Office de la Propriete Canadian CA 2446181 A1 2002/11/07

Intellectuelle Intellectual Property
du Canada Office (21) 2 446 181
N organisme An agency of 12 DEMANDE DE BREVET CANADIEN
d'Industrie Canada Industry Canada CANADIAN PATENT APPLICATION
(13) A1
(86) Date de depot PCT/PCT Filing Date: 2002/04/22 (51) CL.Int.”/Int.Cl.Y C10M 145/16, C10M 145/14,
(87) Date publication PCT/PCT Publication Date: 2002/11/07 818% ]jg% g]m ]jgjgg’ 8]8& ,‘4‘%2’
(85) Entree phase nationale/National Entry: 2003/10/31 C10M 169/04: C10M 143/04: C10M *43/02:
(86) N° demande PCT/PCT Application No.: US 2002/012481 C10M 101/02

(87) N° publication PCT/PCT Publication No.: 2002/088283 (71) Demandeur/Applicant:

o INFINEUM INTERNATIONAL LIMITED, GB
(30) Prioritée/Priority: 2001/05/01 (09/846,469) US
(72) Inventeurs/Inventors:

BLOCH, RICARDO, A., US;
MARTELLA, DAVID, J., US

(74) Agent: BORDEN LADNER GERVAIS LLP

(54) Titre : COMPOSITIONS DE MELANGE DE COPOLYMERES DE CARBOXYLATE-VINYL ESTER DESTINEES A
AMELIORER L'ECOULEMENT D'HUILE LUBRIFIANTE

(54) Title: CARBOXYLATE-VINYL ESTER COPOLYMER, BLEND COMPOSITIONS FOR LUBRICATING OIL FLOW
IMPROVEMENT

(57) Abregée/Abstract:

Compositions for improving at least the low temperature flow properties of high viscosity index, high saturates, low sulfur
lubricating oils (also known as American Petroleum Institute Group Il and Group Il oils). The compositions comprise a mixture of
lubricating oil flow improvers (LOFls) that are specified first and second component copolymers of unsaturated dicarboxy esters,
Including a first component which Is a polymer or copolymer of a carboxylate containing pendent ester groups wherein the
average side chain carbon number is between 11.0 and 12.4, such as dialkyl fumarate/vinyl acetate copolymer, and a second
component which also Is a polymer or copolymer such as dialkyl fumarate/vinyl acetate copolymer, but wherein the average
side chain carbon number Is between 12.7 and 15.0. Alternatively, each of the polymers or copolymers can be esterified
styrene/maleic anhydride copolymer, or esterified olefin/maleic anhydride copolymer provided that each of the two components
has the specified, different average side chain carbon numbers.

,
L
X
e
e . ViNENEE
L S S \
ity K
.' : - h.l‘s_‘.}:{\: .&. - A L~
.
A

A7 /7]
o~

C an a dg http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

OPIC - CIPO 191




CA 02446181 2003-10-31

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date (10) International Publication Number
7 November 2002 (07.11.2002) PCT WO 02/088283 Al

(51) International Patent Classification’: C10M 145/16, (72) Inventors: BLOCH, Ricardo, A.; 1532 Ashbrook Drive,

169/04, 145/16, 143/04, 143/02, 145/16, 145/14, 145/12, Scotch Plains, NJ 07076 (US). MARTELLA, David, J.;

145/10, 145/08, 143/08, 143/10, 169/04, 101/02, 143/00, 11F Brookline Court, Princeton, NJ 08540 (US).

143/04, 143/02, 145/16, 145/16, 145/14, 145/12, 145/10,

145/08, 143/08, 143/10, C1ON 20/00, 30/02, 40/25 (74) Agents: LEVINE, Jacob, M. et al.; Infineum USA L.P,

1900 East Linden Avenue, P.O. Box 710, Linden, NJ 07036

(21) International Application Number: PCT/US02/12481 (US).

(22) International Filing Date: 22 April 2002 (22.042002) g1 Decionated States (national): CA, CN, IP. SG, ZA.

(25) Filing Language: English
(84) Designated States (regional): European patent (AT, BE,

CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, IT, LU, MC,

(26) Publication Language: English
NL, PT, SE, TR).

(30) Priority Data:

09/846,469 1 May 2001 (01.05.2001) US Published:
—  with international search report
(71) Applicant (for all designated States except ZA): IN- ~— before the expiration of the time limit for amending the
FINEUM INTERNATIONAL LIMITED [GB/GB]: claims and to be republished in the event of receipt of
P.O. Box 1, Abingdon, OX{fordshire OX 13 6BB (GB). amendments

(71) Applicant (for ZA only): INFINEUM USA L.P. [US/US]; For two-letter codes and other abbreviations, refer to the "Guid-
1900 East Linden Avenue, P.O. Box 710, Linden, New Jer-  ance Notes on Codes and Abbreviations” appearing at the begin-
sey 07036 (US). ning of each regular issue of the PCT Gazette.

1

< (54) Title: CARBOXYLATE-VINYL ESTER COPOLYMER, BLEND COMPOSITIONS FOR LUBRICATING OIL FLOW IM-
PROVEMENT

83

€\ (57) Abstract: Compositions for improving at least the low temperature flow properties of high viscosity index, high saturates,
R 1ow sulfur lubricating oils (also known as American Petroleum Institute Group II and Group III oils). The compositions comprise
= 2 mixture of lubricating oil flow improvers (LOFIs) that are specified first and second component copolymers of unsaturated dicar-
~~ boxy esters, including a first component which is a polymer or copolymer of a carboxylate containing pendent ester groups wherein
a\ the average side chain carbon number is between 11.0 and 12.4, such as dialkyl fumarate/vinyl acetate copolymer, and a second
component which also is a polymer or copolymer such as dialkyl fumarate/vinyl acetate copolymer, but wherein the average side
o chain carbon number is between 12.7 and 15.0. Alternatively, each of the polymers or copolymers can be esterified styrene/maleic
a anhydride copolymer, or esterified olefin/maleic anhydride copolymer provided that each of the two components has the specified,
different average side chain carbon numbers.




