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PRESIDENT’S PODIUM

Thank you to all those who joined us in beautiful Coeur d’Alene, Idaho for the 85th NLGI Annual 
Meeting. It was a wonderful few days packed with education, networking and fun! Of the 435 
attendees who joined us this year, 75 attendees were from abroad. Additionally, the NLGI Annual 
Meeting offered 24 technical presentations, two grease courses, a CLGS exam and various networking 
opportunities including receptions, breakfasts, lunches and a spectacular closing party on Tuesday 
evening. Please review the following pages for highlights of the meeting.

During the meeting, a couple changes to the NLGI Executive Committee and Board of Directors took 
place. The following slate of candidates were presented to serve on the Executive Committee for one 
term (2018-2020):

Member Representing Position
Joe Kaperick Afton Chemical Corporation (Supplier) President
Jim Hunt Tiarco Chemical (Supplier) Vice President
Anoop Kumar* Chevron Lubricants (Manufacturer) Secretary
Wayne Mackwood Lanxess Corporation (Manufacturer) Treasurer
Dave Como Molykote Lubricants (Manufacturer) Past President

David Turner CITGO Petroleum Corporation (Manufacturer)
Technical Co-Chair - 
Education

Chad Chichester Molykote Lubricants (Manufacturer) 
Technical Co-Chair- 
Academic

Joe Kaperick
Afton Chemical
NLGI President 2018-2020
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Additionally, the following board positions renewed their terms for the next three years (2018-2021): 

Member Representing
Mike Washington The Lubrizol Corporation (Supplier)
Patrick Walsh Texas Refinery Corp. (Manufacturer)
Joe Kaperick Afton Chemical Corporation (Supplier)
Anoop Kumar* Royal Manufacturing Co. (Manufacturer)
Wayne Mackwood Lanxess Corporation (Manufacturer)
Willie Carter Calumet Branded Products, LLC (Manufacturer)
George Sandor FMC - Lithium Division (Supplier)
Ray Zhang R.T. Vanderbilt Company, Inc. (Supplier)

*Dr. Kumar left Axel Royal LLC (previously Royal Manufacturing Co.) in June and joined Chevron Lubricants in July.  He will 
continue to serve on the Executive Committee as Secretary but will now be representing Chevron on the Board of Directors.  
Tom Schroeder will continue representation for Axel Royal LLC on the Board following Axel Christiernsson’s acquisition of 
Royal Manufacturing Co. in March of this year.

On a personal level, I’m excited to begin my term as President of NLGI, replacing the leadership of our 
amazing outgoing Past-President, David J. Como. Over the past 17 years, I’ve seen NLGI continue to 
evolve and grow for the better. My goals are to continue that progress by:

- enhancing membership growth and outreach
- providing expanded educational opportunities 
- funding basic research
- effectively communicating the value of NLGI technical resources and certifications
- expanding global outreach of NLGI 
- enriching governance and leadership for NLGI 

We have a great team of leaders within our organization and, together, I’m confident that we will 
achieve these goals. 

To help us reach these goals, I encourage each of you to get involved with NLGI. We have committees 
and sub-groups that need members, as well as various other opportunities which would benefit 
greatly from your opinions, energy and participation.   Working together we can increase the value 
to each member, starting with you.  If you’re interested in learning more, please contact Executive 
Director, Crystal O’Halloran at crystal@nlgi.org. 

Please don’t hesitate to contact me throughout the year with ideas or suggestions that you might 
have for NLGI. I’m looking forward to serving as NLGI President and representing the organization and 
I can do that better if I understand what’s valuable to each of you.

Thanks in advance for all of your help!

Joe Kaperick
Afton Chemical
NLGI President 2018-2020

mailto:crystal@nlgi.org
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Total Number of Attendees: 435
Total Number of Attendees from Abroad: 75

Number of Technical Presentations: 24
Basic and Advanced Course Participants: 60

Thank you to those who attended the 85th Annual Meeting in 
Coeur d’Alene, ID. It was a wonderful meeting, filled with various 
networking and education opportunities including:

  • Informal Networking Reception on Saturday

  • Welcome reception on Sunday

  • Networking breakfast & lunch on Monday

  • PM break on Monday

  • Networking breakfast & lunch on Tuesday

  • Closing party on Tuesday

  • Technical Presentations

  • Basic & Advanced Grease Courses

  • Working Group Meetings



The NLGI Awards recognize those who, through their farsightedness, 
enterprise and innovation, pioneered significant and lasting 

improvements in the Institute.

2018
NLGI AWARDS

NLGI AWARD FOR ACHIEVEMENT
“The Institute’s highest award, it honors the achievement of those who have made exceptional 

contributions to the growth and development of the Institute.”

We’re all familiar with the work of this winner professionally and personally and would agree that the industry 
and institute are better off having this recipient involved. This year’s winner is not someone who seeks limelight, 
leads by example as well as motivates and encourages out of a genuine love for the industry. Additionally, this 
year’s recipient is tireless and has built a career based upon integrity. It is our distinct honor to present this 
NLGI Achievement Award to Lisa Tocci from Lubes’n’Greases Magazine. The NLGI Achievement Award is an 
incredibly prestigious award given to one deserving recipient. Lisa has served on the NLGI Board of Directors 
since 1999 and has been incredibly dedicated to the organization and industry. Lisa is not only a colleague to 
many of us, but also a friend.

Award presented by Pat Walsh, Awards Committee Chair and sponsored by Texas Refinery Corp.
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NLGI FOUNDERS AWARD
“In recognition of the three NLGI founding Companies, 
the Founders Award is presented to a company that 
has had a positive impact on the NLGI in the tradition 
established by these found fathers.”

This year’s recipient has a long and valued history with 
NLGI. As an active participant in the NLGI, this company 
has had 4 past Presidents and several active board members 
over the years. This year’s Founders Award recipient is 
CITGO Petroleum Corporation. Sandy Cowan accepted the 
award on behalf of CITGO.

Award presented by Pat Walsh, Awards Committee Chair 
and sponsored by H.L. Blachford.

NLGI AWARD FOR 
EDUCATIONAL EXCELLENCE
“For outstanding instruction as exemplified by subject 
knowledge and presentation skills in NLGI Grease 
Educational courses.”

Dwaine Morris from Shell Lubricants presented this 
award to Douglas Adams with RSC Bio Solutions.

Award sponsored by Shell Global Solutions

JOHN A. BELLANTI SR. 
MEMORIAL MERITORIOUS 
SERVICE AWARD
“Acknowledges meritorious service on the NLGI Board 
for three or more years, or on Technical Committee 
projects, or to the industry.”

This year’s award went to two deserving recipients, Dr. 
Rajesh J. Shah with Koehler Instrument Company, Inc. and 
Dr. Anoop Kumar with AXEL Royal, LLC.

