- | - SYNTHETI C PHENOLI C ETHER LUBRI CANT BASE STOCKS AND LUBRI CATI NG A LS
COVPRI SI NG SUCH BASE STOCKS M XED W TH CO BASE STOCKS ANDY OR ADDI Tl VES
Backgr ourmtoabosidoesoBnvent i on Field of the Invention [ 1PCThsS 27 @$430%
invention relates to synthetic lubricating oils useful as base
stock(s)/base oil(s) per se, as lubricating oil blending conponents or as
additives. Description of the Related Art [2] Mdem engi nes and ot her

equi pnent such as gears, transm ssions, differentials, conpressors,
hydraul i ¢ equi prent, turbines, marine diesels etc. are designed for higher
operating tenperatures, lower friction;lcloser machined parts tol erances,
and | onger periods between servicing, e.g., between |ubricant changes. [3]

Such requirene i i i ¢ be easily
met by traditi (r)gnaA EE% ﬁ%lg%l ¢ 'L%§S%£SE %@?’ additi zed.
Mneral oil b S inCBUBA%eglj 0N e Gh i ronnents
experi ence COokr+Hg,—rtY Fap O3 S—HHe St 210 I’yl ng
performance. [4] The new performance criteria have led to the devel opnent
of synt hetBaclosbund afitie wehitiea pol yal phaol efins, al kyl ated aromati cs,

al kyl ester. stocks, polyol ester stocks and pol yphenyl ether. [5] Polyol
esters ha@biﬁf;@gdét‘iﬁﬁg&%nd oxi dative stability and | ow tenperature
properties but are subject to hydroglysis at_high tenperature in wet

envi r onmeni®01] eadihsgpresent dnveimislates to srntbptic M@tw&%rs wssifrbas Base an

i ncrease | i 1 ' : j ' bri cant
sorvi oo 11Tt HSYBER b PPER, g 1BHCRIREBA BIRIhE RpuffRE AR druddi

al kyl at ed tingaht hal ene, al kyl at ed bi phenyl etc.) do not hydrolyze and
provi de very good | ow tenperature properties, excellent solvency, good

el ast omer pegBrtidi of th¥ RelgtedeAd good oxidation stability. Al kylated
napht hal ené has been found to be the al kyl ated aromati ¢ of choice for use
as base st|@6R] or Mbderi engindsoard vitich eqeipgnentsakly ab gears, thnsmissproyi de
significant, performance i nprovenents in oxidatiop stability, solubility,
el ast omer @géﬁmtraé$,|qwre§ws¢hwagbv %HW“%‘Hd“HSH‘F&I W‘Beél?ﬁﬁ?q Fleyalesee
U S. Pateng.s I6S &k ! of
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al kyl at i onoterantess and 164pEr pepiods benyteresdreicngy egabsbwvéemlubricant he art and
have hi gher operating tenperatures than other synthetic base stocks but are
al so char aeha®EeSed by hi gh cost and poor |ow tenperature properties which
have limted their usefulness. U S. Patent 3,451,061 discloses the

prepar at i of003hd Sehakqpivemehtsut demands ersthiednbricating ofl whigh cannot be

easily met by traditional mineral oil based lubricants even when highly
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additized. Mineral oil based lubricants when employed in such high stress
environments experience coking, high evaporative loss and insufficient load-

carrying performance.

[004]  The new performance criteria have led to the development of synthetic
lubricants such as polyalphaolefins, alkylated aromatics, alkyl ester stocks,

polyol ester stocks and polyphenyl ether.

[005) Polyol esters have good thermal and oxidative stability and low
temperature properties but are subject to hydrolysis at high temperature in wet
environment, leading to acid production which causes metal corrosion, an
increase in lubricant viscosity and a consequential decrease in lubricant service

life.



[8] Synthetic lubricating base stock(s)/base oils such as pol yal phaol efins
are | ow sol vency hydrocarbons because they conprise 100% i soparaffins and
0% ar omatwo 20ystnesvar bons. Similarly, hydroi somerized or poydrsosiewasesl waxy
hydr ocar bons such as sl ack waxes (i.e., waxes recovered fromlubricating
oi |l stocks by solvent dewaxing), waxy raffinate and especially

Fi scher - Tropsch wax hydroi soneri zed or hydrodewaxed base oils (also
referred to as Gas-to-Liquids (0Th) base stock(s)/base oil(s)) are also

hi ghly paraffinic and, depending on the wax source, as in the case of

hydr oi someri zed/ i sodewaxed Fi scher-Trop3ch wax base stock/base oil, have
essentially zero percent aromatics and/ or hetero-atom conponents present
and are al har, i . | Yl hleZi iddeves. [ 9]
s, “pat crlPOSF SoPIEBE Fontics TR KRR batioche, Hikyhied BpBtilene

hydr oxyl - cidkylated iphemyl ete.) tdoatottierdeolyee and pradideovdre gobildotv tempesatorgh -
3 - perfornmance, synthﬁéic | .ubri cant base stocks W“&H superior catalytic

t her nal / oArARETHGE eXcshient solyency good caftomsr campatibiity ahdiverygopdng
properti eSyyids; i { i ! I i se
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i ndustry wpemiafic ofiichoite formist ias basdstosk ot blernding stdcki with] eigs padyalphad cant s,

the presence_of sulfur in_the nolecule and the high_cost_ of the .
4, 4' -t hi oRisfie fe provide significant pesformancs impeey nents iy oxadationsstability,
sul fur-co LWi: -der i. i t . , 759
di scl os es%tgﬁwgls@gre _%Cgc'ri]r?lgfh?ﬂlgaapéggy%%%gﬁlgtehé%d?grdg@h@l@ s(t:%br%ggﬁnd,

pr ef er abl Ys@ U yPatbid $,602086)2 U.Bi Patepth£264, ATtsdistRes eipsikalation of

anti oxi dant properties. The reaction product is useful as synthetic

| ubri cant asaatic compandsavidh Gro4e Fae oledimie hydragaebon yaiagiacidic adsylanount s
of 0.01 tcfiojnoca\%&éf- n a mneral oil or hydrocracked oil |ubricant base
fluid. The reactron product can be used in a fuel. [011] JP 2000 169867

di scl fri ti il [tion.containi t based
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pol ymet hyl ene with one or nofe hydrogen atons optionally substituted with a
Cl- C20 al lopist andbppomlova tempenatura\propertiese whichnhave lib2ited tid) psedmmeshier ei n R4

i s nethyl r etpyl]en S IS - C6 pol ypet hyl ene wi t ne or_ nore of

ydr ogen d0SBatsit PAE 05! Sisiores hreRpation aib e al BoRPRCRY PO, TRo i s
a 1-10 Car@ﬁ&i&L&iﬁ’lui%PUp or hydrogen, pis 0 to 80, R3is a1 to 10 carbon
al kyl group or hydrogen nis 1 to 6 and mis a nunber giving a product of m
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ther mal  angle fow dalventy HydRotdrb¥naBecausdBidi0cohpris® 10096 isopafdTiink dhdi cat i ng

oil. The lubricating oil is a mxture of nono-di- and tri- allcylated
ani sol e hd\¥agomatc %udma@;bonsASumlarly, hydroisomerized or hydrodewaxed waxy

hydrocarbons such as slack waxes (i.e., waxes recovered from lubricating oil

stocks by solvent dewaxing), waxy raffinate and especially Fischer-Tropsch wax
hydroisomerized or hydrodewaxed base oils (also referred to as Gas-to-Liquids
(GTL) base stock(s)/base 0il(s)) are also highly paraffinic and, depending on the
wax source, as in the case of hydroisomerized/isodewaxed Fischer-Tropsch wax
base stock/base oil, have essentially zero percent aromatics and/or hetero-atom
components present and are also characterized by low solvency for solubilizing

additives.

[009] U.S. Patent 5,520,709 relates to alkyl ethers of sulfur-containing

hydroxyl-derived aromatics that have been found to be effective as high



ocn8 wherein RI, R2 and R3 are hydrogen or a secondary al kyl radi cal
containing 8 to 24 carbon atons provided all three of RI, R2 and R3 cannot
be hydr ogeo.2008@33j98JP 33708298 teaches a | ubricating oi lPCTarsp@siol4somn
containing a base oil an additive and 0.2 to 8 W% of a m xed anti - oxi dant
conprising diallcyldithiocarbamate and aromati c am ne. The base oil can be
a mxture of polyolesters and al kyl phenyl ether oil. The |ubricating oi
can also be turned into a grease by addition of thickeners. The al kyl
phenyl ether oil can be al kyl di phenyl ether, alkyl polyphenyl ether,

di al kyl tetraphenyl ether and the like~-3-[14] EP 0 466 307 is directed to
synthetic lubricant base oils conprising oligonmers prepared by reacting

i phenyl - Byrtpmdh e Itk BRHaselsRak ich gt AL R o “engi ne

oi | cont ai nhengauoxmatlize stabititids, ancdldmlaphwuak aaﬂlioadl-batrymgqfropérwesbasphenol
?Lﬁf’ﬁél o densab et gl oa et moohise. Bha e e by 5o
EREVE S Attt e
Rl i s Bi sphwifurlcotértdn findsheck lubsioains, theeprepdmel of subfurlf@tlmlim)ld:dulé andvi ded m
's 2). the high cost of the 4,4’-thiodiphenol might limit its utilization of alkyl ethers of

sulfur-containing hydroxyl-derived aromatics.

[010} U.S. Patent 5,368,759 discloses an ester-containing reaction product of
a carbonyl compound, preferably an acyl halide and a thiodiphenol has high
temperature antioxidant properties. The reaction product is useful as synthetic
lubricant base fluid or as antioxidant additive when used in minor amounts of
0.01 to 10 wt% in a mineral oil or hydrocracked oil lubricant base fluid. The

reaction product can be used in a fuel.

[011] JP 2000 169867 discloses a refrigerating oil composition containing a
coolant based as C,-Cg hydrocarbons and a polyether of the formula:

R' —((OR?%»,—OR’),
wherein R' is an n-valent group having an aromatic nucleus R? is a C-Cg
polymethylene with one or more hydrogen atoms optionally substituted with a
C,-Cy alkyl group or a group having the formula -R*-(OR’ ),,-OR6 wherein R? is
methylene or ethylene, R® is C,-Cg polymethylene with one or more of hydrogen
atoms optionally substituted with a 1-20 carbon alkyl group, R® is a 1-10 carbon
alkyl group or hydrogen, pis 0 to 80, R*isa 1 to 10 carbon alkyl group or

hydrogen n is 1 to 6 and m is a number giving a product of m times n of 3 to 80.

[012] U.S. Patent 5,750,480 discloses a hydrolytically stable lubricating oil
exhibiting anti-wear properties, dispersancy, thermal and oxidative stability and
a method for producing the lubricating oil. The lubricating oil is a mixture of

mono-di- and tri- alkylated anisole having the formula



- 5 - [016] JP 57012097 teaches a base oil for |ubrication of netal
cont ai ni ng pol yoxyal kyl ene et her of Bi sphenol A or Bisphenol B, i.e.,

mat er i al swof2oasm®2998r nul a H (al kyl ene oxide)rn 00 (al kylPremasSeoo7@edsps H The
base oil is described as having numerous advantages, including no
generation of sludge, being non-corrosive to rubber and netal, having a
relatively high flash point, high viscosity index, soluble in water, | ow
toxicity, superior heat resistance. [0171U.S. Patent 4,256,596 teaches a
conposition useful as lubricant or fuel additive produced by the oxidative
coupling of a mixture of (a) at |east oMe hydroxy aromatic conpound
containing no aliphatic substituents with nore than 4 carbon atons and (b)
at | east one hydroxyaronati c component sgntaining at | east one aliphatic

substituent with at |east 12 carbon atolys. At |east one position ortho to
an OH group in each of (a) and (b) mnu unsubstituted. Each of (a) and
(b) further contain X and Y groups wh an be H halo, RR ROH OR SR, RC

wherein Ris up to 4 carbons. 10181g %@nt 3,451, 061 teaches poly
(m oxyphenyl ene) benzenes a functional otwyj d. The materials are

UnSu0t L Rl Rk RSSO T Bl e S 1

2, 2- bi s( pazacabbRAGRS PREGAH Jal IhARAGER ' ®F 4nd REENASIDbeh{HitogeR: 61
[013] JP 3370829B teaches a lubricating oil composition containing a base oil
an additive and 0.2 to 8 wt% of a mixed anti-oxidant comprising dialkyldithio-
carbamate and aromatic amine. The base 0il can be a mixture of polyolesters
and alkyl pheny! ether oil. The lubricating oil can also be turned into a grease by
addition of thickeners. The alkyl phenyl ether oil can be alkyl diphenyl ether,
alkyl polypheny! ether, dialkyl tetraphenyl ether and the like.

[014] EP 0466 307 is directed to synthetic lubricant base oils comprising
oligomers prepared by reacting over a catalyst a C,o to C,4 linear olefin with an

alky! substituted diphenyl, diphenyl ether or anisole.

[015] EP 0438 709 teaches an engine oil containing up to 10 wt% of an
alkylphenol alkoxylate, or of a bisphenol alkoxylate

R'[O (R?0),H]n I
CH Hy
© @ I
H (R20), 0 0 (R20), H

wherein R' is a radical of an alkylphenol having up to 2 alkyl groups of 6 to 24
carbon atoms or a bisphenol, R? is the radical of butylene oxide alone or a
mixture with propylene oxide, n is from 10 to 1000, and mis 1 or 2. WhenR' is
Bisphenol A the product can be the material of Formula II (provided m is 2).



OCH2- CH = CH2 [20] U. S. Patent 2,560,350 teaches 2, 2-bi s(para

al | cyl oxyphenyl) propane as an insecticide. [21] U S Patent 2,504, 382

t eaches nwoi0esimbsogonposi ti ons conprising 2, 2- bi s( par ararhkszyphesys )
propane, which are materials of the formula cHk zcH3 RORO wherein Rs are

al kyl groups containing from1l to 4 carbon atons. Description of the
Present | nvention [ 22] The present invention is directed to a |ubricant
whi ch conprises a base stock/base oil conprising a synthetic phenolic ether
of the formula R2 R3 \ R 1nCR4 (A

-5-
[016] JP 57012097 teaches a base oil for lubrication of metal containing
polyoxyalkylene ether of Bisphenol A or Bisphenol B, i.e., materials of the
formula

CHy

CHs
N

H (alkylene oxide),, O O (alkylene oxide), H
The base oil is described as having numerous advantages, including no
generation of sludge, being non-corrosive to rubber and metal, having a

relatively high flash point, high viscosity index, soluble in water, low toxicity,

superior heat resistance.

[017] U.S. Patent 4,256,596 teaches a composition useful as lubricant or fuel
additive produced by the oxidative coupling of a mixture of (a) at least one
hydroxy aromatic compound containing no aliphatic substituents with more than
4 carbon atoms and (b) at least one hydroxyaromatic component containing at
least one aliphatic substituent with at least 12 carbon atoms. At least one posi-
tion ortho to an OH group in each of (a) and (b) must be unsubstituted. Each of
(a) and (b) further contain X and Y groups which can be H, halo, R, ROH OR,
SR, RCI wherein R is up to 4 carbons.

[018] U.S. Patent 3,451,061 teaches poly (m-oxyphenylene) benzenes a
functional fluid. The materials are unsubstituted aromatic ethers of the general

formula

o H
n

[019] U.S. Patent 3,060,243 teaches the preparation of materials of the
formula 2,2-bis(para-alkenyloxyphenyl) propane



wherein 121 and R4 are the same or different and are F1, or alkyl

hydr ocar byl groups containing 1 to 16 carbons, preferably C3 to Cl6 |inear
or branch&d 200skpbsogr oup, nore preferably C3 to C 2 |ineacTars2eamsbed al kyl
groups, preferably Iti and R4 are different and provided that both Rl and
R4 cannot be H and that if either is Hit constitutes |ess than 5% of the
total of the RL and R4 groups; R2 and R3 are the sane or different and are
hydrogen or 1 to 3 carbon al kyl groups, preferably nethyl groups. [23] The
present invention is also directed to lubricating oil fornulations
conprising mxtures of the synthetic phRérol ether base stock(s)/base oil(s)
of Formula A mxed wwth a second base oil selected frommneral oil,
synthetic oil and nonconventi onal oié, preferably synthetic oils such as
pol yal phaol efi ns and nonconvent i onal “Bas&Het ock and/ or base oils, the

nonconventi onal base stock(s) and/g as5e okl (s) being exenplified by
Gas-to-Liquids (GIL) base stock a 3 i |, hydr odewaxed or

hydr oi someri zedkat al yti c (and/ or suat¢ent ) de xed_wgaéi%geds such as sl ack
wax, foots oil, waxy r&Hpre&@EL-Qnd Fi scher-Tr‘BB’é%h 2) , to produce a
base stock and/or base oil. [24] The present invention is also directed to
a net hod f[020] ublU.8aPatent 2(A60 350 eatlees2,2ibig(pard alksddxyphenyl) priopadeas ng
into the equi pnent .a |ubricant which conprises a base stock/base oil

conpri si nANgSEHAde.i ¢ phenolic ether of the Formula A or a | ubricant
conprising a mxture of the synthetic phenolic ether of Formula A m xed

with a sed0Rd] batkSsPatent 2/fd)4g382txaches mitagidalcorapositions compeising 2j2¢e

anount on i%ﬁgapé erﬂi’gﬁr‘%%&’%ﬁdi\y i.ves. %eglahlr_g ?ﬁeg ti rhquase oi |

m xt ures 'ﬁ@g‘é ’ A to 25 Wt %

preferably 3 to 20 % nore preferagh%: %%g 10 vt % of the synthetic phenol
I'Ng”

et her of Fornula A and the bal ance be second base oil conprising one

or nore of mneral oil, syntheti (e-n and_poanconventional oil, preferably
synthetic oil such as PAO and nonnti ' oiI such as one or nore GIL
base stock and/or base oil, hydrgt8uwexed or_Aydroi sonerizedkatal ytic

(and/ or solvent) dewaxed waxy fR@ds such as sl dtk wax, foots oil, waxy

raffinate, ]Eéréﬁhﬁg- & SdnsTe i g;rpra =) { base stock and/ or
base oi l a“rlld/ or yggogm%d %Sr %y ?lg? om}s'} ?ztgéleé(‘:g?g#?%&( and/ or sol vent)
dewaxed vv%é/sc{_i(é«ag bg}jﬁ §;§ck!zimd/ &r base oil. [026] The m xture can al so

contain f of a long chain alkyl aromatic as the

napht hal eo22h g Thepregerfinfiildn S ueckibt & hitileapt WhiciT e RinbHs) ffase
nalolht Eal erstx;c_llfﬁbasa;]oil c?@pﬁs?ihkgaa smt:lettiﬁ phgl)l(oltici:\lcet}xer efal:?fdmulaf te_t hers are

we nown. e phenolic ethers o e Exanples o is invention were
prepared by the reaction of Bispﬁ?Qo¢R¥\\M th a mxture of hydrocar byl
hal i des. Suitabl e hydrocar byl | i g@és include but not imted to n-butyl
broni de, 2-nethyl butyl bromnid oni de, 3-net hyl but ylA)or oni de,

n- hexyl brom de, 3-nethyl ret hyl hexyl brom de, n-octy
bronmi de, cycl ohexyl bronide', degyl de and the like. The correspondi ng
hydrocar bylh&8inR| dRd Rodte #hé H, 3b! Eg{]

derivatives ar épllgnom l%o fhosgalggiorlﬁggerle% tgﬁg agég'ﬁ,%li’[a xﬂ[dgﬁ%{ggyit ransfer
catal yst ﬁwm sm;tbining glctodmji:a:jrhbhsg gr@amd)l?'r(%ﬁ?f @utltimlaﬁaa!otyshga?ciadmteyll to

i ncrease the reaction yi nd coppri se O n imte aternary
o um IEP GGt ST B Ca At PRRHOPR SFRRERHALRY EFOMRS ESIEFRIE Lim
brom de, quﬁhggxf ' ] rp ar | B HRAARIHAE 5
tricapryl tr“flle‘lj-‘lt hy amn?;ﬁnﬁ}bqum%gmggﬂﬁﬁﬁ%&lhi%b&%% cgg]r?&espon I ng Fif

t et r aal kyleithepis Hnit cohstitutesdessathan 586 olf theittal of theR,; dikkRp lpeowps; cCRet her s of

this inventi can, al so be prepared b he reaction of the Bjsphenols with
I xt ur & 30 Ky 41 the phms, o BFGRoRta8d 255 hyArRAR eI Fo 8 caskamAlST BERRS, Thi s
nmethod is Laul 1 |l e for large production of .the phenolic ethers
as it m nip?rléf;cge‘éslﬁyﬁg&?l %g&%llioh of waste products. The al kyl groups on the

ort hof or cap, be sane.or different . an lected fro he aroups net hyl
othy O APERL I 8 GeRG isvertian 15 afet Fe}ed o Eftricqyna ST Kfppntagohs

met hyl -1 - %ﬁ'ﬁﬂrish?% iRikbres lof B ¥Ynth&id Blivhol AheEbARE!stdckiis)Tb¥de oiﬁs?@f hyl -1 -
pentyl, 2-methyl-1-pentyl, cyclohexyl, n-heptyl, 5-nethyl-I-hexyl,

4- et hyl -1 hexyl, n-octyl, iso-octyl, 2-ethyl-I -hexyl, n-nonyl, dodecyl,
undecyl, decadecyl, tridecyl, tetradecyl, pentadecyl, hexadecyl and the
like. [30] The phenolic ethers of this invention can be used as an
additive in or as a lubricant base stock in engine oils, marine |lubricants,
industrial oils, gear oils, conpressor oils, hydraulic oils, diesel
autonotive oils and other |ubricant




applications. The phenolic ethers of this invention are excellent solvents
for polar additives such as antiwear additives, antioxidants, demulsifiers,
extrenme pwvosew®d2adddi tives, dispersants, detergents, VI pcrsessnsssoant i f oam
agents, corrosion inhibitors and the like. [31] The phenol ethers of this
invention are useful as base stocks/base oils per se and as co-base stocks
and/or as additives in engine oils (gasoline and diesel), nmarine

| ubricants, industrial oils, gear oils, conpressor oils, hydraulic oils,
gas engine oils, and other |ubricant applications such as greases. [32]
The unexpected utility of the synthetic7phenolic ethers is based on the

di scovery of their unexpected superior thermal and oxidative stability,
better sol char: st lyad L L : . ot her
synt het ;o haMa g SAEH ST a sffondBise AERcKRIom hinghl SRR P Y
possessi onamf ngcnh vieatiohalngik iprt ferablyrsynehidticesils suchids pusly aiphaplefinspeyd | es
are typically neasured by the Aniline Point (ASTM D611). Low aniline point
(0 to 10C)nsopysntigna)hase stack and/opbass oilss the Bongopyveatienal kase stegki®hcy but

it Ve J 4t d
fhat the <ORPREBM" SR bHEN R BB s ot (R0 AT AP BpSR R B )
those of thasefwil, hyldréddveaxediotthydrsiomirigdrshtslgtic (andrpaboReht)tdevadxddhe
al I cyl at ed napht hal enes whi ch have higher aniline points. [34] Lubricating
oi I for mul wexyieedssvshiasiskgkiwex.dfoetheili waxmeadinats, pad Fisghertiropselvent i on
typically &8’8%5?:“?,8?%44&?%9&% S%C%&S?Bage gﬁpond base oil or co-base stock

and/or an a ctive ano one or nore performance additives.

