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PRESIDENT’S PODIUM

IMPORTANT NOTE:
The CLGS exam will be given at the 2018 NLGI
Annual Meeting on Tuesday, June 12th at 10AM.
Please contact nlgi@nlgi.org to enroll in this course.

John Sander, Chair
In the world of maintenance and lubrication, several
lubricant-related technical organizations now certify
lubrication expertise. These include the International
Council for Machinery Lubrication (ICML), the Society
of Tribologists & Lubrication Engineers (STLE), and
NLGI International. Each has an established program that
documents the major criteria for demonstrating knowledge
and skill in lubricants and lubrication practices. But only
NLGI’s Certified Lubrication Grease Specialist program
identifies those individuals who have true expertise in
lubricating grease. The letters CLGS after one’s name signify
both fundamental and extended knowledge of grease
formulations, grease processing, grease testing and grease
applications.

and having the letters “CLGS” on one’s business card sends
a message the others don’t: It says the individual possesses a
defined level of expertise that is specific to the field of grease,
and that NLGI recognizes this achievement.

This is important because grease doesn’t behave like other
lubricants. It typically is produced in a sophisticated reaction
process (not simply blended like other lubricants), and it
requires unique understanding to correctly formulate, test,
select and apply. While the other programs focus primarily
on fluid lubrication but include some lubricating grease
fundamentals, the NLGI’s Certified Lubricating Grease
Specialist program deals almost exclusively with lubricating
grease.

Obtaining CLGS begins with a closely monitored twohour written examination. An 80 percent or better score
is required for successful certification, which extends for a
three-year period. To maintain certification, the candidate
must renew their certification every three years and
submit documentation to NLGI of continuing professional
development, such as:

As a member of the NLGI Board of Directors, I know this
first-hand. I hold credentials from all three of the groups,

Certification entitles one to use the copyrighted CLGS
designation, and to be listed on the NLGI website as a grease
expert. It can be a professional advantage in obtaining
employment or going after business opportunities that
require grease expertise, and it brings immediate credibility
when working with customers. Employers use CLGS
certification to screen potential employees, and OEMs and
end users can use it to ensure that their suppliers are qualified
to make grease recommendations.

• Attend an NLGI annual meeting
• Present a paper at an NLGI annual meeting
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The STRATCO® Contactor™ Reactor
and Its Use In the Production of
Calcium Sulfonate Based Greases
By: John J. Lorimor, Axel Americas, LLC. & John S. Kay, STRATCO Inc.

Abstract

water. Unlike other grease types, these excellent performance
characteristics are present in the grease without the use of
additional compounding or additives1.

Calcium sulfonate based greases are recognized as an
excellent technology for grease applications where heat, water,
and high or shock loads exist. Their inherent
Figure 1. Calcium sulfonate type grease global production volumes
properties are well known and include excellent
rust and wear protection, high load carrying
capacity, high dropping point, and excellent
mechanical stability, even in the presence of water.
Calcium sulfonate based greases are typically
prepared in conventional “open” kettles. The
design of this type of production vessel is limited
in its mixing and heating effectiveness. The
unsealed construction of these kettles allows the
volatile promoters used in the calcium sulfonate
grease production process to escape. In addition,
the slow speed mixing imparted by paddle stirring
is not optimal for production of a dispersed
micelle structure.
In contrast, the STRATCO® Contactor™ reactor
was designed to address the limitations of
Calcium sulfonate based greases are used frequently as
conventional open kettles for reacting grease thickeners. The
problem solvers in severe service applications where other
STRATCO Contactor reactor’s sealed design, highly efficient
greases have failed because they could not survive the
rate of heat transfer, turbulent circulation path, and high shear
extreme conditions. Some of the demanding applications
mixing zone make it extremely well suited as a production
that have benefitted from calcium sulfonate type greases are
vessel for calcium sulfonate based greases.
found in steel, pulp and paper mills, off-road construction
The objective of this project is to successfully manufacture
and mining equipment, marine, and even food processing
calcium sulfonate based greases using the STRATCO
industries. As shown in Figure 1, the direct result of this
Contactor reactor. The differences in manufacturing processes
successful performance is that calcium sulfonate based
for conventional open kettles and the STRATCO Contactor
greases have become one of the fastest growing types of grease
reactor will be discussed in detail. Performance characteristics
globally2. Because of this popularity and high growth rate,
of the finished calcium sulfonate based greases obtained by
grease producers are increasingly looking to produce calcium
each process will be compared.
sulfonate based greases.

Introduction

Calcium sulfonate based greases excel in demanding
lubricant applications where machinery is exposed to heat,
water, and high or shock loads. These highly shear stable
greases provide excellent protection against rust and wear
in these extreme environments, even in the presence of

Grease production

The earliest type of calcium sulfonate based grease is
commonly referred to as a calcium sulfonate gel or “simple”
calcium sulfonate grease. In this most basic version, the
thickener component of the grease comprises only a gelled
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overbased calcium sulfonate. The overbased precursor for
this grease contains a large proportion of non-crystalline
calcium carbonate dispersed within a sulfonate matrix. During
production, suitable promoters such as water, alcohols, and
acids are added to the mixture of calcium carbonate and
sulfonate materials, followed by heating within the proper
temperature range, to convert this amorphous calcium
carbonate into its crystalline form (calcite). This crystallization
causes the rheology of the mixture to change from a liquid
into a viscous or semi-solid gel. At this point, the mixture
still contains water and must be dehydrated and adjusted with
additional oil to produce a lubricating grease.
For the production of a calcium sulfonate complex grease,
additional reactions take place after the basic carbonate
conversion step to produce a secondary thickener that is
compatible with calcite. The secondary soap/salt complex
ingredients are typically comprised of 12-hydroxystearic acid
and a complexing acid such as boric or acetic, reacted with
calcium hydroxide. As with the simple sulfonate greases, water
must be removed since it is used as a conversion promoter. In
addition, water is also produced during secondary thickener
soap forming reactions.

and recirculated to help turn the product over and encourage
better mixing.
Volatile promoters used in the calcium sulfonate grease
production process can escape from these open kettles
into the atmosphere. This causes the grease to form with
reduced structure and soft consistency. In addition, the slow
speed mixing imparted by paddle stirring is not optimal for
production of a dispersed micelle structure.

STRATCO Contactor reactor

The STRATCO Contactor reactor (as shown in Figure 3)
consists of a pressure vessel, a circulation tube, and a hydraulic
head assembly complete with the mixing impeller and driver.
The STRATCO Contactor reactor, by design, has a highly
turbulent circulation path. All energy input through the
mixing impeller is expended within the materials being mixed.
The high dispersion mixing in the STRATCO Contactor
reactor is achieved by the proprietary hydraulic head assembly.
Frequent and forced changes in velocity and direction of flow
occur around the impeller area. This results in a zone of high
shear and intense mixing, which reduces the time required to
complete the saponification reaction.
Figure 3. STRATCO Contactor Reactor

Production equipment

Calcium sulfonate based greases are typically produced
in conventional “open” kettles, so called for their operation
under atmospheric pressure. This type of production vessel
(as shown in Figure 2) is limited by the basic design in its
Figure 2. Conventional atmospheric kettle

mixing and heating effectiveness, typically utilizing paddles
for stirring and an external jacket for heat transfer fluid. The
agitation, which may be counter rotating, is typically operated
at speeds below 20 rpm. The kettle contents may be pumped

Figure 4 shows the flow through the STRATCO Contactor.
Material is pulled down through the center of the circulation
tube by the impeller, reversed, and then forced up through the
annular space. Because the impeller is located on the bottom,
dry materials are kept in suspension until they dissolve or
react.
The heating medium is circulated through the double-walled
circulation tube inside the STRATCO Contactor. The outside
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Figure 4 - Flow through the STRATCO Contactor

liter) conventional open finishing kettle. An electric thermal
heater and pump supplied heat transfer fluid for product
heating up to a top temperature of 275°F (135°C). An air
compressor was used to pressurize the contactor during
low temperature steps to 50 psi (107 hPa). The equipment
configuration is shown in Figure 5.
The addition of a viewing port to the contactor reactor
lid (as shown in Figure 6) allows the grease flow to be
observed during pressurized operation (as shown in Figure
7). Monitoring and maintaining grease flow is important,
as calcium sulfonate type greases can become very thick
during the production process. In this project, maintaining
proper flow and mixing of the experimental greases required
using the full base oil requirement of the formula during the
reaction stage. No oil would was used in the finishing stage.
Figure 5. STRATCO Pilot Plant

of the STRATCO Contactor reactor is also jacketed. Because
of the double-walled circulation tube and the outside jacket on
the shell, the STRATCO Contactor reactor has approximately
three times the heat transfer area of an open kettle type reactor
of the same volume. The flow path forces the circulating
material to remain in contact with the total heating surface
area at all times. Also, the heat transfer in the STRATCO
Contactor reactor is enhanced by the high velocity of material
flowing past the heat transfer surfaces.
Figure 7. View of grease
For the production of calcium sulfonate type grease,
Figure 6. Viewing port
through viewing port
there would appear to be several advantages to the use of a
STRATCO Contactor reactor instead of the conventional
open kettle. Since the STRATCO Contactor is a sealed design,
there would be no loss of volatile promoters from the mixture.
The large heat transfer area would allow quick heating to
reaction temperatures. The turbulent circulation path and
high shear mixing zone would cause more intense mixing, and
could improve micelle dispersion. The operation of the unit
under pressure may also be able to provide a faster and more
complete conversion of the amorphous calcium carbonate into
its crystalline form. Therefore, the objective of this project is
to successfully manufacture calcium sulfonate based greases
using the STRATCO Contactor, and understand if any of these
equipment differences offer any advantages in the production
Techniques for conversion of overbased calcium sulfonates
of calcium sulfonate type greases when compared to the use of
into multi-purpose lubricating greases are well detailed in the
conventional open kettle manufacturing methods.
literature3. For the production of the experimental greases
in this study, two different sulfonate conversion methods
Experimental
from the literature were attempted. The first approach used a
Equipment used in the study included a 6-gallon (22 liter)
commercially sourced proprietary overbased calcium sulfonate
STRATCO Contactor pilot plant reactor and 10-gallon (38
“pre-mix” designed for easy grease production. In addition to
-8VOLUME 82, NUMBER 1

the overbased calcium sulfonate, the mixture also contained a proprietary conversion promoter system. This production
method only required the addition of base oil and water to complete the grease recipe. The second conversion approach was
more conventional, where the grease was made entirely from individual components, including promoters.
Two types of calcium sulfonate based greases were prepared. The first experimental grease was a “simple” calcium
sulfonate grease. This type of grease is based upon the converted calcium sulfonate only, and does not contain any soap
forming ingredients. In this system, the grease consistency is based entirely upon the thickening effect of the converted
sulfonate.
The second and third experimental greases were calcium sulfonate complex greases. Experimental grease 2 used the same
initial ingredients and gelation procedure as grease 1, but then a secondary soap based thickener was formed in a separate
saponification reaction step. Experimental grease 3 used a full component based approach for the production of a calcium
sulfonate complex grease. In all cases, the specific formulations were designed to achieve NLGI grade 2 consistency.

Experiment 1: Calcium
sulfonate gel

Experiment 2: Calcium
sulfonate complex A

Experiment 3: Calcium
sulfonate complex B

Formulation ingredients:
• Sulfonate pre-mix
• 600N Group I base oil
• Water

Formulation ingredients:
• Sulfonate pre-mix
• 600N Group I base oil
• Water
• 12-hydroxystearic acid
• Acetic acid
• Calcium hydroxide

Formulation ingredients:
• 400 TBN Ca sulfonate
• High boiling glycol
• Sulfonic acid
• Water
• 600N Group I base oil
• 12-hydroxystearic acid
• Acetic acid
• Calcium hydroxide

Manufacturing procedure:
1. Mix sulfonate, oil, and water
2. Pressurize STRATCO Contactor
to 50 psi (107 hPa)
3. Heat at 193°F (89°C) until
conversion to calcite occurs
4. Product is dehydrated by heating
to 250-300°F (121-149°C) and
transferred to finishing kettle

Manufacturing procedure:
1. M
 ix sulfonate, oil, and water
2. P
 ressurize STRATCO Contactor
to 50 psi (107 hPa)
3. H
 eat at 193°F (89°C) until the
conversion to calcite occurs
4. O
 nce gelled, depressurize and
add soap forming ingredients,
repressurize to 50 psi (107 hPa)
5. H
 old at 190-200°F (88°C-93°C)
to complete saponification
6. P
 roduct is dehydrated by heating
to 250-300°F (121-149°C) and
transferred to finishing kettle

Manufacturing procedure:
1. Mix sulfonate, oil, promoters,
and water
2. Pressurize STRATCO Contactor
to 50 psi
3. Heat at 193°F (89°C) until the
conversion to calcite occurs
4. Once gelled, depressurize and
add soap forming ingredients,
repressurize to 50 psi
5. Hold at 190-200°F (88°C-93°C)
to complete saponification
6. Product is dehydrated by heating
to 250-300°F (121-149°C) and
transferred to finishing kettle

The grease was sampled from the STRATCO Contactor at various intervals during the pressurized conversion step in
order to determine the actual time to convert the amorphous calcium carbonate into its crystalline calcite form. These
samples were kept and analyzed after the production had taken place. As shown in Figure 8, upon checking the samples
by FT-IR for conversion, it was found that the actual conversion had taken place within the first 30 minutes of the 3-hour
hold time in the Contactor. This represents a significant change from conventional open kettle manufacturing, where the
conversion time can take anywhere from 3 to 6 hours. As such, it was determined that an optimized process would only
require a 30-minute conversion step.
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Figure 8. FT-IR spectra comparison of gelation time

Manufacturing process comparison

The manufacturing process steps and timing between conventional open kettle and optimized
STRATCO Contactor process were recorded in Figure 9. The red color blocks indicate events
occurring in the heated vessel, and the blue color blocks indicate those events occurring in the
cooling vessel. As shown, the conventional open kettle cooking process can produce a single
batch of calcium sulfonate complex grease over two standard 8-hour shifts. By comparison
with an optimized STRATCO Contactor reactor cooking process, the shorter process cycle time
could allow the production of up to two batches of calcium sulfonate complex grease during the
same two 8-hour shifts.
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Figure 9. Manufacturing process comparison
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Comparison of finished grease properties

As previously reported, the experimental grease formulations made in the Contactor were identical to
those expected to achieve NLGI grade 2 consistency at 100% yield in an open kettle process. In the case of
experimental greases 1 and 2 based upon the sulfonate pre-mix, this was exactly what was obtained. However, in
the production of experimental grease 3 using the component approach, the grease at 100% yield unexpectedly
had the consistency of NLGI grade 4 grease. Grease 3 would require an extra oil addition of 20% by weight to
reach NLGI 2 consistency.

Figure 10. Experimental greases obtained from STRATCO Contactor process

Once all greases were at the same relative consistency, the performance characteristics of the finished calcium
sulfonate based greases obtained by each process were compared by standardized ASTM test methods. The
results are shown in Table 1. Based upon experience, the performance test results are similar to what would be
expected from the same greases manufactured in a conventional open kettle process.

