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METHOD FOR REDUCING FOAMING OF LUBRICATING OILS

BACKGROUND OF THE DISCLOSURE

Field of the Invention

The invention relates to the use of a silicone fluid having a spread-
ing coefficient of at least 2 mN/m to reduce foaming of hydrocarbon oils having
a high saturates content. More particularly, the invention relates to the use of a
silicone fluid having a spreading coefficient of at least 2 mN/m to reduce foam-
ing of a hydrocarbon oil having a high saturates content, particularly a liquid
wax isomerate, and to oil compositions containing a significant amount of same,
including lubricating oils, such as industrial oils and internal combustion engine

crankcase oil.

Backeground of the Invention

Lubricating oils (lube oils), including industrial oils and crankcase
oils, used in environments in which the oil is subject to mechanical agitation in
the presence of a gas entrap the gas in the form of small gas bubbles in the oil
and as foam. Crankcase oils used in internal combustion engines represent a
typical lube oil application in which the oil is subject to severe mechanical
agitation which results in foaming and entrainment of air in the oil. Air entrain-
ment and foaming of a lube oil can result in insufficient lubrication by prevent-
ing an effective amount of oil from reaching surfaces which are in need of
lubrication. In addition to reducing the useful life of the oil due to enhanced oil
oxidation, air entrainment in the oil also results in decreased engine life and
increased fuel usage due to the reduced lubrication. Therefore, an antifoaming

agent is added to lubricating oils used in such environments to reduce the foam-
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ing and air entrainment. Antifoaming agents must be effective over a fairly wide
temperature range of from below freezing to temperatures above the boiling
point of water, particularly when used with diesel and automotive crankcase oils.
Some antifoaming agents eliminate foaming at lower temperatures, but not at
higher temperatures and others are more effective at higher temperatures, but not
lower temperatures. Increasing the amount of antifoamant may decrease the
foaming tendency, but at the same time also increase the air release time of the
oil. Silicone oils are known antifoamants and have been used to prevent foaming
in a wide variety of lubricating oils, including industrial oils and diesel and
automotive crankcase oils. However, while often (but not always) effective in
reducing foaming, silicones degrade or increase the air release time of entrained
air. Polyacrylates or acrylic polymers are also known antifoamants for oils and
are disclosed in, for example, U.S. patent 3,166,508 and U.K. patent publication
GB 2,234,978 A. Polyacrylates do not degrade the air release time of the oils to
the same extent as the silicones do and have therefore replaced silicones in some
applications. Unfortunately, polyacrylates are unpredictable in that they are
effective with some oils, but not others. Fluorosilicones have been suggested for
use as antifoaming agents in outgassing crude oils as disclosed, for example, in
U.S. patents 4,329,528 and 4,626,378 and in British patent publication GB
2,244,279 A, but not for industrial or internal combustion engine crankcase oils.

More recently a new, premium class of hydrocarbon oil has been
developed which is a wax isomerate, typically having a saturates content of
greater than 99 wt%, and which is different in properties and composition than
oils derived from crude oil distillates. One particular type of wax isomerate oil
is derived from hydroisomerizing slack wax obtained by dewaxing a waxy
petroleum oil fraction and is often referred to as a SWI, which stands for “slack

wax isomerate”. Lubricating oil compositions which contain one or more wax



WO 98/30306 PCT/US98/00431

isomerate oils respond differently to antifoamants than do similar lube oils
derived from crude oil distillates which do not contain a wax isomerate oil.
Consequently, there is a need for being able to reduce low and high temperature
foaming of a lubricating oil composition which contains a wax isomerate oil and

preferably without degrading the air release time of the oil.

SUMMARY OF THE INVENTION

It has now been found that the presence of a wax isomerate o0il in a
lubricating oil composition increases its foaming tendency and that this foaming
tendency is not effectively reduced with antifoamants typically effective with
conventional lubricating oil compositions which do not contain a wax isomerate.
For the sake of convenience, the term “lube o0il” will hereinafter be used to
signify a lubricating oil composition. The present invention relates to the
discovery that the foaming tendency of a lube oil which contains a wax
isomerate base stock, such as a slack wax isomerate (SWI) useful as a lube oil
base stock, will exhibit less foaming if an antifoaming agent having a spreading
coefficient of at least 2 mN/m is added to the oil. In a preferred embodiment of
the invention the foaming tendency of the lube oil is reduced with little or no air
release degradation. An antifoamant having a spreading coefficient of at least
about 2 mN/m is added to the lube oil in an amount effective to reduce the foam-
ing and preferably without increasing the air release time of the lube oil. The
spreading coefficient of the antifoamant will have a value of at least about
2 mN/m throughout the temperature range over which it is desired to reduce or
minimize the foaming tendency of the lube oil. Thus, in one embodiment the
invention relates to a method for reducing the foaming tendency of a lube oil
which contains a wax isomerate base stock which comprises adding an anti-

