
Serving the Grease Industry Since 1933 - VOL. 86, NO. 1, MARCH/APRIL 2022

			 

In this issue:…
14 	 The Impact of Viscosity of Naphthenic Oils 		
	 and Extreme-Pressure Additives on Lithium-Based 
	 Lubricating Greases
28	 An Innovative Preformed Thickener for the 	
	 Preparation of Structurally Stable and Tribologically 
	 Effective Polyurea Greases
37	 Education Committee Update 
39	 The Lithium Crisis for the Grease Industry
47	 Electric Compatability of Grease with Elastomeric
	 Seals Retrospective
58	 Sustainability Survey
61	 High-Performance Multiuse (HPM) Grease Column



More Than Just a 
Drop in the Bucket

Today’s high performance lubricants require special additives to perform successfully. MOLYVAN® 855 
is an organo-molybdenum additive that contains no phosphorus or sulfur and is more cost effective 
than traditional molybdenum dithiocarbamates.  

Lubricants formulated with MOLYVAN® 855 exhibit enhanced oxidation and wear protection, as well 
as reduced timing chain wear and improved low speed pre-ignition (LSPI) performance, two new 
requirements proposed for GF-6. 

Order a sample and discover the many benefits of this unique additive component in your lubricant 
formulation.
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Jim Hunt
NLGI President

2020 – 2022

Dear NLGI Family, 

As always, I hope that you and your family are healthy and happy. 
We are all moving full speed ahead into 2022 and it is proving to be 
an interesting year indeed. The bright spot is that it appears we are 
quickly departing from the dreaded COVID phase that has crippled our world. Although 
there are a few countries that may still be impacted, we should be long on our way to 
getting our lives back to normal. Let’s all take a few moments to remember and honor our 
loved ones that may have survived this pandemic. We also need to feel blessed for those of us that managed to 
survive this deadly pandemic.

As life gets better, new challenges are occurring. We are now experiencing one of the worst inflation periods 
in some of our lifetimes. The increased cost on normal goods and lack of supply is hitting every family. No one 
is immune from the fall out of these issues. We remain very optimistic that 2022 would move us into a more 
positive direction and we must all keep the faith, that will be the case. We should all take a few moments 
to provide our blessings and prayers for the families that have been devasted in Ukraine. We are all one big 
global family that truly should be there for each other in times of need.

NLGI has some very excited news to share with our valued members. The 89th Annual Meeting is off and 
running. The 89th Annual Meeting will be held at the Westin Harbour Castle in beautiful downtown Toronto, 
Canada June 12-15, 2022. Early bird registration launched at the end of February and was a big success. In 
fact, we had a record number of early attendees register! Please plan to join us this year for what we expect 
this to be one of our best annual meetings ever. There will be numerous opportunities to network with your 
friends and business associates. The annual meeting will also offer dynamic presentations focusing on a 
variety of industry topics. We will continue to provide stellar educational classes instructed by some of the 
most knowledgeable professionals in the grease industry. If you have not signed up for the meeting, we highly 
recommend that you do so soon. Once you register, you will receive a confirmation e-mail with information on 
how to secure your hotel room. For more information on the agenda, technical presentations, optional events 
and more, please visit the NLGI website. Looking forward to seeing you all there and getting the band back 
together.

As part of our ongoing commitment to provide updates on the High Performance Multi-use Grease (HPM) 
certification program, we are honored and pleased to inform you that there are currently six greases that 
have received the HPM grease certification. Of the six certifications, four include enhanced performance tag 
and one product that is dual certified with HPM and GC-LB. The greases that have achieved HPM certification 
are from some of the global industry leaders including, BP Lubricants, Shell, Exxon Mobil, Valvoline and 
Molykote. These global grease leaders have recognized the value that the HPM certification provides to their 
organization and customers.  NLGI appreciates their commitment to achieve this milestone and we want 
to congratulate all of you. There are additional greases in the process of being tested to obtain the HPM 
certification. Licensed HPM brands undergo a rigorous qualification testing to meet or exceed the HPM grease 
specification requirements.  NLGI and CQA anticipate a considerable increase in HPM grease certifications in 
immediate future and for many years to come. If you have are interested in submitting your grease for HPM 
or need assistance, please feel free to contact the NLGI office and/or Mike Kunselman at Center for Quality 
Assurance. For more information including specification details, pricing and more, please visit the NLGI 
website.

Once again, as this year begins to fly by, NLGI wants to remind you to consider becoming a NLGI committee 
volunteer. We welcome everyone. For a list of committees and how to sign up, please visit the NLGI website.

In closing, we want to wish all of you and your families the very best life has to offer. Hope to see all of you at 
the NLGI AM in June.
 
 
Jim Hunt 
NLGI President  
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https://www.nlgi.org/annual-meeting/2022-annual-meeting/
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https://www.nlgi.org/about-us/committees/


FORMULATING A 
HIGH PERFORMANCE 
SYNTHETIC GREASE?
Z&S offers over 150 Synthetic Esters, 
optimized for Industrial, Automotive, 
Aviation and Marine applications.

Discover more: zslubes.com
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Warm Welcome to our New NLGI Member

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

Industry Calendar of Events 2022

2022 ILMA Engage	 April 7 - 9, 2022	 Ft Lauderdale, FL	 ILMA Meetings 

Asian Lubricants Industry Association 			
(ALIA) Annual Meeting	 April 25 - 27, 2022	 Bangkok, Thailand	 ALIA Annual Meeting

F&L Week Live! 
Conference & Exhibition         	 April 27 - 29, 2022      	  Bangkok, Thailand      	 F&L Week Live! 

ELGI Annual 
General Meeting 	 April 30 - May 3, 2022	 Hamburge, Germany 	 ELGI Meeting

76th STLE Annual Meeting  
& Exhibition	 May 15 - 19, 2022	 Orlando, FL	 STLE Annual Meeting

NLGI 89th Annual Meeting	 June 12 - 15, 2022	 Toronto, ON Canada	 NLGI 89th Annual Meeting

Lubricant Expo	 September 6 - 8, 2022	 Messe Essen, Germany	 Lubricant Expo

ILMA 2022 Annual Meeting	 October 1 - 4, 2022	 Marco Island, FL	 ILMA Meetings

Barentz North America, LLC	 Supplier		  	 USA	

https://www.ilma.org/ILMA/Meetings/Meetings/ILMA/Meetings/Meetings.aspx?hkey=056a24f2-97a2-460c-bade-b7641e468fd1
https://asianlubricants.org/
https://flweek.fuelsandlubes.com/call-for-papers/
https://www.elgi.org/elgi.org/index.php/agm/agm-2022-hamburg
https://www.stle.org/annualmeeting
https://www.nlgi.org/annual-meeting/2022-annual-meeting/
https://lubricantexpo.com/
https://www.ilma.org/ILMA/Meetings/Meetings/ILMA/Meetings/Meetings.aspx?hkey=056a24f2-97a2-460c-bade-b7641e468fd1


Technical Education. Career Development.  
International Networking.

76th STLE Annual Meeting & Exhibition
May 15-19, 2022

Walt Disney World Swan & Dolphin Resort  
Orlando, Florida (USA)

Whether you work in the field or lab —in 
industry, academia or government—STLE’s 
Annual Meeting has programming designed 
specifically for you. Please join your peers 
from around the globe for five unique days 
of technical training and industry education 
that could change your career.

May 15-19, 2022

2022 TECHNICAL TRACKS

• 2D Materials + Superlubricity -  
Materials Tribology and 
Nanotribology Joint Session

• Biotribology

• Biotribology at the Nanoscale – 
Biotribology and Nanotribology 
Joint Session

• Commercial Marketing Forum 
(purchased time slots)

• Condition Monitoring

• Contact Mechanics

• Electric Vehicles, Engine, Drivetrain

• Environmentally Friendly Fluids 

• Fluid Film Bearings

• Gears

• Grease 

• Lubrication Fundamentals 

• Materials Tribology 

• Metalworking Fluids

• Nanotribology 

• Nonferrous Metals 

• Power Generation 

• Rolling Element Bearings 

• Seals 

• Surface Engineering 

• Synthetic Lubricants and 
Hydraulics

• Tribochemistry - Materials 
Tribology and Nanotribology  
Joint Session

• Tribology of Biomaterials - 
Biotribology and Materials 
Tribology Joint Session

• Tribotesting 

• Wear 

• Wind Turbine Tribology

Follow us on:

Society of Tribologists and Lubrication Engineers
840 Busse Highway, Park Ridge, Illinois 60068 (USA)

P: (847) 825-5536 |  F: (847) 825-1456  |  www.stle.org | information@stle.org

Program Highlights: 

• 400 Technical Presentations

•  12 Lubrication-specific 
Education Courses

• 80-exhibitor Trade Show 

• Commercial Marketing Forum 

• Business Networking 

• International Audience 

Register now! 

Log on to www.stle.org to register 
and make your room reservation 
at the Walt Disney World Swan & 
Dolphin Resort.

Early Birds! Register by April 12 
and save $115 on your meeting fee.

STLE Annual Meeting & Exhibition_Digital-size-2022.indd   31STLE Annual Meeting & Exhibition_Digital-size-2022.indd   31 2/25/22   10:04 AM2/25/22   10:04 AM



JUNE 12-15, 2022
Westin Harbour Castle | Toronto, ON Canada

Registration now open!  
REGISTER HERE

Cancellations received in NLGI’s office through May 6, 2022, will received a 100% refund. 
Beginning May 7, 2022, cancellation will only receive a 50% refund.

https://www.nlgi.org/annual-meeting/2022-annual-meeting/register-here/
https://www.nlgi.org/annual-meeting/2022-annual-meeting/annual-meeting-schedule-program/
https://www.nlgi.org/annual-meeting/2022-annual-meeting/annual-meeting-price-list/
https://www.nlgi.org/annual-meeting/2022-annual-meeting/annual-meeting-hotel-toronto-visitor-information/
https://www.nlgi.org/annual-meeting/2022-annual-meeting/annual-meeting-general-covid-19-information/
https://www.nlgi.org/annual-meeting/2022-annual-meeting/annual-meeting-exhibitors-sponsors/
https://www.nlgi.org/annual-meeting/2022-annual-meeting/industry-speaker/
https://www.nlgi.org/annual-meeting/2022-annual-meeting/educational-courses/
https://www.nlgi.org/annual-meeting/2022-annual-meeting/optional-events/
https://www.nlgi.org/annual-meeting/2022-annual-meeting/register-here/
https://www.nlgi.org/annual-meeting/2022-annual-meeting/attendee-list/
https://www.nlgi.org/annual-meeting/2022-annual-meeting/annual-meeting-award-information/
https://www.nlgi.org/annual-meeting/2022-annual-meeting/technical-sessions/
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SUNDAY - June 12, 2022
6:30am - 1:30pm Golf Tournament Offsite - Lionshead Golf Course