Table 1. Performance characteristics of the finished experimental greases

- 12 VOLUME 82, NUMBER 1

Conclusions drawn from the experimental work

The STRATCO Contactor reactor was designed to address the limitations of
conventional grease cooking kettles. The STRATCO Contactor reactor’s sealed design,
highly efficient rate of heat transfer, turbulent circulation path, and high shear mixing
zone make it extremely well suited as a production vessel for calcium sulfonate based
greases. Conversion of the amorphous calcium carbonate into calcite was observed
to be faster in the Contactor process than in typical conventional open kettles. In one
case, an improvement in grease yield over the conventional process was observed. The
resulting greases obtained from the STRATCO Contactor process were demonstrated
to have similar overall performance to the greases obtained from more conventional
manufacturing equipment.
For the full-scale manufacturing plant, these experiments have shown that the use of the
STRATCO Contactor has potential to improve process speed in the production of calcium
sulfonate type greases. Faster production may improve equipment utilization, labor
efficiency, and energy consumption. With a shorter process cycle, there is clear potential
for increasing manufacturing output by producing more batches in the same period of
time.
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Application of New
Calcium SulfonateBased Grease
Technologies:
From Laboratory to Field
By:
J. Andrew Waynick, NCH Corporation
ABSTRACT

Calcium sulfonate-based greases were first developed in the
1960’s, and multiple improvements and refinements have been
made since then. Recently, two modifications of this class
of lubricating grease have been developed: adding powdered
calcium carbonate or powdered calcium hydroxyapatite as the
sole calcium-containing base for reaction with complexing
acids, and adding this material pre-conversion. The chemistry,
composition, and manufacturing aspects of these two
modifications were evaluated against four technical assertions
found in the prior calcium sulfonate grease literature. Results
showed that only two of those prior technical assertions
are still valid for these two new calcium sulfonate grease
modifications. Based on the relative merits and limitations
apparent from that laboratory work, final formulations were
developed for two specific applications: open gear drives and
braided wire rope lubrication. Initial field results are provided,
and conclusions are discussed.

INTRODUCTION

The first calcium sulfonate-based greases can actually trace
their beginnings to the development of the highly overbased
calcium alkyl benzene sulfonates from which they are made.
As that overbased calcium sulfonate technology continued
to advance, the first calcium sulfonate-based greases were
eventually invented2. Those first greases were simple calcium
sulfonate thickened products that were primarily used as rust
preventative coatings1.
Nearly 20 years later, in the 1980’s calcium sulfonate complex
greases were first documented as a way to reduce the required
level of the overbased calcium sulfonate, improve the low
temperature mobility, and make the final products more
suitable for a wider range of applications. Since that time,
several additional modifications (process and composition)
of the original calcium sulfonate complex grease chemistry

have been developed4,5,6. These developments have already
been reviewed several times7,8 and will not be elaborated upon
here. Instead, four important literature assertions from the
first simple and complex calcium sulfonate grease development
are summarized so as to provide a proper setting for the
experimental work described within this paper. Those four
prior literature assertions are:
1. Successful conversion of the overbased calcium sulfonate
to an initial grease structure will not occur in the presence
of basic calcium-containing solids not part of the
overbasing structure.
2. Maximum dropping point of the final grease requires
that all water be removed as promptly as possible after
conversion is complete.
3. Added calcium carbonate is not a suitable calciumcontaining base for reaction with complexing acids.
Only calcium oxide or calcium hydroxide as exclusively
mentioned in the prior literature are suitable for this
purpose.
4. Thickener yield can be improved when all or a part of the
complexing acids are added pre-conversion instead of only
post-conversion (as was required in the first documented
calcium sulfonate complex greases).
These four prior literature assertions are discussed as follows.
The first prior literature assertion involves the effect of
calcium-containing bases not part of the overbased calcium
sulfonate on the initial conversion process whereby a calcium
sulfonate grease is made. Simple calcium sulfonate greases
were first documented in a series of U.S. Patents2,9,10,11,12.
These patents described the process whereby an overbased
calcium alkyl benzene sulfonate was first formed by controlled
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reaction of calcium oxide and/or calcium hydroxide with an
alkyl benzene sulfonic acid, water, one or more promoters,
and carbon dioxide. When properly carried out, this process
(promotion) resulted in a large stoichiometric excess of
calcium carbonate incorporated into a non-crystalline
(“amorphous”) form within the sulfonate. This overbased
calcium sulfonate was then reacted with water and one or more
non-aqueous converting agents to form a grease-like structure
(conversion). The detailed chemical mechanisms of both the
promotion and conversion processes have never been disclosed
in the open literature.
However, the first simple calcium sulfonate patents did
teach that for the conversion process to be successful, excess
unreacted calcium-containing material (not part of the
overbased structure) needed to first be removed from the
overbased calcium sulfonate. This was accomplished by
filtering the previously formed overbased calcium sulfonate to
remove non-colloidal dispersed solid basic material2,9,10,11. In
fact, every one of the numerous examples in these first simple
calcium sulfonate grease patents described the filtration of the
overbased calcium sulfonate as the process step immediately
prior to attempting conversion. Based on the previous patent
literature covering the formation of overbased calcium
sulfonates1, this basic material (removed by filtration) would
include unreacted calcium oxide/hydroxide as well as any
calcium carbonate that had formed during the promotion
process but had not been incorporated within the amorphous
structure.
Eventually, this restriction was softened by claiming that if
the solid basic material was not removed prior to conversion, a
grease structure could form. However, the grease would not be
as uniform and firm (reduced thickener yield)12 as what would
result if the basic material had been removed before conversion
This restriction was implicitly restated almost 30 years later
in a U.S. Patent describing a thickener yield improvement in
calcium sulfonate complex greases. In that patent5, several
methods to improve thickener yield were provided whereby
some of the complexing acids were added pre-conversion
as well as post-conversion. Although one such method also
allowed for the pre-conversion addition of calcium hydroxide,
such addition was taught to be less desirable in terms of its
impact on thickener yield. Additionally, none of the claims
included pre-conversion addition of calcium hydroxide.
There is no reason to believe that the necessity of preconversion removal of calcium-containing solids was incorrect
at the time it was first taught in the 1960’s. However, overbased
calcium sulfonates are not entirely the same today compared
to 50 years ago. The overbased calcium sulfonates typically
described in those 1960’s patent examples were produced
from the sulfonation of petroleum fractions, i.e. petroleum

or natural sulfonic acids13,14,15,16. Similarly, the examples
from the first simple calcium sulfonate grease patents (as
previously cited) also used petroleum-derived sulfonates.
Also, it had been taught that as much as 25% of the calcium
oxide/hydroxide present in the final overbased calcium
sulfonate could remain non-carbonated, i.e. incorporated into
the overbased structure, but remaining as the oxide and/or
hydroxide form2.
In contrast, much of today’s overbased calcium sulfonates
derive entirely or in part from synthetic alkylated sulfonic
acids wherein the number of alkyl groups, the chain length,
and the degree of branching are different. Also, the amount
of non-promoted calcium oxide/hydroxide is typically much
lower. For instance, some of today’s overbased calcium
sulfonates have Strong Base Number (SBN) values at or below
30 mg KOH/g. Since the Total Base Number (TBN) of these
overbased sulfonates are typically 400 mg KOH/g, the amount
of non-promoted calcium base in such products can be 7.5%
or even lower. Since it has been recently shown that the
SBN value of the overbased calcium sulfonate can affect the
conversion process whereby calcium sulfonate-based greases
are formed17, it stands to reason that restrictions placed on the
conversion process 50 years ago may no longer apply as when
they were first stated.
The second prior literature assertion describes a potential
harmful effect on simple calcium sulfonate greases caused
by the water used during the conversion process. More
specifically, one early U.S. Patent taught that the water required
for the conversion process should be removed as soon as
possible after conversion was achieved. Failure to do so would
result in reduced thickener yield and dropping point18, with
dropping point being the property most adversely affected.
Other than the data provided in this patent, there appears to
be little additional work to substantiate or refute this claim.
Interestingly, nearly all the calcium sulfonate complex grease
technologies that were subsequently published in U.S. Patents
taught the post-conversion addition of boric acid in water
with the water removed later in the process as the grease was
heated to its top temperature. As already mentioned, all of this
work was done decades ago when the detailed composition of
overbased calcium sulfonates may have been different from
what is often used today.
The third prior literature assertion describes an adverse
effect associated with the presence of calcium carbonate
when attempting to form calcium sulfonate or calcium soapthickened greases. A 1974 U.S. Patent covered a one-step
process of making a simple calcium sulfonate grease from
calcium hydroxide, alkyl benzene sulfonic acid, water, a
promoter/converter, and carbon dioxide. This patent stated
that the calcium hydroxide must contain no more than 5%
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calcium carbonate in order for the process to be successful19.
Since sulfonic acids are much stronger acids than carboxylic
acids, this assertion implies that calcium carbonate may not be
a good choice for reaction with typical complexing acids used
in calcium sulfonate complex greases.
Similarly, the first calcium sulfonate complex grease patent
taught that the added calcium hydroxide used for reaction
with complexing acids must be 96% to 98% pure and free
of impurities3. It is well known that the primary impurity
present in calcium hydroxide is calcium carbonate formed
by slow reaction with carbon dioxide in air20. Also, Boner’s
often-used grease reference book (1954 edition) documented
the harmful effect of calcium carbonate as an impurity in
calcium hydroxide used to make calcium soap greases. All
these teachings from the established literature indicate that
calcium carbonate should not be used as the sole added base
for reaction with complexing acids when making calcium
sulfonate complex greases. However, overbased calcium
sulfonate chemistry has significantly changed since those prior
literature assertions were first published.
The fourth prior literature assertion involves the addition
of complexing acids either before or both before and after
conversion as a method to improve thickener yield5,6 of
calcium sulfonate complex greases. This is in contrast to the
first documented calcium sulfonate complex grease where
complexing acids were only added after conversion3.
The next section describes how those four prior literature
assertions were re-evaluated in this study.
				

EXPERIMENTAL
General Approach
Two new calcium sulfonate-based grease chemistry
modifications have been developed recently17. These two new
chemistry modifications are as follows:
1. Using added (powdered) calcium carbonate as the sole
calcium-containing base for reaction with complexing
acids, and adding this material pre-conversion.
2. Using added (powdered) calcium hydroxyapatite as a
calcium containing base for reaction with complexing
acids, and adding this material pre-conversion.
A complete reporting of this development work for these
two chemistry modifications would be well outside the scope
of this paper due to the sheer number of laboratory grease
batches prepared. However, a representative selection taken
from that work was chosen to illustrate some of the more

important aspects of the two chemistry modifications.
Specifically, the laboratory work documented in this paper
was chosen to re-evaluate the four prior literature assertions
discussed in the previous section, and to determine if those
assertions still applied to the two new calcium sulfonate-based
grease chemistry modifications. This was done by examining
the two chemistry modifications in light of the corresponding
four effects:
1. The effect of the pre-conversion presence of some calciumcontaining bases on the conversion process as indicated by
the resulting calcium sulfonate-based greases (relating to
the first prior literature assertion).
2. The effectiveness of using calcium-containing bases
other than calcium oxide/hydroxide for reaction with
complexing acids (relating to the third prior literature
assertion).
3. The effect of water on the conversion process and resulting
grease properties (relating to the second prior literature
assertion).
4. The effectiveness of splitting the addition of complexing
acids before and after conversion as a method to improve
thickener yield (relating to the fourth prior literature
assertion).
Consequently, each of the two chemistry modifications was
used to develop a formulation selected for one of two targeted
commercial applications: open gear lubrication and braided
wire rope lubrication. The criteria for the selection process
were based on various performance requirements of the
two applications and how those performance requirements
matched up with the performance properties of the two
chemistry modifications.
Actual results from early commercial field trials are reported
as well. Conclusions are then provided as supported by the
results.
Equipment, Test Methods, and Raw Materials
All greases were made using a Kitchen Aid-style mixer
with a planetary stirrer and heating mantle. All weights were
measured using an open pan analytical balance capable of
measuring to the nearest 0.01 g. Each grease was given three
passes through a three-roll mill with both gaps set at 0.001
inches (0.03 mm).
Test methods used to evaluate the greases were dropping
point by ASTM D2265 and penetration by ASTM D217
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or D1403. A modified ASTM D2265 procedure was used
wherein the block temperature was set at 343 C (650 F).
This allowed each grease to experience the same thermal
stressing during the test. It should also be noted that ASTM
D2265 defines dropping points to values up to 316 C, and the
correlation between ASTM D2265 values and real world grease
performance is not defined at any temperature. However,
since the modified dropping point method employed herein
is used as a tool for detecting changes in grease structural
stability, these concerns do not apply as long as the dropping
point method used is consistently applied to all greases, and
results are interpreted within the intended limitations of the
investigation.
The overbased calcium sulfonates used in this work had
TBN values of about 400 mg KOH/g. The SBN values varied
depending on the overbased calcium sulfonate used and are
provided below as required. These values were determined
by the suppliers. All TBN values were determined by ASTM
D4739. SBN values were determined by a proprietary
method that provides the same results as ASTM D4739, but
with greater precision. The units of mg KOH/g for TBN and
SBN will be understood to apply to all TBN and SBN values
throughout this paper without actually using those units
within the text. Kinematic viscosities were determined by
ASTM D445. Other test methods used in this work are cited as
required.
All raw materials were essentially 100% pure unless otherwise
indicated. Calcium hydroxide, calcium carbonate, anhydrous
calcium sulfate, and calcium hydroxyapatite were all food
grade purity with a mean particle size below 5 microns.

RESULTS AND DISCUSSION
Chemistry Modification No. 1
A series of four calcium sulfonate greases was made with the
same final composition based on the unreacted percentages
of components. The overbased calcium sulfonate used was a
synthetic-derived product with an SBN value that was about
40. This sulfonate will be referred to as overbased calcium
sulfonate A1 in this paper. In these greases as well as all the
others discussed in this paper, conversion was achieved by the
addition of an alkylene glycol and water. The water was added
at 4.5% based on the total weight of all components prior to
any chemical reactions. However, water is not included in
any of the formulations of this paper since it is not present
in final greases due to process heating. Conversion was also
assisted by the addition of a small amount of essentially
dodecyl benzene sulfonic acid (DDBSA), as is commonly
used in the preparation of calcium sulfonate-based greases.
The DDBSA was added to the initial portion of base oils and
the overbased calcium sulfonate A. The resulting blend was
allowed to mix for 20 minutes before proceeding to the next
step. This was done for all the greases described in this paper.
Powdered calcium carbonate was added either before or after
conversion as the calcium-containing base for reaction with
complexing acids. The complexing acids used for these first
four greases were 12-hydroxystearic acid (12-HSA), acetic acid,
and phosphoric acid. The formulation for these four greases
(Greases 1 – 4) is provided below in Table 1.

Finally, appropriate safety measures were used during the
preparation and testing of all greases in this paper.
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The general process profile for making these four greases is provided below in Figure 1.

Although Figure 1 provides a general profile for how Greases
1 – 4 were made, there were process differences. Those
differences along with penetration and dropping point data are
provided below in Table 2.
Several important observations can be made. First, note
that the only difference between Greases 1 and 2 was when
the calcium carbonate was added relative to conversion. By
comparing these two greases, it is apparent that adding calcium
carbonate before conversion improved the thickener yield
and dropping point compared to adding the same amount of
calcium carbonate after conversion. Adding calcium carbonate
as a basic calcium-containing material before conversion does
not appear to hinder the conversion process, at least when
using this particular overbased calcium sulfonate. Thus, the
first prior literature assertion (concerning the adverse effect of
calcium-containing bases present during conversion) does not
apply to this formulation under these conditions.
A second observation relates to the use of added calcium
carbonate as an effective calcium-containing base for reaction
with complexing acids. This can be seen by looking at Greases
3 and 4 compared to Grease 1. When no calcium carbonate
was added (Grease 3), the first two complexing acids added
pre-conversion reacted with the small amount of internal
calcium hydroxide derived from the overbased calcium
sulfonate. Since that amount of calcium hydroxide was not
sufficient to react with all the complexing acids, the only other
source of basic calcium, a portion of the amorphous calcium
carbonate derived from the overbased calcium sulfonate, had

to react. This reduced the amount of amorphous calcium
carbonate left to form the initial simple calcium sulfonate
grease structure.
Although Fourier Transform Infrared Spectroscopy (FTIR)
showed that the remaining amorphous calcium carbonate
changed to crystalline calcium carbonate during conversion
process of Grease 3, no significant grease structure formed.
It has already been established that if there is not enough
amorphous calcium carbonate in the overbased sulfonate, a
distinct grease structure may not form upon conversion2.
On the other hand, when the complexing acids were added
after the initial simple calcium sulfonate grease had formed but
before the post-conversion addition of the calcium carbonate
(Grease 4), the complexing acids were forced to react with
the calcium-containing bases derived from the overbased
calcium sulfonate. This resulted in a thickener yield lower
than Grease 1 or 2 where added calcium carbonate was present
and available for reaction. These data indicate that added
calcium carbonate can be an effective calcium-containing base
for reaction with complexing acids when making calcium
sulfonate complex greases, at least when using this particular
overbased calcium sulfonate. Thus, the third prior literature
assertion (stating that only added calcium oxide or calcium
hydroxide are appropriate for reaction with complexing acids)
does not apply to this formulation under these conditions.
The effect of the concentration of water during conversion
was evaluated by making three more greases exactly like
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Grease 1 except for the amount of water added at the beginning of the process. These three greases (Greases
5 – 7) had water concentrations ranging from 1.1% to 9.0%. The information and test data on these greases
are provided below in Table 3. The information on Grease 1 is also included for ease of comparison.

