TXT/?qid=1542112371100&uri=CELEX:32018D1702
https://eur-lex.europa.eu/legal-content/EN/TXT/?qid=1542112371100&uri=CELEX:32018D1702
https://www.epa.gov/npdes/vessels-vgp
https://www.regulations.gov/document?D=EPA-HQ-OW-2011-0141-0949
https://www.sp.se/en/index/services/lubricanting%20grease/sidor/default.aspx
https://www.sp.se/en/index/services/lubricanting%20grease/sidor/default.aspx
http://ec.europa.eu/environment/ecolabel/documents/LuSC-list_06032019_18-1702_no%20track_vs2.pdf
http://ec.europa.eu/environment/ecolabel/documents/LuSC-list_06032019_18-1702_no%20track_vs2.pdf


Strength . Security . Service . Supply . Success

Consistent, reliable base oil supply. 
From a company that has earned the trust of customers around the world.

ergonnsa.com   North & South America  +1 601 933 3000
ergoninternational.com   Europe, Middle East, Africa  + 32 2 351 23 75  |  Asia  + 65 68081547

Ergon is refining the definition of service for the Naphthenic and Paraffinic base oil industry. Through 
continued investments in technology and security of supply, we are prepared to provide your needed 
chemistry for many years to come. Learn more at ergonspecialtyoils.com/SecurityofSupply.



- 28 - 
NLGI Spokesman  |  VOLUME 84, NUMBER 3  |  July/August 2020 

Abstract 
As originally approved in 1940, the ASTM D566 (ISO 2176) dropping point test was used to give an 
indication of the higher temperature performance of a grease. A historic rule of thumb suggested that 
the upper operating temperature of a grease was approximately two-thirds of the dropping point. 

The ASTM D2265 dropping point test, using an aluminum block heater instead of an oil bath, was 
introduced in the 1960s. When it was standardized, a fudge factor was introduced to adjust the 
observed dropping points from ASTM D2265 to match the results from ASTM D566. A 1968 ASTM 
research report into dropping point test methods recommended deleting the ASTM D566 method, but 
it is still here and in service today.

In 1991, Labude presented an NLGI paper that suggested that this fudge factor was no longer valid. In 
the present study, reviewing the data and greases tested indicated that the greases tested in 1967 bore 
little or no relation to those in use today. 

In 2008, Coe spoke out against using the dropping point test as a means of defining the upper 
operating temperature of grease. The publication of ISO 12924:2010 retained the dropping point test 
as an indication of upper operating temperature for greases at 60C (≥ 90C dropping point) and at 80C 
(≥ 130C dropping point). Above this temperature, the dropping point only has to be reported, and the 
DIN 51821 FE9 test is used as the arbiter.

This paper will argue that the dropping point test should be retired from service as it has ceased to 
have any meaning in the real world. Nevertheless, it is anticipated that the ASTM D2265 dropping 
point test will be around and in service for many more years. This paper will also explore attempts by 
formulators to get high dropping point values through additives and thickener technologies.

Background  
Long before the American Society for Testing Materials (now called ASTM International) approved the 
first standardized method for dropping point testing in 1940 (1), there were many other techniques 
for determining the maximum usable temperature of lubricating greases. In 1909, Gillette (2) 
published a paper on analytical methods and friction testing of lubricating greases. In this paper, 
he acknowledged that determining the melting temperatures of greases was not standardized and 
everyone used different methods. One test he reviewed, developed in Germany by Ubbelohde (3), used 
an 80 to 100 mm long capillary tube with a 4 mm inner bore diameter, graduated at 10 and 50 mm 
from one end. Test grease was forced into the capillary tube at the 10 mm graduated marker end up to 
the line. A second tube was then prepared similarly, and both capillary tubes were tied to a calibrated 
thermometer with the bulb adjacent to the grease. This assembly was then inserted into a beaker of 
water to the 50 mm marker. The water was heated at a controlled rate of about 2C per minute until 
the grease softened to a point that the 50 mm head of water pressure forced the grease to rise up the 
capillary tube. The melting point was taken as the average of the two temperatures when the grease 
was forced upwards.

Archbutt and Deeley (4) identified several other methods of determining the melting temperature 
of lubricating greases, including some crude methods that were the forerunners of today’s ASTM 
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D566 (ISO 2176). One method, described as being especially applicable to hard greases with high 
melting points, was to place a 2 mm cube of grease on a quantity of mercury in a 25 mL crucible with a 
thermometer bulb inserted into the mercury. The crucible was heated on a hot plate until the melting 
temperature was recorded on the thermometer.

Another reported test method for the determination of the melting point of fats and lubricating 
greases (undated and unreferenced but prior to 1889) was that of Pohl. Archbutt and Deeley (4) 
suggested that the method was originally developed to determine the melting temperature of fats. In 
Pohl’s method, lubricating grease or the fat of interest was melted, applied to the sides of the bulb of 
a thermometer, and then allowed to completely cool off. The thermometer with its layer of grease was 
then suspended inside a test tube by a cork with a vent hole. The test tube was then heated until the 
grease started to flow and form a drop at the bottom of the thermometer bulb. This temperature was 
described as the drop point of the fat or the grease. This method did not work with cup greases as the 
pre-melting significantly altered the grease’s behavior. Cup greases, which covered many variants of 
water-stabilized calcium soap greases, are now referred to as hydrated calcium soap greases in the 
latest NLGI Grease Guide (5).

A variant on this was Stock’s method (6), published in 1889, that used a small glass tube into which 
a thermometer with a small amount of test grease on the tip of the bulb was inserted and held in 
place by a rubber sleeve. The gap between the side of thermometer bulb and the tube wall was 1.6 
mm. The thermometer with the grease was held at about 12 mm from the bottom of the tube. This 
assembly was inserted into a larger test tube. This was in turn immersed into a beaker containing oil 
or water, depending on the expected melting temperature of the grease. The fluid was heated with a 
Bunsen burner at a controlled rate until a bead of molten grease flowed to the bottom the test tube. 
This was recorded as the melting or dropping point of the grease. One variant of the test method 
was to draw a thread of grease from the thermometer bulb and then heat it until the thread melted 
or was drawn back to the bulk of the test sample. Another method coated the thermometer bulb in 
grease, inserted it suspended into a test tube which was then heated in oil at a rate of 3C per minute. 
As the temperature increased, the grease softened, and a drop fell to the bottom of the test tube. The 
temperature at which this happened was recorded as the melting or dropping point of the grease.

In his 1927 textbook “Lubricating Greases”, Klemgard (7) discussed the need to determine the upper 
usable temperature of cup greases for use in bearing applications. The melting temperature and the 
consistency of the grease at the upper operating temperature of the bearing were identified as key 
characteristics. Making sure that the grease was properly applied was also a significant factor in 
grease consumption. Klemgard noted that cup greases did not have a well-defined melting point as 
observed for pure and crystalline materials. When he heated several different cup grease samples, 
they softened (increased in cone penetration) as the temperature rose to a maximum of 93C. In some 
instances, the test greases completely liquified before they reached the top temperature. He also noted 
that some other different cup greases lost water through evaporation and hardened with heating as 
the gel dried out. Klemgard noted that the factors influencing melting behavior were the type and 
viscosity of base oil, the fat to lime ratio, and the amount of water present. 

The Current Dropping Point Test Method 
Today, some of these historic methods seem almost like alchemy, and many would be frowned upon 
or forbidden in the current safety-conscious world. Today, ASTM D566 is carried out by carefully 
positioning a thermometer so that the bulb is within the central zone of the dropping point cup, but 
not actually touching the grease. The grease cup is filled with an air-free quantity of grease. Then, 
using a standardized metal rod, most of the grease is removed, leaving only a thin layer of grease on 
the walls of the cup (1). This is illustrated in Figure1.
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Figure 1 Dropping point cup

The prepared cup is then inserted into the test tube, and this is assembled into the beaker with two 
thermometers, ready for testing. This is shown in Figures 2 and 3. The heater is switched on and 
manually controlled to heat the sample at a rate between 4 and 7C/min until the bath reaches a 
temperature of approximately 17C below the expected dropping point of the grease. At this point, the 
rate of heating is reduced so that the temperature difference between the test tube and the oil bath is 
maintained between 1 and 2C. As the temperature increases, one of three things typically happens: 1) 
material may gradually protrude through the orifice of the grease cup, form a droplet at the orifice and 
then drop; 2) the grease completely melts and pours rapidly through the orifice; or 3) as in the case 
of aluminum complex greases, the grease forms a string from the bottom of the orifice which slowly 
extends downwards. When a drop of material or the string hits the bottom of the inside of the test 
tube, the temperatures on the two thermometers are noted. The average of these two temperatures is 
calculated and reported as the dropping point of the grease.

