WO 20071126952PCT/ US2007/ 007766 H GH PERFORMANCE LUBRI CANT CONTAI NI NG HI GH
MOLECULAR VEEI GHT AROVATI C AM NE ANTI OXI DANT AND LOW BORON CONTENT

Dl SPERSANVOBAKGRERND OF THE DI SCLOSURE FI ELD OF THE | IRENBR@N00{768d] The
present invention relates to lubricating oils conprising base stock and
cont ai ni ng anti oxi dants and di spersants. RELATED ART [021 Lubricating oils,
be they engine oils, or power transmssion fluids (e.g., manual or
automatic transm ssion fluids, differential oils, gear oils, etc.) nust

meet nunerous performance goals. Not only nust they effectively carry off
heat but they nmust also protect the machinery in which they are used from
friction and wear. Simlarly they nust be conpatible with the vari ous
materials used in the nmanufacture of the equi pnent/ machinery in which they
are enpl oyed. Fi nal HHIGHhRERFQRMANGE LIEBREEAND GONTA @ting

degr adat i on/ br eak doWIGHMOLBCULAR WE6HEAROMATHGtAMINIDr be the cause
of operating praANEOXINANT MANDOUOR BORONICONTENT[DISPERSANTEVe t hese
sonetimes contradictory goals lubricating oll conpositions are nmade up of
one or nore natural and/Q r} LC.hase stocks, and one or nore of a wde

vari ety of2add 9. BLOIYRE, - i stance teaches a turbine oil

conposi t i g hidy e IR Nantioxidancy and thermal stability

conpri si ng_an I C ester base oil and containing aryl antioxidants.
Aryl anti o1 arTﬁ gf@seﬁﬁmﬂhxnhx%&%n%hcaﬁbgbns%ﬁ;brehiﬁgwyé steek Aad
and/ or phenyfl-a p% -napht hyl am nes as well as oligoneric antioxidants

f or med by ddmainagrantooxidantdiapdedigperaamtaes and phenyl - al pha napht hyl ani nes.
WO 2007/ 126952PCT/ 1JS2007/ 007766 2 1051 USP 6, 884, 761 teaches a high

t enper at UrREEAGTED ARfIY i cant m xed pol yol ester conposition. The
conposition in addition to the polyol ester conpounds nmay al so contain

ant i oxi dan02] sucubmeatingydilghierthey engine oids, airipoweti transmyissigni theds (e.g.,

phenyl - al pha ngpht hyl am nes, or .hi ndered,.ghenol s, ..phenot hi azj nes d their
deri vat i ve‘§.an‘1*ﬁé)r app ARSHSsIan '%%rﬂ@??“g\‘?ip ’a$‘7aé>8"5e r'l)pl?nélg ure
addi ti ves, cor ki gRE Qs EPfdRhTaACe goaf2 NNEPBA MuSHgel I ofRfetivaRf targPREShédton

and anti-oxidative additive such as sul fur “containing carboxylic acids.
Hydr ol yt i cwtthéey mustrlso protect the machinergds arhish theysaesused faom Fictionsi ty

concent r arovesscs iRl by Sosle BoRiahble wifhEabionf miEliRed in
di spers anttﬁegﬁﬁt{fgfzﬁ% de iRy Sqiibment/A®dchitty4nS9BicBiflcy aACb@Rplcydd ocess for

preparing st eogenous comnpositions erein _high nol ecul ar wei ght

ashl ess diEipalyah¢ys mast thepnsdlvelebe rofarst én seséstingd¢ gradationybreakdonyeand ur e of
at least 100C for from1l to 1 ours, .copled to at | east 8 and conmhi ned
M th* addi (RO HBEmERYEs conttinde b i b dRe e o hesr ROk mPobsBB ot e or
cont ai ni ng. firsP6F Bt Ssesel ected fromthe group consisting of oil soluble
salts, am des, 1mdes, oxazoline, esters or mxtures thereof of |ong chain
hydr ocar bon substi t yi ed no and.di carboxylic acids qr.their .anhydrides as
wel | as th@:’zor P@SH’cféFitgg%q %Pége?’ﬁ‘g?(SBFtraﬁé?r_ya%ﬁﬁ% ]@é#ca{lﬁ&O'ﬁan be present
i ncl ude Co&ﬂﬁoﬁ%h%kdﬁ!aaé UPBRSHNESmoYé RaRTAL IhBHEfriBESC baSY §188kaN

i nhibitors, iction nodifiers, other dispersants and detergents, antifoam
agents, ardaridieng onudire iof @swidsovarigipioftaddépresssants, rust inhibitors and the
li ke.

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

phenyl-alpha naphthyl amines.



107] U.S. Published Application 2004/ 0129603 teaches base stocks and base
oils that exhibit an unexpected conbi nati on of high viscosity index and a
rati o of woasewedseo theoretical high shear/| ow t enper aPCTASWSOOTHE y at
-30C or lower of 1.2 or lower. Such base oil can be additized with various
additives individually or as an additive package. Additives include
viscosity nodifiers, viscosity index inprovers, netallic and ashl ess
oxidation inhibitors, netallic WD 2007/126952PCT/ 1JS2007/007766 3 and
ashl ess dispersants, nmetallic and ashl ess detergents, corrosion and rust
inhibitors, netal deactivators, anti-wear agents, extreme pressure
additives, anti-seizure agents, pour point depressants, wax nodifiers, seal
conpatibility agents, friction nodifiers, lubricity agents, antistaining
agents, cHPShopUBPi6&;884,961 teachesia Highrtemipsratuensthblef lubrisantemixed polyol

di scussing antioxidants, .several of the typical ones,are identified
i IncI 3di InggeLSFFé Mé%ﬁ"éﬁ“'pﬂi‘ﬁéo?‘%%&l%? Hhﬁ%%{‘g'loz?ntf)ﬁgg Pom%t%ieéscogl?p‘lfwsor nor e

aromatic gy i laiRies G ANARB A bRl it hes,
Di sper san?isqh)l{ ﬁ%lomt?ﬁleag%l@w%i}bgfgﬁﬁts \M%ik’glh@remrr%r a)gerH gor a)?ed nmet al
free di spgheagi-alpha naphdhglpeniwess er hindgeatbpbénadls,gpphemothieziges and their
hydr ocar by] - substityted succi.nic acid or anhydrij.de c ounds i ncl udi ng
succi ni m FEEIVaENFSt il 88 OMPISIHeR May ‘6."?“{36’\‘/ QBHWF*‘BB’%F@? RESBBFon per

nol e of di Esan ] ; ; | ¥atil : iLcants
conpri si nga'il ggﬁ?%éh gro F@ndl:ﬁ %‘?ﬁ%’g&gﬁ 5%‘?%?%?‘2??% aglﬁldggﬁo% :lt?(}r\ggrsla B?Flle

addi t i ves dxidative additiersneah lay sulfursameaihing carbopybic entdsd Hydrgl8ic Publ i shed
Appl i cati on 2804/ 0129603, .the antioxi.dant inc] udi ng hngPer.ed Bhenolts and
aromatic SRNNZETS, PRYY PO EPLESSIHUS P TSI LRA ¥ISGRSILY RASK; ITHIPY S, eic-

| ncl udi ng SHCAAbEfEEnRNLiMiIANYYa PROANGA CiRRAIERM Faddifi9edlbAPBE 5364 S
being borated wmth from about 071 {o about 5 noles of boron per nole of

di sper santsuckasta prenmpxadisshless didpedsangs afd seetaledétexgents. om

nono- succi ni m des, bis-succinimdes and m xtures thereof. [9] USP

6, 339, 051 C i I ] i i | V, | i ness and

| oad carrx}lhﬁgl g??ﬁ’%ﬁ’r%gg?géucgglyﬂf)ljg?tg%rdtggcﬂsr??ﬁi %&%e??gg{;%g&conpri si ng
G oup | orcomipositibhdevhereinlhigloinoletidar bleéghtcdshiess idpdrsants and nestabddi ti ve
package conprising detergent, antioxidant, antiwear ent and _ a di spersant.

g
The di sperdeigrgentscargpseblended at atempesphireipia)east 198? tfeg feam ddrid at ed.
At 1 ox! 2l MINEE 1 PIERAL E5 RV P Ed AT Wit d diffibial JBIHIHEL SARRIEbNO OF
more am ni ¢ arntioxi dants or polyneric am ne antioxidants can al so be used.
WO 2007/ 1256852B40Ks 06110 we0dirogen ér 48l cblBRikingahsiet8ants aclketedf front thenal
fluids which can be .us%g. Qver €]WI e tepperature ra%nﬁq«?. and at very high
t enper at urB5OER $8P5 1St ofioll solublesiplisAMIqRS: IMIdESs XA ING, 8T hor  anpunt
of at | eashiQh& [ 5,9%@9 ; ' ] piced |i st
and at Ie?s"t ongaﬁ%%-g:gﬁgrllol C gﬁ?‘l@éﬁﬁhﬁﬂ s{l\llgﬁmgﬁee&r?gﬁﬂgciﬁrﬂ lgéfﬁéaﬁtlg
i ncl ude aldcydsadretheamahhyainides lag Ivedlbas trecbatater denivatsveanheresoft Mtber t her eof ,
such as R3RARS5N wherein R3 is an qléghatic, ayomatic or subatit,uted
aromati c vesphal gany he preseat inclede coprdranitoaddants faMPOUPHEIHSCIRY| s H,
alkyl arthofffierEdrRsiof il1BiioH) 6Pt nitldifktss Ofer i YRHARE &nd OF
aral l cyl ene group.or mxture thereof, R/ 1s a higher alkyl group or an
al kenyl , alegé¢rgentsahhtifcany aggntsuantowean additives, poue pojntadepressastsQrust or 2. R3
may contain l.to abg%ﬁﬁg carbons, preferably 6 to 12 carbons. Preferably
both R3 arifhiRjtors an Pc or substituted aromatic groups, and the
aromatic group may be a fused ring aromatic group such as naphthyl.
Aromati ¢ d0@HpsURS PutdisRéd repplimationi 2004/ B2 03cteavh¢sh baschstocks angbaseich as

sul fur. M ,The fornulations can contaj n_.ashlgss, di.spersants which are
descri bed QLS AL FH B AT IR LT TADIAHG PRI I ED BERCORHY dROGK NS P A ed.
Di sper santgedRFLyds Mhﬁ&@%igggﬂéaﬂwecﬁﬁaﬁ&rerviwsh?wLwoc Bt fSwer

di spersants such as succinim 1121 Despite this extensive teaching of
| ubri cat i raf o2 lorflowenl Stuchbsse oiltcan heradiizedwithovarieusdidditiees i t woul d be

ful if . I|d be fqund which stil].further i t he,. seal
gt ty ingRAIN Rt Poen et BhkeeRe AHdiEFS MeVisenaty BORiSERe i on o
a | ubri caty;nghs inHRR ImiprsvAis! GkRfiRE 8nd ASHICaS 8o MihibitbRO Hietalgigor t to

new or exotic additives.



DESCRI PTI ON OF THE I NVENTI ON 1131 It has been di scovered that the one or
nore of the seal integrity, oxidation resistance and thernmal breakdown
deposit pwoteetizess2properties of a lubricating WO PCT/US2007/007766

2007/ 126952PCT/ US2007/ 007766 5 oil cosposition can be enhanced by conbi ni ng
into the lubricating oil conposition conprising a base stock and/or base
oil of lubricating viscosity an aromati c am ne anti oxi dant of high

nol ecul ar wei ght, at |east about 650, and a | ow boron content dispersant

t he amount of boron in the dispersant being |l ess than about 1.1 wt% the

af oresaid property or properties of the lubricating oil being enhanced to a
degree which exceeds that exhibited by lubricating oils which contain the
particul ar antioxidant or the particul ar di spersant individually or which
cont ai n dianfesbless aispiessamiarmstadliciand ashlepedetgrgents, comosipmpnd ridnge of

| ubricatin ase stock(,s) .and/or base oil(s) is/are known in the art..

Lubri cat i thg’é@és’s'flﬁ@bi%i§%°th 05288 Ib‘?'?atrsfﬁggpﬁatexf‘rgmr%reﬁ%lg? Lﬁr&d?tthshgﬁ%-r esent
invention s@pg,8 agéﬁt@,' p&iirl Soin® WBhIR8SArfts Ovh® maditiets) sV pATHilitLhientsf

| ubricating viscosity, typically those oils having a KV @100C in the range
of about JrictiofGlodif@ls; lubrieity agbnts, amidstaining ageus elromopheric agamtsr abl y

about 4 to 25.mmP/s. t ur oi |, nghetic oils,.and unconventjonal oils
and m xjturaé‘é"fmaéﬁ?’ cggﬂ&ﬁall?fée‘éfcuﬁ¥é#'?cr‘l’éﬁ'f‘graéﬁoﬁ‘é%"qﬁrseygfagﬁqlr%gﬁ (the

latter is t?fr)ﬁal KRQMredden Rt ain@ddRig theMiRE&eaghebld and B¥ophatnesmdidss are
those obtalhed directly froma natural, synthetic or unconventional source

and used Mixtores dfitmicher mure iaf droatic emindheare be nsed de wedl aspelypresichal e oi |
obtained directly fromretorting operatians etr ol eum oi |._,0bt ai ned

direct |y @aegrteuigAn-< Primerys g B asHe Byt Beh &aiFios  om an
esterifi cydrRdrhOGtfite dibidrSat, WHikk AsSersants |iﬁ‘§ehéka‘l hecl@dé se.gi, scussed for

unrefined oil's except refined oils are subjected to one or nore
puri fi cat ilprdrocarby hsshstituted smecitie psid or antprdsids eampeunds iostudingr i cat i ng

oil property.. One,skilled in the art.is famljar with m urification or
t ransf or n’&“’PFS‘H“BI‘QFéesé%@. 1%%9&3588&@995?%8"%5“ mg?s 8f<]§ TEPCIIBPFent
extracti onyr figs@bgary distillation, acid extraction, base extraction,
filtration, percolation, hydrogenation,’ hydrorefining, and hydrofinishing.

an i | ¢ ndbBha BB BT 07 deathy R BH R AIE AT sReleSpiRb07) 007706 6
[ 15] GOUW&@%&#IPI rfieegl:ribéd/ﬁglyp\?al AV1EiRE ARd a8 3ftRES! ihRSaddfiti PASTICRIdIALS

devel oped "an by t rican Petroleum Institute (APl Publication
1509; www.gkRkralhygthetsanuy bisttas preseiged med).SoPublishddcApplibatéen oi | s. G oup |

cont i n_ grBMaARER et Gugash eidies Bitdespd pBEco b biat guihes ™
saturat es -oggldz?glﬁ’ie{‘ib AR At FarieBRl The Hispemantindleding sukciniffdestdndoet ween

about 80 t and contain | ess t han or equal to about 0.03% sul fur and
great er t laghlyrbargteal dispershotst the0dispernsantstbeing tomatpd With foocibeut{bl 401 y has

Sbout 0. o-FhaE ginofts S PospR REEFGIR Ot URsrar sosdion MRcuEt. Sed e bk Laee
pol yal phaqegfyedstréBATbno SuebihimMides Bissbnsdisinides HHE nhik$dres itREesf.NOt

included in Goups I-1V. Table A summarizes properties of each of these
five gr OUp[iDD] TA@&F 6?33&,?)%? tgatl&celé (fi)cr:so %Btgineescyl%%ltey E)?l%%% improved
cleanliness and load carrying ability and reduced port deposit characteristics
comprising Group I or Group II base oil, oil miscible polyisobutylene and an
additive package comprising detergent, antioxidant, antiwear agent and a
dispersant. The dispersant includes succinimides which may be borated or non-
borated. Antioxidants include phenolic and aminic antioxidants; mixtures of two

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



Sul fur Viscosity Index Goup I <90% and/or > 0.03% and L- 80 and < 120
Goup Il 90% and 0.03% and ?: 80 and <120 Goup IIl 90% and 0.03% and 120
G oup |V WO 2007/126952 PCT/US2007/007766
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[10] USP 5,366,648 teaches functional fluids which can be used over a wide
temperature range and at very high temperature comprising at least one synthetic
base oil and a minor amount of at least one phenolic compound selected from a
particularly recited list and at least one non-phenolic antioxidant. Non-phenolic
antioxidants include alkylated and non-alkylated aromatic amines and mixtures
thereof, such as

R’RR’N
wherein R? is an aliphatic, aromatic or substituted aromatic group, R4 is an
aromatic or substituted aromatic group, R® is H, alkyl, aryl or —R8S(0),R’
wherein R® is alkylene, alkenylene, or aralkylene group or mixture thereof, R is
a higher alkyl group or an alkenyl, aryl or alkylaryl group or mixture thereof,
and x is 0, 1 or 2. R3 may contain 1 to about 20 carbons, preferably 6 to 12
carbons. Preferably both R3 and R4 are aromatic or substituted aromatic groups,
and the aromatic group may be a fused ring aromatic group such as naphthyl.
Aromatic groups R3 and R4 may be joined together with other groups such as
sulfur.

[11] The formulations can contain ashless dispersants which are described as
dispersants which contain no metal but which can be borated. Dispersants
include acylated amine dispersants or carboxylic imide dispersants such as

succinimides.

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

without resort to new or exotic additives.

DESCRIPTION OF THE INVENTION

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

resistance and thermal breakdown deposit protection properties of a lubricating



Pol yal phaol efins (PAO G oup V Al other base oil stocks not included in
Goups I, I'l, I1l, or IV [16] Natural oils include animl oils, vegetable
oi | s (caswonowiizésad | ard oil, for exanple), and m neralpcoiussoo7hni7e@l 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 to the nethod used for their production and purification, for
exanple, their distillation range and whet her they are straight run or
cracked, hydrorefined, or solvent extracted.

2007/ 1269aﬁpccrmpsmwmmgﬂ7ar{cgd]bys;omh@nng naﬁoltbe ﬂ%‘émmiél&?'dr ocarbon oils
as well as non hydrocarbon oils c ©oils AR

processes Wp%éoﬁﬁempéﬁln%ﬁmﬁﬁﬁ%r? %’rb%sfa%gf’g‘“ [5ocla(%1 I"Igg%.({&t&%

ol i gomeri zghhdffic aqﬂi'ﬁéed?ﬁﬁ%dl&{ht oHHiyh mle@ulaawen 1, @hleast £bout 650caAd a
rraterlals consisting of smaller, sinpler nolecular species are built up
(i.e., syribnebowed)ontmtcdlamreamtaths a@mtmtsxﬂmgomn the é@PerSﬁﬂF Be'@BHfﬁfFSex

nol ecul ar e Vi | I Si nc ud droc 0 i

pol yner i zég‘g%ﬁ OPHS ‘ﬁif?yh}fr‘? Bf(m"? OPW&?X/‘? t%e lﬁb ypr o%gllenes
propyl ene ‘?éﬁg'éf’“ 100PaE B rvsmcﬁtelswé&isemat eimu@awy wraseircatmgms _

et hyl ene-a I n copol yrrers for exanpl e). Pol yal phaol efin (PAO& oi |

base stoc Mhﬁ:hmniamythe nnarm@llhydmt@@adbmnoloﬁhle pagtjic ydeﬂpeeseam@
derived from C33 Cl0, Cl4 ole xt ures thereof may be utilized.
See U.S. PfWh onﬁa@%%%ﬁt afi‘? *;é?ﬁéi dhsPc?iSP"Bs/‘B which are

i ncorporated herein by reference in their ent| ret 1181 The nunber average
mol ecul ar @] ghAswitfe tange RAdsbricatingbasestackiaha lbiaaﬂ! Qlléﬁ)dS/gﬁmléﬂ%‘l’Vﬂy

avai l abl e on_a major, conmnerci a su onMbbi |
Chemi cal C8#p&Rt: JI@’\‘%‘WQSW—%?%"I ﬁtﬁé‘a(l gﬁﬂiﬁsﬁ%"ﬁ@haﬁ us?ai%[laf%eﬁel y vary
from about x%g’Qntlﬂv 4 art)AQeurdl om Q; fhetﬁrlﬂléD 'ﬁﬁﬁ dﬁ%}énb@ntﬁ@&ﬂ diR of

Vi scositi to a out 100 cSt 00 hi gher. In addition, higher

vi scosity llabﬁeaang vmmnﬁy,cﬁyplictqll)ath@st aiib aavmgja Y @d 0PaEeini the\r%&fbgft i es

up to about, 3000 cSt The. PAGs;,are t rj sed of
rel ati vel yAah 2 @&ﬁ'ﬁogmrafﬁr %mé’é’é&a&’esﬁ mngr%ﬁregaraé}é' r's 0

al phaol ef I s, yyj; 'mua&%%11by9nm5ﬁc@ms hidshechichuioRPuls 63d nixalzeyt C32
al phaol efins wt t 0 about C16 al phaol efins, such as 1-octene,

1- decene, thenhlrfe:aarte: wsui uﬁreﬁhc&,et;eﬂ@@dngr rerefined Ghe Iater @r@%kﬂ@wﬂ as

| | phaol | 1-d
P i Rt or s aimer sy Rmmeeassaib: DRreid oA EBNE PGP aligedy HAM Bre
dimers of Qi ghgrs Oﬁ*tﬁ&l‘ Sr bcotFertRNGE sSirca Radtused 4vitRot farikey pbﬁﬁ@ﬁﬁdnt 0

provide | ow VI st ase stocks of acceptably low volatility. Depending
on the vi s’fbesetmcbrcboferandmphesbalarml obtabiedgtinently frbm reAQHing eperations,

predom nantly tri s, and tra
D007/ 12605p%Fele TSR GhisD §€e§ |Pﬁ’d“%‘Ye‘¥DH§a“9\ﬁ"t‘H‘dn?sﬁ%’r oil oBIAREd ot the
hi gher ol i §RERIS frohiih BSteRifitatioPrbYedsaRHiMId 6itouie difilad 14 Zhe Slls

discussed for unrefined oils except refined oils are subjected to one or more

purification or transformation steps to improve at least one lubricating oil
property. One skilled in the art is familiar with many purification or
transformation processes. These processes include, for example, solvent
extraction, secondary distillation, acid extraction, base extraction, filtration,
percolation, hydrogenation, hydrorefining, and hydrofinishing. Rerefined oils

are obtained by processes analogous to refined oils, but use an oil that has been

previously used.



[19] PAO fluids may be conveniently made by the pol ynerization of an

al phaolefin in the presence of a polynerization catalyst such as the

Fri edel Crwibtesocasmkyst s i ncl udi ng, for exanpl e, alum numctnisedooizde, bor on
trifluoride or conplexes of boron tri6luoride with water, alcohols such as
et hanol , propanol or butanol, carboxylic acids or esters such as ethyl
acetate or ethyl propionate. For exanple the nethods disclosed by USP
4,149,178 or USP 3, 382,291 may be conveniently used herein. O her
descriptions of PAO synthesis are found in the following U S. Pat. Nos.
3,742,082; 3,769, 363; 3,876, 720; 4,239,930; 4,367,352; 4,413, 156;

4,434, 408; 4,910, 355; 4,956,122; and 5,068,487. The diners of the Cl4 to
Cl18 olefins are described in U S. 4,218,330. [20] Oher useful synt hetic
| ubri cat i ridSpas@raupsdk Ibillls I'¥ and Yarebroad patsgeres ef bass steskedevelpped

Dynthet! ¢ ariatied o ATl Sl HNbhict TP TRbcARTR 10o7 . ' "
Lubri cant SywwOAPrg Pt Sfedtd Biiidelifes FbrauBriCHR basewils. GNﬁl/p IYBiiéé ST.SGIZS [21]

In al kyl ated aromatic stocks, the al kyl substituents are typically alkyl
groups of gemewmllyghave aslmsit}bnndﬁmﬂﬁbeml abput 8Ortp A28 andi contaim greatarhon

For the alttpe =Befo8Haze PhFRnE Tosd e ERRN LR aB ey e b5 ol

n- Al kyl bengsag g,@?izpﬂwﬂﬁve é\vﬁl@ﬁayqﬁdéﬂher Beiweerﬁtﬁmteoaadlw dadldonwid Range
Fl uids", Eapen et al,” Phila. 1984. Tri - mf/ benzenes may be produced by
gz

the cycl odessethanairiesuabfo abeuti;03% ilfig ans grzatesthomoneawsl taabeus 9PVoed i n

USP 5, 055, 626. O | benzene descri bed.