Award presented by Pat Walsh, Awards Committee chair 
and sponsored by Lanxess Corporation.
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NLGI HONORARY 
MEMBERSHIP AWARD
“Entitles lifetime honorary membership to those 
who, over a period of years, have served the 
Institute in some outstanding capacity and are 
not now with a member company.”

This year, we honored three deserving recipients 
– Dr. Gian Fagan, Lisa Tocci and Ed Fliss. Each of 
these recipients have been incredibly dedicated to 
NLGI, both personally and professionally. Their 
commitment, loyalty and allegiance has left a 
stamp on our organization and we will forever be 
grateful.” Unfortunately, Ed couldn’t attend this 
year’s meeting; however, David Turner accepted 
the award on his behalf.

Dr. Fagan spent the majority of his 
career with Chevron Lubricants and 
has been an active participant in NLGI. 
Gian has served on the NLGI board 
of directors since 1998 and served as 
President from 2003-2005. Gian also 
received the NLGI Fellows Award in 
1990, NLGI Achievement Award in 
2007. Gian is retiring from Chevron 
Lubricants as well as the NLGI board 
of directors after this year’s Annual 
Meeting.

Lisa Tocci is a founding member of 
Lubes’n’Greases Magazine and has 
served on the board of directors since 
1999 and recently retired her board 
seat after 19 incredible years of service. 
Lisa received the John A. Bellanti Sr. 
Memorial Award in 2006 and was this 
year’s Achievement Award recipient. Lisa 
retired from Lubes’n’Greases Magazine 
in March but still plans to help with 
NLGI ad-hoc projects.

Ed Fliss spent the majority of 
his career with Shell Lubricants 
and served on the board of 
directors from 1990-2010. 
Additionally, he was NLGI 
President from 1995-1996 
when he worked for Texaco 
Lubricants. Ed was a dedicated 
board participant for 20 years 
and his enthusiasm for the 
organization is contagious. 
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NLGI AUTHOR AWARD – 
APPLICATION
“For the best paper presented at our Annual Meeting 
that focuses on testing, selection, application or use of 
greases.”

Gian Fagan from Chevron Lubricants presented this 
award to Andy Waynick from NCH Corporation.

Award sponsored by Chevron Lubricants

CLARENCE E. EARLE 
MEMORIAL AWARD
“For an outstanding contribution to the technical 
literature relating to lubricating greases during the year.”

This year’s award went to two deserving individuals – 
Mary Moon with Presque Isle Innovations LLC and David 
Turner CITGO Petroleum Corporation. Unfortunately, 
Mary could not attend the meeting; however, David Turner 
accepted the award on behalf of both of them.

Award presented by Pat Walsh, Awards Committee Chair 
and sponsored by Emery Oleochemicals, LLC.

NLGI AUTHOR AWARD – 
DEVELOPMENT
“For the best paper presented at our Annual Meeting 
that focuses on formulation, development, and 
manufacture of finished greases.”

Bill Mallory from AXEL Royal, LLC presented this award 
to Dr. Erik Willett, Functional Products, Inc.

Award sponsored by AXEL Royal, LLC

Congratulations to all the 2018 Award Recipients!



NLGI 85th Annual Meeting Highlights
Exhibitors
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Speakers
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Receptions & Dinners
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Receptions & Dinners
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1st Place - Score: 61
HITOSHI SAMEJIMA
MINORU NAMIKI
OLLIE KONO
SHOJI MATSUKAWA

2nd Place Score: 62
TIM PERROTT
ERIC LANCASTER
GAVIN DUCKWORK
JOHN CUMMINS

3rd Place Score: 62
ASHISH PATKI
ANTHONY DIMAGGIO
NATHAN BEADLE
MICHAEL RUTH

2018 NLGI Golf Tournament Winners

Golf Tournament

CLOSEST TO THE PIN 
HOLE #3 
MATT HARDY – 10’1”

STRAIGHTEST DRIVE 
HOLE #2
TONY GUTIER

LONGEST DRIVE
HOLE #15 
KEN HOPE 

LONGEST PUTT
HOLE #9
ROB KOTRICK – 12’0”



Fun Run
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Platinum Sponsors NLGI would sincerely like to thank our 
AMAZING SPONSORS for their generous 
support of the NLGI 85th Annual Meeting, 2018.
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Thank you for attending the 85th 
Annual Meeting in Coeur d’Alene.

See you June 8-11, 2019 in Las Vegas!

NLGI Staff and Meeting Planning Team

NLGI 2018-2019 Board Members
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New NLGI Members

Warm Welcome to Our New 
NLGI Members

Manufacturers

ExxonMobil Lubes 
and Specialties
Spring, TX, USA

Songxian Exploiter 
Molybdenum Co., Ltd
Luoyang, Henan, 
China

Technical

GKN
Auburn Hills, MI, USA

Schlegel und Partner 
GmbH
Weinheim, Germany

Suppliers

Gokul Overseas
Ahmedabad, India

JAM Distributing Co.
Houston, TX, USA
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Abstract 

It is well known that higher solvency of the base oil has a significant impact on several properties of 
lubricating greases. It is also known that lithium complex greases can usually be prepared by using 
different complexing agents such as low molecular weight dicarboxylic acids.  

The purpose of this study was to focus on the impact of the degree of solvency power of three 
naphthenic oils on two different lithium complex greases. To reduce the number of variables, 
parameters such as crude type, viscosity of the selected oils and the manufacturing process of the 
greases have been kept constant.  

Within this framework, it was found that naphthenic oil with medium viscosity performed very well in 
different types of lithium complex grease formulations and the solvency power of base oil affected 
the structure of grease. Furthermore, the formulation of a lithium complex grease can be optimized 
easily by using suitable base oil and complexing agent.  

Key words: Naphthenic oil, Solvency, Lithium Complex Grease, Flow Pressure, Elastomer 
Computability, Tribology, Rheology 

 

Introduction 

A typical lithium complex grease consists of 12-hydroxystearic acid (12-HSA) or/and hydrogenated 
castor oil (HCO), lithium hydroxide, a complexing agent and at least one lubricating oil. It is well 
known that the quality of 12-HSA and HCO, and purity and particle size of the lithium hydroxide, 
have some impact on both characteristics and manufacturing time of the greases. In this paper, the 
focus will be on the mineral base oil and the complexing agent.  

