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Abstract
Calcium sulfonate based greases are recognized as an excellent technology for grease applications
where heat, water, and high or shock loads exist. Their inherent 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 conventionally prepared in atmospheric “open” kettles. This type of
production vessel is limited by the basic design in its mixing and heating effectiveness. The lack of a
closed system in 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.
By contrast, 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.
The objective of this project is to successfully manufacture calcium sulfonate based greases using the
STRATCO Contactor reactor. The manufacturing process differences between conventional open kettle
and the STRATCO Contactor reactor will be discussed in detail.

Performance characteristics of the

finished calcium sulfonate based greases obtained by each process will be compared.

Introduction

Calcium sulfonate based greases are recognized as an excellent technology for grease applications
where heat, water, and high or shock loads exist. Their inherent 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.

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 frequently found to act as problem solvers in severe service
applications where other greases have failed because they could not survive the extreme conditions.
Some of the demanding applications that have benefitted from calcium sulfonate type greases are found
in steel, pulp and paper mills, off-road construction and mining equipment, marine, and even food
processing industries.

As shown in Figure 1, the direct result of this successful performance is that

calcium sulfonate based greases have become one of the fastest growing types of grease globally2.
Because of this popularity and high growth rate, grease producers are increasingly looking to produce
calcium sulfonate based greases.
Grease production
Overbased calcium sulfonates contain a large proportion of non-crystalline calcium carbonate dispersed
within the sulfonate matrix. In the presence of suitable promoters such as water, alcohols, and acids,
followed by heating within the proper temperature range, the conversion of this amorphous calcium
carbonate into its crystalline form calcite takes place.

This crystallization causes the rheology of the

material to change from a flowable liquid into a viscous or semi-solid gel. At this point, the grease still
contains water and must be dehydrated and graded with additional oil to produce a lubricating grease.
This is the earliest type of calcium sulfonate grease, commonly referred to as a calcium sulfonate gel or
“simple” calcium sulfonate grease.
For the production of a calcium sulfonate complex grease, additional reactions are added after the basic
carbonate conversion step to produce a secondary thickener of a compatible soap/salt composition.
These 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 grease variety,
water must be removed since it is present in the grease due to its use as a conversion promoter. In
addition it is also produced during secondary thickener soap forming reactions.
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 mixing and heating effectiveness, typically utilizing paddles for stirring, with an

Figure 2. Conventional atmospheric kettle

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 and recirculated to help turn the product
over and encourage better mixing.

The lack of a closed system in these atmospheric kettles can allow the volatile promoters used in the
calcium sulfonate grease production process to escape. This causes the grease to form with reduced
structure and produces a 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
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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 are reacted.
Figure 4 - Flow through the STRATCO Contactor

The heating medium is circulated through the double-walled circulation tube inside the STRATCO
Contactor. The outside 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.
For the production of calcium sulfonate type grease, 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 grease 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 of calcium
sulfonate type greases when compared to the use of conventional open kettle manufacturing methods.

Experimental

Equipment used in the study included a 6-gallon (22 liter) STRATCO Contactor pilot plant reactor and 10gallon (38 liter) atmospheric 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.

Figure 5. STRATCO Pilot Plant

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). This is important as calcium sulfonate
type greases can become very thick during the production process. In fact this was one of our concerns
going in, and why we chose to make our experimental greases using the full base oil requirement to
achieve the NLGI 2 grades up front.

Figure 6. Viewing port

Figure 7. View of grease through viewing port

Techniques for conversion of the overbased calcium sulfonates into multi-purpose lubricating greases is
well detailed in the literature3. For the production of our experimental greases, two different sulfonate
conversion methods from the literature would be attempted. The first approach would use a commercially
sourced proprietary overbased calcium sulfonate “pre-mix” designed for easy grease production.

In

addition to the overbased calcium sulfonate, the mixture also contains a proprietary conversion promoter
system. This production method only requires the addition of base oil and water to complete the grease
recipe.

The second conversion approach was a more conventional one, where the grease is made

entirely from individual components, including promoters.
Two types of calcium sulfonate based greases were to be prepared. The first experimental grease would
be the production of 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 would be the production of calcium sulfonate complex greases.
Experimental grease 2 would use the same initial ingredients and gelation procedure as grease 1, but
then additionally form a secondary soap based thickener in a separate saponification reaction step.
Experimental grease 3 would use 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.

Experimental Greases

Experiment 1: Calcium sulfonate gel
Formulation ingredients:
•
•
•

Sulfonate pre-mix
600N Group I base oil
Water

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

Experiment 2: Calcium sulfonate complex A
Formulation ingredients:
•
•
•
•
•
•

Sulfonate pre-mix
600N Group I base oil
Water
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 the conversion to calcite
occurs
4. Once gelled, depressurize and add soap forming
ingredients, repressurize to 50 psi (107 hPa)
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

Experiment 3: Calcium sulfonate complex B
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, 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 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. 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.
Figure 8. FT-IR spectra comparison of gelation time
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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.

Figure 9. Manufacturing process comparison
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Comparison of finished grease properties
As previously reported, the grease formulations 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. This grease would require an oil extra addition of 20% by weight to
reach NLGI 2 consistency.
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. In our 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 finished calcium sulfonate greases obtained by each process

ASTM
Method

Test Description

Units

Exp. 1
CaS Gel

Exp. 2
CaSX A

Exp. 3
CaSX B

D217

60X Worked Penetration

dmm

292

291

295

D217

10K Worked Penetration

∆dmm

+3

+12

+18

D217

100K Worked Penetration

∆dmm

+9

+25

+35

D2265

Dropping point

°C

>316

>316

270

D2266

4-Ball Wear, Scar diam.

mm

0.33

0.42

0.45

D2596

4-Ball EP, Weld Point

kgf

500

400

400

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. During the process, we observed faster conversion of the amorphous
calcium carbonate into calcite for the contactor process. In one case, we measured an improvement in
grease yield over the conventional process.

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, we have shown that the use of the STRATCO Contactor has
potential to improve process speed in the production of calcium sulfonate type greases.

This

improvement may allow improved equipment utilization, improved labor efficiency, and reduced energy
consumption.

We believe that with a shorter process cycle there is clear potential for increasing

manufacturing output, producing more batches in the same time.
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