Appl i cat i GRMYEEY eslgg' Aﬁin;ﬁtéac ggneggf)l/ Ro? VE 858 b‘&f% XE%I[ %P?gg?fggfﬁg@ 2% used
as | ubri caplq Kansms6dsSthak SRRGual o/abdiit 0.03v% SulfaF aid gfeawpdhaﬁaabbans
(arctic vehicle service and refrigeration oils) and in permaklng oils.

They are Q¥%wsatiratesy Groaipl 3bincledesnpolyalpheelefi I@f(ﬂAQba r@ﬂl’bﬁ/bb@nzenes

(LABs) such as Vi /1%%952P J 7 iR sHunt sman
Cheni cal &Sd‘?e&‘%nbaéﬁg}ﬁ%c‘gln%dnd gﬁé iPP8R> g{%i@%é\gg@, a ky‘? benzenes
typi call ye‘;}@ggngggqgéagwmyéseom,@gﬁo@gd | ow tenperature viscosities and Vi
val ues gr r than about 100, together with good solvency for additives.

Q her al kyl at ed ar omati cs Whi SBLERN. bgayesggc et rabl e are descri bed,
for exanple in "Synthetic lubricants and High Perfornmance Functional

Fl uids", Dre¢ssler, H|sshaped, (R L Sﬁhu-bkl n ( Ed.|)ViscdsikAedex N. Y. 1P93.
[22] Al kyI ene, oxi de ppL S_gnd 1nt pers and toelr vatives
contai ni ng el pppf w%a?mﬁ?rd cxy%%ﬁe}?‘ef’;s ci‘bt &t ”ngﬂe a €5 b

esterificat i groop Tt h=2i9f0I‘Vcand on_ar e| §9¢P% asynt het 8 andbril@Bt i ng oi [ s. By

way of exany Id?rouf,lmse gldos/)m be obtalor(g@/ BXd poI yr;efzozatl on of ethylene
oxi de or propytehe—ox e = anu—aryt—_ettiers of these

pol yoxyal kyl PUB(I)YJ JPQi}'PLﬁhﬁﬂl@ﬁnﬁm Olnnr opyl ene glycol—ether haviaf an
aver age nol eciogp wei gl thereReibil 50RRs ndi mblimdydl ueGi’cmpsdiIIIpHI vel¥yl ehe
gl ycol having a nolecular wei ght of about 500-1000, and the diethyl ether

or "exabrl B o1 Rafirdf s aufeafiundl s vEbaBlerths (a3t ad@aic F860; |
esters, mxeghOid) SifdnieraFofls.eAn@nal aﬁ’dl VEE Etable3MPpSssessiflp dav Grably

tetraet hyl ene gl ycol for exanple sters corr&r; se a useful base
st ock. Addlhbrmel ezdd‘aenc)%taénlit}'sm Gz:umﬂat ibithe nytucﬂ mipeealiails argy be
secured by t use s such.as the esters a

nonoal kano‘i"? %‘f “S‘Eﬁ fésvm Spdely as,{o ey %8 '?%:%agdlracs?% %Bﬂfs' e%gs{oof t he
former typghiihek Wis afedpar8f@iie] RapHtheniesbenfixed pdta(fﬂhmaj’ohthemt)l @ilsuch as
phthalic acrd, succinic acid, aIkyI succi nic acid, alkenyl succinic, aC|d

mal ei ¢ aci deriveskfraincealiar, sheltmenei alsaseful iethepresentiiayentipmr Natusal ails adi pi ¢

acid, linoleic.acid,djner Ni Cea enyl

mal oni ¢ acYdy aliast q%ngt@?%foéﬁedr Bg(#l%l%'énogﬁ%:% rl@&%ﬁ{f é}Héohgl hexyl
al cohol , d&@ﬁi?])ﬂle ﬁ{éipbf%h’llal?mﬁtrbﬂ S8y Wwhdthlssrhaky aﬁé @tra1§heﬁurf bEcencked) es of

t hese types of eSters include utyl adipate, 2-ethylhexyl) sebacate,

di - n- hexylhydnieﬁmaixZ6QBEPCFKEQQEGO7/OO7766 10 funarate di octyl sebacate,
dii sooctyl azel ate, diisodecyl azelate, dioctyl phthal ate, didecyl

pht hal at e, di ei cosyl sebacate, etc. [24] Particularly useful synthetic
esters are those which are obtained by reacting one or nore pol yhydric

al cohols (preferably the hindered polyols such as the neopentyl polyols
e.g. neopentyl glycol, trinethylol ethane, 2-nethyl-2-

propyl-1, 3-propanediol, trinethylol propane, pentaerythritol and

di pentaerythritol) wth al kanoic acids containing at |east about 4 carbon
atons (preferably C5 to C30 acids such as saturated straight chain fatty




[26] Silicon-based oils are another class of useful synthetic |ubricating
oils. These oils include polyal kyl-, polyaryl-, polyal koxy-, and

pol yaryl oxg-2e011as@re oils and silicate oils. Exanpl es ofczaist@bloar766
silicon-based oils include tetraethyl 7silicate, tetrai sopropyl silicate,
tetra-(2-ethyl hexyl, tetra-(4-nethyl hexyl) silicate,
tetra-(p-tert-butyl phenyl) silicate, hexyl-(4-nethyl-2-pentoxy) disiloxane,
met hyl ) sil oxanes, and poly-(nmethyl-2-nmethyl phenyl) siloxanes. [27]

Anot her class of synthetic lubricating oil is esters of

phosphor ous-contai ni ng aci ds. These include, for exanple, tricresyl
phosphate, trioctyl phosphate, and ester of decanephosphonic acid. [28]
Anot her class of oils includes polyneric tetrahydrofurans, their

deri vat i vgd7] arSyntheti¢ oKe include hydrocarbon pilsas vabay nop hygdsocarbop o9s. ¢t her

ful fluid f lybricating. vi ity i | ud ; i )
Cconvent il oS bod e deiya REDPbekics 855 B BREANAT AohfReni i (for
catal yti Caé)ﬂaihcple,rp?ﬁgg%é??z%itiéﬁgoli@oﬁfeﬁéhﬁ@nﬂcﬂﬁeﬂ%ﬁ&i,_fm]a?l@tibﬂ,bééﬂaﬁb@,n

characteristics. Non-conventional or unconventional base stocks
and/ or bastc.dj Wheienmatetinlo nensisting o€ swiallgr, rsimplerenolechlarspseissiage budhd/ or

vl | a5 Pl Omeadies RN R BTRSGTAS FoBOPUBR LI BTN oS o Bl BPlS
dewaxed bag@ g0d g%et?dﬁéilé)_rn&a&@hgﬂa}o%aﬁ%d YR€shdPm polywidHizaandr waxy

feeds, mneral an non-mneral oil waxy feed stocEs such as sl ack waxes,
nat ural weinespobmierizedyolsfins Kpolybutylesesy polypriopylenssypriopylenehyabeiylencker

mnoral | mapeiners, Fienesli T SRER TSl Sy oGS R orbt R

eri asl’s such

as wa L eoel I bk id , and
Xy ¢ ekgllﬁ‘ié@é Celfdslyg@hfabwﬂrf:%d) '&P@i&%ﬁé@?g?{seﬁs Rghéhedic

m xtures of suc ks and/ or base oil S.. used herein, the
fol | owi ng lyalrosarbanail. Byiwaly ofierampisn MAQs dedyed dieom Cg, ByiorGrafbonaceous

mat eri al havi.ng a hi gh r int, typj.cally e t lj4 at room
terrpelrat ur%‘?élﬁp.g&r ,mllég’rﬁg fié‘?ﬁu Eflﬁ’camtée %/'ﬁf‘%‘ﬁje ¥%$§e§f¢%gn'} g’ﬁsogtg%%{)igﬁt’o 25C, and
consi sti ngy @g?%by F RAAY 827007 PawRIdH de GnEBHpBFAtal herdth byPf@kht@iktheimt er i al :

any saturat’e ocarbons, such as al kanes. Paraffinic materials may

i ncl ude | iemaetyal kanes, branched al kanes (isoparaffins), cycloal kanes
(cycl oparaffins; nmono-ring and/or nulti-ring), and branched cycl oal kanes;

c) hydrop,g ©SPhoGumiftr bGedUNAoRRER Weishis'bf te PADRCURIGR Ireindipa! ed
wi t h hydrogen a |gf1nterrper ure and under pressure, comonly in the
presence Ohaterizdd and generatlyravmitableaon A anajoo commoernced scalesfromiupplisrponent s

and Lo produce A RUALRL S Bl Y SR pB SRAlLLG

2%8;?;3%82%&#%&?%@%?8@;%@ RbOUESFtoMBdut 3000, or higher, and PAOs may
be made in viscosities up to about 100 cSt (100°C), or higher. In addition,
higher viscosity PAOs are commercially available, and may be made in
viscosities up to about 3000 cSt (100°C), or higher. The PAOs are typically
comprised of relatively low molecular weight hydrogenated polymers or
oligomers of alphaolefins which include, but are not limited to, about C; to about
C;; alphaolefins with about Cg to about C;6 alphaolefins, such as 1-octene,
1-decene, 1-dodecene and the like, being preferred. The preferred polyalpha-
olefins are poly-1-octene, poly-1-decene and poly-1-dodecene and mixtures
thereof and mixed olefin-derived polyolefins. However, the dimers of higher
olefins in the range of about C4 to C)5 may be used to provide low viscosity
base stocks of acceptably low volatility. Depending on the viscosity grade and

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



12 reduced sul fur and/or nitrogen content, and whi ch generates hydrogen
sul fide and/or ammoni a (respectively) as byproducts; simlarly, oxygen
cont ai ni yohyalviae@ebons can al so be reduced to hydrocar lpomarsasd/owerber ; e)
"catal yti c dewaxing": a conventional satalytic process in which nornal
paraffins (wax) and/or waxy hydrocarbons, e.g., slightly branched

i soparaffins, are converted by cracking/fragnmentation into | ower nol ecul ar
wei ght species to insure that the final oil product (base stock or base
oil) has the desired product pour point; "hydroisonerization" (or

i somerization): a catalytic process in which normal paraffins (wax) and/or
slightly branched iso-paraffins are converted by
rearrangement/isonerization into branched or nore branched isoparaffins

(t he i sonestattingf olefinsuwithaniraraescurgs of ithe higheq oligomgers, kavisg gudsgosity

addi tional wax repoval step tQ ensure that the final oil product (base

st ock or H&Egeé’iflaggHbé-Sttﬁe&j%gﬁ'red product pour-point); g) "hydrocracking":
a catalytic process in which hydrogenati on acconpani es the

cr acki ng/ f[1aymePAQ flaidsofalyber crevebisly made bydbepelymegzatéow o€ an

hydr ocarbons intq lighter hydrocarbgns, or .convertin rongt i.cs d/ or
cycl opar af 4lphgole§apﬁ?tﬂ% RESSFNER Pg arRS’gY'E‘)?E'IZPEOB Fé'fﬂ!m&%ﬁg taégg? hE’.ed%]

"hydr ode e o I . lég%%}( yo-T\Y MRDYE ; Mobi |
cor por at Y\%tzﬁ% cvaéél;;'s%elpgictl 3 ca{e gl%{pl) %ﬂ?oces@q\g\iﬁﬁrcoﬁ In a&fﬁéﬁdg?eep or

by use of &r complexesaf doymi triflucrddeinitit water; alicehelsfsachssetharelspropaodl wax

by isonerizati on/rearrangiemen of the n- araf{li s and sl :Q%fqél%y br anched
i sopar af f i 9rsbutanel, garhoxylig\acids or efiersechas fihyk aqetate orng QPN pr oduct

not requi rg [ I Y [ ep to
moet the daarpyiERIn8 ol BRARRAIBSP X 18 178, BT3P Sy Bt
"i soner at efonvenidmlyyised Itk aDtier descriptipns ofl B ayrthesisfaze found irethe
products produced by the respective processes, rw s )
Checi 11 cal TojlovinEddiedat. Nes. Soth 05ab5poR0 Bb 7 07 76a0R30 - 33525
stock” s 249508k 40144 266U 65025874 s, 115Gl B68URGK PRUIMTerd Y the

subj ected t’0 a’’si gl € processi ng sthene’and neet’ing a particul ar

speci fi catCpno ®)s olbfineard déscribed inflkSud21&,33mse stocks. [32] Thus the
term "hydroi sonerization/cat dewaxing” is used to refer to catalytic
processes i) cholis,deifl GAMNMIRLIhARE tike SRRKilY MRhIITRboRBAS(] bi1S
and/ or wax ydrocarbons By rearrangenent/1sonerization, into nore branched

i so- par af f pmnésters @fl phasphosus(cntsiaimd ydids netavalso e utilizedd o dxaenevofit of
any residual n-paraffins or slightly branched iso-paraffins present in the

i soner at e other pyrtketiglvbrigating basesodks arg the peminp JuRkaxI HYhELC of f ect
fooer At ity r A . f
| sonr at o LuotEAf SeflitsdE iNd B RKBREPARY Cdtp IE MIOdZIE |

is included in the recitation, the process described involve

hydr oi sonel2liat Ibalkylated agematic stacksnthedlphsuhstiyrntsaes ‘f)’@é‘iailyt Hkybhysi cal
ti i t

sornt - CagugiDt abbBf 125 Berboh BRIRE s 0 o Bobf 38 18arBBR dltiths PO

synt hesi s, afbapitd aboonthrée sucH substituams maeabe prayent s deacrdbat for the alkyl

degr adati on/ deconstructive procegses from gase r.RQn- cont ai ni ng
corrpounds,bffW@F‘%EhA&ﬁlPﬁFfﬁF%ﬁ“ ggﬁ’ﬂiﬁ%%m Hay gblg%‘ﬁ@égn{i)éﬁ%s f eedst ocks
such as hydr Lol e, é‘?ﬁs@ TR 13a8id et hane,
et hyl ene, gce%?&e%%%%%’ﬁ%@ﬁ%ﬁ 6.\py en_(eH,T pr_opyrllgéstg‘t}?éaﬁ_ge(? v‘gﬁtyl gnles_, and
but ynes. (RangaFtuidsqdapenns/aby Pliites d 984 sTrhratkBThenzenes immlysbeoprddulsed bat i ng

viscosity that are generally, derived from hydrocarbons, for appl Xy
synt hesi ze@ergy&.l%mm,ontqfak-aﬁw@eﬁ RER8 {%%argepia&%sﬁﬁ&‘?ﬁgm ﬁé seous
car bon- cont @i<Qi C < i enment s
e eedst obs - R R X R g 1 n
the | ube oNb. h68IS3AGANAUE: Rt pNoat&d8l0 7t Adkylbenzdémesrare ysedas ivkritaGTL

materials such as for exanple, by distillati 0{) and subseq‘l/J ntly sul():j ected
to a final bmtmcmp%lysﬁ%éowﬁeg}pqrgturc applications (arctic vehicle service

and refrigeration oils) and in papermaking oils. They are commercially available

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



WO 2007/ 126952PCT/ 1JS2007/ 007766 14 either the well-known catal ytic
dewaxi ng process, or solvent dewaxing process, to produce |ube oils of
reduced/ Iwe 2pouin6gsei nt ; synt hesi zed wax i somerates, conpCiraisae;/0067766
exanpl e, hydrodewaxed, or hydroi sonerpzed/ cat (or solvent) dewaxed waxy
synt hesi zed hydrocarbons; hydrodewaxed, or hydroi sonerized/- cat (or

sol vent) dewaxed Fi scher-Tropsch (F-T) material (i.e., hydrocarbons, waxy
hydr ocar bons, waxes and possi bl e anal ogous oxygenates); preferably

hydr odewaxed, or hydroi sonerized/ cat (or solvent) dewaxed F-T hydrocarbons,
or hydrodewaxed or hydroi sonerized/cat (or solvent) dewaxed, F-T waxes,
hydr odewaxed, or hydroi sonerized/cat (or solvent) dewaxed synthesized
waxes, or mxtures thereof [34] GIL base stock(si and/ or__base oil (s)
derived f idunt@vianegthemidad Caesghevran Ghemianl Sdn Wippen RilEe: damear zed/ cat

| ed F-T naterial d b to dlor b |
bnd o hor MpENRER aupically HiAve Foston Bu Rap o SoY SRS itoneq vax
derived base ffskdm) VERE s Q@%r drl Do 1908 k@gaﬁéxemmegwcvwcahdyyfoas

havi ng ki nerratl C viscositles at 100C of from about to about” 50

mR/ s, pr efdditindsy @ﬂmmﬂQdated&rMu"s wchigb oy 6© umw@;enndﬁsaapleeal@r ably
from about 3.5 s to about . as e a GIL base stock
deri ved bﬁeﬁ%bgfﬁ[%&ém $dPo Hﬁ@i‘b‘?{éﬁéﬁgﬁgﬁ;‘@g&ﬁ%ﬂ@"ﬁ& sol vent)
dewaxi ng qfyrferibndf¥iuidd" Trelger AKICAEHB! (R. LI SEABkInY(EY.)2DRYked NTY2/ S at
100C and au\}‘:éslcgg?t )}ul ndex of about ?gg E)r greater. %mf)er ably "t he wax
treatment 1993cess is hydrodewaxing carried out in a process using a single
hydr odewaxi ng catal yst. Reference herein to Kinematic viscosity refers to a
measur enenb radglye SIMITEI d19fhe¥drd intblly ks BAS theif @efiisdvand/ or base
oi | ('s) derlvl:a '?"%meGTL rggfﬁer als es?)r:ac%??,y hydr odewaxed, or

hydr oi sonmewontidingatogified terasnal) hyﬂnzmxbgirdﬁpf abtaiaed dly, fer éxesuplease st oc k(s)
and/ or base oj (s) and ot er,h dr ode ed,. or drmsomais(chcat or

sol vent) EStEEMIAIRRQIRERET) ér%‘t' Yyrithetie bricating R Y WH 8h can be
d b

2007/ ?369%@'?’?@5%%%‘8 PGRE BtdincaBY pORhEriohuoN bE cutifitne oxideor

t ypi cal | y prephlenk mxiqethe ptikyltandofryhethets obthese potywtyalkylehe pelyingersbout

-10C or lower; nore. preferably a 5C.or | ower t r abl

about - Zoéﬁtﬁth}'loﬂ%]ﬁ’ 1S0p5aP HS&%@!?“&?T#EVI‘?%HB %W%ﬁé‘%&ﬁn‘?@%&gﬁg pou)r/

poi nts of 8%%99?006,5&p?3?n P¥BEr O%B@ek‘h}g Whaomgtémeanwwagiﬂ%ﬂ 0

about -40 OWET . ecessar par &Pe dewaxi ng step may be
practi ced dbouasbde\d®0, haddke diethylpether pf)pulypr@ejlenegt)ex)l thaviignat o pour

point refer to asur ene made 7 and |m | ar _aut opat.ed versions.
[36] The @?Eeﬁﬁgg "%?‘Sgk?g b‘é‘r‘fd]/%ﬁyﬁﬁ’% PY S¥2aBS )\Pédn??%n?'éltg Waterial s,
especi al | yabygl ggﬁﬁmé&%efe&ud{eoacwwe@e&/eﬁﬁnma @pg ta)maieme@e@rF T
material deriv base stock(s) and/or base oil , her such

wax- der i veabe i350xe tasick desteard/totradthyeneiglyeol, \fwn@tamlah) be used in this
invention are also characterized typically as having viscosity indices of

80 or grezzg I@§tg{seé(ﬁﬁ*)ﬁsé-g%seﬁﬂ$a§@§@fck AU FRE SN e aHd s6all 20 or

greater. t| on n certain particular instances, "the viscosity index
of these hmmpaﬁilnhtgschmdémlshas eay bg sgcured bigdhprsé of abﬂeys a8t axthgr eat er

f bl 5 t d bl 1 0 t
For - exanplestcret dibeste aflds Ry ) mitpRURanpls B F1d BEEH Zeieti ot TPy om Gy
material s d%"rﬁ&)?}‘l&?&did? Estgpé@fﬂﬁlﬁnﬁép%eahbmdé ToreRargseetid dsfeld@re a

vi scosity 1 nde 30 or greater. References herein to viscosi tsi i ndex
refer to ABEFMbmyhoac[aBmh as[phthaliaciddsudainic acid, adiry] sussénistag (s) and/ or

b | [ 1 hl f %.
contarn v Akandsubbine petd, rdlfie/adid distaiRialid sEPeE bl ShFlc 0B ™
conbl nat i OqﬁrrYﬁrw‘?&B”adi fd h&id ﬁﬁ@l%'i@ﬁcf:lﬁrtﬁmeThﬁlal(ﬂhb%cm alld malhidacide

e., cycloparaffin) content in such conbi nations varies with the catal yst
and t enperaikenyd masledic &cid; htﬂ witlila Yaricsy of ad¢qho)ls awel a3 bueyd alasihol.dhexyl

| 205 T han Hadimt dodsghaig flﬁ%reihﬂyg%%rﬁ?&wl 8 therifif B5peteh SPBESL D RS o
these el engatsof fhersSiclute dibdeyiddi 8rQ-‘éﬂWlﬂBiyl()fseSQ_dat@&ﬁ%-ﬂEWlk(S) and/ or
base figg o ol ey e SR %



oi |l (s) obtained by the hydroi somerization/isodewaxing of F-T material,
especially F-T wax, is essentially nil. [38] In a preferred enbodi nent,

t he GIL baieeostiaedsets) and/ or base oil (s) conprises parafrCirniscooTmvené al s
that consist predom nantly of non-cycloi c i soparaffins and only m nor
anounts of cycloparaffins. These GIL base stock(s) and/or base oil (s)
typically conprise paraffinic materials that consist of greater than 60 wt %
non-cyclic isoparaffins, preferably greater than 80 w % non-cyclic

i soparaffins, nore preferably greater than 85 wt % non-cyclic isoparaffins,
and nost preferably greater than 90 wt % non-cyclic isoparaffins. [39]
Useful conpositions of GIL base stock(s) and/or base oil(s), hydrodewaxed
or hydroisonerized/cat (or solvent) dewaxed F-T material derived base

st ock(s), famnaratex dinatylsebapgier diisorstrbazelatehdiisedesyhazelated diegtyl or sol vent)

dewaxed base, st ock( such as X 1S ates or hydrodewaxates, are
recited i rpﬁﬁpg‘l’a?epéiﬁg%gﬁﬁalgtgo%i?syg%ag%ﬁc.and 6, 165, 949 for exanpl e.

