METHOD FOR ENHANCI NG THE OXI DATI ON AND NI TRATI ON

RESI STANCE OF NATURAL GAS ENG NE O L COWCSI TI ONS AND
WGHOB0DIMPOSI TI ONS BACKGROUND OF THE | NVENTI ONeE/EE1008p09567

THE | NVENTI ON [ 0001] The present invention relates to

lubricating oils for the lubrijcation of gas fired

engines and to the use of anti-oxidants to provide

such oils with resi stance to oxidation and nitration.
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resi stance to oxidation and nitration. [0003] U. S
ang{pasindgsigy 20 compressonatecal gas abthe welbhicads amdjalwing pipelines as

Weclpr%\tsafon gegerate local power. Due to the nature of this application, the

engines fueled by natural gas often run continuously near full load conditions,
shutting down only for maintenance or oil changes. Because the lubricant is
subjected to a constant high temperature environment, the life of the lubricant is
often limited by its oxidation stability. Moreover, because natural gas fired
engines run with high emissions of nitrogen oxides (NO,), the lubricant life may
also be limited by its nitration resistance. A longer term requirement is that the
lubricant must also maintain cleanliness within the high temperature
environment of the engine, especially for critical components such as the piston
and the piston rings. Therefore, it is desirable for gas engine oils to have good
cleanliness qualities while promoting long life through enhanced resistance to

oxidation and nitration.

[0003] U.S. Patent 6,642,191 is directed to a lubricating oil containing a
particular phenolic antioxidant useful for natural gas fueled engines. The patent

recites that the lubricating oil employs as base oil a Group II, Group III or Group



particul ar phenolic antioxidant useful for natural gas
fuel ed engi nes. The patent recites that the
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naphthylamine and alkylated alpha-naphthylamine.

[0004] U.S. Patent 6,756,348 is directed to lubricating oils having enhanced |
resistance to oxidation, nitration and viscosity increase. The lubricating oil
utilizes an antioxidant system comprising sulfurized isobutylene in combination
with one or more of a hindered phenol. The hindered phenol can be butylated
-hydroxyl toluene, 3,5-di-t-butyl-4-hydroxy phenol propionate C;-Cy alkyl ester
and mixtures thereof. Additional antioxidants can be present including other
phenolic type anti oxidants as well as diphenylamine type antioxidants including

alkylated diphenylamine, phenyl alpha-naphthyl amine and alkylated alpha



Goup I, Il, Ill, 1V and V type base oils and include

natural and synthetic stocks including PAO, isonerate
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[0006] EP 1,265,976 is directed to a method for controlling soot induced
viscosity increase in diesel engine lubricating oils by using a combination of
additives which are an oil soluble trinuclear organo molybdenum compound and
at least one other compound selected from a phenolic antioxidant and an aminic
antioxidant. The base oils for the diesel engine lubricating oil include natural or
synthetic l;Jbricating oils having a kinematic viscosity at 100°C of 3.5 to 25
mm?%s. The phenolic antioxidants are preferably hindered phenolic antioxidants
and exemplified by a long list of the typical hindered phenolic antioxidants.
Aminic antioxidants are described as diarylamines, aryl naphthylamines, alkyl

derivatives of the diarylamines and of the aryl naphthylamines, including butyl



napht hyl am ne, heptyl phenyl - a-naphthyl am ne. [0007]
U S Patent 6,730,638 is to a lubricating oil
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amines, diphenylamines including alkyl substituted diphenylamines.

[0009] U.S. Patent 6,734,150 is directed to a lubricating oil composition
comprising a base stock and an antioxidant comprising an oil soluble trinuclear
organomolybdenum compéund and at least one other compound selected from a
phenolic antioxidant and an aminic antioxidant. The base oil has a kinematic
viscosity at 100°C of 2 to 20 mm?%s and includes Group II and Group III base
stocks which may be a natural or synfhetic lubricating oil. Phenolic antioxidants
are preferably hindered phenolic antioxidants and are exemplified by a lengthy
list while aminic antioxidants are generally identified as diarylamines, aryl
naphthylamines and alkyl derivatives of the diarylamines and of the aryl

naphthylamines. Preferred antioxidants are represented by the formula



napht hyl am nes. Preferred anti oxi dants are represented
by the fornmul anherein each of R4 and R5 i s hydrogen or
wao bwoszarel or different CpC 8 al kyl group. | ncledBuSions/enIse7
| engthy list of amnes are recited various al kyl
phenyl -a- napht hyl am nes. [0040] See.also U S. Patent
6, 143, 701; U.S. Patent 6,010,987; [0011] EP 0, 860, 495
is directed to a lubricating oil conposition for gas
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wt % of a netal salicylate 'detergent having a total
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antioxidant and 1 to 10 wt% of a polyalkenylsuccinimide or a boron-containing
poly alkenyl-succinimide. In a preferred embodiment the aminic antioxidant is
composed of a dialkyl diphenylamine and a phenyl-a-naphthylamine. Base oils
have kinematic viscosities at 100°C of from 3.5 to 20 mm?/s. No limitation is
placed on the base oil, which can be mineral oil or synthetic base oil. Mineral
base oils can be oils available from lubricating oil refining steps of raw materials
for lubricating oils such as solvent refining using phenol, furfural, N-methyl
pyrollidone or the like, hydrofining and wax isomerization, light, medium or
heavy neutral oil, bright stock and the like. Synthetic base oils include PAO,
polybutenes, alkyl benzene, polyol esters, polyglycol esters, dibasic acid esters

and the like. In Example -1, a hydrorefined oil was combined with calcium



salicyl ates and sul fonates each independently having a
TBN of from 30 to 350 ng KOH/ g and at |east 3.5 wt % of
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than 80 wt%, preferably more than 90 wt% saturates, less than 1.0 wt%,
preferably less than 0.1 wt% sulfur and have viscosity indexes of more than 80,
preferably more than 120, and kinematic viscosities @100°C ranging from 2 to

80 mm?/s.

[0013] A'The Examples employ a mixture of Group III base oils identified as
XHVI - S.ZIand XHVI - 8.2 formulated with the phenolic antioxidant (( C;-Cy
branched alkyl esters of 3,5-bis (1,1-dimethyl-ethyl)-4-hydroxy benzene
propanoic aéid) Irganox L-135) and, in one instance the phenolic antioxidant

used in combination with Irganox L-57 which is an alkylated diphenylamine.

[0014] U.S. 2005/0288194 teaches the preparation of an oligomeric

phenolic detergent. Lubricating oils can be formulated comprising any mineral
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detergents, etc. [0015] In the Exanple of a fornul ated

oil no amnic antioxidants wefje enpl oyed. [0016] U. S.
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mixtures thereof. In the Examples a mixture of Exxon™ 600N oil and Exxon™

150 Bright stock was employed as base oil. None of the Examples appear to

utilize any aminic antioxidant of any type.

[0017] U.S. 2004/0142827 is directed to a lubricating oil comprising a
major amount of at least one Group II, III or IV base oil and a minor amount of
2-(4-hydroxy-3,5-di t-butyl benzyl thiol) acetate hindered phenol antioxidant
useful as a ﬁatural gas engine oil. Base oils include natural or synthetic oils e.g.,
animal oils, vegetable oils, petroleum oils, mineral oils and oils derived from
coal dr shale, oils made by isomerization of synthetic wax or slack wax,

hydrocrackate base stock, PAO, alkyl benzenes, poly phenyls, alkylated



i ncl ude al kyl ated di phenyl am ne,
phenyl - a- napht hyl am ne and al kyl at ed-a- napht hyl am ne.
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| ubricating viscosity which can be any natural or
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arple o TaPduERs| thereads $‘Fﬁaﬂ158b‘e1§t2@ﬁ//9im%laslésl’rﬁ ﬂﬁ@,232 uUsp
X ration test run for 80 hours at
6?3!3#88? mé’gﬂﬂggﬁmwl ating a gas engine oil
conprising a natural gas engine oil viscosity base
k sqlyect P:d ks t . .

[Ogtlgﬁp I Ie(ﬂf%algcgerﬁtr 8’,@8@[3‘?}“1 is §irPas8 B é"f}lfélﬁ}um%%/tl%tlc lubricant
base stock having at least 95% non-cyclic isoparaffins. The base stock is made
by hydroisdmerizing a Fischer-Tropsch wax. The base stock can be formulated
into a lubricating oil by adding an effective amount of one or more performance
additives including detergents, dispersants, antioxidants, antiwear additives, pour

point dispersants, viscosity index improvers, friction modifiers, demulsifiers,

antifoamants, corrosion inhibitors, seal swell control additives.

DESCRIPTION OF THE INVENTION

[0020] The present invention relates to a method for improving the
resistance to least one of oxidation or nitration of a natural gas engine oil as
evidenced by an increase in the kinematic viscosity at 100°C of the natural gas

engine oil of less than 40%, preferably less than about 30% increase, more



stock(s), and/or GIL base stock(s) and/or base oil(s)

and/ or a hydrodewaxed and/ or hydroi soneri zed/ catal ytic
w@ anndpzaissol vent) dewaxed waxy feed stock basePGr/uosio0$)09567

and/ or base oil (s), a mnor additive anount of an

ant i oxi dant conbi nation conprgsing a m xture of at

| east one phenolic type antioxidant, preferably a

hi nder ed phenol anti oxi dant and at Ieast one ami n| c

pr%ﬁ%ﬁ?@ ﬁb %gﬁ.@se) gﬁ%rferg?qrpﬁtgf I?re eragfy ess gihan about
200 deefgﬁni%p{}{eh)él 70 AEdadEIN trat[d}xo?ésl bR fRBOHAE a 325°F,

base sto can be any one or nore Ane

cd?ﬁfnﬁﬂh?UfBrhﬂﬂzitﬁﬂthaegésAEhglrQ @Hpcdrhpﬂﬁhﬂgoéi fat@iap %(a'sI engine oil
base stock and/or gas-to-liquids (GIL) base stoc

viaohfiyr basasstodk beleetied/ foomhyithupdButzase dtawkds)oand/or Group III base
hydr oi soreri zed/ catal ytic (and/ or soI t) dewaxe

stoekly)f autier Skl thase toekR) aRd/asr basgsei @Smndﬁqreaemsdapgewaxed

osh{ Bt oy R B EBR PR 0f dTER e B ook base

sté&i(‘éfnér)d/gle"\@d%%d M), fae'?ﬁm%}oﬁﬂdll@i@ée a%&ﬁﬁ %‘Fdéﬁr antioxidant

base oi |, nore preferably one or nore
cahbinktianddomphisiag @irthixtire blieat, lehsl;‘teoﬂé’lph@hohb ﬂybeb:ﬁﬁfomdant,
stock and/or APl Goup |I| base stock and/or GIL base
prefasakl yafnhvn@her%hsl@ermhanuamam ang at lrashene amamig/type antioxidant

seltelg HER Gt EromRniilifie S ahehy HEoBPRMYSTRIE and plyiated

1 be utilized
P@khﬁi‘?@ﬁ%ﬁﬁoﬁg PRI Th up to Bbout 30 wioha poly

al pha ol efin co-base stock. [0022] While the kinematic
[002FFOSi tTheftheapréRAs Unethddy tiS Bikeeibad dahdBe aiinyl YHCor more

of the individual base stock or base oil can radnge
Ameonaawwol@mdnmum%ﬁl) Grafpeadid/orf Gmmqalbﬁlhas@ stcmk and/or
when such stocks are enployed as the sol

gaéa!@ehq;ltlé& KGH-) hase staek) and/en bgse 031, Angdere hyglrodewaxed and/or
st Gt g@?ﬂ@ﬂé SPERAbY dPvaREY oY kB BaR e stock
aan/oxlc 152&@ (ﬁp?ﬁ: e?aﬁl Wo?e oPETE bR ¥R AN/t Bale b3 and/or
hydrodewaxed and/or hydrmsomenzed/catalytlc (and/or solvent) dewaxed waxy
feed stock base stock and/or base oil, more preferably one or more of GTL base
stock and/or base oil. Further, the API Group II base stock and/or API Group III
base stock and/or GTL base stock and/or base oil, and/or hydrodewaxed and/or
hydroisomerized/catalytic (and/or solvent) dewaxed waxy feed stock base stock
and/or basé oil, preferably GTL base stock and/or base oil, can be utilized as
such or in combination with up to about 30 wt% a poly alpha olefin co-base

stock.

[0022] While the kinematic viscosities as measured by ASTM method
D445 at 100°C of the individual base stock or base oil can range from about 2 to
30 mm?s, preferably from about 3 to 25 mm?/s, when such stocks are employed

as the sole base stock in the formulation or as a base oil mixture, the kinematic



a base stock having a KV at 1000C of e.g. 4 mm®/s

woul d not be used as such, but could be m xed with one
wo@rooseasaddi ti onal base stock(s) and/or base PCT/S)008609567

different KV, including high KV, to yield a base oil

having a KV @00 in the reciti@d range of about 9 to 16

m2/s. [0023] API G oup Il base stocks generally have

a viscosity index of between about 80 to Iess t han

VRS o e Siee G Reds SBRR o B Bl oP S ForpRRR i 2 ranee
ofStbHl M- 1o-16 FHRYR }l)rlefeljﬁﬁﬁﬁabﬁu?@kt% Rfh%s ! Th?g, R)r%a(ample

viscosity index equal” to or “greater t an about

a basg sﬂoﬁl\|}ﬁs'$n%h€mVOzit EODF@ of @.galionim¥s Hdul Yos Wefused as such,
and ?r eater than about 90 wt % saturates. [0024] GIL
Waemild theokixed wmh/ ane puswroiaddijonmhdase stoghit) dmdéxebiase oil(s)

h | yt nd/ I t
0@3%{%‘ ¥Slinliding b Kibaie vl h tope Zikharngas KV @100° in
LS LG 2f b t ock and/ or
thtg)géé&%q *a?%f%gérbl vgg%rlgr%]hgjng or a?rgrz %;s(f% Li qui ds
(GIL) materials, as well as hydrodevvaxed or

[0d2d| Oi SOXP] '?f‘(ﬂf‘%q{‘v Qﬂfi’:kf C&dncr A veent M&%ﬁ‘ﬁ?eﬁxdex of

base stock(s /or base oils derl\Péd rom nat ur

bevacenrabvak 80 ftedess, thahnboat 120hndr coinainniesetiain o équity about
f eed stocks such as sl ack waxes, natural waxes, and
0.03wt% sulfus ard greater Has cmdqyal teeaiout 99! wt%;s@tttrateac k&P Group
f nate, .hydrocrackate, .thernal
11} Bt aticks Behei ePaYﬁ ReYistosity e cqpfal to g ghpater than about

12308 T Alﬁ%kso'tﬂa é}ﬁ g\?’ﬁpoﬂ?b%' HiS, SUG diid ?’ééﬁer than

ials recelve uefaction or s

abyut 90and, Rhbtlrakess of such base stocks and/or base-
oils. [0025] As used herei n, the follow ng terns have

the indicated nmeanings: a) "wax": hydrocarbonaceous
[0624Er i al Ghhvbasg stobk@G) gmaldor bmsmb;l(i)yamdz‘ai hydsodestdaxed and/or
as a solid at roomtenperature, i.e., at a tenperature
h)fdﬁOtSﬁ@ﬂﬂibmgéaamibﬁlab as ol clevianede oMax s tfegg stock base

stgcrke(gfgrilé]/%p Bla 01l(s 1n061{1£1é: r(1)|ng orrmrrtxc?re oatJ base stock(s) and/or base oil(s)
derived from one or more Gas-to-Liquids (GTL) materials, as well as
hydrodewaxed, or hydroisomerized/conventional cat (or solvent) dewaxed base
stock(s) and/or base oils derived from natural wax or waxy feeds, mineral and or
non-mineral oil waxy feed stocks such as slack waxes, natural waxes, and waxy
stocks such as gas oils, waxy fuels hydrocracker bottoms, waxy raffinate,
hydrocrackate, thermal crackates, or other mineral, mineral oil, or even
non-petroleum oil derived waxy materials such as waxy materials received from

coal liquefaction or shale oil, and mixtures of such base stocks and/or base oils.