Figure 2 Dropping point tube assembly
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Figure 3 ASTM D566 apparatus assembled 
 
A skilled operator can control the heating rate very well within the required parameters. The maximum and 
minimum specified heating rates are shown in Figure 4. The maximum and minimum specified heating rates 
are shown in Figure 4. 

 

Figure 4 ASTM D566 temperature ramp rates

The dropping point in this method is defined as “a numerical value assigned to a grease composition 
representing the temperature at which the first drop of material falls from the test cup; that temperature 
being the average of the thermometer readings of the sample and bath.” For simple soap thickened greases, 
the dropping point is an approximate measure of the melting point of the soap. The dropping point itself 
does not have any bearing on the performance of the grease as it is an in vitro static test. There was a 
historical rule of thumb that suggested that the upper operating temperature of a conventional soap-
thickened grease is approximately 2/3 of the dropping point. 
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Running the dropping point test takes a considerable amount of time, and the results can be operator 
sensitive. In 1964, the ASTM D02.G Sub-Committee on Lubricating Greases approved a new method 
for the determination of the dropping point of greases (8). ASTM D2265 “Standard Test Method for 
Dropping Point of Lubricating Grease Over Wide Temperature Range” was significantly different 
from the ASTM D566 test method. The new method used the same test tube assembly as the ASTM 
D566, but the heating method and rate were radically different. The heating was accomplished via 
an aluminum block that had been allowed to equilibrate at a defined temperature. Originally, the 
fixed block temperatures were defined as 250, 450 and 650F (121, 232 and 343C). Subsequently, the 
maximum allowable block temperature of 343C was removed and the intermediate levels of 288 and 
316C were added. The maximum dropping point temperature that could be determined at that block 
setting were also fixed. The information is listed in Table 1.

 

Table 1 Block temperatures and maximum determinable dropping points
 
In 1966, McCarthy (9) presented data from work that was carried out under the auspices of the ASTM 
Lubricating Grease Sub-Committee. The report was in two parts. The first part was a check on the 
precision and bias of ASTM D566. The second part re-introduced the newly approved ASTM D2265 
and compared the dropping points as determined this method and by the traditional ASTM D566. It 
was noted that the ASTM D566 dropping point test was being used to give an indication of the upper 
operating temperature of the grease despite the scope of the method stating that the dropping point 
was not an indicator of the performance of the grease. It was also stated that its primary purpose 
was a grease quality control tool that could indicate if the grease thickener had been correctly 
manufactured. The inter-laboratory (round robin) study (ILS) was intended to verify the precision 
statement for the ASTM D566 test method. Nine greases were tested by eight different laboratories, 
giving fifty-six degrees of freedom. It should be noted that eight of the nine greases had conventional 
soaps and the ninth had a high-melting-point calcium complex thickener. Although not stated, it 
is assumed that all the greases were mineral oil based. The original paper had all measurements 
reported in degree Fahrenheit. Table 2 has the average data from the laboratories and samples 
converted into degree Celsius.
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Table 2 Test data from the original 1967 inter-laboratory study converted to degree Celsius

This re-introduction of the new dropping point test method described the efforts that had taken place 
to try to get a method that was much easier to use than the traditional oil bath method approved. 
Several attempts were described to get good agreement between the two methods and introduced 
the concept of adjusting the observed dropping point so that it matched the original ASTM D566. 
Repeatability and reproducibility were defined based on the maximum allowable dropping point for 
each block temperature. The data presented showed that the higher the dropping point, the greater 
the scatter. The original data have been converted to degrees Celsius, and the observed dropping 
points back calculated from the reported values and the defined block temperature. Review of the 
data showed that, even with the adjustment factor, the data did not always agree. This set of data is 
presented in Table 3.

 Table 3 Comparison of ASTM D566 and ASTM D2265 dropping point data
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For the two hydrated calcium greases, the data showed only slight differences between the two 
methods. Two of the three sodium greases also gave good agreement, but the third one gave much 
lower dropping values than would be expected for a sodium grease. The biggest concern was that 
there were significant differences between the dropping point as determined by ASTM D566 and the 
observed dropping point. Even applying the correction factor, the dropping points by the two methods 
were not fully in alignment.

At the 1991 NLGI Annual Meeting, Labude (10) presented a review of the two dropping point test 
methods. The different heating rates for the various block temperatures were compared. The results 
showed that when the block was set to 343C, the time to reach 150C was around 75 seconds, and at 
232C, around 150 seconds. As the 343C temperature is no longer used, the time to reach temperatures 
using the three main temperatures (232, 288, and 316C) was re-measured, and the graph shown in 
Figure 5. 

Figure 5 Thermometer response at the three block temperatures

Looking at a conventional lithium grease, the block should properly be set to 232C, although Labude 
(10) noted that many laboratories that took part in a dropping point ILS on the ASTM D2265 kept 
their block set to 343C. Based on data presented for complex greases, the dropping point was always 
much higher when using the 343C block compared to the 288C block. It was pointed out that using 
the fixed temperature block was not in keeping with the intent of the method. Labude also pointed 
out that when testing complex greases, the adjustment factor (that was introduced into the ASTM 
D2265 to get it to match the ASTM D566) did not work with high temperature complex soap thickened 
greases.

Later in the 1990s, the Institute of Petroleum (IP, now the Energy Institute, EI) introduced a new 
automated dropping point tester (11). The equipment consisted of a programmable temperature 
controller and furnace into which a steel dropping point cup holder was inserted. The internal 
dimensions of the cup were the same as the standard ASTM cup, and it was filled in the same way. 
Heating was controlled and typically ran at ramp rate of 10C/min up to 20C below the dropping 
point when it switched down to 1C/min until a drop was detected by an electric eye and recorded 
automatically, without the need to continually monitor the test. This method worked well for 
conventional soap thickened greases with dropping points < 220C, but above that temperature the 
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results were very scattered. In a study carried out in 1995, a lithium soap thickened mineral oil 
grease was tested ten times with the IP 396 and ten times with the IP 132 (technically equivalent to 
ASTM D566 and ISO 2176) by the same operator in the same laboratory. The traditional dropping 
point IP 132 tests took four days to complete, whilst the IP 396 tests were completed within one day. 
The spread of results for the IP 132 test method was from 191to 199C. The mean was determined to 
be 195C. For the IP 396 test, five results of 194C and five results of 195C with a mean of 195C were 
obtained. Further work showed that for anhydrous calcium and lithium soap greases, the typical 
results for these two thickener types were consistent between the two methods, but running the IP 
396 gave quicker results. Later, a polyurea grease with a dropping point around 260C was tested. The 
results showed a huge amount of scatter with dropping points from 200 to > 300C and, in some cases, 
the dropping point was not detected, even though grease material was found in the bottom of the 
sample holder. 

Looking at the temperature ramp rates for the three standardized test methods, ASTM D566 is the 
slowest, taking up to 60 min to reach 200C, with ASTM D2265 reaching the same temperature after 4 
min with the block set to 232C, and only 125 sec with the block at 316C. The IP 396 temperature ramp 
rate is closer to that of the ASTM D566, 35 min to reach 200C. These data are shown in Figure 6. 

Figure 6 Comparison of dropping point temperature ramp rates. 

One of the challenges with the IP 396 apparatus is that when running greases with high dropping 
point temperatures, or greases that smoke when heated, the electric eye drop detection system gets 
fogged. This can result in the failure to detect the drop. The detector needs to be cleaned every few 
tests to ensure that this does not happen. The other issue is that degradation products of the tested 
greases can build up inside the furnace. This makes it difficult to insert and extract the sample holder. 
The apparatus needs to be stripped down periodically and the lacquers and deposits need to be 
physically removed with fine abrasive paper. 

More recently, a new dropping point test was introduced. It was intended to replace the apparatus for 
the IP 396 test. One advantage of the new unit is that it does not need a separate controller to define 
the temperature ramp rate. The other feature of the new apparatus is that the equipment videos the 
test so that if the drop is missed, the video can be re-run to the point that the dropping point occurred, 
and the temperature noted. The new apparatus has two sample holders, allowing that the test to be 
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run in duplicate in a single determination. The ramp rate is programmable like the IP 396 and can be 
set to match this IP test conditions or as in the ramp rate of the ASTM D566.

Work was carried out to explore the behavior of the new test method, in terms of determining the 
dropping point and comparing the results with those obtained by the ASTM D2265 test method. A 
simple lithium soap grease, a lithium complex grease, and a calcium sulfonate gel grease were tested. 
The data are shown in Table 4.

 Table 4 Dropping point data for the new tester compared to that from ASTM D2265.
 
The lithium soap grease showed similar values for the reported dropping point and when using the 
other three ramp rates. The calcium sulfonate grease showed no drop with any of the conditions 
tested. The lithium complex grease was problematic due to the fact that the new equipment gave 
significantly different data relative to the ASTM D2265 method, including the observed dropping 
point. 