foamant having a spreading coefficient of at least about 2 mN/m in an amount
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effective to reduce the foaming and, preferably without increasing the air release
time. In another embodiment the invention relates to a lube oil which contains a
wax isomerate base oil and an antifoamant having a spreading coefficient of at
least about 2 mN/m which is present in the oil in an amount effective to reduce
foaming. By spreading coefficient of at least 2 mN/m is meant a value of at least
about 2 millinewtons per meter of the surface tension of the lube oil, less the
sum of (a) the value of the surface tension of the antifoaming agent and (b) the
value of the interfacial tension between the antifoaming agent and the lube oil as
is described in greater detail below. By an amount of antifoamant effective to
reduce foaming is meant typically less that one weight percent of the antifoamant
in the lube oil and more typically less than 100 ppm by weight. By lube oil is
meant all lube oils and particularly industrial lube oils and internal combustion
engine crankcase oil. A lube oil comprises an effective amount of one or more
lube o1l base stocks of lubricating oil quality and one or more additives such as
corrosion and oxidation inhibitors, antiwear additives, viscosity index improvers,
detergents and the like. A lube oil base stock is an oil of lubricating quality
typically boiling in the range of from about 300-600°C, having a suitable

viscosity and viscosity index as is described in greater detail below.

It is not uncommon for a lube oil to contain two or more base
stocks in order to obtain the desired properties and the invention has been
demonstrated to be useful for reducing foaming of a lube oil comprising a
mixture of both a conventional base stock and a wax isomerate base stock. Thus,
in one embodiment the invention relates to a method for reducing foaming of a
lube oil comprising a mixture of a conventional base stock and a wax isomerate
base stock, which comprises adding, to the lube oil, an effective amount of an
antifoaming agent having a spreading coefficient of at least 2 mN/m at the

temperature at which it is desired to reduce the foaming. In another embodi-
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ment, the invention relates to a lube oil comprising a mixture of a conventional
base stock and a wax isomerate base stock, and further comprising an anti-
foamant having a spreading coefficient of at least about 2 mN/m present in an
amount effective to reduce the foaming. The invention has been demonstrated
over a temperature range of from 24°C to 93.5°C with a lube oil useful as an
internal combustion engine crankcase oil, which contained both a SWI base
stock and a base stock derived by dewaxing a petroleum oil fraction boiling in

the lubricating oil range.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a graph showing the effect of temperature on the
spreading coefficient of a typical antifoaming agent used for a conventional lube

oil, in both a conventional base stock and a SWI base stock.

Figure 2 is a graph illustrating the effect of temperature on the

spreading coefficient of antifoaming agents in a SWI base stock.

Figure 3 graphically illustrates the foaming tendency of a lube oil
containing both a conventional and a SWI base stock, as a function of the

antifoamant spreading coefficient.

DETAILED DESCRIPTION

Lube oil base stocks are, as set forth above, oils of lubricating
quality typically boiling in the range of from about 300-600°C, having a
viscosity and viscosity index suitable for their intended use and a lube oil