Mineral base oil should fulfill numerous requirements in many different applications.[1] The 
characteristics of a mineral oil are determined by a number of parameters such as type of crude and 
refining process. The degree of refining is equivalent to the degree of solvency of the oil which, to 
some extent, can be quantified by Aniline Point (AP) and Viscosity Gravity Constant (VGC).  
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A mineral base oil consists mainly of carbon and hydrogen bound in molecules with different 
structures that are either paraffinic, naphthenic or aromatic. The type of hydrocarbons varies 
between different types of mineral oils depending e.g., on crude type and degree of purification 
(refining). Base oils and crudes are classified in paraffinic or naphthenic, however, there is no sharp 
distinction between the two types of base oils. Hence, the characterization is based on the paraffinic 
content (CP), measured by e.g., IR, 

1. CP = 42-50% then it’s considered as naphthenic oil 
2. CP = 50-56% then it’s considered as intermediate oil 
3. CP = 56-67% then it’s considered as paraffinic oil 

AP is defined as the lowest temperature at which an oil or other solvent is completely miscible with 
an equal volume of aniline (ASTM D 611). The lower the AP, the higher the solvency of the oil. VGC is 
a dimensionless constant that is calculated from viscosity and density values of the oil (ASTM D 
2501). This constant varies from 0.760 to 1.000, and higher VGC indicates higher degree of solvency.  

In a paper published by W. Tuszynski et.al. in The NLGI Spokesman in 2008 [2], two synthetic oils (a 
non-polar polyalphaolefin (PAO) and a polar polyol ester) were used for evaluation of two 
dicarboxylic acids in lithium complex greases. The focus of Tuszynski’s study was on the impact of 
the polarity of the base oils on the lithium complex greases containing a high degree of thickener 
content (22.3 wt.%).  

The aim of this study, however, was to investigate how three naphthenic oils with different degree 
of solvency (corresponding to degree of refining and polarity) and two different dicarboxylic acids 
affect the characteristics of lithium complex greases with a low thickener content (9.5 wt.%).  

 
The Base Oils  

Three naphthenic base oils with different degree of refining have been chosen for this study. The base 
oils (BO1, BO2 and BO3) have been manufactured by using the same crude and process 
(hydrotreatment). Table 1 highlights some of the typical characteristics of these base oils.  

Characteristics Unit Method / ASTM BO1 BO2 BO3 
Density @ 15°C kg/dm3 D 4052 0.915 0.905 0.895 
Viscosity @ 40°C mm2/s D 445 109 98 100 
Viscosity @ 100°C mm2/s D 445 8.8 8.6 8.9 
Viscosity Index (VI) - D 2270 19.11 33.53 41.01 
Flash Point, PM °C D 93 212 216 214 
Flash Point, COC °C D 92 228 228 220 
Pour Point °C D 97 -30 -33 -30 
Aniline Point (AP) °C D 611 87 96 104 
Viscosity Gravity Constant - D 2501 0.855 0.843 0.830 
Reflective Index @ 20°C  - D 1747 1.501 1.495 1.487 
Copper Corrosion - D 130 1 1 1 
Sulphur content wt.% D 2622 0.11 0.03 0.01 
Color - D 1500 <1.0 <1.0 <0.5 
Total Acid Number mgKOH/g D 974 <0.01 <0.01 <0.01 
Carbon Type Composition - D 2140 
CA (Aromatic content) % - 11 7 <1 
CN (Naphthenic content) % - 39 40 44 
CP (Paraffinic content) % - 50 53 55 

Table 1. Typical characteristics of the three naphthenic oils. 
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Table 1 reveals some interesting information such as: 

a) Higher values of density, VGC, Sulphur content and CA as well as a lower AP and VI suggest 
that BO1 has the highest solvency power and lowest degree of refining followed by BO2 and 
BO3. In other words, BO3 is the most refined oil among these three.  

b) The pour point for all three oils is regarded to be the same and very low due to the use of an 
almost wax-free crude.  

Tribological Measurements of Base Oils 

Tribological measurements of three base oils were conducted by using a tribo-cell to measure 
friction. 

Tribo-cell is a device attached to a rheometer. The theory behind the tribometer has been described 
previously [3]. In principle, the tribo-cell, which is an accessory to the rheometer, consists of a steel 
ball on three plates (substrates). When a rotational speed is applied to the shaft, the ball slides with 
respect to the contact points on the three plates, see Figure 1. This instrument allows measurements 
of friction curves during controlled sliding speeds from to 10-6 to 1.4 m/s.  

 

Valid Parameters for all measurements 

Sliding speed range 1x10-6 to 1.4 m/s 

Radius of steel ball 6.35 mm (1/2 in) 

Normal force 10 N  

Table 2. Test conditions in the tribo-cell. 

Figure 1. Tribo-cell  

The tribological measurements performed with the tribo-cell consisted of the measurements of the 
friction coefficient (µ) for all three base oils at ambient temperature.  

The measured friction coefficient as a function of sliding speed for the three base oils can be seen in 
Figure 2 in which BO1 shows lowest friction coefficient at low speeds followed by BO2. 

 

 
 
 
 
 
 
 
 
 
 
 

Figure 2. The measured friction coefficient for the base oils. 
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The Greases 

In total, six lithium complex greases (A, B, C, D, E and F) have been prepared in a pilot plant by using 
the three naphthenic oils (BO1, BO2 and BO3) and two dicarboxylic acids (Acid R and Acid G). Acid R 
has a shorter carbon chain than Acid G and the chosen fatty acid was 12-HSA.  

To reduce the source of errors, the soap content, the ratio between the 12-HSA and the dicarboxylic 
acids, and production parameters have been kept constant. Table 3 demonstrates some of the 
properties of the greases. It is notable that the greases contain an antioxidant package composed of 
amine and phenolic derivatives 

Properties Grease A Grease B Grease C Grease D Grease E Grease F 
Base Oil (Naphthenic) BO1 BO2 BO3 BO1 BO2 BO3 
Dicarboxylic Acid  Acid R Acid R Acid R Acid G Acid G Acid G 
Soap Content; wt.% 9.5 9.5 9.5 9.5 9.5 9.5 
Dropping Pont; °C 305 297 304 307 270 303 
Pen (unworked); mm-1 275 280 282 253 258 258 
Pen (after 60 str.); mm-1 276 280 285 253 266 261 
Pen (after 105 str.); mm-1 326 326 332 312 307 328 
Diff after 105 str.; mm-1 +50 +46 +47 +59 +41 +57 
Oil Separation; wt.% 5.79 5.65 5.61 2.69 3.49 2.91 
Oxidation stability, PDSC 
OIT@180°C/3.5MPa; min 

11 9 20 6 5 13 

Flow Pressure@-20°C; mbar 341 328 300 498 373 400 
Flow Pressure@-30°C; mbar 546 519 512 759 569 604 
Flow Pressure@-40°C; mbar 1170 963 914 1414 1017 1124 