As can be seen, the dropping point was not significantly affected when the water concentration in the
initial unconverted mixture ranged from 2.2% to 9.0%. However, when the water concentration was only
1.1%, conversion to a grease structure did not occur, even when the conversion step was continued for
several more hours. This is likely due to the fact that water is required for conversion. If the initial water
concentration is too low, conversion does not occur. This effect is magnified when the conversion process is
done under open conditions where the concentration of water decreases over time due to evaporation.
At the other extreme, when 9.0% water was added, an apparent reduction in thickener yield occurred
compared to the other three greases in Table 3. So adding too little water can result in no conversion; adding
too much can result in loss of thickener yield.
The effect of post-conversion prolonged presence of water on thickener yield and dropping point was
evaluated by making three more greases (Greases 8 – 10). These greases were also prepared exactly like the
previous three greases except for one point: after conversion was complete, each grease was held for two
hours before adding the complexing acids and heating to top temperature. Results are provided in Table 4.
Once again, Grease 1 is included for ease of reference.

- 19 NLGI SPOKESMAN, MARCH/APRIL 2018

As can be seen, the prolonged post-conversion presence of
water did not have much effect on thickener yield as evidenced
by the small variation in worked penetration values in Greases
8 - 10. However, dropping point was adversely affected by the
prolonged post-conversion presence of water. The greatest
reduction in dropping point relative to Grease 1 was in Grease
8 where the highest level of water was initially present. All
greases were prepared under open conditions, and the two
hour delay after conversion was at 88 C (190 F). Under these
conditions, a higher initial water concentration would translate
to water being present at higher levels for longer periods
of time. This is exactly the trend observed in the dropping
points of Greases 8 – 10 when compared to Grease 1. Thus,
the second prior literature assertion (concerning the adverse
effect of the prolonged post-conversion presence of water on final
grease dropping point) appears to still be true when using this
formulation approach and processing conditions.

Another five greases were prepared to evaluate the effect of
adding a portion of the 12-HSA acid before conversion when
making a grease similar to Grease 1. However, a different
overbased calcium sulfonate was used in these greases
compared to what was used in Greases 1 – 10. This overbased
calcium sulfonate B had an SBN value of about 60. Also,
the extent of alkalization and the alkyl chain length were
significantly different from the overbased calcium sulfonate A1
previously used. Grease 11A had all of its complexing acids
added after conversion and was made according to the process
profile of Figure 1. Greases 11B – 14 were made according to
the process profile provided in Figure 2.
Final compositions and test data are provided in Table 5.
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Greases 11A and 11B used 12-hydroxystearic, acetic, and
phosphoric acids as complexing acids. Greases 12 – 14 used
boric acid instead of acetic acid. The boric acid was added
to 50 ml hot water, made into a slurry, and added to the
grease after conversion, which was after the second portion
of 12-HSA acid had been added, but before the phosphoric
acid addition. It should be noted that the portion of the
12-HSA acid that was added before conversion was added at
the beginning (after the initial base oil, PAO, DDBSA, and
calcium carbonate had been added and mixed together at
ambient temperature). As the initial mixture was heated to the
conversion temperature (88 C), the 12-HSA acid would have
melted (melting point is about 78 C) and dissolved in the base
oil. Its reaction with basic components before this would be
limited to how much was able to dissolve in the base oil prior
to melting. This would likely be only a minimal amount given
the large flaked appearance of 12-HSA acid.
For Greases 11A and 11B, where the complexing acids were
12-HSA, acetic, and phosphoric acids, splitting the addition
of the 12-HSA before and after conversion did not improve
thickener yield and may have actually reduced it.
For Greases 12 – 14, where the complexing acids included
boric acid instead of acetic acid, there does appear to be some
thickener yield improvement as the pre-conversion relative
amount of 12-HSA is increased from 20% (Grease 12) to 100%
(Grease 14). This is seen by recalculating the concentration
of overbased sulfonate B in Greases 13 and 14 based on what
those values would have been if additional base oil had been
added so as to make their worked penetration value equal
to 305 (the worked penetration value of Grease 12). This

calculation is done using an inverse linear relationship between
the overbased sulfonate B concentration and the worked
penetration. Those calculated values are provided in Table
5. They show that as the relative amount of pre-conversion
12-HSA is increased, thickener yield directionally increases.
The dropping points for all four greases were excellent. Also,
all four greases gave very high Four-Ball EP weld loads (620 to
800 kg).
The thickener yield results are interesting based on prior
literature results5,6. As already mentioned, previously reported
work has shown that adding a portion of the 12-hydroxystearic
acid before conversion can improve thickener yield (prior
literature assertion 4). That previous work used boric acid but
did not use phosphoric acid as a complexing acid. The only
yield improving effect apparent in the Table 5 data involved
the use of boric acid. However, the magnitude of yield
improvement in Table 5 is not as large as previously reported.
Possible reasons for this difference could include the use of
phosphoric acid in Greases 12 – 14.
Also, one must remember that the overbased calcium
sulfonate B used in Greases 11A/B – 14 would be expected
to be significantly different from what was likely used in
that earlier work. This difference could be the reason for the
differences between that earlier reported work and the results
of Greases 11A/B – 14. However, it may also be due to the
pre-conversion presence of added calcium carbonate. Data
from Greases 1 – 4 have already shown that this added calcium
carbonate is reacting with the complexing acids. The earlier
cited literature work did not use calcium carbonate added preconversion. So, the presence of the added calcium carbonate
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may have changed the reaction chemistry so as to modify the
effect of pre-conversion 12-HSA on thickener yield. Further
work would be needed to determine this with certainty. Thus,
the fourth prior literature assertion (concerning thickener yield
improvement when adding at least some of the complexing acids
pre-conversion) appears to apply in varying degrees depending
on the specific details of the formulations under these conditions.
An additional observation can be made by comparing the
composition and test data for Grease 11A (Table 5) with the
composition and test data for Grease 1 (Tables 1 and 2). This
observation concerns the relative thickener yield provided by
overbased calcium sulfonates A1 and B. Grease 11A was made
using the same process and complexing acids as Grease 1. The
only difference between these two greases was the overbased
calcium sulfonate used. Grease 1 had 36.0% overbased calcium
sulfonate A1 (Table 1). Grease 11A had 29.95% overbased
calcium sulfonate B. By comparing the worked penetrations
of these two greases (Tables 2 and 5), it is apparent that
overbased calcium sulfonate B gave a significantly better
thickener yield compared to overbased calcium sulfonate A1
when all the complexing acids are added after conversion.
Chemistry Modification No. 2
The second modification of previously established calcium
sulfonate complex chemistry involved the use of calcium
hydroxyapatite, Ca5(PO4)3OH, as a calcium-containing,
hydroxide-providing base for reaction with complexing acids.

This approach was first disclosed two years ago21, and that
work concentrated on chemical mechanistic details of calcium
sulfonate complex reactions and their effect on dropping point.
That work will not be repeated here. Instead, the focus of this
work is similar to the above study of Chemistry Modification
No. 1.
Four greases, Greases 15 – 18, were made using calcium
hydroxyapatite as the sole added base for reaction with
complexing acids. The complexing acids were 12-HSA and
acetic acid. Note that neither phosphoric nor boric acids
were used. The overbased calcium sulfonate used for Greases
15 – 17 was the same sulfonate from the same supplier as the
overbased calcium sulfonate A1 that was used in Greases 1 –
10. However, the overbased calcium sulfonate used for Greases
15 – 17 was from a different manufacturing lot. As a result,
it had a somewhat lower SBN value of 35 compared to the
SBN value of 40 that the overbased calcium sulfonate A1 had.
Accordingly, the overbased calcium sulfonate used in Greases
15 – 17 will be referred to as overbased calcium sulfonate A2.
Overbased calcium sulfonate B was used for Grease 18. The
general process profile used to make Grease 15 is provided in
Figure 3.
The process profiles for Greases 16 – 18 were similar to
Grease 15, but there were some differences. For Grease 16,
the calcium hydroxyapatite was added after conversion but
before the two complexing acids were added. For Grease 17,
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the calcium hydroxyapatite was added at the beginning before
conversion, and all of both complexing acids were added about
30 minutes thereafter. Grease 18 was exactly like Grease 17
except that overbased calcium sulfonate A2 was replaced with
overbased calcium sulfonate B.
Additionally, the total amount of hydroxide-equivalent
base provided by the calcium hydroxyapatite and the internal
calcium hydroxide in the overbased calcium sulfonate was
calculated. The concentration of calcium hydroxyapatite
was intentionally set at a level so that this total hydroxideequivalent basicity would be nearly twice what was required
for complete reaction with all added acids (DDBSA and
complexing acids). Final compositions and test data are
provided in Table 6.

be an effective calcium-containing base for reaction with
complexing acids21. The data in Table 6 is consistent with that
finding. Thus, the third prior literature assertion (stating that
only added calcium oxide or calcium hydroxide are appropriate
for reaction with complexing acids) does not apply to this
formulation under these conditions.
Four-Ball EP weld loads were measured for Greases 15 and
16. As can be seen, Grease 16 had a value that was lower than
Grease 15. This result implies that even though the thickener
yield and dropping points were comparable, there is something
different in the final reacted composition of these two greases
resulting from the timing and temperature at which the
calcium hydroxyapatite is added. Whatever the difference
may be, it was not detected by FTIR, since the FTIR spectra of
Greases 15 and 16 were identical.
Greases 17 and 18 examined
the effect of adding all the
complexing acids before
conversion but after the
calcium hydroxyapatite had
been added and allowed to
thoroughly mix into the initial
unconverted mixture. The
acetic acid would have reacted
almost immediately after its
pre-conversion addition at
ambient temperature23. As
already explained regarding
Greases 11A/B – 14, the preconversion 12-hydroxystearic
acid would not be expected to
significantly react with basic
components until it began to
melt as the mixture was heated
to the conversion temperature
(88 C).

Comparing the results of Greases 15 and 16, there were
no significant differences in thickener yield or dropping
point regardless of whether the calcium hydroxyapatite was
added before or after conversion. In this regard, calcium
hydroxyapatite appears to be different from the added calcium
carbonate used in Greases 1 and 2 where the first chemistry
modification was used. Nonetheless, the first prior literature
assertion (concerning the adverse effect of calcium-containing
bases present during conversion) does not apply to this
formulation under these conditions.
Although not part of the work reported herein, previously
reported work has shown that calcium hydroxyapatite can

Comparing Grease 17
(pre-conversion 12-HSA) with Greases 15 and 16 (postconversion 12-HSA), where the same overbased sulfonate A2
was used, the pre-conversion addition of the two complexing
acids improved thickener yield, although the dropping point
was reduced. Once again, this result demonstrates that
such process changes do affect the chemical structure of the
resulting grease. Looking at the results in Tables 6 – 7, the
fourth prior literature assertion (concerning thickener yield
improvement when adding at least some of the complexing acids
pre-conversion) once again appears to apply in varying degrees
depending on the specific details of the formulations under these
conditions.
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The thickener yield was slightly better for Grease 17 (preconversion 12-HSA; sulfonate A2) compared to Grease 18
(pre-conversion 12-HSA; sulfonate B). This indicates that
overbased calcium sulfonate A2 may provide slightly more
thickening than overbased calcium sulfonate B when the
calcium hydroxyapatite chemistry is used as in these greases.
This is the opposite of what was observed when using the
first chemistry modification as described earlier in this paper.
Thus, the relative thickener effectiveness of different 400 TBN
overbased calcium sulfonates can depend on various details
of the grease chemistry approach used. The dropping point of
Grease 18 was higher than Grease 17.
A final set of four greases was prepared to evaluate the effect
of the pre-conversion addition of both calcium carbonate
and calcium hydroxyapatite. The amount of calcium
hydroxyapatite was set at a level such that the total hydroxideequivalent basicity was insufficient to react with all added acids
(DDBSA and complexing acids). The calcium carbonate was
added to provide additional basicity for reaction with the acids.
These four greases could be considered to be a combination
of the two previously described chemistry modifications. All
four greases used overbased calcium sulfonate A2. These four
greases were made according to the general process profile
provided in Figure 4.

All four of these greases used 12-HSA, acetic, and phosphoric
acids as complexing acids. Greases 21 and 22 also used boric
acid as a fourth complexing acid with Grease 22 having more
than twice the amount of boric acid used in Grease 21. This
was the only difference between Greases 21 and 22.
For Grease 19, all complexing acids were added after
conversion; for Greases 20 – 22, 40% of the 12-HSA and
acetic acids were added pre-conversion after addition of the
calcium bases with the remainder added post-conversion.
Phosphoric acid was always added after conversion and after
any remainder of 12-HSA and acetic acid had been added and
allowed to react. When boric acid was added, it was always
added post-conversion after any remainder of 12-HSA and
acetic acid, but before the phosphoric acid. Also, for Greases
21 and 22, only half the total amount of calcium carbonate was
added before conversion. The remainder was added after the
grease had converted, reached top processing temperature, and
cooled down to 121 C (250 F).
Final compositions and test data are provided in Table 7.
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As can be seen, the effect of adding all or some of the 12-HSA
and acetic acid before conversion did improve yield, as shown
by the final concentration of the overbased sulfonate A2 in
Greases 20 and 21 compared to Grease 19. Similarly, dropping
point was improved. This improvement in thickener yield was
observed regardless of whether boric acid was used (Grease
21) or not (Grease 20). Thus the combined pre-conversion
addition of calcium hydroxyapatite and calcium carbonate
appears to provide a combination of benefits previously
observed when each of the two calcium-containing bases
were separately added. By comparing Greases 21 and 22
and accounting for the difference in worked penetrations, it
appears that increasing the level of boric acid provided little if
any improvement in thickener yield. Dropping point may have
actually decreased. Four-Ball EP weld loads were excellent for
the three greases in Table 7 (620 kg to >800 kg), although boric
acid may have contributed to the effect. Finally, the overall
superior thickener yield data of Table 7 compared to the earlier
greases continues to show that the first and third prior literature
assertions are not valid for these formulations and processing
conditions. However, the fourth prior literature assertion is valid
for those formulations and processing conditions.

The next two sections provide information on how the two
previously described calcium sulfonate-based grease chemistry
modifications can be applied to lubrication in two specific
commercial applications: open gears and braided wire ropes.
Commerical Application: Open Gear Lubricant
Performance requirements/guidelines for lubricants used
in open gear applications are described in what is probably
the most important industrial gear lubricant specification
in North America: ANSI/AGMA 9005-E02. Additionally,
various OEM’s have established specifications reflecting their
equipment needs. Viscosity is one of the most obvious features
that becomes apparent when examining these specifications.
The viscosity guidelines or requirements vary considerably.
The primary reason is that there are different gear types,
lubricant types, and lubricant application systems that make a
single viscosity requirement impossible. This information as
well as information on other performance requirements have
been reviewed in several recent papers22,23, and will not be
repeated here.
Calcium sulfonate-based greases have been previously
proposed as a good choice for open gear lubrication24. Their
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intrinsically good load carrying, antiwear, and shear stability properties make them a reasonable choice in such
applications. A formulation using chemistry modification No. 2 was developed for an open gear application where
the lubricant was delivered to the gear teeth by high pressure nozzles. A first iteration product was formulated
based on the composition of Grease 21. The only significant differences were as follows:
1. A 40/30 (wt/wt) blend of a 2000 SUS (382 cSt at 40 C) naphthenic base oil and a high molecular weight
polybutene was used instead of a 600 SUS solvent neutral Group I base oil. The polybutene had a kinematic
viscosity of 4400 cSt at 100 C.
2. The base oils were added in sufficient amount to provide an unworked penetration of about 380.
3. Pre-conversion calcium hydroxyapatite was supplemented by added calcium hydroxide such that the calcium
hydroxyapatite provided 25% of total added hydroxide-equivalent basicity for reaction with complexing acids.
4. The final product was not milled. This was done intentionally so that the final product with or without diluent
evaporative solvent would be easier to pump and inject onto the gear teeth. The high pressure injection
followed by the high pressure shearing by the gear teeth would be expected to further thicken the product
similar to what the lubricant would have experienced if milled.
The resulting formulation was tested to determine various performance-related properties. Results along with
performance target values are provided in Table 8.