[ 35] The o r re of a.second base qil is .selected fr m neral oil,

hon pet 1 ot B8 hy cHscorehert By Fon b ireetst 18 ARatiog-os RreAtEIEl base
ol | 5. [ 3&quipicfierdquaifie Mlbriciion®y Iritfbdieste SUipARG Y lubrikantcnown in
the art. Béggpsfoci |é d%finedzggﬁquﬁgican ﬁggg%%n%ﬁ producggbﬁvka

si ngl e manwhich-caprisdsarbasesstockibasecoid somprising & isyathetiophenolie gthrataft  of
feed sourc manufaacturer'.s location) that neets a giyen nuf acturer's
parti cul art?‘gg{mqﬁé Pb?l[i‘ﬁ%%nﬁl F@gﬁ’rﬁg%ﬁﬁ%‘&elﬂtﬁhﬁ S?%%HFE@“B Cprocess.
A base 0l lethér bFofifiifal A thikd Rt aSe06id Bhsd LSk b/ babE O dildGkan Meet i ng
the specification requirenments of a particular tinished [ubricating oi
product . Laddificeeffegtibaamosnboke bb aswre gierfortance additivesf ul in the present
invention as second base oils or co-base stock oils are natural oils,
synthetic 25§, anfbrivafifgbase bilainiturts!of thé prédeht Bdienfion\o esY(a)
typically those oils having a Kinematic Viscosity ( at 100C (as neasured
by ASTM D4ixemn about HetorZhwi%ee preforably 3 to201wtanmeore prefesally shioy1ma% of t o
50 nurn2/s, nor referably abaout 4 to,25 [S. tural, oil nt hetic
ol o and heReBebictnar ctef 8F Kl el e Raanse beth e brsondiieer | neo,
refined, osil cefmprisiifitiond BEmoré bEmineral o) skAGetic bl 4RFhendBifveRtioh8P6iPC essed
oil). Unrefined oils are those obtained directly froma natural, synthetic
or nonconviggferahly syndheticeoi such se BAQ and monconventional pilfisuchtasome orhese

i nclude fo I hal i | ngd, direct | romretorting operations,
petrol eum%‘?ﬁég;bﬁ‘alsﬁ%d&&&f g%{vf)g%%'gé()%qu%;raﬁw&%g{jﬂl ation, and ester oil

obt ai ned dhydreisondriZd catal§fit €and/bf sblvent)RicwHed winef Feedld sath as 8lRksi m | ar
to the oils discussed for unrefined oils except refined oils are subjected

to one or Waxclooty ol waxy saffimate, EiselresrTrapsen(I5{I9psax, anostprefesably GEhst one
| ubri cati Qi roperty. One skilled in the art, is famliar,wth. .mny

pur 11 cat 1sesiof SREPE Base bR s bEBredbw e nydiolBRer AT O
exanpl e, s@hdfiHsobvdrtpdéwared HAK)Teed bash stbotk halliRbas@eild extraction, base
extraction, filtration, percol ation, hydrogenation, hydrorefining, and

hydr of i ni SigsRe. k i Snihh 3 I o]
ot ned o 1U28Fpy (e aate Sir §3icnfih HiFaplée PiGGERTE0 AL 8ER NI O 1o
I, 11, 11Ilchdiialityd avomatic las teclsexanddwase atoakf ohassan additishatChasedtoek sypdd and

defined by the Amnerican, Petroleum Institufe (API, Publicgatjon 1509;

wwy. API . orgp)alk naphthaleng; ¢,8i snGmealkyfmge@g?wei ?Fo‘gﬁ( paH@'ff\xré%tHYho to

120 and coﬂﬁtﬂ?l%gat er than 0.03% sul fur and/or | ess than 90% sat ur at es.
ba st oc

Goup |1 e s have a viscosity index of between 80 to 120, and
contain - | -




| ess than or equal to 0.03%sul fur and greater than or equal to 90%
saturates. Goup Il base stocks have a viscosity index greater than 120
and cont avooésamssoshan or equal to 0.03% sul fur and greatcerustévani 3090
saturates. Goup IV includes polyal phaol efins (PAO. G oup V base stocks

I ncl ude base stocks not included in Goups |I-1V. Table A summari zes
properties of each of these five groups. TABLE A. Base Stock Properties
Saturates Sul fur Viscosity Index Goup | <90% and/or > 0.03% and a 80 and
< 120 G oup Il a 90% and 0.03% and a 808and < 120

[027] The methods for the preparation of ethers are well known. The
phenolic ethers of the Examples of this invention were prepared by the reaction
of Bisphenol A with a mixture of hydrocarbyl halides. Suitable hydrocarbyl
halides include but not limited to n-butyl bromide, 2-methylbutyl bromide,
2-butyl bromide, 3-methylbutyl bromide, n-hexyl bromide, 3-methylphentyl
bromide, 2-ethylhexyl bromide, n-octyl bromide, cyclohexyl bromide, decyl
bromide and the like. The corresponding hydrocarbyl chlorides can also be
used. Other suitable hydrocarbyl derivatives are known to those skilled in the
art.

[028] A phase transfer catalyst may also be used. Suitable phase transfer
catalyst are used to increase the reaction yield and comprise of but not limited to
quaternary ammonium halides such as tetramethyammonium bromide, tetra-
ethylammonium bromide, tetrapropylammonium bromide, tetrabutylammonium
bromide, tricaprylmethylammonium bromide and the like. The corresponding

tetraalkylammonium chlorides can also be used.

[029] The phenolic ethers of this invention can also be prepared by the
reaction of the Bisphenols with a mixture of trialkyl orthoformates on an acidic
ion exchange resin. This method is particularly suitable for large production of
the phenolic ethers as it minimizes the formation of waste products. The alkyl
groups on the orthoformates can be same or different and selected from the
groups methyl ethyl, n-propyl, isopropyl, butyl, isobutyl, tert-butyl, amyl, 3-
methyl-1-butyl, 2-methyl-1-butyl, n-hexyl, 4-methyl-1-pentyl, 3-methyl-1-
pentyl, 2-methyl-1-pentyl, cyclohexyl, n-heptyl, 5-methyl-1-hexyl, 4-methyl-1-
hexyl, n-octyl, iso-octyl, 2-ethyl-1-hexyl, n-nonyl, dodecyl, undecyl, decadecyl,
tridecyl, tetradecyl, pentadecyl, hexadecyl and the like.

[030] The phenolic ethers of this invention can be used as an additive in or as

a lubricant base stock in engine oils, marine lubricants, industrial oils, gear oils,

compressor oils, hydraulic oils, diesel automotive oils and other lubricant



Goup Il a 90% and 0.03% and a 120 Group |V Pol yal phaol efi ns (PAO G oup

V All other base oil stocks not included in Goups I, I, IIIl, or IV
[ 0381Nat uwal20as/dogsosncl ude animal oils (lard oil, for exaopluspoo7weses abl e
oils (castor oil and olive oil, for exanple), and mneral oils. Aninmal and

veget abl e oils possessing favorable thermal -oxidative stability can be
used. O the natural oils, mneral oils are preferred. Mneral oil
conpositions vary widely as to their crude source, for exanple, as to

whet her they are paraffinic, naphthenic, or m xed paraffinic-naphthenic.
Ols derived fromcoal or oil shale are9al so useful in the present

I nvention. Natural oils vary also as to the nethod used for their

product i thgis'ﬁ@aﬁHﬁé f ﬁ@k}h@ﬂohé EtheRXS i€ invetioh £k skt aitisBVentd st and
whet her th are straight run or cracked, hydrorefined, or solvent

extract ed. p({lﬁtSﬂ}dismehwcltamﬂtsvcarcddahkevéwdnanrdants demailsifierss lektreme

non- hydr ocar bon oil s, Synthetic oils can b‘((alzderlved frq rocesses such as

chemi cal  GERBIRG AHERIVE oI SBRIRMS cUCtBER PR r Y L URPESY 6T BPHERAIR AEERSon,
condensat '&?rqs%rﬂi‘hﬁfﬂt ,arfhk 3fKeOn, etc.), where naterials consisting of

smal ler, sinple ar species are built up (|. ., synthesized) into

t I I I heti
o115 1 noi UAThy arlSEcptBse! BHHE ol 5 ReRotr ioeh 4n dar PRk EPomet B ca -
ol efins (wrkéwlﬁwba&@taa{m@ﬁ@ssadamay ﬁ&@ﬁgxh%%@lét(ghﬁlﬂ\ecﬁfdﬂ ymers,
et hyl ene-ol efi n copol yners, and ethyl ene-al pha-oléfin copol ymers,

diesel), marine lubncants industrial oils, gear oils, compressor oils, hydraullc

oils, gas engine oils, and other lubricant applications such as greases.

[032]) The unexpected utility of the synthetic phenolic ethers is based on the
discovery of their unexpected superior thermal and oxidative stability, better
solvency characteristics, and lower volatility as compared to other synthetic
material, such as alkylated naphthalene or PAO, as well as their possession of

good low temperature properties.

[033]) Solvency properties are typically measured by the Aniline Point
(ASTM D611). Low aniline point (0 to 10°C) co-base stocks such as polyol
esters have excellent solvency but are quite aggressive/detrimental to seals. It
has unexpectedly been found that the synthetic phenol ethers have low aniline
points (<0°C) similar to those of the polyol esters but have the good seal
compatibility of the alkylated naphthalenes which have higher aniline points.

[034] Lubricating oil formulations comprising the synthetic phenol ethers of
this invention typically contain either one or more of a second base oil or co-
base stock and/or an additive effective amount of one or more performance

additives.

[035] The one or more of a second base oil is selected from mineral oil, non-

petroleum hydrocarbon oils, synthetic oils and nonconventional base oils.

[036]) A wide range of lubricating base stock(s)/base oils is known in the art.

Base stock is defined as a lubricant component produced by a single manu-



- 12 - for exanple). Polyal phaolefin (PAO oil base stock is a conmmonly
used synthetic hydrocarbon oil. By way of exanple, PAGCs derived from C8,
C10, Cl2,wQhdosnioefosns or m xtures thereof nmay be utilizedT/iSe@71014893 Pat ent
4,956, 122; U. S. Patent 4,827,064; and U. S. Patent 4,827,073. [40] The
nunber average nol ecul ar wei ghts of the PAOs, which are known materials and
general ly avail able on a major commercial scale fromsuppliers such as
ExxonM obi | Chem cal Conpany, Chevron-Phillips, BP-Anrpbco, and others,
typically vary from about 250 to about 3000, or higher, and PAGs nay be
made in kinematic viscosities up to abol- 100 cSt (neasured at 100C), or

hi gher. I n addition, higher viscosity PAGs are comercially avail able, and

1050) - or RruRerto B Rel s EARANORE oL AU M fogf tobuf pr mRRE Rl

mol ecul ar lmmtght) thathnegsnagivén manufactirer’s phitipala spedificatiohaepaidless othi ch
include, but are not limted to, about C2 to about C32 al phaol eflns Wi th
about C8 t'BaRMag tureﬂateahpmccﬂr@ﬁp%ss S baseail 1s the pasticular pockprgodecene

and the i r I pol y-
10t one, TaoeS PEbaRE St HecrHyThe'FeGiicaoR R RIAHENR o d MEnBUE DT

m xed ol efﬁrnslsktt lubeii:aﬁﬁgml pfodust. Dabsostingbase ﬁb&%&@&ﬁldﬂiagﬁﬁi@seﬁﬁﬂ t he
starting aoligonmer, the PACs may be predom nantly trinmers and tetraners of

the st art iiAgh® PEISEAL INVEN{IAN AS/56€0 m@leﬂr@m&mgnek%llsuagenemlm| ng a

Vi scosi t her

ol efins ?/ns&g E%?r a‘%glg%gg?tn %c%&%f% ﬁn;%/i%f 15@9"%&&&“5@&?&81 %‘iﬁ I oévs(%
viscosity dim\sﬁg)alieu&fnaaiweisbahky(KW&QD&E’CI(& meas{l&iﬂ]byPAmeu'DMS)rmy be
conveni ent|ly made by the polynerization of an al phaolefin in the presence
of a pol yﬁBr‘h%éﬁﬂ&S’rP%@t%@stP K)ommids, nreferablyabout 3ﬂ?§%‘§ﬂht’%ﬂ§l‘°ﬁeﬂcl udi ng,
for exa o bor on
trifl uom:)dﬁe e?%w%%t%g}rthtal co %s sucﬁ'[rggmg’t ano‘ﬁw %i?%%grqo oroggg éﬁ%l

car boxyl i @ikcndsmixtuess thefecfwah besusedhifirefified, atfined, Grireyefimed@he Mitted. For

exanpl e the net hods di scl osed by U. S. Patent 4,149, ‘178 or U.S. Patent - 13
_ 3, 382, 293 alsgyknoeve gnveslaimed of repsecessed o). Unnefinerbeils pr these obtaingd

syatnes,s dlgl s ) g, COAD NS ol el ised aaé‘ Stpfd gegiouf " 20
4, 956, 122;fusthér pufifidadién.. These Hictidesfofexafipl€4Hale ©idBtaitedf dni’éct [ from
descrl bed in U S. Patent 4,218,330, also incorporated herein. 42] O her
usef ul s]}/rrﬁmrtmg opgrtianss petgolsgrol obiaingd dircsily ifrom plswmfcﬂisuagw,m | f or
esters of ARGy ShEAAIREAR AEH Sy SkrHlcaoR Britest: KihneBAITAES, ©

ot her synt iclu rlcalng sTare etic
Lubri cant similer tdthe@®ilgl@isé@ssed Tor Wrefinedadils cﬂi@pﬂf&ﬂrﬂ:dﬁbﬂﬁ ar‘éhiu ded o, New
York, New York 1962. 43] In alkylated aromatic stocks, the alKkyl

subst i t uerang Q;rreowpun; pakyorapkgran@fpmpgoafst@@dgtlnwro‘oe ableast-onm at ons,

uoual Ly BGHARGH oA rbbert?. ERERMIAY P i BrtPar O mRY BhebHSfioncs
Petrol eUmdﬁlﬁﬂsﬁéﬂiﬂatﬁfrﬁ?fdcﬂ&se@%e&@%ces?@ ncludd, ko emdsieesdlogRounds: A

Class of Thermally Stable and Wde Liquid Range Fluids", K _C. Eapen et al,
Phi | adel ptixsractign, seppndWQMStIBehqemd eXiragiéor, thase ewtragtjon, Haltration,

patent 5, dEclsfon bydioBel i, iushethitt SRR L RSB
Appl i cat i Gite UBtainédBbh It oeéyaezua&lo SL£tY refﬁ&a%xmsut &npldyosn 6ANAat Rdse used

as lubricant base stocks, especially for owterrperature applications
(arctic vdiecolpsevioyslhyneseidnery service, and refrigeration oils) and in
papermaking oils. They are conmercially available from producers of | i near
al kyl benze(ﬂBﬂ (LABQ)Jpsm,clPl HE, M and VCarerbroad categotiesof base 6l stocksl .

have good qe"a(\ﬁ/f eraw%“geﬂb °e{‘@%éw§'meé%q7€€%&3'ﬁrmé’?Aéﬁ%uiwcé&'»iZ's' ’
greater t rorratl A m@ﬁ%f&ﬁﬁm % &/ $13€ lgofncesigaffse%en@bher

allcylate may “be use esira are described, for
exanpl e, ito IWntand_gjieatmmom% salfor md/‘bnlesanhzm FO0%Ucsataraes. Fl ui ds",

H Dressler, R L. Shubkin (Ed. é% %# D§ﬁ5 hbm/Ybrk New
Yor k (199é¥roup-ﬂiwse stqclﬁa]hw meltweexs ghrsen 8htp QMRS and
their derivatives containing nodified term nal hydroxy groups obtained by,
for exanple, esterification or etherification are useful synthetic

| ubricating oils. By way of exanple, these oils nay be obtained by

pol ymeri zati on of ethyl ene oxide, propylene oxide or other alkylene oxides.
The al kyl and aryl ethers of these pol yoxyal kyl ene pol yners

(et hyl - polylsopropylene egcoI ether havi ng an average nol ecul ar wei ght of

I A NN N




[46] Particularly useful synthetic esters are those which are obtained by
reacting one or nore polyhydric al cohols, preferably the hindered polyols
such as twe eapesssyl pol yols e.g. neopentyl glycol, tripgetdsyéoclorsbhane,
2-met hyl -2- propyl-1, 3-propanediol, trinethylol propane, pentaerythritol
and dipenta- - 15 - erythritol, with al kanoic acids containing at |east
about 4 carbon atons, preferably C5 to C30 acids such as saturated straight
chain fatty acids including caprylic acid, capric acid, lauric acid,
nyristic acid, palmtic acid, stearic acid, arachic acid, and behenic acid,
or the correspondi ng branched chain fatthy acids or unsaturated fatty acids
such as oleic acid. [47] Suitable synthetic ester base stock conponents

i ncl ude t met hyl ol
cthane,  pootalefid sibat o 0858y ke BRGerdhu B Bl to YR nuratey
nonocar boxgtdup HEbase aoakﬁhwmvfsecmﬁhw grehter @il 20 @nd @bhringlesss .

[48] Silicon-based oils are another class of useful synthetlc Iubrlcatlng

oi I's. Thedbawior saualco i3 oyl finang greaiss than 9%, sway%ﬁ Karaup IV, iprludes
pol yarylo gélgﬂﬁgl@?mg 'd’%(ﬁ?d(?%d a%e% tdcks 15&(13?9 b&Se YockY hbfmsfaﬁzdcd

silicon- bdse s i ncl I cate etrar sopropy | cat e,
tetra- (2- dhlGidups I NG ThbRiA& suhﬁhﬁt&ze(sébrﬁpbhidshﬁ)%bh ofithéseafiee groups.
tetra-(p-tert-butyl phenyl) silicate, hexyl-(4-methyl-2-pentoxy) disiloxane,
pol y(nethyl) sil oxanes, and mEE(xetBage-goémpﬂa,)sbmegnyl ) siloxanes. [0491
Anot her C|a$ flnn oi-—isestars of

phosphor ous{cont ai ni ngSatutats. These iSwifonde, for b zmgﬂ&flrldm(cresvl

phosphate, fidmlegy! PhespRaiy/ort he dlfo.by%@ﬂt er pi gdemarepiposphoni d aci d.
1050] Anot he —as or OIS ctudes r1C el ar of Urans, — thei|r
derivatives, 3-!2843‘?%‘211 ln ffh' }S w&bﬂr S 7Y preflerred

T

that the seg¢é&irduplie 52 90% dmke oi | |of 0.08%bmske st bzK2Be _an | sopar af fim c,
predom nant |} 5raah wat eplolpg@ga@éﬁlgm)st ock. Useful fluids of |ubridating

Oy T A e, bl O sl o T e BTl v

unconventi o Fe—BECH—Proeesset; St

catalytically, or synt heS| zed to provide high perfor mance | ubr| cation
characteri[938Fs atoedoilslinclulde Ianvmal eilsl@ard oil S ebdampde));lvegttabhm:lsor
unconventi onal base stocks, apd/ or se 0| | s ngil ude one nore of .a

mi xt ur e of(CB%fQéOQt%‘@k‘( e MF"B@Q Joand gyingeal oplsg Aniga @ﬁé%%%?ﬂ%

Gas-to- Li gy I edor
hydr oi SOfT'erIS(Zjéds%CG.t %ir,l%stg vent%gév\g?(g%lsga‘ge stoc (s Of l.%ase oils

derived f raits, mhufaaloxwaxe prefemey. Mawsalcnlcempbsmmhsmarynmdahymsrtalthml waxy
feed stocks such as slack waxes, natural waxes, and waxy stocks such as gas
oi I's, waxycrpdeseuicsdfarsxaaple, absotptwh%th msmram@r tnic, Wg‘ﬂlﬁﬂ‘%&{ate,

t her mal Cr Gt ft?xJucQ{ag;ﬁF]lﬁ??l@efﬂsd ﬁ+m‘)ddai oPEnl ik&%’lﬂ béethpum oi |
derived waxy erirals sach as wax rraerl S recelve romco

| i quef act iiarthepreseat m\dnhonamhtﬁta!tdﬂrsa&rpblwﬂsftotthe encthod lused fiof theibase

oils. [53] As used herein, the follow ng{ terdms have the indi cated
meani ngs: Production and purification, for example, their distillation range and whether

they are straight run or cracked, hydrorefined, or solvent extracted.

[039] Synthetic oils include hydrocarbon oils as well as non-hydrocarbon oils.
Synthetic oils can be derived from processes such as chemical combination (for
example, polymerization, oligomerization, condensation, alkylation, acylation,
etc.), where materials consisting of smaller, simpler molecular species are built
up (i.e., synthesized) into materials consisting of larger, more complex molecular
species. Synthetic oils include hydrocarbon oils such as polymerized and
interpolymerized olefins (polybutylenes, polypropylenes, propylene isobutylene

copolymers, ethylene-olefin copolymers, and ethylene-alpha-olefin copolymers,



a) "wax" - hydrocarbonaceous material having a high pour point, typically
existing as a solid at roomtenperature, i.e., at a tenperature in the
range fr owoabesao2sb8C to 25C, and consi sting predom nant lpgTafs2@anaishs ni c
materials; b) "paraffinic" material: any saturated hydrocarbons, such as

al kanes. Paraffinic materials may include |Iinear al kanes, branched al kanes
(i soparaffins), cycloal kanes (cycloparaffins; nono-ring and/or multi-ring),
and branched cycl oal kanes; c¢) "hydroprocessing”: a refining process in

whi ch a feedstock is heated with hydrogen at hi gh tenperature and under
pressure, commonly in the presence of a2catal yst, to renove and/or convert
| ess desirabl e conponents and to produce an inproved product;

hydr ot
sul fur - andoh SampRyc FotyalbhiolsHHPALIAN B LRER T 5 CfimG &V‘E%n r oduct s
wi t h r edusestheticthydrecatbon oil. tBpgey shDexample, RADS\érivedfroat @&eslmmi,ogen

sul fide and/or ammonia (res ect | vely) as _byproducts; simlar -oxygen
cont ai ni n&lh?&ﬁ'mﬁa@ i’é@ﬂé‘@gd{ @%MSOE&W@F@%H@&%M

nor el par A FT A8 TS % RSa S bone, e g, E{E’Sﬁffyi br anched
cra Ki ng/ fr i.on I ower, nol ecul ar

i ght astaeﬁ% | Ehi BT TaRS ROl WHENE SLBE A DR PISIAIE IoWRSC

) h
L) ohas  bicf ph@??%afe?%mﬂe B coRmERab) SEIPRCRTsup it oces
aut or ef ri gaclhas EenfsnM@inl Ohenaodnli @ompanyl,ecmmmmpsam tanobe, anghoved
e
fhi b hed
bl T AR S BSOS SRR, B

requi ri ng higlseib IaGidditiodilighérovistosig P AO¥tita Icofiercidllye availablé,aid :tnhy final
oi | product (base stock or base oil) has the desired product pour point);

h) hydrodaeankdmgl kmnmwvnycwnpsmé@gbw M eSt{ympasyeadhat KI0°EDcerpani es

t he crack of . h drocar bons nvertln heavi.er
hydr 06 ar bONEGt o8 AR Yicals BER R ot ey RN Hokatet S8 o

c cl opara |

5 et g ot

cor por at i dm)llt@d VErajboytaCe(to |abeub€§zaalpha®eﬁn@mﬂsab¢ut£n torabowsiChglalpha-ep or

by | somer (FPLANFR A IaPRIENE-d5FonEnd dedSPar it Bhe i BB TS S Hnched
i sopar af f it prer&réa)pswam biefins ape Psrcyaum&{@fpblm -dddifie raﬁa%du(ng product

not requiring a separat'e conventiona talyti ¢ or’ solvent dewaxing step to
meet the dedecant md)duxturpsatherq:mﬁ and mp)ed blefinedersvedypalyolefmse MAepend-

"isonerate”, "c tic dewaxat drode refer. to the
or oduct o ghbandi VisFostty Bt md rtiine diednel LB Rabihe c
speci fi calgr¥ddmftian®yafimers ahd tetramers of the startmg oleﬁns, with minor amounts

of the higher oligomers, having a viscosity range of about 1.5 to 12 mm?/s.