Table 3. The measured characteristics of the lithium complex greases  

A review of Table 3 suggests that: 

a) Dropping point: All the dropping points are above 260 °C which is regarded to be the minimum 
value for a complex grease. However, Grease E shows the lowest dropping point and the reason 
behind this is not clear to the Authors. 

b) Consistency: The greases based on Acid G show higher (firmer) consistency, about 0.5 NLGI 
grade higher than Acid R based greases.  

c) Worked penetration: The worked penetration number of all the greases after 100,000 strokes 
indicates good and similar shear stability. 

d) Bleeding: The bleeding tendency measured according to IP 121 (40 °C/168 h) for the greases 
based on Acid R is almost twice as high as for the Acid G based greases, which can be attributed 
to their softer consistency, which in turn may depend on the structure of the greases (discussed 
later in this paper). 

e) Oxidation stability: Oxidation stability of the greases was measured as oxidative induction time 
(OIT) using a pressurized differential scanning calorimeter (PDSC). The results emphasize that 
BO3 based greases are significantly better than BO1 and BO2 based greases. Furthermore, 
lithium complex greases based on Acid R show OIT twice as high as Acid G based greases. The 
common denominator is a factor two better oxidation stability for a neat lithium complex 
grease based on BO3 and Acid R.  

f) Pumpability: 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 soap 
content, consistency of the grease, polymer content, kinematic viscosity of the oil and 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. Although the flow pressure measured for all lithium 
complex greases down to –40 °C show excellent results.  
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What is reported above is often enough for the formulators to move on with one or another base oil 
and/or thickener system. However, the authors would like to expand the scope of this work by 
investigating further the following areas: 

- softening of the greases as a function of temperature 
- the rate of the bleed oil over a longer period 
- the structure of the greases 
- elastomer compatibility with chloroprene rubber 
- the rheological properties 
- the tribological behavior 

Softening degree of the greases as a function of temperature can be measured by e.g., the modified 
ISO 2137-1985 test method, which simply means that the unworked penetration number is measured 
at various temperatures. The idea here is to simulate the greases in a static condition at evaluated 
temperatures. A higher degree of softening of a grease may indicate greater tendency to leak e.g., out 
of the bearing, which may in turn reduce the performance and/or the re-lubrication time of the grease. 

 

Figure 3. Unworked penetration of the six lithium complex greases at different temperatures. 

Results summarized in Figure 3 indicate that Acid G based greases (Greases D, E and F) have less 
tendency to soften than the Acid R based greases. On the base oil side, there is also a tendency that 
BO1 based greases resist the thinning effect better than other base oils (BO2 and BO3), most probably 
due to the higher polarity of BO1, which interacts better with the thickener system regardless of the 
type of the complexing agent.   

The rate of the oil bleed of a lubricating grease is an important parameter that can have both a 
positive and negative impact on the storage and performance of a grease.  

The bleed oil can appear both in the static condition and the dynamic condition. Heat, shear, gravity, 
centrifugal forces and vibration are among the parameters that can release the oil from the thickener 
system matrix.   
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In principle, the oil separation during the storage time should be as low as possible. However, in the 
application, a controlled amount of bleed oil is desirable in order to maintain smooth lubrication. This 
is one of the typical challenges when formulating lubricating grease that is supposed to operate 
optimally at both high and at low temperatures.  

Complex greases often contain a high percentage of thickener which will, for example, ensure better 
resistance to the heat and the collapse of the film in the contact area at high loads; however, higher 
thickener content may prevent the grease from bleeding at ambient and lower temperatures, which 
in turn may contribute to so-called starvation in the contact zone and, subsequently, risk of wear will 
increase. Therefore, a “controlled” bleed oil rate may be regarded as one of the important parameters 
that should be taken into consideration when longer grease service life is targeted.[4] 

Thus, it’s a challenge for the formulators to optimize their formulation in a way that it can work well 
over a wide range of temperatures, e.g., from -40 to about 170 °C for the mineral oil based greases.  

IP121 is a static oil separation test method that measures weight percent of the bleed oil after 168 h 
at 40 °C. The result shows the volume (not the rate) of the separated oil. It has been stated that when 
about 50 percent of the oil has leaked out from a grease, then the grease should be replaced with 
fresh grease. Therefore, controlling the rate may extend the life of the grease.       

The degree of the bleed oil in a grease can be measured by using a modified version of 
IP121.Modification of IP121 means that the test has been conducted in 360 h than 168 h that the 
method suggests, Figure 4.  

 

Figure 4. Bleed oil as a function of time (modified IP121) 

As it can be seen in Figure 4, there are four different profiles for the six greases with different bleeding 
rates. Greases D, E and F, based on Acid G, exhibit significantly lower oil separation than Greases A. B 
and C, which could be a result of stiffer consistency of Greases D, E and F.  

The structure of the lithium complex greases has been captured by using a Scanning Electron 
Microscope (SEM), which is an impressive and powerful piece of equipment.  
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Figure 5a. Grease A (BO1/ Acid R) Figure 5d. Grease D (BO1/ Acid G) 

  
 

Figure 5b. Grease B (BO2/ Acid R) 
 

Figure 5e. Grease E (BO2/ Acid G) 

  
Figure 5c. Grease C (BO3/ Acid R) Figure 5f. Grease F (BO3/ Acid G) 

  
Figure 5. SEM pictures of the structure of the six lithium complex greases 

Using SEM for studying the thickener system is relevant and accurate if we take the source of errors 
into the consideration. In other words, it’s essential that to take the SEM pictures as a piece of 
evidence for completion of a multi-disciplinary study but not rely only on that. All the photos in Figure 
5 have the same scale of magnification (300 nm width of each photograph), which means that the 
thickness of the fibers can be compared with each other.  

Figure 5 suggests some possible explanations concerning the consistency of the greases shown in 
Table 3. There are two different variables involved in this work: complexing agent and degree of 
solvency of the oil. Hence, the interpretation of the SEM pictures may be divided into two different 
parts: 
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Firstly, the impact of dicarboxylic acids is considered to analyze the impact of complexing agents on 
the formation of the fibers (thickeners). To exclude the impact of the solvency of the oils, these 
pictures should be compared one to one: 5a vs. 5d, 5b vs. 5e and 5c vs. 5f. These comparisons suggest 
that the lithium complex greases based on Acid G show a denser and smaller fibrous structure than 
the Acid R based greases. 

Secondly, the impact of degree of solvency of the base oils on the formation of the thickeners is 
considered. This involves a comparison of Acid R based greases (Figure 5a, 5b and 5c) with Acid G 
based greases (Figure 5d, 5e and 5f). Here, it seems to be difficult to distinguish a clear trend between 
these two sets of photographs.  

Elastomer Compatibility testing of the greases has been conducted on chloroprene rubber (CR), 
according to GB/T1690-2010 (ISO 1817-2005, modified method).  