composition comprises one or more such lube oil base stocks, along with one or
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more additives such as anti-oxidants, corrosion inhibitors, detergents,
dispersents, viscosity index (VI) improvers, antiwear additives, and the like.
One or more of these additives will typically be carried in a lighter oil fraction
and even a fraction such as kerosene, as a convenient way of incorporating a
minor amount of the additive or additives to the base oil or oils during the lube
oil manufacturing process, which is typically a blending process. The lubricat-
ing oil base stock or base stocks are derived from naturally occurring petroleum
oil, synthetic oils, or mixtures thereof. It is not uncommon for a lube oil
composition to contain two or more lube oil base stocks in order to achieve the
desired lubricity and viscosity properties at the lowest cost possible. Most base
stocks are derived by solvent extracting and dewaxing a suitable petroleum oil
fraction. The solvent extraction removes most of the aromatics from the oil,
which improves its lubricating properties and the dewaxing increases the pour
point of the oil. A liquid wax isomerate or wax isomerate oil useful as a lube oil
base stock also boils in the general lube oil fraction boiling range and has a
viscosity, VI and other properties suitable for a lubricating oil. These wax
isomerate oils are premium oils, and at least two properties which distinguish
them from conventional, petroleum derived base stocks are the VI which is
significantly higher, and the saturates content which is also significantly higher,
typically being on the order of = 99 wt%. The wax which is isomerized may
come from any of a number of sources. Synthetic waxes from Fischer-Tropsch
processes may be used, as may waxes recovered from the solvent and auto-
refrigerative dewaxing of conventional hydrocarbon oils derived from petroleum
oil, as well as mixtures of these waxes. Waxes derived from dewaxing
conventional hydrocarbon oils are called slack waxes and usually contain an
appreciable amount of oil entrained in the wax. The oil content of a slack wax
may range anywhere from < 1 to 45% or more and more typically 5 to 30%. As

mentioned above, the invention has been demonstrated with a lube oil containing
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a mixture of both a slack wax isomerate base stock and a conventional base
stock derived from solvent extracting and dewaxing a conventional petroleum oil
fraction. The properties and composition of these base stocks and lube oils are
contained in the examples below. The SWI oil used to demonstrate the invention
is an EXXSYN® oil (EXXSYN is a registered trademark of Exxon), which is a
premium synthetic oil produced by the isomerization of a slack wax which is
accomplished by contacting the wax with hydrogen and a suitable catalyst at
elevated temperature and pressure effective to hydroisomerize the slack wax as
disclosed, for example, in U.S. patents 5,059,299 and 5,158,671 the disclosures
of which are incorporated herein by reference. EXXSYN oil contains > 99 wt%
saturates. The practice of the invention is effective in reducing foaming
tendencies of lube oils such as industrial and internal combustion engine oils
which contain a wax isomerate base stock. Brief examples of industrial oils
include gear oils, turbine oils, transmission and transaxle fluids, hydraulic fluids

2

oils for cutting, rolling and drawing metals, and the like.

Those skilled in the art know that silicones have been available for
fifty years and that their primary use in petroleum and lubricating oil applica-
tions is as antifoaming agents. However, while effective in reducing and
eliminating foaming in petroleum derived liquids and many other hydrocarbon
oils, silicone antifoamants typically used with lube oil formulations based on
petroleum distillate base stocks are not as effective with premium lube oil
formulations containing a wax isomerate base stock. Silicone fluids used as
antifoamants for hydrocarbon oils, including lubricating oil compositions
(formulations), are typically linear polydimethylsiloxane polymers which have a
chemical composition of the type (CH;);SiO[SiO(CH;),],SiCHj, as an illustra-
tive, but nonlimiting example. As is known to those skilled in the art, these

silicone fluids are commercially available from various manufacturers in many
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different viscosities. The viscosity is a function of the molecular weight and
typically ranges from about 350 ¢St to 12500 cSt. While most silicone anti-
foamants can be added directly to the oil, they are more often diluted with a
suitable solvent such as kerosene, solvent naphtha, xylene, toluene and the like
to form a solution typically containing from about 0.1-90 wt% of the anti-
foamant. The antifoamant is added to the oil in very minor amounts, generally at
parts per million (ppm) levels based on the oil content, and typically less than
100 ppm total as demonstrated in the examples below. Thus, the silicone fluid
antifoamant is used in an amount effective to reduce foaming of the oil and are
added to the oil in an amount generally ranging from about 1 to 300 ppm of the
total composition and more typically from about 10 to 200 ppm. However, it has
been found that these silicone antifoamants which have been effective in
reducing the foaming tendency of conventional lube oils are not effective when
used with a lube oil containing a wax isomerate base stock, such as an EXXSYN
base stock derived from the isomerization of slack wax. In view of this, it was
unexpected to discover that an antifoamant having a spreading coefficient of at
least 2 mN/m in a lube o1l composition containing a wax isomerate base oil is
effective in reducing its foaming tendency/stability. Antifoamants which have
been found useful in demonstrating the invention have comprised essentially
high molecular weight polydimethylsiloxanes, similar to the 350 and 12500 ¢St
polydimethylsiloxanes typically used with compositions containing conventional
lube oil base stocks, but having a substantially higher molecular weight and

viscosity.

