SOOT CONTRCL FOR DI ESEL ENG NE LUBRI CANTS BACKGROUND

OF THE I NVENTI ON FI ELD OF THE I NVENTION [OO J The
w@e@sanoss nvention relates to di esel engine | ubCT/T8L0TION7767

oils and to the control of soot induced viscosity

i ncrease of the lubricating used in such engines.

DESCRI PTI ON OF THE RELATED ART [002] Internal

combusti on engi nes function by the conbustion of fuels

which in turn generate the power needed to prope

vehicles. In the case of a diesel engine, the fuel is

a diesel fuel and the conbustion thereof generally

results in em ssions fromthe exhaust
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003] The formation of soot nay be alleviated to a

tls¢ npérature aéxttaoh the fuel is combusted in the engine. Typically this is

achieved by retarding the combustion, i.e., by injecting the fuel shortly afier the
peak temperature is reached in the cylinder. However, this retarded combustion
has the disadvantage that it causes more soot to accumulate in the engine
Jubricant partly due to incomplete combustion of the fuel because of the lower
combustion temperature, and partly due to increased soot deposition on the
cylinder wall which is drawn down into the lubricant with the downward stroke
of the piston. The presence of soot in the lubricant has the adverse affects of
causing viscosity increase and accelerated wear. It is important that soot
induced viscosity increase be controlled such that the lubricant stays within
viscosity grade in order to maintain its expected performance and to enable

quick and clean drainage of the engine during servicing.

[003] The formation of soot may be alleviated to a significant extent by

operating the diesel engine at relatively higher temperatures. However, the



operating the diesel engine at relatively higher

t enper atures. However, thehi gher tenperatures whil st
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formati on of increased anounts of NOx. If, however,

the engine tenmperature is | owered, inconplete

conbustion ensues and whilst this reduces the anount

of NOx fornmed in the em ssions, it also substantially

i ncreases the anmobunt of soot generated. The soot so

formed can manifest itself injtwo ways. It can either

appear as a thick black snoke emtted fromthe exhaust

.of the vehicle or, can be accumyl ated in.th ngi ne,, .
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under the conditions prevalent in the engines during use. One such method is

described in USP 5,837,657 which discloses a method of improving the

performance of a sooted diesel oil and controlling soot induced viscosity
increase by adding to the diese! oil a minor amount of a trinuclear molybdenum
compound of the generic formula MO3SiL,Q; wherein L is a ligand having
organo groups, n is from 1 to 4, k various from 4 through 10, Q is a neutral
electron donating compound such as, e.g., water, amines, alcohols, phosphines

and ethers, and z ranges from 0 to 5.

[005] MHydrocarbon base oils have differing solvency characteristics that
affect their capability to solubilize performance additives. Highly paraffinic

hydrocarbon base oils (those having low levels of aromaticity) are known to



affect their capability to solubilize performance
additives. Hi ghly paraffinic hydrocarbon base oils
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aftertreatment devices. [007] It would be advantageous
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PC-10. In these new engine lubricant categories, a maximum sulfur level is

defined for improved compatibility with new low emission engines equipped

with aftertreatment devices.

[007] It would be advantageous if a way could be found to reduce the soot
induced viscosity increase experienced in diesel engine lubricating oils during
use while not negatively affecting the desired viscosity modifying effect of
polymeric viscosity modifier which are normally added to diesel engine

lubricating oils without the need of employing cosolvents.

DESCRIPTION OF THE FIGURES
[008] Figure 1 shows the relationship between % viscosity increase due to

soot.and the GTL content of the base oil.



DESCRI PTI ON OF THE FI GURES [008] Figure 1 shows the
relati onship between % viscosity increase due to soot
wa@ea7b@sGTL content of the base oil.[009] Fi geeBUR007/007767
shows the relationship between thickening ability
attributable to Viscosity Mdifier and the GIL content
of the base oil. [010] Figure 3 shows the
interrel ati onship between % viscosity increase due to
soot and the thickening ability attributable to the
viscosity nodifier at different. GIL levels in the base
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invention is directed to a nethod for controlling the
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pM‘éﬂabl}eamSm 2@[@50 wt% o€mi GFH base stock and/or base oil and/or

hydrodewaxed or hydroisomerized/catalytic (or solvent) dewaxed base stock or

base oil based on the total base oil. The soot induced viscosity increase of diesel
engine lubricating engine oils during use can be controlled by employing as the
diesel engine lubricating oil a formulation comprising a base stock or base oil
contéining about 10 to 80 wt%, preferably about 10 to 70 wt%, more preferably
about 20 to 60 wt% of a GTL base stock and/or base oil and/or hydrodewaxed or
hydroisomerizad/catalytic (or solvent) dewaxed base stock and/or base oil in
combination with about 90 to 20 wt%, preferably about 90 to 30 wt%, more
preferably about 90 to 40 wt% of a conventional petroleum/mineral oil derived

base stock or base oil based on the weight of the total base oil.

[013] It has been discovered that the addition of the GTL base stock(s) and/or

base oil(s) and/or hydrodewaxed or hydroisomerized/catalytic (or solvent)



base stock or base oil based on the weight of the
total base oil. [013] It has been discovered that the
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and/ or hydrodewaxed or hydroi sonerized/catal ytic (or

sol vent ) dewaxed base stock(s) or base oil(s) in the
anount indicated to the conventional petrol eum m nera

oi | derived base stock(s) or base oil(s) results in a
base oil which exhibits both the ability to contro

soot induced viscosity increagse while not adversely
affecting the desirable viscosity nodifying effect of

pol ynmeric viscosity nodifiers which are deliberately .
dewntsd hasetsteck(sperbasengil(ss in ths amapphipdicated to the conventional

formul ation, T S i ' ' .
peRBU D oL b kB b ARG A e g base o
whichCadiibits b @rsability tH estttolesnot ivduatdrvisedsitygineidase while
during use by using as the diesel engine lubricant an
natiddversehy affiecting thergesisatlg visapsiy medidking etfegt ot palymeric

.contai ni bout. 10 t 9 . . e

vn%%é‘way!%%'oﬁ@%sgy“@g rags&?ﬁggﬁg&lﬁfc@gﬁgﬁéﬁﬁﬁfHf(n)%niugolpﬁncatmg

oifPéndtatioRase stock(s) and/or base oil(s) and/or
drodewaxed or hydroi sonerized/ catalytic (or solvent)

y .
88 B Al AL B bl o
indueéd v akRbyitg bacreaddirt diesél engine habricatingf @il dotingaiseldty using as

90 to 40 wt% of _a conventional, petroleuni mneral oil .
thgetipsed gnpinseludrisapt an 0&@)@6&4@‘? BATPrIFHE P ogk or base ol
ol
R IR0 050 RO HRB LS NH P R0 gl prefeably
alsdnak(®) 6andYoof bas er ondresGFTLsbasarse)cke kpamat/ve basedilég and/or
havi ng a kinematic viscosity at, OOOCi in.the range of K
hydredewaxed osd)lYﬁlﬁw/sgmeﬁeréfi&%%wc SoeRIven) slennsghase stock(s)

[ 1,
BT R PP Fosd 0l th PR at Rl w90 0 20
wi%, pesterably absupoefte3aoiiYsaniere pucierablg abouEO0up 40l wi% of a
base stock, more preferably Go | base stock. .G oups
convgagionpl, petrolewnimingraboi id€§1V6fLi %aae é“@f‘l ordase il.
devel oped and defined by the American Petrol eum
[015§t | tTheGIAPbask ftockéx)iand/drIBse oilfes). 2u/ophyiiradgwaxed or

hgquq%g{‘gengrliggee ée{lcgﬁftlfco{orlsg vrelng)acrilet:wg)%esae b.'fl)sleI &o&@&l gnb/okr)%%ge oil(s)

is (are) characterized as having a kinematic viscosity at 100°C in the range of

about 2 to 50 mm?2/s, preferably about 3 to 40 mm?2/s, more preferably about 3.5

to 30 mm?2/s.

[016] The conventional petroleum/mineral oil derived base stock or base oil is
preferably a Group I and/or Group II base stock, more preferably Group I base
stock. Groups I and II are broad categories of base oil stocks developed and
defined by the American Petroleum Institute (API Publication 1509;
www.APLorg) to create guidelines for lubricant base oils Group I base stocks
generally have a viscosity index of between about 80 to 120 and contain greater
than about 0.03 wt% sulfur and less than about 90 wt% saturates, Group II base
stocks generally have a viscosity index of between about 80 to 120 and contain

less than or equal to about 0.03 wt% sulfur and grater than or equal to about 90



generally have a viscosity index of between about 80

to 120 and contain greater than about 0.03 w % sul fur
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stocks generally have a viscosity index of between

about 80 to 120 and contain less than or equal to

about 0.03 wt% sul fur and grater than or equal to

about 90wt % sat urates. The conventional /m neral oi

derived base stock or base oil used in the present

invention has a kinematic viscosity at 1000C in the
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oil, preferably a Group I and/or Group II base stock and a polymeric viscosity

modifying additive in an amount in the range of about 1 to 25 wt% on an as
received basis, preferably about 5 to 25 wt% on an as received basis based on the

total weight of the formulated diesel engine lubricating oil composition.

[018] Viscosity modifiers (also known as VI improvers and viscosity index
improvers) provide lubricants with high and low temperature operability. These
additives impart shear stability at elevated temperatures and acceptable viscosity

at low temperatures.

[019] Suitable viscosity index improvers include high molecular weight
(polymeric) hydrocarbons, polyesters and viscosity index improver dispersants

that function as both a viscosity index improver and a dispersant. Typical



additives inpart shear stability at el evated
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as-received basis.

[022] Because viscosity modifiers are usually supplied diluted in a carrier or
diluent o0il and constitute anywhere from about 5 to 50 wt% active ingredient in
the additive concentrates as received from the manufacturer, the amount of
viscosity modifiers used in the formulation on an active ingredient basis can also
be expressed as being in the range of about 0.20 to about 4.0 wt% active
ingredient, preferably about 0.3 to 2.5 wt% active ingredient. For olefin
copolymer and styrene-hydrogenated isoprene copolymer viscosity modifier, the
active ingredient is in the range of about 5 to 15 wt% in the additive concentrates
from the manufacturer, the amount of these viscosity modifiers used in the
formulation can also be expressed as being in the range of about 0.20 to 1.9 wt%

active ingredient, preferably about 0.3 to 1.5 wt% active ingredient.



copol ymer and styrene-hydrogenat ed i soprene copol ynmer
viscosity nodifier, the active ingredient is in the
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concentrates fromthe manufacturer, the anount of
these viscosity nodifiers used in the fornulation can
al so be expressed as being in the range of about 0.20
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[025]°PK &hddd Rarein, the following terms have the indicated meanings:

a) “wax” - hydrocarbonaceous material having a high pour point, typically

exisﬁng as a solid at room temperature, i.e., at a temperature in the range
from about 15°C to 25°C, and consisting predominantly of paraffinic
materials;

b) “paraffinic” material: any saturated hydrocarbons, such as alkanes.
Paraffinic materials may include linear alkanes, branched alkanes (iso-
paraffins), cycloalkanes (cycloparaffins; mono-ring and/or multi-ring), and
branched cycloalkanes;

c) “hydroprocessing”: a refining process in which a feedstock is heated with
hydrogen at high temperature and under pressure, commonly in the presence
o.f a catalyst, to remove and/or convert less desirable components and to

produce an improved product;



cycl oal kanes (cycl oparaffins; nono-ring and/or
multi-ring), and branched cycl oal kanes; c¢)
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g) “hydrocracking”: a catalytic process in which hydrogenation accompanies
the cracking/fragmentation of hydrocarbons, e.g., converting heavier
hydrocarbons into lighter hydrocarbons, or converting aromatics and/or
cycloparaffins (naphthenes) into non-cyclic branched paraffins.

