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PRESIDENT'S PODIUM
Joe Kaperick
Afton Chemical
NLGI President 2018-2020
We’ve had some exciting things transpire this year. With a lot of help from the Home Office, the Board and many
of you, we were able to organize another fantastic Annual Meeting in Las Vegas, NV, jumpstart work on a new
multiuse grease specification, conduct NLGI’s inaugural Hands-On Training Course, progress various committee
initiatives and develop an approach for strategic planning and long-range strategy. We’ve accomplished a lot this
year and I want to thank you all for helping us to reach those milestones.
Please check out our year-end recap including highlights in areas such as Membership, Finance, Education,
Volunteer Management and Business Development.
Budgets for 2020 have been approved and planning is already underway for the New Year. In 2020, we will
continue to focus on our strategic priorities including:
• 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
One of NLGI’s major membership benefits is The NLGI Spokesman. This bi-monthly publication features
technical articles, interviews, advertising and more. In 2020, we will be looking at ways to enhance this
publication for our readership. We need your input! Please take 5 minutes to share your thoughts with us through
the following survey: https://www.surveymonkey.com/r/KTZVXKY
Also, as we look ahead into 2020, the NLGI leadership continues to encourage each of you to get involved by
joining one of NLGI’s committees, taking part in the discussion around the new grease specification, or providing
your input as we continue to try to add value to your membership. For more information, please contact Crystal
O’Halloran at crystal@nlgi.org or 816-524-2500. A list of NLGI committees is also provided in the year-end recap
section of this issue.
Additionally, please plan to join us in June 2020 for another great NLGI Annual Meeting in Miami, FL at the JW
Marriott Miami Turnberry Resort & Spa. The theme is “Science Friction: The Tribology of Grease”. Technical
presentations will focus on the tribological aspects of lubricating greases and include discussion of topics such as:
• Additives
• Testing
• Raw materials
• Environmental impacts
• Safety concerns
• Cost savings
• Improved performance/efficiency
• Condition monitoring/in-service
On behalf of the NLGI leadership team, we would like to wish you Happy Holidays and a successful New Year!
Joe Kaperick
Afton Chemical
NLGI President 2018-2020
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CALL FOR PAPERS
NLGI 87TH ANNUAL MEETING

A call is hereby issued for Technical Papers for presentation at the NLGI 87th Annual Meeting, which
will be held at the JW Marriott Miami Turnberry Resort & Spa, Aventura, FL, USA, Sunday, June 14 Wednesday, June 17, 2020. You do not need to be an NLGI member in order to present a Technical
Paper at our Annual Meeting. Submission deadline January 10, 2020.
Tribology is primarily the study of friction, wear and lubrication. And understanding the behavior of
grease as it relates to tribology is critical to our industry as we try to improve performance for more
severe conditions and take on the challenges of new applications. Papers related to grease tribology,
and which may focus on the following areas will be given priority:
•
•
•

Tribology
Additives
Raw Materials

•
•
•

Testing
Environmental impacts
Safety concerns

•
•
•

Cost savings
Improved performance/efficiency
Condition monitoring/in-service

Papers covering any other success stories of superior application or improvement of technology are also
welcomed. Technical papers approved for presentation at the Annual Meeting may be published in the
NLGI Spokesman, after evaluation by the NLGI Editorial Review Committee.
COMMERCIAL PAPERS: NLGI will also accept up to two papers of a commercial nature. A fee of
$1,000 USD for member companies and $2,000 USD for non-member companies will be charged for
each accepted presentation. Acceptance is on a first come, first served basis.
For additional information on deadlines, submission material as well as revised author guidelines,
please visit: https://www.nlgi.org/call-for-papers/

Please don’t hesitate to contact NLGI HQ with any questions at 816.524.2500 or nlgi@nlgi.org.
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Warm Welcome to our
New NLGI Members
new members as of August 1, 2019

SKF USA Inc.			
Bisley International LLC
Hovis Auto Supply
Wabtec Corporation
Lubricantes Unidos
de Mexico S.A. de C.V		
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Supplier		
Marketing
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USA
USA
USA
USA

Manufacturer Mexico

Advertiser’s Index
All-Weld Patterson, page 75
ChemicoLLOID Laboratories Inc. 61
Frigmaires, page 76
Lubes’n” Greases, page 81
Moly Metals, page 30
Petro-Lubricant Testing Laboratories
Inc., page 82
ProSys Servo Filling Systems, page 78
Soltex, Inc, page 5
Vanderbilt Chemicals, LLC, page 80
Zschimmer & Schwarz, page 79

Industry
Calendar of Events
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.)
Feb 1 - 3, 2020
NLGI India Chapter
22nd Lubricating Grease Conference
Marriott Hotel, Indore, India
March 9 - 11, 2020
ALMU – Annual Meeting
& Global Leadership Summit
Bangkok, Thailand

GRAPHITE
Soltex is now the named distributor for Imerys natural and
primary synthetic graphite in lubricant applications
throughout the Americas!
Improve your lubricants and your supply chain with TIMREX® graphite powders
plus best-in-class service and support.
High quality & purity | The only primary synthetic graphite
Stable source of supply | Technical support | Logistics solutions

Locations
USA | CANADA | ARGENTINA
orderentry@soltexinc.com | soltexinc.com | +1 281 587 0900 | +1 800 275 8580
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April 2 - 4, 2020
ILMA – Engage Spring Conference
Omni Grove Park Inn, Asheville, NC
April 25 - 28, 2020
ELGI – 32nd Annual General Meeting
Grand Elysee Hotel Hamburg, Germany
May 3 - 7, 2020
STLE – 75th Annual Meeting & Exhibition
Hyatt Regency Chicago, Chicago, IL
June 14 - 17, 2020
NLGI – 87th Annual Meeting
JW Marriott Miami Turnberry Resort
& Spa, Miami, FL
Oct 24 - 27, 2020
ILMA – 2020 Annual Meeting
Boca Raton Resort & Club, Boca Raton, FL

Viscometric and Low Temperature Behavior of
Lubricants with Blended VI Improvers
Erik Willett, Andrew DeVore, Daniel Vargo
Functional Products Inc.
8282 Bavaria Road, Macedonia, OH 44056 USA
www.functionalproducts.com
Abstract
Polymeric viscosity index improvers (VII’s) are routinely used to modify oils to the proper viscosity
and VI for lubricant applications. There are many commercially available polymer chemistries
to choose from when selecting a VII product for formulation. Improper selection of a polymer
can drastically influence low temperature behavior of lubricants. This study investigates the
appropriateness of different polymer chemistries in Group II, Group III, and PAO fluids and the
polymers’ effects on pour point (PP) at low temperatures (down to -60 C). This study finds that
the effects of polymers on VI and PP depend on the base oil. A number of cases are reported and
explained on the basis of the dilute to semi-dilute transition, c*, of the polymer and changes in base
oil solvency with polymer content. This paper also proposes several lubricant formulation strategies
for synergistic combinations of VII’s for maximum VI improvement and minimal effect on PP and low
temperature viscosity. These results provide useful information for development of new greases with
desirable low temperature performance.
1. Introduction
Viscosity Index and Lubrication
The viscosity of oil decreases as its temperature increases. This occurs because the increased thermal
(kinetic) energy allows the individual oil molecules to move faster and overcome the attraction or
‘cohesion’ between molecules. Variation in viscosity of in-service lubricant with temperature during
start-up and operation of equipment or aging can cause the lubricant to fall out of the viscosity
grade for the application. The rate at which viscosity declines with temperature, from 40 to 100 C, is
expressed as the viscosity index (VI).[1] In petroleum-based oils, VI can range from <60 in naphthenic
oils between 80 and 120 in paraffinic API Groups I and II and >120 in Group III oils. Synthetic oils and
esters can reach VI’s of over 200.
Commercial lubricant VI varies widely. For example, industrial gear oil specification ANSI AGMA
9005 specifies four distinct ranges of VI for industrial applications: 90, 120, 160, and 240.[2] In many
cases, a modest VI (< 90) is sufficient and presents the lowest cost up front. However, vehicles, mobile
equipment, and other applications in areas that experience wide seasonal temperature swings benefit
from multi-grade (all season) oils. In varying temperature environments, it is necessary to replace low
VI products to meet changing lubrication requirements. This shortens oil drain intervals, increases
downtime, and poses the risk of cross-contaminating old and new lubricants.
Applicability in Greases
While the basis of this work - simple formulations of VI improvers in various fluids – applies most
directly to lube oil formulators, the results of this work may be useful for grease making. This study
addresses two issues relevant to the grease community, effects of polymers on grease properties and
formulation guidelines.
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First, polymers are often needed to boost the mechanical stability and water resistance of many
greases. But there has been ongoing debate about their effect on cold flow properties of greases.[3] It
has been suggested that polymers are inherently bad for pumpability, consistency, and other grease
parameters at low temperatures. The work presented here tested polymer chemistries with good
(poly(methacrylate), PMA), neutral (polybutene, PB), and bad (olefin copolymer, OCP) reputations
for low temperature performance. In simple polymer-oil blends, each polymer chemistry provided
examples of good and bad pour points depending on the base oil. This study demonstrated that the
role of polymers in determining low temperature performance is complex. Future work will begin to
look at role of the thickener network in tandem with the polymer and wax networks discussed here.
Second, this study generated a range of formulations with high VI’s and low PP’s using paraffinic
and synthetic base oils. The majority of grease is produced using a range from ISO 100 to 460 base
oils for both general use and EP applications.[4] Higher or lower viscosity grades are advisable
depending on the application speed, with high viscosity base oils favorable in low speed applications,
and conversely, low viscosity base oils advantageous in high speed applications. The formulations
presented here may be a good starting point for polymer/oil base fluid blends in cold weather greases
– lithium complex and calcium sulfonate – where pumpability is a key concern. Additionally, higher VI
and lower thinning of the oil under heat, compared to low VI base stocks, would be ideal for aluminum
complex, clay, and polyurea greases.
Grease is a complex system, and often, simply using a high VI base oil with a low PP may not
automatically grant better low temperature properties. However, greases designed for low
temperature use often follow the same formulary guidelines as used for low temperatures lubes:
reduce the base fluid viscosity and add a polymer thickener to meet the desired grade. However,
this approach sometimes, but not always, results in a fluid with high VI and good pour point. The 81
formulations discussed below give formulators a starting point to begin to experiment with polymer/
base oil blends and find the most cost effective selection of oil and polymer to meet their performance
requirements.
VI Improvement
Viscosity index improvers are low to high molecular weight (MW from 1,000 to 250,000 g/mol)
polymers that are added to oil to counteract the effect of oil thinning as temperature increases.
[5]
Polymers are large molecules prepared by connecting many individual repeat units, called
‘monomers’, into a single structure.[6] This structure may be very linear like a chain, or highly branched
like a tree. The structure and choice of monomers determines the behavior of a polymer.[7]
Polymethacrylates were among the first VII polymers commercially available in the early 1900’s.
[5] [8]
Motor oils benefited from use of PMA’s because higher VI products could be used across many
different seasons and climates. Hydrocarbon polymers such as PIB’s and then olefin OCP’s gained
favor due to their great cost effectiveness. Each of these polymer chemistries remains in use to this
day where the properties of each material best fits specific applications in motor oils, hydraulics, gear
oil, and more.
The general mechanism for VI improvement by polymers is due to the thermally responsive behavior
of polymers when dissolved in a solution or a lubricant.[9] Polymers exist in solution or lubricant as
very large coiled chains and occupy large spaces in the oil.[10] According to Stokes-Einstein theory,
large molecules like polymers experience drag when they drift through oil due to collisions with many
smaller oil molecules.[11] These collisions slow the overall motion of the oil and raise the viscosity. The
change in viscosity increases with the cross section of the polymer coil.
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The size of a polymer coil increases with temperature as it becomes more soluble and takes in more
oil.[10] Increasing temperature causes the polymer to uncoil into a larger sphere with larger crosssectional area. Figure 1.1 demonstrates this behavior. Larger coils undergo more collisions across
their larger cross-sectional areas and produce greater enhancement of viscosity. A suitable VII
polymer will overcompensate for the loss in oil viscosity at high temperature (100 C) relative to lower
temperature (40 C). This temperature-sensitive effect produces a net increase in the VI of a lube.

Figure 1.1: A general depiction of coil expansion that drives VI improvement by polymers. At high
temperatures, polymer coils expand in solution, which counteracts the decreasing base oil viscosity.
However, this general depiction is simplistic, and evidence shows it is not always true.[12] In this study,
some VII’s in some fluids deviated from this behavior.

Low Temperature Behavior and Pour Point
The behavior of oil at low temperatures is far less predictable than its behavior at 40 C and 100 C due
to the gradual solidification of the oil. As mineral oil cools, wax (linear alkanes) form a network of fine
crystals that traps the remaining oil in a rigid gel.[13] The amount of wax depends on the refining of the
base oil as well as certain additives that may behave like wax. Upon warming, the solid reverts back
to a liquid. Solidification risks extensive damage to equipment if the lubricant is not carefully selected
for anticipated cold conditions.[14] Figure 1.2 demonstrates the thickening of oil as it cools.

Figure 1.2: A single oil sample (PP=-15 C) is shown at multiple temperatures above and below its PP. In
these photos, tilting of the oil sample is greatly exaggerated versus the manual ASTM D97 tilt test to show
viscous behavior.
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Pour point is one of the most well-known low temperature tests routinely performed on lubricants.
Pour point is defined as the temperature at which an oil will not flow under its own weight within 5
s during rapid cooling (~1C/min). When oil is at temperatures below its PP, it becomes a semi-solid
that will not pour from drums, cannot be pumped, risks damage to pumps, and starves lubrication
systems by remaining in the sump.[14] The manual test (ASTM D97, Standard Test Method for Pour
Point of Petroleum Products) is performed by progressively cooling a tube of oil via a series of baths
or environmental chambers until the oil does not flow when the tube is tilted. Several automated
methods exist.[15]
Pour point depressants (PPD’s) are additives designed to reduce the PP of an oil to allow it to flow
at lower temperatures.[16] This is achieved by modifying the shape and size of the wax crystals that
develop in the oil at low temperatures. For this reason, PPDs are also called ‘wax crystal modifiers’.
2. Experimental
2.1 Materials
Three VII’s were chosen to represent major commercial chemistries. Typical properties of the three
products used in this study are listed below in Table 2.1. These PB, PMA, and OCP products had the
same thickening efficiency (10% in Group I ISO 32 and between 9.0 and 9.5 cSt at 100 C).
Table 2.1: Typical properties of the three VII’s studied in this work

This PB was pure, low molecular weight (< 3000 g/mol) polymer in the form of a viscous liquid.
Polybutenes are prepared from butene isomers including isobutylene and 1-butene.[17] Their
advantages are excellent shear stability and low cost. Their disadvantage is that the high treat of low
MW polymer can often lead to poor solvency and, eventually, haze.
Polymethacrylates are highly branched copolymers of short (from C1 to C5), medium (from C6 to
C11), and long (>C12) methacrylate esters.[8] Their advantages are very high VI improvement and
excellent improvement of low temperature properties including PP depression. Their disadvantages
are cost and moderate thickening efficiency. This PM included a small percent of oil.
Olefin copolymers are copolymers of ethylene and one or more olefins. These polymers are very long
linear molecules with low branching and high MW. Their advantages are high thickening efficiency
and low cost. Their disadvantages are poor shear stability, and some OCP’s can behave like wax if
ethylene content is too high (>50%). In this study, solutions of OCP were prepared in paraffinic Group
II oil.
Table 2.2 lists typical properties of three different base oils used to test the PB, PMA, and OCP blends.
In this study, the PAO was based on C10/polydecene chemistry. The Group II oil was hydrotreated, and
the Group III oil was hydrocracked and isomerized.[18].
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Table 2.1: Typical properties of the three VII’s studied in this work

2.2 Methods
Sample Preparation
Varying combinations of two different VII’s in each of three base oils produced 81 unique
formulations. Blended VII formulations were prepared for PB-OCP, OCP-PMA, and PB-PMA
combinations along a 3x3 grid (Figure 2.1) using 5, 10, and 20% of each product (from 10 to 40%
total polymer concentration) in each base fluid. Figure 2.1 demonstrates how the 3x3 grid of formulas
was prepared. Samples were prepared at 100 g scale. Treat level of each VII was labeled as “low” (5
wt%), “medium” (10 wt%), and “high” (20 wt%). Appendix A lists each formulation with data.

Figure 2.1: Example of 3x3 grid to prepare combinations of two VII at various wt% (for example, PMA and PB)

Formulations in Groups II and III fluids were each treated with 0.2 wt% of a base oil specific
polymethacrylate PPD.[19] No PPD was added to formulations prepared in PAO. No additive packages
were included in this study. This work focused on fundamental polymer-oil blends.
Visual Inspection
Visual inspection of sample clarity was performed after storage at room temperature (20 C) for one
week. Multiple formulations produced haze upon cooling to room temperature or between 24 and
48 h later. These formulations were marked as “Haze” in appearance in Appendix A. Formulations
with high PB or PMA content in PAO separated into two separate liquids after standing at room
temperature and were noted as “Separation” in appearance. “Haze” formulations were included in the
Results and Discussion, while those marked “Separation” were excluded.
Viscometrics
Kinematic viscosity was measured according to ASTM D445 (Standard Test Method for Kinematic
Viscosity of Transparent and Opaque Liquids) at 40 (KV40) and 100 C (KV100) using a capillary
viscometer. Viscosity index was calculated by ASTM D2270 (Standard Practice for Calculating
Viscosity Index from Kinematic Viscosity at 40 C and 100 C). Pour point was measured by ASTM D97
(Standard Test Method for Pour Point of Petroleum Products) for paraffinic oils and ASTM D6749
(Standard Test Method for Pour Point of Petroleum Products (Automatic Air Pressure Method)) for
PAO.
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Viscosity Grade Assignment
ISO VG (ISO 3448, ASTM D2422) and AGMA (ANSI AGMA 9005) viscosity grades were assigned on the
basis of KV40. SAE J300 Crankcase and SAE J306 Gear viscosity grades were superficially assigned on
the basis of KV100 only.
3. Results
Viscosity and grades
Blends of two VII’s, each VII at 5, 10, and 15%, in three base oils produced an array of 81 samples
across a wide range of KV40 and KV100. Table 3.1 summarizes the variety of results for viscosities,
VI’s, and PP’s observed. Appendix A lists the formulas and experimental data for all 81 samples
prepared for this work.