CA 02446181 2003-10-31
WO 02/088283 PCT/US02/12481

21 -

CARBOXYLATE-VINYL ESTER COPOLYMER BLEND COMPOSITIONS
FOR LUBRICATING OIL FLOW IMPROVEMENT

BACKGROUND OF THE INVENTION

[0001] The present invention relates to additives for improving the tlow properties of
certain oleaginous composition, particularly lubricating oil compositions in which are
used lubricating oil basestocks characterized as "Group II" and "Group III" according to
the American Petroleum Institute. More particularly, the present invention relates to
additives for improving at least the low temperature tlow properties of lubricating oil
compositions, and more particularly lubricating oil compositions that include lubricating
oil flow improvers in combination with high ethylene content ethylene alpha-oletin
copolymer (EAQ) viscosity index improvers. Still more particularly, the present
invention relates to improved lubricating oil compositions including such additives for
improving the flow properties thereof. The present invention relates also to methods for
improving the flow properties of oleaginous compositions, particularly engine crankcase

lubricating compositions.

[0002] A wide variety of compounds for use as lubricating o1l or fuel o1l additives
are known. These include compounds variously referred to as pour point depressants
(PPD), viscosity index improver (VII) or viscosity modifier (VM) compositions, wax
crystal modifiers, and the like. In particular, Cashman et al, U.S. Pat. No. 2,825,717,
discloses the preparation of certain lubricating o1l additives by the copolymerization of
polycarboxylic acid esters with other polymerizable monomeric matenals, including
vinyl compounds such as vinyl acetate. The preferred unsaturated polycarboxylic acid

esters therein are fumaric acid esters produced from C, through C,g aliphatic alcohols.

[0003] Bartlett, U.S. Pat. No. 2,618,602, discloses pour point depressing and/or
viscosity index improving materials obtained by polymerizing certain specified alkyl
fumarate esters. In particular this patentee discloses the use of polymerized fumarate

esters of Ci; to Cy4 alcohols for such purposes. This patent specifically discloses that the
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C;, alcohol was more effective than the C;4 alcohol, although both polymerized esters

exhibited pour point depressing properties.

[0004] Rossi et al, U.S. Pat. No. 4,088,589, discloses the use of specified mixtures of
lubricating oil pour point depressants which include polyesters consisting of a polymeric
ester of acrylic acid or methacrylic acid and a monohydric alcohol containing from 10 to
18 carbon atoms, and/or interpolymers of a vinyl alcohol ester of a C, to C;3 alkanoic
acid (e.g., vinyl acetate) and a di- (C¢-C;g alkyl) fumarate as one of the components
thereof for improving the viscosity index of high wax content lubricating oils which also
include viscosity index improving ethylene copolymers. Also, Wyman, U.S. Pat. No.
3,250,715, discloses terpolymers of dialkyl fumarates, vinyl esters, and alkyl vinyl ethers
for improving the pour point of lubricating oils, and most particularly in which the
dialkyl fumarates are prepared from various C;o through C,;g alcohols including
tetradecyl alcohol alone as well as alcohol mixtures averaging from 12 to 14 carbon

atoms.

[0005] There has also been disclosed in U.S. 4,713,088 and U.S. 4,863,486 (R. D.
Tack et al.) the use of specific dialkyl fumarate vinyl acetate polymers and copolymers 1n
various middle distillate fuel compositions for lowering the pour point and controlling
the size of wax crystals in these fuel composition products. Most specifically, these
patent applications disclose the use of such compounds in which the average number of
carbon atoms in the alkyl groups in the polymer or copolymer must be from 12 to 14. In
addition these additives are also disclosed as being useful in combination with the
polyoxyalkylene esters, ethers, esters/ethers and mixtures thereof, as well as with various
other additives. Furthermore, British Pat. No. 2,023,645 discloses, for use in treating
distillate fuel oils, various three-component systems which include as a first component
flow improvers having an ethylene backbone, such as various ethylene polymers
including ethylene polymerized with various mono- or diesters (e.g., vinyl acetate; and
C,; fumarates), as a second component a lube oil pour depressant such as various oil
soluble esters and/or higher olefin polymers (e.g., dialkyl fumarate, vinyl acetate
copolymers), and as a third component various polar oil-soluble compounds (e.g.,

phenates, sulfonates, phosphates, and carboxylates).
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[0006] It is also disclosed in U.S. Pat. Nos. 4,661,121 and 4,661,122 (K. Lewtas) that
the size of wax crystals forming in fuels boiling in the range of 120° C to 500° C can be
controlled by an additive which includes the polymers and copolymers of mono- and di-
n-alkyl esters of mono-ethylenically unsaturated C4 to Cg mono- or dicarboxylic acids, 1n
which the average number of carbon atoms in the n-alkyl groups 1s from 14 to 18. These
patents show a preference for copolymers of di-n-alkyl fumarates and vinyl acetate, and
specifically state that the fumarates can be made tfrom single alcohols or mixtures of
alcohols, and when mixtures are used they are mixed prior to esterification.
Furthermore, these patents disclose the use of various ethylene unsaturated ester
copolymer flow improvers as co-additives therewith, but do not specify that these
additives are produced from alcohol mixtures. Finally, in U.S. 4,956,492, which 1s a
divisional of U.S. 4,670,130 (A. R. Dekraker et al.), there 1s disclosed as a dewaxing aid
a copolymer of dialkyl fumarate and vinyl acetate in which a large proportion of the

alkyl groups are Cyg to Cy4 alkyl groups.

[0007] U.S. 5,330,545 (K. Lewtas et al.) discloses narrow boiling or sharply
fractionated middle distillate fuel compositions with 1mproved low temperature
properties by the addition of a copolymer such as dialkyl fumarate-vinyl acetate. The
copolymers are directed to those having specifically limited branching characteristics and
limited amounts of ester monomers having greater than 20 carbon atoms and fewer than
12 carbon atoms. Furthermore, use of copolymer mixtures as taught in the prior art (GB
1,469,016) is specifically discouraged (column 2, lines 41-43) for the middle distillate

fuels of interest.

(0008] GB 1,469,016 discloses a combination of pour point depressants for use in
middle distillate, high end point fuels. The additives are based on an ethylene copolymer
such as ethylene vinyl acetate and a polymer that is a polymer of an olefin or unsaturated
dicarboxylic acid ester, such as dialkyl fumarate-vinyl acetate. Neither ethylene
alphaolefin viscosity index improvers nor mixed dialkyl fumarate-vinyl acetate

copolymers having controlled structures are suggested.