1401 Base stock(s) and/or base oil(s) derived fromwaxy feeds, which are
al so suit 4@ fRartiggkarhynusafubsynthetic esters ancghpse whichhare ébtained by

e
non- pet r ol KRUiLE &Bpgﬁgga%égH%%eQ?ﬁlgyi‘glﬁo@;trirﬁ&ﬁ?ﬁil%e?@%e 1o01e or

nore of gas olls Xy s Hydrocracker bottons, hydrocarbon

r af f i nat eqropyt-lij3apropanediolyimocthytddgrepane, pentadrythritokand dipend@t s oi |, wax
fromcoal |iquefaction or fromshale.oil, qr other guitable mneral oil,
non- i ner aﬂ"yﬂ}’ft? n‘ﬁﬁgﬁgfml‘éﬁﬁ\ S&P“FHPH’rga‘fﬁ%ﬂr@é’uﬁéﬁ%(H‘ s &Hf:t‘i’l' al s,
linear or émg@%hgftﬁxérda%&mak sﬁﬁifﬁ&'dr&‘iﬁai%httéhaﬁﬁ'fél%“a&ﬂ@ﬁéluﬁfng%&ﬁt&li@o or
greater, preterably about 30 or greater, and m xtur'es of such

i soner at e/dcidycmpaicatodd,Hasdc scil; Infpistamadidy palasiticaidid,stearfeldidShrachionax i s

Such a5 FAPB RHeRR Sith P ARAEF PO BIAPERES SR PR AR o i ve

dewaxi ng. \PRhMEHedIGWF Hci: %l&y&cm&ihﬁg sol vent such as nethyl ethyl WO
2007/ 126952PCT/ US20077 007766 17 ketone (MEK), nethyl isobutyl ketone

(MBK), m res .of IVEK/ K, mxtures of MEK and tol uene, .whil

bt or ot 1 donkr | SutRRIE Sy P B st soMcnedis et Sheceaists &F BRI i ng

hydr ocar b‘]j}é &H&Rriﬁ?etﬁfl%ﬂ’%ﬂ?an‘éf u’i’r%ﬁi}ﬁpl ethge, ﬁ }OoE AN dRP Aip&ftal r om

synt hetic vvagy oils such as F-T waxy oil w Il ‘usually have zero or nil

sul f ur andirpthritol wothernecommnaire mmnosanpogiit ands eontairthg dkomabpes § teecur ed
from petrol eumrlnBi |'s, may contain sulfur and nitrogen contai ni ng conpounds.
Such het erdbth AP™MSrust be renmoved by hydrotreating (and not

hydr ocracki ng), as for exanple by hydrodesul furization (HDS) and

hydr odeni t[26penSilicon-HasElpils araanotheactass of misefid sgnthepicilebricatidgliodst i vat i on
of the hydr.oi songer.i zation, catal yst 43] The term GIL base stock and/or
base of 1 sHEF8 O RRC RS AL KAV A BRI BEiP AHENSP OB B BUoTESUONERE 1 and
in the cl %iﬁ%ﬂ@sili@a@%il&[‘@ieﬁﬁ?&g ASuREBIAG1BOnbaAstd bls Hclhddtdumsylof GIL
base stock and/or base oil and/or of wax-derived hydrodewaxed or

hydr oi sonesilicate/ tetraisopropyd|silicuty, tétras(Recth eyt ttotrk-(drmitthylhergd) silicates
recovered in the produgction pr.ocess, m.xture f, two or r.e GIL base stock
ond/ or  badEiTer(P-teRy (Rheny LR B aae tr T I - BB A ilgpane,

hydr oi somghedSAl GRixahs, Rl YA ImdRYREEHBRIFhSAFKiddRaRe. 0i | fractions, as

wel | as m xtufé€s of one or twd or nbre low'viscosity GIL base stock and/or
base oil f tion and/ or. wax- derived hydrqdewaxed, .or

ydr of o2} cRBgter S1ass G sEntietG dWHGcet 300 S PRk SEPPhoRRSoi |

fracti on( PontdihfheGds.! e inthide, THPBRAMPIES Gasiesy1 PHALPRARE ribagk and/ or
base oil ﬁogctllhor%)%q %ng?gr wax- dér i ved rﬁydr’odev?/aze@?_ glrp. > 1O

hydr oi sonmgphosphateaand estes of decanepliespheniclaasb st ock and/ or base oi |
fraction(s) to produce a dunbbell blend wherein the blend exhibits a

ki nemati ¢ p48COghLIePidll BEIONS iAERIUBS ol rh8Gé & FaHyARGfurand, Hdir| N 2
preferred [gﬁgodi&}rlrente, té{%e GTL rlrat eri a?,f&;‘rom whi cﬁ@t heracl;q'li balge st ock(s)
and/ or basierivatiyves3, arsl thedikderi ved is an F-T material (i.e., hydrocarbons,
waxy hydrocarbons, wax). A slurry F-T synthesis process nmay be beneficially

used for synthesizing the feed from CO and hydrogen and particularly one
WD 2007/ 126952PCT/ US2007/ 007766 18



enploying an F-T catal yst conprising a catalytic cobalt conponent to
provide a high Schultz-Flory kinetic alpha for producing the nore desirable
hi gher noWvecod7anéssei ght paraffins. This process is al sopPaglusS20mourieé o t hose
skilled in the art. 1451 In an F-T synmthesis process, a synthesis gas
conprising a mxture of H2 and COis catalytically converted into

hydr ocar bons and preferably |iquid hydrocarbons. The nole ratio of the
hydrogen to the carbon nonoxi de may broadly range fromabout 0.5 to 4, but
is nmore typically within the range of fromabout 0.7 to 2.75 and preferably
fromabout 0.7 to 2.5. As is well known, F-T synthesis processes include
processes in which the catalyst is in the formof a fixed bed, a fluidized
bed or as a slurry of catalyst particles in a hydrocarbon slurry |iquid.
The st oi cHRoet@itermstfulrfhtids of tubricafing \wycusigysinsludeanen-canventiond) obut

th f [ ther, th t Qi chi [ ti th
SKi || ed | AMCREVERRORH dse SIS BT hadie hoep HpBrSEdr PEHIDN FuehBaiyetes ' ne
feed mol e LAt Qif tbi}ﬁ'{)b‘%e\l{@gg%ﬁr%mce%lBMcétW&h%aé(el’rsti&le synthesis gas

conprising“a mxture "o CO 1's bubbled up into the bottom of the
slurry and reacts in the presence of the rticul ate E-T synt hesi s, catal yst
'n the ol 3P INgurcenaentionel or wieonveniendlihase stacks andyer Bk qils jncuge
portion of ' [PV N j id ARVeMbdth oReger | se
t he hydr ocoél}gg%rﬁ&gfl%??é'ﬁl qwe .f gsgﬁgﬁe@lh{gﬁg y%??é@nggnel i qui c? is

separ at ed tho@Gabeodaqaldss(GPhy triatdrials,cas Well tas dtyelrbgewaeads aguch as
filtration, although other separation ans such as .centrifuygatign can be
Used.  SondiydoREeirauveatoRgkRas ar BRINEn Aeivagd bave stosk(Brandler

hydr ocar bqp g j S, qr t Ik f L&asba gas
and ot her%gagg)ég%rs&?ié%gtf?gﬁ rgg[rtgﬁg%/a?g{sgﬁgyg?gqsmlgeﬁgﬁﬁgéﬂ%@g?ocar bon
vapor s ar ewaypifeal dtyckossidnaesiatio waxgsyi rthtarad veords| amedl waixiytstodks sughirascar bon

liquid filtrate. Thus, the initial Boiling oint _of the filtrate may vary
dependi ng &7% Qike ¥y el By drosracker bpliemsona@xy Laftinale: YUPEHAT 9 %por s have
been conbi R j i syinthes) fiti ons vary
sonewhat &gg‘gﬂg é}ﬁg&c%%tﬁ%%t&%ég%@%ﬁ&%ﬁ%@% érﬁg’d proeglurg{ﬂsl.ﬁgﬁrss/%ﬁgglg“condi tions
WO 2007/ 1269p2aGhakpatileriAB KTGH as Svaely matdrias recei vedrfroyn coaldiqueiaction
conprising nostly C5+ paraffing, (e.g., C5+-C200). and preferably Cl10+

par af f i ns, orishaje @ilyand mixtires af perh bassrshedissansl/gg base | oyi ng a catal yst
conprising a supported cobalt conponent include, for exanple, tenperatures,
pressures [@1§ hAsnisgd haseinpthedollomdng térass have the indirgéedbmeppmgsabout

320- 850F, 80-600,psi and 100-40, 000 V/ hriV. .expresse ¢ _vol unmes
of the gasBouV@O r%aéh%’taﬁ?(é“s(W&}er?lQ?Mn%g?"%bgguﬁé?%&/’gtpg%gﬁgf

catal yst, reshgsidg/ad ¥ solidat ?%ﬂtéﬁ?ei‘athfe, §26tht eefiperataré &f e fafige
hydrocarbons wth a carbon nunber of greater than 4, but does_not inply
that mat eri alfromtabostrlb86 oS, apdicepsisting@redeminantlyphparafigicot her
ranges quoted for, carbon nunber do not inply that hydrocarbons having the
limt val ues BRfRS:car bon nunber range have to be present, or that every
car bon nunper «h i, iigict YRiteHal: ARGE satbrdlE@ h9Bfocakbonss shERheale@es hat the
hydrocar bori synthesis reaction be conducted under conditions in which
limted or noPamffinicqyameteridls maycinctudsringar alkanesdbranched absaneaisg- wi t h no
wat er gas shift reaction occurring .duri . thesi It is
al so pref erreaaﬁagﬁE}%n&ﬁ‘é]to ¢ é&)&lf)g ’aﬁmﬁ%%p*?%‘g%'gf'}%c%%@gfﬂ@hi éﬁg% al pha
of at |east Ob%ch%%&ero%lﬂkéhe@,ﬁ | east 0.9 and nore preferably at | east
0.92, so as to syntheSize nore of the nore_ desirabl e hi gher nol ecul ar

wei glht hy de)oc Shydneprocrissingia Mminalpm@s%&l whigh 3 fgedsjock sheated withy o
e ; T . ;
know 1 hat by rBeEn Rt iER 1B A TR BpERhre, RGORN I G risie®, 21

F-T reaction byReatdlstC& Adniéve GAMRE cohvert MssaieaifabR, comfipodéntsané té oup

VIIl catalytic nmetals such as.Fe, N, Co, Ru and Re, it Is preferred that
the catal yst puorducesn inprsiygdipredeett yti c conponent. In one enbodi ment the
catal yst c Jses cat.al ytically..ef i . r nore of
e, R Fel R hodpre ety e ry AR B B A gtha Lot tatast, O

mat eri al , prehRaAR Nitrogen-BBh&iniBeMdreeaboneimo hydrecarbbn products nethal

oxi des. Preferred supports for Co containing catalysts conprise Titania,
particularly. Useful catalysts and their preparation are known and
illustrative, but nonlimting exanples may be WO

2007/ 126952PCT/ US2007/ 007766 20 found, for exanple, in U S Pat. Nos.

4,568, 663; 4,663, 305; 4,542,122; 4,621,072 and 5,545,674. [46] As set forth
above, the waxy feed fromwhich the base stock(s) and/or base oil(s) is/are
derived is a wax or waxy feed frommneral oil, non-mneral oil,

o, e B o P —




that range. [48] The waxy feed preferably conprises the entire 650-750F+
fraction formed by the hydrocarbon synthesis process, having an initial cut
poi nt betweeno®iei2and 750F determ ned by the practiti orer/izea)7an’7end

poi nt, preferably above 1050F, deternizned by the catal yst and process

vari abl es enpl oyed by the practitioner for the synthesis. Such fractions
are referred to herein as "650- 750F+ fractions". By contrast, "650-750F"
fractions" refers to a fraction with W) 2007/ 126952PCT/ US2007/ 007766 21 an
unspecified initial cut point and an end point sonewhere between 650F and
750F. Waxy feeds may be processed as the entire fraction or as subsets of
the entire fraction prepared by distillation or other separation

techni ques. The waxy feed also typically conprises nore than 90% generally
nore than 95%edndedswifiar arid/9r nifregenheonted, andovyrichigenpratenhydeganbons, nost

f which | ffins. Jt has. neqligibl ts..of sulf d
i 1 ogen compBiNe apl ammBia (hsRFeIvRBRRSYPSBARETS: GIBHATESE VS . 000
wppm pref er aéﬂn\(aihﬁﬁgm%&aﬂb&ﬁ%awm BEGe R 18/ dRbakibynk @ad warep, 500

wppm of oxygen, 1n form of oxygenates. Waxy féeds having these
properti ee)arfttata gficidewaxing’: pa oorventinal atalytwepracess imwhidesarmalde usi ng
a slurry F-T progess, with cat al yst havi a catalvytic,cobalt .conponent,
as previ ous| yPARHRSEVERR) ‘T“?é‘]’r ‘Vﬁéyzﬁy{;&%“saé'g S> frefk gllégtft?‘?ébf%ﬁegéﬁ?' oi | base
stocks from Wkt 0aks converted by bakkiNgra@dntatioitinto ToWePthdlbadiast er i zed
as an isonerization process. |f 'slack waxeS are used as the feed, they may
need to be sugimht spedies to rseré thatshe fingbeid predudti{(bassa stpck wddase oHdbas ons
al ready wel |l known, t@ th(gse{ skilled in the art to reduce (to |levels that
woul d ef fect iR g(dgsirgd pro U AYEPOYG? soni ng or deactivation) or to renove
sul fur- angl niydeRBnienhabl® 16r RAARGLATRNINL Chrptit fraddighivaicleact | vat e
t he hydroi sonerization or hydrodewaxing catal yst used in subsequent steps.
| f F-T waxes rorenal padaffssdiwax) andiorsdightlyrtrandleet isosparaffinsecangi conyettedause,

as i ndi cated ,above, such xes have only.trace ,anounts (|l ess,than about 10
ppm or more Q¥ FRAEANEFM ésqmﬁﬂz%f%h’cmébﬁ ‘i’teg q{irf‘?ret)}?‘(ag‘ﬁﬁ?ﬂfsodr ni trogen

conpound contgnh rz'ﬁgﬁé’fsr SARHHISRILHBYOREs pBEAbNSTequEng a EupS&ffeniBY
benefi t from%{r}eﬁ} r treeclztmnent for the ér{vgm)valsf’of oxyggnat eés: vvﬁi | e ot hers
may benefit fadiditionalgemarasovakstepioensuieahantie dinad wek producbibase stock

hydr odewaxi ng process .may be conduct ed over a.conbination of catalysts, or
over a singl e"rcl%ﬁsﬁlwgth.aséﬁﬁ\%@?‘é? RrQAYEH 8PUE BPEY)Sr ange from about 150C to

about 500G,at« »a g t i | rocess
may b opeat A e e e o o our o
range from abthetcr&fking/drapiénthfan of hydradarbony, chg.deompearting hebwienydr ocar bon
WO 2007/ 126952PCT/ 1JS200Q7/ 007766 2% f eedst ock %h%edr.ogen circul atjon rate)
typical |y rargEireranbenpanie lightephydigsarpqnss or cORYErtigE AsOREHCEARAINT | ong
the space vel l6%ar9fﬁﬁ§‘§1a§aﬁﬁf§k9fﬁxt6Xﬁl%hcc"}ldli)é_Hrﬁﬂél%ii pararRAafout 0.1 to 20
LHSV, preferably 0.1 to 10 LHSV. " [50] Fol’l owi ng any needed

hydr odeni th)og8nairodewaxingy d (e @eSINOREW AKX ING® tleChgdonmrd I IWTY esed f or

th ducti f t ocks..f h f . h

hydr ber acki nsch BIQBHEPERTH OB L XET SRPEHG ety Tio PR HOBRIBrcki ng

(LHDC) cat al yﬁhgle &P of B DFEAiAEIatal§NbPEAARA! fitxthd effdcts W Mo, etc.,
S, e

on oxi de suppor .g., alumna, silica, silicalalunm na, or a crystalline
hydr ocr acki ngé¢dnpmersipe @fevax by iisomenrzationdtearangemenb b the nauiraffins ansk al yst .

[51] Ot her is rjzatio at al and processe or LOocracki ng
hydr odevaxi g BRI GPOheS MOPPLATIGS SO BRrEArayly BBRTS WORPLERI IS s 1o
base stock oryelaff 'ﬂodﬁEﬁnQ@&gh'iﬂinja sbpirafédplentional &at@lytidPér sdioént
2,817, 693; 4,r900, 4&3‘? 4,937, 399; P . Y
dewaxing step to meet the desired product pour point;
i) the terms “hydroisomerate”, “isomerate”, “catalytic dewaxate”, and
“hydrodewaxate” refer to the products produced by the respective processes,

unless otherwise specifically indicated;



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, 830Woan®BR2¢®Z4; 6, 103, 099; PCT/US2007/007766
13

j) “base stock” is a single oil secured from a single feed stock source and
subjected to a single processing scheme and meeting a particular
specification;

k) “base 0il” is a mixture of base stocks.

[32) Thus the term “hydroisomerization/cat dewaxing” is used to refer to
catalytic processes which have the combined effect of converting normal
paraffins and/or waxy hydrocarbons by rearrangement/isomerization, into more
branched iso-paraffins, followed by (1) catalytic dewaxing to reduce the amount
of any residual n-paraffins or slightly branched iso—paréffms present in the
isomerate by cracking/frégmentation or by (2) hydrodewaxing to effect further
isomerization and very selective catalytic dewaxing of the isomerate, to reduce
the product pour point. When the term “(or solvent)”, is included in the
recitation, the process describéd involves hydroisomerization followed by
solvent deWaxing which effects the physical separation of wax from the

hydroisdmerate so as to reduce the product pour point.

[33] GTL materials are materials that are derived via one or more synthesis,
combination, transformation, rearrangement, and/or degradation/deconstructive
processes from gaseous carbon-containing compounds, hydrogen-containing
compounds, and/or elements as feedstocks such as hydrogen, carbon dioxide,
carbon monoxide, water, methane, ethane, ethylene, acetylene, propane,
propylene, propyne, butane, butylenes, and butynes. GTL base stocks and/or
base oils are GTL materials of lubricating viscosity that are generally derived
from hydrocarbons, for example waxy synthesized hydrocarbons, that are
themselves derived from simpler gaseous carbon-containing compounds,
hydrogen-containing compounds and/or elements as feedstocks. GTL base
stock(s) and/or base oil(s) include oils boiling in the lube oil boiling range
separated/fractionated from synthesized GTL materials such as for example, by

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



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¥0BRI0R5228 (Bl), EP 0532116 (Bl), EP 0532118Pp(CBA)S200EM00687815
(B1), EP 0583836 (B2), EP 0666894 (B2, EP 0668342 (Bl), EP 0776959 (A3),
WD 97/031693 (Al), WD 02/064710 (A2), WD 02/064711 (Al'), WD 02/070627 (A2),
WO 02/070629 (Al), WO 03/033320 (Al) as well as in British Patents

1,429, 494; 1, 350, 257; 1, 440, 230; 1, 390, 359; WD 99/45085 and WD 99120720.
Particularly favorabl e processes are described in European Patent
Applications 464546 and 464547. Processes using F-T wax feeds are described
in US. Pat. Nos. 4,594,172; 4,943,672; 6,046,940; 6,475,960; 6,103, 099;

6, 332,974; and 6, 375,830. [52] Hydrocarbon conversion catal ysts useful in

t he convereithen thé wellekmowarcatéltic Wewaxing priosssk ordobedns sleavaxdng Progess,f or m

the isoparafl bluée R Siis ot Rei22dN3E Forir pornts Syithes 284 Wik isomerates,

comprising, for example, hydrodewaxed, or hydroisomerized/cat (or solvent)
dewaxed waxy synthesized hydrocarbons; hydrodewaxed, or hydroisomerized/-
cat (or solvent) dewaxed Fischer-Tropsch (F-T) material (i.e., hydrocarbons,
waxy hydrocarbons, waxes and possible analogous oxygenates); preferably
hydrodewaxed, or hydroisomerized/cat (or solvent) dewaxed F-T hydrocarbons,
or hydrodewaxed or hydroisomerized/cat (or sblvent) dewaxed, F-T waxes,
hydrodewaxed, or hydroisomerized/cat (or solvent) dewaxed synthesized waxes,

or mixtures thereof.

[34] GTL base stock(s) and/or base 0il(s) derived from GTL materials,
especially, hydrodewaxed, or hydroisomerized/cat (or solvent) dewaxed F-T
material derived base stock(s) and/or base 0il(s), and other hydrodewaxed, or
hydroisomerized/cat (or solvent) dewaxed wax derived base stock(s) and/or base
oil(s) are characterized typically as having kinematic viscosities at 100°C of
from about 2 mm?/s to about 50 mmz/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 hydrodewaxing or
hydroisomerization/catalytic (or solvent) dewaxing of F-T wax, which has a
kinematic viscosity of about 4 mm?s at 100°C and a viscosity index of about
130 or greater. Preferably the wax treatment process is hydrodewaxing carried
out in a process using a single hydrodewaxing catalyst. Reference herein to

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

[35] GTL base stock(s) and/or base oil(s) derived from GTL materials,
especially hydrodewaxed, or hydroisomerized/cat (or solvent) dewaxed F-T
material derived base stock(s) and/or base 0il(s), and other hydrodewaxed, or

- hydroisomerized/cat (or solvent) dewaxed wax-derived base stock(s) and/or base

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



23 carbon base oil are zeolite catalysts, such as ZSM5, ZSM 11, ZSM 23,
ZSM 35, ZSM 12, ZSM 38, ZSM 48, offretite, ferrierite, zeolite beta,

zeol ite twetag7/apeb2zeol ite al pha, as disclosed in USP 4pe0ais3&@ooThese
catal ysts are used in conbination witts Goup VIII netals, in particular

pal | adi um or platinum The Goup VIII netals may be incorporated into the
zeolite catal ysts by conventional techniques, such as ion exchange. [53]

I n one enbodi nent, conversion of the waxy feedstock nay be conducted over a
conmbi nation of Pt/zeolite beta and Pt/ZSM 23 catal ysts in the presence of
hydrogen. | n another enbodi nent, the process of producing the |ubricant oil
base stocks conprises hydroi sonerization and dewaxi ng over a single

catal yst, such as Pt/ZSM 35. In yet another enbodi ment, the waxy feed can

be fed ovdnventéiormgrr Hutheachatacterizad typicsdlypas Ravige coyn points of #bpul -3°6aded

ZSM 48, ferabl L1 | |oad 4 opr &f er abl
Pt 25 46 SFrioBerreTeB DG o -3 v aneSh Rempbl Bottid (& o =0ty
hydr ocar bqgwRpsgilPidor® rp?@fé’?él'ﬂ?/%bubezm 8i NRver, @all aindet sémtcbadittorbescr i bed

in USP 5,075,269. The use of the Group VIIl netal |oaded ZSM 48 family of
cat al yst s,may baee atvgntggecunpounpoiEG\wiighout r25He anjawer.swite uised ipedr of t he

waxy feedstqck i,mn he, need £ar any subseguent. separate dewaxi ng
step. [5AOMS \%ﬂuﬁgg@fcé%‘,’ a%‘é‘ngﬁe@cfggl?xvﬁﬁyqﬁgg%ec,sé%fﬁ'pflis R E‘fjsi ng one or
more of sqQievRiling SWdinaY beCthdlivdd fo AaNeve (e @sifta At Refrosasses and
either the ent i"rlg(;I iFllé;i’:))c(lr o?sorrer ate or the 650-750F+ fraction may be dewaxed,
dependi ng hemeintte pavrgredetreferctooncasiresBot nEie-byASIYIIPIpeadshmilarf it has
not been separa fromthe higher boiling material prior to the dewaxing.
In sol venta“g%WEFﬁg‘,’erts'r?é‘shydr oi sonerate may be contacted with chilled

sol vents such as acetone, nethyl ethyl ketone (MEK), nethyl isobutyl ketone
(M BK), nil36Lr eEheCTNERAS EiIQ,Ck(Vﬁr) apg{ar hass odi(shtsriyest ﬁeﬁbGﬁrIrdm(aﬁ“e“?lgke, and

further-chil i.Di . i I i i pflmas a waxy
ol i dwni iPrEAkIHAEEEP ka6 RPlediinBli LA R colonbl adiplied BT 22 2 1E0Y
whi ch is tiigterial Herint@ baddrstock{s)iandlcr basetojlgs); ahld\otherr duchrwakddetieddi n
scraped surface chillers to W) 2007/126952PCT/ 1JS20Q7/ 007766 24} renove
nore wax Suisg gtockbex andier baser ail(s) avhiehgan bg ussl i thisvipyentianargrali@i ght

hydr ocar bops h SQ.- i j e j.soner at e
2 ed itprectfiged SEARREna 0D AR InRES IR EtpleiipittHaBle PTE 2
of f to childo slopmeatdipahy disregaeterably 120 ¢f geiapirt Addidohalipeinveertaidhe wax is
separated fromthe raffinate by filtration, menbrane separatjon or

cent ri f ugaRartgularipstangesethe viscosipningdexiof shesedase toghseandieor basgiQil(shhi ch i s

oresent - DEhBeReteipbly Tif br b FGE RREFPRTY B0aarcl, lid Ever e
hydr oi somgsrefetably Y406t gebanér IF dryekangsie, GTL basepstosle(sy andfor daseioiléd)l e

dewaxi ng catalyst at caonditions effectiyve | ower .the poQ aoj.nt of the
hydr oi somethat éerivgirany Gl Mﬁ?&?ﬁd’rﬁfeé’éblé’c#ﬁaéwréﬁlﬁ8?9&6%536? ‘Jf Yeax

hydr oi sone -hoj. bl L Al-S ord h Ll , for

xanpl o, " Gnecalbpha AR ik TABEL G op artdlel, oAb h e . “base

st ock fractibessignadekeetferse 43 Dvknietlead D@A70r acti onated into two or nore
base stocks. Separation of the |lower boiling material may be acconplished
ei ther priget hDthe! GTE! bARAkS 4dnd/BEbERO0IIRY ate tRfi€dliy2hightyo the
desired balgzlst?lﬂ%éﬁ%isl eAny dewaxi n%dtggtlél yst V\h?lcﬁqvmﬁﬁ?edu)gelgt}ﬂ% pour
poi nt of tperaffynic (>90%esaturates)dand siay eritgin indsuresho tmoppeyslaparaffiag ge

ield of |ube oil b k. f t he. hydr pi t Th
el ude. sHABLTA PR ERS i PaRb IR Rl SR Pt SR YT cast
one catal y4¢ ﬂf.efiﬁbﬁth&ﬁ@p?g,eeyeloﬁaa\aeﬁhpe&h@ﬁmnﬁimcﬁﬂbaﬁﬁuﬁefvu+ie§ Ofith

dewaxi ng petrol eum oi | ctions and 1 nclude, for exanple, ferrierite,

nor deni t e, theSatalystzeid teinpersivre 8sedzSkugher, ZEM. ase staskksicand/ersbasgqi{shne or
TON, and the.sili.coal um nophosphates .known as. SAPQO s. dewaxi. tal yst
whi ch has BEERIYRAYE Ywﬂg&uﬁéﬁﬁm@alfg?gﬁgrcPPEfiﬂ‘&Wr%@}’ 88%%\'/@“%0‘%%H ses a
nobl e et alnan BBl i Pind SRFBFHILAL WSt i BBGGISbbA: offeRhdBREAY MY
be acconplished wth the catalyst"'in a fixed, fluid or s| urré bed. Typi cal
dewaxi ng celenientorEhé sulfuriend niteogasy cantert ofiGlkebasergeck(s) and/ar st