Table 3.1: Statistics on KV40, KV100, VI, and PP values of the 81 samples prepared in this study, arranged by
base oil, to demonstrate trends in viscometrics and VI due to the choice of base oil

Viscosity index trends
In this study, VI in the formulations ranged from 130 to 211. Average VI of tested formulations in
Table 3.1 increased from Group II (base VI =113) to Group III (base VI =124) base oil. In PAO (base
VI = 137), the average VI was lower than expected due to separation in several cases with high levels
of PB or PMA samples, which would have otherwise increased the average VI. These VI combinations
produced high VI in Groups II and III.
Formulations were compared in groups of three with low, medium, and high (5, 10, and 20%,
respectively) treat levels of one VII in a specific base oil with a fixed level of a second VII. This was
done to show trends in viscosity and VI in the presence of a second VII. Blending different classes of
VII’s (PB, PMA, OCP) produced several different trends in VI with treat level.
Figure 3.1 demonstrates the four observed general cases for change in VI with increasing wt%
VII. KV40 and KV100 increased in all cases when blending PB, PMA, and/or OCP with a base fluid
and fixed level of a second VII. However, KV40 and KV100 increased at different relative rates with
increasing treat. A large difference in the relative change of KV40 and/or KV100 produced a changed
in VI.

Figure 3.1: Generic plots of the VI versus wt% of VII for each of the four qualitative cases: 1) VI increases
continuously; 2) VI increases then decreases or remains constant; 3) VI remains the same; and 4) VI decreases
continuously. These plots show relative changes in VI. Absolute VI values are given in Appendix A. For example,
a formulation with Case 4 behavior may have a higher VI than a Case 1 formulation.
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Pour point trends
There was a strong contrast between PP results in mineral oil and PAO based formulations. In Groups
II and III, PP was between -24 and -45 C. In PAO, formulations had PP’s from -38 to -52 C. In general,
PP was independent of VI. However, there were several instances where VI increased while PP
decreased with treat of VII and vice versa. In commercial products like SAE engine oils, PP can vary
over a range of 20 to 30 C for products with the same VI. However, PP generally improves (decreases)
with VI.
The PP is a separate phenomenon from the measurement of VI at 40 and 100 C. Oil undergoes
complex and chaotic physical processes during the PP test. The simple exponential curve of viscosity
versus temperature, which can be obtained from VI and KV40 or KV100, simply does not predict the
relatively strong viscosity increase and abrupt change in flow at low temperatures near the PP.
The change in PP with varying treat level of a second VII in a formulation was straightforward and
followed one of three cases (A, B, C) as shown in Figure 3.2. ASTM D97 PP was reported with a
precision of +/- 3 C. Any variation of 3 C or less between two samples was regarded as negligible.

Figure 3.2: Comparison the three observed trends in PP versus wt% VII: A) PP is unaffected; B) PP increases only
at high treat levels; C) PP worsens continuously with concentration. Absolute PP results are shown in Appendix
A. For example, a Case C formulation may have higher PP than a Case A formulation

4. Discussions
Trends in VI with blending VII’s
Due to limitations in cost or demanding specifications like shear stability, it is often attractive to blend
multiple types of VII’s to achieve the desired properties in a lubricant. The goal of this work was to
blend VII’s with different advantages and disadvantages to investigate opportunities for synergy.
Synergy occurs where a blend of two or more formulated components provides better performance
(higher VI and/or lower PP) than would be expected on the basis of the individual performance of the
two individual components. The opportunity for synergy occurs because each VII chemistry tested
(PB, PMA, OCP) contributes to the VI differently due to different molecular weights and chemical
structures. Blending multiple polymers in solution can produce non-intuitive effects on the expected
viscosity or VI since polymers in solution interact.[20] These effects can be positive or negative. Figure
3.1 in Section 3.2 identified four different cases for the change in VI with blending two VII chemistries.
Case 1 – continuous increase in VI with treat level of VII– This is the most desirable situation for
a formulator since using more product to achieve higher viscosity will also improve VI. The basic
explanation of VI improvement requires the individual polymer coils in oil to expand with increasing
temperature to counteract the thinning of oil under heat.[9] Higher treat of the polymer increases the
number of coils in oil and multiplies the effect of thermal expansion in the coils. Case 1 behavior for
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VII is the generally accepted understanding for how polymers behave in oil. However, this picture is
often not true.[12] [21] Three other responses to VII blending were observed: Cases 2, 3, and 4.
Case 2 – VI increases at low treats and decreases (or remains constant) at higher treats of VII – This
tended to occur when PMA or OCP was added at 5 to 20 wt% to another VII. Bell-shaped or parabolic
response of performance versus wt% of an additive is common when formulating lubricants. This
over-treat effect is often called ‘reversion’.
The difference between the ideal Case 1 (continuous improvement with added VII) versus the
reversion in Case 2 can be explained by considering effects not shown in the simple VI improvement
explanation (Figure 1.1). Reversion (Case 2) occurs most often for higher MW polymers such as
PMA and OCP, which have MW on the order of 10,000 and 100,000 g/mol, respectively. The lower
MW polymer PB (roughly 1,000 g/mol) generally expressed Case 3 or Case 4 behavior for change in
VI (Figure 3.1). This suggested that the Case 2 behavior related to polymer size in solution. Polymer
behavior in solution is known to be dependent on concentration and size.[10]
The understanding of how polymers behave in solution, is divided into three regimes on the basis of
theoretical models: dilute, semi-dilute, and concentrated.[10] Figure 4.1 demonstrates these regimes.
• Dilute polymer solutions occur when polymer coils are sufficiently dilute to avoid contact with one
another. This is the ideal condition assumed in Case 1.
• Semi-dilute polymer solution exist when a critical concentration, c*, of coils pervades the entirely
of the fluid and coils are always in contact. A network of coils is thus formed.
• Concentrated polymer solutions occur when coils are forced to overlap and entangle.

Figure 4.1: Three regimes of polymer solution theory describe key structures of the polymer coils in the base
fluid. For example, dilute theory applies to engine oils (< 1wt% low SSI OCP); semi-dilute theory corresponds to
high VI gear oils (20-50wt% PB or PMA); and concentrated theory describes wireline greases over ISO 1000 (>
5wt% high SSI OCP), where shear stability index (SSI) is defined as the resistance of a VII polymer to mechanical
degradation under shearing stress.
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The exact wt% to meet these ranges depends on coil size. Higher MW polymers form bigger coils that
occupy more space per wt% than smaller, lower MW polymers. Coil size is not linear with MW.[22]
Figure 4.2 below demonstrates a qualitative plot to find c* for the PB, PMA, and OCP products tested
in this study. The wt% at which the dilute/semi-dilute transition, c*, occurs can be found by plotting
the log of specific viscosity (ηsp = [KVOil+Polymer / KVOil]– 1) versus log of wt% polymer.[10] The plot
will start as a line with a shallow slope at low w% and cross over to a steeper slope at higher wt%.
These two lines intersect at c*. Many formulators may have seen this effect when the thickening of a VI
improver becomes more efficient above a certain treat level.

Figure 4.2: Plotting specific viscosity (ηsp = [KVoil+VII/KVoil]-1) versus wt% VII on a log-log plot reveals a critical
concentration, c*, where the slope of the line suddenly increases. This point. c*, indicates that polymer coils are
in contact. Dilute solution theory models polymer solutions below c*, while semi-dilute solution theory models
concentrations above c*.

From Figure 4.2, high MW OCP (~100,000 g/mol) reaches the semi-dilute condition at 4 to 5 wt% in
oil. Most examples of Case 2 VII behavior with increasing treat occurred with OCP VII. The explanation
is that increasing contact between the large polymer coils inhibits coil expansion at high temperature
at semi-dilute concentrations. Each coil cannot expand through other coils. The loss of expansion by
polymer coils reduces the VI improvement in the base oil, which loses viscosity and becomes thinner
as temperature rises, and VI decreases with higher treat. PMA (on the order of 10,000 g/mol) also
exhibited Case 2 behavior, and Figure 4.2 shows that the dilute/semi-dilute transition occurred
within the 5 to 20 wt% treat range tested in this study.
Case 3 – VI remains same with varying wt% VII – This case is useful for high VI base fluids whose
VI is already appropriate for an application. A formulator may wish to further increase the viscosity
without affecting the VI. Case 3 occurred most often in cases of varying PB in the formulation
(Appendix A). PB is unique among the three VII improver chemistries due to its very small MW. The
fundamental explanation for Case 3 is based the different ability of small or large polymers to coil or
uncoil with temperature.
Liquid PB additives are typically less than or approximately 2,800 g/mol and consist of a mere 50
butylene units or less. As demonstrated in Figure 4.3, longer polymers have a greater potential to coil
and uncoil. An average polymer coil is proportional to N1/2 in size, and a fully stretched chain’s length
is proportional to N, where N is the number of repeat units.[7]
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Figure 4.3: Higher MW polymers expand to a greater extent than lower MW polymers as demonstrated by the
ratio of end-to-end chain length versus coil diameter. This ratio scales by N1/2 where N = number of monomers.
Case 3 behavior occurs when polymers are low MW and cannot provide sufficient expansion to compensate for
base oil thinning.

The ratio between the fully extended polymer chain and its coil size is therefore dependent on MW
and is proportional to N1/2. Real polymer chains do not fully extend to the straight ‘zig-zag’ alignment
shown in Figure 4.3 but this diagram shows the contrast in size. Case 3 likely occurs where low MW
polymers approach the size of the base oil, and the sizes of the expanded (KV100) and contracted
(KV40) coils are not sufficiently different to compensate for the thinning of base oil with temperature.
In this case, low MW PB is more appropriately called a thickener than a VI improver.
Case 4 – continuous decrease in VI with added VII – This case was not an expected outcome of adding
VII. This case may be acceptable if base oil VI is already high, such as Group III or PAO. The Case 4
trend suggested that the addition of polymers could directly reduce VI, unlike Cases 1, 2, and 3. Case
4 occurred most often in low solvency (Group III, PAO) base oils and with varying PB VII levels. The
origin of VI decrease may be attributed to the overall solubility of polymers in solution.
Polymer-oil compatibility is a critical issue in high performance oils. The formulation for these
products generally uses a high treat of a shear stable VII and a highly refined or synthetic base oil
with poor solvency. The strain on compatibility produced by this strategy is two-fold: 1) higher wt%
polymer means less base oil; and 2) the polymer is a poor solvent for other polymers or additives
and reduces solvency of the blend. Base oil solvency is often discussed in broad terms like ‘polarity’
or ‘aromatics’, but solvency is very much grounded in simple MW differences between solvent and
polymer.[23] [24]
Figure 4.4 demonstrates the Case 4 problem on the basis of increasing solvent or oil molar volume
(MW/ρ, in cm3/mol) on polymer compatibility. Ideally, molecules of a ‘proper’ solvent for a polymer
are about the same size as a monomer itself, only 50 – 200 cm3/mol.[24] As a relatively small VII like
PB or PMA is added, the average molecular weight of the solvent (oil + small VII polymer) cannot fit
into the recesses of large VII polymer coils, which leads to fewer and less intimate points of contact
between solvent and large VII polymer. Most petroleum-based oils range from 300 to 700 cm3/mol in
volume, already far in excess of an ideal 50 – 200 cm3/mol.[25] [26] Synthetic fluids like PAO, PB, and
low MW PMA exceed several thousand MW/ρ.
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Figure 4.4: An example segment of a relatively large polymer coil is shown with gray spheres representing
individual monomers. The colored circles represent different oil components acting as solvent. Low contact
and interaction between polymer and solvent causes the large polymer to become less soluble in the oil and
collapse. Low thickening, haze, and/or drop-out occurs.

Some instances of Case 3 behavior with non-PB VII’s, especially PMA, may also be due to Case 4
effects. Shear stable PMA VII’s must include higher amounts of polymer and less diluent oil to achieve
acceptable thickening efficiencies comparable to OCP’s and other competing technologies. The lower
solubility of the polymer causes the polymer coils to become smaller in solution and expand less
at higher temperatures, which may induce Case 3 (no change in VI) behavior. Separation occurs if
polymer coils begin to associate with one another rather than the poor solvent.
Trends in pour point with blending VII’s
Pour point of oil is a function of many factors including viscosity, density, and molecular weight.
[27]
Paraffinic oils experience separation of long, waxy linear alkanes at low temperatures to form a
semi-solid gel. Highly branched synthetic fluids (PAO, ester) will crystallize.[28] The addition of extra
components – VI improvers, pour point depressants, friction modifiers, and other packages – will also
influence the PP of a fully formulated lubricant by contributing waxy species and increasing viscosity.
The mixed VII formulations in Group II, III, and PAO exhibited three separate cases (A to C, Figure 3.2)
in PP behavior with increasing treat of VII. All Group II and III oil formulations were treated with 0.2
wt% of a base oil-specific PPD to inhibit oil-based wax. PPD level was not increased after adding VII to
observe the effect of VII on PP.
Figure 4.5 summarizes occurrence of cases A, B, and C by oil and by VII for all data from Tables A-1
and A-2.
Figure 4.6 demonstrates the co-occurrence of Cases 1-4 (VI trends) and Cases A-C (PP trends).
• 50% of formulations with Case A PP behavior (no change in PP with VII level) exhibited Case 4 (VI
continuously worsens with treat). Since Case A and Case 4 occurred together it can be assumed
that their origin is related to collapse of the polymer coils as previously discussed.
• 62% of formulations with Case C PP behavior (PP continuously worsens with VII) exhibited Case
2 VI behavior (increase in VI at low and medium treats with decrease in VI at high treats). Case
C occurred with Case 2, which was explained by the behavior of polymers at the semi-dilute
concentration.
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Figure 4.5: Comparison of PP trend cases (A-C) by base oil and varying VII to determine if specific base oils or
polymers are responsible for different trends

Figure 4.6: Grid comparing the occurrence of specific VI trends (Cases 1-4) with specific PP trends (Cases A-C) to
determine if mechanisms for either behavior may be related. Case A occurred in 50% of formulations with Case
4 VI behavior, and Case C occurred in 62% of formulations with Case 2 VI behavior. High co-occurrence of Cases
A and 4 and Cases C and 2 suggest these trends occur under the same conditions and from the same causes.

Case A – PP unaffected by VII treat level – Case A occurred most often for two types of formulations:
a) Group III with varying treats of PB or OCP; and b) blends containing PMA and PB VII’s. The PB is
common to most Case A formulations. Polybutenes are highly branched or isomerized structures,
unlike the linear C20 to C30+ alkanes attributed to wax in oil.[29] [13] Linear alkanes gel oil due to
crystallization of long chains of -CH2- repeat units that coordinate into orderly structures at low
temperature. The short and random branching of methyl, ethyl, and propyl side groups from the
PB chains prevent orderly packing of –CH2- groups and improve low temperature flow of PB’s.
[30]
Polybutenes up to 100,000 g/mol flow spontaneously, albeit slowly, at room temperature
while polyethylene and polypropylene form rigid waxes at very low MW’s (< 1,000 g/mol) due to
crystallinity. Highly isomerized and wax-free PB at high treat will dilute the wax content of oil and help
prevent a critical mass of wax crystals from forming.[13]
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The relation between Case A PP behavior (no change in PP with VII level) and Case 4 VI behavior (VI
worsens continually with VII treat) was demonstrated in Figure 4.6 and occurred in PMA and PB
blends. The depiction from Figure 4.4 suggests that PB reduces the solubility of PMA. This caused
collapse of the PMA polymer coil and poor VI (Case 4 behavior) but also prevented the worsening
of PP with VII (Case A). Smaller polymer coils appeared to be related to better low temperature
properties while the connection between Case C PP behavior (PP worsens continuously with VII),
and Case 2 (VI improves at low and medium treat, worsens at high treats due to the semi-dilute
effect). Comparing the two situations suggests that the network-like interaction between coils in the
semi-dilute concentration range (Figure 4.2) accelerates wax formation at low temperatures, while
collapsing the coils with solvent prevents the polymers from aiding wax formation.
Case B – PP worsens at high treats of VII – Case B also occurred frequently with PMA and OCP blends.
Most instances of Case C in PAO occurred from blending OCP. No VII case (Cases 1 – 4) was observed
to greatly favor Case B PP behavior in Figure 4.6. However, Case B occurred 67% of the time as either
Case 1 or Case 2. Case B was also significantly less common in PB formulations as shown in Figure 4.6.
These findings suggest that Case B behavior is related to Case A but is due to an effect that is lacking
in PB. One key difference is that PB is used in pure form (100 wt% polymer) while PMA and OCP VII
were diluted in a Group II paraffinic oil (see Table 2.1). It is reasonable to conclude that the loss of
low temperature performance at high treats in Case B is due to the accumulation of wax from the
diluent oil.
Case C – PP worsens continuously with addition of VII – Case C was common in blends of PMA with
OCP. Case C likely originates from the same cause as Case 2 VI behavior since both Case C and Case
2 trends frequently occurred together (Figure 4.6). This behavior is due to a high concentration of
large polymer coils in oil that begin to overlap in solution and form a network. PMA and OCP both
achieve semi-dilute concentration at < 20 wt% in oil as demonstrated in Figure 4.2 with a change in
slope of the log-log plot. Wax formation similarly relies on the formation of a network throughout the
oil.[13] The PP data suggest that contact between polymers (semi-dilute condition) tends to help the
formation of the wax crystal network and worsen the PP temperature.
Recommendations for troubleshooting VI and PP
Several general recommendations for formulators can be summarized from Sections 4.1 (VI behavior)
and 4.2 (PP behavior) for designing high VI products for low temperature applications.
Poor VI and PP performance occurred at the semi-dilute polymer concentrations where polymer coils
were of sufficient number and size to come in contact in solution. This prevented the expansion of
the coils at high temperature to offset the thinning of the oil (bad VI improvement) and reinforced the
formation of a wax network (PP greatly worsened). The dilute to semi-dilute transition may be easily
measured with simple viscosity equipment following the plot in Figure 4.2 for a given VII product. The
treat rate of the VII for high VI and low PP lubricants should not exceed the critical concentration, c*.
High MW polymers should be avoided and may only be allowed at a few wt% (but they can provide
substantial thickening to meet target viscosities).
Formulations with the highest rated VI and PP behavior (Case 1 + Case A, Case 1 + Case B, or Case 2
+ Case A) were found with low treat (5 wt%) of PB with PMA or OCP. Case 1 + Case A was only found
with Group III oil. Due to solubility issues, few useful PAO formulations were found in this study due
to the need for esters to improve solubility. Table 3.1 is a useful resource to observe which viscosity,
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VI, and PP ranges were possible in each base oil. Table A-1 and Table A-2 in Appendix A show
the components, viscometrics, VI, PP, and viscosity grade (based on KV40 or KV100) data for each
formulation prepared.
Table 4.1 and Table 4.2, below, summarize the four VI and three PP behavior cases. By understanding
the cause of each observed trend with VII treat, it is possible to recommend several actions to
improve VI and PP.
Table 4.1: Summary of the four observed cases in VI behavior with blended VII’s

Table 4.2: Summary of the three observed trends in PP with suggested improvements

