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ABSTRACT OF THE DISCLOSURE

An automatic transmission fluid of low Brookfield viscosity and
high shear stability is disclosed which contains a base oil of lubricating viscosity
and a combination of a poly alkyl (meth) acrylate viscosity index improver of
low Brookfield viscosity and high shear stability and a functionalized poly alkyl
(meth) acrylate viscosity index improver with dispersant properties of high
Brookfield viscosity and high shear stability.
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BACKGROUND OF THE INVENTION

FIELD OF THE INVENTION

The present invention relates to an automatic transmission fluid
possessing the desirable characteristic of low Brookfield viscosity and high shear

stability.

DESCRIPTION OF THE ART

Automatic transmissions are generally accepted as the most
complex and costly component of an automobile. They are used in over 90% of
all vehicles in North America and their use is becoming more commonplace 1n
other parts of the world. Due to the complexity of automatic transmissions,
automotive manufacturers often find that they constitute the largest warranty

item for new vehicles. Thus the major OEMs have developed stringent
specifications and controls on all components that go into an automatic trans-

mission, one of the most important being the automatic transmission fluid (ATF).

An automatic transmission comprises a torque converter, planetary
gears, output drives and the hydraulic system. Viscometrics is the single most
important lubricant parameter that governs the successful operation of the
transmission. In particular, low temperature characteristics and shear stability

requirements are becoming more important.

Good low temperature characteristics are required as the automatic
transmission become more sophisticated in terms of their hydraulic and

electronic controls. Good low temperature characteristics are also important in
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achieving improved cold environmental operation, improved fuel economy, and

reduced transmission wear.

High shear stability is required if the fluid is to maintain proper
kinematic viscosity to ensure stable torque converter and hydraulic performance
and to ensure the flmd provides good load carrying/wear protection performance
over the life of the fluid fill in the transmission as well as extending the useful

life of the fluid in service.

The key low temperature test parameter 1s Brookfield viscosity,
ASTM D 2983, and the maximum limit required by General Motors, Ford and
Chrysler is 20,000 cP at -40°C.

The shear stability of a lubricant can be measured in various tests,
such as the Kurt Orbahn diesel injector (ASTM D 3945) and the KRL tapered
rolling hearing (CEC L-45-T-93).

Numerous automatic transmission fluids are described in the

literature.

USP 4,758,364 describes a lube oil composition suitable for auto-
matic transmissions comprising a lube oil of lubricating viscosity in the range
1.5-5.0 cSt @ 100°C and (1) a polymer selected from the group consisting of
polypropylene, polyisobutylene and a copolymer of 1-butane and isobutylene,
said polymer having a mol weight of 2,000-3,000, (2) at least one copolymer
having an average mol weight of 10,000-30,000 which is selected from the group

consisting of copolymers (a) of two or more methacrylic acid esters of the

formula
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CHs

C HQ:(-I\'

COOR;

wherein R, is a C,-C,s alkyl and copolymers (b) which is at least one meth-

acrylic acid ester of formula

CH;

C H2=(I:

COOR;

and one or more nitrogen containing monomers of the formula

Ra

)
CHy=— C or CH=— (-Ij
X

COO(R3)n—X

wherein R, and R, are H, CH3, R; is C,-C,g alkylene nis 0 or 1 and x is an

amine moiety or a heterocyclic moiety containing 1 or 2 nitrogen atoms and 0 to

2 oxygen atoms, said homopolymer or copolymer (1) being present in an amount

of 5-12 wt% and said copolymer (2) being present in an amount of 1-5 wt%.

EP 436872 claims a hydraulic fluid for automatic transmissions
based on mineral oil containing 80 to 90 parts by weight of a paraffin based
raffinate of about 4 mm*/s viscosity at 100°C, 2 to 10 parts by weight of ATF

additives such as flow improvers, anti oxidants, anti wear agents, non dispersant

polyisobutylene additives, and 2 to 15 parts by weight of copolymer ot (a) at

least one C; to Csq alkyl ester of methacrylic acid and/or acrylic acid and (b) at

least one monomer with polar, oxygen and/or nitrogen atom containing
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functional groups and which are synthesized from the comonomers (a) and (b) 1n
a molar-ratio a:b of 1:0.01 to 0.2 and have a mol weight of 5,000 to 200,000,
wherein the ATF so formulated has a Brookfield viscosity below 30,000 to
below 20,000 m Pas at -40°C.