400- 600F, a pressure of 500-900 psig, H2 treat rate of 1500-3500 SCF/ 13 for
fl owt hrough WD 2007/ 126952PCT/ US2007/ 007766 25 reactors and LHSV of
0.1-10, preferably 0.2-2.0. The dewaxing is typically conducted to convert
no nore than 40 wt % and preferably no nore than 30 wt % of the

hydr oi somerate having an initial boiling point in the range of 650-750F to
material boiling belowits initial boiling point. [56] GIL base stock(s)
and/ or base oil (s), hydrodewaxed, or hydroisonerized/cat (or solvent)

o o o o, o o o




hydr oi sonerate/ cat (or solvent) dewaxate base stock(s) and/or base oil(s),
m xtures of the GIL base stock(s) and/or base oil (s), or m xtures thereof,
pr ef er ablwormotizesss of GIL base stock(s) and/ or base oi IPCI)uS2@anoeanst it ut e
all or part of the base oil. [581 Ow or nore of these waxy feed derived
base stocks and base oils, derived from GIL material s 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
with synthetic base oils. WD 2007/126952PCT/ 1JS2007/ 007766 26 wax, nore
preferably GIL base oils/base stocks obtained by the isodewaxing of F-T
wax, can constitute from5 to 100 wt% preferably 40 to 100 wt% nore
preferably 70 to 100 wt % by wei ght of the total of the base oil, the anount
enpl oyed hEl(spobtained by thehydrpdsomenzation/isodewpsingeof B-T matenglui r enent s of
the finished I.uhr gpetnt ] 60% Thagbprﬁf erred base stock(s) and/or base

oi | (s) der§SPesiafly Sl QYEX B I HANRMY or from waxy feeds are characterized
as havi ng rgr edom nant|ly paraffinic conpgsitions and are fu&; her.

charact er | B8l akn ;ptafaged icgrbasimenttbe G bl drage _51%39(@-%4/0% S_FLH‘!(_S) ow toni |
LT OGN, L gt Sl S ATBEAES h B6RISIERLIANYBE Boa ke 11 color-

rocar bon ¢ Ion-i S one conprising

par af fi ni Gshysh PR At oA RIRG dmountsWf c3tlépieafiiiseThese GTReRENg, as
measured by the percentage of net hﬁl hydrogens (Bl), and roxim-t
M

) | t he of
br anchi ng,stesk(skard/o bass oil(f typicalycomprit pasa l‘fPlFrﬁ’@atﬁﬁ?}Mhégﬁoﬁsé?t%s

which are four or €..6 NS, (CH2 >
4), are sufd eﬁi‘?ﬁ“”?@)“éi?g‘ ggg’(@éﬁgq@%&aﬁfi‘gﬁgﬁfﬁ?ﬁﬁﬁﬁgr g{fn?ééﬁgg%) <45 as
neasur ed qysi-c @E&isbbﬂt&fﬁnb,\hﬁbﬁ@ﬁfdfefhmpgﬁeméﬂh@ﬂ gSswetomn-eycli¢ 62] The
preferred GIL base stock and/or base oil can be further characterized, if
necessar y,isepamafiing gndasest:praferably gieates thamPP vizy #08 5risOP3Tatldng.-han 20
wppm ni trogen contai ning conpounds, |ess than 20 wppm sul fur contai ni ng
conpounds, [3@] poUsefubicompaisiticrssoft GIH. baseGtogk(e andibr paseed(Dhan - 30C, a

f d Bl . > 254 d 2> 4) < .5, Th h i | boili i nt
b “s700, - dpiodruized Repydutemtrirednt wran et hisy Pt FrE Ruftal anches per
100 carbong i Aadolk(8) $hAGea AR VER S dFaRnah T8k Rylirdisamefipsdear 100

car bon at ey al so can be characterrzed by a Conmbination of dynam c
vi scosi ty, (casoheasudedatsd 68 stock@DGuchad wansomedratesiardysiregewapatesasur ed

2000, Vo FoaprHRs bR N300 080 s G000 Pl a6 100 48 Tl aifG

stock and/or base oil is also characterized as conpri si&g%a m xt ure of
branched pE#03f f Base stioskés) madiardmse wikhderivad fropy vaxkieeds avhych agoalsi ns at

| east 90% of. LXture . branched paraffd } I I

par af fi ns %}p@%bg}’%ﬁqsier{g(%hg\}pxanﬁog,a S@%r%@(}l %ﬂlwg(% %ﬁg? ﬁggggtﬁ%%gﬁ?o about
C40, a nol ggiad froRi Bjdrodbwaked] o2BpdrodsciberitedBEdt (on sdlvieht)dpwanvdewatky about
650F to about 1050F, and wherein said branched &)ar affins contain up to four
al kyl br anfsiedstoghksl ofmuineral oil aoprminesal HbmMHBE oM ATNAMER SRVEFCpar af f i ns

Is at | easérigll%l?lé:[g.?feedstocks such as one or more of gas oils, slack wax, waxy fuels

hydrocracker bottoms, hydrocarbon raffinates, natural waxes, hyrocrackates,
thermal crackates, foots oil, wax from coal liquefaction or from shale oil, or
other suitable mineral oil, non-mineral oil, non-petroleum, or natural source
derived waxy materials, linear or branched hydrocarbyl compounds with carbon
number of about 20 or greater, preferably about 30 or greater, and mixtures of

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

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

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



[64] In the above the Branching Index (Bl), Branching Proximty (CH2> 4),
and Free Carbon Index (FCl) are determ ned as follows: Branching |ndex

[ 65] A 3590280728952 H sol uti on NMR spectrum i s obtai nedprom/is28rob®se 360 MHz
AM X spectroneter using 10% solutionstZin CDC13. TMS is the interna

chem cal shift reference. CDC13 sol vent gives a peak |ocated at 7.28. A
spectra are obtained under quantitative conditions using 90 degree pul se
(10.9 us), a pulse delay tine of 30 s, which is at least five tines the

| ongest hydrogen spin-lattice relaxation time (T1l), and 120 scans to ensure
good signal -to-noise ratios. [66] H atomtypes are defined according to the
follow ng regions: 9.2-6.2 ppm hydrogens on aronmatic rings; 6.2-4.0 ppm

hydr ogens on ol efinic carbon atons; 4.0-2.1 ppm benzylic hydrogens at the
a- posi t i orketaneafMEK), methybisobatyl ketonep(VIBK amixtwires d—Nﬂ%%thIqaydr ogens;

1.4-1.05 ppm paraffinic CH2 methyl ene hydrogens;. 1..05-0.5 araffinic
CH3 et hylmW8égMg&€P%¢f°1?ﬁB°’ ‘P’gﬂﬁ A eﬁ%%cé?tltﬁpfvﬁaglr&?%g}g ed as the
ratio in Qﬁé&%ﬁffzeef ligﬁéﬂ?é‘d‘w iboi IR H%’hr&%ﬁﬂf&ﬁ%h'd% prépani@pgBuened. 5 to
1.05 ppm "to the tot nonbenzylic aliphatic hydrogens in the range of 0.5

4 “[66] Ri3b. Sitek e el RE AR S ARENI IR BN T

Pol ar i zat i@faily #a9E 2erd BERM)suMVRaadattidogee cohtatmingtompaurkt carktent. 360
MHz AMX spectronmeter using 10% solutions in CDCL3. TM5 is the jnternal
cheni cal Sack wax{es)sgeureddpomapalenlgum oils, vady gontaimselfun qpdplEpgen 77, 23

in the 13C t | «Si | d
Guant | 1 at coBuBiE o oHgund) S IGEAGE MRS ORBELRE: ARG PERAMSRRARNLS . |
of 60 s, Wd?@tréﬁir?% (driRBsét Ky dtbctackRR)] Aeforangmsdle Gy pdrodpsul firdzdtiore
relaxation'time (T1l), to ensure conplete relaxation of the sanple, 200

scans to «hEYSpandbidmdpnitrogenationddIPRDises tarky OMEW‘Z&ﬁﬂEeB'r ot on
GO " kAR RS SRl o1 1oL\ [rom the
Four or  miABl T ohes T Aokl BRSHACG ABHST OB U U PNE X SO ol Batd BOGR o
e TN ARGl bty e 9B by ottt 1
from t he rrdiwdualrfradtionsrafGTL base stock and/or base oil and/or of wax-derived
hydrodewaxed or hydroisomerized/cat (or solvent) dewaxed base stock and/or
base oil as recovered in the production process, mixtures of two or more GTL
base stock and/or base oil fractions and/or wax-derived hydrodewaxed, or
hydroisomerized/cat (or solvent) dewaxed base stocks/base oil fractions, as well
as mixtures of one or two or more low viscosity GTL base stock and/or base oil
fraction(s) and/or wax-derived hydrodewaxed, or hydroisomerized/cat (or
solvent) dewaxed base stock and/or base oil fraction(s) with one, two or more
higher viscosity GTL base stock and/or base oil fraction(s) and/or wax-derived
hydrodewaxed, or hydroisomerized/cat (or solvent) dewaxed base stock and/or

base oil fraction(s) to produce a dumbbell blend wherein the blend exhibits a

kinematic viscosity within the aforesaid recited range.

[44] In a preferred embodiment, the GTL material, from which the GTL base
stock(s) and/or base oil(s) is/are derived is an F-T material (i.e., hydrocarbons,

waxy hydrocarbons, wax). A slurry F-T synthesis process may be beneficially

used for synthesizing the feed from CO and hydrogen and particularly one



1701 Free Carbon Index (FCl). The FCl is expressed in units of carbons, and
is a neasure of the nunber of carbons in an isoparaffin that are | ocated at
| east 5 cwiokoersizéysem a term nal carbon and 4 carbons waycfrruseca/osizde chai n.
Counting the term nal nmethyl or brancts carbon as "one" the carbons in the
FCl are the fifth or greater carbons fromeither a straight chain term nal
met hyl or froma branch net hane carbon. These carbons appear between 29.9
ppm and 29.6 ppmin the carbon-13 spectrum They are nmeasured as foll ows:
a) calculate the average carbon nunber of the nolecules in the sanple which
is acconplished with sufficient accuracy for lubricating oil materials by
sinply dividing the nol ecul ar weight of the sanple oil by 14 (the formul a
wei ght of CH2); WD 2007/ 126952PCT/ US2007/ 007766 29 b) divide the total

car bon- 13 cmpleyireg amFeR catiipsticommiising rscatalysic s@bali pemponsnt t prexide age

Cammre: "o high SchRl: H6R finstig ARt ForarOgubite Bk hof AdyRRIc Rt L | 0°
and d) diy Gf%cﬁbér%gien%ﬁ%ﬁhs.aﬁ% PRCeSAH 2080 WelARIFIVeR td thdse skilied th FCl .

1711 Branchi ng neasu nts can be performed using any Fourier Transform
NMVR spect nthematter . Preferably, the neasurenents are performed using a
spectroneter having a nmagnet of LOT or greater. In all cases, after

veri fi cat i[@a8] byIn\asB-TSpanthesisgiroyess| W spnthesisgasRcenprising tahmixtaroofitzc
carbons were absent, the spectral w dqt)rg aas limted tofth% sgturdalt ed carbon
region, akedCO-issairically eamyqricg miorbyHircarpaniand RRfEEPoh YAl 15. 25

per.cent bw&g&gﬂgom %ﬂk%&fe%ﬁbcﬂfm@ms';dfargegtrlg)gh@xeaﬂﬁorﬂﬁa{n%%d@ma?es

fol | oned Sec acquisitron tine rrto mnimze non-Uniform
i ntensi ty wahdly rahge fifovh abode0 Sugl Arbutds nmyat dgpichily ovithinghe ratgs of frvet ay

prior to the excitation pulse and on durin cqui sitiqn. al ex i ment
times rangdout erﬁq%Jémﬁlim%%r§blwﬁeerﬁPﬁPt§%3 t%%Tisé&déﬂﬁégf‘%‘?’B’ ng ri ed
out accord] f ' L AL ' j i3t ribed in
the Vari anvBidsR pisbEbas hAE LA BP W B QREVEEN BhpRofleta
Enhancenenfixdty/béd)laafliiditdddbed oaas i alurrpPbPEatabest pacticleh ima diydresarthon es. The

DEPT 45 sequence gives a Si I(%,nal for all c,g)rrﬁon blpnde .0 protons. PT 90
shows CH csg‘#%rl%luéﬁrl yhesteichiometsicgngledat réi%’ Ly EResiEreactiod 1§dees out
of phase (d . APT | - Ik al L. to be
seen, but q‘ﬁ%eaaﬁg@ Q%é&ﬁJ%?&t‘E%ﬁé gghﬁgiﬁ%%? iSEe%,l@gir? rjg}lgadggﬁgs.% The

sequences gkiBed iefhél art RnbWatIncosbayt shuapdiydreddrisbn shnthedishproeess the feed
correspondi n&gﬂ-j and the nethyls are c earl& identified by chem cal shift
and phase.mylerapioafdhe ddp w@ﬁ%\sttyggcal}y abuh 2d4 by lhesyathesi©Ras ned by C 13

NMVR usi ng_gqf},gpﬁ%gg%iy&ﬂré Bfiﬁ%nﬁaéé%gg%g@n& ?ﬁtottps boRbhi 6f AR QLA S

i soparaffin rections aré not nma -paraftins or cycloparaffins,
whi ch may dirl raesdntthé préseaceiof tisappitiesldte Frdrsyntiesincatalyst infthe slindy

2007/ 126952PCT/ US2007/ 007766 30 cycl oparaffipns content is rTEa ur eqd. usi,ng
Fi el d | oniliaHinoh cRRdBI0D5 ESTeeTE SB foTmInygfocarbons, a portion of whith 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 hydrocarbon
vapors are typically condensed to liquid and combined with the hydrocarbon
liquid filtrate. Thus, the initial boiling point of the filtrate may vary depending
on whether or not some of the condensed hydrocarbon vapors have been
combined with it. Slurry hydrocarbon synthesis process conditions vary

somewhat depending on the catalyst and desired products. Typical conditions



[ 73] GIL base stock(s) and/or base oil(s), and hydrodewaxed, or

hydr oi soneri zed/ cat (or solvent) dewaxed wax base stock(s) and/or base

oil (s), fwo2eocarrse, hydroi sonmerized or hydrodewaxed waPgTAisRe01oei78€d

hydr ocarbon, e.g., Fischer-Tropsch wawy hydrocarbon base stock(s) and/or
base oil (s) are of low or zero sulfur and phosphorus content. There is a
novenment anong ori gi nal equi pnment manufacturers and oil formulators to
produce fornul ated oils of ever increasingly reduced sulfated ash,
phosphorus and sul fur content to meet ever increasingly restrictive
environmental regulations. Such oils, known as |ow SAPS oils, would rely on
the use of base oils which thenselves, inherently, are of |ow or zero
initial sulfur andfphosphorus content._ Such oils when uysed as base oils can
be for mul atffettivetth farroihyidreearbpne omprising mwstlyi Go raralling (§-8esifetondded in

the fornul ation.co n sul f and h I ' fornul at ed
| ubri cat i ﬁ)d'd?rleger\%ﬂyﬁb% Ha&ﬁr Sol ég%@Aﬁg@%l%ﬁiﬁ%r}s%(%h%%gbh&%sl ubri cating
oi I's forméraﬁsl%giﬂgsh@qwfﬁ\&mﬁma alSuppbated @obahawensomek (sjluaadiopr base
oil(s). [74] For exanple, |ow SAPS fornul ated oils for_ vehicle engines

(bot h” spardxampie iethparatucespressuresandhoudy gagispacenyglecities in the ranger@iht  of

0.7 W% or_. | esg, pr Y o % or ref D, r
| ess, n%stﬁwsbﬁllgéﬁbw&:mf&i@%gl@d ia(ﬁ)s%ghd@(’)ﬁ(%ﬁ?’ g’?ﬂ% .Lgéed\?&sog%frlaa@ss,
pref er abl yflufhedtoFrtRE gh&sohs QOIS hikAlEY0eCA1 Wi per heﬁﬁ?en’ﬁdume of
phosphorus content of 0.18% or |ess, F’r eferably 0.1 wt% or |ess, nore

B

pr ef er abl ycatalgst, nespeotivekys sThartesm i’ ds a8eq hereds torefes to hrdepcaghens n

certain instances, even.preferahly.0. 05w % or | 7

stock(s) aNtRGCasheR nymHer of 8rs Féﬂ}?&n‘gi‘%%'éé?"%st“ﬁ?i'%ﬁ}%#ha%?%gﬁ?g‘?’ﬁ\ﬁei ght
aromati ¢ aigrhen alhiverisdadditotdpreséW SIaHiRiH £ Oilice RanglisSpated fisr. carbéh
2007/ 126952PCT/ US2007/ 007766 31 [76] The hi gh nol ecul ar wei ght aromatic

am ne ant imhbemdo net insply that hydroesthans having theyligut welugsefitheocarbes 10 wt %
on a received basis, .preferably about,0.5 t0o 5 W % [e.pr raply about 1
to 3 wt% _“‘{r‘?b‘]’r '@Q&ﬁﬁggeéﬂtﬁﬁetﬂrgw ’a?rethﬁgﬁ‘é?liyyc%w Q(i)nb‘gﬁ) eg}}gttﬁéesgg%ﬁjl ier in a
di | uent Ol gt ACpREEY CItiifBreTdired thiHalydr6QiFbbh byhiesRLAciiDbe 40- 50% of
the as-recel %ed mat eri al . an active ingredient basis the hi gh nol ecul ar

1

wei ght  ar comatducteshimderaonditionsaintwhishdimited wrae watengas ishift FRaciigRge of

about 0.1 to 5 wt% preferahbl,y abput 0.25 t \ 0 r .ahly  about
0 o o1 sohuas g Fubre e Ry aPitR o ateR a8 shiF refspion TRichnfie HfiAR ke 2001
am ne used,, rEseHksid. "M hisepreferfety tPéSHtRick eheRAactiof lundet yani ne

havi ng a %dggg{%ronvﬁiﬁghtlof at Iseg)srt about 650, pref erablloyuat | east about

700, nore quefitombtojactieveasn plptacef at18@st 0:8%.t preferpblyaafl lpasii0.9 end tmemsout
800. Mol ecul ar ight c e determ ned.by an f,a_nu r. of, qi. ent
ot hods, [ HERETAP HGHQEast Y, B oo i By of b mitE SRpidbisigh °"
evi dence %oﬁu%@fgh%?gmcakﬁorﬁ?cﬂﬁi@%afs 'Hegh HchRevedGhusdleryGrbe@ar neat i on
chromat ography (GPC).” [79] The high nol ecul ar wei ght aromatic am nes are
gener al | y wfing heatalystudantainiRey a catal®ic Fobalpcompenest. | Thaee skibled in ghegart |

know that by alpha is meant the Schultz-Flory kinetic alpha. While suitable F-T

reaction types of catalyst comprise, for example, one or more Group VIII

catalytic metals such as Fe, Ni, Co, Ru and Re, it is preferred that the catalyst

comprise a cobalt catalytic component. In one embodiment the catalyst

comprises catalytically effective amounts of Co and one or more of Re, Ru, Fe,

Ni, Th, Zr, Hf, U, Mg and La on a suitable inorganic support material, preferably

one which comprises one or more refractory metal oxides. Preferred supports

for Co containing catalysts comprise Titania, particularly. Useful catalysts and

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



WO 2007/ 126952PCT/ 1JS2007/ 007766 32 wherein a and b each range from zero
to 10, preferably zero to 5, nore preferably 0 to 3, nost preferably 1 to 3
provi ded woOR0dr/i2695at | east 2, for exanple (R1) (R1) . (RCXassesvenei’ne Rl is a
Cl to G30 alky, RZis a C to C30 alkyl, R3 is hydrogen or Cl-Go alkyl, X,
y and z individually range fromO to up to the valance of the aryl group to
whi ch the respective R groups are attached, preferably x, y and z
individually range fromat least 1 to up to the valance of the aryl group
to when the respective R groups attached, provided the nol ecul ar weight of
the aromatic amne is at |east 650. 1801 A preferred high nol ecul ar wei ght
aromatic amne is the polyam ne of structure IV wherein Ris O to C30 each
x and y are 1 and z is zero. [81] Phenothiazines, substituted
gPenof PI aztlbnﬁﬁ, fc’idrréxdntjill_a,danI&,Paﬂ.i Wohe, 5681663y 14663,30814:242,133d sul furi zed
~sul fur I'inked aronat | I nes can al so be used provided the nol ecul ar
wei ght is 4a§21a93§ta'6305.’52?gg1f' Phenot hi azi nes or delroi vatives of :

phenot hi azi nes are represented by the general f | a:
[46] As set foEth above, the ¥vaxy fegd from whig{x r&i‘e gase stock(s) and/or

base oil(s) is/are derived is a wax or waxy feed from mineral oil, non-mineral
oil, non-petroleum, or other natural source, especially slack wax, or GTL
material, preferably F-T material, referred to as F-T wax. F-T wax preferably
has an initial boiling point in the range of from 650-750°F and preferably
continuously boils up to an end point of at least 1050°F. A narrower cut waxy
fecd may also be used during the hydroisomerization. A portion of the n-
paraffin waxy feed is converted to lower boiling isoparaffinic material. Hence,
there must be sufficient heavy n-paraffin material to yield an isoparaffin
containing isomerate boiling in the lube oil range. If catalytic dewaxing is also
practiced after isomerization/isodewaxing, some of the isomerate/isodewaxate
will also be hydrocracked to lower boiling material during the conventional
catalytic dewaxing. Hence, it is preferred that the end boiling point of the waxy

feed be above 1050°F (1050°F+).

[47] When a boiling range is quoted herein it defines the lower and/or upper
distillation temperature used to separate the fraction. Unless specifically stated
(for example, by specifying that the fraction boils continuously or constitutes the
entire range) the specification of a boiling range does not require any material at
the specified limit has to be present, rather it excludes material boiling outside

that range.

[48] The waxy feed preferably comprises the entire 650-750°F+ fraction
formed by the hydrocarbon synthesis process, having an initial cut point between
650°F and 750°F determined by the practitioner and an end point, preferably
above 1050°F, determined by the catalyst and process variables employed by the
practitioner for the synthesis. Such fractions are referred to herein as “650-

750°F+ fractions”. By contrast, “650-750°F fractions” refers to a fraction with



WO 2007/ 126952PCT/ 1352007/ 007766 33 R5S (0)e Re s(0)e wherein each R4 is
I ndependently al kyl, al kenyl, aryl, alkaryl, arylal kyl, halogen, hydroxyl,
al koxy, awbkybirnesarylthio or fused aromatic rings or mpKTMISe®7bE €Of, C
and d are each independently zero or greater up to the avail abl e val ance
nunber of the aromatic ring, e is zero, 1 or 2, R5 is an al kyl ene,

al kenyl ene or an aral kyl ene group or m xtures thereof, and R6 is selected
fromthe group consisting of higher alkyl groups, or an al kenyl, aryl,

al karyl, aryl al kyl group: 75s(nme or m xtures thereof [83] The high

nol ecul ar wei ght aromatic am nes therefore are selected fromthe group
consi sting of di phenyl am nes, phenyl naphthyl am nes, oligoners thereof,
phenot hi azi nes, substituted phenol hi azi nes, i m dodi benzyls, diphenyl
phenyl ene aii umspeeifjedsimitiali quit pointanshan erd peinteomevhergberwvare §58tbandi ¢

am ne d Jm xt t f f bl dj.ph . '

apht hy - dhCF ooV a5y G ey tRanesr s g P el BS Faktio S gy B un SRt ne, ,
3?” on Cont&@i&\f ?&%ﬂ%ﬁ;ﬁ@%&ear &RENRG6R LR StivG sehartivh reENnigheyn Therahab! e
| sper sant. | Spersants containing either or both of nitrogen and/or

oxygen at dieed also tiypidadlyatcaniprif@Shotentipar)%| geserallpheredthap &5§anand
nol ecul ar

St sl SR Ayt LA
contain adout 50 t oh?l%éxgg g&ﬁﬁﬁ%&?@@i&ﬂﬁ- antiiefgen COMRARIAAR.£2/1R501S
than 1 wppm of each), with less than 2,000 wppm, preferably less than 1,000
wppm and more preferably less than 500 wppm of oxygen, in the form of
oxygenates. Waxy feeds having these properties and useful in the process of the
invention have been made using a slurry F-T process with a catalyst having a

catalytic cobalt component, as previously indicated.

