WO 2011/ 096920PCT/ US2010/ 023022 LUBRI CATI NG O L ADDI TI VE AND LUBRI CATI NG
O L COWPOSI TI ON CONTAI NI NG SAME BACKGROUND OF THE | NVENTI ON 1. Techni cal
Field [ OOWO]20hopresent i nvention generally rel ates to &Cpruspylomnis22
oligoner, a lubricating oil additive derived fromthe propyl ene oligoner,
and lubricating oil I o] |pt|on of the

Rel ated Art [oooz]ﬂﬂiggﬂﬁg*ﬁhgRaﬁggﬁg&@bﬂﬂéﬁﬁgfPﬁé&cgﬁﬁﬁ in synthetic and
nat ural chem cals nmay detL GRME{SId]E &@NEW@F@@ MEr exanpl e, certain
synthetic and natural chem cals can act as agonists or antagonists to
cellular receptors such as estrogen receptors, androgen receptors, and

t hyr oi BACKGREPUNECOBIMIESINYENAIGNS bind to cellular receptors and trigger
a response, whereas antagonists block the action of an agonist. Natural and
synt heti cr&hgidhicablg can interfere in various ways with naturally occurring
hor nrones. These chem cals can be call ed endocrine disruptors. For exanple,
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interfere with the way hornones travel t hrough the body. [0003] Chem cal s
that i feBFffere with the normal functioning of estrogens and estrogen
receptors provide an exanple of endocrine disruptors. Certain chem cals
(cal | ed. JRegripti@ gBakjedamd natural estrogens can share a common
mechani sm of acti on. In normal cases, estrogenic activity is produced by

bi ndi nqooedjur al eRickOBaRciessi@ncddéncogian cersiaplyathe(ER watthil Bhémhialsutdyeus of
the cell, followed by transcriptional activation of target genes. This
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receptor to pronoter 2011/ 096920PCT/ US2010/ 023022 sequences within the
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the ER c ? Eranscrl tional, activation by the ER eveg thou h no nat ur al
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endocrine disruptors which bind to ERs, but which do not subsequently

acti vatharens svaaepisedblprk dke jefian el amagemisll Neturd g, syrihesk | ghemeaiseedn ve
estrogen receptor nodul ators (SERMs) bind to ERs, but subsequently activate
cel | ul anterfessponseasus vays Withfnetureﬂkyomncuhbgehoatmbh@/satEcbsd:)yhd:ﬂmealnamm balcalled
estrogens. In general, all but a very small nunber of nol ecul es that bind

to ERs d@ﬁ@&ﬂﬁ:edimpﬁrﬁCFbr\/@t hgﬂe ,0ndbérener ESRPIORY San AY RintiB SBueH Ly &@ARTOr as
SERMs. [ 0004] Al kyl phenol s and products produced fromthem have cone under

I ncr easgmones by binding to hormone receptors, (2) block the binding of naturally occurring

hormones to their respective hormone receptors, (3) alter natural levels of hormones, (4)
increase or decrease natural hormone levels, and (5) interfere with the way hormones travel
through the body.

[0003] Chemicals that interfere with the normal functioning of estrogens and estrogen
receptors provide an example of endocrine disruptors. Certain chemicals (called pseudo-
estrogens) and natural estrogens can share a common mechanism of action. In normal cases,
estrogenic activity is produced by binding natural estrogen to an estrogen receptor (ER)
within the nucleus of the cell, followed by transcriptional activation of target genes. This

transcriptional activation can occur through the binding of the estrogen receptor to promoter



scrutiny due to their association as potential endocrine disruptive

chem cals. This is due to the weak estrogenic activity of al kyl phenols as
wel | as oworadzwsen i ntermedi at es of the al kyl phenol pr @dwatsgo1oAbiog? phenol s
are comrercially used in, for exanple, herbicides, gasoline additives,

dyestuffs, poI ddrtrves ants, lubricating orI addi tives and
ant i oxiGaR {/nﬁ%@gﬁ?g @awsregtﬂw@t&%ﬁérrgrt %qn%x%]e? OGN AISUPIH Ky | at ed
nonyl phenol , have been criticized for having poor biodegradability, high
aquat i dressi giat ynighic nerdyesppernicthy afdopties gtswegr eadiabing rio ghe ke cpsensol
portion. Thus, there is an increasing concern that these chem cals may act
as endd&m@nﬁﬁdhskummemmmb?mM:ERanphemn@ylachuglaﬁnnsaddpﬁﬂaﬁrdﬁeﬂhﬂyﬁone
studi es have shown there to be a |ink between al kyl phenol s and declining

sper m G@auBdtrdgBnid WaBVityBI 6 ed biyRaiecring d@ytlpBRCRhich BindedokiyR P NG hichiy
harnful 'y di srupt the activity of human estrogen and androgen receptors.
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chenlca s associ a th estrogenic actrvrty , ‘Chem

272(6): 3280-8 ared.the of . di fferent.al kyl phenol s
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estrogen-i nducj bl e_strain of yeast. The results i ndi cated that opti nal

est r ogdRinONggstthaf; differ faemithess aatl‘éftt?fbbﬁéﬂk?r%ﬁ‘tfhle%ﬁtrﬁgt’é}ﬂ} Igesograk siposaacenr  wo
2011/ 096920PCT/ US2010/ 023022 between 6 and 8 carbon atons | ocated at the
par a posiali mumiar efrmolchdestlze binthionBBs edodvise momerdchgatwint ¢f the receptors, as
4-tert-octyl phenol (8 carbons al so naned

4- (1, 1,63tha3r Sebpaneirhy SERMgy 1) - phenol )) having the highest activity.
Rout | edge et al. tested various al kyl phenols in the assay and i ndi cated

that alsydgjchain Arrzgtdtlenorsieﬂar Sfodibts DB HBom BGR PO e e ieddas @ OUP
on the phenyl rrng and degree of isomeric heterogeneity affect the binding

effic e@ ‘H‘aet 558%15'&} st}f)o‘?eﬁt 1‘35 {rﬁﬁk}érc%e&%at s 9&8&% si on.
For exanp ou ecu I'sormer & of p- non enol
whi ch S |d ntrfred to.have_ .2 a |so as determned b

r esol utPonY GaCSERBINRLEEY Bp AT éﬁaﬁﬁteyglr &5 Welhidy destadation e T ty.
Routledge et al., however, did not elucidate which isomer or isoners were
the actalkpdphgpebipeagductsnt ddiedphanglsyarcTegsmmerciadlyased insforyexample. hegisidesment s
of para-al kyl phenols to bind to estrogen receptor”, Eur. J. Biochem 262,
240- 245%a6dl8R9)dditowesd dydsatffoppelynisi aglitivesa suréstanoyg émbrﬁcratie@tod)lr gdditivus armi:ept or
bi ndi ng of al kyl phenol s was maxi m zed when the nunber of al kyl carbons was

ni ne cambegidaito N red@lfyea s, @Ilky’ﬂl%)henﬂl)ﬁlﬁsxﬁlﬁtéﬁ she iRk ytied Rordydshehph aned |
m xture of isoners (connercral y avail abl e and which did not contain any
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these surfactants in Europe, as. well a vqu ary i ndustrial restrictions
in the VRAMBE BN asmcm%dewnt% ?ﬂa k3t aefngoay Eptudesstragsns
preferred al koxyl ated al kyl phenol surfactants mnth al koxyl ated |inear and
br ancheénad ftydicphdveeshgwa rtéers ¢xbndading batveshallyphsnolshad dedimdag sneemegunt

probl enms with odor, performance, formulating, and increased costs. Although
t he pread oA helfomdshhass begemonhdt hak ydp ey bl meaycharetii bxdikapete andvityhed
potential problens associated with these compounds (prinarily with the

degr adafyngn e@bfo%!n 'dCaTnaﬁo, ch RREStoFEBBEAIScAyNREG ddBe EMI, eWRdtDRI fealiks of
2011/ 096920PCT/ US2010/ 02 022 components to sel ect conbinations that have
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or phenol aIkyIatron with pro erne tetramer and separation of
dodecy|qsReHE. horerongpl g %srrwilog Hendl cpFegsariedrcile minio sy | ead. t ditcarpsilthas
been widely used in the lubricant additive industry. Propyl ene tetraner
conpr i sadicgtad bahoptailnstrogdnic activityheqlags esimgle brnhthed abinyd gohiprapnanodedant
average carbon nunber of 12. Generally the tetramer can have a carbon
nunber distribution between 10 to 15 carbons. The tetramer inparts oi
solubility and conpatibility with other oil soluble Iubricant additive
conponents. A tetramer is also a cost effective olefin to manufacture.
Dodecyl phenol derived from propyl ene tetraner is primarily used as an
internediate in the production of additives for lubricating oils, comonly
sulfurrzed al kyl phenate detergents To a | esser degree these branched
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calciumsalt of Conparative Exanple C was ineffective in preventing
endocrine disruption effects. Furthernore, the '508 application does not
disclose\aohohmmagopoint range for the olefin. [0008]U. 8CTRS2@0023402
5,510,043 ("the '043 patent") discloses a lubricating oil additive

cont ai n al kaline earth netal salt.of a sulfurize
nmonoal ﬂﬂgf %Fgle% F R8Py OC&FFQ 4 Bi° RArEDPSIAT Pt ﬁta%{mnq@m@rmen&rhe
' 043 patent further discloses that the sulfurized nonoal kyl cat echol can be

obt ai nethgoyitbut-farr-ectyinhenad (&1 deyhansiadse prroeridt(10t3.3- Tetmmetiol-bpybdheael) by

reacting a catechol with an olefin such as a propyl ene pentaner in the
pr esendevoly the daglakty sdtivitfheReuticglgtiet di. sedtalb uardous mlkyiphéndlh3Sinptht elsa;ayozind
endocrine disruption effects. There is |ikewi se no disclosure in the '043

pat ent ipdicacdPhdti JNgy1RMiatit lehgﬂhg@eé@é of Rarhefol ModdeAl oif fhd BRyRIgktipCat @ehol
synthesis. [0009]It is desirable to devel op |nproved | ubri cati ng oi

addi ti I

composi T3 MEE AR %%@%k#ﬁ%w%%i H?“%%ﬁ%@f‘&a%%a%tﬁey e
enbodi nent, .of the present inv ntlon e is verb salt of
o ot 1 unar IS RyRDE: s iatlyotorpbair i Eerh e ARG ED o

t he alkglhydroxyaronatlc coanund is derived froman olefin mxture

conpr i ShagopeeEfinernybhcgelnehichigs identdieditn Neyed? PrerSomerHds deterginegiby east
about 195C and a final boiling point of greater than 325C and up to about
400C ashiglerssalugdn lgys @8Tivia@6aph|c0kiysisn waoklord daee simitah agtindeye dhelitiedpodi ment
of the present invention, there is provided a process for preparing an

over basgd kaldvenf dan mok i goswitezadichl Kyonhydopxiyanerdaiviete abepating, spdotes.
process conprising the steps of: (a) alkylating a hydroxyaronatic

corrpourlqtewshﬁg@nwérﬁj by ! mis g&ﬁt&&ap&qﬁfréﬁérﬁgo Cb&@%‘l@ﬂ@weﬁbls%? R dStonaMb
initial boiling point of | east about 195C and i nal boiling
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carbons was nine carbon atoms. Tabria et al. noted that branched chain nonylphenol, mixture
of isomers (commercially available and which did not contain any n-nonylphenol) was almost
as active as n-nonylphenol.
[0005] Nonylphenol ecthoxylate and octylphenol ecthoxylate are widely used as
nonionic surfactants. Concern over the environmental and health impact of these alkoxylated
alkylphenols has led to governmental restriction on the use of these surfactants in Europe, as
well as voluntary industrial restrictions in the United States. Many industries have attempted
to replace these preferred alkoxylated alkylphenol surfactants with alkoxylated linear and
branched alkyl primary and secondary alcohols, but have encountered problems with odor,
performance, formulating, and increased costs. Although the predominate focus has been on
the alkylphenol ethoxylates and the potential problems associated with these compounds

(primarily with the degradation by-products), there remains a need to review other



(c) oligonerizing the salt of the al kyl hydroxyaromati c conmpound of step (b)
to provide a salt of an oligonerized al kyl hydroxyaromati ¢ conpound; and

