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lubricating oil formula tion containing detergent.
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detergents however are a source of ash in the | ube
oil. [004] In the com ng years nore stringent
FIBLID QR THIE BNVIBNTI@NI ate matter (PM enissions from
di esel engine, especially diesel powered vehicles are
[@éhed@he@rqssn @vemlen é@lﬁ{eéttmdﬁt%@tts end dwerigatingroil formula-
i e VS%F tmanufactures will likely be required
IQQF?HPF¥9% = particulate filter (DPF) technol ogy

as art of the|r exhaust after treatnent strategy to
' & AdiBIAtAR bmt t er emi ssions. O her

[0§2] szfﬁ@%ﬁ%@l BRSPS VR A AR e
R P B ey o for

maiatdidingrthe vetahbadeemanber of the dubml&&rc @blaseorbunfevdct dchiity and
the metal sulfonate, salicylate, phenat e

aciibbeilgininslubzisating pllagsmwtlhfeertglm 011 shiriigniseg ant i wear
agents in the lube oil, becomes a major constituent of

[003) t | ThdsetdetarREA® thoRvEvie @k 4 k6tiace ofiash ¢h tiembeail. [ 006]
Control of thrs ash by specifying [imts on the

[Ogglengoﬁghﬁ g@%{aﬁg H@ﬁr% ﬂ'lglee ﬁﬁhg&%ﬂ 1%1@2&? ong)sa#t;]cggﬁtg matter (PM)

€ éengr ne ormu
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to go into effect in most of the major markets. Vehicle manufactures will likely
be required to utilize diesel particulate filter (DPF) technology as part of their
exhaust after treatment strategy to mitigate/control particulate matter emissions.
Other emission regulations will also stipulate the duration or mileage for which a
vehicle manufacturer must guarantee adequate performance of after treatment

devices such as diesel particulate filters.

[005] The solid, nonvolatile ash in the lube oil contributed by the metal
sulfonate, salicylate, or phenate detergents, as well as by the zinc containing

antiwear agents in the lube oil, becomes a major constituent of particulate matter

emitted from a diesel engine.

[006] Control of this ash by specifying limits on the chemicals which are the
potential ash-causing components on the engine oil formulations is one approach
which can be followed, but limiting the amount of such chemicals which can be

in the oil so as to reduce ash also limits the effectiveness of those chemicals for



whi ch can be followed, but limting the anmobunt of such
chem cals which can be in the oil so as to reduce ash
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fortheir intended purpose of detergency and/or total
base nunber maintenance in the fornmulated oil. [007]
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2.0 wt% detergent (as active ingredient) based on the total weight of the

formulated lubricating oil. These detergents function in base oils comprising
Group I, Group II, Group II (e.g., GTL or other wax isomerate), Group IV,

Group V, and mixtures thereof.

DETAILED DESCRIPTION OF THE INVENTION

[009] The new ashless detergents are generally described as (organic group
substituted) amine sulfonate salts and amides, (organic group substituted) amine
salicylate salts and amides, (organic group substituted) thiadiazole sulfonate salts
and reaction products, and (organic group substituted) thiodiazole salicylate salts

and reaction products.

[010] As used herein and in the claims, the term “organic”, “organic group” or
“organic radical” refers to a group or radical attached to the remainder of the

molecule through a carbon atom and made up of carbon and hydrogen and



and reaction products. [010] As used herein and in the
clains, the term"organic", "organic group"” or

w0 orogasioes radi cal " refers to a group or radi caPCT/US2006/021445
attached to the remai nder of the nol ecule through a

carbon atom and nmade up of carbon and hydrogen
andoptional |y heteroatons setected fromone or nore of
nitrogen, sul fur and oxygen, said heteroatons when
present bei ng present as skeletal atons and/or in
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(nitrogen, sulfur, oxygen) wherein the heteroatoms are present as skeletal
elements in the carbon and hydrogen containing chain or ring; groups or
radicals composed of carbon, hydrogen and one or more than one of the same or
different heteroatoms (nitrogen, sulfur, oxygen) as substituent group on the
carbon and hydrogen containing chain or ring of carbon, hydrogen and hetero-
atom containing chain or ring, said heteroatom substituent groups including by
way of non-limiting example hydroxy, alkoxy, ether, ester, carboxyl, mercapto,

mercaptal, amino, nitro, nitroso, sulfoxy and other groups.

[012] The organic group or radical is preferably composed entirely of carbon
and hydrogen, more preferably it is an aliphatic, cyclo aliphatic, or aromatic
group or still more preferably an aliphatic group or radical, most preferably an

alkyl group or radical.



way of non-limting exanple hydroxy, alkoxy, ether,

ester, carboxyl, nercapto, nercaptal, amno, nitro,
wWoRa6a32964 sul f oxy and ot her groups. [012] The PCTHRAL006/021445

group or radical is preferably conposed entirely of

carbon and hydrogen, nore preferably it is an

al i phatic, cyclo aliphatic, -gr. aromatic group or stil

nore preferably an aliphatic group or radical, nost

preferably an al kyl group or radical.[013] The
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hydrogen or a Cl-C40 al kyl o C2-C40 al kenyl, C6-C40
cycloalkyl, aryl al kyl , o kyl aryl, aryl, heteroatom
gq ¥g and/ or sul fur JandCer@H trogen) substituted

e kyl, C2-C40 aFRerlyl, C6-C40 cycl oal kyl, aryl,
aryl al kyl , alkylaryl ferably hydrogen, G 0-C30
al kyl , alkenyl, cycl gé |, aryl, arylalkyl, alKkyl
aryl and heteroatoqiﬁubstltuted derivative thereof,
nost preferably hydrogen, C -C20 al kyl, al kenyl,
cycl oal kyl, aryl, arylal kg, alkylaryl and heteroatom
substituted derivatives fhereof (derivatives thereof
Amigkudi ng heteroato stituents in the carbon
"backbone and heteroato group cont ai ni ng
substitutent(s) attachedl?pto t he carbon backbone); R2
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wherein

R!is hydrogen or a C-Cyy alkyl, C,-Cyg alkenyl, C4-Cy cycloalkyl, arylalkyl,
alkylaryl, aryl, heteroatom (oxygen, and/or sulfur and/or nitrogen) substituted
C1-Cy alkyl, C5-Cyy alkenyl, Cs-Cyg cycloalkyl, aryl, arylalkyl, alkylaryl,
preferably hydrogen, C;-Cs alkyl, alkenyl, cycloalkyl, éryl, arylalkyl, alkyl
aryl and heteroatom substituted derivative thereof, most preferably
hydrogen, C;5-Cyg alkyl, alkenyl, cycloalkyl, aryl, arylalkyl, alkylaryl and
heteroatom substituted derivatives thereof (derivatives thereof including
heteroatom substituents in the carbon backbone and heteroatom group

containing substitutent(s) attached onto the carbon backbone);

R? and R? are the same or different and are hydrogen, C;-Cy alkyl, C;-Cyq
alkenyl, Cg-Cop cycloalkyl, aryl, arylalkyl, alkyl aryl and heteroatom

substitutent derivatives thereof provided that R? and R? cannot both be



substitutent derivatives thereof provided that R2 and
R3 cannot bot h behydrogen, preferably R2 and R3 are
wo b@easayed or different and are hydrogen, C - C2BCT/US2006/021445

tertiary al kyl group, again provided that R2 and R3
cannot both be hydrogen, nore preferably wherein z is
1to 4, preferably 2; x is hgdrogen, C]-C10 al kyl,

C2-C10 al kenyl, C6-C10 cycl oal kyl, aryl, alkyl aryl,
aryl al kyl, and hydrocarbyl substituted derivatives
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t hiyddogerp heoreprelferablpt i ves thereof is suitable for use
as a starting material reactant to be reacted with the
salicylic acid or sw@Hpnic aci ¢H,;lhi adi azol es and

derivatives thereof href[extensijely recited in the
literature, see: USRC#$1EH37C £Hu61, 482; USP
0

5, 055, 584; USP 4,904[40 . USP 5 865; USP
5,138, 065; USP 5, 19¢Hs21; USP §H877,212; EP 535470 A
EP 574655 BI; USP 5, 391, 756; USP 5, 597, 785; USP

S wafdein2bis 1UBR, Gordferally 2; USP 6, 620, 771; the
di scl osures of which are hereby incorporated by
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nmprefeebdn bpdwigenh€q1(hy alkgdi d nunbers of the oils to
whi ch they are added, reduce wear, pronote hydro
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fil'm oxidation test, i ndi cafi'ons”that they are
gpodeblengpmhthyl; [ 017] The ashl ess detergents can be
utilized in place of all or part of the conventional

y Rl K&h 2, ef@hbB! 1, daREk borkkaldefiohgygent s currently

used, preferably a total replacenent for such

[Of/?]n Vez%iy ?ﬁi%lclia(%gfeecgrg&%vsanjv%s El?e{rgg% 1asts%9ta8iel for use as a starting
material reactant to be reacted with the salicylic acid or sulfonic acid. Thiadia-
zoles and derivatives thereof are extensively recited in the literature, see: USP
4,617,137; USP 4,761,482; USP 5,055,584; USP 4,904,403; USP 5,026,865;
USP 5,138,065; USP 5,194,621; USP 5,177,212; EP 535470 A; EP 574655
B1; USP 5,391,756; USP 5,597,785; USP 5,849,925, USP 6,365,557, USP
6,620,771, the disclosures of which are hereby incorporated by reference.