[49] The process of making the lubricant oil base stocks from waxy stocks,’
e.g., slack wax or F-T wax, may be characterized as an isomerization process. If
slack waxes are used as the feed, they may need to be subjected to a preliminary
hydrotreating step under conditions already well known to those skilled in the art
to reduce (to levels that would effectively avoid catalyst poisoning or deactiva-
tion) or to remove sulfur- and nitrogen-containing compounds which would
otherwise deactivate the hydroisomerization or hydrodewaxing catalyst used in
subsequent steps. If F-T waxes are used, such preliminary treatment is not
required because, as indicated above, such waxes have only trace amounts (less
than about 10 ppm, or more typically less than about 5 ppm to nil) of sulfur or
nitrogen compound content. However, some hydrodewaxing catalyst fed F-T
waxes may benefit from prehydrotreatment for the removal of oxygenates while
others may benefit from oxygenates treatment. The hydroisomerization or
hydrodewaxing process may be conducted over a combination of catalysts, or
over a single catalyst. Conversion temperatures range from about 150°C to
about 500°C at pressures ranging from about 500 to 20,000 kPa. This process
may be operated in the presence of hydrogen, and hydrogen partial pressures

range from about 600 to 6000 kPa. The ratio of hydrogen to the hydrocarbon



WO 2007/ 126952PCT/ 1JS2007/ 007766 34 [86] Dispersants include phenates,

sul fonates, sulfurized phenates, salicylates, naphthenates, stearates, and
ot her estwooadensssed from | ong chain hydrocarbon substi raras2aroerbexyl i c
acid material and hydroxy conmpounds sizch as nono hydric and pol yhydric

al cohol s or aromatic conpounds such as phenols and naphthals, such esters
reacted with hydroxy am nes with am no al cohols, carbanates,

t hi ocar bamat es, and phosphorus derivatives thereof Particularly useful

cl asses of dispersants are al kenyl succinic derivatives, typically produced
by the reaction of a |long chain substituted al kenyl succinic conpound,
usual |y a substituted succinic anhydride, with a pol yhydroxy or pol yam no

conmpound. The | on%‘chai n group constituting the ol eophilic_portion of the
nol ecul e Vhedstock Aixdrogencinghlation nate)tipiceily range fsmabpyt 10 8ByPQobut yI ene

01 . pat ot b adeees Bk LRER HE Buf snd B ARk bF Wi feed iRk bp AT 507
3, 2145, 70%an ek 8nBEbourd, 316 20MTHSY, PéfcbdRy (8144 4017ASVE, 454, 607;
3,541,012; 37630,904; 3,632,511; 3,787,374 and 4, 234,435. O her types of

di spersant r j j . . : 1037
3. 254, 25,1598, FEORRE et hedscth ot Bongtifiy or Y drodbsg Marititon, the

3, 697, 574;hydrprocessing Bse@ Soride; praduciios 62 bagk stddk EOmM Sudp vagydeeds

3, 449, 250;may 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, e.g., alumina, silica, silica/alumina, or a
crystalline hydrocracking/hydroisomerization catalyst, preferably a zeolitic

catalyst.

[51] Other isomerization catalysts and processes for hydrocracking, hydro-
dewaxing, or hydroisomerizing 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
(Al), WO 02/070627 (A2), WO 02/070629 (A1), WO 03/033320 (A1) as well
as in British Patents 1,429,494; 1,350,257; 1,440,230; 1,390,359; WO 99/45085
and WO 99/20720. Particularly favorable processes are described in European
Patent Applications 464546 and 464547. Processes using F-T wax feeds are
described in U.S. Pat. Nos. 4,594,172; 4,943,672; 6,046,940; 6,475,960;
6,103,099; 6,332,974; and 6,375,830.

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

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

1



3,519, 565; 3,666, 730; 3,687,849; 3,702,300, 4,100,082; 5,705,458. A
further description of dispersants is also found in European Patent

Appl i cat iwo 2biv/124962 071. [ 87] Hydrocarbyl -substituted ®araisaeoc/oeve
conpounds are well known di spersants.23ln particular, succinimde, succinate
esters, or succinate ester am des prepared by the reaction of

hydr ocar bon- substituted succinic acid preferably having at | east 50 carbon
atons in the hydrocarbon substituent, with at |east one equival ent of an
al kyl ene am ne, are particularly useful. [88] Succinimdes are forned by
t he condensation reaction between al kenyl succinic anhydrides and am nes.
Mol ar ratios can vary depending on the poly-amne. For exanple, the nolar
rati o of al kenyl succinic anhydride to TEPA can WO

2007/ 126952P651 bER0G6Il 200 ZesliteIatalysty, suobmsabSM-51Z8 Ml laiM-23,1.

5. 515, 666 23 Ves?ﬁ%ﬁ* T3, ot ocat olsiitey feimcrisoz<olfin a8 N

1,094, 044. ﬁl.d UGG APRa S @i810REE irf DISPEH, 906, 3918 TREGCHIAY SR hre @864 | on'
bet ween al eny succi ni ¢ anhydri des and al cohol $ or polyols. Mlar ratios

can vary depambingtion wlﬁe(hbuphbllll oretgle) ipgpartiselér paiadiaya eppigtinum. The
condensati gn produyct o Iken sucgi.nj c.,an e ent aer yt hri.t ol
is a usef JPTRHPSNER éﬁﬁtta “T”g (H'QF’ 18&93}6%?'&%9‘2?%3? B?’r‘f‘l?&vﬁ tional
condensat 't‘é@hﬁxﬁﬁ@% | QRRBSY %Qc succi ni ¢ anhydrides and al kanol

am nes. For e, suitable a anol am nes incl ude ethoxyl ated

pol yal kyl aﬁgiaqnn&?e efibod Xﬁtatcgﬂ L&ﬁ&#ﬂeﬂ%i[f@&ﬁ%& ay be conducted
pol yal ken ani nes suc ene pol yam nes. e exanple I's
propoxyl at@i&rh@(ﬂﬁbﬁhﬁbﬁﬂﬂ?tﬁiﬁdﬂ@e b&ammlslém\ZﬁM&é atayplisan the prcssbnwof n

U S. Pat. No. 4,426,305. [91] The nvo| ecul ar (iwgf t he al ken succinic

anhydr i deshyssegen.nIn paothes eahasiment. 4b¢ BEPRESHO Pr‘l’ ’rFaHﬁBl]t 800
d 2,500., Th t
O B S é?sﬁ"%‘?‘ﬁ“%ﬁé?a‘?ﬁgg@??ﬂﬁﬁ g P aci a.

such as PVZSM-35. In yet another embodlment the waxy feed can be fed over

the hydrodewaxing catalyst comprising Group VIII metal loaded ZSM-48,
preferably Group VIII noble metal loaded ZSM-48, more preferably PUZSM-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 dewaxing step.

[S4] A dewaxing step, when needed, may be accomplished using one or more
of solvent dewaxing, catalytic dewaxing or hydrodewaxing processes and either
the entire hydroisomerate or the 650-750°F+ fraction may be dewaxed,
depending on the intended use of the 650-750°F- material present, if it has not
been separated from the higher boiling material prior to the dewaxing. In
solvent dewaxing, the hydroisomerate may be contacted with chilled solvents
such as acetone, methyl ethyl ketone (MEK), methyl isobutyl ketone (MIBK),
mixtures of MEK/MIBK, or mixtures of MEK/toluene and the like, and further
chilled to precipitate out the higher pour point material as a waxy solid which is
then separated from the solvent-containing lube oil fraction which is the

raffinate. The raffinate is typically further chilled in scraped surface chillers to



[ 92] Manni ch base dispersants are nmade fromthe reaction of alkyl phenol s,
for mal dehyde, and am nes. See U. S. Pat. No. 4,767,551. Process aids and
cat al yst swo=oehi2ess20l ei ¢ acid and sul foni c acids, can alPso/useoopantiec®f the
reaction m xture. Ml ecular weights of4 the al kyl phenols range from 800 to
2,500. Representative exanples are shown in U S. Pat. Nos. 3,697,574,
3,703,536; 3,704,308; 3,751,365; 3,756,953; 3,798, 165; and 3,803,039. [93]
Typi cal high nol ecul ar wei ght aliphatic acid nodified Manni ch condensati on
products useful in this invention can be prepared from hi gh nol ecul ar

wei ght al kyl - substituted hydroxyaromatics or HN(R)2 group-containing
reactants. WD 2007/ 126952PCT/ US2007/ 007766 36 |[94] Exanpl es of high

mol ecul ar wei ght al kyl -substituted hydroxyaromatic conpounds are

pol ypr opy |retmevsi mopomaksolidsh ddsprefriggrasiviecdewaxing|using v seleculges e

pol yal kyl phenol an _be obtai,ned by the al kyl ation,,d resence of an
al kyl at i nd’vﬁ'ﬁgﬁ‘yé’ch% ’QEC}B@P"%?M&S%E)I"‘}/S\R??%Sﬁdg]ﬁ'%n%{%ctﬁ%r wei ght

pol ypr opyli§Rgeiselerhid ¥ iBRRd wiil, @ bqrqm:py@&w,aneamrwuad&)ﬂwhame al kyl
substituent’s on the benzene rlng of phenol having an average 600-100, 000
mol ecul ar flashgttoff t¢ obill dovanthe Bydfoi FENERItE to prempitatatait the yvaxe abhaway ar e
al kyl ene pol yam ne rijinci pal | olLyethyl ene pol yam nes. O her

represent d# Baréfe;ﬁgﬁpg’ gﬁﬁﬁgﬁﬂ%‘éb&oﬁi{%ﬂtﬁh &?%{pgfaé%ss[epg;élnmrm 2 group

sui tabl e fQy fifgation! hﬁleompéﬁﬁkltrgéh SfripRaniviorans ¢aatd, Svhiehqs wedrs ar e

wel | known and Include nono- and di -am no al kanes and their substituted

anal ogs, dractiomatéd/tampraducanbe preferrad dlasastasks usefdn ithe presghhisyentog. |

henyl ! ani di ani hthal enes:. het. li.c .ani
o phot 1 neAlspyp P kaowg it RA de St B e h AR B B PmBrats i edhitss i ne.
mel ami ne apgh HAks g iStHel pressh R Pdsitatl§ Bbwaxaippt falyet abddndifbas pol yam de

reactants incluade ethyl enedi am ne, diethylene triamne, triethylene
t et r aam nesffectiveaetlbylee tize powt poimt o€ tcTERINoisqraetatet Gptadytic dewaningalso

h t hyl hept i.ne, t hyl t ' ..oct hy!l i ne,
nanact hyl GREYEERARTON RIIER N FO R R R foRer Bale FReaS Baheucn
ami nes. -Sq*m“ﬁ?%'?%é’% ERAMPH, 650075 (FR- %Ii)émﬂretéépﬁf-ﬁtaal Ifgoniiehe héavier ) nH,

where Z is a nt ethylene and nis 1 to 10 of the foregoing fornula.
Cor r espondisiy7poUpYy beswestpok frartivasansiibie base stapky/fractiondfrantioratgdantditwo trj - |
tetra-, pentapropylene trig, tetra- ent a- .and hexaami nes are al so

sui tabl e r‘gafeg%ggs.e %Pﬁ%ﬁ'g%%paﬁﬁﬁl%ﬁr Hg%pqyggal?qli}ngfggtgwgw %y the

reacti on Oiccamngmhedme{ihh%}?o 8l HaRRS fritfoMafion UrEhe 850- AR hatetis, the
al kyl ene polyarn nes obtalhed fromthe reaction of 2 to 11 noles of ammonia
with Ito lfitortHeedesifeddraskistoaksal kanes having 2 to 6 carbon atons and the

chlorines on different carbons are suitable allcyl ene pol yam ne reactants.
WO 2007/ 1268P 2 PARY \deiiking) eZtabyst Ivhich Svill réidded ylepowapoianv thesef ul in t he

ti f_ the high | | duct ful jn thi i ti i | ud
Bl i phat i ¢ hidieispmeraisang Bestergbhamaseytchamekidea latpspisldof fubs ol base
f [ i , A - : | )
ormal i n) sé%&%?%ﬁ?ﬁ%’ﬂi?@%‘%ﬁ&% rerfag W@%W%rlﬁkﬂﬁéﬂgP?%gfecﬁ?ggf e)

For mal dehy e-yi ing reactant 1s pref ed.

Hydr ocar bythok¢ndiri sienesdwhivhy evheshdoesbindd spith abtastdok catabdicametalel | known
to those skilled in the art. See, for exanglg, H S. Pat. s. 3,275, 554;
3, 438, 757;compereniohavesbearsdomenstsatgd asjisgtul fpr dewaxing peirolepmopil o o

di sper sant gadfind did LR Y0P Ex APl 18It OB , Z3Ml5, 3859 y et her
conpounds,” pol ycar bonat e éonpounds, " and/ or "pol ycarbonyl conpounds, as

ol i gomer s 28MVpABY ASM-3 5, BEMF2R alsorknlosvn aotheta bae ondi@Nt and the gh nol ecul ar

ight. [100] Any of th i t ted, and borat.
1 sper santSiighalNmBGEhSIRtCS KA Re SRGIS A Aeuoang RAIEAR TSR hes e o
mor e pref gfabl 4,858 6%&@%%@@8%%&{3{%?&@&& eag%r&e% nible hriAD i n the

addi tive conponent are sul r use i'n the present invention.
preferably Pt, composited with H-mordenite. The dewaxing may be

accbmplished with the catalyst in a fixed, fluid or slurry bed. Typical dewaxing
conditions include a temperature in the range of from about 400-600°F, a

pressure of 500-900 psig, H, treat rate of 1500-3500 SCF/B for flow-through



[ 101] Preferred dispersants are one or nore | ow boron content nitrogen
contai ning di spersants such as |ong chain aliphatic hydrocarbon having a
pol yam neweatzbercizes2di rect |y thereto, succinim des, succiPoaraSd@s/00E6el
Manni ch condensati on products, prefermbly one or nore hydrocar byl
substituted succi nam des and/ or hydrocarbyl substituted succinimdes, nore
preferably the polyisobutenyl substituted succinimdes or succinam des
wherei n the hydrocarbyl substituent, preferably the polyisobutyl ene group
has a nol ecul ar weight in the range of about 500 to 5000, preferably about
1300 to 5000, nore preferably about 1300 to 4000. [102] The amount of | ow
boron content dispersant utilized in the present conposition is on the
order of about 0.5 to 10 wt% preferably about 1 to 5 ww% WO

2007/ 126952830 USRDDHSI 01661 19, prefaratdy 0:2:2).vEHe dgwiaxingis pisabky
sufficient tg contribute about 15 to 100 m,boron .to the fo | 84 1.98).

[ 103] *The <anopEiRdAReoRaFraotare Jpan ¢ BB RaY SR Criad miengss AR 5 bk, o
those deri Emgﬁréiﬁ&%fﬂi_@@m%ﬂ%m@Eﬁﬂiﬁ?ﬁ@ilmﬁspcﬁﬂﬁﬁi fheFaflfs of BIOLTB0F xt ur es
of nobno- an i §-succl ni mdes, wherein the hydrocarbyl succinimde is
derived frtomatehigbboilmgydleneitsinitipl beidinggwipbl yi sobut yl ene having a M of
from about 500 to about 5000 or a m xture of such hydrocarbyl ene groups.

[ 104] The [s6yv bGTorbaxentesk(syander bast o)) laydrodewagedhan 1.1 wt % bor on,

preferably less than 0.8 wt % boron,, nore preferably. |less than O. %
boron, buthysroisemerizgd(pat (Posejyenh devaxsdyy ax'FE’GBTX DR, Sté’cpgﬂ/ 399?‘?5%358 nt ent
nitrogen cQ Nl I | S.- , ent
Sucei i i BT ARV ER SRR A helrBUE QAT adTiRBe brer SO ARG AN 10
boron to nGidsupoHMNdaGHII] Habe 6ibckes)Indlor tasetoiMs) el so nEaydieveryl y <0. 55,
nore preferably <O, 45. [lo%ll The fornul ation 1Sagrhg;lr 0, cont aig Sth

addi t i onaladyantageptslyarssdayith $ag instantgnyention by Pare stockdianfints

i ncl ude, Bbut ar t Jigat.ed- i i Lk ks : L opLgant s,
ot her non-16F é’t’@ﬂ)né;z}ns]lbéef{gséégﬂé&gé erlgfe}%lllt lgi?le}cr{é?frc (t}%sl%%ngtllen i |ett6 o@g)?ﬁ rggsf{tﬁ1

i nhi bi t or smni?Rs &l 100°T; Wilvatas by caniparisearcoagnetcial @rdupeHebaseesiswmaa have

addi tives, anti-seizure_agents, pour_point deé)ressants, wax ig‘)g{fi ers,

ot her vi sdgsPmpticdEsesitifsrer i 3bow ey s 8bL9Q s qqramercipf tirgup 4s
a0t v es pREUIs AR b bR BRI RGN U d Aot @S at L001C.CTHY agentss,

anti-stai agents, chronophoric agents, defoamants, denulsifiers,

emul si fi ergigheekiniematicovisvasity rmgedfiGTL tast biovk(ggent/sr baseodil(skss agent s,
colorants, and others. For a review of  many c_ommnleé#g ed a%d'rées, see
Kl amann i rcarapanedintthe muretunded dinsmefie VisCosiby rang QP E?¥P Beach,

FL; I SBN 0589573- 17/ 11 26 - P RefigssRas 1S
al so nadeo{lggaietﬁ}f)f%(ég?n %béggéél@béé ﬁﬁwﬁg@&% Ef?ﬁ%ﬁ%& by Noyes Data
Cor por at i oproRiddPaddstibHeEber8lididI%dantages in formulating lubricant compositions.

[57] In the present invention mixtures of hydrodewaxate, or

hydroisomerate/cat (or solvent) dewaxate base stock(s) and/or base oil(s),

mixtures of the GTL base stock(s) and/or base 0il(s), or mixtures thereof,

preferably mixtures of GTL base stock(s) and/or base oil(s), can constitute all or

part of the base oil.

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

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

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

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



[ 1081 The types and quantities of performance additives used in conbination
with the instant invention in |ubricant conpositions are not limted by the
exanpl es whawr/heysein as illustrations. Antiwear and EPprAddistéorms776¢ 109]
Many lubricating oils require the presence of antiwear and/or extrene
pressure (EP) additives in order to provide adequate antiwear protection.

I ncreasingly specifications for, e.g., engine oil perfornmance have
exhibited a trend for inproved antiwear properties of the oil. Antiwear and
extrenme EP additives performthis role by reducing friction and wear of
metal parts. [110] Wile there are many different types of antiwear
additives, for several decades the principal antiwear additive for internal
conbusti on engi ne crankcase oils is a netal alkgééhiophosphate and nore

parti cul arwax,anor preferiablykGIdi baseopilsibaseastockshobiaingd by thesispdeawaxing of

Lo ey Ranah D g
Gener al |y Flovet, ket dr o Sy 0 S5 GORBB A (oTo) vk T o
Cl-C18 al ﬁ&tﬂefe@mzpﬁ) 1160 YDy Weapkilar Hekbtal HFAHS Basdl BRStealnkdintdr oups may

be straig chai h or branched.” The ZDDP is typically used in amunts of

f r om aboutenipléyed being hft for begradtityondsdniresp@sedoshe regusesmenti@fthe al | ube
oi | corrpoij t.i.on | t hough nore or | ess can often be used advant ageously the
anount of HHB‘%% aBhd zinc attributable to the ZDDP bei ng about 420- 1500

P d 450 to 1600 Zn. , dt s f dt the .
Bﬁg;pthu§69}oﬁf§%B§%é§g P?;%§§L%é§%§ |V%%ﬁPkﬁéa%?Y%£§°8hEﬁhe"ng%?§st in
gt O !
catalytic aﬁ)ﬂé r‘éf?’{)ﬁ{ alﬁ'gq?édssﬁe%ﬂaﬁf&%ds@ﬁ 1§§'fﬁ}%ﬁ%¥hwf V\ﬁrﬁfﬁ]@ way to

mnimze thi ec 0 replace sone or a
phosphor usohigssitions awdarcafiditicr charactaM2e20ds7havi 69 BREICIdtuBRed kvels] 166- 40

11121 A variety of non-phosphorous additiyes are al sq used as. antiwear
addi t i ves.togil sulfur é‘dwotloeﬁ"i RYrogen, lawr R&’r“l\zﬁéf%‘ﬁPIlﬁ%a?\“%é}{ 8 eﬁif’“él?gliyt‘fv@@&

Sul fur-co ﬁﬁghfgoﬂkefins can be prepared by sul furization or various
organic material s including aliphatic, arylaliphatic or alicyclic olefinic

hydr ocarb copt ai Rj . . 3-20
s bon-ar ST SRR GAEaR ol &bdh &ihgiigh A'Bne BOMpESA Y 3
doubl e bonRfhraf$itib hydrearbes campodenisriadvhichtthe ektantolf dratdfifg,GHR6 wher e

each of -R6 is independently hydrogen or a hydrocarbon radjcal. Preferred
hydr ocar baneasaed by she percenfage of mgihod hydrogensd . andthepiexumitkefRs may be

connected,sQ as 1o j i et i i i Ng
sul furi ze(}’r ¢ lfl%sa%ﬁ{(fg%ﬁrg@r/@prg aérr a |t8$éj gg%&g’{e}ﬁb gurﬂ%t‘?xﬁ' %S%?Esgﬂ%g%m

i ncor por atd foyr sefreBabonereindved fiéra atndrid gioup ¢ritidhcHGEH e pfare

pol ysul fides of thio ho?hor us acids and_ thi 08ho§(ph]8r us,acjd esters as

| ubri cant sughithaty 62 BEOA(Ednzdd 1%; and (bpBIH0R3L(CH2 24) SApqas measured; 5.

2,526, 497; 591, it : i onyl disulfid
ot tvear | Rl ol D H/arg B SR sRAR BN Y Do O aee. “se
f allcylthi i ' 4 hi |, f |
" cob: ndbebn TRE RPfersR bak s Shich Ot bsaloll ShEbRIaRRBY | Tor exanpie)
di i sopr opydhabasteheddi hbé&sshs, ayhhv i, leb9thex@IPi e adoshatic plydseduebons est er

(di butyl hydrogen phosphite, for exanple) as antiwear additives in
| ubri cant dessthansXd) wppin hiiragen contanirgyeompgpnds, 1sss, then 28 wepps¥dfifse of a

b t ddi.t i t I I I
oroper 1 esonipinEebBpBhit EpTHAHESE Rk WFTLEC pRGHHIT IRIRHIE,
in USP 5, 6ARS Wprefétrat BT bapRuamaiGHderyr 2015 | EXeshavch naminal Yoisingf ur

al kyl dithiocarbamate trinmer conpl ex (R=C8-Cl8 al k¥)| ) are also ysefill
anti wear aepint ef 3T0C uon averagrithey ayesmeesieverther ADdexyl gplgngeg branghes; o 4

mnimmif_t obj ' r [

D007 1060 B DA 75 SaR i eFad KMoV nok @ kRt 76 iyl bidiches per
100 carbon atoms. They also can be characterized by a combination of dynamic
viscosity, as measured by CCS at -40°C, and kinematic viscosity, as measured at
100°C represented by the formula: DV (at -40°C) <2900 (KV at 100°C) -

7000.