HP

However, the dimers of higher olefins in the range of about C;, to C;s may be

used to provide low viscosity base stocks of acceptably low volatility.

[041] PAO fluids may be conveniently made by the polymerization of an
alphaolefin in the presence of a polymerization catalyst such as the Friedel-
Crafts catalyst including, for example, aluminum trichloride, boron trifluoride or
complexes of boron trifluoride with water, alcohols such as ethanol, propanol or
butanol, carboxylic acids or esters such as ethyl acetate or ethyl propionate. For
example the methods disclosed by U.S. Patent 4,149,178 or U.S. Patent



k) "base stock"” is a single oil secured froma single feed stock source and
subjected to a single processing schenme and neeting a particul ar

speci f i cavpangs/)s98base oi |l " conprises one or nore basePsTask{eeN14889541
Thus the term "hydroi somerization/cat dewaxing"” is used to refer to

catal ytic processes which have the conbined effect of converting nornmal
paraffins and/ or waxy hydrocarbons by rearrangenent/i soneri zation, into
nore branched iso-paraffins, followed by (1) catal ytic dewaxing to reduce

t he amount of any residual n-paraffins or slightly branched iso-paraffins
present in the isonerate by cracking/ffEgrentation or by (2) hydrodewaxi ng
to effect further isonerization and very selective catal ytic dewaxi ng of

Sol vent) . €22 RN ALHE EohyFrBhATi5eq Rtiny Eubly areBBubIR rPAlY | Mo Ves

hydr oi sonmesyn#tfdsisaref fouha\ife thdfol ok ing . S Péeerit Nos. 3, 742,082:03,769363; Of
sol vent dewaxi ng and catal yti c dewaxi ng) which effects the pth|caI
Separ at | orb.B16:aR: #2083 43T 35 Eohii A18656,434,408: AR 35510363985t pour

e S SR uld P b B & ot

degr adat i of)2 ¢8330s4alktGhéotporited BExMs. f r om gaseous carbon-contai ni ng
conmpounds, hydrogen-contalning conpounds, and/or el enents as feedstocks

such as hyﬁhﬁ?enoﬂié{ Q%ﬂ%ﬁﬁh&?c IR A% TARE X ok chPéu%'ivaer?ﬁ 1Baséef hane,
et hyl ene, "acetyl ene, propare, propylene, “propyne, butane, butylenes, and
but ynes. @ Glil obestersséfostiasphotlisecortaming atidlsangy &lbb benitilided. FExdmplebrafcat i ng
viscosity that are geperally derived fron1hydroca[bons for exanpl e waxy

synt hesi zcthexsxnshelie bibricatingibase stacks sge the-semipal work { Sypthefitp| er gaseous

car bon-co | Al L TP - QO i 1} NP @gﬁgr ment s
as feedst%‘%&%ﬁ’bése’@ I('i)c(l: l%és/[gaggﬁyo% %@%%‘?ﬁ?g@ [ ncrkﬁ‘gneéoi “boiling in
t he | ube oYbri)Nédw nforkal2. separ at ed/ fracti onated from synt hesi zed OTL
materials such as for exanple, by distillation and subsequently subjected
to a final [0\49!< PIR@BSAARE atbRAtIRt6dks! the alk)Psubstitddité afd typialyodikyne

wel | - known catal yti ¢ "dewaxi ng process, or solvent dewaxing procCess, to
produce | ugreups bf abéut & thi2&catton gtoms, psually fropnabassi et 1@igarbooratemses,

conprisin or. e I hydg od xed. or dr oi sqgneri zed/ cat nd/ or

ol vent) LR 1P E5NRBLre A Rty B S oA aLEd Tob e O
hydr oi sonmejikgPeéizRhes ANACE PEQLMART CheRNSHE Prép It RISEL pOSE Py T) materi al
(i.e., hydrocarbons, waxy hydrocarbons, waXes and possi bl e anal ogous

oxygenat es)-Alpybicozemns QOWSM@MSS of Thytnoally Stable a0d/Wide Liquad or

| vent E T, b . h d h i i zed/ cat
Cor <ol vertaBohias, R vEiied etay. hiinienta 1A D b seina o °°
(and/ or sqiréanted B9 R 8¢cIONthER it 7o PR aBSyne3 ofM8 i 1 B8rboRaitemb as0561 GIL

base stock(s) and/or base oil(s) derived from GIL naterials, especially,
hydr odewaxdascribed fiy 8F.8i Batent 5.058/624t Qthreat/adlicylbohzenes areldescribtdAnT nat eri al

derived b t d/ b j t h d d,
hydr o1 SondEATERER L e drRIceton e 1 af ad e 48 Ratenl ¥ BEtE < ork (5)
and/ or - basggjibéfAents A& BedPEs RbHERAL BasRitGisY esfecha R drature

} il 160
viscosities at 100C of fromabout 2 m®/s to about S%J_rmﬂl.s, preferably
f r om aboutapplieatibes (arctib yghici® andrpiachinmary seprie¢,camabiefrigerationtnilsh) agddni nnp/ s

t bout 30 2 lified by .a,GIL tock deri by th
hodr odowa PIRFBAKIE ST < SREF PLASODmETaNy evatatle SORERIuHaT G of F T
wax, Wwhi chyRefbeRzKARSTBABS) HichGRNV isva CheAREAILCH, FRishan CAORaRTD. 2

viscosity index of about 130 or greater. Preferably the wax treatnment
process i sChgdhondehemiaad CoarandNippon OH GopLineas alkidbenzenesitypjcally have

hydr odewaxi n atal yst.. Ref.erence herein. to .Kinenaty,c Vi scosit efers to a
measur emerBOTh iR BOURRAAS O NI BETEU Y5 psiiet. Aokl vilER EeafRE; base

oi | (s) deripgf 100018 rRitR lgod Sol VRS9 FoR hdditivesr CR¥ENRPIatéd aromatics
hydr oi someri zecUcat (and/ or solvent) dewaxed F-T material “derived base

st ock(s) awbiarmayde wied(when desirabichare degsaribadkox example,indiSyinthetisr | zed/ cat
(and/ or so]vent) de d xzderived. base stock(s,) [or _base oilfs),

whi ch can bBPHSEYS %ﬁ@%ﬁma&ﬁa &rxcﬁggél lgﬁ’l‘ésco : gﬁlgr,gﬁlﬁ?ré, - 20 -
invention g feRdvlgn (EB3)2aMAEEIAIEKKkSDNeW OrRSNBAVY BEk g@m?pm nts of
about -5C or lower, preferably about -10C or |ower, nore preferably about
-15C or lower, still nore preferably about -20C or | ower, and under sone
condi ti ons may have advant ageous pour points of about -25C or |lower, with
useful pour points of about -30C to about -40C or lower. If necessary, a

separate dewaxi ng step nmay be practiced to achieve the desired pour point.
Ref erences herein to pour point refer to neasurenent made by ASTM D97 and

T




[ 058) The GIL base stock(s) and/or base oil (s) derived from GIL materi al s,
especi al | y hydrodewaxed or hydroi soneri zed/ cat (and/or solvent) dewaxed F-T
mat eri al wernewad2ivase stock(s) and/ or base oil (s), and eChas2&0oM893

wax- derived base stock(s) and/or base oil(s) which can be used in this
invention are also characterized typically as having viscosity indices of
80 or greater, preferably 100 or greater, and nore preferably 120 or
greater. Additionally, in certain particular instances, the viscosity index
of these base stocks and/or base oil(s) nmay be preferably 130 or greater,
more preferably 135 or greater, and evelfmore preferably 140 or greater.

For exanple, GIL base stock(s) and/or base oil(s) that derive from GIL
materials preferably F-T materials especially F-T wax generally have a

vi scosi ty [Oddbx dflkylmesnxide palymmerspafddnterpelymess and their desivatives) i ndex

refer to ASTM.net hod 270. [.0 n.addition., the GIL base stock(s) and/or
base of | ( SO MORE] fermtina vl odns Whtatnaf 3] fobBREmBle- (o)
contai n nesterfcation SrdtRENfibRG afe useFulsymthetid lubyichRg oils! By way of

conbi nation with non-cyclic isoparaffins. The ratio of the naphthenic

(i.e., cycxgpmlesthesg ods mashbe phtaingdhby pabimenization ofethylengadidehe cat al yst

and tenperatur sed,  Fur r 'S i )
typically %é?%ﬁ:\r/lgroy lﬁ‘%ﬁ/r gﬂ{é?&}ky%}ée ﬁﬁsd(r%%ggﬁ'%ﬁﬁle%ﬁjé&ﬁgf%iﬁ)ghk’%%t ai ni ng

| ess than ok yalRy RRBpodyiih miethyPp6Blisoprbpsent clkethér Favinganf each of
t hese el errlgg?s.yTﬁ)é sulpf ur gi;]gd)(r ni tryopelr?hc%prftgt no GIL basre st ock(s) and/or
base - I21 avenage(mlplquw@ wetghbpftaheuhfllﬂ(bidsmul lzﬂtdrmfmoémbmne' rgij@ﬁl g- T
materi al , ,especi a Fr T wax,, 1S ,es [ ni Iln a preferre
erbod meniavisEa roleplial Witk o€yseif 380k ido! ahlithe alctBY fefal DLELITL ¢
material s ' ! ASoutSIDVY 1 19 d onl

m nor armué]({lgﬁro ﬁf%lgg?gﬁﬂgé%rhgg gia&wiaggt;’gf 2§%‘gk( s). tgnfgjs/a(?r§ fggse oi I>/( S)
t ypi cal : y eempleker ?mnaﬁfahd}nolnﬁlrhoxﬁiosismaﬂemnggbe agidlgraeut eﬁ:t_eltshan 60 wt %
non-cyclic isoparaffns, .prefera er n o nan-cycl ic :
Sopar a ixﬁé’:%rg?'? aﬁ%tgf 58‘&;;723%’%?@ %f‘g;ﬂs%nc@@a?% i qtev@q'fexf %ﬁﬁ fins,
and nos clic isoparaffns.

Usef ul co?po’;s?tﬁ??n?%? GTﬁgebase%gt o?:k(s) egrt%d/k\gr base oil (s), hydrodewaxed

or hydrois iz ﬁﬂﬂf r ij&”@ﬁ T | i base
st ock(s), @ggiwa?-;ga%icée S%c?r% g'\‘wgﬁge ,s or hy rcgll'sé@?t?gée%}lggﬁé)tgﬁ / or

sol vent) dseabxwellloharacsdrinticsamay besbowrsd bythe ssaef akess suchysthedsvars at es,
are recited in U S.. Pat,. Nos. 080, 301;. 6, 090, 989, anpd 6, 165, 949 for
exampl o, Qfsibasig a6i \Mﬁk(@?n%ﬁhmls Baééh‘bPP'(yé’) esters QLmanPosA RIS eeds,
whi ch are gl I f i S o\ i 1@l r LGk Ul ds of
| ubricati n%élgs?sg%tgfstagf g}?\[}tgﬁ?ﬁﬁg’%ﬂ%f}}l&% 65(8\/%%?&? Q’otP%hesEiér}giogngr%#})g)éy ;déat
(and/ or sadcidnsychdes/phthdlivasid, beedaicoadid, alkyhsueeinit acid, alkenyl suceinid oi |,
non- petrol eum or natural source origin,. e.g,, .feedstocks, sugch as one or
more of gaRCii maleigpeidy azglic agidysubgBracil, 3Fbrgia arih fumearisacidAtiPiScar bon
raf finates,.: Y e , al, wax
from coal 15 Ll 449 Bfmel XhBGHRC S ey HEMTRC sCIS AR PT midlicadl
non- m ner a¢tcQwith aearippt sHilecholssuchas busyl alcahol chebeylialesholpdydemd er i al s,

| i near or hranch d%gylgrsoc rbyl conpounds_w th carbon nunber of about 20 or
greater, phlephelairethylhsxy! alsobel, gt Ppgcific fuamples pidhess tpgs f esters

i soner at e/ § si: o e40h | S wax is
t he wax reié%\&gir% 3@6 or"ﬁi‘1ti nye’m‘g%%%%%é g%br?te gtl%l’ d?hc‘?%'r%hg%tf hgﬁ% loliI
such as F-sebaeatg, diisoontyletelatt ediisodicty! dnelate) dientyl phthalate? didecyl
autorefrigerative dewaxi ng. Solvent dewaxi ng enploys chilled solvent such
as met hyl Rhthplatgdigigasylckpcatgestay| i sobutyl ketone (M BK), nixtures of
MEK/ M BK, mi xtures of MEK and toluene, while autorefrigerative dewaxing
enpl oys pr{4s)ri Padticulatjyafsefu syothetisi dsters arg/those avhich are obtained by opane or
but ane. 10641 .Sl ack wax(es) .secured froms het | oils such as F-T
vaxy of | wiAPUGE BBF of s oluhgstis alsohS B, pielrrathy s RiieRed SoB B P g
conpound CaninRifeopehit ?ow_é 23, neBpent§HglycomtHaidiRy 1Y tfiinks 2-mMBthy®.20t ai n
sul fur and nitrogen contdl ning conpounds.” Such heter oat om conpounds nust be
renoved bypiopyl-di3-peepangdicinttiimethyhyldropang; ipentperythsitobanddipeptaz by

hydr odesul furi zati on (HDS) and hydrodenitrogenation (HDN) so as to avoid
subsequent poi soni ng/ deactivation of the hydroi sonerization catalyst. 10651
The term GIL base stock and/or base oil and/or hydrodewaxate base stock
and/ or base oil and/or wax isonerate base stock and/or base oil as used
herein and in the clains is to be understood as enbraci ng i ndivi dual
fractions of OTh base stock and/or base oil and/or of wax-derived

hydr odewaxed or hydroi sonerized/ cat (and/or solvent) dewaxed base stock

o N o o Y . o




base oil fraction(s) and/or wax-derived hydrodewaxed, or hydroi sonerizedkat
(and/ or sol vent) dewaxed base stock and/or base oil fraction(s) wth one,
two or nowe 2hésghesIsvi scosity G| base stock and/ or basePpairiustooantison( s)
and/ or wax-derived hydrodewaxed, or hydroi sonmerizeci/cat (and/or sol vent)
dewaxed base stock and/or base oil fraction(s) to produce a dunmbbell blend
wherein the blend exhibits a kinematic viscosity within the aforesaid
recited range. - 23 - [66] In a preferred enbodi nent, the GIL naterial,
fromwhich the GIL base stock(s) and/or base oil(s) is/are derived is an
F-T material (i.e., hydrocarbons, waxy-hydrocarbons, wax). A slurry F-T
synthesis process may be beneficially used for synthesizing the feed from
CO and hy I ising a
cat al yt i o CopERoPRiR A i BElak cBRGIGRR LAY aBBuT4 Laltboyils BRAEL 010
for producably G4te Chgraeidiestichais|saturagdestraighteshaim fattyeagds nmﬂﬁdihgl daprylidi s
process is also well known to those skilled in the art. _[67] In an F-T
synt hesi s #idceapEic %Fléyht»‘ﬁéé\csd dayristimesidspalgniticacid, l;,t@argﬁa , afaehico i s

Py osar bardd: SRCURSrIE pbid 8r B batEnoRRuEAnBhEd EhAR Bk Al9r e my
broadl y r agganiratsd i@s Sudhtasbleftdcids nore typically within the range
of fromabout 0.7 to 2.75 and preferably fromabout 0.7 to 2.5. As is well

known, F-T th gﬁgﬁ ’ yst is
in the for mr agtjllﬁdggé éﬁé? %tﬁf%?%&B%l?SSﬁ]}%gghg ?@ld;?? thEgs tggs{@# yst
parti cl es trimethiiial rpropari trisietinylgl bumuedmﬂeﬂaymmthm«)lpehtaccythnhd ratio for

a F-T synthesis,reaction i.s.2.0 but there are eas ns for .using other
than a st ARIPEAPERTaseRAhrith! Ydth ABE or SHGTEITRANOGATREYLT BOIER SARAININohal 1

slurry hydggges [ mde feed nole ratio of the H2 YOCO is
typically agout 2. ﬁ el?ydr%?ﬁ&g?% ggz;s corrprl Si ng a mxture of H2 and CO

|5, bubbl ectgugy | NLRe BeLd BT Bl 4She! ULy 0PI PRGN AL R ARRERTRT O
ef fecti ve TResesily ﬁﬂéﬂld&cﬁdlbﬁml- pobRIryl- l@%ll&ﬂyﬂmﬁ{ Polyafitlofy-3ilokhre

reaction conditions and which conprise the hydrocarbon slurry liquid. The

synt hesi zeeiln3nit sidisateonils.i Gyamples @épmhtee&llw@mhas%miatrmly@q tegeacthyl| es as

£il b h h,oth h
hs cent i FBERRO Ry eAE R e Rl JERS B s P RO e
out the tagjigfte! i&ah@ﬁf&PBﬁBQ?hém) Seichee, heagl nﬁﬁhwazl%m@dygng wi th

unreacted synthesis gas and o aseous reaction products one of these
over head Wdﬂomd;ml)c(@pzihyl)anlexam end pplmsm&nde’bmashytmanﬂ) afoxangshi ned
with the hydrocarbon - 24 - liquid filtrate. Thus, the initial boiling

poi nt of tjea9]i | tAwstherehasy of yyrthphe tibrratingvdibisesterslofiphosplvreus! t he
condensed hydrocarbon vapors_have been conbined with it. Slurry hydrocarbon
synt hesi s §meiaing aeidai tlihsse include. fonevamples triersay hphesphelee thestyl yst and

desired pr f orm hydr ocar bons
corr;:)ri Si Egﬂ%?hﬁte @ﬁ %g#)g I ns&f't%@ﬁn&iﬂo%&ﬁb?{ﬁécg ) and %referabl y C10,

paraffins sl ur dro anbon,synt hesi s a catal yst
conpri si ng[dgﬂg Aﬁ’?tbér‘é 55 P 095%%“%?'&"9 &ngdré@ﬁ'ﬁ% El’%ferrper at ur es,
pressures @é}ﬁbdﬂ%g|ymgﬁ§ Ble@ice velocities in the range of from about

320- 850F, 80-600 psi and 10040, 000 V/ hrN, expressed as standard vol unes of
t he gaseou Rl yst,
respact | vau T D hEprebeht Hiventidrit bs e @fihal B @Bl Icinds B ot VL
a carbon notndae—baaf stock deain isoparaffinioppredoasinantly samirated base ofifbase stockl t h
carbon nunber 5 has to be present. Simlarly other ranges quqted for carbon
nunber do Heeful flyids ofmbricating visaesity mestinggthiseequitement inglude §ent he car bon
nunber ran guot ed
range is p‘g)gls‘%?tl gnH}o‘b&n Qﬁgﬂﬁ%{b "i’{s Xﬁm@é’r ocar or?%% he }sc?sllarg action
be conduct efalysidally; an@mhesiﬁedwﬁyﬂwtﬂe lhllgm}ieﬂ'fbmiam lubtieati@ns shift
reaction occurs and nore preferably with no water gas shift reaction
occurri ng eharacigristies ?ﬁ/é?&%’é’teédwl%‘ynt hesis. It is also preferred to conduct
the reaction under conditions to achieve an al pha of at |east O0.85,
preferably at least 0.9 and nore preferably at |east 0.92, so as to

synt hesi ze nore of the nore desirabl e higher nolecul ar wei ght hydrocarbons.
Thi s has been achieved in a slurry process using a catalyst containing a
catal ytic cobalt conponent. Those skilled in the art know that by al pha is
meant the Schultz-Flory kinetic al pha. Wiile suitable F-T reaction types of
catal yst conprise, for exanple, one or nore Goup VIII catalytic netals
such as Fe, Ni, Co, Ru and Re, it is preferred that the catal yst conprise a
cobalt cat aI yt| C corrponent In one enbodl rrent the cat al yst corrprl ses

. B Y o o o Y ~ o o o




[ 70] The waxy feed preferably conprises the entire 650-750F+ fraction
formed by the hydrocarbon synthesis process, having an initial cut point
bet ween 650Ro@nE2HS0F det ermi ned by the practitioner angcansesdopsont,
preferably - 26 - above 1050F, determ ned by the catal yst and process
vari abl es enpl oyed by the practitioner for the synthesis. Such fractions
are referred to herein as "650- 750F+ fractions". By contrast, "650-750F"
fractions" refers to a fraction with an unspecified initial cut point and
an end poi nt sonmewhere between 650F and 750F. Waxy feeds nmay be processed
as the entire fraction or as subsets oflé-he entire fraction prepared by
distillation or other separation techniques. The waxy feed also typically

conpri ses t _900 : 9 | ¥17or e t han
98 wt % pallg?ﬂeni Wy%gg‘égﬁg@ ér%cs%ﬁtl&ﬁ?&a%grg %e&%grarraa?grgéﬁgf(ﬁsns. It has
negl i gi bl énclodeohe oefmere dfla niixuhre of bagestock(xp and/ds base gil(s) derivedfaoml wppm
of each), with less than_2, 000 m preferably less than 1,000 wppm and
nore pr ef éanamrynv@sgaﬁ%lsws\(&%ma@x%@? well anbydradewaxedx9tenat es.