[015] A preferred example of a useable thiadiazole is

0
2 ethylhexyl—0 /N N
2 ethylhexyt—0 A }
S S SH
[016] It has been discovered that the ashless detergents and their borated

derivatives reduce deposit formation, contribute to the maintenance of the total



[018] The lube oil formulations to which they are
added conprise any natural, synthetic or
war@ens®nt i onal base oil of lubricating oil viBCDER1006/021445
typically used to produce formnulated |ubricating oil.
[019] A preferred fully fornmulated [ubricant of the
invention is prepared by bl eAding or admixing with the
base stock an additive package conprising an effective
amount of at | east one ashl ess detergent, along with
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being opti onal depending on the
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formul ated product specificatio as those
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whi ch al so has a good di scussi onh of a nunber
antifilemarsnind/oe ahtlsﬁezune(@eht,famdbbrabmom&eﬁn?l‘nbltor, and/ or

lubricity agent, and/or a seal swell control additive, and/or dye, and/or metal
deactivators, and/or antistaining agent. Of these, in addition to the ashless
detergent additive, those additives common to most formulated lubricating oils
include optionally an additional detergent, as well as a dispersant, an antioxidant,
an antiwear additive and a VI improver, with other additives being optional
depending on the intended use of the oil. An effective amount of at least one
ashless detergent additive and typically one or more additives, or an additive
package containing at least one ashless detergent additive and one or more such
additives, is added to, blended into or admixed with the base stock to meet one
or more formulated product specifications, such as those relating to a lube oil for

diesel engines, internal combustion engines, automatic transmissions, turbine or



ence is also made to "Lubricant Additives" by MW
Ronney, published by Noyes Data Corporation,
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bl end of base stocks to formfully fornul ated I ube
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for different applications or intended uses, and the
exact identity of the various additives present in an
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of vinyl acetate and ethylene, dialkyl fumarate and vinyl acetate, and others
which are known. Friction modifiers include glycol esters and ether amines.
Benzotriazole is a widely used corrosion inhibitor, while silicones are well
known antifoamants. Antioxidants include hindered phenols and hindered
aromatic amines such as 2, 6-di-tert-butyl-4-n-butyl phenol and diphenyl amine,
with copper compounds such as copper oleates and copper-PIBSA being well
known. Antiwear additives include metal phosphate, metal dithiophosphate,
metal dialkyl dithiophosphate, metal thiocarbamates, metal dithiocarbamates,
metal dialkyl dithiocarbamates and ashless antiwear additives exemplified by
ethoxylated amine dialkyldithiophosphates and ethoxylated amine dithiobenzo-

ates as described in USP 6,165,949, Non-ionic ashless antiwear additives as



can al so be used and they include thiosalicylic acid,

organi c group substituted thiosalicylic acid, organic
we@2ioen329ef thiosalicylic acid, organic esters PET/US2006/021445

organi c group substituted thiosalicylic acid,

t hi oromal onate, 2,2 dithiodipyridine, organic group

substituted 2,2 dithiodipyriglene, thiazolidine and

organi c group substituted thiazolidine. [020] The use
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retorting operations, petroleumoil obtained directly
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| east one lubricat ing oil property. One skilled in
[022e o ovide ranga of Wibrigating bass oluis knavas i thesrt. Lubricating

base oils that are useful in the present invention are natural oils, synthetic oils,
and unconventional oils. Natural oil, synthetic oils, and unconventional oils and
mixtures thereof can be used unrefined, refined, or rerefined (the latter is also
known as reclaimed or reprocessed oil). Unrefined oils are those obtained
directly from a natural, synthetic or unconventional source and used without
further purification. These include for example shale oil obtained directly from
retorting operations, petroleum oil obtained directly from 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 lubricat-
ing 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, filiration,



transformati on processes. These processes include, for
exanpl e, solvent extraction, secondary distillation,
w@ediod/ 182964 act i on, base extraction, PCT/US2006/021445

filtration, percolation, hydrogenation, hydrorefm ng,

and hydrofinishing. Rerefined oils are obtained by
processes anal ogous to refined oils, but use an oil

t hat has been previously used. [023] Goups |, II,

I1l, 1V and V are broad categories of base oil stocks
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vveen about '80°to 120, and contain |ess than or

d@mhqbed anchdeline Db 86 American Pedtroferan Trstittitea(\ R Pwisjitaltion
to about 90% saturates. Group |1l stock generally has

orgdexcreite @J@ielmérfozab@mcamzlcﬁsgmlsC dpitoaiprisbase

PRI AR
orBRley ﬂla?ﬁﬁﬁh&fd A ta g@flé’s‘éﬂhéﬁ Q@&ﬁ ﬁfﬂﬂ%ﬁﬁﬁu@gwﬂsup 1I

base stocks not inc in Goups |-
base stoks zescpllydentiesisodsigaindeobf botseenf dbout §0avd0, and
TABLE A: Base Stock Properties &24] Natural oils
confginders than walequdli te abput 810366 suldir @nct gregtesrthan pr agapl to

aiopl, S0 % faolsfts GBI stofReleriiosit Bt i &dhter than
ab%hF‘lPQd) bhy c%ﬁ iREINS Bhn Of ec{dﬁ é‘{%ﬂtfﬁ 04 dﬁﬂlﬁﬂ‘aﬂﬁr%%ater than

S are pre erred. ner a var

abobed0Ycsarget o LGaip F\Mncﬂﬂl‘dﬁﬁ'ﬁ}icﬂyal@ha@l@f b QPA@) tGeyup V base
are paraffinic, naphthenic, or m xed
stch&trsanﬁhmc bape pimche aptinctuded indiionps IiVorT sblsl A spmehatizes
re .al sg ég Hb n.the resent invention. Natural oils
prg}&q.r)t/le%p §2 e??ﬁgvﬁtﬁr YS-used for their production
and purification, forexanple, their distillation range
and vvhet her theSFlf‘&IeEsAr e StQﬂanOpcrttﬂsked

yaroretm uS'atl‘;rlatebsUI vent §Lif3¥ reer Viscosity Index
Group I < 90% and/or > 0.03% and > 80 and < 120
GroupII | >90% and <0.03% and > 80 and < 120

Group III | > 90% and <0.03% and > 120

Group IV | Polyalphaolefins (PAO)

Group V All other base oil stocks not included in Groups I, 11, III, or IV

[024] 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



[025] Synthetic oils include hydrocarbon oils as well
as non hydrocarbon oils. Synthetic oils can be derived
wo e@anpaoecesses such as chem cal conbi nati on (POF/US2006/021445
exanpl e, polynerization, oligonerization,
condensation, al kylation, acylation, etc.), where
mat eri al s consi sting of smaljper, sinpler nolecular
species are built up (i.e., synthesized) into
materials consisting of |arger, nmore conplex nol ecul ar

exsclﬂﬁa% et?lelr%’lgttl é§t§6§ra?f | ‘i’inh %ﬁ#@ I tﬁég apficsat iﬁ%ﬂt Rl &k c?gé:l&td

ymer1 zed and

hﬁ@&eméﬁybﬁ&ﬁsrenm&ya@mpyl enes, propylene isobutylene
copolyners ethylene ol efin copolyners and

(085" L SURERHE R R le BT i & wEl 28 RsR hydrocarben oils
Sﬁﬁfﬁét'iteéilg calY 86 @%ﬁ"v@&’ Profh groc%)!séé’%ﬁcﬂfas BK &R cofdiation (for

derived fromC8, (O, Cl4 olefins or m xtures

exahmplegiolymeriation, d)lug’(ﬁnierlmﬁmpc&nddﬁaa@m slkylation lat¥lation,
4,827,064; and 4,827,073, which are incorporated

etqbrehereypaiesinl eonsisting aftsenallesntimpderymolegnky speeies are built
nb f the PAGs, i
up RS AHE il SRS SoRE RS oL lershr 4B0e Sblerneieoular

Sp%ﬁem Cgﬁﬁfggé‘%ﬁiﬁnéw h?r agﬁéiﬂg%gﬁb d;%‘l?ﬂg:&’%@ﬂland inter-

polymelci@éd Mle\i"ﬁnrs)(pbryfblﬂit}élblmt paﬁ@rbp’ylaﬁ@;br@@qeme Q;bbutylene
hi gher, and PAGCs nmay be made in viscosities

u
coa@b'mer&,o@hzzbme(cﬂeﬁn Cppokyimers carek ethyl«snadﬂplnacdatp in kppdlymers,

foR GHEnp e PobGuREY Z@%ﬁ@%@%‘aﬂv 3 B SqmBiony et
sylyhetyTRaEA0BiIaS, MpiaRL o Osel %@n%d (ALY Cos

ar wel rog en

C, f)ble@ﬁﬁ&fr&nﬁ;ftu@b nn@ebﬁfna[y%ehﬁtnwiw rS‘éelldﬁs Pl@wntsm@smsouz
imted to, about C2 to about C32 al phaol efins with

4,%Q6d04; @nddt, 885,073 Ovbich arhantasporated bersin hy refesenasrio, their
1-decene, 1-dodecene and the |ike, being preferred.

entHg ‘pref erred pol yal phaol efi ns are poly- 1-octene,
pol y- 1-decene and poly- 1-dodecene and m xtures

[026]er ddfe murdber average molecular weights of the PAOs, which are known

materials and generally available on a major commercial scale from suppliers
such as ExxonMobil Chemical Company, Chevron, BP-Amoco, and others,
typically vary from about 250 to about 3000, or higher, and PAOs may be made
in viscosities up to about 100 ¢St (100°C), or higher. In addition, higher
viscosity PAOs are commercially available, and may be made in viscosities up
to about 3000 ¢St (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 Cs,
alphaolefins with about Cs to about C¢ alphaolefins, such as 1-octene, 1-decene,
1-dodecene and the like, being preferred. The preferred polyalphaolefins 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



m xed ol efmderived poly olefins. However, the diners
of higher olefins in therange of about C]4 to C1 nay
wheoodds¥64 o provide | ow viscosity base stocks BET/US2006/021445
acceptably low volatility. Depending on the viscosity
grade and the starting oligonmer, the PAGs may be
predom nantly trinmers and tetlraners of the starting
olefins, with m nor anounts of the higher oligoners,
having a viscosity range of about 1.5 to 12 cSt. [027]
LU e n [ :
rof P UL HECTRNG O AP KE IRl IR ufsB6ainy hase sgpelss of
aquebiabiby (aatvolnilial Mepehdiigchh B Vibeoskh oed andxiaf étarting
catal ysts including, for exanple, alufmnum
oligoroen, thé BA,Ohamayhbe piddonunanidy timersnaidetetranmis bbtherstarting
traiflupride with wate .cohol.s such as .et hanol, .
OlﬁﬁBﬁa‘ﬁH{‘ TYNOR AHTLRHIES Oé@ﬁaﬁ&@?’fi igammers, pving parscasifygange of

t ate or ethyl propionate. For exanple the
a%tﬁb%gdllggf'osed by U. S. Patent 4,149,178 or U.S.
Pat ent 3,382,291 nay be conveniently used herein.
f

[087 her P ALY Elvids may besronmamiently mmads &y theepalpmeaization joé an
fol llowing..U S Pat 3,742,082 3. 769, 363; .
alafechith 38 e, s RSRE £ oty itz plipist e og tiofrigdel
Crhf1talpsts idol8afel &5 cx@shle,; H8&iAdh withlorfie, EBF%n trifluoride
af orenentioned patents are 1ncorporated heréin by
orreeingplexeseof borbherifluenide veitly waldrgaltohelssuoh aklkehdtiod, propanol

Cl8 olefins are described in USP 4,218,330, also
ori gl oparbedy he peids or estesy sushrasrethxlegaetate wriethstlinsopionate.