U.S. Patent 4,968,444 claims additives for n-paraffin containing
lube oils which additive comprises 20 to 40 wt% of a solvent, the balance being
a mixture comprising a first polymer which is at least binary which is defined,
broadly, as a wide class of poly alkyl (meth) acrylates and include polymers
containing acrylate monomers containing functional groups, €.g., groups contain-
ing oxygen or nitrogen, and a second polymer which is similarly broadly defined
as a wide class of poly alkyl (meth) acrylate which similarly may include poly

alkyl (meth) acrylate which are substituted with oxygen or nitrogen containing
functional groups.

JP 08183988 discloses a viscosity index improver comprising alkyl
acrylate polymer(s) having 1-20 carbon alkyl groups and alkyl methacrylate
polymers having 1-20 carbon alkyl groups. Lubricating oil formulations such as
automatic transmission fluids containing such viscosity index improvers are also

disclosed.

JP 07292377 discloses an additive for lube oils consisting of a
polymer which contains 80-99.5 wt% of (a) C,-C, alkyl acrylate and 0.5 to
20 wt% of a (meth) acrylate acid ester of the alkylene oxide adduct of saturated

and/or unsaturated aliphatic mono alcohol. Also disclosed are automatic

transmission fluids containing such additive.

JP 07286189 discloses an additive consisting of a polymer (A)
which contains (a-1) 70-99.5 wt% of (1) a Cy, or lower alkyl (meth) acrylate and
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(a-2) 0.5 to 30 wt% of one or more compounds selected from N-vinyl pyrrol-
done, NN dialkylamino alkyl (meth) acrylate with C,-C,4 alkyl groups, N dialkyl
amino alkyl (meth) acrylate, vinyl pyrrolidene, morphorine ethyl meth-acylate

and vinyl imidozole. The additive may also contain (B) a pour depressant.

USP 5,622,924 discloses a viscosity index improver comprising a
polymer containing at least 70 wt% of an alkyl (meth) acrylate monomer having
alkyl groups of 10 carbons or less. Also disclosed are drive train lubricants
containing the additive. The additive is described as optionally containing not
more than 30% by weight of structural units of at least one monomer having at
least one atom selected from nitrogen, oxygen and sulfur, said monomer being
introduced into the polymer by copolymerization, graft copolymerization or graft
addition. The presence of such heteroatom monomer in the additive 1s generally

described as impacting detergency and/or dispersancy to the additive.

DESCRIPTION OF THE FIGURES

Figures 1A, 1B and 1C present the relationship between the broad,
preferred and most preferred range of total amount of mixture of polyalkyl
(meth) acrylate additives present in the base stock and the broad, préferred and
most preferred amount of functionalized poly alkyl (meth) acrylate present in the

mixture.

Figure 2 presents the effect of functionalized poly alkyl (meth)
acrylate on the Brookfield viscosity of a mineral oil base containing a mixture of

functionalized poly alkyl (meth) acrylate and an unfunctionalized poly alkyl
(meth) acrylate.