Additional testing was run on these three greases and on another lithium complex grease that had an 
ASTM D2265 dropping point of 250C. The results for the new dropping point test further illustrated 
issues with higher dropping point greases. When the simple lithium grease was run in duplicate, 
similar results were obtained. Determinations #1 and #2 were both 198C when the ramp rate was 
10C/min. Replicate testing with lower ramp rates as per ASTM D566 gave two results of 193 and 
194C. A fresh sample of the lithium complex grease from Table 4 gave results of 276 and 277C when 
ramped at 10C/min compared to the original determinations at 278C by ASTM D2265, but only 
between 249 and 265C when run at the slower ASTM D566 ramp rate. The calcium sulfonate grease 
gave consistently “no drop” readings no matter what ramp rate was employed. 

When the lithium grease was run as one of the two test samples with either the lithium complex or 
the calcium sulfonate grease as the other, its dropping point was seemingly unaffected. However, for 
the second grease the dropping point value was significantly lowered. The original lithium complex 
dropping point went from originally 275C down to 250C. The second lithium complex grease went 
from originally 250C down to 233C. The reasons for this lowering of dropping point are under 
investigation. The other issue was that when the calcium sulfonate grease got hotter than 300C, they 
started to smoke, and this caused issues with the video taking and seeing the drop form. At this stage, 
the test method still needs more work before it can be standardized. Another issue is that only a limited 
number of the new test equipment units are currently in use by the grease industry.

A further significant issue is that both the ASTM D566 and ASTM D2265 methods specify the use 
of mercury-in-glass thermometers, typically ASTM IP 3C that is a 76 mm immersion thermometer 
capable of operating to 400C with 1C graduations. Based on recent work, it has been attempted to 
replace these mercury thermometers with liquid alloy containing thermometers. Galinstan™ is an 
alloy based on gallium. It is still a hazardous material, but it is not as hazardous as mercury. Work 
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within ASTM D02.G0 Sub-Committee is ongoing, as initial results suggested that the new alloy 
thermometers did not respond as fast as the current mercury thermometers, and the results appeared 
to be offset. Other work within the Sub-Committee looked at using platinum resistance thermometers 
to replace the mercury ones. The results looked comparable, but the glass coated thermometer used 
along with its reader cost several thousand dollars. Work is ongoing on this topic too.

In 2008, Coe (12) spoke out against using the dropping point test as a means of defining the upper 
operating temperature of grease. He reviewed the specifications of various commercial greases and 
also carried out testing to see how the suppliers’ claims about the high-temperature properties of 
their greases compared to how they performed in standard high temperature grease tests. The tests 
utilized were the DIN 51821 FE9 High Temperature Grease Life, ASTM D3527 Wheel Bearing Grease 
Life, ASTM D4290 Wheel Bearing Grease Leakage and ASTM D5483 Pressure Differential Scanning 
Calorimetry (PDSC). In addition, the dropping points of the candidate greases were measured. The 
data showed that there was no correlation between the dropping points and the high temperature 
performance of the greases. More importantly, some greases did better than others in certain tests, 
but worse than other greases in other tests. One particular grease, with the highest dropping point of 
those tested at 309C, barely passed the FE9 at 140C and the wheel bearing life test at 160C, although 
its supplier claimed that it would work at temperatures up to 180C. Another supplier claimed that a 
synthetic lithium complex grease could function up to 232C, but this grease had a dropping point of 
only 291C. In the PDSC grease test, it performed badly with a life of < 5 min, and the FE9 F50 life was 
only 109 h at 140C, but in the wheel bearing grease life test it failed at 280 h.

The publication of ISO 12924:2010 (13) retained the dropping point test as an indication of upper 
operating temperature for greases at 60C (≥ 90C dropping point) and at 80C (≥ 130C dropping point). 
This use of the dropping point reinforces the historical two thirds rule for greases for conventional 
soap thickened greases. For greases to be used at above 120C, the dropping point only has to be 
reported, and the DIN 51821 FE9 test is used as the arbiter of high temperature performance. Based 
on the data from Coe (12) and Fish et al (14), the reliance on the DIN 51821 FE9 test is misplaced as 
many greases, including ones for high temperature applications, do poorly in this test, but function 
satisfactorily in other high temperature tests such as the ASTM D3336 high temperature grease life 
test. The other major issues with using a bearing test are the time it takes to run the test can be up to 
several weeks, and the high cost of test rig ownership. 

Recommendation  
What is clear from the data reviewed above is that in high temperature tests run at or above 120C, a 
high dropping point does not correlate to good performance in any standardized grease tests. Today, 
the dropping point test is only useful as a quality control tool. Its only purpose is to ascertain that the 
thickener has been manufactured properly. A good lithium complex grease should have a dropping 
point above 260C, indicating that the complexing reaction was properly controlled. After being used 
for more than 130 years, it is time to discontinue relying upon the dropping point test in grease 
performance specifications. That having been said, it takes approximately twenty years from formal 
deletion of a test method to completely removing it from global commerce. In the case of the dropping 
point test. the time to start this process is now. But in the meantime, grease formulators need to 
know how to obtain high dropping points. Strategies for enhancing thermal stability and artificially 
increasing dropping points of a variety of greases will be now be outlined.

Proper Control of Complexing 
In the 2014 NLGI Paper, Fish and Hsu (15) looked at ways to improve the making of lithium complex 
thickeners, and consistently high dropping points could be achieved. It was noted that some 
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specifications demanded a very high dropping point of > 280C, despite the requirement for grease to 
perform up to 150C. From this is it clear that many specification writers do not understand that the 
dropping point test is not an arbiter for high temperature performance but merely a quality control 
test. It has been noted that some new grease specifications from a bearing manufacturer included FE9 
life requirements but did not specify a minimum dropping point. 

It was noted that making lithium complex greases in a one-step process (16) often resulted in a 
lower than desired dropping point, but based on other data presented, the grease thickeners seemed 
to be good. The paper from Fish and Hsu (15) outlined how using an anhydrous lithium hydroxide 
dispersion to make the thickener was far superior to using lithium hydroxide monohydrate. In a 
standard two-step complexing process, even when using very high levels of complexing acids, the 
grease barely achieved the minimum required dropping point of 280C. A further benefit illustrated 
was that using the anhydrous lithium hydroxide dispersion, much higher dropping points could 
be achieved in a one-step process. With the lithium hydroxide dispersion, much lower levels of 
complexing acids were used to achieve the required 280C dropping point. As was previously explained 
(19), reducing the amount of complexing acid reduces the amount of lithium needed for saponification 
and saves cost. The comparative data when using azelaic acid as the complexing agent are shown in 
Table 5. The amount of complexing acid needed is approximately half of the amount needed for the 
lithium hydroxide monohydrate powder and water, and the amount of lithium used is 17% less. Other 
data using sebacic acid were presented in a previous paper (15).

 

Table 5 – High dropping points with a lithium hydroxide dispersion
 
Confusion Between Dropping Point and Thermal Stability 
There have been more than 20 papers published in in the last 40 years discussing and outlining 
strategies to enhance the dropping points of greases. In 2009 (17) and 2010 (18), Lorimor presented 
data showing that many additives increased the dropping points of grease. In most cases the additives 
did not increase the thermal stability of the grease, but merely ‘tricked’ the tester into reporting 
a higher value of dropping point as tested by ASTM D2265. This is a further argument for the 
illegitimacy of the test method and its current adjustment factor. Lorimor reported (17) that the best 
dropping point enhancers were boron compounds in which the boron was made available to associate 
with the thickener molecules and crystals to give them better thermal stability. Many of these 
additives work in conjunction with zinc dithiophosphates (18). 
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 Table 6 – Borated dropping point enhancer additives in lithium grease
 
Based on the data presented, borate esters are the most effective way to deliver dropping point 
enhancement. However, borate esters are not without issues. Hydrolytic stability can be an issue, 
and they can release alcohols and boric acid, which is an environmental concern in some markets. 
The alcohols give rise to subjective odors, which may be undesirable. A new odorless borate additive 
(Borate ester 2) has now been developed that also has enhanced hydrolytic stability and responds 
similarly to the incorporation of zinc dithiophosphate. Comparative data for this and the other borate 
compounds are summarized in Table 6.

Data presented in 2017 (19), showed that the borate ester 2 could deliver significant thermal 
stabilization and should not be thought of just as a dropping point enhancer but as better alternative 
to boric acid as a complexing agent for lithium soap greases.

Calcium Sulfonate Complex Greases 

In the paper presented in response to the lithium crisis (19), calcium sulfonate complex greases were 
proposed as potential alternatives to lithium complex greases. It was noted that when making gels, the 
dropping point is always above 304C as measured by ASTM D2265. When making calcium sulfonate 
complex greases, calcium 12-hydroxystearate soap is formed as the co-thickener. The presence of 
this co-thickener does three things: increases the yield by reducing the amount of calcium sulfonate 
precursor needed to make the NLGI grade; reduces the load carrying capacity (LCC) of the grease 
in terms of passing Timken OK load stages and 4-ball weld points and increased 4-ball wear scar 
diameters; and can reduce the dropping point of the grease. 