h) “hydrodewaxing”: (e.g., ISODEWAXING® of Chevron or MSDW™ of
Exxon Mobil corporation) a very selective catalytic process which in a
single step or by use of a single catalyst or catalyst mixture effects
conversion of wax by isomerization/rearrangement of the n-paraffins and
slightly branched isoparaffins into more heavily branched isoparaffins, the
resulting product not requiring a separate conventional catalytic or solvent
dewaxing step to meet the desired product pour point;

i) the terms “hydroisomerate”, “isomerate™, “catalytic dewaxate”, and
“hydrodewaxate” refer to the products produced by the respective processes,

unless otherwise specifically indicated;



single step or by use of a single catalyst or catal yst
m xture effects conversion of wax by
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combination, transformation, rearrangement, and/or degradation/deconstructive
processes from gaseous carbon-containing compounds, hydrogen-containing
compounds, and/or elements as feedstocks such as hydrogen, carbon dioxide,
carbon monoxide, water, methane, ethane, ethylene, acetylene, propane,
propylene, propyne, butane, butylenes, and butynes. GTL base stocks and/or
base oils are GTL materials of lubricating viscosity that are generally derived
from hydrocarbons, for example waxy synthesized hydrocarbons, that are
themselves derived from simpler gaseous carbon-containing compounds,
hydrogen-containing compounds and/or elements as feedstocks. GTL base
stock(s) and/or base 0il(s) include oils boiling in the lube oil boiling range
separated/fractionated from synthesized GTL materials such as for example, by
distillation and subsequently a final wax processing step which is either the well-

known catalytic dewaxing process, or solvent dewaxing process, to produce lube



propyl ene, propyne, butane, butylenes, and butynes.
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kinematic viscosity of about 4 mm?/s at 100°C and a viscosity index of about
130 or greater. Preferably the wax treatment process is hydrodewaxing carried
out in a process using a single hydrodewaxing catalyst. Reference herein to

Kinematic viscosity refers to a measurement made by ASTM method D445.

[029] GTL base stock(s) and/or base 0il(s) derived from GTL materials,
especially hydrodewaxed, or hydroisomerized/cat (or solvent) dewaxed F-T
material derived base stock(s) and/or base 0il(s), and other hydrodewaxed, or
hydroisomerized/cat (or solvent) dewaxed wax-derived base stock(s) and/or base
o0il(s), which can be used as base stock and/or base oil components of this
invention are further characterized typically as having pour points of about -5°C

or lower, preferably about -10°C or lower, more preferably about -15°C or



130 or greater. Preferably the wax treatnent process
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[031] In addition, the GTL base stock(s) and/or base oil(s) are typically highly
paraffinic (>90% saturates), and may contain mixtures of monocycloparaffins
and multicycloparaffins in combination with non-cyclic isoparaffins. The ratio
of the naphthenic (i.e., cycloparaffin) content in such combinations varies with
the catalyst and temperature used. Further, GTL base stock(s) and/or base oil(s)
typically have very low sulfur and nitrogen content, generally containing less
than about 10 ppm, and more typically less than about 5 ppm of each of these
elements. The sulfur and nitrogen content of GTL base stock(s) and/or base
oil(s) obtained by the hydroisomerization/isodewaxing of F-T material,

especially F-T wax, is essentially nil.



[031] In addition, the GIL base stock(s) and/or base
oil(s) are typically highly paraffnic (>90%
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thermal crackates, foots oil, wax from coal liquefaction or from shale oil, or
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other suitable mineral oil, non-mineral oil, non-petroleum, or natural source
derived waxy materials, linear or branched hydrocarbyl compounds with carbon
number of about 20 or greater, preferably about 30 or greater, and mixtures of

such isomerate/isodewaxate base stock(s) and/or base oil(s).

[035] Slack wax is the wax recovered from any waxy hydrdcarbon oil
including synthetic oil such as F-T waxy oil or petroleum oils by solvent or
autorefrigerative dewaxing. Solvent dewaxing employs chilled solvent such as
methy! ethy] ketone (MEK), methyl isobutyl ketone (MIBK), mixtures of
MEK/MIBK, mixtt/lres of MEK and toluene, while autorefrigerative dewaxing
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fraction(s) and/or wax-derived hydrodewaxed, or hydroisomerized/cat (or
solvent) dewaxed base stock and/or base oil fraction(s) with one, two or more
h‘igher viscosity GTL base stock and/or base oil fraction(s) and/or wax-derived
hydrodewaxed, or hydroisomerized/cat (or solvent) dewaxed base stock and/or
base oil fraction(s) to produce a dumbbell blend wherein the blend exhibits a

kinematic viscosity within the aforesaid recited range.

[038] In a preferred embodiment, the GTL material, from which the GTL base
stock(s) and/or base oil(s) is/are derived is an F-T material (i.e., hydrocarbons,
waxy hydrocarbons, wax). A slurry F-T synthesis process may be beneficially
used for synthesizing the feed from CO and hydrogen and particularly one
employing an F-T catalyst comprising a catalytic cobalt component to provide a

high Schuliz-Flory kinetic alpha for producing the more desirable higher
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filtrate by means such as filtration, although other separation means such as

centrifugation can be used. Some of the synthesized hydrocarbons pass out the
top of the hydrocarbon synthesis reactor as vapor, along with unreacted synthesis
gas and other gaseous reaction products. Some of these overhead hydrocarbon
vapors are typically condensed to liquid and combined with the hydrocarbon
liquid filtrate. Thus, the initial boiling point of the filtrate may vary depending
on whether or not some of the condensed hydrocarbon vapors have been
combined with it. Slurry hydrocarbon synthesis process conditions vary
somewhat depending on the catalyst and desired products. Typical conditions
effective to form hydrocarbons comprising mostly Cs, paraffins, (e.g., Cs+~Cao0)

and preferably C¢. paraffins, in a slurry hydrocarbon synthesis process
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wei ght hydrocarbons. This has been achieved in a
reskction yypesoefeatalyst comprise, for example, one or more Group VIII

catalytic metals such as Fe, Ni, Co, Ru and Re, it is preferred that the catalyst
comprise a cobalt catalytic component. In one embodiment the catalyst
co.mprises catalytically effective amounts of Co and one or more of Re, Ru, Fe,
Ni, Th, Zr, Hf, U, Mg and La on a suitable inorganic support material, preferably
one which comprises one or more refractory metal oxides. Preferred supports
for Co containing catal3;sts comprise Titania, particularly. Useful catalysts.and
their preparation are known and illustrative, but nonlimiting examples may be
found, for example, in U.S, Pat. Nos. 4,568,663; 4,663,305; 4,542,122;
4,621,072 and 5,545,674.



using a catalyst containing a catalytic cobalt

conponent. Those skilled in the art know that by al pha
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suitable F-T reaction types of catalyst conprise, for

exanple, one or nore Goup VIIlI catalytic nmetals such

as Fe, Ni, Co, Ru and Re, it is preferred that the

catal yst conprise a cobalt catalytic conmponent. In one
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[042] The waxy feed preferably comprises the entire 650-750°F+ fraction
formed by the hydrocarbon synthesis process, having an initial cut point between
650°F and 750°F determined by the practitioner and an end point, preferably
above 1050°F, determined by the catalyst and procéss variables employed by the
practitioner for the synthesis. Such fractions are referred to herein as “650-
750°F+ fractions”. By contrast, “650-750°F fractions™ refers to a fraction with
an unspecified initial cut point and an end point somewhere between 650°F and
750°F. Waxy feeds may be processed as the entire fraction or as subsets of the

entire fraction prepared by distillation or other separation techniques. The waxy



(for exanple, by specifying that the fraction boils
continuously or constitutes the entire range) the
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material at the specified [imt has to be present,
rather it excludes material boiling outside that
range. [042] The waxy feed preferably conprises the
entire 650-750F+ fraction forned by the hydrocarbon
synthesis process, having an initial cut point between
6500F and 7500F determ ned by,;ghe practitioner and an
end point, preferably above 10500F, determ ned by the
catal yst and process vari ables enp
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slack ngxes stamsed 45 thegieodetheywnayinged to he pubjacted tya preliminary
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characterized as an isonerization process, |If
ticn amktovexeseasudfurs add adtrogen-centhiningssompoupdsewhich weuld

ubj ected to a prelim.nary hydrotreating step u .
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cata yst pol soning or deactiva tion) or to renove

reguirkdrbecansk, as indigetedeatrva, suclywaxep bavid onbhirene agiiuats (less
th%g%égémﬂ%%c%%ﬁg g}phlggli%?rsg 'than BhotES pBm {8 nil) of sulfur or
nitrogen compound content. However, some hydrodewaxing catalyst fed F-T
waxes may benefit from prehydrotreatment for the removal of oxygenates while
others may benefit from oxygenates treatment. The hydroisomerization or
hydrodewaxing process may be conducted over a combination of catalysts, or
over a single catalyst. Conversion temperatures range from about 150°C to
about 500°C at pressures ranging from about 500 to 20,000 kPa. This process
may be operated in the presence of hydrogen, and hydrogen partial pressures
range from about 600 to 6000 kPa. The ratio of hydrogen to the hydrocarbon
feedstock (hydrogen circulation rate) typically range from about 10 to 3500
n.L.1™" (56 to 19,660 SCF/bbl) and the space velocity of the feedstock typically

ranges from about 0.1 to 20 LHSV, preferably 0.1 to 10 LHSV.



subsequent steps. IfFT waxes are used, such
prelimnary treatnment is not required because, as
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as in British Patents 1,429,494; 1,350,257; 1,440,230; 1,390,359; WO 99/45085
and WO 99/20720. Particularly favorable processes are described in European
Patent Applications 464546 and 464547. Processes using F-T wax feeds are
described in U.S. Pat. Nos. 4,594,172; 4,943,672; 6,046,940; 6,475,960;
6,103,099; 6,332,974; and 6,375,830. |

