WO 2006/ 132964PCT/ US2006/ 021445 - 1 - ASHLESS DETERGENTS AND FORMUJLAI ED
LUBRI CATI NG O L CONTAI NI NG SAME FI ELD OF THE I NVENTION [1] The present

i nvent i orwoeb@ats296to det ergents and | ubricating oil forroratSe@a/oeanas ai ni ng
det ergent. DESCRI PTI ON OF THE RELATED ART [2] Lubricating oil technol ogy
currently enpl oys al kaline and al kaline earth netal sulfonates,
salicylates, and phenates as detergentd -and as a neans for nmaintaining the
total base nunber of the lubricant so as to counteract acidity and acid
buildup in lubricating oil, especially engine oil during use. [3] These
detergents however are a soug§Ge pQfg EEH"EI(G&%{TS! J%?Em |. [4] In the com ng
years nore stri ) L ﬁ‘gl ar 1 ssions from
di esel engi ne, @Mﬁfu. elggﬁ?{gggcwﬂ,c...épw a@ﬁ%md to go into
effect in nost of the major markets. Vehicle manufactures will |ikely be
required to utilize diesel particulate filter (DPF) technol ogy as part of
t hei r exhglEl DaOF FTHEIPBMIPNATON rategy to mitigate/control particul ate
matter em ssions. Other em ssion regulations will also stipulate the

dur ati on HIOL}i | ddgepressnt ipyestion relatecioedstengniscangs luprigaiing gil {pamulie

adequat e Perfor%anceqoge after treatnent devices such as diesel particulate
filters. UPBFORRUIBEIGCIETER ol atile ash in the |ube oil contributed by the
met al sul f onat salicylate, or phenate detergents, as well as by the zinc

cont ai ni nPESGCRIBEION §HhTEIH REITEDBAR]I | | becones a major constituent of

articul a t-;A eni.tted from,a dié;el engi ne. 6] Contrgl ..of thjis ash
P peat { i) breRind Bl RmIPes ErEhy Aol allsBhing BRG plkaiiBe chthS 2o
conponent i i i i j can be

o P one. skl shftenfied Gificolated AndbhERME0TS BCARGLERRE A0E IndiaBr o0 PP |
so as to mathisminsthetot) basemtimbeh of eid kbticusnesss tof cduntsiacicdigditg ahg f or
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acid buildup in lubricating oil, especially engine oil during use.
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[003] These detergents however are a source of ash in the lube oil.

[004] In the coming years more stringent limitation on particulate matter (PM)
emissions from diesel engine, especially diesel powered vehicles are scheduled
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



- 2 - their intended purpose of detergency and/or total base nunber

mai ntenance in the formulated oil. [7] Another way nust be found to control
t he sul f avedo@siz2wit t he | ubricant attributable to the decengens®2mhs| e not
| osi ng the necessary and beneficial functions of the detergent additives.
DESCRI PTION OF THE | NVENTION [8] A new class of detergents has been

di scovered which are of no or very | owjpash insofar as they are not netal
detergents, the new ashl ess detergents being the products of sulfonic acid,
(organi c group substituted) sulfonic acid, salicylic acid or (organic group
substituted s licylic acid acted w azo (organi c _group

subst it ut ﬁ?ﬁé’iﬁ?&se %@é%ﬂgﬁﬂw aBﬁ&}E"s'i ﬂg ?tégaﬁlﬁ‘t}lapﬁgﬂ? bor at ed
derivativ | osed are fornul at ed Iubrlcatlng oi | conpositions
contalnlngégcéégﬁﬁgaﬁgshless detergents. The ashl ess detergents di scl osed
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formul ate rlcalng (o] erge unc n|n ase oils

conpri si ngm@ﬁgﬂpohh@q&gfgehtad@f%p Il (e.g., GIL or other wax isonerate),
G oup 1V, Group , and m xt ures thereof DETAI LED DESCRI PTI ON OF THE

| NVENTI O - { ents are general ly described as
(organic g H+onate salts and am des, (organic

group sub t %dxée@@l ogfa é}ﬁ&?%%ﬁ%éﬁd Bveid6Hich &PL g?ﬂ?%rq;e%“p

substi t ut th| Iazo salts a reaction produc
(organi ¢ 1gkoskh ﬁllsbﬁetrla@uh@direxﬁutqﬂetazaéterg?@nts it abw hlds§ defdigeact i on
products [ 10] As used herein and in the claims, the term" or gani c"

"or gani ¢ bpingtie produstsgefriudfonaciacidl (orgetieraroup sabsjrtuted) sulfonidiacid, attached

to the re 0 e mal ecul e throu a .carbon, e up of
car bon an# lﬁygF%%{tora gamcgroulbﬂfl?sgﬁ %B}SQ’]E&Y@P&&E macgeg}ng(gga glaf‘ rom one or

nor e of e | f ei ng
pr esent gdslaés@gt Q\{r%?ljﬁ gg{)nsﬁ fc@{&? hlagfsg Gﬂ%ﬁahﬂ p (?d}l(%ﬁ%%%sgam o
group or drﬂﬂh@ﬁ'bdrﬂfékltdé@ﬁ/atlgé@u}lxﬁfscpdlsél@@é&afesfcﬁﬁiﬁmw%t%@dt oiel y of
carbon and hydrogen and include aliphatic groups or radlcals whi ch enbrace
| i near ambnhpcmh@mjccmtkmhn@ﬁnbse newaashigsd detexgemted Tdnlelashidss getzugentor

radi cal s, cyclo phatlc grqups, or radicals whi ac cl oal kyl and
cycl oal kéﬁ‘;‘ﬁlo §lhgary %PEHZ%d 1%?‘6‘%9‘%*‘8% ograrﬁ%gg é e Befli ng

nono cycl I Cat§ ounds
whor el b e TEHOBGE O gt BATRHOR AR el BPou S LERERT ! Sl
al l cyl eng QRW%Hétre?géﬁt%@ Qéth%giﬁgrecﬁél‘i’tﬁ%fabé‘d Sﬁﬂ%tﬂrwé%ﬂt epiiRe substituted
with aliphatic or cycloaliphati€ groups or radicals d aliphatic or

cycl oal i doerhitatet hipicating waldi Thdse detdrgentsfuadtion irhbasecoiis ¢amprisings or

radi cals, as well as_cyclo groups forned when the ring is corrpl eted t hrough

di f f er entGiswipth Siteuafﬂ tHouRdl @8-« Clly ot Atheg Wasgisemerateh Giomim ihe cycl o
group; gr r al s ed of carbon, hydrogen and one or nore than
one of th OEIQrPZ g@&?eﬁ?&%’ t eroat ons (nltrogen sul fur, oxygen) wherein
t he het eroat ons areELpS resent as skeletal elenents in the carbon and hydrogen
cont ai ni MEEAILEDLWDESCRIPTION QF FHE ENVENEIONmosed of carbon, hydrogen

and one or (glgre t han on of the same or different het er oat ons (nltrogen

sul fur, 409 n)Tla&n%\m less, defergrmis preogenanally dessibedas (Y2 &HOWdNt ai ni ng

chain or r r ring,
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hydr oxy, séﬁ&%ﬁé safs A8l anfidbe r(oré’ﬁﬁ@?i‘ddf sdB%"tl‘t?@EHPthlﬁﬂiEtE@lEtﬁﬂf’onﬂfE s Nitro,
nitroso, sulfoxy and other groups ] The organic group or radical is
prefer ablandceaqtmqﬁtoducts; ad/(wgaciergronp anbstityted) ghindiamwie sgicfiateshlty it is
an aliphatic, cyclo aliphatic, or aromatic group or still nore preferably
an ali phéﬂdéefgﬁmmr@ﬁluﬁédl cal, nost preferably an al kyl group or radical.

[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
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t hi adi azol es and sulfonic acids are represented by the foll ow ng
non- | i m twogodeosmska: O OH Il CGOH Amine /R2 H N\ R3PChiumdicametass
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optionally heteroatoms selected from one or more of nitrogen, sulfur and

oxygen, said heteroatoms when present being present as skeletal atoms and/or in

substitutent group(s).

[011] Organic group or radical includes: groups or radicals composed
exclusively of carbon and hydrogen and include aliphatic groups or radicals
which embrace linear and branched alkyl and linear and branched alkenyl groups
or radicals, cycloaliphatic groups or radicals which embrace cycloalkyl and
cycloalkeny! groups or radicals, aromatic groups or radicals, including mono
cyclic, fused polycyclic, spiro compounds and multi cyclic compounds wherein
individual cycles or polycycles are attached to each other through alkylene or
hetero atom bridges, aromatic groups or radicals substituted with aliphatic or
cycloalipha‘gic groups or radicals, and aliphatic or cycloaliphatic groups or
radicals substituted with aromatic groups or radicals, as well as cyclo groups
formed when the ring is completed through different portions of the molecule
attaching together to form the cyclo group; groups or radicals composed of
carbon, hydrogen and one or more than one of the same or different heteroatoms
(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.
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[013] The salicylic acids, amines, thiadiazoles and sulfonic acids are

represented by the following non-limiting formula:

on f
Salicylic acid C—OH
R1
R2
Amine HN
R3
N—N
Thiadiazole R1— 5— C/ \C——S—— -
OH
Sulfonic acid
X—Ar—80,0), H
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



Rl is hydrogen or a Cl-C40 al kyl, C2-C40 al kenyl, C6-C40 cycl oal kyl,
aryl al kyl, al kylaryl, aryl, heteroatom (oxygen, and/or sulfur and/or

ni t r ogen)weubetistasted Cl- C40 al kyl, C2-C40 al kenyl, C6- €¢0/usyaico2d4uy|
aryl, arylal kyl, alkylaryl, preferably hydrogen, C10-C30 al kyl, al kenyl,
cycl oal kyl, aryl, arylal kyl, alkyl aryl and heteroatom substituted
derivative thereof, nost preferably hydrogen, C15-C20 al kyl, al kenyl,
cycl oal kyl, aryl, arylal kyl, alkylaryl and heteroatom substituted
derivatives thereof (derivatives thereof including heteroatom substituents

t tached oty PRERI BRI LR AR AR B Nl S e BV ABRLL 2 ana
are hydroge;ﬁafglza fetfadl did1 o P’Cg iAlgf6viMed tRR FC2hCRE AR It Woth BEY!

aryl al kyl , aryl "and” heter oat om substitutent derivatives thereof

provi ded t hdiydfdgemdn&® maferablybot h be -5.. hydrogen, preferably R2 and R3
are the sane or different and are hydrogen, C4-C20 tertiary al kyl group,
agai n provided that R2 and R3 cggnot botihcilg hydrogen, nore preferably
H3Cr3 cH2 CcH, Iz cHc H3 wherg¢infz is 1 fo 4, preferably 2; x is hydrogen,
C1- C10 al kyl, C2-Cl10 al kenyl+—C6= dyct GHaryl, alkylaryl,

aryl al kyl, and hydrocarbyl substitwted deri vati ves thereof, NH2, OH,
preferably hydrogen, C6-C10 aldwy); Ar isQPtenyl, naphthyl, anthacenyl,
preferably phenyl or naphthyl, nost preferably naphthyl; y is 1 or 2,

preferably hyhawth £hel to bppmtf@dbgezj vatives. [014] Any thiadiazole or
derivatives thereof is suitable for use as a starting material reactant to

be reacted.w™ t ald cyiil Cj fronkc i a1 Rhi adi and

dor vat i vodd ke EFEEHIOECE Sy il G0 SR BATL A9EEL ™"
4,617,137, Lég@aﬂ(ﬂﬁéﬂd‘ﬁ?dro%ﬂsﬁﬁﬁitﬁ%ide‘#ﬁ@ti%?%ré&?, ibR, 026, 865, USP
5,138, 065; USP 5,194, 621; USP'5,177,212; EP 535470 A, EP 74655 B 1, USP
5, 391, 756; \gBefeatl9 hyddagenJSk-G, @lkyl925; USP 6, 365, 557; USP 6, 620, 771; the
di scl osures of which are hereby incorporated by reference.

Ar is phenyl, naphthyl, anthacenyl, preferably phenyl or naphthyl, most
preferably naphthyl;

y is 1 or 2, preferably 1, and their borated derivatives.

[014] Any thiadiazole or derivatives thereof is suitable 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



[0151 A preferred exanple of a useable thiadiazole is 0O 2 ethyl hexyl-0 2
ethyl hexyF-0\/\s - 6 - acid nunbers of the oils to which they are added,
reduce wewo20@wcewie hydr o- per oxi de deconposition and pecTasmoaekisssn t he
thin filmoxidation test, all indications that they are good detergents.
[17] The ashl ess detergents can be utilized in place of all or part of the
conventional alkali or alkaline earth-fetal detergents currently used,
preferably a total replacenment for such conventional detergents in
formulated oils. [18] The lube oil formulations to which they are added
conpri se I L i { lLcating
O R B S S A RS ST
pr ef err edptirdxlige decompadition hnbgisﬁf@hm wéll i ¢hd thire filmaxidaicr epgadd by
bl ending or adm xing with the base stock an additive package conprising an
ef f ect | veindipatansghatthey sge good detpsgldss detergent, along with at |east one
addi tional performance enhancing additive, such as for exanple but not
limted t p0EN] | et ashitess Afotergeiats @b Sotutilprd/i0placdifsilsspat of gied/ or an
anti oxi dant, and/or a pour point depressant, and/or a VI inprover, and/or
anti - wear ceg@ntionahdlll@ﬁ wadlkaline gardsmetad dgtiagenty evrreany used,prefarallyon
nodifier, a d/OE a demul sifier, and/orﬁ@n ant i f,oamant ndior antiseizure
agent, antftekrerlacsmed fomsuchifopventiona] defeseentsin m‘yaﬁ?@e‘ﬂ 8. and/ or a seal
swell control additive, and/or dye, and/or netal deactivators, and/or
ant i st ai n{0kBlagdrite. lubk oflhfesmuldtionaddivlion they areaddsdiconpritetanygmtural,
additive, those additives conmon tqQ npst fornmulated |ubricatjng oils
i ncl ude oB¥NtBAAS Py UBGOTHEATIONBhkase fil @k Wbricating oygiiscosy dyprcalg usedhio an
ant i oxi dant, . an .antiwea if.ive..and a VI inprover, with other additives
bei ng optP%ﬁ%?e 8%5%F? gh%ﬁ%?ﬁ%gpﬂtended use of the oil. An effective
amount of at |east one ashl ess detergent additive and typically one or nore
addi tives[018] amr amfpnﬁééul@émayda@dﬁuhnﬁawféhe ivestiopris prenared By det er gent
additive and.one or, more such.additives, is added to, blended into or
2dm xed v ERdEEorAraRng By e hase Stk gt A4S pasiee somPriRRAR(
speci {1 Calfrofifve SHEENESK dif10RE oheladhle8daliRrdnt 16ng Winl & IcAli%iR! a0 NS,
i nternal conbustion engines, automatic transm ssions, turbine or - 7 -
j et, hydriondl peefdrmanoelgahancihg additive] such asfor exkmplabutiost lanited t@ut of nmany
comonly used additives see. Klamann in "Lubricants and Rel ated Products"
Ver | og Chleasteonersdes detergenbetihior adispessit, angan ze- antipxidami and/ar 8 pobas a
good discuss{gn of a er ubé%@pnt dditives identified above.
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st ocks t aardtifbambt, laydicrrantiseizack hgdme, @id/sr 4 eorroBiehi inbibiwtf aidience
specifications required for different applications or intended uses, and
t he exactlubriefiy iaggniofndios asgal suell gaairel sdditige carstior dye, andéitaneiale pack is
typi cal | y, maj.nt ai ned .as manuf.act urer. .However, the