[ 114] Esters of glycerol may be used as antiwear agents. For exanple,
nono-, di, and tri-ol eates, nono-palmtates and nono-nyristates my be
used. [ MBoXDDB®5ean be conbi ned with ot her conpositi oRETIUS2007/007T766 de
antiwear properties. USP 5,034,141 dixmcl oses that a conbination of a

t hi odi xant hogen conpound (octylthi odi xant hogen, for exanple) and a netal
t hi ophosphat e (ZDDP, for exanple) can inprove antiwear properties. USP
5,034, 142 di scl oses that use of a netal al kyoxyal kyl xant hate (ni ckel

et hoxyet hyl xant hate, for exanple) and a di xant hogen (di et hoxyet hyl

di xant hogen, for exanple) in conbination with ZDDP inproves antiwear
properties. [116] Preferred antiwear additives include phosphorus and

sul fur conpounds such as zinc dithiophosphates and/or sulfur, nitrogen,
bor on, nol ¥B8}lenThe prefepkd GTLthaso stack andsorbaksreinisalsaicheractenzadas and

e RS S AP B o BpT
alicycli Csl?as@rggp&%taﬁscaggﬁs‘f gg%%?%%i)&'lin%l@ﬁbr’aﬁ&ﬁé&paﬁa‘i‘fihé’, whedassaigd the

| i ke can al'sO be use ditives may be used in an ampunt of about
0.01 to 6 bvafchqt piraffihd yregharaffins bdving alcarbés ch@ibHehgiheofabpuPuddopr ovi de

limted hyd ide_ d it Lity, significantly bel t hat
exhi bi t e P06 G UL SLISUEIY oL gt aFhrie about HES wholie tnge ey
therefore [e.¢lesBbRab GHoh( P@S(?Jie ah@~Whdrefd §fid %anét{edrﬁirﬁﬁﬂ%deorﬁﬁﬂtuﬁio a

m ni mal concentration to facilitfate production of | ow SAP formul ations.
Vi scosi ty fondakkyl hpamshessand Wwhérgin thefres icasbamindex iofisaisl/ brasiched poraffioan as
VI inprovers, viscosity nodifiers, and viscosity inprovers) provide

| ubri cant s‘s\ﬁﬁf‘f?shf"@‘l‘f‘t d low tenperature operability. These additives

inpart shear stability at el evated tenperatures and accept abl iscosity at
| ow t enperdlir el thejabpsp the Brapehingladex (1BY), Brapshingfirgy §yi(§é¥2@gghi gh

nol ecul ar i ght r . ! sity index inprover

di sper santgqﬁate %rﬁgﬁﬁ@ﬁgg@@%g%?ﬁ%@@ﬁ@%?&%g‘% 007766 42 as both a

Vi scosity | ndeﬁ.i npr pver and a dispersant. Typical nol ecul ar wei ghts of

t hese pol M—%—'ﬁﬁ\een about 10,000 to 1,000,000, nore typically about
20, 000 to ﬁ@g 08035988 MM2N FRsctutiyR NMIR spdetiuife éoblatndd & aMikand60

200, 000. [119) Exanples of suitable viscosity index inprovers are polyners

. Y,
and copol yM#HzAMXnspestromater usingh0%diselwsionsisiGIRE]s. oFMS js/thgtipteraaly r enes.

Pol yi sobut y| i S . | ' Ly i Angt h
oui 1 abr o visEREe] Shift ERFERR Y GYRCH stATR Bhiad A BEeR 1 AR e 0L Y
various ch@jeBtrh @@ bBtath&y indst hasttith@vesondifions xsing 80 degREpulss nul ati ons

of which al'so serve as pour point depressants. QO her suitable viscosity
i ndex i npr@0e? gs), agulse delaydimemf30s, véhinhlieatleastdfipe pydscthe longest ogenat ed

bl ock copal rs of, sfyrene and.isopre a | yacr.yl ates (copol yners of
vari ous cﬂﬁﬁg%‘?@?\‘i"%ﬁ’ﬁﬁ tglaxa 'qrbpg‘&@e I%@élégﬁ‘é"!sité e@ﬁ'é%é %‘Pi ncl ude
styrene-i Sﬁgﬁﬁ%_%isgﬁ-yﬁ@gje- but adi ene based pol ynmers of 50,000 to 200, 000
nol ecul ar Ight. [120] Viscosity index inprovers nmay be used in an anpunt

of about O t 9 r t 9 Lve ingredient.
Suppl ement 95 diolf tpePafé BERREY altinghdthe BISWIEERLRES, 1ot ve
degradati on of ba$e2.2 ppduhydpgeas vnaromBtictringsgr adati on may result in
deposits on netal é#.rf ces, tge%presen(iefof SlHdrC,’e Qr. a viscosity increase
in the |ubricant. ®h#-¢ppn BYdrogens onQlEnpRIcLArPa &Sy a1 ety of oxi dati on
inhibitors that arggl [ ' ' ' ) idd R Sromeffo rikggMann in
Lubricants and Relﬁ?gith%hg?éﬂ%iﬁfﬁo?ggs gin eclj?gag%a{%dents 4, 798?%%4 and
5,084, 197, for exarplles pph?paraffiafuCHsmethireytieogenant i oxi dants i ncl ude

hi ndered phenols. These_phenoli ¢ _antioxi dapt e ashless (netal -free)
phenol i ¢ corrpoundsl-671-Q%GPF‘hPa’&fﬁB&'sQEIZr’r’é?tgyfeé‘gﬁ{yég%e%rtai n phenolic

conpounds. Typi Ca'1-B?ﬁgg’k’h@‘s3§ﬁfﬁﬁi°2§§%é‘.9%“2p§?%g%ﬁ t he hi ndered

phenolics which aré . . erircally hindered hydroxyl
group, and[é,ﬁ ©SThe rl])(lz'zlulljcqﬁné ri]r(l)éeex fﬁ’()'ié’%&fcﬁ?aﬁed 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.



WO 2007/ 126952PCT/ 1JS2007/ 007766 43 of di hydroxy aryl conpounds in which

t he hydroxyl groups are in the o- or p-position to each other. Typical
phenol i ¢ wotzaxizéenat s i ncl ude the hindered phenol s substrcrutsea7mnt7he Co+

al kyl groups and the al kyl ene coupl ecsderi vati ves of these hindered
phenol s. Exanpl es of phenolic materials of this type 24-butyl 4-heptyl
phenol ; 2-t-butyl-4-octyl phenol; 2-t-butyl-4-dodecyl phenol;

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

2-met hyl-6-t-butyl-4- heptyl phenol; and 2-nethyl-6-t-butyl-4-dodecyl
phenol . O her useful hindered nono-phenolic antioxidants may include for
exanpl e hindered 2, 6-di-al kyl phenolic proprionic ester derivatives.

Bi s- phenol i ¢ antioxidants nay al so be advant ageously used in conbi nation
with the ifstant igpvent i | es of ortho-coupl ed phenols include:

2, 2" - bi s( 45 @%—%@2‘—‘@6&&0@2% ); 2,2 -bis(4- octyl-6-t-butyl-phenol):;
and 2, 2' - f68] 4-A®tes MHE CMRIsiigippalseland B DistortpbrddssiE spdrmeaientibyc| ude
for exanple 4, 4'-bis (2, 6-di-t-butyl phenol) and 4, 4'- th I8ne-bis (2,
6- di - t - butRalamzatien YransferyDEZR) PMRotrestia asp obtained, op ao?ﬂ?fg‘tfr ﬁﬁ i nhi bitors

whi ch may [ I | Oht mat+ ] m xi dant s
and t hese W%ﬁ%@ﬁﬁgg?wgs ﬁgﬁ’ S??“wsg%n%ﬁ%%‘ OEMV\;? it’glht'agﬁeno @cs.

Typi cal exneriies sHiftreferofie oCDCIay¥oloumtdanes aitriplet decated kyVAR8ppndn
non- al kyl at eq, aromati c ami nes such as aromatic nonoam nes of the fornula

RSRIRI N withe e Grepeasrum. All single pulsgrspalra are pbtaiped nRIgraantidhiys ¢ gr oup,

RO is an aromatic or, a,substituted mati ¢ u J |, aryl
or RI1S( O)C??ﬁ@‘%‘f‘e‘?séngzﬁi ELF° BP@E@?%%&SS?R ng%lcgeA@?Bg}eRéfrg? E;lfvg?#ehk l))géra(%up,
R12 is a Weghqiveadifitl thE RiigesOéarBBn 3plifMttice aélkatio tipdd@r Y/ tod¥mupe and x
is 0, 1 or 2. The aliphatic group R8 may contain from1l to about 20 carbon
at ons, andomplete mbaxativenefthesampden 2bseans to @nserecgrdshsigaalbipsNORe

al i phatic group i ted al jphatj.c group. Preferably, both R8 and R9
are ar onatrgeoﬁra'@wﬁiﬁ.%L@pé?t(‘)’ﬂéh%t’uﬁ B8&ps, and the aromatic group may be
a fused ring aromatic group such as naphthyl. Aromatic groups R8 and RO may
be j oi ned [p9petThe Cratoin Bipes ICHs, @is, awdc@HeareSdentified from the 135 DEPT

2007/ 126952PCT/ US2007/ 007766 44 [ 124] Typi cal _arﬁr{%téi ¢ am nes antigxjdants
have al kyl SUNMR experimgnbudsmaior£sHp gesonanee in 2 PR spestea at | es of
al i phatic grou i ocl t : . erally,
the aliph |ng ’%?%%gée%‘q'ﬁ’f’ﬂﬁ%&%“ﬁ gi ’ﬁktr?g?%{c%’ %Rgﬁg)g‘l&’t”’ﬁ%cg’?g?ﬁ né‘tgi(;%nrrs. The

general tygRfovel fediih énd protpderbranul ¢CEH2 )t NEheptypee 0f bearghes iate ons
i ncl ude di phenyl am nes, phenyl naphthyl am nes, phenot hi azi nes,

i m dodi berdej¢raingd h?ﬁ%éﬁwafﬂﬁé?wﬂhér{gédﬁh&mlﬁ%‘sﬁhiﬁf fer thedmethyl Garbon ator e

aromatic 1 ne | so.usef ul i ! LA 0 be
dsed. . par ihe grd oTafs BrRkn g meE P Rof TP o AR EE RIS iy FoRe
present i RKeBrasgh.i ncl ude: p, p' -di octyl di phenyl am ne;

t - octyl phenyl - al phanapht hyl am ne; phenyl - al phanapht hyl am ne; and

- | ph - \ 1 l5 } ; kal i
p-octylp a;ml alt%@fa@mm,ggptég@ﬁgf e@?&i:@; i ekpie%ge@i@ﬁn@aﬁeabsn@,%@is al i

or alkali arth netal al so are useful antioxidants. [126]
Anot her clameasireasftthenudzber afsadbons inudir isoparaffjnshat arerpented ableast §

i | -sol ubl ds. il bl itable. d
be bl andocartons et piBrIBal sarboBand Eodmins Svat ol s SifectRgn ERTRAHEC ™
anti oxi danhg t&?ﬁi'n'alﬂgnoeﬁﬂflpﬁrrbﬂhm dh o YorlchitRe cRfboMistifithe PURSRO e AAN

copper salts of car ylic acid (naturally occurring or synthetic). Oher
sui t abl e copgreates @httonsritdmdsthes prtraightt ¢hain terzinal methyd Wrfhemaa kranch

phenates, and acetyl acetonates, Basic eutral aci di pRer . ) and
or Cu(l1) Tgthanefarbony ?%ﬁﬁagpggmvpiaa&#wsngg%gprgraﬁ%%r |p&'é§r%ée know
to be partdf J)ﬂ-rlbysg&?rill’H.-ThE}%;e] midashiRlr&dofiBisoxi dant s incl ude hindered

phenol s, arylam nes. These anti oxidants may be used individually by type or

i n combi nat)i calomlath theevenage varborsuemberidf themeleryjeshia the samiple dvhiebiunt of

cbout 008 1 oSyl S0 ST G o Rl o RIS 8Ly 2o
2007/ 12695 ZPGT%H%?@% PO rlekfar weight of the sample oil by 14 (the formula weight of
CH,);




45 Detergents [ 128] Detergents are comonly used in |ubricating
conpositions. A typical detergent is an anionic material that contains a

| ong chaiwohyavpdsebi c portion of the nol ecul e and a smeCiras2@nioorice or

ol eophobi ¢ hydrophilic portion of theo9nolecule. The anionic portion of the
detergent is typically derived froman organic acid such as a sulfur acid,
carboxylic acid, phosphorous acid, phenol, or m xtures thereof. The
counterion is typically an alkaline earth or alkali netal. [129] Salts
that contain a substantially stochionmetric amount of the netal are
described as neutral salts and have a total base nunber (TBN, as neasured
by ASTM D2896) of from O to 80. Many conpositions are overbased, contai ning
| arge anobunts of a netal base that is achieved by reacting an excess of a
metal combyudividathestota] dagblenrli3dategraloarea écharb divisioms|a5)args coumnp) B the ¢ gas

h bon di oxi.de) . ful d b ] -
over based. _CPVAREHRGSREBEYHom SisBa 1y opieiRue Bt e o ooy i,

det er gent toﬂ{g.esagrylggbased. Over based detergents help neutralize acidic
inpurities produced by the conbustion process and becone entrapped in the
oi | . Typi @il measurecheaechbetrecemedBPippm had 29.¢ ppimoingthefamale; @énflon t o

ani oni c portion.of the.detergent of about. 1.05:1 t . an equi val ent
basis. M ﬂ‘r"é‘f‘"el’&ﬁﬂ?,"ﬁf’ﬁ@l%ﬁq BeS %aerB oamgﬁqp 9,1% ?rbgaé{'oggg' 25:1. The
resulting detergent is an overbased detergent that will typically have a
TBN of abd@l] 198rapchiniggmeasurgments edjbbe PQ@%dwm&?“h@PEF‘ePF&’bﬁfﬁﬁT‘y, t he

over basi ng.cajion.is sodi cal,ci i ] detergents
of differ mgﬂf’%ﬁ"%‘?u g%fef%l?'hg@prflgéssélwgﬁgge#ﬁpﬁ I f@‘ﬁng%ef erred

det er gent gpeiiebieterHa®imd Kk hagivt oI KGT b greaet. Ninmall ehsesahfier oérificatiamat es,

phenat es, gar boxyl at es, phos %at es, and salicylates. _[132] Sul fonates may

be prepar éy MassrSpactromictrya&idoranNMVER survgyi that REpTadiGFHEENBYESE| f onat i on

of al kyl substituted aromatij.c_hydrocar bons. . 0.

2007/ 1269 ) BRSRRFHah M aH was g‘é? %i%e@;é%%g{%%?ﬁ\gg TERion. 28Rt 0-801 by
al kyl ati ngﬁ)bﬁ%ﬁms {etrdfitehy KihROR, Sdlanbhdal ¢85 pereanyy vasight inei r

hal ogenat derivatives (chlorobenzene, chlorotoluene, and

chl or onaphiaroform-dlowersxexqites) by #6 alegraes msesgfollgaradby 9.8 56¢ y have about

3 to 70 carbon.atons. The karyl. sul f onat es. i.cally. c i t 9to
about 80 @SABGHIGR YRS eﬂ’c‘&%&iioﬁf’BffEfzer{b%u?béﬁﬁg'éﬁfeﬁl S*l"o(fr%h%gicj)glp ?@gﬂt 0 60
carbon at R ouplet s gdtédBFduring 40 LRdelaypprioRed Heexditnibnopiise apdcit
di scl oses a nunber of overbased netal salts of various sul fonic acids which

are usef uloradurieg ecquisitionanfiotl epperimenttimes ranged ferz 1 138 bmipwirs e dihet | ed

"Lubri cant itives', C V. Smallheer .and R . 1t | 4 pﬁﬁ t he
Lezi us- Hi I%@g%‘@"dﬁ 6 FASCRRE Vo 6 Qw,acg?ﬁnéx?gﬁ é/ll?ecfla{s“gpgggs alﬁt/snber of
over based sith hoindt @evidtidhs describ&d il thesvakiswer Braker opdratigg mhanualg. 134]

Al kal i ne earth phenates are another useful class of detergent. These

et : . . : . 4
R e S e e s A S S R e R
pEe nol or bmmr?t icsihgd' @C%%WT?EEFD ThelREPHI 451?dqdeglgc@w§s a mgnalj&ralllr ai gh]'E
chain or branche - a re - es o

sui tabl e m%m%b?ﬂféqm§q°§?}§3tl§%#gigpgo‘f§ g’ﬁﬁ‘ |‘Hﬁ§n8:|"5§ﬂgﬁ | phenol ,
dodecyl phgngls cﬂ't"ﬂu& 081, d&ﬁ% lttHZShswhég:fées Bat 88 phid (oAt i ABTak kyl phenol s

may contain nore an one a substituent that are each independently
strai ght cAgtachet Piotandlest. It\Whlerwssalh oacbonk tobesedn abpwyif §Hd aod GH; aggaep, t he

| furized product b i ned by rethods wel |k in the art. Th
et hods. | P BSIEBIIR AN itk P RO ok NS PANEHGP AR oG PRI X ket

et hods, | £ bl - i de, and
5 Ihgcl iukle?g%r%h%ﬁ#l stiulldhay$ 4l do# esB@baﬂgSCH%m e MEtHys aflt €lBagy i de, an

eacting the sulfurized phenol with an alkaline earth
net al baseiden{ifidd byMieaticsbshift wfd plaasboEhe branchitg propedisswofigachisampde
detergents. These .carboxyl..c id detergents nay .be, prepaned by.r ting a
basi ¢ net &€ HB‘_’ \%ytqﬁ'lathm&S’%ﬁchBMPy’cmat&g& a %&atl’%nn%t& Fﬁg'%f ree
wat er fromdfie bR iPRoparaffinic. Corrections are not made for n-paraffins or cyclo-

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




WO 2007/ 126952PCT/ US2007/ 007766 47 product. These conpounds may be
overbased to produce the desired TBN | evel . Detergents made fromsalicylic
aci d are woeopvebeser ed cl ass of detergents derived frompcaruseooylodTe@ci ds.
Useful salicylates include Iong chaimoal kyl salicylates. One useful famly
of conpositions is of the fornmula where R is a hydrogen atomor an al kyl
group having 1 to about 30 carbon atoms, n is an integer from1 to 4, and M
is an al kaline earth netal. Preferred R groups are al kyl chains of at |east
Cl1l, preferably C13 or greater. R may be optionally substituted with
substituents that do not interfere with the detergent's function. Mis
preferably, calcium magnesium or barium Mre preferably, Mis cal cium

[ 136] Hydrocarbyl -substituted salicylic acids nay be prepared from phenol s
by the Koldyelomaaffirsncortert issreausabugiog Fiald EﬂnimiQW@IﬁSBMQGGSWei n by
reference d:%s entirety, for additional information on synthesis of these
corrpgunds. d)rrEt alj sg: tsdof t he hydrocarbyl -substituted salicylic acids
may be prepare oubl e deconposition_of a netal salt in a polar solvent
such as wdf7a} oGTiJ b@ﬂﬁcﬂtOCk(F)L@\[F?])/OAIbR%FF piles)eand hymdﬁlwaﬁﬁésﬁhaf es are al so

d as d . i haly |
nown s MPEFPEOGRrs oS P Helkp ik BREEEE) ilch e U, 12
the properfor efamiplé, Wy dicisonaseived obiliydpodewhredoasty syntiesintdiepiroaarbon,

materials. See USP 6,034,039 for exanple. [139]Preferred detergents include
cal ci um piegafésshesdropseh wvdxmr@@a%emb@ﬁa moggﬁs)@pﬂéeré&ser%lgigbgﬁ

phenat es, 10Wor %eir%nguiHfrfa%ﬁ%heo%phmnceo%itm. There is a movement among original

equipment manufacturers and oil formulators to produce formulated oils of ever
increasingly reduced sulfated ash, phosphorus and sulfur content to meet ever
increasingly restrictive environmental regulations. Such oils, known as low
SAPS oils, would rely on the use of base oils which themselves, inherently, are
of low or zero initial sulfur and phosphorus content. Such oils when used as
base oils can be formulated with additives. Even if the additive or additives
included in the formulation contain sulfur and/or phosphorus the resulting
formulated lubricating oils will be lower or low SAPS oils as compared to
lubricating oils formulated using conventional mineral oil base stock(s) and/or

base oil(s).

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

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

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

dispersant.



WO 2007/ 126952PCT/ 1JS2007/ 007766 48 salicylates and other rel ated
conponents (including borated detergents). Typically, the total detergent
concent r avpanovre®bout 0.01 to about 6.0 wt % preferabl ycTalseanr/007766t o 0. 4
wt % Suppl enentary Di spersant [ 140]31Duri ng engi ne operati on,

oi | -insol ubl e oxi dati on byproducts are produced. D spersants hel p keep

t hese byproducts in solution, thus dimnishing their deposition on netal
surfaces. Dispersants may be ashless or ash-forming in nature. Preferably,
the dispersant is ashless. So called ashless di spersants are organic
materials that formsubstantially no ash upon conbustion. For exanpl e,

non- net al - contai ning or borated netal -free di spersants are consi dered
ashless. In contrast, netal-containing detergents discussed above form ash
upon conbygs6] orThe\bighumpolenwlart weightiasproatio amyne satigxidape inaed igfan he

unbor ated versiaqn of any of the di S t ypes previ ousl Iited.  Such
suppl errentaé‘F?P‘Hdnﬁg -”Hlé/ea? %b%%sop%?‘giht@%gﬁl Eecﬁg‘éeéi basis, ﬁ{?? &(B)I& a;tgggt 0.1
to <20 wt % prekar@al oAb prfePablly aBofit MigBARM®MN as received basis. Pour

Poi nt Depressants ’[141? Conventi onal pour point depressants (al so known
as lube oi|l flow inprovers) may be added .to,the conpositions.,of th [ esent
i nvent i on 771 dBesasge a‘ﬁﬁ&é‘éﬁspﬂ%PSBBH?%Pr%VéﬂF%g’géH? SﬁB?ﬁ%remanagﬁe%mE e

| ubri cati . i i o -rk&&vad ni mum
temper at ure e T e e o of

sui t abl e paateriabi On atepetdss myredient basis thpohighemblesuldraveight primalee yl at es,
pol yaryl am des, condensati on products of hal oparaffin e nd,Aar omati c
conpounds,aMinGANtEXIGANL Y5 Yeed gbf‘?ﬁﬁ’r"é‘,"té‘hﬂ‘q 5%55@;{?39?%;& fﬂ gl"‘aﬁf umar at es,
vinyl est ' oWl Ynork : BtwihiQitive

1 815, o0 PaTiplySAoht QA5 ATEWRK, hork pidferIpAbout b 3o Pt

2,721, 877;ingreMdnt878; and 3, 250, 715 descri be useful pour point depressants
and/ or the preparation thereof. Such additives nmay be used in an anount of

about 0. 0l ELAR W WroPafld ahfind usedidahe P¥esent invention
2007/ 1269%‘3&&%%%%{7)‘/&%7766 48 r r%siaonal nﬁi bitors 142] Corrosion

i nhi bi t or sisang aremdtit anorcluaEpolyamieg haviaig amadéculat weight qfat east Abeutare in
contact with the_ luyhricating, oil osi tin., Suitabl.e.cor ion jnhibitors
i ncl ude t H2iPASISF Y_aSZ%a,SthPu'eZ(‘g(ﬁB"p‘gfe R3§ rﬁBS’ a?‘??i‘i%?géz ‘7‘1‘.’@{ 126; and
3, 087, 932’pr\é’mrﬁﬁl‘§§tgehﬁ%‘ﬁ RPRADEMBRERIaR Wightsl s@aetdrmiﬁéwbg/ aBptdfret y.