L ubricati,ng base, s.ock 0j s C s giliconsba il
oy abpl MGG RS Al e e s SETES asene

r r g
LRy, DO o B G R IR, UG SE bl
syhthesiscratfeind ddotlowiag W, BlPatenfsed, M® 082 PBIT69,363¢ p. |
which is incorporated in its entirety.

NY 1962 029
3,376, 20 %y 2329381 H3811 3525 Bftids1 56 Hed 3 ROB; 45,9&)@:31%50 [ér& ,122;
j [ kyl f t 8 1to 25 .
anf SR RS Lo oF o isasitions o R TehdS otk ST IRd Hevein by
re %@Qﬁgg}ééif %ﬁﬁ{eﬁg.c THeWiletd HEMSCITRY B8 oL RRee delSribed in

escri
USP 4,218,330, also incorporated herein.

[028] Other useful synthetic lubricating base stock oils such as silicon-based
oil or esters of phosphorus containing acids may also be utilized. For examples
of other synthetic lubricating base stocks are the seminal work “Synthetic
Lubricants”, Gunderson and Hart, Reinhold Publ. Corp., NY 1962, which is

incorporated in its entirety.

[029] 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



al kyl benzenes in ACS Petrol eum Chem stry Preprint
1053- 1058, "Poly n-Al kyl benzene Conpounds: A d ass of
wab@esdoby Stabl e and Wde Li quid Range Fl ui dsPCT/ES9661021445
et al, Phila. 1984. Tri-al kyl benzenes may be produced
byt he cycl odi meri zation of 1-alkynes of 8 to 12 carbon
atons as described in USP 55,1855, 626. O her
al kyl benzenes are described i n European Patent
Application 168 534 and USP 4, 658,072. Al kyl benzenes
C
th?g&g#)%%%@ﬁ% 1&?0{"?% rpeﬁsoq‘%tt% f(zsce%r%f?%&#]rﬁg %)y dés%rrlbed dn USP

SHAtUT e applreati ons o df ¢t

5,858 6!26f IOeF é‘lklfyl&ﬁhz@héssére ARYcri B PRIREGR AR Ba@:h'l: ?xppﬁh@ﬂon
are comercially available fromproducers of |inear

168 534 bedZE814,608482) Alkrylfbmeh@sam uShé @s 11@1r1qanlt-lba$$tmuks

Chem cal Co., Chevron Chem ¢ ., and N ppaon Q|
espeeially far kyy-terapstatie WBP@&PH%@H&%"@B@@ SeEVicH and refrlgera-

iR e RS Thgt| RS R R GO R 5
prBQﬁcé’%g %mn\éasalkgb%ﬁ&e@smm u@h‘&WﬂsﬁSCHé}thomurR@man

used desir are desc bed, for exanpl e,

Cliépyitah€ol,Cheviron ChiehsicalnCo .Hagdh N?ppém Oib€oe [Hnemt albynlal
Fl uids", Dressier, H, chap 5 (R L. Shubkin (Ed.)),
bengenss| tywalklefrhavmgoosidgw PEIEPIS anﬂéowérrmwww@qosmes

angeryglP%s gf%] tﬂcor tﬁt(gﬂ Gﬁggc‘;t ]ksﬁ/l &[()%Fier e f??b aagltlves.
blsﬁ §t¥ R?rhbﬂﬁ‘@s wﬁilzhb%ﬂx $Rksed %\Iheglfdééﬁ‘a?lévaer@tdeg&%ed for

ase toc at ha processed, preferably

exaaipid, Mhi‘Sntheticdruta juanbesidzHigh Pefonuanie Pugdtional Fluids”,
per formance | ubrication characteristics

Dlmﬂelc &hv ehep 5n@. lorShukkém (BdD), oIv@KCQiJ%@d@mNW]sﬂQﬁ%e Each of

th G RRTHTHPBY GErgresBy 8e eoTyiBY Hetin by rplapagos in 1 entirety.
materials, as well as isonerate/isodewaxate base

[038)oc g wrsfilfbeids ob hebrigating! viseosityrinoludy nosectmventional or
G AL SO B Vi, PrRgER sty edeBRscasalimicaly, or
syfEsibido phRiNe Bk o bbbt SBMRocRs.

I I I trol I
[0%“15?,9&33 q,g%n;{»%g{;fg@%l%rd}@%rgﬁgg{?cg@rf Pasd stocks/base (()JIIIS include one or

more of a mixture of base stock(s) derived from one or more Gas-to-Liquids

(GTL) materials, as well as isomerate/isodewaxate base stock(s) derived from
natural wax or waxy feeds, mineral and or non-mineral oil waxy feed stocks
such as slack waxes, natural waxes, and waxy stocks such as gas oils, waxy fuels
hydrocracker bottoms, waxy raffinate, hydrocrackate, thermal crackates, or other
mineral, mineral oil, or even non-petroleum oil derived waxy materials such as

waxy materials received from coal liquefaction or shale oil, and mixtures of such
base stocks.
[032] As used herein, the following terms have the indicated meanings:

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

existing as a solid at room temperature, i.e., at a temperature in the range



waxy materials received fromcoal |iquefaction or

shale oil, and m xtures of such base stocks. [032] As
wais@d/1sesei n, the followi ng terns have the i ndPCHUSZN06/021445
meani ngs: (a) "wax" - hydrocarbonaceous nateri al

havi ng a hi gh pour point, typically existing as a
solid at roomtenperature, 413%., at a tenperature in
t he rangefrom about 15C to 250C, and consisting
predom nantly of paraffmc materials; (b) "paraffmc"”

B ahouf e b5 %d%gﬁggﬁg%@&omﬁq%ﬁgﬁ% kS

mcrmera S may in "' near "a
brmbﬁﬁ]sal kanes (isoparaffins), cycloal kanes
(cycl opar affins;: nono-ri ng and/or multi-ring), and

(H)r pataéfinie) ehatatinh e satusptedHyytiroparbons sualy s aH<anes
S ChE T o Bl B ARG T o
gg&%x% S PRLES el B R a P gwﬁ-nng) and

prggﬁ;ﬁgea@ traneyest product; (d) "hydrotreating”: a
catal ytic %,ydrogenatl on process that converts

(3 ul'tiydrapodcessingl't rogininggroetssiingvitiphl ndeedshacksisitrtted with
hydrocar bon products w th reduced sul fur and/ or

n| hy¢ipasn @6 Mghtempasetulin Aot UBderas BB CHRAMBYal Bilheingesence

ﬁf Pﬁ%’o@fﬁ éh()%s (%?l% ?‘#r\rge:’?é)aﬁaﬁ?s %%Fﬁgﬁecémoléqrg%a%% to
de@‘;@%etaal 59@‘957%& .and water; (e) "catalytic

a catalytic process in which nornal

(dp a'n‘}@fdrotrealﬁm@()a eatdlytic hyalkygénationqaobessshar @nverty sutfag
by cracking/fragnentation into | ower nplecul ar wei ght

s paed/ @gnlt{qgen“wmlm%bmdrp@athoaﬁ ntodydreesrben predusits wiith
SRR R GEARLA BRSSP, Bleen
a:%%gﬁgéﬁ?lgg%gg?igﬁﬁﬁa&%@%% bé BOPRIduEaL 'é?l'i‘ul'aHS/ooﬁ%&l

containing hydrocarbons can also be reduced to hydrocarbons and water;

(e) “catalytic dewaxing™: a catalytic process in which normal paraffins (wax)
and/or waxy hydrocarbons are converted by cracking/fragmentation into
lower molecular weight species;

"(f) "hydroisomerization" (or isomerization or isodewaxing): a catalytic process
in which normal paraffins (wax) and/or slightly branched iso-paraffins are
converted by rearrangement/isomerization into more branched iso-paraffins;

(g) "hydrocracking": a catalytic process in which hydrogenation accompanies
the cracking/fragmentation of hydrocarbons, e.g., converting heavier
hydrocarbons into lighter hydrocarbons, or converting aromatics and/or
cycloparaffins (naphthenes) into non-cyclic branched paraffins;

(h) hydrodewaxing” - a catalytic process in which normal paraffins (wax)
and/or slightly branched iso-paraffins are converted by

rearrangement/isomerization into more branched iso-paraffins and by

cracking/fragmentation into lower molecular weight species.