1 ad t t he, .
cheni cal “9g8ctivaioss ang r\pgqus i %g?ﬁeg%frlf.vggﬁgsei%g@fﬂ{lgnmggeeagﬂgqq ed in the

art. For kal " i bes are
vel i knoWRtaEearaldie hoRBRANse LORRIG 1o AN A Bk ARy 1FRECAIRGAS

det er gentindhideptoBeRy GRaldditseril idétezpents HE Glelll £ RARYEIshAS ananioRIdERf- PAM
(pol yi sobutyl ene succi nic anhydride amne) with or without being borated
are wel | aormwiwearcddditine andpdflsaprevelyiwitnpthey edditives being oplodnsal
depressants include acrylic pol rs gnd copol ymers such_a

poloy met h 1|1 gqn thel lygqulgﬁfiﬁ'é?yﬁ @?Pﬁt éy e §°'\¥\)éq ?mSEgb?fé‘l‘tislﬁa%tcﬂS’Sl yners,
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inhibitor, while silicones are well known antifoamants. Anti oxidants

i ncl ude hidditeresdispddeledite, bleddéd imteroxddarizediviith thei bess stookitoased, one
6-di-tert-butyl -4-n-butyl phenol .and, di phenyl am ne, w th copper  conpounds
such as O5ppRie formytaied B %Wgwm, suchas thase rRlabing 10 A 0P il for

addi tivesy i nel l.._pho {. di t hi ophosphat e, . di al kyl
G thi ophousariesErbfbrof SHREL R FR s AblotaRR FARURL e b bt &

di al kyl dithiocarbamates and ashl ess antiwear additives exenplified by
et hoxyl ated am ne di al kyl di t hi ophosphat es and et hoxyl ated am ne

di t hi obenzoal es as described in USP 6, 165, 949. Non-ioni ¢ ashl ess anti wear
addi ti ves as



- 8 - described in copending application U S. 60/637,794 filed Decenber 21,
2004, can also be used and they include thiosalicylic acid, organic group
substi t utwo 206wBswki cyl i c aci d, organic esters of thiosaciragbeos/oaciss,
organi c esters of organic group substituted thiosalicylic acid,

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

di t hi odi pyri dene, thiazolidine and orggni c group substituted thiazolidine.
[ 20] The use of the ashless additives and particularly the ashless
detergent additives is especially preferred for use in lubricating oils

i nt ended r -edl .0, (ashl | cat i . 1] This is
nmeant to i}eg’ %&%{%gﬁlﬁ g‘??‘%é{lﬂbodﬁ%n&m% I g‘l@??}‘)& : lallp(g{a{ Igef%é‘ﬁe%?\%a#}%us additives
used in | yg@nedls ustBudditpddiske v R1NAGKRHEL ST GBicANsla9d RRMtE@ PEQRIcA™ many
different chem cal types of additives. Al of these additives are known and
i |1 ustrat Meelogx@hgrhes Daeyfibkl Beaohd FLE dSBaX 8 59,3-1717-0.&@hicRatl snhas &, 352, 374;
5,631, 212; 4,764, 294; 5,531,911 and 5,512, 189. . [ngl A w de range of

| ubri cat i BgoH&LEUsHIPE of @ nuBbeEr ofihe hebrigant additives identidiodabove Refethat are

inconvent PSS HT EtigB Ak CA KA B MW SRoBUEY. BRELSOE T ol i 1 s
and ni xt UNRYet MRALTorpEAtR, PRGB! R (DS15), Nedr fRtnalhfcairefs Raduthhe

latter is also known as reclai med or reprocessed oil). Unrefined oils are
t hose obt additiste giackagdsyfof adding toat hasalstockyorttbet blend of basostoekd toofoain sour ce
and used wi thout further purification. These include for exanple shale oil

obt ai ned &lbetarmplateddnbepds forgediing pesfonsangsapesitications reares foed

directly f i distillati d est i | i ped directly f
estori 11 c iSRRI i ot iBdl ool iind e edl e BRL AR B EritS L s e Tor
unref | ”eda@di&i%e§§fe%eﬁt el Aedliob {pac@fsggﬁ;b%ﬁ%%téiﬁf@ 9 2 faddRicLret b

purification or transformation steps ove at least one |u Xati ng

oi | propethieymafinfacticet. | Hdwiewet, ke alidmical hatird bAthewdriousesilitiudsiiki cation or
transformati on processes. Theselgr ocesses include, for exanple, solvent

ext r act i oknowe¢o Heseyskalled in thgtarenf orexampdrs alkaki inesial BdEanagss; r act i on,
filtration,. 5.9 - rcol ation, rogenation, hydraorefining, .and

nydr of § ni Shio el Phigrte 1 vl KhOVE esSRysp il ey beifeddBus <o
refined oj : ﬁ% i d QH@F, - :1023] G oups
R IIé(%(ﬁﬁlg}l?gé\t é@éebsﬁ)qe‘lct)% Q@{a‘{vgggﬁggﬁo@oﬁge 0 reds%f%gﬁlsm%evel oped and
defined bynHyldeidérend PAB SPePANIEpolyisubiutylehe s&ithicRublyideidei apmingpAth or

www. APl . org) to create guidelines for lubricant base oils. Goup | base

st ocks gewshawt Beingberatediase vsiltknavwrtend vseddispessantab dk inggroversiar@l and

contain greater. than about. 0, 03% sul fur. and | ess than about, 90% sat ur at es.
o oup 11 e wont Ao SaRts e e POy BikSs ARG CoRABIGR SHEk ARERDAbOU 80

to 120, ' r |, & 0 r ater
than o caPeBIReE pASTAREHREriMS of claRidletth Db PO Rtes]

Vi scosi t yof vidgkagptatetage dthyglenabdiulkyl 2finarde andvaiyiackess dndasthers equal to
about 0.03% sul fur and greater than about 90% saturates. G oup |V includes

pol yal phawhighiate kppwo) . Frigtberpmediers ineludk glyaot esidges dad ethet avlinesot
i ncluded in G ou L-1V., Tabl e A summar, zes properties of each_ of these
five gr oUbeZowEORe j§ @ Bidalyisedicomos ey nhEatreie siliconss arvell

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



Viscosity Index Goup | <90% and/or >0.03% and > 80 and < 120 Group Il __
90% and .S. 0.03% and ?. 80 and < 120 Goup Il i. 90%and .. 0.03% and 120

G oup |V WO 2006/132964 PCT/US2006/021445
-8-

described in copending application U.S. 60/637,794 filed December 21, 2004,
can also be used and they include thiosalicylic acid, organic group substituted
thiosalicylic acid, organic esters of thiosalicylic acid, organic esters of organic
group substituted thiosalicylic acid, thioromalonate, 2,2 dithiodipyridine, organic
group substituted 2,2 dithiodipyridene, thiazolidine and organic group
substituted thiazolidine.

[020] The use of the ashless additives and particularly the ashless detergent
additives is especially preferred for use in lubricating oils intended for

low/reduced or no ash (ashless) applications.

[021] This is meant to be an illustrative, but nonlimiting list of the various
additives used in lube oils. Thus, additive packages can and often do contain
many different chemical types of additives. All of these additives are known and
illustrative examples may be found, for example, in U.S. Patents 5,352,374;
5,631,212; 4,764,294, 5,531,911 and 5,512,189.

[022] A wide range of lubricating base oils is known in the art. 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,



Pol yal phaol efins (PAO G oup V Al other base oil stocks not included in
Goups I, I'l, I1l, or IV M4] Natural oils include animl oils, vegetable
oi Il s (caswono@iis2ead | ard oil, for exanple), and m neralPcoiussooshmi4aml and
veget abl e oils possessing favorable thermal oxidative stability can be
used. O the natural oils, mneral oils are preferred. Mneral oils vary
widely as to their crude source, for exanple, as to whether they are
paraffinic, naphthenic, or m xed paraffinic-naphthenic. Gls derived from
coal or shale are also useful in the present invention. Natural oils vary

also as t for ' duci rihl i a.for WO
2006/ 1329@2@‘?%%@&%@%&&@ h};#gwﬁrgﬁg’n%%ﬁﬂ}ﬁgprgha tilc{Heg%nlegn%ﬂrSange and
whet her t la%'o@traﬁle%w}agmkssre@ An8log®ud ¢ EFindV/ SO baf hstesh oRth&HA4@eEn
extracted. [25] Synthetic oils include hydrocarbon oils as well as non
hydr ocar bprevaotigy uSgdt hetic oils can be derived from processes such as
chem cal comnbination (for exanple, polymerization, oligonerization,
condensat 1923] AlARGBSION, RN 8 ParcHibad ca Bfifs BRb&d Al stoeRpSi sting of
smal l er, sinpler nofecular species are built tp (1.e., synthesized) into
mat er i al s dewisped and definbdbyehe AmertcanoPgttclguntinsttita( APp@abHesatidaynt heti ¢
oi I s include hydrocarbon oils such as polynerized and | nter-poiémeri zed

ol efi ns (poPYpEHyY.Adsorgptn grsntsguidelincs for bgyricans bassovils. yGeoup Ebpss yner s,
et hyl ene-o] efin copql yners, .and. et.hyl eng- al phaol efj 0 rs, for
ooy Stk Be ety vk 3 visasicg ifd e AL nen Hoout B 6 R o B Bt ey nt et ¢
hyd b il 0 | i b , Cl4a
o) ot e Defeaftr haf DU 030 PHAMR did IECYThalTbOUE S0 Qs AopE: 7
4, 827, 064basermlocksSZehedalBy hawd € Risebsity hulekfitatwdenebeutr8(0t 1Z0,@nhdnce in

their entirety. [26] The nunber average nol ecul ar wei ghts of the PAOs,
whi ch ar ecqmtainnlessithan; o esuahte gens0203% saliai kad gzeater hamajr@quebtoner ci al

scale froms jers such _as onMpbi | jcal Co ny,, Chevron

B Aroco. S0 Shvh Shrates B 1T SIRGK sevisialBoBE 2 35GORD) Mkt Er9pi80 thagh

hi gher, : i i [1te] 0 C, or
hi gher . f‘%%é.gﬁ@idgﬁ?’ccﬁﬁ%ﬁg?@s&t@%ﬁég?t@@@zﬂk@%ﬁg@.@gn@g@ (!f:"gl ra%rggg%\%rl(ta e, and
my be meglsout 0% ssisates.eSroup I'V indlades ORAIpHE0IdEBABAOR! GRowh s basthe PAGCs
are typically conprised of relatively |ow nolecul ar wei ght hydrogenated

pol yner s $eckd ingbiter kasefsterks mmb irndlided ihGeoupsieI Vidd abbud samamadzed i mi t ed
to, about C2 to 2%out C%(%l&al r%haol efins with about Cg to about C16

al phaol efPioRertiE§Qf eagh O fhesgfive groyBsene, 1-dodecene and the Iike, being
preferred. The preferred pol yal phaol efins are poly- 1-octane, poly-I-decene
and pol y-1-dodecene and mTABLEs A:hdBasefStackiPropeztienl ef i n- deri ved

pol yol ef i ng—Heowevetrr—the—ditrers—ofr—ht-gher—otefps—tn—the—ranrge—of about
Cu to C18 nmy be usedSatwrgesovi de | oWBulfigcosi ty ba¥iscesitekedexf accept ably

| ow vol ati ||i pendi e Vi|SCRShE ade agd the rting oligomer,
t he PAGs O 8P1 ed gngﬁgf’pﬁﬁ (\}/% .P.ri }SQQZ&&L&%M@N—L&Q
ol efins, wiGroupdbr ar9EN andf t he |k @08% ahd gones 80 aAndwt M@oa Vi scosity

range of about 1 ﬁ tio_1Z cSt,  10Z7] PAOTTUI dS may be conveni entiy| mde by
t he pol yne QP d of 2 8R%aehaol ef il & 9-A3Vnanér esenddof a pol ynerization

catal yst sughodg 1Y€ PolyaiBhtleRinsYPa@d ! ysts including, for exanpl g,

al um num t fichtorTde;, porom trTriuortdeor—comptexes—of boron—trifiuori de
wi th wat er | Gipepiol s Alletheidags aldstacks pebisshied dp GsavpnbIlL Hapbb¥ylic aci ds
or esters such as ethyl acetate or_ethyl prqpionate. For _exanple the

met hods df3el osHatsg! Qils welusieranimal oxlagyeetptle ous Scaster eihend lawoibol may be
S I AENC IR I R T

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



3,876, 720; 4,239,930; 4,367,352; 4,413, 156; 4,434,408; 4,910, 355;

4,956, 122; and 5,068,487. Al of the aforenentioned patents are

i ncor por awedotdwersedsa by reference in their entirety. ThePprdirmse@eobisshe Cl4
to C18 olefins are described in USP 4,218,330, also incorporated herein.
[28] Qi her useful synthetic |ubricating base stock oils such as
silicon-based oil or esters of phosphorpus containing acids may al so be
utilized. For exanples of other synt hetic lubricating base stocks are the
sem nal work "Synthetic Lubricants”, Gunderson and Hart, Reinhold Pub!.

Corp., NY_ 1 . I:Ch: I or.a S | kyl at ed
aromatic g}fa?‘%)(le Yl{]eﬁxcglgk %Jf g?‘%rgg %‘E‘P{P%@‘S’F \ihe %8%? gét gllrLgﬁ%rgaFE (gs of about
8 10 25 CRyNOReM&QTr sufMAk bytrhétedn about 10 to 18 carbon atons and up to
about three such substituents may be present as descri bed for the alkyl

oAyt beltPsfe SomiiscuT SHeRRLIapCRER il g NS LMRRID Rl o Range

FI ui ds™ %ﬁ%@tl@%ll@lcan%' dediveli¥Bsin p-f?&eg@éé(éﬂchba% RRASA IR RRaRG gﬂ)?ed by

thecclo rirzation of 1-al kynes to 12 carbon atons as i bed in
USP 5, 05%mﬁpleq)bgnm@ﬁjayﬂdngolzigmsrlzauemge;sﬁdextsadonnalﬁyra@izwaac atiemt
Application 168 534 and USP 4, 658,072. Al kyl benzenes are used as | ubricant
basest ockgi¢.)ewphers miatsridls rcoms;sm&@f)@nalﬂm em@;pipt modequbarsspegiestaire budhi cl e

service and . refri ratl n oils d Ki ng_ oi
comer ci i § Snayrtapnes Briafh mt Rl rar R oA Wreoswsaf}é%me[e&mr such

V' gnhd Ni
o1 oo RER S ylfé?tﬁ;éf?%ﬁféﬁﬁﬁ?dégﬁf%ﬂamﬁ*fﬁBQP%’?H%W P Ena tow

terrper at Slyiriesiged iolé s @ollyBltyleatsigm] Rhhet, 170 kﬁatlsotﬁﬁyleh@get her with
good sol \L/ifency for additives. (Ilyher gﬁkﬁ?@?gd ar cfmfra{)?cs whi ch may be used

\II-\IheR gesmqobll)enalrsle: ethodens-okedin ¢Qp01)gnalr$paad l@thylér&yaipheoieﬁnmmgi}dﬁmsg hagg

| er f or mance, Fu ssl er , a ubki n
(Eg )), I\f‘gi‘@@mB@k@r‘)ﬁy‘ﬁWﬁa‘i@bg (ngDj)gaﬁ%%m%lf br &R Pf%‘ﬁléél‘g?‘éf er ences is
 ncor por al et Bl dhoBELAIEE 986 Sy bk PROK ackRA s BT usabul 1 ui ds
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I'ng VI"scosIty on- convient1onal or unconveh al” base

st ocks t @y, dnéfss bﬁﬁmxuaf@cmeﬁstﬂ,m@r bé arifbéd, Seé ®l.9tPHashisW, 95)6 1§xm hesi zed
to provide high performance |ubrication characteristics. [3 ]

Non- conven2bhéd; and 4u823 078 wWhodanhrebiasersiratel Srebsin dyaieferenoe inutheirone or
nore of a m xture of base stock(s) derived fromone or nore Gas-to-Liquids
(GTL) mat®t¥els, as wel|l as isoneratel/isodewaxate base stock(s) derived
fromnatural wax or waxy feeds, mneral and or non-mneral oil waxy feed
st ocks sy0R6ls Fhaokmbex escragatmolatulanxesghtsod thaeRAOst, edlkish arecknasn gas
oils, waxy fuels hydrocracker bottons, waxy raffinate, hydrocrackate,
thermal dnafeRalaad gsneslheavaiabls an 2 mhrjes rcamr@wal@pal@\fmmrwnpb@&w ol eum oi |