There is no published evidence that the presence of the soap has a negative impact on the thermal 
stability of the grease. Because of the misconceptions about what the dropping point is, there is the 
perception that a calcium sulfonate complex with a dropping point of only 280C is inferior to one with 
a dropping point of > 304C. To boost the LCC, precipitated calcite (CaCO3) is added to the grease. Other 
ways to boost the LCC are: to add calcium phosphate, either as a powder or formed in situ from the 
reaction of phosphoric acid and lime; to add acetic acid to form calcium acetate; or to add additives 
with high (> 35 wt%) sulfur. To boost the dropping point of calcium sulfonate complex greases, one 
of two solutions is typically employed: adding additional lime and boric acid; or adding an excess of 
acetic acid and lime. The former produces a calcium salt of boric acid (not calcium borate) whose 
molecular formula is unclear. The latter produces calcium complex thickener in a similar way to that 
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seen in a calcium complex thickened grease. In both instances the dropping point of the calcium 
sulfonate complex grease should be > 304C as measured by ASTM D2265.

Next steps 
The way forward is not clear. The ASTM dropping point test methods, as issued, have no long-term 
future because of their use of mercury in glass thermometers. The replacement of these thermometers 
with either liquid metal alloy thermometers or by a platinum resistance thermometry system is 
still under investigation. The equipment to run the current IP396 is no longer manufactured, and 
its proposed replacement does not give consistent results. Lorimor (18) presented ideas of how the 
dropping point test may be replaced by differential scanning calorimetry (DSC). The key issue there 
is that DSC can determine when the thickener system melts, but typically gives no clues as to what 
the upper operating temperature of a lubricating grease might be. Lorimor (17) and Fish et al (19) 
presented data to show that rheological methods could potentially be used as a method to determine 
the upper operating temperature of grease, but again, progress to standardize methods has been slow.

Summary 
It is clear from what has been seen and reported over the last 60 years that the originally developed 
dropping point test, ASTM D566 / ISO 2176, has run its course. The British version, IP 132, has 
already been made obsolete. The replacement test, ASTM D2265, was approved in 1964 on the basis 
that its adjustment factor would result in dropping point values similar to those of ASTM D566. The 
greases tested in that study (9) bore little relation to the greases in mainstream use today. In 1991 
(10), it was proposed that the adjustment factor adopted in 1964 (8) was no longer valid and that the 
test method was in need of revision. 

As the dropping point test is not likely to be discontinued in the next few years, several strategies 
have been outlined that would enable grease makers to develop greases to pass higher dropping point 
requirements. However, in many cases, greases with high dropping points do not give satisfactory 
high temperature behavior. Additive technologies that both increase the dropping point and increase 
the high temperature stability of lubricating greases have been outlined in this paper. One key aspect, 
often overlooked, is that the methods of determining the upper limits on operating conditions of a 
grease need to be properly defined. Often specification writers select a method that is inappropriate 
for the application, and this hampers the development of suitable greases.

Conclusion 
This paper has presented a discussion on dropping points and dropping point testing, and has 
concluded that the current methods of determining dropping point by both ASTM D566 / ISO 2176 
and ASTM D2265 are unsuitable for lubricating grease in today’s world. 

Moving forward, other test methods such as rheology and thermal analysis are under study as better 
methods to determine the upper operating temperatures of grease. Using bearing tests such as the 
DIN 51821 FE9 is impractical.
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Abstract
Alkylated naphthalenes are multifunctional, high performance base fluids available in a diverse ISO 
viscosity range from 22 to 193 cSt at 40°C. They are typically used as a co-base stock in oil and grease 
formulations to replace a portion of petroleum or PAO base oil.  

This paper highlights some selected results for high temperature applications, including chain 
lubrication, an in-house panel coker test, plywood manufacturing, and greases, that show how 
alkylated naphthalenes extend the lifetime of high-performance lubricants by improving their thermal 
and thermo-oxidative stability, decreasing their volatility, and providing excellent dispersion and 
varnish control for system cleanliness.  

Introduction
Alkylated naphthalenes are classified by the American Petroleum Institute (API) as part of the Group 
V base oil category. However, alkylated naphthalenes are rarely used as the sole base fluid. They are 
typically incorporated into lubricant formulations to replace a portion of a Group II, Group III, or PAO 
base oil. This is done to extend the lifetime of high-performance lubricants by:

• Improving the thermal and thermo-oxidative stability
• Enhancing the solubility and response of additives
• Imparting seal swell
• Decreasing volatility
• Providing varnish control for system cleanliness

Previously, many results demonstrating these performance benefits using various bench tests have 
been reported for liquid lubricants and greases containing alkylated naphthalenes. [1,2] 

Most alkylated naphthalenes also have approvals for NSF HX-1 incidental food contact. 

Naphthalene Ring
Figure 1 shows that the alkylated naphthalene molecule consists of two fused six-member rings with 
alkyl groups attached. It is the electron-rich ring structure that imparts the performance enhancing 
properties, notably in non-polar fluids. The ability of the naphthalene ring to absorb energy, resonate, 

This paper was given an honorary slot at the 2019 NLGI Meeting because the original  
presentation was awarded Best Technical Paper at the 2019 NLGI-India Meeting. 
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and then disperse that energy, much like antioxidants, gives alkylated naphthalenes their inherent 
excellent thermal and thermo-oxidative stability. The naphthalene ring also provides the polarity for 
imparting additive solubility, seal swell, and varnish retardation. 

Figure 1: Alkylated Naphthalene Structure

The core naphthalene system consists of 
two fused six-membered rings with an 
electron-rich conjugated π system.

R1 to R8 are independently linear or branched alkyl groups or hydrogen.

Alkyl Chains
The alkyl groups control most of the physical characteristics of alkylated naphthalenes. In Figure 
1, each substituent (from R1 to R8) can be a linear or branched alkyl group or a hydrogen atom. By 
carefully controlling the type of alkylating agent used and the degree of alkylation, the chemical and 
physical properties of alkylated naphthalenes can be significantly influenced. [3,4]

Products
For flexibility in formulating lubricants for a variety of applications, alkylated naphthalenes are 
available in a diverse viscosity range from about 22 to 193 cSt at 40°C and from about 4 to 20 cSt at 
100°C. As shown in Table 1, increasing the viscosity also increases the viscosity index, the aniline 
point (which means the polarity decreases), the flash point, and the pour point while significantly 
decreasing the volatility.

Table 1: Alkylated Naphthalene Properties
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Applications
Alkylated naphthalenes are used by lubricant formulators to meet demanding requirements for a wide 
variety of applications including:

• Automotive and Stationary Engine Oils
• Automotive and Industrial Gear Oils 
• High Temperature Chain Lubricants
• Paper Machine Oils
• Hydraulic Oils 
• Circulating Oils / Turbine Oils / R&O (Rust and Oxidation) Oils
• Screw Compressor Oils
• Heat Transfer Oils
• Windmill Oils
• Conveyer Belt Oils for Presses
• Automotive and Industrial Greases

High Temperature Chain Lubrication
High temperature chain lubrication is a prime example of how alkylated naphthalenes can extend the 
lifetime of a high temperature lubricant by reducing the volatility to retain the fluid longer and by 
imparting thermal and thermo-oxidative stability to inhibit viscosity increase and varnish formation.

Chain lubricants are used in many applications where the temperatures can range from less than 150 
to greater than 600°C, including:

• Transportation (<150°C)
• Agriculture (<150°C)
• Mining (<150°C)
• Bakeries, where approvals for incidental food contact are required (between 150 and 220°C)
• Automotive coating plants (between 180 and 250°C)
• Beverage can-coating plants (between 180 and 250°C)
• Manufacturing of plywood, textiles, ceramics, and plastic films (between 220 and 300°C)
• Kilns for making pottery, brick, and cement (>600°C)

Alkylated naphthalenes are typically used in applications where temperatures range up to 300°C.

Typical chain lubricant formulations contain a thickener, a tackifier such as polyisobutylene (PIB) 
to improve adhesion, and a viscosity index improver. They may also include antioxidants, usually 
combinations of aminics and phenolics, various EP/AW additives, corrosion inhibitors to protect iron 
and copper, and a defoamer.

Experimental Results
In this study, testing was conducted to determine if the addition of alkylated naphthalene to various 
chain lubricant formulations would help improve their high temperature performance. In a simple 
test, three grams of test fluid were placed in an aluminum pan and heated in an oven at 260°C for 8 
hours. Afterward, the evaporation loss and condition of the fluid were determined. 
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Table 2 shows how the addition of AN-19 alkylated naphthalene to a polyol ester (POE), which is 
an oil recommended for use in high temperature chain lubricants, reduced the evaporation loss 
to retain the fluid longer. Both the polyol ester alone and the ester with 3% of a 50:50 antioxidant 
blend of alkylated diphenylamine and phenyl-alpha naphthylamine resulted in 94% evaporation 
loss. Replacing 20% of the polyol ester with the alkylated naphthalene significantly reduced the 
evaporation loss to 71%. The addition of the 3% antioxidant blend had essentially no effect on 
evaporation.