8am - 5pm Basic Education Course Day 1 Marine

8am - 5pm Advanced Education Course Day 1 Queens Quay

12pm - 2 pm Exhibit setup Metropolitan Ballroom

2pm - 5pm Registration/Exhibit Open Metropolitan Ballroom

2:30pm - 4:30pm BOD Meeting Dockside 3

4:45pm - 5:45pm New Member/First Timer Reception By Invitation Only

5:45pm - 6:45pm Welcome Reception 5th Floor Roof Top Terrace

MONDAY - June 13, 2022
7am - 5pm Registration Open Metropolitan Ballroom

7am - 8am Networking Breakfast (dedicated exhibitor time) Metropolitan Ballroom

8:15am - 8:45am Opening General Session (annual business meeting) Frontenac Ballroom

8:45am - 9:55am Industry Speaker Frontenac Ballroom

10:00am - 5:00pm Basic Education Course Day 2 Marine

10:00am - 5:00pm Advanced Education Course Day 2 Queens Quay

10am - 10:30am Break Metropolitan Ballroom

10:30am - 11:55am Tech Sessions Frontenac Ballroom

11:55am - 12:55pm Networking Lunch (dedicated exhibitor time) Metropolitan Ballroom

1pm - 1:45pm Awards Ceremony Frontenac Ballroom

1:45pm - 2pm Break Metropolitan Ballroom

2pm - 3:30pm Tech Sessions Frontenac Ballroom

3pm - 3:30pm PM Break Metropolitan Ballroom

3:30pm - 4:45pm Bio-Based Working Group Meeting Frontenac Ballroom

5pm - 6pm Exhibitor Happy Hour (dedicated exhibitor time) Metropolitan Ballroom

JUNE 12-15, 2022
Westin Harbour Castle
Toronto, ON Canada

https://www.nlgi.org/annual-meeting/2022-annual-meeting/optional-events/#golf_event
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TUESDAY - June 14, 2022
6:15am - 8am Fun Run Main Lobby

7am - 5pm Registration Open Metropolitan Ballroom

7am - 8:30am Networking Breakfast (dedicated exhibitor time) Metropolitan Ballroom

8:15am - 12:10pm Tech Sessions Frontenac Ballroom

10am - 12:30pm Spouse / Guest Activity TBD

12:10pm - 1:15pm Networking Lunch (dedicated exhibitor time) Metropolitan Ballroom

1:15pm - 2:30pm Grease Particle Working Group Meeting Frontenac Ballroom

2pm - 4pm CLGS Exam Dockside 9

2:30pm - 2:45pm Break Metropolitan Ballroom

2:45pm - 5pm Tech Sessions Frontenac Ballroom

3:15pm - 3:30pm Break Metropolitan Ballroom

WEDNESDAY - June 15, 2022
7am - 1pm Registration Open Metropolitan Ballroom

7am - 8:30am Networking Breakfast (dedicated exhibitor time) Metropolitan Ballroom

7am - 8:30am BOD Meeting Dockside 3

8:30am - 9:45am Sustainability Town Hall Meeting Frontenac Ballroom

9:45am - 10:00am Break Metropolitan Ballroom

10am - 12:10pm Tech Sessions Frontenac Ballroom

12:10pm - 1:15pm Networking Lunch (dedicated exhibitor time) Metropolitan Ballroom

1:30pm - 3:00pm Exhibit Teardown Metropolitan Ballroom

1:30pm - 3:45pm Tech Sessions Frontenac Ballroom

3:45pm - 4:00pm Break Metropolitan Ballroom

4pm - 5:15pm Food Grade Working Group Meeting Frontenac Ballroom

6pm - 9pm Closing Party TBD

https://www.nlgi.org/annual-meeting/2022-annual-meeting/optional-events/#fun_run
https://www.nlgi.org/annual-meeting/2022-annual-meeting/optional-events/#spouse_guest_activity
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1.	 You must use ArriveCAN to provide the mandatory travel information before and after your entry into Canada. 
	 This can be downloaded via Apple Store or Google Play. The link below gives you specific step by step 

instructions of what is required for you to prepare and upload to the app prior to your travel to Canada.  
https://www.canada.ca/en/public-health/services/diseases/coronavirus-disease-covid-19/arrivecan.html 

	 Attendees should plan to bring their passport and proof of vaccination.

2.	 What COVID-19 requirements are there to enter Canada?
As of March 2022, those entering Canada must:

1.	 be fully vaccinated, meaning:
○	 have received at least 2 doses of a vaccine accepted for travel, a mix of 2 accepted 

vaccines
○	 or at least 1 dose of the Janssen/Johnson & Johnson vaccine
○	 have received your second dose at least 15 calendar days before you enter Canada

2.	 Prior to April 1st. must provide proof of an accepted type of 
○	 rapid antigen test taken the day prior to the schedule flight (home tests not accepted)

OR
○	 molecular test result (PCR, NAT, NAAT, RT-LAMP) within 72 hours of the initial scheduled 

departure time of the flight to Canada. 
	 Please click here to search requirements for entry into Canada, as each country may be different. 

	 Click here for COVID-19 travel / testing requirements.

3.	 What if I have a connecting flight? 
●	 the test must be taken within 72 hours of the scheduled departure time of your final flight that lands in 

Canada
●	 you may need to schedule the test in your transit city 

4.	 What if my flight is cancelled?
If your flight is cancelled by the airline, there are no extensions to the 72-hour limit for your pre-entry test. If your 
new scheduled flight is not within the 72-hour period, you’ll need to be retested.

5.	 What if my flight is delayed? 
If your flight is delayed by the airline, your negative COVID-19 molecular test can be used for up to an additional 
24 hours (to a maximum of 96 hours) from the scheduled departure time. If the delay causes your test to be 
more than 96 hours old, you’ll need to be retested.

6.	 What do I do if my test results are negative/positive?
■	 If negative: provide proof of a negative result taken within 72 hours of your scheduled flight or land entry
■	 If positive: you no longer have symptoms and provide proof of a previous positive test result taken at 

least 10 calendar days and no more than 180 calendar days before entering Canada. Counting starts 
the day following the day of testing.

7.	 Will I be subject to random testing?
Upon your entry to Canada by air or at a land border crossing, the border services officer may notify you that 
you have been randomly selected for a mandatory arrival test. Fully vaccinated travelers are not exempt from 
mandatory randomized arrival testing. If selected for random testing, you no longer have to quarantine as you 
await your results. 

COVID-19 FAQs 
*Information provided as of March 21, 2022

https://www.canada.ca/en/public-health/services/diseases/coronavirus-disease-covid-19/arrivecan.html
https://www.canada.ca/en/immigration-refugees-citizenship/services/visit-canada.html?outside
https://need2know.tripsource.com/
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8.	 How does COVID testing work in order for me to travel home? 
Please check your local country’s government website as each country’s requirements may be different. Click 
HERE for information on returning to the United States.

9.	 How do I obtain a Visa to attend the meeting?
Please click here to search requirements for entry into Canada, as each country may be different. Please contact 
NLGI HQ (nlgi@nlgi.org) if a visa letter is needed.

10.	 What safety protocols will NLGI have in place during the meeting? 
NLGI will require each attendee to complete a COVID screening form (and potentially an updated waiver if 
regulations have changed since registration launched in February 2022). Anyone experiencing symptoms will 
not be allowed to attend the meeting until their symptoms subside. Additionally, NLGI will have hand sanitizing 
stations throughout the meeting space, provide masks for attendees, offer colored sticker options for badges 
to identify attendee’s comfort level with contact, designate separate entrance and exit doors and provide social 
distancing as much as possible.  

11.	 What are current policies at Toronto airports?
For all passengers and employees, regardless of vaccination status: To help reduce the spread of COVID-19, 
all passengers and airport employees must wear a mask at all times. This includes the pre- and post-security 
screening areas of the terminals, parking facilities, inter-terminal train, sidewalks/curbs outside the terminals and 
other outdoor public areas. Please note when sitting at a dining establishment while not eating or drinking, you 
must still wear your mask at all times.

12.	 What local mandates or regulations are in place for the Annual Meeting?
Patrons no longer have to show proof of vaccination to enter hotel / restaurants / bars. However, in Toronto, 
masks are required to be worn in indoor public spaces. A mask must cover the nose, mouth and chin without 
gapping. Face shields and neck gaiters are not alternatives to a mask. 

All annual meeting participants will be asked to complete a COVID-19 health screening waiver before picking up 
their badge.

13.	 What is the current COVID-19 situation in Toronto? (cases, hospitalization, etc.)
You can view the City of Toronto COVID-19 Dashboard here:  
https://www.toronto.ca/home/covid-19/covid-19-pandemic-data/covid-19-monitoring-dashboard-data/ 

https://www.usa.gov/americans-abroad
https://www.canada.ca/en/immigration-refugees-citizenship/services/visit-canada.html?outside
mailto:nlgi@nlgi.org
https://www.toronto.ca/home/covid-19/covid-19-pandemic-data/covid-19-monitoring-dashboard-data/


VALVOLINE SERBIAN FACILITY

TRUSTED FOR 150 YEARS

For over 150 years, Valvoline has been in the business of developing 
lubricant solutions and has established itself as a trustworthy supplier of 
high-performance greases. With a state-of-the-art facility located in Serbia, 
we’re one of the few lube brands that owns and operates its very own grease 
and testing lab. We’re built to meet all of your needs—with R&D capabilities, 
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Abstract:
The behavior of lubricating grease in different tribological contacts has been discussed intensively 
for many decades. It is also known that there are a vast number of material related parameters that 
may have significant impact on the tribological behavior of grease, such as thickener type and amount, 
viscosity and type of the oil, type, and concentration of additives. The above parameters are directly 
related to the cost of the formulation, however there are additional parameters that are affecting the 
operational cost and conditions such as the contact pressure and the operating temperature. 
Hence, ideally it is preferred to have fewer types of test equipment that can be used for the development 
and optimization of new grease formulations.

The aim of this study is to investigate, step by step, how the formulation of lithium and lithium complex 
greases may be optimized using tribological tests. 
The thickeners chosen were lithium and lithium complex since more than 75 percent of global grease 
production is based on these two thickener systems. Furthermore, three straight cuts of mineral base oils 
with various viscosities; (150, 375 and 600 mm2/s) and two additive packages: I) an additive package 
that consists of anti-oxidant, anti-wear and extreme pressure components and II) additive package I + 
an extra dosage of the same extreme pressure additive used in package I. All the greases were produced 
in a laboratory pilot plant at atmospheric pressure.
Besides the characterisation of the greases according to the state of the art, the tribological properties 
of all formulated greases were studied by using the new generation tribometer, SRV®5. In the first 
stage, the tribological tests were run with respect to various ASTM methods such as D5706 B, D5707, 
D 2266 and D2596. 
The outcome suggests that by running different tribological tests under conditions very close to 
relevant application fields, the formulation of the grease can be optimised further resulting in a more 
cost-efficient solution.