CA 02446181 2003-10-31
WO 02/088283 PCT/US02/12481

_4 -

[0009] GB 1,080,910 discloses light oil additives of fumarate-vinyl acetate
copolymer pour point depressants in combination with fumarate vinyl acetate copolymer
viscosity index improvers; ethylene alphaolefin copolymer viscosity index improvers are
not disclosed. Dual pour point depressants in combination with a viscosity index
improver are not disclosed. The average side-chain carbon number for the reference
pour point depressant is 8.8 to 10.6 and for the viscosity index improver, 7.6 to 8.6. The
products for which the reference combination of additives is intended do not include high

viscosity index lubricating oil basestocks having high saturates and low sulfur content.

[0010] Four Romanian patents disclose work with various additive combinations for use
in diesel fuel, and "medium" and crude oils. RO 67487 discloses an additive of vinyl
acetate-fumarate esters in a toluene-diesel oil mixture for use with parattinic crude oils
and heavy petroleum products. The fumarate esters used to prepare the vinyl acetate
copolymers consist of a mixture of C;g, Cy, C2; and Cs4 esters. Consequently, all of the
copolymers are distinguished from the present invention. RO 111108 discloses low
temperature additives for use in medium oils based on a C;; or Cy4 fumarate vinyl acetate
copolymer; or mixed copolymers based on Cg and C¢ that provide an average of C,, or
Ci4. RO 113057 discloses an additive for crude o1l that includes toluene or a toluene-oil
mixture in combination with mixed high carbon number side chain fumarate-vinylacetate
copolymers, e.g., Ci6 plus Cjs. RO 114338 discloses a two component additive for use
in diesel fuels. One of the components is a C;4 maleate-vinyl acetate copolymer and the
other 1s a méleate (Cq,) or fumarate (C;)-styrene copolymer. The component having the
higher carbon number alkyl side chain is claimed to be present at a higher concentration,
limited to a ratio of 10:1. Furthermore, it is required that at least one of the copolymers

be a styrene-containing copolymer.

[0011] An article in the Journal of the Institute of Petroleum entitled "Ashless Polymeric
Additives; Detergency Dispersal Characteristics”, A.K.Misra, et al., Vol. 59, No. 570
(November, 1973) discloses various polymers, copolymers and mixtures, including
fumarate-vinyl acetate copolymers. Single carbon number fumarates were used e.g., Ca,
Cs, Cio, Ci2 and Cy6 and the copolymers were typically based on a mixture of three and

more monomers. The authors report that the (co)polymers can also display pour point
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depressing and viscosity index improving characteristics in addition to detergency and
dispersancy. In particularly noteworthy remarks the authors acknowledge that others
"reported in the literature that synergistic effect depends on the relative concentration of
the component additives present in the combination. Similar effects have also been
observed in cases of developed polymers and metallic detergent/dispersant combinations,
where changing the concentration of either of the two has reversed, in some cases, their
overall effect (synergism to antagonism). Development of synergistic formulations
containing different types of additives is actually a trial and error method, as the overall
effect of the formulation very much depends on the concentration and structure of the
additives, as well as on the nature of the oil." (Id., 296). The invention disclosed herein
lends support to this observation, particularly in view of the improvement effected by the
dual additive in a complex mixture including a viscosity index improver and a specific

lubricating o1l class.

[0012] The influence of the base oil on the performance of the additive is echoed in two
additional articles in this field while also describing the use of fumarate vinyl-acetate
copolymers as oil additives. In the Japanese Journal of Tribology, Volume 40, Number
4, 1995, 321-329, "Functions of Additives (5): VI Improvers and Pour Point
Depressants”, S. Takigawa observes that, with regard to the structure of pour point
depressants and their effect, "In recent years base oil with a high viscosity and large i-
parafffin content started to be used in engine oils. Therefore, the problem of developing
PPD in the future emerges." (Id., 328) The present invention 1s just such a response to
that need. Similarly, in J. Chem. Tech. Biotechnol. 1995, 62, 75-80, "Synthesis and
Evaluation of Alkyl Fumarate-Vinyl Acetate Copolymers in Combination with AlKyl
Acrylates as Flow Improvers for Borholla Crude Oil", A. Borhakur, et al. specifically
note that pour point depressant/flow improvers/wax crystal modifiers for residual fuel
oils and crude oils "tend to be specific to crude oils." (Id., 75) The authors evaluated the
effect of the average carbon number of the alkyl group of the fumarate on the rheological
properties of the crude oil, Table 5 (Id., 78). While an effect was observed, the authors
evaluated only high average alkyl carbon number compounds (Ci¢o to C11) and
concluded that a mixture of behenyl and cetyl fumarate in the ratio of 2:1, average

carbon number 19.2, was best. Furthermore, the referenced study did not appreciate the
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more complex relationship, treated in the present invention, wherein the average carbon
number of each of two dialkyl fumarate-vinyl acetate copolymers is controlled in order

to obtain improved performance.

[0013] While these various types of additive compositions have met with various
degrees of success in the particular environments in which they are employed, it has been
observed that various lubricating oil compositions, such as those containing certain
viscosity index improving additives, such as high ethylene-containing copolymers of
ethylene and propylene, as well as those lubricating o1l compositions containing
lubricating oil flow improvers, nevertheless experience difficulty 1n passing low
temperature performance tests designed to measure, e.g., the low temperature
pumpability of crankcase lubricating oils. The difficulties encountered are further
exacerbated by the use in such compositions of certain basestocks characterized as Group
II or Group III under the system of classification used by the American Petroleum

Institute according to the level of saturates, sulfur content and viscosity index (see, for

example, "Basestock Struggle," Lubes'N'Greases, 5 (3), 26 (1999).