5. Conclusions
Viscosity, viscosity index, VI, and pour point, PP, are presented as simple numbers, but they summarize
a complex web of interactions between polymers and base fluids in lubricant formulations. This
study showed that polymers that were thought to be objectively “good” or “bad” for low temperature
performance (i.e., PP) gave good PP performance when they were formulated in appropriate base oils.
This study also showed that trends for VI and PP with wt% polymer deviated from widely accepted
explanations. Four cases of VI behavior and three cases of PP behavior were observed, and
mechanisms were proposed to explain these behaviors. These results were used to make useful
recommendations for how to deal with formulations that have undesirable VI’s and PP’s.
The different cases of VI and PP behaviors were explained by the polymer dilute to semi-dilute
transition, c*, and changes in base oil solvency with polymer content. The presence or absence of
a network of polymer coils depends on wt% polymer versus c*, which is a fundamental concept of
polymer solution theory that has been overlooked in lubrication. This transition between dilute and
semi-dilute polymer concentrations corresponds to a change in the structure of a polymer-oil fluid
and, therefore, changes in that fluid’s properties. Future work will explore utilizing this effect to
improve lubricants – it is similar to the concept of interpenetrating polymer networks that benefit
greases.
- 19 VOLUME 83, NUMBER 4

References
1. Dean, E. W. & Davis, G. H. B. Viscosity variations of oils with temperature. Chem. Metall. Eng. 36, 618 (1929).
2. American Gear Manufacturers Association. ANSI AGMA 9005 - Industrial Gear Lubrication. (2016).
3. Wang, Q., Ellis, P. R. & Ross-Murphy, S. B. Dissolution kinetics of guar gum powders - II. Effects of concentration and molecular weight. Carbohydr. Polym. 53, 75–83 (2003).
4. Section, S. A. Basic Handbook of Lubrication - Third Edition. (2011).
5. Biresaw, G. & Mittal, K. L. Surfactants in Tribology. (CRC Press, 2017).
6. Odian, G. G. Principles of polymerization. (Wiley, 1981).
7. Hiemenz, P. C. & Lodge, T. P. Polymer Chemistry, Second Edition - Chapter 9. (Taylor & Francis, 2007).
8. Rudnick, L. R. Lubricant Additives: Chemistry and Applications, Second Edition. (CRC Press, 2009).
9. Covitch, M. J. & Trickett, K. J. How Polymers Behave as Viscosity Index Improvers in Lubricating Oils. Adv. Chem. Eng. Sci.
5, 134–151 (2015).
10. Rubinstein, M. & Colby, R. H. Polymer Physics. (OUP Oxford, 2003).
11. Einstein, A. Über die von der molekularkinetischen Theorie der Wärme geforderte Bewegung von in ruhenden Flüssigkeiten suspendierten Teilchen. Ann. Phys. 322, 549–560 (1905).
12. Ramasamy, U. S., Lichter, S. & Martini, A. Effect of Molecular-Scale Features on the Polymer Coil Size of Model Viscosity
Index Improvers. Tribol. Lett. 62, 23 (2016).
13. Binks, B. P. et al. How polymer additives reduce the pour point of hydrocarbon solvents containing wax crystals. Phys.
Chem. Chem. Phys. 17, 4107–4117 (2015).
14. Mortier, R. M., Fox, M. F. & Orszulik, S. T. Chemistry and Technology of Lubricants - Chapter 6. (Springer Netherlands,
2011).
15. ASTM. Fuels and Lubricants Handbook - Chapter 33.
16. Rizvi, S. Q. A. Lubricant Chemistry, Technology, Selection, and Design. ASTM Int. Conshohocken (2009).
17. Tobita, H. & Hamielec, A. E. Polybutenes. in Ullmann’s Encyclopedia of Industrial Chemistry 1–51 (2015).
doi:10.1002/14356007.o21
18. Kramer, D. C. et al. Influence of Group II & III Base Oil Composition on VI and Oxidation Stability. Proc. from 66th NLGI
Annu. Meet. Tucson, AZ
19. Florea, M., Catrinoiu, D., Luca, P. & Balliu, S. The influence of chemical composition on the pour-point depressant properties of methacrylate copolymers used as additives for lubricating oils. Lubr. Sci. 12, 31–44 (1999).
20. Jukić, A., Tomašek, L. J. & Janović, Z. Polyolefin and poly(alkyl methacrylate) mixed additives as mineral lubricating oil
rheology modifiers. Lubr. Sci. 17, 431–449 (2005).
21. Spencer, W. T. T. N. D. Coils in oils. STLE Cutting Edge (2016).
22. Wagner, H. L. The Mark–Houwink–Sakurada Equation for the Viscosity of Linear Polyethylene. J. Phys. Chem. Ref. Data
14, 611–617 (1985).
23. Hansen, C. M. The three dimensional solubility parameter. Danish Tech. Copenhagen 14 (1967).
24. Hansen, C. M. Hansen Solubility Parameters: A User’s Handbook, Second Edition. (CRC Press, 2007).
25. Dorinson, A. & Ludema, K. C. Mechanics and Chemistry in Lubrication - Chapter 16. (Elsevier Science, 1985).
26. Weijun, W. et al. Influence of Different Hydrocarbon Molecules on Physical Properties of Mineral Base Oils. China Pet.
Process. Petrochemical Technol. 19, 33–45 (2017).
27. Riazi, M. R. & Daubert, T. E. Predicting Flash and Pour Points. Hydrocarbon Process.; (United States) 66:9, (1987).
28. Pirro, D. M., Daschner, E. & Wessol, A. A. Lubrication Fundamentals, Second Edition. (CRC Press, 2001).
29. Gavlin, G., Swire, E. A. & Jones, S. P. Pour Point Depression of Lubricating Oils. Ind. Eng. Chem. 45, 2327–2335 (1953).
30. Shaw, M. T. & MacKnight, W. J. Introduction to Polymer Viscoelasticity - Chapter 5. (Wiley, 2005).

- 20 VOLUME 83, NUMBER 4

Appendix A – Formulation Data Table
Table A-1 shows all 81 samples prepared in this study. The “Cases” column references to VI / PP behavior
noted in the Results section.
Table A-1. Formulations prepared using two VII’s and one base oil

- 21 VOLUME 83, NUMBER 4

The study of relationships of urea groups in polyurea
greases and their properties
By Vijay Deshmukh & Chetan Pagare
Standard Greases & Specialities Pvt. Ltd.
Mumbai, India
Abstract
The “2017 NLGI World Grease Production Survey” indicates that the production of polyurea greases
is growing slowly. Its popularity as multipurpose greases in various industrial and automotive
applications is growing. They are used as excellent high temperature greases in steel plants and in
many automotive applications. The commercially available polyurea greases are thickened mostly
with diureas and tetraureas. The properties of polyurea greases depend upon their composition and
manufacturing process.
The present paper studied the relationship between the number of urea groups in polyurea grease
thickeners and the grease properties. Polyurea greases thickened with different numbers of urea
groups such as diurea, tetraurea, hexaurea and octaurea were prepared in the laboratory with mineral
oil. These greases were tested for their major properties. The effect of number of urea groups on the
properties of polyurea greases was studied and discussed.
Introduction
Although polyurea greases were known since the 1950s, their commercial production gained
importance only in the early twentieth century. The major challenge in its large scale production was
the handling and storage of toxic and hazardous raw materials used for their production. Even now
the production of polyurea greases is restricted to a few major companies.
Polyurea greases have excellent high temperature properties and oxidation resistance. The absence
of any metal ion in polyurea greases give them excellent oxidation stability and thereby very long
life. These greases have very good water resistance and corrosion resistance properties. Their flow
properties are also good and, hence, they are most suitable for centralised lubrication systems.
These properties make them a very good choice for high temperature applications in steel plants
especially in continuous casting applications. Special thermostable polyurea greases were developed
for such applications, which resulted in improvement in lubricity and reduction in wear and damage
of bearings. (1) Polyurea greases are also popular for automotive applications such as wheel bearings,
CV joints, ball joints, brake callipers, etc.
There are many patents on polyurea greases regarding their composition and method of preparation.
(2-10)
. Normally, polyurea greases are prepared in open kettles. But it has been shown that polyurea
greases can also be prepared in Stratco Contactor reactors. (11)
The major components of polyurea grease are isocyanates and amines. By using different
combinations of aliphatic or aromatic isocyanates and various amines, polyurea greases with desired
properties can be produced. Thus, polyurea chemistry offers an opportunity to develop thickeners for
greases with diverse properties. (12)
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The major drawback of polyurea greases is their incompatibility with other high temperature greases
such as lithium complex, aluminium complex and calcium sulphonate complex greases. However, new
polyurea greases that have improved compatibility with lithium complex and calcium sulphonate
complex greases have been developed. (13)
Polyurea greases also tend to harden as a result of long exposure to high temperatures. This causes
problems in their use in centralised lubrication systems where this property leads to pipeline choking
and, finally, bearing failures. However, this problem can be avoided by suitable modifications in
polyurea grease composition. (14)
Commercially, the most popular polyurea greases are thickened with diureas and tetraureas. These
are prepared using isocyanates, primary amines and secondary amines. Depending upon the
formulation and processing conditions, polyurea greases with different urea groups can be prepared.
The typical structures of diurea, triurea and tetraurea molecules are shown below.

The major advantage of polyurea greases over soap thickened greases is their strong hydrogen
bonding among the urea groups, which results in highly stable structure, in contrast to the soap
thickened greases where the molecular interactions are dominated by weak Van der Waal forces. The
hydrogen bonding in polyurea grease is shown below.
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Polyurea greases attracted the attention of grease manufacturers and users following the recent price
hikes and limited availability of lithium hydroxide all over the world. Polyurea greases were evaluated
and compared with other high temperature greases such as lithium complex, aluminium complex
and calcium sulfonate complex greases. It was observed that polyurea greases could be an ideal cost
effective replacement for long life lithium and lithium complex greases. (15)
The properties of polyurea greases greatly depend on their composition, structure and method of
manufacture. In this paper, the authors prepared polyurea greases thickened with different urea
groups and studied their properties.
Experimental
Polyurea greases were prepared using isocyanates and amines. The base oil used was a Group I
mineral oil with properties given in Table 1.
The conventional process of making polyurea grease was used. The completion of reaction was
checked using FTIR. The following four polyurea greases were prepared.
1 Diurea, 2 Tetraurea, 3 Hexaurea and 4 Octaurea
For preparing these greases, stoichiometric quantities of isocyanates and amines were used to make
the desired number of urea groups such as diurea, tetraurea, hexaurea and octaurea. The completion
of the reaction was ensured with the help of FTIR. Figure1 gives FTIR spectra of these four polyurea
greases. The amine peaks were observed around 3,300 cm¯¹. The broad peaks of NH association
through hydrogen bonding also confirmed strong hydrogen bonding in these polyurea greases.
The thickener content in all the greases was maintained at around 15.3 % for better comparison of
their properties. No additives were used in any of these greases. All the greases were milled under the
same conditions of milling and at the same temperature.
During preparation of these greases in the laboratory, all the required precautions were taken for the
safe handling and storage of hazardous isocyanates and amines. The hazardous chemicals were stored
separately. The batches were prepared in a fume hood with proper exhaust facilities. Once the reaction
was complete, the polyurea grease was safe to handle. Suitable personal protection equipment (PPE)
was used during the preparation of laboratory batches.
All the greases were tested as per ASTM test methods such as D217, D566, D2265, D6184, D4048,
D1264 and D4290. In addition, these greases were also tested for their shear reversibility and
high temperature hardening properties. There are no standard procedures to determine these two
properties and, hence, in-house test procedures were used for checking these properties. The details
of these tests are given below.
Shear Reversibility Test
Polyurea greases are known to have an inherent shear reversibility property. When sheared, these
greases soften as do conventional soap based greases. However, as soon as the shearing force is
removed, polyurea greases tend to regain their consistency.
In this study, the following test was used to check the shear reversibility tendency of polyurea
greases. The worked penetration was measured at 25 C after 60 strokes and after 10,000 double
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strokes. The grease cup was kept in the cup and after 15 min, the penetration was again determined
without disturbing the grease. Then, after waiting periods of 30, 60 and 120 min following the first
penetration, the penetration was determined again. These penetration figures were noted and
reported.
High Temperature Hardening Test
An in-house test was used to determine the tendency of the grease to harden on exposure to high
temperatures. Although, polyurea grease has many superior properties, it has an inherent tendency
to harden on long exposure to high temperatures. So, in many high temperature applications such as
those in Steel Melting Shops (SMS), polyurea greases can harden, which leads to choking of pipelines
and failures of bearings. (16)
In this study, an in-house test revealed the effect of urea groups on the hardening property of various
polyurea greases. In this test, the unworked penetration of grease was determined by the ASTM
D217 test. Then, the same cup of grease was placed in an oven at 200 C for two hrs. After two hrs,
the cup was taken out of the oven and kept at room temperature for 3 hrs so that it came to room
temperature, and the unworked penetration was determined. The penetration after heating in an oven
revealed the tendency of the grease to harden on exposure to high temperatures.
Results And Discussion
Consistency- All the samples were tested for unworked penetration and worked penetration after 60
and 100 K strokes. The results are given in Table 2.
The difference in worked penetration after 60 and 100 K strokes indicates the shear stability of the
grease. The results of this study indicated that the difference in worked penetration after 60 and 100
K strokes increased with the number of urea groups. This showed that the shear stability of these
polyurea greases decreased with greater number of urea groups.
Roll Stability
Table 3 reports the roll stability test results of polyurea greases. It was observed that the percent
change in penetration after the roll stability test increased from diurea grease to hexaurea grease. In
octaurea grease, the change did not uniformly increase. These data showed similar trends in the 100
K penetration test, which indicated that the shear stability of polyurea greases decreased with the
greater number of urea groups.
Dropping Point
The dropping points of these greases are given in Table 4. The dropping point of tetraurea grease was
highest. For hexaurea and octaurea greases, the dropping points were lower than tetraurea grease but
higher than diurea grease.
The manufacturing process along with the composition of the grease greatly influences the dropping
point of polyurea greases. The dropping point depends upon the rate of heating, the maximum
temperature and the time the batch is maintained at this temperature during the manufacture of the
grease. The process requirements for the manufacture of these greases could be different to get the
best possible product.
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Leakage Tendency
The leakage tendency of polyurea greases was determined by ASTM D4290 under accelerated
conditions. The results are given in Table 5. The leakage tendency was low for all four polyurea
greases. However, the results indicated that the leakage tendency deteriorated as the number of urea
groups increased. These results were in line with the observations made on shear stability and roll
stability test results.
Heat Stability
The oil separation test data as per ASTM D6184 are given in Table 6. The oil separation in all the cases
was very low. The oil separation reduced as the urea groups increased.
Shear Reversibility
The shear reversibility data are shown in Tables 7 and 8. Shear reversibility was tested after 60 and
10 K strokes. The data shows that all the polyurea greases exhibited shear reversibility, but the degree
of shear reversibility varied with the number of urea groups. The best results were obtained with the
octaurea grease.
High Temperature Hardening
Polyurea greases have an inherent tendency for hardening on long exposure to high temperatures.
This property plays an important role especially in high temperature applications. This hardening
tendency of polyurea greases results in bearing failures due to hardening of grease in bearings. In
centralised lubrication systems it also leads to pipeline blockages. Improved polyurea greases have
been developed where by this hardening tendency has been reduced considerably.
In this study, the effect of urea groups in polyurea greases on their hardening tendency was studied
using an in-house high temperature hardening test. The results are shown in Table 9
The results in Table 9 seemed to indicate that the hardening tendency of polyurea greases on exposure
to high temperatures was reduced as the number of urea groups in polyurea grease increased.
Water Wash Out
The water washout test results are given in Table 10. The water washout test indicated that the
water resistance of all the four polyurea greases was good. All four greases showed excellent water
resistance properties.
Conclusions
This study measured the properties of polyurea greases thickened with different urea groups. The
results of this limited study were based on polyurea greases prepared with typical isocyanates and
amines. It was observed that the properties of polyurea greases varied with number of urea groups
present (diurea, tetraurea, hexaurea and octaurea)
Further detailed study on polyurea grease thickener structures and their influence on grease
properties are needed. Use of the analytical techniques such as SEM, TEM, mass spectroscopy, etc. will
help to understand the behaviour of different polyurea greases.
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Fig.1 FTIR spectra for polyurea greases
Table 1 Base Oil Characteristics

Table 2 Consistency Test Results

Table 3 Roll Stability Test Results
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Table 4 Dropping Point Test Results

Table 5 Accelerated Leakage Tendency Test Results

Table 6 Oil Separation Test Results

Table 7 Shear Reversibility Test Results (after 60 strokes)

Table 8 Shear Reversibility Test Results (after 10 K strokes)
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Fig.3 Shear Reversibility Data (after 10 K strokes)

Table 9 High Temperature Hardening Test Results

Table 10 Water Washout Test Results
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Evaluation of the Impact of High Viscosity Naphthenic
Oils on Various Thickener Systems
Mehdi Fathi-Najafi* and Jinxia Li, Nynas AB, Sweden
and
Yijun Shi, Luleå University of Technology, Sweden
Abstract
Mineral oils that are used by grease manufacturers can be divided into two major groups, paraffinic
oils (API Groups I, II and III) and naphthenic oils (API Group V). These categories of base oils have
their own advantages and disadvantages depending on the type of applications and cost.
Right now, grease manufacturers are witnessing two major challenges: 1) a shortage of bright stock
because of the ongoing rationalization of paraffinic Group I refineries, and 2) a rapid price increase
for lithium hydroxide due to market demands for lithium batteries. These challenges are pushing the
grease industry to intensify their development activities in order to be able to provide new products
to the market without compromising performance.
The purpose of this paper is to target these challenges, namely, by using naphthenic oils. Traditionally
speaking, high viscosity naphthenic oils are only used as a minor part of the formulation of lubricating
greases. However, this paper investigates the impact of using two straight cut naphthenic oils, with
viscosities of 380 mm2/s and 620 mm2/s, with various thickener types.
The chosen thickeners were conventional lithium, lithium complex and organophilic clay, which
together represent more than 75 percent of the thickener in global grease production.
The greases were fully characterized, including rheological measurements, and thereafter compared
with each other. In addition, since high film thickness and load carrying capacity are important
parameters for industrial applications, the greases were studied tribologically.
In summary, based on the results obtained, two different but pragmatic solutions were suggested
targeting the issues described above. Moreover, the use of wax free naphthenic oils in these
formulations resulted in greases with good low temperature mobility, despite the high viscosity of the
base oils, and they can be suitable for a number of applications, e.g., in central lubrication systems.
Introduction
The base oil industry has been going through fundamental changes in the last decade. These changes
have been marked by the rapid growth in production capacity of Group II and Group III base oils. The
closure of Group I refineries has brought with it a deficit on the availability of high viscosity base oils.
This deficit is having a major impact on the lubricant and grease industry since neither Group II nor
Group III refineries can produce bright stocks. At the same time, there is a huge demand for lithium,
which is used in the production of batteries for, among other things, mobile phones and vehicles.
This demand from the battery industry created a sudden price increase for lithium hydroxide during
the last few years, and it is believed that prices will continue to increase as the world moves forward
rapidly into the automobile’s electrification age.
*Corresponding Author
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The use of highly viscous naphthenic oils in lubricating grease formulations can be one of the
solutions available for grease manufacturers today. Previous publications, e.g. [1], have indicated that
the use of highly viscous naphthenic oils, and its blends with other base oils (mainly with paraffinic
Group I, II and III oils), results in savings on soap consumption in most of the existing thickener
systems, while keep the same grease performance.
The aim of this paper is to evaluate the performance of two-high viscosity naphthenic oils in lithium,
lithium complex and bentonite (clay) greases. All these thickener systems, along with high viscosity
base oil, can be used successfully in many applications, e.g., in the sugar mill industry. It is notable that
high viscosity naphthenic oils will work excellently in most of the existing thickener systems such as
aluminum complex.
The Base Oils
Two highly viscous naphthenic base oils (BO1 and BO2), which were hydrotreated, were chosen for
this study. Table 1 highlights some of the characteristics of these oils.