CA 02237538 1998-06-11

-6 -

BRIEF DESCRIPTION OF THE INVENTION

The present invention relates to an automatic transmission fluid
possessing the dual desirable properties of low Brookfield viscosity, about
50,000 cP or lower @ -40°C preferably about 30,000 cP or lower at -40°C, most
preferably about 25,000 cP or lower at -40°C, and high shear stability, compris-
ing a lubricating oil base stock suitable for use as an automatic transmission fluid
base stock and an additive comprising a mixture of a first, functionalized poly
alkyl (meth) acrylate (PMA-1) viscosity index improver possessing dispersant
properties and a second polyalkyl (meth) acrylate viscosity index improver
(PMA-2). The total amount of said first and second poly alkyl (meth) acrylates
in the formulation, on an active ingredient basis, is presented as the area bounded
by ABCD in Figures 1a, 1b and 1c where the y axis represent the total amount
(in vol%) of the mixture of PMA-1 and PMA-2 (active ingredient) in the auto-
matic transmission fluid, and the amount of PMA-1 (active ingredient in vol%)
present in the mixture is determined by reference to line L and read off the x
axis. The amount of ingredient PMA-2 present in any mixture, therefore, can be
readily determined by reading the total amount of PMA-1 and PMA-2 additive in
the mixture in the area bounded by ABCD from the y axis and subtracting from
it the amount of PMA-1 shown on line L from the x axis which can be present in

the mixture.

THE PRESENT INVENTION

The present invention is an automatic transmission fluid of

exceptional shear stability and low Brookfield viscosity @ -40°C.

The fluid possesses a Brookfield viscosity @ -40°C of about
50,000 cP or less, preferably about 30,000 cP or less, most preferably about
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25,000 cP or less and a stability index of about 10 or less and preferably about 5

or less.

The automatic transmission fluid comprises a major amount, that
is, typically about 70-92 vol%, more usually about 80 to 90 vol% of a lubricating
oil base stock of lubricating viscosity suitable for use as an automatic trans-
mission fluid. Said base stock can be derived from any matenal paraffinic or
naphthenic crude service suitably processed as by distillation, hydroprocessing,
hydrocracking, solvent extraction, solvent and/or catalytic dewaxing, or suitable
synthetic hydrocarbon such as polyalpha olefin made by the oligomerization of
at least 1 alkene having in the range of 6 to 20, preferably 8 to 16 more prefer-
ably 10 to 12 carbons or polyol ester made by the esterification of aliphatic
polyol with carboxylic acids, said aliphatic polyols containing from 4 to 15
carbons and having from 2 to 8 esterifiable hydroxyl group, e.g., tnmethylol-
propane, pentaerythritol, dipentaerythritol, neopentyl glycol, tripentaerythritol
and mixtures thereof, and said carboxylic acids being mono carboxylic acid or
mixture of mono and dicarboxylic acids having from 4 to 12 carbon atoms and

including straight or branched chain acids and mixtures of such acids.

Regardless of source, the automatic transmission base stock will be
one having a viscosity of about 10 to 30 mm®/s @ 40°C preferably 12 to
25 mm”'s @ 40°C.

The automatic transmission fluid, in addition to containing the base
stock contains a minor amount of additive comprising a first functionalized poly
alkyl (meth) acrylate viscosity index improver possessing dispersant properties

and a second polyalkyl (meth) acrylate viscosity index improver.
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The first poly alkyl (meth) acrylate viscosity index improver with
dispersant properties due to functionalization has a weight average molecular
weight of about 125,000 to about 225,000, preferably about 150,000 to 200,000
by Gel Permeation Chromatography and a shear stability index of about 15 or

less, preferably about 8 or less.

This first polyalkyl (meth) acrylate is functionalized with nitrogen
containing groups suitable for imparting dispersant properties to the additive and

have a basic nitrogen content of between about .1 to .2% basic nitrogen.

Thas first, functionalized poly alkyl (meth) acrylate possess
Brookfield viscosities @ -40°C of between about 200,000 to 600,000 cP, prefer-
ably 275,000 to 475,000 cP as determined for a mixture of the functionalized
poly alkyl (meth) acrylate in a hydroprocessed mineral oil having a kinematic
viscosity in the range 17.0-19.0 mm®/s @ 40°C and 3.78-3.94 mm?%/s @ 100°C
and having a pour point of 18°C maximum containing sufficient poly alkyl meth

acrylate so as to achieve an equivalent fresh oil kinematic viscosity of about 7 to

8 mm®/s @ 100°C, preferably 7.2-7.7 mm?%/s @ 100°C.

Representative of a commercially available functionalized poly
alkyl (meth) acrylate meeting these requirements and suitable for use in the
™
present invention is Acryloid 1267 from RohMax (formerly Rohm & Haas).