[0025] As used herein, the following terms have the indicated meanings: -
a) “wax”: hydrocarbonaceous material having a high pour point, typically

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



b) "paraffinic" material: any saturated hydrocarbons,
such as al kanes. Paraffinic materials may include

wo peveme3ial kanes, branched al kanes (i so- par af f i PGY/S2008/009567
cycl oal kanes (cycl oparaffins; nono-ring and/or
multi-ring), and branched cygljqal kanes; c)
"“hydr oprocessing”: a refining process in which a
feedstock is heated with hydrogen at high tenperature

a under pr re, ~c9 nly in.the presence of a .
caraity epouf o L6287 Gnel shisirting cE3qagRpy of paraflnic
c pafts and to produce an inproved product; d)

"hydrotréating": a catalytic hydrogenation process
that converts sul furand/ or nitrogen-containing

b)Y A REHIMENS ndiéRalny daAGakRRRatBA ORYBESCarbary, I Sk e4S  alkanes.
sulfTur and/or nitrogen content, and which génerates

hyBaradfinics uhfatatealsanaday arolwds alifess palkanes! yhranshed alkanes
byproducts; simlarly, oxygen containing hydrocarbons .
caviseipamibas), cicdealkangsicyelaparafbing; manonengrandégr multi-ring),

"cat ti ewaxi ng": a conventional catalytic process
[ na%ﬂ’éﬁlcﬁsaﬁﬁf:féﬁg%ﬁlpﬁ ns (wax) and/or waxy
hydr ocar bons, e.g., slightly branched iso-paraffins,

T A ERBUAIEnDY. o ARG/ SEAATRRL A1, R hegted with

I Wel ght’ species®to In

pr H?d’&)?eﬁ Rentsicdtferafur®aig ualdk) pRAasulehof@®dil§dn the presence

product” pour point; f) "solvent dewaxing": a process

whef abgatalyst,ite mmeve ahtiorr@amvesdldss atesonblebgompenerits and to
chilled solvent or an autorefrigerative solvent to
sopiagiuey apjmpraxedaredictan then be renoved fromthe

oil; g) "hydroisonerization" (or isonerization): a

B A SRR T A ML R
S REFIERL S e B DR B roducts i

pr fRsed PaffiM lad/drd Hitfd%’q&:ﬂ @oAtehs eananivhaeili ddneraks Ipdrogen
renmoval step to ensure that the final oil product
(badéidst arklor ammonia (respectively) as byproducts; similarly, oxygen

containing hydrocarbons can also be reduced to hydrocarbons and water;

e) “catalytic dewaxing”: a conventional catalytic process in which normal
paraffins (wax) and/or waxy hydrocarbons, e.g., slightly branched
iso-paraffins, are converted by cracking/fragmentation into lower molecular
weight species to insure that the final oil product (base stock or base oil) has

the desired product pour point;

f) “solvent dewaxing”: a process whereby wax is physically removed from oil
by use of chilled solvent or an autorefrigerative solvent to solidify the wax

which can then be removed from the oil;

g) “hydroisomerization” (or isomerization): a catalytic process in which

normal paraffins (wax) and/or slightly branched iso-paraffins are converted



or base oil) has the desired product pour point); h)

"hydrocracking": a catalytic process in which
whyweoepanat i on acconpani es the cracki ng/ f ragnePCEUB2908/009567

of hydrocarbons, e.g., converting heavier hydrocarbons

into |lighter hydrocarbons, arjpconverting aromatics

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

branched paraffins. i) "hydrodewaxing": (e.g.,

co boF%ﬁr{%l‘%ﬂan%ﬁ-%%%\é% B st abiangled o dets BRnghed iso-
Pgﬁa?ﬁ{ﬂég tnﬁe s&(ﬁﬂex% tng§1§cﬂ)£ Poctss %Io$51§\§; %ﬁ]iné)ﬁ subsequent

xture e conversi on

l s gdditioAal weﬂ/r%ﬁﬂf\fa@@Wénsmfre the the Faiadfdil ﬁﬁ)cﬁi@d (base stock
slightly branched iso-paraffins into nore heavil

br enbésebil ) dmsphe aesired praduet pesupoint)y pr oduct not
requi ring a separate conventional catalytic or sol vent
dewaxing step to neet the desired product pour point;

h) Yhydiecragking™ h9ma@alg@qmrg@@s in" wg@heh)gir@genatlon accompanies
c aI ti,c d xate" .. and yégrod waxate" refer to

FeckipgtrEeHgtioR e of c SYEESGAT or&os&segonvgmlggsﬁeawer
oL ek hcHESib! el SERhBAS, ) RSRIAL e ndior

e ol |l secure rom-a single feed stoc ource and

subjlepadffins taphtinesPinde 68a:dyelis Yranchedshrifiis. N9 a
particular specification; 1) "base oil" conprises one

or nore base stocks. [0026] Thus the term

1} h¥ldrdrodewexinzdt i (ngcASQIBEMAXING® of €theveon @i eMSIOW™ of
cat al ytic grocesses whi ch have the conbi ned effect of
cob¥xeR i MgbHof rpIor e ﬁlYﬁYaﬁﬁJP@FVwﬁtﬁlﬁWrMQﬁséow@Ch in a

b / br a
oub R ARPRE B obPoum oginely et gl ey ffects
[ CCBIRRIBR SMWAR! BY 1R6MeHIR SR arParRhfint | GIOHR n-paraffins and

ightly branchedg?so paraffins present Int

| sslightht brapyhed dstkpagffinagienhaete leavily brin¢Rdd iso-paraffins, the
hydr odewaxi ng to effect further isonerization and very

sefesultingeprosiugt yiot ceqiaiviagi a gepdrateheonveniional eatatydic or solvent

reduce . . .
gewaxmg step to meet the desired product pour point;

j) the terms “hydroisomerate”, ‘“isomerate”, “catalytic dewaxate”, and
“hydrodewaxate” refer to the products produced by the respective processes,

unless otherwise specifically indicated;

k) “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; |

1) “base oil” comprises one or more base stocks.

[0026] 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



t he product pour point. Wen the term"(and/or

solvent)", is included in the recitation, the process
walemgnoedied i nvol ves hydroi soneri zati on fol | oweRBCYS2008/009567

ei ther or both of catal ytic dewaxi ng or solvent

dewaxi ng which effects the phgsical separation of wax

fromthe hydroi sonerate so as to reduce the product

pour point. [0027] GIL materials are materials that

%gﬁgxf%r@iq‘ing ,r\élﬁgr gﬁ ?(;arngg ylar}tgﬂgl}%f iso- B%fﬁns preéent in the
159&% FALYY, SRUARRONAERIALIG BF BF 927 95 dF6RM AARE Wikffect further

car oun contaln

15661'('691%!?615 ,anﬁn\ﬁhlrsfrse@éc@l% Ndatal@tic [ROGKINE bF the Qibrﬂ@rate to reduce
hydr ogen, carbon di oxi de, carbon nonoxi de, water,

thegprodnet, peuhaot. eNﬁ)dretim teaxnef‘(dnshier, sqziwepaﬁ,e;s included in the
propyl ene, propyne, butane, butylenes, and, bu

regrat%stbeﬁr@ew desaribed paedves hxdr@a@r@mzm)efq)@‘%edoby either

Orh%{hoi? I;:B ?i% gl%%rghat \llbg%{\? %&ﬁﬁ@él\%@&ﬁréf\f&% the @hyswal

tnar i fp€ i
se@é@é%ﬁb?% g{dggntpgllﬁ{&rhﬁ%?ér%@ss@% 6k duce hel pAREt pour

ng conpounds
pdiydr ogen- cont ai ni ng conpounds and/or el enents as
f eedst ocks. GTL base stock(s) and/or base oil (s)

l"!’@@tfgte ST R rtinle ate whifrialin s prrodiee B i Hhg or more
Wg&lsas foéorﬁl‘) lo‘f"l by tr3FbrnhAfdon a%aﬁ%ﬁgﬁ%ﬁﬂt 'Y and/or

edted o a final wax processing step wh

deﬁgracﬂt&l’orﬂdedmisfrueﬁvé he py&dessdsnoviirogat agasebas devarbongcontaining
process, or solvent dewaxing process, to produce |ube

canpeursls, rigrogencontappiog p@mppunéggnampygr lgmgats as feedstocks
at.es risin for | e, dr odewaxe
suhio PeOriagens Sarien %ﬂe%fsar Biv X Methand! ethane,

B s

butyaed1erGTLopsehstobks )anﬂlﬂreliiais@I oild -afe G T OhatetO RS, lubrlcatlng
waxy hydrocarbons, waxes and possi bl e anal ogous

viesosyian shas pre pgeaﬁmib/bldjcrllvydrfrdm/\mwmcarbons for example waxy

or hydroj soneri zed/ cat (and/or saql vent) xed F-T
yd gg deocaghons, t at( are themselves derlvedm?rom simpler gaseous

S
carbon-contalmng 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 either or both of the well-known catalytic dewaxing
process, or solvent dewaxing process, to produce lube oils of reduced/low pour
point; synthesized wax isomerates, comprising, for example, hydrodewaxed, or
hydroisomerized/cat (and/or solvent) dewaxed synthesized waxy hydrocarbons;
hydrodewaxed, or hydroisomerized/cat (and/or solvent) dewaxed

Fischer-Tropsch (F-T) material (i.e., hydrocarbons, waxy hydrocarbons, waxes

and possible analogous oxygenates); preferably hydrodewaxed, or



hydr odewaxed or hydroi sonmerized/ cat (and/or sol vent)
dewaxed, F-T waxes, hydrodewaxed, or

whyaporHeNeri zed/ cat (and/ or sol vent) dewaxed PCT/US2008/009567
synt hesi zed waxes, or m xtures thereof. [0028] GIL
base stock(s) and/or base oilygs) derived from GIL
materials, especially, hydrodewaxed, or
hydr oi someri zed/ cat (and/or solvent) dewaxed F-T

B, SRR BRSBTS C st o
RSN AR, B 0FKAD) SO, o S,

are cha i némati c

hydregewakéds onthyle8idenrrizkaRat abpdor %dw@{tz devaplautyitfiesized
mR/s, preferably fromabout 3 m2/s to about 50

waney, or mixtweptlefreofibl y from about 3.5 m®/s to about
30 nmm/s, as exenplified by a GIL base stock derived

he I 0 j r | SO hzat i a [ .
48, O S BT BB SRR, AR e,
espeBRIG! hodiodetaxkely o hy ddMOm&izBdé i (8hd/PIBveaRddévaxed F-T

viscoSity index of about 130 or greater. Preferably
mateziahaderivedabasenstopk @ emd/orsbimedod@ynand ngherahydedeoaked, or

in a process using a single hydrodewaxing catal yst.
hysbpoatrzizedigasi(and/er gplvent: devarescwekderivetldrasetstock(s) and/or

bR R e A S, O A v e et cltitied 3 Foooc of
frﬁ@{j&%&ﬁ'fmﬁ??(?hﬁbﬁtVS@ﬁfr{g?/ggﬁéqbppgom about 3 sz/s to about

roi sonmeri zed/ cat (an ent ewaxed

Soveharisal maes i preferable fesrackicut Arsl/mm’kase abduis3o masf/s, as
ot her hydr odewaxed, or hydroisonerized/cat (and/or )
exsonplified  BewaxddThaxbaser isteck bderdvesrt obk ( ghe ahgdmdepazing or

b S BE A, S50 5055 AL B2 S hs
FBRAE SLLESS BYROSA LA D9 38HS POAEESABeHY s

130 6f efedltéry PRGUfablyl e Wax! @¥@RMent iprbtessns _fhtyﬂf@de%z@@hg carried
about -200C or | ower, and under sone condi{ions may

otamea gutvaedsagsgngsa sngle goidnodewdxiapoeataly®6 C Refetemeerherein to

i th useful  pour
Kmematl% vnscosnp})/ refers to a measurement made by ASTM method D445.

[0029] GTL base stock(s) and/or base oil(s) derived from GTL materials,
especially hydrodewaxed, or hydroisomerized/cat (and/or solvent) dewaxed F-T
material derived base stock(s) and/or base o0il(s), and other hydrodewaXed, or
hydroisomerized/cat (and/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
invention are further characterized typically as having pour points of about -5°C
or lower, preferably about -10°C or lower, more preferably about -15°C or
lower, still more preferably about -20°C or lower, and under some conditions
may have advantageous pour points of about -25°C or lower, with useful pour
points of about -30°C to about -40°C or lower. If necessary, a separate

dewaxing step employing either or both catalytic dewaxing or solvent dewaxing



poi nts of about -300C to about -400C or lower. If

necessary, a separate dewaxi ng step enploying either
w@eooboediscat al yti ¢ dewaxi ng or sol vent dewaxi NnBEHYS1968/009567

practiced to achieve the desired pour point. In the

present invention, however, _-tjge GIL or ot her

hydr odewaxed, or hydroi soneri zed/ cat (and/or solvent)

devvaxed wax- derived base stock(s) and/or base oil(s)

mmy d esga%ﬁlfcg Pa%% gﬁ:? Heszgegicgéﬁ ﬁ];) bofjn Fhﬁ Brecs:eg{ invention,
hAW&&! aRky AT Wr oaQ&Chgardae%%gmgﬁf g&%@%@gg@dx@@ fand/or

pour p0| nt refer to nmeaSurenent

soiverit) alewarked mebedeyivedi s, sthbOQSPhndhe Kake @1@(%? used are those
stock(s) and/or base oil(s) derived from GIL
hayang poar poings wd bt y363 lodidag\bme@r@ﬁerably about -25°C or higher,

mﬂéi é%lfgli g@é?éed/ : (a d/ ERr( 2;1 ewgléle% Hl):?‘;rl) poighgefer to
mSqtfEmRtf thafley ] R§e usedé’a?’ﬁd PhA .(ai%%‘ﬁ VerPBRS, o,

characterlzed typi cally as havi ng VISCOSIty i ndi ces of
[0830br grBut €bTLpbaser stobk(s) Oandior ghasat eil(s)amidrivede from GTL
referably ater Addjtionally, in certain
m t&F‘tafseu?sé}eclai]é’t gﬁ’é‘g‘é ewaRedy 08 ¢ qlrpysqm%réz@d&att fnglor solvent)

S r ef er
aciRGah O o AL SRR B BTN B! SR8, Yo Bner such
wiRderipe@hase E’ﬂo)ékg:é Gurfay ox%a%@t(ﬁf(s) @%‘iclﬁéﬁf‘?’e %vseﬂxlr tRi@3Rvention
stock(s) and/or base oil (s) that derive from GI
arered] g0 ichhsagperédes aypiyally Bsnhavengaviscesigediditéy of- 8'0 @ xgreater, -
general |y have a viscosity index of 130 or greater.
erE@F@b é{nHé%Ohgr@tﬁr,ta@ dyinged prafgrablyid 20rast greates. Absdditionally, in
0031]., 1 n.additi.o

cBR bt Rt et s g itk 806y, dare, PARE Gipks andlor base

s

moenpiafatabbn 140t br gr:erat@y cFbe ekamipdé,aGMNbasel B Cked)i shd?br base
the naphthenic (i.e., cycloparaffin) content in such

OIK&hﬁlaﬁaiqusfmm i@EL winaterialre preferbys tF-Anthatengle reapecielly F-T
wify Eeherally o VAP BUrSR 1l | & rETERiSBonKEGRESRE herein to
viscosity index refer to ASTM method D2270.