(g) "hydrocracking": a catalytic process in which
hydr ogenati on acconpani es the cracking/fragnentation
wo@tooagsoecar bons, e.g., converting heavi er hydPCUEf1DO6I821445
into Iighter hydrocarbons, or converting aromatics
and/ or cycl oparaffins (naphthenes) into non-cyclic
branched paraffins; (h) hydriddewaxi ng" - a catalytic
process in which nornmal paraffins (wax) and/or
slightly branched iso-paraffins are converted by
rearrangenent/isonerization into nore branched
[038)- plhreatetinrithyanoisbyecizatén-hydfadeyraximgtatalyticndeovdxong’ is
nol ecul . ar wei ght species.[033] The

us%larrsfegéﬁ@nppatm%q%m% EWFW@/W%}%HPWP@%I eQRRinggeffect
of FartiRing Boffa TeshiRom i TRET bR RS s et

cxﬁél&iﬁg{f%gﬁ?aﬂqﬁeﬁ NN YWY ﬂi&é@lﬂ@ﬁﬁf@ié}?f sgecies and, by

crac ragnmentation into | ower mol ecul ar wei ght

rearang@nentidonieyizatian iatgerea btarched isepbiabfins.i Stch cmmbined
branched iso-paraffns, Such conbined processes are )
Prosesses arsssqiagiimpes dgsaibodpdhydeadstyardng darKing” asr‘selective
h#@el eciive hydrocracki ng" or "isodewaxi ng". [034] GIL
PEACEINS & e BREYY & "t hat are derived via one or

nmore synthesis, conbination, transformation, )
[034h (ahlg enatarials e mptedels that e darived yisseraer mpse synthesis,

o e A o A G srcrve
d . i OXi -
PSS 96l L N S Sonet lnne

copiifaide, amd/opylegiaits a¢ s CkdBEENSs hpdrogbe @sbordibxide,
butynes. GIL base stocks and base oils are GIL

capfparemiogbxidst wafier, imethangy ethaneosthylench acetylenegpropant] y
derived from rocar bans, for, exanple

RO HEHEGERT 605 COETSTCS A G eon AL LI tres stasks gad base

o ATCHLTBARE BRSALUEERIRAOEAN L B8 SOTPAND Gaived from

hytﬁg@tﬁfb%% ifprl é‘%dm%?l;%&eaﬁ}t @ﬁhhé@izémﬁydkg??ﬁﬂdng,_ tat hfegl%];hﬁelves
derivgd fyoni3 s?rlnpler oglzasfl:c?u% Ja?ggricggtg?r:iﬁtg %ompro?lgltdls,ol?}?cir?)gen-r o
containing compounds and/or elements as feedstocks. GTL base stock(s)
include oils boiling in the lube oil boiling range separated/fractionated from
GTL materials such as by, for example, distillation or thermal diffusion, and
subsequently subjected to well-known catalytic or solvent dewaxing processes to
produce lube oils of reduced/low pour point; wax isomerates, comprising, for
example, hydroisomerized or isodewaxed synthesized hydrocarbons; hydro-
isomerized or isodewaxed Fischer-Tropsch (F-T) material (i.e., hydrocarbons,
waxy hydrocarbons, waxes and possible analogous oxygenates); preferably
hydroisomerized or isodewaxed F-T hydrocarbons or hydroisomerized or

isodewaxed F-T waxes, hydroisomerized or isodewaxed synthesized waxes, or

mixtures thereof,



GIL materials such as by, for exanple, distillation or

thermal diffusion, and subsequently subjected to
wowrlobAkewn catal ytic or sol vent dewaxi ng pr oCRCHES2006021445

produce | ube oils of reduced/|ow pour point; wax

i sonerates, conprising, for exanple, hydroisonmerized

or isodewaxed synthesized hygyocarbons;

hydr oi someri zed or isodewaxed Fischer-Tropsch (F-T)

material (i.e., hydrocarbons, waxy hydrocarbons, waxes

O LR AT ol
hﬂ@%‘is‘ﬂrﬁ%d‘/i%S@eﬁéxécﬁp-geﬁ‘ﬁf&gﬂ Ei'eﬁvﬁ@’éﬁ?e sjock(s), and other
ydr ol soneri zed or i sodewaxed synthesi zed waxes, or

hydroisonesriiddéis eddwiablyatlkribed Basd A6KK(S) arkedHayddedizeam

GIL materials, especially, hydroisonerized/ isodewaxed
typicalkysaschavang Horemasic viasesigesoatkl(09fC afiftomtdbeut 2 mm/s to

SRR IR SRR £
pIEBAON Sbruhy PR 1 MGG S. BE s fhogg B'a 031
ba¥eRtsck dariedbyeiRisbldtvAxiagoRPOTtyk, SWHTBR hes hkindiaktic

30 me/s, as ex_egpl ified by a GIL base stock derived
vibgostityeofl ahoue hemimig asfl00°C anae, vigbosity indsx aflaboetbl( or

Vi SCO ité/ of about 4 mm2/s_ at, 10Q0C and a viscosity
greRigEx RefergperiberegbtoKingaatiGyiscoatydictsrs 4o gdpeasyrement made

SASTOBIRE e " ale ootk e T O«
L FATE R N —
BB LA L RIET and e

hyldyélisomeeired ddRfeiiaxed sV dégped BaNeHoddE), RAck 56 Hras
base stock conponents of this invention are further

hydneisameeatcs sdde wokatas) whinh daavbengsedasrbaseistuck aimpdoanits of
-5C or .| ower ref erabl y about, - 100C or, | ower, [pore
thisigyentign Vea&}ﬁg?r ch%cf@rwgwl?al 7§ havipg oyr oErasf pbout
5By tioﬁvgtq ?)gei%gablly WBbut -al'bdCu&dlg{ive%,otﬂgrecﬁr%%gait)Pyngbout -15°Cor
lower, still more preferably about -20°C or lower, and under some conditions
may have advantageous pour points of about -25°C or lower, with useful pour
points of about -30°C to about -40°C or lower. If necessary, a separate
dewaxing step (catalytic dewaxing or solvent dewaxing) may be practiced on
hydroisomerate to achieve the desired pour point. References herein to pour

point refer to measurement made by ASTM D97 and similar automated versions.

[037] The GTL base stock(s) derived from GTL materials, especially
hydroisomerized/isodewaxed F-T material derived base stock(s), and other
hydroisomerized/isodewaxed wax-derived base stock(s) which are base stock
components which can be used in this invention are also characterized typically
as having viscosity indices of 80 or greater, preferably 100 or greater, and more
preferably 120 or greater. Additionally, in certain particular instances, viscosity

index of these base stocks may be preferably 130 or greater, more preferably 135



may have advant ageous pour points of about -25 0C or
| ower, with useful pour points of about -300C to about

WO 20631964 | ower. |If necessary, a separate dewaRCTYSENEM1445
(catal yti c dewaxi ng or sol vent dewaxi ng) may be
practiced on hydroi sonerate to achieve the desired
pour point. References hereil-to pour point refer to
nmeasur enent made by ASTM D97 and sim | ar automated
versions. [037] The GIL base stock(s) derived from GIL

or BE e} AR UGl B, B G RR RBIE G L Dase
StOVKELE Pih%e defil e Efinh EPIie e ashlvpreféRibly BOT Paterists %@gécﬁhuy F-T

whi'ch are base stock conponents which can be used in
wahgenémallgitaivera dsepsitlydndehaf 43 er preatert VR ferdnicys herein to
having viscosity indices of 80 or greater, preferably
vigesityringes seler to Avd Menethpd %7861 y 120 or greater.
Additionally, in certain particular instances,
[088F c @s iatlglitiond elxe 6T beseestdkss) at agpisaliphididy paedfEindd(>300%
130 or greater, nore preferably 135or greater, and
sayaies nang BRE CeRrtal) nixaese! Ppaaewsloparafinsanthmalticyrio-

b Kk hat . ' f GIL i al s.
oSSR OB TR ot
e R e o 15 e et 29 o o Ron R e PR a0
cafad landrteagbdrdtumnusedh Fueiter b@TE, teise cldcks andebaky pils aypivally

highly paraffinic (>90% saturates), and nmay contain
hawe yeu koyv sulfapaed piregsarcontentsgencgalurentaining pessdhan alout

[ nbj nat i Lt h - lic.i raf fns,. The ratio
10prse e on Ry 58 thelghaod 5 0HER B el Bh el cfsments
. . . ;. .
THE S0l A3 it BontBhd PO e Aol U Alfbtgineg by the
hy@idisorhyizaion/fsodewaxingr of F-OQWnatdrfall espadially tF-Qu@Bx is
content, generally containing |less than about 10 ppm

esgentiallpmal. t ypi cal |y | ess than about 5 ppm of each of
these el enents. The sul fur and nitrogen content of GIL

[0358s elrsd prdfenrad chasrlinbht, O GTICPadeystbélgs) comprises paraffinic
hydr oi soneri zati on/i sodewaxi ng of F-T nmaterial,

magenpals ithat| opnFisT presioniipanidy efinpaddygliniisoparaffing and only minor

amounts of cycloparaffins. These GTL base stock(s) typically comprise

paraffinic materials that consist of greater than 60 wt% non-cyclic isoparaffins,

preferably greater than 80 wt% non-cyclic isoparaffins, more preferably greater

than 85 wt% non-cyclic isoparaffins, and most preferably greater than 90 wt%

non-cyclic isoparaffins.

[040] Useful compositions of GTL base stock(s), hydroisomerized or isode-
waxed F-T material derived base stock(s), and wax-derived hydroisomerized/
isodewaxed base stock(s), such as wax isomerates/isodewaxates, are recited in

U.S. Pat. Nos. 6,080,301; 6,090,989, and 6,165,949 for example.

[041] Isomerate/isodewaxate base stock(s), derived from waxy feeds, which
are also suitable for use in this invention, are paraffinic fluids of lubricéting

viscosity derived from hydroisomerized or isodewaxed waxy feedstocks of



[039] In a preferred enbodi nent, the GIL base stock(s)
conprises paraffinic materials that consi st
wee@dasdonant | y of non-cyclic isoparaffns and oPCT/URIN€021445
amounts of cycloparaffins. These GIL base stock(s)
typically conprise paraffinic materials that consi st
of greater than 60 wt % non-<cli/clic i soparaffns,
preferably greater than 80 wt % non-cyclic isoparaffns,
nore preferably greater than 85 w % non-cyclic
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ofieboyit 26 extgreates, eferaldy abootf 30 ongreatémendimigtires of such

. hon-petroleum or natural squrce origin, e.g.,

ispragtle/aradevarate baseaecksan e@ilsgas oils, slack wax,
waxy fuels hydrocracker bottoms, hydrocarbon

[042] T iBddckswaras theatvanazayerdiyfronr wakphgdrodabsomails, e.g.,
crackates, foots oil, wax fromcoal |jquefaction or

petrodeHns ipdlsebyosolvertrorgpenefiigeratine dewnningal Salvent dewaxing
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autcrefiigarhtive dodawmeadraplods prassorikesd, divfhetfieddowi bailing 042]
Slack wax is the wax recovered from waxy hydrocarbon
hygroearbengsuchms prepeneropbutgnpy sol vent or
autorefrigerative dewaxi ng. Sol vent dewaxi ng enpl oys

[043] | Bektkswhx(@s) scuedd Asnpétholeust si¥d magtooneain Nehr and

nethyl isobutyl ketone BK), m xtures of MEK/ M BK,
nifrpgeneerdaving/Eempotnds| dectehetghodtem compounds must be removed
by hydrotreating (and not hydrocracking), as for example by hydrodesulfuriza-
tion (HDS) and hydrodenitrogenation (HDN) so as to avoid subsequent

poisoning/deactivation of the hydroisomerization catalyst.