Acyloid 1267 1s reported by the manufacturer as having a basic nitrogen content
of about 0.16%, a bulk viscosity of about 700 and was found to have a weight
average molecular weight of about 175,000 (as determined by General

Permeation Chromatography) and a shear stability index of about 5.

The second poly alkyl (meth) acrylate viscosity index improver is a

poly alkyl (meth) acrylate having a weight average molecular weight in the range
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50,000 to 150,000, preferably 75,000 to 125,000 as measured by Gel Permeating
Chromatography and a shear stability index of about 10 or less, preferably about

5 or less. Such materials are commercially available. Acryloid 4115 (formerly

Acryloid 1019) or Acryloid 1017 from RohMax (formerly Rohm & Haas) are
examples of such poly alkyl (meth) acrylate.

Another important characteristic of this second polyalkyl (meth)
acrylate is its Brookfield viscosity @ -40°C. These second poly alkyl (meth)
acrylates have Brookfield viscosities @ -40°C of between about 10,000 to
30,000 cP, preferably about 12,000 to 25,000 cP as determined for a mixture of
poly alkyl meth-acrylate in a hydroprocessed mineral oil having a kinematic
viscosity in the range 17.0-19.0 mm*/s @ 40°C and 3.78-3.94 mm°®/s @ 100°C
and having a pour point of 18°C maximum wherein the poly alkyl meth acrylate
is present in the hydroprocessed oil an amount sufficient to achieve equivalent
fresh oil kinematic viscosity of about 7 to 8 mm*/s @ 100°C, preferably 7.2-7.7
mm®/s @ 100°C.

The shear stability properties of VI improvers are commonly

expressed in terms of Shear Stability Index (SSI).

Shear Stability Index (SSI) is a measure of the tendency of
polymeric VI improvers to degrade and lose their ability to thicken and maintain
viscosity, when subjected to shearing. Shearing can occur in pumps, gears,

engines, etc.

The SSI is constant for any given polymer, and the equation used
to calculate SSI is given below. It can be seen that the after shear viscosity 1s

proportional to the SSI.
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SSI=‘M- x 100
K - Ho

where  p; = initial oil viscosity in cSt at 100°C
ue = final oil viscosity after test in ¢St at 100°C

W, = viscosity of base oil blend in ¢St at 100°C with all additives except
the VI improver

The SSI value is nearly constant for each polymer under a given set
of operating conditions. However, SSI values do vary with the severity of
service. SSI thus provides a convenient method for estimating viscosity loss

under a known set of operating conditions.

If more than one polymer is present, the same equation would
apply to each VI improver, although the SSI could be different. That 1s, there

would be a family of equations, one for each VI improver.

Since no chemical reaction would be expected from the blend of
VI improvers, the total shear loss of the fluid would comprise the contribution of

each VI improver, in the ratio of their concentrations and SSI.

In addition to the mixture of poly alkyl (meth) acrylates discussed
above, automatic transmission fluids also contain other ingredients such as
corrosion inhibitors, oxidation inhibitors, friction modifiers, demulsifiers, anti

foamant, anti wear agents, pour point depressants and seal swellants said

additional materials being present in the finished ATF in total concentration of 5

to 15 vol%, preferably 5-10 voi%.

Corrosion inhibitors, also known as anti-corrosive agents, reduce

the degradation of the metallic parts contained by the ATF. Illustrative of corro-
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sion inhibitors are zinc dialkyldithiophosphate, phosphosulfurized hydrocarbons
and the products obtained by reaction of a phosphosulfurized hydrocarbon with
an alkaline earth metal oxide or hydroxide, preferably in the presence of an
alkylated phenol or of an alkylphenol thioester, and also preferably in the
presence of carbon dioxide. Phosphosulfurized hydrocarbons are prepared by
reacting a suitable hydrocarbon such as a terpene, a heavy petroleum fraction of
a C, to Cg olefin polymer such as polyisobutylene, with from 5 to 30 wt% of a
sulfide of phosphorous for 1/2 to 15 hours, at a temperature in the range of 150°F
to 600°F. Neutralization of the phosphosulfurized hydrocarbon may be effected
in the manner taught in U.S. Patent 2,969,324