1. Introduction
Lubricating greases can be used in a wide range of applications and conditions. Various lubricating 
grease types, depending on the type and amount of thickener, additives and viscosities of the base oils 
provide the main parameters for complexity.
Complexity in the tribology of greases has been discussed throughout the last decades in which the 
effect of thickeners on the tribological performances has been the core of number of publications e.g., 
[1], [2].  The film formation of greases in rolling/sliding can be influenced by a number of the parameters 
such as temperature and roughness of material. However, in a tribological context, it is much more 
complicated than that. 
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The aim of this work was to evaluate the impact of the characteristics of the base oils, thickener type 
(conventional lithium and lithium complex) and additive concentration tribologically by using various 
SRV® methods as well as four-ball methods. 

2. Experimental work
The experimental work that was carried out in this study can be divided into the following parts: 
characterization of the selected base oils, manufacturing, and characterization of the lubricating 
greases as well as tribological evaluation of the lubricating greases. 

2.1 The base oils 
Three hydrotreated naphthenic base oils (BO 150, BO 400, and BO 600) were chosen for this study.  

Table 1 Typical characteristics of the naphthenic oils

Some comments regarding the selected base oils shown in Table 1;
a)	 Typically, for the choice of base oils in multipurpose greases, a very important factor is 

viscosity, with higher viscosity being used for heavy loaded and low speed applications. Hence, 
theoretically speaking, BO 600 followed by BO 400 should be most suitable products for this 
kind of application compared to BO 150. 

b)	 These three naphthenic oils were all wax free and subsequently the viscosity is the dominating 
parameter that controls to the pour point. 

2.2 The greases
In total, six greases (A, B, C, D, E and F) were produced in a pilot plant at atmospheric pressure. Grease 
A, B and C are conventional lithium (Li), and Grease D, E and F are lithium complex greases (Li X).

The acids used were 12-hydroxystearate acid (12-HSA) and azelaic acid.  In addition, two additive 
packages were used. 

Package I consisted of anti-oxidant (1 wt.%), anti-wear (0.50 wt.%) and extreme pressure (1.5 wt.%) 
components and 

Package II consisted of Package I + an extra dosage (2.0 wt. %) of the same extreme pressure agent.

Notable that the additives that are used in this study are ashless, high sulfur content, and low-level of 
active sulfur.
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Table 2 Some of the characteristics of the unadditivated greases

A review of Table 2 suggests:
a)	 Low thickener content for all greases, however, BO 600 results in the lowest thickener content 

followed by BO 400.  This can be attributed to a combination of better solvency and the higher 
kinematic viscosity of BO 600. 

b)	 Dropping point was measured according to IP396. Dropping points for the lithium and lithium 
complex greases fulfil e.g., the NLGI grease guide. 

c)	 The shear stability of the greases after 100,000 strokes was measured according to ASTM D217 
which exhibited relatively consistent results for both lithium and lithium complex greases de-
spite the low thickener contents that were used. , it is notable that the repeatability of the worked 
penetration test is seven units.

d)	 Pumpability of the lubricating greases can be simulated by different methods e.g., measurement 
of the flow pressure according to DIN 51805. Parameters such as consistency of the grease, poly-
mer content, kinematic viscosity of the oil, pour point as well as the degree of the wax content 
in the base oil are the main parameters that can affect the mobility of the greases. In this study, 
we eliminated parameters such as wax content and polymers so the main parameters that can 
affect the low temperature mobility of the greases are the thickener content, the viscosity and the 
pour point of the oils. Hence, good low temperature mobility for all greases at -20 (°C) was noted. 
Nevertheless, the higher pressure needed for the BO 600 based greases should be attributed to 
the higher pour point.

2.3 Tribological study
The tribological study is based on four different methods; two oscillatory tests by using SRV instrument; ASTM 
D5707 (friction coefficient and wear test) and ASTM D7506B (step load test), and two rotational tests by using 
four-ball machine; wear scar test (ASTM D2266) and weld load test (ASTM D2596). The standard methods 
and the evaluation of lubricating greases on the SRV oscillation tribometer is described in literature. [1]   

2.3.1 SRV Apparatus & Measurements 
Modern tribometric test systems like SRV® (Schwing Reib Verschleiß) provide both suitable tools and 
test methods to get a deeper understanding of tribological and lubricity behavior of the greases. In 
a previous study, some of the tribological aspects of unadditivated lithium and unadditivated lithium 
complex greases based on two of the oils that are used in this study (BO 400 and BO 600) were 
determined by using SRV®. [2]  However, the frame of this work has been extended further by focusing 
on the additivated greases as well.
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The focus of the investigation in this study was on the following issues:
1)	 What will be the response of the additive package in various types of greases?
2)	 Can lower soap content (the greases contain different soap content but same consistency) create 

better opportunity for the additives to perform (since soap typically competes with additives on 
the available positions on the metal surfaces)?

3)	 Is the additive package going to perform equally on various grease formulations?

The following standards were achieved by SRV® for the investigation of different tribological 
performances of greases for decades:

1)	 Friction and wear performance - ISO 19291 / ASTM D5707
2)	 Load-carrying capacity (EP load) - ISO 19291 / ASTM D5706B

Wear values were estimated according to ASTM D5705 “Standard Practice for Determining the Wear 
Volume on Standard Test Pieces Used by High-Frequency, Linear-Oscillation (SRV®) Test Machine”. 
Figure 1 shows the oscillation test chamber. 

Figure 1 SRV® oscillation chamber

Test specimen for SRV®:
Lower specimen:

Disk 24 x 7.9 (mm), both surfaces multi-directional lapped, according to DIN 51834, surface roughness  
0.50-0.65 (µm Rz), material: 100Cr6, hardened 

Upper specimen:
Steel ball 10 (mm), polished, DIN 51834, material: 100Cr6
The greases will be applied onto the surface of the disc, using a special grease caliper, so the quantity of 
the grease is fixed for all tests.

2.3.2 Test matrix for the tribological investigation
The first two standard methods (determination of friction and wear properties of lubricating greases) 
have been run for all tests. In Table 3 and 4 the most important test parameters of the standard tests are 
summarised, and in Table 5 the complete test matrix for all SRV® tests can be found.
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Table 3 Test parameters SRV® According to ASTM D5707

Table 4 Test parameters SRV® According to ASTM D5706B

Table 5 Test matrix for the SRV® tests

	 In Table 5, * represents greases with additive package I, and ** represents greases with additive package II.

3. Results of friction and wear measurements 
The following part of the study was conducted using the SRV rig according to ASTM D5707 under the 
following test parameters:

• Temperature:	 80 (°C) 
• Load:  	    		  200 (N)
• Stroke:	    	 1 (mm)
• Frequency:		  50 (Hz)
• Time:	      		  2 (hrs.)

With 200 (N) normal load the calculated Hertzian pressures are:
Mean contact pressure Pm = 1.84 (Gpa) and Maximum contact pressure Pmax = 2.76 (Gpa)



- 19 - 
NLGI Spokesman  |  VOLUME 86, NUMBER 1  |  March/April 2022

Figure 2 shows exemplary a COF (coefficient of friction) progression for Grease F. 

Figure 2 demonstrates the behavior of the friction coefficient of Grease F

Figure 3 illustrates the wear scar on the disk and ball at the end of the test for Grease F made by a 
microscope. The measured wear values according to ASTM D7755 can be conducted by tip stylus 
profilometer or laser scanning microscope. 

Figure 3 Wear scar on the ball (left), wear scar on the disk (right)

After measuring the diameter of wear scar on the ball as well as the width and length of the wear scar on 
the disk (Figure 3), the planimetric perpendicular surface area (Figure 4) and using the formula written 
in standard ASTM D7755, the wear volume can be calculated. 
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Figure 4 Profilogram displayed on a screen and taken perpendicularly in the center 
of the wear track on an SRV® test disk

It should be noted that the higher values of COF do not always result in an increased wear volume value. 
This is more pronounced in case of greases where many phenomena such as structure or depletion of 
thickener molecules, characteristic of the base oil, etc. contribute to the complexity of the tribo-system.

To interpret the measured data for the six greases, the following aspects were considered:
A)	 Impact of viscosity at the applied temperature
B)	 Impact of the thickener system 
C)	 Impact of the concentration of the additives (only for BO 600 based greases; Grease C and F)

3.1 SRV tests on the greases based on BO 150
Figure 5 shows the COF values of four different formulated greases based on BO 150 (Grease A and 
Grease D). 

Figure 5 Friction of coefficient for the greases based on BO 150

Figure 5 suggests that a) the friction coefficient was lower for the additivated greases when comparing 
different thickener systems (lithium vs lithium complex), and b) the lithium complex grease ran at 
a lower COF than the lithium grease. The CoFs indicate that boundary lubrication exists and that 
tribochemistry is more important than rheology.

Furthermore, when considering the wear volume on the disk and the ball and finally the total wear, the 
differences between the formulations were significant, Figure 6. 
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Figure 6 Wear volumes of different formulated greases based on BO 150 

Figure 6 suggests that in the case of additivated lithium Grease, the wear scar volume diameter 
remained unchanged, but the wear volume on disc showed a significant increase which cannot be 
explained. Hence, a separated investigation is required in order to find a possible reason. 

3.2	 SRV tests on the greases based on BO 400
Figure 7 presents the COF results for four different formulated greases based on BO 400 (Grease B and 
Grease E).

Figure 7 Friction of coefficient for the greases based on BO 400

Figure 7 illustrates the positive effect of the additive on COF for both thickener systems. Comparing the 
wear volumes, the results were not the same as for BO 150. Regarding lithium complex as thickener 
the additive reduced the wear volume especially on disk and, consequently, the total wear volume was 
lower. In this case the additive was, most probably, able to build-up a supporting layer on the disk. 

Figure 8 shows significantly higher wear volume on disk for the lithium thickener, even though this 
test was repeated twice. Hence, it is speculated that the differences in polarity between the additive 
molecules and this thickener may, at least to some extent, cause some antagonistic effects. 
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Figure 8 Wear volumes of different formulated greases based on BO 400

3.3 Tribological tests on the greases based on BO 600
In Figure 9, the friction coefficients for the six greases based on BO 600 are presented.
A positive effect of the additive package I on COF values was obtained for both thickener systems 
(lithium and lithium complex) in line with the previously reported data related to greases based on 
BO 150 and BO 400. However, the new finding was that the increased concentration of the extreme-
pressure additive (Additive package II) had no further effect on greases with either thickener system 
which led us to the conclusion that more additive does not necessarily result in better performance, at 
least in this type of tribological contact.