Pure liquids which contain only one type of molecule do not foam
and they exhibit rapid release of entrained air. Liquids which contain mixtures
of different types of molecules result in the stabilization of thin layers (lamella)

of liquid at the air/liquid interface which slows the release of entrained air
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bubbles, thereby forming foam. A foamable liquid, such as a lube oil base stock
or a lubricating oil composition contains different types of molecules which,
when agitated in the presence of air or any other gas, forms a foam and the use
of antifoaming agents is required to prevent or at least minimize the foaming.
Foaming is generally reduced when a certain relationship between the various
surface and interfacial tensions is satisfied. While not wishing to be held to any
particular theory, it is believed by those skilled in the art that an antifoaming
agent must spread at the air/liquid interface to prevent foaming (c.f., "Interfacial
Phenomena in Apolar Media" edited by H.F. Eicke and G.D. Parfitt, Marcel
Dekker, Inc. 1987). According to the theory, it will spread spontaneously if the -

value of the spreading coefficient S is positive, where S is given by

S=pi-p2-pi12

wherein p, is the surface tension of the foamy liquid, p; is the surface tension of
the foam-inhibiting or antifoaming agent, and p, , is the interfacial tension
between them. These surface tension and interfacial tension values are easily
measured using a ring type tensiometer, such as a du Nouy Tensiometer or
equivalent, following the procedure of ASTM D 1331-89, "Surface and
Interfacial Tension of Solutions of Surface-Active Agents". With respect to the
present invention, p, is the surface tension of the lube oil to which an anti-
foamant has not yet been added. If S is negative, the antifoaming agent may
enter the air/liquid interface without spreading or it may not even be able to enter
the interface, in which case foam inhibition is greatly reduced or does not occur
at all. This can happen if the value of the surface tension of the antifoaming
agent (py) or the value of the interfacial tension between the antifoaming agent
and the foamy liquid (p, ) or both, is greater than the value of the surface
tension of the foamy liquid (p;). An antifoamant which has a negative spreading

coefficient (S) is therefore unpredictable as to whether or not it will prevent



WO 98/30306 PCT/US98/00431

- 10 -

foaming. Other factors such as solubility and dispersion can have a major effect
on whether or not foaming is suppressed. However, with respect to the present
invention, it has been found that not only must the spreading coefficient be
positive, it must also have a minimum value of 2 mN/m for the antifoamant to be
effective in reducing the foaming tendency/stability of a lube oil containing a
wax isomerate oil. This phenomenon is believed to be the case irrespective of
the chemistry of the antifoamant. Thus, while the invention has been
demonstrated with the use of what can be described as basically comprising a
high molecular weight polydimethylsiloxane, it is not intended to be limited to
polydimethylsiloxane silicone fluids, or even to silicone fluids as the antifoaming
agent, but is believed to be useful with any oil soluble or dispersible antifoamant
exhibiting a spreading coefficient of at least 2 mN/m with the lube oil whose
foaming it is desired to reduce. In the practice of the invention it is preferred
that the foaming be reduced without increasing the air release time of the lube

oil.

The invention will be further understood with reference to the

examples below.

EXAMPLES

In all of the examples, the 100N and 150N base stock oils are
solvent extracted and dewaxed paraffinic hydrocarbon oil distillates derived from
a petroleum crude oil of a lubricating oil quality and boiling in the lube oil range.
The EXXSYN base oil is a commercially available, high VI, synthetic hydro-
carbon oil derived by the hydroisomerization of slack wax obtained from
dewaxing solvent extracted lube oil fractions to form lube oil base stocks such as

the 100N and 150N base stocks. It is a premium lube oil base stock. The
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composition and physical properties of these three lube oil base stocks are set
forth in the table below.

Base stock Property 100N 150N EXXSYN
Viscosity, cSt
@ 40°C 18.62 29.60 31.35
@ 100°C 3.82 4.99 5.96
Viscosity Index 90 90 138
Saturates, wt% 84.8 79.9 >99.5
Aromatics/Polars, wt% 15.2 20.1 <0.5
Sulphur, wt% / ppm 0.09 0.12 wt% 17 ppm
Total Nitrogen, ppm 26 66 2
Basic Nitrogen, ppm 24 53 0
Surface Tension, mN/m 33.2 33.7 32.8
@ 24°C