(d) over basizng/wobeosal t of the oligonerized al kyl hydr oxpararsatioo2ierrpound
of step (c) to provide the overbased salt of the oligonerized
aIkthydrOXéaronatic co ound.<&0012 I n @ccordance with a third enbadi nent
of t he GPHSBEHS fhiRkeft (COMPIALPRILIAL BV YT O dBIRERCARCHATPAN 5 P5HF R ¢ 1ifhi ch
conprises (a) a mpjor anount of an oil of lubricating viscosity; and (b) an
over baseducsdnegasive ampaits-goner i zed al kyl hydr oxyaromati ¢ conmpound, wherein
the al kyl group of the al kyl hydroxyaromati c conpound is derived from an

ol ef i n [AD8G]ur e caxqryilgicngl prd pipHeryépheholgcarebs fraduced n thenifdliozting atdps:ng
poi nt of at |east about 195C and a final boiling point of greater than 325C
and up ﬁr%ﬁ&@bliﬁ&ﬂ&iﬂﬁoﬂ%ﬁ%’e@ﬁkaﬁbfm AFTHoPRChe [1AREBhhd tBeHAEdARE HHOhEN a
fourth enbodi nent of the present invention, there is provided a nethod for
reduci e 1 i t] { ri i s .
composi T an s R bR SR dIReRhRREE bl Fandbhol EELE ARy yith
overbased salt, of an oligoneriz | kyl hydr oxyar omat i onpound erein
Che ar e stomel all HRpTRy GY e ananel TSRS RGYY ohaus ] B,

ol efin mxture conprising propyl ene oligoners havin%‘an,initial boi |I'i ng

poi nt dioplencefediemepdigs beowovidly wsedi mafhepbibricsy gsidithe wdugpeatfaerylenen 325¢C
and up to about 400C as neasured by ASTM D86, to a | ubricating oi
conposittirgncrcomprisss ngban whjuos vathamighoflegrer of medfyl [budnchmgt dndgany hevasi ty.
[0014] I n accordance with a fifth enbodi nent of the present invention, the
use of arboavrihibasefll3aGen@bllypthcattrgasrenh heek atdehdbhyahhberyhstabmidncbet@agound,
wherein the al kyl group WO 2011/ 096920PCT/ US2010/ 023022 of the

al kyl hydy@X\asaRRL! The QERRIR tnh ST Lor@dlify A oISy iTh Stk 81 SBRBII ST g

propyl ene oligoners having an initial boiling point o east about 195C
and a fj By k- ' r r.t 32 : 0 S
roasr DBl BE B b Bhert 3 el 11800 10 3R HRAR 18 ot
conprisin jor, anoupt of an oil of lubricatin iscosity, for .the
o bosd> G Pl 9 Hb Famaperaet trramsply marbpeet Pagh opetidiftieh fat  ng
oi | conposition on exposure to mammual s, is provided. [0015]1n accordance
wi th a Epduckonbadiitvat faflubHeativgedlsneomnmpalyt subirizedh alkyk ghesfatc Actergentbas ed
salt of an oligonerized al kyl hydroxyaromati c conpound, wherein the al kyl
group ofo & hessal degtdey theox frandredtphenao mipergedts smvd enipleyddfsoom degree| of flingar
m xture conprising propyl ene pentanmers having an initial boiling point of
at | eagdlefabout 195C and a final boiling point of greater than 325C and up
to about 400C as neasured by ASTM D86, as an additive in a |lubricating oi
COMpOSi [hpf] COMPIY 8! Plfedt ARIRAGAHPYA A #he Mg paons) ty,
[0067] I{% %ﬁciAn%J 1?% G O%caf?énﬁﬂ R0i70049504 #h& &og! gg % fl%t hje

for the purpose of re crine disrupting properti

| ubricating oil .composition on.exposure to nma S, :1.S. provided. 16] I'n
nccor daiedsy b RERREY FOBRERu R e LR RSB GHB p AR L
provi ded a propyl ene oligoner having an initial bojling point of at |east
about 1ISHEEHEROHAN AN YWY vrf?@gaﬁi%or@ﬂa&}%a% metghyplt @ée%ﬁ@n@ﬁo‘f“&t afbhout
400C as neasured by ASTM D86, wherein the propylene oligoner contains a

di st ri Hotdnorelnt haand anlcatt d Awatboatataanpyhicsen greajes dun Hbooke % E1 W ¢fafin per cent
of Cl4 to C20 carbon atons. [0017]1 n accordance wth an ei ghth enbodi nent
of the glieaedt, fort:gntdlghy olefigrvehdrain less than 10 mole % of the olefin is a linear olefin

of less than 20 carbon atoms, and wherein less than 5 mole % of the olefin is branched chain
olefin of 18 carbons or less, and (2) a hydroxyaromatic compound. Comparative Example C
in the ‘508 application discloses a branched pentadecylphenol calcium salt prepared by
alkylating a phenol with a branched chain C,4 to C;5 olefin derived primarily from propylene

pentamer. However, the ‘508 application discloses that the branched pentadecylphenol



provi ded a process conprising (a) contacting a feedstock conprising at

| east about 50 wt. % propyl ene, based on the total weight of the feedstock,
with a |iwoidiygleexphoric acid catal yst having an acid stcerugkérootsoar | east
about 114% and up to about 122%in a reaction zone under oligonerization
condi ti ops; and i sol ati a_ propyl ene. oligoner having an. injtial

boi | i ngca[}&rﬂtsaw@onvpé%wea[ﬁ%mpleg@5@%}?&%50%‘1%prs%ﬁnr%@ fRsrine Ja%m@tf%lat er
t han 325C and up to about WO 2011/ 096920PCT/ US2010/ 023022 400C as_ neasur ed
by ASTMIEE, Fmthcanore Hie pO8mpphersion] dagomet disslesaianzoiingipeint irangeifon thsf
carbon atons that conprise at |east about 50 weight percent of Cl4 to C20
car bon dtfons. [ 0018] The endocrine disruption effects of |ubricating oi
additives derived from al kyl phenols are believed to be mnimzed by the
use of [pbes|pr opylese ratdngNEr $ 506,041 tRE EBBNtpatdhYHNdikABscs ThUsbridafiR@iene
ol igoners having an initial boiling point of at |east about 195C and a

final  bold0cRlihe IS A E LAY BARCHEAH WP 410 2 aRRHK A0 G AR Rehipyed 1O

m nimze any potentra endocri ne Isruption e fects. e over alt of

the oliganerize kyl hydr gxyar o i und  of the esent invention is
ther of SPREVEREYD ¢ 5L I lcafre Rl T g by BhERT ot SR Ve
chem cal s. Accordingly, the overbased salt of the oligonerized

al kyl hy#Hasizes mwlgyle@ﬁf}m fdnoe ehinsd e sl fwigies ap ok elaton pedvchgbsus! v
be enpl oyed in conpositions which require mnimzed endocrine disruption
ef f ect scatsichol erursd dytroaatmgrredagcch@ETAh BEDIHESCRN RY k@D [(HcIFHEE N RRIEF ERRED
EMBODI MENTS [0019] The present invention is directed to an overbased salt
of an qrégaceol aadtaydky | Thetly OxXyardisthisue @otip FoMmdl pawhe beichidddhige alidewpticgr oup
of the al kyl hydroxyaromatic conpound is derived froman olefin m xture
conpri SifRGsPIARYL QNBK Q)i IRTRESIRAV iBQh@”O43nbattb1ﬁ|ofba0b$iliH% Bt @ﬁng%ffoﬁfthel east
about 195C and a final boiling point of greater than 32 8 and up to about

400C as I Vi 0020] Prior to discussing the invention in
further® eﬁ%éﬁ?ﬁ%lﬁeal@i ﬁl}%\%gﬁs nEheerglrgris will be defined: [0021] DEFI NI TI ONS

0022 ed herei.n,, the follow.,ng.terns ve the f.oll ow ng nmeanji ngs,
Lm es]sA@Q@essl y IE i dGemabl &L Ampiaved \iEPBeMing oy 39083 (B H0NE33022

alkylphenols for use in lubricating oil compositions.

SUMMARY OF THE INVENTION

[0010] In accordance with one embodiment of the present invention, there is provided
an overbased salt of an oligomerized alkylhydroxyaromatic compound, wherein the alkyl
group of the alkylhydroxyaromatic compound is derived from an olefin mixture comprising
propylene oligomers having an initial boiling point of at least about 195°C and a final boiling
point of greater than 325°C and up to about 400°C as measured by ASTM DS6.
[0011] In accordance with a second embodiment of the present invention, there is
provided a process for preparing an overbased salt of an oligomerized alkylhydroxyaromatic
compound, the process comprising the steps of:

(a) alkylating a hydroxyaromatic compound with an olefin mixture comprising

propylene oligomers having an initial boiling point of at least about 195°C and a final boiling



[ 0023] The term "endocrine disrupter” as used herein is a conmpound which
di srupts normal regul ation of the endocrine system in particular, the

endocr i neweystienysi2hat regul ates reproductive processes. PLOABR4J100302Er M
"l ime" as used herein refers to cal cium hydroxi de, al so known as sl aked

ner of n IOGHEE ST (S AR O (HaRE QU BHOLED BT | Y2 (DPIRES i 1
gram of sanple. Thus, higher TBN nunmbers reflect nore al kaline products,
and t herleflaydsoxyageraaticeqonfionadi nity reserve. The TBN of a sanple can be
determ ned by ASTM Test No. D2896 or any ot her equival ent procedure.

[ 0026] The ove) bagadizagl the afkydry dodxygameticzethpauky ofiyepaxy ar prosideca sadtmpiound
of the present invention can be obtained by (a) alkylating a

hydr oxyaé Qe 8roxQameate cohpburn ol efin m xture conprising propyl ene

ol igoners having an initial boiling point of at |east about 195C and a
final boili i .eat 5 agur ed by
asT 086, t 6 br e e AT kT e, i BRe Ry kR shmBRd BE Y. g 1 he
al kyl hydr axyar i c compound of step (a) .0 provide a salt of the

21 kol hy AP aRy Aa R o G e G Ry Ly SR B habf sPREIHEaRLTT of %t ne

al kyl hydroxyaromati ¢ conpound, of step (b) to provide a salt of an

ol i goner i zeddhPKFPIYE Bheysaitardhs eligerhpdnsd lkdmalrpaarepaiheemprynd s sépl ¢ of
the oligonerized al kyl hydr oxyaromati ¢ conmpound of step (c) to provide the
over badentogubvidethetdverbebddgatter ithredigabicyizéd/dkpkydnosyabmetic ormppand. [ 0027] I n
general, processes for preparing overbased salts of an oligonerized

al kyl hyjdonqy ar onghiaecsrdifreurich atidrd\@hbodimentofaine pesayntkinasmiopy DLbdsigatings
maki ng overbased ol i gonerized al kyl hydroxyaromatic salts nay be enpl oyed

her ei n.oiFesmpRBY & Ibeiaeésv@ﬁ&@fcbfﬁgnpésogﬁsrﬁaof AmoRhEBR AL Ml StIRbrisakdeS
i nclude U. S. Patent s. 3,178,368 and 3,801,507 which disclose overbased

sul furized al.kyl.p t : t 3.4 j |,S.C e

over basafouPy TUhBTaR FS sttt GO s ASHE R s 8Rnts . wo
2011/ 096920PCT/ US2010/ 023022 and, U, S. Patent Nos. 5,281,346 and 5, 458, 793
whi ch drECrBdBe AL ER P, 0TS, %ﬁ%ﬂ’&f%‘?‘%}%?‘?@%ﬁ&s cﬂlerlg Q ﬁlﬁgﬂgﬁay

al so be overbased. Accordingly, the steps enployed in the process for

maki ng k&re\cenEsad rrapylees OKgorW»demg stk dnitiplkYoiHye me foreless abenpound
of the present invention are within the purview of one skilled in the art.

[ 0028] 11955¢ epd @dinal boihiyg pony af gurater thao GAPULIAGH s tcakboyk AOKE asi mbasareddiyef i n

m xture containing at |east the propylene oligoners. Useful hydroxyaronatic

conpoundsTMithgd nay be al kyl at ed i ncl ude nononucl ear nonohydr oxy and
pol yhydroxy C6 to C30 aromati c hydrocarbons having 1 to 4 hydroxy groups,

d i nbodi : , | : [ €
and 1n 1gpf3)€Nbo 'Iﬁgﬁﬁe:o&laﬁé% %nﬁy(ﬂgcﬁf’%r %B&kﬂﬁlenf?f rtl?eb*;n%s&}fqh{?&ﬂﬁ%?%% FSI ol

conmpounds 1 ncl ude nol, catec esorcl no hydr oqui none, pyroga
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al kyl atgogl%ogiﬁgn 2%%5(8&53{1% t%nggrillr%afs?trﬁ%%Jquodcgo%l?iiisri]nsg a?clding an overbased salt of an
oligomerized alkylhydroxyaromatic compound, wherein the alkyl group of the
alkylhydroxyaromatic compound is derived from an olefin mixture comprising propylene
oligomers having an initial boiling point of at least about 195°C and a final boiling point of
greater than 325°C and up to about 400°C as measured by ASTM D86, to a lubricating oil
composition comprising a major amount of an oil of lubricating viscosity.