Table 1. Typical characteristics of the two naphthenic oils.

Table 1 shows some oil properties that directly connect to properties in greases that might be
produced with these oils, mainly:
a) The higher values of VGC and CA as well as the lower aniline point suggest that BO2 has
higher solvency power than BO1.
b) BO2 has significantly higher kinematic viscosity (> 60%) than BO1.
c) BO1 has lower pour point due its lower viscosity.
d) The sulfur content of BO2 is almost three times higher than BO1, which may have a positive
impact on some properties, e.g., oxidation stability.
The Greases
In total, six greases (A, B, C, D, E and F) were prepared in a pilot plant using the two naphthenic oils.
The thickeners were conventional lithium, lithium complex and organophilic clay. The acids were
12-hydroxystearate acid (12-HSA) and azelaic acid. It is well known that manufacturing process
of lithium, lithium complex and bentonite greases are different. Thus, the greases were produced
according to the state of art methods. However, in the case of lithium and lithium complex greases,
50 wt.% of the amount of base oil was used in the cooking stage and 50 wt.% during the cooling and
finishing stages. For bentonite greases, all of the oil was used at the beginning of the process.
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Notable details are: a) the process parameters for each type of grease were kept constant, and b) no
additives were added into the greases.

Table 2. The measured characteristics of the greases

A review of Table 2 suggests:
a) Thickener content was low for all greases; however, less thickener was needed to make greases
with BO2 than BO1. The reductions were about 9% for lithium grease, 12% for lithium complex grease
and 22% for bentonite grease.
b) Dropping point was measured according to IP396. Excellent dropping points for the lithium and
lithium complex greases were measured. It is well known that bentonite clay based grease is a gel and
doesn’t have a dropping point.
c) The shear stability of the greases after 100,000 strokes was measured according to ASTM D217.
Results were good for the lithium and lithium complex greases despite their low thickener contents.
However, slightly better stability was noted for the lithium complex grease based on BO1 compared
with the lithium complex grease based on BO2, which may be explained by the higher thickener
content (about 13.5 wt.% higher).
d) Bentonite clay based grease is known to have poor shear stability compared with, e.g., lithium
grease, due to the nature of the thickener system. However, it has been documented that the use of
high viscosity naphthenic oil with relatively high polarity has offset and reduced this weakness. Hence,
the measured consistency after 100,000 strokes should be regarded as good for this type of grease.
e) The results for the degree of oil separation, measured according to IP 121 (40°C/168 hrs.), for
these greases are quite interesting. The higher soap content is expected to correspond to lower oil
separation, of course if the manufacturing process is kept constant. However, BO2 based greases
showed less oil separation despite having lower thickener content, which can be explained by the
viscosity differences between BO1 and BO2 at 40°C.
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f) 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, 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. In this study, wax
content and polymers were eliminated, and the low temperature mobility of the greases depended
on the thickener content, the base oil viscosity and the pour points of the oils. Good low temperature
mobility for all greases at -20°C was noted. Nevertheless, higher pressure was needed for the BO2
based greases because of the significantly higher viscosity of BO2 and its higher pour point.
g) Water wash out was measured according to ASTM D1264. The outcome was good to excellent for all
greases. Better resistance to water for lithium complex greases was expected due to the significantly
higher thickener content of those greases versus lithium greases. If Grease A and Grease B (lithium
greases based on BO1 and BO2, respectively) are compared, much better resistance to water can
be noted for Grease B despite having lower thickener content. Most probably, this is because of the
significantly higher viscosity of BO2.
h) Four ball tests were conducted according to ASTM D2266, with 40 kg load for 60 min., which is
a severe test for a neat grease. In Table 2, the average wear scar dimeter for each grease is shown.
All the greases showed very similar degree of wear, with the exception for Grease B which showed a
significantly smaller wear scar.
Oxidation stability tests were conducted by using a small-scale oxidation test (RSSOT). By using
this method, it is possible to estimate the oxidation stability of oil and grease. According to the ASTM
standard method (ASTM D7575), the oxidation stability is determined via oxygen consumption. In a
number of publications, e.g. [2], the method has been described. The procedure of the test is as follows.
A breakpoint, at which there is a pressure drop of 10 percent below maximum pressure, is recorded
as the induction time (IT) at a constant temperature of 140˚C. Maximum pressure is the sum of the
applied oxygen pressure (700 kPa) and the vapor pressure of the sample.

Table 3. The measured induction time (IT) for the greases

It has been reported that fully formulated mineral oil based lithium and lithium complex greases may
have induction times ranging from 176 to 481 min. This means that the results for neat greases that
are shown in Table 3 are good with respect to the fact that no antioxidant was used. Grease F shows a
significantly longer induction time, which can be explained by the fact that the oil was not exposed to
high temperatures when bentonite grease was produced. In a previous study [2], it was shown that, e.g.,
the induction time for the fresh base oil is longer that the induction time for the same type of base oil
that was used in the production of lithium grease.
Rheological behavior of the greases was studied by using a rotational rheometer in oscillating mode.
The complex modulus of a lubricating grease is determined in a dynamic strain sweep measurement
at constant temperature. The complex modulus (IG*I) is calculated from the viscous modulus (G’,
the storage modulus) and the elastic modulus (G’, the loss modulus) and characterizes the nature of
the lubricating grease, which is a viscoelastic material. In an oscillatory test, such as strain sweep
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at constant temperature and low deformation, G’ and G’’ are constant, which means that the grease
structure is unchanged. This regime is also called the Linear Viscoelastic Region (LVR). The longer
the LVR is a function of shear stress, the more shear stable is the grease. In order to carry out a
temperature sweep test, e.g., at constant shear stress, it is essential that the chosen shear stress is in
the LVR. Figure 1 illustrates the viscosity modulus, elasticity modulus and the complex modulus as
functions of strain for Grease D.

Figure 1. Elastic modulus, viscous modulus and complex modulus as functions of strain.

a) In Figure 2, the calculated complex modulus for the two lithium complex greases at 0.1% strain
(within the LVR) may be interpreted as follow: at 25 and 40°C, Grease C, (based on BO1) has higher
complex modulus than Grease D (based on BO2). One possible explanation could be the higher
thickener content of Grease C (about 13.5 wt.% higher). While at 100 and 150°C, the larger complex
modulus of Grease D may be justified by the higher viscosity of BO2 at these temperatures. One source
of the deviation here is that we are assuming that the fibrous soap structures formed uniformly.
Nevertheless, more investigation is needed in order to understand these behaviors.

Figure 2. Complex modulus values at 0.1% strain for the lithium complex greases at various temperatures.
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Tribological study of the performance of base oils and greases was conducted by using an SRV rig.
The tests were run within the boundary lubrication region under the following conditions: an applied
load of 150 N (corresponding to 2.5GPa maximum Hertzian pressure) at 40°C, with a sliding frequency
of 50 Hz and an amplitude of 1 mm. The wear of the tested balls and discs was measured with a 3D
profilometer (New View 7300 3D, Middlefield, CT, USA).

Figure 3. An oil sample between the disc and ball in an SRV-rig

Figure 4 illustrates the measured friction coefficient (COF) for BO1 and lithium and lithium complex
greases. After just a few minutes of running time, the measured COF of BO1 increased by almost 20
percent, from 0.111 up to about 0.142. After an additional 20 min., the COF started to dive and reached
a lower stable level of about 0.13. Grease A (lithium grease), however, showed smooth and stable COF
within the entire running cycle, while the COF of Grease C (lithium complex grease) increased at the
end of the running period to about 0.160.

Figure 4. Measured friction coefficient as a function of time for BO1, Grease A and Grease C
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Figure 5 illustrates the measured COF of BO2 and the greases based upon BO2 (Grease B and Grease
D). The COF was low and stable for all three products. This emphasized the film strength of BO2 as a
lubricant.

Figure 5. Measured friction coefficient as a function of time for BO2, Grease B and Grease D

The measured smaller wear scars on the balls and discs are consistent with the lower and more stable
friction coefficients for BO2 and the greases based on BO2, especially for lithium complex grease,
versus BO1 and the greases based on BO1, Table 4.

Table 4. Measured wear scars on balls and discs for the base oils and greases.

Appendix A contains the pictures of the wear scars on the discs and balls for each sample after the test
run.
Summary
This multidisciplinary study showed that high viscosity naphthenic oils can be used successfully in the
production of lubricating greases with various thickener systems. The characterization of the greases
revealed that good to excellent properties were obtained despite low thickener content.
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The low thickener content, especially in the case of lithium based greases, can bring cost savings to the
grease producer in a market where rapid increase in the price of lithium hydroxide is observed due
the demands for lithium to make batteries for the electrification age.
BO1, the base oil with a kinematic viscosity of about 375 mm2/s, proved to be an excellent product for
use in greases with low thickener content and excellent low temperature mobility.
BO2, the base oil with a kinematic viscosity of about 620 mm2/s and a high degree of solvency, greatly
minimized the use of thickeners in greases with excellent water resistance. Furthermore, the low
and stable friction coefficient and low degree of wear for BO2 and the greases based on BO2, in the
boundary lubrication regime, indicated the potential for possible energy reduction and good lubricity
in applications. The measured wear on balls and discs for Grease D (lithium complex grease based on
BO2) was very low.
Furthermore, this study showed that base oils with high viscosity and good solvency such as BO1 and
BO2 can be used successfully in grease formulations. There are reasons to believe that those benefits
can be obtained either by using these oils on their own or in blends with paraffinic Group I, II and III
base oils.
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Appendix A

Figure A.1.a. BO1, Wear scar on disc with area = 5.81 x 10-4 mm3
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Figure A.1.b. Grease A, Wear scar on disc with area = 1.31 x 10-4 mm3

Figure A.1.c. Grease C, Wear scar on disc with area = 5.69 x 10-4 mm3
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Figure A.2.a. BO1, Wear scar on ball with width = 0.511 mm

Figure A.2.b. Grease A, Wear scar on ball with width = 0.379 mm

Figure A.2.c. Grease C, Wear scar on ball with width = 0.462 mm
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Figure A.3.a. BO2, Wear scar on disc with area = 1.22 x 10-4 mm3

Figure A.3.b. Grease B, Wear scar on disc with area = 1.05 x 10-4 mm3

Figure A.3.c. Grease D, Wear scar on disc with area = 0.946 x 10-4 mm3
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Figure A.4.a BO2, Wear scar on ball with width = 0.419 mm

Figure A.4.b. Grease B, Wear scar on ball with width = 0.359 mm

Figure A.4.c. Grease D, Wear scar on ball with width = 0.300 mm
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Water-Soluble Thickeners for Industrial Lubrication
Erik Willett, PhD; Daniel Vargo; David DeVore
Functional Products Inc.*
Macedonia, OH USA
Abstract
Water-based synthetic and biobased polymers have potential to modify the viscosity of water.
Renewable and/or biodegradable water-soluble polymers may be appropriate for use in
environmentally acceptable lubricants (EALs) for applications in forestry, maritime, oil exploration,
and other industries. This study evaluated synthetic and biobased polymers for possible use as
viscosity modifiers or viscosity index improvers for water-based lubricants.
Synthetic polymers (polyalkylene glycol, polyether, polyacetamide, polyacrylamide, and polyalcoholester) offered the best VI improvement but had varying levels of biodegradability; moderate treat
rates met viscosity specifications for ISO 46 and 460 formulations. Biobased polymers (linear,
branched, and modified polysaccharides) tended to require extra processing; some very high
molecular weight products showed excellent thickening efficiency and biodegradability. Hydrogen
bonding behavior provided explanations for observations of solubility, phase separation, and foaming.
Several water-soluble additives were evaluated at 0.5 wt% for anti-wear, extreme pressure, and
ferrous corrosion prevention performance in an ISO 46 base formulation of polyether in water. Future
studies will focus on measuring polymer shear stabilities and identifying more additives for anti-wear,
extreme pressure, and corrosion inhibition for the ultimate development of fully-formulated waterbased industrial lubricants.
1. Introduction to Aqueous Chemistries for Lubricants
Depending on the end-use application, water can be an essential component or an undesirable
contaminant in industrial lubricants and greases.[1] [2] Water is an integral part of many metalworking
fluids, fire resistant hydraulic fluids, and glycol coolants.[3] [4] These aqueous systems utilize water
as a cost-effective medium that can help reduce fire hazards and provide excellent cooling, and high
lubricity when properly formulated.[5]
Environmentally Acceptable Lubricants
Environmentally acceptable lubricant (EAL) programs such as the European Ecolabel specify the use
of biodegradable and renewable lubricants for maritime and forestry applications .[6] [7] Many of these
products are formulated from base oils such as plant or animal triglycerides and synthetic esters of
such fatty acids, which biodegrade naturally, Figure 1.

Figure 1. EALs formulated from renewable base stocks can biodegrade in water or soil
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In some cases, oxidative stability and high viscosity index (VI) of waxy saturated fatty acid groups,
and low temperature behavior of unsaturated oils limit their use in lubricants.[7] Potential alternatives
are hydrophilic molecules – sugars, starches, and gums – rather than fats. Some water-based products
offer high oxidative stability with good low temperature performance when formulated with glycols.[8]
Many water-soluble biobased or synthetic polymer chemistries are susceptible to biodegradation
by hydrolysis, oxidation, and microorganisms over time, which prevents the accumulation of these
polymers in the environment.[9] Degradation occurs by breakage of polar bonds, which reverts the
polymer to oligomers and finally monomers.[9] Carbon-carbon bonds can degrade if the molecule is
small and soluble in water.[10]
Ecolabel specifications do not currently require water-based lubricants but serve as a benchmark for
eco-friendly lubricants.[11] [12]
Fire Safety
Figure 2 compares critical temperatures for petroleum- and water-based lubricants from -45°C to
220°C.

Figure 2. Temperature-behavior relationship of petroleum oil versus water-based lubricants.

At low temperatures, the pour points of petroleum and aqueous systems are limited but can be
improved by the use of cold flow improvers: 0.1–2% of pour point depressant in mineral oil or up to
60% glycol in water.
The highest possible operating temperature for a water-based lubricant at ambient pressure is
logically its boiling point, 100°C or 212°F. Pressurized water can remain liquid to higher temperatures
as in steam boilers and jacketed kettles. Petroleum products have higher operating temperatures
that are limited by their flash points. This does not mean water has no high temperature hazards: a
leak or rupture in a pressurized high temperature water line will release superheated steam. Volatile
additives in a water-based formulation can vaporize.
Table 1 compares the high temperature hazards of various lubricant systems. Most liquid substances
exhibit a flash point when trace vapors above the liquid are in sufficient concentration to allow a
momentary flash in the presence of an ignition source.[13] Higher temperatures create more vapors
and lead to the ‘fire point’ when the surface burns for over five seconds.[13] The auto-ignition point
occurs when vapor ignites spontaneously when heated.
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Table 1. Comparison of flash, flash, and auto-ignition points of various lubricant chemistries.[14]

Temperature Regulation
Heat is produced by efficiency losses in pumping or frictional heating in confined spaces in hydraulic
pumps and gear boxes. If a 100 kW or 134 HP pump is 90% efficient, then 10% of its power rating is
lost in the form of heat, as though from a 10 kW heater.[4]
The unique molecular structure of water aids in temperature regulation because the hydrogen
bonding network of H2O molecules allows water to absorb large amounts of heat. The specific heat
capacity of water is 4.186 J/g-°C (1.0 BTU/lb-°F), versus approximately 2.0 J/g-°C (0.48 BTU/lb-°F)
for an API Group II oil.[15] [16] This means that it takes twice as much heat to raise the temperature of a
mass of water versus petroleum per degree Celsius.
Bio-Fouling
Water can allow the growth of microbes in lubricants. Additives containing carbon and heteroatoms
(O, N, S, P, etc.) are suitable food for a host of bacteria, mold, and fungi,[17] which produce odors,
physical slimes or biofilms, and loss of performance.[18] A series of metalworking fluid-related
sicknesses in the 1990s and 2000s increased awareness of microbial spoilage.[18] Microbial activity is
typically controlled by the use of biocidal additives during storage and use of lubricants.
Logistics
Most water-soluble additives are powders that are easily shipping in dry form. This avoids the
majority of shipping and fuel costs associated with transporting liquids
Additive Solubility
Formulators must compromises between performance and cost when they develop formulations.[19]
[20]
Hydrocarbon polymer viscosity modifiers are used to adjust mineral oils because “like dissolves
like”.[21] Unsaturated polymers with C=O and C=C bonds are formulated in ester base oils. Following
this principle, H2O structure suggests that water-soluble polymers should have hydroxyl (-OH) and
ether (-O-) groups. Very few polymers are compatible with all three chemistries (water, hydrocarbons,
and esters).[22]
According to Hildebrand’s solubility parameter method, each chemical has a solubility value along a
sliding scale (Figure 3).[23] If the solubility parameters, δ, of solvent and polymer are sufficiently close,
then a stable solution is expected.
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Figure 3. Polymers and solvents arranged by Hildebrand solubility parameter. Compatibility is predicted when
∆δ < 4. Relatively few common commercial polymers are soluble in water.[23]

HLB theory compares the percentages of hydrophilic (water soluble) and hydrophobic (water
insoluble) features in a chemical structure [24] where molecules with hydrophilic percentage >10% are
water soluble.[25]
Hansen divided Hildebrand’s parameter into three solubility parameters.[26] Dispersion, δD,
describes the effect of branching and size in hydrocarbons. Polarity, δP, arises from electron-rich
molecules containing oxygen-like esters (>C=O), halogens (F/Cl/Br), or aromatics. Hydrogen bonding,
δH, occurs where molecules associate together at hydrogens on amines (>NH), alcohols (-OH), acids
(-COOH), and amides (-NH(C=O)-).[27]
Figure 4 shows a map of Hansen’s δP versus δH for fluids. For water, δP=16 and δH= 42.3. The δP and
δH coordinates of additives must fall within a target of base fluid solubility to be compatible.[26]

Figure 4. A 2D plot of Hansen solubility parameters. Polymeric thickeners are stable in solution when their
solute parameters are sufficiently close to those of the solvent.[26]
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2. Experimental
2.1 Materials
Synthetic and Bio-based Polymers
Tables 2 and 3 list a number of synthetic and biobased water-soluble polymers that were identified
by the above solubility models. Eighteen polymers from seven chemistries were evaluated in this
study. Polymers were sourced as either dry powders or pre-dissolved solutions of known wt% in
water. The exact molecular weights (MW) and chemical identities of these polymers are proprietary.
Table 2. Chemistries and naming key for synthetic polymers evaluated in this study.