Figure 9 Friction of coefficient for the greases based on BO 600
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Figure 10 Wear volumes of different greases based on BO 600 

In Figure 10, it is interesting that for both thickener systems the extra dosage of extreme-pressure 
additive (Additive package II) had obviously a negative impact on this tribological system. One possible 
explanation could be that active sulfur content in the extreme pressure additive interferes with the 
anti-wear additive when the dosage is increased, or that the activation energies of the anti-wear and EP 
additives are different.

Comparison of the tribological behavior of the two thickener systems recorded by SRV  
Within the frame of our SRV measurements, it was found that the wear volumes for additvated greases 
did not follow expectations. For example, Figure 11 which shows the wear values of three non-additivated 
greases with different base oil viscosity and the corresponding ones with lithium and lithium complex 
thickener confirmed that the greases based on highest base oil viscosity (BO 600) contributed to highest 
total wear volume while the wear on the ball remained the lowest. 

Figure 11 The Wear Volumes for non-additivated greases.

In order to get a better understanding of the achieved results, the tests were run with the base oils 
(without additive), Figure 12 compares the COF values of the three base oils.
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Figure 12 Friction of coefficient of the three base oils

Figure 12 suggests that there might be a relationship between the viscosity of the oil and the friction 
of coefficient, the higher viscosity the lower COF. This trend can also be found on the wear scar 
diameter on the ball at least for the most viscous oil (BO 600), Figure 13. However, in the same 
figure it is obvious that the wear volume on the disk moves in the opposite direction which is more 
pronounced for the BO 600.

Figure 13 The Wear volumes for the three base oils

3.4 SRV test according to standard ASTM D5706 B
The load carrying capacities of additivated greases using the SRV® standard method ASTM D5706 B 
were determined at 80 (°C) as described in the procedure. The results of these tests do not shown any 
significant differences. By increasing the test temperature to 120 °C, we can differentiate between the 
greases and these results are shown and discussed here. It is assumed that at higher temperatures, 
the extreme pressure additive adheres more easily to the metal surface and is subsequently activated 
resulting in the formation of a supporting film on the contact point as expected. 

The test parameters were as follows:
• Temperature:	 120 (°C) 
• Stroke:		  1.5 (mm)
• Frequency:	 50 (Hz)
• Time:		  max. 55 (min)
• Load:		  50 (N) / 30 (s) ; 100 (N) / 15 (min)
• Load step:	 100 (N) every 2 (min)
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Figure 14 demonstrates exemplarily the progression of the values during this test for one of the greases. 
This grease achieved a maximal load of 1200 (N).

Figure 14 Standard test ASTM D7506B for Grease E + additive package I

The cutoff criteria (the moment that seizure occurred) is defined in this standard ASTM D5706 B; COF 
> 0.2 for 20 (s).

Table 6 Results of load carrying capacity tests measured by SRV®5 at 120 (°C)

Based on the results obtained from this test, there was a tendency that the greases with lower viscosity 
and subsequently higher thickener content, showed a better response to additive package I. Greases C 
and F, with the higher concentration of the extreme pressure agent (additive package II), did not show 
any increase in the load carrying capacity as expected. 

3. 5 Four-ball tests according to ASTM D 2266 and ASTM D2596
Beside linear oscillating movement of ball on disk with SRV®, four-ball tests according to ASTM D2266 
(wear scar test) and ASTM D2596 (weld load test) were conducted on all greases. It is inviable to 
highlight the major differences between the four ball tests and SRV tests; for example, in the case of 
four-ball tests we have point contact and rotational condition while in the case of the SRV tests, used in 
this study, ball on plain surface and oscillatory movement. 
The obtained results are summarised in Table 7.
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Table 7 Results of load carrying capacity and wear tests measured by four-ball machine.

Table 7 revealed a number of interesting results such as:
a)	 Comparing two unadditivated lithium greases (Sample # 1 & 6); an increase of the weld 

load by 25 percent probably has to be attributed to the viscosity of the base oil (BO 600). The 
difference in wear scar diameters for the two greases was within the repeatability of the test. 
Furthermore, the significantly lower thickener content in Grease D had no negative impact on 
the wear scar or on the weld load.

b)	 The additive package I performs differently in lithium and lithium complex greases; 
i.	 In lithium complex greases, significantly higher weld load was obtained.

ii.	 In the case of wear scar diameter, the additive package performed worst in lithium 
complex grease based on BO 150 (Sample # 7) and best in lithium grease based on the 
same base oil (Sample # 2), an increase by almost 38 percent.

c)	  The impact of additive package II in lithium and lithium complex greases based on BO 600 
(Sample # 5 & 10); in the case of lithium greases (sample # 4 & 5), significantly higher load and 
lower wear scar diameter were measured which was in line with the expectations, however 
this was not found in the case of lithium complex greases (sample # 9 and 10). Regardless of 
the reason behind this, it can be concluded that a higher concentration of the extreme pressure 
additive, used in package II, contributes to a more expensive formulation. This finding verifies 
the earlier observation that was found by SRV measurements, Table 5. 

4 Summary
Within the frame of this study, three lithium and three lithium complex greases were produced based on 
various naphthenic base oils. The use of naphthenic base oils kept the thickener content low, however, 
a direct correlation between the viscosity of these naphthenic base oils and the thickener content was 
found: the higher the viscosity, the lower the thickener content.
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The tribological investigations proved to be crucial when optimising the grease formulation for specific 
tribological contacts. However, the most interesting differences between the two different thickener 
systems were observed in additivated greases; 

a)	 the additivated lithium greases based on BO 150 and BO 400 showed higher wear values than 
the non-additivated greases. While same package reduced significantly the wear values of disk 
when used in lithium complex greases, Figure 6 and 8.

b)	 the “Additive package II” (which contains an extra dosage of extreme pressure additive) 
performed differently in different test instruments;  
- SRV tests; an increase of the wear values regardless the thickener type for the greases based 
on BO 600 was observed, Figure 10.  
- Four-ball tests; positive impacts (both on the wear scar diameter and load carry capacity) 
were observed for the lithium grease. In the case of the lithium complex grease (Sample # 10) 
this positive effect was only monitored on the load carrying capacity, Table 7. 

c)	 The thickener content of a grease seems to affect the tribological performance which, in turn, is 
dominated by the characteristics of the base oil, e.g., its polarity, degree of solvency and viscosity. 

d)	 The conditions in SRV and four-ball rigs are different which can explain the different outputs. 
This also emphasises the necessity of selection of relevant test methods that are supposed to 
simulate the actual conditions of applications in the fields, otherwise the obtained data may lead 
to the wrong conclusions.

In complex systems, such as lithium and lithium complex greases, the components involved may 
sometimes interfere with one other, hence, in order to formulate a high-performance grease, the use of 
tribological tests, as demonstrated in this study, could be of valuable assistance.
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Abstract
This paper describes the making of fully formulated polyurea (PU) greases based on a novel 
preformed thickener and a unique set of nonmetallic, non-sulfur additives in a variety of base oils. 
Batches were made via a two-step process (thickening and oil dilution) or a patent pending master 
batch approach, and the greases were shown to exhibit outstanding structural stability and load 
carrying, anti-wear and friction reduction performance through extensive tribological and rheological 
testing under extreme conditions without resorting to heavy metal- and traditional sulfur-based 
additives. This combination of preformed PU thickener and novel additives offers grease manufacturer 
easy and convenient means to prepare high performance polyurea greases for applications that 
traditionally use lithium complex or overbased calcium sulfonate grease. 

Introduction
Polyurea (PU) greases are nonmetallic greases prepared with polyurea thickeners. They are known 
for their high temperature stability, low noise characteristics, good mechanical properties, oxidation 
resistance and high shear stability [1]. These attributes make PU greases the first choice of OEMs and 
end users for premium grease applications such as sealed-for-life bearings, constant velocity joints, 
ball bearings, and electric motors. 

PU greases, however, are underutilized in heavy duty applications under extreme loads and in harsh 
environments because overbased calcium sulfonate (OBCS) greases are often preferred due to their 
inherent load-carrying properties [2]. For example, in the steel industry, although OBCS greases 
become rheologically unstable and lose their effectiveness after extended use at high temperatures, 
they are favored over PU greases. In an early attempt, we improved the rheology of an OBSCS grease 
by blending it with a PU grease [Wei et al. [3]]. Furthermore, for more widespread use of PU grease, 
it is necessary to overcome the difficulties and challenges in its so-called in situ manufacturing 
that requires the use of toxic isocyanates, such as MDI (diphenylmethane diisocyanate) and TDI 
(toluenediisocyanate), and hazardous amines as raw materials. Handling and reacting these raw 
materials is difficult for many grease manufacturers, which has hampered the development and 
customization of PU greases. In this paper, we present the successful development of a polyurea 
grease that was made via a preformed PU thickener. This preformed thickener is in powder form 
(Figure 1) and provides an easy and flexible method to formulate PU greases in a variety of base oils 
with the use of effective additives to enhance tribology performance [4].

								      

							       Figure 1 Preformed PU thickener powder
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In this study, additives were evaluated under extreme tribological (ET) conditions such as high load, 
extreme temperature or other severe environmental or operating conditions [5]. In the real world, 
ET represents situations where lubricated devices or systems operate under conditions that are 
often outside their design specifications. In this study, our aim was to improve grease tribology by 
using additives that had minimum impact on rheological properties and enhanced the value of the PU 
greases. 

Experimental 
This paper is divided into two parts. First, we describe the preparation of polyurea base grease via a 
two-stage process. In the first stage, preformed PU thickener powder was dispersed and gelled under 
heat in base oil to make a PU master batch of base grease (typically NLGI grade 4-5 or stiffer). In the 
second stage, diluent oil was added, and the master batch was milled to adjust the consistency of the 
base grease to the desired level. Additives were added to the base grease in the second step to make a 
fully formulated grease. These two stages were carried out via either a batch process or a continuous 
process. The batch process was performed in a KitchenAid mixer in the laboratory, and the continuous 
process was done via a proprietary extrusion process. Post-milling via a 3-roll mill or a homogenizer 
was essential to develop the structural stability of the PU greases.

In the second part of this paper, we describe tribological testing performed with an MFT-5000 
tribometer (Rtec-instruments, San Jose, CA) with 4-ball, pin-on-disc, and ball-on-disc modules and a 
Pin & V Block Test Machine (Compass Instruments Inc., Sugar Grove, IL). A Brookfield viscometer and 
a Haake™ Mars™ 60 rheometer (Thermo Fisher Scientific Inc., Waltham, MA) were used for rheological 
testing. 

