METHOD FOR | MPROVI NG THE Al R RELEASE RATE OF GTL BASE
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[001] The present invention relates to Gas-to-Liquids
(GTL) base stock(s) and/or base oils and to the
i nprovement of the air release rate of such base
stock(s) and/or base oils and of the l|ubricating oil
conposi tions containing such base stock(s). RELATED
METHOARFOR ORI2RO\RAPI THEARLR IRELEASES RASE a0F | CIOBASEISTRCIOMEBRICANTS USING
SYNTHHATIL IHSTER cANDS C@OSTTHIN y for industrial oils such as
turbine oils, hydraulic oils, conpressor oils and the
like. The rate at which the air is released is
affected by the oil viscosity, tenperature (because of
' | St . tem pressure, the
BAéﬁ(ﬁﬁ) %W%%Many), and by the
addi tives used in the lubricant. [003] Lubricating

FI OF N ulic oils and crankcase oil s,
often are used in environments in which the oil is
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the surface of an oil as air bubbles greater than 1lnm
stack(s)iandéirdrase Ails aadtafahe lwbricatiazeribcornpositiods spetasniog such

within the oil of air bubbles Iess than 1Immin
basg stRek(s)-. [005] Air entrainment and foaming in

| ubricating conpositions are undesirabl e phenonena.
R—EFJ#%IM’ air entrainnent reduces the bul k nodul us

d resulting in spongy operation and poor

control of a hydraulicsystemis response. It can result

[002] r eREpiAthil tl€4%1ib MnQfnpdrianPpidpRity ¢r lubricants especially for

industrial oils such as turbine oils, hydraulic oils, compressor oils and the like.

The rate at which the air is released is affected by the oil viscosity, temperature
(because of its effect on viscosity), system pressure, the presence of

contaminants (if any), and by the additives used in the lubricaht_.

[003] Lubricating oils, including hydraulic oils and crankcase oils, often are
used in environments in which the oil is subject to mechanical agitation in the

presence of air. As a consequence, the air becomes entrained in the oil and also

forms a foam.

[004] Foam appears on the surface of an oil as air bubbles greater than 1 mm
in diameter. Air entrainment refers to the dispersion within the oil of air bubbles

less than 1 mm in diameter.

[005] Air entrainment and foaming in lubricating compositions are
undesirable phenomena. For example, air entrainment reduces the bulk modulus

of the fluid resulting in spongy operation and poor control of a hydraulic



conposition. Both air entrainment and foam ng can

contribute to fluid deterioration due to enhanced oi
wo@ziodazizen. [ 006] Air entrai nment, however, i SPEDUS2008/003874

probl ematic than foam ng. Foaming is typically

depressed in lubricating copygsitions by the use of

antifoamant additives. These™additives expedite the

breakup of a foam but they do not inhibit air
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alr release and anmount of” alr entral nment o

detetibrdtion dwotocanansed oilrsxidatjorhe deternined by the test
nmet hod of ASTM D 3427. Indeed, the rate of air rel ease
referred to herein has been determ ned by that nethod.
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[007] | US: PHeeni®,(90;758 deRloses thdtFoRMARE In & Pradan® GoRiprising
i nternal conbustion engi nes as engi ne desi gns evol ve
a shavlt ax momearateris effectivelypleduced b 8ke of & aptifeamant exhibiting

6, 713,438 di scloses a lubricating il caqnpositjon that,
a spraddng costhisieny of agowt 2 gl avitholit Apgrepsing ithe airrglease time.

Wﬁﬁgﬁl%ss'pte'cﬁ{]edc antioamant does not degrade the air release time, further

improvements in enhancing air release characteristics are desirable.

[008] Many modern gasoline and diesel engines are designed to use the
crankcase oil to function as a hydraulic fluid to operate fuel injectors, valve train
controls and the like. For these functions, low air entrainment and rapid air
release are indicative of high performance lubricants. Indeed, it is anticipated
that in the future the rate of air release from engine lubricants will become more
critical to the proper operation of internal combustion engines as engine designs

evolve and become ever more complex.

[009] U.S. Patent 6,713,438 discloses a lubricating oil composition that
exhibits improved air release characteristics. The composition comprises a
basestock, typically a polyalphaolefin (PAO), and two polymers of different

molecular weight. One of the polymers is a viscoelastic fluid having a shear



basestock, typically a polyal phaolefin (PAO, and two

pol yners of different nolecul ar weight. One of the
w@ologneEne i s a vi scoelastic fluid having a shepd BHUSB8F003874

greater than 11 kPa such as a high VI PAO and the

other preferably is a linear,block copolyner. [010]

U S. Patent 6,627,779 rel at eé to the use of

al kyl aromati cs and al kyl cycl oparaffins deri ved from
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perties including additives solubility of
the Fi scher-Tropsch | ube base oil. In an exanple, a 4
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of a cormercial ester ( Mobi |
alkfyEeytobopera finsiderivied fremutisclienel topsdt prdcycswbrddmet stréams in
containing 1.25 wt% of a comercial additive s)acka ge.

Fisglzgeﬁrcmsc los-basqeoll\gEpPVEde Iepriopedyéeldras e as to provide
o t | t hod
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wagOnitified Withoy W% bN& camimdrelad @ser (Mobilcdill Odmpery DRE51
oi | conposition containing such base stock(s % and/ or

(Esterss A 1)()39) redudectheutbadity ofrthe il ngntaitdngd .2 owa%a1{ a

base s and/ oy base oil having a kinematic
COWB@ ‘é‘tveﬁﬁ 8%f at least 6 nm2/s .4 m2/s

(nom nal KV at 1000C of 6 m®/s), preferably at | east

S . ; at 1000C of 6 mMmR/s),

FOT 53s T- P/s .5 m2/s (nom nal KV
at 1000C of 8 er/s) an effective armunt of a

synthetic ester. A GIL base stock and/or base oil
[011]vi rimapieisamnaw:mlmi sclates ty aaheth08@6r nhpfovimg tle air 4elease

mR/s, preferably nm2/s is conmpnly identified as
ratg ofybricating oil base stock(s) and/or base oil(s) s¢lected from the group

consisting of Gas-to-Liquids (GTL) base stock(s) and/or base oil(s) and for
improving the air release rate of lubricating oil composition containing such base
stock(s) and/or base 0il(s), said method comprising adding to a GTL base stock
and/or base oil having a kinematic viscosity at 100°C of at least 6 mm?/s + .4
mm?/s (nominal KV at 100°C of 6 mm?/s), preferably at least 6 mm?/s + .2
mm?/s (nominal KV at 100°C of 6 mm?/s), more preferably at least 8 mm?/s £ .5
mm?/s (nominal KV at 100°C of 8 mm?/s) an effective amount of a synthetic
ester. A GTL base stock and/or base oil having a kinematic viscosity at 100°C

of 6 mm®/s + .4 mm?/s, preferably + .2 mm?s is commonly identified as a
GTL-6.

[012]  The synthetic ester employed in the present invention is any mono-, di-,
or tri- ester or polyol ester, preferably monocarboxylic acid ester or pblyol ester,

used in an amount of at least about 0.5 wt%, preferably an amount in the range 1



[012] The synthetic ester enployed in the present
invention is any nono-, di-, or tri- ester or polyol
we@saoen212py ef er abl y nonocar boxylic aci d ester oPCPUE2008/003874
ester, used in an amount of at |east about 0.5 wm %
preferably an anmount in the %ange 1to 50 wt % nore
preferably of fromabout 1 0720 wt% still nore
preferably fromabout 3 to 15 W% nost preferably
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kinetmatic \dsclisttly asd96°C) bf atleast! kb neni /sy prefetablyyrin tipe range of
consi sting pf Gas-to-Liquids (GIL) base. stock(s
fropmab it B 1q kgut q s,mreméqra@vsﬁ%m@%% érﬁ Bng/s to

abttﬂﬁ) arz? derived via one or nore synthesis,
CUr™A{S-on, transformation, rearrangenent, and/ or

degr adati on/ deconstructi ve processes from gaseous
[0133r boAs pesviicus)y mgdicatedababase styck agdior basd ailis selected from
conpounds, and/ or_el enents as feedstocks such as i
thergranp gonsisting o6 G asH-oxL wpid< @3 bb ) bagsrssack(s) angd/os base oil(s).
net hane, ethane, ethylene, acetylene, propane,

0Py, : . s .
0% T opBERE AR AN aCHe KRR e ot iR Sypghesis,
combiatioal irafsforMmafdh] seakfankemeRt, A0 VebyadhtionY®ohs@iittive

hydr ocar bons, for exanpl e waxy synthesized
prdvessesdeon@aseoushedrban-€ontening| comspalerdsy kydrogem contgihing

gaseous car bon-cont ai ni ng conpounds ..
compaupdemd/enelamemyag &%@Mg suefiAbhydiogeanearbgg dioxide,

eedst ocks. GIL basg stock(s _0j |
car R RORO N e < BB TR, vete st 3RleRy dhane 1)
prcﬁﬁ@&{é‘i)?%)tﬂeé‘ﬁhté?ﬁ%ﬁ(é'léﬁé_éﬂhﬁd’ BLRARE Z &I IGhhsd®beks ahdor
ch as f'or exanple, By distillation and subsequently
baseubijeareddTL.anatetjaiwd f lwbxicpting eistopigy Hiatprevgendrally derived
i nvolves either or both of a catal ytic dewaxing
from bydepsarbonsaforgixastnle yeam@ymghesized 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 oil(s) include oils boiling in the lube oil boiling range (1)
separated/fractionated from synthesized GTL materials such as for example, by
distillation and subsequently subjected to a final wax processing step which
involves either or both of a catalytic dewaxing process, or é solvent dewaxing
process, to produce lube oils of reduced/low pour point; (2) synthesized wax
isomerates, comprising, for example, hydrodewaxed, or
hydroisomerized/followed by cat and/or solvent dewaxed synthesized wax or
waxy hydrocarbons; (3) hydrodewaxed, or hydroisomerized/followed by cat
and/or solvent dewaxed Fischer-Tropsch (F-T) material (i.e., hydrocarbons,

waxy hydrocarbons, waxes and possible analogous oxygenates); preferably



process, to produce |ube oils of reduced/| ow pour

point; (2) synthesized wax isonerates, conprising, for
wezasptree hydr odewaxed, or hydroi soneri zed/ f ol POIES2008/003874

cat and/or sol vent dewaxed synthesized wax or waxy

hydrocar bons; (3) hydrodemaxgd or

hydr oi sonmeri zed/ fol | oned by Tat and/or sol vent dewaxed

Fi scher-Tropsch (F-T) material (i.e., hydrocarbons,

hy%%é\gﬁg?@ rar{ygﬁgpgpg‘%{(zg%tgﬂgg@ﬁ%y %Jt ean&)?)?lsgﬁ%ﬁ dewaxing

dexgx%d)li Sp U%&éé@%ééﬂrb@ﬂ‘@ brihy d?@de»%)&ld%r sol vent

ewaxl| ng F- T waxy hydrocarbons, or

hy dooiomlerieexiéd] lomwdaytsly oats(molw:ﬁt)/de@vdmn\gdechda,tF-(l“owaxes or
sol vent) dewaxi ng dewaxed, F-T waxes, or m xtures

mixteeseibieredf0151 GIL base st ock(s) and/or base oil (s)
derived from GIL materi al s, espeC| al ly, hydrodewaxed,

loﬁgtg qd’y)‘ gg?gde %as?%tgicgg/ S(S)S&) }/Vgépt%ase oﬁe‘?\ ;%r{'z_ils

?afdcﬁedvéyeeal 6Ph &oﬁ%xﬁmze"mdﬂ(waf s6lvent) dewaxed F-T
VI SCOSI i es (ASTM 45) at 1000C of from about 2 Mm®/s

matmwlmmveﬂ(bamrﬁmck(qb raafléordizisg of K s)rarecharagernnel typieally as
a{‘i‘nﬁ’a‘éi%@én‘%am”?%ﬁﬁ%eﬁéﬁ%é Zé‘%ff D ORI Pl remisbout inmys to
d
e Y ArS ra USRI BT € s e 2bomt 3L 8EYS g
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about s at 1000C and a viscosity I ndex

baé@téck defivedbyth8Rydwdedaxing or hydmnsonhmzdumnmamlgnt (and/or
i nvention the GIL base stock and/ or base oil enpl oyed
solygat)dlenvaréngof E-T iveaxo srhigh has 2 goounak kmﬁma@ss\tlswswgrfsabout

4 e R 00; €% E8pSaiBinded Casri g Lot AR Bpypoal or
grdfer. IhGAL FrlenPliRehfidn tfie E}'lgﬁ gﬁ%"ﬁﬁbﬁ‘ andRr 'b'a?@' oﬂ r}BIByed

a process using a sing I'e ewaxl ng cat al
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of abOLzI -5C tq about -400C or | ower (ASZTM D97) .
least 6 mm®/s £+ .2 mm®/s , more preferably at least 8 mm®/s = .5 mm %s.
Preferably the wax treatment process is hydrodewaxing carried out in a process
using a single hydrodewaxing catalyst. They are also characterized typically as

having pour points of about -5°C to about -40°C or lower (ASTM D97).

[016] 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 from F-T material, especially



[016] In addition, the GIL base stock(s) and/or base

oil(s) are typically highly paraffinic (>90%
weadosnzizes), and may contain m xtures of PCT/US2008/003874

nmonocycl oparaffns and nmul ticycloparaffins in

conbi nation with non-cyclic ésopar affins. The ratio of

the naphthenic (i.e., cycloparaffin) content in such

corrbi nations varies with the catal yst and tenperature
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st ock(s) and/ or base oil (s) obtai ned from F-T
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st ock and se ol " 1s to be underst s enbraci ng
miktudés/oLitvwed of maee ofvaclofrastiois, maivesll ad mixtures offone or two or
viscosity range as recovered in the production
mape dew sdscosity ttactions witlwene tweneramere Bighkr Visgesity fractigas to
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fractions to produce a bIend wherein the bl end

[0881hi DintSprférmédembodnaem e GTICMRtdrial, frédBivhidh the GTL
preferred embodi ment, the GIL material, from which the

ba:{éTSIode(s)aarsd/oc basd orah(rsd;isziarehﬁe'edns @n)F- Tsmateeladi(arfr ved is
an F-T material (i.e,, hydrocarbons, waxy
hydspgathonspwiasy IwQ;@caersQ]wang hetic esters useful in

the present process for increasing the air rel ease
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ricating oil formulations made enpl oyi ng-such
relédde ragsef GThCchdse)stackispandiasbasa ¢il(S) and ef theelubpicating oil

forgltul'gggn:émgrg @?r%lgﬁmh%ﬂn%gge st%rck((jsl) an((:i%rbboa)éz Iolll%s) are the
mono- di-, tri- or polyesters of mono- or di- carboxylic acids reacted with mono
alcohols or polyols, polyols being alcohols containing more than one hydroxyl
group. The mono- or di-carboxylic acids typically contain from about 4 to about
24 carbon atoms while the mono alkanol and polyols typically contain from

about 1 to 18 carbon atoms.

[020]  Esters of mono- and di- basic carboxylic with mono alkanols are
exemplified by one or more acids such as hexadecanoic acid, heptadecanic acid,
phthalic acid, succinic acid, alkyl succinic acid, alkeny! succinic acid, maleic
acid, azelaic acid, suberic acid, sebacic acid, fumaric acid, adipic acid, linoleic
acid, linoleic acid dimmer, polmitic acid, stearic acid, malenrc acid, alkyl
malonic acid, alkenyl malonic acid, etc., with one or more of a variety of linear

or branched chain alcohols such as butyl alcohol, hexyl alcohol, dodecyl alcohol,



al cohol s or polyols, polyols being al cohols containing

nore than one hydroxyl group. The nono- or
waleosarzexyl i c acids typically contain from abpait/ug2008003874

about 24 carbon atonms while the nono al kanol and

pol yol s typically contain fr9n1about 1 to 18 carbon

atons. [020] Esters of nono- and di - basic carboxylic

with nmono al kanols are exenplified by one or nore
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etebri-i sodecyl al cohol, etc. Specific exanples of these
types of esters include nonyl heptanoate, dibutyl
adi pate, di(2-ethyl hexyl) sebacate, di-n-hexyl
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di i sodecyl azel ate, dioctyl phthal ate, didecyl
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oleic acid and mixtures thereof.

[022]  The polyol esters may include polyol esters having unconverted
hydroxyl groups. Those polyol esters having unconverted hydroxyl groups are
known as high hydroxyl polyol esters. Such high hydroxyl polyol esters contain
from 2 to 50% unconverted hydroxy!l groups, preferably 5 to 35% unconverted
hydroxyl groups based on the total amount of hydroxyl groups in the quantity of
polyol employed. See W099/36387; U.S. Patent 5,744,434, U.S. Patent
5,698,502; W0O96/28525.

[023]  Preferred esters are mono-esters, and polyol esters of neopentyl polyols,
preferably polyol esters of neopentyl glycol, trimethylol ethane, trimethylol
propane (TMP), 2-methyl-2-propyl-1, 3-propanediol, pentaerythritol,



acid, nyristic acid, polmtic acid, stearic acid,

arachic acid, behenic acid, octanoic acid, isooctanoic
waeood/12nehoi ¢ aci d, decanoi c aci d, dodecanoi c BCT/US2008/003874

oleic acid and m xtures thereof. [022] The polyol

esters may i ncl ude pol yol e§%grs havi ng unconvert ed

hydr oxyl groups. Those pol yoI esters having

unconverted hydroxyl groups are known as hi gh hydroxyl
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est'er has a kinematic viscosity at 1000C of at | east

of thesesterdihghe GFEE ef ableast mominal bangd/sofinEmatic absagsity increases
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the3#p ;éle@sg rgg'gu the (ﬁ]l}b/tia_se gﬁﬁﬁg‘i@e o){l, p?é)@rfbl? %y at least

about 35% compared to the air release rate of the GTL base stock and/or base oil

without the ester present.

[026] The GTL plus ester combination base oil can be used in further
combination with a co-base stock such as poly alpha olefin and/or highly
saturated base oil having a saturates content of greater than 99 wt%, a viscosity
index (VI) greater than 120 and a sulfur content of less than 0.03 wt%, i.e., an
American Petroleum Institute (API) Group III base stock, and/or a
hydrodewaxed or hydroisomerized conventional catalytic (or solvent) dewaxed
wax base stock and/or base oil wherein such base stock and/or base oil is derived
from natural wax (e.g., slack wax recovered from the solvent dewaxing of
petroleum oil), from other non synthetic waxy feeds, from mineral and/or non-
mineral oil waxy feeds such as gas oils, waxy fuels hydrocracker bottoms, waxy |

raffinate, waxy hydrocrackate, waxy thermal crackate, waxy oils derived from



of the ester in the GIL of at |east nomnal 6 Mm®2/s
ki nematic viscosity increases the air release rate of

wo b@s@Eileébase stock and/ or base oil, preferabl pcbysans0o3s74
| east about 35% conpared to the air rel ease rate of
the GIL base stock and/or bage oil w thout the ester
present. [026] The GIL plus &Ster conbination base oil
can be used in further conmbi nation with a co-base

coajggiil:éﬁcgl&?lb i l| ﬁggpqﬂf ' &l Iat ai’%ér@gi@gmﬁrg\ap 111 base
sto seglleig-gf%ﬁé@ it3 é’ﬁt ff&se@to‘é‘ksig ﬁ?éd %(t +]pdex (VI) greater

conten ess than 0.03 wt %
., an Amsrlcan Petroleum Institute (API) Goup II1
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ab@lﬁrzisvmsiwm@faén $1mheﬁ1@ahr@n, shal e oul or tar sands,
etc., but PAO and APl Goup IIl base stocks are

referredlf a co-basestock is used at aII 274
[0281c thesbase Sopks W FHEDS BFESERSE 6h-baresiguksiniude.

further at i
Groh 1 8FGrBOR3! BALL B8R AT LR RaREpRlsaE %%gé%%ﬁ%atw
v1s@9ﬂ€s af 166"Win t?netl‘ﬁngé ofaB6®: 3 By 26 %xﬁb/ls%p&*f&%legaﬂd%t 3G0 20
mP/ s, nore preferably 3 to 14 e GIL plus
mmeYs,anoropieiferablyoaban 36k tot L4 mgz/ahlhuarrﬁﬂnt of 8Achnt@4base stock
preferably about 40 to 60 wt % nore preferably about
empioyesl Gm 1angs vp tarppoytith witkobithe tofal vegight pbhease oil.

stocks which can be present as co-base stocks include

[oz‘bjph ARY éﬂr{éu p1 \tlal%]é’k’@fzkée ﬁgltﬁ’%glﬁ HAGE 3 AShshyKbak 8 between
about 80 to 120 and contain greater than abut 0.03% sulfur and less than about
90% saturates. API 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% sulfur
and greater than or equal to about 90% saturates. API Group III stock generally
has a viscosity index greater than about 120 and contains less than or equal to

about 0.03% sulfur and greater than about 90% saturates.

[030]) Polyalpha olefins are categorized as API Group IV base stocks while
alkylated naphthalenes are categorized as API Group V base stocks.

[031] Table A summarizes properties of each of these five groups.



viscosities at 1000C in the range of about 3 to 25

m2/s, preferable about 3 to 20 mR/s, nore preferably
w@bmet23® to 14 nmmR2/s, the anopunt of such co- becPUSi00% 603874

enpl oyed can range up to about 10 wt % of the total

wei ght of the base oil. [029], APl Goup | base stocks

generally have a viscosity i'ndex of between about 80

to 120 and contain greater than abut 0.03% sul fur and

| ess than about 90% saturates. APl Goup Il base

stocks generally have a viscosity index of between

about 80 to 12110 UE@AF%PPB?%%§ﬁktﬁﬁpeﬂfesequal to
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Properties [032] The PAO s are typically conprised of

[03{)2?' ati‘ﬁ’eebxd’QWF@pgﬁAg!}fé#ﬁfS@%ohyaémgggﬁqgsﬁcﬁl‘ﬁfﬁeight

ol rgoners o e Ich 1ncl ut are

hydvelgehatet petyhers @sligorherstof alpieicefiiz2whighhimolwlel bat are not
w th about C8 to about Ci 6 al phaol efins, such as

limiteddpealzqut Colecehoat Ch, alphaokedinsavith eheut Cito abaytilgis
alphagefihesuchors L Defeage Leobit T50PgeEens i an e Hiite

. ! Y ‘.
prliLd. The TR A B Sk oo e and
poBPPdodeLéhd endBmiRtirérthesest dnd mixedi slefihderivied patydlyfins.

base stocks of acceptably |ow volatility. Depending on
Howayer, the déiness of bigbenolktfinsdn sheranigepfaboybles to €remay be

PAO b dom tly tri t f
us D ol 25 SO B Lok e anl [SLLARIR o
DBEhIRE:Stne Aty hrib S GRT e/ sthANEO RESHES 1R BAGS hEf be
predominantly trimers and tetramers of the starting olefins, with minor amounts

of the higher oligomers, having a viscosity range previously recited above.

[033] Descriptions of PAO synthesis are found in U.S. Patents 3,742,082;
3,769,363; 3,876,720; 4,239,930; 4,367,352; 4,413,156; 4,434,408; 4,910,355;
4,956,122; 5,068,487; 4,149,178; 3,382,291. The dimers of the Cj4 to Cy3
olefins are described in USP 4,218,330. PAQ’s derived from Cg, C,g, Cy2, Ci4
olefins or mixtures thereof may be utilized as co-base stock. See U.S. Patents
4,956,122; 4,827,064; and 4,827,073 |

[034] Lubricating oil composition employing the GTL plus synthetic ester
combination of improved air release rate can further, optionally contain one or
more performance enhancing additives comprising anti-wear agent, anti-oxidant,

viscosity modifier, viscosity index improvers, detergents, dispersants, anti-




[033] Descriptions of PAO synthesis are found in U S
Patents 3,742,082; 3,769, 363; 3,876,720; 4,239, 930;

W@ 2@8/121369; 4,413, 156; 4, 434, 408; 4,910, 355; 4POB6SW8R003874
5,068, 487; 4,149,178; 3,382,291. The diners of the Cl4
to C18 olefins are descri be_g'\l/:_n USP 4,218, 330. PAO s
derived fromC8, CO0, G 2, ol efins or m xtures
t hereof nmay be uti I i zed as co-base stock. See U S

Patents 4, 956, 27, 064, . and .
foaeemﬁ% TRt eREnsanty By ComB e Ay, dpui-seizure
SHEWBE hfodtiée rsemm&mful &gcen&mxeﬁsﬁ n?ddlﬁEFsl Rt feity
ra ’e can further, optiona ontal n one or
agdins,fantinstaining a@angl cﬂﬂoﬂﬁﬁblhbrﬂt egenawemamtjenan torrwan
agent, anti-oxidant, viscosity nodifier, viscosity
inhibitiers eteypr over s, detergents di spersants
antifoamants, pour-point depressants, dyes, extrene
ressure addl tives, anti-seizure %?aant S, nodi f| er,

[038a) Resmpavia iof manygeamaonty negd afflibes foeeilamann in

Lyl s RS P@?«i tsfyé‘%é‘é ChefifbfergEld BERAN T IsBN
0- 73317733' @Wld?{) &hseﬁfs‘i’oﬁgflhtn'ul’rﬂ%r%ﬁ@he lubricant
I"amann 1 n ric nt S Rel at ed Products, Verl ag

addiniees edenfifedfbetdw. EBBéffeanths alsGBhade ﬁﬂﬂlﬂ)rilc'am &ddl\hvcd’f by
al so gives a good di scussion of a nunber of

M.WibRanzey, publtishad ey Nayesata Sorperatian qiié%aék@dg@ NE(1978).
al so made to "Lubricant Additives" by MW Ranney,

publ i shed by Noy % a rporation of Parkridge, NJ
AN EWRM_ DDl TI VES [036] Lubricating
oils require the presence of antiwear and/or extrene

pressure (EP) additives in order to provide adequate

[036]1 | VEaWridHtiMetils &qulrhnﬁé g?@sbﬁ@é ¥f aRewEar Sl/beaaréae
oi'l performance have exhibited a trend for inproved

prastie@&R) additpesstinesdef tot previdle adegoaievmriwearpretectione
EP additives performthis role by redumgg érl ctio

Ineygasinglyrspseifipatigns for @id performance have exhibited a trend for

improved antiwear properties of the oil. Antiwear and extreme EP additives

perform this role by reducing friction and wear of metal parts.

[037] While there are many different types of antiwear additives, for several
decades the principal antiwear additive for internal combustion engine crankcase
oils is a metal alkylthiophosphate and more particularly a metal dialkyldithio-
phosphate in which the primary metal constituent is zinc, or zinc dialkyldithio-
phosphate (ZDDP). ZDDP compounds generally are of the formula |
Zn[SP(S)(ORl)(ORz)]Z where R' and R?are C,-C3 alkyl groups, preferably C,-
Ci2 alkyi groups. These alkyl groups may be straight chain or branched. The
ZDDP is typically used in amounts of from about 0.4 to 1.4 wt% of the totel lube

oil composition, although more or less can often be used advantageously.

[038] However, it is found that the phosphorus from these additives has a

deleterious effect on the catalyst in catalytic converters and also on oxygen



[037] While there are many different types of antiwear

additives, for several decades the principal antiwear
wW@eowst2eed f or i nternal conbustion engi ne cranke@BESW0$/603874

is a netal al kylthi ophosphate and nore particularly a

met al di al kyl di t hi ophosphat el i n which the primary

metal constituent is zinc, zinc

di al kyl di t hi ophosphat e (ZDDP) ZDDP comnpounds

seriey 15 pur s e ok TR Argh} A5 iU SERECHS, Pre way
to ﬁi%mnﬁ&ﬁ thiis e feat %%egﬁalae%snﬁl &ydll of mépznmvwm phosphorus-
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| ube oil conposition al t hough nore or less can often
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€ prepar Ion Oor varl ous organi

deﬂﬁé@bthéfd,mwdl ng aliphatic, arylaliphatic or
alicyclic olefinic hydrocar bons cont ai ni ng from about

3 to 30 carbon atons, d{3éIéJ=E(ER5;R63- 20 carbon atons.
The ol efinic . conpounds contain at |east one
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[040] The use of polysulfides of thiophosphorus acids and thiophosphorus acid
esters as lubricant additives is disclosed in U.S. Patents 2,443,264, 2,471,115;
2,526,497, and 2,591,577. Addition of phosphorothionyl disulfides as an
antiwear, antioxidant, and EP additive is disclosed in USP 3,770,854. Use of
alkylthiocarbamoyl compounds (bis(dibutyl)thiocarbamoyl, for example) in
combination with a molybdenum compound (oxymolybdenum diisopropyl-
phosphorodithioate sulfide, for example) and a phosphorous ester (dibutyl
hydrogen phosphite, for example) as antiwear additives in lubricants is disclosed
in USP 4,501,678. USP 4,758,362 discloses use of a carbamate additive to
provide improved antiwear and extreme pressure properties. The use of
thiocarbamate as an antiwear additive is disclosed in USP 5,693,598.
Thiocarbamate/molybdenum complexes such as moly-sulfur alkyl dithio-

carbamate trimer complex (R=Cg-C,g alkyl) are also useful antiwear agents. The



ing sulfurized olefins and their preparation can be

found in USP 4,941,984. [040] The use of polysulfides
w@boosh2ephosphorus aci ds and t hi ophosphor us acPdI/ES1008/603874

as lubricant additives is disclosed in U S. Patents

2,443,264; 2,471,1 15; 2,5264497; and 2,591, 577.

Addi ti on of phosphorothi onyl "di sul fi des as an

antiwear, antioxidant, and EP additive is disclosed in
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di i sopropyl phosphorodi t hi oate sul fide, for exanple)

and a phosphorous ester (di butyl hydrogen phosphite,
[041], dsstarpof glyseralmpydsrussd @s @ntivear agentsr Feraxample, mono-,
USP 4,501 678., USP 4 758, 362 disclo§Fs

. di gcl. '
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antiwear and extrenme pressure properties. The use of

[042]i o&DDRiecendsnahwitht sthencompdsitions that powide aneitvean
USP 5, 693, 598. Thi ocar bamat e/ nol ybdenum corgl_ exes such

praperties. yUSRI %, 034,44 k gisclosesithatza enmbinationiofer thiedisartaogen

R=C8- Ci yl I f ul ti ts.

corpRaa (e FlftadbraBiifiofers foh Sfambled 3hd S3Rbar figeRampts o

(ZBDF, ToEARhRIc) Ef FbfRe ki e ST ENPP034147 discloses

thatibé VEamagEAIkS oxyalkyBRaatidte (nidRélethotyethpikdnthate, for
tri-ol eates, nono-pal mtates and nono-nyristates may

exdreples add a[dixanthaper (disthooryethyd dixdnthogean dor example) in
c 0Sitio t. provi de antiwear properties. USP
CO@B%A{%M“EM@%&‘PM%& AIEARRTRREIUSS: of a

t hi odi xant hogen conpound (octylthi odi xant hogen, for

[043] 2 Rd fRred Aftidv AR haditivieh Mik108® PROSHHoA R sWifues@ipbends
can I nprove antiwear properties. USP 5, 034, 142

suahi mioe esthidpliospbates ind/arsulfur, alitrpgery, didrgh aaod yhadeaum
bR et B for A} a5
ma1PoTh BEH QY ihBnii PSSR, Aot XS ADILE RGO hia-
diazoles, mercaptobenzothiadiazoles, triazines, and the like, alicyclics, amines,
alcohols, esters, diols, triols, fatty amides and the like can also be used. Such
additives may be used in an amount of about 0.01 to 6 wt%, preferably about
0.01 to 4 wt%. ZDDP-like compounds provide limited hydroperoxide
decomposition capability, significantly below that exhibited by compounds
disclosed and claimed in this patent and can therefore be eliminated from the
formulation or, if retained, kept at a minimal concentration to facilitate

production of low SAP formulations.

VISCOSITY INDEX IMPROVERS

[044] Viscosity index improvers (also known as VI improvers, viscosity

modifiers, and viscosity improvers) provide lubricants with high and low



[043] Preferred antiwear additives include phosphorus

and sul fur conpounds such as zinc dithi ophosphates
wa@easor12sul fur, nitrogen, boron, nolybdenum PCT/US2008/003874

phosphor odi t hi oat es, nol ybdenum di t hi ocar bamat es and

various organonol ybdenum derjyvati ves includi ng

heterocyclics, for exanple oli nmer capt ot hi adi azol es,

nmer capt obenzot hi adi azol es, triazines, and the I|ike,
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of WHeSEPBlyhYers NPEXetviERQABIES 10004 toM,000,.800y monel eppically about
i nprovers (also known as VI inprovers, Vviscosity
20,000itpi5805)00a and even saoreyty piepHy \bersgerpabout $9,0QMband 200.H00.
with high and | om enperature operability. These
dicti . ' DLt
(048], Expifples SRRt FRE0SRAMNdek shefbyets BEpSlmers and

coﬁcﬂ%@bﬂfrﬁhao&?ﬁf&, butddiend, ©lefiss; F ialkylated xyrienps. oPelyiso-
i ncl ude high nol ecular wei ght hydrocarbons, polyesters
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Ssui tabl e viscosity index inprovers are polyners and
copalyuaieysrof sthylenesardaproplykine, hjpdtagdnated, blotletopslymers of

al kyl at ed styrenes. Polyisobutylene is_a ¢conmpnly use
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acrylates, for example). Specific examples include styrene-isoprene or styrene-

butadiene based polymers of 50,000 to 200,000 molecular weight:

[047] Viscosity index improvers may be used in an amount of about 0.01 to 8

wt%, preferably about 0.01 to 4 wt%.

ANTIOXIDANTS

[048] Antioxidants retard the oxidative degradation of base oils during service.
Such degradation may result in deposits on metal surfaces, the presence of
sludge, or é 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.



viscosity index inprover is polynethacrylate
(copol yners of various chain | ength al kylnethacry
WO 200842126©r exanpl e), some formul ati ons of whi RCI/HE208/003874
serve as pour point depressants. Qther suitable
viscosity index inprovers inglude copolymers of
et hyl ene and propyl ene, hydrogenated bl ock copol ymers
of styrene and isoprene, and pol yacryl ates (copol yners
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mol ecular wei ght. [047] Viscosity index inprovers may
meba salte of certain phenohic commbmds d“ ypical phen«r\lu@/@ntloxldant

preferably a to.4 ANTI OXI DA [048
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p-pdsitioratoeeachesther. i Typichl pleatolicgintiokidamtpriude theshindered
Kl amann in Lubricants and Rel ated Products, op cite,

phennls sulstitmedanith QH?«QBymuaﬁ ané ﬂa)fsalk’.vbene qqm) ed derivatives
of ks Brrd 049£an<§ oot Dialis peterEfs abMEhpEat-buryl
+HOERGEES RIS 2?9" Eﬁgﬁo ?i"co DA oy OO, 9.6-dict-

buihenReptgl pnémslxz Gagdi-t-boryadede oyl Ehenlikﬂ Rimegiye®d-t-butyl-4-
phenoli cs wh ch are the ones which contain a

heptyéphewolt gndh aneﬁe/di-daybuwﬂ dodesyp phemel. (G useidll hirglered
thOSGdIIV&IIV of dihydro i.n,.Whj C
manosphgaRlis,antiox S masntivderfor & Xrapfephrfg\a R 41“‘]1@{1
I I
phERGl, HSFonic KREF BARRAS, s SREROHL SRE0R RS, AP e
ad&iiﬁag”éd@slyeﬁ@dcmwrﬁﬂmdﬁbn wéith #Rsinsfant R&AtidhD dﬁfaﬂﬁbles of
phenol s. 'Exanpl es of phenolic materials of this yp
orthetconpled phenols include: 2,2’-bis(4-heptyl-6-t-butyl-phenol); 2,2’-bis(4-
octyl-6-t-butyl-phenol); and 2,2’-bis(4-dodecyl-6-t-butyl-phenol). Para-coupled
bisphenols include for example 4,4'-bis(2,6-di-t-butyl phenol) and 4,4'-
methylene-bis(2,6-di-t-butyl phenol).

[050] Non-phenolic oxidation inhibitors which may be used include aromatic
amine antioxidants and these may be used either as such or in combination with
phenolics. Typical examples of non-phenolic antioxidants include: alkylated
and non-alkylated aromatic amines such as aromatic monoamines of the formula
RER°R'N where R® is an aliphatic, aromatic or substituted aromatic group, R is
an aromatic or a substituted aromatic group, and R' is H, alkyl, aryl or )
R! 'S(O)XR]2 where R'! is an alkylene, alkenylene, or aralkylene group, R%isa
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 atomsv, and preferably

contains from about 6 to 12 carbon atoms. The aliphatic group is a saturated



4- heptyl phenol; 2-t-butyl-4-octyl phenol;
2-t-butyl -4-dodecyl phenol; 2,6-di-tbutyl- 4-heptyl
w@b@rot26®, 6- di -t - butyl -4-dodecyl phenol; PCT/US2008/003874
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N AP S o8 P PP ARG Bl in
RS I D fen i BB iy s

ph&othihzinds Onifdbditdiey s dvd éiﬂhénﬂlfpl?édyl’érﬁﬂﬁarrﬁhé’se nylighees of
or -aral kyf ene group, R12 is a higher alkyl group, or

twalor ahdreraybmatic aimines ar dso ykefgt.oBplynaeric amine aptidxidants can
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alspipecusedo PastioHar examples afarampiic apHna pRYOXIdgRIsE R ip the
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napisthyiphiney| . Aromatic groups R8 and R9 may be j oi ned
toget her with other groups such as S. [051] Typi cal

[0@]8 gablyuglfzgg]laﬂ(eyﬁ p%rcl}lg sxeim%eﬂkgli %?\éﬁ(a?ilnléyelar&lurplgttail st thereof

also are useful antioxidants.

(053] Anbther class of antioxidant used in lubricating oil compositions is oil-
soluble copper compounds. Any oil-soluble suitable copper compound may be
blended into the lubricating oil. Examples of suitable copper antioxidants
include copper dihydrocarby! thio or dithio-phosphates and copper salts of
carboxylic acid (naturally occurring or synthetic). Other suitable copper salts
include copper dithiacarbamates, sulphonates, phenates, and acetylécefonates_.
Basic, neutral, or acidic copper Cu(I) and or Cu(II) salts derived from alkenyl

succinic acids or anhydrides are know to be particularly useful.

[054] Preferred antioxidants include hindered phenols, arylamines. These

antioxidants may be used individually by type or in combination with one



| east about 6 carbon atons. Exanples of aliphatic

groups include hexyl, heptyl, octyl, nonyl, and decyl.
w@znenal2by, the aliphatic groups will not conteCTUSI®003874

t han about 14 carbon atons. The general types of am ne

anti oxi dants useful in the present conpositions

i ncl ude di phenyl am nes, phéﬁyﬁ napht hyl am nes,

phenoth|a2|nes |n1dod|benzyls and di phenyl phenyl ene

andihéF 50 afOEEE fisrre SR RanChoPufl ST o8 B7EsRE
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ant | |dants use resent”invention I ncl
md%t prefeiadly yéid. pheny! ani ne
octyl phenyl - al phanapht hyl am ne;
) en¥,IE hanapht hyl am ne; and
D A nyl - al phanapht hyl am ne. [052] Sul furized
aIkyI phenols and al kali or alkaline earth netal salts
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m‘%%gf@éﬁs “Pé“@&ﬁ*téﬁonm ?c%ﬁyy PERAARE L8t AR metal.

neutr or acl di c copper or Cu(ll) salts
derived from al kenyl succinic acids or anhydrides are
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I'n” an anount o W% pre

largbaniouhtHaf & enctabbase Yhatnieaehizved dyakhytimgean ek@eds&ﬁ'sa metal
than 1.5 wt % nost prefer ablty zer 0. DETERGENTS
compound (a metal hydroxide or oxide, for example) with an acidic gas (such as

carbon dioxide). Useful detergents can be neutral, mildly overbased, or highly

overbased.

[057] Itis desirable for at least some detergent to be overbased. Overbased
detergents help neutralize acidic impurities produced by the combustion process
and become entrapped in the oil. Typically, the overbased material has a ratio of
metallic ion to anionic portion of the detergent of about 1.05:1 to 50:1 on an
equivalent basis. More preferably, the ratio is from about 4:1 to about 25:1. The
resulting detergent is an overbased detergent that will typically have a TBN of
about 150 or higher, often 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.



[055] Detergents are commonly used in |ubricating

conpositions. A typical detergent is an anionic
woraioen2eb9 t hat contains a | ong chai n hydr ophobP€T/US2008/003874

portion of the nolecule and a snaller anionic or

ol eophobi ¢ hydrophilic portign of the nol ecule. The

ani onic portion of the detergent is typically derived

froman organic acid such as a sul fur acid, carboxyllc
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preferably, the ratio is fromabout 4:1 to about 25:1.
nt that
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the present invention.[0581 Preferred detergents

Smailleedend Re Kal Smith, published|bynthe d zazius-Hitkea ICos a:lft(élewéland
sul fonat es,. phenates, carboxyl at es,. phqosphates,

Ohya (19§1)asimilany disclases panumber ofgyerkassd spioates rtb@ﬁ are useful

as AMpERAnGy/ @Gt Rat{1at are typically

[061] Alkaline earth phenates are another useful class of detergent. These
detergents can be made by reacting alkaline earth metal hydroxide or oxide
(CaO, Ca(OH),, BaO, Ba(OH),, MgO, Mg(OH),, for example) with an alkyl
phenol or sulfurized alkylphenol. Useful alkyl groups include straight chain or
branched C,-Cs alkyl groups, preferably, C4-C,o. Examples of suitable phenols
include isobutylphenol, 2-ethylhexylphenol, nonylphenol, dodecyl phenol, and
the like. It should be noted that starting alkylphenols may contain more than one
alkyl substituent that are each independently straight chain or branched. When a
non-sulfurized alkylphenol is used, the sulfurized product may be obtained by
methods well known in the art. These methods include heating a mixture of

alkylphenol and sulfurizing agent (including elemental sulfur, sulfur halides such



obt ai ned by sul fonation of al kylsubstituted aromatic

hydr ocar bons. Hydro carbon exanpl es include those
wobdoaiimed by al kyl ati ng benzene, toluene, xyl ePer/US2008/003874

napht hal ene, bi phenyl and their hal ogenated

derivatives (chlorobenzene, ;ghl orotol uene, and

chl or onapht hal ene, for exanple) The al kyl ati ng agents

typically have about 3 to 70 carbon atons. The al karyl

o SRR BRSPS Sk Bhengin o

Peat ons. [060] Klamann in "Lubricants
alk&ﬁr&é%&tﬁ tn?cgé

Progucts op cit discloses a nunber of
over based net al salts of ~variqus s%ggom c acids i ch

[062] eMesalk saits of caghapydicracidsdrg absespis detergents. cse
L A Lo
wi ecﬁ'l 1 ight %ﬁrb%?'gglﬁfa ﬁ (4 'r gl'réb WhiR fromh&réRfton

I SC ses an er o over sulfonat es that are

produef.UThase ebrapeurdynhay %%tcﬁzrem&:d to [ppédiiceAhk desined ¥BN hevel.
phenat es are anot her useful class of detergent. These

Dethrgentgemads fram ssdicytidacisaneconst prefereedcelassel defergents derived
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preferably, C4-C20. Exanples of s |tabl e phenol S

i ncl ude i sobutyl phenol, 2- ethy“h Jpheno
nonyl phenol , dodecyl phenol e Iike "It shoul d
be not ed that starting al‘y/pg nols may contain nore

t han one al kyl substit tha are/ each i ndependently
strai ght chain or branche NMKen a/non-sul furized
al kyl phenol is used, ‘he sul fued zed %product may be
obt ai ned by nethods well known in the art. These

whee¢ Roida hydrbgere atomabr ag adkyli group havingal kwalpﬂmrﬁcﬂ carhan
sul furizin gent |nclud|n el emental sul fur

atORB, A SRR S 4P 4y PEHING S a8 alpl ne ath et ®Pefered R

gr(t)tppesnaré %ﬂ(c)}l cﬂgms 0 a% Ll'éast'tfnz,%%fg?%\?lcg or I&r@zﬁer R may be
optionally substituted with substituents that do not interfere with the detergent’s
function. M is preferably, calcium, magnesium, or barium. More preferably, M

is calcium.

[063] Hydrocarbyl-substituted salicylic acids may be prepared from phenols by
the Kolbe reaction (see USP 3,595,791). The metal salts of the hydrocarbyl-
substituted salicylic acids may be prepared by double decomposition of a metal

salt in a polar solvent such as water or alcohol.
[064] Alkaline earth metal phosphates are also used as detergents.

[065] Detergents may be simple detergents or what is known as hybrid or

complex detergents. The latter detergents can provide the properties of two



al kaline earth netal base. [062] Metal salts of

carboxylic acids are al so useful as detergents. These
w@20080x1269 ¢ aci d detergents nmay be prepared byPCEHS10081¢)3874

a basic netal conpound with at |east one carboxylic

acid and renoving free water,fromthe reaction

product. These conpounds may be overbased to produce

the desired TBN | evel . Detergents made fromsalicylic

ac are.one. pref a t
detpFshipTbgR; IHecvesd i Blend, Sarale ety dict (ISP 4154 gag for
exacrﬁﬁ'gn al kyl salicylates. One useful famly of

c ositions is of the formula V\,here R is a hydrogen

atom or an al kyl group havi ng to about 30 carbon
[066] oRwsferred detengents dneinde f:@lml!ntnhenatew qums sylfonates,

calgyug ARINGHAGP, Magassiedh Phsnaie: Taepeous Shegiles aiengsium
T il e e

Efcﬁﬁ?f AR thtal @Rt e comReNeationTis &out 0 UM abhdlt®.0 wt%,
reférably, Mis calcium [063]

prefirabbc aboyt 0 dutesd.#wiled salicylic acids may be
prepared from phenols by the Kol be reaction (see USP
3,595,791). The netal salts of the

DI yl substituted salicylic acids may be prepared
by doubl e deconposition of a netal salt in a polar

(064, Eimneiatas opctition, plnsaahReatigten B@B{(’;‘H el "
pr&a%tc 895 perSits kl\%f é@e eg@Bﬁﬁﬂ)%.ﬁ; iffsotfdn, ﬁu.J»‘HHﬁ\ﬁ‘nshmg

ybr| or co erge Iatter etergents

theciﬁﬂeﬁtfs@t\(dnﬂ 6n trﬁ@apﬁlﬁﬁﬁfe% l @Tﬂspérsém@ tedyeb@ astilessnort dsbuiforming in
the need to bl end separate materials. See USP

naﬁuelsﬂ’rﬁ?ﬁibﬂy),rthexhsmlrsant ioadiless Saealtad asblass gi@spegsants are

I n¢l ude cgl m#r&] E@en tes,. cal ci u sulfon i 2& \
organie BAterals thatdgBsutRapHe ¥ peashypgnsamimion: dieieemple,
nom&%ﬁcgmammg or borated metal-free dispersants are considered ashless.
In contrast, rhetal—containing detergents discussed above form ash upon

combustion.

[068] Suitable dispersants typically contain a polar group attached to a
relatively high molecular weight hydrocarbon chain. The polar group typically
contains at least one element of nitrogen, oxygen, or phosphorus. Typical

hydrocarbon chains contain 50 to 400 carbon atoms.

[069] Chemically, many dispersants may be characterized as phenates,
sulfonates, sulfurized phenates, salicylates, naphthenates, stearates, 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



salicylates and other rel ated conponents (i ncluding

borated detergents). Typically, the total detergent
weowsaneat i on i s about 0.01 to about 6.0 w % PCT/US2008/003874

preferably, about 0.1 to 0.4 W% DI SPERSANT [ 067]

During engi ne operation, oilyinsol uble oxidation

byproducts are produced. D spersants hel p keep these

byproducts in solution, thus dimnishing their

' f
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3, T266882; drrh,059; 34 329:008; 3499643043t 31 H13§5;06666, 730 3 687,849;

3, et fd@ﬁé’mi@’e“éﬁﬁt A b iscupton L AiReEiRs may be

t
rof RLEI ol ﬁg@mﬂ%%ﬁﬁiazagf&@ﬂz%@%@aﬁ QP13 49} hnicht
re@f&ﬁexémelfafﬁl@wp@tsl ves, typically produced by the

reacti on of | ong chain substi t ut ed al kenyl su00|n|c

ound, sual ly. a substjtuted succinic anh ‘
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by rtﬁé r@ctivnd O)Ydréeﬁ%bﬁts%&@tlﬁftéw Euccmeydcﬁi(@@iﬂb@ﬁn@ referably
his type of dispersant are well known conmerci al
hamm(g atrleash 60 carbon atoms in the hydrocarbon substituent, with at least one

equivalent of an alkylene amine are particularly useful.

[071] Succinimides are formed by the condensation reaction between alkenyl
succinic ahhydrides and amines. Molar ratios can vary depending on the poly-
amine. For }example, the molar ratio of alkenyl succinic anhydride to TEPA can
vary from about 1:1 to about 5:1. Representative examples are shown in U.S.
Patents 3,087,936; 3,172,892; 3,219,666; 3,272,746, 3,322,670; and 3,652,616,
3,948,800; and Canada Pat. No. 1,094,044,

[072] Succinate esters are formed by the condensation reaction between alkenyl
succinic anhydrides and alcohols or polyols. Molar 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.



literature. Exenplary U.S. patents describing such

di spersants are 3,172,892; 3,2145,707; 3,219, 666;
W@28862126%; 3, 341, 542; 3,444,170; 3,454,607; 3pCHLUSDIRN03874

3,630,904; 3,632,51 1; 3,787,374 and 4, 234,435. O her

types of dispersant are des_c%i'z_bed in US. 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;

O350l e e codosbpfenci g
allon{P3udcific ahhlydFides and afanboPhintiesOf F ol Gaaisiaditabiy/ alkanol
found, for exanple, in European Patent Application No.

aminés Hichide ¢thoxplatdd pally elkyhpayamimesd prdpoxyldted pplyaboglpoly-
[070] Hydrocarbyl -substituted succinic acid .conpounds
amipes mgphﬁaﬂsﬁrwﬁmlymw sueh@spolygthylene potyamings g One

exgioie, B HrERaRy Bleth Kerigl i DR BaNE . Reprst AR Faahiles are
sh8®ndna9sPauyt posf erably having at |east 50 carbon

atoms 1 n the Rydrocarbon substituent, with at |east

one equival ent of an al kyl ene am ne are particularly
[0%4){khe mpireyjarsueighhohihecalkenyd suseimiciamiydrides used in the

DrEFHHRE Pakeerahls il hBtcal Aenes baby et RURHGE 2y B pLhheye
prOfyes CpR B XSS Aot b B AT red R TR ad TR, Brvgen
fofmalleh9dgarboxilic adidPsiadedy dlelcvatig xanpb@®nadompdmi’ such as

in U S Patents 3,087,936; 3,172,892; 3,219, 666; )
bagate z3tersior highdp bositod dispersanes ZTlad dispersants, @nde berated with

Canada Pat. No. 1,094,044. [072] Succjnate esters.are
frqrm0out By orAbOUbATBRIEA O Boro REH DL BEORBERAR] Fearyn
r&fﬁ&i ni ¢ anhydri des and al cohols or polyols. Ml ar
PIPE'os can vary dependi ng on the al cohol or polyol

used. For exanple, the condensation product of an
[025k evighnishdmasadispemranty ardenadel froemthearenction b alkydphenols,

ke e oSS B R 550 nerin by
reference. Process aids and catalysts, such as oleic acid and sulfonic acids, can
also be part of the reaction mixture. Molecular weights of the alkylphenols
range from 800 to 2,500. Representative examples are shown in U.S. Patents
3,697,574, 3,703,536, 3,704,308; 3,751,365, 3,756,953; 3,798,165; and
3,803,039.

[076] Typical high molecular weight aliphatic acid modified Mannich
condensation products useful in this invention can be prepared from high
molecular weight alkyl-substituted hydroxyaromatics or HN(R), group-

containing reactants.

[077] Examples of high molecular weight alkyl-substituted hydroxyaromatic
compounds are polypropylphenol, polybutylphenol, and other polyalkylphenols.
These polyalkylphenols can be obtained by the alkylation, in the presence of an



al kenyl succinic anhydri des and al kanol am nes. For

exanpl e, suitable al kanol am nes include ethoxyl ated
w@iogatyd pol yam nes, propoxyl ated pol yal kyl poP@EEB2068003874

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

pol yam nes. One exanple is p&ppoxyl ated

hexanet hyl enedi am ne. Represéntative exanples are

shown in USP 4,426, 305. [074] The nol ecul ar wei ght of
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conpounds such as borate esters or highly borated
m@ﬁ@%%: The di spersants can be borated wth from
about 0.1 to about 5 noles of boron per nole of

(0T8I Baniilks B?Pm@g e@?rgglr%%t tai{lﬂlégr]gaéﬁﬂfki éfi'g abBf€ne poly-

di'spersants are er trono
arfihéy, Immml@ﬁdlyéﬂﬁdlm&?amm. héraRpreseftatiSe organic
4,767,55 1, which is incorporated herein by reference.
compovads cantaining @t deastippe HEN(RJu group suiteble faciuse émthe prepara-
. sul I c.acids, can alsq be part of the reactiqgn
tiog; eﬁ%l%@s{%ﬂmrg pets gre pieal knayn and desluds theymono-
rQr ' . ' I r
LT T
digthdi®dl arhine; drofvdti@8dmiRes] g, 1 pRenyadk diaBtiRde Odidmih8 Aaphtha-
Typi cal high nol ecul ar weight ali'phatic acid nodified
lendsnheteroayshid amsiacs,ang p nutpbokine) potrdle,i pyrtdlidine niveidazole,
. can .prepared fr.om hi gh nol ecul ar wei ght -
lmé‘iWﬁ-%ﬁf?@§BatP&l"’é 1RGNS radithelr érlbﬁ%mdzanalogs-
groupcontai ning reactants. [077] Exanples of high
(079 Bxahigleyst Skl leHdpdlyamidd idabtafts MEHidOOtRYRIBEiatnine,
diethylene triamine, triethylene tetraamine, tetraethylene pentaamine, penta-
ethylene hexamine, hexaethylene heptaamine, heptaethylene octaamine, octa-
ethylene nonaamine, nonaethylene decamine, and decaethylene undecamine and
mixture of such amines having nitrogen contents corresponding to the alkylene
polyamines, in the formula H,N-(Z-NH-),H, mentioned before, Z is a divalent
ethylene and n is 1 to 10 of the foregoing formula. Corresponding propylene
polyamines such as propylene diamine and di-, tri-, tetra-, pentapropylene tri-,
tetra-, penta- and hexaamines are also suitable reactants. The alkylene poly-
amines are usually obtained by the reaction of ammonia and dihalo alkanes, such
as dichloro alkanes. Thus the alkylene polyamines obtained from the reaction of
2 to 11 moles of ammonia with 1 to 10 moles of dichloroalkanes having 2 to 6
carbon atoms and the chlorines on different carbons are suitable alkylene

polyamine reactants.

[080] Aldehyde reactants useful in the preparation of the high molecular

products useful in this invention include the aliphatic aldehydes such as



conmpounds are pol ypropyl phenol, pol ybutyl phenol, and

ot her pol yal kyl phenol s. These pol yal kyl phenol s can be
woRiaiizied by the al kylation, in the presence oOPCT/US2008/003874

anal kyl ati ng catal yst, such as BF3, of phenol wth

hi gh nol ecul ar wei ght poly pjyopyl ene, pol ybutyl ene,

and ot her pol yal kyl ene conpounds to give al kyl

substituents on the benzene ring of phenol having an
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. | . -

Ouffe PeSerng i BrefhInERid SO BB dhs afd prfified MRy Iphenol
po%ﬁ%@d&%l@mnﬂﬁc}%dﬂiﬂtg nReifl cappetbderivhtilies, arid bther related

tetra-, pentapropylene tri-, tetra-, penta- and
cohmpomantsn Suchradditives may thebised ie avtammunt offabout Ryl tordd) wi%,

pol y amnes are usually obtained by the reaction of
preferaly abawd0-dited W% kanes, such as dichl oro al kanes.

Thus the al kyl ene pol yani nes obtai ned fromthe
POBRPONNTIDEPRESSANTS

[083] Conventional pour point depressants (also known as lube oil flow
improvers) may be added to the compositions of the present invention if desired.
These pour point depressant may be added to lubricating compositions of the
present invention to lower the minimum temperature at which the fluid will flow
or can be poured. Examples of suitable pour point depressants include poly-
methacrylates, polyacrylates, polyarylamides, condensation products of
haloparaffin waxes and aromatic compounds, vinyl carboxylate polymers, and
terpolymers of dialkylfumarates, vinyl esters of fatty acids and allyl vinyl ethers.
USP Nos. 1,815,022; 2,015,748; 2,191,498; 2,387,501; 2,655, 479; 2,666,746;
2,721,877;2.721,878; and 3,250,715 describe useful pour point depressants



2 to 11 noles of anmonia with 1 to 10 nol es of

di chl or oal kanes having 2 to 6 carbon atons and the
waehdoentnes on different carbons are suitabl e ab&yiswesno3s74

pol yam ne reactants. [080] Al dehyde reactants useful

in the preparation of the high nol ecul ar products

useful in this invention incl"ude the aliphatic

al dehydes such asfornal dehyde (al so as

on 3 S BRA TR G 38, 5B Pver R6R, B S0 dPar R e ot
abéarmmmw/g,&x%r&wgd Nt td B.SRvEkerred. [081]

Hydr ocar byl stitute am'bne ashl ess di spersant
additives are well known to one skilled in the art;
C Y ts 3,275, 554; 3,438, 757;
3,565, 804; 3,755,433, 3,822,209, and 5,084, 197. [082]
ef.erred di rsants include rated and non- bor at.ed
(o1 SEAE Garme e fnts eSSl RS FHCsRPD Ry CaNifg a
e I- . - s X of
chdlta EeeioR (e uid bF pRYAEATUHEREE n ¥ CIaQopiEe SUf Sl scal
compatibilitiiagents Sof Ribrik@ting iR iAclude fc@gzﬂ{ib?h@@ﬁlalés; @omatic
such as pol yi sobutyl ene "having a Mh of from about 500
esters, abmmatiGbpdrooartonsi esterse bufylbendy! phthadater forl example), and
pog,roups. O her preferred, dispersants incl uda,succi ni c

bugenyd sueaniganhyidrides Sushiaddihssonay b dised do ap smuay of |

heh et hei.r .c ek i ves, and ot her
ab?l\%qugao ?gﬁ]péhérﬁtféér.aggu%%’q’g@m &%w%y be used in an
anount of about 0.1 to 20 wt% preferably about 0.1 to
ANTIMHBAMOARHENT ST DEPRESSANTS [ 083] Conventi onal pour
poi nt depressants (al so known as | ube oil flow
I nprovers) may be added to the conpositions of the .
[083]e Anti-foam agentsinay adwantagepusihbe addesd to lbrigant composi-

. d - b dded | j ' iti f .
tiofife THRSG AR Hoait P ormananof SehE b amEhss FaE ofianic
pofim¥iiat8 tyf1€all dnti-foath hierts °Wor example, polysiloxanes, such as

silicon oil or polydimethyl siloxane, provide antifoam properties. Anti-foam

agents are commercially available and may be used in conventional minor
amounts along with other additives such as demulsifiers; usually the amount of

these additives combined is less than 1 percent and often less than 0.1 percent.

FRICTION MODIFIERS

[086] 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
agents or oiliness agents, and other such agents that change the ability of base
oils, formulated lubricant compositions, or functional fluids, to modify the
coefficient of friction of a lubricated surface may be effectively used in
combination with the base oils or lubricant compositions of the present invention

if desired. Friction modifiers that lower the coefficient of friction are



or can be poured. Exanples of suitable pour point

depressants i nclude pol ynet hacryl ates, pol yacryl ates,
w@odogazeban des, condensation products of hal opar/asion$003s74

waxes and aromati c conmpounds, vinyl carboxyl ate

pol ymers, and terpolymers of,dial kyl fumarates, vinyl

esters of fatty acids and a’I?@I vinyl ethers. USP Nos.

1, 815, 022; 2,015, 748; 2,191, 498; 2,387,501; 2,655,

|2 oy 77 , - .
paificbiafy 887t fro G oufeidy i Bé tasd il antathd SSmposi-
tioRs S eidihWhtidHe 'B9EtionoHfodi REId ithay B 1NEY mikeal LREain Thgan

anmount of about 0.01 to 5 % preferably about 0.01
cotnpoiinds ot Mat&hidls a€OMPATY BiHlesECoApdundyteB rhat8rdihlsSenmixtures
con‘gati bility agents help to swell elastoneric seals
thespok aMistalcontainarg frigtionemedifinrs may melydemgtal salts or metal-

Bl EaibleTes Y e St i kauds Aali AAEHRE Bapb. or ransi-
tioﬁ{%}@gg grrlﬁgﬁz %ﬁéf@%@ﬂ%‘i‘@éﬁ%ﬁﬁg r’r]rtuzr‘jiiﬁgf%@% oalrlso have low-

askexhamakeristiasd Tpatsitdon arerals sebcintlwdetey $bi, 88, FSUCH, Zn, and
additi ves may be used in an anount of about 0.01 to 3

otharsy Lgafdsrmay ynclbdehydrogartyd derivative af@lcoholsypaliEis,s
[085] Antj-foam agents advant ageousl y be added t
glquﬂscaﬁfua&sﬁsbgﬁ%@r%stmﬁegaég%@a%&e , G amatq%gnocarga-

3 b S a : _
e g L e
imR@esy iR MfazoRYCthiRRazd]ed, @thifoles) did@l sl tri@id¥d, and other

si | oxane, provide antifoam properties. Anti-foam
pobyanvkcalae functianat igabps condainaig effegtivenamobntsweddd, NnS, or P,

. conventional m nor aanmounts along with ofher additives
indiyidnally Qramaosmbinatien. i partioplar, Morepntatnipg compqunds can be

pafbiny SRreG AP st For Sabeptt Mo BRI RS Sha BT,
Méédéﬂi;{)ge%@r@?ﬁ{eefsi FMo(DT B Métahfihés2 MO (AR Mé-%'léoﬂdl‘ﬁ%s, 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.

[087] 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.
Other friction modifiers that may be particularly effective include, f6r example,
salts (both ash-containing and ashless derivatives) of fatty acids, fatty alcohols,
fatty amides, fatty esters, hydroxyl-containing carboxylates, and comparable

synthetic long-chain hydrocarbyl acids, alcohols, amides, esters, hydroxy



coefficient of friction of a surface |ubricated by any

| ubricant or fluid containing such material (s).
wo-ei08t12asw nodi fiers, also known as friction reRPUYESRN8/003874

or lubricity agents or oiliness agents, and other such

agents that change the abiI|%? of base oils,

formul ated | ubricant conposi i on or functlona

fluids, to nodify the coeff|C|ent of friction of a

Cale‘l?j(??{;"lﬁtg%f %reflﬁ(ct h[é’ be eHn% katfyu% ‘@gﬂ?mﬁs fatty amines,
 anfERiRized Ty ?Eld‘s'?ﬁa)EB@%?@d a$ Sigdb1e Fletion ARRIifiEL:

riction lers t ower t e coefficient of
friction areparti.cul arly advantageous in conbination
[088] HUseful eencentiatigns af fﬂlQIb@ mdpfg@ns ma)or@g@ffr@mu about 0.01
i,nve Eriction di f | ude

wioH 10 B ivafa oot et o b Earesd nge 2 ahgpt 0 Jowi%e to S
/%hl RefrC Aoy, Biyﬂﬁéﬁlﬁﬁ{-% 1rﬂf1 ThatEHAR Sk ﬁreﬁQfes ribed
ke A deeReess

ontalnln ri‘ction l'ers may I n
m&éﬂrﬁéSopMdTﬁie@dUdoﬂamtram' A&eénm@edilﬁs édifbeﬁﬁhﬁbﬁs ﬁﬁMo may
i nclude al kali, alkaline earth, or transi tion group
range flom alilmihl hppa to&ﬂﬂOappmmg motec and fienavith erpgefﬁagcd range
SO ovvash aracteristics. Tr ans%l on, net

) naegpu; h@}’ 0 npin 1r§pm¢glst@pes Amorgpreferred gange of about

3d"1 @@lﬂ gﬁg{miy 81+ Hﬂ)?ilflgrger oq‘i‘f {%6 ?l‘?J}) l?/éiﬁé \Héa}lf%f: 3(/“ in n?lxtures

wgﬁ itipd ﬁlat&%l?@ﬂﬁlé‘tiﬁ%ntﬁﬁir hafteh egixtirs BF BVO JME®: friction

I thi ocar bamat es, phosphat es, thi ophosphat es,

mddtﬁurs;mmapdnmtessxf farmdnsnodxﬁlen(e);wlmmltm'aatetshrﬁme lacye

t hi adi azol es, dithjazoles, diazoles, triazoles, and
material(shara plseudestrablés functional groups contai ni ng

effective anounts of O N, S, or P, individually or in
CORIHSEONINHIBITERS! cul ar, M-contai ni ng conpounds

can be particularly effective such as for exanple

Mo- di t hi ocar bamat es, My(DTC), Mo-dit hi ophosphat es,

[%Ll coﬁ fMl (y;lg)?s g%fgbé é?iecr'ﬁgg f'sy éggﬂﬁll gdrfals gaddltlves

fubcfidralzed; flMAE, dic.)tRatSofin dfsfdtéctivefiln dbn aLﬁEfeﬁ:,eJthat prevents
10, 878; USP 5,837, 657; USP 6,010, 987; USP 5, 906, 968;
ccmsrsl@ agents M USRUBZABRIEERINg SHRt surés, with:a ngspiting loss of

569, 82
surface mategal. Protective films may be absorbed on the surface or chemically

bonded to the surface. Protective films may be constituted from mono-
molecular species, oligomeric species, polymeric species, or mixtures thereof.
Protective films may derive from the intact corrosion inhibitors, from their
combination products, or their degradation products, or mixtures thereof.
Surfaces that may benefit from the action of corrosion inhibitors may include
metals and their alloys (both ferrous and non-ferrous types) and non-metals.
Corrosion inhibitors used to protect metals may also be called metal passivators
or metal deactivators. Corrosion inhibitors may include rust inhibitors, which

are particularly useful for the protection of ferrous metals and their alloys.



WD 99/66013; WO 99/47629; WD 98/ 26030. [087] Ashl ess

friction nodifiers may have al so include | ubricant
woreiosn2ebs t hat contain effective anounts of pRUEIS2008/003874

groups, for exanple, hydroxy 1-containing hydrocar byl

base oils, glycerides, parti gl ycerides, glyceride

derivatives, and the I|ike. ar groups in friction

nodi fiers may include hydrocarbyl groups containing

Sefisifi hoarpuiAn Tt mayRratio iy e Rl T ite Bon' frrous
magrstﬁm,%ﬂﬂe%ﬁgwitw% je, for exanple, salts
(bot h™ ash-co

ntafni ng and ashl ess derivatives) of fatty
acids, fatty alcohols, fatty am des, fatty esters,
[0981d (CGoryosien mhibitprsgmex induge yareus axyigaonpiragsns sulfur-, and
synt heti c | ong-chaj n. hydrqcar byl . aci ds, .al cohol s,
phgipherus-copialnitie ylsrialky aafl Baay inghitle mafat-tontaining:compounds
. ¢ att ! : el .
S T

Cdrfdsibn @ihibRE¥s\ hay $nclh@8Hut deehot limpeaad! 4dditiv8 syps such as,
friction nodifiers may range from about 0.01 wt% to

for examples hiydwocathyd-, asyk calkyl-; arydalgykf and atkylanygoensions of
about 0.1 wt%to 5 % ncentrations of
detgsegia énentralopyerbased), sulfonates, phenatcysalisylatas alashelates,

I rat i on.. Adyant.age . .
cab STl B pRASAEDS B OBLARBRARs fings. amine
saﬁQQ@niﬁEBﬁh%E%H@ﬁ@ acidnAltef Aitheull fondc REiRT alts S4lkbRPARPimines,

about 20-2000 ppm and 1n sonme instances a nore
etheramhénese gohyetlgramines) antid&) ithdd¥3, protes,Fdiazdlegnriazoles,
nodi fiers of all types may be used al one or in.

bepzatriazalesypenzotinazoles anprdaptabengethiazoless telydniazores 4R TZ-
Wxtures of. two or re fricti ifiers,.or.

Db i Bic ol SiBar th oy BfeStbinzafise thiddiazoles,

I A PRI T ol B iaes EDMTOE ek b daroles,

berzintidabelds,aditldobermtgdaRlss, (midizolives, oxXaublihe) MhnhicH
fluids, etc.) that forma protective filmon a surface

reagtigns predugis,ssaligenin derivatives, glycidyl ethers, anhydrides,

carbamates, thiocarbamates, dithiocarbamates, polyglycols, etc., or mixtures

thereof.

[091] Corrosion agents may derive from many sources, for example from one or
more components (additives and/or base stocks) within a finished lubricant
composition, from degradation products accumulated in a lubricant fluid during
lubricant service, from outside contaminants accumulated in a lubricant fluid
during lubricant service, and so forth. Corrosion agents may include, but are not
limited to, for example thiols, mercaptans, sulfides, di-, tri-, poly-sulfides,
mineral acids, hydrocarbon acids, carboxylic acids, nitrogen-derived acids,
sulfur-derived acids, phosphorus-derived acids, oxidized and/or nitrated
hydrocarbons, oxidized and/or nitrated lube products, fuel combustion products,

lubricating fluid contaminants, oxidized and/or nitrated soots, etc.



corrosion agents fromreacting or attacking that

surface with a resulting | oss of surface nmaterial.
weemsreRive films may be absorbed on the surf aeer/us2008/003874

chem cally bonded to the surface. Protective filnms may

be constituted from nononol ecul ar species, oligoneric

speci es, polyneric species, Of mxtures thereof.

Protective films nmay derive fromthe intact corrosion

inhibitors, fromtheir conbination products, or their
[09’23‘]9 @9?65‘16’:9 ifHiPos ate ultd 18 ¥dducBthd B8gaaAtiorY hitiSlic parts

that nmay benefit fromthe action of corrosion

thatrané in tortactwithithe lulsticatimigadik camgositienr S:lhllabj/esccﬁl’mslbn
ferrous and non-ferrous types) and non-ne

intgbiterssinghuderthiadiazoles. uSeas Tenexamplec. &eRacetSp?aW%llaé,
285t G5 T 2 BBt Bl S5 T siabe
co}%kﬁ)tﬂ 1%{%1 'fércxlfg ?e%ﬁ‘o rgllfefﬂlsy Ssﬁ[él'é I eg?gé&t ection of

errous S an err corrosi on

i nhi bi tors rmy be particularly useful in protecting
[093)h Gasrosiors 1rdnbﬁbsaddmwe@mrheeus¢dpp@n amounttaf atidudP=001 to

sﬁggﬁw%ra Rersgndol & wtﬂ:?ﬁmnc'é‘,fgbqﬁg ¥ abOBEH 1 ho
iR o pATSHBRY bOGLO85 0% Bhric QUL 00ROy Ryt 02

ICS and nonne a ni ng
to 5 WWU ﬂﬁ%t @fabqy 2bof00. BQ&'(}JS‘ wi9a&tiveOingrétint, relative to

i ncl ude, are not limted to, additive types such
thawelghirofethatmbblubhycdnbomnpwmpnaWhen thed foymulations in which
aryl al kyl.-,. and al kyl aryl - versions of detergents

thg ﬁ@@wan mlybépbaéé@l)ves 318 pesbalsq coplaungegsive anti-wear

ol S ooRtERVER U o, B RONEE BB b B

ml%itb?s ax@{ﬂr@&n@ Bpﬁ FéBﬁfo'steaeFddi‘m?*@{d éorrc%{bﬂ ntfibltbPWekght ratio of
acid al koxyl ated am nes, etheram nes,

abpot 4%l herlahj preferably 34, toilnl dﬁere pedérably D: aztolleis still more
triazol es, benzotri azol es, benzot hi azol es,

prﬁ@ra;ldbtab@ehlz%tl HP % bl @en m@rq/pltefferabbl ehout 152 4331,

heterocyclic am nes, heterocyclic sulfides, thiazoles,
Tﬁhi@QL%Bhﬁﬁ‘%?A%@mﬁ adi azol es,
—dimercaptotn a D-type), imdazoles,

[094] When lubricating oil compositions contain one or more 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.

[095] 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 specification, are directed to the amount of active ingredient (that is the non-
solvent portion of the ingredient). The wt% indicated below are based on tl}e

total weight of the lubricating oil composition.



benzi m dazol es, dithi obenzi m dazol es, i m dazoli nes,

oxazol i nes, Manni ch reactions products, saligenin
waleeosmz2swes, gl ycidyl ethers, anhydrides, carPErEs283/003874

t hi ocar bamat es, dithi ocarbamates, polyglycols, etc.

or m xtures thereof. [091] pﬁigosion agents may derive

from many sources, for exanp fromone or nore

conmponents (additives and/or base stocks) within a

finished |ubricant conpositdhpp, o from degradation
products accunul ated in ?ﬁgﬁi‘%ant fluid during

| ubri cant %ﬁuai Afouhts Q:Mpibﬁé Hebrécant @mcraﬁ%@g@
accunul ated in a Tubricant fTuid during [ubricant
service, and so forthAmgexig¥ion agents Prepdmate
but afempound i nited t ovt% @fseblpnpl e t hi olve% (Preferred)
Detergept ans, sul fides, dig.Qldri-, pd.9idul fides,
mspars@{t aci ds, hydrocar b@mp-2aci ds, anrigoxylic aci ds,

FYidt{oAdedue& | ved aci ds, @oifur- derl()/@pile_r,m ds,
91&9& h S Bigfrbv&d aci ds g %' di zed @Gﬂéefmefepﬂrefe%%lyom -15

§ ons, oxl di zed r nitr roduct
é%e co ﬁetlon products _brlcatl UId
{ xi di zed %ﬁg r nitr ot s,
S|on i nhi ors are a reduce t he
gGHt of metal lic § t hat % contact with

B#‘@ SFQﬂqufé’ﬁ %l oil co M‘Peon S Q&‘Eﬂee corrosi on
i nhibitors include thiadiazoles. See, for exanple,

[D%ﬁmrﬁ" r%seq'ltjségc&'l%gtlﬂg ﬁ?n{aﬁ@ Wl?&)@ t'? ék&? reféstoa’

tri1azo suc I azo

méasut&Rtst madé B iIASTM RethddDA45 O4ir rﬂ@l@aieefdfeﬂs&o Bhehsurement
such as copper. [093] Corrosi on inhi bitor additives

madg/by & SIBDi 34 23 rtestrmethiodait 586Cut 0. 001 to 5 wt %
preferably about 0.01 to 1.5 m% nore preferably
about 0.1 5to 1.0 % still nore preferably about
0.6 wt% even nore preferably about 0.2 to 0.5

p S5 W9, act |
["p‘ﬂ &D @tﬁL 3 8F%§ E(@? @E&Q@ 8ﬁ§%c? éo)t"%? ?Valua‘ed for air
reie'd?é | $REbaSONBER afr &[basé“[’%g W4embRTEY 367 tgi%ﬁa'sg sthekGself
he corrosion Inhibitor additives are use 0

' andamhm addibized svitke1 @mito wed50 wit% each of Esterex A32 (di-isooctyl
adipate) KV at 100°C of 2.73 mm?/s or alkylated naphthalene individually.
Reference to Table 1 shows that whereas the alkylated naphthalene increased the
air release time (i.e., decreased the air release rate) the use of the Esterex A32

decreased the air release time (i.e. increased the air release rate).

Table 1
Components
GTL 6 100.0 90.0 90.0 50.0 50.0
Alkylated Naphthalene 0 0 10.0 0 50.0
Esterex A32 0 10.0 0 50.0 0
Air Release @50°C
Time to 0.2% Air, mins 1.54 1.00 1.55 0.82 - 1.74
% change in air release
rate +35 - +47 -13




addi tives or other corrosive additives, the corrosive

additives and corrosion inhibitors are present at a
W@0B03126® additive to corrosion inhibitor wei BEE/US2DS/@3874

of about 45:1 to 1:1, preferably 30:1 to 1:1, nore

preferably 15:1 to 1:1, Stl|b more preferably about

15:1 to 3:1, even nore prefe 5b|y about 15:2 to 3:1.

TYPI CAL ADDI TI VE AMOUNTS [ 094] Wen | ubricating oi

C jtions contain one or nore of the additives
%ﬂ@ggsed above, the additive(s) are blended into the

0 {
038011 SOACOATRES S LR 5 G L LG 0 0 Vers

2 dddferentv@soupsHI bhse stotke Passstotk Groep (ilAnisameisomerized stock
Tabl e 1 below. [095] Note that many of the additives .
wax whilei base gt qupel [ e Aydropsecessed misgrahioiln Both meet

AREGsPu HFpecinicaliog ot base siackSave Adingpebe B h 4L
aBYEL b AR AGO0RCP Y PRIEARIAE, bPelch 0PSB ERbI APt

are directed to the anount Ive I ngre

for 8aéHBadeONGER pende, Bl tedBtemihdE fdrath Qlia@él bt)ockThﬁ(e‘M\%th
i ndi cated bel ow are based on the total weight of the

EdterexiA32.i Rgferehce tompalblet2 showssbiaEwheTsasi fontherdiind dase stock
a

thg e Gion ok Be e n%imor“%’ a1 3T IRFPRLE By 3, the

BT S B INER s ey e o

ait fmé@é%teowﬂﬂé%@a@dm%ﬂ offiHé Esterét ABQQthQ (%uﬁin (6B) base
Ant i oxi dant 0. 1- .1-1.5 Anti-wear Additive 0.01-

stéclOitngroved the air release rate by only 10%.

Table 2

GTL GTL | GrlII (A) | Gr III(A) | Gr III (B) | Gr Il (B)
Base Stock 100 90 100 90 100 90
Kinematic
Viscosity at 6.05 6.05 6.59 6.51 6.50 6.50
100°C mm?%/s
Esterex A32 0 10 0 10 0 10
Time to 0.2% 1.54 1.00 1.59 1.62 1.90 170
Air, mins :
% change in +35 -2 +10
air release rate

Example 3
[099] The example presents the discovery that the addition of Esterex AS1 to

a GTL-4 base oil (KV @100°C of 3.6 mm?/s), as taught in USP 6,627,779
teaches away from the present invention because the addition of the Esterex A51
(di-tridecyladipate, KV at 100°C of 5 mm?/s) to the GTL-4 base oil results in a
decrease in the air release rate whereas the addition of the same amount of
Esterex AS51 to a GTL-6 base stock results in an increase in the air release rate.
See Table 3.




Pour Poi nt Depressant 0.0-5 0.01-1.5 Anti-foam Agent

0.001-3 0.001-0.15 Base stock or base oil Bal ance
w@a00anzireed 096] I n the present specification, KPCEIS1008003874

viscosity (KV) refers to a neasurenment nmade by ASTM

met hod D445; air rel ease ref%%s to a nmeasurenent made

by ASTM D 3427 test nmethod at“"500C. Exanple 1 [097] A

GIL-6 base stock (KV @000C of 6.05 nmR/s) was

evaluated for air rel ease. The base stock air rel ease

rate was measured for the sle stock .itself and when

addilized with 10 wt % and % each of Esterex A32
Gf |4| sooctyl adl pat €) KV aitQOLUUL(, gngZ 3 mn/s of
. £ " = Taolkl
T Al LILJ LIS ICIIC I1UIV 1 . \C'1 ' C1 U raly
GTL‘Q&H\ARC:hQ?P\A;‘\QZenQ the Q|G :'Iilu:f o Dpl 9‘5‘0

Estexsxeh8bd the air rel epse tdne (i.e.0 ddcredsed fhe 5.0

Thaneé té 0l2%sAir, Mims t he pse 0042 t he EOt%r ex AJ254lect eas¢d0

%lﬂerealséu{gilrt%@&gsgfdf@ (|.e. Tncréasedoing air relfpase+3;s

o001

rat l:‘) IdUTt‘ J.Ij“dllpl € Z2 | VUJO] ‘I‘llb eXdll Il:‘ colrpar €s
E_’téﬁr-}f‘.ﬁ@rje rel ease rate for GIL-6 base stock versus 2
nt Goup Ill base stocks. Base stock Goup IIlA

(A00F" S BEIAGE SRl er M 1Bl gL

using a&ﬂﬁ@tﬁylﬁﬁirbpﬁﬁe ester oPmiteBSCPCK s abids § TMRIBR&ITET4-C o KV
Vi scosity gbout 6 mR/s at 1000C. The air rel ease

atrI08Cadf %&cﬁmsdshd(p@hgl esiers wostpared withf the agaxshedsggate change
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base stock actually reduced t

Table 4
GTL 6 100 90.0 90.0
Esterex A32 0 10.0 0
TMP Ester Cg-Cyq 0 0 10.0
Time to 0.2% Air, mins 1.54 1.00 0.11
% increase in air release rate +35 +92.5

Example 5

[0101] This example demonstrates the air release rate change obtained by
using a monocarboxylic acid ester compared with the air release rate change
obtained using Esterex AS1 (di-tridecyl adipate, a di ester). The mono
carboxylic acid tested was ethyl hexyl stearate, available commercially from

Sea-Land Chemical under the name Stantex® EHS (KV @30°C of 13 mm?s).

[0102] Reference to Table 5 shows that while both esters increase the air
release rate of the GTL 6 base oil, the monocarboxylic acid ester increases the

air release rate to a significantly higher degree.




air release rate while the addition of the Esterex A32
to the Goup Il (B) base stock inproved the air

WO 2008asrR6y ate by only 10% Table 2 Exanpl e 3 [PORUSZh&003874

exanpl e presents the discovery that the addition of
Esterex A51 to a GIL-4 base g%l (KV @00C of 3.6
mR/s), as taught in USP 6,627,779 teaches away from
the present invention because the addition of the
Esterex A51 (dl-trldecylagtﬁ?tg KV at 1000C of 5
an/s) to the GIL-4 base sults in a decrease in

G
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Ester—Co=Cr O, Kv—at—1000Cof 43— mefs); a poutyol
ester, conpared with the air rel ease rate change
obt ai ned using Esterex A32 in a GIL-6 base oil. As
seen in Table 4, while both esters increase the air
rel ease rate of the GIL-6 base oil, the TMP Ester
C8-C 0 increases the air release rate to a
significantly higher degree. Table 4 Exanple 5 [0101]
Thi s exanpl e denonstrates the air rel ease rate change
obt ai ned by using a nonocarboxylic acid ester conpared
with the air release rate change obtai ned using
Esterex A51 (di-tridecyl adipate, a di ester). The
nono carboxylic acid tested was et hyl hexyl stearate,
avai |l abl e commercially from



Sea- Land Chem cal under the nane Stantex(r) EHS (KV

@O0C of 13 mm2/s). [0102] Reference to Table 5 shows
W@ b@s/12W259 e both esters increase the air rel eaBEI/D81088/003874

of the GIL 6 base oil, the nonocarboxylic acid ester

i ncreases the air rel ease rgg%t o a significantly

hi gher degree. Tabl e 5CLAI M5: A net hod for inproving

the air release rate of lubricating oils conprising a
C ciQ- Li quids (GTL) base stock or base oil which GIL

ase stock or base oil has a kinematic viscosity at

1000C of at least 6 MmR/s .4 mm2/s by conbining into

the lubricating oil a nono-, di- or tri ester or a

pol yol 1esAanethodafor eimmpwntingﬂheaairlrehaiie tats oﬁwlbricatinghéls

method of claim1 wherein the GIL base stock and/o

comeprising @ Gas-iybipHdnksidd.) &%%mﬁbuosm pﬂéﬂhl@ht@ﬂthﬁée stock
or i o8 hasca K taciE SRy AT 105 eE ooy BYRADAR PERGss by
' co?l?}belgg{&elrﬂam ﬁﬂ-ﬁ:ﬁtmg rorglp:f’{rﬁb‘i’ilo Sat %{ tﬁ’%st’sé} Sk 4'5dyol ester in an

ereln sal yol €ster(s) ar e “obt al ne

anRdurtsFGt et Oewd¥o. nor e neopentyl polyols with one or
nore |inear and/or branched al kanoi c aci ds contai ni ng

at least 4 carbon atons. 4. The nmethod of claim3
esters

wher ei est [ ) r nor.e pol
obtai ndd. B rasibod o cTue bivieria theStabere sock apior base oil

. Q
AT Al S vpct v
yﬂﬁiéﬁé’hfdrﬁé%ﬁhs 1,3 propane diol, pentaerythritol,

di pentderythritol and m xtures thereof with one or

nore al kanolic acids containing fromb5 to 30 carbon

atons. 5. The net hod of any gne of the precedi ng
cl ai ms 3nh&heimethad of slaim has 2avhergimte; ester 1§@§§,qr>m%&e

miRGRaIel omolyB Eher o wliRR s ejeclni pHE] S PorsbPbReAs)

is/are obtained by reacting one or more neopenty! polyols with one or more

linear and/or branched alkanoic acids containing at least 4 carbon atoms.

4. The method of claim 3 wherein the ester is one or more polyol
esters obtained by reacting one or more neopentyl alcohols selected from the
group consisting of neopentyl glycol, trimethylolethane, trimethylol propane, 2-
methyl-2 propyl-1,3 propane diol, pentaerythritol, dipentaerythritol and mixtures

thereof with one or more alkanolic acids containing from 5 to 30 carbon atoms.

5. The method of any one of the preceding claims wherein the ester

has a kinematic viscosity at 100°C of at least 1.5 mm?/s.

6. The method of claim 3 wherein the ester is selected from the group
consisting of di-isoocty] adipate, di-tridecyl adipate, TMP Ester Cs-C)y, and
ethylhexyl stearate.



consi sting of di-isooctyl adipate, di-tridecyl

adi pate, TMP Ester Cg-C 0, and ethyl hexyl stearate.?7.
wa@\ovmetiae f or i nproving the air rel ease rate 0PCT/US2008/003874

Gas-to-Liquids (GIL) base stock and/or base oil having

a kinematic viscosity at 1092? of 6 Mm2/s .4 nm2/s by

conbining into the GIL base ock and/or base oil at

| east 0.5 wt % of one or nore nono-, di- or tri ester,

or polyol ester. 8. The nmethod of claim7 wherein the

GIL base stock and/or base oil is hydrodewaxed or

hydr oi [ o : VAL € .
oy SqnU e a0 56 Bioving BRP ISR A Of SR Lquigs

(GTL pbaseeastedkand’er badecsil havingea Rinefiditie vissmit9 <t 4100°C of 6
pal yol ‘ester or mxture thereof, wherein the polyol

mas (st (6 mmds hy eoothiningeimtd the 6ddt basg stk and/apbase oil at least
eopentyl polyols with one or nore |ipear and/or
O-Sr‘ﬁ%ﬁgé?nﬁlok ANQRO-o| G- P LESHETn §T BPR’IOi§§tler-4 car bon
atonms. 10. The nethod of claim9 wherein the ester is
one or nore polyol ester obtained by reacting one or

nor e NQOPFRY et dCONElhfin SelvRétedsl tHe GMLI be Gtk and/or base oil
consi sting of neopentyl glycol, trimethyl ol propane,

isthyidneddwdxsld athyalreisotherizetdfoatal gtip (apl/orisdlyént) dewaxed waxy
propanedj ol , pentaerythritol, dipentaerythritol and
symthatisr ydroparbess. wi th one or nore al kanoi ¢ aci ds
containing from5 to 30 carbon atons. 11. The nethod
of claim9 wherein the ester is selected fromthe

gr oup @Qnﬂﬁéﬁﬁeﬂﬂ)d’ﬁgf Sairth 5088 WhefSihRRE Bstefis did SMbre mono
adi pate, ethyl hexyl stearate, TMP Ester Cg-CG 0 d

estéry palyed esteeoeafixtute therbef, velidrom the pollyolresick(s)tisiass obtained
the ester is ethyl hexyl stearate, TMP Ester Cg-C O or
byrfeacting ong&xr snerergopenty | pelyals with eneprmprofiacar and/pe
ase. rate i roved gﬁ/%at | east about 35%

brgb{itﬂ)e;f!%lga{‘%lctal‘f Sa‘?q%téig‘r%g eashACHYPORRIOME Dy i cat i ng
oil wthout the ester.

10. The method of claim 9 wherein the ester is one or more polyol
ester obtained by reacting one or more neopentyl alcohols selected from the
group consisting of neopentyl glycol, trimethylolpropane, trimethylol ethane, 2-
methyl-2-propyl-1,3 propanediol, pentaerythritol, dipentaerythritol and mixtures

thereof with one or more alkanoic acids containing from 5 to 30 carbon atoms.

11. The method of claim 9 wherein the ester is selected from the
group consisting of di-isooctyl adipate, di-tridecyl adipate, ethylhexy] stearate,
TMP Ester Cq-C, and mixtures thereof. ‘

12. The method of claim 11 wherein the ester is ethyl hexy! stearate,
TMP Ester Cg-Cy or mixture thereof.



14. The nmethod of claim7 wherein the air release rate
is inproved by at | east about 35% conpared to the air

WO 2008a3KR69 at e of the GIL base stock and/ or baseCDUBE2008/003874
wi t hout the ester. 15. A lubricating oil conprising a
Gas-to-Liquids (GIL) base stggk and/or base oil, said
GIL base stock and/or base olil having a kinematic
viscosity at 1000C of at least 6 mR/s .4 nmm2/s and a

mono- , 191 “TH méthod RGP iR

of at | east Om5 \?It }?Sé i@h?\ asg%?:geg nrg%o S(t)ved by
atdedst aboutrdfi%\cethpired tetiradie rélaise raepf thei lnbrisatisid oflagighout

stock and/or base oil having a kinematic viscosity at
the@sierof at least 6 Mmm/s .4 mm/s and a nono- di- or

tri- ester or polyol ester in an anmount of at |east
0.5 W% 17. The Iubricating oil of claim 15 wherein

the Gllyb
hygr oi 2 0 neq?%z@é fhod of éll?l?: 7}(19@%? gir oqsiven%S%g'gyv{ggé glglp%ved by
atfé¢ BBout3 I TompHred ﬁ;ﬁfebam rel2fd fafCoPHesGTL.SHa3e Is&fck%d/or

fromthe group consisting of di isooctyl adipate, di-
base iotlewithouidthp&ster. et hyl hexyl stearate, TMP Ester C -C

O or mxture thereof. 18. The GIL base stock and/or

base oil of claim 16 wherein the GTL base stock and/ or

(anar of S5 WEETER lﬂgﬁiéﬁnﬁf@ &5 ITanERG AFALS sk dtock

an%ytﬁ' Bd3e dﬂs"sfi'd GTL%%JS@ Gt fﬂé’\qng%gfihémﬂ' vidcosity

di - isooctyl alpate I - tr| ecyla(glpate
at J063C atfert 1GAYP6 Esmdls 408 Gin/andri thonc, dhesrast ester or polyol

ester in an amount of at least 0.5 wt%.

16. A GTL base stock and/or base oil of improved air release rate
comprising a GTL base stock and/or base oil having a kinematic viscosity at
100°C of at least 6 mm*/s =+ .4 mm”/s and a mono- di- or tri- ester or polyol ester

in an amount of at least 0.5 wt%.

1.7. The lubricating oil of claim 15 wherein the GTL base stock and/or
base oil is hydrodewaxed or hydroisomerized/catalytic (and/or solvent) dewaxed
Fischer-Tropsch hydrocarbon, and the ester is selected from the. group consisting
of di isooctyl adipate, di- tridecyl adipate, ethyl hexyl stearate, TMP Ester Cs-Co

or mixture thereof.

18. The GTL base stock and/or base oil of claim 16 wherein the GTL
base stock and/or base oil is hydrodewaxed or hydroisomerized/catalytic (and/or
solvent) dewaxed Fischer-Tropsch hydrocarbons and the ester is selected from
the group consisting of di- isooctyl adipate, di- tridecyladipate, ethylhexyl

stearate, TMP Ester Cq-C)( or mixture thereof.