The weight and hardness are measured with CR type I specimens (25×50 mm). The tensile properties 
were also measured with CR type II dumbbell-shaped specimens (specimen length was 20 mm and 
the width of the narrow part was 4 mm). 

The tests were conducted as follows: the rubber samples were immersed totally in a container filled 
with the grease that then was placed in an oven at 100 °C. After 70 h, the samples were cooled down 
to ambient temperature. Then the greases were removed and the changes in the specimens were 
measured, Figure 6.  

It is relevant here to pay attention to the relationship between the solvency of the base oil and its 
compatibility with different rubber types. It has been shown in the literature that base oils with a 
higher solvency, corresponding to a lower aniline point, have a higher impact on more polar rubbers 
such as CR. The larger impact is commonly shown as a higher oil absorption rate by the rubber 
material. This, in turn, leads often to a greater softening effect on the rubber, e. g., a decrease in 
hardness and tensile properties. 

This behavior also explains the results seen in Figure 6: The solvency of the oils in this study increases 
as BO1> BO2 > BO3. Hence, the impact on the CR is higher for the greases made with BO1, followed 
by those made with BO2 and BO3. This is in line with previously published studies by Nynas in which 
the relationship between various type of elastomers and solvency was shown. The Nynas study 
concluded that when nitrile butadiene rubber (NBR) is used as an elastomer, then an oil with high 
solvency should be used, whereas an oil with low solvency should be preferred for CR-type elastomers. 
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Figure 6. The impact of the lithium complex greases on the chloroprene  

Rheological behavior of the greases has been studied by using a rotational rheometer in oscillating 
mode. It is well known that grease is a viscoelastic material, which means that it displays a mixture of 
viscous and elastic behavior when sheared. The purpose of the rheological study in this paper was to 
determine the temperature dependent behavior of the lithium complex greases by using an oscillatory 
set-up and two plate models.  

The test is carried out at an angular frequency of w=10 rad/s and at 6 different temperatures, from 
120 to -30 °C. Then, the measured shear stress at the flow point (or crossover point) has been 
determined. Figure 7 shows the measured flow point as a function of the applied temperature for all 
greases. This figure reveals that Greases D, E and F, based on Acid G, become more elastic at lower 
temperatures than Greases A, B and C based on Acid R. This significant increase of the elasticity maybe 
addressed to smaller but denser type of the fibrous structure for theses greases (Grease D, E and F). 
This type of information can be quite useful when selecting grease for a specific operating condition 
that require smoother mobility of the grease at temperatures below 40 °C. 
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Figure 7. Shear stress at the flow point as a function of temperature for the complex greases. 

Conclusions 

This multidisciplinary study has resulted in the following conclusions: 

I. Three wax-free naphthenic base oils with different degrees of refining have been selected for 
the preparation of lithium complex greases. The characterization of the base oils showed that 
BO1 has the highest solvency power followed by BO2 and then BO3.  
 

II. Tribological properties, measured by using a tribo-cell, indicate that BO1 shows lowest friction 
coefficient followed by BO2 and BO3.  
 

III. Six lithium complex greases, based on the three base oils and two different dicarboxylic acid 
complexing agents (Acid G and Acid R), showed good characteristics such as shear stability and 
high dropping point. It is notable that although Acid G has a longer carbon chain than Acid R, the 
total amount of the thickener content was kept constant at 9.5 weight percent. 
 

IV. A review of the main characteristics of the lithium complex greases based on Acid G shows: 

 a) About 0.5 NLGI grade higher consistency for greases based on Acid G than Acid R. 

 b) Oil bleed for greases based on Acid R is almost twice the oil bleed from greases based on 
Acid G, most probably due to the softer consistency of the former and the larger contact 
surface between the fibers and the oil. 

c) BO3 based greases are significantly better than BO1 and BO2 based greases with respect to 
the oxidation stability, most probably due to the higher degree of refining.  

d) Lithium complex greases based on Acid R show almost twice as long OIT (oxidative induction 
time) than Acid G based greases. 
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e) The mobility of the lubricating greases, based on the results of the flow pressure test, show 
that all lithium complex greases give excellent results down to an extremely low temperature 
(–40 °C).  

V. The SEM pictures indicate that the lithium complex greases based on Acid G have a denser matrix 
of smaller fibers than Acid R based greases. However, based on these pictures, it’s not easy to 
see that the degree of the solvency of the base oils has a clear impact on the size and thickness 
of the fibrous structures.  
 

VI. The comparative study of the elastomer compatibility of chloroprene rubber (CR), GB/T1690-
2010 (ISO 1817-2005, modified method) confirms the previous finding that the degree of 
solvency of the oils has a significant impact on the obtained results. Hence, the impact on the 
length, width and hardness of CR is greatest for Greases A and D made with BO1 followed by 
those made with BO2 and BO3. 
 

VII. Rheological behavior of the greases shows that Greases A, B and C (based on Acid R) are less 
sensitive to the applied temperature compared with Greases D, E and F (based on Acid G). This 
result is supported by SEM pictures which illustrate the differences of the fibrous networks.     
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Abstract 

Experiments were performed with standard static corrosion tests to investigate effects of lithium 
grease formulation on corrosion resistance. The alkalinity of three unadditized base greases 
due to excess unreacted lithium hydroxide did not correlate with visual estimates of corrosion 
surface area. There was some evidence that alkalinity affected performance of two rust 
inhibitors, a neutral polyester succinimide and an acidic succinate ester. Other evidence showed 
that components of an additive package enhanced corrosion inhibition by these two rust 
inhibitors while the lithium thickener system interfered with these rust inhibitors. Two different 
borate amides and a boronated dispersant improved the performance of the rust inhibitors 
formulated in a lithium base grease. A visual rating system for evaluating the percent corroded 
surface area on bearing races was used in this study. 

Introduction 

This paper continues work previously presented by the author on the subject of the alkalinity of 
lithium greases and the impact of alkalinity on additive effectiveness.[1] As noted in that 
publication, “The direct cost of metallic corrosion is $276 billion on an annual basis, which 
represents 3.1% of the U.S. Gross Domestic Product (GDP)” [2]. This subject is of great interest 
to grease formulators and grease consumers who face the challenge of preventing rust with 
their products. 