F quer acentaf g é@to%éféfﬁ*e‘@ﬁ%lmn %#e%ﬁr&?ﬁ%é%%‘éafm%t%%@] As used
her ei n, ftt)%]ﬁcﬁ 0 YoM fent @66{1% 15348 a%ahsoﬂo CSHIEh &R and PISOs -

bdMiade
hydr ocar bonaceous “materi al having a pour “point, typica Iy exl sting as

a solid & viseositice ipaoabuuel 00 cst (108°C), éﬁﬁgﬁéﬂtmmdlﬂoﬁhﬂ hange - 13 -
from about 15C to 25C, and consisting predom nantly of par aff| ni c

mat er i al ¥iscobity Ppﬁ*e@smlfa comenciaby iashilatdeyarghmaydreematly i visapbities upsuch as
al kanes. Paraffinic materréss may include |linear al kanes, branched al kanes

(i sopar at9 abryt 300PEL1RAT O(fél‘}'&heépérh@fm\ﬁg ar%}fmcahlxﬁgommséd oful ti-ring),

db I Kk f
ani on a FaeaeeydR oo R b Y aRBEERS 30 g SRt Bbii and. nder
pr essur 21,801 Comlehtlﬂaueéeaﬁ%@net lififRL @] ¥Bbut EPtd SN Gnd/ or convert

Iess desi nmponents and to producé an | nproved product’ (d)

"hydrotr a?hlaﬁﬁﬁns avitlatbbyit C¢ thysiinddpalpinl¢fies; eéach hhidtodteny ar d&cene,
sul fur-and/ or nltregen cont ai ni ng hydrocarbons into hydrocarbon products

with redbﬁhﬂesmefm thedile, being mwnihamxe&mdmlmpb@w@fm@ge hydr ogen
| fide a nmon ect rod en
zlcj)nt Ial ni Hé} ﬁ@F%@SrB%]S(s é§ﬁ % ay §I &’é )é @f‘oarpém%a% %/gr (e)
tal yt |
and or vl A SR Eery nsﬁaﬁ’gie‘c@nver‘?‘%‘?@fyt‘?ﬁ Qs AR 1P [‘? e (e

nol ecul ar wei ght speci es;




(f) "hydroisonerization"” (or isonerization or isodewaxing): a catalytic
rocess in which normal paraffins (wax) and/or slightly branched

p p

i so- par afwonsocaressaonvert ed by reartangenment/i sonmeri zat iPQm/USRI0E/0RTIRE

branched iso-paraffins; (g) "hydrocracking”: a catalytic process in which

hydrogenati on acconpani es the cracking/fragnentati on of hydrocarbons, e.g.,

converting heavier hydrocarbons into Lighter hydrocarbons, or converting

aromati cs and/ or cycl oparaffins (naphthenes) into non-cyclic branched

paraffins; (h) hydrodewaxing”" - a catalytic process in which normnal

paraffins Faht | r .59 £ I rted by

par af 10 kRO AR €0, B A0y L SRERE A S0e 0 Lt B cRKEDL e

cracki ng/ fg 51§ abivorolafiliey. | D¥Sen ik @ﬁw}h@ﬁswsm%r_a%%mm startidgt - [ 33]

The term "hydroi sonerization- hydrodewaxi ng/ catal’yTi c dewaxi ng" IS used to

refer to oligomer,thed/AQ@s ahgy ibe predarimatytinens had tettamers @fithasdrtidd ect  of

converting rmal, pataffins and/ or waxy hydrocarbons by .

cracki ng/ PF%Q%%%WH?PW Freunts @k thepigset phgomeisy hevigget viseosygangy of

rearrange i [ ion, into nore branched iso-paraffins. Such conbi ned

pr ocesses@&éEI Isgggtl?zr?gg descri bed as "hydrodewaxi ng dewaxi ng" or "selective

hydr ocracki ng" or "isaodewaxing". [34] GIL materials are naterials that are

) 34] S M
derived vi®7dne PaxOdbHds mayt broeonvenienily made by the palyanenizationof an
rearrange t na/ degr adat i.on/ deconstructive processes fr gaseous
car bon- coﬁﬁ’?ﬁameﬁi& 183{}%8&%&&?3 Ry 8PS 9’3@{(’&\_ ?ﬁtﬁlésgwfg‘cﬂ?rfg‘g ,Pfr_ﬁt%g}'or el enent s
as feedst pgkfts &4ial sﬁqflbmﬁﬁ’@%r ek@hpR aﬁiﬂﬁhﬂ?tri&%@?@ HBRBR Kiflfioridet €1 .
met hane, ethane, éthylene, acetyl ene,  propane, propyl €ne, propyne, butane,
but yl enesor emdplesty 0€bordartrifhastdestvith ksatar) dldudeds qidhsasétBakdll pragaanl al s of

| ubricating viscosity that are generally derived from hydrocarbons, for
exanmpl e wekhutapek gadioxylicragirsoerzastasn such anethyt acethisraredthgksprgpionagel f rom

si npl er gaseous carbon- cont ai,ni Yy -CO i ni hg, conpounds
andlor ol e R RR e et BT Ctdeantdh 1A 072G LR Bule g i

t he | ube i il : tFﬁﬁFF . erials such
as by, fagggigﬁéfggggﬁ???FP?F?@%%%gﬂﬁﬁgﬁﬁa |#§%gﬂgﬁ?h§§%Psu sequently
subj ect edsyinthesdd drekfoand is aliafolldveingrU So Pamnits 8194a)082¢ 3p763:e6Fes to produce
| ube oils of reduced/|ow pour g&&nt' wax i sonerates, conprising, for

exanpl e, hPdeILOoAEROAKD; d5367 a2k bE 18§ H34i408¢ ARl Dy R 122;

hydr oi j i d. Fi her-T h (F-T terjal i .,

el ocar DS Bha 7 Al SRS e m G e L SR ot oL BT EY yenat o) :
f bl i i i T . .

P i oo AR a0 TThe QIR XS the CF, IVCLIBARASR Msoribedin

synt hesi Z88PWXk8;33®ralso fdoipcratdieli@ein. - 15 - [35] GIL base stock(s)
derived from GIL materials, especially, hydroi sonerized/i sodewaxed F-T

mat eri al {ve . V. j zed/.i.sodewaxed wax
rat er 21 98] YeSuiRIRel S5 iRl - PtL IR SAEEEA SRt

vi scosi t Icﬂso@ésté;@%ﬁhfos{émﬁﬁls%ﬁtﬂin%grﬂmSSmfay 28RO ufifzE2l Sy eRiRpREAD! Y
fromabout 3 mMmRls to about 50 Mm2/s, nore preferably fromabout™ 3.5 m®2/s
to about dE®therystheds lekeopling best dtpcles GELthe asmind] ovdrkdélyintketidy t he

i sodewaxing of F-T wax, which has a Kinematjc viscosity of about 4 m®/s at
100C and Ld*‘%ﬂ@@@si Bypngersen apd Bad elP@Q?Q) u‘lglr- §0rBs NRdiP6ewbichisrein to

Ki nemat i i i . 0 a nmeasurenent nade by ASTM nmet hod D445. [ 36]
GTL basqu%/doréélgﬁ%‘%ﬁj {ggég{l%eﬁ's derived from GIL materials, especially

hydr oi sonerized/i sodewaxed F-T materi al derived base st ock(s?y, and ot her
hydr oi so@29]z e dni akyatgcdagmatic. decks, tie pkybsuhsbitnents areshpically alky!

hydr oi i whij ch d k f
TV s BRI O sl 8B St Blcill i B0ATY SRR SpPbt DETS 18Rt R e & of
about -5%%}3&9%5“ ﬂfr@é@ﬁél%% s | @@rzésg\(\gras ARG Rl §hQD1 Y about

-15C or | owe sti nore preferably abou ['ower, and under sone

condi t i ontkyhbynixmes ia V@S Frgedeian [Chomigtry Rrepaht 983441 0585CPely | ower, with
useful pour points of about -30C to about -40C or lower. If necessary, a

separ at enddlkatbengene Epmpenndsy ¥y ClasewdHdihegmetly Sihblerandi®lids Lagyidnay be
racti ced on dr.ol ner ate,t.q .achieve .t he desired pour point. References
Eerei n tgaggg@{lﬂgg"ﬁfé)arp@peqt all’ﬁﬂgaagggén%f'anﬁgi’eﬂﬁel)ﬁ\%ﬁw PIRAUCSARY ar

automated versions. [37] The GIL base stock(s) derived from GIL materi al s,
especi ally hydroi soneri zed/ i sodewaxed F-T material derived base stock(s),
and ot her hydroi soneri zed/i sodewaxed wax-derived base stock(s) which are
base stock components which can be used in this invention are al so
characterized typically as having viscosity indices of 80 or greater,
preferably 100 or greater, and nore preferably 120 or greater.
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or greater, and even nore preferably 140 or greater. For exanple, GIL base
stock(s) that derive from GIL materials preferably F-T materials especially
F-T wax gwoenal/i3ychave a viscosity index of 130 or greatrer/USRaceeEATES
herein to viscosity index refer to ASTM net hod D2270. [38] In addition, the
GIL base stock(s) are typically highly paraffinic (>90% saturates), and may
contain m xtures of nonocycl oparaffinsjzand nmulticycloparaffins in

corrbi nation with non-cyclic isoparaffins. The ratio of the naphthenic
(i.e., cycl oparaff| n) cont ent |n such conbi nations varies with the catal yst

and terrpe rther e |1y have
very | ow nyt‘f odiﬁberh af ggé)gﬁ %IBX?%S $P§geiéﬁgﬁoya#gm?%grﬂeg&]ﬂ?esspdtjﬁgn about
10 ppm andsBl% (@t alipibéehed BRHARABE] 1 RRffhn Faetht A psitasiene! ement s.
The sul fur’ and nitrogen content of GIL base stock and base oi|l obtained by
t he hydr ol 69684 iandtl SR /M4, &BjeVE x Ahlgylbéndents axet eseidads, lubsipaditasestodks] wax i s
essentially nil. [39 In a preferred embodi nent, the GIL base stock(s)
conpri seseq@@pwdlry for doyetempiesatyre amllcgaﬁg$ Garciie selislnsaiviop aod reBigasgl i c

stook(e) 9% ?adﬁ&b%n%”@%k%?&”“ They e ParEiend st SoRr or oot

st ock(s greater
t han 60 | 0%
non-cycl i ré:dsﬂggras(r‘\%ﬁﬁ%gh re pr e%]g“A'E @gg@t?ﬁ% ﬁgﬁﬁg? m%“ﬁ%ﬁ”é‘yﬁ iC
i sopar af fcnsmlwld:drpejhewo@f(éhahicﬁl GogaindrNippan G0 Ci. %b.inear alkgl- C

i soparaffins. [40] Useful Eom tions of GIL base stock(s),
hydr oi sonlegtizgads mplc@l low peerpeiats Miovetﬁnmeug@ yisieQsifies and
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6, 090, 989@3@%}/@&%&?0%6&%&1% ?Aﬁ'?f%mﬂa ‘he I]E]s%]wfl H@srlf‘cfb?é h%oﬁjé‘s}‘}ﬁﬁéﬁ eropase

st ock(s) are so suit or uUse in this

i nvent i ongxadisle Py ‘@8 yrithétec Lubtickentotnd lHighQ’%’tfdifﬁlaMt:S Faattiynddluided, from
hydroi someri zed or isodewaxed waxy feedstocks of - 17 - nmineral oil,

non- mi nerlatessier, Hoehapét (Bl buﬁhuIdﬂnr{Eﬂt)b,aM&rédrEékkﬁn DVWh, 19939 Eadhefiist ocks
h f | | k hyd
ot toms, s A OERGIoPARPeratoes IS TReDtpoIPreheten” by, FEiengh 4 08 CARRAY ol

crackates, foots oil, wax from coal | i quefaction or fromshale oil, or
ot her sui [10501 e Qﬂmeusafubﬂu;dsmfriuhnwrrg vxscd>sltyhmnhpbtmcm eqmemsmnahonr al
source derived waxy ter| a or branched carb aglrrpounds

Wi th car HHWOHMﬁ‘Pfé‘Pn%f aé?)é@f’l(%ﬁ”‘aéh"gﬁ? éﬁ?‘éprocﬁﬁ%qdep F’ 1586"@ Yﬂ? ¢> gFeater,
d db I

L R SRR TSR, P50

petrol eum oi I s_by solvent or autorefrigerative dewam ng., Sol vent dewaxi ng

enpl oys dABL] eNduroryRItionahonun¢avgpfionalase I@B&lﬁﬁ@a@weﬁf Inglade pnepgobut vl

ket one (M BK) ... xt ur e d en whi | e
it or of et P RER Rt AL ek i8S B or MilstPBateP i | g
hydrocar &@E}sﬁﬁférﬁ% RS QRANSS f%bn{é‘i‘ﬁt%ﬂ%dev{ré‘;é]te Bhacdtorrrs) 8sdiveeeioned from
petroleumoiI’s may cdntain sul fur and nitrogen containi hg conpounds. Such
het er oat amtwrahpanrasvausieeds, maraaleahdgyr mywHntinemdoilngatyfieedsibcks
hydr ocracki ng), as for exanple by hydrodesul furization (HDS) and
hydr odenisuclbge slack oraxas) Dapra gvasest anG ey %Qﬂd@éql@bms gas oils, waxy fuels
poi soni n eactivati of the hydraois riza n, cat al yst 44 e term
G ° bas e Tadronaett e s R e PR RS Ui b iatatso foeF g o
herein a { I
fracti onrsHiil nf&&r%?%%égbg‘f%ﬂc egxase nggpﬁmggqﬂegiﬁgratépmgg% dgf%%dgf/j%:se oi |
as recoveysd materiags oetiwdtfrom quabtigasiaction toshaleddil,tand mixtomsefGlithbase
stocks/ base oil fractions and/or wax isonerate base stocks/base oil
fracti ondasestogks.l as mixtures of one or two or nore |ow viscosity GIL base
stock(s)/base oil fraction(s) and/or wax isonerate base stock(s)/base oil
fracti 0n§[632]w AR @38E hetdin, e mwlxliggg%imeimre&h&hds&tehaﬁeamn%@:k( s)/ base oil
fraction(s) and/ or wax WD 2006/ 132964PCT/ U S2006/ 021445 - 1

(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



i sonerate base stock(s)/base oil fraction(s) to produce a dunbbell blend
wherein the blend exhibits a viscosity within the aforesaid recited range.
[45] I n awpnredersesd enbodi nent, the GIL material, from woras2edee213IL base
stock(s) is/are derived is an F-T material (i.e., hydrocarbons, waxy

hydr ocarbons, wax). A slurry F-T synthesis process may be beneficially used
for synthesizing the feed from CO and-hgdrogen and particularly one
enploying an F-T catal yst conprising a catalytic cobalt conponent to
provi de a high al pha for producing the nore desirable higher nolecul ar

wei ght paraf f4 ns. LS zPp, Sl . g :Lled in the
art. [46] | rfr‘g‘?? q’—tﬂ]}hg;n{:ﬁé?ﬁscb%%%é%%} él@és%ljr%p ﬁ%éﬂqyaépﬁagz&%ﬁléi ng a

m xture of HipaRdial@® is catalytically converted into hydrocarbons and
preferably Iiquid hydrocarbons. The nole ratio of the hydrogen to the

car bon noifbxi"perafifiyidrmattirial:r amgeatfirated hipduocathdfsy such, astalkandsi ch is nore

typically wthin_the range of fro bout 0,7 to 2.75 and preferably from
about 0.7 tof}l_rgfér;qg npq;euélmm%m%ﬁdaqﬂmeag@iﬁqﬁl@gilgal@q:hf@eajg@gesi (#9-ude

processes in I | § 1 B f fi ed f l.ui di zed
bed or as a @‘Q’g#t&i&s&h&g&ﬁ%&s@? R%@?ﬁ%ﬁﬁ@ﬁ%ﬁ%@@ag%@&?ﬁﬁu@-ﬂpgﬁ anlqui d.