[0014] In accordance with a fifth embodiment of the present invention, the use of an

overbased salt of an oligomerized alkylhydroxyaromatic compound, wherein the alkyl group



| east propylene oligoners having an initial boiling point of at |east about
195C and a final boiling point greater than 325C and up to about 400C as
measur ed W9 2087T00286. | n one enbodi nent, the propyl ene eCirgseewsd2ivarve an
initial boiling point of at |east about 220C as neasured by ASTM D86. In

one enbaqdi nent, the propyl.ene oligoners have.an initial boilin oi nt of at
least dlolie %%z@yg@%a%leocoggp% M 8%V nframo P e CldhigBI e o mRTENS
propyl ene oligoners have an initial boiling point of at |east about 235C as
measur dUoRKICIRITIZODBES havingya ingiad beiding @m@d? wielpast abdvs 199 Gpyncey End|togloreer s
have an initial boiling point of at |east about 245C as neasured by ASTM
D86. | mositi ofl gieeter almmt A25°Ce atxb dp nterdbout HE0TET apyheanercd| bygAisdng ity evs am
initial boiling point of at |east about 260C as neasured by ASTM D86. In
still aaaitierin amaeedAmp il doagoRitieRoaPEisR iag@%r@f smbaiCofadh diNbf idkichaid i ng
poi nt of at |east about 280C as neasured by ASTM D86. |n anot her

enbodi : ' A4 DL id ] L.t of .at
Teast apoan g a e mER SO S AR My s o R AT BB 1B 03022
[0030]In one..errbodimsnt,t the]%rop Ienqﬁgligoners have a final boiling point
of abolfP™PIYESL QR CEROSHE RERTPPAS0E PR asur ed by ASTM D86. In anot her
enbodi nent, the propyl ene oligoners have a final boiling point of about
335C arl01Y to adB@ecUudTEe With § sixthasrabasimersaidhs Risnent invratipn.ghy Panef an

ol i goners have a final boiling point of about 330C to about 375C. In a

f ur t herovertaedi swtrif, ant diigopreopyd @hlplhypiliogparemstih aempeurid, mékreotheiatigyl godumt  of
about 335C to about 360C. Any conbination of the foregoing initial boiling
poi nt s a@@nthef alkglhybixladghapoi dongpoudd & héerpredpitb@nen odlefo MRixsurar &mprising
contenpl ated herein. [0031] The propyl ene oligonmer can be obtained by

cont acty 1énd REHMLEK \En?%:ﬂl {n$tid1 o RinT B0t oRBDIA aBdut RAOIRY h&NL fivh(tddilghd | qui d
phosphg¥@%,acH§%Catalf%t avi ng aﬂ g%?? sfrengthao#lat | east éboutll 4% and

up to t 4229 | i e i rizatio i s, .and
S0l at gkt & SPRECHEN RN E00R; P AREAR hORSIRRD Y W Gt
about 195C and fi.nal boiling point of. greater than 325C and to.about
200C ad<HS R adubycias ol cosstop B PRSP dBrigE kMOBR QI SihopRBESH Ny t he
propyl ene oligonmers will contain propylene in an anmount of at | east about
50 wt. Copiaséer tha Prmpese ofraflucieg ik enedering disenitstrsencrti¢srpf dhelubrprimicregnt |
the feedstock will contain propylene in an anmount of at |east about 60 w.
% basednpositihe oh ekpdsumetiogiimmblsf ikerdvedmlst ock. | n anot her enbodi nent, the
feedstock will contain propylene in an anount of at |east about 70 wt. %
based qootdle totah avedrdhiiceolith hesdhvert ntfldimdi InBe PRAESH MRS tion! BRere is
feedstock will contain propylene in an anount of at |east about 80 w. %

based Cﬂé}i\t}m&f %%&%ﬂggé@ﬁicﬂ b Péxﬂﬁg b ‘?ﬁﬁﬁp&hliné B(o)i%ﬂ?ggéﬁfééﬂ Sho@MBAERAL, the

f eedst aln propylene”in an anoun out /5 to about 90 wt.

% bas t.he total wejght of,.the feedstock. 33]11ln o e | t, the
{ bedar et Baling sk Bh e EleBf ey s Gt ERATHEDN 400 G e B CRTLRRRw 1|
free), of any olefin other than propylene, e.g., butene. In one enbodi nent,
the feetRHBRNGRIAPEISAT alilgpr%ftrwemamS@r%ﬁgﬂgmofgf@rmaém thst eRmeres a?fesft t he

ol i goneri zation WO 2011/ 096920PCT/ US2010/ 023022 product of the reaction has
an i ni tabaht ¥oweighigpasesinhof ©fs tg Ceatasbont #amsabout 195C and a final boiling
poi nt of greater than 325C and up to about 400C. In one enbodi nent, the

f eedst o1 gont ai Na dcesdaideanithaudigtd asbodimbiitodrtee prasc@niat bigione ieedisrent ,

t he feedstock contains |l ess than about 5 wt. % butane. In yet another

enbodi nRe¥ided Q%rcfc@ﬁd&)ttﬁiﬁ'f'sitfgo(@? BbMiSctin® SSfebdiadtkalRiristhg ¥t leakp SHuEBE wt. e

feedstock can also contain relatively | ow anounts, typically | ess than

about % = L . e ne,

or opand Bfiensh e BT IACLLKR, CORPRRERNRL AT s TRy ALARR Gy ok

pr esentha‘vﬂl\éea?ltalcﬁp §tre£12t% 0 %l‘? e%gtsa 8{1]t fﬂ%’ aI?(I ulg oeabséhta Hi"/?gn a reaction zone under
oligomerization conditions; and (b) isolating a propylene oligomer having an initial boiling

point of at least about 195°C and a final boiling point of greater than 325°C and up to about



ol efin (weight percent oligonerized product/total weight of starting
olefin) is at |least about 70 wt. % |In one enbodi nent, the conversion rate
of the stwotonged2efin is at | east about 75 w. % |n amrorhiseolemssd: nent ,
the conversion rate of the starting olefin is at |east about 80 wt. % In
anot her odinent, th rsion rate of the starting olefi.n is. at |east
85 wt . 4%%98 i) %Bﬁur?%%’%grﬁiﬁ;ﬁ%@ ‘f‘igerﬂnc}h? Hm@ﬁtﬁé‘f) ﬂEg‘?fEera&? RSt ‘%}P‘F%P“%? use
in the process for preparing the propylene oligoners are known in the art,
see, e.qgrbontatems thqqunmmgtt)%@wiabowciodwahmmt off Selte Sedcarhpn dtems.exanpl e,
U S. Patent Nos. 2,592,428, 2,814,655 and 3, 887,634. The phosphoric acid
cat al yq400E8]r engt Ml'eamdvaing, dissuptionusftecheo fdutbridachg otl atlditipesodroed dropr dRyl ene
oligoner with an initial boiling point of at |east about 195C and a fi nal

boi |'i NghpRbIBtarObel @ ER S be klAIMi2<P by atdudéfofitfe ?We&m@oa@rmwﬁ@em ASTM
D86. Useful |iquid phosphoric acid catalysts for use herein have an acid

trength of: at t 1 114% and. - - hvent |
Seer o (o ThEE oG olicb PG AR NPt iR Bl inkatolfe dr R, SRRPRISTRY. .
bout 114% .t t 118% nmbodi o I 1 id. .

P honpngtiic A 4o ik Joit et B L R BT e T oG 43¢ helis et itz an

up to about 116% The strength of fhe phosphoric acid catal yst. can be

cal cul S¥dPeigntid agdacHye t Harupbey prtssishor The Qordapsdaralt &f M lropstiesdear
magneti c resonance spectroscopy), and can be expressed as a percentage of
P205 gradigtieydrotpanomitat corepminded therpredeat impgnody si theredarst badieved to WEo be

2011/ 096920PCT/ US2010/ 023022 make ort hophosphoric acid (H3PO4).

O t hophabahaialley faei ¢f srdbiriteadieruptied clesngtdls ofA ctOAUglhe phabphorshle od e
(HAP207) will have a strength of 110% and pol yphosphoric acid
H4P207(dfg@%%%?é‘?lk#lhg}é%%yﬂoﬁfaﬁ@ Qgﬁ@m:jﬁd A0 ERA: Nvdn@iidcd SdvaRRgEdusRf 116%

when n=2. he feedstock and |iquid phosphoric acid catal yst are

cont acted_ | ' - e Al tat L - [ Cient
o mai ricarnbphe! FESHPRASASER AR AN §oPel: BoRppT RS AT
the feedstock and |liquid phosphoric acid catalyst can be contacted while
mai nt ai APRGUASUSr at ure of the reaction zone at about 75C to about

175C, with a pressure of from about 200 psig to about 1600 psig. In one
enbodi ment, the tenperature can range from about 85C to about 150C In

anot her enbodi nent, the tenperature can range from 100C to about 150C. In
one entjadl AHMED DS RIEHYEND T B ECRREFIERRQEDIEMBOANMENTIOC t 0 about 125C. In
one enbodi nent, the pressure in the reaction zone can range from about 400
psi g tqoabyut 100thePpictent lifvantioh herdiroRadionanbyerbhRda@sstiae tigbmeange from
about 500 psig to about 850 psig. In another enbodi ment, the pressure can

range farl%ﬁﬁgxﬁ%rﬂaﬁco c@ﬁ?Hﬁnd?O\Qhé?éiitlgtheAQﬂé%f %@3” 8k 11pa a‘PEy[uH Oso%ﬁ'icﬁﬂéﬂcng

t enper at and pressure ranges are conte her el n. 7]"General ly,

t he feedstock qn%'#ingg?phgﬁﬁ%?ric aci d cagql st aﬁﬁlcqgtacte?%;pr atine
per i od PHRGIAY 1t A8 EhOGE &7 AT SUXHE SHBDHSAS PROMUTS s BIEBNER the
feedstock and 1iquid phosphoric acid catal yst have been contacted in the
react i dRitizbbRIlIpHBYIA %ﬁp gt gﬁﬁﬁ'earhoﬂh%%ﬁ a@éﬁ&fﬁ %wélpg Roigt B‘S%%F%tﬁ”ethélll Pgofethavi ng
an initial boiling point of at |east about 195C and a final boiling point
of gr eatpetp aboutrf 082G @ measungs! byoASBYLPBA00C as neasured by ASTM D86, wherein
the propyl ene oligonmer contains a distribution of carbon atons that

conpri §6020] | eastPrabaoidisolsswry hbtinyeatice it finfheCddtail oth€Z0an aernatvoitisbe S

i sol ated by techniques known in the art, e.g., by distillation. [0039]In
one enmhpdhsent, a propylene oligonmer enployed herein can contain a
distribution of carbon atons that conprise no nore than about 25 wt. % of

Cl4 Ord@ﬁ?ﬁr V[ﬁg %ﬂgﬂ%§§0PCT/U82010/023022 carbon atonms. |In one

enbodi a pr goner enpl oyed herein can contain a distribution
of car tons that c ri se nq nore than about, 2 .. % of Cl4 or, | oner
car bon 1002 ™ ' Ao Bt by delitvina it Brendns follbiiey Srrpi e g o n
can contain a distribution of carbon atons that conprise no nore than about
15 wt . SPepslpsiategto thygmtrasi bon at ons. | n one embodi ment, a propyl ene

ol i gomer enpl oyed herein can contain a distribution of carbon atons that
conprise no nore than about 5 wt. % of Cl4 or |ower carbon atons. [0040]In
one enbodi nent, a propyl ene oligonmer enpl oyed herein can contain a

di stribution of carbon atons that conprise |ess than about 3% of Cl13 and

| ower carbon atoms. In one enbodi ment 8 a propyl ene ol i gomer enpl oyed herein
can contain a distribution of carbon atons that conprise |ess than about 2%
of C13 and | ower carbon atons. In one enbodi ment, a propyl ene ol i goner

enpl oyed herein can contain a distribution of carbon atons that conprise

| ess than about 1% of C13 and | ower carbon atons. In one enbodi nent, a

4= A N N 1




[0041] I n one enbodi ment, a propyl ene oligoner enployed herein can contain a
distribution of carbon atons that conprise at | east about 50 wt. % of Cl4
to Cm carwonoatsrd | n anot her enbodi nent, a propyl ene @Cirgseew/oesvpt oyed
herein can contain a distribution of carbon atons that conprise at |east
about 5 : %)C rhon atons I n. one enbodi ne t opyl ene
ol i gormlsﬂﬁ!w oye o et B BT é.ug?ff f*%ﬁlﬂ 5% GFOAPR YPICh BPEhat
conprise at |east about 10 wt. % C21 to C26 carbon atons. |n another

enmbodi renmal weplebey pehe ecliﬂpgmwsf@ﬁp i padicwlar, dhqrcrdogrins prstinn that a¢@datésbut i on
of carbon atons that conprise at |east about 1 wt. % of C27+ carbon atons.