SUMMARY OF THE INVENTION

[0014] An additive composition for improving at least the low temperature ftlow
properties of a lubricating oil composition comprising at least one lubricating oil
basestock selected from the group consisting of lubricating oils of greater than or equal
to 90 wt.% saturates and less than or equal to 0.03 wt.% sulfur and a viscosity index in
the range of greater than or equal to 80 and equal to or less than 200, and at least one
viscosity index improver selected from the group consisting of copolymers of ethylene
and at least one C; to about C,g alphaolefin, wherein the ethylene content of said
ethylene containing copolymer 1s greater than about 30 wt.% to about 85 wt.%, said
additive composition comprising a mixture of:

(A) first added lubricating o1l flow improver component containing pendent ester groups
having repeating methylene units derived from a mixture of alcohols present within the

structure of said pendant ester groups, comprising a copolymer of (i) a first monomer of
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an ester of an unsaturated dicarboxylic acid or its corresponding anhydride having the

formula:

0
N
H C——OR
/ 0\
RO—C H
\o

wherein R is selected from the group consisting of from about Cg to about Cy4 alkyl
group provided that the average side chain carbon number is between 11.0 and 12.4 and
(ii) a second monomer selected from the group consisting of (a) vinyl ester represented

by the formula:

o—c//O
H2C=C/ \R, ()
\

wherein R; comprises an alkyl group containing from 1 to about 18 carbon atoms, (b)
about Cg to about Cyg straight or branched chain alpha-monoolefin, and (c) styrene; or a

polymer or copolymer of unsaturated monoester represented by the formula:

R3
|

R4

wherein Rj is hydrogen or a C, to Cs alkyl group; and R4 is a COORs group wherein Rs
is a C; to Cyg alkyl, with the proviso that the average number of carbon atoms in the

groups constituting Rs in the polymer or copolymer is between 11.0 and 12.4, and
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(B) second added lubricating oil flow improver component containing pendent ester
groups having repeating methylene units derived from a mixture of alcohols present
within the structure of said pendant ester groups, comprising a copolymer of (1) a first
monomer of an ester of an unsaturated dicarboxylic acid or its corresponding anhydride

having the tormula:

—OR, (1)

0O
\c
/

/E

C=—=C

\
H

N

R O——-~C

VA4

wherein R, is selected from the group consisting of from about Cg to about C,4 alkyl
group provided that the average side chain carbon number is between 12.7 and 15.0 and
(11) a second monomer selected from the group consisting of said second monomers set
forth in (A)(11), provided however, that when the second monomer corresponds to
formula (IV) then the average number of carbon atoms in the groups constituting Rs 1n
the polymer or copolymer is between 12.7 and 15.0; and wherein the weight ratio of said

first component to said second component in said composition 1s from about 95:5 to

about 40:60.

[0015] Indeed, it has been discovered that the use of this specific combination of
components as an additive provides unexpected improvement in at least the low
temperature viscosity performance of lubricating oil compositions that results 1n
properties superior to the additive effect obtained by using either of these components
alone. This response permits the formulation of useful lubricating oil compoéitions that
employ high ethylene content oletinic copolymer viscosity modifying additives in
combination with basestocks having high saturate and low sulfur content as well as a
high viscosity index. In a preferred embodiment, the dual additive composition of the
present invention 1s employed in combination with a viscosity index improving amount

of an ethylene-propylene copolymer viscosity modifier (or viscosity index improver).
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[0010] In accordance with another embodiment of the present invention, the dual
additive composition is prepared in concentrate form for convenient use by formulators
and in still another embodiment the dual additive combination of components is

employed in lubricating oil compositions having improved flow properties.

DETAILED DESCRIPTION

[0011] The complexity of balancing the low-temperature rheological response of
lubricating oils has been compounded in recent years by the demand of regulators and
automobile manufacturers for motor oils that provide better fuel economy and lower
emissions. In an effort to improve fuel economy, lubricating oil refiners have resorted to
producing basestocks with both low viscosity and low volatility. Low viscosity
basestocks have the potential to improve fuel economy by reducing friction in the
engine. Lower emissions require basestocks with lower volatility. In order to achieve
the combination of low viscosity and low volatility, refiners remove aromatic and
naphthenic molecules because, at a given viscosity, they have higher volatility than
paraffins or isoparaffins. By removing aromatics and naphthenics components having a
low viscosity index, the resulting basestocks have a high viscosity index. However,
since n-paraffins have high melting points, they must be reduced in order to meet pour
point requirements. Normal paraffins are removed by a variety of processes including,
for example, solvent dewaxing, catalytic dewaxing, hydroisomerization, raffinate
hydroconversion, as well as other proprietary processes. The result of such treatment 1s a
basestock with high isoparaffin content. Although such basestocks have the potential to
improve fuel economy and lower emissions, their response to the standard lube o1l flow
improvers (LOFIs) is poor. This unresponsiveness of the traditional LOFIs 1s further
exacerbated when the basestock is formulated with viscosity index improvers based on

high-ethylene containing ethylene alphaolefin copolymers.

[0012] The additives of the present invention comprise a mixture of specified first and

second component unsaturated dicarboxy esters copolymers (also sometimes referred to



CA 02446181 2003-10-31
WO 02/088283 PCT/US02/12481

10 -

as interpolymers). The first critical component of this mixture 1s at least one copolymer

or interpolymer of an (i) unsaturated dicarboxy ester having the formula:

O
H \>C_ OR (D
C—=C
RO——C \H
\\O

wherein R is selected from the group consisting of from about Cg to about Cy4 alkyl
group provided that the average side chain carbon number is between 11.0 and 12.4 and,

in a preferred embodiment (i1) vinyl ester represented by the formula:

O

//
0—C

\

H,C=—=C R, (II)

wherein R; comprises an alkyl group containing from 1 to about 18 carbon atoms. The
production of these diester copolymers includes an esterification reaction between
unsaturated dicarboxylic acids or their corresponding anhydrides, as well as the
polymerization of the esterified monomers. Such reactions are well known in the art; for
example, Cashman et al, U.S. Pat. No. 2,825,717, specifically discloses the reaction
beginning at column 2, line 35, which disclosure 1s incorporated herein by reference to
the extent permitted. The copolymerization reaction of the diester monomers of formula
(I), with a monomer of formula (II), preferably vinyl acetate, 1s preferably carried out 1n

the presence of free radical initiator, such as a peroxide catalyst.