The stoi chi onphfided®/ctodlRind; for an F-T synthesis reaction is 2.0, but

there are nmany reasons for using other than a stoichionetric ratio as those
skill ed i et Waydrdpricessing'n acefiaing plocessyinhwhicheafebdstosly is hexstéd withocess t he
feed nole ratio of the H2 to COis typically about 2.1/1. The synthesis gas
conpri si ng ahytxegareatdtighipernperatuaye and ppigst BEPSEe) ARBMAY bbtheipresenaehe

slurry and reacts_ i,n the presence of the particulate F-T synthesis catal yst
'n the ol urr YRGSt BT PIer eppwRt (S5 desiraly Rompaneits epdie. o
portion of i ] -Iﬁw‘- d . reaction conditions and which conprise

t he hydroca\r,\@(k)ﬁ@us(i%lrﬁjr3}h i qufiymallﬁg’ synt hesi zed hydrocarbon liquid is

separ at ed(d)r Shydtoereating!y atcapdytic hydogasation proaess thyt oeaestsssidfuras
filtration, although other separation neans such as centrifugation can be
used. Some ofnéies néiyageresopiaining iy drasatums ipteskydrgeathea preguets wikle

hydr ocar bon synt hesi s. reagt or .as vapor, along,w.th unreacted synthesis gas
and of her  gabelsed SuLiey ABfY o niTGesCCongHn ad WHIGH gentrales dygrozenyg -

hydr ocar bon { ' f,Qd. i with the
hydr ocar bon ?’@gﬁ"’?‘ﬁ/ﬁ%’%{ﬂéﬁ‘ ?Arﬁégﬁp gg&?%?tbit@fé)%m i %‘gﬂg%ﬁﬁt g&?he
filtrate maycwyaihidghedeboagbas csnellbebe esduret t6 diydrefarbhes anhdanged
hydrocarbon vapors have heen conbined with it. Slurry hydrocarbon synthesis
process cEndi‘edtalysicvdemaxdngrewh satabidiseprocess ivrvhich noamal peraffing (wex) r ed
products. Typi cal concl_itt'ons effective to.form hydrqgcarbons .conprising
ooty Cor pardiPr e nidrGooBs Ssngy etid bt dheh BB oAt ORIt £ 1 e, i n
a slurry hyd i ess enploying a catal yst conprising a
support ed CO@%@@Q%@%&;W%@ p%gie%,%’for exanpl e, tenperatures, pressures
and hour 1) gasydipiomerlatoht (@Sisometingtiomog sodbwhakbip)ahositalgde ped&dss 80- 600
psi and 100-40,000 V/hrN, expressed as standard vol unes of the gaseous CO
and H2 mi xt uinewhpd, narnzal paraféins foex) prd/ov slightly branshedlisesparaffinpar i vel v.

The term"Co5+" is ed herein to refer, tq hydrocarbons with a carbon nunber
Of ot oat er tFRIYCRed i FAaSENIERY EMEr AP SBOORPE CURERC SooeFhUBer b

has to b rqg;—:&] i har | do not
i mply thg(igﬁ) hy ro{):%lrra g‘(()fr;:ig hg\/(%é}}%i&{iﬁ@réc%ﬁ?ﬁ \%qﬂjiegg%éogeﬂg&@grgg%ﬁﬂﬁ%ﬁ%sep range
have to be pheseadkin®fr nt@YGH ¥f Epdieearbbnibet ., iddnkBRifpUKRMer ange i s
present. It is preferred that the hydrocarbon synthesis Teaction be
conduct ed ungairocarbdns irtndightertiyidrocdrbons,eat camvetingammagis aldidt react i on
occurs and nore preferapbly with no water gas shift reaction occurring
during the rﬁy&f@@a@ HﬁQynhf\rﬁ”sgﬁsa.lnﬁqncprgcx&é%bfﬂf@h@ﬁip@epff@%onduct t he

reaction L{d 0ns t ieve an.alph f ast 0,85, preferably
at | east (g? &%éq{ﬁgﬁg%’%ngr é@e&é@%ﬁhifoqeégéﬁ w&@l&ﬁog@h{éﬁgiﬁg&ﬁ%@si ze nore of
the nore desaﬂdwﬁigmgf&ﬁna%@%{@&aﬁﬁis%é coydERe@pYONs. This has been
achieved in a slurry process using a catalyst containing a catal ytic cobalt
conmponent . Thasengdméntddomerizhttomirito knone Brhathdilisalpraffirs arebly t he
Schultz-Flory Kkinetic al pha. Wile suitable F-T reaction types of catalyst
conpri se, fdsFadkingifragmesiation inipdewer malecnlay weighdispesigsnet al s such as Fe,
Ni, Co, Ru and Re, it is preferred that the catalyst conprise a cobalt
catal ytic conponent. In one enbodi nent the catal yst conprises catalytically
effective anounts of Co and one or nore of Re, Ru, Fe, - 20 - N, Th, Zr,
Hf, U M and La on a suitable inorganic support material, preferably one
whi ch conprises one or nore refractory netal oxides. Preferred supports for
Co containing catalysts conprise Titania, particularly. Useful catalysts

. o o - e - o o o



-21 - above 1050F, determ ned by the catal yst and process vari abl es

enpl oyed by the practitioner for the synthesis. Such fractions are referred
t o herei wa0ddBM064 750F+ fractions”. By contrast, "650- PE@RS2006aLt44DNS"
refers to a fraction with an unspecified initial cut point and an end point
sonmewher e between 650F and 750F. Waxy feeds may be processed as the entire
fraction or as subsets of the entire ftaction prepared by distillation or
ot her separation techni ques. The waxy feed also typically conprises nore
than 90% generally nore than 95% and preferably nore than 98 w %
paraffinic hydrocarbons, nost of which are normal paraffins. It has

negl i gi bl ¢033jouths teyin Shydroisoardizaiibndyenodovpdugiatal wigdewheiag”ihan 1 wppm
of each), with less than 2,000 wopm preferably less than 1,000 pm and
more pr ef 8pgbIOyelsto ANeaer MOLPe GpphtisrPressagenwhich hawe the cemirines gijedtat es.

WA f eeds -havi h i d ful | h f th
et oSO Bk R AR B R o o™ vA i ng
a catalytg cﬁﬁtglfgggﬁﬁﬂ%@faﬁ%to B RY OBl Yyei ol sg@%ﬁ’:@-agdwgo] The process

of making the Iu cant oll base stocks fromwaxy stocks, ®e.g., slack wax
or F-T waxearramgehrent/sonaerizationg thtasneretyanddevisaipagaffinec ush cointshatk waxes
are used as the feed, they nay need to be subjected to a prelimnary

hydr ot r eaPrafgssesése sostimesrigseribetbanihskiagewexingidesvaxing endstectivel | ed in
the art tﬁ reduc&iét,p I‘eveclls t hat,,woul d effectively avoid catal yst

poi soni ngEIOFERKIRG 295 JRFIDYaXIBE  enove sul fur- and nitrogen- cont ai ni ng
conpounds whi ch woul d ot herwi se deactivate the hydroisonerization/

hydr odewal@34d cGThl meteriadeareimatsniblsdgateare dorivigd. via Pngor meireynthesisused,

S e A FSE Rl o R R R B S BBSRi A
typi cal 1 ypl &3sek %%@%u&?%agg&jcfgn@iﬂi}lg%}B@Hu;ngg, @fdfﬂg%ﬁ—%gﬁ&iﬁﬁ ound

content. wever, SO ewaxl ng cata Xes mnmay enefit

fromr emd@’grlﬂ@ﬁnd@,%ﬁ&mte@;ﬁnéﬂb lag feédvesckssarh e hetitdgeh! eafboXMHERIdEES
treat ment. e hydrodewaxi ng process may be conducted over a conbination of

cat al yst s¢arbpn anenoxade,i wiafles, rathahg,sttharey etterengyraceengs, propars, r ange from
about 150C to, about 500C at -, 22 .- pressures rangi.ng from_about, 500 to
20,000 k PREOPYIFNS. B?%@@sbw@p%@l%@ﬁﬁtws Pyynss @3@5@@@&%@ Ragen, and
hydr ogen I r . P ati o of
hydr ogen ?@{ %ﬂﬁzd}ﬁgcfrﬁ %%g{ag%%f ﬁl@%@g{l%@ &}S?‘Eg‘g’? 8%3%%2‘?’%38@1/ :ﬁgﬁVFé—? [g%nrlt ypi cal |y

range fromgydbesMbois, fof eRaPPldwhx -syﬁth%%e&%y@%&@@orﬁg:ﬁiéﬂ&lré tiesdl¥e space
velocity of the feedstock typically ranges fromabout 0.1 to 20 LHSV,

pr ef er abl gertvet fromiGmiphS\gasep@bejrbbnidontdinimgaenmpestisdhighgedeni t r ogenat i on
or hydrodesul furization,  the hydroprocessing used fqor the production of
base st ockAIAHIE %Q}BHOWQCE%@IGW%%@%I%&HS@RE%pﬁaﬁsbase stock(s)

hydr ocr acki r0l: ' [ caf.al racki ng
(D0 cansltse B R ARETA AT OB RERY Bk Shop? Wikl Bl B0, V. "ar .
on oxi de GTPRAktePialEsith asBhToRaxarfiplel afstilldtibh GR/tBéradIRBffuSTondakd ystal | i ne
hydr ocr acki ng/ hydr oi soneri Zati on catalyst, preferably a zeolific catalyst.
1052] O rsabseqoemelyi sudj¢aved tawelliatesvanatapytmcassdgerftate viaxing pracksasgb

hydr oi somer i zed{i sod&v\%)éi ng GTE) material s and/or waxy materjals to base
stock or maducgiubep SEHEHHIPW por BRUEMpIVAX ISqmeratss, pampriggg, for 817, 693;

4, 900, 407éxaﬁnp?é7hy38?‘8fsoﬁne%72 d]o7r7iéocfle'\xga%(%d‘r’s%ﬁihe%izze%qiy%l%géarbons; 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,



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, 305v0Q03324901 ; PCT/US2006/021445
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[035] 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) are characterized
typically as having kinematic viscosities at 100°C of from about 2 mm?*/s to
about 50 mm?/s, preferably from about 3 mm?/s to about 50 mm?/s, more
preferably from about 3.5 mm?/s to about 30 mm?/s, as exemplified by a GTL
base stock derived by the isodewaxing 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. Reference herein to Kinematic viscosity refers to a measurement made

by ASTM method D445.

[036] GTL base stocks and base oils derived from GTL materials, especially
hydroisomerized/isodewaxed F-T material derived base stock(s), and other
hydroisomerized/isodewaxed wax-derived base stock(s), such as wax
hydroisomerates/isodewaxates, which can be used as base stock components of
this invention are further characterized typically as having pour points of about
-5°C or lower, preferably about -10°C or lower, more preferably about -15°C or
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



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

(Bl), EP wW62adkl1B296B1), EP 0532118 (Bl), EP 0537815 (Bl) pCERSO&M8B3365 ( B2),

EP 0666894 (B2), EP 0668342 (Bl), EP 0776959 (A3), WD 97/031693 (Al), WO
02/ 064710 (A2), WO 02/064711 (Al'), WO 02/070627 (A2), WO 02/070629 (Al), WO
03/033320 (Al) as well as in British Pegents 1,429,494; 1, 350, 257;

1, 440, 230; 1, 390, 359; WD 99/45085 and WO 99/20720. Particularly favorable
processes are described in European Patent Applications 464546 and 464547.

Pr ocesses ing. F- e i i LS. t. 94, 172;

2, 043, o720 gl g % iflfggg’é%%%é’?ﬁ%é 82%?@%%%?&%@%@%382%%?830. - 23
- [53] !‘b’t@&fé@%}%r&c@%\&%&'GTLQﬁét@fiMEtpiefé?%ly|F-'lﬂn&ié?iafs?&§>%éﬁ!]?’l?—?‘f the
n-paraffin waxy feedstocks disclosed hérein td formthe isoparaffinic

hydr ocar beaxpeaerailyl hareea viobsityeindak alf  8Or gseatbr. aReEsdhdes héfih1d, ZSM 23,

ZSM 35, ZSM 12, ZSM 38, ZSMr 48, offretite, ferrierite, zeolite beta,
zeolite tYiseasitamdexdsfarie A IMamethoddP2TQGsed in USP 4, 906, 350. These

catal ysts are used in conbination with Goup VIII netals, in particular
pal | adi unj038] p!Iatddadition, the GFIo bpse/stbtk(Epbml typivaylydaghyosurpfiirdt €6400%t o t he
zeolite catal ysts by conventional techniques, such _as ion exchange. [54]

I n one enifbanatesni andc By ostan naxtumge oheonorrelgparmdfingayd peultieyelact ed over a
conbi nati on Pft P.t/zeo{éjt bet.a and Pt/ ZSM 23f at ah, sts.in %he presence of
hydr ogen. PAALRRGRY S RiREaR sk Roreclit Hopa iR JTBRRRIRGT e | ubri cant oi |
base sto ir'sgs i i i 1 Foadi S cat al yst,
such as %ﬁ’?@?ﬁ}gg@f‘hc%g b gﬂﬁgﬁﬁgd”@%ﬂﬁ%@m@@%ﬁ#@ﬁ ggﬁlebe fed over
G oup VI Idatatestednd weatsdaittdhiddl. Puheal STy baFeutpckd ddd bael silshpivallyoaded

ZSM 48, nore preferably Pt/ZSM 48 in either one stage or two stages. In any
case, usdiaye weyylow apdsitrogdn eemsduic generally isontaveiaigless thantahbyst ZSM 48

is d ibed in USP 5, 075,209, T f_th [ 1] tal | oaded

Znk 451 ol PYo RIS Ol EPIeAI e b RGOS LERH A G Suhess IFctie

cvdr o . . . L

ubsequentts SERENiedEn tBkknd BPERIDRERb A Ssd 8F PFRed B0 o1 0.
hydroisomerization/isodewaxing of F-T material, especially F-T wax is

essentially nil.

[039] In a preferred embodiment, the GTL base stock(s) comprises paraffinic
materials that consist predominantly of non-cyclic isoparaffins 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



[ 55] A separate dewaxi ng step, when needed, may be acconplished using
either well known sol vent or catal ytic dewaxi ng processes and either the
entire hywoabeoneseat e or the 650- 750F+ fracti on nmay be #enaseas/ocependi ng
on the intended use of the 650-750F- material present, if it has not been
separated fromthe higher boiling material prior to the dewaxing. In

sol vent dewaxi ng, the hydroi sonerate ahy-be contacted with chilled sol vents
such as acetone, nethyl ethyl ketone (MEK), methyl isobutyl ketone (M BK),
m xtures of MEIC/ M BK, or mxtures of MEK/toluene and the |ike, and further
chilled taq. W3Y = - i i : rial as a
waxy sol i i ﬁg r?ﬂr ggbﬁgﬁ%%tgp%lr’g}%&p eftlﬁ(@ﬁ%r?hgg@%}lgag%{) Pié%nc{}gglﬁﬁéﬁg"l ube oil
fraction Widstodks sulb ak dhtiodatsre offpas kS dlaek &akswhypifeak hydfderadier chilled
in scraped surface chillers to renove nore wax solids. Low nol ecul ar wei ght
hydr ocar bbotpmsubhdesarapatinatas,emafirebwases) hiyoocrdelewdss, igermal whi ch t he
hydr oi sonerate is_mxed with |iquid, propane, a.least a portion of which is
1 ashed offackstesnfaqts g maﬁ%eorﬁfe%hwfg%ﬁw Bopr thalo ptaPoBgt the wax.