Vaxy feed H NG L ' ' e
i nventi On?ﬁ?\%&ﬁ&gﬁg% gp{jagrlﬁg%rtégfz?rﬁ? ??waﬁ%%?%%ééw&ﬁﬁgﬁc%gg én‘@‘gt havi ng
a cat al yt iderise #émGratiah o, orasaxy fdsdeUmiyerahahd 6f Ron-mihétd]l dibevagryocess of

maki ng the | ubricant oil base stocks from waxy stocks, e.g.,. slack wax or
F-T wax, rfegd slocknanelvesslagk avaxss nptiead waxes andyagy stecks such as|gask waxes

are used t , H-ect e i

hydr ot reat% Flﬁgu@f(&.gﬁgﬁ r éé%n |?l{1g(ﬁg&{§ ergg’QE we ?{ekﬂx%bﬁq%a{ﬁ%’s@kga?% ed in
the art t@rick@tsss of othdrawitlesall hidherad vildoréiachon-pesroleuvh dikcddrivedsivaxy

poi soni ng or deactivation) or to renmove sul fur- and nitrogen-containing
conpounds M#FHAlsIgh@sovaer materiale rasived omeoal Jigusfactian orshalepiler
hydrodewa)%haqn&% lségtsﬁgﬁti’qfé&r?gkprg %g%raaé%ﬁgs. If F-T waxes are used,

such prelimnary %r equire ecause, as indicated above,

such waxe ve onl ace a S (less than apout..10 gpm ar nore

Cyoi can 1y 1088 RS e bitein, R A hgwing Terers ettt nsicateBiBbamngbopound

content. P SN f efit from
Y Wewak oEHBOR g inhidteial HA\ME% a lﬁgl,?] ﬁeul“’gbt ﬁgt,r fsﬁ;\ln%zh?y“

prehydrotréatnment for the renoval of oxygenatres y "benefit
f r om oxygenategstingsstaisolid atoenhiainpératne; i.¢ ast atemperatiote ool éhearangg pr ocess

may be condugted over ompLnatiopn of .catal ysts,. or over a single

ot alyst . ContsEh PRt 1 So65 G 35 e card somisime medaBiipanbobt perating? - aou
500C at presspiesalsangi ng from about 500 to 20,0001cPa. This process nmay be
operated in the preSence of hydrogen, and hydrogen partial pressures range

f r om aboutb)60paraffBddDtmRerialThaaysaturatedf hydrdcarbens,tsachas abkatrescar bon

feedst ock (hydrogen circul ation,rat typicall an f.r about 10 to 3500
nST0 O5F e asaitinganaietiaPuney ingldd Hoth ARends, bERRed olkenS Gsdst ook
typically ra A . ; V.
[072] Fol | om'ﬁg&%i‘??’?@?ﬁ'ﬁ%“‘ﬁ‘%sﬂ% Bl ?F%%@\r{aﬂﬁiﬁé ﬁ%lro B phufiDrib), oiid on,

t he hydr opr oderanchegl cpddalkanes;he producti on of base stocks from such waxy
f eeds may use_an anor phqus,

y _hydr ocr acki ng/ hydr.ai L zat| talyst, such
oede, e s Srmiphus Wt pebeckoha s st on sy S
Co, M, N, ng\{ggeﬁﬁghi qgnﬂf&&ﬁfi%ﬁﬁ&& l}pr%sﬂxre, GrHAIdMy i thd pesence

silicalalumn a crystall'i ne cracki ng/ hydroil soneri zati on catal yst,
preferably a afstatalyst,detreinpye andot3bnVettdess desimblezatmponents anddbs and
processes for hydrocracking,, hydrodewaxi ng, or hydroi sonerizing GIL
material s andfGAUGRRY RRFY ‘?daPé’ Gbbase stock or base oil are descri bed,

for examplg, 4Hydrbtreatiif™ destalytictlydrégenatforopidcé/that cSivertPfulfut-975, 177;

and/or nitrogen-containing hydrocarbons into hydrocarbon products with

reduced sulfur and/or nitrogen content, and which generates hydrogen
sulfide and/or ammonia (respectively) as byproducts; similarly, oxygen

containing hydrocarbons can also be reduced to hydrocarbons and water;



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, 974Av0CndsNi824399; PCT/US2007/014893

g)

h)

J)

-17 -

“catalytic dewaxing”: a conventional catalytic process in which normal
paraffins (v;'ax) 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; '

“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;

“hydroisomerization” (or isomerization): a catalytic process in which
normal paraffins (wax) and/or slightly branched iso-paraffins are converted
by rearrangement/isomerization into branched or more branched iso-
paraffins (the isomerate from such a process possibly requiring a subsequent
additional wax removal step to ensure that the final oil product (base stock
or base oil) has the desired product pour point);

“hydrocracking”: a catalytic process in which hydrogenation accompanies
the cracking/fragmentation of hydrocarbons, e.g., converting heavier
hydrocarbons into lighter hydrocarbons, or converting arorﬁatics and/or
cycloparaffins (naphthenes) into non-cyclic branched paraffins.
“hydrodewaxing”: (e.g., ISODEWAXING® of Chevron or MSDW™ of
Exxon Mobil corporation) a very selective catalytic process which in a
single step or by use of a single catalyst or catalyst mixture effects
conversion of wax by isomerization/rearrangement of the n-paraffins and
slightly branched isoparaffins into more heavily branched isoparaffins, the
resulting product not requiring a separate conventional catalytic or solvent
dewaxing step to meet the desired product pour point;

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

unless otherwise specifically indicated;



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¥0BRISIB239828 (131), EP 0532116 (Bl), EP 0532118CtRKpo7ERPI80537815
(B1), EP 0583836 (B2), EP 0666894 (B2), EP 0668342 (Bl), EP 0776959 (A3),
WD 97/031693 (Al), WD 02/064710 (A2), WD 02/064711 (Al'), WD 02/070627 (A2),
WO 02/070629 (Al), WO 03/033320 (Al) as well as in British Patents

1,429, 494; 1, 350, 257; 1, 440, 230; 1,390, 359; WD 99/45085 and WD 99/ 20720.
Particularly favorabl e processes are described in European Patent
Applications 464546 and 464547. Procesdds using F-T wax feeds are described
in US. Pat. Nos. 4,594,172; 4,943,672; 6,046,940; 6,475,960; 6,103, 099;

6, 332, 974;yanqae 3tekB3La singléBil'secured from a single feed stock source and
subjected to a single processing scheme and meeting a particular
specification;

) “base oil” comprises one or more base stock(s).

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

so as to reduce the product pour point.

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

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



[ 074] Hydrocarbon conversion catal ysts useful in the conversion of the

n- paraffin waxy feedstocks disclosed herein to formthe isoparaffinic

hydr ocar bwo 2besz®2398] are zeolite catal ysts, such as ZSMPET/URIMIMDI489FZSM 23,
ZSM 35, ZSMr 12, ZSM 38, ZSM 48, offretite, ferrierite, zeolite beta,
zeolite theta, and zeolite al pha, as disclosed in USP 4, 906, 350. These
catal ysts are used in conbination with Goup VIIl netals, in particular

pal | adi um or platinum The G oup VH netals nay be incorporated into the
zeolite catal ysts by conventional techniques, such as ion exchange. [0751

I n one enbodi nent, conversion of the wal®- feedstock may be conducted over a
conbi nation of Pt/zeolite beta and Pt/ZSM 23 catal ysts in the presence of
hydr ogen. J: LIE ChRSS i | ubri cant oil
base stoc kéémggﬁghag{egfﬂ%&?%%mr% ghg?%% anda’gggi‘?%g’o%&g&& ngl e

cat al yst, dewdxing pRided§NoFrodice lube ailsodfredueed/tslv poat poimigsythgsizedd can
be fed over a, catalyst conmprising Goup VIII metal | oaded ZSM 48,

pr ef er abl Y& SORSTptes, CRIBPESIRG; 10T ¢xamplg. bydrodswaxed..0ryr ef er abl y Pt/ ZSM 48

in either : Y‘f’q@%’@ﬁgﬁﬁ ﬁg@% ase oil
products rlr@};gﬁ %%Bg%t% aZ:& Eryec% a ygen?@&?%x?@%ﬁg@%?%ghv %y?ﬂ &?‘8’3@?’269.
The use ofhyidredéwaxgd, or hlydrsisarinetiaediedt GollYdktsdlwerit) dewhxedFidchet-s, €. 0.,

pl ati numaon ZSM 48, in the hydroi sonerization of the waxy feedstack

el i mi nat estropschded imatenal (isaxdioearbons cyaxy hy deRaReRonsy waxep anfdo76] A
dewaxi ng o%?tblé’\’gﬁﬂoggﬁgﬁg%g&me ﬁ%&?&% iaf&@‘&e%kgg ghe or more of
sol vent dewaXi ng, catalytit-dewaxing or hydf odewaxi ng processes and either

t he enti r ehydyoisonrepizetdAiae (arrd/dothsol6&ft) delaxeldl FTaTthydrot@bohs, ctewaxed,
dependi ng .on the intended use of . the 650-750F nmaterial_present, if it has

not been JWiEpdewaxed enhydreisomgrizedicat|(pngolygndeayaxgd; BrT waxehe dewaxi ng.
| oo . : . e
Sol vent o JydFoGeaeg, SR yAHSIEABATERLE AR oI} BEAGR ymtnERabd P,

(M BK), mwiaxdgscer afixtvirkd tHebéof. or mi xtures of W C/tol uene and the |ike, and
further - 29 - chilled to precipitate out the higher pour point materi al

as a waxy [@sk} d. MI?Baéesstéél&E% adyer Bh&dofl(sy ekived TRInI *VTE. GRateRAR, N9 | ube
oil fraction which is the raffinate. The raffinate is typically further

chil | ed i respeciafpchydrotdawaxcd dr hyrdsoisomezinedécatifaral/omsolyent) dewaxed F-T
Autorefri tive d i ing | | i ght  hyd bans, h
oropane.  darteteL femEed batk ok andn Bans GHUDswHEp e hodrodeReth oh, o g, o
l'iquid praRaRSisomerBRalcad (dHl/bs mv&&) we'mei% ﬁvzf)l Ashadl Bide swclee‘(gj hdsdpwn the

hydr oi sonmerate to precipitate out the wax. e wax IS separat fromthe

r af fi nat e bage pil(s)raxticharacharidedtypicallyasdtavimg kinenwatio viscositieoat 107€ ebl vent

is then stripped oyt of,,the_raffjnat which is _then fractiopated to

produce t 9!5@3)9& 5era_"1§é§ste @P_&}&E@ 'n@glnsuprqfﬁrm fr&r%eeﬂvtaf BLE t®AbO 5o

wel |- knownsg ﬁnﬁ%,‘?ﬁ&é e@'&‘éﬁlé‘ ﬁ‘?m A%dﬁ’@'.ﬁh:h?@ tO%B6G SOARRYEEad S reacted
the of a suitable de

wi th hydrogen In esenc waxi ng catalyst at conditions
ef f ecti ve exenmiplified byra GDL rbapestuickaferivied tyythediyairodewaxing@at al yti ¢ dewaxi ng

al so converts a portian of the hydrqQi sonprate to r boili. mat eri al s,
"t he boiThidtreRirgEatpB ot (4 Sabuam dsraxing kol e BNFBDER 1 om ¢ he
heavi er 634ndmafid vﬁ’&%@i&? 0?aboht #0irh®8 ai‘ﬁ@obé%ﬁaasﬁsééﬁléfir{dﬁgﬁf'aﬁ%t

fractionated into two nore base stocks. Separation ower boiling
mat eri al niBP dregreatermPrefenahly ¢he wax tpedtorent pragesslis hydrolewaxingneariied of t he

650- 750F+ material into.the de?i ea base stocks 10&7‘% An gewaxi ng
catal yst \RHtdhARTPFESSRiRGLA SIS ‘bbx r ing cplyshy <_Ff§8§% gFen 19
pr ef er abl y fRasRi M6k I%régo a T.hém@emeﬁi fhagk ng,&sm Im&iRs& 4%k from

t he hydroi sonerate nay De use ese I nclude shape sel ective nolecul ar

ave been [08Tbnoritl AL A8E u/Bh pGEGH(R SEris Bl Mgth T E T Rer BB T 0N g
i ncl ude, feapecisHyHydrodewaxed; ot Bydroiséinbiiked/cdidnd/or4£oMent) deShkeBF-7ZSM 35,
ZSM 22 al so known as theta one or TON, and the silicoal um nophosphat es

known as slnmig.l dﬂriuledvblasmgoebﬁshaq@/pr\bns%ﬁilfﬁasamb@ﬂwrbwdapdeovas@d, or |
/ ) ) ot
composi t e irPomereRlca (G G0 B BN R v B Betv G BB ReocklsT AR ¥

the catal ysdseiofl(s), WhicH cah beiude®hs bhet §tvckadd/obbase ail Adigs 6Ptk t i ons
include a tenperature in the range of from about 400-600F, a pressure of

500-900 psig, H2 treat rate of 1500-3500 SCF/B for flowthrough reactors
and LHSV of 0.1-10, preferably 0.2-2.0. The dewaxing is typically conducted
to convert no nore than 40 wt % and preferably no nore than 30 wt % of the
hydr oi sonmerate having an initial boiling point in the range of 650-750F to
material boiling belowits initial boiling point. 10781 GIL base stock(s)




10801 The preferred base stock(s) and/or base oil(s) derived from GIL
materials and/or fromwaxy feeds are characterized as havi ng predom nantly
par af f i niwocowmmosiosi ons and are further characterized agchastngonisgh
saturates levels, lowto-nil sulfur, lowto-nil nitrogen, |owto-ni
aromatics, and are essentially water-white in color. 1081] A preferred GV
| i qui d hydrocarbon conposition is one conprising paraffinic hydrocarbon
conponents in which the extent of branching, as neasured by the percentage
of nmethyl hydrogens (Bl), and the proximty of branching, as neasured by

t he percentage of recurring nethylene ¢-bons which are four or nore
carbons renoved froman end group or branch (CH2> 4), are such that: (a)

Bl - 0. 5(CH : : +0- < i d
l'iquid hyiﬁ%eé}g}(ﬁr%%ecfgpntggé P%?Ijglr:ltegls? gg ‘%ﬁ?@ %}' Pg‘g‘?‘gﬁoe"{% 3‘?% r ea?i’\égE I'%se
st ock and/opiowes @referalsigraboat £ LOWher Ik awsreprefeably fabbaces®@ or  as havi ng

| ess than 0.1 w% aronmatic h%gr ocar bogs, | ess than 20 wppm ni trogen
cont ai ni ndowshptillimere preferabhyabout R ardewer, andiindesispmecennsitionss, a pour

Bnd ( cro- T P vabfimedil et Beils o RBab 375 cidbmeP Wi BeRhet, o, 20,

they aver g@énts @fabouhB0° o dbout -90°C of dswerd ' [IMebessabe a séparftar bon at ons
and on average_have nore than 16 mnet hg[ branches per 100 carbon atons. They
1€

al so can islewaxingstepmmaybe pyacticed tpiachiavethe tiesi ur point.oRicferenegs
nmeasur ed at -40C. apd . kinematic viscosit sured af 100C
repr esent r‘%ﬁ? REUF B rster AR megsurorpeyt Qa%&%mﬁ?ﬁgs‘ml%oo. [ 83]

The pref erguesmbted veasienst ock and/ or base oil is also characterized as
conprising a m'xture of branched paraffins characterized in that the

| ubri cant fhe €91 B v . X (E’TE

par af fi ns,[B er%esal d%ﬁ%@ﬁ‘é{ﬁ%ﬁ@ﬁ?’.‘%@"g graﬁglﬁlg?%(%;s] avir}ﬁgégia(l:sér bon
chai n | engspecibllyhgdiodexhxied alinidroisémerizedivheCudior sulvertt) defvaxbd F-T280 t o
about 562, a hojling range of -32 - about 650F to about 1050F, and wherein
sai d br anaﬂ@anbiaﬁi%rméb%%ﬁmk(Sh%nq/sr geiﬁo%smndmtaﬁw@ WAS-dgsBiedi n t he
free carb i f { 3 r & fil J sl s . 10841 In
t he above%éeggr%g% ﬁ?ﬁ?’ﬂ’rﬁéw I Pﬂ%rgér?c%ﬁsgédgpg%sﬁlﬁ? ?/ﬁ?@étg% (,) and Free
Car bon | neharacktiZedaypicalyeashavinz siscbsity mdicesBsfa80-br greaterd prefedddbpl A
359. 88 H sol uti on, NMR spectrum i s obtai ned . a Bruker 360 MHz AMX
spect rom:tzl(gﬂ) QF EFRYCRLARSBIR P’EF%%‘aibrV @PR Breates- iéga’ﬁ@qaﬂb’e!‘rh‘é‘?“%‘ﬁem cal
shift ref HoGh i HEG a&pectra
are obtai %ﬁ%ﬁ%{e‘r qugﬁi%g%ggic%ﬁﬁ?% ons%aé?%%tggc%grz%/éggﬁ#séﬂéﬁo. 9 us),
a pul se dehaybe prefersbly3 036 ordreator,imond preferablyf 1350t groaser! hrd oy anire

hydr ogen spip-lattice relaxatjion tinme (T1 and 120 scans to ensure good
si gnal -t o PR egably df‘ﬁ&r.grfets&] For s*wﬂ%f&ﬁ&a@ storksd andiardrase 0dl(8do t he

fol |l ow ng i : qul% it ' j o154, 0 ppm
hydr ogens t%ﬁq%? @%i %?@%Z}ﬁrgﬁ@ga?ngf . gﬂzﬁgl‘ g%{r?n elh%ﬁ) %@gﬁ§gf gégé\lxs at the
cc- posi ti @enerallyrimvetd viscosigsind2xofll30 apgrepier.aRieferencéshereimtone hydr ogens;

1.4-1.05 ffinic CH nethyl hyd ;
Vscosity index refer to ASTM method B2270:

[059] In addition, the GTL base stock(s) and/or base oil(s) are typically highly
paraffinic (>90% saturates), and may contain mixtures of monocycloparaffins
and multicycloparaffins in combination with non-cyclic isoparaffins. The ratio
of the naphthenic (i.e., cycloparaffin) content in such combinations varies with
the catalyst and temperature used. Further, GTL base stock(s) and/or base o0il(s)
typically have very low sulfur and nitrogen content, generally containing less
than about 10 ppm, and more typically less than about 5 ppm of each of these

elements. The sulfur and nitrogen content of GTL base stock(s) and/or base



1.05-0.5 ppm paraffinic CH3 nethyl hydrogens. 10871 The branchi ng i ndex
(Bl') is calculated as the ratio in percent of nonbenzylic nethyl hydrogens
in the r awgeo@fodss® to 1.05 ppm to the total nonbenzyl ipcTalsb@hatises
hydrogens in the range of 0.5 to 2.1 ppm Branching Proximty (CH2> 4)
10881 A 90.5 MHz3CMR single pulse and 135 Distortionl ess Enhancenent by

Pol ari zation Transfer (DEPT) NVR spectra are obtained on a Brucker 360

MEI zAMX spectroneter using 10% solutions in CDCL3. TMS is the internal

chemi cal shift reference. CDCL3 solvent gives a triplet |located at 77.23
ppmin -33 - the 13C spectrum All si4®}l-e pul se spectra are obtained under
quantitative condi tions usi ng 45 degree pulses (6.3 ts), a pulse delay tinme

of 00 S iEfobihiftls b AR pldrsRobldTERL HASbRNSSh ST gl 21 o8

rel axation sure comnp e re n - of e sarnple, 200
scans to egspuciall an‘wmg,rialesg@niany&ﬁl ratios, and WALTZ- 16 proton
decoupling. [89] The C atomtypes CH3, CH2, and CH are identified fromthe

135 DEPT @@EW&%@?&&H%BM&M&E tﬁ%‘@;fﬁ%ﬁﬁkﬂ?@‘ék@ adld/orbiise N@Spe“ ra

at 29.8 pp due to equil ent recdurring net carbons wh are four

or nore reamnpmh&rpamﬁ'mnemhtmaisphatrcohssnpi'ec(dﬂxﬁnantly)of nbnecyoliges of
branches are deferm ned based primarily on the "C ch ifts for the
met hy!| car'ﬁ%l?larattfe rtwdeﬂwdmw@mﬁ%&ﬁ¥syclpﬁerq¥§pﬁy| mgﬁs%ne r emoved

fromthe rg%{p&%a %}gh/%?ﬁag @'iﬁsz typéir;]%%] cgﬁtﬁﬁsg?ur f o$ t OftkeridiSthat cxﬁﬁgg gl-)ons i

expressed | car e nunber o

an i sopar agreater tium 6Gwa% nonicydlieisopasaftinS, prefarably greamrahamsﬁwn% car bon
and 4 carbons way from a_side chain. Countl ng the_term nal .hyl or branch
carbon as n%heycltwoeata%@n% mare preferabl Yagrsatqﬁéhm 8?%%&% £ car bons

La?g]oﬁlt‘rllﬁég car %gaé‘g%%aiﬂ %?%%g&ajg@%:ogn@ gvrttj/rl%g %:an%%ﬁaﬁg ca[) bon- 13
narber of WAL ol Sef otk L YasP stk SRR PR AICK TR SO 1Te1 ent

accuracy fliydrbmhféﬁ bﬂsy&dnsdméﬁiécﬁéai (Bﬂd/%k aatvxeney déwted Flemamdragul ar
wei ght of t'he sanple oil” by 14 (t formul a wei ght of CH2); b) divide the

total car bdarived base ngGkKS)a aeé V(azdaémveul by@tcdnwamd,amelayc&omw@nwctah e

average c r obt |n the integral area per carbon
in the sa%t’g)}’ré? %‘? efpteg%ceséocdgf RNErHeS 9T 6 ppm in the
zg{fg' e, Fg’]@&d}bd&w}kﬁes th\fefré@técﬁfne(gr@Pa@més IQ?OS@QDIPOG 09098%AA b. tO

in

6,165,949 for example.

[062] Base stock(s) and/or base 0il(s) derived from waxy feeds, which are also
suitable for use in this invention, are paraffinic fluids of lubricating viscosity
derived from hydrodewaxed, or hydroisomerized/cat (and/or solvent) dewaxed
waxy feedstocks 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).

[063] 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



-34 - [91] Branching neasurenments can be perfornmed using any Fourier
Transform NVR spectroneter. Preferably, the neasurenents are perforned

usi ng a sweabesoweiver havi ng a magnet of 7.0T or great er PCrrusSado7/ocsses,
after verification by Mass Spectronetry, UV or an NVR survey that aromatic
carbons were absent, the spectral width was limted to the saturated carbon
regi on, about 0-80 ppmvs. TMS (tetranethylsilane). Solutions of 15-25
percent by weight in chloroformdi were excited by 45 degrees pul ses
followed by a 0.8 sec acquisition tinme. In order to m nimze non-uniform
intensity data, the proton decoupler wa¥ gated of f during a 10 sec del ay
prior to the excitation pulse and on during acquisition. Total experinent
times ran . ] S ried
out accor%ﬁgﬁgepgg%%ﬁggaeﬂagﬁoés%?%ﬁ } g%‘?%ﬁ‘%ﬁ“ﬁﬁr&ﬁ%ﬁ%ﬁ%@r gisigarrsi bed in
t he Vari amethyBethye ketgiry QMEKD, fiethidliSobutly PRétoRERMIBK Dinsikeuries offl ess
Enhancenent by Pol ari zation Transfer. DEPT does not show quaternaries. The
DEPT 45 séﬂﬁé&&g%v%xﬁ“@i ohMEK @nddplueag, whie aptorgfigeratiye dewi@xingDEPT 90

of phase (A S PhBsbrizE HaklaTBR Sofilp3artciivlh A S robileBRY" 0 0"

seen, but butafdd and CH3 are up, then quaternaries and CH2 are down. The
sequences are useful in that every branch nethyl should have a

cor responqpgg) Cropg Ww ddbuked fof SYRAEGY wak§ Yilsl duefl AF-T & ak¢ @1 Shi ft
and phase.q Tﬂ]e br anchi%g(egjraopereth es o eacl sa Iésare d%t erm negl by C 13
NVR usi ng witbussdlyripvieazero or nilessud fuir amidAsr mitrogeh ebntaliming ompowshpl € i s

i soparaffinic. rections_are nqQt, made for n-paraffins ar cycl oparaffns,
Wi o ey Goteto SIAEK pAR(e) SEFUred ST RETOTC R o e SRR SugE 3hd

cycl opar afdii-Bgef Qﬂﬁﬁming%oﬁﬁﬁﬁﬂfcﬁg cﬁb%h%tfﬂoﬁhﬁn 'c?ﬂip%%hh? i BR reRferel 0SCOpY

(FIMS). [93] GIL base StocK(s) an r base oil(s), and hydrodewaxed, or

hydr oi sonhy Ingdrotreatiqg (asd hoehydrodmakireg), amfohasmple byk (s) and/ or base

il , f , . hydr Q] i zed hydr od t hesi.zed

O b 5L bSO s Ss A e RAREE2S) o
base ol | ( Skpgiudht poisohing/ab Al Aiohiang WykbisSREriphASPBABNS CONt ent . Ther &

is a novenent ori ginal equl pnent manufacturers and olI’'l formulators to
produce f at ils ver increasingly ked edlas | f,at ed_ash

Phosphor ud DRk s Bie B S5, A sroR ahaRsdhst et hyidfonBhreiiog

envi r onmengédk Aot BhsOH andrvat somdfiR base Stdckvandbihaye il asased! rely on
the use of base oils which thenselves, inherently, are of |ow or zero

initial stherein andipHuselaimsis wdbe undersedasgmbragingnindidduakirpetiens®f s can
be f | i th additives, Even if t ddi t.] it i ncl uded i

e for G ieh e e Bese TRl o S BB L o "
| ubri cat i ngdebisdmriZedRat (&YP6r SlveRy deERe@ibasSe Stock AMAAIIShst @il ari cating

oil's fornul"ated using conventional mneral oil base stock(s) and/or base
oil (s). [readvered imsthepraduction pepFesss myvixiures efitvw penrase G/bhbase stoeli nes

(both spark Jjgnited.apd conpression_ignite i LI _have a sul fur content of
0.7 Wt % Oraqd'é%s,as&o‘éfﬁtagg?&pﬁr}cggw%xa rrveesdgl}y%flgwa(% ‘&Fably 0.5 wt % or
| ess, nosthydrefsefi2edbat (MdoP5olveRs deWaxedbage BioRRE/base dil Frawtidng) ad €ss,

preferably 0.8 w%or |less, nore preferably 0.4 wt%or less, and a
phosphor uswelbas arixtures 0f 8¢5 twocgsgnors lome Visspsity Gl Tybasesstock aad/afpr e

ferably, Q_ 0% 9 9 . And. |
Certai n i e LEbCAOs) Bdpe VR g8 s Ehlntctanly br iftiolsBifriAAlkal 0, g
oi | conpri@harisbiveny)adwhiked BARNIbcIChH®or Base bit HAENAY With Ohe/ WS or

typically 1n conbination with one or nore second base oils descri bed above

and/ or wi tmoumbigher viscesite Gk baseetoghi @nd/ordase pildsactppdsiand/onwvaxy pi cal

per formance addi.tives include, t.are not, lipted t i,dat i

o bi ¢ or <deriyd hydralavaRed & hodttisirerizBiysal Bndr defyed uERandlloars o o,
rust inhi bitb& and/Gpbase BRIBAAIOGA($ 16 protice Maambbeiblend WHek€iBthe bl €
addi tives, anti-seizure agents, pour point depressants, wax nodifiers,

ot her vi scodiibigs a kimematip visgesisy witthe the, afnresdid yegitediranges, f| ui d- 1 oss
additives, seal compatibility agents, friction nodifiers, lubricity agents,
anti-staining agents, chronophoric agents, defoamants, denulsifiers,

enul sifiers, densifiers, wetting - 36 - agents, gelling agents, tackiness
agents, colorants, and others. For a review of nany commonly used
additives, see Klamann in "Lubricants and Rel ated Products", Verlag Chem e,
Deerfield Beach, FL; |1SBN 0-89573-177-0. Reference is also nade to
"Lubricant Additives" by M W Raney, published by Noyes Data Corporation
of Parlcridge, NJ (1973). [097] Finished |ubricants usually conprise the

| ubri cant base stock or base oil, plus at |east one performance additive.