Table 2: Reduction of Evaporation Loss to Retain Fluid

AN-19 alone has an evaporation loss of 43%.

* POE 1963 is an ISO VG 68 polyol ester recommended for high temperature chain lubricants
  (180–300°C).
† AO Blend is a 50:50 mixture of alkylated diphenylamine with phenyl-alpha naphthylamine.

Table 3 compares evaporation loss of POE (94%) and AN-19 (43%) individually under the same test 
conditions. Theoretical evaporation loss was calculated at 84% for 80% POE / 20% AN-19 based on 
the weighted average of losses. However, the observed evaporation loss was 71%, indicating that there 
was a synergy between POE and AN-19 that helped to reduce the evaporation loss and retain the fluid 
longer.

Table 3: Evaporation Loss Results

Another formulation was tested, as shown in Table 4, where 12% of the polyol ester was replaced 
with PIB thickener and tested with and without 3% of the antioxidant blend. The addition of PIB had 
no effect on the evaporation loss, which was essentially the same as the polyol ester alone at 94% 
loss. Again, replacing 20% of the polyol ester with alkylated naphthalene significantly reduced the 
evaporation loss to 69%, and the 3% antioxidant blend had no effect. It was also observed that the 
addition of the PIB to the polyol ester with no alkylated naphthalene (Blends 5 and 6) resulted in hazy 
fluids, while the addition of the 20% alkylated naphthalene eliminated the haze, resulting in clear 
solutions (Figure 2). 
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Table 4: Reduction of Evaporation Loss to Retain Fluid

* POE 1963 alone had an evaporation loss of 94%.

Figure 2: Appearance of Blends 

The ester alone was clear (left). When 12% PIB was added to the ester, the sample became hazy 
(middle); however, when 20% alkylated naphthalene was added in combination with PIB, the blend 
remained clear (right).

Before aging, all fluids flowed easily. Figure 3 shows that after aging at 260°C for 8 hours, all samples 
without AN-19 resulted in a thin, hard varnish that was not self-healing when scratched. However, all 
the samples with AN-19 resulted in less evaporation and left thicker, and therefore darker, samples 
that remained fluid and functional. Figure 4 shows that the samples containing the AN-19 were self-
healing when scratched, and Figure 5 demonstrates flow after aging. 

Figure 3: Varnish Formed by Blends Without Alkylated Naphthalene

The samples without AN-19 created a thin, hard varnish on the metal surface and were not self-
healing when scratched.
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Figure 4: Alkylated Naphthalene Blends After Aging

The samples that contain AN-19 showed an increase in viscosity after being heated but were still fluid 
and self-healing when scratched.

Figure 5: Alkylated Naphthalene Blends After Aging

The samples that contain AN-19 flowed after aging.

Chains were also dipped in the 100% polyol ester and the 80% ester / 20% AN-19 blend and then 
allowed to dry overnight. The chains were then pushed into an accordion shape, baked for 8 hours at 
260°C, and then their post-bake hanging performance was observed. Figure 6 shows the chain on the 
left (lubricated with 100% polyol ester) was covered in solid varnish at the end of the test, and the 
chain remained frozen in place when hung. The chain on the right (lubricated with the POE / AN-19 
blend) was covered in a viscous liquid at the end of the test; that liquid continued to lubricate, and the 
chain fully extended within 2 seconds when hung. 

Figure 6: Extended Service Life of a POE Containing 20% AN-19
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In-House Panel Coker Test
An in-house panel coker test was designed to evaluate the thermo-oxidative properties of formulated 
fluids by measuring the deposit formation on stainless steel panels after applying a constant flow of 
test fluid for 18 hours, which created a thin film at elevated test temperatures. The test rig was housed 
in a high temperature oven and was designed to drip a test fluid at a controlled flow rate onto a panel 
surface, both of which were held at the same test temperature. The temperature and surface angle of 
the panel were adjustable.

Using a syringe pump, the fluid was pumped through a 1-mm-thick stainless steel tube, which was 
contained in the oven, and dripped onto the surface of a cleaned, pre-weighed panel. The flow rate 
was set to 0.8 mL/hour, and the test was run for 18 hours (14.40 mL total fluid delivered). After the 
test, the oven was allowed to cool, and the panel was weighed again before being cleaned in a heptane 
vapor degreaser for 1 hour. 

Two values were calculated: 

Total Deposit: The combined weight of soft and hard deposits remaining on the panel at the end of the 
18-hour test was reported as a weight percentage of the total fluid delivered.

Cured Deposit: The weight of remaining deposit after the panel was degreased was reported as a 
weight percentage of the total deposit.

A model bakery chain formulation was used for evaluation. It was based on PAO blended to ISO VG 
220. Portions of the base fluid were replaced with AN-19, and all blends were treated with 2.5% HX-1 
additives including: triphenyl phosphorothionate, alkylated diphenylamine, ashless dithiocarbamate, 
butylated hydroxytoluene, and calcium sulfonate.

As the PAO base fluid was partially replaced with 10% increments of AN-19 up to 30%, there was 
a significant decrease in both total deposits (Figure 7) and cured deposits (Figure 8) compared to 
the PAO formulation alone. Additionally, the panel appearance showed deposit patterns with less 
coke buildup along the edge of the fluid flow path and a reduction in varnish formation with the 
incorporation of AN-19 before (Figure 9) and after (Figure 10) degreasing. 

In summary, replacement of a portion of the PAO base fluid with AN-19 improved in-house panel 
coker performance for both total and cured deposits.
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Figure 7: Panel Coker – Total Deposit with AN-19 Base Oil Replacement

Figure 8: Panel Coker – Cured Deposit with AN-19 Base Oil Replacement
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Figure 9: Panel Coker – Panels Before Degreasing

Figure 10: Panel Coker – Panels After Degreasing

Plywood Manufacturing
A field example of a commercial conveyer belt oil containing AN-19 also resulted in excellent system 
cleanliness. When used for the first time in a press, the alkylated naphthalene dissolved the old 
deposits on drive roller friction liners that had formed from oxidation by-products of the previously 
used oil.
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Figure 11 contrasts the friction liners before (left) and after (right) use of AN-19. The friction liners 
originally were coated with heavy deposits from the previously used oil. After using the AN-19 
formulation for 6 months, the alkylated naphthalene completely removed the deposits and cleaned the 
friction liners. As a result, the oil darkened. When the darkened oil was replaced with fresh oil, there 
was no formation of new deposit and the oil did not darken. It was also noted that removal of deposits 
by the AN-19 product significantly reduced unwanted noise, vibration, and wear of the equipment, 
and greatly reduced maintenance cost.

Figure 11: Removal of Deposits formed from a Previously Used Oil

Friction liners before and after 6 months of AN-19 containing product use.

Greases
Several NLGI grade 2 greases were made using lithium 12-hydroxystearate, lithium complex, and 
aluminum complex thickeners and 10 cSt PAO blended with various levels of alkylated naphthalene.

Lithium 12-hydroxystearate
Lithium 12-hydroxystearate greases were made with PAO only and PAO blended with AN-15 of similar 
viscosity. Use of AN-15 improved several grease properties, as shown in Table 5. Additionally, the 
thickener demand was reduced to 7% with a PAO / AN-15 blend vs. 12% with PAO only. Less thickener 
can result in improved low temperature grease properties. The PAO / AN-15 grease was also more 
transparent than the PAO grease, as shown in Figure 12, probably because the alkylated naphthalene 
acted as a bridging solvent and reduced the opaqueness of the grease. 

Table 5: AN-15 vs. PAO 10 in Lithium 12-Hydroxystearate Grease
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Figure 12: Grease Color / Appearance

The PAO / AN-15 grease was also smoother than the PAO grease, probably because the alkylated 
naphthalene acts as a highly effective dispersant. The PAO / AN-15 grease also resulted in superior 
thermal gravimetric analysis and PDSC (Pressurized Differential Scanning Calorimetry) performance, 
liberating very small amounts of heat.

PDSC (ASTM D5483) testing was also conducted using greases made with lithium 12-hydroxystearate 
thickener and blends of PAO containing 10 and 50% AN-15. Figure 13 shows a typical temperature 
ramp to the test temperature, 2-minute equilibration, and a spike from opening the oxygen valve. 
In this test, 2 mg of grease were placed in an aluminum test pan, and the temperature was ramped 
at 100°C/min to the test temperature. Then, the sample was allowed to equilibrate at the test 
temperature for 2 minutes. The oxygen valve was opened, and the system was pressurized to 500 
psi within 2 minutes. When equilibrated, the oxygen was adjusted to a flowrate of 100 mL/min. The 
oxidation induction time was measured from the time when the oxygen valve was opened. 