The wax i§.. fr . 1 afifi. HLlErati [ ..sgparation
or centri ?‘ﬁfgﬁgﬁ?%@%%%%@ lggpbgﬁfne’?@ %QZ@F‘" rrloééf)&eré’ §{1¢‘£§Falg§gpcreg$e$’lvrs?§t e, which
I's then foaelinaatiat, lideRf mﬁcﬁé@hﬁﬁtmppaoméﬁnég RethScaB&] Himbgy t he
present invehtion. Al'so well known i's catalytic dewaxing, in which the
hydr oi sormef abeuti20 oegehtd, prcftrablydaboye80ior gre@epraadenteues of sacth t abl e
dewaxi ng catal yst. at conditions effective to | ower the pour point of the
hydr oi sonispatesatedspdewarate fasmsiotls andbasedilberts a portion of the

hydroi sonmerate to lower boiling materials, in the boiling range, for

exanpl e, HBER2]758lkek wix Bhhamexsepeveartd droim ovaxlylieydrecarben odls0e.g50F+ base
stock fraction and_the base stock fraction fractionated into two or nore
base st ocReiroleumeeids by sobent praptevalrigprsitiviertts waxirg.i aplvieay dewasiagonpl i shed

either prior.to or..during fractionation.of,the =450F+ material. into the
desi r eq pBRldsS DRSS Sorin) SRR A GRRbYT SL kb hs VKT RET Sbfilce " ne
pour poin L e nNese i i a large
yi el d of ﬁgéegWBg&a)ggﬂ gﬁgggbfgging{}ﬂégﬁyhﬁglﬁgg%gfate #‘3@ tgte{w&éwqghese

i ncl ude shapgefrigbetiveizwadieg vinploys gréessuridedciquetiehlosobbiliigd with at | east
one catalytic netal conmponent, have been denonstrated as useful for

dewaxi ng %ﬁmo&r@onﬁ@uch A3 propapaordutanenc| ude, for exanple, ferfierite,
nordenite, ZSM5, ZSM 11, ZSM 23, ZSM 35, ZSM 22 al so known as theta one or
TON, and [038] sidlhclodlan(e¥) Beqiied Froxh pstr ki ofls nAPSdRain/Sudfidaxidng cat al yst
whi ch has been found to be unexpectedly particularly effective conprises a
nobl e metzitrogpn ebrtaiing dempamdsoSuck detdroatom romgenndemushbe damaxeédig may

be accomplished with the catalyst ip a fixed, fluid or slurry bed. Typi cal
dewaxi ng bRYSTOSAYNE (R Bet %y%eﬁﬁ@ nEdr 3 108 xAmple bzéwdr9<iﬁs5k£5fzaf rom

about 40Q: 60 = ' [ 1500- 3500

SCF/ B fo&_“?q} @@ﬁ?ﬁﬁgﬁ’aﬁ%ﬁ%?g&%ﬁgE%MPO geid i‘g?’{dpsi“gb%g‘ﬂ‘g{ﬂty 0.2-2.0. The
dewaxi ng poisdiiRb/dahetyvaARMAGCIHE hyldeoiSOREALAL 0 callyett han 40 wt % and
preferabl'y no nore than 30 wt % 6f the hydroi sonerate having an initial

boi l'i ng i b the T f 0- 750F, t o .nat erj al il belpow its

ot ti o DR g Rsaplin CTEDAN b ool BTk Fropeld Bl Plissenaxe
wax- der i wesbidas @sed Retel$)andiavifie 31R#R5E t& baunbbResBd hACebBaPs LY advant age
over conventional Goup Il and Goup Il base stocks and base oils, and so
may be vangividhedftazgiens sif (3'Tis bdsenstobk/bhse orlsravdx isowenatiedrase Stock/H@Ee base
stocks and base oils ,can have significantly higher kinematic viscosities,
up to abcutasEeguengdin she pradygonhesesssmiytusesmelive ehmasenterle base Group |1 |

b il h L Ki i i iti 15. / 100C, d
AR WG TN SENVEC SR TN T M R i
10 /s v@él{ FORGxtutE o O AN EF Riéé B?Hﬁir{: Tox}é'\ﬁ%&%?tﬁ{y(}*fﬁ%e%foc‘g 2L 8&ift ocks

and base oils, conpared to t nore limte emati c visc range of

G oup || feiedof(s)and/driwdaiensdrarekmsaBtbdiédibase!oil fractiemEPivig i) twot h t he
instant invention can provide additional beneficial advantages in

f or mul at iongnoretvigl siscosityngoll basmsiock(sHBhsd ail tftreetionés)emd/omwext i on the one
or nore isonerate/isodewaxate base stock(s), the GIL base stock(s), or

m xtures thereof, preferably GIL base stock(s) can constitute all or part
of the base oil. 1059] One or nore of the wax isonerate/isodewaxate base
stocks and base oils can be used as such or in conbination with the GIL
base stocks and base oils. 1060] One or nore of these waxy feed derived
base stocks and base oils, derived from GIL naterials and/or other waxy
feed materials can simlarly be used as such or further in conbination with
ot her base stocks and base oils of mneral oil origin, natural oils and/or

o, o ~



[61] The preferred base stocks or base oils derived fromGIL materials

and/ or fromwaxy feeds are characterized as having predom nantly paraffinic
conposi tiwowend2ere fitrther characterized as havi ng hipgh/usatodnaties

| evels, lowmo-nil sulfur, lTowto-nil nitrogen, lowto-nil aromatics, and
are essentially water-white in color. [62] The GIL base stock/base oil
and/ or wax hydroi soner at e/ i sodewaxate, (g eferably GIL base oil s/base stocks
obtained fromF-T wax, nore preferably GIL base oil s/base stocks obtai ned
by the hydroi soneri zation/i sodewaxi ng of F-T wax, can constitute from about

or ef er abl PORIASHE Oree LBoK s raiafise R Rpb e Hend el
epl oved el nd BLhith o SeRigith R rbsdiaspaRaPrbget Ne T equ rements of

the finis _ ricant. [ prfef_er_re o I qui 'drocarbon_ i oh
the ext enfUl° st AEcd ZeoRREte hery TR LR SR EEER HERD bRl ogens
(M, and §tt38k<§z?§géﬂ€i dekivRld D BATCH fteriaP (IR AR BCarBYnd PaRPREGL a0 Of

recurring met ne carbons which are nore carbons Tenoved from an

end gr oupcgrbohs,angd). (Aturzy F)T sithesis phoddsaimay( o9 béeftidl{Ctgedfot) >15; and
(b) BI+0.85(CH2> 4) <45 as neasured over said |iquid hydrocarhbon
conposi t i synthesizingtbe &ed frem) COrandlhydroger andpertiadarlvpne emplogng @nt her

h ized, |f \ havi I h 0. % [

Py ocar bR CHie St COREFSRE HpgADHIL UL FCRORRAR 3 i BIHEILAPELES { han 20
| f . . H . e - .

or of o1 abl §f (SR NE Gk RRRIBL Sendt QYRR Mighl phSPiy g pHIGS S 1hey

have a noglk@adclbondwin®o Bseiskilfed3iAlhe a@n aver age they average fewer than 10
hexyl or |onger branches per 100 carbon atons and on average have nore than

16 t hyl z ized b
2 combi ekl R A s T e P e AR S b U
S2006/ 02 144BCO 8 Catal@i&alht coriEtedantd kydreomboas uhd pasfictably diguiccasur ed at

100C represented by the fornula: DV (at -40C) <2900 (KV @ 100C) -7000.
[65] The hyrdsbearbeds.GThe wagle ratip of sheahxdroghatetheedrben menaxddpnayi ng a

i Xt f b hed fi h Lzed in that the | ubri t b il
cont ai ns PAIBEEPEe S ADAUT A e O0F WA EHBR AP bR e drhe e G
b hed fi L ' ) g | t f about C20
o about Gasomiohny BECIE e an e R I SRgRe 0. R0 ¢BOR R [ ng range

of about &R, FoTahRtesiPpdcessepdndihes Bidtessdsdnbrkichhiel caalyt id mstheont ai n
up to four alkyl branches and wherein the free carbon index of said

br anched foamadffd fised bedta flonbizedbedior a5 a sfusg] of eatalyst pdigtestinet Br anchi ng

I ndex (BIl),, Brapchi Pr.oxj m CH2.> 4), and Free_Car | ndex.(FCl) are
det er m ndyd4Qcarbon 5&)31.7 Eﬂ‘é‘r‘i’g]hfﬁr/ff‘g&mfg’é‘%ne%r@?‘]no% o 198 %ﬁfé lriw153’I‘4t St i on NMVR
spectrum.j [ A . t j: %

Sor ut i ondeReiRHRAS it Yy i KA VRS R PR 5

sol vent ghME%sThRRakillQF A 8@ 2 kilowS InQdbbalk BRELY Ry R afiinAdyigiiesinder
guantitative conditions using 90 degree pulse (109 pis), a g;l se del ay
n

time of 3Mosessuhe fded mok rativastithe iHxtotCQds typicallpabewstt 2.hiddr D
spin-lattice relaxation tinme (T1), 120 scans t nsyre goqd
si gnal - t GYRBICSIS §agtGosyprisigg p meé@r@rﬁafﬂgpégg ml%@mtﬁe URJBY %ﬁﬂ@t@m t he
fol |l ow ng regions: 9, 2-6 2 0 r G rd " P ppm
hydr og eng)f 5ﬁ9 811% : qﬂdclzeggpblgﬁﬁg]pg%g?@gg?ﬁle ﬁ'arﬁc&ﬂ% 29§ é}}ﬁgl?escha?Taf}llsp

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



4.0-2.1 ppm benzylic hydrogens at the a-position to aromatic rings; 2.1-1.4
ppm paraffinic CH nethine hydrogens; 1.4-1.05 ppm paraffinic CH2 nethyl ene
hydr ogenswo2o@b306% ppm paraffinic CH3 nmet hyl hydr ogensPCTAUS286/021469] The
branching index (BlI) is calculated as the ratio in percent of nonbenzylic
met hyl hydrogens in the range of 0.5 to 1.05 ppm to the total nonbenzylic
al i phatic hydrogens in the range of O.%to 2.1 ppm Branching Proximty
(CH2 > 4) [70] A 90.5 MHz3C1VIR single pulse and 135 Distortionless
Enhancenent by Pol ari zati on Transfer (DEPT) NVR spectra are obtained on a

ker 3 h
ot or nal NN APOL RRRES ARy e Rl B i R A IS, ocat ed at
77.23 ppmhlyarcm@ba@ﬁqﬁmeﬁ&fa%n Tl%i thé Hatis] eﬁ'hﬁg fftge%ﬂﬁa@ 05@/ under
quantitative conditions using 45 degree pu ses 3 p I

time of 6@dependihgam whethtr beast sone ef thenmmdehsed lqngeearboﬁn/fapom}mve-l at tl ce
rel axatlon time (TO _to_ensure conplete relaxation of the sarrple 200 scans

to ensure @%6031 with-1h ob Beryr hiydresarband yniie CM-PEQCWS ltm!lSd(ﬂﬁY i ng.

71] Th t 2 d tif 135 DEPT 13C
[NNR] expgr ??@ﬁ?y aﬁﬁﬁ?‘lﬁf@&%‘%&%‘ﬁ@ﬁ&é“ﬁ‘ ﬁégtrf'f i Rﬁt?Rd@ﬁJéE"f (H‘ﬁm i's gue

??o%qghviﬁﬁﬁé?ﬁfﬁdjﬂ‘?“ﬁrancﬁgﬁﬁééﬁg%"ﬁ%‘mﬁ?m%“%@ * BRrafPy R SreCHl or m ned

based pri and prefenbly I8, Fcathsricaklehi hydrobarbonhsnitisiyproe @f-the end
of the branch or the nmethyl ene carbon one renoved from the rre hyl on the

br anch. [ngq cHiabist canpsisingal supraEEd) cobalfecangporient egudsdorekample t s of
car bons, i neasure of the nunber of carbons, in an isoparaffin that
are | ocat gﬂ&fl%‘?ra%%tpf%sseéﬁsmwﬁvng% ﬁf@tcﬁvﬁg? ”&%?r’@&ﬁeé%g%’g&%bns way

from a si g GReines @Rl &aolBARbOTRY RYv, LoPLABE s SARRA as * one”

the carbons 1 n the are t h or’ grea ons fromelther a

strai ght eblintest @tihie pabediBI an@HS fiktude L) Chati®l MR ue ePOBlurddI6E e
carbons appear between 29.9 ppmand 29.6 ppmin the carbon-13 spectrum

They are eatalyshaaspestivelyl oliae term 4%, isusescharaindiogeférdodydragebas bon
nunmber of the no|lecules in_.the sa Y;/n 8h is acc ﬁl}shed W th suff|C| ent
accuracy T4 4 GBPPE ! rg,fgrq\aé@retﬁgggﬁ B dePpetimp Vlt tdgaterigl withecul ar

wei ght of .1, %?ﬁﬂme‘? 5%45 tBX)e]aD‘%?g fougjlfl\%lg{aotH@tj ﬁﬁke?é &'—'a)fo% g%rbgl v de the

t ot al car I ntegral are 1 ons Or coun
aver age cmnhber (ﬂkblﬂbefmlﬁlmﬁhlsﬁ}ﬁﬁoaarbbﬁs @by Rigtht Menit VaRES I tAE 8arboar Car bon

in the sanple;
number range have to be present, or that every carbon number in the quoted
range is present. It is preferred that the hydrocarbon synthesis reaction be
conducted under conditions in which limited or no water gas shift reaction
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,



c. neasure the area between 29.9 ppmand 29.6 ppmin the sanple; and d.
divide by the integral area per carbon fromstep b. to obtain Fa. Branching
measur enewo@ar329se perforned usi ng any Fourier TransforPoTN$Rspens onet er .
Preferably, the neasurenents are performed using a spectroneter having a
magnet of 7.01 or greater. In all cases, after verification by Mss
Spectronetry, UV or an N1VIR survey thai-aromatic carbons were absent, the
spectral width was limted to the saturated carbon regi on, about 0-80 ppm
vs. TMS (tetranethyl silane). Solutions of 15-25 percent by weight in

chl or of or [ ined 45 r .pul ses followed by.,a 0.8 .sec
acquisiti gj}ﬁ’dhl’\rlzr.’ ?—Frﬁ)f%rl\é%rantaﬁdw%g%ﬁggﬁlﬁdﬁgﬁp}c&wﬁglgﬁ'@@ Iﬁgfeé?bﬁ?'he
proton degQupliith WBMPIRESAnObF nfbié ké’fgac’t‘oliyoméf‘a@ on‘de@Y Pl?éfe%dtsﬂpf)!?ﬁs
excitation pulse and on during acquisition. Total experinent nmes ranged
from 11- 8forr@mubdeminihpeatdSis aompART Titaqix pagicu@iy Taeful @dtadysts awdor di ng
to literature descriptions with nminor deviations described in the Varian or

Bruker opkheiprggamsionaare knoparayd ifestratie, hus nenlimiiing sxamplesmeanbat by

Pol ari zat pon .Transf er ., DEP ot s E} [£5 EPT 45
sequence g?‘\?xgs%%f STARE: ‘lno&g&ﬁéﬁ?%éﬂi%@%e%g@%drit%ré&ﬁ PT 90 shows CH
carbons onk¥j O@§P1n33§5g?jm_0—| and CH3 up and CH2 180 degrees out of phase
(down). APT is Attachéd Proton Test. It allows all carbons to be seen, but

if CH and are hen quat er nar e nd 2 e, down. .The. sequences are
userul 1 it A8 st o BN AAL ISR B Ao U PR e R R And t he
nmet hyl s : I Sl i £ -cﬁ'@{mﬁ_' tif | El‘é%ﬁ? The
br anchi ng&glr\?gg?t‘%’%(sogﬁggcfﬁ&gg&np lferhlgt?eelp%lé’t erm nlg‘l:dI aﬁgnc@ ?ng%%}r using the
assunpt i asr othet hatuesll sout@d, iespetidlhaslatibevagnovr GIIs arandréal] prefe@phy BT i ni c.
Corrections are not nmade for _n-paraffins or cycloparaffins, which may be

present imaterial,gefersechisl assliThwadr i-hgvanmprederablyrhas ay initpbbeiting pointont ent

i . i ng Figld ization, Ma t FLMS). [074], GTL b
071 5 and IB4uE Tk o Ep, 05BN 804 PRIErPRECHERERRIL AL U 1o bR fattpl o
o . . . P2

nyr ocar Bing g tee i AUSHRT P nidN o ik WERY, Fidd KD RRCISORLS Eutha e | "