[0013] The synergistic combination of the present invention includes, along with the
specified first component, at least one second added component comprising a dicarboxy
ester copolymer or interpolymer containing pendent ester groups having repeating

methylene units derived from a mixture of alcohols present within the structure of said
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pendant ester groups, comprising a copolymer of (1) unsaturated dicarboxy ester having

the formula:

O
N
H C—OR, (1II)
N
C=—=C
RO— H

/
\O

wherein R, 1s selected from the group consisting of from about Cg to about C,4 alkyl
group provided that the averége side chain carbon number 1s between 12.7 and 15.0 and,
also in a preferred embodiment (11) vinyl ester represented by the formula II; and the
weight ratio of said first component to said second component in said composition
varying from about 95:5to about 40:60. Both the first and second copolymer
components are conveniently referred to as lubricating o1l flow improvers or LOFIs.
Alternative chemical classes of LOFIs having the same average side chain carbon

numbers in each of the components that are useful in the present invention are also

described hereinbelow.
[0014] For purposes of the present invention the tollowing terms are defined:

[0015] The term "about" when used as a modifier for, or in conjunction with, the size of
a variable is intended to convey that the numbers and ranges disclosed are flexible and
that practice of the present invention by those skilled in the art using temperatures,
concentrations, amounts, contents, carbon numbers, properties such as molecular weight
and viscosity, etc., that are outside of the range or different from a single value will
achieve the desired result, namely compositions for improving the low temperature tlow
properties of high viscosity index, high saturates, low sulfur lubricating oils, particularly
those 1n which there i1s present an ethylene alphaolefin viscosity index improver. If not
otherwise stated, the term "about"” typically includes a range of £ 10% for the value that

it modifies. Furthermore, where a range of values is expressed, it 1s to be understood,
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unless otherwise expressed, that the present invention contemplates the use of other

ranges that are subsumed within the broadest range.

[0016] "Polymer" includes copolymer unless otherwise specifically stated to be limited
to a polymer derived solely from the polymerization of a single monomer. Furthermore,
with reference to ethylene alphaolefin copolymers, it is also understood that such
copolymers can optionally contain a. minor amount (for example, greater than zero, but
less than 10% by weight) of a nonconjugated polyene, in which case the copolymer 1s
sometimes referred to as a terpolymer. For convenience, the term "copolymer" generally
will be used throughout, but with reference to ethylene alphaolefin polymers it i1s to be

understood to include both copolymers and terpolymers of ethylene with at least one

other alpha-olefin.

[0017] The general term "lubricating oil flow improver" (LOFI) covers all of those
additives which modify the size, number, and growth of wax crystals in lubricating (or
lube for short) oils in such a way as to impart improved low temperature handling,
pumpability, and/or vehicle operability as measured by such tests as pour point, Mini-
Rotary Viscometer (MRYV), and Scanning Brookfield Viscometer, hereinafter defined.
The majority of lubricating oil flow improvers are polymers or copolymers, or contain
polymers or copolymers. These polymers are generally of two types, either side chain or
backbone (mixtures of these are also useful). For purposes of the present invention the

LOFIs employed are of the side chain type.

[0018] "Thickening Efficiency" (T.E.) is defined as the ratio of (a) the weight percent of
a polyisobutylene oil solution (available commercially as "Infineum V8512", Infineum
USA L.P., formerly designated "Paratone N" from Exxon Chemical Co.), having a
Staudinger Molecular Weight of 20,000, required to thicken a solvent-extracted neutral
mineral lubricating oil, having an unmodified or initial viscosity of 150 SUS at 37.8°C, a
viscosity index of 105 and an ASTM pour point of 0° F (-17.8° C), (commonly referred
to as Solvent 150 Neutral oil) to a viscosity of 12.4 centistokes at 98.9°C, to (b) the
weight percent of a test copolymer required to thicken the same oil to the same viscosity

at the same temperature. T.E. 1s related to weight average or viscosity average molecular
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weight and is a convenient, useful measurement for formulation ot lubricating oils of

various grades.

[0019] "Mn" or number average molecular weight and "Mw" or weight average
molecular weight are defined by the following equations:
Mn =  INM,
2N;

Mw = INM
>N;M;

wherein N; is the number of molecules of molecular weight M;.

[0020] "Viscosity Index (V.1.)" is the ability of a lubricating oil to accommodate
increases in temperature with a minimum decrease in viscosity; the greater this ability,
the higher the V.I. numerical value. In the field of lubnication and lubricating

compositions, V.I. is typically measured according to ASTM D2270.

[0021] "Shear Stability Index (SSI)" measures the mechanical stability of polymers used
as V.I. improvers and subjected to high strain rates, particularly those used in crankcase
lubricating compositions. The diesel fuel injector test is commonly used to measure
performance, ASTM D3945, equivalent to DIN 51382. To determine SSI, the polymer
under test is dissolved in a suitable base oil (for example, solvent extracted 150 neutral)
to a relative viscosity of 2 to 3 at 100° C. The oil solution 1s then circulated through a
diesel fuel injector, for a total of thirty passes. The SSI is calculated from the initial
kinematic viscosity (V;), the final kinematic viscosity (Vy), and the base oil viscosity
(Vp), each at 100° C, according to the equation:

SSI (%) = 100 x (Vi-V/(Vi-Vy).
A reference sample (as required by the DIN method) is used to calibrate the test. The
SSI value is indicative of the resistance of a polymer to molecular weight degradation by
shearing forces. The higher the SSI the less stable the polymer, i.e., the more susceptible

it is to molecular weight degradation.
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[0022] "Mini-Rotary Viscometer (MRV)" performance 1s measured at low temperatures
and is determined using a technique described in ASTM-D3829. MRV TP-1 1s
determined using the test method described in ASTM-D4684. This 1s essentially the
same as the MRV test except that a slow cooling cycle is used. The cycle 1s defined in
SAE Paper No. 850443, K. O. Henderson et al. MRV TP-1 1s determined at a
temperature that depends on the viscosity grade of the oil, e.g., -35° C for an SAE 5W
oil, and is used by the SAE (J300 Specification) for determining the low temperature
pumpability of a crankcase oil. The sample is subjected to a temperature profile 1n
accordance with the procedure. During the test, the temperature is gradually lowered to
the test temperature, and then at that temperature the yield stress (YS) 1s measured in
pascals, and the apparent viscosity (VIS) is measured in pascal seconds, or centipoise
(since the oil is present as a two-phase system an apparent viscosity 1s determined rather
than a true viscosity). For example, in accordance with SAE requirements for 15W-40
oils, the target values of less than 35 pascals (YS) and not greater than 60 pascal seconds
(VIS) are considered acceptable in order to provide a pumpable composition at -25° C,

i.e., to maintain fluidity.