Table 3. Classes and naming key for biobased and modified biobased polymers in this study.

Water
Water for sample preparation was obtained from filtered municipal tap water in Macedonia, Ohio.
Filtration was accomplished at ambient temperature by a General Electric carbon black water filter kit
(#GXWH35F; #FXHTC). The filter is rated to 25 μm at 10 gallons per minute (37.9 LPM) with a 30,000
gallon (113,500 L) service life.
2.2 Methods
Sample Preparation
Most polymers easily dissolved in filtered water from 40 to 60°C or from 104 to 140°F with stirring
on a hotplate in one to two hours. The PAE polymer chemistry required heating between 80 and 90°C
or between 176 and 194°F for several hours. Glassware was tared, and any evaporated water was
replaced. Each polymer was first prepared as a concentrate at roughly 1,000 cSt at 40˚C and filtered at
10 μm before preparing ISO 22 to 680 grade liquids. No biocides were used.
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Biobased polymers (PSL and PSB) exhibited poor solubility and necessitated processing with alkali
or chemical modification to prepare water-polymer blends. Details are described in Appendix A and
Appendix B.
Viscosity and Viscosity Index
Kinematic viscosity was measured with Cannon-Fenske capillary viscometers (ASTM D445) at 40°C
(KV40) and 80°C (KV80) for each polymer at various wt%. Since water boils at 100°C or 212°F, an
effective KV100 was extrapolated from KV40 and KV80 using ASTM D341. The effective KV100 and
measured KV40 were used to calculate viscosity index by ASTM D2270.
3. Results and Discussion
Viscosity from Water-Soluble Polymers
Figure 5 presents the nine chemistries from Tables 2 and 3 arranged by biodegradability and
renewability as a proxy for eco-friendliness. Not all biodegradable polymers were bio-based and
vice versa. Ecolabel and other EAL programs may stress biodegradability over renewability. Exact
biodegradability will vary by polymer MW, end groups, and application.

Figure 5: Water-soluble chemistries shown according to biodegradability and renewability.[9] [28] [29] [30] [31]
Biodegradability of PAG and PE chemistries are highly dependent on MW and shown ‘on the line’.

Table 4 compares the wt% of each synthetic and biobased polymer chemistry that was required to
prepare ISO 46 and 460 solutions and the resulting VI. This metric was chosen over the typical “1wt%
polymer in base oil” metric due to the very wide contrast in MW (102 to 107 g/mol) and the very low
viscosity of water (<1 cSt). These viscosities are typical for hydraulic fluids and industrial gear oils,
respectively. Values of VI are not reported when separation was observed (sep.)
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Table 4. Comparison of synthetic and biobased water-soluble polymers for viscosity modification.

Several major trends are evident in Table 5. Synthetic polymers tended to offer relatively high
viscosity indexes (250 – 350) but required unfavorably high treat rates at >4% for ISO 46 and >8%
for ISO 460 solutions. Biobased polysaccharides had very high molecular weights, which allowed for
very low treat rates (<1% for ISO 46, <6% for ISO 460), but VI values were likely limited due to their
low treats. A VI improver that thickens at a lower treat rate can be used at a higher concentration to
produce higher VI.
Based on these trends and unique behaviors of these polymer solutions, including stability of aqueous
solutions, polyethers were selected to prepare model hydraulic fluid formulations. Details about
behaviors of polymer solutions and polymer solubility are described in Appendix C.
Performance Additives
Base fluid and polymers can achieve the desired viscometric properties, but additives are needed to
make a finished industrial lubricant that protects and lubricants equipment. Table 5 outlines a waterbased hydraulic fluid formulation based on a water/glycol base blend and polymeric VI improver.
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Table 5. Components of a basic water-based hydraulic fluid.

Several water-soluble components were evaluated at 0.5 wt% for anti-wear and extreme performance
and ferrous corrosion in ISO 46 blends of polyether in water (Table 6). AW/EP additives for
petrochemical lubricants are based on non-polar compounds: fatty acid esters, sulfurized fats and
olefins, graphite, and oil-soluble metal complexes like ZDDP.[3] Water-based lubricants require watersoluble components. These additives are typically water-soluble sodium salts of fatty acids, sulfur/
phosphorus/oxides, or sulfurized triazines.[4]
Table 6. Performance of biodegradable surface-active components (AW/EP/CI) in ISO 46 PE-water

The base formula (A), without further additives, demonstrated a 315 kgf weld load by 4-ball EP
(D2783) but showed high cast iron chip corrosion (D4627). Sodium fatty acid salts (B and C)
improved iron chip corrosion significantly but reduced extreme pressure performance. The long chain
fatty acid salts (C) were the best option for 4-ball wear scar. C18+ fatty acids form strong films on
metal surfaces that allow the surfaces to slide without metal-to-metal contact.
Defoamers Excessive foaming can cause cavitation, poor heat removal, and reduction in the
effectiveness of performance additives.[32] A simple defoamer shake test was performed with ISO 46
solutions of PAE and PE polymers with silicone, butyl acrylate, and PAG defoamers. The PAG defoamer
was the only chemistry that effectively broke foam in the ISO 46 PAE and PE solutions. Standard shake
tests (ASTM D892) could be performed to quantify defoamer performance.
4. Conclusions
This study evaluated the potential of many synthetic and biobased water-soluble polymers for use as
viscosity modifiers for water as a basis for aqueous lubricants.
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Synthetic polymers offered the best viscosity index improvement but had varying levels of
biodegradability and moderate treat rates to meet ISO 46 and 460 viscosity specifications.
Biobased polymers tended to require additional processing but yielded very high MW products with
excellent thickening efficiency and biodegradability.
Most of the water-soluble polymers in this study were renewable and/or biodegradable, which would
be ideal for use in environmentally acceptable lubricants (EALs) for forestry, maritime, oil exploration,
and other environmentally sensitive applications.
Polyethers were formulated in ISO 46 model water-based hydraulic fluids, and biodegradable
additives improved performance in four-ball wear, four-ball EP, and iron chip corrosion tests.
Future work will entail the measurement of polymer shear stabilities for the formulation of shearstable aqueous lubricants. Shearable polymers must make a much greater contribution to viscosity in
water-based fluids than in oil-based lubricants. Meeting this challenge, as well as identifying additives
for anti-wear, extreme pressure, and corrosion inhibition, will be essential to the development of fullyformulated water-based lubricants for industrial applications.
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Appendix A Preparation of More Soluble Polysaccharides
Polysaccharides, or starches, are polymeric carbohydrates produced from the coupling of sugars
in plants and other organisms. These materials are commonly used to thicken and texturize foods
or coatings.[33] High biodegradability and renewability from biobased feedstocks makes this class
of polymers highly attractive for eco-friendly applications. Like any bio-based product, the exact
composition depends on the feedstock. In most cases the sugars are a 5-member ring with one ether
(-O-) and four hydroxyls (-OH) or a 6-member ring with an additional hydroxyl. The polymers can be
linear with sugar units in a row (like polyethylene) or branched with some sugars attached as side
groups (like polybutene).
However, polysaccharides are difficult to process for industrial applications.[34] While the polymers
contain very high levels of water-soluble hydroxyl groups these polymers also contain large amounts
of hydrophobic carbon backbone. High like-like attraction and repulsion from water results in tightly
attracted polysaccharide chains which resist the work of solvents and make starches far less soluble
than expected. This study includes a comparison of linear vs. branched biobased polysaccharides,
their solubility, and how to better process these materials for water-based lubricants using chemical
modification.
Processing the polysaccharides began with simple solubilization of the polysaccharide PSL at various
temperatures from 20°C to 100°C. This resulted in opaque dispersions of particulate which prevented
viscosity measurement. The dispersions separated during settling overnight at room temperature.
Glycol, polyglycols, and fatty acid sorbitan esters were added at up to 70wt% in water – as guided
by Hansen solubility calculation – to improve the solubility match between solvent and polymer. No
improvement in clarity or stability was observed.
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Strong bases are useful in disrupting the undesirable like-like attraction between linear
polysaccharide chains and improving water-polymer compatibility.[35] [36] Figure 6 outlines the alkali/
glycol solubilization developed to improve PSL/PSB stability. Chemical digestion with base can
improve solubility by providing hydroxide ions (OH-) which are small, strongly interacting hydrogen
bond partners that out-compete polymer-polymer interactions and allow tightly bonded chains to
separate. Partial base-catalyzed hydrolysis of the backbone also reduces polymer size and improves
processability by decreasing the number of hydroxyls per polymer chain as they become shorter.

Figure 6. Workflow for solubilizing PSL and PSB to more soluble and stable water-based thickeners with high
bio-based content and thickening efficiencies. Haze remains but is treated by adding an appropriate co-solvent.

The linear polysaccharide PSL was digested by mixing with heat and a low concentration of strong
base at pH 13 for a period of time. The highly alkaline solution was clear with a slight orange tint.
Neutralization was performed with acid. Addition of organic acid to reach pH 7 resulted in a viscous,
hazy liquid upon further stirring. Milky-white ISO 220 with VI 417 and ISO 46 with VI 354 were
prepared at 5wt% and 0.5wt% dissolved solids. These samples remained stable for several months.
The addition of a glycol co-solvent and neutralizing with a complex inorganic acid similar to the PE
clarifier salt improved clarity qualitatively though haze remained above 1000 FNU.
Branched polysaccharide PSB was investigated following the optimization of linear polysaccharide
processing. Initial testing of simple water-PSB blends demonstrated better clarity and posed greater
promise as a clear bio-based thickener after optimization. PSB treat rate for ISO 46 and ISO 460 were
found to be 25% and 80% lower than PSL for ISO 46 and ISO 460, respectively. Separation of initial
PSB-water blends occurred after three days of standing – an improvement over 16hr separation in
PSL. Chemical digestion by alkali further improved storage stability to months but remained hazy.
Testing various glycol/polyol co-solvents and acids revealed that PSB is better optimized than PSL.
Very low but appreciable haze (30 – 100 FNU) was observed with alkali-treated PSB at ISO 46 in
water. However, VI was observed at roughly 200 points lower than PSL as same viscosity: typically VI
150 to 200 with a peak of 250 at ISO 100.
Chemical digestion with alkali/acid and various glycol co-solvents on PSL and PSB was effective in
increasing stability. However, the initial issues with drop-out and remaining haze after optimization
necessitated more aggressive chemical modification of the polysaccharides to ensure higher solubility,
stability, and clarity. It is worth noting that moderate solubility and drop out of the polymer can
actually be beneficial in bio-based proppants for hydraulic fracking where the particulate aids in
wedging open cracks in shale gas deposits.[37] [38]
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Figure 7 outlines the chemical modification of biobased polysaccharides to produce MPSL and MPSB
polymers.[34] The chemically modification resulted in derivatives with excellent solubility and clarity in
water. The process and results for two modified derivatives a described below. Many processes exist
to modify polysaccharides in the effect to enhance their solubility and usefulness as alternatives to
petrochemicals. Most processes entail reaction of the hydroxyl (-OH) groups, or hydrolysis of the ether
(-O-) linkages to depolymerize the polysaccharides into lower molecular weight and more soluble
byproducts.[39] [40]

Figure 7. Workflow for chemical modification of polysaccharides to obtain thickeners with high efficiency and
exceptional clarity in water. Graft in alkali solution retains the very high MW while isomerization reduces MW.

Low molecular weight ISO 680 polysaccharide thickener MPSL was prepared by cleaving the
polymer backbone and isomerization of the six-ring sugar monomers to more soluble five-ring sugar
with catalyst. The choice of sugars in the polysaccharide may be a key factor in water solubility
of the polymer: of the monosaccharides, fructose is 1600% more soluble than lactose and 300%
more soluble than dextrose/glucose.[40] The process is reminiscent of the catalytic breakdown and
reassembly of Group III synthetic petroleum oils. Due to the low molecular weight this sample
required high treat rates (59 wt% = ISO 32) in water. No significant VI improvement was observed
with VI 50 – 80 over the ISO 22 – 680 range. This material should be prepared at higher MW in
the future but may serve as a shear stable thickener when combined with synthetic VI improvers
described previously.
Grafting of water-soluble side groups onto polysaccharide was used to prepare MSPB. Changing the
chemistry rather than MW produced far greater thickening efficiencies than MPSL. This process was
achieved by continuing the chemical digestion in base described previously and treating the dissolved
polysaccharide with a water-soluble reactive monomer that branched from the hydroxyl side groups.
Solubility improvement was attributed to three factors: 1) increasing the fraction of water-soluble
composition (HLB); 2) consuming the strongly bonding hydroxyl groups along the polysaccharide
chain to weaken the strong like-like attraction between chains; and 3) the grafting of longer side
groups to the backbone also acts to plasticize or ‘soften’ the polymer. Point 3 is seen with free flowing
but high MW liquid polymers like polymethacrylates and polyalphaolefins.[41] Polysaccharide grafted
with water-soluble side groups maintained the high thickening / low treat performance of the
branched natural polysaccharide but produced clear solutions. VI from ISO 22 – 680 fell within a
narrow range of 200 – 220.
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Appendix B Clarifying Polyether Blends in Water
Two major features of PE polymer dissolved in water are attributed to haze: a weak solvent cage and,
discussed later, clustering of end groups. By understanding these effects, one may hope to modify their
behavior.[42]
The first feature is the formation of a solvent ‘cage’ or ‘shell’ structure.[43] The solvent cage is a sheath
of solvent around the polymer that carries the polymer in solution and screens the polymer from the
bulk of the solvent and interaction with other polymers. Solvent cage strength varies – it may begin
strong or weak and be altered by solvent conditions.
Solvent cage stability is influenced by the nature of dissolved species like salts, alcohols, and acids/
bases which act as ‘structure makers’ or ‘structure breakers’.[44] [45] Ordinarily in water, H+ and OHreorganize freely as a soup of atoms. Water molecules persist as weakly adsorbed clusters which
percolate in and out of existence with a change in a single bond.[44] The structure of the solvent cage
remains in flux between formation and dissociation. The addition of ionic salts imposes strong acidbase interactions between water and the dissolved ions. These interactions orient and polarize the
clusters of water molecules into well-defined structured layers surrounding the ionic core.[46] [44] Large
multiply-charged anions, or polar species such as OH- and F-, improve cloud point by up to 40°C.[43]
Cloud point modification was studied in an ISO 15 blend of PE3 polymer in water. A relatively dilute
solution was chosen to avoid concentration effects. Progress in eliminating haze was measured at
room temperature by turbidity meter in Formazin Nephelometric Units (FNU) using a Milwaukee
Mi 415 portable turbidity meter (Figure 8). FNU turbidity quantifies the amount of infrared light
scattered by haze in solution from a 90 degree angle. The instrument was calibrated with aqueous
standards of 0, 10, and 500 FNU.

Figure 8. Turbidity in FNU from 10 – 1000 units (modified from Optek.com) with turbidity meter on right. < 20
FNU is ideal for high clarity products while 30 - 50 units is detectable to the eye as slight haze. Haze usually
undesirable.

The ISO 15 formulation exhibited an initial 246 FNU haze and was nearly opaque. Sodium and calcium
acetate were tested by adding 1 mole per liter (1M) based on literature.[43] These salts produced no
effect on haze. A high MW inorganic salt was tested next and produced a significant decrease in haze
upon cooling. This salt possessed the same feature of so-called ‘structure maker’ salts in literature.[44]
[43]
This compound will be referred to as “clarifier salt”.
Clarifier salt treat rate was varied to find an optimal treat in the ISO 15 solution. Figure 9 compares
haze from the ‘no salt’ control (246 FNU) to an idealized ratio of 0.5 (1 part salt to 2 parts polymer) of
24.1 FNU. Above a ratio of 2.5 the concentration of salt was sufficient to cause the non-ionic polymer
to phase separate into a viscous cloudy layer (therefore an increase in haze). This concentration was
well in excess of the ideal 0.5 ratio.
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Figure 9. Measured haze in ISO 15 solution versus polymer: salt added. The use of large complex ions reinforces
the solvent cage and screens polymer aggregation to allow PE-water blends as clear liquid VI improver.

This salt strategy reduced, but did not eliminate, visible haze in ISO 15 by 90% from 246 to 24.1 FNU.
Yet 20 FNU or greater would be considered slightly haze to an observer. The remaining 10% haze
must arise from to a second cause.
The second feature of polyether-water solutions is hydrophobic clustering. Hydrophobic clustering
of chain ends in polyether-water system occurs due to stray alkyl chain ends seeking out like-like
attractions with the CH2 backbone of other polyether polymers in water.[42] The alcohols used to
initiate polymerization of the glycols can serve as a prominent hydrophobic site for clustering. These
attractions lead to a network of clustered chains which can grow to a size that is detected by the eye.
[42]
This effect can be reduced if a bifunctional diol initiator (i.e. ethylene glycol) is used.
It was hypothesized that if this hydrophobic interaction of the alkyl end group could be fulfilled
by small molecule co-solvents or surfactants rather than end group-to-polymer associations then
clustering would cease and additional reduction in haze would occur. Initial C3 to C6 glycols were
tested at 5-20wt% but failed to affect haze. High MW glycols tended to affect solubility and add haze
before any reduction was observed.
It was rationalized that the compatibilizer needs a larger hydrophobic segment to associate with the
alkyl chain ends while also being highly soluble in water. The need for a single compound with two
starkly different types of solubility led to using surfactants. The chain end was envisioned as a species
which needs to be emulsified into water with an appropriate surfactant, ideally as a clear microemulsion. Testing began with a small (0.5wt%) treat of sorbate esters.
Sorbate and polysorbate fatty acid esters with long and short chain (“long” and “short”) fatty acids
were evaluated as bio-based emulsifiers to selectively disperse the polyether chain ends and prevent
clustering haze. Figure 10 demonstrates the effectiveness of three sorbate-based emulsifiers in
reducing haze with polyether-water-salt blends. These species must 1) be water soluble; 2) not cause
its own haze from wax-like interactions between fatty acid chains; and 3) have no cloud point or
critical solution temperature.
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Figure 10. Measured haze in ISO 15 polyether-water formulations with clarifier salt versus treat rate of three
sorbate-based surfactants to aid in dispersing hydrophobic chain ends. The short chain polysorbate was the
most hydrophilic of the three and best suited to further reducing the haze.