There i s Igydieienifizatdonng\ poitiin'ef theaupaaehn wimputed isé@verrRadodver
formul ators to produce fornul ated oils of ever Increasingly reduced sul fur,

sul f at ed hedhing inpppraféipiheomateréal ntiance; henenustbe suffimientawiany Inypareffini cti ve
envi ronnent al, L uld rely on

egul ations. Sueh oils,. known as | ow. SAP 0ils
the use dRalgHa togﬁ”F@ B 1SR A HURLONARING ISHRCEAE :bﬂ 1%@@‘?1}1@9\/\3& zero

initial r : i : oils can
be 1 o murAYEH 1 rreLy o CEUR SO Rl GHE A8 bt R BRAIE i 1T vee
contai n suhdelsf the déaneniie/odevdsateheill fsobeihydrddaaokeRicidvairboilhg | be

| ower or |ow SAP. [0751 Low SAP fornul ated oils for vehicle engines (both
spar k i gmiatedalaghering Hyer ensicotiongriatalptyic Wieaxing: eHaneg|if isrprefortashthabt 0. 7

wt % or | ess, eferably 0.8 w% or |ess, nor referahbly 0.5 wt% or |ess,
nmost pr egg‘? 3’5‘%051.% B\Wé@ 8?8?%‘%’,‘3’ %?dg%a%‘mﬁ(?ﬁpo %f(engg R)/{\T)% or |ess,
preferablé"O.S w%or |ess, nore preferably 0.4 wt%or less, and a
phosphor (848 onWdran abolingawnge i$ gueted peedinritdefing. theowenand/os sppemr e

preferably 0 09 wt% or |ess, nost preferably. O. % or l.ess, and in

certain id%gﬁlggiggst?m@\%aﬁurﬁﬁ,%%egrtggppg@tq)ﬁxe\?ﬁaég}n. P@ggss SP@P?EF“‘IZY Riatshe oxi de

pol yer s . ) . . . _ LY Lt ad

For i nai (R drcalipfe SRR thal R, i 3HS ERIARAE B Pobulfier VS

etherifi @ﬁiite%&n%é)?théss‘ﬁediﬁ@!i@hhﬁ'td BoiliHBrhe@d H6& ot rRquid¥ angmaxkrigkanpl e,

these oils nay be obtained by polynerization of ethylene okxide or - 31 -
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



propyl ene oxi de, the alkyl and aryl ethers of these pol yoxyal kyl ene

pol ymers (et hyl - pol yi sopropyl ene gl ycol ether having an average nol ecul ar
wei ght ofweblwoet131900, di phenyl ether of pol yethyl ene gl ycolush@siong4s

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 1500, for exanple) or
nono- and pol ycarboxylic esters theredfl {the acidic acid esters, m xed C3.8
fatty acid esters, or the Cl30xo acid diester of tetraethylene glycol, for
exanple). [77] Esters conprise a useful base stock. Additive sol vency and
seal compagt b i s eld 54 | q?%b rs such
as the esfg%(?‘/? %nggﬁ)ggfe?ﬁgﬁddg}; \’tllﬁ %ﬁanxﬁgagll ang?fd%%ab?%:“ggﬁyyg? bzzt%]gr s of
nmono- car bpgtitionactatshe Egiitbesis oSuthéractioneard neparédtd hgtein 40658 anpl e, the
esters of dicarboxylic acids such as phthalic acid, succinic acid, alkyl
succi ni ¢ AB0F+ fakieond”. By confrasta & 5-7 FoflFe fiactions!’, redersitaiacfraation, wsbber i ¢
acid, sebacic acid, fumaric acid, adipic acid, linolejc acid diner, nmalonic

alci olh ?l kg ume@ﬁﬂ;%d HFtiall, a&m&yﬁa#@ %m} EOlﬁéf‘éFPeé’ﬂ“@ﬂ? ?@ﬁ\ﬂfﬂ@nf?% @By of
5 eyl nelgti Ear Biag: R a0 ot sf i At (AR, 80 ot b
i ncl ude dj %ﬂa&ﬂ?ﬂﬁ’e@are@i Hy2diRENNGEARYY bihed §§Zd§;l§ﬁ§n te?@hhiﬁd%‘ﬁ?‘yﬁhef\#ziﬁf ate,

di octyl sebacate, di’isooctyl” azelate, diisod azel ate, dioctyl
pht hal at efeediatsctypigilyhadmprsesdhotecthay 0086 nataly mioce thanA%Radt i cul arly
useful synthetic esters are those which are obtai ned bg reacting one or

nor e pol yprgderablyameshtian Q& wetepaiaifinie hxdroadeonsd mast pbvdichiate npsmahe
neopent yl _polyol . g. nheopent yl ygol .. tringethyl ol ethane - et hy1- 2-
ropy 1 1 BAR R BedneBfeR e Hopdie i3k ahd Brt¥adh TP IS Gidh Tos?

di pent aer ri f I ! i Fni 4 carbon
at gm; ( pr%l%grla‘tt‘),? b})ncc‘é! %%h&y??ﬂg%%gc@% gg’r@g@b g%gf B?fgteﬁ%lﬂé fér% gitﬂglg%it)a??gi n fatty
aci ds i ncwpginandaory brefebilyl less aiprn $0Groippm bloxygermdn the forni 6f i ¢ aci d,
palmtic acid, stearic acid, arachic acid, and behenjc acid, or the

cor r espon@iygsnpicancMaxy éeedsmaving theae prppesticymwhusafal bdthegrogesaof dle such as

oo oo min AL SRS BRI S bESt S DR b EBhane, "
Bl e contt K, o8P e B B R P one. 10801 Si |1 con: based
o e R e e S S A B T PO b
ot ract hyy e KAy ST Shainad i G Rubhhed Ba PRRRUATNL BRSRTSi 1 cate
t et r a- (4-Ifsldekivieceslare abed aatle, febdfthay hayt sedd folbey Subijectgt toai | i cat e,

hexyl - (4- met hyl - 2- pent oxy) disiloxane,(ﬁqu(neth | ) sil oxanes, and
pol y- ( mettiglimmargHrydrotedting step uodeihees l[lo@sla_lrw%t WeH kalosgstoothosgnt het i ¢

o B b O T PR e L
Cecancpaphanhe o Bbdka 2k 008 Rahord ghynfl ok aphyiaR e YT

f1ui ds ofcompuuindatiliigh waddsithisrwincdeutevamthediydesisonraizationinconvent i onal
base stocks that have been processed, preferably catalytically, or

synt hesi 2wdredevrang ¢atalysjrispd itf subsgquent| sigps. dAth-drivexesraretueed,suichs. [ 84]
In many cases.it will be advantageous to enpl.oy. only .a GIL hase stock such
he one” ddrrirRiny Brebmegt RGE Ren RSt LR G, SuthRRKSEol ar - wear
resi st ant } I i e Le~ada, b base

St ocis. i VBanhy 32k gBhh® (B ThaS inGHRE B o mdfB FpRERY 1B "TRE oL
base st ogkdut §pPm tomiProRsulfiraRsfitroden taepolag @ontedtk Howeiddn, asiaé t i onal
base stocks may be sel'ected fromthe group consisting of (i) natural base

st ock, (ihydredemtaxing catabse fad Bk wakies mayubemafitdndmanaloviahef osy garlatesnd
m xtures thereof [85] If_a_base stock blend is usegwit houl.d contai n at
| east 20 Wil otpersiapnpepefit frppnexy genaigsdgeatment. pd Be Aydprdeviaxingast 60 wt %

most pr efp%c?elgls %a%ftbe conducted over a combination of catalysts, or over a single

catalyst. Conversion temperatures range from about 150°C to about 500°C at



-33 - least 80 wt % of the GIL base stock or base oil, or slack wax or

Fi scher-Tropsch derived base stock, preferably Fischer-Tropsch derived base
stock. Aswooeeaetehy apparent, any forrulated oil utili 2cmgissach2a4bl end
whi | e exhi biting performance superior to that secured when such ot her base
stock is used exclusively wll be inferior in performance to that achieved
when GTL base stocks, Fischer-Tropsch-ggrived base stock or m xture thereof
is the only base stock enpl oyed. [086] Advantage can be taken of the
present invention in formulating | ow sul fur, |ow ash and | ow phosphorus

e oo < PSsaFAEEAE Aol st ORGhALe R G s bpaara > o

st oi chi o fHeCpi@vénde ¢h rogéﬁ,!aﬁmlﬂy@rcgdrﬁpdlﬂbnpﬂe@memé%d@@ﬂ dhoan y to a
heated (50C) and stirred solution of Prinmene 81R a Cl12-Cl4 tertiary am ne
(Rohm & H&a88 Yo 60A8 kParpBreatatioe fleyuirogérsionthethy dt@GeEh ot feedstockdhpcmighnr i ¢

126C for_ SrAGRHION AR LGRERBrarER SO AhHh 048 SPOD - LbEcbbPSh. (b) ;"
the 11 nal SComaDAa e fpact el ftbbfine FRBuREr MG ARety sRARIETEL o1r"

5-Cectyl degybo iﬁgvgb@tf@ﬁabgam wsioorgsedure (b). (d) Thiadiazole salicylic
acid, thiadiazole 5-Oxyoet'yl decyl salicylate, thiadiazole 5-Cctyl decyl

sal i cyl at gy=1§2 [ {s..were the
salts of E’aﬁ 1303? ?@é‘g{g{gg@l %&{l‘éet%ggp%dggche?x&oé%ng&%ﬁ%dgﬁ?@%sﬁgﬁg%%%&@ k re the
ani des of hyMepacdedsingsndd fof #RprolibctrdiPyLbadditdiReFomnRhalS& feat ed with
B(OH) 3. The total anmbunt of boron added to each nol ecul e ranged between
50- 1000 pmay use an amorphous hydrocracking/hydroisomerization catalyst, such as a

lube hydrocracking (LHDC) catalysts, for example catalysts containing Co, Mo,

Ni, W, Mo, etc., on oxide supports, €.g., alumina, silica, silica/alumina, or a

crystalline hydrocracking/hydroisomerization catalyst, preferably a zeolitic

catalyst.

[052] Other isomerization catalysts and processes for hydrocracking/
hydroisomerized/isodewaxing GTL materials and/or waxy materials to base
stock or base oil are described, for example, in U.S. 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; 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.



-34 - Exanple 2 [089] This exanple shows the excellent performance of

Pri mene 81R salicylate and other derivatives in bench tests. (a) TEOST 33C
Test: | LWBDBposhi3eysnn- Oxi dati on Engine G| Sinul ati on TeeCTivs2@a/02E8¥M bench
test (D 6335) designed to predict high tenperature turbocharger deposit.
TABLE 1 TEOST Deposits for Prinene 81R Salicylate Additive in 0.05 w %
Phosphorus O |, (a)wt % Deposits, ng 0.00}-27.8 8.4 2.0(2)

[053] Hydrocarbon conversion catalysts useful in the conversion of the
n-paraffin waxy feedstocks disclosed herein to form the isoparaffinic hydro-
carbon base oil are zeolite catalysts, such as ZSM-5, ZSM-11, ZSM-23,
ZSM-35, ZSM-12, ZSM-38, ZSM-48, offretite, ferrierite, zeolite beta, zeolite
theta, and zeolite alpha, as disclosed in USP 4,906,350. These catalysts are used
in combination with Group VIII metals, in particular palladium or platinum. The
Group VIII metals may be incorporated into the zeolite catalysts by conventional

techniques, such as ion exchange.

[054] In one embodiment, conversion of the waxy feedstock may be conducted
over a combination of Pt/zeolite beta and Pt/ZSM-23 catalysts in the presence of
hydrogen. In another embodiment, the process of producing the lubricant oil
base stocks comprises hydroisomerization/dewaxing over a single catalyst, such
as Pt/ZSM-35. In yet another embodiment, the waxy feed can be fed over Group
VIII metal loaded ZSM-48, preferably Group VIII noble metal loaded ZSM-48,
more preferably Pt/ZSM-48 in either one stage or two stages. In any case, useful
hydrocarbon base oil products may be obtained. 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



12.8 3.0(2) 9.7 (a) phosphorus fromzDDP (1) fully fornmulated 5 W30 oil
containing 2 wt % conventi onal netal detergent plus conventional additives
(2) sane we 20de)13et | ess the 2 w % netal detergent repl aceasbyosiondissat ed
anount of ashless Prinene 81R Salicylate detergent. These results indicate
that the addition of amne salicylate to a 5WB0 fornul ated oil w thout
metal detergent significantly reduced_sgleposit formation by an average of
63% in this test. (b) Total Base Nunber Evaluation: Alkalinity reserve in

formul ated oil is critical for extended drain performance. Am ne salicylate
' dditional ,TBN to the ol shown bel ow.,  -35 - TABLE 2
?—Bﬁe%; ;,gh Irliéwelggq)&repfgnlggﬁt@gﬁliaéﬁ wWayy Solid which {3 then separated from the

solvent-containing lube oil fraction which is the raffinate. The raffinate is
typically further chilled in scraped surface chillers to remove more wax solids.
Low molecular weight hydrocarbons, such as propane, are also used for dewax-
ing, in which the hydroisomerate is mixed with liquid propane, a least a portion
of which is flashed off to chill down the hydroisomerate to precipitate out the
wax. The wax is separated from the raffinate by filtration, membrane separation
or centrifugation. The solvent is then stripped out of the raffinate, which is then
fractionated to produce the preferred base stocks useful in the present invention.
Also well known is catalytic dewaxing, in which the hydroisomerate is reacted
with hydrogen in the presence of a suitable dewaxing catalyst at conditions
effective to lower the pour point of the hydroisomerate. Catalytic dewaxing also
converts a portion of the hydroisomerate to lower boiling materials, in the
boiling range, for example, 650-750°F-, which are separated from the heavier
650-750°F+ base stock fraction and the base stock fraction fractionated into two
or more base stocks. Separation of the lower boiling material may be
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



Additive, wt% 9.9 1.0 2.0 TBN, ng KOH g O | In Base QI 0.0 1.5 3.0 In

0. 05 wt % Phosphorus 5W80 G| 1.0
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range of from about 400-600°F, a pressure of 500-900 psig, H, treat rate of
1500-3500 SCF/B for flow-through reactors and LHSV of 0.1-10, preferably
0.2-2.0. The dewaxing is typically conducted to convert no more than 40 wt%
and preferably no more than 30 wt% of the hydroisomerate having an initial
boiling point in the range of 650-750°F to material boiling below its initial
boiling point.

[057] GTL base stock(s), isomerized or isodewaxed wax-derived base stock(s),
have a beneficial kinematic viscosity advantage over conventional Group II and
Group III base stocks and base oils, and so may be very advantageously used
with the instant invention. Such GTL base stocks and base oils can have
significantly higher kinematic viscosities, up to about 20-50 mm?/s at 100°C,
whereas by comparison commercial Group II base oils can have kinematic
viscosities, up to about 15 mm?s at 100°C, and commercial Group III base oils
can have kinematic viscosities, up to about 10 mm®/s at 100°C. The higher
kinematic viscosity range of GTL base stocks and base oils, compared to the
more limited kinematic viscosity range of Group II and Group III base stocks
and base oils, in combination with the instant invention can provide additional

beneficial advantages in formulating lubricant compositions.

[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.



2.9 5.2 TBN = Total Base Nunber of oils neasured by ASTM D4739 (HCl
titration) (c) Antiwear and Antioxidant Capabilities: Amne salicylate
shows hydwopeseansese deconposi ng capability and possi bl e Peyruse@icdm4aus t h
antiwear additive ZDDP as shown bel ow. TABLE 3 Four Ball War Results
(ASTM D4172) for Prinmene 81R Salicylate Test Conditions 0.0 wt % Phosphorus
Gl 0.05 wt% Phosphorus O 1 60 kg, 12006¢pm 100C, 60 m ns. War Scar

D ameter (nmm

[061] The preferred base stocks or base oils derived from GTL materials
and/or from waxy feeds are characterized as having predominantly paraffinic
compositions and are further characterized as having high saturates levels, low-
to-nil sulfur, low-to-nil nitrogen, low-to-nil aromatics, and are essentially water-

white in color.