Results
Preparation and structural and mechanical properties of PU base greases 
In the first part of this study, NLGI grade 2 PU base greases were prepared successfully from 
preformed PU powder thickeners in a variety of base oils. Table 1 provides the thickener yields 
to achieve grade 2 PU greases. These yields were very similar for different base oil viscosities and 
processing equipment. In general, yields (%) were higher in naphthenic and aromatic than polar/non-
hydrocarbon base oils.

Table 1 Grease yields

The PU powder thickeners used in this study were prepared by reacting MDI with amines through 
a proprietary process, and the thickeners were in the form of fine powders (see Figure 1). Finished 
greases were made as described in the experimental section via a two-step process. The conversion 
was easy, but care must be taken to maximize the thickening/ gelling (first step) and to fully disperse 
the fiber/platelet microstructure in the oil addition step and via milling (second step). In Figure 2, 
comparison of FTIR spectra shows good agreement between base greases made via the in situ method 
and the two-step method with preformed PU powder, and the preformed PU powder.
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Figure 2 FTIR spectra (from top to bottom) for: A) a commercial PU grease made in situ; finished PU greases 
made in B) alkylated naphthalene (AN), C) polyolester (POE), D) a 50/50 blend of polyalphaolefin (PAO) and AN, 

and E) di-capped polyalkylene glycol (PAG); and F) the preformed PUGT (PU grease thickener) powder.

Figure 3 Milling effects - PU grease made from PU powder in 500N base oil

Effect of Milling
A 3-roll mill or a homogenizer was used for milling under conditions typically used in soap-based 
grease manufacturing. Figure 3 shows the effect of milling, which reduced and smoothed the viscosity 
curve. The smooth yellow curve represents the fully milled polyurea grease.
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Structural stability and dropping points
Table 2 shows data for representative NLGI grade 2 base greases prepared in AN23 (alkylated 
naphthalene, 193 cSt at 40°C, 19.8 cSt at 100°C) and milled via a three-roll mill. These greases 
retained their consistency after they were worked for 60 (P60) and 10,000 (P10,000) strokes and 
had low oil separation and high dropping points. The results for P10,000 are particularly important 
because many end users prefer greases that maintain their consistency and thickener structure in 
long-term applications, and some greases soften when they are worked for 10,000 strokes.

Table 2 PU finish greases (in AN23 base oil)

Rheological testing of PU base and fully formulated grease – thermal stability
PU greases are known for their robust temperature performance. To benchmark/compare with 
commercial grease, we carried out rheology testing in which thin films of grease were heated between 
two parallel plates at 150°C for 10 min in a rheometer.

Figure 4 Photographs of PU base grease prepared from preformed PU powder in AN23 base oil before (left) and 
after (center, bottom) thermal aging in a rheometer at 150°C for 10 min and three commercial greases prepared 

in situ (PU, OBCS, and lithium complex) after the same thermal aging.

Figure 4 shows photos of PU greases after heat aging. There is a striking difference between commercial PU 
grease (black) and other commercial greases made in situ (brown and red) and grease made from preformed 
PU powder in this study (whitish and tan). The integrity of the grease made via preformed PU powder 
remained intact, but the PU, OBCS, and lithium complex greases (made in situ) separated into pieces.

Figures 5 shows thermal aging profiles (G’ and temperature vs. time) for the four greases shown in Figure 
4. The PU grease prepared in this study had the most relatively stable G’, but the three commercial greases 
all gave significant and multiple drops in G’ as the temperature ramped up to 150°C, a sure sign of thermal 
instability.
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Figure 5 G’ and temperature vs. time

Tribological testing under extreme conditions
Polyurea grease is known for its longevity that is three to five times better than that of lithium-based 
grease [5]. It can be modified with many additives in the trade, and on many occasions, sulfur-based 
and heavy metal-based additives are used. In this study, we focused on additives with non-sulfur 
chemistry and explored a variety of extreme tribological conditions into maximum/boundary regions 
as shown in Figure 6.

Extreme tribological conditions usually mean tests performed at the maximum load or speed 
of a tribometer. But real-life conditions can be more demanding. In this study, we used multiple 
tribological tests with point (4-ball, pin-on-disk (POD), ball-on-disk (BOD)) and line (Pin & Vee) 
contacts to evaluate greases, as summarized in Table 3. 

Figure 6 Extreme Tribology
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Table 3 Tribology test results for a grease prepared with preformed PU thickener, AN23, and various additive 
packages. Tests were conducted via 4-ball, Pin & Vee, ball-on-disc (BOD) and pin-on-disc (POD) methods.

Additive package B is commercially available, contains sulfur EP and DTC/DMTD 
(dithiocarbamate/2,5-dimercapto-1,3,4-thiadiazole) additives, and is used in greases that meet GC-LB 
requirements. In this study, the POD and BOD results were poor. In Figure 7, the wear scar is obvious. 

For additive package C, the addition of a solid booster (2%) increased the 4-ball weld load from 315+ 
to 800+kg and the Pin & Vee EP from 1750+ to 4500+ lb., and there was a slight improvement in POD 
wear. 

In additive package A, we replaced the sulfur EP additive with the solid booster (used in additive 
package C) and a frictional modifier (FM). This gave the best overall tribological test results in this 
study. 

Additive package D is targeted for use in greases to meet the new HPMG (High Performance Multiuse 
Grease) and higher specifications currently under development. We replaced the solid booster with 
another friction modifier and the DTC/DMTD booster. The Pin & Vee and 4-ball weld results were 
comparable to those for additive package C. No POD and BOD data were available when this paper was 
written, but they are expected to show minimum wear. 

As shown in Figure 7, PU base greases formulated in AN23, E320 (ISO 32 polyolester), G-320 (ISO 320 
PAG), and DC-220 (ISO 220 di-capped PAG) gave Pin & Vee weld values up to 1000 lb. The maximum 
load was achieved with additive packages C and D in PU grease formulated in AN23 base oil.

Figure 7 Pin & Vee weld loads
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Each tribological bench test has its unique use that often is tied to historic grease/lubricant 
requirements with its specific contact geometry, speed, and load and mode of operation. For instance, 
the Pin & Vee test provides a weld load range up to 4,500 lb. that seems to easily differentiate between 
base grease and formulated grease (Figure 7). 4-ball weld requirements are included in GC-LB and 
HPMG specifications, but 4-ball wear testing does not seem to be overly effective compared to BOD 
and POD testing (Figure 8). BOD and POD instruments offer a wide range of test conditions such 
as rotational speed and loading in stages (Figure 9). These methods can be used to model different 
conditions corresponding to the Stribeck curve (Figure 6) from hydrodynamic to elastohydrodynamic, 
to boundary conditions. The wear scars are readily visible (Figure 10). In this study, the wear tracks 
were not analyzed quantitatively, but they were rated qualitatively (Table 3).

An additive package with an overall superior set of bench test results (additive packages A and D) 
as shown in Table 3 would with no doubt help to provide a well-defined and well-rounded option to 
replace the present sulfur- or heavy metal-based additive chemistries. 

Figure 8  POD wear tracks for model greases formulated with 
additive packages A (best) > C (moderate) > B (worst)

Figure 9 BOD and POD Test Conditions: varying speed and loads from 50 to 800 N in stages
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Conclusions
A novel preformed PU 
thickener powder was used 
to make laboratory-scale 
batches of PU greases. The 
process was easy, and it can 
conceivably be scaled up for 
greater efficiency. 

PU greases were made in 
a variety of base oils with 
yields from 8 to 12%. The 
polyurea base greases showed 
good structural stability and 
dropping points greater than 
270°C. In a thermal aging test 
at 150°C in a rheometer, a 
layer of base grease prepared 
with PU preformed thickener 
in alkylated naphthalene base 
oil remained intact, while 
commercial PU, OBCS, and 
lithium complex greases (all 
made in situ) separated into 
pieces.

The use of non-sulfur based 
additives under extreme 
tribological (ET) conditions 
delivered superior load 
carrying performance 
and wear protection and 
showed potential to replace 
the present sulfur-based 
chemistries (offensive odors) 
and heavy metal-based 
chemistries (environment 
hazards). The combination 
of preformed PU thickener 
powders with ET additives 
will help the grease industry 
extend the use of polyurea 
greases beyond current 
sealed-for-life applications by 
OEMs to broader applications 
such as those of lithium and 
other greases.
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NLGI COMMITTEE UPDATE
Education  					               Education Committee Chair: Matt McGinnis

The education committee focuses on the overall education strategy for NLGI education including education courses and the 
certified lubricating grease specialist certification.  *Consists of two sub-groups

COURSES – Focuses on perfecting the basic & advanced lubricating grease courses provided  
during the NLGI annual meeting.
• Basic Grease Lubricating Course Chair: Gareth Fish; Co-Chair: Anuj Mistry
• Advanced Grease Lubricating Course Chair: Martin Keenan; Co-Chair: Chuck Coe
	 3	Both courses will be available during the 89th annual meeting in 
		  Toronto, Canada. For more information, please visit HERE.
• Hands-On Training Course Chair: David Turner; Co-Chair: Constantin Madius
	 3	A RFP to host the training has been distributed to NLGI member companies. 
		  More details to come.

CERTIFIED LUBRICATING GREASE SPECIALIST (CLGS) – Must be CLGS certified to participate on this committee.  
Focuses on the 120 question exam offered during the NLGI annual meeting.
CLGS Chair: John Sander
	 3	A standard that certifies that an individual possesses a defined level of expertise in the field of 		
		  lubricating grease. There are currently 43 CLGS holders.

*If interested in serving on a committee/sub-group, complete the volunteer form on the NLGI website.
Please don’t hesitate to contact NLGI HQ with any questions: 816.524.2500 or nlgi@nlgi.org.

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

nlgi.org/store 

https://www.nlgi.org/education/
https://www.nlgi.org/about-us/committees/
mailto:nlgi%40nlgi.org?subject=
https://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/
https://www.nlgi.org/store/
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The Lithium Crisis for the Grease Industry

Contents 
 

•	 Lithium end uses and global 
supply/demand outlook	

•	 Lithium in grease

- How much is used

- Trends in lithium 
grease production versus 
alternative thickeners

- Comparison of lithium 
grease properties to other 
thickeners

•	 Alternatives to reduce 
lithium usage in lithium and 
lithium complex greases 
- Replace LiOH 
monohydrate + water with 
dehydrated LiOH dispersion 
- NCH patent – Andy 
Waynick NLGI papers 
- Borated esters as 
“dropping point enhancers”

•	 Substituting other 
thickeners – challenges

•	 Regulatory issues

•	 The future 
 

Figure 1 Source Ding Weng, et al., Progress in Natural Science: Materials 
International, https://doi.org/10.1016/j.pnsc.2020.01.017

Usage in greases is declining as a percent of the total due in part 
to a decline in lithium and lithium complex grease production, and 
also as a result of growth in the rechargeable battery demand.
The grease industry is challenged by the recent increases in price 
and decreases in availability of lithium hydroxide, driven by the 
growing demand for lithium for batteries for mobile electronics 
and especially, electrified vehicles

Lithium End Uses

Many countries are mandating and supporting with tax incentives 
minimum EV market share.