[0031] In addition, the GTL base stock(s) and/or base oil(s) are typically
highly paraffinic (>90% saturates), and may contain mixtures of
monocyclopélrafﬁns and multicyclo-paraffins in combination with non-cyclic
isoparaffins. The ratio of the naphthenic (i.e., cycloparaffin) content in such
combinations varies with the catalyst and temperature used. Further, GTL base
stock(s) and/or base oil(s) typically have very low sulfur and nitrogen content,
generally cdntaining less than about 10 ppm, and more typically less than about
5 ppm of each of these elements. The sulfur and nitrogen content of GTL base
stock(s) and/or base oil(s) obtained by the hydroisomerization/isodewaxing of

F-T material, especially F-T wax, is essentially nil.



general ly containing | ess than about 10 ppm and nore

typically less than about 5 ppm of each of these
webk@ameeaist The sul fur and nitrogen content of EI/URNE®009567

stock(s) and/or base oil(s) obtained by the

hydr oi soneri zati on/i sodewaxing of F-T material,

especially F-T wax, is essentially nil.[0032] In a

preferred enbodi nent, the GIL base stock(s) and/or

base oil (s) conprises paraffi nic materials that

[(ﬁ)ﬁ?@i st Hf&ﬁ?é’fkﬁ%ﬁté ‘BE‘ tﬁ¥@f}TE Has @?J&E%_@ﬁié&ngase oil(s)

m nor anount s o opar affins. hese

cothpeikdss) paathiic bﬂ@t@n@ls] (t$1)1tt§l’<§!h§i§t| |ptedomipidant’y of non-cyclic
paraffinic materials that consist of greater than 60

isapaiafions ane ionly soprrapfiowats mieteelapamaffinsat dheshadTL base

% non-cycli ¢ isoparaffins, rmre r ef er ab|
St@?%é% °3§MWS%91 Dby RERI R RIMBTise BRRTHRIG Materity thg sonsist of

gx‘%af‘e‘}%g 40 %@at CnsePAlt YoM ABRR pfEk by ereater 80 wt%
f et PLTGHS Of Eﬁtf l}g%

i'sopararfins. conpos
n@ﬂ-@?@lﬁ@hs@ﬁﬂa@ﬁn?a%r@' ?&é‘ﬂeraﬁl diopcRMEREN OBS wt% non-cyclic

hydr oi somer i zed/ Cat /or so vent) dewaxed F-T
isoparaffind, adelrmmiqyrbﬁaseblytgrekt@s)hana@ﬁiwm%(nmiecyvled1soparafﬁns.
hydr odewaxed, or hydroi sonerized/cat (and/or solvent)

(3T e S LotpasitineS B G Bast PHPBG cindlor base oil(s),
)ﬁirgagw%?éld o %o%%er?%@/&t ](ﬁﬁd%gs(fl%nt?w d F T material

0034] Base stock(s /or base oil(s) derive

deviveyl basedstock(s), Chn@h@)&ﬂsnvedl Ih@/dbfbdbﬁ'd)&d“@ﬁ hylalrbhbﬁrlerlzed/cat
invention, are paraffinic fluids of |ubricating

(apdégossolyerdpr |d@w><ﬁdorhaﬁ9drswdﬂﬁakedu0br as wax isomerates or
hx%ﬂé%’ev%%’ Loty Tietiat "B 10-$,0hzh ekl 6703011 8990989, and
Q_gtﬁ)E §ME}$O nat ur al SOUTCG or i gl n, e.qg.
S Su

toc as one or nore of gas 0|Is slack wax,
¥ fuel s hydrocracker bottons, hydrocarbon
[0034] | nat%’sﬁe staek(shhndiax dase ml(s)cﬂqmdtfésm whxy fe¢ds, which are

cracka foots.oil, wax fromcoal Ii uefgﬁtlon

alsQ S ef°5| se dn i, dpvention,pee paratiipic Sflyids oP lubricating
AR, 85 o AP A g v
deseameadundsy Wdelistocks of mineral oil, non-mineral oil, non-petroleum, or
natural source origin, e.g., feedstocks such as one or more of gas oils, slack wax,
waxy fuels hydrocracker bottoms, hydrocarbon raffinates, natural waxes,
hyrocrackates, thermal crackates, foots oil, wax from coal liquefaction or from
shale oil, or other suitable mineral oil, non-mineral oil, non-petroleum, or natural
source derived waxy materials, linear or branched hydrocarbyl compounds with

carbon number of about 20 or greater, preferably about 30 or greater, and

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

[0035] 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 auto-

refrigerativé dewaxing. Solvent dewaxing employs chilled solvent such as



carbon nunber of about 20 or greater, preferably about
30 or greater, and m xtures of such

WO soneeHse/ | sodewaxat e base stock(s) and/ or baB&I/US2008/009567
oil(s). [0035] Slack wax is the wax recovered from any
waxy hydrocarbon oil includi.ng _synthetic oil such as
F-T waxy oil or petroleumoils by solvent or
autorefrigerative dewaxi ng. Sol vent dewaxi ng enpl oys

Gl R TOhsEB0 QUERC SRl isShitd KSREF iR apixares of
MERAISE. Sl AL UG0S Sy QipSLFBSERLL Ruaring

el’ﬁjmfe@c haurszely diurgiedr RiVA i Rhg idrBearbbAS Fkch S pkopane or
wax(es) secured fromsynthetic waxy oils such as F-T
bwtamg. oil will usually have zero or nil sulfur and/or

ni trogen containi ng conpound content. - Sl ack wax(es)

@?’ngggnﬁ%‘g'glvg&fg%g&%gd 6% @ébhge%%}q‘%lf& Soqls];wchagsd F-T waxy

conpounds. e e oat om
0if QUM USEH1 YAt e BRrsd ONR Sulbir MO hRPddH cOARMIAG! compound

hydrocracKi ng), as for exanpl e by hydrodesul furization
caqntdd) Statkhydxoeh) ndecurggk fi@m eetrol) ©ids, anay acomvaindsulfur and
subsequent poi soni ng/ deacti vation of the
NifFPED iCOBHARINERAMBPOERsa| Such heteusromampeyngsanushhe eemoved

S e
en 59| 490 PRI Bl 1SN b1 86160850 Ehcuen

pdiyshiingaivaxdation bf thechyalRoBohReidatiah cagdtgdtor sol vent)
dewaxed base stock and/or base oil as recovered in the

108538k e G e St Aufllor 14Sp 851 SO B, amerate base

stOAdnLA d, oiﬁ”ashé{s‘ydohéx%iﬁ%hg ad/ Gt cl(aﬂﬂ&“i?rto%fé Wf8ktood as
dewaxed base stocks/ base ol ractions, as well as

erbracitigemddvidankefractidno PG TIPb&sel Uk afdesibaye GllladisCof wax-

stock and/or base oil fraction(s) and/or wax-derived
daripedobipdrodewaxed o1y Hydiadsneerizasti¢atafandéord solventl deswaged base

dekvvangj ase slt ock and/ qr, bgse oil . ' . ’
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 (and/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 (and/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
- (and/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.

[0038] 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.,



fraction(s) with one, two or nore higher viscosity GIL

base stock and/or base oil fraction(s) and/or
wowrootizrisved hydr odewaxed, or hydroi someri zed/BEL/US2008/009567

(and/ or solvent) dewaxed base stock and/or base oil

fraction(s) to produce a dunbRell blend wherein the

bl end exhibits a kinematic viscosity within the

aforesaid recited range. [0038] In a preferred

TSRO b oy sl By 2580 o AL ST s fesia firgieys may be

€.ty S thepe¥q h
bcﬁﬁﬁ%ﬁdl@ lgeﬁi sf?/ﬁt egtlfgsﬁ%g cgés magl/ gl%rngengi Cl a|‘¥€d%g°“ and
parﬁedlaﬂ@/r onentehgslbyingd athF ﬂ“e%dtaﬂystnb&ﬁp@iéﬁ@)’djf&gﬁ%c cobalt
and particularly one enploying an F-T catalyst
cammmerrt ita gravidatashighi $chedizal tory &mpasivealpha doppmdudengathe more
Schul tz-Flory kinetic alpha for producing the
El Pam(éewleh&fe%n@éahp H1S- WeRIg HRrogRss s pisesweltrinown to

thg??ﬁaﬁgeééfﬁ% sq well known to those skilled in the

nan F-T synthesis process, a synthesis
gas conprising a mxture of H2 and COis catalytically
[0838) er t dd amF el bynthesiargroosssaadypthesisrgas| gonpriging a mixture of
hydr ocar bons. The nole rati o, of the hydrogen to the

Hzé‘ﬂéoﬁonbﬁwé%iabélcﬁ*ély eomvatod rraﬂg}yd‘r%afbanwndop@fer@bky liquid

oDk U Y ATRLE 55 B o
brbdd 5'1’1‘6?4? ’abguﬂo Sy D it Ss RIAE ‘??}?1%511% %Pgﬁ%hg Fange of from

proce S|n whi ch the Catalyst Is

aHduX®d7 b@a 73 and Ipluefémlﬂyl et aioudd.? 1612051 Wofs watlanusin, F-T
particles in a hydrocarbon slurry liquid. The
Sysltftﬂsmpmsws(:m@ﬁld@ processes dn whrchm@ymthleyst gs lreﬂm |f«mm of a

A ST TSR o

Sllgt:r% E@S(‘l"t Iie%f §etg e{r?‘% oégggtr ? Eéﬂ Q’%H&Sié Yeaction is 2.0,
bdt)rthb&ahﬂeyma'fzg lthagon?s/ for ud %ﬂﬂgrfl‘hﬁhsa §iRd%cHi ORI S IrX@o @&s those

m xt ure of and CO is bubbled up into the bottom of
skilhesd &1 therqrt almdw efircobalh shirey pydsmadmrosyrithesis process the feed
mgi% trz!lt?(l)J Io the I:Ez syntdl_t;) sts t}gpe}ggllll)}/ Sa}bolu? iq 1. sty They synthesis gas
comprising a mixture of H, and CO is bubbled up into the bottom of the slurry
and reacts in the presence of the particulate F-T synthesis catalyst in the slurry
liquid at conditions effective to form hydrocarbons, a portion of which are liquid
at the reaction conditions and which comprise the hydrocarbon slurry liquid.
The synthesized hydrocarbon liquid is separated from the catalyst particles as
filtrate by means such as filtration, -although other separation means such as
centrifugation can be used. Some of the synthesized hydrocarbons pass out the
top of the hydrocarbon synthesis reactor as vapor, along with unreacted synthesis
gas and other gaseous reaction products. Some of these overhead 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



liquid at conditions effective to form hydrocarbons, a

portion of which are liquid at the reaction conditions
w@eenkdlsh conpri se the hydrocarbon slurry |i qgee™US200$009567

synt hesi zed hydrocarbon liquid is separated fromthe

catal yst particles as filtrate by neans such as

filtration, although other separation neans such as

centrifugation can be used. Sonme of the synthesized

R whAEEr O Bel et S Cohetieg IArPGRPRRCYRrs have been

S. 3 a i- ..
cRPERET BRI RN T SERERP, GRRGLLETRERR Shaitions vary
soniwhal Hyparhinle vpethet cathlyat afld aledire@ Prodests W TYpithlEconditions

hydrocarbon liquid filtrate. Thus, the initial boiling
effedtive tof farmehy diocartions momprasing depsthdCagparafifies, {erg. 0€s+-Caoo)

o SRR (L SSPERE UG5S SRR, IR EECT, s
RS SRR SRR DS e, or

1eC RIS AN O resdunss BRS hb¥rlFyhsRphad VeERRitidsSindhe rénge of
s Qo) and pre%rgfrrably C Jo+ pgﬁ%fsi gs, i'n A sl uPryﬁr ge o

frogolatem e B20R8 30°BY, 80s6G0 psicandsH)=49)000i Vikhrd cextprésset] as standard
conprising a supported cobalt conponent i ncl ude, for
velpmes|of the gapeoust GPeand b anixtured 03qd | sun) Iper eur pparelume of

B EE . R0 B AN B2 005 hcrocuton

w?gg%ggfl 51;’ L BeS oﬁfgﬁgézﬂ@r W@uﬁuwgéyﬁo%ﬂf&wt%aterial with

per per vol une of cat al
cdrbepenimby&l ¥ .hathe bepsets+ SihfilagBedtHeerahges quéRtiefor carbon
to hydrocarbons with a carbon nunber of greater than _
numbeudodudsinmply thaphydrocarbonst baviag thiet limitav#loas mfintbercarbon
SFastob pres%r%t. Simlarly other ranges quoted Lor :
NYUBPEL FANESBRYE & BfoPreshi yriihat exgih GRERBORYMBSY R fhe quoted
4.1 I OoRf, N ve. t
rolg 8 i Blosepl®, 1B drelctfod Ml e HPBRca kR 3y s, Foekfon be

corRigeed SinBEEOAlitidns irS wHieh Slimfddt Hathot hRitdly a9 GRIR ORaction
synt hesi s reaction be conducted under conditions in

ocgurs And inmore guteferably with evo water ghs Shift szactionrococuming during the
hy?gggg@nr%;)gg %ﬁﬁ%g.b't ﬁEV\iﬁst leg oprew%ér%d gt%s Cgrrl](iilflét {heeacrgailc%inon under
conditions to achieve an alpha of at least 0.85, preferably at least 0.9 and more
preferably at least 0.92, so as to synthesize more of the more desirable higher
molecular weight hydrocarbons. This has been achieved in a slurry process
using a catalyst containing a catalytic cobalt component. Those skilled in the art
know that by alpha is meant the Schultz-Flory kinetic alpha. While suitable F-T
reaction typés 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



hydr ocar bon synthesis. It is also preferred to conduct

the reaction under conditions to achi eve an al pha of
wa@eoobezas1 0. 85, preferably at |east 0.9 and nOPET/US2008/009567

preferably at |east 0.92, so as to synthesize nore of

t he nore desirabl e higher nobgcul ar wei ght

hydr ocarbons. This has been achieved in a slurry

process using a catalyst containing a catalytic cobalt

c onent .. Tho killed.in.the art knpwth al ph

fof LU ECHRIring SRty sopituiss Kt e ifseB GatflYSis and
o | . _T 1 A O | . 1 r

84 B, Bt 8k By RSE R & RO AR LBfnglinay be

foaad Feor Nexarfiple, Rh aUE. RPat.i Noss PI568e6633d 4{668,3031e 4,542,122;
cat al %/st conprise a cobalt catalytic conponent. In one

4,62h0d2 andt5,34%86¢4ht al yst conprises catal ytically
effecti ve anobunts of Co and one or nore of Re, Ru, Fe,

[0%%Th’ A setTfort 2 ]pgr'?g%ll\?/a% é‘@eviilf%(%{ﬂbéwﬁiém%eg%%& stock(s)

ort material, pre conpri ses one

andforPdse 6if(s) AThey HeiPédlis @wagor Whey geéd drom iRiet 4l 6il, non-
Co containing catal ysts conprise Titani a,

minerali i) aphypetiddaim| oranthey staturahdoutoe] respe@pHly atladn wax, or

are known and_ il lustrative, but ponlimting exanples
G Faymsteraly paeferahly ek ahpmaterjal, geisrredato %?—T wax. F-T wax
4 663; .4, 66 54,542, .122: . 4,621, 07, nd o
préfesgily B aflotiifsTRa s Bobye AT anguantedr (B 630350°F and
préf&{ﬁl%oﬁﬁnﬁbﬁsl?%ls\iﬁg%ﬁﬁ)ena"tfyiﬁlr oPaSRaf 1450°F. SAdi®rower
derived is a wakx or xy feed frommneral oil,
cunevaxiyrfeedimai hlsorenusedtdurirgunhe lidroisbarerizationalA portion of the
source, especially slack wax, or GIL material, ) .
n-parafian apeyy Fiepdnis eganyerted et rlpwgrt boRdingrisopazadfingc Tmaterial.
wax preferably h an. initial. boplin oint i.n the.
S e TN HeceiiTio it Raihd-paran BGr il ViRlsbAS igpparaffin
coRBln Do R mER) Phe Mo AR, KiSbric s s alo

privtibedi s isonadri 2tionisedwaiigOksoieeonN thérigbrhertaVastdewaxate
feed is converted to | ower bol _ilng i soparaff nic _
wiklaaksoi b¢ . hyideacrackeddoelovwest boidingufrfateriaindutisgthe conventional

calelfie Bevrisg: | Hrpce it trirefemed Hha Haaga borkng ppintyihBe waxy
fedlFBE%bE% 16571 050°F+).

[0041] 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.