[046] Hydrocarbon conversion catalysts useful in the conversion of the
n-paraffin waxy feedstocks disclosed herein to form the isoparaffinic hydro-
carbon base oﬂ are zeolite catalysts, such as ZSM-5, ZSM-11, ZSM-23,
ZSM-35, ZSM-12, ZSM-38, ZSM-48, offretite, ferrierite, zeolite beta, zeolite
theta, and zeolite alpha, as disclosed in USP 4,906,350. These catalysts are used

in combination with Group VIII metals, in particular palladium or platinum. The



5,158,671; and 4,897,178; EP 0324528 (Bl), EP 05321 16
(Bl'), EP 05321 18 (BI), EP 0537815 (Bl), EP 0583836

w@ Bvy/1249F3 0666894 (B2), EP 0668342 (Bl), EP O7F@GRBS2007/007767
(A3), WD 97/031693 (Al), WO 02/064710 (A2), WD
02/06471 1 (A), WD 02/070627 (A2), WD 02/070629 (Al),
WO 03/033320 (Al) as well as in British Patents
1,429, 494; 1, 350, 257; 1, 440, 230; 1, 390, 359; WO
99/ 45085 and WD 99/20720. Particularly favorable
processes are described in Eurgpean Patent
Appl i cations 464546 and 464547. Processes using F-T
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dependlng on the intended use of the 650-750°F- material present, if it has not
been separated from the higher boiling material prior to the dewaxing. In
solvent dewaxing, the hydroisomerate may be contacted with chilled solvents
such as acetone, methyl ethyl ketone (MEK), methy] isobutyl ketone (MIBK),
mixtures of MEK/MIBK, or mixtures of MEK/toluene and the like, and further
chilled to precipitate out the higher pour point material as a waxy solid which is
then separated from the solvent-containing lube oil fraction which is the
raffinate. The raffinate is typically further chilled in scraped surface chillers to
remove more wax solids. Autorefrigerative dewaxing using low molecular
weight hydrocarbons, such as propane, can also be used in which the
hydroisomerate is mixed with, e.g., liquid propane, a least a portion of which is

flashed off to chill down the hydroisomerate to precipitate out the wax. The wax



feedstock elim nates the need for any subsequent,

separ ate dewaxi ng step. [048] A dewaxi ng step, when
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sol vent dewaxi ng, catal ytic dewaxi ng or hydrodewaxi ng

processes and either the entire hydroi sonerate or the

650- 750F+ fracti on nay be dewaxed, depending on the

i nt ended use of the 650-7500F naterial present, if it

has not been separated fromthe higher boiling

material prior to the dewaxi ng;.ln solvent dewaxing,
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[®fg]eCt AN detvaxdE Eataliest Rehich RElINdedate thepour point of the
hydr oi soner ate. Cat aléti c dewaxing al so converts a

hydraisemersgte and profarablyghesandiely provide ajargq yigld of lube oil base
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fraction fractionated into two or nore base stocks.

compansnt, havefbeehslenansirabed ps neefivhfer dewaxiag peéroleum oil

s3E60R pd il i Bdp. ferrighiid, Pordipias SV 26011,
ZSMCIS . ZSM-35, ZSM-22 also known as theta one or TON, and the

silicoaluminophosphates known as SAPO’s. A dewaxing catalyst which has

been found to be unexpectedly particularly effective comprises a noble metal,
preferably Pt, composited with H-mordenite. The dewaxing may be
accomplished with the catalyst in a fixed, fluid or slurry bed. Typical dewaxing
conditions include a temperature in the range of from about 400-600°F, a
pressure of 500-900 psig, H; treat rate of 1500-3500 SCF/B for flow-through
reactors and LHSV of 0.1-10, preferably 0.2-2.0. The dewaxing is typically
conducted to convert no more than 40 wt% and preferably no more than 30 wt%
of the hydroisomerate having an initial boiling point in the range of 650-750°F

to material boiling below its initial boiling point.
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[052] ‘The preferred base stock(s) and/or base oil(s) derived from GTL
materials and/or from waxy feeds are characterized as having predominantly
paraffinic compositions and are further characterized as having high saturates
levels, low-to-nil sulfur, low-to-nil nitrogen, low-to-nil aromatics, and are

essentially water-white in color.

[053] A preferred GTL liquid hydrocarbon composition is one comprising
paraffinic hydrocarbon components in which the extent of branching, as
measured by the percentage of methyl hydrogens (BI), and the proximity of
branching, as measured by the percentage of recurring methylene carbons which

are four or more carbons removed from an end group or branch (CH; > 4), are



1l base stock(s) and/or base oil(s), in conbination

wWith the instant invention can provide additional
whemefizesnl advantages in fornulating | ubri caneCT/US2007/007767

conpositions. [051] In the present invention m xtures

of hydrodewaxate, or hydroi sonerate/cat (or solvent)

dewaxat e base stock(s) and/or base oil (s), m xtures of

the GIL base stock(s) and/or base oil(s), or m xtures

thereof, preferably m xtures of GIL base stock(s)

and/ or base oil(s), can consi4stute all or part of the

base oil. [052] The preferred base stock(s) and/or
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chidetdri A4, §r RYEHs84E, B9 RathipIess tHamn0.i swtdarcnnicitsidigcarbons,
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lessfthbn 20cWppy), nitkogencantaiaing compopads dassiianci0 wepry sulfur
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ro

end up or branch , aresuch that: (a)
poiht 6 F{ME, ensiverdgs theydvenygafevecrabap dithexyl or damegysbranches

red over said liquid hydrocar bt
pegrlp e posionh an) ooy Aierer Fay€ e ek IRy Byl per
100 &arbah aBSmE UNeeTa16h 852 bk RhhZaterizdd Peacdmabinaties of dynamic
having |l ess than™0.1 w % aromati ¢ hydrocarbons, |ess

visdusity2 @s mflga?urﬁd b KIS ebmiGhiang kivpmetinadscastlys ag mgasured at
108 gorteby HF EtapliP, TRBY AR BRHR RV 8 16b-C) -

dyeferred Bl > 25.4 and (CH2 > 4) < 22.5. They have a
nom nal boiling point of 3700C+, on average they

[ﬂgéfr a%eip?@f’éi'rédqéﬁ" 118018300tk ﬁﬁd)o?'?ﬁ@é oPrid r!ﬂit?éhaﬁﬁéte%&@d as

bon at'ons and on average have nore than 16 nethyl
cdmpisings wextutd of bearuhedgiavaffinsdieyactesived émtha the lubricant

b Sinie s o058 B RiARARRY paPERSbiein seid
br%ﬁcﬁrgfﬁwa?ﬂnéare paraffins having a carbon chain length of about C; to
about Cy, a molecular weight of about 280 to about 562, a boiling range of
about 650°F to about 1050°F, and wheréin said branched paraffins contain up to
four alkyl branches and wherein the free carbon index of said branched paraffins

is at least about 3.

[056] In the above the Branching Index (BI), Branching Proximity (CH, > 4),

and Free Carbon Index (FCI) are determined as follows:

Branching Index
[057] A 359.88 MHz 1 H solution NMR spectrum is obtained on a Bruker

360 MHz AMX spectrometer using 10% solutions in CDClz. TMS is the
internal chemical shift reference. CDCl; solvent gives a peak located at 7.28.
All spectra are obtained under quantitative conditions using 90 degree pulse

(10.9 ps), a pulse delay time of 30 s, which is at least five times the longest



1000C represented by the formula: DV (at -400C) < 2900

(KV at 1000C) - 7000. [055] The preferred GIL base
wG@@chk2@nsl/ or base oil is also characterized aBCT/US2007/007767

conprising a mxture of branched paraffins

characterized in that the lubricant base oil contains

at least 90% of a m xture of branched paraffins,

wherei n said branched paraffins are paraffins having a

carbon chain | ength of about C2oto about C40, a

nol ecul ar wei ght of about 28Q240 about 562, a boiling

range of about 6500F to about 10500F, and wherein said

hed. fii t t | kvl b h
IR ap T Brs rrRa0on Pt nthd §20 s g g assd
Slgﬁgp{(;hggelﬁt,@g | east about 3 [056] In the above the

ranching Index (BI), Branching Proximty (CH2 > 4),
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spect r opgt using ,10% solutjgons in CDA3. TM5S is the
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five tines the Ion gest hydrogen spin-lattice relaxation
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;R et BYE %alaulés%x SRR th G non-
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paraffin ne hydrogens; 1.4-1.

b(prm}dfdalrphat@-lﬁydmghlys rm&lehyldge g)é" 193 td 205pmM5 ppm
paraffinic CH3 nethyl hydrogens. [059] The branching

Bratthing Bl@m ingitg ACELI>agpd as the ratio in percent of

nonbenzyl |
[060] A 90. 5 MHZ3CMR single pulse and 135 Distortionless Enhancement by
Polarization Transfer (DEPT) NMR spectra are obtained on a Brucker 360

MHzAMX spectrometer using 10% solutions in CDCL;. TMS is the internal

chemical shift reference. CDCLj3 solvent gives a triplet located at 77.23 ppm in
the '*C spectrum. All single pulse spectra are obtained under quantitative
conditions using 45 degree pulses (6.3 ps), a pulse delay time of 60 s, which is at
least five times the longest carbon spin-lattice relaxation time (T}), to ensure
complete relaxation of the sample, 200 scans to ensure good signal-to-noise

ratios, and WALTZ-16 proton decoupling.

[061] The C atom types CHj, CH,, and CH are identified from the 135 DEPT
13C NMR experiment. A major CH, resonance in all 13C NMR spectra at ~29.8
ppm is due to equivalent recurring methylene carbons which are four or more
removed from an end group or branch (CH2 > 4). The types of branches are

determined based primarily on the '>C chemical shifts for the methyl carbon at



met hyl hydrogens in the range of 0.5 to 1.05 ppm to

the total nonbenzylic aliphatic hydrogens in the range
W@R000/12695D 2.1 ppm Branching Proxinmty (CH2 >pdi/upm60907767

A 90.5 MHz3CMR single pulse and 135 Distortionless

Enhancenent by Pol ari zati on Transfer (DEPT) NWR

spectra are obtained on a Brucker 360 MHzAMX

spectronmeter using 10% solutions in CDCL3. TMS is the

internal chem cal shift reference. CDCL sol vent gives

atriplet located at 77.23 ppmsion the 13C spectrum

| single pulse spectra are obtai ned under
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RS RO BRI 657 Sl i rBberh b Sanbon in
sahpkempié;ch i s acconplished with sufficient accuracy

for lubricati ngLoiI materials by sinmply
c) measure the area between 29.9 ppm and 29.6 ppm in the sample; and

d) divide by the integral area per carbon from step b. to obtain FCI.

[063] | Branching measurements can be performed using any Fourier
Transform NMR spectrometer. Preferably, the measurements are performed
using a spectrometer having a magnet of 7.0T or greater. In all cases, after
verification by Mass Spectrometry, UV or an NMR survey that aromatic carbons
were absent, the spectral width was limited to the saturated carbon region, about
0-80 ppm vs. TMS (tetramethylsilane). Solutions of 15-25 percent by weight in
chlofofbrm-dl were excited by 45 degrees pulses followed by a 0.8 sec
acquisition time. In order to minimize non-uniform intensity data, the proton
decoupler was gated off during a 10 sec delay prior to the excitation pulse and

on during acquisition. Total experiment times ranged from 11-80 minutes. The



di vidi ng the nol ecul ar wei ght of the sanple oil by 14
(the formula weight of CH2); b) divide the total
w@200002695313 i ntegral area (chart divisions or BCBEHS2007/007767
counts) by the average carbon nunber fromstep a. to
obtain the integral area per carbon in the sanple; c)
nmeasure the area between 29.9 ppmand 29.6 ppmin the
sanple; and d) divide by the integral area per carbon
fromstep b. to obtain FCl. [063] Branching
measur enents can be perforned,ysing any Fouri er
Transform NVR spectroneter. Preferably t he
neasurenents are perforned ectr nEter
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1y identified by chem cal shift and phase. The
branchi ng properties of each sanple are_determ ned by