As can be seen in Table 8, the product had good performance, especially considering that it had no
performance enhancement beyond what was provided by its overall Grease 21 composition. However,
the FZG scuffing load was below the targeted level. In order to improve the load carrying properties and
introduce other important properties not yet present, this formulation was modified as follows:
1. Boost FZG load carrying properties by further inclusion of oil-soluble and oil-insoluble EP/AW
additives. Some of these additives provided additional functionality.
2. Addition of antioxidants (which had thus far intentionally not been used).
3. Addition of passivating additives to counter the effect of active sulfur introduced in some of the oil
soluble EP/AW additives.
4. Addition of dye (non-functional, cosmetic).
All additives were added after the grease had reached its top temperature and had cooled to below 121 C
(250 F). The generalized composition of this modified formulation is provided in Table 9. Test results are
provided in Table 10.
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With the targeted bench test properties achieved, the
formulation was cut back with an 8% addition of an
evaporative solvent blend. This was done for two reasons:
1. Improve the pumpability/sprayability of the gear lubricant
onto the open gearing teeth, in accordance with the
requirements of the lubricant delivery systems of two
targeted potential trial locations. The use of such diluent
solvents is a common practice when using grease-based
open gear lubricants24.
2. Provide rapid evaporation to help further thicken the
lubricant on the gear teeth.

Unfortunately, no field performance data are yet available.
Resulting data, once available, may become the part of a future
paper.
Commercial Application: Braided Wire Rope Lubricant
Braided wire ropes are commonly used in mining and
marine applications. A braided wire rope consists of many
individual steel wires that are helically coiled into a braided
structure. Braided coils of these steel wires are then helically
braided in multiple layers around a core. The core may be
another helically braided grouping of steel wires, or it may
be a non-metallic flexible material. When the conveyance or
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payload being moved is sufficiently heavy, braided wire ropes
can be several inches in diameter with several layers of braided
bundles of the individual steel wires. Figure 5 provides an endon schematic and a picture of a braided wire rope.
During the movement of the conveyance or payload, the
braided wire rope is coiled and uncoiled from a large spool-like
hoist. Similarly, the braided wire rope bends around a pulleylike sheave wheel, depending on the configuration of the actual
application. Such movement of the braided wire rope will
cause rubbing of the individual steel wires and the braided
bundles of steel wires. In the absence of sufficient lubrication,
progressive wear occurs that eventually compromises the
strength of the wire rope and shortens its useful life.
Figure 6 provides a picture of a typical wire rope hoist in
operation.
Wire ropes can also experience corrosive environments due
to humidity and exposure to water (fresh and salt). In some
mining applications, ground water can have a pH value of
3.0 or lower. This extremely acidic environment will further
aggravate the potential for corrosion.
Wire rope lubricants are applied to protect wire ropes and
extend their useful life. Some of the performance requirements
of a wire rope lubricant include the following:
1. Protect wire strands from wear and corrosion.
2. Be pumpable from the original container to lubricant
applicators without the use of external heating devices.
3. Provide a barrier against intrusion of water and other
contaminants.

4. Neutralize acidic contaminants.
5. Remain on the wire rope without sling-off during use.
6. Remain flexible and pliable during cold weather instead of
becoming hard and brittle.
Although the above list is not a complete one, it does
suggest that a properly formulated calcium sulfonate-based
grease might provide the basis for excellent performance as
a wire rope lubricant. Although either of the two chemistry
modifications previously discussed might provide a good
choice, the calcium carbonate-based chemistry modification
No. 1 was chosen. Furthermore, a simple calcium sulfonate
grease approach was chosen. This choice was made for
three reasons: first, such an approach would have a higher
TBN value since none of the calcium carbonate would have
been neutralized by complexing acids; second, the higher
overbased calcium sulfonate concentration would enhance
prtoection against ferrous corrosion; and third, the simple
calcium sulfonate grease structure would be intrinsically more
tacky and adherent than otherwise similar calcium sulfonate
complex formulations as described in this study.
A simple calcium sulfonate grease formulation was developed
with the generalized composition as provided in Table 11.
This formulation was made according to the process profile
of Figure 1 with all the calcium carbonate added before
conversion. The naphthenic and polybutene base oils were the
same as used in the previously described open gear lubricant
formulation. All additives were added after the grease had
reached its top temperature and had cooled below 121 C (250
F).
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The formulation was augmented with an 8% addition of a blend of two evaporative solvents, one of which had a significantly
higher evaporation rate than the other. This was done for similar reasons as explained in the previous section on open gear
lubricants. Additionally, the two solvent blend was used so that one solvent would evaporate quickly while the other would
evaporate more slowly, allowing it more time to carry the lubricant to the interior of the wire rope. The solvents were also chosen
so as to be acceptable with regard to Canadian regulatory requirements. Test data are provided in Table 12, wherein all data is for
the solvent-free formulation unless otherwise specified.
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The bottom two tests in Table 12 need explanation. First,
the brush and impact test is a procedure whereby a 0.5 inch
diameter braided wire rope segment is cleaned and then
painted with a thin coat of the solvent cut wire rope lubricant.
The wire rope segment is clamped on one end and vertically
suspended for 30 minutes to allow the solvent to evaporate.
Then it is removed and both ends are cleaned so that it can be
handled. The wire rope segment is then repeatedly brought
down as hard as possible against a square wooden frame
that sits on white paper. The complete lack of flinging of any
lubricant from the wire rope onto the white paper below is
considered a pass. This test is commonly used in the mining
industry as a method to determine if a wire rope lubricant will
remain on the wire rope during use. While this test is crude, it
has proven to be a good screening tool.
Second, the freezer flex test similarly involves painting
and suspending a wire rope segment. Then it is stored in a
cold chamber at -22 C for three days. After that duration, it
is removed and repeatedly flexed by hand into a horseshoe
configuration. A passing result requires that the lubricant film
remains pliable and shows no signs of hardening or cracking.
The wire rope lubricant formulation in Tables 11 and 12 was
tested in more than ten Canadian mines. Results have been
good. In one specific location, the mine operated a 10-foot
double drum hoist capable of operating to a 4,200 foot depth.
The wire ropes were inspected by the Canadian Ministry of
Mines every six months as required in all Canadian mines
The previous wire rope lubricant used in that mine had been
a viscous asphaltic product. The mine had been experiencing
what they considered to be shorter than desired rope life. Each
time a wire rope needed to be replaced, the hoist had to be shut
down for two days, effectively stopping all mining activity. The
new wire rope lubricant extended the life of the in-service wire
ropes by an estimated one year, primarily due to slowing of
corrosion (that had already been occurring on the in-service
ropes) due to acidic water.
No sling-off was observed once the correct application rate
had been established. When the new product was first applied
to freshly cleaned ropes and began to penetrate therein,
actual displacement
and explosion of
water (that had been
entrained previously
in the in-service wire
rope when the other
lubricant was in use)
was visually observed.
Figure 7 shows two
pictures of the old
asphaltic product
being removed from

the wire rope by the equipment that is designed for that
express purpose.
In another mine, the previous wire rope lubricant was a
synthetic oil fortified with oil-soluble sulfurized additives. The
400 lb. drums of this product had to be heated to 93 C (200
F) using band heaters so as to be able to pump the product
to the applicator equipment. This was due to the extremely
high viscosity of that product at ambient temperatures in the
hoist room. The new wire rope lubricant did not require any
such heating. No sling-off was observed once the correct
application rate had been established.
Problems experienced during use of this new wire rope
lubricant formulation have primarily been due to misapplication. As already mentioned, specialized equipment
must be used to clean the old lubricant off the ropes before
applying the new lubricant. Special equipment is needed to
apply a thin, contour-fitting film of the new lubricant. When
improper application equipment was used, over-lubrication
nearly always resulted. Even when the correct application
equipment was employed, users often had to significantly
reduce the application rate from the previous setting to avoid
applying an excessive amount of the new lubricant. When
this was necessary, it was usually due to the previous lubricant
having a much higher viscosity.
The thin contour-fitting coating of the new wire rope
lubricant was difficult to see in some mines where they had
previously used an opaque black asphaltic product. Typical
application of black asphaltic wire rope lubricants results in a
black pipe-like, semi-solid coating where the outer strand and
groove structure of the wire rope is no longer visible. In order
to determine that the new lubricant was adequately applied,
the outer surface of the wire rope was touched with a white
cloth. Clear blue residue on the cloth that matched the pattern
of the outer groove design showed that the new lubricant was
present.
Another problem that was encountered involved the use of
new wire ropes. New wire ropes come with a wax-like coating
to protect it from corrosion until the time of installation by
the user. If that initial coating is not correctly removed (or
not removed at all),
no wire rope lubricant
will properly adhere.
Initial on-site guidance
was usually required
in order to insure
that instructions on
proper wire rope
preparation and
lubricant application
were followed.
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CONCLUSIONS

The following conclusions are supported by the results
discussed in this paper.
1. When making a calcium sulfonate-based grease, adding
either calcium carbonate, calcium hydroxyapatite, or both
calcium carbonate and calcium hydroxyapatite before
conversion does not impair the conversion process, and does
not have an adverse effect on the measured test properties of
the resulting grease.
2. The deleterious effect of too much pre-conversion water
or prolonged presence of that water after conversion on
thickener yield and dropping point can still occur when
using the new chemistry modifications described in this
paper. For best results, pre-conversion water should
be removed from the grease by evaporation as soon as
practically possible.
3. Calcium carbonate, when added before or after conversion,
is an effective base for reaction with complexing acids when
making calcium sulfonate-based greases. Pre-conversion
addition is preferred for optimum thickener yield and
dropping point.
4. When properly selected and formulated, the two new
chemistry modifications described in this paper (adding
calcium carbonate and/or calcium hydroxyapatite before
conversion) can be used to formulate effective wire rope
lubricants.
5. When properly selected and formulated, the two new
chemistry modifications described in this paper can be
used to provide lubricants that show excellent potential for
use in open gear lubrication based on laboratory test data.
Verification of this potential open gear lubricant performance
will require documented field testing.
6. When introducing significantly new and different lubricants
into existing field applications, initial on-site guidance and
monitoring are necessary to ensure proper performance
evaluation.
7. The two new chemistry modifications described in this
paper continue the growing trend of increased usefulness of
calcium sulfonate-based greases in an ever-expanding scope
of applications.

ACKNOWLEDGEMENTS

The author gratefully acknowledges Joe Garza for his work in
preparing and testing the greases discussed in this paper.
1 Waynick, J. A. “Days of Future Passed: A Critical Review of
the Development of Highly Overbased Calcium Alkylbenzene
Sulfonates”; NLGI 83rd Annual Meeting, Hot Springs, VA,
June 2016.

2 McMillen, Richard L. “Basic Metal-Containing Thickened Oil
Compositions”; U.S. Patent No. 3,242,079, 1966.
3 Muir, Ron; Blokhuis, William “High Performance Calcium
Borate Modified Overbased Calcium Sulfonate Complex
Greases”; U.S. Patent No. 4,560,489, 1985.
4 Barnes, John F. “Calcium Sulfonate Grease And Method Of
Manufacture”; U.S. Patent No. 5,126,062, 1992.
5 Olson, William D.; Muir, Ronald J.; Eliades, Theo I.; Steib,
Thomas “Sulfonate Greases”; U.S. Patent No. 5,308,514, 1994.
6 Olson, William D.; Muir, Ronald J.; Eliades, Theo I. “Sulfonate
Grease Improvement”; U.S. Patent No. 5,338,467, 1994.
7 Mackwood, W.; Muir, R. “Calcium Sulfonate Grease - One
Decade Later”; NLGI Annual Meeting, 1998.
8 Fish, Gareth; Ward Jr., William C “Calcium Sulfonate Greases
Revisited”; NLGI 78th Annual Meeting, Palm Desert, CA,
June, 2011.
9 McMillen, Richard L. “Basic Metal-Containing Thickened Oil
Compositions”; U.S. Patent No. 3,372,115, 1968.
10 McMillen, Richard L. “Process For Preparing Lubricating
Grease”; U.S. Patent No. 3,376,222, 1968.
11 McMillen, Richard L. “Process For Preparing Thickened
Compositions”; U.S. Patent No. 3,377,283, 1968.
12 McMillen, Richard L. “Non-Newtonian Colloidal Disperse
System”; U.S. Patent No. 3,492,231, 1970.
13 Asseff, Peter A., et. al. “Organic Alkaline Earth Metal
Complexes and Method of Making Same”; U.S. Patent No.
2,616,905, 1952.
14 Asseff, Peter A., et. al. “Organic Alkaline Earth Metal
Complexes and Method of Making Same”; U.S. Patent No.
2,616,924, 1952.
15 Asseff, Peter A., et. al. “Methods of Preparation of
Superbased Salts”; U.S. Patent No. 2,695,910, 1954.
16 Mastin, Thomas W. “Oil Soluble Metal Containing
Compositions and Process For Making Same”; U.S. Patent
No. 2,971,014, 1961.
17 Waynick, J. A. “Calcium Hydroxyapatite Based Calcium
Sulfonate Grease Composition and Method of Manufacture”;
U.S. Patent No. 9,458,406, 2016.
18 wartz, Charles J.; Hardy, Bryant J. “Process for the
Preparation of Over-Based Group 2A Metal Sulfonate
Greases and Thickened Compositions”; U.S. Patent No.
5,190,678, 1993.
19 Hunt, Mack W. “Method for Preparing Highly Basic
Grease and Rust Inhibiting Compositions”; U.S. Patent No.
3,816,310, 1974.
20 Budavari, Susan (Ed.) The Merck Index, 11th Edition; Merck
& Co., Inc.; p. 1676, 1989.
21 Waynick, J. A. “Calcium Sulfonate Complex Greases Using
Calcium Hydroxyapatite as a Hydroxide-Containing Basic
Reactant”; NLGI 82nd Annual Meeting, Coeur d’Alene, ID,
June, 2015.
22 Ludwig, Lawrence G. “Methods of Application for Open
Gear Lubricants and Their Selection”; NLGI 78th Annual
Meeting, Palm Desert, CA, June 2011.
23 Lorimor, John J. “Understanding Open Gear Lubricants:
Product Design Considerations”; NLGI 79th Annual
Meeting, Palm Beach, FL, June 2012.

The Typical Application of Calcium
Sulfonate Complex Greases
in Steel Mills
By:
Li Jiwei, Cheng Shutian, Zhao Wei, Wu Baojie
Tianjin Branch, SINOPEC Lubricant CO., LTD.