[044] The term GTL base oil/base stock and/or wax isomerate base oil/base
stock as used herein and in the claims is to be understood as embracing
individual fractions of GTL base stock/base oil or wax isomerate base stock/base
oil as recovered in the production process, mixtures of two or more GTL base
stocks/base oil fractions and/or wax isomerate base stocks/base oil fractions, as
well as mixtures of one or two or more low viscosity GTL base stock(s)/base oil
fraction(s) and/or wax isomerate base stock(s)/base oil fraction(s) with one, two

or more high viscosity GTL base stock(s)/base oil fraction(s) and/or wax



autorefrigerative dewaxi ng enpl oys pressuri zed,

i quefied | ow boiling hydrocarbons such as propane or
wheaoana296§ 043] Sl ack wax(es) secured from pet rBCBEUR2006/021445

oils may contain sulfur and nitrogen contai ni ng

compounds. Such het er oat om conpounds nust be renoved

by hydrotreating (and not hydr.ocracking), as for

exanpl e by hydrodesul furization (HDS) and

hydr odeni t r ogenat i on (HDN) so as to avoi d subsequent
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hydrocarbon slurry liquid. The stoichiometric mole ratio for an F-T synthesis

atalyst particles in a

reaction is 2.0, but there are many reasons for using other than a stoichiometric
ratio as those skilled in the art know. In cobalt slurry hydrocarbon synthesis
process the feed mole ratio of the H, to CO is typically about 2.1/1. The
synthesis gas comprising a mixture of H; 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 liquid at conditions effective to form hydrocarbons, a portion of
which are liquid at the reaction conditions and which comprise the hydrocarbon
slurry liquid. 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



hydr ocarbons. The nole ratio of the hydrogen to the

carbon nonoxi de may broadly range from about 0.5 to 4,
whodoombioeh is nore typically within the range PET/URIING/021445

about 0.7 to 2.75 and preferably fromabout 0.7 to

2.5. As is well known, F-T synthesis processes include

processes in which the catalyst is in the formof a

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

particles in a hydrocarbon slurry liquid. The
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occurs and more preferably with no water gas shift reaction occurring during the

hydrocarbon synthesis. It is also preferred to conduct the reaction under
conditions to achieve an alpha of at least 0.85, preferably at least 0.9 and more
preferably at least 0.92, so as to synthesize more of the more desirable higher
molecular weight hydrocarbons. This has been achieved in a slurry process
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,



tenperatures, pressures and hourly gas space

velocities in the range of from about 320-850 OF,
w@0606A829psi and 100-40, 000 V/ hr/V, expressed aBCT/US2006/021445

standard vol unmes of the gaseous CO and H2 m xture

(00C, 1 atm per hour per volunme of catalyst,

respectively. The term "C5+"0i-s used herein to refer

to hydrocarbons with a carbon nunber of greater than

4, but does not inply that material with carbon nunber
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U S. Pat. Nos. 4, 568,663; 4,663, 305 4,542,122,
material during the conventional catalytic dewaxing. Hence, it is preferred that

the end boiling point of the waxy feed be above 1050°F (1050°F+).

[048] When a boiling range is quoted herein it defines the lower and/or upper
distillation temperature used to separate the fraction. Unless specifically stated
(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.

[049] 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



4,621,072 and 5,545,674. [047] As set forth above, the
waxy feed from which the base stock(s) is/are derived
WO 2000a3296¢ waxy feed frommneral oil, non-m NRPCHUSH6/(21445

non- petrol eum or other natural source, especially

sl ack wax, or GIL material, preferably F-T material,
referred to as F-T wax. F-F2lax preferably has an

initial boiling point in the range of from 650-7500F

and preferably continuously boils up to an end poi nt
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If slaclawfaxas breomsed dsithe feed, they may need to be subjected to a
preliminary hydrotreating step under conditions already well known to those
skilled in the art to reduce (to levels that would effectively avoid catalyst
poisoning or deactivation) or to remove sulfur- and nitrogen-containing
compounds which would otherwise deactivate the hydroisomerization/
hydrodewaxing catalyst used in subsequent steps. If F-T waxes are used, such
preliminary treatment is not required because, as indicated above, such waxes
have only trace amounts (less than about 10 ppfn, 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 removal of oxygenates
while others may benefit from oxygenates treatment. The 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



an unspecified initial cut point and an end poi nt
sonmewher e between 6500F and 75Q0F. Waxy feeds nay be
w@e@eas®ed as the entire fraction or as subsetBCDUS100€021445

entire fraction prepared by distillation or other
separation techni ques. The waxy feed also typically
conprises nore than 90% gesally nore than 95% and
preferably nore than 98 wt % paraffinic hydrocarbons,

nost of which are normal paraffins. It has negligible

p&ﬁ%ﬁ@% rg‘nn%?:ld;ng% @Ekds ﬁ?r %Ig@ .qgl@%é%{cgssgmaylb%soﬁserated

inphe fpeesdbicy of dgarddeanadd A98ropen rpaam pro§seirdy @hge #Iny about
| ess than 500 wppm of oxygen, in the form of
6@k iayed kBa. Meyatieof bydmgengoﬂh@hedmceﬂmm fieedstaeli (hydrogen

T A ol o L0 10 7
SCEER L RAAAL RSN e RGBS LR oous .

toSAPEKS V FeTerably 51 616 LIgSY. . slack wax or F-T vvax
may be characterlzed as a hydrodeMBX|ng process.

[Oghgc L }Tﬁﬁﬁfﬁg %&19 dltolzl%}%{tg)%{x I%Fl g?é (g%gglfgﬁzﬁ%n the
h}fdwﬁtdc'e@ﬂﬁg ahé&ﬁs}mwkd)dd@ﬁi@mftbasb laﬂﬁcks $iorh lsgeh wWaxy ! ri@eds

art" to reduce (to levels that would effectively avoid
mapnust g8 tarrpmphomﬂ hgdroprastkmg/hythmn)ermatmu aatatpstesuch as a

BSOS SRBLR, BB oRoun e i,
f
N B S, B ST g

crytalineas, d6savkmg /}g&lrbisemitzﬁﬂoﬁfe@meystSp&fera@weaezémitﬁ:
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ni trogen conpound content. However, sone hydrodewaxi ng

[082) alOtBér fs@meﬁzatlm&mlmampﬁfdebsd‘s rfefhy @roeyadkind/
oxygenates while others may benefit from oxygenates
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stoc ec;r ba}e\sg %Tfoaltrg elsgrl e f(():ra é}?e{rr){f? ; Sln ﬁlrS Va%rN%s Si r51?7,693;
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; 5,059,299; 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
(A1), 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.



catal yst. Conversion tenperatures range from about
1500C t o about 5000C at pressures rangi ng from about
WG M6t182980, 000 kPa. This process nay be oper at BAT/UR20061621445
presence of hydrogen, and hydrogen partial pressures
range from about 600 to 6000 kPa. The ratio of
hydrogen to the hydrocarbon Z3edst ock (hydrogen
circulation rate) typically range fromabout 10 to
3500 n.1.1. 1 (56 to 19,660 SCF/ bbl) and the space
velocity of the feedstock typically ranges from about
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hyg | @Bgas% @g()(hlg;@gglay%)e o]btamed Catalyst ZSM- 48 is described

in USP 5,075,269. The use of the Group VIII metal loaded ZSM-48 family of

catalysts, preferably platinum on ZSM-48, in the hydroisomerization of the waxy
feedstock eliminates the need for any subsequent, separate catalytic or solvent

dewaxing step, and is preferred.

[055] A separate dewaxing step, when needed, may be accomplished using
either well known solvent or catalytic dewaxing 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



and WD 99/ 20720. Particularly favorabl e processes are
descri bed in European Patent Applications 464546 and
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accomplished either prior to or during fractionation of the 650-750°F+ material

into the desired base stocks.

[056] Any dewaxing catalyst which will reduce the pour point of the hydro-
isomerate and preferably those which provide a large yield of lube 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 accomplished with the catalyst in a fixed,

fluid or slurry bed. Typical dewaxing conditions include a temperature in the
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[058] In the present invention the one or more isomerate/isodewaxate base
stock(s), the GTL base stock(s), or mixtures thereof, preferably GTL base

stock(s) can constitute all or part of the base oil.

[059] One or more of the wax isomerate/isodewaxate base stocks and base oils

can be used as such or in combination with the GTL base stocks and base oils.

[060] 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.
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such that: (a) BI-0.5(CH; > 4) >15; and (b) BI+0.85(CH, > 4) <45 as measured

over said liquid hydrocarbon composition as a whole.

[064] The preferred GTL 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
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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.

[068] 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 o-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 CH; methyl hydrogens.



are four or nore carbons renoved froman end group or
branch (CH2 > 4), are such that: (a) Bl-0.5(CH2 > 4)
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ppm is due to equivalent recurring methylene carbons which are four or more
removed from an end group or branch (CH2 > 4). The types of branches are

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

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

the branch.

[072] 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 methyl 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:
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using 90 degree pulse (10.9 ns), a pulse delay tine of
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hydrogen spin-lattice relaxation tine (T1), and 120

scans to ensure good signal-to-noise ratios. [068] H
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DEPT 13C’NMR experiment. A major CH2 resonance in afll
speeitalNvIBtl peastlimited t¢ @@ @turated carbon region, about 0-80 ppm vs.
TMS (tetramethylsilane). Solutions of 15-25 percent by weight in chloroform-
d1 were excited by 45 degrees pulses followed by a 0.8 sec acquisition time. In
order to minimize non-uniform intensity data, the proton decoupler was gated off
during a 10 sec delay prior to the excitation pulse and on during acquisition.
Total experiment times ranged from 11-80 minutes. The DEPT and APT
sequences were carried out according to literature descriptions with minor

deviations described in the Varian or Bruker operating manuals.

[073] 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 CHj3 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
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with low ash additives and even if the additive or additives contain sulfur and/or

phosphorus the resulting formulated oils will be lower or low SAP.

[075] Low SAP 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 wt% 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.

[076] Alkylene oxide polymers and interpolymers and their derivatives
containing modified terminal hydroxyl groups obtained by, for example,
esterification or etherification are useful synthetic lubricating oils. By way of

example, these oils may be obtained by polymerization of ethylene oxide or
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types of esters include dibutyl adipate, di(2-ethylhexyl) sebacate, di-n-hexyl
fumarate, dioctyl sebacate, diisooctyl azelate, diisodecyl azelate, dioctyl

phthalate, didecyl phthalate, dieicosyl sebacate, etc.