As pointed out in the previous study, Hunter and Baker [3,4] evaluated different rust inhibitors 
and greases using two static rust tests (ASTM D1743 and D5969) and the dynamic EMCOR 
corrosion test (ASTM D6138). They reported good correlation between results from the tapered 
bearing static test and the EMCOR dynamic test, both in 5% synthetic sea water. Hunter et al. 
also tested ashless rust inhibitors in the presence of different grease thickeners using these 
methods in 2000.[5] 

The present author’s original study used a variety of performance tests to measure differences 
in effectiveness of two additive packages (containing rust inhibitors) in acidic and alkaline base 
greases. Results from D1743 showed that the basic grease was inherently corrosive to steel, 
while the acidic base grease was not (Figure 1). The D1743 test was run in triplicate with each 
bearing being rated as a “Pass” or a “Fail”. A rating of “Fail” was assigned when an area of 
corrosion greater than 1.0 mm in diameter was observed on the bearing. Pack 1 did not improve 
corrosion resistance of the alkaline grease. Pack 2 improved the performance of the alkaline 
grease and may have had a positive effect on the acidic grease. 

Rust for the Record: 
Significant Factors Affecting 

Corrosion Protection in Grease

Joseph P. Kaperick
Afton Chemical Corporation

Richmond, VA
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Figure 1- Bearing Rust (ASTM D1743) 52 °C, 48h- Response of Additive Packages in Acidic and Alkaline 
Base Greases. This graph shows the number of bearings that passed or failed from triplicate runs. 

A case study showed the difficulty of using rust inhibitors to prevent corrosion in a highly 
alkaline grease. An additional study investigated the impact of lithium hydroxide (LiOH) and 12-
hydroxystearic acid (12-HSA) on corrosion in the absence of grease thickener (Table 1 and 
Figure 2).   

 

Table 1 – Case study -  Effect of highly alkaline base grease (0.17% LiOH) on rust inhibitor ability to 
prevent corrosion. Li content was determined by aqueous ICP of post-test water, and % LiOH was 
calculated from this determination. 
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Figure 2 - Effect of LiOH and 12-HSA on corrosion protection in base oil. Ratings are shown on the bar 
chart for individual bearings of triplicate runs and are based on the D6138 rating scale from 0 [no rust] to 
5 [>10% surface coverage]. 

This study seemed to indicate that LiOH (added to the test water) did not directly attack steel, 
and that increased ionic activity in the water did not cause more corrosion. This led to a 
hypothesis that there was a likely interaction between the alkali grease thickener and the rust 
inhibitors that prevented them from working together as well as expected.                                        

Additional results from a separate study by the present author [6] also indicated that the lithium 
grease thickener by itself did not prevent corrosion (Table 2). It was hypothesized that this 
thickener might prevent water from physically getting to the metal surface. However, that earlier 
study was done with the EMCOR corrosion test, a more dynamic test than the static corrosion 
tests used in the other work discussed here.   
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Table 2 - No significant difference seen in rust protection between base grease and base oil 

Previous work did point to an interaction between rust inhibitor additives and the lithium 
thickener as the likely explanation for variations seen in corrosion prevention effectiveness. 

 

Experiments 

The present study examines the interaction of base greases with corrosion inhibitors in more 
detail and seeks to better understand the impact of alkalinity. The first part of this study focuses 
on the standard static bearing corrosion test for grease, which is described by two ASTM 
standards, one using only distilled water (ASTM D1743) and one using various salt water 
solutions (ASTM D5969).  

The second part of this study looks at the impact of borates on grease thickener systems and 
their constituent components in terms of their ability to prevent rust and enhance other 
performance requirements of lubricating greases. 

 

Test Methods 

ASTM D1743 “Standard Test Method for Determining Corrosion Preventive Properties of 
Lubricating Greases” [7] 

This test utilizes a tapered roller bearing with a Timken bearing cone/roller assembly and cup 
which is packed with grease, run in, exposed to distilled water and let sit for 48 + 0.5 hours at 52 
+1˚C in an atmosphere of 100% humidity.  

ASTM D5969 “Standard Test Method for Corrosion-Preventive Properties of Lubricating 
Greases in Presence of Dilute Synthetic Sea Water Environments” [8] 
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This test is identical to ASTM D1743 with two exceptions: it runs for only 24 hours, and it uses 
diluted synthetic sea water (SSW) prepared as specified in ASTM D665. In this study, dilutions 
of 5, 50 and 100% SSW were used. 

According to ASTM D1743 and D5969, a bearing with no spots larger than 1.0 mm in diameter 
is considered a pass, and two out of three bearings must pass for the grease to be considered 
acceptable, as shown in Table 3.   

Rating EMCOR (D6138) D1743/D5969  Mod. rating for study 

Pass 

 

No spot >1.0mm (2/3 bearings) 

 Fail 

 

Any spot >1.0mm; (2/3 bearings) 

 0 No rust visible 

 

Pass 

1 <3 spots; all smaller than 1 mm dia. 

 

Pass 

2 Up to 1% surface coverage 

 

1% 

3 1 - 5% surface coverage 

 

5% 

4 5 – 10% surface coverage 

 

10% 

5 >10% surface coverage 

 

10-100% 

Table 3 - Rust ratings from ASTM D6138, ASTM D1743/D5969 and modifications for this study 

In contrast, the EMCOR corrosion test (ASTM D6138) uses a numerical rating system with “0” 
indicating no visible rust while “5” indicates more than 10% surface coverage by corrosion.   

In the present study, a modified system of rating bearings from D1743/D5969 tests was 
employed in order to better estimate the impact of each variable on the level of corrosion 
present. The raceway on the inside of each bearing cup was rated on the basis of a visual 
estimate (without the use of magnification) of the percent surface area covered by rust.  This 
rating method is illustrated in Figure 3. To minimize variability in this modification, a single 
technician did all of the evaluations used in this study.  Although no formal statistical analysis 
was possible, a single fully formulated grease sample (#1 Base A) was evaluated by this 
modified method three separate times; seven of the nine bearings rated gave results that were 
within 10% (surface area corrosion) of the mean, which was 20% (Figure 7).  For further 
discussion on variability of this modification in fully formulated greases, see Additive Packages 
and Figure 6. 
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Figure 3 - Modified rust rating used in this study - percent surface coverage of corrosion 

Grease Samples 

The base greases used for the work done in this study (Base A, Base B, Base C) were made in 
the author’s facility using a lab-scale, covered and jacketed 5-gallon kettle operated at 
atmospheric pressure with a single-motion, anchor-style agitator with scraper blades and fixed 
vertical baffle attached to the bottom of the lid cover. Heating and cooling were achieved by the 
circulation of heat transfer oil through the kettle’s jacket using a loop consisting of an oil 
reservoir, pump, heater and heat exchanger. The kettle was connected to a second pump used 
to circulate the contents of the kettle through a colloid mill, to provide additional agitation, and to 
discharge the final product. The operation of the entire unit was computer controlled.  All 
greases were degassed before testing. Degassing was done in shallow pans placed in a 
vacuum oven held at 29 inches Hg.  For the base greases, the oven temperature was held at 60 
°C and the greases were kept in the vacuum oven for 1 day.  For the formulated greases, the 
oven temperature was held at 80 °C and the greases were kept in the vacuum oven for 30 
minutes. 