The foaming tendency of the oils in all of the examples below was
measured using the ASTM D 892 foam test at the temperatures of 24°C (Seq.
foam test) and 93.5°C (Seq. II foam test). The Seq. III test was also used and
this test involves heating the sample to 93.5°C, followed by cooling down and
testing at 24°C. An in-line air flow meter was used to control the air flow rate
for the ASTM D 892 tests at 94.0 mL/min., instead of the 94 + 5 mI/min.
permitted by the test, in order to improve the repeatability of the tests. A metal
air diffuser was also used. The ASTM D 3427 method for gas bubble separation
time of petroleum oil was used for determining the air release time of the oils in
all of the examples below. This method is intended to determine the ability of a

petroleum type steam turbine oil to separate entrained gas and the testing was



WO 98/30306 PCT/US98/00431

- 12 -

carried out at a temperature of 50°C. Spreading coefficients were determined by
measuring the surface tension of the antifoaming agent, the surface tension of the
base stocks or lube oil compositions and the interfacial tension between the oil or
composition and the antifoaming agent using the method in ASTM D 1331-89
"Surface and Interfacial Tension of Solutions of Surface-Active Agents" and
applying the results to the spreading coefficient equation, as explained under the

Detailed Description.

Comparative Example A

This example demonstrates the effectiveness of using a silicone
liquid to reduce foaming of a typical 10W40 automotive crankcase oil. The
silicone liquid used was a Dow Corning 200® Fluid having a viscosity of
12500 cSt as a 1% solution of the silicone in kerosene. This silicone fluid
comprises a trimethyl terminated, linear polydimethylsiloxane and it is typical of
silicone fluids used as antifoamants in lubricating oil compositions, including
crankcase oils. The chemical nature of this fluid is described in more detail
under the Detailed Description above. Table 1 below shows the composition and
the foaming characteristics of the 10W40 lube oil composition without the
antifoaming agent and with the antifoaming agent added. Except for the pour
point depressant and the silicone, all values have been rounded off to the nearest

whole number for the sake of convenience.
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TABLE 1

CONVENTIONAL 10W40 LUBE OIL

Formulation, wt%

100N base oil 13 13
150N base oil 59 59
Additive package 12 12
VI improver 16 16
Pour point depressant 0.3 0.3
12500 cSt silicone fluid (1% solution) --- 0.001
(10 ppm/active)
Foaming tendency/stability at 24°C 0/0 0/0
(Seq. 1), ml/ml
Specification at 93.5°C (Seq. II), ml/ml 130/0 35/0
max 50/0

The results clearly demonstrate that adding the 12500 cSt silicone
fluid to the lube oil composition at a treat rate of 10 ppm resulted in the lube oil
easily meeting the specification maximum foaming permitted of 50/0 ml/ml.
Without the silicone, the oil did not meet the minimum foaming tendency

specification.

Example 1

In order to meet growing market demand for higher quality engine oils
having improved low temperature performance, fuel economy and oxidation
stability, automotive engine crankcase lube oils are being developed containing
the highly saturated SWI premium EXXSYN oil. A premium 10W40 auto-

motive engine crankcase oil composition containing the EXXSYN base stock is
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set forth in Table 2 below for which the component amounts have been rounded
off to the nearest whole number except for 12500 cSt silicone fluid antifoaming

agent.

TABLE 2

CONVENTIONAL 10W40 LUBE OIL

Formulation, wt%

EXXSYN base oil 35 35
150N base oil 47 47
Additive package 13 13
VI improver 6 6
12500 ¢St silicone (1% solution) --- 0.001
(10 ppm/active)
Foaming tendency/stability at 24°C 0/0 0/0
(Seq. 1), ml/ml
Specification at 93.5°C (Seq. II), ml/ml 230/0 65/0
max 50/0

Without an antifoaming agent, the foaming tendency was too high
and way above specification as the data show. However, even when 10 ppm of
the 12500 cSt silicone antifoamant was added, the foaming tendency at the
higher temperature, while substantially reduced, was still above specification.
The12500 cSt silicone treat rate of 10 ppm is about the upper limit for this
EXXSYN based premium 10W40 oil composition, as increasing the amount of
the silicone added to the lube oil composition above the 10 ppm amount

produces a severe air entrainment problem.