[078] Particularly useful synthetic esters are those which are obtained by
reacting one or more polyhydric alcohols (preferably the hindered polyols such
as the neopentyl polyols e.g. neopentyl glycol, trimethylol ethane, 2-methyl-2-
propyl-1,3-propanediol, trimethylol propane, pentaerythritol and dipenta-
erythritol) with alkanoic acids containing at least about 4 carbon atoms
(preferably Csto Csg acids such as saturated straight chain fatty acids including
caprylic acid, capric acid, lauric acid, myristic acid, palmitic acid, stearic acid,
arachic acid, and behenic acid, or the corresponding branched chain fatty acids

or unsaturated fatty acids such as oleic acid).



environmental regul ations. Such oils, known as | ow SAP
oils, would rely on the use of base oils which

W0 b@aasdoees, i nherently, are of |ow or zero i nPCT/EB2006/021445
sul fur and phosphorus content. Such oils when used as
base oils can be fornmulated with | ow ash additives and
even if the additive or addi3i-ves contain sulfur
and/ or phosphorus the resulting formulated oils wll
be lower or |ow SAP. [075] Low SAP fornul ated oils for

[oyg ! CSgSth\S/l\ﬁg:Spﬁﬁleﬁg%{ér%ﬁflﬂ%ﬂeﬁ&i hefhdende eggﬁ@ftgﬂp%%hylol

ite ave a sul content of O.

propaise, tﬁfr&a‘tlwlabbwaﬁe,ﬁtrm@ﬁlgrol lectsemie, periteenytiafieil abdior diffenta-
Wt % or | ess, nost preferably 0.4 wt% or | ess, an_ash
ergdmitehwithrone, ar mene monpearboxplie peidsisoptainiggdromabout 5 to

| e re preferably 0.4 wt% or |less, and a
a giBﬁg&E@" %BHPent of 0.18%or less, preferably 0.1

wt % or less, nmore preferably 0.09 wt%or |ess, npost
[0B80k eBHiziop-trsed oils wroanothes claan df nsefubsyndhetic hWbrizating oils.

i 5 A o A BTN S
o NGRERS o8 e BHIEEOF A CB a8 BHP R E ey
sl ,ltbtréiiégﬁfr@gl giéicg%{, ita?d-'(m%ttgméfxylfsmma,_ t@fra%?ﬂﬂ@ﬂh?lhexyl)

t hese oi ai ned by “pol yneri zat'i on
silixdalt; | tetre-(pterd-duvy phepyl) edecate ihtayl-{ Sreeathkly2-pentbxan)y |

.ethers of these pqlyoxyal kyl ene pol yners )
dlqlfﬁa«anw p@afw@w&% agRd apdRAy-(Eratayl-2rmehiylphgnyl) siloxanes.
aver age nol ecul ar wei ght of about 1000, di phenyl ether
[081] paAmethby tlase ofjbymthbtit dobrigptingnail Bastas ofphgéphaebus-

about 500-1000, and the_ diethyl ether of polypropyl ene
coglajrige asids nohese ibeladey B example, tspreawbnhow@@%, fraoctyl

1500, far . exanpl e} ;or _nopo- .and pol.ycarboxylic esters
phpigpe SenfE R G delRRaRARe Bled’ 32 fatty acid

esters, or the C 30xO acid diester of tetraethyl ene
[082]y c cAnother cl@ﬁsm%up@; inqleder) pEymeris tegalydrodurans,dheig|

hase stoc itive solvency and seal conpatibility
depRai s, éPﬁlngqAﬁlge'nay be secured by the use of esters

such as the esters of dibasic acids w th nonoal kanol s
[083d tQihepusslol fluidseofdubticatimgischsiky iricdude non-conventional or

unconventional base stocks that have been processed, preferably catalytically, or

synthesized to provide high performance lubrication characteristics.

[084] In many cases it will be advantageous to employ only a GTL base stock
such as one derived from waxy Fischer-Tropsch hydrocarbons for a particular
wear resistant lubricant, while in other cases one or more additional base stocks
may be mixed with, added to or blended with one or more of the GTL base
stocks, e.g., Fischer-Tropsch derived base stocks. Such additional base stocks
may be selected from the group consisting of (i) natural base stock, (ii) synthetic

base stock, (iii) unconventional base stock and mixtures thereof.

[085] Ifa base stock blend is used it should contain at least 20 wt%,
preferably at least 40 wt%, more preferably at least 60 wt%, most preferably at



acids. Esters of the fornmer type include, for exanple,
the esters of dicarboxylic acids such as phthalic
wa@edod;13ecci ni ¢ acid, al kyl succinic acid, alkeemUs2006/021445

succinic acid, maleic acid, azelaic acid, suberic

acid, sebacic acid, fumaric acid, adipic acid,

l'inoleic acid dinmer, malonicgsacid, alkyl malonic acid,

al kenyl malonic acid, etc., with a variety of al cohols
such as butyl al cohol, hexyl alcohol, dodecyl al cohol,

S AP B TP TRt B
S A AR g o I S, sl rnly

a;g)mélﬂt any Goronilydednil ﬁﬁ]iﬁh%sudh dexdynd Whﬁll&aix&ilﬁting performance
i e cos¥l sebacate, etc. [078] Particularly useful
supgrioh ée ihat ssewred vedrea susbswherbask ssock istsed auclubively will be

o5 a5 D SO U 53 L
5 S SLNGR pei<TEL B raTAA -2

taerythritol and di peptaerythritol) with alk
l0§§ ds ﬁ{lféligﬁiqaa%sttak@he thogggsent invgrition lﬁthWU?atlng low

SREELSY 0SB0 0 A M A TR 5 e

luBfit4ht regurb@easi ohth&WEMPs.C acid, palmtic acid,
stearic acid, arachic acid, and behenic acid, or the

bmwdi ng branched chain fatty acids or

ed fatty acids such as oleic acid).[079]
E}éﬂlél@.bl' e synthetic ester conponents include the esters
— Ol

thyl ol propane, trinethylol butane,

(a) r iPFhénd QIRESaﬂﬁ@?Iaxe:pArﬁtaﬁm‘i’dxhéﬂridli]uaaﬂﬁi@jf of salicylic acid
di pentaerythritol with one or nore nonocarboxylic

aci(Addridntwanaddedislowlasoaheded §SQHouand stirred balution of

at . [0 I,l'i gon-based aqi l e t her ¢l ass of

s ets Sk abu Cunprtiny Aghe (REhmrfddeas: 1he Rawgmure
0 A r - - :

Po Bt i 1o BR52C 1Al o, (RO CXAERNIC renlin of acidebase | o

of neuirblapitiors i TheRmpaarde Mdsshemedisetbtd E16°@fdiyl hour. A

silicate, tetraisopropyl silicate,

t ebright peléowsohgion Wa$ foreagdeyparecoaing- net hyl hexyl )

(b) Primene 81R-Oxyoctadecyl salicylate: Same procedure as in (a) except

that the final temperature was increased to 135°C for 1 hour.
(c) Primene 81R 5-Octyldecyl salicylate: Same as procedure (b).

(d) Thiadiazole salicylic acid, thiadiazole 5-Oxyoctyldecy! salicylate,

thiadiazole 5-Octyldecyl salicylate: same as procedure (b).

[087] At 105°C, the products were the salts of salicylic acid. At temperatures

above 120°C, the products were the amides of the acids used.

[088] All above additives were also borated with B(OH);. The total amount
of boron added to each molecule ranged between 50-1000 ppm.



silicate, tetra-(p-tert-butyl phenyl) silicate,

hexyl - (4- met hyl - 2- pent oxy) di sil oxane, poly(nethyl)
w@Rloesz¥es, and pol y- (net hyl - 2- neht yl phenyl ) sPCDX82086021445

[081] Another class of synthetic lubricating oil is

esters of phosphorouscontai ning aci ds. These incl ude,

for exanple, tricresyl phosphate, trioctyl phosphate,

di et hyl ester of decanephosphonic acid. [082] Another

class of oils includes polyneric tetrahydrofurans,

their derivatives, and the like. [083] O her useful
Example< of | ubricating viscosity include

10RE0 < “PBS o 8RR ol YA BRETRh PR daifjEnt PPk

saB¥Plafieand Eﬂxe&‘aeﬁ'&/?té{é%einfﬁ&%h@@sfti.m mance | ubrication

racteristics. In many cases it wll be

d t I . t . h
(a8 S T TEON i Bt FligpER Bnlre O Fop Test
a . ; . ¢ . T .
¢ 2TE A% MSTOF bURA 5T BTN g 10 Pregitihich et
W tnh);boapj@k%fér tjep@gﬁt,blFendﬁd vvi_l_t h onﬁ (cj)r m)rg gf t he GIL
base stocks, e.g., Fischer- roEsc erive ase

stocks. Such additi onal cks may be sel ected

fromthe gr G j Sti. 0 ).n rak: e stock,
(ii) synt heﬁﬁggﬁg@egw&mor\ix “%“eﬁ%%@%%m base
stock and m A gdigise iROIEPwt%[ 085] | f a base stock

bl end is useg, it ,should @ontLai n at 2 %

pr ef er abl ya&ﬁ@&M@we M | east
60 wt % nost prefé)r.@t(ﬂﬂy atl east 80 wt 2/&f the GIL base
stock or base oil,; ¢ slack wax or Fisgher-Tropsch
deri ved base st oclz @y eferably Fi scheliz'gr opsch derived
base stock. As is %dily apparent, any _fornul ated oil
utilizing such a BL&Rd while exhibiting’perfornmance
sugagri or to that secured when such other base stock is
us

th

phwsphrrus dtom WilDDPbe i nferior in performance to
5 achi eved when GIL base stocks, Fischer-Tropsch
defi fidty foasmlated kWoB 0 wibdomt&@nitee? ed?o cenvdntionnl metdse

stock enpl oyed. [086] Advantage can be taken of the
pr eslstfrgenhudlns convemionst pdditivehg | ow

@ same as (1) but less the 2 wt% metal detergent replaced by indicated

amount of ashless Primene 81R Salicylate detergent.