Lithium 12-hydroxy stearate greases were prepared with a blend of ISO 150 paraffinic Group I 
oils and adjusted to NLGI #2 grade.  Different levels of alkalinity were obtained by adjusting the 
amount of LiOH used in making the base greases (Table 4).  The alkalinities are reported in 
%LiOH (not LiOH•H2O) as calculated by ASTM D128, Section 21 – Free Alkali [9]. 

Grease Alkalinity (% LiOH) 
Base A 0.066 
Base B 0.057 
Base C 0.031 
Table 4- Base grease alkalinity 

One fully formulated grease (Fully Formulated #1) was prepared for this study using a 
commercial grease additive package that contained ZDDP, a sulfur source, two rust inhibitors 
and a synergistic antioxidant combination. To further study the impact of separate components, 
the two individual rust inhibitors were used in the same ratio and concentration as in the 
package. The inhibitors are a neutral polyester succinimide and an acidic succinate ester. 

Finally, the impact of borate chemistry was investigated using three borates, two borate amides 
and a boronated dispersant. 

25% 1% 10% 50% 
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Alkalinity 

To establish baseline performance, the three base greases were tested by ASTM D1743 and 
showed an average of about 30% surface rust. Some variation was seen in the evaluations of 
percent surface area corrosion with a notable anomaly for Base A, where one of the bearings 
showed no corrosion at all while the other two had 40 and 50%.  The need for triplicate analysis 
is obvious from this example.  There didn’t appear to be a correlation between the alkalinity and 
the amount of rust present (Figure 4).   

 

Figure 4 - Base grease rust response – percent area of corrosion on bearing race 

Base C (with an alkalinity of 0.031 %LiOH) was then used to make Fully Formulated #1 and 
study the effect of salt water concentration and immersion time on corrosion.  Base C and the 
additive package were chosen because their performance in a fully formulated grease was 
borderline in previous ASTM D1743 testing, so that positive or negative effects were seen. 

Test Parameters 

As shown in Figure 5, the additive package significantly reduced the amount of corrosion in 
standard testing with distilled water over 48 hours.  However, when either the time or salt water 
concentration was increased, the amount of corrosion also increased.  Raising the salt water 
concentration from 5 to 100% resulted in an increase in rust coverage from 23 to 42% for 24 
hour tests. Extending the time from 24 to 48 hours increased coverage from 23 to 30% (in 5% 
SSW solution) and from 42 to 63% (in 100% SSW solution).  The amount of corrosion appeared 
to plateau around 70% in 50 and 100% SWW. 
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Figure 5 - Increasing test severity - time and salt water concentration. 

Additive Packages 

To investigate the repeatability of the rating method used in the this study, Formulation #1 was 
made up four times in Base A (#1A, #1B, #1C, #1D) and tested by ASTM D1743 (Figure 6).  
These results showed an overall reduction in corrosion due to the use of the additive package. 
Results ranging from 13 to 23% corrosion surface coverage with the additive package versus 
30% for the base grease (Base A). 

 

Figure 6 - Repeatability of surface coverage rust rating 

Next, the effect of the alkalinity of the base grease on fully formulated greases was studied.  
Each of the three base greases was blended with the additive package #1 [#1 (Base A), #1 
(Base B), #1 (Base C)] and tested with ASTM D1743.  As seen in Figure 7, it appears that the 
lowest alkalinity base grease (Base C) responded more favorably to the additive package than 
the other two base greases. 

 

 

 

Figure 7- Effect of alkalinity on fully formulated greases 

To further explore this possible influence of alkalinity on corrosion protection, each base grease 
was treated with only the rust inhibitors from the additive packages (Figure 8).  For Base A, 
results were comparable – 20% corrosion for Additive 1 (package) versus 18% for the two 
additives. 

In Base B and especially Base C, the rust inhibitors gave less protection from corrosion than 
Additive 1. In Base A, the results were almost identical (20 vs 18%) but in both Base B and 
Base C, the rust inhibitors on their own gave worse results than when the rest of the package 
was present in the formulated grease (25 vs 43% for Base B and 5 vs 17% for Base C). 
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Figure 8 - Rust inhibitors as components of a package and as individual additives 

At this point, two possible explanations for the behavior seen in this experiment were 
considered.  First, the ZDDP and sulfur components in Additive 1 could provide additional rust 
protection or act synergistically to improve the performance of the rust inhibitors.  Or second, 
ZDDP or sulfur compounds could react with excess LiOH and thereby allow the rust inhibitors to 
be more active. This latter explanation would mean that excess LiOH reacted with the rust 
inhibitors or otherwise interfered with corrosion inhibition. 

Lithium Hydroxide Interactions 

To further study possible interactions between LiOH and rust inhibitors, this experiment was 
repeated without the grease thickener.  As can be seen in Figure 9, in tests in distilled water, 
results for corrosion were similar for base oil by itself (without lithium stearate soap) and two of 
the rust inhibitor/base grease combinations (RI + Base A, RI + Base C), although more 
corrosion was observed for the rust inhibitors with Base B. However, when the same rust 
inhibitor combination was added to the base oil (RI + Oil), it was very effective and prevented 
rust.  

To investigate the effect of excess lithium hydroxide in the absence of the grease thickener 
system, 0.06 wt% LiOH was added to the distilled water used in the ASTM D1743 testing.  This 
amount of LiOH is approximately the same amount present in the most alkaline of the base 
greases in this study.  The addition of LiOH to the water used in testing the base oil (no 
thickener) significantly reduced the amount of rust.     
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Figure 9 - Effect of excess LiOH on rust inhibitors 

These results showed that some property of the grease thickener, and not excess LiOH present 
in the grease, reduced the effectiveness of the rust inhibitors. However, the distilled water 
containing LiOH did not come into contact with the metal surfaces until after the rust inhibitors 
were in contact with the bearing surfaces and may have formed a rust preventive film. 

A follow up study was done in which the two solutions were first shaken and then stirred with DI 
water containing 0.06 wt% LiOH for ten minutes prior to testing to ensure that the rust inhibitors 
were given sufficient opportunity to interact with the LiOH. This additional mixing had no 
significant effect on the results and confirmed that LiOH by itself did not have a negative impact 
on rust protection, either by reacting with the rust inhibitors or by causing corrosion on its own.   

In fact, it appeared that LiOH helped prevent corrosion when present in base oil that contained 
no additional rust inhibitors. It is likely that the benefits of distilled water spiked with LiOH were 
due to raising the pH of the water.      

The main conclusion of this part of the study is that LiOH did not directly reduce the 
effectiveness of rust inhibitors in lithium grease. This implies that negative effects seen in 
alkaline greases are likely due to interactions of corrosion inhibitors with the grease thickener 
system. 