[0981 The types and quantities of performance additives used in conbination
with the instant invention in |ubricant conpositions are not limted by the
exanpl es wbawss/doesogi n as illustrations. Antiwear and EPp&ddisteor®s489310991
Many lubricating oils require the presence of antiwear and/or extrene
pressure (EP) additives in order to provide adequate antiwear protection.

I ncreasingly specifications for |ubricant performnce, e.g., engine oi
performance, have exhibited a trend for-inproved anti wear properties of the
oil. Antiwear and extrenme EP additives performthis role by reducing
friction and wear of netal parts. 101008 +hile there are many different
types of antiwear additives, for several decades the principal antiwear

additive f { nt ' [ G j 1S
2l kyl t i o8] na i 8 PrefEATH N imeAR BE PIEMABEEL Borf wifich HELAL bace. - 1
whi ch t he stock(s) andret basecoih@) is/arerderivedzs aa, F-GQrmaterial (i.e., hydrocarbons,

di al | cyl dithi oBhosphat e (ZDDpP). ZDDP conmpounds generally are of_the formula
Zn[ SP( S) ( XR¥Y brgrocarbgnsy wap). Ansiurey Enlesyntbesispegaeys maydbg bengficaally ap) y

The zooP | S0y F eRTpoORRGHR (6} Soinp 67 oAy OARR! el IR e o) 7 e

total | ubemployasuoF:Ticatalystidohsprisingarcatalytic esbalt aomponent toeprovide a
advant ageous| y. . 101011 Howeve it is found that the phosphaorus fromthese

addi ti ves HgB Sghyligdilary lswtieghélé fosproducingthe garedesirablgihigher converters
o ! ) ; Comahi | b L Convertels
and 21 50 pRSLF el gfials o oL MR koI ok oe

addi tives.thE@H02] A variety of non-phosphorous additives are al so used as
antiwear additives. Sulfinized olefins are useful as antiwear and EP

addi ti ves. 087} f Ulm &9 PLRIsPhitiesRI frbbéss, & 3YnthRsiR'RRToRHrNing Wl rhiXth@ddf BD Of
various organic materials including aliphatic, arylaliphatic or alicyclic
ol efi ni ¢ Ak GOasisatalyticallyaconvegtetdrinta hydnocacbons apd prafasablydiquid,
preferably 3-20 carbon, atons. The.olefinic c unds contain .at | east one
Pon- ar onat A GUABRES 5 OhA g A1S o Jof hidtciet TTRY RirhoBRbRRRAB may o
R3R4C- CR5R$ro .%Fé\ﬁfﬁfrﬁ aBa0.9fto 43 bub issmdré RYROANAR/HIY tRY fin@e T fAidma
hydrocarbon radi cal. Preferred hydrocarbon radical's are al kyl "or al kenyl

radi cal s. ahopt Ovbtoo?.7Rand preferablyfzomabiont Octitasd.SasAs is wellknevay di-Tc ri ng.
can be f ot BoeRRs R GRHE priketoson B Fablriin e YT S "
entirety. fixk¥dd, BBuidsRdBedosr asaisiuraest ftalysi paiiefediar 4 By drotaiboand

t hi ophosphorus acid esters as |ubricant addifives is disclosed in U S

Pat ent Nosslurzy diquid6The 3taichiomieiric maleaatio for akdT 3ybtesisntactionlist2.0n of
phosphor ot,hi | disulfides as.an antiyea ant | oxi.dan and EP.additive is
i Sl oseq it thire arp By reSorfon g plefan’s soishioRaige ilin = BRS6unds i n
combi nat i jkiNéd th thedt KRN UACHBAR Uity ﬁ?dﬁ%ﬁi‘ﬁkﬁf’%ﬁbsis process the feed

di i sopropyl - phosphor odi t hi oate sul fide, for exanpl’e) and a phosphorous
ester (di bnold ratpdifahe HophdS@ls typicaldly absutb14). Ehe aymthesiargaaddi tives in

| ubricants is di.sclosed in S. P nt, 4,501, 67.8 . S. Pate 4. 758, 362
i 561 oaes SHERPETING aAPRULO A dR L& USSP NPIEts s ot bR s ng
extrene prefisreaétsih e pidsefice dhthelsitiChlatdFOT 3y MABHS Rabily tin e SNEAS
additive is disclosed 1n U S. Patent 5,693,598, Thi ocar banat e/ nol ybdenum

conpl exes liquid atconditipns gffeative tk formihy draserhansiaportion o whichrpresliquid
(REGB-C18 gl k¥l dacBbf BndficHnd whilh dSabriSIf Ry drdsibon 2urry 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



use or addition of such materials should be kept to a mninumif the object
is to produce | ow SAP fornul ati ons. [0105] Esters of glycerol may be used
as ant i weso 20@pae®8 For exanpl e, nono-, di-, and tri-ol earas2007/014893

nono- pal mtates and nono-nyristates may be used. [0106] ZDDP is conbi ned

W th other conpositions that provide antiwear properties. USP 5, 034, 141

di scl oses that a conbi nation of a thiodi xanthogen conpound

(octyl t hi odi xant hogen, for exanple) and a netal thiophosphate (ZDDP, for
exanpl e) can inprove antiwear properties. U S Patent 5,034,142 discl oses
that use of a netal al kyoxyal kyl xant hat28-(ni ckel ethoxyet hyl xant hate, for
exanpl e) and a di xant hogen (di et hoxyet hyl di xant hogen, for exanple) in

conbi nat i ; QDFh.1 . B Q)qqp i .
ant i wear g@é‘?ﬁ% F\i}éé inc dt%{e}%éﬁgg%hmg'ﬁﬁggﬁgﬁsul t%rfﬁ ggtﬁp%géggériﬂﬁéyﬁ i nc
di t hi ophosphehethernarinor same fofithe condenged hylrocarbomvhydiddravebeen

phosphor odi t hi, oat es, ,m)@/bdenum di t hi ocar bamat es and varj ous
or ganonol yea&%mﬁ wath if.o Sluy hydrocaabon synthesis pyecess sondiions¥asy| e

i st _ et A he 1ike.
T oycr o Somelitad B8pER1inBT R APADG nd REIRANBTned” 3P FopBllions S | 1e®
li ke can afRotive to!f&ith h?gﬁdbaﬁld&ﬁstédtﬁpriﬁﬁg rb@stlysgnggﬁkaaﬂnﬁ,r(esgn,tcgtC%put

0.01 to 6 w% preferab about 0.01 to 4 wt% | i ke conpounds provide
linmited hpaddselesblyCideparaiBns.tingslugydnidroearbonisynthesisproresshel ow t hat

exhi bi ted 0 i | i I e ndecan

t heref or eeﬁéﬂéﬁﬁ% Ajn%élcﬂ* réng??)? ﬁg'él %rgun& %k%%o%ﬁt, &?*'3 O'S%Etalﬁ%ilé@,e’ f(oépt at a
m ni mal  cerampld, aémPerdtardsapidskinds anholklt gpspate VelscieS inthBthige NS

Vi scosity Index |nprovers 0108] Viscosit i nprovers (al so known as

VI 1 npr oviam abput520-8507BB0-60Pst and 1004000 )//hrib, expraspedpssiangard
Vi i n abpuf Vel supresyedeosia
ot ohyelirhs G e AREOLEVD SARTE SR RBEST Al ber BoRF Ref SSUIMYSE,

| ow t enpecatalystsrespectiitly. [ThtGim S0 {"akl @ediletéin tolrefdd6 hydiddapbéns | ncl ude
hi gh nol ecul ar wei ght hydrocarbons, polyesters and viscosity index inprover

di sper santth a sartomreumber af grseter than Asbuisdess notdmply thatanaierighwith

10, o0t o cartbiEhiBher RS B ntEierl S8l DTG ERBoBH G SHESE en ror e
typi cal | y nasibee o ritdtiplp R0ty daochrBORs RVIng[tRé 19bit GARERIOTThO bafbisnt abI ©

viscosity index inprovers are polyners and copol yners of nethacryl ate,
but adi ene pupiber range haveatade presant oy thateyerypearpongiumbérdndhe quatesonmonl y

used vi scosity. index.i pprovek. ther .,sujtable viscosity index inprover is
oyt nalatAc pesehe, Dl erre Rl Bl PR Syl e Kt ol ot b,
for exanplenductbd Ghdat EendifibHS iR vhach! [imRIdBr ¥t MabsSERishift Pe WA

formul ations. Qther suitable viscosity index inprovers include copolyners
of et hyl emecens@ngriopre prederabiy mothema waterigas shift spastioneoccunting dyrisgshend

For " exanpPaprolifdt Frhgyy ot Gt iiEeClo FaRAMIIng Péichopiider 27Y! 2t e
st yr ene- bigbaditidone tb acRikve Any4Ipha ofht ﬁ@m&ﬂﬁs%&_&&%ﬁ}o& RREr 9 land metght .
|

[0111] Viscosity index inprovers nmay be use n an ‘anount of about 0.01 to
8 wt % pr oreferabily ahleagt 0920 s0 @8 ta symthesizg maorgiaf the momdesirablethigheriant s
retard the gxidative radat Lon of.,base .0ils duri seryvice. Such

oo adat | ROTEEa wefetiRaEOs o THATRE Srencasvtin iy rogie of

sl udge, ORsfhgVd sA8RIst ¥ohtaiiAg WecdtalytioRobiR CoffitinenENThold sKkifidd in thé\grear t
knows a wide variety of oxidation inhibitors that are useful in |lubricating
oi | conpoknpwothat balphadisameant tha SchuliziFdemyt kingtid alphaat Whiler siitableF-T op
cite, and U Pat ent .Nos, 4,798, 684.and 5,084, 197, for _exa [0113]
et ul - antFASHORTPES PRERANST RPMPEPELS REATIAE AlemERE CEPRENATL | oxi dant s
may be ashkhytid ARiAb shéleas FRNROCHOCR G ARBRE) ABisPprefiaréd BHat e Oaalyst met al
salts of certain phenolic conpounds. Tyglhcal phenol i ¢ anti oxi dant conpounds

are the hicothpriseé axtahadl catakyiticrcomponené.  phene embadimient thet 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



- 40 - sterically-hindered hydroxy group, and these include those
derivatives of dihydroxy aryl conpounds in which the hydroxy groups are in
t he ort howoeoospmpsogosi tion relative to each other. Typi ealr/ysh@nokises
antioxi dants include the hindered phenols substituted with C4+ al kyl groups
and the al kyl ene coupl ed derivatives of these hindered phenols. Exanples of
phenolic materials of this type 2-t-butyl-4-heptyl phenol;
2-t-butyl-4-octyl phenol; 2-t-butyl-4-dodecyl phenol;

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

2- met hyl 6-t - but y1- 4- hept yl phenol ; and 25ret hyl - 6-t - but yl - 4- dodecyl phenol

QG her useful hindered nono-phenolic antioxidants may include, for exanple,

t he hi nder | i ek

Bi s- phenol‘ﬁ%én%homlﬁé#%@s%y a égeo{?%g&?n@gégggg eg féé’zeue\r@e%%’ﬁ& hat i on

wi th the ifosCondoritaininy catalystsxcuinpiise Titanial bartivulgdy.dUsefilkatdysts and! ude:
2,2" -bis(4-heptyl-6- tbutylphenol) 2,2'-bis(4-octy 1 6-1t- butYIphenoI) and
2, 2' - bi s( 4beispeenaration pir knpwa apa)ill usiaatavq;&yppeﬂhm@wenm qsHBRYIRE f or

exarrpl e 4, |

4, 4" - et hy‘ﬁ‘elﬂg | sz(gr,"g’ll%llgltﬁ§u?€f'p %g?%-bck ﬁgﬁ’lﬁf%o:;nosﬁh%r?gﬁi1022(5X| dati on

i nhi bi t or s1,6&1,0M2 nand [3548%6%.i ncl ude aronatic am ne antioxidants and these
may be used either as such or in conbination with phenolic antioxidants.
Typi cal eXog8] esAQiseNfIHIDAERY, tife Waky Feédl fding wHich tHitebase! stodiqs pahdoe!

non-al kyl ated aromatic am nes such as aronmatic nonoam nes of the fornula
R8ROR111N e pil(Rgsiase derived jstmway oravaxmfeed omsminsrak eil.atpraminenal ¢ group,

RO is an ic.or subst.i t ut romatic gro and RH2 i al kyl,
Ayl or Ry etPichy Strochihaffead QR Bty oBEE W3 o ST U1 ¥
group, Rl%nht%nﬁl Wrgfé%b@'[km méfcPiab, re%rré’d‘t&&:i(l?ﬂly Iwraxf'irB"l“wﬁfcpi‘éifé?’eml group,
and x is O, . The aliphatic group may contain from1l to about 20

carbon at dvs ananmqirlmﬁlemapbylt mm@tangequmm -7 30 Woand prefetably at ons. The

ar e’ ar o pUBRobSnhail LG & oLpPHT o ot fedt Sast e Kt orcy ey ?rSS' be
a fused rifeed M4y Asd beWsed Auping théhy Hﬁﬂ%rﬁlﬁhzaﬁﬁrp ”Rtlbé‘rtxﬁhme g8 and may

be joined together with other groupS such as S. - 101151 Typi cal
aromat i ¢ Paraffm waxy de¢disronvhrted taldwer lsmllmg xsmaffgnouMenal dlehemst

about 6 c bon a es of ali at| Qups ,,nclude h |, heptyl,
ooty nodhFe i bieay R heRw noperpfli el PO g AR RORR AR o1 cont ai h
nor e than cdRfdihinklis6AlcPAR bRIIPBin theQuBe bfr Rhgt Y PESatdlytRMeWardns Iipmlsdant s
useful in the present conpositions include d| phenyl am nes, phenyl

napht hyl amra@tscedpﬂﬁmosmazzaiwmsodﬁmmna soyiesofathd wmph@mt;/isopnwnya@ne

di am nes. of, two e ar tic are.al so _us

Pol yneric vé‘r“xﬂ §ﬁtl]y(9§??f§ﬁ%sd g’nlﬁwaﬁr ?SW‘E%E Uéagﬁn qﬁﬁﬂ‘f%m €50 r’é')?ﬁﬁﬂ?%ls of
aronmatic td) laakwamr@rmnée%@l rbﬁﬁéﬂethﬁfﬁfeeéﬁdb&}”ﬁ?tﬂdiﬁt ok Wity

p, p' -di octyl d| phenyl ami ne: t-octyl phenyl -al pha- napht hyFam ne;

phenyl - giéed haphphqlléﬁﬂ?ﬁ(lQﬁ%Fp) octyl phenyl - al pha- napht hyl ani ne. [0116]

Sul fi tr| zed al kyl phenol s and al kali or alkaline earth nmetal salts thereof
al so are (0691 Whenoaxbddingsrange islqiioted dichein it defisesothedawieoand/antuppeed i n

oL Léf‘hhln@s@m EIEBRSSBIE Do SRR TR I Bgh B LM PeCHE AR Rted | ng
oi . ﬂgt&Se,&fm Wi p%‘@{)é‘cn?ﬁﬂ @ﬁatame 'ﬁ%heﬂryo%l 'éb‘ﬁhﬂﬁ‘é}xflg%}ecrongﬁﬁﬁégﬁﬁar byl

thio- or dithio es “and copper salts o nat ur a occurring or
synthetic emmrd:maqgel) ¢ha spetificadideof & boilaig mngeploes ns&k&cpmermiwdmtertqip&r

di t hi acar bamat es | phon at e henat e and | acet gnat.es c,
neutral , eaemﬁeaﬁ ?Fp e3R8t SRt mc?g(iﬁeaa‘m??’e&m& emd%nw
succi ni ¢ 3phASngE. anhydrl des are know to be particularly useful. [0118]
Preferred anti oXi dants i ncl ude hindered phenols or arylanines. These

ant | oxi dahf™y tHe wiSeAreeh HiafefiRl obnlbsidel Bc Bhild s PT80S FaRushLh one

anot her e use anount of 05 wWmM%
pr ef er abl oahed byGhe hyﬂﬁoéhrEom&%thEHB @r@w@s,sha(xﬂﬁgah ibitiat cgepomt beavenmon| y
used in lubri catl n ositions. A typical det er gent_is an apionic

mat eri al tOP&°F ameh (hf teamiged baithe mm&mms@e p?é‘r?'l%PPmt preferably



- 42 - of the nolecule and a snaller ol eophobic anionic or hydrophilic
portion of the nolecule. The anionic portion of the detergent is typically
deri ved fwormamoesegani ¢ acid such as a sul fur acid, carporysca7acisds
phosphorus acid, phenol, or mxtures thereof. The counterion is typically
an alkaline earth or alkali netal. [0120] Salts that contain a
substantially stochionetric anount of the netal are described as neutral
salts and have a total base nunber (TBN, as neasured by ASTM D2896) of from
O to about 80. Many conpositions are overbased, containing |arge amunts of
a nmetal base that is achieved by reacti?#g an excess of a netal conpound (a
nmet al hydroxi de or oxide, for exanple) with an acidic gas (such as carbon

di oxi des . i :
over based. W05 PFOPE e ey 8 Gy g ool MAIBES Ao gy G Y
over based.pravétitieegedr dad §rakedis. Bath finetibhabiezreféereed i herdnas t686- pr oduced

by the conbustion process and becone entrgzpped in the oil. Typically, the
over based 1Bt fractions” a Byaeomrast, 16502730°F ifeactions’arafers © phactionwith t he

detergent of about. 1.05.:1 to 50:1 aon an ui yal ent ,basis. Mr ferably,
the rati o PrpaRT Rl ot paintinad i Boinf SoRgunefe hioverr syl and o,
over based Zhgep! ORaky f8éds My Ibel prBtesakd vis MR entire fBAEtRIn 8P Sublsets OF thei gher,
of ten about 250 to 450 or nore. Preferably, the overbasing cation is

sodi um caintirefraction pagpars by distilationipe otfer deparatientechstiques. f Eh¢ WgxYBN can
be used in.the present invention. [0122] Preferr det ergents,j ncl ude the
kel | or P A1S0SPEAY PRSPl TR O05br EAReraD, MATE A 2% M oxy | at es,
phosphat ezggfgegﬂb@%bwhﬁh&mw& hffit Hyard &b n?@sthWFﬁ%ré h8fthal

sul fonic that are typically obtainéd by sulfonation o

al kyl - subgparaffinsd Iahasmaegligibjelamoantsorfssulfiy andodtrbgen eempousds (egl,deks t hose
bt ai ned b lLkyl ati b w 1 I , t.hal , Qi I d

Cheir  hal dHERd KPRt <RSI~ A UR (e A8 B AL NEPIG IR EiEBRY desauna 1006 ™ "

chl or onaphshaaiis mibRE pROFEFMIPless Théh S0iwirhinh 08 oAERS Sn'KBifeahlar have about

3to 70 carglon atons. The al Karyl sulfonates typically -43 - contain about
9 to aboutoxg@coatesnWaxy fessts havong these properties and yséfud im thoprocess ebthgo

carbon atans. [0124 | amarm in. " Lubri cant.s _and Rel.at ed oducts", op cit,
i e oses VERibhats bedipiade ingst SMrERFTE pRfcess ifh & Calfivl faving 2 68 i ch
are usef ulcaquggtcgf,gﬁ%gw’yﬁ@ngiaggﬁwmg};, inQidawy. i cants. The book entitled
"Lubricant Additives", C. V. Smal'lheer and R K Smith, published by the

Lezi us-Hil . I I?Hak' i Myl i Sl nber of
over based @3??&3@%?‘%‘%&? ogr e ulIs?éftﬁ I%b?%gggrﬂs%%?{sdcgﬁ o;tﬁ vOet e?tggn ’S.
[ 0125] Al kagl, shckaviopRehatas nadyebe ohiraeterized fas landbamsriaatioe pesgssit I1ff or

| ubricants. These detergents  can be nade by reacti n%, al kaline earth netal
hydr oxi de Seckowpyes gresedas theifecd, ghey mayngqdto bosubjsgiediy 8 preliminaryp| )

ith I I j I :
150 SHRSHSERIL e O A Ao ol b 00,
Exanpl es ab reduéeafro deydle dodtsvould| effetivebbavoid paealyst pois@iihg lop eeuctiveenol

nonyl phenol , dodecyl phenol, and the like. It should be noted that starting
al kyl phendien)itodsmoxesubipr-and airogea-contgining camppynds whigh would e5ch

i ndepende LL al i Shsfi VIII‘B'IIrrE = J .

all cyl phenruthIxIVthsléJ?Iggé,}I‘Iﬁgﬁlé@uIl? IijerI?gz‘gﬁ pr olcﬂ?ct ‘§‘°Eg&8§III§I I\%ﬁgusr%lt lHods
wel | knowsubseduent 3teéps. THESE watesatle used; Isudk pheliminayy areatment s mt :
al kyl phenol and %ul fiiri ZIr@ﬁ aggn (1 ncl IIdI n | emental sul fur or sulfur
hal | des. SGBHIrEd DepaUsey asiindicalfd above,RuchaXeshaye QMY t1Ch ATRHIF (653 he
sul furize A i r QX i 0126]
Vot al sal (LuaaBOUL 1O pAnt br I, bBfeali ks (haboll 3kt A nf) ofSuflfc ot

car boxyl i cnia@igén dehpoypadicontent. Howeegrasenicthy dradewaxigg catelgstfeddt-al

conpound with at |east one carhoxylic acid and renoving_ free water fromthe
reacti on pvasercmay beagfit from prahydrowcatment for thssemoval gf gyygenatewhils 1 ed