Figure 13: PDSC ASTM D5483 Explanation
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Figure 14 shows PDSC test results obtained at 180°C. The temperature ramp, the 2-minute 
equilibration, the oxygen valve opening, and the spike were clearly observed. The grease made with 
100% PAO oxidized immediately and quickly. Adding 10% AN-15 to the PAO imparted oxidation 
resistance to the grease. And adding 50% alkylated naphthalene to the PAO imparted even more 
significant oxidation resistance, making the grease completely stable and equivalent to the grease 
made with 100% alkylated naphthalene.

Figure 14: AN-15 in Lithium 12-Hydroxstearate / PAO 10 Grease

ASTM D5483 – PDSC (180°C, 500 psi oxygen)

Norma Hoffman (ASTM D942) oxidation testing was also conducted using the lithium 
12-hydroxystearate greases. In this test, five glass dishes were filled with 4 grams of test grease and 
placed in a pressure vessel. The vessel was sealed and pressurized to 110 psi with oxygen, and then 
placed in a bath held at 99°C. The pressure in the vessel was recorded at various times throughout the 
test.

Norma Hoffman test results followed the same trends as the PDSC testing, as shown in Table 6. The 
grease made with 100% PAO was the least stable and oxidized immediately and quickly. Adding 10% 
AN-15 to the PAO imparted oxidation resistance to the grease. And adding 50% alkylated naphthalene 
to the PAO imparted significant oxidation resistance, making the grease very stable.

Table 6: AN-15 in Lithium 12-Hydroxstearate / PAO 10 Grease

ASTM D942 – Norma Hoffman
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Lithium Complex
Two lithium complex greases were compared, one made with 100% PAO base fluid, while the other 
was made with a 70% PAO / 30% AN-19 blend. The lithium complex grease made with 30% AN-19 
had improved properties over the grease made with 100% PAO. 

The greases were also top treated with 3.35% of an additive package consisting of calcium sulfonate, 
alkylated diphenylamine antioxidant, sulfurized olefin / fatty oil, zinc dithiophosphate, and a 
tolyltriazole derivative. The additized greases showed the same performance trend with the 30% 
AN-19 grease, exhibiting superior performance to the grease made with 100% PAO. Specifically, 
the additized grease made with the alkylated naphthalene showed superior PDSC performance at 
200°C, resulting in an increased induction time and reduced heat flow, as shown in Figure 15. The 
incorporation of alkylated naphthalene also had no negative effects on other grease properties, 
including cone penetration, four ball weld and wear, copper corrosion, and water stability, as show in 
Table 7. 

Figure 15: AN-19 in Lithium Complex / PAO 10 Grease

ASTM D5483 – PDSC (200°C, 500 psi oxygen)
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Table 7: AN-19 in Lithium Complex / PAO 10 Greas

Aluminum Complex 
PDSC testing was also conducted at 180°C comparing aluminum complex greases made with all PAO 
base fluid and PAO blended with 10% AN-19 or 20% AN-19, as shown in Figure 16. All the greases 
contained 0.5% alkylated diphenylamine antioxidant. The greases made with AN-19 showed superior 
thermo-oxidative resistance, resulting in increased induction times and reduced heat flows, vs. 
greases formulated with PAO only.
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Figure 16: AN-19 in Aluminum Complex / PAO 10 Grease

ASTM D5483 – PDSC (180°C, 500 psi oxygen)

*ADPA = alkylated diphenylamine antioxidant

Aluminum Complex greases courtesy of FedChem, LLC.

Conclusions
Alkylated naphthalenes are Group V fluids that are available in a diverse viscosity range for flexibility 
in formulating high performance oils and greases for a variety of applications. They are typically 
incorporated into lubricant formulations by replacing a portion of a Group II, Group III, or PAO base oil 
to extend the lifetime and performance of the lubricant.

For a high temperature chain application, the addition of alkylated naphthalene resulted in less 
evaporation loss, better sample clarity, and superior varnish control that allowed the fluids to remain 
liquid and continue to lubricate.

Results obtained with an in-house panel coker test showed that incorporating alkylated naphthalene 
in a PAO model formulation reduced the formation of both total and cured deposits.

In a commercial plywood manufacturing application, a formulation containing alkylated naphthalene 
removed heavy deposits that had formed previously and also inhibited subsequent formation of new 
deposits.
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For the various greases made using different thickeners, PAO / alkylated naphthalene blends imparted 
several improvements over PAO, including superior thermo-oxidative stability, less thickener, better 
transparency, and smoother texture.
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NLGI Interviews Mr. Joseph P. Kaperick
Senior R&D Advisor for Greases

Afton Chemical Corporation, Richmond, VA 
By Mary Moon and Raj Shah

In June of this 
year, NLGI 
President Joe 
Kaperick passed 
his gavel to Jim 
Hunt, Tiarco 

Chemical (Dalton, GA). Like 
the protagonist in the classic 
detective stories by Sir Arthur 
Conan Doyle, Joe enjoys solving 
problems, whether in the 
Boardroom or in the grease 
lab, and he is always eager to 
test a hypothesis or try out a 
new approach by looking at 
data from a different angle. To 
unravel the mysteries of Joe’s 
activities at the heart of NLGI, 
read on! 

Career and Education

NLGI: How long have you 
worked in the grease 
industry?

JPK: I started working actively 
in the grease industry in 1999 
when I accepted a Customer 
Technical Service position at 
Afton Chemical (Richmond, 
VA). At the time, my focus was 
broad – I was responsible 
for automatic transmission, 
automotive gear, and industrial 

fluids. Grease was a relatively 
small part of that portfolio, but 
my supervisor’s strategy was 
to put more resources into the 
lower volume, higher value 
Industrial area. He designated 
a group of staff to focus on 
additives for Industrial fluids 
including greases. Then, we 
realized the market potential of 
this segment and the value that 
Afton could bring to the table. 

NLGI: Were you interested 
in science when you were in 
college? 

JPK: Yes and no. I’ve always 
been a science nerd and 
really started to enjoy 
chemistry in high school. 
But I ‘ve also enjoyed a wide 
range of subjects in the Arts. 
Thanks to carrying over 
some college credits from 
high school and extended 
undergraduate studies, I 
earned undergraduate degrees 
in Chemistry, Fine Arts, and 
Classical Humanities, all from 
St. Louis University (St. Louis, 
MO). Then, I actually ended 
up with a Masters degree in 
Analytical Chemistry.

Joe and Liong Kee Lang at the Afton China Technology Centre in Suzhou 

“Is there any point to which you would wish to draw my attention?”
“To the curious incident of the dog in the night-time.”

“The dog did nothing in the night-time.”
“That was the curious incident,” remarked Sherlock Holmes.

―Sherlock Holmes, The Silver Blaze by Sir Arthur Conan Doyle
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NLGI: So how or why did you 
choose to pursue chemistry? 

JPK: My high school chemistry 
teacher completely pulled me 
over to the dark side with his 
enthusiasm and, of course, cool 
lab experiments. Later, when I 
was in college, chemistry felt 
like a reasonable career where 
I could earn enough money 
to support a family. I came to 
realize that I truly enjoyed 
the problem-solving aspects 
of testing and formulating 
products that people actually 
used in the day-to-day world.

NLGI: How did you get your 
first job at Afton, and what 
were your responsibilities?

JPK: I was taking the final class 
that I needed to get my Masters 
degree in Analytical Chemistry 
at St. Louis University. It was 
an evening class, and one of 
my classmates was working 
at the St. Louis plant of Ethyl 
Petroleum Additives, Inc. (now 
Afton Chemical Corporation, 
Richmond, VA). She asked 
me what I was planning on 
doing after graduation and 
I told her that I had no idea. 
She mentioned that Ethyl 
was looking for an Analytical 
Chemist and that I should apply. 
I went to the University library, 
researched the Company, 
applied for the job, and started 
work at Ethyl in February 1991. 
I provided support for the 
Process Chemistry Department 
as they scaled up new products 
or did troubleshooting on 
current products, and I 

supported the QC Lab, helped 
develop new methods and 
resolved problems with current 
ones. In 2004, Ethyl Petroleum 
Additives, Inc. changed its name 
to Afton Chemical Corporation, 
and Afton began operating as 
a wholly-owned subsidiary of 
NewMarket Corporation.

NLGI: How has your career 
evolved away from the lab to 
technical management and 
strategic marketing?