| n anotrhpodesthogiroresdes. a propyl ene ol i gonmer enpl oyed herein can contain a
di stribution of carbon WD 2011/ 096920PCT/ US2010/ 023022 atons that conprise

at | eagpozout 1 We. tebfn CRA" GRMREM hatedi Befan do WRldien aRatxide, Wso 1o/ as
carbon atonms. [0043]In another enbodi ment, a propylene ollgoner enpl oyed

herei n g£an,¢ant dftl i bution of carbon atons that conprise at |east
about at east(§5&> }ﬁ%%4 to C20 at | east about 10 wt. % C21 to C26, and

a out 1 @6C2 not hey, enbodi.nent,, a yl ene
o1 i gonaP Bl oy iFBra dah Beg v uPhen s BN B R Sh GFRaSIBL R e SREMEha
conprise _at |east about 55 wt. @6C14 to C20, at |east about 10 wt. @6C21 to
C26, arid base perelenip milligrygns o KO in & grapef stmpls: ThooapheryTRY s on of
the foregoing distribution of carbon atons for the propyl ene oligoners are
cont enpktedndrer dkaline| [P0dEIST vad pthogs{dre regrehicy eHetisitpfresehws. pTes dilAN iofiveent i on
may conprise any anount of | ow nol ecul ar wei ght propyl ene oligoner such as
propy! eampld dafe deterin@ictd dFRYSTEM Teotgo A328dbeoriany bikat civdlemgpreeidote. of t he
m xture of propylene oligoners is at |east about 195C. The propyl ene

ol i gomgpg24)f the ﬂ{eeos»%fﬁasédﬂéawﬂaarbh@aﬂlea&apa@ﬁ§abﬂayaaaﬂamm outfl ofiigh
nol ecul’ar wei ght propylene ol i goner “such prOV|ded that the fina

boi I'i n rQs%hP ﬁ)gf?tl eﬁn[ B¢ o hﬂ%{&g%ﬁéaa%l#’a&gf)%é&&%%?arﬁ%%o 23mfit d‘wﬁﬂ ASTM

086. | |nven I on
can con n tetraners ent a hexaners,. hept amer octaners namers,
and mi >& b QKT 8%11‘11”[1%38%1 nﬁeé%ea‘? ligpmcrh baying miﬂ%‘(ﬁ%fﬁlglgv\]"?lf“ Bf)ﬁ‘t 3t a

maj or mount of the foregO|ng propyl ene olzgoners. However, as one skilled

i n t he aput Q5T andadina) baihipg @einagecater lranci28f ¢ undruR te pleout 400 Cont mcssustdher

ol efins. For exanple, the other olefins that can be used in the olefin

m xt ur ébyi S TMeDB8bnear provelei s, alkylbydroxypiredhitivs ,cobpancdiecb)ohedtiatigingt tler t han
propyl ene oligomers such as butyl ene or isobutylene oligomers,

aryl al kyitygReiodngorhite tdigoumdb ity )as froadeal saBubft @bl Lk lhyieatyebredtions
i ncl ude 1-hexene, 1-nonene, 1l-decene, 1-dodecene and the |like and m xtures

hg?rngffconﬁj%ﬁﬁdi' @) bt AR Bic! daN&ATthOLREHYAr A Brotl 8 JSRIHBEM BF st (B0
provide a salt of an oligomerized alkylhydroxyaromatic compound; and (d) overbasing the
salt of the oligomerized alkylhydroxyaromatic compound of step (c¢) to provide the overbased
salt of the oligomerized alkylhydroxyaromatic compound.
[0027] In general, processes for preparing overbased salts of an oligomerized
alkylhydroxyaromatic compound are well known and any known process for making
overbased oligomerized alkylhydroxyaromatic salts may be employed herein. For example,
representative processes for preparing such salts include U.S. Patent Nos. 3,178,368 and

3,801,507 which disclose overbased sulfurized alkylphenates, U.S. Patent No. 3,429,812

which discloses overbased alkylphenol/formaldehyde/diaminoalkane condensation products,



WO 2011/ 096920PCT/ US2010/ 023022 al pha-ol efins such as Cl16 to C30 nor nal

al pha-ol efins, which can be obtained from processes such as ethyl ene

ol i goner iwatpomIer20wax cracki ng. Suitable cyclic ol ef i ngCirnusbud®23022

cycl ohexene, cycl opentene, cyclooctene and the |ike and m xtures thereof.
Suitable b ched o] efi ' ud ene dimer or trimer qr higher

mol ecul & -glgﬂter}tslél%t%}?%L@%|afl§o§§$%{793aﬁdn%él$f5§% ngheliredt %}Pﬁégp?q%-r eof
Sui tabl e aryl al kyl enes include styrene, nethyl styrene, 3- phenyl propene,

2- phenyaly@ybiaredeligamersHbatl masealsmbe aystbaseds Acprdagty, tloodassnpjexediiptheof t he
hydr oxyaromati ¢ conmpound with the olefin mxture is generally carried out

i n t he poesefurenakingthe avéphatdisol of a aligsheriZds efkylhyatdayhamavio coatpaliybd s
include Lewi s acids, solid acids, trifluoromethanesul fonic acid, and acidic

nol ecultpg pek@i enveatich ¥ tvsithiStict bl iewle® vhs sidnédlm tho gk ude al um num
trichloride, boron trifluoride and boron trifluoride conpl exes, such as

boron tphdduorid er.at i [, dg-: r .

ri 11 udP Y Dhosahor e B TRPbi SR PR R B R s e
acidic iop.exchan resin t .catal ysts. jnclude Anber|yst 36(r avai |l abl e
Fr om RERAIGE ARRES (s PRI B T Ber S P RctoF S EonthenSHe 1 or
the al kyl ati on depend upon the type of catal yst used, and any suitable set
of readti akykgidialyles mopgpugiess ymenehydsexgh ae% rRedyheidegiyt §ot 19e Cao aromatic

al kyl hydr oxyaromati c product w thout unacceptable amounts of cracking can
be enplhydextarbions bamengd g6 & neldoxengrodpsrend iréna ¢rebglimsent td hhgdiokpigroupke

al kyl hydroxyaromati ¢ conpound that is the product of al kylation contains no
mor e t IRiitablzohktdrdOMroratf esrapdundmandtode phian, ehedhbl, S%ortinok Hdefgimiaky no
nore than 2% and nost preferably no nore than 1% of al kyl hydr oxyaromatic
in whi Cﬂérréé'hﬁoﬁlc@ébl_, GAOHR 11 oadIniRfurésBfisreof. NInARR AR IBRRRA] FRRSxyakdiRatic

al kyl hydroxyaromati ¢ conpound that 1s the product of alkylation contains at
| east t % erably at | east about 30% nore preferably at |east
about 3§%¥Ogﬁgma/seﬁ§feferably at | east about 50% of al kyl hydroxyaromati c
in whic e al kyl, gro i.s Clh t 0. 2011/ 096920PCT/ US2010/ Q23022
[0049] iloddle oo IR KRG goaéﬁ’lfyg?ﬁ%ge%\g@efg&oawowrlc fﬂ@pawﬁ?%l% at
reaction will be in the range of about 25C to about 200C. |In another

enbodi rteast prapijéene @ligemers hawmsetnainifiad bpdingtneantafiay leest dout d321G o fifinpl be in
t he range of about 85C to about 135C. The reaction pressure will generally
be at misylivey pant @k4thothgin 3R Ghard wr td dheet 4(°€ssunmesurcd \bybeS EMpD 8y eth onkhe

al kyl ati on process can be practiced in a batchw se, continuous or

sem - CiHodunes, thBPHRSTyIcnkdlRBRcRIHAQH afRiitial Bdiend/Pdial off Alléa3t Sout DBO°C as
hydr oxyaromati c conpound to olefin mxture is normally in the range of

about Jrgéa%ulteﬁ,l%b%%tﬂ\@'lﬁgé' th n%n&nﬁc;mgﬁt% rdpyfen 1%611{6% h&eOhn GRiGal

hydr oxyaromati ¢ conpound to ol efin mxture |g r mal In the range of
about 5:;1.to_abo 1 0 Jhe al kyl atio ,on. may be carried out
near - ool RARCHEud L b3 Sa ML BT AT T RN RS SRR e
hydr oxyaromat i ¢ cognpound and the olefin m xture. en enpl oyed, a typical
sol venttﬁ? BIORE &ﬁ@ﬁg‘[’@%f}dﬁﬁ)%“EB?’IL&Oélir}g()ﬁ’Pl%thft%ieaﬁf\ég&uf 8%53) G Hemepsereddy

al kyl hydr oxyaromati c conpound can be isolated using conventional

t echni W&EM B$hi dal ey anether smbedithenix e orapyicne cdigpmgrsdhavs ali mitidl|bedlirfer om
the reaction product. [0052] The al kyl group of the al kyl hydroxyaromatic
conpoundintoftay pdasedboyt a4 i°achrededsarddisy ARTVDRREr dnatill /et amplod reehtodimartj |y i n
the ortho and para positions.

the propylene oligomers have an initial boiling point of at least about 260°C as measured by
ASTM D86. In still another embodiment, the propylene oligomers have an initial boiling
point of at least about 280°C as measured by ASTM D86. In another embodiment, the

propylene oligomers have an initial boiling point of at least about 300°C as measured by

ASTM D&86.
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[ 0053] The al kyl hydr oxyaromati c conpound thus obtained can then be contacted
with a netal base under reactive conditions, preferably in an

i nert-compeatzntllmed2oqui d hydrocarbon diluent to provide &C3aistoiofo2iobe

al kyl hydr oxyaromati c conpound Preferably, the reaction is conducted under

an iner s, typicall The et al . base b erther n a
singlel Qﬁgﬁti on g‘P RR 1 %/{“’S‘?G[‘x trtt ’Fopé{gg‘fitq lighmery hg Ha‘%/‘?t %%Wéggaltlé‘grﬂﬂl %tl
during the reaction. [0054]8urtab|e met al basi ¢ conpounds i ncl ude

hydr oxiabest 339x¢ @ad upto ababRPYfEsasoncashecdrat AP TR 0. akn qnojhea ambpdigient, dhe

al kaline earth netal salt derived froma netal base sel ected WO

2011/ 0968208CTdgeAR 032 AARR21 Doiting anind bk abdut BFSHCoariddey toadbkal 4008K1 deyor an
al kali al koxide, or (2) an alkaline earth netal salt derived froma netal

base seigfetdmbb@mMeat) tBé KRIpyRac @RbMeRVIH X Gital ballkR! pdig: SREHoNt 9X0°detoor
al kal i ne earth al koxi de. Representative exanpl es of netal basic conpounds

Vﬂ“yéPoi‘fﬁwﬁﬁﬂ%ﬂﬁwieﬁr‘%dﬁﬁﬁﬁg? B AF PSP e R SRR PR o
ComourBU G UhColt SR AREET onaY Py T EPRaS %#%?ﬁ%ﬁhé%%ﬁ%”ﬁéﬁm@. de,

calcrunroxrde and barium oxide. Preferably, the netal base used is cal ci um
hydr oxi &l beiliag seingy for the memdenciicomsiratic epptemphisdde&inyer sus, for exanpl e,
cal ci um oxi de. [0055] The neutralization reaction between the metal base and
t he al K§0IMdr oxy artermaepydcrorijzoured cis be giaimad by contadting &ftedstotkesmpanrivingr es
above roomtenperature (25C). The neutralization reaction is carried out in
t he pres@noeadbud dipesmiak vatchliqed phbypherie agii ye@lyst hofimg en @dd shrengeesf C
acid, and the |ike and m xtures thereof. [0056] The salt of the

al kyI hy.dr 1@y al0Rti §9,C Qﬁ@%”% 'aﬁodthm%|1h99%£dt1%ﬁdz611% %&Y'(ﬂ%o%he%%ﬁﬁonof an
ol i gonerized al kyl hydroxyaromatic conpound. In theory, neutralization can

be con [

e SOl AL R SR B L P TR AT o oy ol
process e neutr Irzatron [ onduct e arate ste

Dot & riSSHednd AmsEpebRe Ang Pﬁ%regﬁ%@éa&éﬁ i€ aruf et lier B OY
conducted under the same conditions as set forth above. [0057]1n one
enmbodi MehtM I38¢.goneri zati on can be carried out by contacting the salt of

t he al kyl hydr oxyaromati c conmpound with a sulfur source optionally in the
presend@03X] an ol Tlgohedstack ifonupr amytregrarinAntie spropdbhe osipbrhers wdlicostaman be
used for the oligonerization step such as, for exanple, elenental sulfur,

hydr ogestogpédd iden asiduhtisf dil@xt duapolwsodi buves bh oSt ydight 65the Fogistak f ur
can be enployed either as nolten sulfur or as a solid (e.g., powder or

particy y%%)en%d erfl ﬁ@'f}eé&s&%ﬁ%ﬂ%ﬂ 1}@0@ AORRLH BhRuly 8 AcREPBold g d- A
WO 2011 096920PCT US2010/ 023022 surta% Vrgonerlzatlon pronDter Is a

polyol, ty |caII | Kk eth ene

ol & oft HE bEia on e el S R0 eyt 0l ﬁﬁ%ﬁﬁ%‘*@r hERee 00%%‘*’1[ 0.5
to about 4, and @referabl fr%nr%bout 2 tq about | es of sul fur

used. [©BEBE) PIPYISAT ihak PBRUL) iatdeast BhamTDert. & hﬁrﬁ o Ehedptabmsiat of eabove
a high nol ecul ar wei ght al kanol can be enployed as a co-sol vent. These high
nol eculfaedstgskghn on¢ Rmhedimentvhe Srdwogdrhvillogontyimnetpetene hapm agokyt of a¢ dastai ni ng
8 to about 16 carbon atons, and preferably 9 to about 15 carbon atons.
Represemmaﬁ$Weme%ammbésnohe8mﬂhahgﬁ(ﬁhhaﬁﬁhsoﬂﬂchuﬁﬂaﬁemeﬁambémnﬁnﬂdﬁano
(decyl al cohol), 2-ethyl-hexanol, and the like. Particularly preferred is