WO 98/30306 PCT/US98/00431

- 15 -

Example 2

In this experiment a lower molecular weight silicone antifoamant
of a type used in internal combustion engine crankcase oil compositions and a
fluorosilicone fluid which is not normally used as an antifoamant for lube oils,
were each added to the 10W40 engine crankcase oil composition given in Table
2 above which contains the premium EXXSYN base stock and the lube oil
compositions tested for foaming tendency/stability. Both of these two silicone
fluids were obtained from Dow Corning, with the 350 ¢St fluid being a 200 fluid
similar to the 12500 ¢St fluid used in the examples above, but of a lower
molecular weight and having a viscosity of 350 ¢St. The fluorosilicone fluid,
hereinafter referred to as FSi 300, was a Dow Corning FS-1265 Fluid having a
viscosity of 300 ¢St which is sold primarily as a lubricating fluid for machining
steel and bronze and is not recommended as an antifoamant. The chemistry of
this fluorosilicone fluid is described in detail above. The performance of these
two materials as antifoaming agents in the 10W40 lube oil composition shown in
Table 2 which contains the EXXSYN oil, are given in Table 3. The results show
that both of these antifoamant materials (Si 350 cSt and FSi 300 cSt) actually
increased the foaming tendency/stability of the EXXSYN containing lube oil
composition at the high temperature of 93.5°C, above that which the lube oil
composition exhibited with no antifoamant having been added to it. All the
foaming tendency/stability values of the 10W40 oil containing the EXXSYN in
Table 3 are substantially above the maximum specification value of 50/0 ml/ml.
Increasing the amount of antifoamant in the lube oil composition increased its

foaming tendency/stability, instead of decreasing it.
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TABLE 3
EXXSYN CONTAINING 10W40 LUBE OIL

Foaming Tendency/Stability, ml/ml

Antifoamant Treat Rate (ppm) Seq. I (24°C) Seq. II (93.5°C)
None 0 0/0 230/0

S1 350 ¢St 5 0/0 240/0
Si1350 ¢St 10 0/0 260/0

FSi 300 cSt 5 0/0 240/0

FSi 300 cSt 10 0/0 290/0
Example 3

In this experiment the spreading coefficient of the 12500 cSt
silicone antifoaming fluid was determined using the procedure above and
calculations described above. The spreading coefficients at the low and high
temperatures were determined for both the 150N and EXXSYN base oils. The
spreading coefficient, S, in mN/m of the Si 12500 in the 150N base oil at 24°C
and 93.5°C was 7.9 and 5.2, respectively. In the EXXSYN base stock oil it was
6.6 and 1.6 at the same high and low temperatures. These results are graphically
illustrated in Figure 1. As the Figure shows, there is a substantial decrease in the
spreading coefficient of the 12500 cSt silicone fluid in both base oils as the
temperature increases, with the decrease being greatest with the EXXSYN oil.

Example 4

Based on these results, the spreading coefficient of five different
silicone fluids with the EXXSYN base stock oil was determined using the same
procedure. These silicones are the 350 ¢St and 12500 ¢St silicone fluids, the FSi
300 cSt fluorosilicone and two higher viscosity (and consequently higher
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molecular weight) silicone fluids similar to the 350 ¢St and 12500 ¢St viscosity
fluids in being trimethyl terminated, linear polydimethylsiloxane Dow Corning
200® Fluids. The spreading coefficients of these silicone materials in the
EXXSYN base stock are given in Table 4 below, at both the low and high
temperatures and graphically illustrated in Figure 2. The two higher molecular
weight silicone fluids have respective viscosities of 60000 cSt and 100000 cSt
and were found to have significantly higher spreading coefficients in the
EXXSYN oil at the higher 93.5°C temperature, than both the Si 12500 cSt and Si
350 cSt silicone fluids and the FSi 300 cSt fluorosilicone fluid. The spreading
coefficient of both of the higher molecular weight silicone fluids was above

2 mN/m , at both the low and high temperatures.

Figure 2 illustrates that the spreading coefficients of the Si 100000,
the Si 60000 and the Si 12500 while exhibiting slightly different values, all had a
positive spreading coefficient of at least 5.2 at both temperatures. Despite this,
the Si 12500 was not able to reduce foaming to within the maximum specifica-
tion limit of 50 ml/ml for the EXXSYN containing 10W40 oil at the 93.5°C

temperature.
TABLE 4

EXXSYN BASE STOCK

Spreading COefficient, S, mNm
Temperature, °C Si 100000 Si 60000 Si 12500 Si350 FSI 300

24 7.7 79 6.6 8.9 1.5
93.5 6.1 7.1 1.6 0.9 3.6



WO 98/30306 PCT/US98/00431

- 18 -

Example 5

Based on the results in Example 3, the two higher molecular
weight silicone fluids having the 60000 cSt and 100000 cSt viscosities were
added to the EXXSYN containing 10W40 lube oil composition at different treat

rates and the oil tested for foaming Tendency/Stability. The results are given in
Table 5.