These results indicate that the addition of amine salicylate to a 5SW30 formulated
oil without metal detergent significantly reduced deposit formation by an

average of 63%) in this test.

(b) Total Base Number Evaluation:

Alkalinity reserve in formulated oil is critical for extended drain
performance. Amine salicylate appears to provide additional TBN to the

oil as shown below.



sul fur, low ash and | ow phosphorus | ubricating oil

conpositions to net the latest |ubricant requirenents
wWoR0bha290EM s. EXAMPLES Exanple 1 (a) Prinmene BCTRUS2006/021445

Salicylate: A stoichionetric quantity of salicylic

acid (Aldrich) was added slowy to a heated (500C) and

stirred solution of Prinenes8lR a C]2-Cl4 tertiary

am ne (Rohm & Haas). The tenperature kept rising to

1050C due to the exotherm c reaction of acid-base

neutralization. The ten'pef re,was then raised to

126C for 1 hour. A bright sol ution was forned

upon cool i ng. THM AdIps8ef PHmAYDIR 8dReYlatesal i cyl at e:

Sanme procedure as in (a) except that the final
tefperature was 1 ncreased to 1350C fQr hqur. (C
Pr:ﬁ) ! tlms PO*LyI dpryl salli Pyl tn§'8QaE'I‘ ﬂq(gjnr ﬁm):?dQLtp

(b] TEM)mgK@#i/aile salicylic acid, thiadiazolege
5- Oxypc decyl “salicyl ate, thiadi | e |5- yl dec
salic gg‘%ﬁgglame as procedure (b a(f§87] At?-: OSDC,sy-{)he
pr odunit §.08841% Phespledrus 536 @il cy! i Loaci|d. 24 5.2
t emperatures above 1200C, the products were the am des
PEN berqigl BasdNathber 08811 MhdasaRMey addiNi v£339VErIe] fitraf
bor at ed withS B(OH) 3. Thestotagl anount of boron agded‘% on)
to each nol ecul e ranged between 50-1000 ppm Exanple 2
(c] ogeitiigrrsaindxAntpdeidghiiispatiiitiexcel | ent per f or mance of
Primene 8IR salicylate and other derivatives in bench
t eAmine(sa)icYRESIhB8ChFdinperoxidOBEconmpesing -cApalbidity amd
Engine G| Sinulatjon Test is_an ASTM bench test (D
63 P9ysiblesiygsegismovih antivicanpdditive idab R asrshown below:
turbocharger deposit. TABLE 1
TABLE 3

Four Ball Wear Results (ASTM D4172) for Primene 81R Salicylate

Test Conditions 0.0 wt% Phosphorus Oil 0.05 wt% Phosphorus Oil
60 kg, 1200 rpm, Wear Scar Diameter Wear Scar Diameter
100°C, 60 mins. (mm) (mm)

Additive, No 90 mmol No 90 mmol
wt% t-BHP t-BHP/1000/g t-BHP t-BHP/1000/g
0.0 1.51 1.51 0.64 1.54
0.5 1.48 1.14 0.48 1.02
1 0.39 0.65 0.43 0.59
0.66 0.51 0.42 0.48

The wear scar diameter results for an oil containing just the ZDDP and no
Primene 81R salicylate or other detergent (metal) or ZDDP and metal detergent

was found to be 0.64 mm in both instances.

(d) Thin Film Oxidation Test (TFO):
TFO is another bench deposit test (3 hours, 630°F, 2500 rpm, oil flow 245
cc/min, and airflow 200L/min), that relate well to the VWTDi2 (CEC L-78-
T-99) piston deposit test. This test is described in SAE 85 1797. Results

show that amine salicylate, amine 5-octyldecyl salicylate and their borated

derivatives are good ashless detergents:



TEOST Deposits for Prinene 8IR Salicylate Additive in
0. 05 wt % Phosphorus G|, (a) wt % Deposits, ng 0.0(1)

WQ@7008/13296{ 1) 8.4 2.0(2) 12.8 3.0(2) 9.7 phospheCTEsinemm144s

ZDDP (1) fully formulated 5 W30, oil containing 2 wt%
conventional netal detergent plus conventional
additives 2) sane as (1) but3dess the 2 w % net al

det ergent repl aced by indicated anmount of ashl ess
Primene 8IR Salicylate detergent. These results
indicate that the additiogpafipm ne salicylate to a

SVB0 fornulated oil wthout metal detergepp Cleanliness Ratin
significantly reduced deposit formation W
of 63%._1in thi est. (b). Total Base Number Ht g8t Hon

Al kalX ] ated oil is critical for

a I

ext ended [ r A ne salicylate appegrs
to provi (ggg 2‘3% ?ﬁ%e%eﬁ%g?g%% oil as shown 70

bel ow. TABLEvwdoT8Monnal 9dicy 128 Prinmene 8IR Salicyhate
TBN = Total Base Nunber of oils neasured by ASTM D4739

(HO ti-t rla23 e PrdineAnt8lReSalicyidteAmidi oxi dant 90

Capabi | i t]i 25 wit% ChReufddlicylaé e shows hydroperoxi de

deconposi ng capability and possible synergismwth

ant i wear laZidiwtyo/RrizoDe 8dR ShlivylatseBonatedABLE 3 89
and 1.25 wt% Calcium Salicylate

Formulated Oils with Alkylated Salicylate

- 2.5 wt% Primene 81R:5-Octyldecyl 70
Salicylate (Borated)

- 1.25 wt% Primene 81R:5-Octyldecyl Salicylate 91
and 1.25 wt% Calcium Salicylate

- 1.25 wt% Primene 81R:5-Octyldecyl Salicylate 90

(Borated) and 1.25 wt% Calcium Salicylate

* Higher number means cleaner.

(e) VWTDi2 (CEC L-78-T-99) Piston Deposit Test:

Prime 81R salicylate and its borated derivative and Primene 81R
5-octyldecyl salicylate were evaluated in this bench engine test. Results
show that this class of ashless additives can also perform well in a fired

bench engine test:



Four Ball Wear Results ASTM D4172 for Prinmene 8IR
Salic late The wear scar dianeter results for an oil

W@ omwbasng j ust the ZDDP and no Prinmene 8l R seCT/Ugloaé/e21445
or other detergent (nmetal) or ZDDP and netal detergent
was found to be 0.64 mmin both instances. (d) Thin
Fil mOxidation Test (TFO: JI$#Q is another bench
deposit test (3 hours, 6300F5 2500 rpm oil flow 245
cc/mn, and airflow 200L/mn), that relate well to the

VWD2 (CEC L-78- T-99) npi posit test. This test
i s descrl bed |n SAE 85 17%1” ts show that am ne

octyl oecylpr deCyI ate and the % ne 81R
bor at ed deri vati ves as ents: T
M TFO d eanl i ness Ra?llgrgm dﬁ&fgﬁ% Ql decyl

Gls with Salicylatp r$t ﬁ% 5gﬂ°ﬁq%~a %éécylate
70 - BlendvCrdeal ci um SS‘A‘FYI@W at(%‘m}t salicylate, pr i Mpshated)

1

fﬁpb%@ﬁ'@w@” 2 sb1- 821t el Zor g e 1Y ancl 1. 2460

%ﬂptlllm inlr_\ll tp Eormil ated -G.lis with A|kAl ated

S@N%ﬁmng%ﬁ Wt 26 Pri nend 81R. 5- Qgtyl decyfl 70

%Elmﬂﬁ &) (Borat ed -5.8525 jwt 9%-6¥i nene 5.98
5—CEctyrdecyl—Satcytate 91 —and—3125 w9 Catcium
Fadron Y ASTS D495P5 wt % RO2nene L685- (ct yl @68yl 0.03

Sal% cyl ate 90

TFO (3 hours, 630°F,
2500 rpm, oil flow 245 70 89 91 90
cc/min, air flow 200

L/min), cleanliness rating

VWTDi2 Piston Deposit
Test (Rating 0-100, 41 51 60 64
where 100 is clean, > 60
is a pass)

Example 3

[090] Thiadiazole (Vanlube 871) derivatives of salicylic acid and 5-oxy
actyldecyl salicylic acid showed good performance in the TFO test (oils 1 and 2)
when used as a replacement for 50% of the detergent in a fully formulated

5 W 30 oil containing 0.08 wt% P (reference Oil 3). The TFO results are

t

presented in Table 6.



(Borated) and 1.25 wt % Cal cium Salicylate * Hi gher

nunber neans cleaner. (e) VWWT D2 CEO L-78-T-99)
woe@baseobeposit Test : Prine 81 R salicyl ate anpCT/US2006/021445

borated derivative and Prinmene 8l R 5-octyl decyl

salicylate were evaluated in this bench engine test.

Results show that this class3gof ashl ess additives can

al so performwell in a fired bench engine test: TABLE 5

Exanpl e 3 [090] Thi adi azol e (Vanl ube 871) derivatives

of salicylic acid and 5- o%l decyl salicylic acid

showed good performance i FO test (oils 1 and 2)

when used as a repl agaEEin ORIdDWDEstt he detergent in

a fully fornulated 5 W30 oil containing 0.08 wt% P

(reference O 3). The TFO resulbsditior 1pr esent €dndition 2

Tabl e 6 TABLE)IIS Thin Film 0(| daviildy) Regisg Oonctlsta,vae) Rating
ng—(Severe);

RatTmg

Thhiadiazels ﬁh@ala't@ﬁ@dt]é (O’I 1) 89 8% Thi adi azol e, 64

- 5; L ate 9 62 Refe gnce al (al 83
ig%%%%l?,%éxy_[sahgg @Hleﬁeat 54CI)F D| sk tenperat ?ze
BléferenldI@ili(OM HS minutes. Conditign 2 = G| prehggt
5500F, Disk tenperature 6300F, Duration 180 m nutes.

ki £ Mg i abek ) B

Cartdiitaehed Z €)ibprahét 6 01H; D dcyempsadtire YB AR Dur&tb rédiminutes.

Olgg\gosrqg/e {‘1{ @%%ﬂ?ﬁﬁﬂq’ﬁé’ of er pceetq detel)gentl?rel f5%&3eon(CR%ference Oil 3).

0il 2 = 50% thiadaizole 5- Oxyoctyldecyl salicylate + 50% metal detergent in 5W30
(Reference Oil 3).

Reference Oil 3 = SW30 fully formulated oil.