Abstract
The production process in steel mills is pretty long with
numerous equipment exposed to a variety of working
conditions that require different greases. For example, some
equipment exposed to large amounts of water for extended
periods of time require grease with excellent water resistance
properties. In the areas of high ambient temperature and
long re-lubricating intervals, the grease requires thermal and
oxidative stability. In alkaline environments, the grease needs
excellent protective properties.
Calcium sulfonate complex grease (CSCG), with its
comprehensive and excellent properties, is increasingly
popular in the steel mill industry. Certain properties of CSCG
can be further improved by formulation and process design to
meet requirements of grease on different equipment in steel
industries. Typical data for several CSCGs will be presented
in this paper. In addition, their application performance
in the equipment in wet, rusty, high temperature, alkaline
environments and open gears will also be discussed.
Introduction
Machines and equipment in the steel industry are generally
operated in the conditions of high temperature, high load, vast
water spraying and continuous working. The typical working
conditions are
• High temperature - The temperature at the of bottom of
an iron-making blast furnace is 1300-1500 °C, and at its
top the temperature is 400-600 °C. The temperature of a
secondary cooling area of continuous casting is 800-900 °C,
and the billet temperature during hot rolling is 850-1000
°C. The high temperature radiates and conducts heat to
lubricated parts.
• Water spraying - A large amount of water spray occurs on
billet steel on roller bearings, rollers and bearings of hot
rolling, on pinch rolls and guided rolls in secondary cooling
areas of continuous casting. High pressure water is used to
remove phosphorus from other equipment.
• Dust – There are great amounts of dust, mainly the smoke,

iron slag, steel slag and iron scale generated due to fuel
burning.
• Loads - Heavy loading and impact loads are applied during
the working process to working roll bearings of rolling
mills, shearing machines, rocking shear of continuous
casting equipment, bearings of coiling machines, exposed
gears and other equipment.
• Operations - Continuous operations at steel enterprises are
common. Production equipment can be operated stably
for long periods of time. In order to meet the requirement
for high reliability of metallurgical equipment, grease must
withstand the test of these working conditions.
In recent years, CSCG started to attract the attention of the
grease industry by its comprehensive, excellent performance
such as excellent high temperature performance, mechanical
stability, colloidal stability, extreme pressure and anti-wear
performance, water resistance and excellent corrosion
resistance. There are a number of reports showing applications
in industrial facilities under severe lubricating conditions at
steel mills1-3.
Certain properties of CSCG can be further improved by
formulation and process design to meet requirements for
grease on different equipment in the steel industry. Typical
data of several CSCGs will be presented in this paper.
Application of CSCG in the Presence of Water
Rolling mills and continuous casters equipment consume
large amounts of grease in the steel industry, under wet
working conditions. Refer to Table 1 for typical data for CSCG
for wet applications. A hot rolling mill is the key equipment
in a hot rolling plant, and bearings in rolling mills are just
like joints in humans. Today, the steel industry is committed
to continuous production. If the rolling mill bearings burn, it
will cause a huge economic loss or downtime. Therefore, it is
very important to monitor the performance of grease used in a
rolling mill’s bearings. Performance and trends of grease can be
learned through the analysis and tests of samples.
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The authors carried out a lengthy field application test
in some 2250 hot rolling mill plants. CSCG application
performance in rolling bearings, included the effect of water
on properties of CSCG, was studied. Working conditions
of rolling mill bearings are pretty harsh. Equipment has to
operate under continuous shock, vibration, and exposure to
significant amounts of water, as well as the impact of impurity
invasion. Figure 1 shows the typical seven-rack fine rolling set
in a hot continuous rolling mill. It can be seen that the bearing
box is exposed in the environment with large amounts of
water and moisture, and water and moisture may unavoidably
penetrate into the internal part of bearings by permeating the
seal, which causes negative effects on lubrication.

Considering the characteristics of rolling mill bearing’s
working conditions, the authors will focus on comparing the
changes of consistency, wear resistance, and extreme pressure
performances of used greases, as well as their consumption and
bearing temperature changes. Bearing is the open type, and
sampling point is shown in Fig 2. The sampling point is inside
the seal and close to the rolling elements. Eleven samples of
CSCG with different water content were collected randomly
from different bearings. Due to the limited sample amount,
the grease consistency was measured with the 1/4 scale worked
penetration test device.
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Figure 3 shows the trend of penetration of used CSCG
against water content. As the figure shows, the higher the water
content of samples, the smaller the cone penetration value,
which means the grease consistency was harder. If grease is too
hard, then grease will cause high torque resistance. The poor
fluidity will easily lead to uneven distribution of grease in the
bearing, and grease will have difficulty reaching the roll neck
and bearing inner circle. When the water content of this CSCG
reaches to 40% and its consistency is 66 (0.1 mm), this grease
slightly thick, but still has the good mobility.
Figure 4 shows the variation trend of used CSCG’s extreme
pressure performance against water content. With the
increase of water content, the four-ball weld load (PD) value
is gradually reduced, which may result from concentration

decrease of component with the role of extreme pressure
additive, such as calcite calcium carbonate. After heating to
remove moisture from a sample, the PD value recovered to
the original value of 400 kg. When the water content in CSCG
increases, the PD value decreases and the lowest value is 160
kg. Even when the grease is saturated with water, the PD
value is not less than 160 kg. This feature of CSCG effectively
protects the operation of bearings and improves the reliability
of bearing, so that the bearing can maintain good lubrication
performance under the condition of high impact loads.
Figure 5 shows the variation trend of four-ball wear scar
diameter against water content of CSCG. From the Figure 5,
we can see that when the water content is 7, 13, 14, and 16%,
four-ball wear scar was between 0.38 and 0.42 mm. The wear
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scar increased to 0.46 mm at 38 and 40% water content. Water
had a relatively small effect on the wear resistance of this
CSCG.
The consistency change is small and the stickiness is kept well
when CSCG is exposed to water, and it won’t be easily thrown
out when bearings operate at high speed. Due to prominent
water-resistance and comprehensive properties of CSCG,
the re-greasing period of bearings of rolling mills is greatly
prolonged, which reduces the manual grease adding frequency
and charge of water
treatment at the same time.
The comparison of data
before and after using CSCG
in steel mills is shown in
the following Table 2. Based
on the statistics of many
steel mills in China by the
authors, the consumption
amount of CSCG in bearings
of rolling mills is only 30%
of the amount of extreme
pressure lithium, or 60% of
complex lithium grease.
Continuous casting is a
process of steel production,
and it directly influences the
quality of steel rolling in the
next procedure and finished
steel materials. Therefore,
it is especially important
to guarantee normal and highly
effective operation of continuous
casters. A continuous caster uses
a lot of grease, and equipment
grease is crucial. There are many
grease types for continuous
casters in the steel industry
in China, including extreme
pressure lithium, complex
lithium, and polyurea grease.

The consumption of grease is huge, and it is easily hardened
or softened (it runs off at high temperatures, resulting in short
time between maintenance). Through on-site application
for many years, CSCGs show excellent performance that
can reduce comprehensive usage cost and reduce equipment
maintenance time. Figure 6 shows a typical continuous caster,
and Fig 7 shows the roller bearings inside a continuous slab
caster. It can be seen that grease inside bearing is full; in
addition, color and consistency are kept well.
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The pumping performance of CSCG is excellent without
pipeline blocking. With CSCG, the grease usage amount may
be reduced for continuous casters. And there is less blocking
of roller bearings and spray nozzles for cooling water. The
operation rate of continuous casting equipment is improved,
too. CSCG will gradually become the mainstream grease used
for continuous casters.
Due to excellent water resistance properties, CSCG is not
only applied to continuous casters and bearings of roller mills,
but also to other equipment that are washed with water or
stand in water.
Application of CSCG in Alkaline Environment
The CSCG in Table 3 has excellent alkaline resistance
properties. In the alkaline washing environment in a cold
rolling plant, the bearings of drying rolls are surrounded
by alkaline smog, from a mixed solution of 3-5% KOH and
NaOH. The previously adopted extreme pressure lithium
grease may soften and run off rapidly, resulting in bearing
block.
A 5% KOH strong alkaline solution was prepared, and
added (20 and 40%) to grease; then, the roller test was
conducted by ASTM D1831 for 16 h. Grease consistency was
measured before and after the test. The consistency of the
grease with 20 and 40% solution changed by -4 and -15 (0.1
mm), respectively. Using CSCG on site solved the problem of
grease thinning inside bearings after being exposed to alkaline
solution.
Application of CSCG to Protect Parts
Excellent rust-resistance property of CSCG should be
attributed to the strong polarity property of SO32- in the special
structure of raw material so that it can be easily attached on
metal surface. Also, the high alkaline value can neutralize acid
materials generated due to oil oxidation and resist contact of

oxygen and moisture with metal surface, so that it has excellent
rust resistance properties.
Due to the excellent rust resistance properties, CSCG is
widely applied in steel pipe production plants. The storage
and transport of petroleum casing pipe are mainly in exposed
environments, just as Fig 8 shows. Protective grease is
coated on the joints of petroleum steel pipes and external
screw threads. The grease shall have excellent high and low
temperature properties and rust resistance properties to
meet requirements for protection and lubrication during the
storage and transport processes in cold winters, hot summers,
rain, salt mist and other environmental conditions. Steel pipe
manufacturers require protection of petroleum casing pipe
screw threads.
It is required that screw thread grease should have excellent
brush coating and overlay properties; therefore, consistency
is generally NLGI grade 0 or 00. Traditional greases may
thin after being exposed to water, and their rust resistance
properties will be worsened. In addition, casing pipe screw
thread rusts easily in high and humid weather. The CSCG
provides an excellent solution for steel pipe production
enterprises. The salt mist test time can be 4000 h through
special formulation design and adding rust-resistance
additives. Refer to Table 3 for rust-resistance properties. Figure
9 shows the effect of using CSCG to protect petroleum casing
pipe screw threads for 1 year.
Application of CSCG to High Temperature Parts
The compatibility of CSCG and specific synthetic oils is
excellent, and Y. Kimura selects PAO to prepare CSCG with
excellent low temperature and comprehensive properties4.
In order to improve the usage effect of grease at high and
low temperatures, the author uses alkyl naphthalene as base
oil to prepare CSCG with excellent low temperature and
comprehensive properties. Refer to Table 4 for typical data
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for CSCG made from alkyl naphthalene
as base oil. Such kind of grease has
comprehensive and excellent high
temperature consistency maintenance
capacity and oxidation resistance
lifespan, extreme pressure wear resistance
property, high temperature bearing
lifespan and low temperature property.
The roll table in front of the heating
furnace is the typical environment
with high temperature about 200 °C
for a long time, and the temperature is
higher when the furnace door is open.
At high temperature, traditional grease
is easily lost or coked, while the CSCG
made from alkyl naphthalene as base
oil has excellent application effects;
in addition, the regreasing period of
equipment is improved two-fold, and
there is no obvious hardening or loss of
grease at high temperatures. CSCG has
broad application prospects for some
parts at high temperature, such as: roll
tables in front of and behind heating
furnaces, roller bearings at the bottoms of
annealing furnaces, and other parts.
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Application of CSCG in
Heavy Load Equipment
Steel plants have various
heavy load equipment such
as support bearings of ladle
turrets, clutches, exposed gears
and other machines. CSCG has
excellent extreme pressure and
wear resistance properties, and
it is extremely capable of being
used in low speed and heavy
load equipment. Open gears
operate under severe conditions,
often at their design limits.
Severe conditions include extreme pressures, varying speed
and contamination.
Grease made with complex calcium sulfonate thickener,
high viscosity base oil, and additives such as MoS2 can meet
the requirements above. The product has excellent extreme
pressure and wear resistance properties, which can form a
thick oil film on the gear surface. The majority of exposed
gear greases are applied by spray, and the minority are applied
using an oil basin, requiring grease with excellent pumpability.
It is shown in some studies that CSCG has excellent low
temperature pumpability for exposed gears5. The author uses
high viscosity base oil and adds solid additives to prepare
CSCG, which has been used in many steel plants, and the
usage effect in exposed gears of blenders and rotary kilns is
good. Refer to Table 5 for typical data of CSCG used in open
gears.
Conclusions
There are many types of equipment in steel mills, the working
conditions are complicated and abominable, and there are a
great many lubrication points. Calcium sulfonate complex
grease, with its comprehensive and excellent properties, is
being used more and more in steel mills. Certain properties
of CSCG can be improved further by formulation and
process design to meet requirements for greases on different
equipment in the steel industry. The large amount of
applications in steel mills shows that after CSCG is exposed to
water, slight changes occur in consistency and properties. In
addition, CSCG can reduce grease consumption and provide
an excellent solution for equipment lubrication in steel plants.
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Abstract

A novel polymer grease microstructure is revealed consisting
of amorphous polypropylene nano-particles uniformly
distributed in the base oil. The corresponding grease shows
excellent mechanical stability and is not subject to irreversible
shear thinning. It has a potential for use at extremely low
start-up temperatures. Rolling bearing tests show excellent
lubricating performance and the ability for enhanced lubricant
film formation. It is proposed that base oil released from the
grease carries nanoparticles into the rolling contact.
Keywords: grease, polypropylene, TEM, cryo-SEM,
microstructure, rolling bearings, lubrication mechanism,
nanoparticles.

1. Introduction

The microstructure formed by the thickener of lubricating
greases plays an important role in the lubricating performance
in rolling bearings. It typically correlates with the type and
concentration of the thickener agent, as well as base oil type
and viscosity. In turn, the thickener determines important
grease properties, e.g., mechanical stability and rheological
behavior [1]-[3]. Typically, metallic soaps form a coherent
network of semi-crystalline microfibres [4], while other
thickener types may crystallize in spherical, plate-like or
rod-like configurations [5]. An alternative technology using
a polypropylene thickener was presented previously by SKF
[6], showing enhanced lubricant film formation and friction
reduction [7]. Due to the risk of mechanical degradation of
the polypropylene thickener [8], improvement is desirable to
prevent grease softening. This investigation focuses on a new
polymer grease insensitive to mechanical degradation owing
to an alternative synthesis process [9]. The thickener structure
of the new polymer grease is characterized, and its lubrication
performance is investigated in Spherical Roller Bearing (SRB)
testing.

2. Material and Methods

2.1. Greases for thickener structure analysis
Polypropylene (PP) polymer grease is synthesised in a twostep process. First, polypropylene dissolved in base oil at
180 – 200 °C is rapidly cooled to 80 °C or below in less than
30 s. Second, the material obtained is processed at 80 ºC by
prolonged shearing at low intensity using, e.g., a planetary
mixer. During processing, the initial material, which is
relatively stiff (NLGI>4) is softened gradually over 2 – 8 hours
until an NLGI 2 – 3 grade grease is obtained having an oil
separation typically in the range of 3-6% (as per IP 121). The
grease composition in this study consists of 13 wt% polymer in
polyalphaolefin (PAO) (viscosity 68 cSt at 40 ºC). The polymer
consists of 95 wt% polypropylene (homopolymer, 50,000
<100,000) and 5 wt% copolymer (polyethylene-polypropylene
block copolymer, >200,000). The grease reaches a stable NLGI
2 consistency during processing, with a worked penetration of
approximately 265 (0.1 mm).
Grease structure analysis was performed on the
polypropylene (PP) polymer grease and compared with a
reference NLGI 2 lithium 12-hydroxystearic acid (12-HSA)
grease (Li - R). The latter was prepared in the laboratory,
consisting of 9.6 wt% thickener in the same PAO base oil.
Scanning Electron Microscopy (SEM) was used to investigate
the residual thickener structure following base oil extraction
from grease samples by rinsing with a volatile hydrocarbon
solvent. Cryogenic Scanning Electron Microscopy (cryoSEM) was used to visualize the in-situ thickener structure, i.e.,
the thickener distribution in the base oil environment [10]
[11]. Transmission Electron Microscopy (TEM) was used to
characterise the atomic structure, notably crystallinity, of the
PP grease thickener.
For rheological analysis, two commercial lithium complexPAO greases (Li - I and Li - II) possessing good mechanical
stability were used for reference. For Spherical Roller Bearing

- 40 VOLUME 82, NUMBER 1

(SRB) testing, the PP grease was additized to accommodate
wear protection. Bearing testing was performed comparing
the additized PP grease and the base PP grease. In addition,
a commercial high-speed grease (Li - III) and an extreme
pressure grease (Li - IV) were tested for reference. The main
characteristics of the investigated greases are summarized
in Table 1. The relative film thickness of the PP grease was
investigated through the use of capacity measurements. Grease
rheology was investigated on a DHR-2 rheometer from TA
Instruments, characterising shear viscosity according to DIN
51810-1, and shear stability according to DIN 51810-2. The
yield stress of the greases was determined on an MCR 302
rheometer from Anton Paar. Measurements were carried out
using a 25 mm diameter parallel-plate fixture with a smooth
stainless steel surface.
2.2. Bearing testing
Full bearing tests were performed using a modified SKF
R2F test method (obsolete DIN 51806). The test rig consist
of a radially loaded shaft mounted with two test bearings
(SRB 22312 E C3) in housings without seals, and two support
bearings (ACBB 2310 E-2RS1TN9), see Figure 1. The bearing
load, 8.3 kN, corresponds to a maximum inner ring contact
pressure of 1.1 GPa. Bearings are pre-greased (50 g) and
housings partially filled with grease (150 g) corresponding to a
filling degree of 30%.
Overall grease performance was evaluated by measuring the
self-induced temperature (outer ring) at 1000-4000 rpm over
240 h (10 days), see Table 2. After 24 h at 3,000 rpm, a fan was
used to suppress overheating of the support bearings, thereby
lowering the self-induced temperature of the test bearings.