Long sorbate ester failed condition 1 since it was an insoluble wax. Short sorbate ester failed
condition 2 as it added considerable haze even at low < 0.10wt% treat. Testing even lower HLB
surfactants required the polysorbates. Both long and short polysorbates were effective in continuing
to reduce haze from the 24.1 FNU with clarifier salt. Long polysorbate ester gave a minimum of 20
FNU at 0.25wt%. Short polysorbate ester gave 10 FNU at about 0.12wt%. These values (< 20 FNU) are
virtually clear to the eye. Clarity reduction reverted with increasing treat beyond these values.
Starting from an initial 246 FNU, the combination of ‘structure maker’ clarifier salt and short
polysorbate surfactant reduced haze to by 96% to 11.6 FNU and fulfilled the goal of making waterwhite (< 20 FNU) polyether-water blends. Approximately 90% of haze was attributed to solvent cage
effects and 6% to chain end clustering. Further work is required to determine how the surfactant treat
varies with polymer concentration and affects foaming.
Appendix C Unique Behaviors of Water-Soluble Polymer Chemistries
This study included PAG copolymers containing various ratios of water-soluble to water-insoluble
monomers. Above 40°C, each aqueous PAG solution demonstrated phase separation into layers as
shown in Figure 11.

Figure 11. Phase separation of 20 wt% PAG4 in water at 80°C in a capillary viscometer.
Separation results in an opaque top layer (PAG) on top of a clear layer (water).
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PAG1 separated into a thin clear phase and viscous hazy phase at 40°C (50/50 ratio of the two
monomers) while PAG2 (60/40 ratio) was cloudy at 80°C. PAG3 (75/25) demonstrated concentrationdependent clarity at 80°C; concentrations at < 20 wt% PAG3 phase separated at 80°C but
concentrations >40 wt% were clear at 80°C. KV80 and VI could not be reliably obtained. This is an
example of lower critical solution temperature (LCST) behavior where the solubility of a polymer in
fluid becomes worse with increasing temperature.[47] [46] In short, the attraction between the ether sites
of water-soluble monomers of PAG and H2O molecules break down when heated and leave only the
hydrophobic interactions of the carbon-hydrogen segments between polymers.[48] [44] The hydrophobic
portions of polymers associate, and the polymers separate out of the water as haze or a second layer.
[43]

PE polyether blends were prepared using polymer of 100% WS monomer content. The spacing of
oxygens along the PE polymer backbone coincides with the natural spacing of oxygen in water and are
responsible for its good solubility.[46] Unlike PAG chemistry, all PE polymers were found to be soluble
at both 40 and 80°C, which allowed measurement of the viscosity index. High molecular weight
polyether/water blends (PE3 and PE4) were hazy below 40°C but became clear when heated above
40 to 60°C. Low molecular weight PE1 and PE2 were clear at both room and elevated temperatures.
The lack of cloud point in PE1 and PE2 may be due to their preparation from the condensation of alkyl
glycol, which results in two very soluble –OH end groups; high MW PE3 and PE4 are prepared from
the radical polymerization of alkylene oxide initiated by an alcohol, which results in less soluble alkyl
end groups.
Room temperature haze of high MW PE polymers in water was reduced by 96% via the addition of
complex salts and a small of amount of surfactant (Appendix B). 90% of haze was attributed to a
weak solvent cage of water clusters around the polymer (Figure 12a) that allowed individual chains
to form hazy aggregates. The addition of large complex ions (Figure 12b) strengthened the water
clusters and provided a barrier between chains. This resulted in bright and clear solutions of PE
polymer in water from room temperature to testing at 80°C.

Figure 12: a) Water (blue/yellow) by itself makes weak solvent cages (blue) around PE polymer (black lines)
that allow polymers to contact and form haze; b) Ions (red) cause water to form stronger clusters and
block polymer contact.[44]

PAM chemistry was highly effective in both thickening water to ISO 46 and 460 with high VI despite
low wt% polymer. The very high MW (1-10M) raises shear stability concerns which would make PAM
most useful in a total loss or “single-pass” application. This complements the high biodegradability
of the polymer. PAM was notably more difficult to dissolve than PAC due in part to the higher
MW but also the presence of hydrogens on the amide sites. Amide protons introduce very strong
intermolecular bonds – this is the basis of extremely tough polyamide fibers.
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PAC was the easiest solid synthetic chemistry to solubilize with 99% WS monomer PAE3 as the most
difficult. Subjectively, the lab work in this study identified the ease of solubilizing trend as:
PAG > MPSL >> PAC > MPSB > PE > PAE1 > PAM >> PAE2 > PAE3 >> PSB > PSL.
PAG was in liquid form while PSB and PSL require alkali solubilization.
Figure 13 depicts the fundamental principle behind observed differences in ease of solubilizing as
well as haze and foam tendency in water-soluble polymers. Since PAC is a tertiary amide, >N(=O)-, it
lacks a proton and cannot form strong hydrogen bonds between polymers such as PAE3 and PSL/PSB.
PE polyether oxygen atom also lacks a proton but is difficult to dissolve due to strong hydrophobic
attraction and orderly packing of the monomer units that must be unfolded by water and heat. PAC’s
bulky side group, much like PAE1, plasticizes the polymer by interfering with orderly packing of
monomer units and facilitates easy mixing.

Figure 13. a) Polymers with polar/h-bonding monomers are difficult to dissolve due to the formation of
extensive hydrogen bonding networks that must be broken down to dissolve polymer molecules (PAE3, PSL,
PAM). b) The addition of bulky side groups (PAE1, MPSB, PAC) introduces high amounts of disorder to prevent
hydrogen bonding networks from forming.

PAE chemistry was evaluated at varying alcohol/ester ratios: PAE1 = 88% hydroxyl, PAE2 = 8%, and
PAE3 = 1%. Each PAE polymer was derived from hydrolysis of the same 0% hydroxyl feedstock. Higher
water-soluble –OH content improved thickening efficiency. This polymer interacted with more H2O
molecules through more –OH sites and became more soluble to provide higher viscosity.
However, VI improvement decreased with increasing hydroxyl content and solubility of the polymer.
This corroborated a common hypothesis for VI improvement.[3] [20] If viscosity index is driven by the
contraction of polymer chains at low temperature and expansion at high temperature, then having a
less soluble but still soluble polymer would cause the polymer to compress more at low temperature
and produce a greater expansion at high temperatures. The same effect is accomplished by insoluble
methyl methacrylate and styrene in polymethacrylate and styrene OCP VI improvers.
PAE was also notable for a high tendency for foaming. This is likely due to hydrogen bonding between
hydroxyl (-OH) groups, which bind tightly and are difficult to dissolve even in water (as in Figure
8). PE polymers also exhibited a tendency to form foam, but to a lesser extent than PAE. Since PE
polymers only contain ether (-O-) linkages and do not form hydrogen bonds like PAE, the foam was
attributed to hydrophobic attractions between CH2 groups and alkyl chain ends.
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PS/MPS, biobased and modified polysaccharide, required modification (Appendix A). Overall, biobased polysaccharides are relatively cheap feedstocks with very low treat rates due to their very
high MW (>1M) required to be a structural element of plants. Comparable MW grades in synthetic
polymers are sold at premium prices. Starchy polymers like PSL/PSB required processing with strong
alkali to break the strong network of hydrogen-bonded sugar units which held the polymer network
together, like pulling apart hook-and-loop fasteners. This process produced stable but hazy blends
that did not settle over months of shelf time.
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Abstract
This article outlines some of the current aspects and background of the NLGI GC-LB Certification
Specification as well as the recent work to define new specifications for High Performance Multiuse
greases to be certified by NLGI. NLGI is working with Center for Quality Assurance (CQA) to gather
comments and suggestions for inclusion in these proposed specifications and would highly encourage
all stakeholders to get additional information and provide their feedback to Mike Kunselman at
Grease@CenterforQA.com.
NLGI certifies the quality of commercial grease formulations through their Certification Mark program
using the GC-LB Performance Classification system. This certification program has provided an
internationally-recognized grease specification for grease and bearing manufacturers, users and
consumers since 1989. Although originally conceived as specification for greases used in automotive
chasses and wheel bearings, GC-LB is today recognized as a mark of quality for grease specifiers in a
variety of different applications. And due to advancements in materials, technologies and applications,
NLGI has recognized that current applications may be better served by updated specifications.
NLGI has contracted with The Center for Quality Assurance (CQA) to interview and survey members
of the grease industry to define these new specifications and ensure that they meet the needs of
today’s grease-lubricated applications. The initial focus will be on updated specifications for a High
Performance Multiuse grease that could be used in a variety of bearings and applications which
require similar lubricating properties. Additional specifications will also be defined for enhanced
performance in the areas of high load, water resistance, corrosion resistance and long life applications.
GC-LB History
In order to better understand the current specification and the value of the Certification Mark to a
formulator or and end-user, it may be useful to dig deeper into the tests that are incorporated into
the GC-LB specification. NLGI originally designed the list of standard test methods and performance
targets to meet the needs of automotive service greases, in cooperation with the American Society
of Testing Materials (ASTM) and the Society of Automotive Engineers (SAE), and it was published
in 1989 as ASTM D4950 “Standard Classification and Specification for Automotive Service Greases”.
[1] The highest performance standard that greases may be classified as are “GC” for wheel bearing
lubricants, and “LB” for chassis lubricants leading to the oft-used shorthand “GC-LB”. The current
specifications limits of ASTM D4950 for the “G” and “L” categories are shown in Tables 1 and 2.
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Table 1: Acceptance Limits for Wheel Bearing Grease Specifications [1]

Table 2: Acceptance Limits for Chassis Grease Specifications [1]
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It is recognized that some of the methods incorporated in the ASTM D4950 specification have
reproducibility issues as well as some questions about the appropriateness of some test methods
for today’s greases due to the evolutionary changes in equipment and applications. These issues are
being discussed within NLGI and the ASTM sub-committee G with an overall goal of improving current
tests by upgrading equipment, refining methodologies or developing new tests where necessary.
This process may also lead to incorporating test methods or equipment used by other organizations
such as the German Institute for Standardization (DIN) or the International Organization for
Standardization (ISO).
Dropping Point
ASTM D2265 “Standard Test Method for Dropping Point of Lubricating Grease Over Wide Temperature
Range” and ASTM D566 “Standard Test Method for Dropping Point of Lubricating Grease” are test
methods specified within ASTM D4950 for measuring the dropping point of a grease.[2,3] The dropping
point, the temperature at which a semi-solid grease begins to liquify and lose its consistency, has
historically been used for assessing the ability of a grease to function at higher temperatures. With
the evolution of equipment with increasing application temperatures, the development of grease
formulations to protect at those higher temperatures and an overall better understanding of grease
behavior, the dropping point is given less and less credibility in defining grease behavior at high
temperature.
Additionally, the current apparatus calls for the use of glass thermometers containing mercury.
Mercury is known to be a very hazardous substance. Due to this known fact, the Environmental
Protection Agency is attempting to substitute the use of mercury-in-glass thermometers with
safer alternatives in academia, government, and industry settings. However, it is difficult to
replace mercury-in-glass thermometers with an alternative that is suitable for testing a wide
temperature range of greases and still relatively affordable. David Turner, the senior technical
services representative of CITGO Petroleum, predicts a cost of US$4,000 USD for potential electronic
alternatives as opposed to the conventional mercury-in-glass thermometer which currently cost
around US$75. Other potential alternatives include platinum resistance thermometers (PRTs) and
Galinstan thermometers, which have non-toxic properties. However, there are additional costs
involved with incorporating these alternative thermometers given that there is a difference in the rate
of heat transfer and responsiveness which could introduce a bias into results determined by the ASTM
dropping point methods.
There is also a possibility of ASTM D566 being dropped from the ASTM D4950 standard classification.
ASTM D566 is currently obsolete and does not support the high temperature range of popular high
temperature greases, such as complex soaps, polyurea, and calcium sulfonate grease. Instead, ASTM
D2265, which supports a more expansive temperature range and includes higher temperatures, is
heavily utilized.
High Temperature Bearing Life
Another test method that has been drawing a considerable amount of attention in the lubricant grease
industry is ASTM D3527 “Standard Test Method for Life Performance of Automotive Wheel Bearing
Grease”.[4] This test method evaluates the long life performance of automotive wheel bearing greases.
The result is used to rank the grease’s performance and, in theory, is a much better indicator of high
temperature performance than the dropping point.
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The test requires a hub assembly, or wheel bearing, that is coated with the test grease and then
subjected to a specific load through an external electric motor. The test operates in repeated cycles
of 20 hours on and 4 hours off, which is an exaggerated imitation of long-term driving cycles as the
bearing gets hot during operation and cools down when at rest. As the process goes on, the grease
will begin to degrade and harden. At this stage the electric motor will require a higher amperage to
overcome the thickened grease. The increase in amperage is an indication of resistance in rotational
force (torque) and the test is ended when this resistance rises above a setpoint. The number of oncycle hours is recorded as the service life of the grease sampled.
The lubricant industry has tried numerous times to improve this test method to yield more precise
results, but the method remains relatively unchanged. Despite the shortcomings of ASTM D3527,
this test is necessary for greases to meet the highest classifications of the “G” category. The major
problem is the poor repeatability and reproducibility of the test results, as shown in Figure 1. The
reproducibility statement in the standard states that results from the different labs may vary by as
much as 1.2 times the average of the two results. This means that a result of 200 hours from one lab
and a result of 800 hours from a second lab would be considered within “normal” scatter for the test.
Figure 1: ASTM D3527 Proficiency Test Results [5]

Carfolite and Chadwick [6] began to approach this issue from the perspective of the motor’s
functionality and found that there was a noticeable variance in the amperage linked to current
fluctuations within the motors. The cause behind this occurrence was theorized to be the age of the
hardware such that more current is needed to produce the same torque. A rise in amperage marks the
end of the test and while it could mean that the grease has reached the end of its ability to perform, it
could also be due to the age of the motor. Another theory is that variance in the results could be due to
a voltage and torque constant difference.
Potential solutions, such as modernizing motor specifications and implementing the use of a torque
meter to measure changes in power rather than current, are being investigated. However, there
are financial constraints that arise from these modifications. While improvements are still being
attempted, this method is less and less relevant as it was constructed based on an outdated wheel
bearing hub design from the 1970s, and most modern wheel bearings cannot be re-lubricated as they
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are permanently sealed. There has been some discussion about replacing the test with alternative high
temperature test methods such as DIN 51821 (FAG FE9), ASTM D3336 or SKF R0F+.
Grease Consistency
There has also been recent debate about the shortcomings of the current grease cone penetration
tests and the possibility of replacing the standard penetration test with an alternative test or
supplementing it with tests that give more information about the grease. The primary tests in use
today are ASTM D217 “Standard Test Methods for Cone Penetration of Lubricating Grease” and
ASTM D1403 “Standard Test Methods for Cone Penetration of Lubricating Grease Using One-Quarter
and One-Half Scale Cone Equipment”.[7,8] Most greases used in the industry are NLGI Grade #2. A
grease product may have the same consistency grade, but still have noticeable differences in other
physical properties as compared to different greases. This might include the ability for the grease
to be pumped within a lubricated part and how it flows around the area to be lubricated. As shown
in Table 3, the end users might have more specific requirements for the grease product concerning
the consistency, which includes “pumpability, bearing speed (flow), operating temperature, grease
bleed and environmental conditions,” concerns which are not explicitly addressed by the current cone
penetration test.
Table 3: Required Consistency for Different Applications [9]

Grease flow is important for the entry of the grease into the bearing from the grease gun and the
movement of the grease in the lubricated area with moving surfaces. One measure is the shear
force or stress required to get the grease to start flowing from rest. The ability of the grease to be
pumped concerns its transportation from the gun or lubricator. A difficult hurdle can be the grease’s
pumpability, specifically with the distance at which the grease needs to travel to fully lubricate the
bearing. The operating temperature can also affect the grease’s consistency, so its dynamic viscosity
may not correlate with the consistency of the system. Note that the grease cone penetration test
occurs at 25 degrees Celsius, a temperature that may not reflect the actual temperatures encountered
in industrial settings.
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Grease bleed is also important and can occur in three scenarios:
• When the grease viscosity is low,
• Base fluid oil separates from the grease,
• Oil is released to aid in the lubrication of moving surfaces
Grease bleed could potentially affect the consistency of the grease and therefore it is important that its
viscosity be evaluated.
Several authors have proposed a revised consistency chart shown in Table 4 that would include and
would replace the old consistency chart shown in Table 5.
Table 4: Revised Consistency Specification [10]

Table 5: NLGI Consistency Specification [11]

Another recurring issues with the cone penetration test is the large required sample size. The
test procedure includes a weighted cone being pushed into a volume of grease sample and the
corresponding depth of penetration being used to evaluate its consistency. However, the volume of
grease required ranges from as much as 290 mL to 3.8 mL depending on the density of the grease. The
larger amount is an unrealistic quantity compared to what is required for in-service tests. Additionally,
the grease is subjected to a pre-conditioning of 60 shear strokes prior to performing the penetration
test. This is an issue since in-service greases usually don’t undergo any pre-conditioning before usage.
Some lubricant experts have suggested that the cone penetration test should be replaced with
rheological testing. The rheometer requires a very small sample size on the order of 0.4 mL to
0.25 mL. It measures the physical properties (flow, yield stress, temperature limits) of a grease by
placing the sample of interest under varied or controlled stress through oscillatory shear. Despite
the comprehensiveness that the rheometer provides, it comes at a higher price in comparison to the
relatively inexpensive penetrometer that has its limits. Most industries have adopted the conventional
penetration method and chances are that most industries will stick with it until there is a more
economically-viable alternative.
Beyond GC-LB – The Next Generation
The NLGI GC-LB specifications are still used widely despite the challenges of some of its test
methods. As NLGI begins to supplement these old specifications with a new set of classifications
for high performance, multiuse greases, the test methods and performance limits need to be closely
scrutinized. The classifications will need to satisfy the demanding operating conditions of general
machineries, not just automobiles. A high performance, multiuse grease can be defined through
several different performance properties and can vary by thickener types, such as simple and complex
soap greases and non-soap greases. The ability to formulate different base grease/oil combinations to
meet different performance levels may also vary in degree of difficulty.
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Multiuse greases are called for in a variety of different applications all of which may have different
performance challenges. NLGI is focusing on specific sets of performance areas that may be common
to many applications so that the appropriate performance subcategories can be chosen by end-users
to match their particular needs. The performance sub-categories that have been discussed for the
first set of specifications are: water resistance, load carrying capacity, salt water corrosion resistance
and long life (see Figure 2). Test methods that will make up each portion of the specification and
performance limits for each method are currently being discussed with input being solicited from all
stakeholders.
Figure 2 – NLGI Proposed Future Grease Classifications