Such addi ti ves e used in an anount of about 0.01 to 5 w% preferably
about 0. Olnurabér &f dif féreSambettatspitclidingtGCAHPLC . GBC dridigiscexity, but the

conpatibility agents help to swel| elastoneric sgals by causing a,hem cal

reggti on irnogmgwtlﬁvadwgwmpﬁpka&ﬁm tlwqcﬂée‘gﬁ'ﬁgl %'ry?ﬁre.xcéﬁf‘fqh%?le seal
tibilj t 1 [ ils includ i h hat es,

conpat i 'eﬁ‘{%e%g%ﬂ &ug&ratg#%lr‘ggg%hm s include organi c phosphates

aromatic esters, aromatic s, esters (butyl benzyl phthalate, for
exanpl e), and poal ybut enyl succini ¢ anhydr.ide.. Such additjves jmay be used in
an anmount P)abbhe heghymiqlecwayeiehy atpmalis amings afe %‘.”Eﬁat‘%‘ét égmb‘\hlf’i - Foam
Agent s R
R I (R2),
,
R3

R, ' (R2),
e "

or oligomers of I and 11



[ 144] Anti-foam agents may advant ageously be added to | ubricant
conpositions. These agents retard the formation of stable foans. Silicones
and organwo polpaeses are typical anti-foam agents. For examske7/007766

pol ysi | oxanes, such as silicon oil or32pol ydi met hyl siloxane, provide
antifoam properties. Anti-foam agents are commercially avail able and nmay be
used in conventional mnor anounts along with other additives such as

derul sifiers; usually the anobunt of these additives conbined is less than 1
percent and often less than 0.1 percent. Inhibitors and Antirust Additives
[ 145] Antirust additives (or corrosion inhibitors) are additives that
protect lubricated netal surfaces agai nst chem cal attack by water or other
contam nants. A wide variety of these are commercially available; they are
referred to in Klamann in Lubricants and RefateghProducys, op cit. WO

2007/ 126952PCT/ 13S2007/{007 20 [{L46] One| type O lrust additive is a
pol ar conpound t hat wet] netal purface prefere y, protecting it
with a filmof oil. Angt pe of | antirust adgiti absorbs water by

y the Bil tBliches
p chemical |y adheres

emul si on
of Pi&nt 1.

incorporating it Hn a water-i
the metal surface. Yet |an
to the netal to produceg ve surf 5 of suitable
additives include zinc |d Ehates, me @ bs, basic netal

sul fonates, fatty acidg and am né@&sk:|aSuch addltlves may—Pe used in an anount
of about 0.01 to 5 wt% preferably about O. 0L to 1.5 wt% Friction

Modi fi er s whére#ivh aAdfy éaxth angedrorhizero ts 1Gnprefetably a¢rocio fmmerd als that can
alter the coefficient _of frictjon of a _surface |uyhricate Iub |cant
or fluid dﬁﬁfed?erbt%écW%P@rle’é’l% %y o8 Pravided ?ﬂ%%? 5 %trl &v 57 PR G
friction reducers, or lubricity agents or oiliness agents, and ot her such
agents that chdRge\the ability of baS(R"’()\j f(m?)‘;rul ated | ubricant
conpositions, or f 1 the coefficient of friction
of a lubricated su ed in conbination‘vﬁth t he
base oils or |ubricant ent i nvention i IVdesired.
Friction nodifiers that friction are particularly
advant ageous i n cop and | ube conpositions of
this invention. Fr met al - cont ai ni ng conpounds
or materials as wel ™gs™s grials, or mxtures

t hereof. Metal - contaﬁhhng(ﬁr%ctlon nDdlflers may ifcl ude netal salts or
metal i gand conpl exes where the mejals may include alkali, alkalineg earth,

or transi twherei BupS ﬁﬁlaﬂoscsogllé% Reisa Caéﬂtcap aliad. Re F%‘E‘Y%fr?gﬁﬁdlff(?le?so may

S Fo. QPRYLE | e REhE.Bly Taned RASR DO BRESIRIARE SGHA Moup ™,

al cohol s, tBQbMQh&he QJ:Q&@&O&SR giAlgsi aak aaatked, Pryfeeablys, yt mdk sndividually
carboxylates car bamat es, thiocarbanates, dlthlocarbanates hosphat es,

t hi ophos ptrange fram @hieashddp mmx tedhe xiglanss ofithe abd granpievhemthesgppective
t hi adi | dit | |
functi onal aratin MEHRT Brovibas P ol ¢uIA Bifitn o ¥ BfdifiP Shife yrnu! &

2007/126953£§ﬂ69082007/007766 51 individually or in conbination. In
particul ar, M-containing conpounds can be particularly effective such as

Nb- arm nos. b (Ao rfed PRSP ecul R aht sfinaht RO R MR @amp oF )

S5, 824, 627,sm&m&t&?@n RSP, td333G64¢h KANd6; avk3] 4d z iWEerd, 110, 878; USP
5, 837, 657; USP 6, 010, 987; USP 5,906, 968; USP 6, 734, 150; USP 6, 730, 638; USP
6, 689, 725; P , 148]

Ashl ess f rﬂ*"?f i oﬁhé%lhg&?%eﬁﬁgggﬁegwl%%{nééﬁggma%é’@ngt?ﬁe}ﬁnali s that
contai n effipglylae diaines anid mﬁﬁrzegrmtmﬁfurflnﬂ(edmupiael,c diyiches xgh -atsmbei ni ng
hydr ocar byl base oils, glycerjdes, art|% Eg %@erldes gl yceride

deri vat i veusedravided ‘thR'QOI"PBlaérW"dS ti16ast650t i on nodifiers may i ncl ude
hydr ocar byl groups cont ai ni ng effectlve anounts of O, N, S. or P.

i ndi vi dual qsz] or Phencthidzimest oroderivatives of phehotniazines arearepreseatediy the
particul ar effectlve i nclude, for exanple, salts (both ash-containing and
ashl ess de@ﬂvﬁﬁﬁﬁﬁgﬁl%ﬁ fatty acids, fatty alcohols, fatty am des, fatty
esters, hydroxyl-containing carboxylates, and conparabl e synthetic

| ong- chai n hydrocarbyl acids, alcohols, am des, esters, hydroxy

carboxyl ates, and the like. In some instances fatty organic acids, fatty
am nes, and sulfurized fatty acids may be used as suitable friction

nodi fiers. [149] Useful concentrations of friction nodifiers nmay range from
about 0.01 Mt%to 10-15 mt% or nore, often with a preferred range of about
0.1 t%to 5 mt% Cbncentratlons of nDbedenun}contalnlng naterlals are
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| ubricating oil conpositions contain one or nore of the additives discussed
above, thwoaddiisese(s) are bl ended into the conpositi onPCH/USBR00EM0ITRE
sufficient for it to performits intexsded function. Typical anmounts of such
additives useful in the present invention are shown in Table 1 bel ow

[ 151] Note that many of the additives are shipped fromthe manufacturer and
used with a certain anmobunt of base oil solvent in the formulation
Accordingly, the weight amounts in the table below, as well as other
anounts nentioned in this patent, are directed to the anount of active

i ngredient (that is the non-solvent portion of the ingredient) unless
stated otherwi se. The wt % i ndi cated bel ow is based on the total weight of
the lubricating oil conposition. TABLE g®sfgRpreal Anmounts of Various
Lubricant O 1 Conponents Conpound Dete}gent Suppl enent ary Di sper sant
Friction Reducer Viscosity Index Ln E—SADD ptary Anti oxi dant
Corrosi on | nhibitor Antl-weqh4tnu '-lntRD&pressant Ant i - f oam
Agent Base stock/base oil Approxﬁ

wherein each R* is independently alkyl, alkenyl, aryl, alkaryl, arylalkyl, halogen,
hydroxyl, alkoxy, alkythio, arylthio or fused aromatic rings or mixtures thereof,
c and d are each independently zero or greater up to the available valance
number of the aromatic ring, € is zero, 1 or 2, R’ is an alkylene, alkenylene or an
aralkylene group or mixtures thereof, and RS is selected from the group

consisting of higher alkyl groups, or an alkenyl, aryl, alkaryl, arylalkyl group:

ROS(0)g—

I
‘R4E‘{§izﬂ:jN—::Kiz§}—(R4M
S(0)e

or mixtures thereof.
[83] The high molecular weight aromatic amines therefore are selected from
the group consisting of diphenyl amines, phenyl naphthyl amines, oligomers
thereof, phenothiazines, substituted phenolhiazines, imidodibenzyls, diphenyl
phenylene diamines, sulfurized aromatic amines, sulfur linked aromatic amines
and mixtures thereof, preferably the diphenyl amines, phenyl naphthyl amines,

oligomers thereof and mixtures thereof.

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

oxygen atoms can be borated.

[85] In general, suitable dispersants typically contain a polar group attached to
a relatively high molecular weight hydrocarbon chain. The polar group typically
contains at least one element of nitrogen, oxygen, or phosphorous. Typical

hydrocarbon chains contain about 50 to 400 carbon atoms.
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[86] Dispersants include phenates, sulfonates, sulfurized phenates, salicylates,
naphthenates, stearates, and other esters derived from long chain hydrocarbon
substituted dicarboxylic acid material and hydroxy compounds such as mono
hydric and polyhydric alcohols or aromatic compounds such as phenols and
naphthals, such esters reacted with hydroxy amines with amino alcohols,
carbamates, thiocarbamates, and phosphorus derivatives thereof. Particularly
useful classes of dispersants are alkenylsuccinic derivatives, typically produced
by the reaction of a long chain substituted alkenyl succinic compound, usually a
substituted succinic anhydride, with a polyhydroxy or polyamino compound.
The long chain group constituting the oleophilic portion of the molecule which
confers solubility in the oil, is normally a polyisobutylene group. Many
examples of this type of dispersant are well known. Exemplary U.S. patents
describing such dispersants include U.S. Pat. Nos. 3,172,892; 3,2145,707,;
3,219,666; 3,316,177; 3,341,542; 3,444,170; 3,454,607; 3,541,012; 3,630,904;
3,632,511; 3,787,374 and 4,234,435. Other types of dispersants are described in
U.S. Pat. Nos. 3,036,003; 3,200,107; 3,254,025; 3,275,554, 3,438,757,
3,454,555; 3,565,804; 3,413,347, 3,697,574; 3,725,277, 3,725,480; 3,726,882;
4,454,059; 3,329,658; 3,449,250; 3,519,565, 3,666,730, 3,687,849; 3,702,300;
4,100,082; 5,705,458. A further description of dispersants is also found in
European Patent Application No. 471 071.

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

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

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

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



0.8-4 0.01 to 1.5 0.001-0.15 Bal ance EXAWMPLES [152] As illustrated in
Table 1 below, eight different |ubricant formulations were prepared with a
vari ety oWocosizeesei ons. The base oil system conpri si ngPaTszaa/0e7766

adi pate ester, PAO6 and PAO40 is substsantially the sanme in each fornulation
with mnor variation in base oil concentrations to accommpdate different
aromati ¢ am ne and/or dispersant additive concentrations. Additive package
treat rate was held constant in all fornulations. Entry Ais the base
formul ati on that uses a non-borated ashl ess dispersant A and equal anount
of WD 2007/126952PCT/ 1352007/ 007766 53 | ow nol ecul ar wei ght am ne
antioxidant | and high nolecul ar weigh amne antioxidant Il as illustrated
in Table 1. Entry B uses the sane anounts of nonborated dispersant A and
hi gh nol ecarnafroneiabhutil yll tenabart|5: 1. Represgntativie examplesprgshewm i Unei ght

o bor at dtNEper QBT 3 Z8T ko BEPas e 2l A5 r AR TN at i ow 1 and
high 11 r’rtgl,ga;y’bgo;mgja},agm_e_m.tj,ggh@ams. The only changes are in the
different concentrations of highly borated dispersant B, ranging from0.25%

to 1% (by I nat e, has 3 tipes re.boraon, than C) . Entr e

f or mul at ec[gaj t Fgl‘?fc %zﬁﬁieﬁfﬁr? 8tf %ﬁb%g}eﬁoﬁe&s%&? }s'ea?rcfﬁ %k l%ert{g e%?ﬂ!)k\%n&i)r on
di sper santsyCei@idl atiRy dridéyrd ARBhBIswt ﬂdlﬁﬂl@l aviolzaratiBs ohh var} depending on
antioxidants. Entry His formulated with a different high nol ecul ar wei ght,

non- bor at dhe dicyhel sapoly®larsddbbohexadmpleothe cendensation preducs ofjagralkenydht

am ne antioxi dants. 1 .
succin?(? arslhydrl e gr? ?)/e% a%%%?mtol is a useful dispersant.

[90] Succinate ester amides are formed by condensation reaction between
alkenyl succinic anhydrides and alkanol amines. For example, suitable alkanol
amines include ethoxylated polyalkylpolyamines, propoxylated polyalkylpoly-
amines and polyalkenylpolyamineé such as polyethylene polyamines. One
exampie is propoxylated hexamethylenediamine. Representative examples are

shown in U.S. Pat. No. 4,426,305.

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

formaldehyde, carboxylic acids such as oleic acid.

[92] Mannich base dispersants are made from the reaction of alkylphenols,
formaldehyde, and amines. See U.S. Pat. No. 4,767,551. Process aids and
catalysts, such as oleic acid and sulfonic acids, can also be part of the reaction
mixture. Molecular weights of the alkylphenols range from 800 to 2,500.
Representative examples are shown in U.S. Pat. Nos. 3,697,574; 3,703,536;
3,704,308; 3,751,365; 3,756,953; 3,798,165; and 3,803,039.

[93] Typical high molecular weight aliphatic acid modified Mannich
condensation products useful in this invention can be prepared from high
molecular weight alkyl-substituted hydroxyaromatics or HN(R)2 group-

containing reactants.
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[94] Examples of high molecular weight alkyl-substituted hydroxyaromatic
compounds are polypropylphenol, polybutylphenol, and other polyalkylphenols.
These polyalkylphenols can be obtained by the alkylation, in the presence of an
alkylating catalyst, such as BF3, of phenol with high molecular weight
polypropylene, polybutylene, and other polyalkylene compounds to give alkyl
substituents on the benzene ring of phenol having an average 600-100,000

molecular weight.

[95] Examples of HN(R)? group-containing reactants are alkylene polyamines,
principally polyethylene polyamines. Other representative organic compounds
containing at least one HN(R)’ group suitable for use in the preparation of
Mannich condensation products are well known and include mono- and di-amino
alkanes and their substituted analogs, e.g., ethylamine and diethanol amine;
aromatic diamines, e.g., phenylene diamine, diamino naphthalenes; heterocyclic
amines, e.g., morpholine, pyrrole, pyrrolidine, imidazole, imidazolidine, and

piperidine; melamine and their substituted analogs.

[96] Examples of alkylene polyamide reactants include ethylenediamine,
diethylene triamine, triethylene tetraamine, tetraethylene pentaamine (TEPA),
pentacthylene hexamine, hexaethylene heptaamine, heptaethylene octaamine,
octaethylene nonaamine, nonaethylene decamine, decaethylene undecamine, and
mixtures of such amines. Some preferred compositions correspond to formula
H’N-(Z-NH-)nH, where Z is a divalent ethylene and n is 1 to 10 of the foregoing
formula. Corresponding propylene polyamines such as propylene diamine and
di-, tri-, tetra-, pentapropylene tri-, tetra-, penta- and hexaamines are also
suitable reactants. Alkylene polyamines usually are obtained by the reaction of
ammonia and dihalo alkanes, such as dichloro alkanes. Thus, the alkylene
polyamines obtained from the reaction of 2 to 11 moles of ammonia with 1 to 10
moles of dichloro alkanes having 2 to 6 carbon atoms and the chlorines on

different carbons are suitable alkylene polyamine reactants.
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[97] Aldehyde reactants useful in the preparation of the high molecular
products useful in this invention include aliphatic aldehydes such as
formaldehyde (such as parafdrmaldehydc and formalin), acetaldehyde and aldol
(b-hydroxybutyraldehyde, for example). Formaldehyde or a formaldehyde-

yielding reactant is preferred.

[98] Hydrocarbyl substituted amine ashless dispersant additives are well
known to those skilled in the art. See, for example, U.S. Pat. Nos. 3,275,554;
3,438,757; 3,565,804; 3,755,433, 3,822,209, and 5,084,197.

[99] Other dispersants may include oxygen-containing compounds, such as
polyether compounds, polycarbonate compounds, and/or polycarbonyl
compounds, as oligomers or polymers, ranging from low molecular weight to

high molecular weight.

[100] Any of these dispersants are borated, and borated dispersants with less
than 1.1 wt%, preferably less than about 0.8 wt%, more preferably less than
about 0.5 wt%, but at least 0.05 wt% boron in the additive component are

suitable for use in the present invention.

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

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

composition is on the order of about 0.5 to 10 wi%, preferably about 1 to 5 wt%,
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on an as received basis, an amount sufficient to contribute about 15 to 100 ppm

boron to the formulation.

[103] The dispersants of choice are the borated succinimides, including those
derivatives from mono-succinimides, bis-succinimides, and/or mixtures of
mono- and bis-succinimides, wherein the hydrocarbyl succinimide is derived
from a hydrocarbylene group such as polyisobutylene having a Mn of from

about 500 to about 5000 or a mixture of such hydrocarbylene groups.

[104] The low boron content dispersant contains less than 1.1 wt% boron,
preferably less than 0.8 wt% boron, more preferably less than 0.5 wt% boron,

but at least 0.05 wt% boron minimum.

[105] When a low boron content nitrogen containing dispersant is employed,
such as a low boron content succinimide, the dispersant is preferably also
characterized by having a boron to nitrogen ratio of < 0.67 (2:3) on a wt/wt
basis, preferably < 0.55, more preferably < 0.45.

[106] The formulation can also contain other additional performance

additives.

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

Related Products, Verlag Chemie, Deerfield Beach, FL; ISBN 0-89573-177-0.
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Reference is also made to “Lubricant Additives” by M. W. Ranney, published by
Noyes Data Corporation of Parkridge, NJ (1973).

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

examples shown herein as illustrations.

Antiwear and EP Additives

[109] Many lubricating oils require the presence of antiwear and/or extreme
pressure (EP) additives in order to provide adequate antiwear protection.
Increasingly specifications for, e.g., engine oil performance have exhibited a
trend for improved antiwear properties of the oil. Antiwear and extreme EP

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

[110] While there are many different types of antiwear additives, for several
decades the principal antiwear additive for internal combustion engine crankcase
oils is a metal alkylthiophosphate and more particularly a metal dialkyldithio-
phosphate in which the primary metal constituent is zinc, or zinc dialkyldithio-
phosphate (ZDDP). ZDDP compounds generally are of the formula
Zn[SP(S)(OR')(OR?)], where R' and R? are C,-C3 alkyl groups, preferably
C,-C; alkyl groups. These alkyl groups may be straight chain or branched. The
ZDDP is typically used in amounts of from about 0.4 to 6 wt%, preferably about
0.8 to 4.0 wt% of the total lube oil composition, although more or less can often
be used advantageously the amount of phosphorus and zinc attributable to the
ZDDP being about 420-1500 ppm P and 450 to 1600 ppm Zn.

[111] However, it is found that the phosphorus from these additives has a
deleterious effect on the catalyst in catalytic converters and also on oxygen
sensors in automobiles. One way to minimize this effect is to replace some or all

of the ZDDP with phosphorus-free antiwear additives.
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[112]) A variety of non-phosphorous additives are also used as antiwear
additives. Sulfurized olefins are useful as antiwear and EP additives. Sulfur-

_ containing olefins can be prepared by sulfurization or various organic materials
including aliphatic, arylaliphatic or alicyclic olefinic hydrocarbons containing
from about 3 to 30 carbon atoms, preferably 3-20 carbon atoms. The olefinic
compounds contain at least one non-aromatic double bond. Such compounds are
defined by the formula

R’R‘C=CR°R®
where each of R*-R® is independently hydrogen or a hydrocarbon radical.
Preferred hydrocarbon radicals are alkyl or alkenyl radicals. Any two of R*-R®
may be connected so as to form a cyclic ring. Additional information concern-
ing sulfurized olefins and their preparation can be found in USP 4,941,984,

incorporated by reference herein in its entirety.

[113] The use of polysulfides of thiophosphorus acids and thiophosphorus
acid esters as lubricant additives is disclosed in U.S. Pat. Nos. 2,443,264,
2,471,115; 2,526,497; and 2,591,577. Addition of phosphorothionyl disulfides
as an antiwear, antioxidant, and EP additive is disclosed in USP 3,770,854. Use
of alkylthiocarbamoyl compounds (bis (dibutyl) thiocarbamoyl, for example) in
combination with a molybdenum compound (oxymolybdenum diisopropyl-
phosphorodithioate sulfide, for example) and a phosphorous ester (dibutyl
hydrogen phosphite, for example) as antiwear additives in lubricants is disclosed
in USP 4,501,678. USP 4,758,362 discloses use of a carbamate additive to
provide improved antiwear and extreme pressure properties. The use of
thiocarbamate as an antiwear additive is disclosed in USP 5,693,598.
Thiocarbamate/molybdenum complexes such as moly-sulfur alkyl dithio-
carbamate trimer complex (R=C;-C,3g alkyl) are also useful antiwear agents. The
use or addition of such materials should be kept to a minimum if the object is to

produce low SAP formulations.
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[114] Esters of glycerol may be used as antiwear agents. For example, moho—,

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

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

combination with ZDDP improves antiwear properties.

[116] Preferred antiwear additives include phosphorus and sulfur compounds
such as zinc dithiophosphates and/or sulfur, nitrogen, boron, molybdenum
phosphorodithioates, molybdenum dithiocarbamates and various organo-
molybdenum derivatives including heterocyclics, for example dimercaptothia-
diazoles, mercaptobenzothiadiazoles, triazines, and the like, alicyclics, amines,
alcohols, esters, diols, triols, fatty amides and the like can also be used. Such
additives may be used in an amount of about 0.01 to 6 wt%, preferably about
0.01 to 4 wt%. ZDDP-like compounds provide limited hydroperoxide
decomposition capability, significantly below that exhibited by compounds
disclosed and claimed in this patent and can therefore be eliminated from the
formulation or, if retained, kept at a minimal concentration to facilitate

production of low SAP formulations.

Viscosity Index Improvers

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

temperatures and acceptable viscosity at low temperatures.

[118] Suitable viscosity index improvers include high molecular weight

hydrocarbons, polyesters and viscosity index improver dispersants that function
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as both a viscosity index improver and a dispersant. Typical molecular weights
of these polymers are between about 10,000 to 1,000,000, more typically about
20,000 to 500,000, and even more typically between about 50,000 and 200,000.

[119] Examples of suitable viscosity index improvers are polymers and
copolymers of methacrylate, butadiene, olefins, or alkylated styrenes. Poly-
isobutylene is a commonly used viscosity index improver. Another suitable
viscosity index improver is polymethacrylate (copolymers of various chain
length alkyl methacrylates, for example), some formulations of which also serve
as pour point depressants. Other suitable viscosity index improvers include
copolymers of ethylene and propylene, hydrogenated block copolymers of
styrene and isoprene, and polyacrylates (copolymers of various chain length
acrylates, for example). Specific examples include styrene-isoprene or styrene-

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

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

wt%, preferably about 0.01 to 4 wt% active ingredient.

Supplementary Antioxidants

[121] Antioxidants retard the oxidative degradation of base oils during
service. Such degradation may result in deposits on metal surfaces, the presence
of sludge, or a viscosity increase in the lubricant. One skilled in the art knows a
wide variety of oxidation inhibitors that are useful in lubricating oil composi-
tions. See, Klamann in Lubricants and Related Products, op cite, and U.S.
Patents 4,798,684 and 5,084,197, for example.

[122] Useful supplementary antioxidants include hindered phenols. These
phenolic antioxidants may be ashless (metal-free) phenolic compounds or
neutral or basic metal salts of certain phenolic compounds. Typical phenolic
antioxidant compounds are the hindered phenolics which are the ones which

contain a sterically hindered hydroxyl group, and these include those derivatives
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of dihydroxy aryl compounds in which the hydroxyl groups are in the o- or
p-position to each other. Typical phenolic antioxidants include the hindered
phenols substituted with C¢+ alkyl groups and the alkylene coupled derivatives
of these hindered phenols. Examples of phenolic materials of this type 2-t-butyl-
4-heptyl phenol; 2-t-butyl-4-octyl phenol; 2-t-butyl-4-dodecyl phenol; 2,6-di-t-
butyl-4-heptyl phenol; 2,6-di-t-butyl-4-dodecyl phenol; 2-methyl-6-t-butyl-4-
heptyl phenol; and 2-methyl-6-t-butyl-4-dodecyl phenol. Other useful hindered
mono-phenolic antioxidants may include for example hindered 2, 6-di-alkyl-
phenolic proprionic ester derivatives. Bis-phenolic antioxidants may also be
advantageously used in combination with the instant invention. Examples of
ortho-coupled phenols include: 2,2’-bis(4-heptyl-6-t-butyl-phenol); 2,2°-bis(4-
octyl-6-t-butyl-phenol); and 2,2’-bis(4-dodecyl-6-t-butyl-phenol). Para-coupled
bisphenols include for example 4, 4'-bis (2, 6-di-t-butyl phenol) and 4, 4'-
methylene-bis (2, 6-di-t-butyl phenol).