[0023] "Cold Cranking Simulator (CCS)" performance is another test conducted at low
temperature and high shear and is determined using the procedure described in ASTM
D5293; viscosity results are reported in centipoise. This test 1s related to the resistance
of lubricating oil to cold engine starting. The higher the CCS value, the greater the oil's

resistance to cold engine starting.

[0024] "Pour point” measures the ability of an o1l composition to tlow as the temperature
is lowered; performance is tested according to the procedure described in ASTM D97
and the results are reported in degrees centigrade. It, too, is a measure of an oil's low
temperature performance. Although pour point is not important for engine pumpability,
it continues to be required by the industry as a measure of oil dispensability from a
container at low temperature. The typical pour point specification 1s —36° C for a SAE

5W viscosity grade oil and -30° C for a SAE 10W viscosity grade oil.
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[0025] "Scanning Brookfield Viscometer" test (ASTM D 5133) predicts potential engine
oil pumpability due to air binding related to oil gelation. The typical Scanning

Brookfield Gel Index specification is less than 12.0 and in one case less than 8.5.

[0026] The first and second LOFI components are characterized by low to moderate
molecular weights. In particular values of Mn, as determined by vapor phase osmometry
or membrane osmometry, of not greater than about 60,000, and typically ranging from
about 1,500 to about 50,000, and ﬁreferably from about 2,500 to about 40,000; for
example from about 4,000 to about 60,000. Alternatively, molecular weight can
conveniently be suggested by the specific viscosity exhibited by such copolymers.
Accordingly, such specific viscosities will typically range from about 0.11 to about 2.2,
preferably from about 0.2 to about 0.9, and most preterably from about 0.2 to about 0.7.

Specific viscosities are determined in accordance with the following equation:
Specific Viscosity = (K,;s of Solution/K,;s of Solvent) - 1

wherein "K,;s of Solution" is the kinematic viscosity at 104° F (40° C) of a 2.0
mass/volume percent solution of the polymer (active ingredient or "a.1.” basis) in toluene
or commercially available mixed xylenes as the solvent, using Ubbelohde-type
viscometers with a viscometer constant of about 0.003 cSt/second; and "K,;; of Solvent”

is the corresponding kinematic viscosity of the solvent alone at the same temperature.

[0027] Sidechain-type polymers are the predominant variety used as LOFIs, and such
polymers have methylene segments as the side chains, preferably as straight side chains.
While not wishing to be bound by theory, it 1s believed that these polymers have various
lengths of methylene segments randomly distributed 1n the sidechains of the polymer that
associate or co-crystallize with the wax crystals inhibiting further crystal growth due to
branches and non-crystallizable segments in the polymer. Such side chains have been
found to be particularly effective in treating lubricating oil basestocks containing

isoparaffins as well as n-paraffins.
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[0028] The lubricating oil flow improvers of the present invention generally comprise
long chain flow improving polymers or interpolymers that contain pendent ester groups
derived from a mixture of alcohols whereby the alcohol residue can be characterized as
repeating methylene units, and which are o0il soluble, or dispersible, polymeric
compositions that generally have low to moderate number average molecular weights, as

recited above.

[0029] The lubricating o1l flow 1mprovers of the present invention include
interpolymers; preferably copolymers of certain unsaturated dicarboxy esters with certain
specified polymerizable monomeric compounds, namely, vinyl esters, alphaolefins or

styrene.

[0030] Suitable ethylenically unsaturated dicarboxylic acids or their anhydrides, which
are eventually esterified, have the carboxyl or anhydride groups located on vicinal
carbons, and have 4 to 10 carbons in the unesterified monomer molecule. Suitable
dicarboxylic acids or anhydrides thus include fumaric acid, maleic anhydride, mesaconic
acid, citraconic acid and anhydride, and itaconic acid and its anhydride. The particular

dicarboxylic acid or anhydride monomer that i1s preterred will depend on the i1dentity of .
its comonomer. Thus, when the comonomer 1s a vinyl ester, the preferred dicarboxylic
acid is fumaric acid. When the comonomer is an alphaolefin or styrene, the preterred
dicarboxylic monomer is maleic anhydride. Furthermore, whether it is preferable to
esterify the dicarboxylic acid or anhydride monomer first and then copolymerize, or to
first copolymerize the free acid or anhydride monomer and then esterify, depends on the
particular identity of the dicarboxylic monomer and its comonomer. Thus, for example,
it 1s conventional to first esterify the fumaric acid monomer or any other dicarboxylic
monomer, prior to copolymerization with a vinyl ester. In contrast, 1t 1s also
conventional to polymerize maleic anhydride with styrene or the alphaolefins, and to

then estenty.

[0031] As indicated above, the dicarboxylic monomer can be copolymerized with a

variety of different comonomers; the first of these is a vinyl ester comonomer defined by

formula (II):
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wherein which R; is an alkyl group containing from about 1 to 18 carbon atoms,
preferably from about 1 to 6 carbon atoms, and most preferably 1 carbon atom, whereby

the preferred ester monomer of formula (II) 1s vinyl acetate.

[0032] The preferred copolymers or interpolymers of lubricating oil flow improvers are
dialkyl fumarate/vinyl acetate copolymers having average side chain carbon number

characteristics as described above.