Water Resistance
Water Resistance is required by many industrial applications that undergo a large amount of exposure
to water. Test methods being considered in this category are required for evaluating the adequacy
of multipurpose greases with higher water resistance: ASTM D1264 “Standard Test Method for
Determining the Water Washout Characteristics of Lubricating Greases”, ASTM D4049 “ Standard
Test Method for Determining the Resistance of Lubricating Grease to Water Spray”, ASTM D7342 “
Standard Test Method for Prolonged Worked Stability of Lubricating Grease in Presence of Water
(Water Stability Test)”, and ASTM D8022 “ Standard Test Method for Roll Stability of Lubricating
Grease in Presence of Water (Wet Roll Stability Test)”.[12-15]
ASTM D1264 measures the water resistance of a lubricating grease by determining the amount of
grease, in weight percent, that gets washed out of a packed bearing during a specified time. The test
method describes a lubricated ball bearing that gets rotated at a specific number of revolutions per
minute (rpm) while water strikes the bearing at a constant rate. The current GC specification has a
maximum limit for ASTM D1264 set at 15 wt%. Initial proposals for the Water Resistance specification
line up the maximum limit of water washout in accordance with the corresponding consistency grade
of the grease sample being tested: #1 = 8.0%, #2 = 5.0%, #3 = 3.0%.
ASTM D4049 Water Spray Off employs a metal surface, layered with a grease sample, that is subjected
to water spray. This test method assesses the adhesive properties of lubricating greases by measuring
the amount of grease that is removed from the metal surface when there is direct contact with water
spray. Proposed limits ASTM D4049 Water Spray Off have been suggested to be similar in structure to
ASTM D1264: #1 = 40%, #2 = 30%, #3 = 20%.
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ASTM D7342 Wet Penetration Stability is another test method for evaluating the overall water
resistance of a grease sample. This test method determines the effects of water on the shear stability
of grease. This test specifies the introduction of a small amount of water into a grease sample which is
then subjected to low shear. The change in consistency of the grease before and after this treatment is
measured. Initial proposals for this test limit are a maximum of 50 decimillimeters (dmm) change in
consistency.
The same requirement is suggested to apply to ASTM D8022 which uses a roll stability test apparatus
to determine the wet roll stability of lubricating grease. This again looks at the change in consistency
of a grease that has been exposed to water and then subjected to shear from a rotating roller.
Corrosion Resistance
Applications that involve outdoor-use or marine exposure may risk deterioration of bearings from
corrosion caused by humidity or exposure to water. Lubricating greases that can have Salt Water
Corrosion Resistance would be desirable in this situation. The test methods that are among those
being considered for measuring the corrosion inhibiting properties of grease are: ASTM D5969
“Standard Test Method for Corrosion-Preventive Properties of Lubricating Greases in Presence of
Dilute Synthetic Sea Water Environments” and ASTM D6138 “Standard Test Method for Determination
of Corrosion-Preventive Properties of Lubricating Greases Under Dynamic Wet Conditions (Emcor
Test)”.[16,17] ASTM D5969 procedure exposes a bearing packed with the test grease to diluted
synthetic seawater and then stores the bearing for a specified period of time. The bearing is then
cleaned and evaluated for any indications of corrosion. The ability of the grease sample to prevent
corrosion is evaluated using a pass or fail criteria through the presence of corrosion on the inside of
the bearing races. Signs of corrosion are identified as red rust marks or black stains. Any corrosion
marks that are 1.0 mm or larger in any dimension are considered a fail rating.
ASTM D6138 functions in a similar manner by partially submerging a clean bearing packed with the
test grease in a diluted synthetic seawater, or sodium chloride solution. The bearing is then rotated
at a specified rpm during specified cycles of running and resting. The bearings will be observed for
signs of corrosion at the end of the test and evaluated using Table 6. A proposed maximum accepted
rating for adequacy of the grease sample is 1/1 and 2/2 for synthetic seawater and sodium chloride,
respectively.
Table 6: Rating System for Corrosion [18]
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High Load
High Load carrying capacity is another important property of lubricating greases for equipment
reliability. Multipurpose greases often contain extreme pressure (EP) and anti-wear (AW) additives
that promote a greater load capacity to minimize stress and wear in lubricated areas. Among the
proposed test methods for High Load Carrying Capacity subcategory are ASTM D2266 “Standard Test
Method for Wear Preventive Characteristics of Lubricating Grease (Four-Ball Method)” with tighter
limits, ASTM D2596 “Standard Test Method for Measurement of Extreme-Pressure Properties of
Lubricating Grease (Four-Ball Method)” with higher load limits, ASTM D5706 “Standard Test Method
for Determining Extreme Pressure Properties of Lubricating Greases Using a High-Frequency, LinearOscillation (SRV) Test Machine”, ASTM D4170 “Standard Test Method for Fretting Wear Protection
by Lubricating Greases” with tighter limits and ASTM D7594 “Standard Test Method for Determining
Fretting Wear Resistance of Lubricating Greases Under High Hertzian Contact Pressures Using a HighFrequency, Linear-Oscillation (SRV) Test Machine”.[19-23]
The 4-Ball test method involves a single steel ball that gets rotated, at a specified rpm and applied
load, on top of three stationary steel balls that are packed with the test grease. For ASTM D2266, the
wear scar diameter imposed onto the three stationary, clamped balls is used to measure the wear
preventive characteristics of a test grease on steel-to-steel sliding surfaces. A maximum limit for the
wear scar diameter has been proposed to be 0.50 mm as opposed to the former 0.90 mm maximum
limit for GC greases.
For ASTM D2596, one proposal is to set limits for not only Weld Point, but LWI and LNSL as well. The
Weld Point is the lowest applied load at which welding occurs between steel-to-steel sliding contact.
A minimum weld point of 400 kgf has been proposed. The Load Wear Index (LWI) is obtained from
the 4-ball test method and assesses the performance of a lubricant in preventing wear when subjected
to varying loads. A minimum LWI of 45 kilogram-force (kgf) has been proposed to be appropriate for
this category. The Last Non-Seizure Load (LNSL) is the highest applied load where lubrication still
exists between the 4 balls, at which any higher load would cause lubrication to diminish and steel-tosteel contact to begin. A LNSL limit has been proposed at 100 kgf or 126 kgf.
Bearings can be damaged by fretting wear which can happen under high applied loads in the presence
of a vibratory, or oscillatory motion as metal-to-metal surfaces are sliding against each other. To
evaluate the protective properties of lubricating greases against fretting wear, ASTM D4170 is
designed to measure the mass loss of lubricated ball thrust bearings when subjected to an oscillatory
motion through a specified arc under a specified frequency and applied load. The maximum mass loss,
for the average two duplicate runs, is proposed at 5.0 mg for the grease to demonstrate acceptable
fretting wear protection (which was lowered from 10 mg according to GC-LB specifications). The test
is to be run in duplicates to reduce relatively wide precision limits present in ASTM D4170.
However, there has been a slow adoption of a more precise test method, ASTM D7594, which uses
an SRV machine that employs high-frequency linear oscillatory motion with low strokes and high
Hertzian contact pressures. The SRV test machine applies a steel test ball oscillating against a
stationary steel test disk with lubricant in between which forms a wear scar on the disk. The machine
will calculate and record the coefficient of friction (produced from the frictional force of the two
surfaces) of a grease sample. The wear scar diameter on the disk is measured under a microscope and
used to evaluate the fretting wear protection of a grease. Specific limits for the wear scar diameter of
ASTM D7594 has not been proposed yet.
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The SRV test machine can also be used to test for the extreme pressure properties of greases in
ASTM 5706. This test method works in a similar manner as ASTM D7594 but uses increased loads in
increments until seizure occurs. A load at which seizure occurs has been proposed to not be lower
than 1200 Newtons (N) to meet the needs of a High Load grease.
Long Life
Another important characteristic of greases for many applications – especially those under higher
temperature conditions – is its functional lifetime. Proposed test methods for evaluating the Long
Life performance of multipurpose greases include ASTM D2266 4-Ball Wear, ASTM D4170 Fretting
Wear, and ASTM D7594 Fretting Wear using SRV with tighter limits to reflect the need for grease
to have lower wear to increase their useful life. These limits may be similar or identical to the High
Load Capacity grease limits. ASTM D942 “Standard Test Method for Oxidation Stability of Lubricating
Greases by the Oxygen Pressure Vessel Method” [24] could also be included to as another measure
of extended life. NLGI is currently also working with ASTM and other stakeholders to develop a new
test method to replace the outdated, problematic ASTM D3527 Life Performance test, as mentioned
earlier. This will likely mean that the Long Life category will be delayed for several years pending the
successful development of this new high temperature bearing test.
High Performance Multiuse
It is also proposed that a minimum level of performance be set for High Performance Multiuse greases
which may or may not also meet some of the additional performance sub-categories outlined above.
This would allow stakeholders to define a level of performance that will likely incorporate aspects
of the current GC-LB specification with some additional measurements of performance such as roll
stability, copper corrosion, and elastomer compatibility that aren’t covered in that specification. Lower
levels of performance from some of sub-categories may also be included in this High Performance
Multiuse specification.
ASTM D4950 was first issued in 1989 to support GC-LB qualifications. It has been adopted by
industries worldwide and many industries continue to follow this standard for specification purposes
and direction with respect to lubrication needs. However, as technology advances in both the
equipment and the lubrication industry, there is a growing desire for additional guidance to end-users
on the most appropriate grease for specific applications. NLGI has undertaken the establishment of
these new specifications to help all the stakeholders have a better conversation about addressing the
more complex lubrication needs of today. NLGI’s goal is to introduce these first set new specifications
and begin certifying greases against them in January 2021 and are actively soliciting feedback from all
stakeholders now to ensure that they reflect the needs of the industry today.
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NLGI Interviews Mr. Michael Washington
The Lubrizol Corporation
Wickliffe, Ohio
By Mary Moon and Raj Shaw
Michael
Washington is
Global Business
Manager of
Industrial
Products at the
Lubrizol Corporation (Wickliffe,
OH). In this role, he works with
colleagues in sales, R&D, and
operations to deliver innovative
solutions for customers that
ultimately benefit end users of
lubricating oils, metalworking
fluids, and greases. His
experience and knowledge
of the end user side of the
lubricant industry allow him to
make unique contributions to
Lubrizol’s business.
Lubrizol is a global specialty
chemicals company that
partners with customers
and original equipment
manufacturers (OEMs) to
develop high performance
additives for engine oils,
driveline applications,
gasoline and diesel fuels, other
transportation-related fluids,
and industrial lubricants.
In this interview, Mike shares
his professional journey, his
insights about the lubricants
and specialty chemicals
industries, his experience
serving on the NLGI Board of
Directors, and why 1995 was
the most important year in his
life (so far).

NLGI: How did you begin your
career and become involved
in the lubricants industry?
MW: I grew up in a small
Ohio city not that far from
Lubrizol’s headquarters.
After high school, I attended
Ohio University (Athens, OH)
and earned my BA degree in
Economics. I became interested
in economics after a study
abroad trip to Mexico in the
late 1980s. Mexico was going
through a period of extremely
high inflation. I could see
firsthand the challenges that
this economic environment
created for citizens and
businesses.

Later, while working for
an independent lubricant
manufacturer named Dylon
Industries, I went back to
school and earned my MBA
from Cleveland State University
(Cleveland, OH). At that time,
Dylon, like most ILMs, was very
strong in a few niche areas. My
focus of study during graduate
school was the globalization
of small- and medium-sized
technically-driven firms. I
had an advisor named Dr. Raj
Javalgi who motivated me to
focus in this area. He allowed
me to work with him on
several research projects, and
ultimately I was able to put that
research into practice at Dylon.

A typical day at the office for Mike - managing a field trial at a sugar mill in Latin
America.
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At Dylon, I worked with enduse markets such as the sugar
cane industry, construction and
mining, and general machining.
During this time, I traveled
throughout the US, Mexico, and
Central America.

set among his team. He allowed
me to create Dylon de Mexico.
He coached me along the way,
but allowed it to be my project.
This instilled in me a sense of
ownership and accountability.
Bob has since retired, but I still

I have spent the past 24 years
working with industrial
lubricants. Most of that time, I
worked in the areas of finished
greases, open and enclosed
gear oils, and metalworking
fluids.
NLGI: Did you have a mentor?
MW: I was very fortunate to
work for a gentleman named
Bob Kowaleski. Bob was the
General Manager of Dylon
Lubricant Technologies
and ultimately became the
President of Dylon Industries.
Bob had a true interest in
teaching people about grease
and showing people how a
higher quality lubricant could
improve their profitability, and
he took great interest in the
individuals he met. I remember
a customer telling me, ‘Bob is
a hard guy not to buy from.’ He
genuinely cared about people,
and he had a real passion for
the lube industry.
Bob was, without question, a
‘lead from the front’ type of
manager, and he was always
willing to get personally
involved when the most
difficult issues came up. Bob
could infuse energy when he
entered a room, and he created
a true entrepreneurial mind
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enjoy connecting with him
from time to time.
NLGI: What have been some
‘tipping points’ and major
decisions in your career?

MW: The undergraduate study
abroad trip to Merida, Mexico
allowed me to improve my
Spanish language skills while
living with a non-English
speaking family. This type
of experience also provided
me with cultural awareness. I
didn’t realize it at the time, but
this program would prove very
valuable in my career.
After the NAFTA agreement
was signed in 1992, Dylon
Industries asked me to lead
their expansion efforts. I
spent 10 years incorporating
Dylon de Mexico S de RL de CV
and managing its expansion
throughout Mexico and Central
America.

During the 2009 recession,
Dylon Industries was sold.
Shortly after this acquisition, I
began my career at Lubrizol.
NLGI: You worked for an
ILM, and now you work for
a global specialty chemicals
company with over 8,000
employees. What are your
thoughts about working for
these two organizations in
light of their sizes, markets,
and other differences?
MW: The fundamentals of
business remain the same
regardless of whether you
are with an ILM or a major
multinational company. You
have to understand your
customers’ needs, provide
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solutions, and make sure you
and your customers fully
understand the value of not
only the products you supply,
but also the services you
provide.
At Dylon, I enjoyed working
for an ILM and serving the
end-user markets. There is
never a dull moment at an
ILM! I got to wear many hats.
In a typical month, I would
spend a week checking bearing
temperatures and negotiating
supply agreements with sugar
mills in Latin America, another
week checking refractometer
readings in a machining plant,
and two weeks working on
internal operations or logistics
issues. At an ILM, everything

has a sense of urgency, and
every sale is very impactful to
the business.
At Lubrizol, I work with a
great team of people, and I
appreciate their overall impact
on the lubricants industry.
Between our core grease
team, chemical synthesis
team members, strategic
technology team members,
mechanical testing, field test
services and market insights
team, over 100 people support
the grease industry globally.
They are highly energized
professionals who really enjoy
solving difficult problems
and helping our customers
succeed. At Lubrizol, I can
impact the business today,
while continuing to grow and
learn – which I believe is key to
growing my career.
NLGI: How have you applied
your prior experience in
your current role?
MW: I set up ‘voice-ofcustomer’ interviews with my
former end-user customers
in the sugar, mining, and
automotive industries. These
interviews allowed Lubrizol
to gain market insights that
will hopefully benefit our
customers. One example is the
development of our energy
efficient product line, which
includes a full line of additives
for greases, industrial gear
oils, and hydraulic oils. We
validated these products first
in our in-house proprietary
test equipment and then in the
field.

Members of the core grease team at Lubrizol (from left to right): Benny Cao, Dr.
Chris Hsu, Carlos Nazario, Dr. Gareth Fish, Dr. John Pudelski, Mike Washington, and
Dr. Rob Dura.

These additives allow our
customers’ customers to
reduce operating temperatures
of bearings, gear boxes, and
hydraulic systems. This leads
to longer equipment life and
greater uptime. End users in
the field can tell when their
system is operating cooler, and
they know what that means less energy is being consumed,
and less wear is occurring.
This is one example how we
help the finished lubricant
manufacturers get full value
for their products. End users in
steel mills or mine sites do not
have equipment to run a four
ball wear or a dropping point
test. But end users can notice
operating temperatures of their
equipment.
Specialty Chemicals and
Grease Industries
NLGI: What are your
thoughts about the future of
the grease industry around
the world?
- 77 VOLUME 83, NUMBER 4

MW: The grease industry has
a very exciting future. The
emerging technologies in the
automotive and energy markets
are driving the demand for
higher quality greases that
require different additive
components, polymers, and
thickeners. As an industry, we
need to be able to demonstrate
to the OEMs and end users the
value of this technology. Our
investment is very high, and
lubricants play a critical role
in equipment productivity and
efficiency. We need to make
sure everyone understands
the full value that lubricants
deliver.
NLGI: What are some new or
future opportunities for the
grease industry?
MW: Whenever there is
change, there is opportunity.
Today, things are changing
faster than ever: 3D printing,
electric vehicles, and how
energy is produced all offer

opportunities for the grease
industry. I am extremely
optimistic about grease and
industrial lubricants in general.
Continued development
around the world will require
additional mining activity and
production of food, cement,
and steel. These industries

are all great growth areas for
grease.
NLGI: What are some threats
– present and future – that
the grease industry faces?
MW: I see two main threats
to the grease industry. We
have some control over the

first threat, which is that we
need to be able to explain
complicated chemistries to
OEMs and end users so that
grease manufacturers can get
full value for their products. If
lubricant blenders cannot get
full value for their products,
they will reduce or eliminate
investment, and the lube
industry in general will stall.
We have to be able to show that
all greases are not comparable,
and that grease performance
means more than color and
branding.
The second threat includes
new materials and designs of
equipment. For example, in the
past, I saw steel mill casters
that consumed between 10,000
and 15,000 pounds (between
4,536 and 6,804 kilograms)
per month of grease. Now, I
am seeing new caster designs
that use less than 800 pounds
(363 kilograms) per month of
grease. These types of changes
can significantly disrupt the
lubricants industry.
I think these two issues
are somewhat related. Our
industry needs to demonstrate
the value that lubricant brings
over other non-lubricant
technologies.
NLGI Board of Directors
NLGI: How did you become
involved in NLGI?
MW: I became involved with
NLGI when I moved into
the Global Grease role with
Lubrizol. I think it is important
to support the lubricant

Servo Filling Systems
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industry, and you can’t do this
unless you are involved and
understand the issues that
the industry faces. I highly
recommend NLGI because it
provides tremendous training
programs for new people who
join the industry as well as
advanced training for more
experienced professionals.
NLGI meetings are also great
networking opportunities.
NLGI: You’re a member of
the Board of Directors of
NLGI. What are some of your
activities (past, present) as
a Director? What does the
Board of Directors do? Why
does NLGI have a Board?
MW: As a Board member,
I am on the Membership
Retention Committee and the
Academic Outreach Committee.
I enjoy both activities. The
Membership Committee work
affords me the opportunity to
engage with existing members
and learn what they like and
what they would like to see
improved about NLGI. I can
assure our members that we
take this information very
seriously. As a Board, we are
constantly striving to provide
our members better value.
The Academic Outreach
Committee is also very
interesting in that it really
serves two purposes. First,
NLGI provides grants to various
universities for industryspecific research. This, in turn,
creates an interest in grease
among graduate students
and, hopefully, helps create a
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pipeline of new talent coming
into the lubricant industry.
NLGI: How do you see NLGI
supporting and adding value
to the grease industry?
MW: NLGI supports the grease
industry in many ways. The
annual meeting is a great way
to network, attend education

classes, and sit in on technical
papers that are presented by
people from around the world.
NLGI provides a lot of value
through its programs, classes,
registration trademarks, and so
on.
To me, the biggest value that
NLGI provides to the lubricant
industry is bringing members

More Than Just a Drop
in the Bucket

together. The grease industry
is large enough to support an
event like the NLGI annual
meeting, but small enough so
that the meeting feels like a
family reunion.