[123] Non-phenolic supplementary oxidation inhibitors which may be used
include low molecular weight aromatic amine antioxidants and these may be
used either as such or in combination with phenolics. Typical examples of non-
phenolic antioxidants include: alkylated and non-alkylated aromatic amines
such as aromatic monoamines of the formula R*R’R'°N where R® is an aliphatic,
aromatic or substituted aromatic group, R’ is an aromatic or a substituted
aromatic group, and R'? is H, alkyl, aryl or R"'S(O)xR'? where R''is an
alkylene, alkenylene, or aralkylene group, R'? is a higher alkyl group, or an
alkenyl, aryl, or alkaryl group, and x is 0, 1 or 2. The aliphatic group R® may
contain from 1 to about 20 carbon atoms, and preferably contains from about 6
to 12 carbon atoms. The aliphatic group is a saturated aliphatic group. Prefer-
ably, both R® and R°® are aromatic or substituted aromatic groups, and the
aromatic group may be a fused ring aromatic group such as naphthyl. Aromatic

groups R® and R’ may be joined together with other groups such as S.
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[124] Typical aromatic amines antioxidants have alkyl substituent groups of at
least about 6 carbon atoms. Examples of aliphatic groups include hexyl, heptyl,
octyl, nonyl, and decy]. Generally, the aliphatic groups will not contain more
than about 14 carbon atoms. The general types of amine antioxidants useful in
the present compositions include diphenylamines, phenyl naphthylamines,
phenothiazines, imidodibenzyls and diphenyl phenylene diamines. Mixtures of
two or more aromatic amines are also useful. Polymeric amine antioxidants can
also be used. Particular examples of aromatic amine antioxidants useful in the
present invention include: p,p’-dioctyldiphenylamine; t-octylphenyl-alpha-
naphthylamine; phenyl-alphanaphthylamine; and p-octylphenyl-alpha-
naphthylamine.

[125]  Sulfurized alkyl phenols and alkali or alkaline earth metal salts thereof

also are useful antioxidants.

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

succinic acids or anhydrides are know to be particularly useful.

[127] Preferred antioxidants include hindered phenols, arylamines. These
antioxidants may be used individually by type or in combination with one
another. Such additives may be used in an amount of about 0.01 to 5 wt%,
preferably about 0.01 to 1.5 wt%, more preferably zero to less than 1.5 wt%,

most preferably zero.
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Detergents

[128] Detergents are commonly used in lubricating compositions. A typical
detefgent is an anionic material that contains a long chain hydrophobic portion
of the molecule and a smaller anionic or oleophobic hydrophilic portion of the
molecule. The anionic portion of the detergent is typically derived from an
organic acid such as a sulfur acid, carboxylic acid, phosphorous acid, phenol, or

mixtures thereof. The counterion is typically an alkaline earth or alkali metal.

[129] Salts that contain a substantially stochiometric amount of the metal are
described as neutral salts and have a total base number (TBN, as measured by
ASTM D2896) of from 0 to 80. Many compositions are overbased, containing
large amounts of a metal base that is achieved by reacting an excess of a metal
compound (a metal hydroxide or oxide, for example) with an acidic gas (such as
carbon dioxide). Useful detergents can be neutral, mildly overbased, or highly

overbased.

[130] It is desirable for at least some detergent to be overbased. Overbased
detergents help neutralize acidic impurities produced by the combustion process
and become entrapped in the oil. Typically, the overbased material has a ratio of
metallic ion to anionic portion of the detergent of about 1.05:1 to 50:1 on an
equivalent basis. More preferably, the ratio is from about 4:1 to about 25:1. The
resulting detergent is an overbased detergent that will typically have a TBN of
about 150 or higher, often about 250 to 450 or more. Preferably, the overbasing
cation is sodium, calcium, or magnesium. A mixture of detergents of differing

TBN can be used in the present invention.

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

sulfonates, phenates, carboxylates, phosphates, and salicylates.

[132]  Sulfonates may be prepared from sulfonic acids that are typically
obtained by sulfonation of alkyl substituted aromatic hydrocarbons. Hydro-
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chlorotoluene, and chloronaphthalene, for example). The alkylating agents
typically have about 3 to 70 carbon atoms. The alkaryl sulfonates typically
contain about 9 to about 80 carbon or more carbon atoms, more typically from

about 16 to 60 carbon atoms.

[133] Klamann in Lubricants and Related Products, op cit discloses a number
of overbased metal salts of various sulfonic acids which are useful as detergents
and dispersants in lubricants. The book entitled “Lubricant Additives”, C. V.
Smallheer and R. K. Smith, published by the Lezius-Hiles Co. of Cleveland,
Ohio (1967), similarly discloses a number of overbased sulfonates that are useful

as dispersants/detergents.

[134] Alkaline earth phenates are another useful class of detergent. These
detergents can be made by reacting alkaline earth metal hydroxide or oxide
(Ca0, Ca(OH),, BaO, Ba(OH),, MgO, Mg(OH),, for example) with an alkyl
phenol or sulfurized alkylphenol. Useful alkyl groups include straight chain or
branched C,-Cs alkyl groups, preferably, C4-Czo. Examples of suitable phenols
include isobutylphenol, 2-ethylhexylphenol, nonylphenol, dodecyl phenol, and
the like. It should be noted that starting alkylphenols may cdntain more than one
alkyl substituent that are each independently straight chain or branched. When a
non-sulfurized alkylphenol is used, the sulfurized product may be obtéined by
methods well known in the art. These methods include heating a mixture of
alkylphenol and sulfurizing agent (including elemental sulfur, sulfur halides such
as sulfur dichloride, and the like) and then reacting the sulfurized phenol with an

alkaline earth metal base.

[135] Metal salts of carboxylic acids are also useful as detergents. These
carboxylic acid detergents may be prepared by reacting a basic metal compound

with at least one carboxylic acid and removing free water from the reaction
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product. These compounds may be overbased to produce the desired TBN level.
Detergents made from salicylic acid are one preferred class of detergents derived
from carboxylic acids. Useful salicylates include long chain alkyl salicylates.

One useful family of compositions is of the formula

0
-

n(R)—‘—'\ ]
\OH 2

where R is a hydrogen atom or an alky! group having 1 to about 30 carbon
atoms, n is an integer from 1 to 4, and M is an alkaline earth metal. Preferred R
groups are alkyl chains of at least Cy;, preferably C,3 or greater. R may be
optionally substituted with substituents that do not interfere with the detergent’s
function. M is preferably, calcium, magnesium, or barium. More preferably, M

is calcium.

[136] Hydrocarbyl-substituted salicylic acids may be prepared from phenols
by the Kolbe reaction. See USP 3,595,791, which is incorporated herein by
reference in its entirety, for additional information on synthesis of these
compounds. The metal salts of the hydrocarbyl-substituted salicylic acids may
be prepared by double decomposition of a metal salt in a polar solvent such as

water or alcohol.
[137] Alkaline earth metal phosphates are also used as detergents.

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

example.

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

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

Supplementary Dispersant

[140] During engine operation, oil-insoluble oxidation byproducts are
produced. Dispersants help keep these byproducts in solution, thus diminishing
their deposition on metal surfaces. Dispersants may be ashless or ash-forming in
nature. Preferably, the dispersant is ashless. So called ashless dispersants are
organic materials that form substantially no ash upon combustion. For example,
non-metal-containing or borated metal-free dispersants are considered ashless.
In contrast, metal-containing detergents discussed above form ash upon
combustion. As supplementary dispersants use may be made of the unborated
version of any of the dispersant types previously recited. Such supplementary
do non-borated dispersants can be used in amount of about 0.1 to <20 wt%

preferably about 0.1 to 8 wt% on an as received basis.

Pour Point Depressants

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

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

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

preferably about 0.01 to 1.5 wt%.

Seal Compatibility Additives

[143] Seal compaﬁbility agents help to swell elastomeric seals by causing a
chemical reaction in the fluid or physical change in the elastomer. Suitable seal
compatibility agents for lubricating oils include organic phosphates, aromatic
esters, aromatic hydrocarbons, esters (butylbenzyl phthalate, for example), and
polybutenyl succinic anhydride. Such additives may be qsed in an amount of

about 0.01 to 3 wt%, preferably about 0.01 to 2 wt%.

Anti-Foam Agents

[144] Anti-foam agents may advantageously be added to lubricant composi-
tions. These agents retard the formation of stable foams. Silicones and organic
polymers are typical anti-foam agents. For example, polysiloxanes, such as
silicon oil or polydimethyl siloxane, provide antifoam properties. Anti-foam
agents are commercially available and may be used in conventional minor
amounts along with other additives such as demulsifiers; usually the amount of

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

Inhibitors and Antirust Additives

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

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

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

Friction Modifiers

[147] . A friction modifier is any material or materials that can alter the
coefficient of friction of a surface lubricated by any lubricant or fluid containing
such material(s). Friction modifiers, also known as friction reducers, or lubricity
agents or oiliness agents, and other such agents that change the ability of base
oils, formulated lubricant compositions, or functional fluids, to modify the
coefficient of friction of a lubricated surface may be effectively used in
combination with the base oils or lubricant compositions of the present invention
if desired. Friction modifiers that lower the coefficient of friction are
particularly advantageous in combination with the base oils and lube composi-
tions of this invention. Friction modifiers may include metal-containing
compounds or materials as well as ashless compounds or materials, or mixtures
thereof. Metal-containing friction modifiers may include metal salts or metal-
ligand complexes where the metals may include alkali, alkaline earth, or
transition group metals. Such metal-containing friction modifiers may also have
low-ash characteristics. Transition metals may include Mo, Sb, Sn, Fe, Cu, Zn,
and others. Ligands may include hydrocarbyl derivative of alcohols, polyols,
glycerols, partial ester glycerols, thiols, carboxylates, carbamates, thiocarba-
mates, dithiocarbamates, phosphates, thiophosphates, dithiophosphates, amides,
imides, amines, thiazoles, thiadiazoles, dithiazoles, diazoles, triazoles, and other

polar molecular functional groups containing effective amounts of O, N, S, or P,
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individually or in combination. In particular, Mo-containing compounds can be
particularly effective such as for example Mo-dithiocarbamates, Mo(DTC),
Mo-dithiophosphates, Mo(DTP), Mo-amines, Mo (Am), Mo-alcoholates, Mo-
alcohol-amides, etc. See USP 5,824,627; USP 6,232,276; USP 6,153,564, USP
6,143,701; USP 6,110,878; USP 5,837,657; USP 6,010,987; USP 5,906,968;
USP 6,734,150; USP 6,730,638; USP 6,689,725; USP 6,569,820; WO 99/66013;
WO 99/47629; WO 98/26030.

[148] Ashless friction modifiers may have also include lubricant materials that
contain effective amounts of polar groups, for example, hydroxyl-containing
hydrocarbyl base oils, glycerides, partial glycerides, glyceride derivatives, and
the like. Polar groups in friction modifiers may include hydrocarbyl groups
containing effective amounts of O, N, S, or P, individually or in combination.
Other friction modifiers that may be particularly effective include, for example,
salts (both ash-containing and ashless derivatives) of fatty acids, fatty alcohols,
fatty amides, fatty esters, hydroxyl-containing carboxylates, and comparable
synthetic long-chain hydrocarbyl acids, alcohols, amides, esters, hydroxy
carboxylates, and the like. In some instances fatty organic acids, fatty amines,

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

[149] Useful concentrations of friction modifiers may range from about 0.01
wt% to 10-15 wt% or more, often with a preferred range of about 0.1 wt% to 5
wt%. Concentrations of molybdenum-containing materials are often described
in terms of Mo metal concentration. Advantageous concentrations of Mo may
range from about 10 ppm to 3000 ppm or more, and often with a preferred range
of about 20-2000 ppm, and in some instances a more preferred range of about
30-1000 ppm. Friction modifiers of all types may be used alone or in mixtures
with the materials of this invention. Often mixtures of two or more friction
modifiers, or mixtures of friction modifier(s) with alternate surface active

material(s), are also desirable.
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Typical Additive Amounts

[150] When lubricating oil compositions contain one or more of the additives
discussed above, the additive(s) are blended into the composition in an amount
sufficient for it to perform its intended function. Typical amounts of such

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

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

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

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

EXAMPLES

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

formulation that uses a non-borated ashless dispersant A, and equal amount of
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low molecular weight amine antioxidant I and high molecular weigh amine
antioxidant II as illustrated in Table 1. Entry B uses the same amounts of non-
borated dispersant A and high molecular weigh arylamine II, but without any
low molecular weight amine antioxidant. Entries C-E are formulated with a
combination of non-borated dispersant A and a highly borated dispersant and
both low I and high II molecular weight amine antioxidants. The only changes
are in the different concentrations of highly borated dispersant B, ranging from
0.25% to 1% (by estimate, E has 3 times more boron than C). Entry F and G are
formulated with a combination of non-borated dispersant A and a low boron
dispersant C and both low I and high II molecular weight amine antioxidants.
Entry H is formulated with a different high molecular weight, non-borated

dispersant D and both the low I and high II molecular weight amine antioxidants.



I ncrease 9.75 9.5 9.75 9.75 carbon/varni sh sludge (BL = borderline) BL
pass BL fail pass
WO 2007/126952 PCT/US2007/007766
54

TABLE 1
Entry A B C D E F G H

Base oil plus 91.50 91.50 91.50  92.00 91.75 91.50 91.50  91.50
additive package

High Mw
nonborated
dispersancy D
(Wt%)
Nonborated 4.5 4.5 35 3.5 4 2.8 2 -
ashless

dispersant A

(Wt%) :

Low boron - - - - - 1.7 2.5 -
dispersant C

(wt%)

High boron - - 1 0.5 0.25 - - -
dispersant B -

(Wt%)

High Mw *
amine anti-
oxidant IT (wt%)
as received
(40% active
ingredient)

Low Mw
(300-400) amine
antioxidant I
(wt%) as
received (78%
active :
ingredient)

Boron analysis
D5185 method S53ppm <50
ppm
D4951 method 0.02% 0.01% <50ppm 0.01%
Boron (by 00% 0.0% 0.018% 0.009% 0.0045% 0.0039% 0.0058% 0.0%

calculation)

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

< 50 ppm means under detection limits.

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

seal test and the extended L-60-1 thermal-oxidation test. The L-60-1 test
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(ASTM D5704) is the most difficult to meet test as the test duration is extended
from 50 hours (as required in the original L-60 test) to 300 hours. This test
covers the oil-thickening, insoluble formation, and deposit formation
characteristics of automotive manual transmission and final drive axle lubricat-
ing oils when subjected to high-temperature oxidizing conditions. The
suggested specifications for L-60-1 are 3-fold: viscosity increase <100%,
carbon/varnish rating >7.5 and sludge rating >9. The B-10 catalytic oxidation
test was used as an effective stand in for L-60-1 test for Entries D, E, G and H.
In the B-10 test, the oil is subject to oxidation under a fixed time and elevated
temperam,re with a constant air flow rate and predetermined amount of catalysts.
The viscosify of the oxidized oil is measured and compared to the fresh oil
viscosity to calculate exact % increase in viscosity. Also, cumulative sludge is

rated by visual inspection.

TABLE 2
Entry A B C D E F G H
Test
Copper corrosion 1A 1A 1A 1A 1A 1A 1A 1A
(D130-6)
(250°F/3 hr.)
B-10 catalytic 97.5 133 110 82.9 75.3 70.8 117.5 54.1
oxidation Moderate Moderate Trace Trace - Trace Light Light Trace
(325°F/300 hr.):
% viscosity
increase, sludge
rating ]
DC seal test (BL  Fail Pass Fail BL Fail Pass Pass Fail
= borderline) (blister) (blister)
L-60-1 (300 hr.) 56-382 385.6 35.6 N.A N.A 45.7 N.A N.A
% viscosity 8.56 8.9 947 8.99
increase 9.75 9.5 9.75 9.75
carbon/varnish BL pass  BL fail pass pass
sludge (BL = .
borderling)
Overall no good  below no below nogood good likely no
assessment average good  aver- to be good

age : good

[154] It should be noted that high boron dispersant B has about 1.6 wt%
nitrogen and 1.8 wt% boron (B/N ratio = 1.13), while low boron dispersant C
has about 0.88 wt% nitrogen and only 0.23 wt% boron (B/N ratio = 0.26). The
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sacrificed attention was focused on improving the seal compatibility by changing
thé: dispersant chemistry. Entry C-E are based on the combination of the same
non-borated dispersant used in Entries A & B at reduced treat rates and the use
of a high boron dispersant at three different treat rates. None of them could
satisfactorily meet the DC seal requirements. It was speculated that other non-
borated dispersant with either longer tails (i.c., longer PIB chain length and
higher molecular weight) or high nitrogen content could help to overcome the

" poor seal compatibility. However, upon switching to an alternate, non-borated

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

satisfactory B-10 oxidation results and good L-60-1 test results in F of Table 2).
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d mxt t f T t hod of .claim5 in_the high
AT R R i ot N En Nt
napht hyl deiluteating dipsimsris 10hppradbroand m xt ures t her eof 7. The nethod

of claim®6 wherein the high nol ecul ar wei ght aromatic am ne has a nol ecul ar
wei ght of at | east about 700. 8. The method of claim®6 wherein the

hi gh nol ecul a1, weiTHimahe @ HmANyheilAse FasEBRbECH ke WEbOHRE IWkicating gRSt
about 750. 9. The nethod of claiml, 2, 3 or 4 wherein the | ow boron

cont ent ¢AMSeition i an wicepventienakpil demisd droayionegrignarpar s maxtiystaftGTd basdr ocar bons
oo ; ' ; ne i
avi ng a%%‘?é 203/ B?se%tlltog%g&%d%%x%ﬁ 5‘% )S{y,;&r{}lgé{g&%gdf!cgtﬁgﬁn? E(ﬂ" s%h%hq)l @g‘%ﬁeﬁ

hydr ocar substitute uccrnirm ain (W rocar bon
subst i t ubase stacicaridharbastesi] daived Manmatiralogaxg easwyidedy) nfin@alug] waxy feed, non-

mineral oil waxy feed.

3 The method of claim 2 wherein the base stock or base oil is an unconventional
GTL base stock and/or base oil derived from waxy synthesized hydrocarbon via separation
from or fractionation of waxy synthesized hydrocarbons or by hydrodewaxing or

hydroisomerization (catalytic) or solvent dewaxing of waxy synthesized hydrocarbons.

4. The method of claim 3 wherein the waxy synthesized hydrocarbons from

which the unconventional oil is derived are Fischer-Tropsch synthesized hydrocarbons.



10. The nmethod of claim9 wherein the | ow boron content dispersant contains
| ess than 0.8 wt % boron. 11. The nmethod of claim9 wherein the | ow
boron content dispersant contains |less than 0.5 w % boron. 12. The
met hod of claim5 wherein the | ow boron content dispersant is one or nore
borated | ong chain aliphatic hydrocarbons having a pol yam ne attached
directly thereto, |long chain aliphatic hydrocarbyl substituted succinim des,
| ong chain aliphatic hydrocarbon substityted succi nam des, and Manni ch
condensati on products. 59 13. Thé method of claim6 wherein the | ow
boron content dispersant is one or nore borated |ong chain aliphatic

hydr ocar bons having a pol yam ne attached directly thereto, | ong chain

al i phatic hydPocar by¢ msiled of elained % § @& #rivhereirethe highigoleatarnveight srapatic

hydr ocar hon. s i i ! ; i i pr.oduct s.

T4 The ABMsHRapRd ot B GRLP AR, oGS oA BRIRhARRY I D o
nmor e bor atigéindre tigrevtigihenathiapined, substiyebd phandibinsindsaimidgdiberxglsydiphenyl at t ached
directly thereto, l.ong ain aliphatic h ocar byl substituted succinim des,
| ong chaiphefé’llq“ﬁ HW‘EeWB{‘]%%eQﬁWath?SI éﬁéﬁﬁ&%ﬁ?ﬁ?ﬁ"o@%‘?e TREMRTSC h

condensati L eproducts on the dispersant contains less than 0.8 w % boron.
15. The nethod of claim 11 wherein the | ow boron content dispersant is one
or nore borated | ong chain aliphatic hydrocarbons having a pol yam ne

attached diregt e tRHLA0P clalR B HeRAM i?le?ﬁg.hgﬁél%&ﬁarhyéilglﬂ%ﬁfr@#ic SRSkl tuted
succi ni m des, long chain aliphatic hgdr ocar bon substituted succi natni des and

Manni ch ecedadeh§amidiphepyloinessplzmgl napbthylagpessseligomemtherentandagigturésan 0. 8 wt %
bor on. 16. The method of claim8 wherein the | ow boron content
di sper safe$% one or nore borated Iong chain aliphatic hydrocarbons having a
pol yam ne attached directly thereto, |Iong chain aliphatic hydrocarbyl

substituted syccinim deg, .| . chai,n_al iphatic hydrocarbon suhsti t d
succi nam des and N{gﬁ%mgﬁwggﬁﬁgmgﬁhswnbtﬁ%&%ggolg% rt%eéghgl‘rﬂéof)nealrﬁggn necl%gt ai ns
| ess t hap fh1&cutdr % 8hat least about 400. The nethod of claim 6 wherein the
aromatic amne is diphenyl am ne, phenyl naphthyl am ne, oligoners thereof

and m xtures thereof having a nol ecul ar wei ght of at |east 750 and the | ow

boron cont ent gdi SpehsAlethol Sf S1AEN 6 fvhERiretht Gl ridladularaddigi afdngatio wehiimciask by |
substituted succini mdes and/or |ong chain aliphatic hydrocarbyl substituted

succi namiadededydariweight obdirlenst dwwt &k of | ess than 0.5 wt% and a boron to
nitrogen ratio of < 0.67 on a w/wt basis.

9, The method of claim 1, 2, 3 or 4 wherein the low boron content dispersant is
one or more borated long chain aliphatic hydrocarbons having a polyamine attached directly
thereto, long chain aliphatic hydrocarbyl substituted succinimides, long chain aliphatic

hydrocarbon substituted succinamides, and Mannich condensation products.

10.  The method of claim 9 wherein the low boron content dispersant contains less

than 0.8 wt% boron.

11.  The method of claim 9 wherein the low boron content dispersant contains less

than 0.5 wt% boron.

12.  The method of claim 5 wherein the low boron content dispersant is one or
more borated long chain aliphatic hydrocarbons having a polyamine attached directly thereto,
long chain aliphatic hydrocarbyl substituted succinimides, long chain aliphatic hydrocarbon

substituted succinamides, and Mannich condensation products.
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13, The method of claim 6 wherein the low boron content dispersant is one or
more borated long chain aliphatic hydrocarbons having a polyamine attached directly thereto,
long chain aliphatic hydrocarbyl substituted succinimides, long chain aliphatic hydrocarbon

substituted succinamides, and Mannich condensation products.

14.  The method of claim 7 wherein the low boron content dispersant is one or
more borated long chain aliphatic hydrocarbons having a polyamine attached directly thereto,
long chain aliphatic hydrocarbyl substituted succinimides, long chain aliphatic hydrocarbon
substituted succinamides, and Mannich condensation products on the dispersant contains less

than 0.8 wt% boron.

15. The method of claim 11 wherein the low boron content dispersant is one or
more borated long chain aliphatic hydrocarbons having a polyamine attached directly thereto,
long chain aliphatic hydrocarbyl substituted succinimides, long chain aliphatic hydrocarbon
substituted succinamides and Mannich condensation products and the dispersant contains less

than 0.8 wt% boron.

16.  The method of claim 8 wherein the low boron content dispersant is one or
more borated long chain aliphatic hydrocarbons having a polyamine attached directly thereto,
long chain aliphatic hydrocarbyl substituted succinimides, lIong chain aliphatic hydrocarbon
substituted succinamides and Mannich condensation products and the dispersant contains less

than 0.5 wi% boron.

17.  The method of claim 6 wherein the aromatic amine is diphenyl amine, phenyl
naphthyl amine, oligomers thereof and mixtures thereof having a molecular weight of at least
750 and the low boron content dispersant is one or more long chain aliphatic hydrocarbyl
substituted succinimides and/or long chain aliphatic hydrocarbyl substituted succinamides
having a boron content of less than 0.5 wt% and a boron to nitrogen ratio of < 0.67 on a
wt/wt basis.
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