[091] Thiadiazole salicylic acid derivatives also showed significant hydro-
peroxide decomposition capability relative to the reference oil, which contains
ZDDP as the main source of hydroperoxide decomposition in the oil. A§ shown
in Table 7, the decomposition ratio of ZDDP:t-butyl hydroperoxide (t-BHP) in
the reference oil is 1:3, which is in a very good agreement with literature values.

Addition of the thiadiazole derivatives to the oils more than doubled this ratio.

[092] The oils were examined by carbon-13 nuclear magnetic resonance
(NMR) spectroscopy on a JEOL GSX-400 NMR spectrometer at Larmor
frequency of 100 megahertz. The sample temperatures were varied in situ over a
range of 27°C and 68°C. Between 200 and 350 transients were acquired for
each spectrum, with a 90 degree pulse on the carbon nucleus, and inverse-gated
proton decoupling. A spectrum was acquired at 27°C, to measure the initial
relative concentrations of t-butyl hydroperoxide and t-butyl alcohol.
Subsequently, the temperature was raised to 65°C, and maintained at this

temperature for 240 minutes. Spectra were acquired periodically, and the



[091] Thi adi azole salicylic acid derivatives al so
showed significant hydro peroxi de deconposition

W@ apahsiosty relative to the reference oil, whiBOT/US2006/021445
contai ns ZDDP as the mmin source of hydroperoxide
deconposition in the oil. As shown in Table 7, the

deconposition ratio of ZDDPap-butyl hydroperoxi de
(t-BHP) in the reference oil is 1:3, which is in a
very good agreenent with literature val ues. Addition

of the.thiagiazo erivatives to t.he oils nore.t
aegmesiTh o PES) By ARty S ialitEe by e e
O S B A Gt e the aleghol.

Larnor frequency of 100 negahertz. The sanpl e

tenperatures were varied | over a range of 27C

and 68C. Between 20Q and.% were acquired
for each spect r um2HFH¥S e on the

carbon nucl eus, and ARyge- 9at CehihQhemiACOUPkiAGerButy!
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C ncen?ratl
S 0

relat'%e concent r gty
——44%H#$§—3§%H#¥¥ .—gggggﬁUEH£E¥; Phe—ﬂgaﬁﬁﬁature—maég——————_—
Thiadiazale 3258181, and nmisnt apned at t hi sgpenperature for

(049 m nutes. Spectra were acquired periodically, and
Thiadéateleoriegletei on of {5 hugyl hydroper gyjde was g
(Oridni t ored by conparing the oxygen-bonged car bon
Thisléaxobnées for the S%Qr roxi de and g@e al cohol . 3
OxVABIcEafe HydOpper oxi mposi tion Addi tive InitiaP
RefRédce®ill y3) Final tent Aypp) concentrappon + 134
Hydr oper oxi de, Hydroperoxi de, QI ZDDP in mmle nmol e
mol e Thi adi azol e salicylate 123 + 22 (G| 1) 200 7



Thi adi azol e salicylate 35 + 22 200 28 (G| 1)

Thi adi azol e, 5- Oxysalicylate (Ol 2) 35 + 22 200 63
wRedoensasee O | (3) 22 (ZDDP) 200 134CLAI M5: 1. PEIUS2006/021445

ashl ess detergent conprising the reaction product of

an amne with a salicylic acid and borated derivative

thereof. 2. An ashl ess detergent conprising the

reacti on product of an amne with a sulfonic acid, and

borated derivatives thereof. 3. An ashl ess detergent

| sing the reaction product of a thiadiazole with
C];xig/ﬁ'cyl ic acid, and borated derivatives thereof. 4.

An hl ess .det ergent conpri.sing,the reactiqn product,
o o R eSlets At tent OB rPloathe Adiciondi N S A pmine
[ ' ] a4 AL I etergent of claim
wff;ﬁ%ﬁéﬁ%&l‘é? aglﬁsé]n??tge?rﬁéflhde&ﬁgg? itger?éggoduc? is a salt.

6. The ashl ess detergent of claim1l or 2 wherein the
am rk reasshiets deterganbeqmpiisingrtbe peastiostpiroduedimni araing

or secondary amne. 7. The ashless detergent of claim
w18h Wé‘f{épﬁ: ?‘ﬁ@’ %ﬂfr ﬁ‘éraFeéia‘I‘?ré‘f?ttWi% theteal- ky| “substi t ut ed

primary or secondary anmi ne. 8. The ashl ess detergent

of . aiAn dshibsrdtergbhecAnbfisingeRe téttiohpradéd-d¥4Qhiadiazole

teteriary al_ky[&mcﬂroup substituted primary or secondary
wighriisalicgic ¢id, bemtediderévagiies théreof.ai m 1 or 3

wherein the salicylic acid is an organi c group

subst | 14} £6h1SRdebdtbb it Athflising the reaction product of a thiadiazole

with a sulfonic acid, and borated derivative thereof,

5. The ashless detergent of claim 1, 2, 3 or 4 wherein the reaction

product is a salt.

6. The ashless detergent of claim 1 or 2 wherein the amine reactant is an

organic group substituted primary or secondary amine.

7. The ashless detergent of claim 6 wherein the amine reactant is an

alkyl substituted primary or secondary amine.

8. The ashless detergent of claim 7 wherein the amine reactant is a

C4-Cyy teteriary alkyl group substituted primary or secondary amine.

9. The ashless detergent of claim 1 or 3 wherein the salicylic acid is an

organic group substituted salicylic acid.

10. The ashless detergent of claim 9 wherein the salicylic acid is a
C1-Cyp alkyl, C;-Cyg alkenyl, Cq-Cyg cycloalkyl arylalkyl, alkylaryl, aryl,
heteroatom substituted C,-Cyg alkyl, C,-Cyg alkeny, Cq-Cag cycloalkyl, arylalkyl,
alkylaryl, aryl.



10. The ashl ess detergent of claim9 wherein the

salicylic acid is a C]-C40 al kyl, C2-C40 al kenyl,
w@2e0easeycl oal kyl aryl al kyl, al kyl aryl, aryl,PCT/US2006/021445

het er oat om substituted G -C40 al kyl, C2-C40 al keny,

C6-C 0 cycl oal kyl, arylal kyl, alkylaryl, aryl.11. The

ashl ess detergent of claimlfy wherein the salicylic

acid is a G 0-C20 al kyl, al kenyl, cycloal kyl, aryl,

arylalkyl, alkylaryl and heteroatom substituted

At A
I HIEDL oy oy O S ML BN o

sublegituged detieative ﬂmrazfdubsmwtai @picyliOaalkyl , C2- C40
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organic group substltuted sulfonic acid.

16. The ashless detergent of claim 15 wherein the organic group
substituted sulfonic acid is C;-C; alkyl, C,-C;q alkenyl, Cs-C; cycloalkyl, aryl,
alkylaryl, arylalkyl and heteroatom substituted derivatives thereof, NH,, OH

substituted sulfonic acid.

17. A low ash lubricating oil formulation comprising a major amount of
a base oil of lubricating oil viscosity and a minor, additive amount of at least one
low ash detergent selected from the reaction product of (1) an amine with a
salicylic acid and borated derivative thereof; (2) an amine with a sulfonic acid
and borated derivative thereof, (3) a thiadiazole with a salicylic acid and borated
derivative thereof; and (4) a thiadaizole with a sulfonic acid and borated

derivative thereof.



and borated derivative thereof, (3) a thiadiazole wth
a salicylic acid and borated derivative thereof; and
W@ 20064329 adai zole with a sulfonic acid and boPer/@82006/021445
derivative thereof.18. The |ow ash lubricating oil
formul ation of claim 17 wherein the reaction product
conprising the I ow ash deterdggent is a salt. 19. The
| ow ash lubricating oil fornmulation of claim?17
wherein the | ow ash detergent is present in an anount
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t heréof substituted thiadiazole, the salicylic acid is
organdt subktiiited [thiadzol4ahalskHoxic, aolih iCaDorgani osdbsyituted sulfuric
arylal kyl alkylaryl, aryl, heteroatom substituted
aCderi vative thereof substituted salicylic acid and the
sulfonic acidis a C-C] 0 alkyl, C-G 0 al kenyl,

T
amsmbstd €yl aloll f OpiC alkiedyl, C¢-Cyg cycloalkyl aryl, arylalkyl alkyl
aryl or heteroatom substituted derivative thereof substituted primary or
secondary amine, the thiadiazole is in C,-Cyq alkyl, C,-Cyp alkeny, Cg-Cyo
cycloalkyl, arylalkyl, alkylaryl, aryl or heteroatom substituted derivate thereof
substituted thiadiazole, the salicylic acid is a C;-Cyq alkyl, C;-Cyp alkenyl, Cg-Cyo
cycloalkyl, arylalkyl alkylaryl, aryl, heteroatom substituted derivative thereof
substituted salicylic acid and the sulfonic acid is a C,-Cyq alkyl, C,-C;q alkenyl,
Cs-C) cycloalkyl, aryl, alkylaryl, arylalkyl, heteroatom substituted derivative

thereof, NH, or OH substituted sulfonic acid.

23. The low ash lubricating oil formulation of claim 17, 18, 19 or 20
further containing at least one additional performance enhancing additive
selected from detergent, dispersant, antioxidant, pour point depressant, viscosity

index improver, anti wear agent, extreme pressure additive, friction modifier,



23. The low ash lubricating oil formulation of claim

17, 18, 19 or 20 further containing at |east one
wa@adaetidnal performance enhanci ng additive sel BCT/@82006/021445

from detergent, dispersant, antioxidant, pour point

depressant, viscosity index inprover, anti wear agent,

extrene pressure additive, f43iction

nodi fier,denul sifier, antifoamant, antiseizure age,

corrosion inhibitor, lubricity agent, seal swell
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| ubricating viscosity is selected fromthe group

consi sting of GIL base stock, wax isonerate base oil

and 2d.xtTheelowt ashr mbtica@ihg oilferholatiaatofl aldim ¢at 181d 9oéd 20

formul ation of claim 24 wherein the base oil of o
whensi the: basg ojl eClubricgting viscesity isasstectedbfiem the group consisting

of GTL base stock, wax isomerate base oil and mixtures thereof.

25. The low ash lubricating oil formulation of claim 24 wherein the base

oil of lubricating viscosity is a GTL base stock.