Oxidation inhibitors reduce the tendency of mineral oils to
deteriorate in service which deterioration is evidenced by the products of
oxidation such as sludge and varnish-like deposits on the metal surfaces. Such
oxidation inhibitors include alkaline earth metal salts of alkylphenol thioesters
having preferably Cs to C,; alkyl side chains, e.g., calcium nonylphenol sulfide,
barium t-octylphenol sulfide, zinc dialkylditbiophosphates, dioctylphenylamine,
phenylalphanaphthylamine, phosphosulfurized or sulfurized hydrocarbons, etc.

Dispersants maintain oil insolubles, resulting trom oxidation
during use, in suspension in ATF thus preventing sludge flocculation and
precipitation. Suitable dispersants include high molecular weight alkyl
succinates, the reaction product of oil-soluble polyisobutylene succinic
anhydride with ethylene amines such as tetracthylene pentamine and borated

salts thereof.

Pour point depressants lower the temperature at which the ATFE
will flow or can be poured. Such depressants are well known. Typical of those

additives which usefully optimize the low temperature fluidity of the ATF are
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Cs-C,3 dialkylfumarate vinyl acetate copolymers, polymethacrylates (C; to C;3

alkyl), and wax naphthalene condensation products.

Foam control is provided by an anti-foamant of the polysiloxane

type, €.g., silicone oil and polydimethyl siloxane.

Anti-wear agents, as their name implies, reduce wear of
transmission parts. Representative of suitable antiwear agents are zinc

dialkyldithiophosphate, zinc diaryldilhiophosphate and magnesium sulfonate.

Some of these numerous additives can provide a multiplicity of
effects, e.g., a dispersant-oxidation inhibitor. This approach is well known and

need not be further elaborated herein.

Seal swellants include mineral oils of the type that provoke
swelling and aliphatic alcohols of 8 to 13 carbon atoms such as tridecyl alcohol,
with a preferred seal swellant being characterized as an oil-soluble, saturated,
aliphatic or aromatic hydrocarbon ester of from 10 to 60 carbon atoms and 2 to 4

ester linkages, e.g., dihexylphthalate, as are described in U.S. Patent 3,974,081.

By practice of the present invention it has been found possible to
produce an ATF exhibiting good Brookfield viscosity and possessing high shear
stability by employing two poly alkyl (meth) acrylate polymer, one exhibiting
good Brookfield viscosity and high shear stability and the other exhibiting poor
Brookfield viscosity but high shear stability, it being unexpectedly found that the
mixture of the two different poly alkyl methacrylate polymers acts synergistical-
ly in that the resultant Brookfield viscosity of the ATF containing the mixture 1s

lower than the arithmetic mean one would have expected from simply blending

of the two materials in the base stock. This unexpectedly permits the
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practitioner to employ a wider range of more readily available and possibly
cheaper materials to achieve a desired result, as compared to having to use two
polyalkyl meth acrylate both of which, previously, would have had to possess
both low Brookfield viscosity and high shear stability. The present invention
constitutes an unexpected new route to the formulation of automatic transmission

fluids of high shear stability and low Brookfield viscosity.

EXAMPLES

Example 1

A series of different poly alkyl (meth) acrylate in a hydroprocessed
mineral oil stock having a kinematic viscosity in the range 17.0-19.0 mm°/s @
40°C and 3.78-3.94 mm*/s @ 100°C and a pour point of 18°C maximum was
prepared for the purpose of ascertaining their physical properties. Enough of
each different poly alkyl (meth) acrylate materials was added to the base stock to

produce a product having a kinematic viscosity in the range of about 7.3 to 7.5
mm®/s @ 100°C. The polyalkyl (meth) acrylates added to the base stock were
secured from Rohm or Haas and are Acryloid 4115, an unfunctionalized poly

alkyl (meth) acrylate, and three functionalized poly alkyl (meth) acrylates,
Acryloid 1263, Acryloid 1265 and Acryloid 1267. The manufacturer literature

reports that following material characteristics:

TABLE 1
Matenal Mol Wt SSI Basic Nitrogen Content %
Acryloid 1263 750,000 45 12
Acryloid 1265 500,000 27 14
Acryloid 1267 175,000 5 16

Acryloid 4115 100,000 1
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The Brookfield viscosities in cP @ -40°C for the materials was

experimentally found to be as follows:

TABLE 2

Components, v%
Base Stock * 94.80 94 .40 93.40 89.50
Acryloid 1263 (as recetved) 5.20 --- --- ---
Acryloid 1265 (as received) --- 5.60 --- -
Acryloid 1267 (as received) --- --- 6.60 ---
Acryloid 4115 (as received) -—- --- --- 10.50
Viscosity @ 100°C

Before shear, cSt 7.37 7.29 7.33 7.50

After shear, cSt 5.70 6.34 7.11 7.44

SSI (calc) 46 28 6 2
Brookfield @ -40°C

Run #1, cP 20,400 46,800 293,200 16,920

Run #2, cP 22,100 60,800 463,000 16,780

Average. cP 21,250 53.800 376,100 16,850
Acryloid 1263 (37% active) 1.924 --- --- -—-
Acryloid 1265 (55% active) --- 3.08 --- ---
Acryloid 1267 (55% active) --- --- 3.630 ---
Acryloid 4115 (71% active) --- --- --- 7.455

* a hydroprocessed mineral oil having a kinematic viscosity in the range

17.0-19.0 mm*/s at 40°C and a pour point of 18°C maximum.

The Brookfield viscosity for the functionalized, dispersant poly
alkyl (meth) acrylates varied from 21,250 cP to 378,100 cP. The Shear Stability
Index (SSI) was determined using the Kurt Orbahn method (ASTM 3945), with
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values ranging from 48 to 6 (lower numbers signify that the fluid 1s more shear

stable).

Example 2

Table 3 shows blend studies using various ratios of Acryloid 1267
and Acryloid 4115 in a finished ATF formulation. The other two functionalized
poly alkyl (meth) acrylates were not tested because of their low shear stability.
Fluids containing such components would have been expected to have degraded
shear stability. Using 100% Acryloid 1267 gave a Brookfield of 774,000 cP,
while 100% Acryloid 4115 gave a Brookfield of 14,320 cP. Addition of
Acryloid 4115 to Acryloid 1267 has a synergistic effect on the finished flmd

Brookfield, for example, a 50/50 blend of the two components gave a Brooktfield
of 25,775 cP.

The data in Table 3 is plotted in Figure 2, where it can be seen that
there is a step change relationship depending on the ratio of the two VI
improvers with respect to the Brookfield viscosities of fluids containing mixtures

of the two acrylates.

The DI package is a typical ATF package having an antiwear
additive, detergent additive, antioxidant, anti rust, copper pacifier, friction

modifiers, diluent oil to solubilize the mix and to enhance fluidity, etc.
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CLAIMS:

1.  An automatic transmission fluid having a Brookfield
viscosity of about 50,000 cP or lower at -40°C, a shear stability index of about
10 or less comprising a base stock of suitable viscosity for use as an automatic
transmission fluid base stock and a first functionalized poly alkyl (meth) acrylate
viscosity index improver possessing dispersant properties having a weight
average molecular weight of about 125,000 to 225,000, a shear stability index ot
15 or less, a Brookfield viscosity at -40°C of between about 200,000 to
600,000 cP as determined for a mixture of the functionalized poly alkyl (meth)
acrylate 1n a hydroprocessed mineral o1l having a kinematic viscosity in the
range 17 to 19 mm?*/s at 40°C and having a pour point of 18°C maximum
wherein the functionalized poly alkyl (meth) acrylate 1s present in said mineral
o1l 1n an amount sufficient to achieve an equivalent fresh oil kinematic viscosity
of about 7 to 8 mm?/s at 100°C, and a second poly alkyl (meth) acrylate viscosity
index improver having a weight average molecular weight in the range 50,000 to
150,000, a shear stability index of about 10 or less, and a Brooktield viscosity at
-40°C of between about 10,000 to 30,000 cP, as determined for a mixture of said
poly alkyl (meth) acrylate in the aforesaid hydroprocessed mineral o1l wherein
the poly alkyl (meth) acrylate is present in said o1l in an amount sufficient to
achieve an equivalent fresh oil kinematic viscosity of about 7 to 8 mm®/s at
100°C, the total amount of said first and second poly alkyl (meth) acrylate