US EPA has just approved increased auto maker MPG 
requirements, expected to drive EV sales to 17% of new vehicles.

Chuck Coe
Grease Technology Solutions

The NLGI Spokesman Magazine is published bi-monthly (6 issues per year) in digital format only. 
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Where is the lithium?

Figure 2 Source: S&P Global Market Intelligence, S&P Global Platts

US is hard rock and brine; Argentina, Chile, and Bolivia are brine; Australia is hard rock; Brazil is hard 
rock; Portugal is hard rock; Zimbabwe is hard rock; China is hard rock and brine.

Supply/Demand Outlook

•	 Ongoing pandemic related restrictions on deployment of people, resources are impacting the 
ability to bring on new sources

•	 ongoing supply chain challenges restricting movement of equipment, product, significantly 
increasing labor, logistics, raw material costs

•	 long timelines and high capital slowing the development of new resources 
•	 pandemic-related restrictions on expansion projects’ schedules (DELAYS) as well as capex, opex 

and investment economics 

Figure 3 Source: Livent market update December 2021
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Lithium in Grease

Lithium plus lithium complex account for over 70% of global production:

Figure 4 Source 2020 NLGI GLoabal Grease Production Survey

Table 2 Source 2020 NLGI Global Grease Production Survey
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Trends in lithium grease production versus alternative thickeners

Simple lithium grease production has been declining for years, probably largely driven by a shift to 
lithium complex and other thickeners for higher performance, is now also being driven by increasing 
lithium hydroxide monohydrate prices.

Figure 5 Source 2020 NLGI Global Grease Production Survey

At the same time, polyurea and calcium sulfonate grease production are both increasing, while 
aluminum complex grease production is not showing the same consistent growth. These three 
thickeners can be viable replacements for lithium complex thickeners, depending on the application.

Figure 6 Source NLGI Lubricating Grease Production Surveys 2010-2020

Comparison of lithium grease properties to other thickeners

Lithium complex thickeners provide high dropping points, good mechanical stability, water stability, 
storage stability and pumpability. They do usually require additives to enhance wear resistance, load 
carrying, water and corrosion resistance and oxidation stability. They can be fine-tuned to a certain 
extent by choice of complexing agent and varying the ratio of complexing agent to lithium 12-hydroxy 
stearate thickener. 
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Aluminum complex thickeners also provide high dropping points, good mechanical stability, good 
pumpability, and excellent water resistance. They also generally require additives to improve 
corrosion resistance, oxidation stability, wear resistance and load carrying ability. They can be 
fine-tuned by varying the molar ratio of Benzoic Acid to Fatty Acid (BA:FA), and/or Total Acids to 
Aluminum (TA:Al). This is to manipulate thickening efficiency (yield), dropping point, and mechanical 
stability. 

Calcium sulfonate complex thickeners also provide high dropping points, good mechanical stability, 
inherent water resistance, rust protection, and load carrying performance. They require only minimal 
additives, especially antioxidants. Their formulation and manufacture must be carefully controlled to 
provide the best pumpability possible, given the typically high thickener contents.
Polyurea thickeners provide high dropping points, fairly good mechanical stability (diureas), and 
inherent oxidation stability. Multiple variations of components and ratios provide the ability to 
customize performance to specific applications. The main challenges are a tendency towards poor 
compatibility with other thickener types as well as safety concerns with raw material handling.

All of these thickener types are suitable for a wide range of applications, as shown in Table 3.

Table 3 Source NLGI Advanced Grease Course 2021

So how do we reduce lithium usage in greases?

The options fall into one of two categories:
1. Reduce LiOH usage in Li Complex greases
                           Or
2. Switch to a different thickener type
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First let’s look at three options for reducing LiOH usage in Li Complex greases:

1. Replace LiOH monohydrate + water with dehydrated LiOH dispersion [1]
•	 Higher raw material cost at typical 2:1 acid ratio (12 HSA : diacid)
•	 Faster reaction
•	 Allows reduction in diacid content (to 5:1 acid ratio), resulting in lower net formulation cost
•	 Reduces amount of lithium equivalents needed

2. Add overbased (400 TBN) magnesium sulfonate at beginning of saponification and complexing 
reaction [2]

•	 Facilitates more intimate co-crystallization of lithium complex thickener salts
•	 Overbased calcium sulfonate (400 TBN) can also be used
•	 Acid ratios can be decreased from about 2:1 to 3-5.8:1 (12 HSA : azelaic acid), greatly 

reducing lithium equivalents needed
•	 Grease properties are equivalent to typical Li azelate complex grease

3. Replace dicarboxylic acid complexing agent with a borated ester [1]
•	 Reduces lithium equivalent requirement by a factor of nearly 3x
•	 Simplifies manufacturing, with borated ester addition occurring towards the end of the batch 

cycle, when typical performance additives are incorporated
•	 Provides equivalent performance to dicarboxylate acid complexed grease, including dropping 

point, high temperature rheology, wear and life testing
•	 Due to reduced thickener content (no lithium-dicarboxylate salt), improved low temperature 

pumpability is realized

Now let’s look at switching to a different thickener type

1. From the end user’s perspective there are several considerations
•	 Cost
•	 Compatibility
•	 Performance

2. From the manufacturer’s perspective there are also several considerations
•	 Raw material handling
•	 Equipment requirements
•	 Processing changes

From the end user’s perspective:

Cost
•	 The three primary alternative high-performance thickeners to replace Li complex are all 

more costly
•	 Compatibility 
•	 When switching greases end users must be extremely careful about compatibility
•	 Polyurea and Aluminum complex are frequently incompatible with Lithium complex 

thickeners
•	 Performance
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•	 The specific application must be considered in order to define needed water resistance, load-
carrying, pumpability, mechanical stability, long life, etc. in order to choose the best thickener 
type.

From the manufacturer’s perspective:

Raw material handling
•	 Polyurea raw materials are hazardous and require special handling and storage

Equipment requirements
•	 Polyurea, Aluminum complex and Calcium sulfonate complex typically require kettles, not 

contactors or continuous units
•	 Filters are frequently needed for polyurea greases

Processing changes
•	 Alternative thickeners require careful sequencing and cleaning of equipment
•	 Operators must be educated about new procedures and raw material handling
•	 Managing volatile, hazardous by products both handling and storage may be required

Regulatory issues

Proposed harmonization and classification of lithium hydroxide

In 2019, ANSES (French Agency for Food, Environmental and Occupational Health & Safety) 
submitted a proposal to the European Chemicals Agency (ECHA) for harmonized classification of 
lithium carbonate, lithium chloride and lithium hydroxide under the CLP Regulation (Classification, 
Labelling and Packaging of products).

ATIEL (Technical Association of the European Lubricants Industry), UEIL (Union of the European 
Lubricants Industry) and ELGI (European Lubricating Grease Institute) jointly opposed the proposal.

If the proposal is accepted (which is very likely), the lithium salts in question will have to be labelled 
as follows: “May damage fertility or the unborn child: Category 1A (H360FD)”

The proposed classification for LiOH is to be classified as Toxic to Reproduction for effects on fertility 
and development in category 1A H360FD. This effectively means that any concentration of this 
substance in lithium salts (soaps) greater than 0.1% (in the U.S.) would lead to the classification 
of the whole product. Since the grease industry does not generally sell the salts (soaps), one must 
assume that the same limits would apply to the greases which incorporate the soaps. During the 
manufacture of lithium soap greases, the alkalinity (free LiOH) in the soap concentrate is typically 
0.02 to 0.05%, and of course, that number gets smaller (due to dilution) as additional oil and 
additives are added to make the finished grease. Therefore, this classification should not have a 
negative impact on lithium grease manufacturers or marketers.

However, the labeling requirement should impact the LiOH-H2O suppliers who will need to label as 
noted. It might impact safety rules for LiOH-H2O handling for manufacturers, but not labelling of the 
grease.

Note that 0.3% is the general concentration limit for classification in EU.
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The future: a shortage is possible through 2030

According to Fitch Solutions:
•	 Well established lithium producing countries will record further growth
•	 New lithium-producing countries will emerge, amid rising interest, government support and 

increasing capital dedicated towards lithium projects 
•	 Technological advancements in extraction make progress, posing upside risks to supply
•	 Actual supply could rise faster than expected, as a host of new players are developing new 

extraction techniques, namely geothermal brines and sedimentary (clay) deposits, which 
could upend primary supply of lithium

•	 Lithium reserves are ample and keep on growing, suggesting plenty of potential to boost 
supply in the long term

According to Green Authority’s article “10 alternatives to lithium-ion batteries: Which new tech will 
power the future?”:

•	 Emerging technologies are expected to begin to replace lithium-ion batteries – magnesium, 
sodium, and others.

 
According to my assessment based on considerable reading of the available literature, there are so 
many unknowns in the supply side that forecasting is highly challenging to say the least. Additionally, 
shortages of LiOH in the near term may reduce the EV demand below what is currently promised by 
the auto industry. And there is the elephant in the room: EV charging infrastructure is slow in coming 
and consumers continue to be hesitant to purchase EVs due to range and charging concerns. So, the 
supply shortfall may somewhat resolve itself over the next decade or so.

References

1 NLGI paper 2018 G.Fish: Lubricating Grease Thickeners: How to Navigate you Way through the 
Lithium Crisis
2 NLGI paper 2020 A.Waynick: A Fresh Look at Lithium Complex Greases Part 2: One Possible Path 
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For many years, seal materials have been part of moving mechanical equipment. They are 
used to close open spaces between moving components on equipment thereby stopping 
the lubricant from running out while at the same time preventing harmful contaminants 
from entering into the machine and causing damage. In the role of sealing the lubricant into 
the machine, the lubricant will come in contact with the seal material. This means that the 
lubricant must be compatible with the seal material. Popular seal construction materials 
include fibers; such as paper, leather or felt, metals, or elastomers such as; rubber, nitrile, 
polyarcrylate, silicone, fluoro-elastomer, propylene, PTFE, and combinations of these. The 
chemistry of the seal must be compatible with that of the lubricant. If not, there will be negative 
consequences for seal service lifespan and ultimately machine reliability.
 