TABLE 5

EXXSYN CONTAINING 10W40 LUBE OIL

Treat Rate Dilution Foaming Tendency/Stability, ml/ml

Antifoamant __(ppm) (% _solution) Seq. I (24°C) Seq. II (93.5°C)
None 0 - 0/0 230/0
Si 60000 cSt 5 Non-Diluted 0/0 165/0
S1 60000 cSt 10 Non-Diluted 0/0 80/0
S1 60000 ¢St 10 5% solution* 0/0 30/0
Si 60000 cSt 5 5% solution* 0/0 40/0
Si 100000 ¢St 10 1% solution* 0/0 10/0

*Solutions in kerosene.

These results demonstrate that the foaming tendency of the
EXXSYN based 10W40 premium engine oil formulation at the higher 93.5°C
temperature was substantially reduced to within the 50/0 ml/ml maximum
specification limit by adding either of the higher viscosity silicone fluids to the
oil, with the best performance at the lowest treat rate exhibited with the 1%
solution of the 100000 cSt fluid. Neither of these higher viscosity silicone fluids

are recommended as antifoaming agents for oils.
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Example 6

Based on the results of Example 5, the spreading coefficient of the
various antifoamants was measured in the 10W40 lube oil composition contain-
ing the EXXSYN o1l and the results are listed in Table 6 below, along with the
foaming values at 93.5°C. Figure 3 displays the spreading coefficient values of
the various antifoamants in the 10W40 formulation at the low and high tempera-
tures. This Figure clearly discloses that the minimum spreading coefficient value
for the antifoamant in the EXXSYN containing 10W40 lube o0il composition
must be about 2 mN/m in order for the lube oil to meet the maximum foaming

specification value of 50 ml at 93.5°C.

TABLE 6

EXXSYN CONTAINING 10W40 LUBE OIL

Antifoamant S, mN/m Treat Rate, ppm Foam, ml at 93.5°C
Si 350 0.6 5 240
FSi 300 1.2 5 240
Si 12500 1.6 10 65
S1 60000 2.9 10 30
S1 100000 3.7 10 10
Example 7

In this example, the foaming tendency/stability and air release time
of the EXXSYN base oil were determined for the lower molecular weight
silicone fluids and the results shown in Table 7 below. As shown in the Table,

3 ppm of Si 12500 is effective in preventing the EXXSYN base oil from foaming
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at both the high and low temperatures of 24°C and 93.5°C, but the air release is
degraded as seen by the significant increase in time from 1.0 min to 2.8 min.
The FSi 300 was also able to keep the foaming of the EXXSYN base oil below
the specification maximum of 50 ml/ml. Yet, as shown in Example 6, despite
their being able to reduce the foaming of the EXXSYN base oil to below the
maximum spec value, neither of these two silicone antifoamants was able to
reduce the foaming of the lube oil containing the EXXSYN base stock to below

the maximum value of 50 ml/ml, even at a higher treat rate.

TABLE 7
Treat Air Release
Rate, Foaming Tendency/Stability, ml/ml Time,
Antifoamant ppm Seq. I (24°C) Seq. IT (93.5°C) min/50°C
EXXSYN/Si 12500 3 0/0 0/0 2.8
EXXSYN/FSi 300 3 35/0 0/0 1.6

It is understood that various other embodiments and modifications
in the practice of the invention will be apparent to, and can be readily made by,
those skilled in the art without departing from the scope and spirit of the
invention described above. Accordingly, it is not intended that the scope of the
claims appended hereto be limited to the exact description set forth above, but
rather that the claims be construed as encompassing all of the features of patent-
able novelty which reside in the present invention, including all the features and
embodiments which would be treated as equivalents thereof by those skilled in

the art to which the invention pertains.
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CLAIMS:

1. A method for reducing foaming of a lube oil which contains a
wax isomerate base stock, said method comprising adding to the oil an anti-
foamant which exhibits a spreading coefficient of at least about 2 mN/m with
said lube oil, said antifoamant being added in an amount effective to reduce said

foaming.

2. A method according to claim 1 wherein said lube oil comprises

a mixture of said wax isomerate oil and a petroleum oil fraction.