Borate Additives 

The final step of this study was to observe the effect of borates on these thickener systems and 
their ability to prevent rust as well as to carry out other performance requirements of fully 
formulated lubricating greases. The fully formulated grease [Formulation #1 (Grease A)], using 
the more alkaline base grease (Base A) and the performance additive package from earlier 
work (Fully Formulated #1) was prepared and then top treated separately with two different 
borate amides and a boronated dispersant.  Performance testing was carried out including 
standard rust, dropping point, fretting wear and four ball weld and wear testing as shown in 
Table 5.  
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Table 5- Impact of borates on fully formulated grease performance 

While the effect of borates on raising the dropping point is well known in the grease industry, it 
is less expected to see such an improvement in rust performance, fretting wear and extreme 
pressure performance. Individually, each improvement could possibly be explained by changes 
in consistency or other phenomena. But it is harder to explain their collective improvement.  
Was this improvement a direct result of the borate chemistry? Or did these borates have an 
indirect effect, i.e., complex the grease thickener and thus allow other additives to interact with 
the metal surface instead of the thickener system? 

 An additional grease mixture (Base Grease A + RIs + ZDDP) was prepared using the same 
alkaline base grease (Base A) along with the same rust inhibitors and ZDDP used in the 
previous work. Samples of this grease were then top-treated individually with the three borates.  
The high dropping point results (Table 6) showed that these borates achieved a high degree of 
complexation of the base grease thickener (with likely synergistic interaction of ZDDP). The 
passing rust test results may have been due to the presence of ZDDP and borates, or to more 
effective complexation of the thickener system. 
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Table 6- Impact of borates on base grease with RI and ZDDP 

Next, a grease mixture (Base Grease A + RIs) was made with just the rust inhibitors at the 
same level as the previous formulations. This mixture was then treated separately with the three 
borates and tested for dropping point and corrosion (Table 7). The degree of complexation, as 
indicated by the dropping points, was lower than that of the greases containing ZDDP.  
However, the greases still passed the rust test, although the previous tests showed a significant 
amount of rust (18% surface coverage) for the RI + Base A formulation without borates (Figure 
8). It is possible that a sufficient amount of complexation allowed rust inhibitors to get to the 
metal surface. Since no rust was present in either case, it was impossible to know if the effect 
depended on complexation. 

 

Table 7- Impact of borates on base grease with only RI 

Finally, the experiment was repeated with only the individual borates added to the base grease 
(Base Grease A).  Similar dropping points were obtained (Table 8) as the previous formulations 
with the rust inhibitors included.  However, these greases also gave passing rust results without 
the addition of rust inhibitors. While borate amides are used as rust inhibitors, boronated 
dispersants are not used typically to provide protection against corrosion. These results may 
provide additional evidence that something in the base grease itself helps to cause corrosion.     
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As seen previously, there was 30% surface corrosion with Base A (Figure 7), and only 20% with 
the Base Oil (Figure 9). However, in this study, there were possible issues with repeatability of 
visual evaluations of surface corrosion and differentiating effectiveness of rust inhibition among 
greases that passed. However, these results certainly indicate that additional testing in this area 
could be worthwhile. 

 

Table 8- Impact of borates on base grease alone 

Summary and Conclusions 

Baseline studies using base greases with different alkaline contents seemed to show that the 
alkalinity of the base grease by itself had little or no impact on the amount of corrosion seen in 
standard static corrosion testing (ASTM D1743).  There seemed to be a plateau effect where 
the amount of rust was limited by immersion time and surface coverage.  Increasing the 
immersion time or the concentration of the salt solution increased the amount of rust formed, but 
not in a linear manner (Figures 4 and 5). 

In the presence of performance additives, the alkalinity of the base grease may have had an 
impact (Figure 7) on the ability of the grease to prevent rust. But the relatively narrow range of 
alkalinities and the limited repeatability of visual measurements in this study call for more work 
in this area in order to confirm these findings. 

The presence of lithium hydroxide was ruled out as a primary factor in reducing the corrosion 
protection ability of these greases (Figure 9). There was no evidence to suggest that LiOH 
reacted with the performance additives or caused corrosion by its presence. In fact, its presence 
seemed to have a mitigating effect on corrosion. 

There was evidence to suggest that something in the thickener system contributed to corrosion 
or, at the very least, interfered with the corrosion inhibitors. The base oil by itself caused less 
corrosion than when the thickener system was present (Figures 7 and 9). The addition of rust 
inhibitors to the base oil eliminated corrosion, while those same rust inhibitors in grease 
provided only a minor reduction in corrosion (Figures 7 and 8). 

Further work with borates in these base greases gave additional evidence that the lithium 
grease thickener system caused corrosion.  One hypothesis is that the complexing effect of the 
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borates in lithium greases improved the performance of the corrosion inhibitors in the base 
grease (Table 7, Figure 8). But the fact that improvement was also seen without the corrosion 
inhibitors present (Table 8) may be further indication that something in the base grease itself 
contributed to corrosion. Another hypothesis is that there was less corrosion because there was 
less water present due to interactions with the borates or with the more complex grease 
thickener system. Further study is needed to clarify these points. 

Additional study is needed to further explore interactions of base grease thickener systems and 
performance additives. New experimental techniques may be useful, especially with regard to 
more repeatable and precise measurements of corrosion. Average Gray Value and other optical 
measurement techniques to more precisely determine surface coverage by corrosion are 
becoming more mainstream. Contact angle evaluation and Quartz Crystal Microbalances 
(QCM) allow further exploration of rust inhibitor action and effectiveness.  Further work with 
multivariate analysis is needed to explore the interactions that appear to improve rust inhibition 
including borates, rust inhibitor combinations, ZDDP and other additives. These evaluations 
should include additional base greases as well as different types of corrosion testing such as 
the dynamic EMCOR bearing corrosion test (ASTM D6138). 
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expertise, and production capacity 
of 50 million pounds of grease and 
20 million gallons of oil, annually.
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PRIVATE LABEL MANUFACTURING

October 6 – 9
ILMA Annual Meeting 
JW Marriott Desert Springs Resort & Spa
Palm Desert, CA

November 5 @ 8:00 AM - 5:00 PM
2018 ELGI Working Group Meetings
Crowne Plaza Schiphol Amsterdam, Planeetbaan 2 
Hoofddorp (Near Amsterdam), 2132HZ Netherlands
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November 6-8, 2018
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Hoofddorp (Near Amsterdam), 2132HZ Netherlands

November 28 @ 8:00 AM - November 30 @ 5:00 PM
The 14th ICIS Pan American Base Oils & Lubricants 
Conference
Hyatt Regency Jersey City, USA, NJ United States
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