[0042] 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



practiced after isonerization/isodewaxing, sonme of the
i sonerate/i sodewaxate wll also be hydrocracked to

WO owe2336i | i ng material during the conventi onaPCT/US2008/009567
catal ytic dewaxing. Hence, it is preferred that the
end boiling point of the waxyf.eed be above 10500F
(1050F+). [0041] When a boiling range is quoted herein
it defines the | ower and/or upper distillation

piagRoR i g16S Spbsif T pud dimstions e isiired i dherrigy as “650-
7§edn}’?+f FAcho P b?%'c%nﬁ%‘tt "‘B?@%&Fofragﬁgﬁé’* rtelféﬁstotz{]graction with

i re rfange) e specrfrcation o ol | I'mgrang

arﬂﬁﬁ@e‘&?ﬁed BAHAI SuPpiniBLE @haéndilg?ihh SorseGHctd 86w ddl 650°F and

as to be present, rather i1t e udes material boiling

750%Fsi Waxtyhteeds amgebe podekdfed he thesntifeefdctisrebeaslisets of the
conprises the entire 650-750F+ fraction fornmed by the
ey deactiopdrrepguedHus distidaber 5 othendepgradion technigues.uThe waxy

int het) 6500F and 7500F i ned_by th

B Al50 AT BICa RTBHS S ise than Gt GeRErISABIVE than 95% and
, ' at :

pr\%;ﬁrlggl& mBfs 61 ﬁg&‘g%’p%rﬁﬁiﬁ@ d g‘éarg&% g{u?{tﬁ);fewhlch are normal

es enploye “thepractitioner _
parufiifdesit has feghigivl@amounss &f sulfigf f1d Sifrde@n JUrRSs (e.g., less
"650- 750F+ fractions". By contrast, "650-7500F
théin dc wippms 'of resich),swith les$ thant 2890wivppnaprefigpblyi fdsedhan 1,000
initial cut poipnt agnd an end paoi nt sonewhere between
WBBE0 ANE FHONES 6 .era@xyleﬁ%égénrézxp BePRiR Rle oX¥gemsin flge form of

. ' fr ' r ts of the enti fraction
o Rehafs Bk I i HGF vioferiea By el ih e brss of he
inV&SoH HHES belAnUBX isinRes sAlreP H-YPpiRELY vﬁﬂf"ﬁrda%&lgst having a
nore than 90% general 'y nore than 95% and preferably
-catalygc chhalt @8mptottepgmafptevioaslpyiddimatedoons, nost of
whi ch are normal paraffins. It has negligible anmounts

TR T OGN
stO@8&S etd1a8labk 0R8x Wm?%ﬂ%ﬁ}/ HeeERAALIcYi 8 %xﬂa/ﬁ] ?féberagtqzation

wppm of “ oxygen, in the formof oxygenates.

prbesssnd f shiekewprepmetised aartte fs&f, they mdyhgedqit rebs subjected to a
the invention have been nmade using a slurry F-T
preligdeary hydnetrgating astop tunggyiqegditions already well known to those

skilled in the art to reduce (to levels that would effectively avoid catalyst
poisoning or deactivation) or to remove sulfur- and nitrogen-containing
compounds. which would otherwise deactivate the hydroisomerization or
hydrodewaf(ing 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



catal ytic cobalt conponent, as previously indicated.
[ 0043] The process of making the lubricant oil base

W@ e@eks31fr om waxy stocks, e.g., slack wax or FPdT/Ve2008/009567
may be characterized as an isonerization process. If
sl ack waxes are used as the feed, they may need to be
subjected to a prelimnary hydrotreating step under
conditions already well known to those skilled in the

radge JFGFREaBRUf S oML 20D A PORSP UG BaEingpar Dol 500 to
2@?26 Ypa, F[gl g%l va? r}n?ﬂ rﬂe‘ﬁbgéﬁ%dcmg? SseHBL Gt MRHtben, and

erw se rolrsoneri zati on or

Mbéﬁwalnﬁr&%@kyﬁhgusﬁ!dm Ab&Wb660IU8N60GT &Pa: [The ratio of
F-T waxes are used, such prelimnary treatnent is not

hydrqgeén e¢d ﬂmchydmcaalson rfaedsioek (hbdmgenscm:tulm;msralm)v typically
rapgs (8 opang Ut HaSBBoB e 55100 1%i689” SEEGR (ndhe space
VAP 9P RTBRNIE SO0 RYan SVEK B TEL (Y56 AR pAerably

@rtghy)qgggl\,eat ment for the renoval of oxygenates while
ot hers may benefit from oxygenates treatnent. The
hydr0|soner|zat|on or hydrodewaxi ng process

[098Atuct depl &Vémgaarwmd@éthyalmﬁm@ag@wwr h»rdr@d@?ulﬁlrlzatlon
B ORESEEE sl forcHB0 brad EBBL L s SRS nLoRT sheh waxy
fe@@9H}a gﬁ%‘r@ Jﬁalﬁgr@% Wrogﬁbﬁm%%gfsomlﬁﬁoﬁ%&ﬁyﬁd such as

Int esence rogen, rogen partla

a iles dydascraekigg }@D(b)bcmalyﬁﬁg foo eﬁﬁh&@lek Catalyisie coatdiging Co,
of hydrogen to the drocarbon feedstock (hydrogen

Me, H‘auMétM@n etcat ef) ox i supipoytsy esggealimama, shlaca, silcayalumina, or a

350 1. 1 9,660 SCF/ bb nd the
cry g JigrorieRme RS mGr AteR \ ot Ste s PraterPL o Zeolitic
a%‘?”'to 20 LHSV, preferably 0.1 to 10 LHSV. [0044]
P owi ng any needed hydrodeni trogenation or

hydr odesul furi zati on, the hydroprocessing used for the
[09|45b|uct iQtheof isomesizatiook satalysts sarch pvaggsseeetier hygrogracking,

hyggpg £Yya 1%%2?95 yéggfsro%:e%z?gé hév(’gf,orln%?eqﬁlrlsl ga‘ralzl/lo(%nwaxy 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



a |l ube hydrocracking (LHDC) catal ysts, for exanple

catal ysts containing Co, Mo, Ni, W My, etc., on oxide
wWGEEpoelsy e.g., alumina, silica, silicalalunm Per/Uus0&009567

crystal I i ne hydrocracki ng/ hydr oi soneri zati on catal yst,

preferably a zeolitic catalysfs_[0045] O her

i sonerization catal ysts and processes for

hydrocracki ng, hydrodewaxi ng, or hydroi sonerizing GIL

O S5 1S s L2 oRERT2B D075 90,
ARSI B 7S 300 2 075 177 4928, o0

5,976,351 ; 5,935,417; 5,885, 438; 5,965, 475; _

[004690, 53HydmcaroB3onversise camlysts usefil oo thes comeersion: of the
6, 08Q, 301; 6,096, 940; ..6,.620, 3 12: 6, 676, 827:. .

nepasgiiim Xy sleedsiogks - disclgsed %sgemst%gwhéé? igoparafiinig. hydro-

citdfona pil ) 2Eike B8 fugh g ZEMYT,) Zsms,

ZER1-838365M.- (B27 SMEB 80 GANI 048 (@ﬁ“}etltgpf&ﬁ@ﬁ%&dﬁté beEP zeolite
0T TR050 (A3) > V0 07 031603 A TS 031 064710 (AS)

thepd, ahd 7ZEolite aﬂlpha, MQQIIO@E’@&QUSM&OGV&S@ZTB@%@QaI@Ns)are used
WO 03/033320, (Al) as well as in British Patents
imcombingtign witls§g'opp M11h metads.agparticalep palladiugyor platinum. The

ot DB g PEEPrAea hlsp s eelire RHBLAR By conventional
t 464547. Processes using F-T
td@ﬂﬁiﬂ%@ geg?€é§§§§?% in U.S Pat. Nos. 4, 5949172
4,943, 672; 6,046, 940; 6,475,6960; 6,103,099; 6,332, 974;
(00471 6. 37 @B, embod Hpemydmxysrsoem eonberynygn leadsipgktmay be
Nversi o

cqrifistechoRe fieoTousaiom et Berepe Bk apAd  ZhEr Y talyes in the
PRYHG GEIRRRoREC 18! dngihés BRI RRRIAL YbGrcesh Bréifucing the

1uBBIaAB oilobhdeebidcks é(ﬁﬁ%ﬂlﬁS' hedroigahetigathel and zésbatiag over a
theta, and zeolite al as disclosed in USP

singloeatalyot, sibss I&%ZSWéﬁs Tar yetianathémemobodimentj the waxy feed
c%\n} 2{)25 &}gﬁ]u VL:!JI car{g yasl{ Sconllll)qusp nr t b%(l)'ll!l}? rVﬁ?l }n%galllur(;aded ZSM-48,
preferably Group VIII noble metal loaded ZSM-48, more preferably Pt/ZSM-48
in either one stage or two stages. In any case, useful hydrocarbon base oil

products may be obtained. Catalyst ZSM-48 is described in USP 5,075,269.

[0048] 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



Goup VII'l nmetals nmay be incorporated into the zeolite

catal ysts by conventional techniques, such as ion
we@bharygsl [ 0047] In one enmbodi ment, conversi oPCDUS1008009567

waxy feedstock may be conducted over a conbination of

Pt/zeolite beta and Pt/ ZSM 234catal ysts in the

presence of hydrogen. In another enbodi nent, the

process of producing the lubricant oil base stocks

ri ses h¥drm
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Pt/ ZSM48 in either one stage or two stages. |In any

wekghe, hydreicarbangdr sushr #n ppepanepi tarpralseicbe msgd bim which the
optai ned. Catal yst ZSM 48 js .described jn USP L.
hydrgisgmsgate IFGBE%*F Withe G lh‘b“‘gt%BPa%é‘nlleﬁ‘éte%l@Q,m%9f mehich is
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iseiseparatddefioft | e hidTiah&OBY atifirior, Nn&RBrarO Fdeparation or
fracti on may be dewaxed, depending on the iIntended use
centrifugati6h0- The sOFentas ¢ehérmktrippedanit, ofi thei taffiasten®thich is then

been separated fromthe higher boiling material prior
fragiamptediianpsaduge the psefleued tbage wepeka gisefuldn the present invention.

dr gj;soner at e _may be.cont.acted wi.th chilled sol vents ~
ARYY B IRTR0T I e Bl arTBRG Talin S g OisRBRie 1 reacted
> " ot o : N
ok ot pMBole, o SISV Bt conciions
eftdutivead lbweptlecpput pdiat ofthd Inadrolsohtsra@o UCatabjtid dewaxing also
material as a waxy solid which isthen separated from
conyerts o3 \poxtion ool Aheriygroispmesite for dewenboiling hmateriaks in the
raffinate..The raffi i s.typjcally further, chilled X
bejfing RERE Fof (veztRlec AoPT SORF Lo bikhote HREAiGE,draw hasheavier
67 964 bRy ably ?Ba@ﬁm)gnﬁgthg Yald stodl f??étﬁ)%ufr%tagﬁzﬁgg fnto two
hydrocar bons, "such as propane, can al'so be used in
orwiiare bhse hyela. soSepaagiohs offi thed 1dw&1h,bcﬁ1iﬁ%élﬂdt%1d may be

propane, a |least a portion of which is flashed off to

acepmplishiedwitherpripd toios alweingt fractiomationi @ff thet @S ®I50PFe material
into the dTe-rs]ﬁ'e(\i\%)ése stocks.

[0049] Any dewaxing catalyst which will reduce the pour point of the
hydroisomerate and preferably those which provide a large yield of lube oil base
stock from the hydroisomerate may be used. These include shape selective
molecular sieves which, when combined with at least one catalytic metal
component, have been demonstrated as useful for dewaxing petroleum oil
fractions aﬁd include, for example, ferrierite, mordenite, ZSM-5, ZSM-11,
ZSM-23, ZSM-35, ZSM-22 also known as theta one or TON, and the
silicoaluminophosphates known as SAPO’s. A dewaxing catalyst which has
been found to be unexpectedly particularly effective comprises a noble metal,

preferably Pt, composited with H-mordenite. = The dewaxing may be



IS separated fromthe raffinate by filtration,
menbr ane separation or centrifugation. The solvent is

wo b@n/0st1si pped out of the raffinate, which i s PEBEES2008/009567
fractionated to produce the preferred base stocks
useful in the present inventign Al so well known is
catal yti c dewaxing, in which the hydroisonerate is
reacted with hydrogen in the presence of a suitable

o SSEER SRS o o 3T R BESLI Ui
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oll'rng materials, “I'n the ‘Dol i ng Tange, for exanple,

pie5suré590560-900i pligath weqaratd off 30003500 SCRB &r flow-through
650- 750F+ base stock fraction and the base stock

reactoes iand EHSN iadn@tlet,i preferabty 6:2-3d}t.e Ths dewasisigsis typically
Separafion of the |owey bqili terjal, may be
C%ﬁwfsf fOsERNYeg; B¢, @?orsrtfl%ﬂ 3D 3P a0 ATREETRbINGAG gsE than 30 Wi%
t 6850- + riad i nto.t: i r.ed. b o
of st RS SRR LB i L S Y bRt rs 70T
ol R8PRY boRfigNbel6l HOMINNBANRGHRAA ¢ and preferably

ose which provide a large yreld of |ube oil base
stock fromthe hydroi sonerate may be used. Th

(00581 ude Shhpebasd estqokés)moprd/Qr arbase evXShhi ]é]?ﬁfr%ﬂﬁlé/ﬁxed> or

RS2t S BF 3200, Aok WiiEiRlea iGRB WS ) and/or
bAR! 61?435,%\;8 h BdrRElciANanaRdtit nE5uksty M’Jarﬁ{%é"’ﬁb@n conventional
ferri ite, nordenite, ZSM5, ZSMI| | , ZSM 23,

APSKBra30p [Z 5 Lroapddl basevetodss) ad/ar base oil(s] Odind 3odnaynbe very
si li coal um nophosphat es known as SAPO s. A dewaxin

adsniageoushinssd Waib the dnstaBLIRYCTBOBe Swebi(G Ebt Baskyptock(s) and/or
BB b ST B BER RSB FoPo 2l 0 abow 20-5
wPIEH T Y RFESEATEL BRSBTS 1t s con v
kigenwitici vigcosities uisl€o abbenps haht/s &t i 100P0e andretmércidlaBiroup 111

about 400-6000F, a pressure of 500-900 psig, H2 treat
basst eilotan Hove IGoemaiE/ visdosities| epto raboutH Or maeYo et 18A3C. The

LHSV of 0.1-10, pr.ef I . 2-2.0. Th ' ' .
hltggg; é(?{p?xg)at]ic VISC Srl'[%/ %ﬁ‘ge yof0 (fT E gase steoc(ij(?gl\)la )a(lln rI gase oil(s),
compared to the more limited kinematic viscosity range of Group II and Group
III base stock(s) and/or base 0il(s), in combination with the instant invention can

provide additional beneficial advantages in formulating lubricant compositions.

[0051] In the present invention mixtures of hydrodewaxate, or
hydroisomerate/cat (and/or solvent) dewaxate base stock(s) and/or base oil(s),
mixtures of the GTL base stock(s) and/or base oil(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.

[0052] The preferred base stock(s) and/or base oil(s) derived from GTL
materials and/or from waxy feeds are characterized as having predominantly

paraffinic compositions and are further characterized as having high saturates



conducted to convert no nore than 40 wt % and

preferably no nore than 30 wt % of the hydroi sonerate
whawpngglan initial boiling point in the range BET/US2008/009567

650- 7500F to material boiling belowits initial

boi ling point. [0050] GIL basg .stock(s) and/or base

oi |l (s), hydrodewaxed, or hydroi sonerized/cat (and/or

sol vent) dewaxed wax-derived base stock(s) and/or base

oi | , have a heneficial .kinematic,viscosjt .
leSlsanbitgt-bic su2Bh et ormil TRRPEeRo VTP THhAremagissy and are
REFGIR QekkSInADY) gpihase of [(s) , and so mmy be very

advant’ageously used wth the instant invention. Such

GIL base stock(s) and/or base oil(s) can have .
[0053hi f i cAmprefertadgGdil kguiehleydrocanbopoxinpesitiomps poe comprising

- abqut. 20-50 /s at 1000C, wher.e conpari So .
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i nematic viscosity range of GIL base stock(s) and/o
arbdbar or Inferke, ctbopsiradoved fifven marend graupeor kiamehs(iGH, > 4), are

vi.scosity range of Goup Il and Goup [Il base
sushdba €3 Bl SCHazoT | eand () BloRd héeHor 41 £AS asaneasured
[ nstﬁﬂg5 i.@\ﬁen i on,can rovitde addi thi gnal benefi ci al
OVEIvalt dYue r?%‘FHﬁPe?PB}PgPSP HB A" CSnposi ti ons.
[0051] In the present invention m xtures of
[008d] odeViBheatpreferredYGTDi daserssdek caid/¢rardser odotarertie further
‘dewaxat e base stock(s) and/or base oil(s), mxtures of
charectastred 48 aceqssany, s havinglespdban 8i | pa8Ye ammatischydesarbons,
m xtures of GIL has

t her eo r ef er abl st pck
lekh Gy 20 R, PREen o tiBRE ComALtann. e 4B 20 wpRm sulfur

-0 | r t S
o35 bonp Rk, K5 O BT TR el rss
-308QY a peefdered Bl 508 Aahe I(Cl*%dz ay <y § T ek ahvei vadrainal boiling
paraffinic conpositions and are further characterized
paist 6BI 7O hiogavesage they siveragesfewleothar1 Ohexgluorf lomger branches
|l ow-to-nil nitrogepn, lowto-nil aromatics, and a]rg
P&t pgrgopyat@g}segncs\ﬁpt average pys more than 16 methyl branches per
100 carbon atoms. They also can be characterized by a combination of dynamicb
viscosity, aé 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.