TBN Tevel . ol ohaf bR PG bRYeML ibdtnddE! TheHyaPORofeFAlibASrC! a5 Of

detergents rive
hydrodewaxing process may be conducted over a combination of catalysts, or

over a single catalyst. Conversion temperatures range from about 150°C to



O fromcarboxylic acids. Useful salicylates include |ong chain alkyl
salicylates. One useful famly of conpositions is of the fornula OH2 where
R i s a hywoag@moaisem or an al kyl group having 1 to aboutC3WSe@bosat ons, n
is an integer from1l to 4, and Mis an alkaline earth netal. Preferred R
groups are al kyl chains of at least Ci, preferably Cl13 or greater. R may
be optionally substituted with substituents that do not interfere wwth the
detergent's function. Mis preferably cal cium nagnesium or barium More
preferably, Mis calcium [0127] Hydrocarbyl-substituted salicylic acids
may be prepared from phenols by the Kol¥e reaction. See U S. Patent
3,595,791, for additional information on synthesis of these conpounds. The
netal salt = S | [ i p4STHRY r epar ed
by doubl e “a’e"?fér?ggg?ﬁf %ﬁ&%ﬁf&é%@?g Sf}s%’?‘ttgb?) (rallt gagéfi?lro ’(Ssbo(f%%t suc%l%gg&wat er or
al cohol . [BaP®F oplekated im tloaptesemezt off hydrogeinadmbhydregeh partis gpessares

detergents. [0129] Detergents maépbe sinpl.e detergents or what is known as
hybrid or reaﬁﬁﬂ"@m aépe%@g(m%ﬁo% p.atiheratiaod hydregen-toths hydregarbop

propertie , t terials.
Sec’U 5. *ePlsthtR (VERIE HiSuthioute) iR Fadie RORPLARANBLHITE' ©1 T\ o
cal ci um phenkt'gsé t6 4960"SCE/ B and®the ke ivelbcit) bLthedfeedstoclatredllym
phenat es, magnesi um sul f onat es, magnesi um sal i cyl ates and ot her rel ated

conponent stapgexfrom abowd)-Ated0ddd8 Vg prefesablyPpl tal® H8We total detergent
concentration is about 0.01 to about 6.0 wt% preferably, about 0.1 to 0.4
w % - 45072pi sFellowing any aeedLhydrgdenigragenatien ar ihydrodeshlfurization| e

oxi dati on rqducts are progduced. Di rsant.s hel p.k t hese byproducts
"1 g0l ut1 e RORIPTaERnE RF Gt TAs PrRABTCR eSS Rhedr o e S

Di sper sant fged®in sesdil ﬁ’ﬁ%rﬂh’ou@ﬂ%ﬁéﬁrﬁbﬁﬁgkﬂ&d&ékﬁﬁ%ﬁﬁﬁ@ﬁQ:ra&ll’ilé_t; sucheas

di spersant is ashless. So-called ashless di spersants are organic materials

t hat f or malibsthydroesacking(IERC) sotalysisifios examplé-catalystsgondaining Co,
non- et al - cont ai {i or  borated netal -free djspersants ar.e nsi der ed

nahl oss. 1180t Wodpho] bter S 6Eide ThnBoris. o8 - AlpiRine. Sihsa, SUEARERIE" PERm ash
upon conb s@ninelwmra%ﬂtm?h&&oﬁgoiﬂaﬁﬁmxﬁcwwsengéﬁérmptaaée@mcpol ar
group attached to a relatively high nol ecul ar weéi ght hydrocarbon chain. The
pol ar growgatalypi.cal |y contains at |east one elenent of nitrogen, oxygen, or

phosphorus. Typical hydrocarbon chains contain 50 to 400 carbon atons.
[073] Other isomerization catalysts and processes for hydrocracking, hydro-

dewaxing, or hydroisomerizing GTL materials and/or waxy materials to base
stock or base oil are described, for example, in U.S. Pat. Nos. 2,817,693;
4,900,407; 4,937,399; 4,975,177; 4,921,594, 5,200,382; 5,516,740, 5,182,248;
5,290,426; 5,580,442; 5,976,351; 5,935,417, 5,885,438; 5,965,475; 6,190,532;
6,375,830; 6,332,974; 6,103,099; 6,025,305; 6,080,301; 6,096,940; 6,620,312;
6,676,827; 6,383,366; 6,475,960; 5,059,299; 5,977,425; 5,935,416; 4,923,588;
5,158,671; and 4,897,178; EP 0324528 (B1), EP 0532116 (B1), EP 0532118
(B1), EP 0537815 (B1), EP 0583836 (B2), EP 0666894 (B2), EP 0668342 (B1),
EP 0776959 (A3), WO 97/031693 (A1), WO 02/064710 (A2), WO 02/064711
(A1), WO 02/070627 (A2), WO 02/070629 (A1), WO 03/033320 (Al) as well
as in British Patents 1,429,494; 1,350,257; 1,440,230; 1,390,359; WO 99/45085
and WO 99/20720. Particularly favorable processes are described in European
Patent Applications' 464546 and 464547. Processes using F-T wax feeds are
described in U.S. Pat. Nos. 4,594,172; 4,943,672; 6,046,940; 6,475,960,
6,103,099; 6,332,974; and 6,375,830.



1/ 0133] Chem cally, many dispersants nmay be characterized as

phenat es,

sul fonates, sulfurized phenates, salicylates, naphthenates, stearates,
car banat esQ 2008/me@8bamat es, phosphorus derivatives. A pacriusadoanisgosisef ul
cl ass of dispersants are the al kenyl succinic derivatives, typically

produced by the reaction of a long chain substituted al kenyl

succini c

conpound, usually a substituted succinic anhydride, with a pol yhydroxy or
pol yam no conpound. The | ong chain group constituting the ol eophilic

portion of the nol ecule which confers solubility in the oil,

is normally a

pol yi sobutyl ene group. Many exanpl es of28t-his type of dispersant are well
known commercially and in the literature. Exenplary patents describing such
di spersants are U S. Patent Nos. 3,172,892; 3,2145,707; 3,219, 666;

3, 316, 177;[024B41Hgdmcaghenidonvapsios, msﬂyﬂsmemlmmm@wessn@amma

3,632, 511; 3 787 374 4,43 h di t d bed
ThoU s, pAr BN Hay ToSestafes ateBised hgiin 18 855 B SoRREIFRLTER- (S5 7
3,454, 555,caaao‘§16&s%Qmm%i’e&t@é&talfstﬁ%ﬁcﬂézs%ﬂs?%mh1 ¥ SRR2480;

3,726, 882; 4,454, 059; 3,329, 658; 3,449

ZSM—35 ZSM-12 ZSM-38 ZSM—48 offretlte ferrierite, zeolite beta, zeolite

theta, and zeolite alpha, as disclosed in USP 4,906,350. These catalysts are used
in combination with Group VIII metals, in particular palladium or platinum. The

Group VIII metals may be incorporated into the zeolite catalysts by conventional

techniques, such as ion exchange.

{075] In one embodiment, conversion of the waxy feedstock may be

conducted over a combination of Pt/zeolite beta and Pt/ZSM-23 catalysts in the

presence of hydrogen. In another embodiment, the process of producing the

lubricant oil base stocks comprises hydroisomerization and dewaxing over a

single catalyst, such as PYZSM-35. In yet another embodiment, the waxy feed

can be fed over a catalyst comprising Group VIII metal loaded ZSM-48,
preferably Group VIII noble metal loaded ZSM-48, more preferably Pt/ZSM-48
in either one stage or two stages. In any case, useful hydrocarbon base oil
products may be obtained. Catalyst ZSM-48 is described in USP 5,075,269.
The use of the Group VIII metal loaded ZSM-48 family of catalysts, e.g.,

platinum on ZSM-48, in the hydroisomerization of the waxy feedstock

eliminates the need for any subsequent, separate dewaxing step.

[076] 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



3,519, 565; 3,666, 730; -46 - 3,687,849; 3,702,300; 4,100,082; 5,705,458. A
further description of dispersants nay be found, for exanple, in European
Pat ent ApwbDi2eesrioe3»sNo. 471 071, to which reference i s mrde/Uses07niss3

pur pose. [0134] Hydrocarbyl -substituted succinic acid conpounds are popul ar
di spersants. In particular, succinimde, succinate esters, or succinate
ester am des prepared by the reaction of a hydrocarbon-substituted succinic
acid conmpound preferably having at |east 50 carbon atons in the hydrocarbon
substituent, with at | east one equivalent of an allcylene am ne are
particularly useful. [0135] Succininm dé®-are formed by the condensation
reacti on between al kenyl succinic anhydrides and am nes. Ml ar ratios can

vary depengli . ] . I ' . enyl
ucei ni o S Bbrcfpifie YA ehE p Wi maldify TR sk boita fnid I

Repr esent ahér sepaxated| fesmahe sehventcoftathibg lieé 61lifrddtion Whithis 96, 3, 172, 892;
3,219, 666; 3,272,746; 3,322,670; and 3,652,616, 3,948,800; and_Canada

Pat ent No raffingte, ‘Bhe raffinate)s typicallyfusther chillsdinscranedesurfagechillers to

q v : g ! hol
ol yol s KBeyEPidteNax SREE T Bk ERiger RO LB Ulhi 15 ARl °loca. “For
exanpl e, thsighohydrosatbons, flichtasCprophnétanl disd bt used i Whictaieydr i de and
pent aer yt I;{ylét ol Is at usef_uéﬁdi.alpersagt._d[0137] Sullcégttlnat ert_ester gg%d_es are
f db FRISPEISTAE AS H¥LE WIHD, Se]. »BGW dNTREAYS, & i mpertignrgiowhighds and
o kel "api s CERY AL, k) AL e LKAl o e L 0Sh U PR
pol yal kyl poq yg?noneé), propoxy i dﬁgbsﬁ’?gﬁ'}é% pcﬁryggﬁl' o5 AN ax.

pol yal kenyk peparatet TRSmIHE fafiinab® by Flfali 6 ameRIbYane raratidicoexampl e is
propoxyl at ed hexanet hyl enedi am ne. Representative éxanples are shown in

U.S. Pat erventrifagations Theobaint Ththensitrippedhoutef Ggtraffinatpewhidhdaghensucci ni ¢
anhydri des. used_in the precedin aragraphs w | typically range between
500" and 2 EEn tioRus B ARLORAPHI R et B R prischE PGB agen s
such as suAkbiwel PKNE®H is catatytic déWaxMEIRNWHRh SRkYiIsomerateds rédétdd as
ol eic acid, and boron conpounds such as borate esters or highly borated

di sper santwith fidragenjartbe presenge oba sbsablecdewaxing cawhysddbgenditionso about 5

I f b I f_di | duct .. |- ich b
i spor sant Ay BRIV nt SREBEG e SRR R ERHE S ebaty i i BlsS o
am nes. SeRdnVerts aparon of tHEKydrolsoniératdtol IoWer LRilgE Aidtekials) il the DY

reference. ProcessS aids and catal ysts, such as oleic acid and sul fonic
aci ds, carbodlingrangep for examplec65@-4560Pbn whigh aresepasated frem the hgavier of t he

al kyl phen from 8Q0.t0.2 50 resent ati ve exanpl es .ar hown in
0.5 Pa orPURp D H: b Rk ey And o BRCIGGh HakliSn SRSy Thio R
3, 798, 165;0r3erebad@3tdk8: Separation of the lower boiling material may be

accomplished either prior to or during fractionation of the 650-750°F+ material

into the desired base stocks.

[077] 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 and include, for example, ferrierite, mordenite, ZSM-5, ZSM-11,
ZSM-23, ZSM-35, ZSM-22 also known as theta one or TON, and the
silicoaluminophosphates known as SAPO’s. A dewaxing catalyst which has
been found to be unexpectedly particularly effective comprises a noble metal,

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



[ 0140] Typical high nol ecular weight aliphatic acid nodified Mannich
condensati on products useful in this invention can be prepared from high
nol ecul arwaenggm2mBkyl - substi t ut ed hydroxyaromati cs or PRTR)S2007/014893
group-contai ning reactants. [0141] Exanpl es of high nol ecul ar wei ght

al kyl - substi tuted hydroxyaromati c conpounds are pol ypropyl phenol ,

pol ybut yl phenol, and ot her polyall cyl phenols. These pol yal kyl phenol s can be
obtained by the alkylation, in the presence of an al kylating catal yst, such
as BF3, of phenol with high nol ecul ar wei ght pol ypropyl ene, pol ybutyl ene,
and ot her pol yal kyl ene conpounds to gi~#@-al kyl substituents on the benzene
ring of phenol having an average 600-100, 000 nol ecul ar wei ght. 101421

Examl o5 SbcdBbRife ANHIPHEALA ARG SRR TRA BrNErAbi| 95N KRGS

principally pol yam nes. er representativeé organic c ounds
cont ai ni ngoaditionsadhclade aHbfripefatgreinpths rahgd bE frioni abewt 400-608°Fyreepar ati on of

i - o noaPRENEEE Gha0R B0 PGoH: reutiats o L2500 SEE/Rctor fetheie
di - am noaPRERLS _ SRl
! apht naf SAS qr BHS 6F 0PI IRR ferib 02070V LI B nefitaly "o

pyrrol i di gendiu¢tedad ebavert Hodndrd thdn® werhnd preférdblyeno mdrathaie30w% hei r
substituted anal ogs. [01‘431_l Exanpl es_of al kyl ene polyani de reactants
i ncl ude evhyhehrdroisarperate haying anqjaitigl besling pointiin the range ofH30:459%:

tetraet hykg%tgg?t@&mg%el&gq{saﬁ}mIb%ﬂ?%%géﬁlqj ne, hexaet hyl ene heptaam ne,

hept aet hyl'ene octaam n oct aéet ‘ene n am ne, nonaet hyl ene decam ne, and
decaet hyl un i he an i xture, of s am nes havj nitrogen contents
corres pon‘j@ﬁsg; t g@?ﬂg‘)a&ﬁe@?{gﬁg %(P?%We ',itgﬂr*wtr&ﬁ%&%?’ﬁﬁﬂ’g’gml\l- (Z-NH), 11,
ment i oned h?ﬂf&&&neﬁzbé/cﬁt (rsaiwvdiit) @dwakawariderivedbabe stockfs)ddnd/GEbase

foregoing fornula. Correspondi ng propyl ene pol yam nes such as pr‘gﬁyl ene
di am ne a®il(¥i have ajbenefietal kinematin viseeyit ntage ovarconyentipaglt APl and

hexaam neg, ar e al ui t react s. ..Th | kyl.en | ] Res e usually
obt ai ned gﬁilrof’ﬂéflﬁéggriogﬁa@ Ez?asr%wsg%fkgg)ta?{bdlﬂf ﬁ%ﬁaeom dsiag%(g,goﬁa%g§§e§{ chloro

al kanes. _EHV&lth@o@l%XxkeﬂWi@ﬂ&&ﬂkt@ﬁﬁirﬂ%ﬁbﬁﬁ@uﬁ:hmftﬁsé %ﬁﬁk'(?rhrﬁlf/oﬁ to 11
nmol es of ammpnia with 1 to 10 nol es of dichl oroal kanes havin to 6 carbon

at ons and baseod(s) sanhayesignificartly highen kinamatig giscositian|up ta agous 28-50

| i t o[ 0144 dehyde . tants . | _in the. ] i
Pt oo AT RO FRF AR Blbbe oS R GREERL 2T, ©
al dehydes kentihatds visebsitied ipytdaboat $9 nihd¥at 300P6! MdEsmhsiabial Groag 111
formalin), acetal dehyde and al dol (13- hydr oxgbut ral d;hyde) . For mal dehyde

or a f or mbasenilsieay have kingmatie visaosities pp 40 eboutd1 0 nonzs pt HAFGc dhgy |

R T T A e O
3, 438, 757 compabéd #Pthe mord Anfitd kiRemadtic LitosAP FagdEFAGESp 1T AldElolp ef er r ed

di spersants include borated and non-borated succinimdes, including those
deri vat i vdH basostank(s) and/or hasei ali(s), inicombhination withethe instanbinventionces of

nono- and Dbi s-,suqgci.ni m,des, ~wherei n.the .hydrocarbyl, succinjn 4.8 .- 49 -
o veq 1 REpTEE SIS BRe s A e RO RGP MRS AT hEBrEos
from abou 0t bout 5000 or.a m xture.of such, hydrocarbyl ene_groups.
G her - prel@¥lod T BB BFESE YT ioGuhes et FREIrES b bUiodR e XA Shhios.
al kyl phenW%iX&%%e%vm%1Mﬂyuwﬁ&é@%se 5tRk(s) aRRRGE DR 0IN S, byies, and
other relafed conponents. Such additives may be used in an anount™ of about
0.1 to 20 ommorepmeiturestfitha§HTE basd stock) anddorimse ofls)nor DEphees ant s

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

constitute part of the base oil. Such base stock(s) and/or base oil(s) can be used

in further combination with one or more other base stock(s) and/or base oil(s) of

mineral oil origin, natural oils and/or with synthetics.



10147] Conventional pour point depressants (also known as |ube oil flow

i nprovers) may be added to the conpositions of the present invention if
desi red. wbeses/qpeiss poi nt depressant may be added to | ulpcrasten®i14893
conpositions of the present invention to |ower the mninmmtenperature at
which the fluid will flow or can be poured. Exanples of suitable pour point
depressants include al kyl ated napht hal ene, pol ynet hacryl at es,

pol yacryl ates, polyaryl am des, condensation products of hal oparaffin waxes
and aromati c conpounds, vinyl carboxylate polyners, and terpol yners of

di al kyl fumarates, vinyl esters of fattydlacids and allyl vinyl ethers. US
Patent Nos. 1, 815,022; 2,015,748; 2,191, 498; 2,387,501; 2,655, 479;

2,666, 746; 21 : Y -Gaser | f pour poi nt
depr essant[ggg d/n(f)ﬁgzy ﬁ%t%forrzé%aarg%&og%&s@P@&ééﬁéﬁga%ﬁ@vfg&ngy e used in

an anount mitesialldndloPfroiDwaxyifeedspare fohafddterizaddoasthdvifid predoimimantlyo
Corrosion Inhibitors (01481 Corrqgsion inhibitors are used to reduce the
degr adat i araffiniecamppgitions padiane further charagariged ashavinghigh sauratgsi ng oi |

conposi ti Q. it.apl e i.on. 1 nki bi acl U I ack See, for
exanpl e, %léﬁg&@%ﬁ@%ﬁﬁ@%%t%@?rﬁﬁ%%@ lf%wgﬁ(f& %gﬁg’@@%ﬁhl ch are

i ncor por ategsertRBi watty-whkitelreesler.i n their entirety. Such additives nmay be
used in an anount of about 0.01 to 5 W% preferably about 0.01 to 1.5 wt%
- 50 - Seqbsq)rrpAtprerértécyGMdu&ﬁmqurBQ%%h CORFPOSHIGIY A drkdd éé&?ri@ ts help
to swell elastoneric seals by causi'ng a chem cal reaction in the uid or
physi cal qasaffmi¢ hydtosasdhanscamponergaiin adiich theaextenhebbiapchingy asgent s f or

| ubri cat i ilS,i d i ¢. ph ] t . t]
yar ocar bofeasEt by I e ntieR s RS R Bpadens (BTE abf FEbTSSmIBLANY but eny
succi ni ¢ aphyéHihgCas measurad Bylth¥ r%%}eop&edxﬁﬁg mmﬂaba%{%g?%ho- 01

to 3 ww% preferably about 0701 fo Ant i - Foam Agent s
Ant i - f oamaae fonrsommeredarhons geroaved fitom auead group obbranchx (Hdnpebi ateons.

These agents, reta ti f s l g, f iJ iLcones and organic
pol yners _asl'"gh r@légﬁtslf(&*g%n“ggéﬁt §’.‘& é&ﬁkﬁwgfg&@§?$8§éﬂ‘?§m§ﬁch as
silicon OidyepsaiddigifdHsdrddarbbh eopOsitiInCyd S| foam properties. ,
Anti -foam agents are comercially avail able and may be used in conventi onal
m nor ano al 1 kfd : it ; usually the
anount of L[ta % e a gPﬁ%@gagﬁ%ibﬁggkfdgkﬁélg&tc%asg%ip%{eﬂfl%%ﬁ%ﬁgéﬁ often | ess

t han 0.1 pharcattrizddyif bedessary aaxthadvingiesstthAd @1 wt¥saronticlhy diotarbont,

addi tives (or_ corrosion inhibi tors% are additiyve tgg[{bf otect |ypricated
met al surfléise%laa&&wekﬂmdngﬁseawm ning qampeynds. lss vopm iRt s, A

i d A i : ihals! iH.abh gt i dtoi
K anann | rofhine Eifipai AEBRE pofily of |E¥SRR2 BiC, RIGrabE oS bl L%t "
antirust 308C aperefetreal PDEDS.4 antd (Tl =t UK 2%5 S Theg hawt al naminahdeiling

preferentially, protgcting it with a filmof oil. Another type of antirust
addi ti ve RMBFHSIYNer oBAVErAEStheY averageifewenthan ) hexylprdengenbraaches so

that only q.()gi%ar%/&ggﬁ)‘?ﬁs moﬁbéllaﬁg}[{gﬂ%%orgﬁhnqg%gﬁ{gl by&cengb \ngt I rust

addi tive em ca eres to the to produce a n-reactl surface.
Exanpl es df0Oscarbad atormasidThey alsoi canl beleharacerided byepdmabimtien, ofidyinaimic

phenol at es,, basi c netal suylfo es, fagt [ ds and am nes. Such additives
may be 15 SlisqaT Y eh MsaRred by ato 495C %@ﬁmmmweﬁmww #1 to

1.5 W% 100°€ represented by the formula: DV (at -40°C) < 2900 (KV at 100°C) -
7000.

[083] 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 Cy to

about C49, a molecular weight of about 280 to about 562, a boiling range of



Friction Modifiers 10153] A friction nodifier is any material or materials
that can alter the coefficient of friction of a surface |ubricated by any

| ubri cantwonrods/awezdscont ai ni ng such material (s). Fricti orcmrus2dor@n4s93 al so
known as friction reducers, lubricity agents, or oiliness agents, and ot her
such agents that change the ability of base oils, formulated |ubricant
conpositions, or functional fluids, to nodify the coefficient of friction
of a lubricated surface may be effectively used in conbination with the
base oils or lubricant conpositions of the present invention if desired.
Friction nodifiers that | ower the coeff32ci ent of friction are particularly
advant ageous in conbination with the base oils and | ube conpositions of

this inventio 1 ction i-fiers i.ncl ude al - cont.ai ni ng. conpounds
or materi _guggs (ggl fo %‘_émgg@%lgfsg’_ %%Wd% sﬁﬁﬁ?‘ﬁ&‘?‘*&?@’,&%s ﬁ?‘}tgﬂ’r 'égn?? her eof
Met al - contfgiynhikg] bfdriche® AndRehdreid the TR darbbn HdeRed Bdaid Brdriched paeaffinsi gand
conpl exes where"the netals may include alkali, alkaline earth, "or

transiti ons gtleast absut3s. Such netal -containing friction nodifiers may al so

have | ow ash characteristics. Transition nmetals nmay include M, Sb, Sn, Fe,
Cu, Zn, arjd84k heinsthelabpaedbhe Baynching imdexn(Bi)pBearvhingl Proxiatity €CHp >ad)cohol s,

pol yols, glycerols,. pattial sterified g] ycerols, thiols, carboxylates,
car bamat eg‘,"dt FB@FB&H&@%‘?‘, H&Fﬁtﬁ’%éﬁ@ﬁ‘&ﬂﬁdeé teod dhat es, thi ophosphat es,
di t hi ophosphat es, .am des, im des, am nes, thiazoles, thiadiazoles,

di t hi azol iaﬂéb_’&&dﬂés?ﬁ triazol es, and other pol ar nol ecul ar functional
groups co &I N tl,iﬂ(ﬁ fm&R o Vi or in
conbi nat i gﬂﬁfn %;ﬁg& ar, W%Eﬁgﬁ?m ng %!,(fr‘r:pﬁggﬁisg%tginﬁ%e(y%gr I iééi arly
ef f ect i ve,369sMiHy ANV gpeetrinetért Wsing 20Vasalutions M CDIC);. TMS is the

Mo- di t hi ophosphat es,. Mo(DTP), Mb-am nes, M (An), Moal cohol at es
Mb- al coholintmal chemical shiRaefgrencep DL selyentgiyes ageak lacated ap7@8.