viscosity index improvers in the fluid being within a trapezoid bounded by a region
defined by points A, B, C and D as presented in Figure 1a, and the amount of the first
poly alkyl (meth) acrylate viscosity improver present in the fluid being shown on lne

L at Figure 1a and read off the x axis.

2. The automatic transmission fluid of claam 1 wherein the total

amount of said first and second poly alkyl (meth) acrylate viscosity index
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improvers in the fluid being within a trapezoid bounded by a region defined by points
A, B, C and D as presented in Figure 1b, and the amount of the first poly alkyl (meth)
acrylate viscosity index improver present in the fluid being shown on line L of Figure

1b and read off the x axis.

3. The automatic transmission fluid of claim I wherein the total

amount of said first and second poly alkyl (meth) acrylate viscosity index

improvers in the fluid being within a trapezoid bounded by a region defined by points
A, B. C and D as presented in Figure 1c, and the amount of the first poly alkyl (meth)

acrylate viscosity index improver present in the fluid being shown on line L of

Figure 1c and read off the x axis.

4.  The automatic transmission fluid of claim 1, 2 or 3 wherein
the first poly alkyl (meth) acrylate viscosity index improver has a weight average
molecular weight of about 150,000 to 200,000, a shear stability index of about 8
or less, and a Brookfield viscosity of about 275,000 to 475,000 cP at -40°C.

5. The automatic transmission fluid of claim 1, 2, 3 or 4
wherein the second poly alkyl (meth) acrylate viscosity index improver has a
weight average molecular weight of about 75,000 to 125,000, a shear stability
index of about 5 or less, and a Brookfield viscosity of about 12,000 to 25,000 cP
at -40°C.

6. A method for producing an automatic transmission fluid
having a Brookfield viscosity of about 50,000 cP or lower at -40°C, and a shear
stability index of about 10 or less comprising a base stock of suitable viscosity
for use as an automatic transmission fluid base stock said method comprising
adding to said base stock a first functionalized poly alkyl (meth) acrylate
viscosity index improver possessing dispersant properties having a weight
average molecular weight of about 125,000 to 225,000, a shear stability index of
15 or less, a Brookfield viscosity at -40°C or between 200,000 to 600,000 cP as
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determined for a mixture of the functionalized poly alkyl (meth) acrylate in a
hydroprocessed mineral oil having a kinematic viscosity in the range 17 to

19 mm®/s at 40°C and having a pour point of 18°C maximum wherein the
functionalized poly alkyl (meth) acrylate is present in said mineral o1l in an
amount sufficient to achieve an equivalent fresh oil kinematic viscosity of about
7 to 8 mm*/s at 100°C, and a second poly alkyl (meth) acrylate viscosity index
improver having a weight average molecular weight in the range 50,000 to
150,000, a shear stability of about 10 or less, and a Brookfield viscosity at -40°C
of between about 10,000 to 30,000 cP, as determined for a mixture of said poly
alkyl (meth) acrylate in the aforesaid hydroprocessed mineral o1l wherein the

poly alkyl (meth) acrylate is present in said oil in an amount sufficient to achieve

an equivalent fresh oil kinematic viscosity of about 7 to 8 mm®/s at 100°C, the
total amount of said first and second poly alkyl (meth) acrylate viscosity index

improvers in the fluid being within a trapezoid bounded by a region defined by points
A, B, C and D as presented in Figure 1a, and the amount of the first poly alkyl (meth)

acrylate viscosity improver present in the fluid being shown on line L. at Figure 1a and

read off the x axis.