[@55]13 GilR Resesteakie) ard/orpesonilis), anbhydradgmaednsr
hyHt%s&ﬂSnzed/cat (or solvent) dewaxed wax base stock(s) and/or base 0il(s),

for example, hydroisomerized or hydrodewaxed waxy synthesized hydrocarbon,
e.g., Fischer-Tropsch waxy hydrocarbon base stock(s) and/or base oil(s) are of
low or zero sulfur and phosphorus content. There is a movement among original
equipment manufacturers and oil formulators to produce formulated oils of ever
increasingly reduced sulfated ash, phosphorus and sulfur content to meet ever
increasingly restrictive environmental regulations. Such oils, known as low
SAPS oils, would rely on the use of base oils which themselves, inherently, are
of low or zero initial sulfur and phosphorus content. Such oils when used as
base oils can be formulated with additives. Even if the additive or additives
included in the formulation contain sulfur and/or phosphorus the resulting

formulated lubricating oils will be lower or low SAPS oils as compared to



entire sanple is isoparaffinic. Corrections are not

made for n-paraffns or cycloparaffins, which nay be
w@e@3aendsi n the oil sanples in varying anount sSPCT82007/007767

cycl oparaffns content is neasured using Field

I oni zati on Mass Spectroscopy (FIMS). [065] GIL base

stock(s) and/or base oil (s), and hydrodewaxed, or

hydr oi someri zed/ cat (or solvent) dewaxed wax base

stock(s) and/or base oil(s), for exanple,

hydr oi sonmeri zed or hydrodewaxed.waxy synt hesi zed

hydr ocar bon, e. Fi scher - Tropsch waxy hydrocarbon

g.,
ase, .st ock( and/ qr _base oil (s re of .1 Qr. zer
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oil(s). [066] For exanple, |ow SAPS formul ated oils
[G63H] v &iecinstaan ghvadidrboarhbe paed withnadditioaadlubricant components

.cogpression ignited), wll have a sul fur content ?f 0,7
In,gldgeive ameun gflélg pgt ¢PIBPRARISIOYS: § 1S g&ample polar and/or
K - %a; r | . 9 1
RO s pr gl PR o 1 Yl
bt Botviftfited tbeesidationénpibéfoes,abktallic dndinvmemetatis dispedsants,

a phosphorus content of 0,18% or, | ess referably 0.1
ms@aJdlsranPiergfgz-mﬁwiwgfﬁeé?r&eam gorogipn g pist fraibitofs, apetal
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phosphorus, sulfur-containing and non-sulfur types), anti-seizure agents, pour
point depressants, wax modifiers, viscosity modifiers, seal compatibility agents,
lubricity agents, anti-staining agents, chromophoric agents, defoamants,
demulsifiers, and others. For a review of many commonly used additives see
Kiamann in Lubricants and Related Products, Verlag Chemie, Deerfield Beach,
FL; ISBN 0-89573-177-0, which also gives a good discussion of a number of the
lubricant additives mentioned below. Reference is also made “Lubricant
Additives” by M. W. Ranney, published by Noyes Data Corporation of
Parkridge, N.J. (1978).

[068] The types and quantities of performance additives used in combination
with the instant invention in lubricant compositions are not limited by the

examples shown herein as illustrations.



non- pol ar | ubricant base oils, and performance
addi tives such as for exanple, but not limted to,
w@zi0dazdossn i nhibitors, netallic and non-net al | PCT/US2007/007767
di spersants, netallic and non-netallic detergents,
corrosion and rust inhibitors, netal deactivators,
anti-wear agents (netallic and non-netallic,
phosphor us- cont ai ni ng and non- phosphor us,
sul fur-containing and non-sul fur types), extrene
pressure additives (netallic_.gnd non-netallic,
phosphor us- cont ai ni ng and nonphosphor us,
sul fur-containing and non-sul fur types), anti-seizure
ARGRELSandBY ABQitilesdepr essants, wax nodifiers,
—viscosity nodifiers, seal conpatlblllty agents,
[069]r | hittsnalgenitustiantanginalubiriutingeoilsrequineche presence of
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[071] However, it is found that the phosphorus from these additives has a

pad

deleterious effect on the catalyst in catalytic converters and also on oxygen
sensors in automobiles. One way to minimize this effect is to replace some or all

of the ZDDP with phosphorus-free antiwear additives.

[072] A variety of non-phosphorous additives are also used as antiwear
additives. Sulfurized olefins are useful as antiwear and EP additives. Sulfur-
containing olefins can be prepared by sulfurization or various organic materials
including aliphatic, arylaliphatic or alicyclic olefinic hydrocarbons containing
from about 3 to 30 carbon atoms, preferably 3-20 carbon atoms. The olefinic
compounds contain at least one non-aromatic double bond. Such compounds are
defined by the formula

R’R‘C=CR’R°



in which the primary netal constituent is zinc, or

zi nc di al kyl di t hi ophosphate (ZDDP). ZDDP conpounds
w@enwenzdosy are of the fornmula Zn[ SP(S) (OR ) ( ORQ)/PR2007/007767

where R1 and R2 are CpG 8 al kyl groups, preferably

C2-Cl12 al kyl groups. These al kyl groups may be

strai ght chain or branched. The ZDDP is typically used

in amunts of fromabout 0.4 to 1.4 wt% of the total

| ube oil conposition, although nore or |eéss can often

be used advant ageously. [071],4fowever, it is found

t hat the phosphorus fromthese additives has a

del eterious, effect on the catalyst in catalytic .
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carbamiacatrimer vomplex R-Codenuikyld appalsd usoRylrantiirismgents. The
usdeI c|>rs 2(1) c{igig%lxlopfhs%?:ﬁ Qr?;tglqihishslh%% S be kept to a minimum if the object is to

produce low SAP formulations. Each of the aforementioned patents is

incorporated by reference herein in its entirety.

[074] Esters of glycerol may be used as antiwear agents. For example, mono-,

di-, and tri-oleates, mono-palmitates and mono-myristates may be used.

[075] ZDDP is combined with other compositions that provide antiwear
properties. USP 5,034,141 discloses that a combination of a thiodixanthogen
compound (octylthiodixanthogen, for example) and a metal thiophosphate
(ZDDP, for example) can improve antiwear properties. USP 5,034,142 discloses
that use of a metal alkyoxyalkylxanthate (nickel ethoxyethylxanthate, for

example) and a dixanthogen (diethoxyethyl' dixanthogen, for example) in



sul fide, for exanple) and a phosphorous ester (dibutyl

hydr ogen phosphite, for exanple) as antiwear additives
WO pooaiosxants is disclosed in USP 4,501, 678. R{SFPUS2007/007767

4,758, 362 discloses use of a carbamate additive to

provi de i nproved antiwear and extrene pressure

properties. The use of thiocarbamate as an anti wear

additive is disclosed in USP 5, 693, 598.
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al kyl dithiocarbamate trinmer.gonpl ex (R=Cs-C al kyl)

are al so useful antiwear agents. The use or addition
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se\gﬁgi(:%o %@e%%é%f%tzgr? %%ﬁy?rgg&ﬁi}rg rdég%i%(ﬁ)%@%@éi §1h‘?aces, the presence
of sludge, or a viscosity increase in the lubricant. One skilled in the art knows a
wide variety of oxidation inhibitors that are useful in lubricating oil composi-
tions. See, Klamann in Lubricants and Related Products, op cite, and U.S.
Patents 4,798,684 and 5,084,197, for example, each of which is incorporated by

reference herein in its entirety.

[078] Useful antioxidants include hindered phenols. These phenolic anti-
oxidants may be ashless (metal-free) phenolic compounds or neutral or basic
metal salts of certain phenolic compounds. Typical phenolic antioxidant
compounds are the hindered phenolics which are the ones which contain a
sterically hindered hydroxyl group, and these include those derivatives of
dihydroxy aryl compounds in which the hydroxyl groups are in the o- or p-

position to each other. Typical phenolic antioxidants include the hindered



deconposition capability, significantly bel ow that

exhi bited by conpounds disclosed and clainmed in this
w@aaenteoshd can therefore be elimnated from tP€r/US2007/007767

fornmulation or, if retained, kept at a mninm

concentration to facilitate production of | ow SAP

formul ati ons. Antioxidants [077] Antioxidants retard

t he oxidative degradation of base oils during service.

Such degradation may result in deposits on netal

surfaces, the presence of sluglge, or a viscosity

increase in the lubricant. One skilled in the art
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orfhdebuplBdmifalol hrrshedd:c2 2ibistdi-Heptyd-6-hbltydehenel); 2,2°-bis(4-

oSy Ao Al o
bBBFERYS A RafRfthpRaFEPblsp PR o] sep D B AT,

métiylbaé-pis(2,edatiebutylptenoly. 2, 6-di -tbutyl - 4-heptyl

phenol ; 2,6-di-t-butyl-4-dodecyl phenol;

0?9:‘? i-BRtadlid kidhtiongRhititd?s SAAkh & be used include aromatic
ik t%{/(%n- g-tr-nguty l-4-ldodecyl1 phenol . "Qther useful .
athinmedantéekidonts -apidethesé mayrbe vsaddeither asespchryl incdenthination with

exanpl e _hindered 2, 6-di-al kyl phenol i c oprioni G ester
pliqligac i hiscalsanyHen of Pen-angke pateidanys inalpdge alkylated

ar?(fjxgmaﬂ%ag{%%gpﬁzgg %@i%@cﬂ%iﬁpwﬁ%BHSaﬁthhe formula

i nventi ortho-coup phenol s 1 ncl ude:

RIRR %D whérdRP iy hn Gliphbiit,droptativodr) subRtiRited ias¢matic group, R is

an aromatic or a substituted aromatic group, and R! is H, alkyl, aryl or

R'S(O)xR'? where R is an alkylene, alkenylene, or aralkylene group, R7Zisa
higher alkyl group, or an alkenyl, aryl, or alkaryl group, and x is 0, 1 or 2. The
aliphatic group R® may contain from 1 to about 20 carbon atoms, and preferably
contains from about 6 to 12 carbon atoms. The aliphatic group is a saturated
aliphatic group. Preferably, both R® and R’ are aromatic or substituted aromatic
groups, and the aromatic group may be a fused ring aromatic group such as
naphthyl. Aromatic groups R® and R? may be joined together with other groups

such as S.

[080] Typical aromatic amines antioxidants have alkyl substituent groups of at
least about 6 carbon atoms. Examples of aliphatic groups include hexyl, heptyl,

octyl, nonyl, and decyl. Generally, the aliphatic groups will not contain more



octyl -6-t-butyl - phenol ); and

2,2"'-bis(4-dodecyl -6-t-butyl-phenol). Para-coupl ed
whe®phssd s i ncl ude for exanple 4,4'-bis(2,6-dPeT/URDYD07767

phenol) and 4,4' - nethyl ene-bis(2,6-di-t-butyl

phenol ). [079] Non-phenolic oxidation inhibitors which

may be used include aromati c am ne anti oxi dants and

these nay be used either as such or in conbination

wi t h phenolics. Typical exanples of non-phenolic

antioxidants include: alkylatgd and non-al kyl at ed

aromati c am nes such as aromati c nonoam nes of the

formul a RBROR1LON where R8 is an aliphat.ic, aroggl C e
than alseutt Mt earbapdiemsc Tgicogqneraldtypes of agpBfanfiexyfants useful in

EPRREHCHFRAFERIR il Mo, pRehl Pty Biines

pheholMi@diliys, affdedibenzyBhd di hehybﬂsimn)ébﬁwdlagnmap., Mixtures of
an alkenyl, aryl, ~or alkary and . x is 0,

twp. orTheraiiqsnaic @H@mwemésmﬁyeg@ nPalymericAming 8n386{ﬂant5 can

al§00b§§£€ ggllt:ﬁ) E?%'nﬁg’&gﬁﬁ ?(Enjn%étle Aidk %ﬁtlﬁkmrﬁ?%@fuﬁ in the

group I's a saturated

préden® b driti i ﬁl@mdeoﬁ)ﬁi’edﬁi&kyddlﬂl&hbrld?ﬁlrw‘ld—d@?ylphenyl ~alpha-
aromatic or substituted arqomatic group

t.h
naghindeming mhopyralpisesRhiindeaire o B B ch

nad ht h Aromatic groups R8 and RO nmay be joi ned
gH@@%é’n’ %ith ot her groups such as S. [080] Typical

aromati ¢ am ne nti oxj dant s titu
loglbup§ukfpnat=dp tphéaelﬂﬂlts{ aj{f%‘ﬁ% %?@ t@ES%FS thereof
j [ cl ude hexyl hept yl , octyl nonyl ,
alsad%&gg%:e ! oenera‘?tF the ali phati C groups w |1 not

t.h . . —
(O8] AR TR 1o ceﬁar%iiw&a?@%’ue?é‘mﬁﬁ Ching B3 B Htions is ol
soﬁ?dl@ %bPéPBémlpBﬁhﬂﬁ le AGiyndigRpluible Bﬁﬁabll@lwppbr compound may be
am nes, phenot hi azi nes, i m dodi benzyls and

bldmCﬁmbmtO tmbrhnc@mgmxhwﬁmmplm ot shitable coppgr atiggdants

mat
inGlu A ophe AU EEnBBy D R8- HE YHlqspbBiatits fnd Bofiher salts of
caPbSEFAId AcidnBfarally 'o@lsmd 6r sethetic). N0t slmlit!abtmd:opper salts
i nvention include , p' - di octyl di phenyl am n

includetoppplee d;th:ag:laphmn@tpﬁ,t silphenates, phenates, ang acetylacetonates.

B AEER FoRRprarmanirt i AN ae CollR splesdprived from alkeny!
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[083] Preferred antioxidants include hindered phenols, arylamines. These
antioxidants may be used individually by type or in combination with one
another. Such additives may be used in an amount of about 0.01 to 5 wi%,
preferably about 0.01 to 1.5 wt%, more preferably zero to less than 1.5 wt%,

most preferably zero.

Detergents

[084] Detergents are commonly used in lubricating compositions. A typical
detergent is an anionic material that contains a long chain hydrophobic portion
of the molecule and a smaller anionic or oleophobic hydrophilic portion of the

molecule. The anionic portion of the detergent is typically derived from an



al so are useful antioxidants. [082] Another class of
anti oxi dant used in lubricating oil conpositions is
wW®@Rr0030264983 e copper conpounds. Any oil -sol ubl e BCI/USIIDE007767
copper conpound nay be bl ended into the |ubricating
oi | . Exanpl es of suitable copper antioxidants include
copper di hydrocarbyl thio- or dithio-phosphates and
copper salts of carboxylic acid (naturally occurring
or synthetic). OQher suitable copper salts include
copper dithi acarbamates, sul phonates, phenates, and
acetyl acetonates.. Basic, neutral, or aC|d|c copper
Cu(l) and or CM(II salts derived fro g
orguiciasi such as acsu RgH: icaehoxylic mﬁp'ﬂ rous acid, phenol, or

&%H l ar l oé%%r[lﬁgrg i %{f’y lfg %rg glk%%'g?ém alkali metal.

[oggﬂ%f’é'gﬁ? 1g%esu o el Vslétg%ﬁl lggegﬁ' ¥ ag% uxﬂ,g{); té@ metal are
deﬁé ?d 85 ?uﬁ'gp%ﬂfss &Hd ﬁﬁ’s%‘& t&apﬂ»aéeon&n%ﬂ/ﬂm\ﬁfa@ maédsyred by

wt % nore preferably zero to | ess
ASTM DR 89 6pchfromsid tqoBQf Maiy gompositidDstaze gvarbaspdgegntaining
Detergents are co used, in qubrlca

laggeraypenntsisa metq sgé atouétagpbeé/ﬁfl ysregﬁ{lgg%gnef)%cess of a metal
dﬁgé 1dfla #rﬂ:?%]l F)ﬁid?:soraoﬁlﬁe gfdi@daﬁlﬂlwm@baﬁdlc gas (such as

on 0 ecule and a snaller ani onic or
ca@b@@ diwtide). hidefikietérgepisraandre néutralemilslly oecbasgreor highly
anjionic portion of the detergent is typically derived
O‘qub?ﬁetﬁlﬂorgani c acid such as a sulfur acid, carboxylic
acid, phosphorous acid, phenol, or mnixtures there

[086¢ c&mtdas:r@hla fortay éﬁ:@alsmyleadﬁtaﬂg@at ke oxpEhaSee. *Yuerbased

eg%lgl%hlf qe&ﬂ%ﬁ%%]rﬁcis% 1@&1@ etsjﬁggrﬁgé%ﬁg E&gﬂ.\kﬁbﬁ Yrocess
afiEbédcthe Satrhppéd th fravesila Tt ?@E@illﬁ he ovaﬂiaeed hil'et%txa]dsas a ratio of
nmeasur ed by ASTM D2896) fromO

mcta*hom tconmmm@pcme@rbgﬁew deseraeat OF ﬁaowal Qé Yhipifilson an

e t ha a
eqﬂavgl ﬁgingﬁls 3&8 ?rg%%ﬁg% ?%t?%}%%f)gggﬁéﬁtwlga a%?ﬁ?§§ 1. The
reﬁﬁﬂmg &te¥hdi ifhn Qﬁfleﬂ:bdéee Ql%te(rgéﬁhthas vdHrthpivatly divee) TBN of
detergents can be neutral, mldly overbased, or
abowHi5P ovleighsseaften about 250 to 450 or more. Preferably, the overbasing
cation is sodium, calcium, or magnesium. A mixture of detergents of differing

TBN can be used in the present invention.

[087] Preferred detergents include the alkali or alkaline earth metal salts of

sulfonates, phenates, carboxylates, phosphates, and salicylates.

[088] Sulfonates may be prepared from sulfonic acids that are typically
obtained by sulfonation of alkyl substituted aromatic hydrocarbons. Hydro-
carbon examples include those obtained by alkylating benzene, toluene, xylene,
naphthalene, biphenyl and their halogenated derivatives (chlorobenzene,
chlorotoluene, and chloronaphthalene, for example). The alkylating agents
typically have about 3 to 70 carbon atoms. The alkaryl sulfonates typically
contain about 9 to about 80 carbon or more carbon atoms, more typically from

about 16 to 60 carbon atoms.



[086] It is desirable for at |east sonme detergent to

be overbased. Overbased detergents help neutralize
wa@eooditzeosdpuri ti es produced by the conmbusti on pPCDUSRE7/007767

and becone entrapped in the oil. Typically, the

overbased material has a ratio of netallic ion to

anionic portion of the detergent of about 1.05:1 to

50:1 on an equival ent basis. Mre preferably, the

ratio is fromabout 4:1to about 25:1. The resulting

detergent is an overbased detgrgent that wll

typically have a TBN of about 150 or higher, often

about_ 250 to, 450, qr nore. ref t he o rhasi
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PRl 'illfbﬁl tes that are useful
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as RspERs Afts/dBErpéitst hose obt ai ned by al kyl at| ng benzene,

t ol uene, xyl ene, naphthal ene, biphenyl and their

[obéid 0 9§Fléér fif a@ﬁ—ﬁhgﬁéﬁﬁt@ afCAhRhebassranelass br derigénte Ehese
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I ne ear

ydr oxi de or oxide
alRalpheRal £4d 2ylfijFingageaitihclidingetempntal sulftlh sa‘higlalhayldes such
as sulfur dichloride, and the like) and then reacting the sulfurized phenol with an

alkaline earth metal base.

[091] Metal salts of carboxylic acids are also useful as detergents. These
carboxylic acid detergents may be prepared by reacting a basic metal compound
with at least one carboxylic acid and removing free water from the reaction
product. These compounds may be overbased to produce the desired TBN level.
Detergents made from salicylic acid are one preferred class of detergents derived
from carboxylic acids. Useful salicylates include long chain alkyl salicylates.

One useful family of compositions is of the formula



phenol or sulfurized al kyl phenol. Useful alkyl groups

i ncl ude straight chain or branched Cl-C30 al kyl
w@e@aps9spref erably, C C 20 Exanpl es of suit abtBUS2007/007767

phenol s i ncl ude i sobutyl phenol, 2-ethyl hexyl phenol,

nonyl phenol , dodecyl phenol, and the like. It should

be noted that starting al kyl phenols nmay contain nore

t han one al kyl substituent that are each independently

strai ght chain or branched. Wen a non-sul furized

al kyl phenol is used, the sul fyrized product nay be

obt ai ned by nethods well known in the art. These

nmet hods i ncl ude heating a nixtugg of al kyl phenol and

sul furizing agent (ipcluding el gnentsal sul fur, sulfur

hal i des such as sul ffur dichloriagr_ mt he |ike) and

t hen reactingtheslfurize/ nol th an al kali ne
earth nmetal base. [P91] Mefal salts of carboxylic
acids are al so usefyl &% erggnts. fhese carboxylic
acid detergents nmay \pe prep by rgacting a basic

metal conpound with at | east onéxcarbokylic acid and
removing free water fromthe reaction product.. Thes

whenedd i a hyde9eenatent PHaR @chlogrspadwwf ko a@gw gﬁ 0?%1@“
level .. t. fr i cYlii G ACI

atoglr 5 80 REL B P GBI Akt LR el Ppreferred R

grofipslare Alkel vhainglofey ledse € i nuefablyofy ehgreatezl B/ay be

salicylates. One useful famly of conpositions is of ,
optipnallyrsapstitifed avith pubshitygnts éé@tfflcapgmrgq;rfgw \g;t]@);f\e detergent’s

AR 5 B 19204 BB, BBt oy prerply.

iskRakrfiem, ed R groups are al kyl chains of at |east Cn,
preferably C 3 or greater. R may be optionally

[Oaﬁfﬁt wgrgwl-guﬁé{ﬁﬁﬁéd 1 Bictdedds fay By pﬂegb%cf fibfh phenols

gent's function. Mis preferably,
bycthecKuhe reagtieni See WUSP BaF9 AP 1 or adgitiehel mfbymation on

b hSa e H SAL B  BHA cs
e SED o9 MO B

pdlzrsalvanbsuchsadwatcrwiredicatadli cyl i ¢ aci ds nmay be
prepared by doubl e deconposition of a netal salt in a

[003] ar AIRANRE barih GetabpMedptiatél arel 4 Gsed as detergents.

[094] Detergents may be simple detergents or what is known as hybrid or
complex detergents. The latter detergents can provide the properties of two
detergents without the need to blend separate materials. See USP 6,034,039 for

example.

[095] Preferred detergents include calcium phenates, calcium sulfonates,
calcium salicylates, magnesium phenates, magnesium sulfonates, magnesium
salicylates and other related components (including borated detergents).
Typically, the total detergent concentration is about 0.01 to about 6.0 wt%,
preferably, about 0.1 to 0.4 wt%.



[093] Al kaline earth netal phosphates are al so used as

detergents. [094] Detergents may be sinple detergents
wW@eoorhzat953 s known as hybrid or conpl ex deter gePtBUSZNE007767

| atter detergents can provide the properties of two

detergents without the need to bl end separate

materials. See USP 6, 034,039 for exanple. [095]

Preferred detergents include cal ci um phenates, cal cium

sul fonates, cal cium salicyl ates, magnesi um phenat es,

magnesi um sul f onat es, magnesiym salicyl ates and ot her

rel ated conponents (including borated detergents).

Typically, the total detergent concentration is about
Dispersanty about 6.0 wt % preferably, about 0.1 to 0.4

wt % Dispersant [096] During engine opger.ati,on
(0861 ” ReBPaAEB PRSI, 6y SrSOMiIS oSRE P dlireguets are

' iminishin

PrRI8%, PPN PR BYpERUL s tdysoh pgciministing
thé dppositiohommetilsuwficees Disperasits fvayrbegshiessat ashe-forming in

nafi) d5eerhblye fse AISPORABE by GRhlr S 180 BFed Sohies GpBrspnts are
orgéig%trﬂ?ltaerﬁﬂ that Yodn @uﬂ&ﬁ@ti&ﬁ%&%}l orf &SmBUSIGH. EF or example,

on- e -containing or borated netal -free dispersants
nodFMietalnSmisinink as boeated metab et dispiersargs ate comgidénedraghless.

detergents di scussed above form ash upon conbusii on.
In[cootpssmetabrentaing detergents diseugsed 55’8?{? 3?14“&‘5 Jipgn
Co%ﬂwiogttached to a relatively high nol ecul ar wei ght
ydrocar bon chain. The polar group typically contains
| egst. one,.el enent of. nitrogen. 0x
(085, pRBHtale disprraans ynicaln B p s 1ar Epmithatactisd o 2
reﬁagﬁregy:hkﬁpnﬁﬁéﬁ{ﬁar Wedlt Hyldeot£:8bh haifa "Yhe ipdlergranp typically

aracterized as phenates, sulfonates, .
conmifsat kadt phe eldmeent afaitrogen: exyzaraphphespherys. Typical

st ear ates, carbamates, . thiQcarbamat es, phosphorus
hydi[éP?"V PP F@Ins, Coptai &,QJ F%?P@ ca’él'é%n?toﬁsass of

di spersants are the al kenyl succi nic derivatives,
[098pi c@hiemnipalbylunedy [disptensants anztyi oo chiragterized astplienates,
su?f%?lsé%elst, lélltlﬁ"gri% %Egrllat%g,cs%lliglyfatgs? %8&4&96’% es’sl,J gII:elayatgs, carbamates,

thiocarbamates, phosphorus derivatives. A particularly useful class of

dispersants are the alkenylsuccinic derivatives, typically produced by the
reaction of a long chain substituted alkenyl succinic compound, usually a
substituted succinic anhydride, with a polyhydroxy or polyamino compound.
The long chain group constituting the oleophilic portion of the molecule which
confers solubility in the oil, is normally a polyisobutylene group. Many
examples of this type of dispersant are well known commercially and in the
literature. Exemplary U.S. patents describing such dispersants are 3,172,892;
3,2145,707; 3,219,666; 3,316,177, 3,341,542;'3,444,170; 3,454,607; 3,541,012;
3,630,904; 3,632,511; 3,787,374 and 4,234,435. Other types of dispersant are
described in U.S. Patents 3,036,003; 3,200,107; 3,254,025; 3,275,554;
3,438,757; 3,454,555; 3,565,804; 3,413,347; 3,697,574; 3,725,277, 3,725,480;
3,726,882; 4,454,059; 3,329,658; 3,449,250; 3,519,565; 3,666,730; 3,687,849;
3,702,300; 4,100,082; 5,705,458. A further description of dispersants may be



substituted succinic anhydride, with a pol yhydroxy or
pol yam no conpound. The | ong chain group constituting

wo b@7ote@ephi | i c portion of the nol ecul e whi ch PONDE82087/007767
solubility in the oil, is normally a polyisobutyl ene
group. Many exanples of this type of dispersant are
well known commercially and in the literature.

Exenplary U. S. patents describing such di spersants are
3,172,892; 3,2145,707; 3,219,666; 3,316,177;

3,341,542; 3,444,170; 3,454,607, 3,541,012; 3,630, 904;
3,632,511 1; 3,787,374 and 4, 234,435. O her types of

foumdaor DS, i Ersarsanc it SpplicaBuRaid 471 0P L i
refSrcpig g MisdiPo 330" 0ss. 3. 4o 250 3,510, 565,
(0981 ypeatiydr R Biied pigrnRp  teb bt ard plRlel
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sugéﬁtg\gﬁt WRAEhi RAsOon@efiiVaRiR0IQR-dk{leht tantiad ase paitivudarly
aci d cénpound preferably having at |east 50 carbon
usefudns in the hydrocarbon substituent, with at | east

one equival ent of an al kyl ene am ne are particul arl

[0Y66]f USucdifithflles Sie Sbrined Bgshacendensationizypactien between alkenyl
condensation reaction between al ken
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L b e D e e 561
3@%&%@& g@é%ﬁgda%@%ooﬁﬁgdwﬂ Succi nate esters are

e condensati’on feaction between al kenyl
succi ni ¢ anhydri des d al,cohpl s or [ val
[OARL] o SuEaRA ST TETRGE 5% R cogreBRsET Raty Btween
alESA subliniE ¥ANPARded Hfd GRIVBBISEE pOIYoly. ONLulér ratios can vary
depending on the alcohol or polyol used. For example, the condensation product

of an alkenyl succinic anhydride and pentaerythritol is a useful dispersant.

[0102] Succinate ester amides are formed by condensation reaction between
alkenyl succinic anhydrides and alkanol amines. For example, suitable alkanol
amines include ethoxylated polyalkylpolyamines, propoxylated polyalkylpoly-
amines and polyalkenylpolyamines such as polyethylene polyamines. One
example is propoxylated hexamethylenediamine. Representative examples are
shown in USP 4,426,305.

[0103] The molecular weight of the alkenyl succinic anhydrides used in
the preceding paragraphs will typically range between 800 and 2,500. The
above products can be post-reacted with various reagents such as sulfur, oxygen,

formaldehyde, carboxylic acids such as oleic acid, and boron compounds such as



of an al kenyl succinic anhydride and pentaerythritol

is a useful dispersant. [0102] Succinate ester am des
wa@e@7fimosed by condensation reaction between aP&eEHg1007/007767

succi ni ¢ anhydri des and al kanol am nes. For exanpl e,

sui t abl e al kanol am nes include et hoxyl at ed

pol yal kyl pol yam nes, propoxyl ated pol yal kyl pol yam nes

and pol yal kenyl pol yam nes such as pol yet hyl ene

pol yam nes. One exanple is propoxyl ated

hexamet hyl enedi am ne. Represeggative exanples are

shown in USP 4, 426, 305. [0103] The nol ecul ar wei ght of

ST B el 15 el B v
frORCaBARE 176 Q8HGE § @s Q)? HRLShH RE? ?‘F&l@ %f gi%ﬁ%ré’aﬁft rE4tion
ehyde,

reagents 'such as su oxyge
paibaxyl i ¢ aci ds such as ol eic acid, and boron
conmpounds such asbrate esters or highly bor at ed

[Ao3pe M aRhiRh bhse dﬁ’dp%ﬁ’ﬁirﬁ@ RiSmade fAenliBe @éaﬁﬂldﬂ 6flalkfytpl‘ienols

about 0.1 to about nmol es of boron per nole of

fatinsddehyede, anéammem §ﬁ©(ﬂ&1? 4,76h.5%], whiehi isingerperated herein by

< F@? %?isgra?%srnad g még hsilﬁb%g(,:ﬂtlﬁlgnawgggd SaHonic acids, can
aldo BR parPof the'fehetioh MixRe@! RO RN wERhESs Bftﬁeeélﬁygsmﬁols

Process alds and catal ysts, such as oleic acid
rm@bffwmcS(Hbtm&,SOeadl@rssmnetlmpxamplqsme ishawm ionU.S. Patents

3 Pl e 10 §5§o%"7033ﬁ?&f&é#@éﬁéﬁéﬁh?@% bRotid

3ig033, Patents 3,697,574; 3,703,536; 3,704, 308;
3, 751,7365; 3, 756, 953; 3, 798, 165; and 3 803, 039. [ 0105]

I
(R vl R SESt5 Bl S BAL  BRBRRIAIE A Ao
cERderRetion Ppedests Lsefl in this TRV atidracanbe phdpared from high
al kyl -substituted hydroxyaromatics or HN(

R
n@lmﬁ@r@wghhaﬁlgylr@a@tmﬁé y[d@qwmm@éwﬁloeéﬂ)ﬂﬂﬁ% gfioup-

I ec ht al kyl -substituted hydroxy aromatic
ﬁ%géac\:ﬁ 1g]ool ypr opyl phenol , pol ybutyl phenol, and

b i G S M B RS N —
compounds are polypropylphenol, polybutylphenol, and other polyalkylphenols.
These polyalkylphenols can be obtained by the alkylation, in the presence of an
alkylating catalyst, such as BF;, of phenol with high molecular weightipoly-
propylene, polybutylene, and other polyalkylene compounds to give alkyl
substituents on the benzene ring of phenol having an average 600-100,000

molecular weight.

[0107] Examples of HN(R), group-containing reactants are alkylene
polyamines, principally polyethylene polyamines. Other representative organic
compounds containing at least one HN(R), group suitable for use in the prepara-
tion of Mannich condensation products are well known and include the mono-
and di-amino alkanes and their substituted analogs, e.g., ethylamine and
diethanol amine; aromatic diamines, e.g., phenylene diamine, diamino

naphthalenes; heterocyclic amines, e.g., morpholine, pyrrole, pyrrolidine,



al kyl ating catal yst, such as BF3, of phenol w th high

nol ecul ar wei ght poly propyl ene, pol ybutyl ene, and
woeien2qessd yal kyl ene conpounds to give al kyl PCT/US2007/007767

substituents on the benzene ring of phenol having an

aver age 600-100, 000 nol ecul ar weight. [0107] Exanples

OHN(R) 2 group-containing reactants are al kyl ene

pol yam nes, principally polyethylene polyan nes. Q her

representative organi c conpounds containing at | east

one HN(R)2 group suitable for3use in the prepara tion

of Manni ch condensation products are well known and
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anafBgie; aromatic diam nes, e.g., phenylene diam ne,
di am no napht hal enes; heterocyclic am nes, e.g.,

[O%ﬁg lg:a}q{%lﬁggf' éﬁc&?ﬁ%ﬁl&%ﬁ %: rr]?eﬁg.{t%? ﬁl’éatélﬁg ethylenediamine,
distR¥rd HRRinRD & &8 §lenkQdR8imEe Tlraghglenel peritamaine, penta-

pol'yam de reactant$ include ethyl enedi am ne, .
etblykenk Hexamine, hanacthylen¢ bepipparine thaptagthy lege octaamine,

odiesth R e RE A FBE AL Ry RRO SREAEHY ihe undecamine
argﬁtl'&@ﬁlpé’ b€ 8ecHaRAASE RSvinB IRABEEY ceRRnteCaTtspondiigto the

ecaet hyl ene undecam ne and m xture of such_am nes

alkiplene paiy amingsn it te: formmile EHNeCAINHF Rl macntiened kefospel is a

. ] in,the f I H2 Z-.NH) nH i .
afiehf riene a5 4 €r 0 of T RireEahl ARy LR BiEfhding
pﬁ)g?leftﬁr FAQhREndCEIEH & propk/Itendinfiing aRd ey lteinaetra-, penta-

pol'yam neS such as pro ene diamne_and di-, tri-,
propy tene, tripetetpy W}tae@@(? gﬁxaqmirasrage alspegpitpbleypractants. The

' I i tabl. ts.. Th .

RS SERAEn S S8Rty SBPARRA SO el A4S il
alRARE) AR a¢ diiiat @ aiakdsleThus dedaky1stichdlgamintkabtned from

the al kyl ene pol yam nes obtained fromthe
theaeattianob2 t@ Itlomolesnefl arnmemiamvitinil 40 W0t molestaf dighloroalkanes

hayARE 20 & AR Ao it the e o i Gl s TR suitable
al?&@ﬂe?@g%ﬁﬂ?u'd&%ﬂtﬁa“ ants. [0109] Al dehyde

act an use In the preparation of the high
[(ﬁ%b‘fc u'&fdehyde reactants useful in the preparation of the high molecular

products useful in this invention include the aliphatic aldehydes such as
formaldehyde (also as paraformaldehyde and formalin), acetaldehyde and aldol
(B-hydroxybutyraldehyde). Formaldehyde or a formaldehyde-yielding reactant

is preferred.

[0110] Hydrocarbyl substituted amine ashless dispersant additives are well
known to one skilled in the art; see, for example, USP Nos. 3,275,554;
3,438,757; 3,565,804; 3,755,433; 3,822,209 and 5,084,197.

[0111]  Preferred dispersants include borated and non-borated succinimides,
including those derivatives from mono-succinimides, bis-succinimides, and/or
mixtures of mono- and bis-succinimides, wherein the hydrocarbyl succinimide is

derived from a hydrocarbylene group such as polyisobutylene having a Mn of



products useful in this invention include the

al i phati c al dehydes such as fornal dehyde (al so as
w@2afioosal dehyde and formalin), acetal dehyde Beusiodobo7767

(b- hydr oxybut yral dehyde). Fornal dehyde or a

f ormal dehyde-yi el ding reactant is preferred. [0110]

Hydr ocar byl substituted am ne ashl ess di spersant

additives are well known to one skilled in the art;

see, for exanple, USP Nos. 3, 275,554; 3,438, 757;

3, 565, 804; 3, 755,433; 3,822, 2@§.and 5,084, 197. [0111]

Preferred dispersants include borated and non-bor at ed

succi ni.m des, .inclyding thase der.ivatives from
trpneb ot SHiolokd BERfrosaUeh by dFosa i lepg esqups.

) . ] ‘s L -

O T e L ek A6 B phenol
pslyamins-cpaplddshiumitleaddirdy,i thgiraapped derivatines nds@tber related

to about 5000 oy..g m xture of such hydroca | e

coBARHSs QB AR By e A AURL QARG Aite 20 W%,
i aﬁqq‘?s al kyl phenol pol yam ne- coupl ed

P‘%E%’%P@@%@ﬁ?% elr capped derivatives, and other

PreI teg 0 one;gts. Such additives may be used in an

—%’A%g%?—éiig’g%q%e .1to 20 wt% preferably about 0.1 to

4207 0N PSR BreBA Spfsnabe ao

impiovers)maay beyaddedaddhd compositiasngpihetpresent dfivdiition if desired.
Tgresent invention if desired. These pour point

235 RAWPRINHEGPIsSSaRideaY be added ite AebrigatingeRapesitieas of the

i ' / r Wl r@t U e: '
PBSOPESRRn OGRS O e BhIATRE i ow
oFxaNpé popusdd. SExkhniples phsuitabide pburlppint sisprdssants dheldde poly-

pol ynet hacryl at es cry] ates, pol yaryl am de

pol y . ,
5 BRlyacsHiatess Pofyarylegpisiess sondengstian preducts of

r i ' I
PR SPREUIT Sy LB ORI 40 BORYTPEe s,
teapolyners dfalidlklyl fuinmgrhatest himryd estefiPo NGty dcifld and22Ly! vinyl ethers.
2,015,748, 2,191,498; 2,387,501; 2 655, 479;
USPsles-7815822: 2,@5748; 2391 408; 253,30 bish6535479; 2,666,746

2 d/% Cfﬁr’f’/b %’Vfﬁ?zgf grgcjft' 5,:%3’6?1{ Saggﬁrﬂ%s@%tfﬁ{/}?@g l%in{ ag%reg%ants

bieparati on I'ves nma used |
aiidyot fe pieparation thereof. Such additives may be used in an amount of

about 0.01 to 5 wt%, preferably about 0.01 to 1.5 wt%.

Corrosion Inhibitors

[0113] Corrosion inhibitors are used to reduce the degradation of metallic
parts that are in contact with the lubricating oil composition. Suitable corrosion
inhibitors include thiadiazoles. See, for example, USP Nos. 2,719,125;
2,719,126; and 3,087,932. Such additives may be used in an amount of about
0.01 to 5 wt%, preferably about 0.01 to 1.5 wt%.

Seal Compatibility Additives

[0114] Seal compatibility agents help to swell elastomeric seals by causing a
chemical reaction in the fluid or physical change in the elastomer. Suitable seal

compatibility agents for lubricating oils include organic phosphates, aromatic



about 0.01 to 5 wt% preferably about 0.01 to 1.5 Wt %
Corrosion Inhibitors [0113] Corrosion inhibitors are
wW@e®d/ 126953 educe the degradation of netallic par@BUSINAT/007767
are in contact with the lubricating oil conposition.
Sui tabl e corrosion inhibitors include thiadiazol es.
See, for exanple, USP Nos. 2,719, 125; 2,719,126; and
3,087,932. Such additives may be used in an anount of
about 0.01 to 5 wt% preferably about 0.01 to 1.5 Wt %
Seal Conpatibility Additives [(9114] Seal conpatibility
agents help to swell. el astoneric seals by causing a
chem cal reaction jn the fluid gr physjcal change in
eiFLS. RTOERlde By dragarboms és@é%&wwﬁpfpﬁ’@}ﬁtag texample), and
| » 3 e - -
POBUIGHEA SRR Enh Mok CSRRRRITNRR AAPEL iled in an amount of
aljduttOu0 b em 3wt ehprefeaibly about @0arpl2Xwi%@nd pol ybut enyl
succi ni ¢ anhydride. Such additives may be used in an
ARFOPGdmA caiQut 0.01 to 3 W% preferably about 0.01
to wt % ti - Foam Agents [0115] Anti-foam agents may
[HdSAnt alynativflayn bgerdd deay advdnthgemsiy be added ito futmicant composi-
oans.

.These agents retard the formati on of stable_f. .
tieps. | fbﬁ%’sa%ﬁms setgechthe PsOfa%t%blF;fé?@ér SHePReRf organic

k . ] c e
PEYRL:S ar AipiEXEUTRL FoarRtRekiile, FHBImote? HoB31IBkah &0 Buch as
sificop @il oresolydivnetiyd sitoages) tproeide ariforncpmipeyties. Anti-foam
avai | abl e and be . d in conventional m nor .
agRRSt ARG COBIECIAI At laBle aprimaY b user i sanventional minor
D b | . h . o
SIS HIhE vWith SRt ddbid s AR ahuisiFa; iy 8 hmount of

thesd pdditives .cohmthinbd tivtess aisah Apercars tanddsitdr less th#110.9] percent.
Antirust additives (or corrosion inhibitors) are

InEFitbisvedl Abldiudt' D8&etvel ubri cated netal surfaces
agal nst chem cal attack by water or other

[0da6] am Aatitusst additivis (oacoabyionf inhitdsms pae additivestialt pyotect
vai |l abl e; they are referred to in Klamann in

ubgisatedkmetal sHEfares ageastelspicel attegk by tvatpnen otheme

c%t&gmt‘i’%ne@?rté g{iﬁé vatidly b fhek€ afe EHnRierE AR bR they are

referred to in Klamann in Lubricants and Related Products, op cit.

[0117] One type of antirust additive is a polar compound that wets the metal
surface preferentially, protecting it with a film of oil. Another type of antirust
additive absorbs water by incorporating it in a water-in-oil emulsion so that only
the oil touches the metal surface. Yet another type of antirust additive
chemically adheres to the metal to produce a non-reactive surface. Examples of
suitable additives include zinc dithiophosphates, metal phenolates, basic metal
sulfonates, fatty acids and amines. Such additives may be used in an amount of

about 0.01 to 5 wt%, preferably about 0.01 to 1.5 wt%.

Friction Modifiers

[0118] A friction modifier is any material or materials that can alter the
coefficient of friction of a surface lubricated by any lubricant or fluid containing

such material(s). Friction modifiers, also known as friction reducers, or lubricity



surface preferentially, protecting it with a film of

oil. Another type of antirust additive absorbs water
whyoornaesporating it in a water-in-oil enul si oOMCEUS100A007767

only the oil touches the netal surface. Yet another

type of antirust additive chemcally adheres to the

nmetal to produce a non-reactive surface. Exanpl es of

suitabl e additives include zinc dithiophosphates,

net al phenol ates, basic netal sulfonates, fatty acids

and ami nes. Such additives m#2-be used in an anmount of

about 0.01 to 5 wt% preferably about 0.01 to 1.5 w %
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r| ction are particularly advantageous in coninatio 1
thedenf. Mietabaentadiing frietionuypedidisnp sy inclpde metglisalts of Metal-
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tr.fr/lé ﬁ%ﬂﬁﬁﬁﬁf&mgs Seichaétal-cahtiniag Mickionrraedifies mxsfy also have
ta ontaining friction nodifiers maylnclg 7
losahsisclaracteriatics.g Tnensiden mstals mak inclode Meq 5'cu, zn,

b Bigshcnmdy SIS e AR e dldtipotyots,

e&ma%ﬁns Sdaeréi [AteaN6arbiapmates tthicsarba-
glﬁa‘?/&wﬁ?éﬁlél%as%g Z};y ang ot hers.

mhtegaddhld@aybamwiea,qmdsphatﬁsaﬁbyﬁ?h@ﬁema@t dithiqhosphates, amides,

i e Bl A A 518
pcgb% E{ ﬁﬁ’fc%ﬁmap Bpsialdtainidy effbeswbaimunts of O, N, S, or P,
os phat

am dés, im des, am nes, thiazoles,
mﬂmadang ok é1s pommhmmm b paddicalast do-confainingeompaunds can be

p%ﬁﬁ&r&&gﬁ%?& ?sr @fruq%%gl@ ez\ﬂo%{lﬁlugéar%gﬁ{a%§ 'I\QQ(DTC) Mo-
dithiophosphates, Mo(DTP), Mo-amines, Mo (Am), Mo- alcoholates, Mo-
alcohol-amides, etc. See USP 5,824,627; USP 6,232,276; USP 6,153,564;
USP 6,143,701; USP 6,110,878; USP 5,837,657; USP 6,010,987, USP
5,906,968; USP 6,734,150; USP 6,730,638; USP 6,689,725; USP 6,569,820,
WO 99/66013; WO 99/47629; WO 98/26030.

[0119] Ashless friction modifiers may have also include lubricant materials
that contain effective amounts of polar groups, for example, hydroxyl-containing
hydrocarbyl base oils, glycerides, partial glycerides, glyceride derivatives, and
the like. Polar groups in friction modifiers may include hydrocarbyl groups

containing effective amounts of O, N, S, or P, individually or in combination.



individually or in conbination. In particular,

Mb- cont ai ni ng conpounds can be particularly effective
waewh/1z2953 or exanpl e Mo-dit hi ocar bamat es, Mo( DACY/PS2007/007767

Modi t hi ophosphat es, My(DTP), M-am nes, M (AT,

Mb- al cohol at es, Mbal cohol - am des, etc. See USP

5,824,627; USP 6, 232,276; USP 6, 153, 564; USP

6, 143, 701; USP 6,1 10, 878; USP 5,837,657; USP

6, 010, 987; USP 5, 906, 968; USP 6, 734, 150; USP

6, 730, 638; USP 6, 689, 725; USP4%. 569, 820; WD 99/ 66013;

WO 99/ 47629; WO 98/26030. [0119] Ashless friction

OfferirictionaPatisiors Sratyy he gt et Y EettyeRsEider i exampe,
saq 3('&'&? sKL¢EhEih Wﬁh&ﬁ%&%&ﬁegy by fathps6d8) fafty alcohols,

gl yceri es parti ycerides, glyceride deri vati ves,
fatycdarides| fdny edtertsa hygrmu';bs:qnmmmgcarbnxmw, mds:qmmarable

o T e o RS GRS Ry LSRR oy

AR ML, AP e Sk OB 5 G s amines,

anidstifuriséd Caityt acids myayabel uashhe smtabielfvmtmuengmxﬁers atty
acids, fatty alcohols, fatty am des, fatty esters,

(131201 OXWs@ﬁmkahé%ﬂtﬂatfcﬂfshﬁ)ﬂio@ibﬂ&nodﬁiér@ ma;afatgeefrom about 0.01
syntheti c | ong-chai n@fej/e rocar byl acids, alcohols,

with hek)-18swBhr mors, nc\artb@me&ré@d range @mmm@el Wtpo to 5

G REL g AL 5 g A Ml
i ferfls! FMORHEL QbAcedtPhidl. Nachniagesns SBﬁééitfdﬁb‘thff Mo may

friction nodifiers may range fromabout 0.01 wt%to
ran@elfsomt bt 10pEm tof3080 ppm toranpreefaadaftm wither preferred range
Concentr at |

of Bhosrran0h S sty Spue ks A Re Brefemed ppeg of gbout

3681000 PEImMEHRIcH mbans&R Al s MABE #96@HFone or in mixtures
concentrations of M may range from about 10 ppmto

witoheppatevialnef this imentione Ofien Imixtgnes foftwedor mege fid¢tion

“%%g#{t@fsrz 8& %}qgﬁﬂgggk f@gtg?,r'e rr‘rgggf’%f{'@? Bvldﬁ}n Cl?ﬁlpg{q sbli{‘ta’ace active

n{g@&lﬁl(gr §re°$ls§|d|esiréﬂl9l%3 may be used alone or in

mxtures with the materials of this invention. Oten
re el nore friction nodifiers, or
lallj dui \iHotihts nodi fier(s) with alternate
[GI2T]2C ewAtdn NBriRBEAE 0l éthpositiend coAta3f Dnkal} Rore of the
additives discussed above, the additive(s) are blended into the composition in an
amount sufficient for it to perform its intended function. Typical amounts of

such additives useful in the present invention are shown in Table 1 below.

[0122] Note that many of the additives are shipped from the manufacturer and
used with a certain amount of base oil solvent in the formulation. Accordingly,
the weight amounts in the table below, as well as other amounts mentioned in
this patent, unless otherwise indicated are directed to the amount of active
ingredient (that is the non-solvent portion of the ingredient). The wt% indicated

below are based on the total weight of the lubricating oil composition.



Typi cal Additive Amounts [0121] Wen |ubricating oi

conpositions contain one or nore of the additives
waele®cns®ssl above, the additive(s) are bl ended P@I/US100E007767

conposition in an amount sufficient for it to perform

its intended function. Typical anmunts of such

addi tives useful in the present invention are shown in

Table 1 below. [0122] Note that nmany of the additives

are shipped fromthe manufacturer and used with a

certain anount of base oil sob¥ent in the formulation.

Accordi ngly, the weight anmounts in the table bel ow, as

wel | as other anounts nmentpgpggzihn this patent, unless

ot herw se |nd|cated are mTﬁﬂﬁTﬁrTo the anount of

active i g f : )

) y R E ' o < AR D
the i ngredi ent) Thg Wt /q| ndi cat ed l?el 0W££p$o)g%%e wt&x(preferred)

Detsagodi ti on. TABLE | TY: |1?,6al Anount s of Vag'i s
Dispstseeant 0 1 Conponeftls2donpound Appr oxitht®e wt %
Frigtiasr Reduesppr oxi mat e Y% preferred) Det ¥kdtd 0. 01-6
Agtiguidant spersant 0. 10965 0. 1-8 Friction Rfdedr 0.01-5
Corrogion Ishipfiet oxi dant ©08=5 0.0-1.5 Corrof-@hlinhi bit or
Agtigyess Axdditivel, 5 Ant i - M&r6 Additive 0.01-@-01-41-4 Pour
Peyi RpingPpprgssaaht 0. 0-8.065 01-1. 5 Anti - f oarf-Qérit
Agtidoam3Agerd01- 0. 15 Ba@80%#3ock or base oi 10.@4-8dée
Bake stiockeorbost/PIlES ExanBalkende [ 0123] Bl ends Badamgepr epar ed
conprising only GIL 6 of nominal KV 6.0 nmm2/s at
EXOUPLES m xture of only 150N and 600N G oup | base

EoiI ihf KV of the m xture being nomnally 6.0 mm/s @

and conbi nati ons of the
[0123] Blends were prepared comprising only GTL 6 of nominal KV 6.0

mm?/s at 100°C, a mixture of only 150N and 600N Group I base oil the KV of
the mixture being nominally 6.0 mm?*/s @ 100°C, and combinations of the
GTL 6 and the 150N/600N base oils. All contained 2.0 wt% (as received)
dispersant Infineum C9268. The blends were tested in a soot handling screener

test which adds 3 wt% carbon black to the blend replicating 3 wt% soot in the

oil.

[0124] The screener test is summarized below:

1. Prepared blend by adding designated amount of carbon black paste (20%

carbon black) and test oil to a blender. Blend for 5 minutes at high speed.

2. Transfer mixture to beaker with magnetic stir bar. Stir at 200 rpm for 1 hour
at 65°C.

3. Immediately after stirring, charge the mixture to the viscometer in the 100°C
KV bath. Allow sample to equilibrate for exactly 15 minutes, then measure

the Kinematic viscosity.

4. For each oil, measure the viscosity increase at each increasing weight

percent. Stop testing when viscosity increase exceeds 200%.



GIL 6 and the 150N 600N base oils. Al contained 2.0

wt % (as received) dispersant |Inf neum C9268. The
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whi ch adds 3 wt % carbon black to the blend replicating

3 WM%soot in the oil. [0124] The screener test is

sunmari zed below. 1. Prepared bl end by adding

desi gnat ed anount of carbon bl ack paste (20% carbon

bl ack) and test oil to a blender. Blend for 5 m nutes

at high speed. 2. Transfer m.4gure to beaker with

magnetic stir bar. Stir at 200 rpmfor 1 hour at 65C.

IR ”TT%E%? blerids'ifia® iere%%”%e RS APPERA ! © 1 o
(0EE8) R B i TG s phore O itn it Selad, thia s fesdiRgrease in
viSbSSBA DisiASIRAS HifAth FaGfks' B SoBR EbRROVEIIAMIif2] f@Bhses with

Stop ‘testing Vi SCOSIty I ncrease exc
inExeasmgearmoulnés 6f 6AUs did not contain a vi SCOSI ty

nodi fier. [0125] Results s that as nore GIL is

added, there is less i ncreﬁ&ﬁ—vi scosity.

Di sper sangy, whi ch rel atvgseobify stoOt control capabi | i% Wiscosity
i ncreasesowd th i ncreasi baseimiagt s of Visddsity WMBLE 2 §ficrease with

Viscosi tysof /i sgosity digperdaase oi | Caboh Biask0Si t Yy carbon black
GTLh i ndisebse W60ON % S Brend, spe¥ssant  Camboiss Bl ack, added as soot

cag.bon bRagk GIL;AH50ON 600Ngkgegnd, mm/ Qomg@/s added TD8Y%

0.0¢83 0 17;c6.661 20490 208%2 6.4 13.6 730
gj:g 0 11, 0 73)902 0 49.8 T0.2 6.543 § 41%60.0 -
332 6.800 543848030%864166348 1797024%°

(]

80.0 16.6 3.4 6.451 7.970 24%
100.0 0.0 0.0 6.451 7.440 15%

The results are presented graphically in Figure 1.

Example 2

[0126] In this Example the relationship between GTL content and the desired

thickening ability of two different viscosity modifiers at two different concentra-

tions in blends is investigated. A 6.0 mm?/s GTL 6 and a 6.0 mm?/s Group I

blend were used. No carbon black was added. The GTL/Group I base stock

combinations used in Example 2 are the same as those used in Example 1 above.
TABLE 3

% GTL/% Group I Blend 0/100 | 20/80 | 40/60 | 60/40 | 80/20 | 100/0

Viscosity: Blend with 15 wt% (as
received) Paratone 8011 (mm?/s) 16.0 155 | 152 | 148 | 145 | 14.2

Thickening parameter: %
Paratone 8011/change in KV100 1.50 1.57 1.64 1.70 | 1.77 | 1.82

Viscosity: Blend with 25 wt% (as
recelved) Infineum SVs 151 154 148 | 142 | 13.7 | 133 | 129
(mm?*/s)

Thickening parameter: %
Shellvis 151/change in KV100 265 | 2.85 | 3.05 | 325 | 3.44 | 3.64

[0127] Larger ratios of % viscosity modifier to change in viscosity represent

less thickening ability or solubilizing power of the base stock of the deliberately
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[0129] Blends containing between 10 and 80 wt% GTL in the base oil, prefer-
ably 20 to 60 wt% GTL in the base oil unexpectedly exhibited both a significant
reduction in the viscosity increase due to soot in the oil which retaining the

desired thickening effect due to the viscosity modifier.
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oil.

3. The method of claim 1 or 2 wherein the amount of GTL base stock
and/or base oil and/or hydrodewaxed or hydroisomerized/catalytic (or solvent)
dewaxed base stock and/or base oil is in the range of about 10 to 70 wt% based

on the weight of the total base oil.

4. The method of claim 1 or 2 wherein the conventional

petroleum/mineral oil derived base stock is a Group I and/or Group II base stock.

5. The method of claim 4 wherein the conventional petroleum/mineral

oil derived base stock is a Group I base stock.

6. The method of claim 1 or 2 wherein the GTL base stock and/or base
oil and/or hydrodewaxed or hydroisomerized/catalytic (or solvent) dewaxed base
stock and/or base oil has a kinematic viscosity at 100°C in the range of about 2

to 50 mm?¥/s.
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has a kinematic viscosity at 1000C in the range of
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to 30 mm?/s and the conventional petroleum/mineral oil derived stock is a Group
I and/or Group II stock which has a kinematic viscosity at 100°C in the range of

about 4 to 8 mm?%/s.

9. A diesel engine lubricating oil formulation resistant to soot induced
viscosity increase during use comprising a base oil containing about 10 to 80
wt% GTL baée stock and/or base oil and/or hydrodewaxed or hydroisomerized/-
catalytic (or solvent) dewaxed base stock and/or base oil, about 90 to 20 wt% of
a conventional petroleum/mineral o0il derived base oil, based on the weight of the
total base oil and about 1 to 25 wt% on an as received basis of a polymeric
viscosity modifying additive, based on the total weight of the lubricating oil

formulation.

10. The diesel engine lubricating oil formulation of claim 9 wherein the
conventional petroleum/mineral oil derived base oil is a Group I and/or Group II

base oil.