[0055] The preferred GTL base stock and/or base oil is also characterized as
comprising a mixture of branched paraffins characterized in that the lubricant
base oil contains at least 90% of a mixture of branched paraffins, wherein said
branched paraffins are paraffins having a carbon chain length of about C,, to
about C4, a molecular weight of about 280 to about 562, a boiling range of
about 650°F to about 1050°F, and wherein said branched parafﬁns contain up to
four alkyl branches and wherein the free carbon index of said branched paraffins

is at least about 3.



[0053] A preferred GIL liquid hydrocarbon conposition

is one conprising paraffinic hydrocarbon conponents in
wabiogl2aibe ext ent of branching, as neasured byP€TIBS2008/009567

per cent age of nethyl hydrogens (BlI), and the proximty

of branching, as neasured by 47he percentage of ,

recurring nethylene carbons which are four or nore

carbons renoved froman end group or branch (CH > 4),

16080 55 Tl ol s Braechisgdnden (Bbc Braaihe Rty (CH, >
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further characterized, if necessary, as having |ess
Bramwhing Index% ar omati ¢ hydrocarbons, |ess than 20 wppm
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at -400C, and. ki nematic viscosity, as asured at
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. at 1 - 7000. [0055] The preferred GIL base
Slé@){c %%]g?gaﬁ%ase oil is also characterized as

conprising a mxture of branched paraffins
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and whereily pp ﬁﬁa{r@ﬁhﬁ@m@!ﬁ\nétﬁﬁ%gﬁro?éﬁﬁ br anched
paraffins is at 1east about 3.[0056] I'n the above the

Br anc hiledy 11Gfdppm(Birafiirie 4 hinethybenmx hydtogenSH2 >
1.05-0.5 ppm paraffinic CH; methyl hydrogens.

[0059] The branching index (BI) is calculated as the ratio in percent of
non-benzylic methyl hydrogens in the range of 0.5 to 1.05 ppm, to the total non-
benzylic aliphatic hydrogens in the range of 0.5 to 2.1 ppm.

Branching Proximity (CH, > 4)

[0060] A 90.5 MHZ’CMR single pulse and 135 Distortionless Enhancement
by Polarization Transfer (DEPT) NMR spectra are obtained on a Brucker 360
MHzAMX spectrometer using 10% solutions in CDCL;. TMS is the internal

chemical shift reference. CDCL; solvent gives a triplet located at 77.23 ppm in
the C spectrum. All single pulse spectra are obtained under quantitative

conditions using 45 degree pulses (6.3 us), a pulse delay time of 60 s, which is at



4), and Free Carbon Index (FCl) are determ ned as

follows: Branching Index [0057] A 359.88 MHz 1H
wa@etoanam NVR spectrum i s obtai ned on a BrukerPGB0SIBE/009567

AMX spectroneter using 10% solutions in CDCl 3. TM5 is

the internal chemcal shift rgference. CDC 3 sol vent

gives a peak |ocated at 7.28. Al spectra are obtained

under quantitative conditions using 90 degree pul se

10.9 ns), | se del time of .30 s, which is at
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ppm hydrogens on aromatic rings; 6.2-4.0 ppm hydrogens

on ol efinic carbon atons; 4.0-2.1 ppm benzylic
[06pd} ogerFhalC atumatypesiGHQNCHg, andGHi areridegtfied. fiorh. the 135

m garaffinic CH nethine hydrogens; 1.4-1. 03 _ppm
DE&Rdaf £ NMR crpensianyi éhaaigatbhassonancesn@lls "GpNMR spectra at

ffinic CH3 t.hyl hyd . [ 0059] The branchi ng
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(CH2 > 4) [OOGOf A 9075 MHz3CMWR singl e quse and
atDhe tendt o iothk esranéin banhe meethy leyie Rattsor 2a¢ removeditdmthe methyl
(DEPT) NWMVR spectra are obtained on a Brucker 360
onihe

ectroneter using 10% solutions in CDCL3. TMS
is the internal chem cal shift reference. CDCL3

DBV, St LS ECIESIROESY i L) gt cuoons,
andnides nopasntel dfitlieyARumber of carbons in an isoparaffin that are located at
least 5 carbons from a terminal carbon and 4 carbons way from a side chain.
Counting the terminal methyl or branch carbon as “one” the carbons in the FCI
are the fifth or greater carbons from either a straight chain terminal methyl or
from a branch methane carbon. These carbons appear between 29.9 ppm and
29.6 ppm in the carbon-13 spectrum. They are measured as follows:

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

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

¢) measure the area between 29.9 ppm and 29.6 ppm in the sample; and

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



condi tions using 45 degree pulses (6.3 nms), a pulse
delay tine of 60 s, which is atleast five tines the

WO avg@stiscar bon spin-lattice relaxation time (AC)/PS1008/009567
ensure conpl ete rel axation of the sanple, 200 scans to
ensure good signal -to-noise._rngtios, and WALTZ- 16
prot on decoupling. [0061] The C atomtypes CH3, CH2,
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Counting the term nal rethyl or branch carbon as ™one"

adguésittem iome. iIn ofder R minimizdaohtdniformn ingteasityrdata, the proton
carbons fromeither a stral ght chain termnm nal nethyl
despuplesivas satgd T dermgne 10505 odelayr paios t@éh@@ﬁgltatp@@wlse and

ot e Aeftisidft o BT sRBe mlEh infks) 1BRES T L7 S0, miputes. The
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sanpl e s acconpl i d wi t h suf i ent accuracy

withimineb decationg desdribieat 1ﬁrtha|\8arbat1 61 BRiKer Gpetatinggmiahaals.
nol ecul ar wei ght of the san‘pl e oil by 14 the forrrul a
otal car bo

100F8Eqr 21 DEPTa 1t Hisreriiniis, hbaGremeds o aldsizason pransfer.
DERT 08 440 U EOTBITEPT o OO gy o
catb@ss behd&d o 3%oforsp MBIWRT 280 Ghppid CH chbonsnphly: DEPT 135
shows CH and CH; up and CH, 180 dégrees out of phase (down). APT is
Attached Proton Test. It allows all carbons to be seen, but if CH and CHj are up,
‘then quaternaries and CH, are down. The sequences are useful in that every
branch methyl should have a corresponding CH and the methyls are clearly
identified by chemical shift and phase. The branching properties of each sample
are determined by C-13 NMR using the assumption in the calculations that the
entire sample is isoparaffinic. Corrections are not made for n-paraffins or cyclo-
paraffins, which may be present in the oil samples in varying amounts. The

cycloparaffins content is measured using Field Ionization Mass Spectroscopy

(FIMS).

[0065] GTL base stock(s) and/or base oil(s), and hydrodewaxed, or
hydroisomerized/cat (and/or solvent) dewaxed wax base stock(s) and/or base

oil(s), for example, hydroisomerized or hydrodewaxed waxy synthesized



d) divide by the integral area per carbon fromstep b.

to obtain FCl.[0063] Branching neasurenents can be
w@ewboeited usi ng any Fourier Transform NVR PCT/US2008/009567

spectroneter. Preferably, the neasurenents are

performed using a spectronetgp_having a magnet of 7.0T

or greater. In all cases, after verification by Mass

Spectronetry, UV or an NMR survey that aronmatic

carbons were sent,. the spectral width was |imted
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ley, epie@éraBRA€). 6 OWtPs AT Péslg,' Mol pryfetaRr ofsf Wi, Bhiless, most

may be présent in the oil sanplés in varying anounts.

preferalelyd). 4 pelabf less, smaslenontent oRh2uwtdd ardessy pFefelably 0.8 wt%
l.oni zati on yass 88ectroscoloy (FIMV5) .

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.

[0067] The PAOs are typically comprised of relatively low molecular
weight hydrogenated polymers or oligomers of alphaolefins which include, but
are not limited to, C, to about Cs, alphaolefins with the Cg to about Cj
alphaolefins, such as 1-octene, 1-decene, 1-dodecene and the like, being
preferred. The preferred polyalphaolefins are poly-1-octene, poly-1-decene and
poly-1-dodecene and mixtures thereof and mixed olefin-derived polyolefins.
However, the dimers of higher olefins in the range of Cy4 to C,3 may be used to

provide low viscosity basestocks of acceptably low volatility depending on the



[ 0065] GTL base stock(s) and/or base oil(s), and

hydr odewaxed, or hydroi soneri zed/ cat (and/or solvent)
waelewanzdswax base stock(s) and/ or base oil (s),PEDDS2008/009567

exanpl e, hydroi soneri zed or hydrodewaxed waxy

synt hesi zedhydr ocar bon, e. g..31K scher-Tropsch waxy

hydr ocar bon base stock(s) and/or base oil (s) are of

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

ViESiG e s ffe. R ngcatrd T At apfihgs, 8P the higher
Ofsig(ﬁ@%? Ihggjtnéné %fislé‘égﬁiy §%%@§Pgb&ﬁh} SREASBNAN s, ﬁﬂgferably about

ur con t to neet €ever 1 ncreasi ngI restrictive

4 @B VIQOORET, ahof e prifatabdyn abositd toi40s mrkTiowBleadd o PAOs with
SAPS oi|'s, would rely on fhe use of pase oils, which 5
differemteyisessitich beche as [Gymnas and 40ommna’'s oeGomm/s iaad 150 mm®/s
suéfur ind phosphorus content. Such oils when used as

CHHReUHY-s can be fornulated with additives. Even if
the additive or additives included in the formulation

ai n syl tur d/ or osph t |t I
381 o Ehe PG RGeS bR B el Rty oty mgigation of
af! AIPhASIHATRAT fifé f}ﬁ‘ ddtee! %Fténgolg FiZafioHUCalaPEst USHEH as the

conventional m ne aF ol I base Stock(s) and/or ‘base
Feiedd1sCrafisO@atalystoinotuding) efor | evunspleS dlomimimt edcldotide, boron
for vehicle engines %both spark ignited and
trdbmrr@ssironomggﬁxeédp vborpnhuvféu@rl&wmh vetarerlcqlfoly such as
% or |ess, preferably 0.6 w % |
etfpaolopsphgnh & Bitshel R sy b FaE, Pypoas clivdagptate or
h I
B BrarDnfe] F8 UaBinlend ittt #hcioRag pyRISH AL B 178 or USP
3,3 8PP P a1 She W BhiedtlyO ud&do Idreine s s Otiérefdes@iptyos bf PAO

W% or less, nore preferably 0.09 wt%or |ess, nost
sytbéss adiey foudd i thor folkewingadd.S. nPetentsi h7#29083nc2969,363;

3 BB 4, T RE30: et Toh ST e Bty 4000 DB Al S0, 956.122;
| | i f [ .

S OPERE] RO 5 B5TEL OB Sk 7

4318130 ep AR Jirtvedt f28mM8, L©,,20UIC, Ffefins or mixtures thereof may

be utiiized. See U.S. Patents 4,956,122; 4,827,064; and 4,827,073.

[0069] The oxidation and nitration resistance of the natural gas engine oil
formulation employing the above recited base stock(s) and/or base oil(s) is
enhanced by the use of a combination of antioxidants consisting of one or more
phenol antioxidants, preferably hindered phenolic antioxidant and an aminic
antioxidant  selected from the group consisting of alkylated
pheny'l-,a-naphthylamine. The degree to which the oxidation and nitration
resistance of the formulatibn is increésed is unexpectedly superior to the levels
of oxidation and nitration resistance exhibited by gas engine oil formulations
which utilize different base stock(s) and/or base oil(s), e.g., Group I base
stock(s), or which utilize aminic antioxidants other than the recited alkylated

phenyl-a-naphthylamine.



al phaol efins, such as 1-octene, 1-decene, 1-dodecene

and the like, being preferred. The preferred
w@oiogmtybeol efi ns are poly- 1-octene, poly- 1-PEDES®08/009567

and pol y- 1-dodecene and m xtures thereof and m xed

ol efin-derived pol yol ef ns. Hpwever, the diners of

hi gher olefins in the range of G4 to C)8 nmay be used

to provide | ow viscosity basestocks of acceptably | ow

(QEPRF g Wil et hcii 6 SrBamblndlich o HigfgRd. phenolic

B N e T e .
péifeineamie! thapither HAtioRidbnt A& it Basbéen AineRPEE eyt f(ﬁund that

di fferent viscosities such as 6 nm/s and 40 nm/$
the necombinatidn156f nan /hindemdbephepetic [HORSKjdaite Wi (alkylated)
fluids y. be conveniently made by the pol ynerization .
plaﬁnym-aggmhula@mﬁ anfigydant, peyides dhe alugswﬁm i 9ihtGogaposition

tal yst such the Fri | -Crafts catalyst . .
wiiat g o6 p R leibard hEFTionbstacl i dpy e by ghe viscosity
infcFdalst UBH 1 g ﬁfbri&'ﬁﬁ’i %5 dver PAORatk! fh'letH&bVMiF Reomposition

wat er, al cohol s such as ethanol, propanol or “butanol,
camfaindgy hh hiredored phenelsd antsoxddain @Asl ai hikylanaiieadipheiylamine or
et hyl propionate. For exanple the nmethods disclosed by
alkghted dphenyRmine ggRo31dR8Es. 291 may be conveniently

used herein. O her descriptions of PAO synthesis are

found in_the followng U S Patents 3,742, 082; )
1097380, 36Bhe rymxidans; camphintioin ass prayiondy.: reciteds comprises a

4 , 408 0, : 56, 132; 5 1487, T
pifprth; oot Prefrdsch | Hina@ad | BORES priiQlgent ana
- e ns
P el ARy fafed phend Api hfic. O
4,956, 122; 4,827,064; and 4,827,073. [0069] The
[0o7R{lat i ohh@nsheniolic abhhtoxidesiss irdlade ulfurizedatnd ahowaalfurized
engine oil formulation enploying the above recited. :
phenodicanbiokidantsndhe tenmas éphgnolic)type” entiphersdictantidxédant” used
use of ~.a, conbi nat iqo of. anti oxi dantg consi ﬁti n ?f one
hesPinBiclidaseRmPRHRdS HAViB% O8e qf TBPET ¥ RYiegy! group bound

toP Rt %Bh&ti@n{ihgx\kfﬂ%t n‘ﬂﬂ}jit@&fq;g Ii’ljl&nonuclear, e.g., benzyl, or poly-
nuclear, e.g., naphthyl and spiro aromatic compounds. Thus “phenol type”
includes phenol per se, catechol, resorcinol, hydroquinone, naphthol, etc., as
well as alkyl or alkenyl and sulfurized alkyl or alkenyl derivatives thereof, and
bisphenol type compounds including such bi-phenol compounds linked by
alkylene bridges sulfuric bridges or oxygen bridges. Alkyl phenols include
mono- and poly-alkyl or alkenyl phenols, the alkyl or alkenyl group containing
from about 3-100 carbons, preferably 4 to 50 carbons and sulfurized derivatives
thereof, the number of alkyl or alkenyl groups present in the aromatic ring
ranging from 1 to up to the available unsatisfied valences of the aromatic ring
remaining after counting the number of hydroxyl groups bound to the aromatic

ring.



anti oxi dant sel ected fromthe group consisting of
al kyl at ed phenyl - a- napht hyl am ne. The degree to which
W@ b@9oxildat i on and nitration resi stance of thePCT/US2008/009567
formulation is increased is unexpectedly superior to
the |l evels of oxidation and m3ration resistance
exhi bited by gas engine oil fornulations which utilize
di fferent base stock(s) and/or base oil(s), e.qg.,

p | hase stock(s or, which wutilj.ze.am.nic
8735, cabeaBinEieblors, I PpER I anlif Ry ey be represented
bP AW neRa NPyl am ne. [0070] Wiile it is known that a
gorrbgnat?on of hi ndered phenolic antioxidant with an
am ni ¢ anti oxi dant pr o(R);gsAa—p@H%; ant i oxi dancy
performance than either antioxidant” alone, it has been

WHBRXRESS edboted T thogtodCorsthignétt i on of a hi nder ed

phenol ic antioxidant with (alkyl ated)
phenyl - a- napht hyl am ne anti oxi dant provides the

| ubricating prlovied| oxi dat i on
and nitrat] S~ e—\(i Scosity
i ncrease_o Sk ) Vet !@

der eq

phenol i ¢ antl oxi dant and an |al kyl am ne di phehyl am ne
or al kyl ated di phenyl am ne anti oxi dants. [0071] The

group

aromatic ring which may itself be nononuclear, e.g.,
benzyl, or polynuclear, e.g., naphthyl and spiro

aromati ¢ conpounds. us._"phe type" includes phenol
per se, catechol, rego |, hydsoqui none, naphthol,
etc., as well as al kyl | kenjt @MW sul furized al kyl
or al kenyl derivatives tHerety and

wherein R is a C;3-C;gg alkyl or alkenyl group, a sulfur substituted alkyl or
alkenyl group, preferably a C4-Csq alkyl or alkenyl group or sulfur substituted
alkyl or alkenyl group, more preferably C;-Cqq alkyl or sulfur substituted alkyl
group, most preferably a C4-Csq alkyl group, R® is a C;-C,qg alkylene or sulfur
substituted alkylene group, preferably a C,-Csy alkylene or sulfur substituted
alkylene group, more preferably a C,-C, alkylene or sulfur substituted alkylene
group, y is at least 1 to up to the available valences of Ar, x ranges from 0 to up
to the available valances of Ar-y, z ranges from 1 to 10, n ranges from 0 to 20,

and mis 0 to 4 and p is O or 1, preferably y ranges from 1 to 3, x ranges from 0

to 3, z ranges from 1 to 4 and n ranges from 0 to 5, and p is 0.