2- et hyl b R¥RRAliI dohtdiS p%?%ilb% @h ahRRulSEr #olt 95 tdrab& s Woakt. Wei lied ah lggnol in
the process because it s as a solvent and also forns an azeotrope with

wat er conveni ent way to renove the water generated by
t he negpggﬁﬁgﬁfggﬁg%%ggﬂaiother water in the system by azeotroprc

distillatign either after or y. during the reaction

ror ecullBP38le; gne Hoeksorootserts & it G it ERUERS TR eimetts Mot i on
mechanismin the sense that it facilitates the renoval of the byproduct
wat er disf+ FpstaRBalhefed) enytaiefn plishihag piawrloeste: brcke tnrncranyipdingnty he

reaction equat i on.
the feedstock can contain other olefins such as butene, provided that the oligomerization

11



[ 0059] I n anot her enbodi nent, oligonerization can be carried out by
contacting the salt of the al kyl hydroxyaromati c conpound wth an al dehyde
to form wogoir/memalt of a methyl ene-bridged al kyl hydr oepganise@vioesoennmpound.
Sui t abl e al dehydes include aliphatic al dehydes, aronmatic al dehydes,
het erocyclic al dehydes and the.like. and .m xtures thereof resentative
exanpl O%M shéks %ﬂaa&w@@saq Hddatche lingy mvfd%tf@r&%t,er &awf»w‘i ek gd ' final
acet al dehyde, propional dehyde, butyral dehyde, IXcoxaI, fural dehyde

2- met hyloplingp poima|od egrgafer tRnndRH{] aditupr t9) Q@Wd&,o G- ntt lopf -wehodia¢e e,
2, 3-di net hyl but yr al dehyde, 3, 3-di net hyl - but yral dehyde, pentanal, nethyl
subst i tfatdstbcpheohtnal lesshthmz abale hpdet. % bufone alln ancththembodiment) thenfexd st ks

t hereof . The al dehyde may contain a substituent group such as a hydroxyl,

hal ogenonfiids' 18geRaisbi Bexd. Pk BuRe.| BNGetaothbe chbbiibncht it fe¥dtock contains
2011/ 096920PCT/ US2010/ 023022 does not take a mmjor part in the reaction.

Prefer 3@%%1331}1 REo@! SSHY 9€ pliRnd! mféyﬁe-%&st@&i &hinOh1s& cgﬁﬂé{ﬁgteqﬁﬂégf}ogx? 'aﬁgﬁﬁtg,t :

For mal e is available 1n many forns for exanp quid or
gas. Part.icularl referred i ar af or mal dehyde (which is a solid typically
5 powdar Pty andbaR g0 il miotritiPie CRRUP et 8p Bl st about
93% f or mal dehyde). . Tri oxane a crystalline solid may be enpl oyed (tri oxane

i s t he BORANECOURICHispOWANG Y1dHBE Hkbryde) . However, 1iquid formal dehyde
solutions may al so be enployed such as formalin solutions (aqueous

sol uti dA834f f or nal tHehyoess 61t prosenti inversiohatisl coniviarsBxgate H44the staBiog

f or mal dehyde concentrations are commonly used forns) or fornmal dehyde in an
aqueousolsi pydight. pectait bliganatdized froduvatasihyeight of alsiag avein) dbhelcas adog@as.

[ 0060] I n anot her enbodi nent, oligonerization can be carried out by

cont actjongt the 188hé cRbodiRRnalthy LEMARRY BEOHBIL Gt OIPORNA iVhi Ba@Rb&htdshy de
and an am ne source in a well-known Mannich reaction. Suitable al dehydes

I
e v a0y 05, SLADIAES 6L S5HEAGH DR BENEROMRo LA ATE PRRIMRo, (1

S an am no group

character|zed by the presence of at |east e active dr ogen om_, Such
o o Hy QRPN GRDSBER e oaTHEn G o ap e Bge Sebb RS o Wb %r oups,
or both primary and secondary groups. The ami ne may be a nono or pol yam ne.
Repr ese[ﬂg%ﬁ]i ve eXangineslotheub@fid | phosphosicc e satdst i fae luselén Nhergrosebai®he,
N- et hyl am ne, N-npropylam ne, N-isopropylam ne, N-n-butylam ne,

N- i sobutrypaaimigries piepslene bliggrhamiareeknoMineint thb attydeans.g.e theNiquigp pindsphand aed-
N-cycl opentyl am ne, N n-hexyl am ne, Ncycl ohexyl am ne, N-octyl am ne,

N- decylqanilye disblogdiacior aramglc, (L0 PLRAENY. 21590128 NDE DAY REdE887,634. The

N- (2- phenyl et hyl ) am ne, 2-am noet hanol, 3-am no-I|-proponal, 2-(2-

am noet : - 0 t 1 Lne,
NN g e Ry TR TE L K5\ DY RS B el ) BROAUE! DA ATLAS

N, N-di i sopropyl.am ne....N,;N-di - nbu am ne, N Ls,Sec: b m,ne, .

NN ai - EBRP YRR Brify it ALY LSO Wl 6 &R A R point of

N, N-di octyl ami ne, ' N-et hyl - N-net hyl am ne, N-net hy] - N-n-propyl am ne, .
2011/ 0FEYIYPERRUSSOL 0D YD A9 ?@OH%/ 699%%%&5%%#& > T™M DR, Bisetuf hqu}go
N-net hyl - N-octyl am ne, N-ethyl -N-isopropyl am ne, N-ethyl-Noctyl am ne,

N, N- di (nhobighdricregist ¢ajalyssfareise Remindhg3-anyagidstyqnetpgf Jtdeashabout 114% and up

N, Ndi (et hoxyet hyl )am ne, N, N-di (propoxyet hyl)am ne, ethyl ene di am ne,

di et hyltersbotitr i 28%.ndn dnei @htodimeas, teifulakdgidehotphoriaeichly tatigstpdatamh rieid and
pent aet hyl ene hexam ne, o-, m and pphenyl ene di am ne, diam no

napht hal@R&as ofNt &Rt Ybout a1t aehiy LE ReRBAItANISNE, 1RBHe thPoidne SRendildid
fornyl-, propionyl-, butyryl-, and the |like N-substituted conpounds,

ror pho'ﬂh%?pho&i@a?{&oéagﬂ?%%/ e aﬁ%’a{g{d%%ng@n%gra‘?l b QoY1 1494 irufi'd 't ér%JB 1 b Faos.

pyrazol'e, ‘pyrazolin razo I ne, azole, 1Tmdazolin I zol'idi ne,

pi peri di.ne, phenoxazj ne, ent hi azi ne, and their substjtuted anal ogs, and
Phecl 1 b bRy E 2hE et R GBI N hietadien 100t e OF s RSt Ge! o
or salt thereof By "am no acid" is nmeant any organic acid containing at

| east dWEYIHEPRPRFY acklepaskel 4pipe SYMRMuflgarymagRole IesoRYCCqIPSEFOsaPRY)atnd edist one
aci dic carboxyl (-COOH) group. Mxtures of different am no acids can be
used. Reprxpswsadatsi agerecnsapel o P,0f gemaien thanchatsrequicdduide thgl hyclralgsis adaamom,

bet a- al ani ne, valine, |eucine, isoleucine, phenylalanine, serine,

t hreoni ne, tyrosine, mnethionine, 6-am nohexanoic acid, proline,

hydr oxyprol i ne, tryptophan, histidine}zlysine, hydr oxyl ysi ne, argi ni ne,
aspartic acid, asparagine, glutamc acid, glutam ne, cysteine, cystine,

et hyl enedi am netetraacetic acid and nitrilotriacetic acid and ot her

al pha-am no acids containing 1 to 5 carboxyl groups. Particularly preferred
are the am no acids which are readily available in commercial quantities

A~ o . e F AT



di oxi de. Such carbonati on can be conveniently effected by addition of a
polyol, typically an al kylene diol, e.g., ethylene glycol, and carbon

di oxi de twothat/wed20 of an ol i gomeri zed al kyl hydr oxyar oneCiraseaopeonz.
Conveniently, the reaction is conducted by the sinple expedient of bubbling
gaseous carbon dioxide thr the reaction.mxture. Excess diluen nd any
vat er B} WW%PW@O{IH@C@V@%E’Q- nghﬁheglaqw PrC 4t B’@ﬁcl%ﬁ‘ﬁé‘n?t@%ﬂyof Wpshed by
distillation either during or after the reaction./[0064]Another enbodi ment
of the premeprhorigvend | GhP1Q) dvilledeed at grangthulof | IdAYs. ngndopplyoberpbetic jagis
containing at least (a) a major anmount of an oil of |ubricating viscosity;
and ( b)H&pOadWP(hased] balcta sfength odllil ¢lametidnzed aldlaydtleygth @X y &6%Bnaidcnan=Qonpound
of this invention which is useful as a lubricating oil additive. The

| ubri cabpzeg oi | crHEPRSstd RN dCATHidP BheNpasaE 86ld R tadiihel Rhtach¥ iaNe@RidoNal
techni ques, an appropriate anount of the lubricating oil additive of this

i nvent iﬁ%g? \31)5 tbrﬁapepef%&rg lat prréskﬁ} isﬁﬂitcie'ﬂgtov#ﬁﬁlﬁgﬁ e I}O. gllf g%}&g& %ﬁ%&éckt he

particu ase ol epends “on t he contenpl ated appli cat

| ubricant and. the presence of other additives. nerally, .the overbased
sal't | onah TN ThQeral IS dPoRyRE ciri ISR ORI oRcd A ek on

W ll be present in the lubricating oil conpositions in an amunt of about
0. 01 t soaksd wlsymainginig the depeBie f dha E36TRN gone ploabayh (5 O do gbouty,
based on the total weight of the lubricating oil conposition. [0065] The oi
of | ubrli76&¢i wgh wisewssictof ffam abew 208 nshetol aboni ¢&10 prgg. ol owperpbadimicnty theof
this invention, also referred to as a base oil, is typically present in a
maj or asmpihture.can ,rafge &oBLAbof S3Cead @bolithds0°60 Wb . afthepreefteydabéne, giceat er
than about 70 wt. % nore preferably from about 80 to about 99.5 wt. % and

nost  priehp&ally o ﬁﬂ%ﬁﬁgﬁt 1098C 9 aBRRUE0RE W oneo/@mlglﬁﬁﬁgntg’ﬂle_tt&ﬁp&ﬁtful?é %é’l\ﬁ i ght

of the conposition. e expression "base oil" as used herein sha e
under st t bl e t LGh i s -
br 1 odnietchinohal: FIRER Br iAo Sp ARG aft et B lSrefiions are

specifications (independent of feed s ce.or_manyfacturer's | ocation);
Chat méons cigngs RETTARr A el oup STy 1ngRo tan gmphdiimenige st

2011/ 096920PCT/ US2010/ 023022 is identified by a unique fornula, product

i dent i fdag aengsriremmbevt S s tchaboph85@ asie. dnlanpiber ergbodimcal, thecRigsIHES ety
presently known or | ater-discovered oil of lubricating viscosity used in

f or mul atngegfrombrSi0gmig togateiut 86 ppigsiAnyoasnbioaticanyf thadoekbding tichpamptd ast | ons,
e.g., engine oils, marine cylinder oils, functional fluids such as

hydr aulgress@icl rnge§ @ codtdngplattd ddgMm. ssi on fluids, etc. Additionally, the base
oils for use herein can optionally contain viscosity index inprovers, e.g.,

pol ymerjpgagl Kyl meshagiy! fgsedsReRbhdli 18%@%@%5 AcidCaldl s'[ 841 contacted for a

et hyl ene-propyl ene copofl yner or a styren I ene copolyner; and the |ike
and m xtures. thereof 0661 As one skilled.in the art would readily

2ppr oot PSP AEER Bom o8 e BAEBE 45 EBsendent upon ¢ he
application. Accordingly, the viscosity of a base ojl for use herein wll
or di narl®38l; ange @m&ﬁﬁ%ﬁf‘@d%w% gt I%B%PK%@I}@% @cﬁﬁ icgt@ly@b%ave@sm cjitacterhin
Centigrade (C). Generally, individually the base oils used as engine oils
wi || habe reackomenna bedoyiodigowitizatioarmpadigiond. Copropyleap olicoecBiving amboitial 30
cSt, preferably about 3 ¢St to about 16 cSt, and nost preferably about 4
cSt t o tmbling pali2t of St leastchboid 1950€ anelagfttabboiting bbndgreatepthiad 306° O and yeto
desired end use and the additives in the finished oil to give the desired
grade ofhoRNB00rE @k ! meBulbd: b ASOVI ER6I RecheRiih tﬁ@éﬁ@@@léﬂeomig@ﬂérngorﬁan@%
Viscosity Grade of ON OWZ20, OW30, 0OW40, OW50, 'O¥60, 5W 5W20, 5W 30,

oo o AibBiondY Bbod Qi AN Elnpr Vi dead W06(t050 WAV berckntbr %%‘4‘50?8

15W 30 or S used as gear oils can have Vi sitres r n@ from
about 2 ¢St to about 2000 cSt. at 100C.. [0067] Base stqcks may be

manuf acBORBG e PGSl GaPY BEJGRSHPPE ik BT Saoased PR g, but not
limted to, distillation, solvent refining, hydrogen processing, )

ol i gondPP3t i on, lasensr pbedimicsin 2 BioRYIca? «Xligamal crREGYEH hesein B clonétnIa  be
substantially free frommaterials introduced through manufacturing,

cont anidigitibatmn of cpbavimns thse conpraschas eane Ithapf atioe 25 whtr: 1% atf iGhg ooildwer
conpositions of this invention may be any natural or synthetic |ubricating
base oil. Suitable hydrocarbon synthetic oils include, but are not limted
to, oils prepared fromthe polynerizat?on of ethylene or fromthe

pol yneri zation of 1-olefins to WD 2011/096920PCT/ US2010/ 023022 provi de

pol ymers such as pol yal phaol efin or PAO oils, or from hydrocarbon synthesis
procedures using carbon nonoxi de and hydrogen gases such as in a

I LT N . R R S SR r L 1



[ 0069] Useful natural oils include mneral lubricating oils such as, for
exanple, liquid petroleumoils, solvent-treated or acid-treated m neral

| ubri catiwg 20ill®eah t he paraffinic, naphthenic or m xedPCT/US2010/023022

par af fi ni c- napht henic types, oils derived from coal or shal e, animal oils,
vegetabl oils apeseed oils astor. oils d oil), and the
like. 3373@ fgullgs‘i}ﬁ ?TE'?qd&mF]E}bPrRifaPY Ry 8\r1$0§n?rn?ﬂl a&e PN AN 4 t ed
to, hydrocarbon oi | s and hal o-substituted hydrocarbon oils such as

pol ynerdistabutindof parbemp etoyirethatl eempiisst i giore than abewt dOuvly I"eméd 14 or lower

pol ypr opyl enes, propyl ene-i sobutyl ene copol ymers, chlorinated

pol ybutogttenesomgpolny {ribthee xetbedimendad yropylont ehgsicr qpallyycl-lbede s rontaind t he
| i ke and m xtures thereof al kyl benzenes such as dodecyl benzenes,

t?tradQﬁMhB@ﬂiﬁ@ﬁ@mb&i@QﬂMJ@@ﬂé&ﬁF@ﬁ:ﬁihﬁne@&ﬁwwﬂﬂxﬂbhnb@ﬂ%ﬁﬁg§or@&@mthe
| i ke; pol yphenyls such as biphenyls, terphenyls, alkylated polyphenyls, and

he | | h i . f i dth
Hoe i v Rl i ES}? %*ﬁﬁé*ﬁ%r%% 8 Tofflth l’ﬁ%drg‘%eé’r?k%e Hryr%“% b6ifdinand the
2011/ 09 PCT/ 10/ 0230 00711O h f t il
i uddhstg el of P A copmrrist e s SRRy Chu Y RL Y oF Ky STRb R R s

than 5 carbon atons such as et hyl ene, propylene butylenes i sobut ene,

pent ené®©Bhd ni xtures thereof. Methods of preparing such polynmer oils are
wel | known to those skilled in the art. [0072] Additional useful synthetic
hydr ocdP8#H oi | s lnneicudsbddiopgitd apptoppiens adigomicp lvanpddyefli eseihasanngpntdie ar oper
viscosity. Especially useful synthetic hydrocarbon oils are the

hydr ogethiatiegtidn efwatbodl at@nabascodlipriso 1¢s9 tKahZibalipdta oflCef andSloS Ut turben atbok.
exanpl e, 1-decene triner. [0073] Another class of useful synthetic

| ubri cahi g ehtcsdlmeﬁtl ladﬁnpheﬁe %rlgorﬁet eﬁlbr&yé@qtefe% @ kyhenea Qi’fdtﬁ@utﬂﬁ’ll yfers,
i.e., honopolyners, |nterpo ymers, defivatives thereof where the

ter m nal, vy Yo r AURS: DS t%smbg@td@f( S0 nd f%werxc% g3t oy ficat i on

or ethefl |on are exenpli eolls pre are rough

pol ymer i atlon of | ene.oxi de or opyl ene oxrde t henyl
D har o SRodBaY paTyBYs Rysans orghl Bhed g Sorny Aurybn oyt

gl ycol ether haV|ng an average nol ecul ar wei ght of 1, 000 di phenyl ether of
pol yet HjomnthageerapyiscHassithen ebowbll ¥cefi Gir angiayrar carbosaermp o, ongicarbisdimenther of
pol ypropyl ene gl ycol having a nol ecul ar wei ght of 1,000-1,500, etc.) or
nono- angropgleye arigomyt emplyteérierdimes eolistatioly dsee choanyeEagrpnhde ,loWdIecaa]m:eit iCc
esters, mxed C3-C8 fatty acid esters, or the Cl3 oxo acid diester of

t et r aetdpythene gl ycol. [0074] Yet another class of useful synthetic

| ubricating oils include, but are not Iimted to, the esters of

di car b%ﬂi jC aci d§ &egemb&{lﬁ's%ﬁi ?;P&%Péne Sdg%Bhl@f CnfptdyRd. Iﬁ%&ﬁ 2R UGinkdth G

aci ds enyI succi ni ¢ acl aci azel al' ¢ "aci erlc aC|d

Seras, Uftfbitiqn gt TRfoR Rt Cena AR 3F et abbICIPNE o8 C1 Vo TEE ol AP, | o

aIcohoIs e. al cohol hex | al cohol, dodecyl al coho

et hyl héwrw@% %gréln@flwrréﬂev ar%ltﬂomea CEIRYICE hsreit 9%?0%% lﬁeﬁuﬂq& &yl ene
glycol, etc. Specific exanples of these esters include dibutyl adipate,

di ( 2- etda&h%emmé) thebemanrese atllcasi-aboyd 2041 /00632 (RCTHUSREMS023022 hexyl
fumarate, dioctyl sebacate, diisooctyl azelate, diisodecyl azelate, dioctyl
pht hal g0@42]di decyih @ttt brabadimentliaepopsiche seigamat empldied Zicetihydahecontainlizest er
of linoleic acid dinmer, the conplex ester forned by reacting one nol e of

sebaci qjiafibetio hcabh ﬂ@ﬂn@sthé?fcoﬁl%hﬁ@ﬁtt Rydtemeutdl vV &0l v.and td @9, Fapb&Sateins.
2- et hyl hexanoic acid and the lik
In another embodiment, a propylene oligomer employed herein can contain a distribution of

carbon atoms that comprise at least about 1 wt. % of C,7; carbon atoms. In another

embodiment, a propylene oligomer employed herein can contain a distribution of carbon

14



[ 0075] Esters useful as synthetic oils also include, but are not limted to,
t hose made from carboxylic acids having fromabout 5 to about 12 carbon

at ons wi twoabtaleed28, e.g., nethanol, ethanol, etc., pol yorasangd/opdkyo

et hers such as neopentyl gl ycol, trinethylol propane, pentaerythritol,

di pent aer ritol, ent aer thrlt the Iike, [0076] SiJicaon-based
oils suid %g‘at f’%ttlple%a Pt g]b%f/)}aw C27+ 3fpms ab@nu PR ‘lgt}g B’F-Q% 27+

pol yaryl oxy-si |l oxane oils and S|I|cate 0|Is conpri se anot her useful class
of syntdggronet9rapri cating oils. Specific exanples of these include, but are
not limted to, tetraethyl silicate, tetra-isopropyl silicate,

t et r a- ([B043]hy| hexyilanothiet embddmene taraefylemedlipondn exnplgyeid | Heodn ean contain a
tetra-(ptert-butyl phenyl)silicate, hexyl-(4-nmethyl-2-pentoxy)disil oxane,

pol y ( mefifiybitsin SHARRR, atral Waleshplishe iods) siduexeees s0andes bg thide.at Rakd | yet
ot her useful synthetic Iubrlcatlng oils include, but are not limted to,

lTquid a]%ﬁﬁ'ié W 0B zdpta %n&oa@tléés? gguta?'\gts €;.9: carlidnl %ﬁﬁ)/' hPQHétHQﬁt €

triocty osphate i et yf ester of decane p osphlonlc acl

pol yner | tetr hydr of urans..and the [|ik 0077 Iubr| t|n may

Gor T vy SredtR ey Sieiorel by Rofnrqitaings phbfbua u)?fJ drkY

synt heti c or m xtures of two or nore of any of these of the t ype di sc] osed
her ei naigvethal prranssed gl oyl Who/sé“mt@t%ao riddeagh #host 19 v’ fh2atnasudl  or
synthetic source (e.g., coal, shale, or tar sands bitunen) w thout further
purificakmanwonttm@dﬁﬁhmﬂmﬂEmamphes of unrefined oils include, but are not
limted to, a shale oil obtained directly fromretorting operations, a
petrol g00a4}i | obtainedmbitagioh | of tHeoMrdgsihg | digttibatiorofof agariest atonty forokieai ned
directly froman esterification process, each of which is then used w t hout

furtherpbpg ékﬂﬁg&nwﬁgﬁb@&gmﬁbhﬁmq&@ﬂ§ln1|ar to the unrefined oils except
t hey have been further treated in one or nore WO

2011/ 0 PCT/ US0 r or e
or oper (D08 These% to%?ﬁ%%%&o%“’tér@ gE s B0t BRRA R AR 8 BB,
the art end |q de for e&aqg solve t extractions, secondar

di st | 1oPSmolgeuler e Biorar it dligomye sush 1 PTAPYIGH tRr TeioR & long as
hydrotreatin dewaxi ng, etc. Rerefined oils are obt ai ned by treatlng used
oils i ﬁh?)tlbﬁgé@e@&mﬁﬂl efrthe snixtesel proprlcrobgnragrp it ¢flpare db@it|185°Guchhe
rerefined oils are also known as recl ainmed or reprocessed oils and often
ar e addiropyderal dligopreocafsthe grasynttiecnnpguey ator @ataddanyoameurd wé highf melpeudor
additives and oil breakdown products. [0078]Lubricating oil base stocks

der [ Vedvi%mrprbﬂibﬂeﬁw&ﬁ%n&ﬁ RBEH ZACH,0Nprofide@haiee bS8 GolmgUird, is @tdal@rthal one

in conbination wt e aforesaid natural and/or synthetic base stocks.
Such bsongr t me i t | or
synt het| 2 %i@ﬁ%?" %”fth?g‘i‘?%éﬁé%s %&Jﬁfﬁﬂﬁ“’y i e ??%ﬁ.ﬂébﬁgiﬂa%% iy
[0079]hbtuqal fthyﬁ ¥ the sl yaxes reco the sol vent
dewaxi g “Hi ARerglo rfﬁt‘“r%e yeia el C&P & ypiCarY >P6P LT iced by
t he FlscherTropsch process. [0080Q] The catlng oil conpositions of the
pr esenthCPRISKY PEHMTEy NARARFTS GA &thﬁﬁh @e%%nventlonal addi tives for
inparting auxiliary functions to give a finished Iubricating oil '
corrposi[ﬂg i n wisaisrallyedle alffint inpéwreawidl dopers @@J@rmdu@sQﬁg thedfor¢eomg
exanpl e, the lubricating oil conpositions can be bl ended with anti oxi dants,
ant i - wgaopagensdligonttet. e Hyperver, abohc agilleetialthdat evidanidily appsécidtahthbioldins,
dehazi ng agents, denul sifying agents, netal deactivating agents, friction

nodi fi ehfkiurPQeA cBRialt oBEPHRESANFDr RikhhOBHY NMcPAPIRNLS that @S BLMRAL $a tIRACKagE
conmpati bilisers, corrosion-inhibitors, ashless di spersants, dyes extrenme

pr essurg.f0 ﬁﬁ)t( reaﬂlglutdg antehlkgleﬁﬁg cﬁ& %ﬁe Eﬁ%{la%? ol'eAf Y25 1{ Mtaﬁ r&]gﬂetteh eir

additives are nomn commer ci’al’l'y ava hese ad |ve

anal ogoys conpo be.e ed..for the arat ricatin
kiAol btltPfEmF 8% PR PRt ISR D et bl "

2011/ 096920PCT/ US2010/ 023022 .
thereof. Suitable linear olefins include 1-hexene, 1-nonene, 1-decene, 1-dodecene and the

like and mixtures thereof. Especially suitable linear olefins are high molecular weight normal
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al kyl hydrweyarignyes2oc conpound i ntermedi ate used to makePCiaSemenkased salts
of this invention, the propyl ene oligoners described herein can al so be
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100C and preferably about 4 to about 6 cSt at 100C will be used as the

di | uentratie b tighhyslyertyheamagicojdngnouad toveldfinawixpirhes nomgelyi io the quigdfwhboeth are
conpatible with the additives and finished |ubricating oil can al so be
used. Tetegdiut 3Me package will also typically contain one or nore of the
various other additives, referred to above, in the desired anounts and

ratios [pgsgjacili tﬂ{eealﬁllét%ﬁ%reﬁ&mﬂ'rﬁ%l bOBaribd Butt&%t Bteﬁl‘%h§bfe‘§e&%‘f'ﬁtso%nto' | of
| ubri catl ng vi scosity.” [0090] The faollowi ng non-limting exanples are
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pr opane, 8 Wt %ethane, and 0.4 wt. % isobutane) and a bulk liquid

phos phdﬂﬂ%llacu d déra gpémpleﬁmeofftbetpaﬁmre theadesired alkBihpdioxbiegutie coapewlds per
day), the pressure was 670 psig, and the tenperature was 245F (118C). The
phosphanh be amladetatiag yetveh@ashahtechaigess thiypngtlh, axtedsdtydmaparbindie compdisid
during the oligonerization reaction. The propyl ene oligoner was distilled
as a bat ipfABed fragtthOrcadtich fradu@n initial boiling point of 248.5C, a final

boi ling point of 342.9C as neasured by ASTM D86 and the foll ow ng carbon
nunber [ﬁbﬁ]r I butigp éﬁﬁylsé%u}; Bf Q@lﬁ%rb?ya}_@lggﬁc gomﬂ_d%ﬁldl:rs chpié/glly affached
to the hydroxyaromatic compound primarily in the ortho and para positions.
[0053] The alkylhydroxyaromatic compound thus obtained can then be contacted
with a metal base under reactive conditions, preferably in an inert-compatible liquid
hydrocarbon diluent to provide a salt of the alkylhydroxyaromatic compound. Preferably, the
reaction is conducted under an inert gas, typically nitrogen. The metal base may be added
cither in a single addition or in a plurality of additions at intermediate points during the
reaction.