The importance of seal compatibility has been known for many years. In fact, ASTM D4289 
Standard Test Method for Elastomer compatibility of Lubricating Greases and Fluids has been 
a standardized test method that has been used by grease formulators for many years. Today 
it is part of the NLGI’s new High Performance Multi-use (HPM) grease standard along with its 
predecessor ASTM D4950 Standard Classification and Specification for Automotive Service 
Greases. As with many things that seem like common knowledge today, this retrospective takes 
us back to an article published in this magazine when seal compatibility was a mere concept 
rather than a standard. NLGI always strives to provide a platform for the introduction of new 
concepts into the grease industry. We hope you enjoy this historical retrospective article on seal 
compatibility.

RETROSPECTIVE 

Electric Compatability 
of Grease with 

Elastomeric Seals
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As you may have heard, sustainability is the theme of this year’s NLGI Annual Meeting in Toronto, Canada, June 
12-15, 2022. As NLGI explores sustainability further, we asked for your input on how our organization can 
assist you/your company in sustainability efforts. We received a number of responses and thank you in advance 
for your feedback. The data supports that NLGI should provide more resources to help members with their 
sustainability efforts. Below is a synopsis of the data received.

SUSTAINABILITY SURVEY 

Should NLGI be providing more  
resources to help members with their 

sustainability efforts? 
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NLGI Sustainability Survey

5 / 30

17.39% 16

19.57% 18

4.35% 4

3.26% 3

11.96% 11

8.70% 8

25.00% 23

9.78% 9

Q4 What is the most important aspect of sustainability for your company?
Answered: 92 Skipped: 2

TOTAL 92

# OTHER (PLEASE SPECIFY) DATE

1 Stakeholder demands (customers, employees, society, regulators and so forth) 2/11/2022 9:05 AM

2 Water, Carbon, and Social Responsibility 2/9/2022 10:08 AM

3 Innovation 2/8/2022 9:14 AM

4 Multiple priorities and not possible to define one: Sustainable Innovation; Circular Economy;
Climate Change; Health, Safety and Well-being; Product Safety and Transparency; and Water
Stewardship

2/7/2022 1:46 PM

5 the environment and future impact to the world around us. 2/7/2022 8:16 AM

6 Illegal immigrats 2/7/2022 8:16 AM

7 Uses of such base fluids, raw materials which will last for longer time which will eliminate the
dependency on depleting recourses. More usages of renewable resources with more energy
efficiency

2/1/2022 1:24 AM

Customer demands Customer demands 17.39% (16)17.39% (16)  Customer demands 17.39% (16)

EfficiencyEfficiency  improvementsimprovements
  19.57% (18)19.57% (18)
  Efficiency improvements
 19.57% (18)

Cost reductions Cost reductions 4.35% (4)4.35% (4)  Cost reductions 4.35% (4)

Public perception Public perception 3.26% (3)3.26% (3)  Public perception 3.26% (3)Corporate strategy Corporate strategy 11.96% (11)11.96% (11)  Corporate strategy 11.96% (11)

Regulations Regulations 8.70% (8)8.70% (8)  Regulations 8.70% (8)

Corporate socialCorporate social  responsibilityresponsibility
  25.00% (23)25.00% (23)
  Corporate social responsibility
 25.00% (23)

Other (pleaseOther (please  specify)specify)  9.78% (9)9.78% (9)  Other (please specify) 9.78% (9)

ANSWER CHOICES RESPONSES

Customer demands

Efficiency improvements

Cost reductions

Public perception

Corporate strategy

Regulations

Corporate social responsibility 

Other (please specify)

What is the most important aspect of sustainability for your company? 

What areas should NLGI put more focus on? 

NLGI Sustainability Survey

2 / 30

63.95% 55

20.93% 18

52.33% 45

38.37% 33

58.14% 50

51.16% 44

60.47% 52

Q2 If yes, what areas should NLGI put more focus on? Check all that
apply.

Answered: 86 Skipped: 8

Total Respondents: 86  

# OTHER (PLEASE SPECIFY) DATE

1 Building on the above selections, any input from Sustainability experts that may support our
industry as a whole (NLGI & ELGI) to develop greater clarity as well as commonality around
the methods for gathering and manipulating data used as measurables for continuous
improvement regarding Sustainability will be of immense value e.g. VSI-Schmierstoffe.de and
the Different Dimensions of Sustainability as presented at Esslingen in January 2022.

2/18/2022 8:22 AM

2 Access to existing resources of NLGI,and allow virtual excess to all the summits,conferences
etc

2/15/2022 3:06 PM

3 Guidance on standards for defining sustainability. 2/15/2022 12:59 PM

4 Establish common ground for members, provide guidance and engage in discussion with third
party stakeholders on the pros and cons from the making and use of lubricating grease.

2/11/2022 9:05 AM

5 # Education about efforts towards recyclability of renewable inputs 2/7/2022 10:55 PM

6 How to address the “woke” movement. How to protect our businesses fro illegal immigrants. 2/7/2022 8:16 AM

63.95%63.95%  63.95%

20.93%20.93%  20.93%

52.33%52.33%  52.33%

38.37%38.37%  38.37%

58.14%58.14%  58.14%
51.16%51.16%  51.16%

60.47%60.47%  60.47%
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expert...

ANSWER CHOICES RESPONSES

Identifying/measuring footprint, lifecycle analysis

Lobbying

Energy efficiency/savings 

Offsetting carbon emissions

Environmental/Health/Safety impact

Forum for discussion (working group)

Regular updates from experts in the field focused on sustainability - webinars, publications

n	 Identifying/measuring footprint,
	 lifecycle analysis

n	 Lobbying

n 	Energy efficiency/savings

n 	Offsetting carbon emissions

n 	Environmental/Health/Safety impact

n 	Forum for discussion (working group)
n 	Regular updates from experts in 	
	 the field focused on sustainability - 	
	 webinars, publications

NLGI Sustainability Survey

1 / 30

82.80% 77

6.45% 6

10.75% 10

Q1 Should NLGI be providing more resources to help members with their
sustainability efforts? 

Answered: 93 Skipped: 1

TOTAL 93

Yes Yes 82.80% (77)82.80% (77)  Yes 82.80% (77)

No No 6.45% (6)6.45% (6)  No 6.45% (6)

Not sure Not sure 10.75% (10)10.75% (10)  Not sure 10.75% (10)

ANSWER CHOICES RESPONSES

Yes

No

Not sure



NLGI Sustainability Survey

29 / 30

45.65% 42

9.78% 9

30.43% 28

7.61% 7

0.00% 0

3.26% 3

3.26% 3

Q9 What category does your company fall under?
Answered: 92 Skipped: 2

TOTAL 92

# OTHER (PLEASE SPECIFY) DATE

1 Training 2/15/2022 8:39 AM

2 Supplier / Engineering Services 2/1/2022 2:10 PM

3 manufacturer...user of lubricants, greases, etc. 1/31/2022 10:09 AM

LubricantLubricant  ManufacturerManufacturer
  45.65% (42)45.65% (42)
  Lubricant Manufacturer
 45.65% (42)

LubricantLubricant  Marketer/DistributoMarketer/Distributo
  rr  9.78% (9)9.78% (9)
  Lubricant Marketer/Distributo
 r 9.78% (9)

Supplier - rawSupplier - raw  materials,materials,
  additives,additives,  instruments,...instruments,...
  30.43% (28)30.43% (28)

  Supplier - raw materials,
 additives, instruments,...
 30.43% (28)

Technical -Technical -  consultant,consultant,
  testingtesting  lab, medialab, media  7.61%7.61%
  (7)(7)

  Technical - consultant,
 testing lab, media 7.61%
 (7)

Academic Academic 3.26% (3)3.26% (3)  Academic 3.26% (3)

Other (pleaseOther (please  specify)specify)  3.26% (3)3.26% (3)  Other (please specify) 3.26% (3)

ANSWER CHOICES RESPONSES

Lubricant Manufacturer

Lubricant Marketer/Distributor

Supplier - raw materials, additives, instruments, packaging, production equipment

Technical - consultant, testing lab, media

Consumer - OEM, other

Academic

Other (please specify)

What category does your company fall under? 

NLGI Sustainability Survey

27 / 30

51.65% 47

14.29% 13

13.19% 12

2.20% 2

3.30% 3

0.00% 0

1.10% 1

14.29% 13

Q8 What is your role within your company (ex: R&D, sales, etc.)?
Answered: 91 Skipped: 3

TOTAL 91

# OTHER (PLEASE SPECIFY) DATE

1 CEO 2/16/2022 12:59 AM

2 Consultant 2/15/2022 3:06 PM

3 Executive Vice-President 2/15/2022 8:47 AM

4 President 2/15/2022 8:39 AM

5 Manager Sustainable Development 2/11/2022 9:05 AM

6 Technical, Sales Executive and Mentor for my team 2/7/2022 11:09 AM

7 Finance and Business Optimization 2/5/2022 11:13 AM

8 owner 2/2/2022 8:42 AM

9 Technical Services/Sales, Engineering Management & Support 2/1/2022 2:10 PM

Technical - R&D,Technical - R&D,  testing,testing,
  engineering supportengineering support  51.65%51.65%
  (47)(47)

  Technical - R&D, testing,
 engineering support 51.65%
 (47)

Marketing Marketing 14.29% (13)14.29% (13)  Marketing 14.29% (13)

Sales Sales 13.19% (12)13.19% (12)  Sales 13.19% (12)

Environmental,Environmental,  Health,Health,
  SafetySafety  (EHS)(EHS)  2.20%2.20%
  (2)(2)

  Environmental, Health,
 Safety (EHS) 2.20%
 (2)

Manufacturing -Manufacturing -  operations,operations,
  production, supplyproduction, supply  chainchain
  3.30% (3)3.30% (3)

  Manufacturing - operations,
 production, supply chain
 3.30% (3)

End user - OEM role End user - OEM role 1.10% (1)1.10% (1)  End user - OEM role 1.10% (1)

Other (pleaseOther (please  specify)specify)  14.29% (13)14.29% (13)  Other (please specify) 14.29% (13)

ANSWER CHOICES RESPONSES

Technical - R&D, testing, engineering support

Marketing

Sales

Environmental, Health, Safety (EHS)

Manufacturing - operations, production, supply chain

End user - maintenance, lubricant specification 

End user - OEM role

Other (please specify)

What is your role within your company (ex: R&D, sales, etc.)?