6, 153, 564; 43 . 701; 110 8783 37 ¢t -G, : : OR 968.

o, 734, 150 AL sHeregse otlaibie B afatifuind fonfipit Mt 20 s R 20, v
98/ 26030. (10.94:s), b st dAaP tipsSof 30 6! whith'Bdit ¢t fiveRimas te longestde

| ubricant materials that contain effective anounts of polar groups, for
exanpl e, thydregen spindaticeinelpxation dinae O11), aad 820iscans (@l snsure geed parti al

gl yceri des llxceri.de erivatives, and the like. Polar groups in friction
nodi fiers Sfﬁ[& RO Var ocar byl groups containing effective anmounts of O,
N, S, or P_ individually or in conbination. Oher _friction nodifiers that
may be padPBeli Hiafomy ypes arrdetingd preordipg tethefoliowing regiensst h

ash-contai ni ng ang R gsm HRIKbYAd Heaon®dtid Ahgy, acids, fatty al cohols,
fatty am des, fatty esters, "hydroxyl-containing fatty carboxyl ates, and
conpar abl e synt he6i2e4|0ppmdiyirogénsdorvolefimy¢ carbodsatomiscohol s, ami des,

esters, hydroxy carb | ates, apnd.the like, In sone.instances. fatty organic
aci ds, fa%/ty a?/ri ngé)'g 4 @ﬁ?q"@'ﬂﬁé‘dgfgﬁepﬁ al the,<-PRSIGN 1Q, AEQMalic BRes;qp| g

friction nodifier ._Q‘]ﬁ : GRithindt friction nodifiers may
range from about '.IOQ't (ﬁ%@mvﬂtl/o@g? mr%’?ﬂﬁgﬁ&{vﬁ’th a preferred range of
about 0.1 to 5 W %4-ChxScpprinrparaffiic GHmethydaruhydrogeas;ni ng friction

nodi fiers are often described ip. ter of I\/tf netal concentration.

Advant ageous concé&?ﬁtﬁmwa&?‘ yBeUwIhydresansut 10 to 3000 ppm or
more, and often with a preferred range of about 20 to 2000 ppm_  and in some

i nst ances [88%br eThe branchieg index(BJ) inealculateg asgthegatio in pergant of ngn-

nmodi fi ers ,of _al:] ' I fe iy R ' material s
of this i Mgﬁﬂl%ﬁgégff%w %?igl%or?‘n gé\;ug)fg'rs ir?olr'gg ;Srq'{'é’teﬁ%c}#ctrtrgt&? B :83?5, or

m xtures Qfen]‘zyii@hiipnaﬁ@dyﬁirﬁehsinuiéfangbroerronatcezsum]smce active material(s),
are also desirable. Typical Additive Amunts [0156] Wen |ubricating oil

conposi ti £ HiPsg)yof the additives discussed above, the
addi tive( ai &ngtbo 2t’f’ie)corrposi tion in an anobunt sufficient for it

to perforrf08B8F AN9@SAMHZ QMR singlepulsecand 3% Disortonless Enhducamendbyus ef ul
inth t | ti in Tabl 1 A - 53 -t i ght
amount s | Az LransteDRe TS R Goeeinare ahiftLonaRrsket o " his
text, are 04,36k ij g Nt ' 1
I?‘Wem s%&ﬁ&lﬂeﬁ%ﬂ&% A% 36hitithsi il CBELSNTNISBthé Sntbhfa

nondi | uent ortion of tfe ingredient) unless otherw se indicated.
The wei ghtchearicarshiftrdferenes GBIGly soleerisgives atripletlacated at&l.ghppot in he
| ubricating oil conposition. TABLE 1




Typi cal Amounts of Various Lubricant G| Conponents Conpound Approxi mate
W % (Useful) Approxinmate W% (Preferred) Detergent 0.01-6 0.01-4 D spersant
0. 1- 20 0.weodrioeivson Reducer 0.01-5 PCT/US2007/014893
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the °C spectrum. All single pulse spectra are obtained under quantitative
conditions using 45 degree pulses (6.3 us), a pulse delay time of 60 s, which is at
least five times the longest carbon spin-lattice relaxation time (T)), to ensure
complete relaxation of the sample, 200 scans to ensure good signal-to-noise

ratios, and WALTZ-16 proton decoupling.

[089] The C atom types CHj;, CH;, and CH are identified from the 135 DEPT
3C NMR experiment. A major CH, resonance in all >C NMR spectra at ~29.8
ppm is due to equivalent recurring methylene carbons which are four or more
removed from an end group or branch (CH2 > 4). The types of branches are
determined based primarily on the '*C chemical shifts for the methyl carbon at

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

[090] Free Carbon Index (FCI). The FCI is expressed in units of carbons, and
is a measure of the number of carbons in an isoparaffin that are located at least 5
carbons from a terminal carbon and 4 carbons way from a side chain. Counting
the terminal methy! 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
CHy);

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

¢) 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.



0.01-1.5 Viscosity Index Inprover 0.0-40 0.01-30, nore preferably 0.01-15
Antioxidant 0.0-5 0.0-1.5 Corrosion Inhibitor 0.01-5 0.01-1.5 Anti-wear
Addi ti ve WOQaesA0259814 Pour Poi nt Depressant PCT/US2007/014893
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[091] Branching measurements can be performed using any Fourier
Transform NMR spectrometer. Preferably, the measurements are performed
using a spectrometer having a magnet of 7.0T or greater. In all cases, after

~ verification by Mass Spectrometry, UV or an NMR survey that aromatic carbons
were absent, the spectral width was limited to the saturated carbon region, about
0-80 ppm vs. TMS (tetramethylsilane). Solutions of 15-25 percent by weight in
chloroform-d1 were excited by 45 degrees pulses followed by a 0.8 sec
acquisition time. In order to minimize non-uniform intensity data, the proton
decoupler was gated off during a 10 sec delay prior to the excitation pulse and
on during acquisition. Total experiment times ranged from 11-80 minutes. The
DEPT and APT sequences were carried out according to literature descriptions

with minor deviations described in the Varian or Bruker operating manuals.

[092) DEPT is Distortionless Enhancement by Polarization Transfer. DEPT
does not show quaternaries. The DEPT 45 sequence gives a signal for all
carbons bonded to protons. DEPT 90 shows CH carbons only. DEPT 135
shows CH and CHj; up and CH, 180 degrees out of phase (down). APT is
Attached Prdtbn 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).

[093] GTL base stock(s) and/or base oil(s), and hydrodewaxed, or
hydroisomerized/cat (or solvent) dewaxed wax base stock(s) and/or base oil(s),
for example, hydroisomerized or hydrodewaxed waxy synthesized hydrocarbon,

e.g., Fischer-Tropsch waxy hydrocarbon base stock(s) and/or base oil(s) are of



0.0-5 0.01-1.5 Anti-foam Agent 0.001-3 0.001-0.15 Base G| Bal ance Bal ance
[0158] Lubricating oils of the present invention utilizing hydroxy phenol

et hers eiwbenosam2io9Be only base stock or preferably in cecbiusatromsesth a
second base stock as descri bed above conprise both straight grade and

mul tigrade |ubricating oil formulations such as SAE OMX, 5WX and 10W X
where X ranges from 10 to 50, preferably 20 to 40. [0159] The present
invention is further described by the follow ng non-limting exanples and
conparisons with the Conparative exanples. Exanple 1 [0160] Potassium

hydr oxi de (1508, 85% purity) and tetrabsgyl artunoni um brom de (10 g) were
di ssolved in water (150 mL) in a three-neck 2L round bottom flask, equi pped

o ey e St HRp o SRR, Ty, SRR MR B il 7o
( oil bat heugpineheianalactidss and bilFoARuléls! toProB8ée frmulated oils of ever
increasingly reduced sulfated ash, phosphorus and sulfur content to meet ever
increasingly restrictive environmental regulations. Such oils, known as low
SAPS oils, would rely on the use of base oils which themselves, inherently, are
of low or zero initial sulfur and phosphorus content. Such oils when used as
base oils can be formulated with additives. Even if the additive or additives
included in the formulation contain sulfur and/or phosphorus the resulting
formulated lubricating oils will be lower or low SAPS oils as compared to
lubricating oils formulated using conventional mineral oil base stock(s) and/or

base 0il(s).

[094] For example, low SAPS formulated oils for vehicle engines (both spark
ignited and compression ignited) will have a sulfur content of 0.7 wt% or less,
preferably 0.6 wt% or less, more preferably 0.5 wt% or less, most preferably 0.4
wt% or less, an ash content of 1.2 wt% or less, preferably 0.8 wt% or less, more
preferably 0.4 wt% or less, and a phosphorus content of 0.18% or less, -
preferably 0. 1 wt% or less, more preferably 0.09 wt% or less, most preferably
0.08 wt% or less, and in certain instahces, even preferably 0.05 wt% or less.

[095]  The lubricating oil comprising the synthetic phenol ether can be used as
is or more typically in combination with one or more second base oils described

above and/or with one or more performance additives.

[096] Examples of typical performance additives include, but are not limited
to, oxidation inhibitors, antioxidants, dispersants, detergents, corrosion
inhibitors, rust inhibitors, metal deactivators, anti-wear agents, extreme pressure
additives, anti-seizure agents, pour point depressants, wax modifiers, other
viscosity index improvers, other viscosity modifiers, fluid-loss additives, seal
compatibility aéents, friction modifiers, lubricity agents, anti-staining agents,

chromophoric agents, defoamants, demulsifiers, emulsifiers, densifiers, wetting
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(70.2 nL, 0.5 nole), n-octyl bromde (86.9 nL, 0.5 nole) and 2-et hyl hexyl
brom de (89.35 nth, 0.5 nole) was added to the reaction mxture at 70C
during 1 hour period under nitrogen. The reaction m xture was stirred at
70C for another 20 hours. After cooling to roomtenperature, the resulting
liquid was washed 4 tines (200 trilL, 3 x 100 nL) with water in a 2-L
separatory funnel. The renmaining water-3¥nd unreacted al kyl brom des were
renoved at 160C, 1 mmHg. It took about 2 hours to reach these conditions.
The m xt ur, S | nt.ai . 5 to
femove redEgiay e AR (il debnfE b orktls, AAFLIE EbEABYBISE D 5
| ayer of mraiy edbmatotily idedaddiivespéie KlanbuakiefLbbricudlts amdl Relgted vacuum

(10-15 nm Hg) to yield about 325 of a colorless liquid. Exanple 2 101611
The hydr oBFogwesol Yerlag QF“HPSPES&&Q@IB@?PB{ Rei ISBDARSY T3kt e | was

tested fon | I tabihl ity . > Y rlﬁﬁ? e

Oxi dati on es'teg.%ﬁlglssgirgggé {s(% alﬁ arrlag}' i&&“@ﬁé% Nla's ‘per %&hﬁgﬁg%eéfslbyc The
test met hqoyes RataCorporatich 8f PaAGiddee NIqM978).ng oxi dation test life of
in-service oils. The various aromati c base stocks shown bel ow al so were
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[098] The types and quantities of performance additives used in combination
with the instant invention in lubricant compositions are not limited by the

examples shown herein as illustrations.

Antiwear and EP Additives

[099] Many lubricating oils require the presence of antiwear and/or extreme
pressure (EP) additives in order to provide adequate antiwear protection.
Increasingly specifications for lubricant performance, 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.

[0100] While there are many different types of antiwear additives; for several
decades the principal antiwear additive for internal combustion engine crankcase
oils is a metal alkylthiophosphate and more particularly a metal dialkyldithio-
phosphate in which the primary metal constituent is zinc, or zinc dialkyldithio-
phosphate (ZDDP). ZDDP compounds generally are of the formula
Zn[SP(S)(OR")(OR?)], where R! and R? are C,-C,; alkyl groups, preferably
C,-C); alkyl groups. These alkyl groups may be straight chain or branched. The
ZDDP is typically used in amounts of from about 0.4 to 1.4 wt% of the total lube

oil composition, although more or less can often be used advantageously.

[0101] However, it is found that the phosphorus from these additives has a

deleterious effect on the catalyst in catalytic converters and also on oxygen
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sensors in automobiles. One way to minimize this effect is to replace some or all

of the ZDDP with phosphorus-free antiwear additives.

[0102] A variety of non-phosphorous additives are also used as antiwear
additives. Sulfurized olefins are useful as antiwear and EP additives. Sulfur-
containing olefins can be prepared by sulfurization of 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®
[0103] 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 cyclic ring. Additional information
concerning sulfurized olefins and their preparation can be found in USP

4,941,984, incorporated by reference herein in its entirety.

[0104] The use of polysulfides of thiophosphorus acids and thiophosphorus
acid esters as lubricant additives is disclosed in U.S. Patent Nos. 2,443,264;
2,471,115; 2,526,497; and 2,591,577. Addition of phosphorothionyl disulfides
as an antiwear, antioxidant, and EP additive is disclosed in U.S. Patent
3,770,854. Use of alkylthiocarbamoyl compounds in combination with a
molybdenum compound (oxymolybdenum diisopropyl-phosphorodithioate
sulfide, for example) and a phosphorous ester (dibutyl hydrogen phosphite, for
example) as antiwear additives in lubricants is disclosed in U.S. Patent
4,501,678. U.S. Patent 4,758,362 discloses use of a carbamate additive to
provide improved antiwear and extreme pressure properties. The use of
thiocarbamate as an antiwear additive is disclosed in U.S. Patent 5,693,598.
Thiocarbamate/molybdenum complexes such as moly-sulfur alkyl dithio-

carbamate trimer complex (R=Cy-C,3 alkyl) are also useful antiwear agents. The
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use or addition of such materials should be kept to a minimum if the object is to

produce low SAP formulations.

[0105] Esters of glycerol may be used as antiwear agents. For example,

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

[0106] ZDDP is combined with other compositions that provide antiwear
properties. USP 5,034,141 discloses that a combination of a thiodixanthogen
compound (octylthiodixanthogen, for example) and a metal thiophosphate
(ZDDP, for example) can improve antiwear properties. U.S. Patent 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.

[0107] Preferred antiwear additives include phosphorus and sulfur compounds
such as zinc dithiophosphates and/or sulfur, nitrogen, boron, molybdenum
phosphorodithioates, molybdenum dithiocarbamates and various organo-
molybdenum derivatives including heterocyclics, for example dimercaptothia-
di'azolcs, mercaptobenzothiadiazoles, triazines, and the like, alicyclics, amines,
alcohols, esters, diols, triols, fatty amides and the like can also be used. Such
additives may be used in an amount of about 0.01 to 6 wt%, preferably about
0.01 to 4 wt%. ZDDP-like compounds provide limited hydroperoxide
decomposition capability, significantly below that exhibited by compounds
disclosed and claimed in this patent and can therefore be eliminated from the
formulation or, if retained, kept at a minimal concentration to facilitate

production of low SAP formulations.

Viscosity Index Improvers

[0108] Viscosity index improvers (also known as VI improvers, viscosity
modifiers, and viscosity improvers) provide lubricants with high and low
temperature operability. These additives impart shear stability at elevated

temperatures and acceptable viscosity at low temperatures.
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[0109] Suitable viscosity index improvers include high molecular weight

hydrocarbons, polyesters and viscosity index improver dispersants that function
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.

[0110] Examples of suitable viscosity index improvers are polymers and
copolymers of methacrylate, butadiene, olefins, or alkylated styrenes. Poly-
isobutylene is a commonly used viscosity index improver. Another suitable
viscosity index improver is polymethacrylate (copolymers of various chain
length alkyl methacrylates, for example), which also serve as pour point
depressants in some formulations. Other suitable viscosity index improvers .
include copolymers of ethylene and propylene, hydrogenated block copolymers
of styrene and isoprene, and polyacrylates (copolymers of various chain length
acrylates, for example). Specific examples include styrene-isoprene or styrene-

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

[0111] Viscosity index improvers may be used in an amount of about 0.01 to 8

wt%, preferably about 0.01 to 4 wt%.

Antioxidants

[0112] Antioxidants retard the oxidative degradation of base oils during
service. Such degradation may result in deposits on metal surfaces, the presence
of sludge, or a viscosity increase in the lubricant. One skilled in the art knows a
wide variety of oxidation inhibitors that are useful in lubricating oil composi-
tions. See, Klamann in “Lubricants and Related Products”, op cite, and U.S.
Patent Nos. 4,798,684 and 5,084,197, for example.

[0113] Useful antioxidants include hindered phenols. These phenolic anti-
oxidants may be ashless (metal-free) phenolic compounds or neutral or basic
metal salts of certain phenolic compounds. Typical phenolic antioxidant

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

[0114] Non-phenolic oxidation inhibitors which may be used include aromatic
amine antioxidants and these may be used either as such or in combination with
phenolic antioxidants. Typical examples of non-phenolic antioxidants include:
alkylated and non-alkylated aromatic amines such as aromatic monoamines of
the formula R®R’R'°N where R® is an aliphatic, aromatic or substituted aromatic
group, R® is an aromatic or a substituted aromatic group, and R'® is H, alkyl, aryl
or R"'S(0)xR'? where R'! is an alkylene, alkenylene, or aralkylene group, RZis
a higher alkyl group, or an alkenyl, aryl, or alkaryl group, and x is 0, 1 or 2. The
aliphatic group R® may contain from 1 to about 20 carbon atoms, and preferably
contains from about 6 to 12 carbon atoms. The aliphatic group is a saturated
aliphatic group. 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.
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[0115] 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 amine antioxidants
useful in the present compositions include diphenylamines, phenyl naphthyl-
amines, phenothiazines, imidodibenzyls and dipheny! phenylene diamines.
Mixtures of two or more aromatic amines are also useful. Polymeric amine
antioxidants can also be used. Particular examples of aromatic amine anti-
oxidants useful in the present invention include: p,p’-dioctyldiphenylamine;
t-octylphenyl-alpha-naphthylamine; phenyl-alpha-naphthylamine; and
p—octylphenyl-alphé—naphthylamine.

[0116] Sulfurized alkylphenols and alkali or alkaline earth metal salts thereof

also are useful antioxidants.

[0117] Another class of antioxidant used in lubricating oil compositions is oil-
soluble copper compounds. Any oil-soluble suitable copper compound may be
blended into the lubricating oil. Examples of suitable copper antioxidants
include copper dihydrocarbyl thio- or dithio-phosphates and copper salts of
naturally occurring or synthetic carboxylic acids. Other suitable copper salts
include copper dithiacarbamates, sulphonates, phenates, and acetylacetonates.
Basic, neutral, or acidic copper Cu(l) and or Cu(Il) salts derived from alkenyl

succinic acids or anhydrides are know to be particularly useful.

[0118] Preferred antioxidants include hindered phenols or arylamines. These
antioxidants may be used individually by type or in combination with one
another. Such additives may be used in an amount of about 0.01 to 5 wt%,

preferably about 0.01 to 1.5 wt%.

Detergents
[0119] Detergents are commonly used in lubricating compositions. A typical

detergent is an anionic material that contains a long chain hydrophobic portion
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of the molecule and a smaller oleophobic anionic or 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, phosphorus acid, phenol, or

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

[0120] 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 about 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.

[0121] It is desirable for at least some detergent to be overbased. Overbased
detergents help neutralize acidic impurities produced by the combustion process
and become entrapped in the oil. Typically, the overbased material ﬁas a ratio of
metallic ion to anionic portion of the detergent of about 1.05:1 to 50:1 on an
equivalent basis. More preferat;ly, the ratio is from about 4:1 to about 25:1. The
resulting detergent is an overbased detergent that will typically have a TBN of
about 150 or higher, often about 250 to 450 or more. Preferably, the overbasing
cation is sodium, calcium, or magnesium. A mixture of detergents of differing -

TBN can be used in the present invention.

[0122] Preferred detergents include the alkali or alkaline earth metal salts of

sulfonates, phenates, carboxylates, phosphates, and salicylates.

[0123]) Sulfonates may be prepared from sulfonic acids that are typically
obtained by sulfonation of alkyl-substituted aromatic hydrocarbons. Hydro-
carbon examples include those obtained by alkylating benzene, toluene, xylene,
naphthalene, biphenyl and their halogenated derivatives (chlorobenzene,
chlorotoluene, and chloronaphthalene, for example). The alkylating agents

typically have about 3 to 70 carbon atoms. The alkaryl sulfonates typically
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contain about 9 to about 80 or more carbon atoms, more typically from about 16

to 60 carbon atoms.

[0124] 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 and/or detergents.

[0125] Alkaline earth phenates are another useful class of detergent for
lubricants. These detergents can be made by reacting alkaline earth metal
hydroxide or oxide (CaO, Ca(OH),, BaO, Ba(OH),, MgO, Mg(OH),, for
example) with an alkylphenol or sulfurized alkylphenol. Useful alkyl groups
include straight chain or branched C,-C;, alkyl groups, preferably, C4-Cso.
Examples of suitable phenols include isobutylphenol, 2-ethylhexylphenol,
nonylphenol, dodecyl phenol, and the like. It should be noted that starting
alkylphenols may contain more than one alkyl substituent that are each
independently straight chain or branched. When a non-sulfurized alkylphenol is
used, the sulfurized product may be obtained by methods well known in the art. -
These methods include heating a mixture of alkylphenol and sulfurizing agent
(including elemental sulfur or sulfur halides, such as sulfur dichloride, and the
like) and then reacting the sulfurized phenol with an alkaline earth metal

hydroxide or oxide.

[0126] Metal salts of carboxylic acids are also useful as detergents. These
carboxylic acid detergents may be prepared by reacting a basic metal compound
with at least one carboxylic acid and removing free water from the reaction
product. These compounds may be overbased to produce the desired TBN level.

Detergents made from salicylic acid are one preferred class of detergents derived
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from carboxylic acids. Useful salicylates include long chain alkyl salicylates.

One useful family of compositions is of the formula

I
/\ /c——o M
lR)y—— ]
AN
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.

[0127]) Hydrocarbyl-substituted salicylic acids may be prepared from phenols
by the Kolbe reaction. See U.S. Patent 3,595,791, for additional information on
synthesis of these compounds. The metal salts of the hydrocarbyl-substituted
salicylic acids may be prepared by double decomposition of a metal salt in a

polar solvent such as water or alcohol.

[0128] Alkaline earth metal phosphates are also used as detergents.

[0129] Detergents may be simple detergents or what is known as hybrid or
complex detergents. The latter detergents can provide the properties of two
detergents without the need to blend separate materials. See U.S. Patent
6,034,039 for example. ,

[0130] Preferred detergents include calcium phenates, calcium sulfonates,
calcium salicylates, magnesium phenates, magnesium sulfonates, magnesium
salicylates and other related components (including borated detergents).
Typically, the total detergent concentration is about 0.01 to about 6.0 wt%,
preferably, about 0.1 to 0.4 wt%.
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Dispersant

[0131] During engine operation, oil-insoluble oxidation byproducts are
produced. Dispersants help keep these byproducts in solution, thus diminishing
their deposition on metal surfaces. Dispersants may be ashless or ash-forming in
nature. Preferably, the dispersant is ashless. So-called ashless dispersants are
organic materials that form substantially no ash upon combustion. For example,
non-metal-containing or borated metal-free dispersants are considéred ashless.
In contrast, metal-containing detergents discussed above form ash upon

combustion.

[0132] Suitable dispersants typically contain a polar group attached to a
relatively high molecular weight hydrocarbon chain. The polar group typically
contains at least one element of nitrogen, oxygen, or phosphorus. Typical

hydrocarbon chains contain 50 to 400 carbon atoms.