7. The method of claim 6 wherein the total amount of said first
and second poly alkyl (meth) acrylate viscosity index improvers in the fluid being
within a trapezoid bounded by a region defined by points A, B, C and D as presented
in Figure 1b, and the amount of the first poly alkyl (meth) acrylate viscosity index

improver present in the fluid being shown on line L of Figure 1b and read off the x

axis.

8. The method of claim 6 wherein the total amount of said first
and second poly alkyl (meth) acrylate viscosity index improvers in the fluid being
within a trapezoid bounded by a region defined by points A, B, C and D as presented

in Figure 1c, and the amount of the first poly alkyl (meth) acrylate viscosity index

improver present in the fluid being shown on line L of Figure 1c and read oft the x

axis.
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9.  The method of claim 6, 7, or 8 wherein the first poly alkyl
(meth) acrylate viscosity index improver has a weight average molecular weight
of about 150,000 to 200,000, a shear stability index of about 8 or less, and a
Brookfield viscosity of about 275,000 to 475,000 cP at -40°C.

10. The method of claim 6, 7, 8 or 9 wherein the second poly
alkyl (meth) acrylate viscosity index improver has a weight average molecular
weight of about 75,000 to 125,000, a shear stability index of about 5 or less, and
a Brookfield viscosity of about 12,000 to 25,000 cP at -40°C.



CA 02237538 2006-02-15

PRI

~ IS | %.E ﬁcﬁmw Ezﬁcq :%.Sm |

Janosdwi xapui Alisoasia ajejluoe (Yaw) |Axje Ajod puooss = ZvINd

1anosdwil xapui AjsoosiA ajejlioe (Yiaw) |Axje Ajod pazijeuonouny isily = L YN e F . o_ H_
% JOA ‘18A0idwi IA L YW OAIOY .

0Ot GZ 02 Gl Ol
00
0l
LYW i
7 |
02

<
O
M

% |OA ‘pusig ui ysAcudw| JA YING 9A10Y

Ot
¢VINd Pue | YINd |ejol

0SS

6G
Va- q” 109

yo—
loz
6/
"4

| VIND ——




CA 02237538 2006-02-15

T4 | dT] S0AL01) JOUPT'] Uapi0

ot

Janoiduwi xepui AjIsoasiA ajejluoe (Yjaw) jAje Ajod puodss = ZvINd
Janoidui xapui b_woom_> a)ejlioe (Yaw) |je Ajod pazijeuoijouny 1sily = L YN

G¢

6V

/66

% [0A ‘19A0adwy A L YW @MY 4} 9Ol
0¢ Gl

cVYNd PUE LYINd 18101

LVYINDd <

Ot
00

Ol

7

% |[OA ‘puaig u! 18A0idw| A YN 9A10Y



CA 02237538 2006-02-15

115 | JT] S840 JoupoT Uapiog

1onoidwit xapui Ajsoasia ajelfuoe (Yaw) (e Ajod puooas = ZviNd
Janoidwy xapul Ajisoosia ajejAuoe (Yiawi) jAjje Ajod pazijeuonouny isily = LYING 9 F . mv _ H_
% |OA ‘J18A0IdWY A | VIND 8AIDY

x> GC 0¢ Gl 0t
I 00
o)

v >

Q

L 0 <

v O

Z

P~

3

J

ov 3

<

@

V'S 9 0S =2

AN CVWd Pue LYINd fejol o

> . 3

96~ \L (

g S

P




CA 02237538 2003-09-04

¢ 9l
% |OA ‘J8A0idw| A L YN 8ANDY

OV SE O¢ S¢ Oc¢ G'1 Ol

O _—t —t -
000001 v
000'00¢
000 00¢ :
000'00¥ ‘
000005 >
000009 1
000 00Z }

CVINd —e— | VWA —o—

000008

piaipioolg - YN IBI0L -

GO

Ol

-0¢

09

% |OA ‘pus|g ul J8A01dw| JA YN SA1IDY

02

surden Ladner Gervais LLP /5.1,



	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - claims
	Page 21 - claims
	Page 22 - claims
	Page 23 - claims
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings

