HI GH PERFORMANCE LUBRI CANT CONTAI NI NG H GH MOLECULAR
VEEI GHT AROVATI C AM NE ANTI OXI DANT AND LOW BORON
WEONTERMPSDI SPERSANT BACKGROUND OF THE DI SCLOSUREL/BSHLT007766
OF THE I NVENTION [01] The present invention relates to
| ubricating oils conprising base stock and cont ai ni ng
anti oxi dants and di spersants. RELATED ART [02J
Lubricating oils, be they engine oils, or power
transm ssion fluids (e.g., manual or automatic
transmssion fluids, differential oils, gear oils,
etc.) nust neet nunerous perfornmance goals. Not only
nmust they effectively carry off heat but they nust
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metTHEBﬁregﬁﬁtlh@&hﬁérpfédaﬂ:@Qb%ﬂ)ﬂ@tirfgaéilﬁeoﬁl‘phsmg base stock and

conp03|t| ons are made up of one or nore natural and/or
centaimiagi antioxsdands end dlispenshandhie or nore of a wide
variety of additives. [04] GB 2 384 245 for instance
RERATED ARTr bine oil conposition exhibiti ng enhanced
ant1 oxi dancy and thermal stability conprising an
[62] prlaxhrmaesgenlsnhgéhw enging culsnpapnmg tmnymlssmn fluids (e.g.,
ant i oxi dant

mat anst l OX dant 01 oils, etc.) must
ChABIA™ b‘b ’P?‘B{ éb"‘b P ?1 8t

e Mo &bad Beff@ﬂ%ﬂé’é géﬂl‘anota&lly\@hbstaﬁ dpbff@@ﬁwwany off heat
antioxidants forned by the reaction of diphen am nes

ban theyhmuyt alad phateatiitet mpchiaghn s whigi thggrare, ussd frugn friction

h
B OB DoEnEdt carmenuiontR e Ratinl Hferalg vsed in
thO midhe RS f BeleRfuipPEREMAGAinery in which they are employed.

Finally they must themselves be robust in resisting degradation/breakdown and
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must not themselves contribute to or be the cause of operating problems over the

course of their use.

[03] To achieve these sometimes contradictory goals lubricating oil
compositions are made up of one or more natural and/or synthetic base stocks,

and one or more of a wide variety of additives.

[04] GB 2 384 245 for instance teaches a turbine oil composition exhibiting
enhanced antioxidancy and thermal stability comprising an aliphatic ester base
oil and containing aryl antioxidants. Aryl antioxidants are commonly hydro-
carby! substituted diphenyl amines and/or phenyl-alpha-naphthyl amines as well
as oligomeric antioxidants formed by the reaction of diphenyl amines and

phenyl-alpha naphthyl amines.



may al so contain antioxidants such as aryl anmines,
i.e., dialkyl diphenyl am nes, phenyl -al pha napht hyI
w@pionasa9snr hi ndered phenol s, phenot hi azi nes aPdT/URm0T/007766
derivatives. The conpositian nmay al so contain
antiwear/extrene pressure additives, corrosion
i nhibitors, foamcontrol additives, anti-deposition
and antioxidative additive such as sulfur containing
carboxylic acids. Hydrolytic stabilizers, pour point
depressants, viscosity and viscosity index inprovers,
etc., can also be present. Simlarly, a prem xed
concentrate of additives can be used such as a prem x
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additives that can be present include copper antioxidants compounds, viscosity

modifiers, corrosion inhibitors, friction modifiers, other dispersants and

detergents, antifoam agents, antiwear additives, pour point depressants, rust

inhibitors and the like.

[07] U.S. Published Application 2004/0129603 teaches base stocks and base
oils that exhibit an unexpected combination of high viscosity index and a ratio of
measured-to theoretical high shear/low temperature viscosity at -30°C or lower
of 1.2 or lower. Such base oil can be additized with various additives
individually or as an additive package. Additives include viscosity modifiers,

viscosity index improvers, metallic and ashless oxidation inhibitors, metallic



sei zure agents, pour point depressants, wax nodifiers,
seal conpatibility agents, friction nodifiers,

WO prilzdosy agents, antistaining agents, chronoPtUEM07/007766
agents, anti-foamants, demdsifiers, etc. In
di scussi ng anti oxi dants, several of the typical ones
are identified including the hindered phenols and
aromati c amnes. Mxtures of two or nore aromatic
am nes can be used as well as polyneric am ne
anti oxi dants. Dispersants include the ashless
di spersants which enbrace borated netal free
di spersant, while dispersants in general include,
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derived from mono-succinimides, bis-succinimides and mixtures thereof.

[09] USP 6,339,051 teaches diesel engine cylinder oils of improved
cleanliness and load carrying ability and reduced port deposit characteristics
comprising Group I or Group II base oil, oil miscible polyisobutylene and an
additive package comprising detergent, antioxidant, antiwear agent and a
dispersant. The dispersant includes succinimides which may be borated or non-
borated. Antioxidants include phenolic and aminic antioxidants; mixtures of two

or more aminic antioxidants or polymeric amine antioxidants can also be used.



particularly recited |ist and at |east one
non- phenol i ¢ anti oxi dant. Non-phenolic anti oxidants
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and m xtures thereof, such &4s R3RAR5N wherein R3 is an
aliphatic, aromatic or substituted aromatic group, R4
is an aromatic or substituted aromatic group, R5 is H,
al kyl, aryl or-R6S(0O) xR7 wherein R6 is al kyl ene,
al kenyl ene, or aral kyl ene group or m xture thereof, R7
is a higher alkyl group or an al kenyl, aryl or
al kyl aryl group or m xture thereof, and x is 0, 1 or
2. R3 may contain 1 to about 20 carbons, preferably 6
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[11] The formulations can contain ashless dispersants which are described as
dispersants which contain no metal but which can be borated. Dispersants
include acylated amine dispersants or carboxylic imide dispersants such as

succinimides.

[12] Despite this extensive teaching of lubricating oil formulations containing
one or more additive, it would be useful if a way could be found which still
further improves the seal integrity, oxidation resistance and thermal breakdown
deposit protection of a lubricating oil than has heretofore been achieved but

without resort to new or exotic additives.

DESCRIPTION OF THE INVENTION

[13] It has been discovered that the one or more of the seal integrity, oxidation

resistance and thermal breakdown deposit protection properties of a lubricating



| ow boron content dispersant the anmount of boron in

t he di spersant being |l ess than about 1.1 wt% the
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oi | being enhanced to a degree which exceeds that

exhi bited by lubricating oils which contain the

particul ar antioxidant or the particul ar di spersant

i ndividually or which contain different antioxidants

and/ or dispersants. [14] A wi de range of |ubricating

base stock(s) and/or base oil(s) is/are known in the

art. Lubricating base stock(s) and base oil(s) that
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p%ltllo eum od’lgbtameads&r th igrom primary distillation, and ester oil obtained
directly from an esterification process. Refined oils are similar to the oils
discussed for unrefined oils except refined oils are subjected to one or more
purification or transformation steps to improve at least one lubricating oil
property. One skilled in the art is familiar with many purification or
transformation processes. These processes include, for example, solvent
extraction, secondary distillation, acid extraction, base extraction, filtration,
percolation, hydrogenation, hydrorefining, and hydrofinishing. Rerefined oils
are obtained by processes analogous to refined oils, but use an oil that has been

previously used.



generally have a viscosity index of between about 80

to 120 and contain greater than about 0.03% 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% sul fur and greater than or equal to about

90% saturates. Goup Il stock generally has a

viscosity index greater than about 120 and cont ai ns

| ess than or equal to about 0.03 % sul fur and greater

t han about 90% saturates. G oup 1V includes

ol yal phaol efi ns }(iAO) "Group V base stocks include
[fﬁse Groupid, Holll; ¢ rod &4 arebrgagd gategaries ofhasestocks developed

R sl B3Be AR Blro R R it RRp L PGP sos;

Wi APE 0fg) toBdrefte! guid st o leb@tdf basesiler G?rbhFélrlﬁase stocks
lard oil, for exanpggg and mneral oils. Animl and
X

gveqaﬂamaevem viscositys f be&wscabbeut $@ tord 20 ard s@ntajp greater

i ot/ B Fustaor s o T 900 Shenee ", B fp 11 base

sfd&f('s loeREHS ISR £ Qischbsity ﬁiﬁﬂa‘%%etﬁ&eh Abvliesdes 12De¥nd contain
are paraffinic, naphthenic, or m xed

lgsarthdn bniequalaotabeut D3%isufug entl\greater Bianceraqual te phpet 90%

<3y BB R D MR s 120

aRB¢oRtHind léé.é“thﬁﬂor EQhal @ AaBBLEO.03N%) $ulflirsind grahtep mhan about
range and whet her thegmre strai ght run or_ cracked

96%1 satm%ttcmeﬂ‘rrow I¥aing smlyaelph@@leﬁns](%m Herqup ¥i ba§e

b h
AL AOR8 R0 oBL e oD YRE R Bz
ﬁéﬁé}t@%ﬁ@&éﬂ 6othezeiie@oups. (for exanpl e,
pol ymeri zation, oligomeri zatl on, condensati on,

al kyl ati on, acyl atri 8L E €A C. g%e\m%@p@gﬂeg als

consisting of smaller sim molec P
Ui 1t up (| . Saturategnt hesi ze®@ulfunt 0 mat er | ¥issosionkideki ng

9'5&{ r ’@é&,/?anﬁporﬁfn”‘i'e&%@r RPEC! PSgoRINPI] C

nel u .—..n
ot Ty o OCTo oo gr o SUUTI as JI yricr 1T 2<uU Clllu

b
0
0
i nGemﬂJolIyrrera: 9% amdef i ns (tﬁ)@%%ta,ddenes >80 and < 120
pDSY&J;PHI" enﬁéo«yﬁnapy' ene |i $pyéyddane cppgbyners,
e
c
b

YT ene= otefn LUpUI MErS; .and etnylenu alpna0|erln
’)QHP%\{ Rolyalph: m(Pw \/a_l_p_hanl efin ( DA(\\ oi-]

aGi@ouﬁi vck |i allosied bs:*ﬁ\dhhabck:s not included in Groups I, II III, or IV

[16] Natural oils include animal oils, vegetable oils (castor oil and lard oil, for
example), and mineral oils. Animal and vegetable oils possessing favorable
thermal oxidative stability can be used. Of the natural oils, mineral oils are
preferred. Mineral oils vary widely as to their crude source, for example, as to
whether they are paraffinic, naphthenic, or mixed paraffinic-naphthenic. Oils
derived from coal or shale are also useful in the present invention. Natural oils
vary also as to the method used for their production and purification, for
example, their distillation range and whether they are straight run or cracked,

hydrorefined, or solvent extracted.



hydrocarbon oil. By way of exanple, PAGCs derived from

C8, CO, C2, Colefins or mxtures thereof may be
waiioriizes2 See U.S. Pat. Nos. 4,956, 122; 4, 827p0BUS20amnah7766

4,827,073, which are incorporated herein by reference

in their entirety. [18] The nunber average nol ecul ar

wei ghts of the PAGCs, which are known materials and

general ly avail able on a maj or commercial scale from

suppliers such as ExxonMobi|l Chem cal Conpany,

Chevron-Phillips, BP-Anmpbco, and others, typically vary

from about 250 to about 3000, or higher, and PAGCs nay

be made in viscosities up to about 100 cSt (1000C), or
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may be conveniently made by the

eptitgtyer i zati on of an al phaolefin in the presence of a
pol yneri zation catal yst such as the Friedel- Crafts
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be made in viscosities up to about 100 cSt (100°C), or higher. In addition,
higher viscosity PAOs are commercially available, and may be made in
viscosities up to about 3000 cSt (100°C), or higher. The PAOs are typically
comprised of relatively low molecular weight hydrogenated polymers or
oligomers of alphaolefins which include, but are not limited to, about C; to about
C;; alphaolefins with about Cg to about C;6 alphaolefins, such as 1-octene,
1-decene, 1-dodecene and the like, being preferred. The preferred polyalpha-
olefins are poly-1-octene, poly-1-decene and poly-1-dodecene and mixtures
thereof and mixed olefin-derived polyolefins. However, the dimers of higher
olefins in the range of about C4 to C)5 may be used to provide low viscosity
base stocks of acceptably low volatility. Depending on the viscosity grade and

the starting oligomer, the PAOs are predominantly trimers and tetramers of the



conveni ently used herein. O her descriptions of PAO

synthesis are found in the followng U S. Pat. Nos.
w@200422082; 3, 769, 363; 3,876, 720; 4,239, 930; 4rGBUSBBA007766

4,413, 156; 4,434,408; 4,91® 355; 4,956, 122; and

5,068,487. The dinmers of the G4 to G 8 olefins are

described in U S. 4,21 8,330. [20] O her useful

synthetic |ubricating base stock oils such as

silicon-based oil or esters of phosphorus containing

acids may al so be utilized. For exanples of other

synthetic lubricating base stocks are the sem nal work
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[21] In alkylated aromatic stocks, the alkyl substituents are typically alkyl
groups of about 8 to 25 carbon atoms, usually from about 10 to 18 carbon atoms
and up to about three such substituents may be present, as described for the alkyl
benzenes in ACS Petroleum Chemistry Preprint 1053-1058 “Poly
n-Alkylbenzene Compounds: A Class of Thermally Stable and Wide Liquid
Range Fluids”, Eapen et al, Phila. 1984. Tri-alkyl benzenes may be produced by
the cyclodimerization of 1-alkynes of 8 to 12 carbon atoms as described in USP
5,055,626. Other alkylbenzenes are described in European Patent Application
No. 168 534 and U.S. Pat. No. 4,658,072. Alkylbenzenes are used as lubricant
basestocks, especially for low-temperature applications (arctic vehicle service
and refrigeration oils) and in papermaking oils. They are commercially available

from producers of linear alkylbenzenes (LABs) such as Vista Chem. Co,



containing nodified term nal hydroxyl groups obtained

by, for exanple, esterification or etherification are
wais@iakeosynt hetic |ubricating oils. By way of BXEDP1087/007766

these oils may be obtained by pol ynerization of

et hyl ene oxi de or propyl ene oxide, the al kyl and aryl

et hers of these pol yoxyal kyl ene pol yners

(et hyl - pol yi sopropyl ene gl ycol ether having an

aver age nol ecul ar wei ght of about 1000, diphenyl ether

of pol yethyl ene glycol having a nol ecul ar wei ght of

about 500-1000, and the diethyl ether of polypropyl ene

gl ycol having a nol ecul ar wei ght of about 1000 to
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I car boxylic acids slOch” as pht alic acid, succinic
1983d, al kyl succinic acid, al kenyl succinic acid,
mal ei c acid, azelaic acid, suberic acid, sebacic acid,
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[23] Esters comprise a useful base stock. Additive solvency and seal
compatibility characteristics may be secured by the use of esters such as the
esters of dibasic acids with monoalkanols and the polyol esters of mono-
carboxylic acids. Esters of the former type include, for example, the esters of
dicarboxylic acids such as phthalic acid, succinic acid, alkyl succinic acid,
alkenyl succinic acid, maleic acid, azelaic acid, suberic acid, sebacic acid,
fumaric acid, adipic acid, linoleic acid dimer, malonic acid, alkyl malonic acid,
alkenyl malonic acid, etc., with a variety of alcohols such as butyl alcohol, hexyl
alcohol, dodecy! alcohol, 2-ethylhexyl alcohol, etc. Specific examples of these
types of esters include dibuty! adipate, 2-ethylhexyl) sebacate, di-n-hexyl



acid, capric acid, lauric acid, nyristic acid,
palmtic acid, stearic acid, arachic acid, and behenic
w@eiod/126962 t he correspondi ng branched chai n f at pgT/E8100%007766
or unsaturated fatty acidsisuch as oleic acid). [25]
Sui tabl e synthetic ester conponents include the esters
of trimethylol propane, trinethylol butane,
trimethyl ol ethane, pentaerythritol and/or
di pentaerythritol with one or nore nonocarboxylic
acids containing fromabout 5 to about 10 carbon
atons. [26] Silicon-based oils are another class of
useful synthetic lubricating oils. These oils incl|ude

funmiagatekdioctyl sebgeate, diisopstylazrlnts,-diispdgcy! azelate, dioctyl
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silicate, tetraisopropyl silicate, )
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[27] Another” class of synthetTC lubricating oil 1Is
peepydr k3 efropansinh tomstbylod ipropanea pentaerytheta andedipdnta-
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I vatives, and the like.]| O her u flui

atidp capr¢ ianigl, Vawiwacidy myristicheidgralnotie eoid, stearicacid, arachic

[ | . t ocks that b d
o BB SRk RS e RS DSt S5 i o
uHE&Bré&S&ffﬁWB&% shRGk oMicaRi@har acteri stics. [30]
Non- convent onal or unconventi onal base stocks and/or

se pi.l s.include one or nore of. 1 Xxfure of se

12510 c isabig Sshete 6885 Pompnanf ineh e b s of Higedviol

fSparieO trimBtHyds] intehhe, tiph&thiy RlISethalie, PRhtaefpthritol and/or dipenta-

hydr odewaxed, or hydroi soneri zed/ convent i onal cat (or
esshuitoltwyith enaorinbmsmosvoatbexyliaadidsrcdmaiaing from about 5 to

ﬁer [ l\ﬁd fromnatural wax or waxy feeds, mneral and or
ahept 1Y Fatbon aPMSyaxy feed stocks such as slack waxes,

nat ural waxes, and waxy stocks such as gas oils, waxy
[26lel Sihgah-besatdids atecdriather, classkyf usdfflil spatthetic lubricating oils.
_ljﬂydro rac a(t]e, .

ese oils include polyalkyl-, polyaryl-, polyalkoxy-, and polyaryloxy-siloxane

oils and silicate oils. Examples of suitable silicon-based oils include tetraethyl
silicéte, tetraisopropy! silicate, tetra-(2-ethylhexyl, tetra-(4-methylhexyl) silicate,
tetra-(p-tert-butylphenyl) silicate, hexyl-(4-methyl-2-pentoxy) disiloxane,

methyl) siloxanes, and poly-(methyl-2-methylphenyl) siloxanes.

[27] Another class of synthetic lubricating oil is esters of phosphorous-
containing acids. These include, for example, tricresyl phosphate, trioctyl

phosphate, and ester of decanephosphonic acid.

[28] Another class of oils includes polymeric tetrahydrofurans, their

derivatives, and the like.



thermal crackates, or other mneral, mneral oil, or
even non-petroleumoil derived waxy materials such as
wory/1paseri al s received fromcoal |iquefacti oPCDES2007/007766
shale oil, and m xtures of 1such base stocks and/or
base oils. [31] As used herein, the followng terns
have the indicated neanings: a) "wax" -
hydr ocar bonaceous nmaterial having a high pour point,
typically existing as a solid at roomtenperature,
i.e., at a tenperature in the range fromabout 15C to
25C, and consisting predom nantly of paraffnic
materials; b) "paraff nic" material: any saturated
[28]dr @hebosetul fluids aflubricatieg viseas iy finciude monecorniestional or
may i nc] ude |i near, al kanes,  branched al kangs .
umF AR RESC SOk B BaNG bope pErGas b pRgably catalytically, or
siZd poVide brfohdhee RibidatRRCHATacteristics.
Sg@(@?glgkﬂg%gs; 1c) H"T%'i)‘/grl{)proce%esi ng'l': la refi n? nrg:; process
in which a feedstock is heated with hydrogen, at hi .
Qpdven-spavaniions Enngemeatianal b aekS At pase s include
ogé or ?'H(gl% &Y a thikfirélofbhase Eﬁck@?‘%ﬁﬁ/cﬁ%ﬂs@ loiR9Y&iVed RS one or
esi rabl e conponents and to oduce an i nproved
mre dGgs-to-Wiquidy dGAWr )annieninls, as vealt as hydodeydredeont i on
process that converts sul furand/ or
hydraisRpeRTisedCaNKEREOTR) GAbEIBbYRNY) Aewansd Pazesiggk(s) and/or
iV | {iAG8D 268 8F $Bh-mineral oil
bg%egg}vi\ﬁjgﬂw%%%oﬁg?‘ %g‘ﬂ ﬁi;/nga %E}Hér}aﬁ}f ?dlre g’ arlld/ or aarrm)ni a mineratol

waxgsfeedtstocdsyuchasisyqukodaxess natiral vaxkes,, andxwgey stocks such as
cont ai ni ng hydrocarbons can al s

0 be reduced t
gry @HscwPRB Fuclahy draerarkerdhotiqras. v gy Eaiie hygrocrzckate,
AR, S R oA SARE B b A Becoleum of
detivedwaxyomarerielsl sicto psivakly maatersials onivedt fedmbgoal liquefaction
cracki n?/fragmsnt ation into | ower mol ecul ar .wei ght
o shalecal, rand; muxinees; ofayuchrhase stpgks dnd/ o bAsE QilS( pase
stock or base oil) has the desired product pour point;
[31] " Wysinssdshensin, 2he foltlowing termshave 1be ivgipated meanings:

AP RS Rp AL R S R ) ey
existing 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;

¢) “hydroprocessing™: a refining process in which a feedstock is heated with
hydrogen at high temperature and under pressure, commonly in the presence
of a catalyst, to remove and/or convert less desirable components and to
produce an improved product;

d) “hydrotreating”: a catalytic hydrogenation process that converts sulfur-

and/or nitrogen-containing hydrocarbons into hydrocarbon products with



by rearrangenent/i sonerization into branched or nore
branched i soparaffins (the isonerate fromsuch a
WEe@eas®SPOssi bl y requiring a subsequent addi t POTTEE200E807766
renoval step to ensure thatizthe final oil product
(base stock or base oil) has the desired product pour
point); g) "hydrocracking": a catalytic process in
whi ch hydrogenati on acconpani es the
cracki ng/ fragnentati on of hydrocarbons, e.g.,
converting heavier hydrocarbons into |ighter
hydr ocar bons, or converting aromatics and/or
cycl opar affins (napht henes) into non-cyclic branched
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%%}f%ﬂ/l"i%‘éw gB’éB? e processes, unless otherw se
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ca alytic processes whi ch have the conblned ef f ect

c oraddittdnmad) weor reat o ad st fonensanelthat thefinahoid rpmcdumdbsse stock

by rearra t/i,somerization, into.nore branched
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hy %r %rocar mto hegfhter%ycIrocarlP)ons 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;



I somerization and very sel ective catal ytic dewaxi ng of
the isonmerate, to reduce the product pour point. Wen
wo b@7asdn " (or solvent)”, is included in the PCT/US2007/007766
recitation, the process dedsgribed invol ves
hydr oi sonmeri zation foll owed by sol vent dewaxi ng which
ef fects the physical separation of wax fromthe
hydr oi sonmerate so as to reduce the product pour point.
[33] GIL naterials are materials that are derived via
one or nore synthesis, conbination, transformation,
rearrangenent, and/or degradati on/deconstructive
processes fron1gaseous car bon- contalnln? conpounds,
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f eedst o such ro car bo
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Pr QpédificaibRPY! ene, propyne, butane, butyl enes, and
butenes GIL base stocks and/or base oils are GIL

k)af‘bascadd” of a mikhircaifibage stoskesi ty that are generally
derived from hydrocarbons, for exanpl e waxy
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such as for exa;tp \ﬁé distill atl on and subsequent |
of any sesidwalinrpar flﬁ§|0r ghily beandiedgsenagaifinsgiesent in the

R AR 8 K (5 PRI R e Hrter
1§oﬁ%f€&d{dn%d30¢hy smdniv,e @Yaﬂyﬁeﬁei\t%imgbf tioivenwirate, to reduce
onprising, for exanple, hydrodewaxed,

thwmrpslpgbnew peiat. céIYh?erhestsm Ky SQlVRARE glrs\/iaﬁk}dded in the
r%c\f% g‘ﬁs{ﬁe ot%gg 8&R {%%?%nv@(/?% g:ﬁ?;‘@ggﬁg&lgéﬁon followed by

Ize or so

ﬁw&ﬁh@éwérmfgs@hlo(h&fféctsmteeph 1cz(llsegaratitmdfﬁ1®ax fwms the
waxy hydrocarbons, waxes and possi bl e_anal ogous

hysspieomeraty 50 95 &0 sedusie\thy pred ROVE POI:
hydr oi soneri zed/ cat (or solvent) dewaxed F-T
[38]dr 6XHL moatsrialsrark ymlaterelsethetlarerddripddovia @merorzaedrecsynthesis,

or so] vent ewaxed, F-T waxes, odewaxed, .
PRI TARS s B Tastor; SearbaFSRHL SR(as OREAs Aiihe Blesgpstructive
pY6LEESes 6mEadeBlS Raltdnl &Ritaining 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 oil(s) include oils boiling in the lube oil boiling range
separated/fractionated from synthesized GTL materials such as for example, by

distillation and subsequently subjected to a final wax processing step which is



[34] GIL base stock(s) and/or base oil(s) derived from
GIL materials, especially, hydrodewaxed, or

whyaroesneri zed/ cat (or solvent) dewaxed F-T P@Er/E810a7/007766
derived base stock(s) and/ ao# base oil(s), and other
hydr odewaxed, or hydroi sonerized/ cat (or solvent)
dewaxed wax derived base stock(s) and/or base oil (s)
are characterized typically as having kinenmatic
viscosities at 1000C of from about 2 m®2/s to about 50
mR/s, preferably fromabout 3 m2/s to about 50
m2/s, nore preferably fromabout 3.5 mMmR/s to about
30 m2/s, as exenplified by a GIL base stock derived
either the Wyllrowavmgatalytis desyaxivgqueeedsz ar sekvestdawgking process,

tq Pt 06 i SUTHEBEh Plays ppot Phinsy Srifestady By igomperates,
cHITHTREhE, Yok R&mpH, 1BlREdevkaked)or HyARdiSbmerizeiRSad Pbysolvent)

the wax treatnent process is hydrodewaxing carried out
dewaxeg voeyssynibesigedihyragarbansd hydeadevaxgde at hydegisomerized/-

S b BB EA 8gors,
w3 drbcAbnS! waReLaRd pbSdibieArial lf)sr &ty dehlates); preferably

materi als, especially hydrodewaxed, or
hiydodeveaned;, or bydreisomerizedicat(ur)solream) dewaxad Fal drydapcarbons,

of SatRsRed S es ol s a8 saivepBrdefpFy T waxes
hYRYGE a3 of! ﬁ&hg&%ﬁéﬁée%ﬁﬁﬁr%l@é}ﬂf QéwhReE _s?:i\ﬂh(:ﬁked waxes,

whi ch.can be uSed as base stock and/ or base oi
ot onixtures tlierebf.t hi si nvention are further characterized
typically as having pour points of about -5C or | ower,

[B4ET &6 EDIBasabrdk(s)ldhdZopbadecwif(s) demived frosh € B Inyatetialst
-15C or lower, still nore preferably about -200C or

espemzlly.dhdradewaxedmr hshaisomsiizediiat kax eolyan deesdd-T
oM Ehe St B0 Sopt Bl b aplatgdibiic, o

hydesissmeyized/cae(ar sall eerity dawiargd staxpderimedoleaserstetk(spand/or base
to achieve the desired pour point. References, herein,
oil§s) g chgrcterizest wipisallyhanhaviagdinemate vw%@m%dﬁg C of
.M it 2N 2
(R sBP} > oS BRCEE SHERECR Breftibly T @hbuPS Shims to about
SOahai%S Insoreqapfarhablyl frohysbaniSufxed’/sito about 30 mm?/s, as
hydr oi someri zed/ cat (or sol vent) dewaxed F-T
exemplified by a GTL base stock derived by the hydrodewaxing or
hydroisomerization/catalytic (or solvent) dewaxing of F-T wax, which has a
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.

[35] GTL base stock(s) and/or base oil(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

oil(s), which can be used as base stock and/or base oil components of this



materi al derived base stock(s) and/or base oil(s), and

ot her such wax-derived base stock(s) and/or base
w@pi0fa269%hi ch can be used in this invention arBCHUS®07/007766

characterized typically asibaving viscosity indices of

80 or greater, preferably 100 or greater, and nore

preferably 120 or greater. Additionally, in certain

particul ar instances, the viscosity index of these

base stocks and/or base oil(s) nay be preferably 130

or greater, nore preferably 135 or greater, and even

nore preferably 140 or greater. For exanple, GIL base

stock(s) and/or base oil(s) that derive from GIL o
inneenéionzare fprtbﬁedaarlaytem upispllyias hayingpapr poiptsrofghout -5°C
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n(aagmmmamus ot odits o) mbauh & or koyvers with useful pour
f f '
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conbi nations varies with the catal yst and tenperature

hexcanl to pont peint refir th aseasyreneitsnada dycrSEM O aqdyimilar

typi cally have very |ow sul fur and nitrogen content,
aﬂéﬁ%?tgfll‘{?rstlf}ﬂ?al ning less than about 10 ppm and nore

i call
a4k pln%ﬁ\esé ThrhassiAtoclCAARAT RSB GFeA fome ELygatsrials,
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generally have a viscosity index of 130 or greater. References herein to

viscosity index refer to ASTM method D2270.

[37]1 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 0il(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



hydr odewaxed or hydroi sonmerized/cat (or solvent)

dewaxed F-T material derived base stock(s), and
wowrodasyed hydr odewaxed, or hydroi soneri zed/ BPEX/US07/007766

sol vent) dewaxed base stock¢s), such as wax isonerates

or hydrodewaxates, are recited in U S. Pat. Nos.

6, 080, 301; 6,090,989, and 6, 165,949 for exanple. [40]

Base stock(s) and/or base oil(s) derived from waxy

feeds, which are also suitable for use in this

invention, are paraffinic fluids of |ubricating

viscosity derived from hydr odewaxed, or

hydr oi soneri zed/ cat (or solvent) dewaxed vvax%_ .
ofléxcittainied byf theihyeiraisonarization/ippdevaringiaf F-T material,
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_waxy hydrocarbon oil including synthetjc oil sluch as
isoparafing, and mast peefembly areates thsp LW ghpopcyclic isoparaffins.

autorefrigerative dewaxi ng. Solvent dewaxing enpl oys
[39] | Iéstfabtomapositionk of G Hbthage steck(s)kandberbaserri(s),

t hyl 1soputyl ket . BK),, m xt f BK. .
IRt NSRS TRTARHER (P e S B oyl
d%}?/iyr@ﬁ 'bﬁg% SIRKAYS aRd GRUER R hidiDdRIWaked] SvhPdididdiserized/cat

ocarbons such as propane or butane. T42]° Sl ack
(onsglesht)sleswaxed Hasestaokis)h euclc asvwax ispinsraies pr hydrodgwaxates,

o resigerinddn BN RaRT BReBad, waflf 485,580 def bxample.

secured from petrol eum oi contain sulfur an

Is, may d
[40] r d3ase stoek(a) andigr bespeilfrserivgd Hrararempnfesds, which are also
co ds _must,.be re e t i . . .
A
deiRe) feod M6 aeRakéd, ag AyalroBBn{erid)l/cao (Gissdlvent) diedvaxed waxy
subsequent poi sonj ng/ deacti vatjon of t t]e
fhedites neral oil, m—gplyg{a_l oil, non-petroleum, or natural source
origin, e.g., feedstocks such as one or more of gas oils, slack wax, waxy fuels
hydrocracker bottoms, hydrocarbon raffinates, natural waxes, hyrocrackates,
thermal crackates, foots oil, wax from coal liquefaction or from shale oil, or
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).

[41] Slack wax is the wax recovered from any waxy hydrocarbon oil including
synthetic oil such as F-T waxy oil or petroleum oils by solvent or autorefrigera-

tive dewaxing. Solvent dewaxing employs chilled solvent such as methyl ethyl



[43] The term GIL base stock and/or base oil and/or
wax i somerate base stock and/or base oil as used
whegogitzeosnd in the clains is to be understood BGSI/US2007/007766
enbraci ng i ndi vidual fractitons of GIL base stock
and/ or base oil and/or of wax-derived hydrodewaxed or
hydr oi sonmeri zed/ cat (or solvent) dewaxed base stock
and/ or base oil as recovered in the production
process, mxtures of two or nore GIL base stock and/or
base oil fractions and/ or wax-derived hydrodewaxed, or
hydr oi sonmeri zed/ cat (or solvent) dewaxed base
stocks/ base oil fractions, as well as m xtures of one

ketoneWIBK ) nmethylasobutybketong (BIBh gnixterssiofMEKS/MIBK,
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In the art. [45] I'n an F-T synthesis process,
iredisiduah ﬁsacsogsts»f €Fip basé sipch anid/enbascafil azd/anaf ©@x-derived
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, but Ts nore typically within the range
bage $tooknaakéortba3e Bik fradtidits mcuopnetbcedqqu lﬂydmdammd or

hyieaisrmcpradcaslar sohven dnveked bRSHPLkTBas B FRETRES ps well
af §m§tures of one or two or more low 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) with one, two or more
higher 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.

[44] 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



fixed bed, a fluidized bed or as a slurry of catalyst

particles in a hydrocarbon slurry liquid. The
wGar@rakiosmetric nole ratio for a F-T synt hesi SPCEESI00D007766

is 2.0, but there are nanyi18easons for using other

than a stoichionetric ratio as those skilled in the

art know. In cobalt slurry hydrocarbon synthesis

process the feed nole ratio of the H2 to COis

typically about 2.1/1. The synthesis gas conprising a

m xture OH and CO is bubbled up into the bottom of

the slurry and reacts in the presence of the

particulate F-T synthesis catalyst in the slurry .
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rii.on of. which are lLiquid at the reacti A
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catalyst particles as filtrate by neans such as
thHd artr ati on, al t hough ot her separati on means such as

centrifugation can be used. Sone of the synthesized
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The synthesized hydrocarbon liquid is separated from the catalyst particles as

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



nunber do not inply that hydrocarbons having the limt
val ues of the carbon nunber range have to be present,
wo@roorhat9severy carbon nunber in the quoted ranper/s2007/007766
present. It is preferred that the hydrocarbon
synthesi s reaction be conducted under conditions in
which limted or no water gas shift reaction occurs
and nore preferably with no water gas shift reaction
occurring during the hydrocarbon synthesis. It is also
preferred to conduct the reaction under conditions to
achi eve an al pha of at |east 0.85, preferably at | east
0.9 and nore preferably at |east 0.92, so as to
effgative to farmrbydrasarbons ¢amprisiagi mastly Os gaatling oy Gs+Cao)
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and 5,545, 674. I_4_Gj As set forth above, the vvax%i f eed
cbnducted upider hen s dn ¢k Jimites oF npasatengay shill reaglien

derived, is a r.waxy feed fro kheral _ oi . .
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referably" T material, referred to as F-T wax. F-T

conditjomsftoragblieycrasalpha jofiat least &S, iprefepailyitat least AP and more
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ydroi soneri zation. A portion of the nparaffn . .
using a catalyst containing a catalytic cobalt component. Those skilled in the art

know that by alpha is meant the Schultz-Flory kinetic alpha. While suitable F-T
reaction types of catalyst 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
comprises 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 catalysts comprise Titania, particularly. Useful catalysts and

their preparation are known and illustrative, but nonlimiting examples may be



waxy feed is converted to | ower boiling isoparaffinic

material. Hence, there nust be sufficient heavy
wo@anzadsi n material to yield an isoparaffn coP€EHUSINY007766

i sonerate boiling in the labe oil range. If catalytic

dewaxing is also practiced after

i soneri zation/i sodewaxi ng, sonme of the

i sonerate/i sodewaxate will al so be hydrocracked to

| ower boiling material during the conventiona

catal ytic dewaxing. Hence, it is preferred that the

end boiling point of the waxy feed be above 1050F

(1050F+). [47] Wen a boiling range is quoted herein
found]dbi aeamples ih &v8r PanMan: 498663t 4166G3,303:04,542,122;

t enper at ure used separate the fraction. Unless
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(for example, by specifying that the fraction boils continuously or constitutes the

entire range) the specification of a boiling range does not require any material at
the specified limit has to be present, rather it excludes material boiling outside

that range.

[48] 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 process 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



i nventi on have been nade using a slurry F-T process
wWith a catal yst having a catalytic cobalt conponent,
wa@goopnsesousl y i ndi cated. [49] The process of PERUSIP07/007766
the lubricant oil base stocks from waxy stocks/ e.g.,
slack wax or F-T wax, may be characterized as an
i sonerization process. |If slack waxes are used as the
feed, they may need to be subjected to a prelimnary
hydrotreating step under conditions already well known
to those skilled in the art to reduce (to |levels that
woul d effectively avoid catal yst poi soning or deactiva
tion) or to renove sul fur- and nitrogen-containing
an emspexifisdiihitiah cubpoimt end @aninskpeiahsemeathere hetween 650°F and
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iRmRe kiRe bekni mage osingsa stayrybe- b procesewitha catalyst having a

presence qf hydrogen, and .hydragen paytial pressures
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P el HSP e, SHLALALG OO, b s i
stibsddifent Stebs C3f Rl WdX3s aPE uded, such preliminary treatment is not
required because, as indicated above, such waxes have only trace amounts (less
than about 10 ppm, or more typically less than about 5 ppm to 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



crystal I i ne hydrocracki ng/ hydroi soneri zati on catal yst,
preferably a zeolitic catalyst. [51] O her

WO s@naedozat i on catal ysts and processes for PCT/US2007/007766
hydr ocr acki ng, hydr odewaxi ng, or hydroi sonmerizing GIL
materials and/ or waxy materials to base stock or base
oil are described, for exanple, in US. Pat. Nos.
2,817,693; 4,900, 407; 4,937,399; 4,975,177, 4,921, 594;
5, 200, 382; 5,516, 740; 5, 182, 248; 5, 290, 426; 5, 580, 442;
5,976, 351; 5,935,417; 5, 885, 438; 5,965,475; 6,190, 532;
6, 375, 830; 6, 332,974; 6,103,099; 6,025, 305; 6,080, 301;
6, 096, 940; 6, 620, 312; 6,676, 827, 6, 383,366; 6,475, 960;
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conversion of the waxy feedstock may bhe conducte
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6% 8,38 388 BIOASUEG: $%59,299; 5,977,425; 5,935,416, 4,923,588;
5,158,671; and 4,897,178; EP 0324528 (B1), EP 0532116 (B1), EP 0532118
(B1), EP 0537815 (B1), EP 0583836 (B2), EP 0666894 (B2), EP 0668342 (B1),
EP 0776959 (A3), WO 97/031693 (A1), WO 02/064710 (A2), WO 02/064711
(Al), WO 02/070627 (A2), WO 02/070629 (A1), WO 03/033320 (A1) as well
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.

[52] Hydrocarbon conversion catalysts useful in the conversion of the

n-paraffin waxy feedstocks disclosed herein to form the isoparaffinic hydro-

1



hydrogen. I n another enbodi nent, the process of

produci ng the lubricant oil base stocks conprises
whyaroeereri zati on and dewaxi ng over a si ngl ePCT/US2007/007766

catal yst, such as Pt/ZSM 333 In yet another

enbodi nent, the waxy feed can be fed over the

hydr odewaxi ng catal yst conprising Goup VIII netal

| oaded ZSM 48, preferably Goup VIII noble netal

| oaded ZSM 48, nore preferably Pt/ZSM 48 in either one

stage or two stages. In any case, useful hydrocarbon

base oil products nay be obtained. Catalyst ZSM 48 is

described in USP 5, 075, 269. The use of the G oup VIII
cardoml baseanbareZadlitg catalysts; suth @atZz8Ms$.sZSh-d eZ8M+23,

AL AL SR e, B oot

R s Ee&ﬁ\%?ﬁg a3 dBflodeetih VSPEYaY6 RG0S THese Wfﬁ'éﬁl‘ysts are used

nee may be acconplished using one or nore o
iis ocbmbinatiewenihnGroum Vallymetals) éngaiticplar palattivoeorpiatigum. The

B e bR e S BRIy emon
te S tggﬁéﬂaa&foﬁ BecifR@e7500F- naterial present, if it
as no

een separated fromthe higher boiling

erl.al ' : h LG '
3L s ol Eo RS il 0550 BB M BB conducca
ovel ¥ edhibifiaiidn af Pazedlitechetamhd it/ZSMy23 ketabysts {rviHi€) presence of
met hyl i sobutgle ketone (MBK), m xtures of NEK/

§ K, .
haﬁ;qgm Uineanas H\ERPPS%%“&?ZRFOFH%S o Rroduging s phekant oil

C . . ] i i .
S B oL LR il TR 008 Slmple catays,
shiflg a§ PUZSN=-3HnTRy el arpthedbembodinh et theowaxpifedd can baéed over

raffinate. The raffinate is typicall furt@gr étg I gzd
thmhxém?swxsrag Falely SRPMRSISing bireHp VA hpteiallgaded, ZSM-48,

Aut or.&f r4 ger adsi ' ' i
AL D A RGBS S PTG ey Pzsss
inRithbr bhesfagdiovits@aagdse Insany omsd, usdfl] hpdpcarbdngbase oil

ropane, a least a partion of whic¢h is fl

P . | sh ff
RepNGIs diabe RBLAIYER o SRR ATMY B it ée&%&heatlaelgﬁ? SHL5269.
T . )
e L VERTHELhbbA Z e bl ettty
piatiniefiton Z2SMh48, i thepaitoisomerization ofaht iwatyefeedsiock
Is then fractionated to produce the preferred base
elimipptes thenged for ampesyhsequsnt, seRaraty devaxing step.

[S4] A dewaxing step, when needed, may be accomplished using one or more
of solvent dewaxing, catalytic dewaxing or hydrodewaxing processes and either
the entire hydroisomerate or the 650-750°F+ fraction may be dewaxed,
depending 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), methyl 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



Also well known is catalytic dewaxing, in which the

hydr oi sonerate is reacted with hydrogen in the
wpe@saenos2 of a suitabl e dewaxi ng catal yst at cpemiU$100T607766

effective to | ower the pour4point of the

hydroi sonerate. Catal ytic dewaxi ng al so converts a

portion of the hydroisonerate to | ower boiling

materials, in the boiling range, for exanple,

650- 7500F-, which are separated fromthe heavier

650- 750F+ base stock fraction and the base stock

fraction fractionated into two or nore base stocks.

Separation of the |ower boiling material may be
rquounpnmnwc sokids:r Aptorgfrigerative dewaxing psiagi lenamodgeular

wightdfy pgaspors, s B Rpabl: Grl Ao R skl PiTEL e o
h?ﬁ?onﬁ’&‘ﬂ"erdi@ iiniRéd With, Rygl! Hhﬁﬂﬁ?ﬂo@bﬂe%‘t&a@f gporadh ¥f which is

hose whi ch provide a |ar d of |ube oil base
flasbedk offf tonehti Halowni ths bm:wmtdoxereganwe wh‘eth@ wax. The wax

i ncl ude e, se tiv ul ar__si.eves
is-Srpareled Hnming roiaay By TokEEPa ERISTARE sFPasaRe fEnt
c@ﬁt‘fﬁh?@ﬁ&l demendivet estrh sifiphed obPbf GRyaiTiAgte, which is then
petroFfeumoil fractions and include, for exan‘pf e,
ffaetionateidtte, prodncie et prefoarand basezsneks usefakin the, pressntigvention.

é?&‘%%bﬁﬁ%gﬂgggé\@bﬁéﬁ ég"%‘éﬁﬁ lerégvrhéﬂ% ﬁy%obsec{%irate is reacted
vith Bl ddgentinGhe ?gésehéé of B%ﬁﬂﬁbt@dé%ﬁa%ﬁ?@@ﬂSl@tddt)bondltlons

part cuI arly effective conprises a noble netal
effiecfive ab lgwet theqmmqmmte@lf thietlty dsoisompaate: Catghgic dewaxing also

cgﬁg\’(\gﬁé Q%Omnén 8? Cﬁy&@'xq‘éﬂ&r% [%)a%grglé%ﬁt gl aterlaps in the
a @PRL WRichmrk Repdrafidefrom fhedis
bﬁﬂg&% Pdr%s féméﬁ%gepgse%r e of 5180 5008%S| g, If|2 treat avier

669%’505‘F+1E@© SecofiaCHoBand the base stock dtpietiondrantionatey into two

LHSV r ef rab 0.,2- 2. The dewaxi n

of papredtany stastkiu SREATHSTE b DS DR PR AIGRRY Band

E E[l?ﬁ’éd’ effRer W6t o kﬂ* Hudth P4 8bnAtiéh BY 9{@6§@J7509F€ material
avinhg an initial boiling point in the range of

irtohe siedired basmstocksl boiling belowits initial

boiling point. [56] GIL base stock(s) and/or base

[55] ( Any dyonaitgeatalyst whidly dribiredweer thequbiur gloigtoof the

sol vent) dewaxed x-de ed e st,Qck(,s) and{or e.
hydrmsomerate and pre}N?'ably thlo;/e wh?c Sprdc’w e a a ge )E}e{c{) of Rx%sé oil base

stock from the hydroisomerate may be used. These include shape selective
molecular sieves which, when combined with at least one catalytic metal
component, have been demonstrated as useful for dewaxing petroleum oil
fractions and include, for example, ferrierite, mordenite, ZSM-5, ZSM-11,
ZSM-23, 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
accbmplished 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



oil (s), have a beneficial kinematic viscosity

advant age over conventional APl Goup Il and Goup Il
whame/1s96rk(s) and/ or base oil (s) , and so mayPEBEUS®NY007766

advant ageously used with the instant invention. Such

GIL base stock(s) and/or base oil(s) can have

significantly higher kinematic viscosities, up to

about 20-50 nmmR/s at 1000C, whereas by conpari son

commercial Goup Il base oils can have kinematic
vi scosities up to about 15 m2/s at 1000C, and
comercial Goup Il base oils can have kinematic

viscosities up to about 10 nmm2/s at 1000C. The hi gher
rédctenseanddLHS3cof Dtly 10 apreferablydT2-D8s éThe dewaxingas dypically

c3R8%45h K i TR e T SRR 30w
of HRCK{ droistiféiate RaviRgr in¥tial BOilifL PRIMAhItRS ratddof 680-750°F

Instant 1 nvention can provide additional beneficial
tathaerialdusiling biebownitsainitia) Hoabing paint. conposi tions. [ 57]
In the present invention m xtures of hydrodewaxate, or
$¢)dr G FoBRsasRIckE) dniosbdsessil(h), dydaodeveaxrat @rst ock( s)
and/.or base oilés) m xtyres of the G‘_I'L(Pase st qc

hydepispmprzed/sal (af)solynthfigyaxed wagadersyed Dasersto Piggd/or base

i xt f : . i
o S BenfbiaPRaRrmAQE bspbsn LRl RES Bugd Lshlonsil AP
(]F_élhp Ingﬂ [Groap\likadecstdclkis) and/or baseoi(s): laadaodnbpbe very
ueatagnausly 9ped v Qeneit yrsetigtodure GILnbase Stock(s) and/or

; i Caht” ; t .
ot IGD o OB et s, 860 o 20-50
IﬁmZv;sta@u 00°@ﬁ%eﬁ¢ds$y E&@paiisen EFinnbasial Groak/Ihbase oils can have
Komians arples Sp s e THkEC, Bhd corihetkisTroup

: mral | X

oA SORRRL AR el G BREA ST AR Foheserne
highter KiAematio $isdogite rangeroBGTL bask stoek(shandéardiasy odlls),

to 100 mt% nore_preferably 70 to 100 wm % wei ght qf
compared £ themope limited kinematicev 18RS TaBRE |02§%r@u33? agd Group

L
p};@bﬁfd@rgggﬁi&tm Q)_eﬁléﬁeka(l a)ivamdges irbfmulatiss Julstirant edmpositions.
rom materi al s

[57] In the present invention mixtures of hydrodewaxate, or
hydroisomerate/cat (or solvent) dewaxate base stock(s) and/or base oil(s),
mixtures of the GTL base stock(s) and/or base 0il(s), or mixtures thereof,
preferably mixtures of GTL base stock(s) and/or base oil(s), can constitute all or

part of the base oil.

[58] One or more of these waxy feed derived base stocks and base oils,
derived from GTL materials and/or other waxy feed materials can similarly be
used as such or further in combination with other base stocks and base oils of

mineral oil origin, natural oils and/or with synthetic base oils.

[59] The GTL base stock/base oil and/or wax hydroisomerate/isodewaxate,

preferably GTL base oils/base stocks obtained by the hydroisomerization of F-T



and/ or fromwaxy feeds are characterized as having
predom nantly paraffinic conpositions and are further

w@h@razds? i zed as havi ng hi gh saturates | evel SPCT/U8%007/007766
nil sulfur, lowto-nil nitregen, lowto-nil aromatics
and are essentially waterwhite in color. [61] A
preferred GIL liquid hydrocarbon conposition is one
conprising paraffinic hydrocarbon conponents in which
the extent of branching, as neasured by the percentage
of methyl hydrogens (Bl), and the proxim.ty of
branchi ng, as neasured by the percentage of recurring
net hyl ene carbons which are four or nore carbons

wazpoard prefematly GRY bpso wilsraspisterks qhtrined by)thedsedewaxing of

h t hat : .. Bl -.0. 5 4),,>15: .
FEASa 5 ool FOaR ST B e D B, e
pRAERAH 708 13D W) KeidiRAf thB ol 6F e BkeGll; théamount

stock ‘and/ or base oi'l can be further characterized, if
emplesshbgingdeftiathe gracsitioneh i respongg 40 Hreorequirgments of the

hydr qgay hons, |ess than 20 wppm ni trogen cont ai ni ng
f@éﬁ%ﬁﬁﬁﬂf]&‘?a’?tess than 20 wppm sul fur cont ai ni ng

GO n B btk S B30 A S Gt
and/of from WYy RRYS afe DRATaPRYiZE!ds I hfgdo?ﬁinﬁﬁﬁy Ghraffinic
on aver age t'hey average tewer than 1 exyl or longer

composiizmspaid dréGurthebeimrattenizednd havingy bighgatimaes levels, low-
than 1 t hyl branches per 10Q, carbon atons. They. .
ttan&&%ﬁﬁfrﬁw-é%v OEER e PV O DIL AR BELES: SHHB gfe Wﬁﬂ?‘éy water-
- SCOS| as neasured by CCS at -400C, and kinematic
“i/ql%clg':dl(%l%f*as measured at 1000C represented by the

680 B TL IR e o ot U sne cormprsipe
phfafﬁhﬁﬁl&?%}@batﬁcﬁ ¢arapoments dirpitish dge extehkofibmnching, as

br anche araffins characterjzed in thext t he | ubri.cant
measerest by thsrpercatage of sagthy bbydigrgens (BL) gpd the proximity of

SRRy PR G AR ons wic
affour@rahetd cdeBons ferovat float anendgroup oatboaricl2@TH; & 4), are
SeISHD: (AR OALEBLrE S U hh Rl RS Ltes 8504 a8 ragpsured
o said liquid hydrocarbon composition as a whole.

[62] The preferred GTL base stock and/or base oil can be further
characterized, if necessary, as having less than 0.1 wt% aromatic hydrocarbons,
less than 20 wppm nitrogen containing compounds, less than 20 wppm sulfur
containing compounds, a pour point of less than -18°C, preferably less than -
30°C, a preferred BI > 25.4 and (CH; > 4) < 22.5. They have a nominal boiling
point of 370°C”, on average they average fewer than 10 hexyl or longer branches
per 100 carbon atoms and on average have more than 16 methyl branches per
100 carbon atoms. They also can be characterized by a combination of dynamic
viscosity, as measured by CCS at -40°C, and kinematic viscosity, as measured at
100°C represented by the formula: DV (at -40°C) <2900 (KV at 100°C) -
7000.



four al kyl branches and wherein the free carbon index
of said branched paraffins is at |east about 3. [64]

wo poovnss9sbove t he Branching I ndex (Bl), Branchp@mus2007/007766
Proximty (CH2 > 4), and Free Carbon Index (FCl) are
determ ned as follows: Branching Index [65] A 359.88
MHz 1 H solution NVR spectrumis obtained on a Bruker
360 MHz AMX spectroneter using 10% sol utions in CDd 3.
TM5 is the internal chemical shift reference. CDCl 3
sol vent gives a peak |located at 7.28. Al spectra are
obt ai ned under quantitative conditions using 90 degree
pul se (10.9 ns), a pulse delay tine of 30 s, whichis
[63] | d&mtpricferecd Gids basestock gedtorﬂyxsc @djeis @%9 phargeterigzed as
rel axation tinme (

11
COPPALHNG B WS ?fa‘?')aagﬁeff BRP @%?ﬁ%ﬂ%%ﬁ%@a hIheARE upricant
%9& 811 LoRthih® af [Mast 909N Qﬂnkﬁﬁé Q)'i‘%rar%l?edﬁpagaﬁﬁm wherein said

ydrogens on aronatic rings; 0 ppm hydrogens on

bearethiedi paraffiniscare pacafifinshaling a cpphmb@haagx l¢ngthyafrabgah €59 to
the a-positjon to ar tlc 1.

Bart o ArBoLuIREoNFREC A Bborcs ibpul 3. pheihRE range of
aBal §0°‘T’ fo %Lﬁqwb?n%&‘mk%iﬁ%ld Brdhehfd %a%‘f"’ns contain up to
paraftinic CH3 nmethyl hydrogens. [67] The branchi ng
fomoatky] Btanches aad Mheresdthasfrﬁ:dwearban uudmot‘Jsalddnandfed paraffins
nonbenz ﬁ|IC met hyl hydrogens in the range of 0.5 to

i aflga out 3-t he  t ot al nonbenzylic ali phat| ¢ hydrogens

2os? f i
(6412 1 thy apews the Beznshing: e (gD IHaE PEAHMISH(CH: 2 4),

Vk,gxn Transfer
aRBE(IS% %@f,&&@%@gﬂg @%gﬁﬁégg%% g&l rucker 360
ﬁé slﬁact rometer using 10% solutions in CDCL3. TMS

nal chem cal shift reference. CDCL3
69] VeAB 59188z U 'H BbRitidrONMRGpattrimh iddHpimet ron dBruker 360
13C spectrum All single pul se spectra are _obtai ned
Ml-i@eltdgb?égppqstr@mew usmg 10% solutlons in CDCl;. TMS is the internal
chemical shift reference. CDCI; 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
hydrogen spin-lattice relaxation time (T,), and 120 scans to ensure good

signal-to-noise ratios.

[66] H atom types are defined according to the following regions:
9.2-6.2 ppm hydrogens on aromatic rings;
6.2-4.0 ppm hydrogens on olefinic carbon atoms;
4.0-2.1 ppm benzylic hydrogens at the a-position to aromatic rings;
2.1-1.4 ppm paraffinic CH methine hydrogens;
1.4-1.05 ppm paraffinic CH, methylene hydrogens;
1.05-0.5 ppm paraffinic CH3 methyl hydrogens.

[67) The branching index (BI) is calculated as the ratio in percent of non-
benzylic methyl hydrogens in the range of 0.5 to 1.05 ppm, to the total non-
benzylic aliphatic hydrogens in the range of 0.5 to 2.1 ppm.



condi tions using 45 degree pulses (6.3 nms), a pulse
delay tinme of 60 s, which is at least five tines the
wo oovgesdosrar bon spin-lattice relaxation tine (HQ)/PS1007/007766
ensure conpl ete rel axati on2ef the sanple, 200 scans to
ensure good signal-to-noise ratios, and WALTZ- 16
prot on decoupling. [69] The C atomtypes CH3, CH2, and
CH are identified fromthe 135 DEPT 13C NWR
experinment. A major CH2 resonance in all 13C NWR
spectra at "29.8 ppmis due to equival ent recurring
nmet hyl ene carbons which are four or nore renoved from
an end group or branch (CH2 > 4). The types of

braﬂqggsprgpi g§k¢ ' based primarily on the 13C
nmet hyl carbon at the end of
[68]e X aocswmﬂzhmznmgw muise and HG5 Diseorntientass Erflanrement by
the nethyl on_the hranch. [70] Free Carbo gfr)ﬁ
Ppmqatlonhkapefer .(QFé’@rlﬂM%épFWr% Arg 9b'&fm‘é£%6 ckg360
zﬂhﬁ?‘%}écﬁoﬁ{etémmﬂ g 1895 stutﬁﬁ’:F bR '@Dgﬂé aATMS is ghe internal
sOpara

In that are oca east arbons froma

ch&hiﬂam ghift s¢fefshceN CBCL3sbbrat \wiyes 4 triplat B}odﬁsd:dtaﬂ?n23 ppm in
Coynting the ternminal nethyl or branch carbon as "one"
thene Cosnestman. All siegleqpulse spediea anerobaised g%i&f gpantitative

f t h t h I I
OB RS B R B B R LD Ak TN i i
1881 15eRimS ﬁleﬂBﬂk@d’i@a?&rﬁsﬂﬂnﬁatﬁbé J&aﬁa@fdﬁ%el?,) to ensure
spectrum They are neasured as follows: a) calcul ate

conmlmechgetnoamtfahe sample, 260 schvs tpEeBUE €oodsignal-to-noise
cC [,ished.with sufficient accuracy
“Ptéﬂ ’ mﬂw&%ﬁlbﬁ?’i&%f@??‘ﬁw%y sinply dividing the
nol ecul ar wei ght of the sanple oil by 14 (the fornul a
[69] gI’Itheoc atbin)typys GHs G4 had Gl are idombified f8m thieelpSaDEPT

reh k"%?ﬁ%gﬁ'e%i hrasiep Gl tesotmic i he G R ettt an=29.8
B AR ST (R R ST mr
rél’ﬂﬁvedlfﬁﬁﬂ ah eddegropp for bramein(CHA 4).e[Thb types @bbrannhes are

[ 71] Branching nmeasurgnments_can be Perfor
dgm)gngh asegl primartty gadher & chemical shifts for the mcthyl carbon at

the end of the branch or the methylene carbon one removed from the methyl on
the branch.

[70] Free Carbon Index (FCI). The FCI is expressed in units of carbons, and is
a measure of the number of carbons in an isoparaffin that are located at least 5
carbons from a terminal carbon and 4 carbons way from a side chain. Counting
the terminal methyl or branch carbon as "one" the carbons in the FCI are the fifth
or greater carbons from either a straight chain terminal methy! or from a branch
methane carbon. These carbons appear between 29.9 ppm and 29.6 ppm in the
carbon-13 spectrum. They are measured as follows:

a) calculate the average carbon number of the molecules in the sample which is
accomplished with sufficient accuracy for lubricating oil materials by simply
dividing the molecular weight of the sample oil by 14 (the formula weight of
CH,);



NMR spectroneter. Preferably, the neasurenents are

perfornmed using a spectroneter having a nmagnet of 7.0T
woeoognsaser. In all cases, after verification PYI/NB=87/007766

Spectronetry, UV or an NMR2gurvey that aromatic

carbons were absent, the spectral width was limted to

the saturated carbon region, about 0-80 ppmvs. TM

(tetramet hyl silane). Solutions of 15-25 percent by

wei ght in chloroformdl were excited by 45 degrees

pul ses followed by a 0.8 sec acquisition tine. In

order to mnimze non-uniformintensity data, the

proton decoupler was gated off during a 10 sec del ay
bprdividetthettptal eadianal 3 dntegral asea(rhagdiyigippg or area countS) by the

miagraRs SoPhon ARERb e THORSIE AejoeoHEED (ENRCCEr] &y bhr Bebon in

aqﬁgrsghﬁgeto literature descriptions with mnor
devi ations described in the Varian or Bruker operatin
chaneaiuge tl@aaqeameﬁe 26i % ppm; arsh? @ 6pmtindbe rample;yan

af ey nlSRP s pr sl BRul St Y0 U o

al I carbons bonded to gr otons. DEPT 90 shows
[4dr bBwanching mesuTemMeRIsHRE R %@e@@w%ﬁow Trggsform

t of
NIR eRirB eGP BLL B el Sns b€ BE e he o
spe&ircthé@et Bavinge nfigabeoNAVTRr gredtdeHinailbeabeyafidherification
sequences are useful in that every branch ngethy]

by Maa;stM@raetcm Ué/spbml M\jl@nraﬁn thataramagip] agrhgns were

’E?eéﬁ | dentip\fgitftﬁ A bXs Ctglthé Q%xtfélhétr@g%gwgr? ?ﬁ%g@, zbbout 0-80
§ml3s NWSL{%étB&nbhﬁllﬁwwD@oﬂmdﬂk SthES-08 partaiti b:)nﬁ/etg?atm

he entire sanp le'is |soEJaraff|n|c Corrections are

- chlerofrated] overe qmmdfb degrgys: pulsgs d0Hoyed by 01 sRgy

t .
aSGEy ORRE 2P e OEb IR BRE T RobSuiBiph BREASRY Bhk: the proton
dLosipaat Was ghiSofIRRFi0S 0 R¥c Elaypriod tﬁe@ﬂcntbﬁ&ﬁ pulse and
st ock(s) and/ or base oil(s), and hydrodewaxed

ohydhririgsanauisitien/ @tal(@rpemnwmme@m@éoﬁml ir89aminutes. The

[ﬁ%}gf aﬁém%égéer&e ﬁY/%r S V\%c)l( 8 a@&?ﬂmgﬁohhteratugs descriptions

Wit hie& d&Aatiénddesdribediarthd MapkshorvBrukdropesatingd nranuals.
base stock(s) and/or base oil(s) are of

[72] DEPT is Distortionless Enhancement by Polarization Transfer. DEPT
does not show quaternaries. The DEPT 45 sequence gives a signal for all
carbons bonded to protons. DEPT 90 shows CH carbons only. DEPT 135
shows CH and CH; up and CH, 180 degrees out of phase (down). APT is
Attached Proton Test. It allows all carbons to be seen, but if CH and CHj are up,
then quaternaries and CH, are down. The sequences are useful in that every
branch methyl should have a corresponding CH and the methyls are clearly
identified by chemical shift and phase. The branching properties of each sample
are determined by C-13 NMR using the assumption in the calculations that the
entire sample is isoparaffinic. Corrections are not made for n-paraffins or cyclo-

paraffins, which may be present in the oil samples in varying amounts. The



| ow or zero sul fur and phosphorus content. There is a

nmovenent anong origi nal equi pnment manufacturers and
wordo7fimnul ators to produce formnul ated oils of PEWES2007/007766

i ncreasingly reduced sul fased ash, phosphorus and

sul fur content to neet ever increasingly restrictive

envi ronnental regul ations. Such oils, known as | ow

SAPS oils, would rely on the use of base o0ils which

t hensel ves, inherently, are of low or zero initia

sul fur and phosphorus content. Such oils when used as

base oils can be fornulated with additives. Even if

the additive or additives included in the fornul ation
cydoparaffingiconterd igimeaswiedystiag icldHenizatigndYlpgs Spectroscopy
(%ﬁ%gylated lubricating oils will be |ower or |ow SAPS

as conpared to lubricating oils fornulated using
conventional mneral o0il base stock(s) and/or‘gase

(B3] ( §TL[bast stosk(Dandieebaseril(shpodydraderanediors 1 or

hi.cl i b LR i .
YRR SRR APRSD I AR la B Wb AR ST GREbP Base o)
fbeésamples hedadibomerigedvohedrddeseaxednwaxysyithesizbg hidbocarbon,

W % or |ess, nost preferably 0.4 w%or | ess, an asgh
et iseheifl rapsehywagy, hydrosarbos bass 48ek(sh and/fi ging oil(s) are of

| ess, re 9% Or . ..
K32 o8 oui e Fpd pRBhtug sHhich 14881 £HRament gmon orginal
eYhiprRént masufaciirersoaraf 6i1 dbiniuliés totpffoducd farmulatestoils of ever

preferably 0.08 wt% or |ess, and in gertai n i nstances

inarepsipglyf taduseq solfatsd gsh, phosphagus pnd sulfipcpnient to meet ever

“etoeck _ . ! e o
RS AN AN bR i et s o
9 P85 A 0w oaR Fel tondihe e AHasé 68k witieh hhghselvksdnherently, are

wei ght aromatic am ne antioxidant is used in,an anmount
of lowrer zezngeitiol sabibuandphosphorgs GPoiesh guFl Ollsydien used as

basi or ef . - . .
O

iRE10vtd e thy férheulatiop cbatain sufutahdienphosphorub chardsulténg
i ngredient usually constitutes only about 40-50% of
formulated biwicatimgraitsewilhbe lowenar kv iSAPS gifs agicompared to

58 A L B R TS8R ot oo
Hasd oflgs)> Wt % ;

[74] For example, low SAPS formulated oils for vehicle engines (both spark
ignited and compression ignited) will have a sulfur content of 0.7 wt% or less,
preferably 0.6 wt% or less, more preferably 0.5 wt% or less, most preferably 0.4
Wwt% or less, an ash content of 1.2 wt% or less, preferably 0.8 wt% or less, more
preferably 0.4 wt% or less, and a phosphorus content of 0.18% or less,
preferably 0.1 wt% or less, more preferably 0.09 wt% or less, most preferably

0.08 wt% or less, and in certain instances, even preferably 0.05 wt% or less.

[75] The base stock(s) and/or base oil(s) is/are combined with a high
molecular weight aromatic amine antioxidant and a low boron content

dispersant.



preferably about 0.25 to 2.5 wt% nore preferably
about 0.5 to 1.5 wt% active ingredient. [78] The high
worpdoeazdosz wei ght aromati c ami ne used in the pPEFESL007/007766
invention is any aronatic @#ono- or polyam ne having a
nol ecul ar wei ght of at |east about 650, preferably at
| east about 700, nore preferably at |east about 750,
nost preferably at |east about 800. Ml ecul ar wei ght
can be determ ned by any of a nunber of different
met hods, including GC, HPLC, GPC and viscosity, but
the nost direct evidence of nol ecular weight is
secured from size excl usion gel permneation

[161r ofhedygh pholecEREWeiphoaronasihaminaentietdant isaisgddn an

aromati ¢ am nes e a of the formyla:.or

SoUoff e B EF QL AToRT Brciect & V%% b Agek SR pliisebrofermbly about
0285 W93 GnoR Sleteably aB&iit0l i3 wioppre preferably 0 to

3, nost preferably 1 to 3 provided a + b is at | east

(B | BeekhSLRAGEE) Do i bl P ferf o, e
ag{i‘@% Engreﬁ‘ie}{t QW'AI%VC&?SQSG&E 'y Abbet 4050% b the/a-Adtetved

aryl "group to which the respective R groups are,
nadtedalneOn aprastivedbpredientbasisothe highliméldoalar yveighigaromatic

fromat least.1 to .up to the valance of .the I 0
amingaBtioxkant e e angueahedasen ebeosr il ded V%

h 9B WAes ' 1y 8bbst @5 theas wt% acti
P o 2 Pt o e

imgredeent.s t he pol yam ne of structure IV wherein Ris C
to C30 each x and y are 1 and z is zero. [81]

[‘?ﬁgf 3 gﬁg{yblﬁﬁh'?ﬁélecﬁl—gis\%i@ﬁ SOMRAEO S EsER the present invention

enzyl's, di phenyl phenyl ene di am nes, and
isany arcmatic oromsu|drypolyamiechavingratmelesnlaraveighh ofaklgast about

b d i ded th | | [ [
S o, S, U0 bR
p?éi%rz[tgg 3SRt 8Hoky8 G0 eMEIBAlIaH l»\fei)gﬂﬂdaﬂib@fétéfrﬁirﬁﬂ%y iy of a

I's i1 ndependently al kyl, al kenyl, aryl, alkaryl, )
naybealof\diffetenit opethpdyidcuding GG HBL{, GR&anHiviscosity, but the
arylthio or, fusedq aronatic rings or m,xtures thereaof
reosh fireat SYIeBsE 6t PHRIEHUREBYREY 3 SPOBH TiBaes SLqioign e
pefifedish bARfatb3t AGE(GPC).

[79] The high molecular weight aromatic amines are generally of the formula:

RYH | (Rz)y
l

R3

(RT), ' (R2),
© :

or oligomers of I and 11



nunber of the aromatic ring, e is zero, 1 or 2, RS is

an al kyl ene, al kenyl ene or an aral kyl ene group or
wOorRoorzes2 t hereof , and R6 is sel ected from t hep@r/oswo7/007766

consi sting of higher alkyl 3groups, or an al kenyl,

aryl, al karyl, arylal kyl group: or m xtures thereof.

[83J The hi gh nol ecul ar wei ght aronmati c am nes

therefore are selected fromthe group consisting of

di phenyl am nes, phenyl naphthyl am nes, oligoners

t hereof, phenot hi azi nes, substituted phenol hi azi nes,

i m dodi benzyl s, di phenyl phenyl ene di am nes,

sul furized aromatic am nes, sulfur |linked aromatic

anm nes and mxtures_ thergqof, prefrerabky thedji phenyl

ani nes, phenyl weRy|  dni nes, cIrgoneF helr eof and

m xtures they [84] THe | ow bqron con

di spersants ar bor atled versijon gf,yany”known

boratab{ e di $persanti? All| di spergants ontaiﬂtng H 111

ei ther or bot n e/ ox ato can be

borated. [ 85] [ sui t abl santjs

typically cof gr oup Q dto a

rel atively hi RYs[awei ght [hy'dY ocar beadehai n.

The polar group typically contains at | east one
wileeeiard ad breath vgege frony gero, tool 0, grofarablycaeso taypimare

hydr ocar bon, chai ns contai p. apout 50 .t o, 400 rb
! PEAGrADIY BOP birepURSIRFaDD L I ABTPHTALS D Bl AL Do Lor example
sul furzr zed phenates, salicyl ates, naphthenates,
st eaffte and ot her ester a)gri ve (Faerom | ong chain
hydr ocar substitute c acid nmaterial and
hydr oxy gpounds such ic and pol yhydri v
al cohol s or aerrratl q_, 0 phenol s and
napht hal s, suh esters reacted w t hydr oxy am nes

with am car bamat es, and

cularly usefm
cl asses o pergants are al keny I Us hnic

derivati veg, ktyg ally produced by t HE keactlon of a
| ong chain substituted al ken succi ni ¢ compoun

'wmarnr B i asGhde Corley. Ridei ct%ﬁw@kvaéls wftwragen or Ci-Cio

g% gons% 8 g ‘E%X‘@E} aﬂ% Bﬁlo?l -(Etr;tqlrl %EQ%PEQ%If%C aryl group

t@Wlﬂ@lU tiee #h3pettivoRf @oaps ﬁf&lbﬂtdtdﬁexd prefei‘ablpbd, y andl z individually
normal Iy a pol yi sobutyl ene g rou? ¥
range from at least I to up to the valance of the aryl group to when the respective

R groups attached, provided the molecular weight of the aromatic amine is at

least 650.

[80] A preferred high molecular weight aromatic amine is the polyamine of

structure IV wherein R is C1 to C30 each x and y are 1 and z is zero.

[81] Phenothiazines, substituted phenothiazines, imidodibenzyls, diphenyl
phenylene diamines, and sulfurized or sulfur linked aromatic amines can also be

used provided the molecular weight is at least 650.

[82] Phenothiazines or derivatives of phenothiazines are represented by the

general formula:



exanples of this type of dispersant are well known.
Exenplary U. S. patents describing such di spersants
WO pwazkesd). S. Pat. Nos. 3,172,892; 3,2145, 707; PCT/US2007/007766

3,219, 666; 3,316,177; 3,3433542; 3,444,170; 3,454,607,
3,541,012; 3,630,904; 3,632,51 1; 3,787,374 and

4,234,435. Other types of dispersants are described in

U S. Pat. Nos. 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 is al so foundrPgdzirfpean Patent
Application No. 471 071. [87]] Hydrgqcarbyl -substituted
succi nic acid conmpounds e ?Qspersants. In
particul ar, succi sz?c ccin td d or

succi nate ester am dés are y“the reaction of

hydr ocar bon-substituted succ®lec acid preferably
witttiikeath R eAShdefer®ng aIRYD Eﬁcédyllzk}?l,rmﬂét?@,ad@lmkyl, halogen,
substituent, with at |east one equivalent of an
hadkoptydnalkaniy nalkyshie, porthie or dvsed arosialic ripnggpr mixtures thereof,

S fnimd f d by th d ' . ti
L BT SAPORgF PSR 2T P GECP A I AT LIS e
nuABeR DR arGihiitid eRRNEiifderd) 1tdie2, FT aiN 41Rylene! alkenylene or an

exanple, the nmolar ratio of al kepyl succinic anhydride
aralkYeRe granp ar ynixtanes dbergof, andiRt 1 selbenied from the group

S E 9k higier A GBS MRyl Do, StV e group:
3,652, 616; 3,948, 800; and Car&gg@)f_a_t . No. 1,094, 044.
[89] Succinate esters are fog‘rre

%y the condensati on
reacti on between al kenyl__suc hydr.i des and

al cohol s or polyol 54 egﬂ ratio (Féiw dependi ng
on the al cohol or %o1°y sed. Aor~exanpl e, the
condensation product of an &®knyl succinic anhydride
o%%xﬂﬁ@gﬂ%r%ﬁ” tol is a useful dispersant. [90]
uccinate ester am des are forned by condensation
[83jactTHe hipAtmMBRBuRIrkecight stoegatid smandintieiefore aGelected from
al kanol am nes. For exanple, suitable al kanol am nes
thehgraupcansirsing of diphgayl aminespphgmdinepbthyl asmisgs, eligamers
I . j L pal '
oRAEYE A BRIAALD SR ERRHBISEINA RS, YATBAKiBerHAL, dipheny)
phenylene diamines, sulfurized aromatic amines, sulfur linked aromatic amines

and mixtures thereof, preferably the diphenyl amines, phenyl naphthyl amines,

oligomers thereof and mixtures thereof.

[84] The low boron content dispersants are the borated version of any known
boratable dispersant. All dispersants containing either or both of nitrogen and/or

oxygen atoms can be borated.

[85] In general, 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 phosphorous. Typical

hydrocarbon chains contain about 50 to 400 carbon atoms.



exanpl e i s propoxyl at ed hexanet hyl enedi am ne.
Representati ve exanples are shown in U S. Pat. No.

W@ 2002626385, [ 91] The nol ecul ar wei ght of the aP&ENF1007/007766
succi ni ¢ anhydri des used iB4the precedi ng paragraphs
wi || range between about 800 and 2,500. The above
products can be post-reacted with various reagents
such as sul fur, oxygen, fornal dehyde, carboxylic acids
such as oleic acid. [92] Mannich base di spersants are
made fromthe reaction of al kyl phenols, fornmal dehyde,
and am nes. See U S. Pat. No. 4,767,551. Process aids
and catal ysts, such as oleic acid and sul fonic acids,

[&@n élnspetbentpancludﬁ phepatesasulfonntes, sulfusized phepafics, salicylates,

t f th Kk I f
PR Ay R oBert R ol 1 LR fy fftocarbon
s@bs@ﬁzte@nﬁcm?bo?@ﬁc achd n?&tgx@é‘l Frok9 korffounds £26h %8 Fnono
165; and” 3, 803, 039. ypi cal high nol ecul ar

hv(éng Iandamlplhnadm@ ab;ohalwmmmw\mmp@mwm@mhmls and

seful in ntlon can be RIERE m
nRp R Re Sutdt PP dsPgied Wit L B iy o R ACohdiS
c LR YA RIRb Bamates, NI Fosphowidd @i vdtiid3Ghereof. Particularly
react ant’s. [ 94] Exanpl es of hi gh nolecul ar wei ght

uséfiay classessof dl@p@zsahgscnrgﬁilmmmcmleoimanugs dypically produced

M A AT A ——

s@BdtRhRAG R ﬁnﬁ&ﬂﬁihé‘tWRﬁ,a ]bdl'\éhfi ?aﬁhﬁn@ﬁompound
al kyl ati ng catal yst, such as BF3; of phenol w th high

Tiwelleng Ichalm@ogpthmtxypn@meeqiewwqmmyn ohdhe mmalecule which

cSLE s Dby SHE R BeRSERETy b sk SnRvlitic srovpn Many

ei‘%% i’éleofqm)s‘ type AUsparbARtHra welPkBGwWn. [E&'ﬂm F4APD) 8 Spatents

(R) 2 group cont al ni (%Dreact ants are alk Iene

dpsﬁr;tangrsesl;l dispensangaincjudmlUys: Pat Bos. 3dI72a02:1852143.h87;

SR SRR 3 ol ST S PR IR, SRR Bap o0

3320 mi 1 hg g, gnd%aa!t D94, 4850 HEEStyPES ofidpeksadtdar@dbscribed in
include mono- and di-am no al kanés and t heir

Us8bBat. Nased, @60 ®h3,200.4 07; 3125,Q34 ;362 and 541 24880617,
3H84555: 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 is also found in

European Patent Application No. 471 071.

[87] Hydrocarbyl-substituted succinic acid compounds are well known
dispersants.” In particular, succinimide, succinate esters, or succinate ester
amides prepared by the reaction of hydrocarbon-substituted succinic acid
preferably having at least 50 carbon atoms in the hydrocarbon substituent, with

at least one equivalent of an alkylene amine, are particularly useful.

[88] Succinimides are formed by the condensation reaction between alkenyl
succinic anhydrides and amines. Molar ratios can vary depending on the poly-

amine. For example, the molar ratio of alkeny!l succinic anhydride to TEPA can



aromatic di am nes, e.g., phenylene diam ne, diam no
napht hal enes; heterocyclic am nes, e.g., norpholine,
w@eorotes2 pyrrolidine, imdazole, imdazolidi nECT/E82907/007766
pi peridine; nmelam ne and th&ir substituted anal ogs.
[96] Exanpl es of al kyl ene pol yam de reactants i ncl ude
et hyl enedi am ne, diethylene triamne, triethylene
tetraam ne, tetraethyl ene pentaanm ne ( TEPA),
pent aet hyl ene hexam ne, hexaet hyl ene hept aamn ne,
hept aet hyl ene oct aam ne, octaet hyl ene nori aam ne,
nonaet hyl ene decam ne, decaet hyl ene undecam ne, and
m xtures of such am nes. Sonme preferred conpositions
vany frespabentt 151t abenhS He Representating exaraples ar¢ shewn in U.S.

P i S0 PGSR TR iledd, 3TrRde 8 LA GRS 16

3[W4ROS0E MAICAHAEPAIN 15,094,044, tetra-, _
pentapropyl ene tri-, tetra-, penta- and hexaam nes are

15° S sirRs S e 1PiRee By He ROBART AR ST Rty oen alkeny!
s@ddinitamhyivides andd1ESNSIE Or ?b&&ﬂﬁs Mdlat satids €aravdey! dvpending on

pol yam nés obtained fromthe reaction of 2 to 11 noles
thef alasphohompaelyohused. Forexanipde, the congdrnsatipnaprogduetof an alkenyl

hayi ng to. 6 carbon atans and the Lorines on

satni sty Side APty R e uE0H it ant ne
reactants.[97] Al dehyde reactants useful in the
[P0]epSuatimate estet hmidedrerformed byrcqndsdsatien eastioh tietween

oS 5 B Y 5 i s
aﬂ'ﬁﬁ&@ir%?&ﬂ’éj&hﬁﬂ 12t gbmm:merﬁmpeg,wrgbdﬁﬂag@ pbBalkylpoly-

exanp For mal dehyde “or -"a” f or mal dehydeyi el di ng
andnes amd polyatkerfydpoky@mihesjudhyaly pelyetyilers pebyamines) One

Ll T e

shBwn iR 12.8° PapdNio34,438,3057; 3, 565,804; 3,755, 433,
, 822,209, and 5,084, 197. [99] O her dispersants nay

LS, SEUAETS LA A, SRE Ry B 6
e)ﬂ?ﬁ’% B?%Wm‘ Pelfbe Btwekh 46BR 800an82, 50" The above

rangi n nol ecul ar wei ght to high nol ecul ar
predugts can be post-reacted with various reagents such as sulfur, oxygen,

formaldehyde, carboxylic acids such as oleic acid.

[92] Mannich base dispersants are made from the reaction of alkylphenols,
formaldehyde, and amines. See U.S. Pat. No. 4,767,551. 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. Pat. Nos. 3,697,574; 3,703,536;
3,704,308; 3,751,365; 3,756,953; 3,798,165; and 3,803,039.

[93] 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)2 group-

containing reactants.



[ 100] Any of these dispersants are borated, and
borated di spersants with less than 1.1 w% preferably
wo e®3/12dsn about 0.8 w % nore preferably | essPCTES2007/007766

about 0.5 W% but at |easB60.05 w % boron in the

addi tive conponent are suitable for use in the present
invention. [101] Preferred di spersants are one or nore
| ow boron content nitrogen containing dispersants such
as long chain aliphatic hydrocarbon having a pol yam ne
attached directly thereto, succinimdes, succinam des,
and Manni ch condensati on products, preferably one or
nor e hydrocar byl substituted succi nam des and/ or

I41c" R Bt B sk el BUEASsubiRE e R RSB rdmatic
cSHpouNasheesopEs B Ipheis], Pulibutgiphliidl, ant sthérysolyalkylphenols.

preferably the polyisobutyl ene group has a nol ecul ar

Theseholyiatkylphenala gan de olainedspotheclkplationpinctherpmgsence of an

bout 1300, to 5000, e pr.ef ly. ab 1300
ong 28510, SR S S PSR B iR

Il ' blyiality 1t banads tepivelfalkyl
PEPrbB Pent I INBUBIESE tnd ANBOBORAMY Lo Obmpdanas KeBive alky
sulsstituents wadthp denzenering mfmhengi: hayingan avesage PP+ 19900

IT;;\éﬁout 15 té)rgloo ppm boron to the fornul ation. [103]
ECHPEREIBNt s of choice are the borated

succi ni m des, including those derivatives from )
[951 o Exacuples of HBY(RDbigsouprsontainingersactanty are alkydene polyamines,

pEne LS A G B S ot Bl R A Bbbunas
cOHGhiRE AR Past SAB MR By isittaBleMor ke fifi e pleputatiilof

to abolt 5000 or a mXxture of such hydrocarbyl ene . )
Mammnipk copd@asatioheroducts are welbknewn agidgpelugdgamono- and di-amino

B b L e PR A B e
alsth8fic dPithirRS, .83 heRyRheVdik?Re, dlakind ﬂ'glﬂhthbﬂ&@k; Mherocyclic
i

a |l ow boron content nitrogen containing spersant is
apipés; eegl, mowpholise, pyroviebpywoaliding midagals iimidazpdidingand

di spersant i s. preferably.al. haracteri zed by havin
PP nE PelamirE s e bRt GRABEE S, 57 on 5 we vt

[96] Examples of alkylene polyamide reactants include ethylenediamine,

diethylene triamine, triethylene tetraamine, tetraethylene pentaamine (TEPA),
pentacthylene hexamine, hexaethylene heptaamine, heptaethylene octaamine,
octaethylene nonaamine, nonaethylene decamine, decaethylene undecamine, and
mixtures of such amines. Some preferred compositions correspond to formula
H’N-(Z-NH-)nH, where 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. Alkylene polyamines usually are 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 dichloro alkanes having 2 to 6 carbon atoms and the chlorines on

different carbons are suitable alkylene polyamine reactants.



basis, preferably < 0.55, nore preferably < 0.45.
[106] The fornmul ation can al so contain other
wa@eartnzesml performance additives. [107] ExanpP@BU8$007/007766
typi cal additives include, 3but are not limted to,
oxi dation inhibitors, other antioxidants, other
non- bor ated di spersants, detergents, corro sion
i nhibitors, rust inhibitors, nmetal deactivators,
anti-wear agents, extrenme pressure additives,
anti-sei zure agents, pour point depressants, wax
nodi fiers, other viscosity index inprovers, other
viscosity nodifiers, fluid-loss additives, sea
conpatibility agents, friction nodifiers, |lubricit

[9endddelydg reactants Hepfubimihs PrepasiiopIRfthe hi %%m@egular
p(,%{l&c?rmm 1 mdt%nygeleﬁﬁlgfﬁnclﬁﬁ?laﬂpih Sd‘ld s GLEA §s

I'ng agen I ness agents,
féraAaenydo (sabH a8 ipacsformalichgde avideformblinfircetaddetydeyand aldol

used additives, see Klamann in_ Lubricants an Rel a‘ged
(tphmdxmuw@idqydemﬁ examplg}.fiormal é%ib)ei? hyde-

r lt.an (gge is also nade to Lubrlcant
58% b R nney, publ i shed by Noyes Data

) Corporat| on of Parkr| dge, L1973 [108J The types
[28]d dlyshvorarbyl S@bstguteﬂo%rnm@é lapsi lmﬁ‘é%an}saé’e‘ltilYFS are well

nb b t
KESHBB PP Bl ihof bttt s RIS LS, PP NGEES 275, 554;

387 37;33565,8031 B ASISHIB, 3/812,269 arkhs,08R, 1A t | ves

[10@] l\/any I'ubr i cat | ng oils require the presence of

&ﬁﬁgr gn g(/?srag %lgaua%@dg z%&%gnfc%ﬁlalﬂg% &Hﬁﬁéuﬁ& such as

pb%ﬂ?&&!di‘ﬂﬂ)dur&%e polycambone cf)ﬁfpouﬂdg, an&agpa@caruonyl
pérf or mance have exhibited a trend for i npr oved

canmomds, asraligamerssorgiolymers irpngingt fromalowamelesularygight to

ra}\%iltlvesﬁE%englformthls role by reducing friction
parts. [110] Wile there are rrany
different types of antiwear additives, for_sever

[Hadery ohthose |dllﬁﬂ°ﬁ%ﬂm%ﬁtq b@éFe%@&Fﬂthqé‘eﬁ&‘SE‘ﬁ?%‘Ptﬁ 3(ith less
tl}ﬁq( lis ‘ynﬂreggﬁ%?)é %s@ SEF6oR 0. ? Wi% am{iSFé gl-eferably less than

nore particular

aBbal @3'\0’(‘%%@%@%@&&1 85 Wi%\Bbrih irhfhepfddiﬁf'ty comipehent are

constituent is zinc, or zinc dialkyl dithiophosphate
suitable for use in the present invention.

[101] Preferred dispersants are one or more low boron content nitrogen
containing dispersants such as long chain aliphatic hydrocarbon having a
polyamine attached directly thereto, succinimides, succinamides, and Mannich
condensation products, preferably one or more hydrocarbyl substituted
succinamides and/or hydrocarbyl substituted succinimides, more preferably the
polyisobutenyl substituted succinimides or succinamides wherein the hydro-
carbyl substituent, preferably the polyisobutylene group has a molecular weight
in the range of about 500 to 5000, preferably about 1300 to 5000, more prefer-
ably about 1300 to 4000. '

[102] The amount of low boron content dispersant utilized in the present

composition is on the order of about 0.5 to 10 wi%, preferably about 1 to 5 wt%,



(ZDDP) . ZDDP conpounds generally are of the formula
Zn[ SP(S) (OR 1XOR2XI 2 where RL and R2 are CpC 18 al kyl
w@e@apsespreferably C2-CG 2 al kyl groups. TheseCHUK2007/007766
groups nmay be straight chai3& or branched. The ZDDP is
typically used in anobunts of fromabout 0.4 to 6 W%
preferably about 0.8 to 4.0 wt% of the total |ube oil
conposi tion, although nore or |ess can often be used
advant ageously the anmount of phosphorus and zinc
attributable to the ZDDP bei ng about 420-1500 ppm P
and 450 to 1600 ppm Zn. [IIll] However, it is found
that the phosphorus fromthese additives has a
ot eincdsareiceive ddiabis; anamaourd sufficient to conteibute gbous 15 to 100 ppm
converters and al so on oxygen sensors in autonobil es.
b@ﬂé‘%hgt"et IRUAbRY e this effect is to repl ace some or
all of the ZDDP with phosphorus-free antiwear
[B0B)i t i ThesdisptRanss ofxehaity ard thedrorptedspicoimmadesidin¢tludig those
are al so_used as antiwear, aqditives, Sulfurized.
dgrigatives fpm MOPOETUCSIIAHAPHPIS-SURGNEP! d??‘%‘/\%?ég?‘x‘“fes of
n%ﬂ(i—%ﬁ%%%h%%%&ﬁ Wier&Athbh E@%Bfﬂfl@é_inimide_is derived
sulturization or various organi ¢ material s including
firdm phatdrocarbyldmel grpoptsuchas polyisgbutytens kdviing @ Mn of from
hydr ocar bons contai ning from abog&)ﬁ% to [’)30 car bon
ahPuh200 1 abit3f100 ar 3gixirg O sHEB iy dragabylenrigrpups-
conmpounds contain at |east one non-aromatic doubl e
[Do4]d. Buetow dbopow ndsteat dispefsane dobainshiess thramul .4 wt% boron,

DRGASTgS Jos A SR Poigin. e e Forph Bty e 0.5 wi%e boron,
b%g{%gg{@_@%@ﬂi LS ndh€mahky! or al kenyl radicals.
y Two O d

may be connected so as to forma
cyclic_ring. Additional information concern in

(105K ur Whe %3y PREOTA RERIERLNIOREE LR NNE ERRCHEN! i Fraployed,

i P ' - At : T
Py SER 8 P8R ugREORERN B ER Ao RIEAY o
chhiRp1osd 9y Haviagi dibormmctottitrogbn sptio bfisc 67 (2e9tar & wabwt
lubricant additives is disclosed in U S. Pat. Nos.

basisqpredewably <4735 mpse prefsradly 670-4and 2, 591, 577.
Addi ti on of phosphorothionyl disulfides as an

[Qﬂg WeRhe fémhhlakiod@ah,alsddomtRiradthiet additichall perfoanance n
USP 3, 770, 854. Use
additives.

[107] Examples of typical additives include, but are not limited to, oxidation
inhibitors, other antioxidants, other non-borated dispersants, detergents, corro-
sion inhibitors, rust inhibitors, metal deactivators, anti-wear agents, extreme
pressure additives, anti-seizure agents, pour point depressants, wax modifiers,
other viscosity index improvers, other viscosity modifiers, fluid-loss additives,
seal compatibility agents, friction modifiers, lubricity agents, anti-staining
agents, chromophoric agents, defoamants, demulsifiers, emulsifiers, densifiers,
wetting agents, gelling agents, tackiness agents, colorants, and others. For a
review of many commonly used additives, see Klamann in Lubricants and

Related Products, Verlag Chemie, Deerfield Beach, FL; ISBN 0-89573-177-0.



of al kyl t hi ocar banmoyl conpounds (bis (dibuty 1)

t hi ocarbanoyl, for exanple) in conbination with a
woredoybziesum conpound (oxynol ybdenum PCT/US2007/007766

di i sopropyl phosphorodi thi oate sulfide, for exanple)

and a phosphorous ester (dibutyl hydrogen phosphite,

for exanple) as antiwear additives in lubricants is

di scl osed in USP 4,501, 678. USP 4, 758, 362 di scl oses

use of a carbamate additive to provide inproved

antiwear and extrenme pressure properties. The .use of

t hi ocarbamate as an antiwear additive is disclosed in

USP 5, 693, 598. Thi ocar banat e/ npl ybdenum compl| exes such
Referents issalbe mads werwhrmn@éaideam by M.nW- Ranngyerublished by

Nies et hrbpiatiolf SBT3 ool DS Kept 1o a

mnimumif the object is to produce | ow SAP
[¥Q8]nul Ehe types pad4juantities of perfghyl@emadrhl@yeb ased injcombination

{ t F
i 161 5B nveBHgn o b AL ORI S MRy s hyhe
eREmPREGhowhlRdreaPRPilhffratdns 0Mbi ned wi th ot her
composi tions that provide antiwear properties. USP

5,034, 14 C es that a conbination of a
ound (octylthiodixanthogen for

@?ﬂ"ﬂ“@%‘% ﬁ%g{vﬁ\{é&g hé‘ﬁ’grtu B E%g%é 7y s iviEar GHATRY Gidreme
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(ni ckel et hox%c{et hyl xant hate, for ﬁ g
Infreas Bl ORFCLER NS {Pbi %+ cBBIPERIRB ﬁrrn%?e Qufnprhipited a

r nt
el 30 BB et e REp el (TR o Aol RARELLAS EP
addidives petformathiporoid sbysredhcmg friction dinidhv erhoSimletdt] gmrts.
and/ or sulfur, nitrogen, boron, nolybdenum

Sphgi9di d;lglll ‘aré%ne)hng %gr | o 'otflﬁhﬂ%érap 3%&?\%5?{” several

va I OUS 0or ganono tlves I ncl udi ng
dbeddes ahy principal hﬁnw&ma apdiivei five intenial tdoneslistionl eerg,me crankcase
mer capt obenzot hi adi azol es, triazines, and the
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oLV Y Bl A or -
phbSphans &BDR)[ )ZBD)ZRJtoxﬁpBﬁndis)gélneth@' ar&bPthd formula

2o B SRR e whern &P and K2 acb &, %! Hikyl groups, preferably
C,-C; alkyl groups. These alkyl groups may be straight chain or branched. The
ZDDP is typically used in amounts of from about 0.4 to 6 wt%, preferably about
0.8 to 4.0 wt% of the total lube oil composition, although more or less can often
be used advantageously the amount of phosphorus and zinc attributable to the

ZDDP being about 420-1500 ppm P and 450 to 1600 ppm Zn.

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



deconposition capability, significantly bel ow that

exhi bited by conpounds disclosed and clainmed in this
w@aaenteosnd can therefore be elimnated from tPEr/US2007/007766

fornmulation or, if retainedp kept at a mninm

concentration to facilitate production of | ow SAP

formul ations. Viscosity Index Inprovers [117]

Vi.scosity index inprovers (also known as VI inprovers,

viscosity nodifiers, and viscosity inprovers) provide

| ubricants with high and | ow tenperature operability.

These additives inpart shear stability at el evated

tenperatures and acceptable viscosity at |ow
llbﬂperz&t\{m@y of nosipt®spharsus additives arg alspiused apariiwear
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di spersant. Typical nol ecular wei g}pts of these

umdhsim aliphasich erylebiphatisoon aligy dzoolefinic bydrogatongoataining

R Babl B3P ach0n 30 ST 28 B BB e et
cBHABINGS cBhtaidiat MUsEoné R6ASIrbinatiRRLbIEBOAY Shichicdmpounds are
pol'ynmers and copol yners of nethacryl ate, butadi ene,

defietd by, therforkld at ed styrenes. Polyisobutylene is a

commonly used viscosity RB ¢ ver Anot her
sui tabl e viscosity index 0 s pol ynet hacryl ate
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acryl fornmulati ons of 3 6
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1ﬂ®'<ﬁfsbl~aikd bSefirthce hxmrpire&swnntelgle styrene-i soprene
or styrenebutadi ene based pol ymers of 50,000 to

[;Q%Ir OO?hE“El's@%T giys &Y of }éﬂl )15 g%séébb(s hH&i%ophosphorus

overs nay use I n an out 0.01"t
aWid)/esthsecfselﬁxbbllcynaﬁddltwes Bldiscdodedvitd St Pate Nasg Eeld|3e2ﬁ4

AHEL P GASPOA g adnts bt 15 ASMEOBIGTPaTAPpphiony] 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=C;-C,3g alkyl) are also useful antiwear agents. The
use or addition of such materials should be kept to a minimum if the object is to

produce low SAP formulations.



service. Such degradation may result in deposits on

nmetal surfaces, the presence of sludge, or a viscosity
WO p@rez®s2 i n the |ubricant. One skilled in theP@rus2007/007766

knows a wi de variety of oxutlation inhibitors that are

useful in lubricating oil conposi tions. See, Kl amann

in Lubricants and Rel ated Products, op cite, and U S

Patents 4,798,684 and 5, 084, 197, for exanple. [122]

Useful suppl enentary anti oxi dants include hindered

phenol s. These phenolic antioxidants may be ashl ess

(nmetal -free) phenolic conpounds or neutral or basic

netal salts of certain phenolic conpounds. pi cal '
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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

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

temperatures and acceptable viscosity at low temperatures.

[118] Suitable viscosity index improvers include high molecular weight

hydrocarbons, polyesters and viscosity index improver dispersants that function



such as aromati c nonoam nes of the fornmula RSBROR1LON

where R8 is an aliphatic, aromatic or substituted
W@e@nardos2 group, RO is an aronmatic or a substiPpct/Es2007/007766

aromatic group, and R10 is4M, al kyl, aryl or

R11S(O) xR12 where R1 1 is an al kyl ene, al kenyl ene, or

aral kyl ene group, R12 is a higher alkyl group, or an

al kenyl, aryl, or alkaryl group, and x is 0, 1 or 2.

The aliphatic group R8 may contain from1 to about 20

carbon atons, and preferably contains fromabout 6 to

12 carbon atons. The aliphatic group is a saturated

al i phatic group. Preferably, both R and R are aromatic .
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cl ass of antioxidant used in lubricating oil

[E20iposViscosisy irdex inspriovietemayireuseddnpmardeuntiefabout 0.01 to 8
oi | -sol ubl e suitable cop caonpound ,may be bl ended

‘Yt%’@fﬁff‘éa\’b’b?h%’ézr%t%igI"%g/rEi‘SHﬁn?é‘%grSFhegﬁi tabl e copper
anti oxi dants i nclude copper dihydrocarbyl thio- or
Sipphimentans pntioxsdansl copper salts of carboxylic acid

(naturally occurring or synthetic). OQher suitable
[E2hperAsntipxislantrctetard the ppedative desradatiemaf base oils during

sgluvli Q%ﬁ%ﬁ%egl%'&%{l% %ﬁay %E%ltaiﬁedéﬂo‘}ﬁ?toﬁ%&%? surfaces, 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.

[122] Useful supplementary antioxidants include hindered phenols. These
phenolic antioxidants 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



Basic, neutral, or acidic copper Cu(l) and or Cu(ll)

salts derived from al kenyl succinic acids or
wa@nivydedoses are know to be particul arly usef ul PCT/U0P7/007766

Preferred anti oxi dants i nclside hi ndered phenol s,

aryl am nes. These anti oxi dants may be used

individually by type or in conbination with one

anot her. Such additives may be used in an anount of

about 0.01 to 5 wt% preferably about 0.01 to 1.5 Wt %

nore preferably zero to less than 1.5 w % nost

preferably zero.Detergents [128] Detergents are

commonly used in lubricating conpositions. A typical
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about 1.05:1 to 50:1 on an equival ent basis. Mre
[Ryf erlﬂmmhenbhc sapplementanyconidatibon inhibitors whisht mag:be used
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u&d @'@hél%%uc'ﬁftg' ihChSinafioAWith phefdIfssablypichN&amples of non-

over basi n
phenolic ant10x1dants include: alkylated and non-alkylated aromatic amines

such as aromatic monoamines of the formula R*R’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'? where R''is an
alkylene, alkenylene, or aralkylene group, R'? is a 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. Prefer-
ably, 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.



cation is sodium calcium or magnesium A m xture of
detergents of differing TBN can be used in the present
w0 pooenzdosn. [ 131] Preferred detergents incl udeP@i®s2007/007766
al kali or alkaline earth magsal salts of sulfonates,
phenat es, carboxyl ates, phosphates, and salicyl ates.
[132] Sul fonates may be prepared from sul fonic acids
that are typically obtai ned by sul fonation of alkyl
substituted aromatic hydrocarbons. Hydrocarbon
exanpl es include those obtained by al kyl ati ng benzene,
t ol uene, xyl ene, naphthal ene, bi phenyl and their
hal ogenat ed derivatives (chl orobenzene, chl orot ol uene,
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naphkthlylaraireg phenykalphahgphtbylaeine; and peecty pheny CalpbeEy 2,
BaO, Ba(OH)2, MO, Mg(OH) 2, for exanple) with an al kyl
nﬂh’é‘:‘i’é{ amgmesy| furi zed al kyl phenol . Useful al kyl groups
i ncl ude straight chain or branched Cl-C30 al kyl
[123)upsSulfuezet aliklyy phéidol€2ad aTkailrpt alkabinesaarthabktal salts thereof
henol s i.ncl ude i sobutyl phenol, 2-ethyl hexyl phenol,
Fsefdiantiggidants: phenol, and the like. It should
be noted that starting al kyI phenol s may contain nore
[126In oAnaottek vlass wfantibxiatint bked imiubrezting oiblequasimidny is oil-

stral ght chain or prapche sul furized
saluble ﬁ%l?ﬁ}] cqupgnds. ARE Sranple {13516 GoRRCT fiapipqund may be
b?&{c%'dg ﬁ%:él lﬁl‘i‘%ﬁ firig W?ll ! E)l&ﬂﬁé'ﬂ:u s'df s‘hlil%bﬁ:" dopptl@afioxidants

ing a m re of
include copper dihydrocarbyl thio- or dithio-phosphates and copper salts of

carboxylic acid (naturally occurring or synthetic). Other suitable copper salts
include copper dithiacarbamates, sulphonates, phenates, and acetylacetonates.
Basic, neutral, or acidic copper Cu(I) and or Cu(ll) salts derived from alkenyl

succinic acids or anhydrides are know to be particularly useful.

[127] 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 wt%,
preferably about 0.01 to 1.5 wt%, more preferably zero to less than 1.5 wt%,

most preferably zero.



al kyl phenol and sul furizing agent (including el enental
sul fur, sulfur halides such as sulfur dichloride, and
wo b@7hi2des) and then reacting the sulfurized phReDUSA01/607766
an al kaline earth netal bage. [135] Metal salts of
carboxylic acids are al so useful as detergents. These
carboxylic acid detergents may be prepared by reacting
a basic netal conpound with at | east one carboxylic
acid and renoving free water fromthe reactionproduct.
These conpounds may be overbased to produce the
desired TBN | evel. Detergents nmade fromsalicylic acid
are one preferred class of detergents derived from
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ofitheamolecidanntd asrhaller a?neﬁmmremieépmluo pwdamdnbblgdrtlon of the

chains of at |east Cn, ably C13 or re
raalgonle. oHa epianiG Par Gk the dlsrbnt S dnsice it et fipm an
f e
ggaxﬂgtag{ﬂqgtf‘dh %%F%p%gng%iﬁhﬁ Hg?hcg Iilﬁ?#ﬁdr%ﬂs aMd, $henol, or
miikaires drgof. Mhe coahteriom is[tyBighlly an alkaline earth or alkali metal.
Hydr ocar byl - substituted salicylic acids may be
ar P
(ESGES" St SafEBGIes Subtahilan Bl iGmaRLc BlounpBt bietineral arc
dieBcribed snhéutedl\salt anddddieta mtuﬂlbaseﬁmmizdn(a"lBNms measured by
nt hesi s of these conpounds. The ngtal salts.; of dthe . .
ASEVEB2886) oF figem Orta %%nmﬂmeosaewa%a%?vqsaase containing
e %t%éﬁ?‘*@%* biEFAEREShiielEby SpAT R o Efpt b metal
c@ﬂi dﬂmﬂE(Taaheﬁh hggrmtide oaoxidd, for mﬂpbs with engeidie gas (such as
8] Det ergents. may be sinple deter
dbiisetl d%‘SFﬂsﬁné%%'éS@PﬁEH? m ‘é&mr’geﬁed, or highly
ggfl%sggnts can provide the properties of tvvo
ergents without the need to blend separate
materials. See USP 6,034,039 for exa
[B36) er At is drsimblefaratileast sem tewaﬁmwﬁgﬁgf’sia]se% Qysibased

dseylrfggrrl]t%the?p 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.

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

sulfonates, phenates, carboxylates, phosphates, and salicylates.

[132]  Sulfonates may be prepared from sulfonic acids that are typically
obtained by sulfonation of alkyl substituted aromatic hydrocarbons. Hydro-



cal cium sal i cyl ates, magnesi um phenates, magnesi um

sul fonat es, magnesi unsal i cyl ates and ot her rel ated
w@owpox®st s (i ncl udi ng borated detergents). TypeTuEE1097/007766

the total detergent concentsation is about 0.01 to

about 6.0 wt% preferably, about 0.1 to 0.4 W%

Suppl enentary Di spersant [140] During engine

operation, oil-insoluble oxidation byproducts are

produced. Dispersants help keep these byproducts in

solution, thus dimnishing their deposition on netal

surfaces. Dispersants may be ashless or ash-formng in

nature. Preferably, the dispersant is ashless. So
carhbhexangileerlddes hass abtainad dyaliplatingrhenaene | tolueng; xylene,

faor bstanti al | 0. i E
nagtiaics: hohenet and B ErloeREnsh e abE (eigfoterasne
cHlosO@ISEH 8nd/chlSORapRBaRMc2 S G&tnple) ThBlddating aﬁents
met al - conf al ni ng detergents di scussed” above form as

typicailbaveisboutrd torg0 sappineatentsar Thelaleeylsadfonatgsdtypigally

be e of the un ated version of any of the .

camiaatan? 1 A LGB0 oy e ghof e, mdfe typically from
SRP b Acatoniy borated di spersants can be used

alﬁn airr&t;{l};relgéo? about 0.1 to <20 wm % preferably about 0.1

8 9% on_an Y, ' 0l Nt e 1:
0 o KihPnRn a0 i RERSa POMIc it discloses a number
of alvefbalsed® metalssaltghst wirlous|satfonipacide vehichaye heefatidedetergents
to the conpositions of the present i nvgn,t ion if

and slispsasanth s hibsinantsy oThe baek eaytgd  Livkyicant Additiveso C- V-

| ubricatin 0S| 20l t
<G 0% SRS AR 6 O ERRR YR, bE anc
OHi8\1967% §ﬁnﬂ§rl? @isRGscshxmambes o Dbvababed el fomates thait ate useful
depressants include pol ynet hacryl ates, pol yacryl ates,

apdispersantsrdetesgenddndensat i on products of hal oparaffin

waxes and aromati c conpounds, vinyl carboxyl ate
[P34)y neA Kalinedar iy plodnates areainothiealusgfifl iotessan fedgtengent| These
GEpk SR G bl 25h S e Yol m Sl gl
o025 018y B0 B 08 A MLC1E, 18 il an i
phefébor sulfuriueepalkgiphenot.nbisefifl allgd@roupsiindluds stragighbehain or
blggr?c%eidncla}n 30 alkyl groups, preferably, C4-Cgo. Examples of suitable phenols
include isobutylphenol, 2-ethylhexylphenol, nonylphenol, dodecyl phenol, and
the like. It should be noted that starting alkylphenols may cdntain 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 obtéined by
methods well known in the art. These methods include heating a mixture of
alkylphenol and sulfurizing agent (including elemental sulfur, sulfur halides such
as sulfur dichloride, and the like) and then reacting the sulfurized phenol with an

alkaline earth metal base.

[135] 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



amount of about 0.01 to 5 W% preferably about 0.01
to 1.5 wt% Corrosion Inhibitors [142] Corrosion
WO pdw7hed9sr s are used to reduce the degradati onP@f/US2007/007766
netallic parts that are in4tontact with the
| ubricating oil conposition. Suitable corrosion
i nhibitors include thiadi azoles. See, for exanple, USP
Nos. 2,719,125; 2,719,126; and 3,087,932, which are
i ncorporated herein by reference in their entirety.
Such additives may be used in an anount of about 0.01
to 5 W% preferably about 0.01 to 1.5 wt% Sea
Conpatibility Additives [143] Seal conpatibility
peghict s Thebe componods mayke ovenbased taprodiicethe giewge%TBN level.

L g e

ﬂﬁ}xg ¢ Rids Ul daionareiiaciRidessha chsin dkonedlicylates.
ﬁlggl?g? Piomatl c hy drocarl%gns le(;ters (%ut yll’nbensz’yl ~

Opietusaifel amity of e&mwséwnsaﬁef tost formway| succinic
anhydri de. Such additives may be used in an anount of
about 0.01 to 3 wt% preferably ”abou 0.01 to 2 wt%
Anti - Foam Agents [144] Anti-foa ¥ my

advant ageousl y be adfled tngébT ant onposi tions.
These agents retard the gf tabl e foans.

Silicones and organi pon e typical anti-foam
agents. For exanpl e, onS|Io a , gugh as silicon
oi | or polydinethyl siloxane, provide antifoam

wWHeRPR isl £Rydrypleh-dtOmraragestks! greuchavingd wl aib()ut 30 carbon
avai | abl e and may be used in conventional m no

atorosym is anl veget fromol ted, aihM is/ars alladine garth metal. Preferred R

SR At B e SRRy D75 AL 5y

%ﬁ@m@ﬂi g@Bstitutdiivithi substiaeats that dogiot Ak fery a&tl{ thé&letergent S
tirust additives (or corrosion inhibitors)

famietiaon. vivbist preferpbly ealcinmp magaesipnieqrparsypy Mege preferably, M
agﬂl nst chem cal attack by water or other
P nants. A wide variety of these are comrercial |y
avai |l abl e; they are ref;rredto gKIa i n
P

[138) | dwelzocanbyIrubstiniedslieicacids maY bf Preares: fropg phenols
b&@gp{élﬁg‘%a&%.t SYEUSP £5D9171, GHIBR ' thcobpdravf Berelifby

reference in its entirety, for additional information on synthesis of these
compounds. 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.
[137] Alkaline earth metal phosphates are also used as detergents.

[138] 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.

[139] Preferred detergents include calcium phenates, calcium sulfonates,

calcium salicylates, magnesium phenates, magnesium sulfonates, magnesium



surface preferentially, protecting it with a film of
oil. Another type of antirust additive absorbs water
whyoornaosporating it in a water-in-oil enul si oPCBHUS100H007766
only the oil touches the magal 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 may be used in an anount of
about 0.01 to 5 w% preferably about 0.01 to 1.5 wt%
Friction Modifiers 5147 . Afriction nodifier is any
saién)daﬁea landrother eglatg s;ommneoém(laduémg h@raé%ﬂcﬁeég%m%)

Tapicellyy et gdtr ik BoRomltiiars et ool i € s,

fg}gfgmyr&oﬁlosptd(owm%s friction reducers, or
Iubr| City agents or oiliness agents, and other such

d the ability of base oils,
—‘ﬁgﬁ%}]&mg&%t conposi tions, or functl onal
[140) dDuting 'EﬁgirerOﬂJtﬁtléﬂ edil igictablexiftich b9pratfuces are
| ubri cated surface may be effectively used I'n

pmdmedatwrgpemants help kigap ¢hesiel by pseduets in sahution, thus diminishing
nvention i,f d

it Bemesitist aprngial Seitabey dRis Bt B it A S5 ash-forming in

nfaﬁir@t P?éfe%lﬁypﬂfetd&]%@ﬁr')ﬁ’xs AGNRES. 2868 ¥dHed AsERAY divpetsafts are
the base oils ‘and | ube conposi tions of this

orgamﬂmaicrlaISrth@tt foom substdntially nmgsh wpem gembustion. For example,

ngereel bt SRR BB T bt Rafis P YPheidfia ashless.
I%Bédraﬁome%m&ﬁa{fnﬁﬁ Hb@%émguigcag&dm\;en@rﬂﬂ@sm&i

salts of netalligand conplexes where the netals may
comuustienaw&supplanmam dispgriants use man’cm miade ofithe pnborated

Such netal - con nin
vERLEH RE o0 PO ISP TP nts e BLSH 2R ERy syich lpERtpentary
dBB6On-Bératcedi¥persalits i bd@sedn arﬂBunﬁ@Idade’!QT Bto <20 wt%
Li gands may i ncl ude hydrocarbyl derivative of
pedfersbdy sbopid\abB wiYoerpnlas regrived bpsisst er gl ycerol s,
thiols, carboxyl ates, carbamates, thiocarbamates,

Pdut PoiitdD&nendanss phosphat es, t hi ophosphat es,
dithi o&osphat es, anides, imdes, anm nes, th| azol es,
[141]adi Genvensional pRurpoin deprssants éalso knoawmas Bibegiliflow

ir%tpqu(?vers) 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
polymethacrylates, 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.
U.S. Pat. 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 and/or the preparation thereof. Such additives may be used in an

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



pol ar nol ecul ar functional groups containing effective

anmounts of O N, S, or P,individually or in
w@ooebitz@si on. I n particul ar, M-containi ng conpouOszE07/007766

can be particularly effectiye such as for exanple

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

Mo(DTP), Mo-am nes, Mo (Am, Mo-al cohol ates,

Mbal cohol - ami 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; USP

6, 569, 820; WD 99/ 66013; WO 99/ 47629; WO 98/ 26030.
Cotusjornbxhibigersf ri cti on nodifiers may have al so incl ude

| ubri cant materjals that cont a| effective am)un
[WRlar Gemapen Ipkibitorsars 'ése%%rre ge th ecé ﬁﬁﬁl%o ndlalic parts
t@f%&e f@gm PRR ﬁbhﬁm@&ﬁﬁﬂ%ﬁw&w &? aky fhyeSddrfiSiton

ceri 3er| vati ves |5 groups In

uﬂﬁbilbtsmi’ncrmw thisliazotey. See, fod eth;hi@daSBW og 2ot} 125;
containing effective anounts of O

2{H& 13 Qi and 3,087,934, vdvieh Atq insArpaaRiset haring by éference in their
gﬁldét% %ru§ alamtl‘faym?g bRalsbHGH laﬁrdrﬂoﬁﬁtf@fqﬁogﬁ (m:{d@ W%,

oth ash-contalning a ess
pﬁﬁbtabaylabeat)om tbat.s wid6.i ds, fatty al cohols, fatty
am des, fatty esters, hydroxyl cont ai ni ng

S@ﬁ‘[@@ﬁiﬂa@i‘bﬂ%( ,Qadltmgpar abl e synthetic |ong-chain
ydrocar byl acids, alcohols, am des, esters, hydroxy
[D%]bo@éaﬂk:empaﬂbdnuymgdntd(helplm ssrm‘rbellasmmmesea‘labypausmg a

or gani c ac:1 ds, fat am nes, sul furized fatt
hemial 1 pggetion a8 T S mhgsicat FRRBES e yPRIeL. Suitable seal
f
: ai)%lelbﬁ?lg r#aegofsaft?)‘}g%x’}@z\%wﬂrg&lﬁné{ig@ Bf%ﬁxgﬁﬂb%lﬁrtés APYmatic

nore, often
evtetd) aropatit diydestarbows esfersi ity lienkyhphthiatats, for dxample), and

Concentrati ons of ybdenum ¢ontai ni ng, mategrials are

PEBM Suie ot by Gridrs SHF RIOHBEAMBCRE DHed i i gmount of
o, ange from about

a@gu@@.b@%%u%%, EF&@%{%QB& Gb Y8 IR¥eq, ang

often wWith a preferred
range of ,about 20-2000 ppm and in sone instances a
range of about 30-1000 ppm Friction

[ir?ﬂ't f1 £hfi- f%ﬁﬂ%e Y Rty 464 S'?fgéé%@ f B¢ 88@ePio Iubricant composi-

ures wt thi’s invention. Oten
tiohst hese agertawetard thor forfiration mﬁstablm ﬂoamss Snbpones and organic
xtures of fr{ctt? rmdlflerlgsl) F te
pg mgrééirg&px\% anti-foam agents. ro examp e po ysi oxanes, 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.

Inhibitors and Antirust Additives

[145] Antirust additives (or corrosion inhibitors) are additives that protect
lubricated metal surfaces against chemical attack by water or other
contaminants. A wide variety of these are commercially available; they are

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



material (s), are also desirable. Typical Additive

Amount s [ 150] Wien lubricating oil conpositions
w@onrazdsone or nore of the additives di scusseRPCHDS2087/007766

the additive(s) are blendedointo the conposition in an

amount sufficient for it to performits intended

function. Typical anmounts of such additives useful in

the present invention are shown in Table 1 bel ow

[151] Note that many of the additives are shipped from

t he manufacturer and used with a certain anmount of

base oil solvent in the fornulation. Accordingly, the

i ght amounts_in_the table below, as well_ as other
Ueftﬁiu ntQnertyne ofertirust additive s a polargampeynd thay wess theemetal

f h .
snﬁ)rgD érne?~ %e%?lhilyeﬁgérlgé?%ﬁ%xtﬂ %re}ggn g !1. y ép \%‘)Ayp%n('if antirust
addieivetasbrisd Wéte@%y%b@hpdrﬁtlb@lﬁeiﬂ d)ﬁ'ateh‘eintéﬂ a}nuﬂabgrsb that only

of the lubricating oil conposition. TABLE A Typi cal

theneil mls:m:s themeia su_rﬁam c\iﬁtt angtherypg ariamtisust addltlve

@%er aec{herg{) ﬁ-ﬁexﬁn?{ag t(bgr %@%Wan ééﬁ)ugweku)r{ Examples of
s@tzﬁﬂ@ raaﬁiﬁvé% icReGinc Qithidphosphat&s, Qﬂéﬁx‘l pﬁeﬂ&l'aﬁ:s, basic metal
5 Viscosity Index Inprover 0.0-40 0.01-30, nore

sqdrfema;patﬁa;ty@cocls argd &mmﬁse r&lmhaaqdmncs maydmmsqsi io-an amount of

ahork $1e08 bl BeptsfbitabPledokiodiiteans 070 1o 5. o

0.01 to 1.5 Anti-foam Agent 0. 001-3 0.001-0. 15 Base
Fsictiok 11| Bal ance Bal ance EXAMPLES [152] As

i |1 ustrat.ed T 1 bel
1144 i Ce,l{flcpg;q n,mcp }egh%an)? moavt\éria Idc{'hrtnatdelnfa S 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
particularly advantageous in combination with the base oils and lube composi-
tions of this invention. Friction modifiers may include metal-containing
compounds or materials as well as ashless compounds or materials, or mixtures
thereof. Metal-containing friction modifiers may include metal salts or metal-
ligand complexes where the metals may include alkali, alkaline earth, or
transition group metals. Such metal-containing friction modifiers may also have
low-ash characteristics. Transition metals may include Mo, Sb, Sn, Fe, Cu, Zn,
and others. Ligands may include hydrocarbyl derivative of alcohols, polyols,
glycerols, partial ester glycerols, thiols, carboxylates, carbamates, thiocarba-
mates, dithiocarbamates, phosphates, thiophosphates, dithiophosphates, amides,
imides, amines, thiazoles, thiadiazoles, dithiazoles, diazoles, triazoles, and other

polar molecular functional groups containing effective amounts of O, N, S, or P,



were prepared with a variety of conbinations. The base

oil systemconprising a m xture of adi pate ester, PAGS
wW@ra7RAED i s substantially the sanme in each PCT/US2007/007766

formulation with mnor varisati on in base oil

concentrations to accommodate different aromatic am ne

and/ or dispersant additive concentrations. Additive

package treat rate was held constant in all

formul ations. Entry A is the base fornulation that

uses a non-borated ashl ess dispersant A and equal

anount ofl ow nol ecul ar wei ght am ne anti oxidant | and

hi gh nol ecul ar wei gh am ne antioxidant |l as
mdwuﬁhnytcﬁdmamrﬂlahbnoﬂ, Iprart;clﬂzamMe-qohmnaa@cmgm@s can be

of _nonbo t d di | |
pamﬂuaaﬁlhrs PEUV% secHhes R aﬁ'ﬂa g gpl%\r}\%ﬁmg\ﬂg{bTC)
BidiHdspHAts Mo B f“§°-§r'§“§% 3‘%?”%“22&“%2*’“#.’%“3% Mo-

ah:@hal-aﬁhldésw s8a¢ lBTdSWtﬁZbMSPMZ;B@@ USP 6,153,564; USP
nmol ecul ar _wei

6. T01:itsb & P10, 838 USBrosat s U 60 Im G0 §B 3 i 0ss;
tﬁs 332150, Rysp %”gzd‘&éf ﬁSfPQs 8§§/°7t29 LS @}569%20*8\7&/@ 95/66013;

tfrre§ nmor e boron than C¢). Enity F and G are
WOr9a/ha629, WOE26063@i nati on of non-borated
di spersant A and a | ow boron dispersant C and both |ow

[iEﬁf]Ps %llﬂgs% (gulq X e'cci‘ r}éﬁh%h‘aa 136 if€ d@’lhgﬂ&hﬁ materlals that

_ er ent |gh nol ecul ar
coBiafh bffebivie baroanedofipsiae gsauys, Borexhmplehhy droxybwohtaining
and high Il nol ecul ar, wei ght, anj ne .anti oxi da 3 TABLE
hydmvarbylbase pils, giyssslé%mafﬁﬁhs y§erides, Y%“E‘i eggvatives, and

e
confairing elfdttivglinesuntsiof @8N A8 orP, individually or in combination.
Other friction modifiers that may be particularly effective include, for 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
carboxylates, and the like. In some instances fatty organic acids, fatty amines,

and sulfurized fatty acids may be used as suitable friction modifiers.

[149] Useful concentrations of friction modifiers may range from about 0.01
wt% to 10-15 wt% or more, often with a preferred range of about 0.1 wt% to 5

| wt%. Concentrations of molybdenum-containing materials are often described
in terms of Mo metal concentration. Advantageous concentrations of Mo may
range from about 10 ppm to 3000 ppm or more, and often with a preferred range
of about 20-2000 ppm, and in some instances a more preferred range of about
30-1000 ppm. Friction modifiers of all types may be used alone or in mixtures
with the materials of this invention. Often mixtures of two or more friction
modifiers, or mixtures of friction modifier(s) with alternate surface active

material(s), are also desirable.



(M9% Low boron 1.7 2.5 dispersant C (wt% Hi gh boron

0.5 0.25 dispersant B (wt% H gh Mv * am ne anti
wo@iodamosi|l (W% as received (40% active i ngrRdi/Es10)7/007766

Low Mv (300-400) am ne antispxidant | (wt% as received

(78% active ingredient) Boron analysis D5185 nethod 53

ppm < 50 ppm D4951 net hod 0. 02% 0. 01% <50 ppm 0. 01%

Boron (by 0.0% 0. 0% 0. 018% 0. 009% 0. 0045% 0. 0039%

0. 0058% 0. 0% cal cul ati on) * Corresponding to polyneric

amne of fornmula TV,determ ned to have an averaged

Typical Additive Amounts

[150] 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.

[151] 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, are directed to the amount of active ingredient (that is the non-
solvent portion of the ingredient) unless stated otherwise. The wt% indicated

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

TABLE A
Typical Amounts of Various Lubricant Qil Components
Approximate Approximate
Compound W1% (Useful) Wt% (Preferred)
Detergent 0.01-6 0.01-4
Supplementary Dispersant 0.0-20 0.1-8
Friction Reducer 0.01-5 0.01-1.5
Viscosity Index Improver 0.0-40 0.01-30, more preferably 0.01-15
Supplementary Antioxidant 0.0-5 0.0-1.5
Corrosion Inhibitor 0.01-5 0.01-1.5
Anti-wear Additive 0.01-6 0.8-4
Pour Point Depressant 0.0t0 5.0 001tol.5
Anti-foam Agent 0.001-3 0.001-0.15
Base stock/base oil Balance Balance

EXAMPLES

[152] As illustrated in Table 1 below, eight different lubricant formulations
were prepared with a variety of combinations. The base oil system comprising a
mixture of adipate ester, PAO6 and PAOA4O0 is substantially the same in each
formulation with minor variation in base oil concentrations to accommodate
different aromatic amine and/or dispersant additive concentrations. Additive
package treat rate was held constant in all formulations. Entry A is the base

formulation that uses a non-borated ashless dispersant A, and equal amount of



Mol t distribution of about 1800 < 50 ppm neans under
detection limts. Adpack contai ned detergent,
wW@prA2esr agent, hindered phenol and thi ckeneP&T/UBDBBY07766
The performance features ofs3t hese ei ght fornul ated
oils are sunmarized in Table 2. In addition to other
requi renents, the nost critical performance testing
relies on 3 tests, nanely the B- 10 catal ytic
oxi dation test, DaimerChrysler seal test and the
extended L-60-1 thermal -oxidation test. The L-60-1
test (ASTM D5704) is the nost difficult to neet test as
the test duration is extended from50 hours (as
lowe guoleeular weipht aming aatioxidaot | ard highomederulanwveighmmine

anacidBAL & ErRladh iR Do oo 2 et he shilshb§hts of non-
HPaPH@ldl RS ahd lﬁl?ﬂ Phcflé&ﬂhr wesgiem%ﬁlwnr badviihdat any
n subjected To n]}éer ature oxidi zi ng

lawmioteculm wéligbt menm@pe& nt:wsu%an‘eoﬁoruuwcd with a

A S TSRS PSR R 250 W7D SR Bl hot ana
b8 ARY T %ﬂdtlﬁgﬁ IMRRlEGALr %l%ﬂ a‘?xflifn%‘htn'ti\b%lédrﬁ@ dThe dcn(l’j? changes
L-60-1 test Tor Entries In the B-10

ateem thetdifeoénit qomcsxmm«nns obhxgbnly:l hpraied dispersaat B, xanging from

r ] tgﬁg/ Sﬁgég{lg}%ﬁé %ﬁﬁ?s %M\aotrg Q{%ﬁﬁ?@ t s.hgin[ryfll“ 3Md G are
f&xﬁﬁ%?é& %uﬁfa E&%bﬁﬁti@%@ﬂn&i%okﬁeﬁmfﬁﬁn 206n@ B Bskon

fresh viscosity to cal cul ate exact %
disperseas € amd bpﬁnlmv i ypndAligh 11 mededudan weiglit ajacagtioxidants.

b Al Ent
Fatty Hsorntisd ROTPESHERERRMER alscRtvpI2hE, forkoPried
%e@an& QR4 Bokt tﬁe BwlI nadigh Y mel&0lar véight hthiflé afltioxidants.
3 70.8 117.5 54.1 oxi dati on Mbderate Mderate Trace

Trace Trace Light Light Trace




(325F/ 300 hr.): %viscosity increase, sludge rating DC
seal test (BL Fail Pass Fail BL Fail Pass Pass Fail =
wherdaedosne) (blister) (blister) L-60-1 (300 hpCh/uSB07/007766
82 385.6 35.6 NNA N.A 45.75N. A N. A % viscosity 8.56
8.9 9.47 8.99 increase 9.75 9.5 9.75 9.75
carbon/varnish BL pass BL fail pass pass sludge (BL =
borderline) Overall no good bel ow no bel ow no good
good |ikely no assessnent average good aver to be good
age good [154] It should be noted that high boron
di spersant B has about 1.6 wt%nitrogen and 1.8 w %
boron (B/Nratio = 1.13), while | ow boron dispersant C
has about 0.88 wt % nitrogedAdHeEdnly 0.23 wt % boron

ERIN ratio = Q4 26).gThedid¢ferenpes betpeen thegtwo g H

Byg 'O“K.Hh%l e darspersarnts A dld D are P o cnal | eng[ N
' &

Waihpagen *¢ht e NEABor a¥%R? di sPesant SAPs 99130 9150

NI TOJET content dispersant with only a 0. 35 W %

RbdvoRegn content whil e nonborateéd dispérsant Dis a -~ 4.3
BRptéanOppt enyl succini m de derivative with [onger PIB
eagdyn and a higher nitrogen content ( 1 W % nitrogen).
Nbbtdatitht ry Ag.5as uise bassl i ne ¥%rnul adi on, had a 2 -
bateder | i ne pass in the L-60- 1 but failed the DC seal
tispdrsapofrpl et el y. Based on our discovery that the use
61”4 gh nol ecul ar wei ght am ne anti oxidant is very

Lewdeoant to neet the L-60-1 requirenment adj udfments23 -
dispessatde only to the amount of | ow nol ecul ar wei ght

'Wami nes. Al t hough taking away_the | qu nol ecul ar

e RAOMaryl amihe ! > 0.25 ) ) )
dispersant B~

(Wt%)

High Mw * 2 2 2 2 2 2 2 2
amine anti-

oxidant IT (wt%)

as received

(40% active

ingredient)

Low Mw
.(300-400) amine 2 ) 2 2 2 2 2 2
antioxidant I

(wt%) as

received (78%

active .

ingredient)

Boron analysis

D5185 method 33ppm <50

ppm

D4951 method 0.02% 0.01% <50ppm 0.01%

Boron (by 00% 0.0% 0.018% 0.009% 0.0045%  0.0039% 0.0058%  0.0%

calculation)

* Corresponding to polymeric amine of formula IV, determined to have an averaged
Mol wt distribution of about 1800

< 50 ppm means under detection limits.

Adpack contained detergent, anti-wear agent, hindered phenol and thickeners.
[153] The performance features of these eight formulated oils are summarized
in Table 2. In addition to other requirements, the most critical performance
testing relies on 3 tests, namely the B-10 catalytic oxidation test, DaimlerChrysler

seal test and the extended L-60-1 thermal-oxidation test. The L-60-1 test



antioxidant as in the case of Entry B can inprove the
DC seal conpatibility, the oxidation protection
wa@afof7ee@sns evi denced by a | owering of the L-6PEWUS2007/007766
performance to a borderlindspass. Know ng that L-60-1
performance cannot be sacrificed attention was focused
on inproving the seal conpatibility by changing the
di spersant chemi stry. Entry CE are based on the
conbi nati on of the sane non-borated di spersant used in
Entries A & B at reduced treat rates and the use of a
hi gh boron di spersant at three different treat rates.
None of them could satisfactorily nmeet the DC seal

(ASTM 5SS the mest dififisult tatraeettthst: asghp dest shwatier issextended

A RS o e v RS ef  po0 G e
cBVd5qHE Blmliksmling GH5SluBR! Porfrfatione bﬁa m@?bﬁe f@@ﬂau&eal

conpati b ty. However, upon sw tchin 0 an
chanaetanmnes orﬁantdaooave thatiugp tapsmissien aml fioal drizg axje lubricat-

ingeilg dlepvedto 1o Bied frtap At xidfRie poiRbRRT L AFF
s{éggés%m 1104t oMt for 11-80- NRIeCRMbRE  ViSE&Hy akyéasemlw,

a constant total treat rate but s{/@%htl di fferent
carboinyvatnish ratiegt >7 étaml sludge rating t>29.w&he Brdficstalytieoxidation

ith b i |
2 e S B B B S5 68 PRl pSR, B
LBHEBOKO fEat, 'tﬁe dilefs,téhbfec@w oSt o §iftick ol Bedd titfdridelevated

F of Table . . Alubricating oil exhibiting
te:mpematumtwﬂh @fcoexstzmu caadﬂewanatq mcégrqdeperrmnbd amamt of catalysts.

eS| st ance the mal br.eakdown it protec

T ot 0 D S PR off 1 A8 EUreE RS FOTBEStL g i esh oil
vhééBEihﬁ; 6 CARuYALE EQa¢L % intlaSE & vfsrc%'itﬁ atAYs &l cirhiilative sludge is
synthetic ol unconventional oil and m xtures
ratbdrb@'ochsumlnnapmwn c am ne having a nol ecul ar wei ght

of at |east about 650 in a_é%gt in the range of

about 0.1to 5 wt % based on i ngredient and a | ow
Entron cont enta di spelsant, tthe arpunt &f bordh in tthe H
diestper sant being | ess than about 1.1 wt% but at |east
(F"@Bef\‘f‘\ﬂ"ﬁf'ml! hdAanount'Aof di dfersadit prilent Béing !4 1A
ﬁ?hﬁm to provide a boron content of 15 to 100 ppm

k%?'i@&tal Thg;bubrigading qiy ofs20l ai miwhermisn thers s4.
RAasdticht OCK OMod@se Mdderats &Mace Trace - Trace Light  Light  Trace

(325°F/300 hr.):

% viscosity

increase, sludge

rating

DC seal test (BL  Fail Pass Fail BL Fail Pass Pass Fail

= borderline) (blister) (blister)

L-60-1 (300 hr.) 56-382 385.6 35.6 N.A N.A 45.7 N.A N.A

% viscosity 8.56 8.9 947 8.99

increase 9.75 9.5 9.75 9.75

carbon/varnish BL pass  BL fail pass pass

sludge (BL = .

borderling)

Overall no good  below no below nogood good likely no

assessment average good  aver- to be good

age : good
[154] It should be noted that high boron dispersant B has about 1.6 wt%

nitrogen and 1.8 wt% boron (B/N ratio = 1.13), while low boron dispersant C
has about 0.88 wt% nitrogen and only 0.23 wt% boron (B/N ratio = 0.26). The



unconventional oil derived fromone or nore or a

m xture of GIL base stock and/or base oil, or
whyaroziesmaxed or hydroi soneri zed/ catal ytic (orPGDUS®NTY07766

dewaxed base stock and/or Base oil derived from

natural wax, waxy feeds, mneral oil waxy feed,

non-m neral oil waxy feed. 3. The lubricating oil of

claim?2 wherein the base stock or base oil is an

unconventi onal GIL base stock and/or base oil derived

from waxy synthesi zed hydrocarbon via separation from

or fractionation of waxy synthesized hydrocarbons or

gérhydrodeMBX|nﬁ or hydroi sonerijzation/catalytic &
diftereners betwigsnit g twp nn@xyorgm dispessaptsiy Angarase F4B chain

R WS By o A BB RN S o comen

dRbbrsat A8th V€Y 208 5FWB%ftrogéw @ﬁﬁi%rﬁ wiifesotagated dlspersant D
hydr ocarbons. "5. The lubricating oil of claiml, 2

iso¥ pqulmewltswcmxghdmdcmmw Wil lgnecaPRehan and héngher
1 s sel ecte r h t f diph I
nigied e A ROEh, nes. ol i goners ¢ her cof.
[ %eggéﬂhgll W thggg%‘télld{gu om@ﬂg;edp epcgigag Fﬁ)gﬁ{gglme pass in the L-60-1
bﬁyfaflféﬁ' thé é‘rsg EPc&ﬁE 1y %ﬁse%i ﬁ)ﬁkﬁgcé‘& hhCthe Use of
t hereo 6 he ol

m nes an ures ubri cat g

hrglhamm&cumeweighttahﬁnb lagtioritlaacis eeryvienpprtarm tonmedt che L 60-1
am ne has a nol ecul ar wei ght of t | east am 700. 7. 3
TeFGr IR adauS g IbY Wers n@lda.%lx to th 1e amgpny ol smejepplar weight
on d
oA R he RS 165 AERla DRI arate
aﬂdi(byadhﬂdasdirr thetdage off e}mt)oB daangnprose thaD( beetllocompatibility, the

hyd b bst i t ut ed
oty s e D Bt

d
PR SR PSP Bin e G L cano

sapificdstdrmiom whas flochis8d wnlinijorowing the sEIabcbmlplatlbﬂitylbg' changing
oil of claim 6, wherein th Iog@gﬁéon cont en

the dispersant chemistry- dinta CoE; PB/Re eﬁmn%twrbﬂsthecsame
nBMﬁJ&&%BQﬂEEerQM Ut8d3n Entries A & B at reduced treat rates and the use

of a high boron dispersant at three different treat rates. None of them could
satisfactorily meet the DC seal requirements. It was speculated that other non-
borated dispersant with either longer tails (i.c., longer PIB chain length and
higher molecular weight) or high nitrogen content could help to overcome the

" poor seal compatibility. However, upon switching to an alternate, non-borated
dispersant as illustrated in Entry H, nothing improved. Entry F and G
represented the discovery that the use of a low boron dispersant in combination
with high molecular weight aryl amines at a constant total treat rate but slightly
different individual treat rates, the results were satisfactory with both oils
meeting the DC seal test as well as the critical oxidation requirements (e.g.,

satisfactory B-10 oxidation results and good L-60-1 test results in F of Table 2).



pol yam ne attached directly thereto, long chain
al i phati c hydrocarbyl substituted succinimdes, |ong
w@eb@rn2@bi phati ¢ hydrocarbon substituted succi PEIUS®7/007766

and Manni ch condensati on pisoducts and t he di spersant

contains less than 0.8 wt% boron. 10. The lubricating

oil of claim7 wherein the aromatic am ne is diphenyl

am ne, phenyl naphthyl am ne, oligoners thereof and

m xtures thereof having a nol ecul ar wei ght of at | east

750 and the | ow boron content dispersant is one or

nore | ong chain aliphatic hydrocarbyl substituted

succi nim des and/or a |long chain aliphatic hydrocarbyl
GudBMISt ut ed succi nami des having a boron content of

l ess than 0.5 wt% and a boron to nitrogen ratio of <

0. 67 10N xa : i A4, ' :

or iy ooy ichfing 3l Sxibting oREL Rort U ARIAEE S HGrivy,
oklitizal rebiseanicd @mthenalshreakd ®ve deposit protectiah prepdrties)

oi | conposition by conbining into the | ubrjcatj ng o{.l
COmPBisYIL bﬁsw@s%i%m@ge RilpilubEeatng yisopsity slectest from natural

ubr i g . . i . . . ] .

olty Reiptic Bl bhEGRriordf off b REL, Hrctt bt rcinatic amine

hiaViggr afgteailanweight dflht leasd abbid 6550 idam amminit e the range of
i ngredi ent and a | .ow boron, content d';goe‘l{’ ant, the

I
abowiuh 181> Whradhased anrctiyesiperedient op ggptent
d%?)g}ganil-tﬁ?%%@{itofﬁ}orbﬁzﬁh@dﬂéte&?{? béig ilg%@g'ﬁ%oa‘rﬁgﬁt 1.1 wt%,

persant used being s Icle o pr
baoat kast @05 3t% othtQin gyt dfadispersdrit. présent el tg sufficient to
claim 1l wherein the base stock or base oil of the

praide adarag centent oddastor 1 hppm baropnconvent i onal oi |

derived fromone or nore or a m xture of GIL base

stoclk, a‘i‘ﬁé%bﬁ@@tﬁm?bil dcliivd QAeMRittheMBase stock or base oil is an
hydr oi sonmeri zed/ catal ytic (or solvent) dewaxed base

ustenventioaboil ks edi fromeonieverimiore or aanixtate afée Thwease stock

apd2h baagiol e hyodsi A e SO mRE e R plitip d8Edolvent
dehvagkd Bhsdatdek Anl/drbAB dINGENENMrbAN AAturdilwRRSKaRy B8dds,

and/ or base oil derived from waxy synthesi zed
mineral oil waxy feed, non-mineral oil waxy feed.

3. The lubricating oil of claim 2 wherein the base stock or base oil is an
unconventional GTL base stock and/or base oil derived from waxy synthesized
hydrocarbon via separation from or fractionation of waxy synthesized
hydrocarbons or by hydrodewaxing or hydroisomerization/catalytic (or solvent)

dewaxing of waxy synthesized hydrocarbons.

4. The lubricating oil of claim 3 wherein the waxy synthesized
hydrocarbons from which the unconventional oil is derived are Fischer-Tropsch

synthesized hydrocarbons.

5. The lubricating oil of claim 1, 2, 3 or 4 wherein the high molecular
weight aromatic amine is selected from the group consisting of diphenyl amine,

phenyl naphthyl amines, oligomers thereof, phenothiazines, substituted



hydr ocarbon via separation fromor fractionation of

waxy synt hesi zed hydrocarbons or by hydrodewaxi ng or
whyaroesneri zati on (catal ytic) or sol vent dewe&i/ng001/007766

waxy synt hesi zed hydrocarbess. 14. The nethod of claim

13 wherein the waxy synthesized hydrocarbons from

whi ch the unconventional oil is derived are

Fi scher-Tropsch synt hesi zed hydrocarbons. 15. The

met hod of claim 11, 12, 13 or 14 wherein the high

nol ecul ar wei ght aromatic amne is selected fromthe

group consisting of diphenyl am ne, phenyl naphthyl

am nes, oligoners thereof, phenothiazines, substituted

pphemimamaqs, nendodlbtnlz;jdsb@mhyhxl pbﬁqyﬂu@rrwdxapnenw sahfurized
di | f t ked
EORHE BE B UL R R P omate aRuPEs and ghiirss WBERRE of

cl ai m 15 wherein the high nol ecul ar wei ght aromatic

am ne. hahedubritating afl oflain SOWhetteni tirshighlmotecalify. weight
17. The nethod of claim 11, or 14 vvh%rei n the
arewatip apHne has arnolecyla veeight P§ abk’éskﬁb%r 80por at ed

| ong chain aliphatic hydrocarbons having a pol yan ne

at t acheqyli lﬁﬁﬁ%ﬁ%}% Bﬂrcg‘cﬂaml) qng §hRianwRLidh ﬂﬁé fow boron content

hydr ocar byl St succi hi m des, long chain
dédpepduait i ohy or mnrehlfrbm'alﬂedtlongtchdlrsalqmatmil)ctbspaMS having a

P SRS D BESHL5ER oty S35 RSB S

s&ﬁé‘iﬁlﬁlm fy % (‘M i Qﬁ R&ic h droUé?bJ@gﬁmlt@ﬂ‘ed%hébmaﬁﬁdes, and

2R8I The Fow oro cont I spersant Is one or
Marigich@oatiensationgprodacts. al i phati ¢ hydrocar bons havi ng
a polyanmine attached directly thereto, long chain

o ha F ahsPrESRESPY SHaN 7 WFheH e AT hofL comt
r&@n%ﬁ&lﬁQImMOWm@hs on the dispersant
contains less than 0.8 wt % boron. 20. The net hod of

claim 17 wherein the aromatic amne is di pggn% am ne,
T

phenyi- dAsdubyicating gl offlaks Gewhereip theplowy GoRIFRY
dtlibeerrfa(}ft ipg}{é 38 nfbre borated long chain aliphatic hydrocarbons having a

polyamine attached directly thereto, long chain aliphatic hydrocarby! substituted
succinimides, long chain aliphatic hydrocarbon substituted succinamides, and
Mannich condensation products and the dispersant contains less than 0.8 wt%

boron.

10. The lubricating oil of claim 7 wherein the aromatic amine is
diphenyl amine, phenyl naphthyl amine, oligomers thereof and mixtures thereof
having a molecular weight of at least 750 and the low boron content dispersant is
one or more long chain aliphatic hydrocarbyl substituted succinimides and/or a
long chain aliphatic hydrocarbyl substituted succinamides having a boron
content of less than 0.5 wt% and a boron to nitrogen ratio of < 0.67 on a wt/wt

basis.

11. A method for enhancing one or more of seal integrity, oxidation

resistance or thermal breakdown deposit protection of a lubricating oil



nol ecul ar wei ght of at |east 750 and the | ow boron

content dispersant is one or nore |ong chain aliphatic
whyaroz@sbyl substituted succini m des and/ or | PeyUSINAT/O07766

al i phatic hydrocarbyl subst$tuted succi nam des havi ng

a boron content of less than 0.5 wt % and a boron to

nitrogen ratio of < 0.67 on a w/w basis.

composition by combining into the lubricating oil composition comprising a
base stock or base oil of lubricating viscosity an aromatic amine having a
molecular weight of at least about 650 in an amount in the range of about 0.1 to
5 wt% based on active ingredient and a low boron content dispersant, the amount
~of boron in the dispersant being less than about 1.1 wt% but at least 0.05 wt%,
the amount of dispersant used being sufficient to provide a boron content of 15

to 100 ppm boron.

12. The method of claim 11 wherein the base stock or base oil of the
lubricating oil composition is an unconventional oil derived from one or more or
a mixture of GTL base stock and/or base 0il or hydrodewaxed or
hydroisomerized/catalytic (or solvent) dewaxed base stock and/or base oil
derived from natural wax, waxy feeds, mineral oil waxy feed, non-mineral oil

waxy feed.

13. The method of claim 12 wherein the base stock or base oil is an
unconventional GTL base stock and/or base oil derived from waxy synthesized
hydrocarbon via separation from or fractionation of waxy synthesized
hydrocarbons or by hydrodewaxing or hydroisomerization (catalytic) or solvent

dewaxing of waxy synthesized hydrocarbons.

14. The method of claim 13 wherein the waxy synthesized hydrocarbons
from which the unconventional oil is derived are Fischer-Tropsch synthesized

hydrocarbons.

15. The method of claim 11, 12, 13 or 14 wherein the high molecular
weight aromatic amine is selected from the group consisting of diphenyl amine,
phenyl naphthyl amines, oligomers thereof, phenothiazines, substituted

‘ phenothiazines, imidodibenzyls, diphenyl phenylene diamines sulfurized

aromatic amines, sulfur linked aromatic amines and mixtures thereof.
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16. The method of claim 15 wherein the high molecular weight aromatic

amine has a molecular weight of at least about 700.

17. The method of claim 11, 12, 13 or 14 wherein the low boron content
dispersant is one or more borated long chain aliphatic hydrocarbons having a
polyamine attached directly thereto, long chain aliphatic hydrocarbyl substituted
succinimides, long chain aliphatic hydrocarbon substituted succinamides, and

Mannich condensation products.

18. The method of claim 17 wherein the low boron content dispersant

contains less than 0.8 wt% boron.

19. The method of claim 15 wherein the low boron content dispersant is
one or more borated long chain aliphatic hydrocarbons having a polyamine
attached directly thereto, long chain aliphatic hydrocarbyl substituted
succinimides, long chain aliphatic hydrocarbon substituted succinamides, and
Mannich condensation products on the dispersant contains less than 0.8 wt%

boron.

20. The method of claim 17 wherein the aromatic amine is diphenyl
amine, phenyl naphthyl amine, oligomers thereof and mixtures thereof having a
molecular weight of at least 750 and the low boron content dispersant is one or
more long chain aliphatic hydrocarbyl substituted succinimides and/or long
chain aliphatic hydrocarby! substituted succinamides having a boron content of

less than 0.5 wt% and a boron to nitrogen ratio of < 0.67 on a wt/wt basis.