JPK: In 1995, I moved from 
St. Louis to the Richmond 
headquarters and took on 
a supervisory role for the 
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of focus, I found a niche for 
myself. I became “the grease 
guy” at Afton, and I started to 
understand the inner workings 
of the grease industry and the 
role of volunteers in ASTM and 
NLGI. I’m still very connected 
to the lab and report to the 
R&D structure. Now, as a Senior 
Advisor, I find myself having 

Routine Analytical Department, 
which supported the entire 
R&D and mechanical testing 
areas. Then in 1999, I moved to 
a Customer Technical Service 
position. I really enjoyed the 
customer engagement and 
problem-solving aspects of 
that position. As I gradually 
took on grease as my main area 

more input into marketing, 
sales, and business areas.

I became “the grease guy” 
at Afton, and I started to 
understand the inner workings 
of the grease industry and the 
role of volunteers in ASTM and 
NLGI.

NLGI: Please describe your 
current role at Afton. 

JPK: I am currently a Senior 
Advisor in Grease R&D. 
The position encompasses 
activities such as contributing 
to the formulation of 
new components and 
additive packages, new test 
development, basic research in 
aspects of grease performance, 
as well as overall responsibility 
for the Industrial test lab and 
representation of Afton in the 
grease industry.

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

JPK: I’m not sure that I have a 
“typical” week, but I spend a 
fair amount of time these days 
on Webex meetings. I’m not 
sure if I’m actually getting more 
done because I’m not traveling, 
but sometimes it feels like we 
could get a lot more resolved 
with two days of face-to-face 
meetings than three weeks of 
Webex discussions! 

I normally spend a good 
amount of my time on day-
to-day oversight of the 
lab – either coordinating 
general issues with testing 
or looking more specifically 
into troubleshooting tests 

EST. 1985Servo Filling Systems
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or working with data to plan 
the next phase of a project. 
Over the last few years, I’ve 
found myself spending a 
larger portion of my week 
coordinating activities with 
NLGI and keeping projects, 
activities and strategies on 
track and moving forward. 
Depending on the time of year, 
I may spend a fair amount 
of time putting together 
presentations for technical 
conferences or customer visits. 
I also spend at least several 
hours a week working on 
some aspect of safety, such 
as working with lab teams 
or corporate internal safety 
teams to raise and maintain 
awareness of safety at Afton. 

NLGI: What experiences or 
mentors have guided your 
career development?

JPK: Ian MacPherson (now 
retired) was my first boss 
who highlighted the value of 
Industrial product applications 
for Afton and helped move 
the Company to the position 
where it is today. He headed 
up the Customer Technical 
Service team for Driveline/
Industrial products and was a 
great mentor who encouraged 
my involvement in the grease 
industry and helped me gain 
a lot of confidence in my 
ability to present ideas to 
customers. He had a great 
way of “sideways” thinking 
that I still try to use today. He 
encouraged me to show value 
to customers by going “beyond 
the specification”, finding 
differentiation and highlighting 

it in creative ways.

Working on the NLGI Board 
has also had a tremendous 
impact on the development of 
my career, as I have had great 
experiences working closely 
with technical experts and 
people with a passion for the 

grease industry. They have 
been great role models for me 
as I grew in my abilities. 

NLGI: We’ve noticed that you 
often use literary themes in 
your technical presentations.

JPK: Earlier in my career, I was 
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terrified of public speaking. 
Putting together a story 
that makes sense to me and 
maybe includes some familiar 
references or humor helps a 
presentation feel more like a 
shared conversation with the 
audience. With this approach, I 
feel more relaxed and confident 
when standing in front of an 
audience.

Presentations and Papers

NLGI: To those of us in the 
audience at NLGI and STLE 
Meetings, you put care and 
effort into the preparation of 
your technical presentations. 
What inspires you?

JPK: I want to engage the 
audience to encourage them 
to see the things that I find 
particularly interesting in 
my presentation. Sometimes 
that can be a cool solution 
to a problem, but sometimes 
it’s a surprising result that 
raises more questions. I like to 
explore those subjects and pull 
the audience along with me. 
On the other hand, I’ve seen 
examples of presenters who 
are really passionate about 
their work but who struggle 
with communicating the 
essence of their results to their 
audience. I try to be aware of 
how I can engage the people in 
my audience and communicate 
with them in a way that 
encourages them to join the 
conversation. 

NLGI: Do you have a 
favorite project, paper or 
presentation?

JPK: I’ve enjoyed most of my 
papers and presentations 
(especially once I finish them). 
The series of studies that we 
did with high-temperature 
bearing testing was probably 
the one that came together 
the best, in terms of both the 
research and the presentation.

Lost Your Bearings? Navigation 
Tools for High Temperature 

Bearing Grease Formulations, 
Joseph P. Kaperick, William 
B. Anderson, Mark T. Devlin, 
Kenneth J. Garelick, Jeffrey 
M. Guevremont, Kevin W. 

Kvasnicka, NLGI Spokesman 
2015.

Screen tests: Identifying 
the ‘Good Actors’ in Your 

High Temperature Grease 
Formulation, Joseph P. Kaperick, 

Gaston Aguilar, Kenneth J. 
Garelick, Jeffrey M. Guevremont, 

Eurogrease, 2015.

NLGI: We’ve seen you take a 
creative approach and use 
literary themes in some of 
your technical presentations. 
How do you find your ideas 
for these themes?

JPK: I read a lot and enjoy 
movies and music, so there are 
plenty of sources for material. 
Ultimately, I find a theme that 
seems to make sense to me for 
the particular work that I’m 
presenting. I’m not sure that 
others always see the same 
connection that I do, but it 
helps me in terms of guiding 
the story I’m telling in my 
presentation.

NLGI: Your presentations 
are clear and easy for the 
audience to follow. Did 
you take any courses in 
public speaking? Do you 
have suggestions to help 
NLGI members with their 
presentations?

JPK: I pay attention to what 
I like in other people’s 

At the podium during the 2019 NLGI Meeting
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presentations and notice what 
resonates with me. 

Then, when I’m putting 
together one of my 
presentations, I try to envision 
myself sitting in the audience, 
and I think about how best to 
make my narrative clear and 
understandable. Sometimes 
the key to a presentation is 
explaining a specific graph or 
giving a stepwise introduction 
of data, or limiting the amount 
of information on one slide. 

 I’ve often thought that we, 
as technical people, aren’t 
always trained in the best 
ways of communicating our 
findings in clear and concise 
ways. Offering a course or 
other training in technical 
presentation skills for our 
members would be a great 
value for all involved in our 
meetings and working groups. 

Grease Industry

NLGI: As NLGI President, 
you’ve had opportunities to 
attend technical meetings 
and network with colleagues 
in the grease industry 
around the world. What 
have you learned from these 
opportunities?

JPK: There are a lot of people 
with a passion for our industry 
who are willing to share their 
ideas and knowledge with 
others from around the world. 
Obviously, there is a lot of 
networking that goes on at 
industry meetings, with the 
ultimate goal to benefit one’s 
own company by providing 
value to another company. 

However, time and time 
again, I’ve seen members 
generously share their time 
and expertise to help advance 
the grease industry within 
trade organizations, in 

conference settings, or just in 
one-on-one interactions. I have 
personally benefited from all 
of these types of interactions 
with colleagues from different 
cultures and technical 
organizations in ways that I 
would never have predicted.

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

JPK: I’m no expert on 
applications or market trends, 
but I don’t believe that we 
will soon move away from 
our current needs for grease 
lubrication. Our industry 
tends to move slowly, but as 
our recent work with NLGI’s 
High-Performance Multiuse 
grease specification shows, 
we can move quickly when we 
have a clear vision of what we 
want to achieve. I think that in 
the next five to ten years, our 
current focus on repeatable 
measurement of performance 
will reap dividends. And 
I believe that we stand a 
good chance of improving 
communication with end-users 
regarding the importance of 
grease lubrication to them and 
how to evaluate it better.

NLGI: What are some 
opportunities for the grease 
industry?

JPK: Two major opportunities 
are better communication 
with end-users about what 
value grease can bring to 
them and tools to allow them 
to easily decide which grease Joe climbed to find this vantage point in the Stone Forest during a break in the 

technical activities at the 2019 CLGI meeting in Kunming, China.
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is best for their needs. A 
third opportunity is better 
engagement with academia to 
allow for the recruitment of 
the next generation of grease 
formulators, marketers and 
producers.  

NLGI: What are some threats 
to the grease industry?

JPK: Not engaging a broader 
spectrum of the grease industry 
within our organizations, such 
as NLGI and ASTM, threatens 
the growth of our industry. We 
tend to have a small number 
of people that make up a high-
energy core group, and we 
are reluctant to pull others 
into that circle. We need to 
find ways to engage other 
stakeholders and share our 
passion for grease with them so 
that we develop a more diverse 
vision and a better foundation 
for the next generation.

NLGI

NLGI: How did you become 
involved with NLGI? 