[0054] Suitable metal basic compounds include hydroxides, oxides or alkoxides of

the metal such as (1) an alkali or alkaline earth metal salt derived from a metal base selected
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from an alkali hydroxide, alkali oxide or an alkali alkoxide, or (2) an alkaline earth metal salt
derived from a metal base selected from an alkaline earth hydroxide, alkaline earth oxide or
alkaline earth alkoxide. Representative examples of metal basic compounds with hydroxide
functionality include lithium hydroxide, potassium hydroxide, sodium hydroxide, magnesium
hydroxide, calcium hydroxide, barium hydroxide and aluminum hydroxide. Representative
examples of metal basic compounds with oxide functionality include lithium oxide,
magnesium oxide, calcium oxide and barium oxide. Preferably, the metal base used is
calcium hydroxide because of its handling convenience and cost versus, for example, calcium
oxide.

[0055] The neutralization reaction between the metal base and the
alkylhydroxyaromatic compound is typically conducted at temperatures above room
temperature (25°C). The neutralization reaction is carried out in the presence of a promoter
such as ethylene glycol, formic acid, acetic acid, and the like and mixtures thereof.

[0056] The salt of the alkylhydroxyaromatic compound is then oligomerized to
provide a salt of an oligomerized alkylhydroxyaromatic compound. In theory, neutralization
can be conducted as a separate step prior to oligomerization, but neutralization and
oligomerization can be carried out together in a single process step. Where the neutralization
is conducted as a separate step, both the neutralization and the subsequent oligomerization
step are conducted under the same conditions as set forth above.

[0057] In one embodiment, oligomerization can be carried out by contacting the salt
of the alkylhydroxyaromatic compound with a sulfur source optionally in the presence of an
oligomerization promoter. Any suitable sulfur source can be used for the oligomerization
step such as, for example, elemental sulfur, hydrogen sulfide, sulfur dioxide and sodium
sulfide hydrates. The sulfur can be employed either as molten sulfur or as a solid (e.g.,

powder or particulate) or as a solid suspension in a compatible hydrocarbon liquid. A
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suitable oligomerization promoter is a polyol, typically an alkylene diol, ¢.g., ethylene glycol.
Based on one mole of the salt of the alkylhydroxyaromatic compound, typically about 0.5 to
about 4, and preferably from about 2 to about 3 moles of sulfur are used.

[0058] In conjunction with the promoter or mixture of promoters above, a high
molecular weight alkanol can be employed as a co-solvent. These high molecular weight
alkanols have straight or branched chain alkyls containing 8 to about 16 carbon atoms, and
preferably 9 to about 15 carbon atoms. Representative examples of suitable alkanols include
I-octanol, 1-decanol (decyl alcohol), 2-ethyl-hexanol, and the like. Particularly preferred is
2-cthyl-hexanol. It is beneficial to use a high molecular weight alkanol in the process
because it acts as a solvent and also forms an azeotrope with water and hence affords a
convenient way to remove the water generated by the neutralization or any other water in the
system, by azeotropic distillation either after or preferably during the reaction. The high
molecular weight alkanol may also play some part in the chemical reaction mechanism in the
sense that it facilitates the removal of the byproduct water during the reaction, thus pushing
the reaction to the right of the reaction equation.

[0059] In another embodiment, oligomerization can be carried out by contacting the
salt of the alkylhydroxyaromatic compound with an aldehyde to form, e.g., a salt of a
methylene-bridged alkylhydroxyaromatic compound. Suitable aldehydes include aliphatic
aldehydes, aromatic aldehydes, heterocyclic aldehydes and the like and mixtures thereof.
Representative examples of such aldehydes include formaldehyde, glyoxylic acid,
acetaldehyde, propionaldehyde, butyraldehyde, glycoxal, furaldehyde 2-methyl-
propionaldehyde, 2-methyl-butyraldehyde, 3-methyl-butyraldehyde,  2,3-dimethyl-
butyraldehyde, 3,3-dimethyl-butyraldehyde, pentanal, methyl substituted pentanal,
benzaldehyde, furfural and the like and mixtures thereof. The aldehyde may contain a

substituent group such as a hydroxyl, halogen, nitrogen and the like so long as the substituent
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formaldehyde component. Formaldehyde is available in many forms for example as a solid,

liquid or gas. Particularly preferred is paraformaldehyde (which is a solid typically a powder
or flaked product containing the equivalent of about 91% to about 93% formaldehyde).
Trioxane a crystalline solid may be employed (trioxane is the cyclic trimer of formaldehyde).
However, liquid formaldehyde solutions may also be employed such as formalin solutions
(aqueous solutions of formaldehyde, sometimes in methanol, in 37%, 44%, or 50%
formaldehyde concentrations are commonly used forms) or formaldehyde in an aqueous
solution. Additionally, formaldehyde is also available as a gas.

[0060] In another embodiment, oligomerization can be carried out by contacting the
salt of the alkylhydroxyaromatic compound with an aldehyde and an amine source in a well-
known Mannich reaction. Suitable aldehydes include any of the aldehydes discussed
hereinabove. In one embodiment, the amine source contemplated herein is an amine which
contains an amino group characterized by the presence of at least one active hydrogen atom.
Such amines may contain only primary amino groups, only secondary amino groups, or both
primary and secondary groups. The amine may be a mono or polyamine. Representative
examples of useful amine compounds include N-methylamine, N-ethylamine, N-n-
propylamine, N-isopropylamine, N-n-butylamine, N-isobutylamine, N-sec-butylamine, N-
tert-butylamine, N-n-pentylamine, N-cyclopentylamine, N-n-hexylamine, N-
cyclohexylamine, N-octylamine, N-decylamine, N-dodecylamine, N-octadecylamine, N-
benzylamine, N-(2-phenylethyl) amine, 2-aminoethanol, 3-amino-1-proponal, 2-(2-
aminoethyoxy) ethanol, N-(2-methoxyethyl)amine, N-(2-ethoxyethyl)amine, N,N-
dimethylamine, N,N-diethylamine, N,N-di-n-propylamine, N,N-diisopropylamine, N,N-di-n-
butylamine, N,N-di-sec-butylamine, N,N-di-n-pentylamine, N,N-di-n-hexylamine, N,N-

dicyclohexylamine, N,N-dioctylamine, N-ethyl-N-methylamine, N-methyl-N-n-propylamine,
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N-n-butyl-N-methylamine, N-methyl-N-octylamine, N-ethyl-N-isopropylamine, N-ethyl-N-
octylamine, N,N-di(2-hydroxyethyl)amine, N,N-di(3-hydroxypropyl)amine, N,N-
di(ethoxyethyl)amine, N,N-di(propoxyethyl)amine, ethylene diamine, diethylene triamine,
triethylene tetraamine, tetracthylene pentamine, and pentacthylene hexamine, o-, m- and p-
phenylene diamine, diamino naphthalenes, N-acetyl tetracthylenepentamine, and the
corresponding formyl-, propionyl-, butyryl-, and the like N-substituted compounds,
morpholine, thiomorpholine, pyrrole, pyrroline, pyrrolidine, indole, pyrazole, pyrazoline,
pyrazolidine, imidazole, imidazoline, imidazolidine, piperidine, phenoxazine, phenthiazine
and their substituted analogs, and the like.

[0061] In a second embodiment, the amine source is an amino acid or salt thercof. By
"amino acid" is meant any organic acid containing at least one primary, secondary or tertiary
amine (-N<) group and at least one acidic carboxyl (-COOH) group. Mixtures of different
amino acids can be used. Representative examples of amino acids include glycine, alanine,
beta-alanine, valine, leucine, isoleucine, phenylalanine, serine, threonine, tyrosine,
methionine, 6-aminohexanoic acid, proline, hydroxyproline, tryptophan, histidine, lysine,
hydroxylysine, arginine, aspartic acid, asparagine, glutamic acid, glutamine, cysteine, cystine,
cthylenediaminetetraacetic acid and nitrilotriacetic acid and other alpha-amino acids
containing 1 to 5 carboxyl groups. Particularly preferred are the amino acids which are
readily available in commercial quantities such as glycine, B-alanine, nitrilotriacetic acid, etc.
[0062] Typical Mannich reactions are well known in the art, for example, as disclosed
in U.S. Patent Nos. 3,368,972, 3,649,229; 4,157,309 and 5,370,803, the contents of which are
incorporated by reference herein.

[0063] The resulting salt of an oligomerized alkylhydroxyaromatic compound is then
overbased by reaction with an acidic overbasing compound, such as carbon dioxide or boric

acid. A particularly preferred overbasing process is carbonation, i.e., a reaction with carbon
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dioxide. Such carbonation can be conveniently effected by addition of a polyol, typically an
alkylene diol, e.g., ethylene glycol, and carbon dioxide to the salt of an oligomerized
alkylhydroxyaromatic compound. Conveniently, the reaction is conducted by the simple
expedient of bubbling gaseous carbon dioxide through the reaction mixture. Excess diluent
and any water formed during the overbasing reaction can be conveniently removed by
distillation either during or after the reaction.

[0064] Another embodiment of the present invention is directed to a lubricating oil
composition containing at least (a) a major amount of an oil of lubricating viscosity; and (b)
an overbased salt of an oligomerized alkylhydroxyaromatic compound of this invention
which is useful as a lubricating oil additive. The lubricating oil compositions can be prepared
by admixing, by conventional techniques, an appropriate amount of the lubricating oil
additive of this invention with a base oil of lubricating viscosity. The selection of the
particular base oil depends on the contemplated application of the lubricant and the presence
of other additives. Generally, the overbased salt of an oligomerized alkylhydroxyaromatic
compound of this invention will be present in the lubricating oil compositions in an amount
of about 0.01 to about 40 wt. % and preferably from about 0.1 to about 20 wt. %, based on
the total weight of the lubricating oil composition.

[0065] The oil of lubricating viscosity for use in the lubricating oil compositions of
this invention, also referred to as a base oil, is typically present in a major amount, ¢.g., an
amount of greater than 50 wt. %, preferably greater than about 70 wt. %, more preferably
from about 80 to about 99.5 wt. % and most preferably from about 85 to about 98 wt. %,
based on the total weight of the composition. The expression “base 0il” as used herein shall
be understood to mean a base stock or blend of base stocks which is a lubricant component
that is produced by a single manufacturer to the same specifications (independent of feed

source or manufacturer's location); that meets the same manufacturer's specification; and that
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is identified by a unique formula, product identification number, or both. The base oil for use
herein can be any presently known or later-discovered oil of lubricating viscosity used in
formulating lubricating oil compositions for any and all such applications, e.g., engine oils,
marine cylinder oils, functional fluids such as hydraulic oils, gear oils, transmission fluids,
etc. Additionally, the base oils for use herein can optionally contain viscosity index
improvers, e.g., polymeric alkylmethacrylates; olefinic copolymers, e.g., an ethylene-
propylene copolymer or a styrene-butadiene copolymer; and the like and mixtures thereof.
[0066] As one skilled in the art would readily appreciate, the viscosity of the base oil
is dependent upon the application. Accordingly, the viscosity of a base oil for use herein will
ordinarily range from about 2 to about 2000 centistokes (cSt) at 100° Centigrade (C).
Generally, individually the base oils used as engine oils will have a kinematic viscosity range
at 100°C of about 2 ¢St to about 30 cSt, preferably about 3 cSt to about 16 cSt, and most
preferably about 4 ¢St to about 12 ¢St and will be selected or blended depending on the
desired end use and the additives in the finished oil to give the desired grade of engine oil,
¢.g., a lubricating oil composition having an SAE Viscosity Grade of OW, 0W-20, 0W-30,
0W-40, OW-50, OW-60, 5W, SW-20, 5W-30, 5W-40, SW-50, 5W-60, 10W, 10W-20, 10W-
30, 10W-40, 10W-50, 15W, 15W-20, 15W-30 or 15W-40. Oils used as gear oils can have
viscosities ranging from about 2 ¢St to about 2000 ¢St at 100°C.