bi sphenol type conmpounds including such bi-pheno

conpounds | inked by al kyl ene bridges sulfuric bridges
wo@rooonygen bridges. Al kyl phenols include nonoPCEIOR2008/009567

pol y-al kyl or al kenyl phenols, the al kyl or al kenyl

group containing from about 34100 carbons, preferably

4 to 50 carbons and sulfurized derivatives thereof,

t he nunber of al kyl or al kenyl groups present in the

QAT o isioed o PeBSlic " BREOxIGRbL coMAGHGIS ortis nipgy hindered
nt | . b :
OB U A% DT WY A1 A2
thoke detivati oy of diklydedty aBY cWﬁﬂﬂ?%ﬁW}ﬁ&] ke lﬁﬁﬁox%fl groups are
Ar-( y wh e

~general fornula: (R)x- ere Ar is selec
inf theno+ be pepasitpore tnsach otlgrof Typibalr phendlici anteoxidar@d Gaxlude the

ok, Bl ubpnne iy Gcallos 3ravms ;s M e coupled

; | . i kyl K . . .
PR3 CHieh il Sl *bingils, Bt SARLbP iias of i
g@%kztt-&ﬁ%}ma%éﬁ;ﬂ( | eﬁBEer{LMft?L-r@gé P eyl Qtfgwg-ﬁgdodecyl

isaq- ene or su substituted a
pligmolp, N6-afiartahyl4aheplylCophahsly| engs-ai-t-butylut-dodecyl  phenol;
substituted al kyl ene group, nore preferably a C2-C
2-anethy ead-Bity bt aptyls uiphenolit e3-methyll éntbyidibdogedyd aphenol;
l.east 1 up.taq the available val ences of Ar, :
2,65 igetut 18] Rl iedat B Torahyh plredh af 26:9i-t-butyl
- ‘ oml1l to 10, n ranges fromO to 20, and mis
4511{0%1 ar?gi'p is 0 or 1, preferably y ranges from1 to
3, x ranges fromO to 3, z ranges from1l to 4 and n

[ooz8pes TPIRAici9pe anBOLidantsSar WAPKAIWRIIRRE [@ticating industry
phenhol i ¢ anti oxi dant conpounds are the hindered

argh eomimersialtexamplesisachn aa Bthenox®I 4¥10)i Ingen@d® hydcoAydanox® -
and these include those derivatives of

r.oup
L 03 oo 10106 dranee® L] 0%k Teganon® lyldiolsgangx@ups 35 and
thgﬂgﬁggﬁegﬁmihg% algqéégsﬁ%lﬁlg(? ri]ulail?q ﬁ%c "R Bbve 1Y %Irecsglnted only by
way of exempliﬁcation, not limitation on the type of phenolic antioxidants which

can be used in the present invention.

[0076] The phenyl-a-naphthyl amine is described by the following

molecular structure

(R?)
n

HN @
Qe

wherein R” is hydrogen or a C; to Cy4 linear or C; to Cy4 branched alkyl group,

preferably C, to Cyg linear or C; to C;¢ branched alkyl group, more preferably



hi ndered phenols substituted with G + al kyl groups and

the al kyl ene coupl ed derivatives of these hindered
WQEb@notas1 Exanpl es of phenolic materials of thPGI/U§IH8/009567

2-t-butyl -4-heptyl phenol; 2-t-butyl-4-octyl phenol;

2-t-butyl -4-dodecyl phenol; 23%-di-t-butyl-4-heptyl

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

2-met hyl -6-t-butyl -4-heptyl phenol;

et SRS RO ol i
Ai};}éi'ltig{lra}bkglg%lle A % Lggenol . [0075] Phenolic type

oxI dan are nown in the lubricating
i ndustry and commerci al exanpl es such as Et hanox(r)

[60759. | r RO Phehdlid AhBioxidant o étployeth an anfi@#IAR(the range of
1010, Irganox(r) L2109, Irganox(r) L | 18, Irganox(r)
aba@g). hna 3t Weol pkefesabdy fabout 1 a0 3twtSbhoree preferatdyiabouhd.5 to 3
art. The above is presented only by way of

Wé%eepib PR AU YE ingrediest bpsifi t ati on on the type of
phenol i ¢ anti oxi dants which can be used in the present

BT belheyieteraptiabigam BHANHRE oF FHBIONE! Uhep eppunt in
of, GRaB/Ar 9B, 050 Sou P AR R R D, s g, mor

pfederaBlyCaBolt 8/1Ched. Skl &H QHPactiVR! MgPEBERT BRSiY! | TB&phenolic
or branched C6 to C8 and n is an integer ranging from

aritiexadantprmet theaddkylated pheaylta-caphthyéamaimel &reisnployadan a weight
L0O6. [0077] The phenolic antioxidant is enployed in an

ragippiirthe rangqel 1 ddde bi0aprsierably19:d dod  lu mprepeaferakby §:1.
about 1 to 3 W% nore preferably about 1.5 to 3 wt%

R, TS asbsinent s lSiaf 7Bl I i et e
ofSGELly SORLHOP 50 S S\ ARG B e o
phciitedica, T RO A s o
lewelsglof oxidation and nitration resistance exhibited by gas engine oils
comprising different base oils and aminic oxidants other than the phenyl-a-
naphthylamine. This unexpectedly superior resistance to oxidation and nitration
is evidenced by a much lower increase in the kinematic viscosity at 100°C of the
gas engine oil in the B-10 oxidation-nitration test (80 hours, 325°F). The
improvemer}t in oxidation and nitration resistance achieved by formulating a gas
engine oil comprising the recited base stock(s) and/or base oil(s) and the mixture
of phenolic antioxidant and (alkylated) phenyl-o-naphthylamine is seen in an
increase in the kinematic viscosity at 100°C of the gas engine oil of less than
about 40%, preferably less than about 30%, more preferably less than about 25%

still more preferably less than about 20% in the B-10 oxidation — nitration test
(80 hours at 325°F).



ratio in the range of 10: 1 to 1:10, preferably 9 :1

to 1:1, nore preferably 9:1. [0079] The |nprovenent in
Woziogaeiien and nitration resistance i s unexpecP&UU$2008/009567

superior in the gas engine oils conprising the recited

base oils, phenolic antioxidag.- and (al kyl at ed)

phenyl - a- napht hyl am ne as conpared to the | evel s of

oxidation and nitration resistance exhibited by gas

I3 it BRERR R P Tee TRSfrrTiey R e e Stock or
it 1) BRI ASIS! QNG ) AP LAREAR tamine plus,

nitration I's eV| ence crea
olkmmmny; lacleasﬁ@n&sadd/in@hallﬁ&@&mﬁndemim engine oil in

the B-10 oxidation-nitration test (80 hours, 325F).

The i nprovenent in oxidation and nitration resistance
[008] evedEkymples mof atyipincal aaddisives gincduds, | batorape | mbtnglmited to,

the recited base stock(s). and/or base ail(s) and th
digpsrsants, detepsans| SUTESON GRNPAIOLS, ot erdnleypa&, éﬂ?tal deactwators

ol SObA o3 S BnP PrBul aB B pb. il st RS, Gy Bpodifiers,
oth8f Viddosity QH%&[ nlﬁllgl/ﬁvé? ef)ﬁlre Rlised ﬁ?SmBHﬂb @bﬂﬁfd R¥additives,

nore prefera sst anaout 5% st | ,
saal eémp@dnmlltﬁsgddngn faboon 2AUifiers) HabBeitp @gmt@,t ia@ifi-staining
nitration test (80 hours at 325F).[0080] Finished '
agemits | dupmopbaric cageptd, sdefoamantsci ewlmlﬁl@rs, canulsifzars, densifiers,

stock or base. oil, the nolic antioxjdant an
WELIng, PEEni) g%'wgsy?gqltﬁa%ﬁ?mmgﬁa {5y <QIOTaBsy ApHagthgrs. For a

re%ie\i/ e(?iz 8%6+]9/ glé (?earddﬂﬁ\';@% s%gaﬁ‘fl%ﬂl%u){ inl Egﬁijl]:ants -and

typl ca ives 1 nclu are

Rblated eebduus dVélﬂ@g CHndie, Q‘Pée@fi@l%ﬂB%aleOFL%SBN 0-89573-177-0.
i nhi bitors, rust 1nhibi tors met al deactlvators

Refm:nqmsaralmmds to ékubnnmtp%éd;&we > hl ¥t W.Ranney, published by
anti - ure agent X, nmodi fj er ot her viscosity '
Nprea FRpsatEon 8??@%@&%3\9@7§%di fiers, fluid-loss
addi ti ves seal conpatibility agents, friction
(fier br|C|t agent.s, ant.i - stai ni agents, .
w@ﬁ? noph@?e? ct: §t§mta§}i d’g’l%'g'ﬁﬁﬁ F@r@ geerggd‘thves used in

C(ﬁﬂb‘llnﬁhf)h Q{/ﬁ}& ke kd e Shoenti fr{ ﬂﬂ)r?&%'ﬂtcﬁgm%@ tidn@%r& Dot limited

agents, tackiness agents, colorants ers
by the examples shown herein as illustrations.

Antiwear and EP Additives

[0083] Many lubricating oils require the presence of antiwear and/or
extreme pressure (EP) additives in order to provide adequate antiwear
protection. Increasfngly 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.

[0084] ‘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



reviev/ of many commonly used additives, see Kl amann

in Lubricants and Rel ated Products, Verlag Chem e,
w®ew@pO2BFd Beach, FL; |SBN 0-89573-177-0. Ref eP€nUs2008009567

al so nmade to "Lubricant Additives" by M W Ranney,

publ i shed by Noyes Data Corpoyation of Parkridge, NJ

(1973). [0082] The types and quantities of performance

addi tives used in conbination with the instant

on.in |ybr.icant ositions are not limt
kiR So gl in WBlcty Theagrimary doeial onsitiah 1,gac. or zine
SRR FP), oy G, B O
ZﬂEBP(tSJ)Q@R XOR3ydewhere M‘oamﬂqzzad@atat@maalwgfroups preferably
protection. Increasingly specifications for, e.g.
C@@b atkydigropps. f Thesmalky hgrompesohaybbe straight chaigh cbmbranched The
rqved anhl wear, properties of the oil, Antiwear

i drdypisally dasedy s apounts of drem ahaut G01 rt@d@cw‘v@ preferably

a%cidmﬁi}oaf‘f oot pRElRS 3o Attt s B ArDut (155 Sweos, stin
moFY gf@ﬂereﬁﬂf agest bhetdl '0”&&%3 %E{ héﬂ%elfédﬂbéélg)e%tg e, total lube

I nternal conbustion engi ne case ol

oidkcyipositiph) akthbagle neord ordess qaardftaubanbed advantageously.
met al di al kyl di t hi ophosphate in which the prinmary netal
constituent is zinc, or zinc dialkyldithiophosphate

[0085bP) . Hmvcnnpwﬁmndgjdlaeﬂm plhospheres fione tlﬂf:semﬂdatlves has a

odrloterolis, b becriuhs! e sy gamgrbimantTisaen orveen
The

s Sy in L fURRLIRY, Che Tl BinfiPt T SR TEB5p 5 Gpme or an

oft ﬂ’leﬁlm wiRh§HRsphbisafp@dlhntPwOar édlhf}vé‘g % nmore

preferably fromabout 0.05 to about 1.5 wt% still
nore preferably apout 0.1 to 1.0 vvt%(on an_as

[0086Ei vedAbrarialy of npn@h%pmrwaw@deﬁlve%@iﬁp@m wed as antiwear
I 25uRRs 015 B88 sFERGR0E FRVER eGP addicippe Sulfur-
cANARML oWSids” O bE &ALy s‘(ﬁﬁn%ﬁoﬂ 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® are 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 cyélic 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.

[0087] The use of polysulfides of thiophosphorus acids and thiophosphorus
acid esters as lubricant additives is disclosed in U.S. Patents 2,443,264;



del eterious effect on the catalyst in catalytic

converters and al so on oxygen sensors in autonobiles.
w@e@9mz3ist o minimze this effect is to repl acePGDIR2008/009567

all of the ZDDP wi th phosphorus-free antiwear

addi tives. [0086] A variety .ofg nhon-phosphorous

additives are also used as antiwear additives.

Sul furized ol efins are useful as antiwear and EP

R e L I P T W T
aféu"l Bﬁﬁwegr aﬁ'i%&ﬁ{énfe,héﬂd E?‘%ﬁd?tﬁ%é’ }écéi'gao@écggﬂ WSP 3,770,854, Use
ydrocarbdns contai’ning Trom about to car bon

ofhlkyithipdebanabl Yompdundar(bividibudyiithiddaebahedl, e example) in
conpounds contain at |east one non-aronatic double
ctyohmatisoc witho rgp cunlibdenemd efompaindy (okgmblyhdenam diisopropyl-

DT S oL a0 f RSB Yt by
S BB o S o BB s astosa

irCEP 45011678 AdOSP 91733 167 Aidehdde8useOBE & Barbathate additive to
sul furized olefins and their preparation can be found

piavidéSRmproddd ddtiwearc angdoestreiebpresstier pnoperhies.ei MThen use of
its entirety. [0087] The use of polysul fides of

thiogasbaBaish cisu samh cAriEWedd atddltemwpr%ﬁ@ﬂ@sg%i i ebiSE 55.883,598.

Thithir e 3Gl badiin. Tompgxds Sy A%, Tueh MR alkyl dithio-
il Ofiricr CHABRAYVELICL Y KT St sl @ftiwear apents. The

uddSht &ddiion dF4uchiseatefiaBl shpuldbekepberayhiniaunoifitils object is to
(bi s(di butyl)thiocarbanoyl, for exanple) in _
progibe hew | wprmpulatiens.ybdenum conmpound (oxynol ybdenum
di i sopropyl phosphorodi t hi oate sul fide, for exanple)

[O]Zl‘t‘%ﬂ] a ph@ﬁgﬁ?g@@;}ﬁ&ﬁh@%@%& Y SHRQE r?%l:gﬁgg'}afcg example,

or - exanp wear “additrves 1n lu
monsS|dis esditfi-blekted, MIOhoSyBmitdtdd #hd/mdndbayEbedsanas be used.

use of a carbamate additive to provide inproved

[0%%51 "earz3pp & tc[)re}lrg?ng With' othd?' & rg{)géigghs-tr At lerSoevic?éc 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.

[0090] 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
dimercaptothiadiazoles, mercaptobenzothiadiazoles, triazines, and the like,

alicyclics, amines, alcohols, esters, diols, triols, fatty amides and the like can



t hi ocarbamate as an antiwear additive is disclosed in

USP 5, 693, 598. Thi ocar banat e/ nol ybdenum conpl exes such
wa@sgooabtssul fur al kyl dithiocarbamate trimer cPOPUS2008/009567

al kyl) are al so useful antiwear agents. The use or

addi tion of such materials shygu d be kept to a m ni num

if the object is to produce |ow SAP fornul ati ons.