Grease performance was benchmarked using the high-speed
reference grease Li-III. Film thickness was evaluated at low
speed and at a constant temperature of 80 °C. The procedure
comprised a running-in phase of 100 h at 250 rpm, followed
by 82 speed cycles at 0 – 250 rpm with a duration of 176 h, as
detailed in Table 3.
Lubricant film formation was evaluated individually for both
test bearings using a LubCheck system. LubCheck measures
the electrical capacitance in the rolling contact originating
in the presence of an electrically insulating lubricant film.
LubCheck provides, after filtering the raw signal, an averaged
electrical potential (V) representative of the electrical
conductivity of the rolling contact. The value varies from 0 V,
representing metallic contact, to a maximum (preset) value
representing an infinite lubricant film. Speed was changed at
1 rpm/s during cycles, i.e., requiring a speed ramp of 4 min,
9 s to complete a maximum increase/decrease of the rotation
speed. As a result, the variation in film thickness could be
monitored accurately. The LubCheck signal is converted to
a mean lubricant film thickness through a calibration step
by repeating the test procedure using PAO base oil (viscosity
400 cSt at 40 °C). The empirically obtained curve is fitted to the
theoretical mean film thickness of the PAO oil as a function
of speed, using the bearing geometry and base oil viscosity
as input parameters. Using the calibration step, differences
in permittivity between reference oil and greases are not
considered. The calibration represents simplified assumptions
regarding film thickness, however provides a direct
comparison of film building behavior of the experimentally
tested greases and the reference PAO base oil.
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3. Results and discussion

3.1. Grease structure characterisation
Figure 2 shows SEM micrographs comparing the thickener
structure of the PP grease before and after the processing
step during synthesis. The structure before processing is
highly condensed, whereas the processed structure is more
porous. On a smaller length scale, a nodular morphology is
visible in both cases. Identical nano-scale particles of 10-15
nm diameter are present in the initial and in the processed
materials; these must, therefore, form during phase separation
of polypropylene in base oil and remain after processing.

The particles appear spherical and homogeneous in size and
distribution. SEM micrographs of the lithium grease Li-R, in
Figure 3, show a thickener consisting of thin elongated fibres
with a substructure of coiled helices. In turn, these consist
of semi-crystalline material, as has been reported previously
[12]. Clearly, the polymer thickener has structural elements
on a nanoscale, much smaller compared to the lithium soap
thickener. It should be noted that after removal of the base oil
from the sample material for SEM analysis, the thickener fibres
are no longer dispersed in a reticular form and appear highly
concentrated.
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Figure 4 shows TEM images of the PP grease after processing,
deposited on a copper grid. The TEM image of the thickener
associated with the electron diffraction pattern clearly reveals
that the polymer thickener has an amorphous structure. An
Energy Dispersive X-Ray (XRD) analysis of the structure
reveals that it is composed completely of carbon (not shown in
this article).
The in-situ microstructure of the above greases is shown in
Figure 5, using cryo-SEM analysis of freeze-fractured samples
[12][13]. The fracture surface
of Li-R shows isolated, coiled
fibre helices. Observation of
complete fibres is limited by the
necessity to align the fracture
angle with the fibre direction.
The processed PP grease shows
a very distinct microstructure,
consisting of a homogeneous
distribution of particles in
PAO base oil. The particles
are spherical, with a diameter
of 10-15 nm, corresponding
well with the SEM analysis. No
visible connection is identified
between the particles. It may be
inferred that due to their small
size, the particles remain intact,
or at least visible, following the
freeze-fracture process.
Overall, electron microscopy
reveals a PP grease
microstructure composed of
homogeneously dispersed,
amorphous, solid polypropylene
particles of 10-15 nm diameter.
Rheological investigation
(discussed below) offers clues,
not regarding the nature of the
interaction, but regarding the
extent of the interaction inside
the PP grease. It is clear that in
comparison with the lithium
grease (fibre network) and also
other polymer greases previously
reported, the microstructure of
the PP grease presented here is
radically different.

the grease before and after processing. Before processing,
fibre-like connections can be seen in the fracture zone. This
is an indication of strong internal cohesion in the thickener
structure before processing. The enlarged image clearly
shows that this is the result of cohesion between particles.
After processing, the cohesion has largely disappeared. This
supports the cryo-SEM observation that particles are no longer
physically connected after processing. The in-situ structure of
the PP grease before processing could not be investigated due
to difficulties freeze-fracturing this material.

Figure 6 shows SEM
micrographs of fractures in the
PP thickener (after removal
of the base oil), comparing
- 44 VOLUME 82, NUMBER 1

3.2. Grease properties
The roll stability test (ASTM D1831) resembles the
processing step at low shearing intensity during polymer
grease synthesis, notably over an extended duration. The
polypropylene grease investigated was processed to a worked
penetration of 269 (0.1 mm, NLGI grade 2 consistency).
Additional processing will result in limited, further softening.
The current composition was targeted at an NLGI 2 grease,
while balancing moderate processing time and good
mechanical stability. After roll stability testing for 50 h at 80 °C,
the worked penetration increased by 42 from 269 to 311 0.1
mm, and additized grease work penetration was increased by
35 from 269 to 304 0.1 mm, see Table 1. At this point, it can be
expected that nanoparticles in the thickener structure are fully
separated. It is likely that interparticle interactions providing
grease stability are related to steric interactions between
polymer chains protruding from the nanoparticles. This could
be further promoted by the high molecular weight copolymer
fraction in the polymer grease. The “stabilized” consistency,
obtained by extended low intensity shearing, depends on the
concentration of particles. By increasing thickener content,
the stabilized consistency will shift upwards. Drastically
increasing the shearing intensity during processing, e.g., by
homogenisation, may degrade interparticle interactions, or
possibly, the nanoparticles themselves. In bearing lubrication,
there is high shear stress only close to or inside the rolling
contacts. The lubrication mechanism should, therefore, not
depend on mechanical thickener degradation to replenish the
rolling contact.
The flow properties of the polymer grease and lithium
complex greases were investigated as a function of shear rate
at 25 °C using DIN 51810-1. The transition from elastic solid
to a viscoelastic liquid occurs when exceeding the yield stress,
τγ. In Table 4, the yield stress is shown as obtained from the
shear stress at the maximum viscosity. Beyond this point, the
viscosity decreases due to breakdown of internal cohesion with
increasing stress. As can be seen, Li-I shows the lowest yield
stress (134 Pa), followed
by polytetrafluroethylene
(PTFE) grease (143 Pa) and
Li-II (219 Pa). This follows
the trend in cone penetration
data. Surprisingly, the PP
grease has a much higher
yield stress (453 Pa) but
a cone penetration value
similar to the other greases.
This may be beneficial to
retain a grease reservoir in
bearings close to the rolling
contact, or to prevent grease
leakage.

Oscillatory shear was applied to characterise the Linear
Viscoelastic (LVE)behavior of the PP grease at low shear rates,
in the region before the grease yields. The measurements
are performed by applying an oscillatory amplitude shear
sweep, τosc, ranging from 1 to 10,000 Pa and keeping the
angular frequency constant, ϖ= 10 s-1 as defined in DIN
51810-2. Characterized by the storage G’ and loss G” moduli,
the LVE represents the elastic and viscous parts of the
grease, respectively. In Figure 7, the stability of the PTFE
greases is compared in the LVE domain at 40 and 80 °C. The
PTFE grease is composed of PTFE thickener and synthetic
fluorinated polyether base oil and is NLGI grade 2.
Good bearing performance requires G’ >> G” in the LVE
region, essentially giving the grease’s inherent stiffness. At the
cross-over stress, τco, the material is already in a state of flow.
Clearly, the PP grease shows good stability in the LVE region
and very similar behavior at 40 and 80 °C.
Low-temperature properties of the PP grease were
investigated using the low-temperature torque method
according to IP186. This test evaluates the extent to which
grease retards the rotation of a slow-speed ball bearing by
measuring starting and running torques at low temperatures.
Behavior was investigated at -40, -54, -60, and -65 °C. Shown
in Table 1, the starting torque is well below 1,000 N-mm at all
temperatures, even at -65 °C. In contrast, the running torque
of the PP grease is above 100 N-mm in all cases, showing that
it does not drop substantially below the starting torque. Likely,
the nanoparticle structure is stable against shear thinning
at very low temperatures. Due to the presence of physically
detached nanoparticles, flow properties of the PP grease
will be largely unaffected by the glass transition temperature
(Τg) of polypropylene, which is between -10 and -20 °C 14.
This enables the use of this combination of nanoparticles
and polypropylene at temperatures of -60 °C or even lower.
Polypropylene polymer greases (without nanoparticles) based
on a network microstructure will freeze below Τg and impair
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low-temperature startup and running, as reported previously.
Low application temperatures are also possible using lithium
complex greases combined with low base oil viscosities.
However, the trade-off is lower mechanical stability and
reduced performance at intermediate and higher temperatures.
3.3. Bearing testing
Figure 8 shows film building behavior of the PP greases
during R2F testing at 80 °C and at low speeds in the range of 0
– 250 rpm. The calculated nominal film thickness is shown for
reference, for PAO base oil of 68, 200, and 400 cSt viscosity at
40 °C, respectively. Comparison is made between film building
of the PP grease after running-in for 100 h at 250
rpm, and after 176 h (7 days) of stop/start cycles. It
can be seen that lubricant film formation is strongly
enhanced compared to base oil lubrication. Also,
with increasing speed, the film thickness becomes
similar to the nominal film thickness for a base
oil viscosity of approximately 200 cSt at 40 °C.
The film-building properties are different directly
after the running-in step and after completing the
stop/start cycles. For the latter condition, the film
thickness is finite even at very low speed, suggesting
the PP thickener has formed a semi-permanent
lubricant film. This behaviour is not seen after
the running-in step. It is therefore feasible that
the film formation is reversible depending on the
operating conditions. In turn, this suggests that
the interaction between the PP thickener and the
bearing surface does not lead to a hard, solid film.
The presence of a reversible film may be beneficial
for reducing friction.

after 6 h, followed by a gradual and continuous temperature
decrease to <45 °C after 48 h. The PP base grease and PP
additized grease behaved similarly. At higher speeds, the
self-induced temperature of the additized PP grease was
consistently lower compared to the PP base grease. The latter
showed a tendency to generate brief temperature peaks up to
80 °C, when ramping up the speed. In contrast the additized
PP grease only showed minor temperature peaks when the
speed was increased. Additional air cooling at 3,000 rpm (see
experimental section) lowered the self-induced temperature by
some 10 °C. At the highest speed of 4,000 rpm, temperatures
reached approximately 67 °C for the base grease and 64 °C

Film thickness as measured after
the running-in phase represents the
lubricating conditions under steady state
conditions. During stop/start cycles, the
lubrication conditions will be interrupted,
promoting grease migration and
replenishment; it is likely that this triggers
thickener interactions in the contact,
leading to enhanced film formation even
at very low speeds. The PP grease could
be a preferred formulation for many
application conditions where a selfadjusting lubricant film is beneficial.
Figure 9 shows the self-induced
temperature of the PP base grease and
additized PP grease during R2F bearing
testing at 1,000 – 4,000 rpm. The selfinduced temperature at 1,000 rpm reached
a maximum of approximately 55 °C
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for the additized grease. Overall, the PP grease showed stable
lubrication behavior, whereby additives lowered operating
temperatures by 8 °C depending on speed and contributed
to a smoother temperature profile. As discussed below, the
presence of additives may suppress excess layer formation by
the polypropylene, rather than providing an intrinsic friction
reduction.
Comparison of the additized PP grease, high-speed grease
Li-III, and extreme pressure grease Li-IV, is shown in Figure
10. The self-induced temperature of Li-IV is consistently
higher compared to that of the PP grease and Li-III. As
Li-IV contains a mineral oil of higher viscosity (200 cSt at
40 °C), and has been optimized for high-load conditions,
the observation of higher self-induced temperatures is not
unexpected. Furthermore, bearing and grease analysis (below)
show evidence of surface damage due to severe starvation
effects at increasing speed (results not shown). This may
also explain that the largest temperature difference (>10 °C)
between the PP grease and Li-III is observed at the operating
speed of 4,000 rpm. Li-III may be considered as a low-friction
reference in the R2F testing, containing a low viscosity blend
of PAO and synthetic ester (25 cSt at 40 °C). It can be seen that
Li-III results in the lowest overall temperature at 4,000 rpm (58
°C), whereas the additized PP grease generates the lowest selfinduced temperature at 3,000 rpm. The overall temperature
profile of both greases is surprisingly similar.

4. Discussion

Synthesis of polymer grease is similar to that of porous
polymeric materials, [15]-[18], applying temperature-induced
phase separation to a polymer-solvent mixture [19]-[22].
Here, typically a porous matrix with a lacy, cellular, or nodular
morphology remains after solvent extraction [23]. In this
study, “porous polymer” is processed in the presence of its
base oil “solvent” to obtain functional polymer grease. CryoSEM and TEM analysis show that after grease processing,
the in-situ morphology consists of uniformly distributed,
amorphous nanoparticles of 10–15 nm diameter, in the base
oil. Van de Witte et al. extensively reviewed the experimental
and theoretical research in understanding the mechanisms of
formation of porous morphologies [24]. Cooling a mixture
of polypropylene and base oil leads to liquid-liquid phase
separation; however, due to polypropylene solidification,
this is essentially a solid-liquid phase separation process.
The presence of nanoparticles indicates that, for the polymer
grease, this occurs via nucleation and growth, as was shown
previously for phase separation of polypropylene/mineral
oil mixtures [25][26]. It is likely that the copolymer used for
polypropylene grease synthesis acts as a nucleating agent
during nanoparticle formation. Therefore, the role of the
copolymer could be critical in creating the microstructure.
This behaviour is unlike the use of a copolymer as a modifier
or co-thickener to improve, e.g., stability or oil separation
properties.
The properties of the polymer grease, when
behaving as a nanofluid, will be governed by
the interactions between particles and not by
physical connections. Rheology shows that
irreversible shear thinning does not occur;
rather, the grease shows excellent stability
and flow behaviour combined. This is also
confirmed from the mechanical stability of the
grease. Traditional polymer greases forming a
network microstructure are inherently sensitive
to mechanical degradation. The polymer
grease also provides the basis for excellent lowtemperature flow behaviour, as it does not form
a thickener network sensitive to solidification at
low temperatures. This was confirmed in lowtemperature torque testing at temperatures as
low as -65 °C. In this respect, previous polymer
greases should not be compared with the new
composition.
It is commonly known that the grease thickener
can enhance film formation in rolling contacts [27]-[35].
Recent studies correlate film thickness enhancement under
fully flooded conditions to microstructure characteristics [36]
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and predict increased thickener contribution with
decreasing length scale of the microstructure
[37]. In our testing, the polymer thickener clearly
enhances film formation, the extent of which
is strongly dependent on speed and runningin conditions. We argue that deposition of
polypropylene particles, carried by the base oil,
results in enhanced yet reversible film formation.
This may explain consistently low self-induced
temperatures for the polymer grease, comparable
to a high-speed lithium grease of lower base oil
viscosity, over a wide speed range during bearing
testing. We expect behaviour similar to that
of a nanofluid close to the rolling contact, in a
manner similar to that reported for nanoadditives
in lubricants. Metallic, ceramic and mineral
nanoparticles have been studied extensively for
improving friction and wear characteristics of
lubricating oils [38]-[40]. Notably, the ability of
nanoadditives to penetrate and pass through the
rolling contact during oil replenishment, thereby adhering or
sintering at the surface, has been emphasized as the mechanism
behind their performance. Polypropylene nanoparticles should
be equally effective in reaching the surface, either by bulk grease
or by oil replenishment, similar to nanoadditive behavior.
This could lead to lubricant film enhancement and/or layer
formation. A possible mechanism for friction reduction has
been reported where spherical nanoparticles are flocculated and
adhere to the rolling surface when trapped in the converging
inlet gap of the lubricated contact [41]. Polypropylene particle
deposition may occur in a similar manner. This provides the
conditions for the formation of very thin PP layers. In turn,
this can contribute to friction reduction when associated with
moderate layer formation.
Generally, the lubricating film thickness in grease-lubricated
bearings is determined by hydrodynamic action of the base
oil under EHL conditions [35]; thus PP particles present will
enhance base oil properties and/or boundary layer formation.
Figure 11 shows a schematic representation of film thickness
and pressure in a fully flooded and starved EHL contact [42].
In the latter case, the film thickness is reduced at higher speeds
due to a lack of lubricant in the inlet side of the contact. The
change in thickness of these layers is given by the difference
between the feed and loss flow rates of lubricant into or out
of the raceways [43]. It is expected that under fully flooded
conditions of grease churning, the polymer grease acts as a
highly concentrated nanofluid. This can lead to an imposed
layer formation, and increased friction, due to the excess of
thickener in the contact. When replenishment occurs due to oil
bleeding from the bulk grease, particles will be diluted in the
oil, and deposition in the contact will be greatly reduced. Under
starved conditions, it can be expected that particles transported
into the contact are effectively trapped, imposing thin layer

formation. It can be expected that layer formation continues
under starved conditions provided oil replenishment occurs. In
contrast, traditional greases rely on residual layers under starved
conditions.