JPK: I went to my first NLGI 
Meeting in October 2001, 
about two months after 9/11. 
Participation was severely 
limited, very few attendees 
were able to come from 
overseas and there was a 
hurricane offshore. And I don’t 
think that I’ve missed an NLGI 
Meeting since 2001. At every 
NLGI meeting, I found that 
people were welcoming, the 
technical program was fantastic 
and the meeting opened my 

eyes to the possibilities of an 
application area that I didn’t 
know a lot about at the time. 

Six years later in 2007, Dick 
Kuhlman (a former NLGI 
President) stepped down off 
the Board to make room for 
me to join the Board as Afton’s 
representative, and that set 
my course for the next 13 
years working with the NLGI 
Board. The NLGI community 
has been fantastic, and I have 
many memories, experiences, 
technical knowledge and 
friends today that are all due 
to my time within the NLGI 
community. My professional 
life has been greatly enhanced 
through skills gained through 
working on the NLGI Board. 

NLGI: Do you have favorite 
memories of NLGI events? 

JPK: Certainly some NLGI 
Meetings stood out based on 
their exceptional locations. 
Coeur d’Alene Resort (Coeur 
d’Alene, ID) and The Breakers 

(Palm Beach, FL) were 
memorable in themselves, but 
many times what stood out 
for me was the camaraderie of 
sharing a drink with friends 
after a long day of meetings 
and technical discussions. 
Sharing ideas, stories, and 
plans for the future, or reliving 
meetings past, will always be 
some of my favorite memories.

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

 Joe and NLGI’s Executive Director, Crystal O’Halloran, with colleagues during the 
21st NLGI-India Chapter Lubricating Grease Conference, Assam, India.

Joined by colleagues Choon Noi Lim 
(left) and Jackie Fahy (right) during a 
visit to Sydney.
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JPK: NLGI provides technical 
resources and leadership to 
the grease industry through 
research, education, and 
sharing of knowledge. We offer 
networking opportunities 
for all the stakeholders in 
the grease industry through 
our annual meetings. NLGI’s 
certification program gives 
credibility and communication 
tools to marketers and end-
users of grease. Additionally, 
we offer a platform for 
continued basic research in 
grease through investment 
in academic research and the 
sharing of those findings with 
our members through The 
NLGI Spokesman and Meetings. 
The NLGI Annual Grease Survey 
provides valuable market data 
to member companies.

NLGI: You’re recognized as a 
Certified Lubricating Grease 
Specialist by NLGI. 
Why did you obtain this 
certification? Was it difficult 

to accomplish? How have you 
benefitted from your CLGS 
certification? 

JPK: I chose to take the CLGS 
test the first year that NLGI 
offered it because I thought 
that CLGS certification would 
add value and credibility for me 

in my role as Afton’s technical 
expert in grease. I believe that 
the certification program is 
somewhat difficult but fair in 
assessing overall knowledge of 
grease testing, manufacturing, 
formulation and, applications. 
Similar in some ways to 
certifying that a grease meets 

Joe and Henry Yang at Spring Temple 
Buddha in China

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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a certain level of performance, 
the CLGS certification helps to 
verify that the person holding it 
has a certain level of expertise 
in the subject.

NLGI: You’re currently chair 
of the Editorial Review 
Committee, chair of the joint 
NLGI/ELGI Working Group on 
Grease Particle Evaluation, 
and chair of Section G.01 
Chemical and Laboratory 
Tests for ASTM. Do you plan 
to continue these roles?

JPK: I plan to continue working 
in these areas as long as I’m 
needed. But as part of training 
the next generation, it would 
probably be a good idea for 
NLGI to start looking for others 
with interests in these areas. 
We have many newer members 

within NLGI who are looking 
for ways to contribute, and I 
think that we need to find ways 
for them to be more involved.

NLGI: How do you manage to 
balance your NLGI activities 
with your responsibilities at 
Afton?

JPK: Nights and weekends. :)

NLGI: Now that your term 
as NLGI President has 
concluded, what have you 
learned, and how have 
you benefitted from your 
experiences?

JPK: I’ve learned a lot about 
facilitation and delegation. 
I’ve always thought that I had 
good facilitation skills, but I’ve 
had to hone my ability to listen 
more carefully and understand 
other’s perspective. And I’ve 
become more willing to change 
my mind based on what I’ve 
heard from colleagues. The 
nice thing about the role of 
President is that you can 
pursue ideas or programs that 
you feel strongly about, but you 
still have to encourage people 
to help you achieve those goals. 
So as President, I learned the 
importance of “selling” my 
ideas and getting others to feel 
as passionately about them as 
I did. The delegation part was 
important in achieving some of 
those goals because I realized 
that I simply couldn’t do it all 
on my own.

NLGI: And what will you miss 
about being NLGI President?

JPK: The nice thing about the 
structure of the Executive 
Committee is that as part-
President, I will now have two 
years to gradually step down 
from the EC. So I will be able to 
continue to share my ideas and 
thoughts with the EC for a little 
while longer. I will miss the 
strategizing and brainstorming 
that happens when the EC 
members get together to 
discuss how to achieve the 
goals that we set for ourselves.

Joe and his wife, Jo Anne, with St. Paul’s 
Cathedral as a backdrop during the 
2018 ELGI conference

Joe and Sun Hongwei at the CLGI 
meeting in Kunming in October 2019

NLGI: Would you like to 
recommend books or other 
reading material for NLGI 
members, especially those 
who spend time on the road?

JPK: I have several classics that 
are “go-to” recommendations. 
Everyone should read at least 
one Sherlock Holmes story in 
their lifetime. 
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In lieu of this year’s Annual Meeting in Miami, NLGI is pleased to launch a week of technical 
education August 24-28, 2020. This will be a virtual event. 

WHAT’S INCLUDED IN TECHNICAL WEEK? 
• Industry Speaker presentation on Grease in Space from Dr. Christopher DelleCorte, 

Senior Technologist: Tribology & Rotating Machinery, NASA, Glenn Research Center
• 12 Technical Presentations on a variety of industry topics (each presentation will be a 

total of 40 min, including live Q&A)
• Live panel discussion on NLGI’s new High-Performance Multiuse Grease (HPM) 

Specification
• Grease Education Courses (available for additional fee): Live online instruction from 

recognized industry experts
• Basic Grease Education: The world’s foremost foundation training class for the 

global grease industry
• Advanced Grease Education: Providing advanced instruction regarding specific 

types of greases, grease chemistry and specialized applications

For more information (i.e. detailed schedule, education course information, etc.), please visit: 
https://www.nlgi.org/news-events/nlgi-technical-week/

Please register for this event by Thursday, August 20, 2020.  
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We look forward to “seeing” you in August!  
NLGI Leadership and Staff
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I also highly recommend Robert 
Pirsig’s Zen and the Art of 
Motorcycle Maintenance,

Stephen King’s The Stand,

Douglas Adams’ The Hitchhiker’s 
Guide to the Galaxy,

Tom Robbins’ Still Life with 
Woodpecker,

J.R.R. Tolkien’s Lord of the Rings 
trilogy, and

Homer’s The Odyssey along with 
just about anything else written 

by these authors.

NLGI: Do you have any 
suggestions for NLGI 
members who might visit 
Richmond, VA?

JPK: Richmond has a fantastic 
explosion of craft beer 
breweries along with fun 
little restaurants that help 
to distribute the selection of 
fresh-brewed beverages. The 
Richmond Flying Squirrels 
are the local minor league 

baseball team and a night 
at The Diamond is always 
fun. Richmond also has a 
huge number of cultural 
opportunities in the area of 
art and history with several 
fantastic museums that are 
well worth a visit.  All of those 

John Cummins, David Garza, Phil Rohrer and Joe Kaperick after eighteen holes of 
networking at the 2019 NLGI Annual Meeting in Las Vegas
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opportunities are obviously limited during the 
current Covid crisis but I’m looking forward to 
the day we can welcome NLGI members back to 
the area and partake in some of the previously 
mentioned activities.

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?

JPK: Sherlock Holmes, John Cleese, and Mark 
Twain, just for the sheer joy of the conversation 
that would have to unfold with those three sitting 
together at the same table. And at this point, I 
would be happy to have anything on the menu, if 
I could go to a restaurant and have someone else 
cook and serve us at the table! However, there 
would definitely have to be a good imperial stout 
along with French press coffee, single malt scotch 
whiskey, and fruit cobbler or pie for dessert.

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 
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. He is an elected 
fellow of NLGI, STLE, INSTMC, AIC, 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, 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
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ELGI Working Group Meetings
25th April 2021

2nd ELGI-STLE Tribology Exchange Workshop
28th - 29th April 2021

Hamburg Germany
ELGI (AGM) Annual General Meeting
24th - 27th  April 2021

Save the dates 2021
25th - 29th April 2021

ELGI, Hemonylaan 26, 1074 BJ Amsterdam, Netherlands
Telephone: +31 20 67 16 162   I   Email: carol@elgi.demon.nl   I   Online: www.elgi.org

Amsterdam Netherlands
Grease Training Course
Autumn 2021

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/