[0088] Esters of glycerol may be used as antiwear

SRR s e B0 % B0 8 B 01 0 e,
pSFORBA EEF. 03 coritced, i FdeaEegmas, biaTe ek, s
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weight poid shé dubricaibnp, oil cronepemppor) ZANDPriprowempuindsaprovide
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[0090] Preferred antiwear additives include phosphorus

cardntatidnto Cavititaten geodiictibnad lawr8A BS tbimplaopbat es
and/ or sulfur, nitrogen, boron, nolybdenum

V hos1 h rodi‘; hi oat es, nol ybdenum di t hi ocar banat es and
M@gﬁ%‘a@%- nol ybdenum deri vati ves incl udi ng
roc ' 3 KRy t | adi ;
Ot Spisce Sy, ARrUaTRuRo KPRl 48 SN0, RERpciodifiers, and
Vhliimpyrovesy pravideclubrdantholith, higgdt and, low abmpetatu@ sperability.
fatty anides and the |ike canal so be used. Such
Thesgi eddidtyegninaseasgs dle i visepsitymodntheofoibeoumpaositant at @levated

elfipgtaioSier inefioey il fhicRats yRACHANE 6160 et on

: 9 recei ved basis) of the total
Vlﬁsﬁgtﬁéﬁﬁeﬁyﬁéti ng oil conposition. ZDDP-1i ke

corrEouhds provide limted hydroperoxi de deconposition
[08093hbi | i Suitabde givigdosiayt lipnpseverw tiheludexHight gdolegular weight

h)fq%g&ggggé g(i)l%étg?segnc? Q/Pscglsi%i/ iy exi ﬂn;t)r%iv%r %?stp%?stan?sna'xa% af{}nction
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.

[0093] Examples of suitable viscosity improvers are polymers and
copolymers of methacrylate, butadiene, olefins, or alkylated styrenes.
Polyisobutylene 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



be elimnated fromthe fornulation or, if retained,
kept at a mnimal concentration to facilitate
wee@doztison of | ow SAPS fornul ations. Vi scosi tBCT/US2008/009567
| mprovers [0091] Viscosity inprovers (also known as
" Viscosity Index nodifiers, amgh.Vl inprovers) provide
| ubricants with high and | ow tenperature operability.
These additives i ncrease the viscosity of the oil
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[0093] Exarrpl es of suitable viscosity inprovers are
gntal & apantgrrer s of net hacryl ate, but adi ene,

l@éﬁﬁmm naadtiphsfodhe Jalkaiiad) sheoviss nammipgRine which is a
egclé's§ | goﬁ‘nggﬁgrﬁvgy the Sf&ﬁ%ﬂp i qye%ﬁtohs (ﬁ%l %Qpeﬁngflec "Xh&' Qifferent

copo rious
arﬂﬁilbaﬁrﬁﬁ’é)ﬁﬂﬁﬁs hly HeATRES) . éor@héprdﬂdﬂfﬁiécp%dofnon -alkylated
whi ch al so serve as pour point depressants. Qth
aremadtEbdminedssuohidsyarondtic mopoavares ofihleufdemutp BERARI®N where
pf et hﬁgene and propyl ene, hydrogenated bl ogk
Rc spen phiphatiGfaramatie s sahatm%@ba@matlagmm |R,/ar§ray| aogtic or a

BTGl S0 Y e
ST SRR 3% S 8] g, o

alkesyloaiyly oradkdry Epramy andngés Of anorz2r dTheaBphétié group R® may
preferably zero to 4 wt% nore preferably zero to 2
cantainbliendl do about ¥@ danpereatams, amldpt!:ef@r@hé{ agnteinst frem about 6

to qimc]a}bconwa (g:rgglt hncljdellllltpll"ratrc gro%p is a saturated aliphatic group.

Preferably, 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.

[0096] 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 decyl. Generally, the aliphatic groups will not contain
more than about 14 carbon atoms. The general types of such other additional
amine antioxidants which may be present include diphenylamines,
phenothiazines, imidodibenzyls and diphenyl phenylene diamines. Mixtures of
two or more of such other additional aromatic amines may also be present.

Polymeric amine antioxidants can also be used.



Suppl enmental Antioxidants [0095] In addition to the
(al kyl at ed) phenyl - a- napht hyl am ne which is a

woe@ensHFy conponent of the present invention, PONESING/ 009567
nore other different am nic antioxidants may be used,
e.g., other alkylated and nqonal kyl ated aromatic
am nes such as aromatic nonoan nes of the fornmula
RBROR10ON where R8 is an aliphatic, aromatic or

BT | A58 SR o R fimfgons an
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oit3oRIBi€ @bbperédthpoeidsal hawybil-4bRibie saitsbl¥ dopper cdmpound ma
2. The al |bl|c))hati cpgroup R8|ymay contain fromo?pto artr)%gt 4

be blamiedomtattbhedubanating efler Exbmpiemnvfisnitableocopiarant®xidants

t 2 carbon.atons. The aliphati¢ group is a saturated
mafqdéhapplaergBﬁuﬁlrowbv[;rﬂmyqr Sihro-RBogRhated agdecopper salts of

hERTNS BBl GTHERAlY BOEre b Rgig) DRl Syidls coppgr saies
inRfude2BEppet! dithia@HRtantatey, Oéiﬂﬁhcﬁgaté’sr]d% [ag@c% 4R heétyBftetonates.

together with other groups such as 6] Typi Cal
Basiojmtutcalaor reesdiandoppetr darfisatdroe Gh(EE)| sadtsbddrivadefiom alkenyl
groups of at |east about 6 carbon atons. Exanples of
sugcinge acids agraphiydridas prsdlenaye kg be pagipeulacly aseful, nonyl |
“and decyl. Cenerally, the aliphatic groups will not

[69B} & N W}F%&Jlﬁﬂnépﬁgioﬁ&ar?t@rn*? bEWSEE in ZHeaéﬂmf&F about 0.0
a I

types of such other ditiona m ne anti oxi dants

tonBiivetyorByefomblby edent 0i tock usidod ndre prefirhblgszero to less than 1.5

phenot hi azi nes, i m dodi benzyls and di phenyl phenyl ene
wiloamastpreferably zero (o anws-mceiwadebasis)such ot her

additional aromatic am nes may al so be present.

Pol yneri c am ne antioxi dants can al so be used.[0097]
Dales#elds | ass of antioxidant used in |ubricating oil

posi t and whi ¢ch e present .in _addition t.
1OpREF e LRBTe R A EOmMRART WS I nleoriaBRg. ypRghions. A
tyP AP et OBROINAS anfic PhdteSRl Hizk Rontihel! 1_%n§0&_&% hydrophobic
compound~nmay be blended into the lubricating oil.
pdrxianpifethe aholeguleaind a capdler aaidriioxir ddedphobic 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.

[00100] 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.



i ncl ude copper di hydrocarbyl thio- or
di t hi o- phosphat es and copper salts of carboxylic acid

w@ p@vieHEFl y occurring or synthetic). O her suiP@DU82008/009567
copper salts include copper dithiacarbamates,
sul phonat es, phenates, and acggtyl acetonates. Basic,
neutral, or acidic copper Cu(l) and or Cu(ll) salts
derived from al kenyl succinic acids or anhydrides are
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or m xtures thereo counterion is
Piefeiabhl, Ithie anetakilg cutic@alst dodiimakklelim et alagneSlOA0A mixture
Salts that contain a substantially stochionmetrjc
ofadaergents off didfemngal Bh eardbe us¢ddthg prsant iryenti@n: s and
have a total base nunmber (TBN, as neasured by ASTM

[06A82F) qﬁcﬁeffér?é‘ﬁ Qet%P%egiq? indide BRITRSI kgggarlrg{egar%larggtal salts of

over pase cont al ni arge anounts o

sulfsiatdss phemdtey, edrboxylers] pigsphates xaab salidylaeset al
conmpound (a netal hydroxi de or oxide, for exanple)

| an I.di ¢ _gas uch as carbon djoxide).. ef ul .
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a S, 1988k )
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cdiboh lexhipesinictiide bRy rdbtaiasd Myoﬂkyl%@ingybédzene, toluene, xylene,

combustion process and becone entrapped in the oil.
naphthaan¢,y , biphenydv eansh stheimabalpgenatedis darivatives ofchlorobenzene,
tal]ic i t i oni ' f th f..

c}ggg{a}lp{ule(r:le,l %gd (c)hl%?cl)l?ell})lh%h'flgrr_lctf,l gr %xaltnp?e)(.jetlelgeg eaqlgyl%ting 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.

[00104] 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.

[00105]  Alkaline earth phenates are another useful class of detergent. These

detergents can be made by reacting alkaline earth metal hydroxide or oxide



1.05:1 to 50:1 on an equival ent basis. Mre

preferably, the ratio is fromabout 4 :1 to about
WQ@2009/023I8e resul ting detergent i s an over basedPCT/US2008/009567

detergent that will typically have a TBN of about 150

or higher, often about 250 t.g3450 or nore. Preferably,

the overbasing cation is sodium calcium or

magnesi um A mixture of detergents of differing TBN

(8 ER 5 bRo, Ha O Me” NBQHR for otnig) pith an alky
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car boxyl at es at es,
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phenol or sulfiirized al kyl phenol. Useful alkyl groups

Detergande madedremtsatigzlio aol &tmtmdf@re(bslassabf@etergents derived

fr%weﬁzg'f)gxglrlg fa%{dasbl bsegﬁ C%wylates 1 cl& e ?fngs % 1a:u&rllb!cll?(yl salicylates.

One useful family of compositions is of the formula

OH 2
where R is a hydrogen atom or an alkyl 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 C“, preferably C,; 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.



i ncl ude i sobutyl phenol, 2-ethyl hexyl phenol,

nonyl phenol , dodecyl phenol, and the like. It should
wheoonoeadl t hat starting al kyl phenol s may cont aP@I/E82088/009567

than one al kyl substituent that are each independently

strai ght chain or branched. \¥yen a non-sulfurized

al kyl phenol is used, the sulfurized product may be

obt ai ned by nethods well known in the art. These
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acids are also useful as detergents. These carboxylic

canpdunids. eThennetalaglth ef phe hydextablyylradbstitutgd sabeaglic acids may
netal ¢ npo%gld wth at | east Ene caLboxyI ic acid and
be @rﬁmrwg by dubla decompesitioneot adnetabsalyip dupelar splyept such as

np d y be overbased to produce the desired TBN
W%ge\'/'&?%‘fé\oz?gent s made fromsalicylic acid are one

preferred class of detergents derived from carboxylic
[00di08F. UAdfalinesalrtihcyketi] ghobpledtedare] dsmusdthandetekgents.
salicylates. One useful famly of conpositions is of

[60199] or nD,Eﬁ:rg\é}% ndy be si’mgléjﬂé’t%gén@é 8P WHat 3 kALY as hybrid or
group having 1 to dbout 30 carbon atoms, n is an

complyedetergantd - t Dhel,lataerd délergenas cahkpdovide ¢lae tphopertiek .of two
Preferred R groups are al kyl chains of at |east Cn
defergeatsapitiont the neadbta blendrepasate masenialsn laeyUSP 6,034,039 for
substituted with substituents that do not interfere
® he detergent's function. Mis preferably,
cal cium magnesium or barium Mre preferably, Mis
[06410] um PRBdDS] dejeatpentar by ludeudetivn tphdnats) cylciwm sulfonates,
aci ds may be prepared from phenols by the Kol be )
caleinm sehcylstes, uspeucswm, pbanatosi maghesinne spHenatesd magnesium

TSI Y500 RS Lo o
T e S AR MR A B brcaing
oi$ @binpRitiorPptoaided ¥elfhtedUsh ifthe range of from about 0.01 to about
6 wt%, preferably about 0.01 to about 4 wt%, more preferably about 0.1 to about
1.5 wt% (on an as-received basis) of the total weight of the lubricant

compositions.

Dispersant

[00i11] 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 substantiaily no ash upon combustion. For example,

non-metal-containing or borated metal-free dispersants are considered ashless.



wat er or al cohol. [00108] Al kaline earth netal

phosphates are al so used as detergents. [00109]
wDei0e02pant s may be sinple detergents or what iBCROS4N8/009567

as hybrid or conplex detergents. The latter detergents

can provide the properties afggdwo detergents w thout

the need to bl end separate materials. See USP

6, 034,039 for exanple. [00110] Preferred detergents
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comBiasiim sal i cyl ates and other related conponents
(?lﬁncﬁudl ng borated detergents). Typically, the total
mount of neutral and overbased detergent in the
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fh@éd)irséﬁatébspﬁﬁ&s@)‘hbﬁuﬁr@eﬂdi%bc ey ephalculdrhat u§efum class of
substanti aIIy no ash upon conbustion. For exanple,

dinpersamts abrec ghe anlkenylsoccinie aderivatbtea) -ty pmallgti ;opmhmdt by the
are congsi dered ashless.|.n contrast, netal-containing
regetien tas enes chai Subslited cﬁm@ghsw%sﬁmp@pnsn usually a

sPUEL ek PuSLARE: L& DSRNGnl BERE ot oo

Tﬂé’%rgé gttaéagnrge&g?;%ﬁtﬁhgl@gil@[ ol8bphihic! &Jgg,ﬁl %ﬁr/th‘é%bi’éd%e which
cqifespsolubslity Typi thel oil, is normz?lly a pol)glsobutylene group. Many
examples of this type of dispersant are well known commercially and in the
literature. Exemplary U.S. patents describing such dispersants are 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 dispersant 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 may be
found, for example, in European Patent Application No. 471 071, to which

reference is made for this purpose.

[00114] - Hydrocarbyl-substituted succinic acid compounds are popular
dispersants.' In particular, succinimide, succinate esters, or succinate ester
amides prepared by the reaction of a hydrocarbon-substituted succinic acid

compound preferably having at least 50 carbon atoms in the hydrocarbon



hydr ocar bon chains contain 50 to 400 carbon atons.
[00113] Chemically, many di spersants may be

w@bapazier i zed as phenates, sul fonates, sulfurP@BUS2008/009567
phenat es, salicyl ates, naphthenates, stearates,
car bamat es, thiocarbamates, pgosphorus derivatives. A
particularly useful class of dispersants are the
al kenyl succinic derivatives, typically produced by the
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and 4, 234,435. O her types of dispersant are describ
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description of dispersants may be found, for exanple,
alkenyfusugsenin Adtyelridespmd aktchots No. p@l?fhlsO?Motav mdtioshcan vary
rence i s de for thjs purpose. [0011

dﬂﬁﬁﬁ@&%%@@ e} erpQlyokused: %rea@r@péomsmwgi@naat@n product
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by the reaction of a hydrocarbon-substituted succinic
[08¢17) corfeenmitpesttenntidgs fravonged byl easlensdlicrardaotion between

atorrs in, the h rrocar bonsubstituent, wth at |east one
alkenyil \saceinic gnhigridescgnd alkanel aminess Far exawiple.| spitable alkanol

O fre forned
an@%ﬁ%ghglg{dl 0?11{111 %%I%'efcg br&lg\glgﬂ yamines, propo¥(y aQed polyalkylpoly-
amines and polyalkenylpolyamines such as polyethylene polyamines. One
example is propoxylated hexamethylenediamine. Representative examples are

shown in USP 4,426,305.

[00118]  The molecular weight of the alkenyl succinic anhydrides used in the
preceding paragraphs will typically range between 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, and boron compounds such as
borate esters or highly borated dispersants. The dispersants can be borated with
from about 0.1 to about 5 moles of boron per mole of dispersant reaction

product.

[00119] Mannich base dispersants are made from the reaction of
alkylphenols, formaldehyde, and amines. See USP 4,767,551, which is



al kenyl succinic anhydrides and am nes. Mol ar ratios

can vary dependi ng on the pol yam ne. For exanple, the
woredoan2xiat i o of al kenyl succini c anhydri de to FERPBSM081009567

vary fromabout 1:1 to about 5:1. Representative

exanples are shown in U S. Pajents 3,087, 936;

3,172,892; 3,219, 666; 3,272,746; 3,322,670; and

3,652,616, 3,948, 800; and Canada Pat No. 1, 094, 044.
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~~and pol yal kenyl pol yam nes such™as pol yet hyl ene
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mobesiian nweigiht 4 alied-sdstitfted 1 byfraxarasiatics| o JENGR), group-
of the alk succi ni ¢ anhydrides used in the

CHAILRE n@acga(#%graphs wil 1 typically range between 800

and 2,500. The above products can be post-reacted wth
[omawpus Eragpltss sofh asglsul mislecabay genweiight melatieylysitstituted
carboxylic acids such as oleic acid, and boron
hydrepyaedsaticcompounds are pebipsepy lphenply mOJyMayhxl@aol and other
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[00122] 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 the
mono- and di-amino alkanes and their substituted analogs, e.g., ethylamine and
diethanol afnine; aromatic diamines, e.g., phenylene diamine, diamino
naphthalenes; heterocyclic amines, e.g., morpholine, pyrrole, pyrrolidine,
imidazole, imidazolidine, and piperidine; melamine and their substituted

analogs.

[00123] Examples of alkylene polyamide reactants include ethylenediamine,

diethylene triamine, triethylene tetraamine, tetraecthylene pentaamine,



of the al kyl phenols range from 800 to 2, 500.