Antioxidants
VANLUBE® AZ

VANLUBE EZ

VANLUBE PA

VANLUBE RD

VANLUBE BHC

VANLUBE 81

VANLUBE 887

VANLUBE 961

VANLUBE 1202

VANLUBE 7723

VANLUBE 996E

VANLUBE 407

Philanthropy
NLGI: Do you support any
philanthropies?

FRICTION REDUCERs/EP - ANTIWEAR AGENTS
MOLYVAN® L

MOLYVAN FEI PLUS

MOLYVAN 822

MOLYVAN 855

MOLYVAN 3000

TPS® 20, 32 & 44

VANLUBE W-324

VANLUBE 73

VANLUBE 73 Super Plus

VANLUBE 289

VANLUBE 829

VANLUBE 871

VANLUBE 972M

VANLUBE 972 NT

VANLUBE 0902

VANLUBE 7723

VANLUBE 7611M

VANLUBE 8610

VANLUBE 9123

Today’s high performance
lubricants require
high performance additives.

METAL DEACTIVATORS
CUVAN® 303

CUVAN 313

CUVAN 826

NACAP®

VANCHEM® NATD

VANLUBE 601

VANLUBE 601E

VANLUBE 704S

Our technical staff can help
you create superior products.

RUST INHIBITORS
VANLUBE RI-A

VANLUBE RI-G

VANLUBE RI-BSN

VANLUBE RI-CSN

VANLUBE RI-ZSN

VANLUBE 8912E

COLOR KEY: NSF ® CERTIFIED

Contact us to find out how…

NEW PRODUCTS

WE HAVE OVER 50 LUBRICANT ADDITIVES
AVAILABLE TO MEET YOUR SPECIFIC
REQUIREMENTS.
VANDERBILT CHEMICALS, LLC
CERTIFIED TO ISO 9001:2015
10002461

 petro@vanderbiltchemicals.com
30 Winfield Street, P.O. Box 5150, Norwalk, CT 06856-5150
CUVAN, NACAP, MOLYVAN, VANCHEM and VANLUBE are registered trademarks of Vanderbilt Chemicals, LLC
TPS is a registered trademark of Arkema

Activities at United Cerebral Palsy of
Greater Cleveland.

 www.vanderbiltchemicals.com
 (203) 853-1400
 (203) 853-1452
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MW: Lubrizol is very
committed to supporting the
community and improving
the lives of people around the
world. Lubrizol has allowed
me to accept a board position
with the United Cerebral Palsy
of Greater Cleveland. UCP has
200 employees and manages
18 distinct programs at two
centers of excellence that
serve children and adults with
a broad range of disabilities.
These services range from
physical, speech, and
occupational therapies to job
training and placement.
My involvement with UCP has
been a wonderful experience.
Every time I attend a board
meeting at UCP or visit one of
their facilities, I am amazed

by the dedication of the staff
and so impressed with the
great attitudes and work ethic
of their clients. If any NLGI
members want to meet real-life
heroes who are working every
day to improve all aspects of
movement, communication,
and skills such as writing,
dressing, and hand/eye
coordination, then please let
me know. I can arrange some
introductions!

Family and Career
NLGI: Is there anything you
would like to add to your
interview?
MW: The grease industry has
given me the opportunity
to meet some great people,
travel the world, and, most

importantly, provide for my
family. I never would have
imagined how my career would
unfold when, 24 years ago as
a young man in his 20s, I was
sitting in a conference room
at Dylon Industries with Bob
Kowaleski and four cartridges
of grease and listening to him
explain the difference between

NEW FOR 2019

Electric vehicles will change the
lubricants industry. Are you ready?
Lubes’n’Greases Perspective on Electric Vehicles

is a new comprehensive annual report supported by quarterly reports so you are
fully informed and kept up to date throughout the year—access to independent
and trusted information is key to helping you make strategic decisions.
Subscribe now and you will receive:
A comprehensive annual report covering
• Mechanical aspects of EVs and hybrids
• The pace at which vehicle populations are
expected to shift

Quarterly reports covering fast-changing
news about
• Impacts on lubes
• Government policy

• Implications for lubricant volume and
performance demand

• Infrastructure developments

• Formulation and testing

• And much more …

• OEM offerings

SUBSCRIBE TODAY for USD $2500!
For more information visit www.LubesnGreases.com/electric-vehicles
Laura and Michael Washington enjoyed
time together after they attended the
2017 NLGI Annual Meeting at Lake
Tahoe, New Mexico.

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

- 81 VOLUME 83, NUMBER 4

MW: In a two month period in
1995, I got married, accepted
a job at Dylon Industries, and
bought my first house in a
suburb of Cleveland. My wife,
Laura, and I have been married
for 24 years.
We have three wonderful
children, Emily, Natalie and
Michael. Emily is currently
in graduate school, Natalie
is in her second year of
undergraduate school, and
Michael is in high school.
Emily and Natalie on campus at Ohio
University

Father and Son celebrated a baseball
championship

the various thickener types.
To be honest, that day I drove
home and thought—maybe this
won’t last long. It’s amazing
what a young family and a new

mortgage can do to someone’s
motivation!
NLGI: Please tell us a little bit
about your family.

Petro-Lubricant
Testing Laboratories, Inc.

I am very proud of all three of
my children. I have enjoyed
watching them grow up. They
have all been very active in
extracurricular activities, and
I have spent most of my free
time watching soccer games,
cross country meets, and
football and baseball games.

116 Sunset Inn Road
Lafayette, N.J. 07848
Phone: 973-579-3448
Email: Info@petrolube.com

•Over 600 Standardized, Custom and Industry Test Methods
(ASTM, Fed. Std. 791, DIN, PTI, ISO, SAE, EN, IP, JIS, AAR etc. and Many Corporate Specifications)

•Affordable RUSH Testing Fees

•Upfront Pricing and Quotes Available

ts Worldwide

Serving Clien

•Immediate Access to Knowledgeable Staff
•38 Years of Experience Testing Lubricants of All Types

www.Petrolube.com

Quality Assurance and Certifications: ISO 9001-2015 - ISO/IEC 17025-2017
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SAVE THE DATE
NLGI 2020 ANNUAL MEETING
SUN. JUNE 14 – WED. JUNE 17, 2020
*Schedule shifts forward by a day
REGISTRATIO
N
WILL OPEN
FEBRUARY
2020!

JW Marriott Miami Turnberry Resort & Spa
Miami, Florida

SCHEDULE OF MAIN EVENTS:
SUNDAY, JUNE 14, 2020
• Opening Reception
MONDAY, JUNE 15, 2020
• Golf Tournament
• Working Group Meetings
• Basic & Advanced Courses
• Opening General Session
• Welcome Reception

TUESDAY, JUNE 16, 2020
• Fun Run
• Networking Breakfast
• Industry Speaker
• Basic & Advanced Courses

*Note: the courses will be completed in
time to see most of the technical presentations
on Tuesday.

• Technical Presentations 1 & 2
• Spouse Tour
• Networking Lunch

WEDNESDAY, JUNE 17, 2020
• Networking Breakfast
• Technical Presentations 3 & 4
• Networking Lunch
• CLGS Exam
• Closing Night Celebration

Call For 2020 Papers

“The Music of Greases, it’s in the Composition”
Would you be interested in presenting a paper on the above mentioned theme at our forthcoming
AGM 25-28 April 2020 in Hamburg, Germany?
Our 2020 theme topics of interest can include, but are not limited to:
•
Performance of Greases
•
Composition of Greases & Food Grade Greases
•
Instruments used in the measurement & evaluation of Greases
•
Conducting surveys, field tests; application ...
2020 Call for papers topic and author information
2020 Guidelines for speakers on technical presentations at the ELGI AGM
If yes, do send your paper proposal by completing the author information form by 20th October 2019 to the
ELGI. Papers that tie in with the 2020 theme will be given high priority. Other topics of interest to the grease
industry are welcome and will be considered too. We have space for 14 papers only, so do submit paper
abstract on time.
For information, please contact our office:
Carol Koopman | T: +31 20 6716 162 | E: carol@m_gi.demon.nl | W: www.elgi.org

ADVERTISE WITH NLGI

in the NLGI Digital Spokesman

The NLGI Spokesman Magazine is published bi-monthly (6 issues per year) in digital format only.
CIRCULATION INFORMATION
The NLGI Spokesman is a trade publication sponsored by the National Lubricating
Grease Institute. The circulation reaches over 45 countries worldwide.

CLICK HERE

to download the current rate card.
Website advertising is also available for nlgi.org.
Inquiries and production materials should be sent to
Denise Roberts at NLGI (denise@nlgi.org)
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an

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

2019 Spokesman Advertis

ing Rates (includes color)

CIRCULATION INFORMATION
The NLGI Spokesman is a trade
publication
sponsored by the National Lubricating
Grease
Institute. The circulation reaches
over 45
countries worldwide.
READERSHIP
Manufacturers, suppliers, marketers,
distributors, technicians, formulators
, scientists,
engineers and consumers of lubricating
greases.
ADVERTISING DEADLIN
ES
January/February ................... Janueary
11
March/April ..................................
..March 1
May/June ..........................................
May 3
July/August ..................................
......July 5
September/October ............... September
6
November/December ............. November
1
ONLINE/DIGITAL MAGAZI
NE
Live Area:
7-1/4” x 9-1/2”
Trim:
8-1/4” x 10-3/4”
Bleed:
8-1/2” x 11”

Ad Size

/ Display Ad Options

1 Issue

*Inside Front Cover

3 Issues

All 6 Issues

$ 1375

*Inside Back Cover

$ 1300

$ 1265

$ 1375

7-1/4” x 9-1/2”

$ 1300

$ 1265

7-1/4” x 9-1/2”

WxH

*Back Cover

$ 1375

Full Page

$ 1300

$ 1265

$ 1100

2/3 vertical

$ 1055

$ 1015

$ 985

7-1/4” x 9-1/2”

$ 950

$ 905

4-3/4” x 9-1/2”

1/2 island

$ 890

$ 865

$ 820

7-1/4” x 9-1/2”

4-3/4” x 7-1/2”

1/3 vertical

$ 685

1/4 vertical

$ 650

$ 605

$ 580

2-1/4” – 9-1/2”

1/6 vertical

$ 545

$ 515

$ 485

3-3/8” x 4-5/8”

$ 440

$ 405

2-1/4” x 4-5/8”

2/3

FULL
PAGE

VERTICAL

1/2

ISLAND

Images/Files should be at least
200 dpi for best
quality (JPEG, TIFF or PDF format)

*Premium positions are on ﬁrst come,
ﬁrst serve basis; contact Denise
Roberts
(816.524.2500 / denise@nlgi.org).
• All rates are per insertion, in
U.S. Dollars
and are based on advertiser supplying
complete electronic ﬁles in JPEG,
TIFF or
PDF format.
• All rates are net due to NLGI.
Ad
agencies and 3rd parties need to
add their
commissions and fees on top of
the net rate.
• NLGI non-members add 40%
to rates listed
above.
• All advertisers must pay in advance
by
materials deadline date.

1/3

VERTICAL

1/4

1/6

VERTICAL

CONTACT
Inquiries and production materials
should be sent
to Denise Roberts at NLGI (denise@n
lgi.org)

VERTICAL

SPOKESMAN

NLGI

READERSHIP
Manufacturers, suppliers, marketers, distributors, technicians, formulators, scientists,
engineers and consumers of lubricating greases.

2019 NLGI Digital Spokesm

ADVERTISING RATES

NLGI Year End Recap

2019

MEMBERSHIP

New members
recruited in 2019:

21

and counting

94%

member retention rate

NEW MEMBER WELCOME
IHS Markit......................................Technical....................France
ProSys Servo Filling Systems......Supplier......................... USA
MidContinental Chemical
Company, Inc.............................Supplier......................... USA
Sasol.................................................Supplier......................... USA
Cornerstone Technology, LLC....Manufacturer............... USA
Ingrax Industria e Comercio
de Graxas SA...............................Manufacturer............. Brazil
SantoLubes LLC.............................Supplier......................... USA
GEO Specialty Chemicals............Supplier......................... USA
Quatrinvest.....................................Technical..................... Brazil
5th Order Industry.......................Technical....................... USA
Reprolon Texas..............................Supplier......................... USA

Lone Star Grease &
Lubricants LLC...........................Manufacturer............... USA
S&S Chemical................................Supplier......................... USA
Tulstar Products, Inc....................Supplier......................... USA
Candan Industries Pty Ltd..........Marketing..............Australia
Lubricantes Argentinos De Alta
Performance S.A. (LAAPSA)...Manufacturer...... Argentina
Bisley International LLC.............Supplier......................... USA
SKF USA Inc..................................Technical....................... USA
Hovis Auto Supply........................Marketing..................... USA
Wabtec Corporation.....................Consumer...................... USA
Lubricantes Unidos de Mexico
S.A. de C.V...................................Manufacturer ..........Mexico

RESEARCH GRANT
University of California Merced for their research proposal titled “Grease Lubrication of New Materials for Bearings in EV Motors”.
This grant will take place over a one-year period (2019 – 2020).
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GLOBAL OUTREACH

Represents

8%

NLGI India Chapter –
of NLGI’s total global membership and growing

Relationships with Asian Lubricant Manufactures Union,
Chinese Lubricating Grease Institute and European Lubricating Grease Institute

NLGI provides certification marks for GC-LB, GC & LB products
*New GC-LB multiuse grease coming in early 2021

2019-2020 BOARD MEMBERS
President:
Joe Kaperick
Afton Chemical Corporation

Vice President:
Jim Hunt
Tiarco Chemical

Secretary:
Anoop Kumar
Chevron Lubricants

Treasurer:
Wayne Mackwood
Lanxess Corporation

Jeff St. Aubin
AXEL Royal, LLC

Maureen Hunter
King Industries, Inc.

George Sandor
Livent Corporation

Kelly Shea
Ergon, Inc.

Barbara Bellanti
Battenfeld Grease & Oil Corp.
of NY

Tyler Jark
AOCUSA

John Sander
Lubrication Engineers, Inc.

Thomas W. Steib
Italmatch Chemicals

Matthew McGinnis
Daubert Chemical Company

Tom Schroeder
Axel Americas, LLC

Pat Walsh
Texas Refinery Corp.

Dwaine (Greg) Morris
Shell Lubricants

Simona Shafto
Koehler Instrument Co.

Ruiming “Ray” Zhang
Vanderbilt Chemicals, LLC

Willie Carter
Calumet Branded Products,
LLC
Benny Cao
The Lubrizol Corporation

Past President / Advisory:
Chuck Coe
Grease Technology Solutions
LLC

Technical Committee
Co-Chair - Education:
David Turner
CITGO

Technical Committee
Co-Chair - Academic:
Chad Chichester
Molykote Lubricants

*NLGI would like to thank two retired board members for their dedication and service over the years.
David Como, Molykote Lubricants and Richard Burkhalter, Covenant Engineering Services
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FINANCIAL

$

110%

NLGI is financially healthy. Estimated
over budgeted revenue in 2019

86TH ANNUAL MEETING
Thank you to those who attended the 86th Annual Meeting in Las Vegas, NV.
It was a wonderful meeting, filled with various networking and education
opportunities including:
•
•
•
•
•

Total
Number
of Attendees:

471

Informal Networking Reception on Saturday
Welcome reception on Sunday
Networking breakfast & lunch on Monday
PM break on Monday
Networking breakfast & lunch on Tuesday

Total Number of
Attendees from
Abroad:

92

Number of
Technical
Presentations:

30

•
•
•
•

Technical Presentations
Basic & Advanced Grease Courses
Working Group Meetings
Closing party on Tuesday

Basic and
Advanced Course
Participants:

72

2019 DEVELOPMENTS

Inaugural Hands-On Training Course
September 17 – 19, 2019

Koehler Instrument Company, Inc., located in Holtsville, New York
The course provided an overview of the types of grease, thickeners, base oils and additives
in a classroom and lab setting. The methods of manufacturing, testing methodology and
their use in bearings and in industrial and automotive applications were also covered as
well as Grease Testing, Application Problem Solving and Grease Composition.

Total Number of
Individuals who
Passed the CLGS Exam

1

NLGI COMMITTEES
MEMBERSHIP: The Membership Committee focuses on membership growth as well as retaining current members.
Additionally, the Membership Committee focuses international expansion.
*Consists of two sub-groups
Recruitment Sub-Group

Focuses on recruiting new company members to NLGI.

Retention Sub-Group

Focuses on membership benefits, value and retaining current
company members.

EDUCATION: The Education Committee focuses on the overall strategy for NLGI education including education courses,
certification s(CLGS and certification marks) as well as working groups.
*Consists of four sub-groups
Courses

Focuses on fine-tuning the Basic & Advanced Courses.

CLGS Sub-Group

Must be CLGS certified to participate on this committee. Focuses on
the test given at the Annual Meeting.

Certification Marks Sub-Group

Focuses on audit process and certification renewals for GC-LB, LB
and GC products;

Working Groups Sub-Group

These meetings happen once per year at the Annual Meeting and
minutes are provided to NLGI members. Ideas for discussion topics
and help with action items is needed.

ANNUAL MEETING: The Annual Meeting Committee serves as the advisory group for the Annual Meeting including
selecting speakers, award recipients, solidifying technical sessions and direction on the site selection process.
*Consists of four sub-groups
Speakers Sub-Group

Help select keynote and industry speakers

Site Selection Sub-Group

Help determine future locations/hotels for upcoming meetings.

Awards Sub-Group

Determine award winners

Technical Sessions Sub-Group

Oversee technical presentations presented at Annual Meeting,
collecting papers that will be used in Spokesman issues as articles.

ACADEMIC: The Academic Committee seeks to strengthen the grease industry by fostering relationships with universities
containing tribology programs as well as evolving the organization’s research grant program.
*Consists of two sub-groups
Outreach Sub-Group

Foster partnerships with Universities and professors regarding NLGI
membership and attending Annual Meeting.

Research Grants Sub-Group

Help determine deserving University for annual NLGI research grant.

EDITORIAL: The Editorial Committee collaborates on content circulated to NLGI members and non-members including the
NLGI Spokesman, Annual Production Survey and Ask the Expert Q&A.
*Consists of two sub-groups
Spokesman Sub-Group

Improve content and readership for Spokesman.

Editorial Review Sub-Group

Review papers that are ultimately included in the Spokesman as
articles for readers. Work with authors on changes.

*If interested in serving on a committee/sub-group, please contact nlgi@nlgi.org.
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NLGI 2020 STRATEGIC PRIORITIES

Providing
expanded
educational
opportunities
Effective governance
and leadership for
NLGI (financial
growth and health)

Membership growth,
engagement, and
global outreach

Enhancing
opportunities for
networking and
discussion on emerging
industry trends/
applications (webinars,
panel discussion,
Spokesman,
social media)

NLGI 2020
STRATEGIC
PRIORITIES

Certification
upgrade implementation,
engagement,
marketing
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Communication of
NLGI knowledgebased resources
and certification
(Spokesman,
marketing
NLGI value)