5. Conclusions

The polymer grease in this study consists of polypropylene
nanoparticles uniformly distributed in base oil. A
straightforward process leads to this structure:
• Polymer grease preparation in a new two-step process of
temperature-induced phase separation of a polypropylene
polymer/PAO mixture, followed by processing at low-shear
intensity.
• Phase separation by nucleation and growth results in the
formation of a network of connected polypropylene polymer
nanoparticles.
• The polypropylene polymer nanoparticles are spherical, solid
and amorphous with a diameter of 10-15 nm.
• Processing separates the particles from the network resulting
in the formation of shear stable nanofluid.
• The copolymer used is likely to act as a nucleating agent for
nanoparticle formation.
The polymer grease presented possesses some defining
properties:
• A high yield stress and fully reversible shear thinning
behavior.
• A thickener structure insensitive to mechanical degradation.
• A stable grease consistency after prolonged shearing.
• Enhanced lubricant film formation at low speed.
This new generation polymer grease shows excellent
lubrication performance:
• The basic composition provides low friction performance
over a wide speed range, similar to high-speed reference
grease.
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• Potential for use at extremely low start up temperatures, e.g.,
-65 °C without compromising the grease mechanical stability.
• It is proposed that the polymer grease behaves as a nanofluid
close to the contact, resulting in prompt release of oil and
nanoparticles from grease into the rolling contact, whereas
further away from the contact, grease settles and stabilizes.
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Abstract
The most important difference between a lubricating grease
and a liquid lubricant is the thickener that gives the grease its
structure. The thickener is responsible for the non-Newtonian
behavior and some characteristics of the lubricating grease.
Since Clarence E. Earle first filed for a US patent in 1940 for
the use of lithium soaps as lubricating grease thickeners, their
use has grown to 75% of the global market.
Grease makers are looking to replace, supplement or change
the lithium and lithium complex thickener systems of greases
that they manufacture with alternative thickeners due to
critical changes in cost and availability of lithium. This paper
will review the 2015 NLGI grease production survey, discuss
thickener options, and highlight experimental results for
three thickener systems that deliver the same performance
as lithium. These three thickener options are borate ester
technology, anhydrous lithium hydroxide dispersions, and
high soap calcium sulfonate complexes.
Introduction
The largest volume of grease thickeners sold globally are
lithium soaps with around 54.5% based on conventional soaps
and lithium complexes at almost 20% of the global market in
2015 (1). Comparing these volumes to the 2005 figures (2), it
is apparent that the volume of simple lithium soap has fallen
from 57.6% to 54.5%, but the volume of lithium complex
thickeners has almost doubled from 10.8% to 19.7%.
This is a significant simplification of the actual regional
volumes, and to understand the need for alternative thickener
technology these volumes need to be looked at regionally.
• In North America, lithium complex thickeners are the
dominant player with 39.1% of the market followed
by conventional lithium soaps (25.8%) and aluminum
complexes being a distant third (8.8%). All calcium soaps
grouped together make up only 4.5% of the market

• In Europe, conventional lithium soaps make up 53.3% of
the market, lithium complex thickeners 16.3%, and no
other thickener more than 6%. Collectively though, calcium
soap greases make up just over 10% of the market.
• The other significant regional differences are Japan and
the Indian Sub-continent. In Japan, 56.4% of thickeners is
conventional lithium soap, but only 3.1% s lithium complex.
The other commonly used thickener volumes are polyurea
and urea complex with 28% of the market. Calcium soaps
and other specialty thickeners account for around 5% each.
By contrast, in India, conventional lithium soaps dominate
the market approaching 85% with complexes only around
7%. The Chinese market consists of 63.6% conventional
lithium and 16.9% lithium complex thickeners. The rest of
the world uses approximately 150,000 metric tons (12.3%
of the global grease volume); about 53% is conventional
lithium and 20% lithium complex.
A conventional lithium grease thickened with only
12-hydroxystearic acid uses about 1.2 wt% of lithium
hydroxide monohydrate (LHM), and a diacid carboxylate
complex grease uses about 2.0 wt% LHM.
Reviewing grease volumes, it is clear that the growing volume
is lithium complex with conventional lithium embracing the
commodity market. There is a perceived need to improve the
properties of lithium complex greases in the following areas:
water resistance; oxidation stability, grease life; and bleed.
Oxidation stability and life improvements have been presented
previously (3), and polymer technologies are available to
improve water resistance (4).
In North America, new specifications have appeared that
require dropping points above 280 °C. Some customers have
requested thickener systems that have consistently high
dropping points above 300 °C, trying to match the behavior
of calcium sulfonate greases. However, the majority of lithium
complex greases sold in North America have dropping points
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of 260 °C to 280 °C. Historically in Europe, higher temperature
greases had to possess dropping points only above 220 °C.
With the globalization of specifications, dropping points for
high temperature greases above 260 °C are now required by the
majority of published specifications.
In the last 10 years, lithium ion batteries have risen to be the
energy storage media of choice. The battery in a cell phone
uses up to 6 grams of lithium, whilst a laptop computer or
tablet uses 20 to 40 grams of lithium (5). The biggest new
drivers of lithium demand are plug-in electric vehicles. It is
estimated that a 70 kWh battery to power a plug-in electric
bus or performance car would use 63,000 grams of lithium, the
equivalent to 10,000 cell phones. From Table 1, the amount of
lithium metal used in grease in 2015 was around 2,000 metric
tons. The volume of lithium metal sold into batteries in 2015
was 12,000 metric tons. This volume is predicted to increase to
24,800 metric tons in 2020 and to 48,700 metric tons in 2025.
This volume for batteries is larger than the projected supply
volume available (5).
This demand for lithium for batteries has created a shortage
of supply and a significant increase in prices of LHM. In 2016,
the price of LHM doubled in North America, tripled in most
of the rest of the world, and in India rose more than seven
times the average 2015 price. For a conventional lithium grease
in North America, the cost of LHM increases the cost of the
base grease by about 13% and by about 19%.for a carboxylate
lithium complex base grease.
Grease makers are now looking to replace, supplement or
change the lithium and lithium complex thickener systems
of greases that they manufacture with alternative thickeners.
Reviewing the available options for grease makers it is clear
that the usable alternative thickeners depend on significant
regional market forces and manufactured volumes. This paper
will now discuss thickener options and highlight a few ways
that grease makers can deliver the same performance with
modified and alternative thickener systems.

Industrial and Automotive Grease Options
In North America, lithium complex is the dominant
thickener with conventional lithium soaps being mostly used
for commodity greases. A significant portion of the lithium
complex greases is used in automotive applications. Today,
very little calcium sulfonate, aluminum complex or calcium
sulfonate complexes are sold into the automotive industry.
Based on past experiences, it is not likely that the volumes of
these three thickener types will increase much for automotive
applications.
It should be possible for North American automotive
component manufacturers to migrate to urea thickened
greases like those used in the Japanese automotive industry. In
Japan, there appears to be available capacity to manufacture
urea greases, and it is likely that the migration to urea greases
from lithium will further accelerate in Japan. For industrial
applications, lithium complex greases, can be replaced by
calcium sulfonate, aluminum complex or calcium sulfonate
complexes and in some instances, where compatibility is not
an issue, by clay thickened greases.
Electric motors are another area where both lithium complex
and urea thickeners are used. Prior to the recent steep rise
in lithium prices, lithium complex greases were a lower cost
option for electric motors compare to the higher priced ureathickened greases. The gap in costs has narrowed, and lithium
complex grease prices may rise above those for urea greases if
the LHM price rises much further.
In Europe, the outlook appears to be much bleaker. Chemical
regulation of di-isocyanates and urea thickeners seems to
preclude switching to urea greases. Again, the European
automotive industry has little experience using calcium
sulfonate and aluminum complex greases. For industrial
greases, these two thickeners would offer alternatives, as would
using anhydrous calcium, clay, or calcium complex thickeners,
which are still made in quantity. However, calcium greases do
not match the temperature profile of lithium greases, and it
would be necessary to improve the thermal stability of calcium
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grease in order to replace lithium grease.
In India, grease makers face similar challenges to their
colleagues in Europe. They have been looking to replace
lithium greases with mixed calcium-lithium soap (6) for
automotive applications, but face the thermal stability issue of
calcium and mixed soap greases. Titanium complex greases
have been proposed for steel mills and other industrial uses
(7). Work has just started in India to look at urea greases (8)
for use as alternatives to lithium complex greases.
The use of boron additives in lithium greases
Boric acid has been used for a number of years as an
alternative to aromatic acids or dicarboxylic acid complexing
agents for lithium greases. As described in the NLGI Grease
Guide 6th Edition (9), boric acid can be difficult to incorporate
and is currently the subject of regulatory scrutiny. Other
sources of boron that can be more easily incorporated into
the greases are now preferred. Borate esters are a relatively
easy way to deliver higher dropping points. Traditionally,
low molecular weight borate esters were used, but other
components to do this are now available. Lorimor (10)
described and reviewed various boron chemistries that
are available, noting that some work better when used in
conjunction with a zinc dithiophosphate (ZnDTP) additive.
Table 2 compares data for several combinations of borate and
ZnDTP additives in a lithium base grease.
Based on the data presented in Table 2, borate esters can
deliver elevated dropping points. However, borate esters are
not without issue. Hydrolytic and thermal stability can be
poor and they can release alcohols and boric acid, which is an

environmental concern in some markets. The alcohols can give
rise to odors, which may be undesirable. The earliest borate
esters used butanol or isobutanol. Because of the issues related
to hydrolytic and to thermal stability, along with the pungent
odors, additive manufacturers switched to longer chain
alcohols for the products sold today.
A new lower odor borate ester was developed and tested in
a variety of greases to investigate its effect on the dropping
points and to explore its use as a grease complexing agent.
The first study used a conventional lithium grease base with
an ISO VG 100 Group I mineral oil and compared two borate
esters, with and without ZnDTP. The current borate ester was
BE1, and the new, lower odor borate ester was BE2. The base
greases were heated to 100 °C and the borate esters were mixed
in, followed by the ZnDTP. Then, the greases were milled and
de-aerated. As can be seen from the data in Table 3, the new
odorless borate ester (BE2) additive matched the behavior of
the current borate ester (BE1). All greases treated with the
borate esters had dropping points above 260 °C.
Grease complexing agent issues
The demand for lithium complex grease has increased
globally by 30% over the last few years, from 15% of the market
in 2005 to just under 20% in 2015. Typical dicarboxylate
lithium complex greases use around 2.0% lithium hydroxide
compared to around 1.2% for a simple lithium grease or a
borated lithium complex.
According to the NLGI Grease Guide (9), a complex soap
thickener contains a thickening soap and a complexing
agent. The thickening soap solidifies the base oil, and the
complexing agent gives
the thickening soap better
thermal stability. The
Guide further states that
the choice of complexing
agent depends on the
metal in the thickening
soap. Calcium soaps are
typically complexed with
acetic acid, and aluminum
soaps are complexed with
benzoic acid. The first
complexing agent used
for lithium soaps was
acetic acid (9), but this
did not give the grease the
same stability as it did for
calcium greases. In the
1970s, boric acid was first
used as a complexing agent.
Other aromatic organic
acids such as salicylic or
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p-hydroxybenzoic acid were also first used about this time,
but today only a small number of manufacturers still use
this technology. Dicarboxylic acids became the complexing
agents of choice and dropping points above 260 °C could be
readily obtained. At the current time, azelaic (C9) and sebacic
(C10) acids are used most commonly, and adipic (C6) and
dodecanedioic (C12) are used to a lesser extent. As reported in
2014 (11), it can be challenging to control the grease making
process to get good complexing with these acids. Today there
appears to be a supply shortage of sebacic acid, which is further
restricting the growth of lithium complex greases.
In their 2014 NLGI paper, Fish and Hsu (12) outlined how
the use of a micronized and dehydrated lithium hydroxide
dispersion in oil could help to make superior carboxylate
lithium complex greases with higher dropping points and
better thermal stability. With today’s issues related to the cost
and supply instability of LHM, that work was revisited and
looked at not from a view point of making the grease better,
but to match the performance at lower lithium and complexing
acid content.
Four greases (358, 365, 366 and 375) were compared. Greases
358 and 375 used the same amount of 12-hydroxystearic and
azelaic acids (73.8 and 22.9 g, respectively), as did Greases 365
and 366 (86.3 and 10.7 g, respectively) but different amounts of
lithium hydroxide additives and base oil, Table 4. The amount
of oil for the lithium dispersion greases was reduced to keep
the thickener content constant and was targeted at 10 wt%
thickener.
It was reported that the lithium hydroxide dispersion not
only reacted
faster and
reduced the
time to process
a batch, but
also gave
slightly better
grease yields
(12). However,
comparing the
raw material
costs of greases
358 and 375,
the one using
the lithium
hydroxide
dispersion (358)
on an equal cost
basis attracts

about a 3% premium over the cost of the one manufactured
with LHM in water (375). Comparing the penetrations and
dropping point of Grease 375 with Grease 365, these basic
properties are the same (within test method repeatability).
Comparing the raw material costs for greases 365 and 375),
the one using the lithium hydroxide dispersion with the
lower content of diacid (grease 365), offers a cost reduction of
5.5% compared to the cost of the grease made with standard
LHM powder mixed with water route (grease 375),. The
additional thing to note from the previous paper is that it
takes about 4 hours less to run a 1 step process with a single
co-saponification reaction compared to running a two-step
sequential saponification. The data for the four carboxylate
complexes is included in Table 4. Not only does the use of the
lithium hydroxide dispersion use less diacid, but also saves
considerably on the amount of lithium equivalents needed for
each batch of grease.
Borate esters as complexing agents
As reported earlier, boric acid is a well-known complexing
agent for lithium greases but is not without issues. The key
question that has arisen about the use of borate esters in grease
is whether they can replace both boric acid and dicarboxylic
acids as complexing agents.
To address this question, three greases were prepared. The
base oil was a mixture of 112 mm2/s (112 cSt at 40 °C) Group
I paraffinic oil and 2000 Dalton (g/mol) polyisobutylene (PIB),
giving an ISO VG 220 final base oil viscosity. All three greases
used the same multi-purpose zinc-containing additive package
at 4% treat rate. This additive package was used in order to

Notes: Penetration is defined as the distance a cone of specified dimensions, mass and surface finish falls into
the grease when allowed to drop for 5 seconds. The penetration is measured in tenths of a millimeter, typically
written as dmm (9). Thickener concentration calculation is given in the Appendix.
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compare the influence of the thickener on the performance of
finished grease.
The first sample, Grease 89, was a 2:1 acid mole ratio sebacate
complex with a thickener content of 10.7 wt%. The second,
Grease 90, was a conventional lithium soap grease with 5.5
wt% 12-hydroxystearate soap, and the third, Grease 91, had 5.7
wt% lithium 12-hydroxystearate soap complexed with 2 wt% of
the low odor borate ester, BE2.
Standard tests were carried out to compare the performance
of these three greases and the results are reported in Table 5.