[062] The GTL base stock/base o0il and/or wax hydroisomerate/isodewaxate,
preferably GTL base oils/base stocks obtained from F-T wax, more preferably
GTL base oils/base stocks obtained by the hydroisomerization/isodewaxing of
F-T wax, can constitute from about 5 to 100 wt%, preferably between about 20
to 40 to up to 100 wt%, more preferably about 70 to 100 wt% of the total of the
base oil, the amount employed being left to the practitioner in response to the

requirements of the finished lubricant.

[063] A preferred GTL liquid hydrocarbon composition is one comprising
paraffinic hydrocarbon components in which the extent of branching, as
measured by the percentage of methyl hydrogens (BI), and the prbximity of
branching, as measured by the percentage of recurring methylene carbons which
are four or more carbons removed from an end group or branch (CH, > 4), are
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



Wear Scar Dianeter (nm Additive, wt% No t-BHP 90 nmol t-BHP/ 1000/ g No

t-BHP 90 mmol t-BHP/1000/g 0.0 1.51
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CCS at -40°C, and kinematic viscosity, as measured at 100°C represented by the
formula: DV (at-40°C) <2900 (KV @ 100°C) - 7000.

[065] The preferred GTL base oil is also characterized as comprising a mixture
of branched paraffins characterized in that the lubricant base oil contains at least
90% of a mixture of branched paraffins, wherein said branched paraffins are
paraffins having a carbon chain length of about Cy to about Cyg, 2 molecular
weight of about 280 to about 562, a boiling range of about 650°F to about
1050°F, and wherein said branched paraffins contain up to four alkyl branches

and wherein the free carbon index of said branched paraffins is at least about 3.

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

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

Branching Index
[067] A 359.88 MHz 1 H solution NMR spectrum is obtained on a Bruker 360

MHz AMX spectrometer using 10% solutions in CDCl;. TMS is the internal
chemical shift reference. CDCl; solvent gives a peak located at 7.28. All
spectra are obtained under quantitative conditions using 90 degree pulse
(10.9 ps), a pulse delay time of 30 s, which is at least five times the longest
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.
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[069] 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.

Branching Proximity (CH, > 4)
[070] A 90.5 MHz’CMR single pulse and 135 Distortionless Enhancement by

Polarization Transfer (DEPT) NMR spectra are obtained on a Brucker 360
MHzAMX spectrometer using 10% solutions in CDCL;. TMS is the internal

chemical shift reference. CDCL; solvent gives a triplet located at 77.23 ppm in
the ">C spectrum. All single pulse spectra are obtained under quantitative
conditions using 45 degree pulses (6.3 us), a pulse delay time of 60 s, which is at
least five times the longest carbon spin-lattice relaxation time (T)), to ensure
complete relaxation of the sample, 200 scans to ensure good signal-to-noise

ratios, and WALTZ-16 proton decoupling.

[071] The C atom types CH;, CH,, and CH are identified from the 135 DEPT
*C NMR experiment. A major CH, resonance in all *C NMR spectra at ~29.8
ppm is due to equivalent recurring methylene 'carbons which are four or more
removed from an end group or branch (CH2 > 4). The types of branches are
determined based primarily on the >C chemical shifts for the methyl carbon at

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:



0.66 0.51 0.42 0.48 The wear scar dianeter results for an oil containing
just the ZDDP and no Prinene 81R salicylate or other detergent (netal) or
ZDDP and wetadée/dedeer gent was found to be 0 64 nmin bot rCirrust@aoest4s (d)
Thin Film Oxidation Test (TFO: TFO is another bench deposit test (3 hours,
630F, 2500 rpm oil flow 245 cc/mn, and airflow 200L/ mn), that rel ate
well to the VMDD 2 (CEC L-78- T-99) pigg$on deposit test. This test is
described in SAE 85 1797. Results show that am ne salicylate, am ne

5-octyl decyl salicylate and their borated derivatives are good ashl ess

Céeg::”g?gg%:s ﬁi&lé%ot?‘{?/éaﬁg’%%égg{%j% 5%989{ SftiERoleciRs in I}'lbéBéa%‘xﬂle 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
CHy);

b. divide the total carbon-13 integral area (chart divisions or area counts) by the
average carbon number from step a. to obtain the integral area per carbon in
the sample;

c. measure the area between 29.9 ppm and 29.6 ppm in the sample; and

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

Branching measurements can be performed using any Fourier Transform NMR
spectrometer. Preferably, the measurements are performed using a spectrometer
having a magnet of 7.0T or greater. In all cases, after verification by Mass
Spectrometry, UV or an NMR survey that aromatic carbons were absent, the
spectral width was limited to the saturated carbon region, about 0-80 ppm vs.
TMS (tetramethylsilane). Solutions of 15-25 percent by weight in 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



Formul ated O ls with Salicylate 2.5 wt% Prinene 81R Salicylate70 - 2.5 wt %
Calcium Salicylate7l 1.25 w% Prinene 81R Salicylate and90 1.25 wt %

Cal ci um Sabizegd/izbes4 1. 25 wt % Prinene 81R Sal i cyl at e (Boratrasp@8/oands 1. 25
wt % Cal cium Salicylate Fornulated Ols with Alkylated Salicylate 2.5 wt %
Primene 81R 5-Cctyl decyl 70 Salicylate (Borated) 1.25 wt% Prinene

81R 5-Cctyl decyl Salicylate91l and 1.2530M % Cal ci um Salicylate 1.25 wt%
Primene 81R 5-Cctyl decyl Salicylate90 (Borated) and 1.25 wt % Cal ci um

Salicylate
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
cycloparaffins, which may be present in the oil samples in varying amounts.
The cycloparaffins content is measured using Field Ionization Mass

Spectroscopy (FIMS).

[074] GTL base oils and base oils derived from synthesized hydrocarbons, for
example, hydroisomerized or isodewaxed waxy synthesized hydrocarbon, e.g.,
F-T waxy hydrocarbon base oils are of low or zero sulfur and phosphorus
content. There is a movement among original equipment manufacturers and oil
formulators to produce formulated oils of ever increasingly reduced sulfur,
sulfated ash and phosphorus content to meet ever increasingly restrictive
environmental regulations. Such oils, known as low SAP oils, would rely on the
use of base oils which themselves, inherently, are of low or zero initial sulfur
and phosphorus content. Such oils when used as base oils can be formulated
with 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



* Hi gher nunber nmeans cleaner. (e) VWT D2 (CEC L-78-T-99) Piston Deposit
Test: Prinme 81R salicylate and its borated derivative and Prinene 81R

5- oct yl dewploeaisewyl ate were evaluated in this bench engcmast@si2i4Resul ts

show that this class of ashless additives can also performwell in a fired
bench engine test: WD 20061132964PCT/ U S2006/ 021445 - 37 - TABLE 5 Blend
Code Prinmene 81R Salicylate Prinene 81R -

propylene oxide, the alkyl and ary] ethers of these polyoxyalkylene polymers
(methyl-polyisopropylene glycol ether having an average molecular weight of
about 1000, diphenyl ether of polyethylene glycol having a molecular weight of
about 500-1000, and the diethyl ether of polypropylene glycol having a
molecular weight of about 1000 to 1500, for example) or mono- and
polycarboxylic esters thereof (the acidic acid esters, mixed Cs_g fatty acid esters,

or the C;30x0 acid diester of tetraethylene glycol, for example).

[077] 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, dodecyl alcohol, 2-ethylhexyl alcohol, etc. Specific examples of these
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).



Salicylate (borated) Prinmene 81R 5-octyldecyl salicylate Prinene 81R
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[079] Suitable synthetic ester components include the esters of trimethylol
propane, trimethylol butane, trimethylol ethane, pentaerythritol and/or dipenta-
erythritol with one or more monocarboxylic acids containing from about 5 to

about 10 carbon atoms.

[080] Silicon-based oils are another class of useful synthetic lubricating oils.
These oils include polyalkyl-, polyaryl-, polyalkoxy-, and polyaryloxy-siloxane
oils and silicate oils. Examples of suitable silicon-based oils include tetraethyl
silicate, tetraisopropyl silicate, tetra-(2-ethylhexyl)silicate, tetra-(4-methylhexyl)
silicate, tetra-(p-tert-butylphenyl) silicate, hexyl-(4-methyl-2-pentoxy)
disiloxane, poly(methyl) siloxanes, and poly-(methyl-2-mehtylphenyl) siloxanes.

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

phosphate, diethyl ester of decanephosphonic acid.

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

derivatives, and the like.

[083] Other useful fluids of lubricating viscosity include 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



6.11 5.98 Boron (ASTM D4951), wt% 0.02 0.03 0.03 0.03 TFO (3 hours, 630F,
2500 rpm oil flow 245 cc/mn, air flow 200 L/mn), cleanliness rating 70
89 91 90 wukMy/Bewton Deposit Test (Rating 0-100, whereprt@@se®cobrafn, > 60

IS a pass)
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least 80 wt% of the GTL base stock or base oil, or slack wax or Fischer-Tropsch
derived base stock, preferably Fischer-Tropsch derived base stock. As is readily
apparent, any formulated oil utilizing such a blend while exhibiting performance
superior to that secured when such other base stock is used exclusively will be

inferior in performance to that achieved when GTL base stocks, Fischer-Tropsch

derived base stock or mixture thereof is the only base stock employed.

[086] Advantage can be taken of the present invention in formulating low
sulfur, low ash and low phosphorus lubricating oil compositions to met the latest

lubricant requirements of the OEM’s.

EXAMPLES

Example 1

(a) Primene 81R Salicylate: A stoichiometric quantity of salicylic acid
(Aldrich) was added slowly to a heated (50°C) and stirred solution of
Primene 81R a C;,-Cy4 tertiary amine (Rohm & Haas). The temperature
kept rising to 105°C due to the exothermic reaction of acid-base
neutralization. The temperature was then raised to 126°C for 1 hour. A

bright yellow solution was formed upon cooling.

(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.



41 51 60 64 Exanple 3 [090] Thiadi azol e (Vanl ube 871) derivatives of
salicylic acid and 5-oxy actyldecyl salicylic acid showed good performance
in the TRQote®m13¢witl s 1 and 2) when used as a repl acenercriuseoos@40f t he
detergent in a fully fornmulated 5 W30 oil containing 0.08 wt% P (reference
Gl 3). The TFOresults are presented in Table 6. WD 2006/ 132964PCT/ U
S2006/ 021445 -38 - TABLE 6 Thin Film Q4 dation Test G|

Example 2

[089] This example shows the excellent performance of Primene 81R

salicylate and other derivatives in bench tests.

(a) TEOST 33C Test: TEOST, Thermo-Oxidation Engine Oil Simulation Test
is an ASTM bench test (D 6335) designed to predict high temperature

turbocharger deposit.

TABLE 1
TEOST Deposits for Primene 81R Salicylate
Additive in 0.05 wt%
Phosphorus 0il,® wt% Deposits, mg
0.0 27.8
1.0 8.4
2.0% 12.8
3.0% 9.7

@ phosphorus from ZDDP

O fully formulated 5 W 30.0il containing 2 wt% conventional metal
detergent plus conventional additives
@ 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.
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TABLE 2
TBN Analysis of Primene 81R Salicylate

Additive, wt% 9.9 1.0 2.0
TBN, mg KOH/g Oil
In Base Oil 0.0 1.5 3.0
In 0.05 wt% Phosphorus 5W30 Oil 1.0 2.9 5.2

TBN = Total Base Number of oils measured by ASTM D4739 (HCI titration)

(c) Antiwear and Antioxidant Capabilities:

Amine salicylate shows hydroperoxide decomposing capability and

possible synergism with antiwear additive ZDDP as shown below:

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:



64 Thi adi azol e, 5-Oxysalicylate (Ol 2) 89 62 Reference G| (Ol 3) 83 48
Condition 1 = G| preheat 540F, Di sk tenperature 615F, Duration 85 m nutes.
Condi t i orw® 2006d3k96pr eheat 550F, Di sk tenperature 630F, Parats2ad/0il0s
mnutes. Gl 1 = 50%thiadaizole salicylate + 50% netal detergent in 5WB0
(Reference Gl 3). Gl 2 = 50%thiadai zol e 5- Oxyoctyl decyl salicylate + 50%
metal detergent in 5WB0 (Reference G F38). Reference O 3 = 5W80 fully
formul ated oil. [OM Thiadi azole salicylic acid derivatives al so showed
significant hydro-peroxide deconposition capability relative to the
reference oil, which contains ZDDP asaghg grai n source of hydroperoxide
deconposition in the oil. As shown i'n Table 7, theﬂ;%: riqu%ﬁg' qilt i o of
ZDDP: t - butyl hydroperoxide (t-BHP) in the reference—m—Eﬁﬁ%—*whﬁh isin
a very good agreement with literature val ues. Additiod™MsS58 hi adi azol e
derivatives to thEoBRulated Ods prthhSalieHpted this ratio. [092] The oils were

exam ned by carbon- péggl r e, td_¢: nance (NMR) spe oscopy on a
JEOL GSX-400 NWMR 'sp%'gt ﬁﬁﬁ’?efﬁgﬂgﬂﬁilf&?‘ﬂ?%quency of 100 megahertz. The
sanpl e tenperat ur sy Wy, (léiath MGkt over a range of 27Gjand 68C.

Bet ween 200 and 350 transients were "acquired for

- 1.25 wt% Primene 81R Salicylate and 90
1.25 wt% Calcium Salicylate
- 1.25 wt% Primene 81R Salicylate (Borated) 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:



each spectrum wth a 90 degree pul se on the carbon nucl eus, and

I nverse-gated proton decoupling. A spectrumwas acquired at 27C, to neasure
t he i nitiwb o@/3téeve concentrations of t-butyl hydroperexirds2@an2t44dHut vyl

al cohol . Subsequently, the tenperature was raised to 65C, and nmi ntai ned at
this tenperature for 240 m nutes. Spectra were acquired periodically, and
the WD 2006/ 132964PCT/ U S2006/ 021445_3739 - deconposition of t-butyl

hydr oper oxi de was nonitored by conparing the oxygen-bonded carbon
resonances for the hydroperoxide and the al cohol. TABLE 7 Hvdroperoxide
Deconposition Additive concentratiqquiL%QPP in mnole 123 + 22 35 + 22

Primene Primene 81R
Primene g81R Primene 81R: | S-octyldecyl
g81R Salicylate | 5-octyldecyl salicylate
Blend Code Salicylate | (borated) salicylate (benated)
KV at 100°C (ASTM 119 12.0 11.61 11.60
D445), cSt
TBN (ASTM D2896),
mg KOH/g oil 5.65 5.67 6.11 5.98
Boron (ASTM D4951), 0.02 0.03 0.03 0.03
wit%
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.



35 + 22 22 (ZDDP) Initial tert-Butyl Hydroperoxide, mole 200 200 200
Final tert-Butyl Hydroperoxide, muvole 7

WO 2006/132964 PCT/US2006/021445
.38 -
TABLE 6
Thin Film Oxidation Test
Condition 1 Condition 2
Oil (Mild), Rating (Severe), Rating
Thiadiazole salicylate (Oil 1) 89 64
Thiadiazole, 5-Oxysalicylate (Oil 2) 89 62
Reference Oil (Oil 3) 83 48

Condition 1 = Oil preheat 540°F, Disk temperature 615°F, Duration 85 minutes.

Condition 2 = Qil preheat 550°F, Disk temperature 630°F, Duration 180 minutes.

Oil 1 = 50% thiadaizole salicylate + 50% metal detergent in SW30 (Reference Oil 3).