[0033] The mole ratio of the vinyl ester monomer, formula (1I), to the mole ratio of the
unsaturated dicarboxy monomer, formula (I), in the polymerization reaction mixture can
vary typically from about 3.0:1 to 0.33:1, preferably from about 1.5:1 to 0.7:1, and most
preferably from about 1.1:1 to 0.8:1. These copolymers of the present invention can be
prepared by conventional free radical polymerization techniques, for example, starting
with a mixture of all of the constituent monomers which mixture is essentially free of
homopolymer or copolymer. Conventional free radical polymerization catalysts can be
used, such as azobis-(isobutyronitrile), tert-butyl hydroperoxide, and benzoyl peroxide.
Such polymerizations can be conducted neat or in bulk (i.e., in the absence of a solvent)
or in the substantial absence of solvent. Polymerization of the ester monomers 18
preferably carried out in an inert hydrocarbon solvent, such as hexane or heptane, or low
viscosity lubricating oils. Polymerization is carried out in an oxygen-free reactor and the
desired atmosphere can be maintained by utilizing a nitrogen atmosphere as 1s known 1n
the art. Temperatures of about 65° C to about 150° C, depending on the choice of
initiator, can be used. Polymerization 1s carried out at either atmospheric or super-
atmospheric pressure and on either a batch or a continuous basis. Polymerization can be
stopped using known techniques when the preferred degree of polymerization (or

copolymer molecular weight) i1s reached, such as adding inhibitors to the reaction
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mixture, or can be allowed to go to completion. Where a solvent other than a lubricating
oil is used, it is separated from the resulting LOFI copolymers by standard process
methods known in the art before the LOFIs are ready for dissolution or dispersion to

form a concentrate or are included in a lubricating o1l formulation.

[0034] The second type of comonomer employed for copolymerization with the
unsaturated dicarboxylic monomer is an alpha-monoolefin. Straight chain alphaolefins
are preferred over branched chain alphaolefins. Moreover, if branching occurs, it 1s
preferred that it occur at the beta-carbon, and that such branching contain not more than
about 5, and preferably not more than about 2, carbons. Suitable alphaolefins typically
contain between about 6 and 46, e.g., between about 10 and 22, and preferably about 18
carbon atoms per molecule. Mixtures of olefins may be used, e.g., a Co-Cz4 mixture.
Representative  alphaolefins include 1-hexene, 1-heptene, 1-nonene, 1-decene,
l-hexadecene, 1-octadecene, 1-eicosene, 1-heneicosene, 1-docosene, 1-tricontene, 1-
tetracontene, 2-methyloctadecene, 2-ethyleicosene, and mixtures thereof. The mole ratio
of alphaolefin to unsaturated dicarboxylic monomer employed in the reaction mixture
will typically range from about 1.2:1 to about 0.8:1, preferably from about 1.1:1 to about
0.9:1, and most preferably about 1:1. The preferred copolymer of this class 1s a
copolymer of 1l-octadecene and maleic anhydride subsequently esterified with the

alcohols in the manner described hereinafter.

[0035] The third preferred comonomer for copolymerization with the unsaturated
dicarboxylic monomer is styrene. In forming this preferred unesterified intermediate
polymer, the molar ratio of styrene to unsaturated dicarboxylic-containing monomer
(e.g., maleic anhydride) can typically vary from about 3:1 to about 1:1; preferably from
about 2:1, to about 1:1, and most preferably from about 1.5:1 to about 1:1. Most
preferably, equal molar amounts of styrene and unsaturated carboxyl-containing
monomer (e.g., maleic anhydride) are employed. In addition, minor amounts of other
miscellaneous interpolymerizable comonomers can be included in the reaction mixture.
By minor amount is typically meant less than about 1, preferably less than about 0.3

moles of miscellaneous monomers per mole of carboxyl-containing monomer. Similar
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considerations, vis-a-vis miscellaneous monomers, apply with respect to use of the

alphaolefins as a comonomer for interpolymerization with the dicarboxylic monomer.

[0036] Various methods of polymerizing styrene or the alphaolefins and the
dicarboxylic-containing monomers are known in the art and need not be discussed 1n
detail herein. Such methods include neat and bulk polymerization techniques. The
polymerization reaction for use of either the styrene or alphaolefin comonomers with the
dicarboxylic monomer is typically conducted to produce an unesterified interpolymer
having a number average molecular weight of less than about 25,000, preterably less
than about 15,000, as determined by membrane osmometry. Upon esterification, such
molecular weights will be as described generally above as well as the corresponding

specific viscosities.

[0037] The resulting interpolymer is then esterified with an alcohol mixture of the type
described below with respect to esterification of the dicarboxylic monomer. The
esterification reaction can be accomplished simply by heating the dicarboxylic-
containing polymer and the alcohol mixture under conditions typical for effecting
esterification. Such conditions usually include, for example, a temperature of at least
about 80° C, preferably from about 100° C to about 150° C, provided that the temperature
is below the decomposition point of the reaction mixture, and the water of esterification
is removed as the reaction proceeds. Such conditions may optionally include the use of
an excess of the alcohol reactant so as to facilitate esterification, the use of a solvent or
diluent such as mineral oil, toluene, benzene, xylene or the like, and the use of an
esterification catalyst such as toluene sulfonic acid, sulfuric acid, phosphoric acid, or the

like. These conditions and variations thereof are well known in the art.

[0038] Another class of lubricating oil flow improvers useful in accordance with the
present invention comprises the polymers and copolymers of unsaturated monoesters,
preferably polymers of long side chain unsaturated monoesters, and copolymers of long
and short side chain unsaturated mono-esters. The polymers and copolymers of this
class of LOFIs are intended to be used as mixtures within this class or with the other

LLOFIs as described above provided that the average side chain carbon number derived
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from the alcohols employed satisfy the values for each of the first and second
components of the dual additive composition. The unsaturated esters are generally

acrylate or 2-alkylacrylate monoesters represented by the formula (1V):

C= CH2 (IV)

wherein Rj is hydrogen or a C; to Cs alkyl group; and R4 is a COOR;5 group wherein Rs
is a C; to Cy, preferably a C;g to C;3 alkyl group. A 2-alkylacrylate 1s one wherein Rz 18
alkyl. The hydrocarbyl groups constituting Rs represent the hydrocarbyl residues of
mixtures of alcohols from which the same are prepared, which alcohols are preferably
saturated, although some degree of unsaturation is permissible when mixtures of alcohols
are employed, e.g., less than about 2 mole % of the alcohols 1n the mixture can be
unsaturated. Straight chain or lightly branched alcohols are preferred over highly
branched alcohols. The mixture of alcohols employed are those containing from C, to
about C,o carbons which can be employed in such proportions that the average number
of carbons in the alcohol residue of the monomer molecule is preferably between either
(A) 11.0 and 12.4 or (B) between 12.7 and 15.0. Representative acrylate, and C, to Cs 2-
alkylacrylate monomers suitable for use in preparing the ester polymers and copolymers
of Formula (IV), subject to the above carbon number average restrictions, include methyl
acrylate, propyl methacrylate, propyl ethacrylate, octyl propacrylate, decyl butacrylate,
dodecyl pentacrylate, hexyl methacrylate, octyl ethacrylate, decyl methacrylate, dodecyl
methacrylate, tetradecyl methacrylate, hexadecyl methacrylate, octadecyl methacrylate,
tridecyl acrylate, tetradecyl methacrylate, pentadecyl acrylate, hexadecyl acrylate, and
octadecyl acrylate. Most preferred acrylates or 2-alkyl acrylates are those containing Cy;
to C,g alkyl esters having a carbon number average in the mixture for the alkyl (alcohol