3. A method according to claim 2 wherein the air release time of

the lube oil 1s not degraded by said antifoamant.

4. A method according to claim 3 wherein said wax isomerate

comprises a slack wax isomerate.

5. A method according to claim 4 wherein said isomerate

comprises an isomerate of Fischer-Tropsch wax.

6. A lube oil comprising an effective amount of base stock oil of
lubricating quality and at least one additive and an antifoamant which exhibits a
spreading coefficient of at least about 2 mN/m with said lube oil, said base stock
oil comprising a wax isomerate oil and said antifoamant present in an amount
effective to reduce foaming of the oil to a point below that which it would be if

said antifoamant was not present.
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7. A lube oil according to claim 6 wherein the air release time of

said composition is not degraded by the presence of said antifoamant.

8. A lube oil according to claim 7 also containing a petroleum

fraction base stock.

9. Alube oil according to claim 8 wherein said wax isomerate

comprises a slack wax isomerate.

10. A lube oil according to claim 8 wherein said wax isomerate

comprises an isomerate of Fischer-Tropsch wax.
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EFFECT OF DIFFERENT ANTIFOAMING AGENTS ON FOAMING TENDENCY
OF 10W40 ENGINE OILS CONTAINING EXXSYN BASE STOCK

250

200 +

150 +

100 +

MAX

50

mlL/93.5 C

50

FOAMING TENDENCY OF 10W40
ENGINE OILS AT 93.5C (mlL)

0.6

FIG—-3

_
1.2

| _
1.6 2.9 3.7

~2 mN/m

SPREADING COEFFICIENT OF ANTIFOAMING AGENTS IN 10W40
ENGINE OIL CONTAINING EXXSYN BASE STOCK AT 93.5C (mN/m)

e/¢

90£0€/86 OM

T€100/86S01/1LDd



INTERNATIONAL SEARCH REPORT Intemational application No.
PCT/US98/00431

A. CLASSIFICATION OF SUBJECT MATTER
IPC(6) :BO1D 19/04; C10M 101/00
US CL  :252/321, 358, 508/107, 135, 208
According to Intemational Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documontation searched (classification system followed by classification symbols)
U.S. : 2527321, 358; 508/107, 135, 208

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
NONE

Electronic data base consulted during the intemational scarch (name of data base and, where practicable, search terms used)

NONE

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y US 5,466,364 A (KAUL et al.) 14 November 1995, abstract; column| 1-10
3, lines 26 et sequa; lines 38 and 51; examples 2, 5; and claims.
Y US 4,411,806 A (TIRTIAUX et al.) 25 October 1983, abstract and| 1-10
column 1; particularly column 1, lines 35 et sequa and lines 45-55.
Y US 5,158,671 A (CODY et al.) 27 October 1992, see entire} 1-10
document.
A EICKE, H. F. et al. (Edited by), Interfacial Phenomena in Apolar| 1-10

Media, Marcel Dekker, Inc., NY, NY, 1987, pages 7 and 8.

D Further documents are listed in the continuation of Box C. D Sce patent family annex.

. Special ies of cited d ts: T lator d t published after the i ional filing dste or priority

S o . date and not in conflict with the application but oited to uadersiand
"A* d t defining the g | state of the art which is not considered the principle or theory underlying the invention
to be of particular relevance
"B e dooument published o o i e arina g dts X documot of ety loane o climed i min caonct o
*L* document which may throw doubts on priority ciaim(s) or which is when the document is taken alone
cited to establish the publication date of anotl.or citation or other i . . i
pecial reason (as specified) "y document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
‘0’ document referring to an oral disclosure, use, exhibition or other combined with one or more other such d ts, such binati
means being obvious to a person skilled in the art
P document published prior to the internationasl filing date but later than  »g» document member of the same patent family
the priority date claimed
Date of the actual completion of the international search Date of maiiing of the international search report
26 FEBRUARY 1998 1 6 MAR 1998
Name and mailing address of the ISA/US Authorized officery e )
Commissioner of Patents and Trademarks o 77
Box PCT
Washington, D.C. 20231 DANIEL S."METZ IER
Facsimile No.  (703) 305-3230 Telephone No. (703) 308-06

Form PCT/ISA/210 (second sheet)(July 1992)«



	BIBLIOGRAPHY
	DESCRIPTION
	CLAIMS
	DRAWINGS
	SEARCH_REPORT