[0133] Chemically, many dispersants may be characterized as phenates,
sulfonates, sulfurized phenates, salicylates, naphthenates, stearates, carbamates,
thiocarbamates, phosphorus derivatives. A particularly useful class of
dispersants are the alkenylsuccinic derivatives, typically produced by the
reaction of a long chain substituted alkenyl succinic compound, usually a
substituted succinic anhydride, with a polyhydroxy or polyamino compound.
The long chain group constituting the oleophilic portion of the molecule which
confers solubility in the oil, is normally a polyisobutylene group. Many
examples of this type of dispersant are well known commercially and in the
literature. Exemplary patents describing such dispersants are U.S. Patent Nos.
3,172,892; 3,2145,707; 3,219,666; 3,316,177; 3,341,542; 3,444,170; 3,454,607,
3,541,012; 3,630,904; 3,632,511; 3,787,374 and 4,234,435. Other types of
dispersant are described in U.S. Patent 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,



-21 -21 -24 BPAE, w % 100 0 5 20

WO 2008/002598 PCT/US2007/014893

-46 -

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.

[0134] 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

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

[0135] Succinimides are formed by the condensation reaction between alkenyl
succinic anhydrides and amines. Molar ratios can vary depending on the
polyamine. For example, the molar ratio of alkenyl succinic anhydride to TEPA
can vary from about 1:1 to about 5:1. Representative examples are shown in
U.S. Patent Nos. 3,087,936, 3,172,892; 3,219,666; 3,272,746; 3,322,670; and
3,652,616, 3,948,800; and Canada Patent No. 1,094,044.

[0136] Succinate esters are formed by the condensation reaction between
alkenyl succinic anhydrides and alcohols or polyols. Molar ratios can vary
depending on the alcohol or polyol used. For example, the condensation product

of an alkenyl succinic anhydride and pentaerythritol is a useful dispersant.

[0137] Succinate ester amides are formed by condensation reaction between
alkenyl succinic anhydrides and alkanol amines. For example, suitable alkanol
amines include ethoxylated polyalkylpolyamines, propoxylated polyalkylpoly-
amines and polyalkenylpolyamines such as polyethylene polyamines. One
example is propoxylated hexamethylenediamine. Representative examples are
shown in U.S. Patent 4,426,305.

[0138] 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,
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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.

[0139] Mannich base dispersants are made from the reaction of alkylphenols,
formaldehyde, and amines. See U.S. Patent 4,767,551, which is incorporated
herein by reference. Process aids and catalysts, such as oleic acid and sulfonic
acids, can also be part of the reaction mixture. Molecular weights of the
alkylphenols range from 800 to 2,500. Representative examples are shown in
U.S. Patent Nos. 3,697,574, 3,703,536; 3,704,308; 3,751,365; 3,756,953;
3,798,165; and 3,803,039.

[0140] Typical high molecular weight aliphatic acid modified Mannich
condensation products useful in this invention can be prepared from high
molecular weight alkyl-substituted hydroxyaromatics or HN(R), group-

containing reactants.

[0141] Examples of high molecular weight alkyl-substituted hydroxyaromatic
compounds are polypropylphenol, polybutylphenol, and other polyalkylphenols.
These polyalkylphenols can be obtained by the alkylation, in the presence of an
alkylating catalyst, such as BF3, of phenol with high molecular weight poly-
propylene, polybutylene, and other polyalkylene compounds to give alkyl
substituents on the benzene ring of phenol having an average 600-100,000

molecular weight.

[0142] 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-aminoalkanes and their substituted analogs, e.g., ethylamine and

diethanol amine; aromatic diamines, e.g., phenylene diamine, diamino



Exanple 7 [0166] This Exanple illustrates the excellent solvency properties
of the BPAE as determ ned by the aniline point (ASTM D611). Wth decreasing
ani | i ne paonbs/mk®ssol vency properties increase. Additi eoTafS2é7ants20 w %
BPAE to the G| lube oil brings the solvency properties to a level simlar
to a Bright Stock and SN 600 base stock respectively w thout significantly
I ncreasing the base oil viscosity. WD 2008/ 002598PCT/ US2007/014893 - 57 -
TABLE 6 Base G| KV @40C, ¢St KV @100C, cSt Aniline Point, C .
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naphthalenes; heterocyclic amines, e.g., morpholine, pyrrole, pyrrolidine,
imidazole, imidazolidine, and piperidine; melamine and their substituted

analogs.

[0143] Examples of alkylene polyamide reactants include ethylenediamine,
diethylene triamine, triethylene tetraamine, tetracthylene pentaamine, penta-
ethylene hexamine, hexaethylene heptaamine, heptaethylene octaamine,
octaethylene nonaamine, nonaethylene decamine, and decaethylene undecamine
and mixture of such amines having nitrogen contents corresponding to the
alkylene polyamines, in the formula H,N-(Z-NH-),H, mentioned before, Z is a
divalent ethylene and n is 1 to 10 of the foregoing formula. Corresponding
propylene polyamines such as propylene diamine and di-, tri-, tetra-, penta-
propylene tri-, tetra-, penta- and hexaamines are also suitable reactants. The
alkylene polyamines are usually obtained by the reaction of ammonia and dihalo
alkanes, such as dichloro alkanes. Thus the alkylene polyamines obtained from
the reaction of 2 to 11 moles of ammonia with 1 to 10 moles of dichloroalkanes-
having 2 to 6 carbon atoms and the chlorines on different carbons are suitable

alkylene polyamine reactants.

[0144] Aldehyde reactants useful in the preparation of the high molecular
products useful in this invention include the aliphatic aldehydes such as
formaldehyde (also known as paraformaldehyde and formalin), acetaldehyde and
aldol (B-hydroxybutyraldehyde). Formaldehyde or a formaldehyde-yielding

reactant is preferred.

[0145] Hydrocarbyl substituted amine ashless dispersant additives are well
known to one skilled in the art; see, for example, U.S. Patent Nos. 3,275,554;
3,438,757, 3,565,804; 3,755,433, 3,822,209, and 5,084,197.

[0146] 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



Pour Point, C GIL 6 29.68 6.05 129.3 -18 GIL 6 + 5% BPAE 30.5 6.1 125.
GIL 6 + 20% BPAE 33.0
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derived from a hydrocarbylene group such as polyisobutylene having a Mn 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 other related
components. Such additives may be used in an amount of about 0.1 to 20 wt%,

preferably about 0.1 to 8 wt%.

Pour Point Depressants

[0147] Conventional pour point depressants (also known as lube oil flow
improvers) may be added to the compositions of the present invention if desired.
These pour point depressant may be added to lubricating compositions of the
present invention to lower the minimum temperature at which the fluid will flow
or can be poured. Examples of suitable pour point depressants include alkylated
naphthalene, polymethacrylates, polyacrylates, polyarylamides, condensation
products of haloparaffin waxes and aromatic compounds, vinyl carboxylate
polymers, and terpolymers of dialkylfumarates, vinyl esters of fatty acids and
allyl vinyl ethers. U.S. Patent Nos. 1,815,022; 2,015,748; 2,191,498; 2,387,501;
2,655, 479; 2,666,746; 2,721,877, 2.721,878; and 3,250,715 describe useful pour
point depressants and/or the preparation thereof. Such additives may be used in

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

Corrosion Inhibitors

[0148] Corrosion inhibitors are used to reduce the degradation of metallic parts
that are in contact with the lubricating oil composition. Suitable corrosion
inhibitors include thiadiazoles. See, for example, U.S. Patent 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%,
bpreferably about 0.01 to 1.5 wt%.
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Seal Compatibility Additives

[0149] Seal compatibility agents help to swell elastomeric seals by causing a
chemical reaction in the fluid or physical change in the elastomer. Suitable seal
compatibility agents for lubricating oils include organic phosphates, aromatic
esters, aromatic hydrocarbons, esters (butylbenzyl phthalate, for example), and
polybutenyl succinic anhydride. Such additives may be used in an amount of

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

Anti-Foam Agents

[0150] Anti-foam agents may advantageously be added to lubricant
compositions. These agents retard the formation of stable foams. Silicones and
organic polymers are typical anti-foam agents. For example, polysiloxanes, such
as silicon oil or polydimethyl siloxane, provide antifoam properties. Anti-foam
agents are commercially available and may be used in conventional minor
amounts along with other additives such as demulsifiers; usually the amount of

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

Inhibitors and Antirust Additives

[0151] 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.

[0152] One type of antirust additive is a polar compound that wets the metal
surface preferentially, protecting it with a film of oil. Another type of antirust
additive absorbs water by incorporating it in a water-in-oil emulsion so that only
the oil touches the metal surface. Yet another type of antirust additive
chemically adheres to the metal to produce a non-reactive surface. Examples of
suitable additives include zinc dithiophosphates, metal phenolates, basic metal
sulfonates, fatty acids and amines. Such additives may be used in an amount of
about 0.01 to 5 wt%, preferably about 0.01 to 1.5 wt%.



Exanpl e 8 101671 In this Exanple synthetic |ubricant (5W30) conpositions
were formulated with Goup Il base stock, polyal phaol efins, trinmethyl ol
propane (WORpgs/mes9sadditives (Fluid 1 and 1A), G oup || PChaseososks,

pol yal phaol efi ns, al kyl at ed napht hal ene and additives (Fluid 2 and 2A), and
Goup Il bas stock polyal phaol efi ns, BPAE and additives (Fluid 3 and 3A).
The additive and co-base stock treat rates were kept consistent in all
conparative cases. The conpositional profiles of the fluids are presented
in Table 7 below. Table 8 bel ow shows that the BPAE of this invention gave
simlar seal conpatibility performance %lo the al kyl at ed napht hal ene and
better than (TM'). TABLE 7 Fluid 1 wW%Fluid TAW%Fud2 w%Fluid
2A W% Fluid 3 wt %

Friction Modifiers

[0153] A friction modifier is any material or materials that can alter the
coefficient of friction of a surface lubricated by any lubricant or fluid containing
such material(s). Friction modifiers, also known as friction reducers, lubricity
agents, or oiliness agents, and other such agents that change the ability of base
oils, formulated lubricant compositions, or functional fluids, to modify the
coefficient of friction of a lubricated surface may be effectively used in
combination with the base oils or lubricant compositions of the present invention
if desired. Friction modifiers that lower the coefficient of friction are
particularly advantageous in combination with the base oils and lube
compositions 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, partially esterified glycerols, thiols, carboxylates, carbamates,
thiocarbamates, 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, Mo-containing
compounds can be particularly effective, as for example Mo-dithiocarbamates,
Mo(DTC), Mo-dithiophosphates, Mo(DTP), Mo-amines, Mo (Am), Mo-
alcoholates, Mo-alcohol-amides, etc. See U.S. Patent Nos. 5,824,627;
6,232,276, 6,153,564, 6,143,701, 6,110,878; 5,837,657; 6,010,987; 5,906,968,
6,734,150.; 6,730,638; 6,689,725; 6,569,820; WO 99/66013; WO 99/47629;
WO 98/26030.
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[0154] Ashless friction modifiers may also include lubricant materials that
contain effective amounts of polar groups, for example, hydroxyl-containing
hydrocarbyl base oils, glycerides, partial glycerides, glyceride derivatives, and
the like. Polar groups in friction modifiers may include hydrocarbyl groups
containing effective amounts of O, N, S, or P, individually or in combination.
Other friction modifiers that may be particularly effective include, for example,
salts (both ash-containing and ashless derivatives) of fatty acids, fatty alcohols,
fatty amides, fatty esters, hydroxyl-containing fatty carboxylates, and
comparable synthetic long-chain hydrocarbyl acids, alcohols, amides, esters,
hydroxy carboxylates, and the like. In some instances faﬁy organic acids, fatty

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

[0155] Useful concentrations of friction modifiers may range from about 0.01
to 10-15 wt% or more, often with a preferred range of about 0.1 to 5 wt%.
Concentrations of molybdenum-containing friction modifiers are often described
in terms of Mo metal concentration. Advantageous concentrations of Mo may
range from about 10 to 3000 ppm or more, and often with a preferred range of
about 20 to 2000 ppm, and in some instances a more preferred range of about 30
to 1000 ppm. Friction modifiers of all types may be used alone or in mixtures
with the materials of this invention. Often mixtures of two or more friction
modifiers, or mixtures of friction modifier(s) with alternate surface active

material(s), are also desirable.

Typical Additive Amounts

[0156] When lubricating oil compositions contain one or more of the additives
discussed above, the additive(s) are blended into the composition in an amount
sufficient for it to perform its intended function. Typical amounts of such

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

[0157]) Note that many of the additives are shipped from the manufacturer and

used with a certain amount of a base oil diluent in the formulation. Accordingly,



34.0 30.4 Additives * 21.8 19.5 21.8 19.5 21.8 19.5 TWP 5.0 15.0

WO 2008/002598 PCT/US2007/014893

-53-

the weight amounts in the table below, as well as other amounts mentioned in
this text, are directed to the amount of active ingredient (that is the non-
diluent/diluent portion of the ingredient) unless otherwise indicated. The weight

percent indicated below are based on the total weight of the lubricating oil

composition.
TABLE 1
Typical Amounts of Various Lubricant Oil Components
Approximate Approximate

Compound Wit% (Useful) W1t% (Preferred)
Detergent 0.01-6 0.014
Dispersant 0.1-20 0.1-8
Friction Reducer 0.01-5 0.01-1.5

. . 0.01-30, more

Viscosity Index Improver 0.0-40 preferably 0.01-15
Antioxidant 0.0-5 0.0-1.5
Corrosion Inhibitor 0.01-5 0.01-1.5
Anti-wear Additive 0.01-6 0.01-4
Pour Point Depressant 0.0-5 0.01-1.5
Anti-foam Agent 0.001-3 0.001-0.15
Base Oil Balance Balance

[0158] Lubricating oils of the present invention utilizing hydroxy phenol ethers
either as the only base stock or preferably in combination with a second base
stock as described above comprise both straight grade and multigrade lubricating
oil formulations such as SAE 0W-X, 5W-X and 10W-X where X ranges from 10
to 50, preferably 20 to 40.

[0159] The present invention is further described by the following non-limiting
examples and comparisons with the Comparative examples.

Example 1

[0160] Potassium hydroxide (150 g, 85% purity) and tetrabutylammonium
bromide (10 g) were dissolved in water (150 mL) in a three-neck 2L round
bottom flask, equipped with a mechanical stirrer, and a condenser. The
bisphenol A (228 g, 1 mole) was added to the reaction mixture, and the stirring

continued at 70°C ( oil bath temperature) under nitrogen until almost all
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bisphenol A has dissolved (approximately 1 hour). The reaction flask was
equipped with an addition funnel (500 mL with pressure equalizing line), and a
mixture of butyl brxomide (53.8 mL, 0.5 mole), n-hexyl bromide (70.2 mL, 0.5
mole), n-octyl bromide (86.9-mL, 0.5 mole) and 2-ethylhexyl bromide (89.35
mL, 0.5 mole) was added to the reaction mixture at 70°C during 1 hour period
under nitrogen. The reaction mixture was stirred at 70°C for another 20 hours.
After cooling to room temperature, the resulting liquid was washed 4 times (200
mL, 3 x 100 mL) with water in a 2-L separatory funnel. The remaining water
and unreacted alkyl bromides were removed at 160°C, 1 mm Hg. It took about 2
hours to reach these conditions. The mixture was maintained at 160°C/1 mm Hg
for another 5 to 6 hours to remove residual volatiles. The remaining liquid was
filtered through a 2 cm layer of neutral alumina using a 500 mL Buckner funnel
and under vacuum (10-15 mm Hg) to yield about 325 g of a colorless liquid.
Example 2

[0161] The hydroxy phenolic ether bisphenolalkylether (BPAE) of Example 1
was tested for oxidation stability by the RPVOT (Rotary Pressure Vessel
Oxidation Test). This is a standard ASTM D 2272 test performed at 150°C. The
test method is also used to assess the remaining oxidation test life of in-service
oils. The various aromatic base stocks shown below also were tested by RPVOT
without addition of any antioxidants. The results show the outstanding

performance of the BPAE of this invention.

CisHsa
Il I iC|6H33 : CH, : ijHsa ©/0©
ADPO
AN ADPM
CieH C‘Hé’CH3
16H33
RO OR
S
BPAE
ADPS ASDPO R=CCg

mixtures



5.0 15.0 * a mixture of d'spersants, viscosity index inprovers,
detergents, antiwear additives, antioxidants, friction nodifiers and an

ant i f oananD 2a08hoasoseal protection additive. - 58 - - eaT/us2004/01489% ' Al
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Properties AN | ADPM | ADPO | ADPS | ASDPO | BPAE
RPVOT, mins 150 50 120 512 420 1439

Example 3

[0162] This Example shows that the Bisphenol A ethers (BPAE) have
excellent solvency property as characterized by the low aniline point (ASTM D
611). The lower the aniline point, the better is the solvency characteristic. The

results are compared with others aromatic base stocks.

TABLE 2

Properties AN | ADPM | ADPO | ADPS | BPAE
Aniline Point, °C (ASTMD611) | 33 | 9.7 53 | 92 | <0

Example 4
[0163] The Noack volatility was determined by ASTM D 5800-B and the
results compared with other aromatic base stocks. The lower the weight percent

loss, the lower is the volatility. The results in the following Table 3 show that
BPAE have desirable low volatility.

_ TABLE 3
Properties AN | ADPM | ADPO | ADPS | ASDPO | BPAE
Noac Volatility, wt% | 11.2 12.6 10.0 4.5 7.1 4.0
ASTM D 5800
Example 5

[0164] The oxidative stability of Bisphenol A ether (BPAE) in the presence of
catalytic metals was assessed. The heated (325°F) base stock was subjected to a
stream of air which was bubbled through the liquid at a rate of 5-L/hour for 40
hours. Coupons of metals commonly used in engine construction, namely iron,
copper, aluminum and lead were added to the liquid prior to the test. The
following results show that the BPAE produced no sludge. The viscosity and the
acid number of the post-test oil are measured. The sludge is determined by
filtration of the post-test oil. The viscosity increase after the test was very low

and did not produce acidic material that was corrosive to lead.



020aincs. 'l 1 O - 59 - CLAIMS 1. A nethod for inproving the
pour point performance of a lubricating oil base oil selected fromthe
group consD2sMY2398 m neral oil, synthetic oil and non- ecmusedan7omsb3 oi | and
m xtures thereof by adding to the base oil about 20 wt % of a synthetic
phenolic ether of the fornmula: RR3 2\ / wherein Rl and R4 are the sane or
different and are hydrogen or al kyl hydrocarbyl groups containing 1 to 16
carbons provided that both RL and R4 cannot be H and that if either is Hit
constitutes |l ess than 5% of the total of the Rl and R4 group; R2 and R3 are
the same or different and are hydrogen %- Cl-C3 al kyl, wherein the pour
poi nt performance i nprovenent is the non-linear reduction of the pour point
of the lubricating oil. 2. The nethod of claim1l wherein RI and R4
are the sane or different and are hy or C3 to Cl16 linear or branched
al kyl groups. 3. The nethod of3%§§§§#1 wherein RI and R4 are the sane

or differgnt arRropertiehydr odenANr [CADBMCI2 ADRGar| ADRS #an&8BBOa| BPAE{oups.
B-10 (M-334)/325°F,
40 hours
% Viscosity @ 100°C, 10 342 103 14 5 4
Increase
Acid Number 1.0 13.4 9 1.7 0.5 0.4
Sludge Light Nil Moderate | Heavy Light Nil
% Lead Loss 10 37 48 13 5 2
Example 6

[0165] This Example shows that addition of 20 wt% bisphenol A ethers of this
invention reduce the pour point (ASTM D97) of the GTL base oil, non-linearly,
by 12°C, whereas a comparative ester base oil, Ketjenlube K19, which is the
reaction product of maleic esters with an alphaolefin that has a pour point of

-54°C did not significantly reduce the pour point of the GTL base oil.

TABLE 5
K19, wt% 100 0 5 20 60
GTL 6, wt% 0 100 95 80 40
Pour Point, °C -54 -18 -21 =21 -24
BPAE, wt% 100 0 5 20 60
GTL 6, wt% 0 100 95 80 40
Pour Point, °C -39 -18 -21 -30 -30

Example 7

[0166] This Example illustrates the excellent solvency properties of the BPAE
as determined by the aniline point (ASTM D611). With decreasing aniline
point, the solvency properties increase. Addition of 5 and 20 wt% BPAE to the
GTL lube oil brings the solvency properties to a level similar to a Bright Stock
and SN 600 base stock respectively without significantly increasing the base oil

- viscosity.



4. The nmethod of claim1l wherein R2 and R3 are nethyl .

5. The et hod
of claiml1 wherein Rl and R4 are different.

6. The nethod of claim®6

wher ei n RvOane/@2s9are different. - 60 - 7. The nmeChams2ai7/ocdsas m 1
wherein the lubricating oil base oil is one or nore GIL base stock and/or
base oil and/or hydrodewaxed or hydroi sonerized/ catal ytic (and/or solvent)
dewaxed waxy feed base stock and/or base oil.
-57-
TABLE 6
KV@ KV @ Aniline Pour
Base Oil 40°C, cSt | 100°C,cSt | Point, °C | Point, °C

GTL 6 29.68 6.05 129.3 -18

GTL 6 + 5% BPAE 30.5 6.1 125.9 -21

GTL 6 + 20% BPAE 33.0 6.1 114.8 -30

SN 600 115.3 12.2 113.4 -12

Bright Stock 487.8 31.8 123.1 -6

Example 8

[0167] In this Example synthetic lubricant (SW-30) compositions were
formulated with Group III base stock, polyalphaolefins, trimethylol propane
(TMP), and additives (Fluid 1 and 1A), Group III base stocks, polyalphaolefins,
alkylated naphthalene and additives (Fluid 2 and 2A), and Group III bas stock
polyalphaolefins, BPAE and additives (Fluid 3 and 3A). The additive and
co-base stock treat rates were kept consistent in all comparative cases. The
compositional profiles of the fluids are presented in Table 7 below. Table 8
below shows that the BPAE of this invention gave similar seal compatibility

performance to the alkylated naphthalene and better than (TMP).

TABLE 7
Fluid 1 | Fluid 1A | Fluid 2 | Fluid 2A | Fluid 3 | Fluid 3A

wt% Wt% wt% wt% wt% wt%
PAO 39.2 35.1 39.2 35.1 39.2 35.1
Group III base 34.0 304 34.0 304 34.0 304
stock
Additives * 21.8 19.5 21.8 19.5 21.8 19.5
TMP 5.0 15.0
AN 5.0 15.0
BPAE 5.0 15.0

* a mixture of dispersants, viscosity index improvers, detergents, antiwear
additives, antioxidants, friction modifiers and an antifoamant and a seal

protection additive.
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CLAIMS

1. A method for improving the pour point performance of a lubricating oil base oil
selected from the group consisting of mineral oil, synthetic oil and non-conventional oil and
mixtures thereof by adding to the base oil about 20 wi% of a synthetic phenolic ether of the
formula:

R
Rag /3

c
R1O/© @OR,;

wherein R, and Ry are the same or different and are hydrogen or alkyl hydrocarbyl groups
containing 1 to 16 carbons provided that both R; and R4 cannot be H and that if either is H it
constitutes less than 5% of the total of the R; and R4 group; R; and Rj are the same or
different and are hydrogen or C;-Cj alkyl, wherein the pour point performance improvement

is the non-linear reduction of the pour point of the lubricating oil.

2. The method of claim 1 wherein R, and R4 are the same or different and are

hydrogen or C; to Cy¢ linear or branched alkyl groups.

3, The method of claim 1 wherein R, and R4 are the same or different and are

hydrogen or C; to C); linear or branched alkyl groups.
4. The method of claim 1 wherein R; and R; are methyl.
5. The method of claim 1 wherein Ry and Ry are different.

6. The method of claim 6 wherein R, and Ry are different.
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7. The method of claim 1 wherein the lubricating oil base oil is one or more GTL
base stock and/or base oil and/or hydrodewaxed or hydroisomerized/catalytic (and/or

solvent) dewaxed waxy feed base stock and/or base oil.
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