Qil 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 coptains
ZDDP as the main source of hydroperoxide decomposition in the oil. As 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



28 63 -40- CLAIME: 1. An ashl ess detergent consisting of the borated
reaction product of an amne of the formrula H- NR3 wherein R2 and
R3 are thwozameismc4di fferent and are hydrogen, Cl to C2@calusgdos/ot4s o C20
al kenyl, C6 to C20 cycloal kyl, aryl, arylallcyl or alkylaryl, provided that
R2 and R3 cannot both be hydrogen, with a salicylic acid. 2. An

ashl ess detergent consisting of the hojeated reaction product of an am ne of
the formula: H- NR3

decomposition of t-butyl hydroperoxide was monitored by comparing the

oxygen-bonded carbon resonances for the hydroperoxide and the alcohol.

TABLE 7
Hydroperoxide Decomposition
Additive Initial tert-Butyl Final tert-Butyl
concentration + Hydroperoxide, Hydroperoxide,
0il ZDDP in mmole mmole mmole

Thiadiazole salicylate
(il 1) 123 +22 200 7
Thiadiazole salicylate
(Oil 1) 35+22 200 28
Thiadiazole, 5-
Oxysalicylate (Ol 2) 35+22 200 63

Reference Oil (3) 22 (ZDDP) 200 134



wherein R2 and R3 are the sane or different and are hydrogen, C to
C20 alkyl, C2 to C20 al kenyl, C6 to C20 cycl oal kyl, aryl, aryl al kyl
or alkylaryl, provided that R2 and R3 cannot both be hydrogen, with a

sul fonic acid of the formula: OH X --4y-- (S020) H -41-- 3. An
ashl ess detergent conprising the reaction product of a thiadiazole
with a salicylic acid, and borated derivatives thereof. 4. An

ashl es%Lq}%fg.gent consisting of the borated reaction product of a
thi adi azol'e with a sulfonic acid of the formula: OH X - Ar - (S020) H
wherein X is hydrogen, CI to Cl0 alkyl, C2 to Cl10 al kenyl, C6 to Cl10

cycl oal kyl, 1af)dé as éés%e?é%,'rt c@ﬁ?stiﬁé\ﬁ%ﬂ‘)g!b%}#ﬁed f%aﬁ}og Sﬂs}ta@gn%f lof a 8RN the

or anthracenyl and vy is e as ergent of
claim Iomila 3 or 4 wherein the reaction product is a salt. 6.
The ashl ess detergent of claiml or 2 wherein the amne reactant is
an organi c group substituted primary or secondary ani ne. 7. The
ashl ess detergent of claim®6 wherein the anhpe reactant is an al kyl
substituted primary or secondary ami ne, ~~ 8. The ashl ess

detergent of claim7 wherein tH2 aﬁfnélkggctant is a C4-020 tertiary
al kyl group substituted primary or secondar R3anm ne.

wherein R? and R® are the same or different and are hydrogen, C; to Cy alkyl, C; to
Cyo alkenyl, C to Cy cycloalkyl, aryl, arylalkyl or alkylaryl, provided that R? and R? cannot
both be hydrogen, with a salicylic acid.

2. An ashless detergent consisting of the borated reaction product of an amine of the

formula:

wherein R? and R? are the same or different and are hydrogen, C) to Cap alkyl, C; to Cqp
alkenyl, Cg to Cap cycloalkyl, aryl, arylalkyl or alkylaryl, provided that R? and R? cannot both

be hydrogen, with a sulfonic acid of the formula:
OH

X — Ar — (80,0), H

wherein X is hydrogen, C; to Cyp alkyl, C to Cyg alkenyl, Cs to Cyg cycloalkyl, aryl,
alkylaryl or arylalkyl, Ar is phenyl, naphthyl or anthacenyl and yis 1 or 2.



9. The ashl ess detergent of claim1 or 3 wherein the salicylic acid
is an organic group substituted salicylic acid. 10. The ashl ess
~detergent of claim9 wherein the salicylic acid is a Cl-Co al kyl, C2-
al kenyl, C6-C40 cycl oal kyl aryl al kyl, 4f\llcylaryl aryl, heteroatom

~ substituted Gi-Co al kyl, C2-C40 al keny, C6- C40 cycl oal kyI

arylallcyl, alkylaryl, aryI substituted salicylic acid. L 42-
11. The ashl ess deterg éant of claim 10 wherein the salicylic acid is a

CL0- C20 al ky , ABERURSH detespent sampyiFing Hig reactiop peeductof a Biadigzolewith and
het er oggﬁ@g %lé@ﬁt%f;d.{;&gt reof substituted salicylic acid.
12. The ashl ess’ det rggﬁg%% a?:‘{egiﬁlr%}%?or 4 wherein the thiadiazole is
an organi c group substituted thladlazole 13. The ashl ess

detergent ofy c - A9 cal kyk. -
C40 al kenyl , Céﬁl % cyclo Eg%ér&f)m ? ﬁ&?fél%é? %ﬁ%ﬂﬁ,ﬂnﬁm{’%
het er oamﬂmmllﬁ)siumldwhé:fem@aal kyl , C2 040 al kenyl, C6- C40
cycl oal kyl, aryl, arylal kyl, alkyl aryl substituted thiadiazole.

14. The ashl ess detergent of claim 13 wherein the thiadiazole is a
C10- C30 al kyl, al kenyl, cycl oal | c(?h aryl, arylalkyl, allcylaryl and
het er oat om substitute derivative ereof substituted thiadaizol e.

15. The ashl ess detergent of claim2 or 4 wherein the sulfonic acid
is an organic group substituyted s |fQ,EL|_ |cg 16. The ashl ess
detergent of claim 15 wherein the organ ¢ groMp substl tuted sulfonic
acid is G-Cl10 alkyl, C2-Ci o allcenyl, C6-C10 cycloallcyl, aryl,

al kyl aryl, arylall cyI and het eroatom substi tuted derivatives thereof,
NH2, OH subsithiteitt Xds Bydifopsn, @Casic, alkyl, C, told@ aﬂcehs?wc%wd;d%%lcﬁﬂ@l BB,
oi |l forpmulation co sing a mgjor anmount of a base oil

| ubri cataylgy @miamlglgﬂsmysnh@ybmvhtbﬂq@aﬁwm@ﬂmdms 1(ﬂi'2at | east one
det er gent sel ected from (1)an ashless detergent consisting of the

borated reacti on product of an am ne of the formula:
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-Cyp tertiary

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 C;-Cyg alkyl, Cy-
Cyp alkenyl, C¢-Cyg cycloalkyl arylalkyl, alkylaryl, aryl, heteroatom substituted C;-Csg alkyl,
Cr-Cyp alkeny, Cg-Cyp cycloalkyl, arylalkyl, alkylaryl, aryl substituted salicylic acid.



- 43 - wherein R2 and R3 are the same or different and are hydrogen,
Cl to C20 al kyl, C to C20 al kenyl, C6 to C20 cycl oal kyl, aryl,
arylal kyl or allcylaryl provided that R2 and R3 cannot both be
hydrogen with a salicylic acid; (2) ajp, ashless detergent consisting

<~ of the borated reaction product of an anmine of the formula: wherein

R2 and R3 are the sane or different and are hydrogen, Cl to Cao
al kyl , cl oal kyl, _aryl, arylalk or
al kyl ar yI 38%%&@8&%@@%&%@%&# ﬂ?@cﬂ}ﬁ(ﬂ%@rﬁ Wi zbn alkyl,

sul f oni e ¢
hydrogeaﬁceﬁ é’t’%é%ﬁlg % ka@dlﬂgl to Cl a eteﬁq%%@%uﬂ's’t%iﬁo %:yc oa rePf
aryl, atlhksylmwa;ahwhtaaqldal kyl, Ar is phenyl, naphthyl or anthracenyl
and y is 1 or 2. (3) an ashl ess det er gent consisting of the reaction
product of a thiadiazole with a salicylic acid and borated derivative
t her eof ; and2( @hmhh&dﬂ@agentelfel@ar&orelmbérmnithg&mﬁdlamm iban atgdic group
reacti Or]as%u?%ﬁt?uado t hi adi azole with a sulfonic acid of the
for mul & - Ar - (S020) H

13, The ashless detergent of claim 12 whe;ein the thiadiazole is a C;~Cyp alkyl, Cp-
Cuo alkenyl, Cs-Cao cycloalkyl, arylalkyl, alkylaryl, aryl, heteroatom substituted C;-Cy alkyl
C2-Cyp alkenyl, Cq4-Cao cycloalkyl, aryl, arylalkyl, alkyl aryl substituted thiadiazole.

3

14, The ashless detergent of claim 13 wherein the thiadiazole is a C;¢-Cs alkyl,
alkenyl, cycloalkyl, aryl, arylalkyl, alkylaryl and heteroatom substitute derivative thereof
substituted thiadaizole.

15. The ashless detergent of claim 2 or 4 wherein the sulfonic acid is an organic

group substituted sulfonic acid.

16. The ashless detergent of claim 15 wherein the organic group substituted sulfonic
acid is C;-Cyp alkyl, C5-Cy alkenyl, C¢-Co 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 detergent
selected from:

(1)  anashless detergent consisting of the borated reaction product of an

amine of the formula;

/R2
H — N
\R3



wherein X is hydrogen, Cl to Cl10 alkyl, C2 to Ca alkenyl, C6 to o
cycl oal kyl, aryl, alkylaryl and arylal kyl, Ar is phenyl, naphthyl or

anthracenyl and y is 1 or 2. 18. The |ow ash lubricating oil
- formulation of claim17 wherein the r,@jactl on product conprising the
| ow ash detergent is a salt. 19.” The | ow ash lubricating oil

formul ation of claim 17 wherein the | ow ash detergent is present in

an anount in the rang,;f:l o] tﬁ % %b{t#,l ve |ngred| ent) based
on the total weight c%’iel ebsag}qo tand g hydrogen, Gpto Gye

| ow ash lubricating gkl ign 41k 1q§
detergent is present :kk faoral gq%@ éﬁyq e ra %W%g!i ﬂ?l@?‘ﬁ’l@)%ﬁjyl
(active ingredient) D@y&fddhattﬂq@ndck a:hnnnébgiﬂltbedfydrdgnlvuﬁra sadicylivopofd; |
formul ati on. 21. The low ash lubricating oil formulation of
claim17, 18, 19 or 20 wherein the anmine reactant is an organic
substituted prinm@y aiashiesedeRfaenbonsRitin %}Bﬂh§abia€éd|rb£ctﬁ)‘ﬁ'#i‘odu%té‘f‘an
organi ¢ substituted sallcyllc aC|d and the thiadiazole is an organic
substituted thiadi zokmine of the fopmularne | ow ash | ubricating oil
formulation of claim17, 18, 19 or 20 further containing at |east one
addi ti onal performance enhancing additive selected from detergent,

di spersant, anti oxidant, pour point depS)sRmt vi scosity index

i nprover, anti wear agent, extr me_pr ure additive, friction

nodi fier, denulsifier, antifoa ~gei zure agent, corrosion
inhibitor, lubricity agent, seal svvel | cont Bht agent, dye, netal
deactivator, antistaining agent. -45---. 23. The | ow ash

lubricating oil formulation of claim17, 18, 19 or 20 wherein the

base oil of |ubri Cat\bhl&ewﬁ%@ﬂﬂ%larbﬁésﬁin%}Sfffcfréxﬁ%flg lgfd?égiénhcl to Cpo

consi sting of GIL base stock, wax isonerate base ol

t her eof 24. TredkyloGe tosGoo alleamiyk; &sitor Grociytlonthyinakyds arylallofl oc bli/lary2 3
wh the b | GIL t K.
25 A method or | mraviokd B & h R AeBp Bk be Risrdest il s SRinisati g

oi | fornul ati on meashe éstmya:ASTM D4172 conprising adding to a
| ubricating base oil of lubricating oil viscosity an additive anpunt

of an additive conprising a conbination of the reaction product of an
amne of the formula: H- NR3 OH

wherein X is hydrogen, C) to Cyg alkyl, C; to Cyg alkenyl, Cg to Cyo
cycloalkyl, aryl, alkylaryl or arylatkyl, Ar is phenyl, naphthyl or
anthracenyl and yis 1 or 2.

(3) an ashless detergent consisting of the reaction product of a thiadiazole

with a salicylic acid and borated derivative thereof: and

(4) an ashless detergent consisting of the borated reaction product of a

thiadiazole with a sulfonic acid of the formula:



wherein R2 and R3 are the sane or different and are hydrogen, C to
C20 al kyl, C2 to C20 al kenyl, C6 to C20 cycloal kyl, aryl, arylallcyl
and allcylaryl, provided that R2 and R3 cannot both be hydrogen, with
~a salicylic acid or borated derivatiyvg thereof and ZDDP. 26. A
* method for inproving the cleanliness of a lubricating oil formulation
measured by the Thin Film Oxidation Test conprising adding to a

| ubricating base oil of lubricating viscosity an additive anount of
an additive conprising a conbinaﬁ?%n of an ashl ess detergent with the
reaction product of an amne of the formula: R2 H- N R3 wherein R 2
and R3 are the sanme or different and are _hydrogen, Cl1 to C20 al kyl,
C2 to C20 alkenyl, C6 to C2 67616&IRVT135é§Dy Hryl al kyl and

al kyl aryl, provided that R2 and R 3 cannot both be hydrogen, with a
salicylic acid or borated derivative thereof, and a detergent. -46-

27. The nethod Qf cl. al 6.wherein in t shl ess,det.e ng, th

amine is substi tl&v}g@g’\;{{?ﬁﬁgdrege ’?‘3&@%%‘?@?@%& wpfkenys @ggo éWchaﬂﬁlkyl’

detergent is cal aiylimliegbdyt ¥ddr9lalkyl, Ar is phenyl, naphthyl or anthracenyl and y is 1
or 2, '

18. The low ash lubricating oil formulation of claim 17 wherein the reaction product

comprising the low ash detergent is a salt.

19. The low ash lubricating oil formulation of claim 17 wherein the low ash
detergent is present in an amount in the range of 0.01 to 8.0 wt% (active ingredient) based on
the total weight of the lubricating oil formulation.

20. The low ash lubricating oil formulation of claim 18 wherein the low and
detergent is present in an amount in the range of 0.01 to 8.0 wt% (active ingredient) based on
the total weight of the lubricating oil formulation.

21. The low ash lubricating oil formulation of claim 17, 18, 19 or 20 wherein the
amine reactant is an organic substituted primary or secondary amine, the salicylic acid is an

organic substituted salicylic acid and the thiadiazole is an organic substituted thiadizole.

22. 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, demulsifier, antifoamant, antiseizure agent,
corrosion inhibitor, lubricity agent, seal swell content agent, dye, metal deactivator,

antistaining agent.
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23. The low ash lubricating oil formulation of claim 17, 18, 19 or 20 wherein the
base oil of lubricating viscosity is selected from the group consisting of GTL base stock, wax

isomerate base oil and mixtures thereof.

24. The low ash lubricating oil formulation of claim 23 wherein the base oil of

lubricating viscosity is a GTL base stock.

25. A method for improving the antiwear performance of a lubricating oil
formulation measured by ASTM D4172 comprising adding to a lubricating base oil of
lubricating oil viscosity an additive amount of an additive comprising 2 combination of the

reaction product of an amine of the formula:

wherein R? and R? are the same or different and are hydrogen, C; to Cy alkyl, C; to Cap
alkenyl, Cg to Cyg cycloalkyl, aryl, arylalkyl and alkylaryl, provided that R? and R? cannot
both be hydrogen, with a salicylic acid or borated derivative thereof and ZDDP.

26. A method for improving the cleanliness of a lubricating oil formulation
measured by the Thin Film Oxidation Test comprising adding to a lubricating base oil of
lubricating viscosity an additive amount of an additive comprising a combination of an

ashless detergent with the reaction product of an amine of the formula:

wherein R? and R? are the same or different and are hydrogen, C; to Cag alkyl, C; to Cyo
alkenyl, C to Czq cycloalkyl, aryl, arylalkyl and alkylaryl, provided that R? and R® cannot
both be hydrogen, with a salicylic acid or borated derivative thereof, and a detergent.
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27. The method of claim 26 wherein in the ashless detergent the amine is substituted

with a Cy4 to Cy tertiary alkyl group and the detergent is calcium salicylate.