Representati ve exanples are shown in U S. Patents
w@209/8287%4; 3, 703,536; 3,704, 308; 3,751, 365; 3pdBHESBBR009567

3,798, 165; and 3,803,039. [00120] Typical high

nol ecul ar wei ght aliphatic aggd nodified Mannich

condensati on products useful in this invention can be

prepared from hi gh nol ecul ar wei ght al kyl -substituted
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pol yam nes, principally polyethylene polyanm nes. O her
alkplene pohyahines ave ganalty obtanmadnbly thxordaation nd amimbassand dihalo
one HN(R)2 group sujtable for use in the preparation
alkanagpn sUelt BS %Mﬂ@?% alkiapgs. plbys dhe aliydengepolyratnes ghtpined from

T ——
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alkplepb @lolyumineyreaotafits. pyrr ol i di ne, im dazol e,
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fohmn&ﬁmw& faBohappaafdmealdélepicasid Yoenalids hoatal dihyde and aldol
(B-hydroxybutyraldehyde). Formaldehyde or a formaldehyde-yielding reactant

is preferred.

[00125] Hydrocarbyl substituted amine ashless dispersant additives are well
known to one skilled in the art; see, for example, U.S. Patents 3,275,554;
3,438,757, 3,565,804; 3,755,433, 3,822,209, and 5,084,197, which are

incorporated herein in their entirety by reference.

[00126] Preferred dispersants include borated and non-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.
Other preferred dispersants include succinic acid-esters and amides,

alkylphenol-polyamine-coupled Mannich adducts, their capped derivatives, and



oct aet hyl enc nonaam ne, nonaet hyl ene decam ne, and

decaet hyl ene undecam ne and m xture of such am nes
whawpmgpelni t r ogen contents correspondi ng to thePGl/Ky10081609567

pol yam nes, in the formula H2N- (Z-NH)nH, nentioned

before, Zis a divalent ethylgne and nis 1 to 10 of

the foregoing formula. Correspondi ng propyl ene

pol yam nes such as propyl ene diamne and di-, tri-,
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] s on different carbons are suitable

en j 4 .
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drogcarb stJ t.ut ed,_am hl ess .di;sper sant
pdlGRAOE S ERls 0hB" R BT By BRE, Flimethacrylates.
. . - 7.
PF Ry by PP i, (SRA 0T PRl LRl T s and
araneaticncooppoands] hdngl ncarbokhkte @olymedtsy byd terpolymers of
reference. [00126] Preferred djspersants include

diglyyafusaarates, vimylpetterscal Stk inpids ansk allyhrinydi athershobSP Nos.
LTS8 R RAORAR Tl B ECTsd: Wi Qe BerZra o7,

2.th7§? 8'7%9%'@1?13@%0 ?chégkﬁhg%ée?uldébhxv 1{1/1{ gggf’eﬁsants and/or the

ydrocar byl ehe group such as pol yi sobut aving a

pri¥pagitiohr theredfo BudhO@dditivad enly BORRedlin antButit Wieatdiut 0.0 to 0.5
such hydrocar byl ene groups.
wt%, preferably about 0 to 0.3 wt%, more preferably about 0.001 to 0.1 wt% on

an as-received basis.

Corrosion Inhibitors/Metal Deactivators

[00128] Corrosion inhibitors are used to reduce the degradation of metallic
parts that are in contact with the lubricating oil composition. Suitable corrosion
inhibitors include aryl thiazines, alkyl substituted dimercapto thiodiazoles
thiadiazoles and mixtures thereof. 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%, more preferably about 0.01 to 0.2 wt%, still
more preferably about 0.01 to 0.1 wt% (on an as-received basis) based on the

total weight of the lubricating oil composition.



O her preferred dispersants include succinic
aci d-esters and am des, al kyl phenol - pol yam ne- coupl ed
wokmwpioziisadduct s, their capped derivatives, aneOL/ig2008/009567
rel ated components. Such additives may be used in an
amount of about 0.1 to 20 w.%qg preferably about 0.1 to
8 W% nore preferably about 1 to 6 wt% (on an
as-received basis) based on the weight of the total
SI icant..l.Po r, Poi nt Depressants [00127] Conventi onal
& 1 s (al so known as |ube oil flow
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arfliagldonk fofrayorlt €801 \th Y w9t refer@blyf dut @01 A4S 2R%% on an as-
allyl vinyl ethers. USP Nos. 1, 815,022; 2,015, 748;

re2eived bddB;, 2, 387,501; 2,655, 479; 2, 666, 746;
2,721,877; 2.721,878; and 3, 250, 715 descri be usef ul
,gﬁtﬁ EOiEm Sepressants and/ or the preparation thereof.
ehH s may be used in anpbunt of about 0.0 to
[00130 M %6 ARfi L&A A denRd Ottay 0 aHQath@ée&‘ﬁsqf% BRM @dded to lubricant
0

preferably about 0001 to"0.1 wt% on an as-recelve
cdmpositiotanr Thesoagdnthirbiatd tisd fdrirationesCétablat foams] 08ilidBhes and
Corrosion inhibitors are used to reduce the .
orgagicaprly mess are typical lant-foam agantist Far exampleo polisiloxpnes, such
thﬁ | ubri catig}%.oi{ ﬁo osition.. Sui tagl e corrosion, .. f
a3 FeR o3 O PARiRsthyl Siloxahe, Rrp¥ide atidopms BIRRETIcR efnti-foam
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oS R koAl ) S 0 B S Eonl e
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herein by reference in their entirety. Such additives
thesg additivee cambinad dsdess than hipeucern, ptefermbdy k001 to about 0.5
wt%, more preferably about 0.001 to about 0.2 wt%, still more preferably about
0.0001 to 0.15 wt% (on an as-received basis) based on the total weight of the

lubricating oil composition.

Inhibitors and Antirust Additives
[00131] 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.

[00132] 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



preferably about 0.01 to 1.5 W% nore preferably

about 0.01 to 0.2 m% still nore preferably about
wW@2®%0t150. 1 Wt % (on an as-received basis) basedr/os2on$ie9sc7

total weight of the lubricating oil conposition. Seal

Conpatibility Additives [00139]. Seal conpatibility

agents help to swell elastoneric seals by causing a

chem cal reaction in the fluid or physical change in

t he el astoner. itabl e seal, compatibilj.ty agents.for
cHeaeriaerReTes o 2he Hurtetio GRyuRe & ety sORRRG nEpBmples of
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abut 8t letsed wWito, paefesablprabiour8 £vh tagh Atvet%h 00 E®(Ys received basis.

Anti -foam agents nay advant ageously be added to

: 'R@(;H- nposi ti ons. These agents retard the
Fllfl%i?(?{iu“ udﬁgﬂ% stable foans. Silicones and organic

[0REBI[TET SA afrRtionPinedi figid ahPafhReanios. ma®riadx & €n alter the
pol ysi | oxanes, such as silicon oil or polydi nethyl

cczifficieanef fipctoni df aantfate mbmeated by iany. lubritantf erafluid containing
agents are commerciall )y avail able and nay be used in .

suchrvalistinahl Frichen meditigrs aljodapwin ah fiaehen redugers, ggdubricity

such as.denul sifjers: ually the f thesa.:.
o3y of DULRmbehisa and oBEE Sush, REh SR b, BFcbiliny of base
oifls, ORIuPar@AObriant Wothpd®ichs' & FiRctiohatPAYTdsO t80mhddefy the
about 0.2 wt% still re preferably about 0.0001 to
cdeffibiemt %R dricion asf reedebriesteasirticebanay lon difectivetyalused in
wei ght. of the lubricating oil conposition. |nhibitors .
campbinatien with thedensei ailssor lobrigant eompesitensglithe pigsetgnvention

LA S D B, fpon
pARE&ar}’ aﬁa%?zf%e%ﬁgtiﬂ Tﬁdﬂ@lﬁi}n_ﬁtioﬁ WiiH €he BhbEbls Undt RBeEomposi-
abl'e; they are

are commerci ally avai
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,
individually or in combination. In particular, organo-Mo-containing
compounds, such as dinuclear molybdenum compounds or tri-nuclear

molybdenum compounds can be particularly effective as exemplified by



referred to in Klamann in Lubricants and Rel ated
Products, op cit. [00132] One type of antirust

wW@oaponeael i s a pol ar conpound that wets the nePEl/US2008/009567
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- cagein sffeatide cztrimmntst@pabm ngreuphatorc kamgeld, hieydrbkyi-tgntaining
of base oils, fornulated |ubricant conpositions, or
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Ottidrcfrictionahedifiers itlkat ma%rxbea;@btaeﬁlagl@oaﬂeumcmashld@tfbp Bxample,
with the base oils and | ube conposi tions of this -

sdlisvidoth @ﬁh—cpntaammgnanfbasslﬂcs;:r @ernwlweﬁy\, olidatty acids, fatty alcohols,
nds or materials as wel
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s. Such metal - cont ai ni ng friction nodifiers nay

amd sndﬁhaxmi fatty-axsds olazrtecysedi astsudtableTirantmint modifiees.al s
may incI ude Mo, Sb, Sn, Fe, Cu, Zn, and others.

daﬂlgg ﬁgé(fu]'l %%HQ&JM&HSO SR Xhoﬁl %b&fﬁérgl %Qy range from about

co oI S
0.01 wt% to 10-15 wt% or more, often with a preferred range of about 0.1 wt%

to 5 wt%, more preferably about 0.01 to 1.5 wt% on an as-received basis.
Concentrations of organo-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.
Often mixtures of two or more friction modifiers, or mixtures of friction

modifier(s) with alternate surface active material(s), are also desirable.



gl ycerols, partial ester glycerols, thiols,
car boxyl ates, carbanmates, thiocarbamates,

walrdonozsaar bamat es, phosphat es, thi ophosphat es, PCT/US2008/009567
di t hi ophosphat es, am des, im des, am nes, thiazoles,
t hi adi azol es, dithiazoles, digzoles, triazoles, and
ot her pol ar nol ecul ar functional groups containing
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exﬁ RidSoPlan As-Mcet g%as% W@'M%L‘iﬁmdété?f befdw are based on the

inatton. Oher friction nodifiers that nay be
tomar\tel(ght af the labﬁeatmgelllmhpmtﬁtmxﬁ or exanple, salts
(bot h ash-contai ni ng and ashl ess derivatives) of fatty
acids, fatty alcohols, fatty am des, fatty esters,
hydr oxyl - cont ai ni ng car boXABltEs\ and conparabl e
synt hetic Iono chaln hydrocarb I aC|ds_ alcohols
am des 2 X" ad Al 145 s A 3 Gk .
some i nstances fatty orgam c aci ds, fatty am nes, .and

sul furizcd fatty acids may b@PPOSHNYE syi t ab|/PProximate
f—Li—ClJ—QDEﬁE}E(—’EEéL‘L—[—QQl%]_%éﬂLﬂ_MDLem r Y b (Rrefprred)

f Detergamt nodi fi ers may rang6.(0flr-efh about 0001w % to
1Dishersahfo or nore, often wi ph a2preferredonange of

apQitiolPRidMe¥ to 5 W% norg qrefierably apqup 16501 to

1V15scos£§9 rﬁ‘prg\r/]er%gctlrv%cel ved bgsol S- 3 0.0 to 4, more
ingredient) ' preferably 0.0 to 2
Supplemental Antioxidant 0.0-5 0.0-2
Corrosion Inhibitor 0.01-5 0.01-1.5
Anti-wear Additive 0.01-6 0.01-4
Pour Point Depressant 0-0.5 0-03
Anti-foam Agent <1 0.001-0.5

Base Oil Balance Balance



Concentrations of organo-nol ybdenum cont ai ni ng

materials are often described in terns of M netal
w@orvemedifat i on. Advant ageous concentrati ons of PAOURRYS/009567

range from about 10 ppmto 3000 ppmor nore, and often

wth a preferred range of ahoy. 20-2000 ppm and in

sone instances a nore preferred range of about 30-1000

ppm Friction nodifiers of all types nmay be used al one

E tures. Oten mxtures of two or nore friction
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a ce active material (s), are also
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mentioned in this text, unless otherw se indicated,

thseughyithe seewple Jor Hae gdusarien oif thedtast (34 hgursyedllan test cell is
as-receive asi s. ,The % i ndi cat gd. bel ow are based
refipyeRciFolt e Tk gine WBF cFlaliat dSrerahpt sgeprqved from the cell. The
: i {3 T ABL: Typi gal ri :
RS Lty 48RP 4 of RS ke iager e et i
mEasupod be tHé ASTkEDYL 5 134 Indthoef erred) Detergent 0.01 -

6 0.01 - 4 Dispersant 0.1 - 20 0.1 - 8 Friction

Reducer 0.01 - 15 0.1 to 1.5 Viscosity Inprover
B(]&Okﬁtkg@om—twitnatiﬂ%est

[00139] The B-10 oxidation-nitration test (1717) was used to evaluate the
resistance of the lubricant to oxidation and nitration under specified conditions
as measured by the change of the viscosity. In this method, the sample is placed
in a glass oxidation cell together with iron, copper and aluminum catalysts and a
weighed lead corrosion specimen. The cell and its content are placed in a bath
maintained at 325°F and a measured volume of dried air and nitrous oxides are
bubbled through the sample at 10 L/hour for the duration of the test (80 hours).
The test cell is removed from the bath and the kinematic viscosity at 100°C
(ASTM D 445) is determined.

Example 1 |

[00140] -A series of natural gas engine oil (NGEQO) samples were formulated
using various base oils. PAO 100 mm?%s was used with a large excess of GTL —
6 mm’/s base oil to produce a 14 mm?/s base oil. This series of NGEO samples

is presented in Table 1.
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10. The nmethod of claim1, 2 or 3 wherein the additive
further conprises an organo nol ybdenum conpound. 11.

wab@mexihod of claim 10 wherein the organo nol ROTE2NSE/009567
conmpound is a trinuclear nolybdenum conpound.
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CLAIMS:

1. A method for improving the resistance to oxidation and nitration
of a natural gas engine oil as evidenced by an increase in the kinematic viscosity
at 100°C of the natural gas engine oil of less than 40% in the B-10 oxidation—
nitration test run for 80 hours at 325°F, said method comprising formulating a
gas engine 91l comprising a major amount of natural gas engine oil viscosity
base stock selected from Group II base stock(s) and/or Group III base stock(s),
and/or GTL base stock(s) and/or base oil(s), and/or a hydrodewaxed and/or
hydroisomerized/cafalytic (and/or solvent) dewaxed waxy feed stock base
stock(s) and/or base oils and optionally up to 30 wt% poly alpha olefin co base
stock and a minor additive amount of an antioxidant comprising a mixture of at
least one phenolic type antioxidant and at least one aminic type antioxidant

selected from the group consisting of (alkylated) phenyl-a-naphthylamine.

2. The method of claim 1 wherein the phenolic antioxidant is
employed in an amount in the range of about 0.1 to 3 wt% on an active
ingredient basis and the (alkylated) phenyl-oa-naphthylamine is employed in an
amount in the range of about 0.05 to 0.5 wt% on an active ingredient basis.

3. The method of claim 2 wherein the phenolic antioxidant and the
(alkylated) phenyl-a-naphthylamine are present in a wt ratio in the range of 10:1
to 1:10.

4. The method of claim 1, 2 or 3 wherein the alkyl group of the
phenyl-a-naphthylamine is alkylated and the alkyl group is a C,-C4 linear alkyl
or C; to Cy4 branched alkyl group.
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5. The method of claim 4 wherein the alkyl group of the alkylated
phenyl-a-naphthylamine is a Cy-Cg linear alkyl or C;-Cg branched alkyl group.

6. The method of claim 1, 2 or 3 wherein the base stock has a

kinematic viscosity in the range of from about 9 to 16 mm?s.

7. The method of claim 1, 2 or 3 wherein the base stock is selected
from Group II base stock(s) and/or Group III base stock(s) and/or GTL base
stock(s) and/or base 0il(s) and optionally up to 30 wt% PAO co-base stock.

8. The method of claim 4 wherein the base stock is selected from
Group II base stock(s) and/or Group III base stock(s) and/or GTL base stock(s)
and/or base 0il(s) and optionally up to 30 wt% PAO co-base stock.

2

9. The method of claim 6 wherein the base stock is_selected from
Group II base stock(s) and/or Group III base stock(s) and/or GTL base stock(s)
and/or base oil(s) and optionally up to 30 wt% PAO co-base stock.

10. The method of claim 1, 2 or 3 wherein the additive further

comprises an organo molybdenum compound.

11. The method of claim 10 wherein the organo molybdenum

compound s a trinuclear molybdenum compound.