NLGI Sustainability Survey

4 / 30

83.87% 78

7.53% 7

8.60% 8

Q3 United Nations definition of sustainability states "meeting the needs of
the present without compromising the ability of future generations to meet

their own needs."Do you agree?
Answered: 93 Skipped: 1

TOTAL 93

Yes Yes 83.87% (78)83.87% (78)  Yes 83.87% (78)

No No 7.53% (7)7.53% (7)  No 7.53% (7)

Not sure Not sure 8.60% (8)8.60% (8)  Not sure 8.60% (8)

ANSWER CHOICES RESPONSES

Yes

No

Not sure
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United Nations definition of sustainability states 
“meeting the needs of the present wihtout 

compromising the ability of future generations to 
meet their own needs.? Do you agree? 



Is your company  
an NLGI member? How does your company define sustainability?

“Providing products to our customers 
that exceeds expectations while reducing 
environmental impacts of its operations, 

activities and services.”

“Responsible 
consumption and 

sourcing”

“Sustainability means environmental stewardship and protecting our planet, 
keeping people safe and healthy, and ensuring that businesses prosper.”

How do you define sustainability?

“Sustainability is the ability to exist, develop, and 
progress while protecting natural resources.”

“Policy and practice designed to limit use of finite 
resources, while ensuring the health and growth 
of global communities today and into the future.”

“The ability to 
consistently produce, 

manufacture, 
consume, and recycle 

while limiting the 
environmental and 

social impact as well 
as amount of waste 

produced”

Thank you to all those who participated. 
Your feedback was greatly appreciated.

NLGI will keep you apprised on 
future developments related to sustainability.

CONGRATULATIONS  
Bill Walker Kimes Technologies  International, Inc. 

 SUSTAINABILITY  SURVEY GIFT CARD  WINNER
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High-Performance Multiuse 
(HPM) Grease Column

How Do I Apply for HPM?

See below for additional information related to HPM 
including list of approved products, pricing and more!

How Do I Test my 
Products for HPM?

https://www.centerforqa.com/hpm-contact/
https://www.nlgi.org/specification-details-testing/
https://www.nlgi.org/wp-content/uploads/2021/02/GC-LB-vs.-HPM-Comparison-Revised.pdf
https://www.nlgi.org/about-us/high-performance-multiuse-grease/webinars/
https://www.nlgi.org/about-us/high-performance-multiuse-grease/historical-information/
https://www.centerforqa.com/hpm-about/
https://www.nlgi.org/about-us/high-performance-multiuse-grease/renewal-audit-process/
https://www.nlgi.org/about-us/high-performance-multiuse-grease/test-labs/
https://www.centerforqa.com/hpm-licensed-brands/
https://www.nlgi.org/about-us/high-performance-multiuse-grease/pricing/
https://www.nlgi.org/about-us/high-performance-multiuse-grease/test-labs/
https://www.nlgi.org/about-us/high-performance-multiuse-grease/test-labs/
https://www.nlgi.org/wp-content/uploads/2021/07/HPM-Test-Labs-Non-USA.pdf
https://www.nlgi.org/wp-content/uploads/2021/07/HPM-Test-Labs-USA.pdf
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Easy to consolidate 
your inventory

High-Performance Multiuse Grease

NLGI

(7TH EDITION)

CHAPTERS:
•	 A Historical Overview 
•	 Characteristics of Lubricating Greases
•	 Testing of Lubricating Greases
•	 Formulation and Process Development H New Chapter H

•	 Manufacturing Lubricating Greases
•	 Food Machinery Lubricants H New Chapter H

•	 Handling and Dispensing Grease
•	 Grease Selection
•	 Troubleshooting Guide
•	 NLGI Product Certifications H New Chapter H

•	 Environmentally Acceptable Lubricants (EALs) H New Chapter H

•	 Grease HS&E Requirements

GREASE 
GUIDE

Contact nlgi@nlgi.org with any questions.

COMING IN 2022!

mailto:nlgi%40nlgi.org?subject=
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Huafeng “Bill” Shen, 56, passed away peacefully in his home on Sunday, February 13, 2022 after a long and 
courageous battle with cancer. He was surrounded with loving family and friends by his side at the time of death.

 Huafeng was born on February 25, 1965 in China, where he attended college at the young age of 15. 
Graduating with a degree in chemistry, he then went on to obtain a Master’s at Lanzhou University before moving 
to Beijing for work. There, he met and married his wife of 30 years, Yanxin Guan. Two years later, he relocated 
to the United States, where he obtained a PhD from the University of North Texas, after which he settled in New 
Jersey to work at Calumet as a research chemist, eventually leading an R&D department. 

 As a person, Huafeng was highly intelligent and well respected by his peers in the field. He was also a pillar 
of Monmouth Chinese Christian Church, a spiritual individual, with an unwavering faith in God, even in times 
of trouble. He was guided by a strong sense of morality, always willing to do what was right, and never seeking 
praise. He was honest and humble, charitable and kind, a true leader, offering gentle guidance to all who were  
in need. 

 Huafeng is survived by his wife, two sons, three siblings and many other loving relatives.

In Memoriam
NLGI Tribute 

to Dr. Huafeng “Bill” Shen

“The sadness we feel is only buffered by the wonderful 
gift of a legacy Bill shares with us in his passing. His 

humble intellect and expertise were overshadowed by his 
genuine kindness and courage. Bill so effortlessly stood 

for what you must work tirelessly for to build a culture of 
high standards, mutual respect and selflessness. 

We take comfort in seeing all that Bill stood for reflected 
in Jerry and Michael, while our thoughts and prayers will 
forever be with Mary and the rest of his wonderful family. 

May Bill rest in peace – we miss him dearly.”

– Chris Creedon, 
Calumet Branded Products

“Bill impressed his colleagues as 
knowledgeable, perceptive, hard-

working, and very appreciative of his US 
citizenship. He was proud to work at Bel-
Ray and dedicated to doing a good job.”

– Mary Moon, Presque Isle Innovations LLC

“Bill was a close friend for over 20 years. He was a wonderful, compassionate man that was idolized 
by many. Bill was one of the kindest souls I’ve ever met and he will be deeply missed.”

– Jim Hunt, Tiarco Chemical, 
NLGI President

“Bill was always a pleasure to talk to, 
and always made me feel like I’d 

known him my whole life.”

– Chad Chichester, 
MOLYKOTE® Specialty Lubricants

“We admired and respected his expertise, 
diligence, kindness and courage. He tackled 

problems with a smile, often saying “I take care of 
it” your loss is an emptiness that will last forever, 
we miss you Dr Shen, an extraordinary intellect 

and moral compass, we will never forget you. Our 
thoughts and prayers will always be with your 
family, Mary, Jerry, Michael and the rest of the 

Shen family.”

– Muibat Gbadamosi, 
Calumet Branded Products
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Mr. Arnold C. Witte, Jr., 83, of Houston, Texas, passed away on Sunday, March 6, 2022, 
following a brief illness.

Arnold was born on July 20, 1938, in Bellville, Texas, to Leona and A.C. “Big Foot” Witte. 
He graduated from Henrietta M. King High School in Kingsville, Texas in 1956, then earned a 
Bachelor of Science degree in Chemical Engineering from Texas Tech University in 1961 and a 
Master of Science in Engineering from Lamar University in 1971. He spent his career working 
at Texaco’s Port Arthur Research Laboratories, where he was a recognized expert in the field 
of lubrication and grease product and process development. He was instrumental in the 
laboratory development and subsequent commercialization of the Texaco Continuous Grease 

Manufacturing Process, regarded in the industry as an economical method of manufacturing large volumes 
of greases with reduced manpower and utility costs. He was also pivotal in the design and start-up of Texaco 
grease plants in the US, Brazil, Europe, and Africa, and developed innovative formulations of railroad lubricants. 

Arnold’s work for Texaco earned R&D’s Outstanding Contributor Award on three occasions, and in 1995 
he was named a Texaco Honorary Fellow by its Chairman/CEO and Vice Chairman in recognition of his 
achievements in technology and his exceptional contributions to the company and the industry. He authored 
numerous papers and presentations, received thirteen patents in the area of grease processing and product 
formulation, and was a contributing author of the Encyclopedia of Chemical Processing and Design. He was also 
a member of the National Lubricating Grease Institute (NLGI), where he was awarded three Clarence E. Earle 
awards, the Fellows Award, the Meritorious Service Trophy, and the Award for Achievement, recognizing his 
exceptional contributions to the growth and development of NLGI as an author, instructor, and long-standing 
member of the Technical Committee. Arnold was an outstanding mentor to many and continued to advance 
grease manufacturing technology and education globally after his retirement from Texaco in 1996.

Arnold met his future wife, Billie Jean (Guidry), while both were working at Texaco and they married in 1963. 
They enjoyed 57 devoted years together building a family, gardening, and traveling across the US, Europe, and 
Australia, and to one of his favorite places – British Columbia. He led an active life raising his two daughters and 
spending time with his grandson. Arnold was the rock of his family – we will always remember his strong mind, 
his fierce will, his adventurous spirit, and his kind and loving heart.

Arnold was preceded in death by Billie Jean in 2021, and is survived by daughters Ann Christine Witte and 
Catherine Witte, grandson Jonathan Tantillo, sons-in-law Jason Tantillo and Michael Shepherd, and brother 
David Witte.

In Memoriam
NLGI Tribute to Arnold C. Witte, Jr.
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I had the privilege to work for and with Arnold Witte for several 
years at the Texaco Research Laboratory.  He was an ideal team 
leader and he fostered a great team environment - no politics, no 
micro-managing. He was an excellent mentor and coach and an 
absolute joy to work with. The years I worked with Arnold were 
some of the most satisfying of my career. I will miss him. 
– Ricky Stamps, Retired 

Arnold was both a mentor and friend. His great 
humility, unassuming manner and positive leadership 
style were wonderful traits to both observe and emulate. 
Many of his contributions to the grease industry are still 
practiced today. He will be greatly missed.
– Ed Fliss, Retired

Arnold Witte, ACW or “Ace” to many of his friends and co-workers, was my first boss upon entering the lubricants industry 
in 1981.  He was not only my boss, he was my mentor in the grease industry, and, more than anything, he was my friend.  
Arnold taught me so much about grease formulation and manufacture.  He, along with W. B. “Bill” Green invented the 
Texaco continuous grease manufacturing process, which I had the good fortune to become associated with.  I learned about 
international travel from Arnold, including how not to pack too heavily, and how to navigate European train and subway 
schedules.  We had great times together, with me absorbing it all. Arnold was an institution at NLGI for many years, teaching 
in the education courses and participating in the technical working groups.  He was well-known and friends with just about 
everyone in his generation at NLGI.  He received many awards from NLGI, including the Fellows Award in 1992 and the Award 
for Achievement in 2000. My best memories or Arnold Witte are of long days working on grease plant projects, along with fun 
times in interesting locations.  More than anything, I already miss my friend.
– David Turner, CITGO Petroleum Corp.