The data gathered so far show that a borate ester lithium
complex grease performs as well as a dicarboxylate lithium
complex and better than a conventional lithium soap grease.
The increase in oxidation life for the borate grease, measured
by the increase in oxidation induction time (OIT) using
pressure differential scanning calorimetry (PDSC), confirmed
results reported by Lorimor (10). Also revisited were the
rheological behaviour and a reciprocating temperature ramp
test used by Lorimor (10). In this rheology test, the lithium
soap grease started to soften above 180 °C, but the two
complex greases were fairly stable to 260 °C. The behaviour of
the three greases is shown in Figure 1.
By switching from a diacid to a borate
ester for the complexing agent, grease
makers can save on the raw material costs
for making a lithium complex grease.
Looking at just raw material costs for
conventional lithium and borate esterlithium complexes, based on the current
price of LHM ($25 / kg) it still just cost
effective to use it as the lithium source.
Moving to the borate ester complex would
use significantly less LHM and, in the
case of supply shortage, allow the grease
maker to produce 2.7 times the amount
of borate ester-lithium complex grease
compared to a dicarboxylate complex.
Comparison of the costs of the grease and
the amounts of LMH and lithium metal
are included in Table 6.
The use of borate ester additives in
calcium greases
The next option studied to reduce the
reliance on lithium hydroxide
was to investigate if anhydrous
calcium greases could be used
instead of lithium soap greases.
In North America, anhydrous
calcium greases account for
about 3.8% of the market, which
equates to 8,300 metric tons.
In China, 14,000 metric tons of
anhydrous calcium soap greases
are sold (3.5% of the market),
and in Europe, the volumes are
3.2% of the market or 6.500
metric tons.
If the ISO 2176 or IP 396 test
methods are used to measure
the dropping point of anhydrous
calcium greases, a typical value
of around 145 °C is obtained.

When using the ASTM D2265 method, dropping point values
of around 155 °C are obtained. This latter test method is
not used widely in Europe. Several specifications demand a
dropping point above either 163 °C or above 177 °C, which
cannot be met easily by anhydrous calcium greases, and hence,
conventional lithium soap greases are used.
The present study investigated whether borate ester
chemistry could boost the dropping point of such anhydrous
calcium greases, with and without ZnDTP, to above the 163
°C minimum requirement. An NLGI #2 anhydrous calcium
soap grease was prepared using an in situ reaction of hydrated
lime mixed with water and 12-hydroxystearic acid in a 30:70
blend of a 750 naphthenic oil with a Group II 600N paraffinic
oil. Table 7 shows the data from the study of borates on the
dropping point of anhydrous calcium greases.
The results of this study showed that it was possible to use
borate esters to achieve dropping points above 163 °C but not
above the 177 °C minimum. This suggests that borate esters

could be used to boost the dropping point to meet some lower
lithium soap specifications but not applications that required
dropping points above 177 °C.
Next, this study investigated the use of borate esters to
increase the temperature resistance of mixed soap calciumlithium greases and check whether they could exceed the 177
°C limit. Initially, an anhydrous calcium grease (C6) and a
conventional lithium grease (L11) were manufactured using
the same naphthenic-paraffinic base oil blend from above.
Dropping points were measured after these greases were
manufactured and again after treating with 3 wt% of the borate
ester BE2 as above. Samples of the two base greases (C6 and
L11) were then combined in ratios of 75:25, 50:50 and 25:75.
The samples were milled and deaerated and tested for dropping
point, and then treated with 3 wt% of the borate ester BE2 and
tested. The dropping point results in Table 7 for the simple
mixtures did not reach the target of 177 °C without mixing
more than 50 wt% of the lithium soap base mixed with the
anhydrous calcium base.

- 55 NLGI SPOKESMAN, MARCH/APRIL 2018

However, mixing a finished lithium 12-hydroxystrearate
grease and with an anhydrous calcium grease is not a practical
reality. Three new greases were manufactured in the same base
oil blend as before. The 12-hydroxystearic acid was heated in
the oil, and then the lime and lithium hydroxide monohydrate
(mixed together with water) were added to the oil. The mixture
was held at 90 °C or one hour for saponification and then
heated to 200 °C followed by cooling to 100 °C. Each sample
was then divided in two equal portions, and borate ester
BE2 was added to one portion. The greases were milled and
deaerated, and dropping points were measured by ASTM
D2265, Table 9.
It is clear from the dropping point data in Table 9 that adding
3 wt% of the BE2 to the 75 wt% calcium: 25 wt% lithium mixed
soap grease (Grease MS10) gave a similar dropping point (187
°C) to that of the 25 wt% calcium: 75 wt% lithium (Grease
MS9) without the borate ester (189 °C). Both MS9 and MS10
had higher dropping points than the177 °C target. With the
borate ester, it was possible to use a lower amount of lithium
grease to meet this dropping point specification.
The next step was to look at the relative costs of using
additional lithium hydroxide versus adding the borate ester.
Raw material costs were calculated from typical market prices
for hydrated lime, LHM, 12-hydroxystearic acid, and the
two base oils. Relative costs for the various options could be
compared on a raw material basis, normalized to the cost of
one kilogram of the anhydrous calcium soap thickened grease,

C6. The relative costs in Table 10 illustrate that at June 2017
prices of LHM, there is almost no cost difference between
MS9 and MS10 greases. The biggest difference is that MS10
uses one third of the amount of LHM compared to MS9. If the
price of LHM rises (and/or its availability becomes limited), a
formulation such as MS10 becomes more attractive.
Calcium Sulfonate Greases
Sulfonate greases have found widespread use in applications
that require high temperature tolerance and good load
carrying capacity. The general process for making gelled
calcium sulfonate grease has remained largely unchanged
since these types of greases were first developed in the 1960s
(13). Firstly, an overbased calcium sulfonate with a total
base number (TBN) of 300 to 500 mg KOH / g equivalents
is added to a grease kettle. The highly overbased sulfonate is
mixed with base oil and treated with acid to destabilize the
micellular structure. Then, promoters and water are added,
and the material is heated to its gelation temperature. Provided
that the water and promoters are retained in the mixture,
the amorphous calcium carbonate is converted to crystalline
calcite within one to five hours. The final step is the removal of
water and promoters from the mixture.
Prior to 1985, calcium sulfonate greases based on natural
sulfonates (a by-product of Group I refining in which the
distillate fraction is treated with oleum to remove aromatics)
were a niche product manufactured and sold only in small
quantities. The greases had very good antiwear and extreme
pressure (EP) properties without the use of additives along
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with dropping points above 300 °C and low oil separation.
Their negative aspects were high thickener content and
associated cost compared to other greases, and water spray off
and low temperature mobility.
At the NLGI Annual Meeting in 2008, Denis and Sivik (14)
presented a paper on improvements to calcium sulfonate
gelling technology. They outlined a procedure to incorporate
the promoter system into an overbased synthetic sulfonate
so that only base oil and water were needed for gelation. This
procedure avoided issues associated with ‘flash’ of isopropanol
and other alcohols used in gelation. Their work opened up the
potential for sulfonate grease technology to a wider number of
grease makers. However, this process did not produce grease
faster than other sulfonates.
One further challenge with calcium sulfonate technology
is the promoter, an azeotrope mixture of alcohol / glycol,
and water. If gelation is not carried out in a closed reactor,
promoter and water are lost, and the gelation reaction stalls.
At 90 °C, this loss of promoter and water takes between 60
minutes and 90 minutes. Carrying out the gelation at a colder
temperature (80 °C) slowed down both the calcite conversion
and the loss of promoter, no improvement in process time, and
no prevention of stalling.
In the present study, two possible avenues were explored to
try to make the gelation process faster and more user friendly.
The first avenue explored was to change the alcohol/glycol
promoter. In earlier work (14), isopropanol worked well as
did hexylene glycol. Propylene glycol, which is approved as
a promoter for food grade greases, did not work when used
at equivalent hydroxy content and equivalent weight. Other
promoters, including 2-methoxyethanol and mixtures of
alcohols and glycols, did not improve the processing time to
gel the grease faster than the original alcohol/glycol promoter.

The second area of investigation was to change the acid. The
current process uses an alkenyl-substituted carboxylic acid, a
fairly weak organic acid. Succinic and sulfonic acids are used
according to some of the published literature. (13), (14), and
(15). Mixtures of succinic acid with alkyl-substitutions were
tried as well. Short chain succinic acids generally produced
firmer gels with higher yields than long chain succinic acids,
but the amount of time to gel was the same. Unsubstituted
succinic acid had to be melted and dissolved into the oil prior
to reaction, which made it more difficult to handle them than
the substituted succinic acids, which were viscous liquids at
room temperature. Succinic anhydride was also tried, but it
was necessary to hydrate it before use.
The logarithmic acidity constant (pKa) of acetic (4.8), succinic
(4.3), and alkyl-substituted succinic acids (5.6) identifies them
as weak acids. These weak acids react more slowly with weak
bases than stronger acids with a pKa < -2. Sulfonic acids can
have pKa values down to -2.8, and the reaction with the lime
can proceed very quickly in some cases. This results in a faster
destabilization of the micellular structure of the sulfonate and
faster conversion.
Therefore, a commonly used alkylbenzene sulfonic acid
was chosen to replace the alkylsuccinic acid. A series of
sulfonate blends was prepared with different ratios of the
acids to sulfonates and to the glycol/alcohol. Speed of gelling,
ease of use, and basic properties of the gels were investigated.
A particular acid ratio was chosen for scale up because it
produced much faster gelling than the previously reported
3 hours (14). A batch of grease made with 63% of the new
sulfonate blend and 37% of BS150 oil was made in under two
hours from start to finish. The basic properties of this grease
are in Table 11.
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Calcium sulfonate complex greases
In 1985, Muir and Blokhuis (16) were granted US Patent
4,560,489 disclosing a calcium sulfonate complex grease that
used boric acid and 12-hydroxystearic acid in the process. In
the patent narrative, the sulfonate was described as being made
from a natural sulfonate, and the water washout was reported
as being similar to other greases. Subsequent work by Barnes
(15) used synthetic rather than natural sulfonates and swapped
out the boric acid for phosphoric acid. Both patents described
a two-step process of gelation followed by saponification.
Olsen et al. (17) reported a further development of a one-step
process to make calcium sulfonate complex greases by adding
the acids with the lime.
Typical data for gelled calcium sulfonate, calcium sulfonate
complex, and lithium complex thickener (without added
polymer) greases with a similar oil blend are compared in
Table 12. The sulfonate complex data in Table 12 were as
reported by Barnes (15) and not independently verified.
Calcium sulfonate complexes have been historically sold
as premium products offering good general properties and
performance. The calcium sulfonate grease reported by
Denis (14) is very much a premium product with excellent
properties and has a much higher cost position compared
to the two complex greases. The calcium sulfonate complex
reported by Olsen et al (17) would be termed a high sulfonate
- low soap complex. As the amount of soap in a grease is
increased and the amount of sulfonate and calcite is reduced,
the load carrying capacity of the grease decreases and the
grease becomes less resistant to spray off. By moving to a low
sulfonate - high soap grease, it should be possible to match the
basic properties of lithium grease.

Acetic acid is used in many sulfonate grease making
processes (15), (16) especially when the starting overbased
calcium sulfonate has a high direct base number (DBN), which
equates to the amount of “free” lime. One upside of using
higher DBN sulfonates that require acetic acid for gelation
is that they produce calcium acetate, which is well known
to boost the Timken OK load. For some grease makers, it is
not possible or desirable to use acetic acid, and so alternative
acids are needed. If the grease has a lower amount of “free”
lime, then it is typically easier to gel. As indicated earlier, there
are issues in some markets with boric acids, and it is now
preferable to avoid using them in sulfonate complex greases.
Phosphoric acid, as per Barnes (15), can be used to make
calcium phosphate in situ, or alternatively, calcium phosphate
can be added as a powder or as calcium hydroxy apatite (18).
Synthetic linear alkylbenzene (LAB) sulfonates are typically
the lowest cost position, and by using this as the sulfonate,
along with a high level of calcium soaps, greases can be
prepared to match the performance and cost of lithium
complex greases. Calcium sulfonates used for grease are
typically 400 TBN with DBN values of around 40 mg KOH / g
eq. Additionally, 300 TBN calcium sulfonates, with DBN values
from 30 mg KOH / g eq. to 40 mg KOH / g eq. can be used, but
the process is more challenging.
In order to determine the cost and performance
benefits of calcium sulfonate complexes and how they
compare, three greases were manufactured with the same
paraffinic brightstock (BS150) base oil, synthetic linear
alkylbenzene sulfonate, dodecylbenzene sulfonic (DDBSA)
and 12-hydroxystearic acids, glycol, lime and water. The
formulations are listed in Table 13.
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The three greases were then compared with standard
property testing. As expected, the standard sulfonate
performed better overall than the complexes, but at a higher
raw material cost. These data show that the low sulfonate
complex grease behaved similarly to an additized typical
lithium complex grease.
Summary and Conclusions
This paper has shown that there are now several different
routes available to help the grease producer to overcome
the current cost and supply issues with lithium hydroxide
monohydrate. The routes discussed were: manufacture greases
with borate ester technology to reduce the amount of lithium;
use anhydrous lithium hydroxide dispersions as alternative
lithium sources; and offer high soap calcium sulfonate
complexes. In this study, all three routes were used successfully
to achieve performance comparable to standard lithium and

lithium complex greases.
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Appendix Calculation of Thickener Content
Soap Concentration Calculation
1) Determine the saponification number (Sap#) and molecular weight
(Mw) for each acid.
Sap# = 56110 x MolWt x n
where 56110 is the number of milligrams in one gram-molecular weight
of KOH and n is the number of KOH molecules that react with one acid
molecule
For 12-hydroxystearic acid (12HSA), Sap# is normally about 188, Mw is
300.483 g/mol, and n=1
For Azelaic acid (AA), Sap# is normally about 590. Mw = 188.22 g/mol,
and n=2.
2) Then determine the number of equivalents (eq)
Equivalents (moles) = grams/Mw
Total up the number of acid equivalents
Total acid eq = Eq12HSA + EqAA
3) D
 etermine the % LiOH in the lithium source and the number of base
equivalents
4) S ubtract the acid eq from the base eq and from this determine the
amount of free LiOH (grams)
5) Calculate the amount of each soap assuming 100% conversion
Lithium 12-hydroxystearate (g) = Eq12HS*(Mw12HSA – 1.008
+6.94)
where MwLi12HS = Mw12HSA – MwH + MwLi
Dilithium azelate (g) = (EqAA/2)*(MwAA- 2.016+13.88)
and MwLi2AA = MwAA – 2MwH + 2MwLi
Free LiOH (grams) = Excess EqLi*23.94
6) Sum these three gram weights = amount of thickener (grams)
7) Add up the total amount of grease made
% thickener = mass of thickener (g) / mass of grease (g)
Acid ratio calculator
Moles
	Number of fatty acid moles: Number of complexing acid moles
Equivalents
	Number of fatty acid equivalents: Number of complexing acid
equivalents
Worked example (5 kg of grease)
440 g 12-Hydroxystearic acid 1.474 moles = 1.474 equivalents
139 g Azelaic acid		
0.737 moles = 1.474 equivalents
128 g LMH		
3.056 moles = 3.056 equivalents
4400 g base oil
Makes 600 g soap 2:1 molar acid ratio 12.0% thickener by weight
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GARY KNUTSON: 918-510-4181
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ILMA Management Forum
Fort Lauderdale Marriott Harbor Beach Resort & Spa
Fort Lauderdale, FL
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June 9 – 12
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Palm Desert, CA
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