residue) portion of the ester as described 1in (A) and (B) above.
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[0039] The long chain aliphatic esters are those described 1n Formula (IV) wherein Rs
may be prepared from mixed aliphatic alcohols containing from 8 to 20 carbon atoms per
molecule in such proportions that the average number of carbons 1n the alcohol residue
of the monomer molecule is preferably between either (A) 11.0 and 12.4 or (B) between
12.7 and 15.0 as described above; saturated aliphatic alcohols are preterred. Short chain
unsaturated esters, having the above-noted Formula (IV), but wherein Rs has less than 10
carbons, preferably 1 to 5 carbons, in amounts of 5 to 50 molar percent, preferably 10 to
20 molar percent, based on the total polymer, can be copolymerized with the long chain
unsaturated esters provided that the average carbon number limitations of (A) and (B) are
met. Preferably, all the alkyl esters in a given polymer will have the same acid moiety,
e.g., the mixture of esters will be a mixture of acrylates or 2-alkylacrylates (e.g.,
methacrylates). The polymers or interpolymers of Formula (IV) are characterized by

number average molecular weights and specific viscosities as described above.

[0040] The polymers and interpolymers of Formula (IV) can be prepared by
conventional free radical polymerization techniques, starting with a mixture of all of the
constituent monomers that is essentially free of polymer. Thus, the polymers are
generally random copolymers rather than graft or block interpolymers. Conventional
free radical polymerization catalysts, such as azobis (isobutyronitrile), tert butyl
hydroperoxide, and benzoyl peroxide, can be used. Such polymerization techniques
again include neat and bulk polymerization techniques. Polymerization of the ester
monomers is preferably carried out in an inert hydrocarbon solvent, such as hexane or
heptane or low viscosity lubricating oil. Polymerization 1s carried out 1n an oxygen-free
reactor. The desired atmosphere can be maintained by carrying out the polymerization 1n
a nitrogen atmosphere as is known in the art. Temperatures of about 65° C to about 120°
C, depending on the choice of initiator, can be used. Polymerization is carried out at
either atmospheric or super-atmospheric pressure and on either a batch or continuous
basis. Polymerization can be stopped when the desired degree of polymerization 1s
reached by known techniques, such as adding inhibitors to the reaction mixture, or can

be allowed to go to completion.
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[0041] The nature of the alcohols used for esterification, for example of the dicarboxylic
acid or anhydride, whether prior or subsequent to copolymerization, 1s selected such that
the average side chain carbon number of each of the dual LOFI additive components is
as set forth below. Moreover, while it 1s preferred to achieve compléte esterification of
all of the carboxyl groups of the dicarboxylic monomer, it is permissible to achieve only
partial esterification, but typically not less than about 70 mole %, and preterably not less
than about 80 mole % of the carboxyl groups available to be esterified. Accordingly,
esterification is typically conducted with mixtures of alcohols, which alcohols can be
slightly branched, but preferably are straight chain alkyl. Thus, the alcohols used for
esterification are selected from the C; to Cy4 aliphatic alcohols, preferably the Cy4 to Cayqg
aliphatic alcohols, and more preferably the Cg to Cy4 aliphatic alcohols. Primary alcohols
are preferred over secondary and tertiary alcohols, and the alcohols are preferably
saturated, although some degree of unsaturation (i.e., less than about 2 mole %) is
permissible in various alcohol mixtures. Straight and lightly branched chain alcohols are
preferred over highly branched alcohols. The alcohols particularly selected for
esterification should include sufficient hydrocarbon (i.e., carbon chain length) to insure
oil solubility or dispersibility in the lubricating oils of the present invention. Thus
mixtures of alcohols in the C4 to Cy average carbon number range are preferred, most
particularly in the Cq to Cy4 range. Alternatively, the alcohols selected can be based on
single carbon number alcohols, provided that the resulting stde-chain carbon numbers of
the components are in accordance with the values specified below. However, the
alcohols employed to produce the first and second components of the LOFI differ in a
very specific and significant manner. One of the LOFI copolymers, herein referred to for
convenience as the first component, has an average side-chain carbon number between
11.0 and 12.4; more preferably between 11.5 and 12.2. Average side chain carbon
number is determined either by gas chromatographic analysis of the mixture of alcohols
used in the esterification to produce the monomer or by C-NMR of the polymer. The
first component copolymer can also be referred to as the "low melting point™ component.
In contrast, the second LOFI component (alternatively, the "high melting point"
copolymer component) will have an average side-chain carbon number of between 12.7
to 15.0, more preferably between 12.8 and 14.0. Representative examples of suitable

alcohols thus include n-butanol, sec-butanol, isobutanol, n-pentanol, neopentanol, n-
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hexanol, octanol, isooctanol, decanol, n-dodecanol, n-tricosanol, n-tetracosanol, n-

tridecanol, n-tetradecanol, n-hexadecanol, n-octadecanol, and mixtures thereof.

[0042] Preferred lubricating oil compositions of the present invention include a viscosity
index improver that is combined with the dual additive LOFI composition in a lube oil
formulation. Thus, while the dual additive composition of the present invention need not
be sold in admixture with a viscosity index improver, the former will normally exert its
desired effect in the presence of the latter. These oil-soluble hydrocarbon polymeric
viscosity index (V.l.) improver additives contemplated to be compounded, mixed or
blended into the lubricating oil composition or formulation in accordance with this
invention are generally high molecular weight hydrocarbon polymers. In the present
invention, the V.I. improvers are of a specific type and may also be derivatized 1n order
to achieve o<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>