[0067] Base stocks may be manufactured using a variety of different processes
including, but not limited to, distillation, solvent refining, hydrogen processing,
oligomerization, esterification, and rerefining. Rerefined stock shall be substantially free
from materials introduced through manufacturing, contamination, or previous use. The base
oil of the lubricating oil compositions of this invention may be any natural or synthetic
lubricating base oil. Suitable hydrocarbon synthetic oils include, but are not limited to, oils

prepared from the polymerization of ethylene or from the polymerization of 1-olefins to
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provide polymers such as polyalphaolefin or PAO oils, or from hydrocarbon synthesis
procedures using carbon monoxide and hydrogen gases such as in a Fischer-Tropsch process.
For example, a suitable base oil is one that comprises little, if any, heavy fraction; e.g., little,
if any, lube oil fraction of viscosity 20 ¢St or higher at 100°C.

[0068] The base oil may be derived from natural lubricating oils, synthetic lubricating
oils or mixtures thereof. Suitable base oil includes base stocks obtained by isomerization of
synthetic wax and slack wax, as well as hydrocracked base stocks produced by hydrocracking
(rather than solvent extracting) the aromatic and polar components of the crude. Suitable
base oils include those in all API categories I, II, III, IV and V as defined in API Publication
1509, 14th Edition, Addendum I, Dec. 1998. Group IV base oils are polyalphaolefins (PAO).
Group V base oils include all other base oils not included in Group I, 11, III, or IV. Although
Group II, IIT and IV base oils are preferred for use in this invention, these base oils may be
prepared by combining one or more of Group I, II, III, IV and V base stocks or base oils.
[0069] Useful natural oils include mineral lubricating oils such as, for example, liquid
petroleum oils, solvent-treated or acid-treated mineral lubricating oils of the paraffinic,
naphthenic or mixed paraffinic-naphthenic types, oils derived from coal or shale, animal oils,
vegetable oils (e.g., rapeseed oils, castor oils and lard oil), and the like.

[0070] Useful synthetic lubricating oils include, but are not limited to, hydrocarbon
oils and halo-substituted hydrocarbon oils such as polymerized and interpolymerized olefins,
e.g., polybutylenes, polypropylenes, propylenc-isobutylene copolymers, chlorinated
polybutylenes, poly(1-hexenes), poly(1-octenes), poly(1-decenes), and the like and mixtures
thereof; alkylbenzenes such as dodecylbenzenes, tetradecylbenzenes, dinonylbenzenes, di(2-
cthylhexyl)-benzenes, and the like; polyphenyls such as biphenyls, terphenyls, alkylated
polyphenyls, and the like; alkylated diphenyl ethers and alkylated diphenyl sulfides and the

derivative, analogs and homologs thereof and the like.
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[0071] Other useful synthetic lubricating oils include, but are not limited to, oils made
by polymerizing olefins of less than 5 carbon atoms such as ethylene, propylene, butylenes,
isobutene, pentene, and mixtures thereof. Methods of preparing such polymer oils are well
known to those skilled in the art.

[0072] Additional useful synthetic hydrocarbon oils include liquid polymers of alpha
olefins having the proper viscosity. Especially useful synthetic hydrocarbon oils are the
hydrogenated liquid oligomers of Cs to C;, alpha olefins such as, for example, 1-decene
trimer.

[0073] Another class of useful synthetic lubricating oils include, but are not limited
to, alkylene oxide polymers, i.c., homopolymers, interpolymers, and derivatives thereof
where the terminal hydroxyl groups have been modified by, for example, esterification or
ctherification. These oils are exemplified by the oils prepared through polymerization of
cthylene oxide or propylene oxide, the alkyl and phenyl ethers of these polyoxyalkylene
polymers (e.g., methyl poly propylene glycol ether having an average molecular weight of
1,000, diphenyl ether of polyethylene glycol having a molecular weight of 500-1000, diethyl
ether of polypropylene glycol having a molecular weight of 1,000-1,500, etc.) or mono- and
polycarboxylic esters thercof such as, for example, the acetic esters, mixed C;-Cg fatty acid
esters, or the Cy; 0xo acid diester of tetracthylene glycol.

[0074] Yet another class of useful synthetic lubricating oils include, but are not
limited to, the esters of dicarboxylic acids e.g., phthalic acid, succinic acid, alkyl succinic
acids, alkenyl succinic acids, maleic acid, azelaic acid, suberic acid, sebacic acid, fumaric
acid, adipic acid, linoleic acid dimer, malonic acids, alkyl malonic acids, alkenyl malonic
acids, etc., with a variety of alcohols, ¢.g., butyl alcohol, hexyl alcohol, dodecyl alcohol, 2-
ethylhexyl alcohol, ethylene glycol, diethylene glycol monoether, propylene glycol, etc.

Specific examples of these esters include dibutyl adipate, di(2-ethylhexyl)sebacate, di-n-
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hexyl fumarate, dioctyl sebacate, diisooctyl azelate, diisodecyl azelate, dioctyl phthalate,
didecyl phthalate, dicicosyl sebacate, the 2-ethylhexyl diester of linoleic acid dimer, the
complex ester formed by reacting one mole of sebacic acid with two moles of tetracthylene
glycol and two moles of 2-cthylhexanoic acid and the like.

[0075] Esters useful as synthetic oils also include, but are not limited to, those made
from carboxylic acids having from about 5 to about 12 carbon atoms with alcohols, e.g.,
methanol, ethanol, etc., polyols and polyol ethers such as neopentyl glycol, trimethylol
propane, pentaerythritol, dipentaerythritol, tripentaerythritol, and the like.

[0076] Silicon-based oils such as, for example, polyalkyl-, polyaryl-, polyalkoxy- or
polyaryloxy-siloxane oils and silicate oils, comprise another useful class of synthetic
lubricating oils. Specific examples of these include, but are not limited to, tetracthyl silicate,
tetra-isopropyl silicate, tetra-(2-ethylhexyl) silicate, tetra-(4-methyl-hexyl)silicate, tetra-(p-
tert-butylphenyl)silicate,  hexyl-(4-methyl-2-pentoxy)disiloxane,  poly(methyl)siloxanes,
poly(methylphenyl)siloxanes, and the like. Still yet other useful synthetic lubricating oils
include, but are not limited to, liquid esters of phosphorous containing acids, e.g., tricresyl
phosphate, trioctyl phosphate, diethyl ester of decane phosphionic acid, etc., polymeric
tetrahydrofurans and the like.

[0077] The lubricating oil may be derived from unrefined, refined and rerefined oils,
either natural, synthetic or mixtures of two or more of any of these of the type disclosed
hereinabove. Unrefined oils are those obtained directly from a natural or synthetic source
(e.g., coal, shale, or tar sands bitumen) without further purification or treatment. Examples of
unrefined oils include, but are not limited to, a shale oil obtained directly from retorting
operations, a petroleum oil obtained directly from distillation or an ester oil obtained directly
from an esterification process, each of which is then used without further treatment. Refined

oils are similar to the unrefined oils except they have been further treated in one or more
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1.2 1.2 EXAMPLE 6 [0095] Preparation of an al kyl hydroxyaromati c conpound.
[ 0096] An al kyl phenol was made by al kyl ati ng phenol with the propyl ene

ol i goner wO 2Bz9pM2e 1. To a 4 liter round bottom fl ask wags/usdded23042t g
(3.03 noles) of the propylene oligomer of Exanple 1 and 1128 g of phenol
(12 nol %3%.. The reactants were m xed and heat e{lj to 809 At this.

t enper Aiifigatiaqy stgpg; o) AMAIAYE  MFS P POTSHTEIERSy s NPSRIMHILAUCTHASHEIdRES aranp
2011/ 096920PCT/ US2010/ 023022 added and the tenperature of the reaction

m xt ur &ngEs toghesedof skill 1pthe i and dedvdwdopexerbelaw!vent cxirasons saeondarys
tenperature under nitrogen at atnospheric pressure. The reaction m xture
was codaligdlation,106€C @nblaski ¢xttectaeh,t Hltmaomy pertbletiagt lafdystreatihex lewixtirg,r @act i on
m xture was heated to 230C under 30 mm Hg vacuum and hel d under those

condi t ipessfidc@oikur8obliRE tyntrakideuséPoitd Hi prbtesesCBRFalidaRede uséheo ebthal ned

al kyl phenol had the follow ng anal ysis: % nonoal kyl phenol : 92.85% % para :

87. 76% %4 5. SudS9%efined oils are also known as reclaimed or reprocessed oils and often
are additionally processed by techniques directed to removal of spent additives and oil
breakdown products.
[0078] Lubricating oil base stocks derived from the hydroisomerization of wax may
also be used, either alone or in combination with the aforesaid natural and/or synthetic base
stocks. Such wax isomerate oil is produced by the hydroisomerization of natural or synthetic
waxes or mixtures thereof over a hydroisomerization catalyst.
[0079] Natural waxes are typically the slack waxes recovered by the solvent
dewaxing of mineral oils; synthetic waxes are typically the wax produced by the Fischer-
Tropsch process.
[0080] The lubricating oil compositions of the present invention may also contain
other conventional additives for imparting auxiliary functions to give a finished lubricating
oil composition in which these additives are dispersed or dissolved. For example, the
lubricating oil compositions can be blended with antioxidants, anti-wear agents, detergents
such as metal detergents, rust inhibitors, dehazing agents, demulsifying agents, metal
deactivating agents, friction modifiers, pour point depressants, antifoaming agents, co-
solvents, package compatibilisers, corrosion-inhibitors, ashless dispersants, dyes, extreme
pressure agents and the like and mixtures thereof. A variety of the additives are known and
commercially available. These additives, or their analogous compounds, can be employed

for the preparation of the lubricating oil compositions of the invention by the usual blending

procedures.
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% di al kyl phenol : 1.34% % unreacted olefin: 4.39% %ether : 1.29% % phenol

: 0.13% EXAMPLE 7 [0097] Preparation of an overbased salt of an oligonerized
al kyl phermD.20{10088p802 g of the al kyl at ed phenol from ErampiSe016/02m32
conbined with 747 granms of 130N oil, 44.1 granms of an al kylaryl sulfonic

aci d, 2 gr of foamjnhj bltor 200 ava| abl e from Dow Cor ni ng and
chargeﬁﬂg%ﬁa 4 | X@pplgsy %fﬁarﬁltox 'iselﬁfflui?% i rsg a?te imitad tor AMIICYRES Sdar med

over 25 minutes to 110C, and while marnlhg 380 grans of hydrated |ine was
added. dapheaylaphiec, waheriyhglppirasethahemiae: Y. N-ditadkdnlinyoamires; codphlkylaged 112. 7
grans of sulfur were added and the reaction tenperature was increased to
150C ovdenybnarlinnties; pifnbics $uvh asufol ekarapld] BHAN stehadly, hinbecgpnkkys phanotf t he
reactor was reduced to 680 mrHg. H25 gas that was produced during the

sul f uriggah 29 BBt RRPIPHAY, 2 601iGaShiyEpSecial Rrd ! @ﬂﬁteﬁﬁg\}@h&ﬂ@ -o&PLZ grams

of ethylene glycol was added over 45 ninutes. Over a 15

2011/03?&%%5%}%¥%§9%Q@Qﬁ&ggéﬂﬁhgyfe period, 328 granms of 2-ethyl hexanol was

added the reaction was allowed to heat back up to 170C

(o000 FEPEA I H&)ﬁ%i?i%ﬁ%ﬁg%mrgﬁmﬁ%ﬁeﬁ@%ﬁ'ég S BtnfEg iR, |

i ncreased to 720 and reaction conditions were maintained for 20

ni nut essucwawntaahyﬂr}si@sot RENEFRESH 4 CORtAINgYe 1deoiTatiYose Opr &sRAIVdkylgac | WefiBised to
760 mmHg. Once at atnospheric pressure, 9 granms of carbon di oxi de were
added owmbyd3i¥; ni basicesitrogdnt eompdimdadtiicteidoiomfthe grdwpncodbisttiglef s@immggdeans of
et hyl ene glycol were added over one hour and the rate of CO2 was i ncreased
to 0.8 @fbuxplt acid Baidess Ay hooabyomosdepnea hydicepdet palemincoudhhyicl BRseg) ans
of CO2 was added. [00100] Over a one hour period, the solvent was distilled

at  215Gh38shoRBariikk a@?h&%ﬁ@ﬁhﬁ@lé&r Qridddest RGN Bl%&&ﬁ@iolés”&{&%&%tﬁ&ol%goc

with a nitrogen purge a over the course” of hour. The product

uas 11 REEHIE LiBlen At %@oigla%ygstwsv i deke erqm%vgdg@q%%f o3 suklighe,

T
al kyl p e asse IT 6ver four chours ‘a our

0 0
Egggug}mé gl%lgoeggglc lhggﬁ({fogunmm |h]%$1d;6g}§q%x qu@%{gzl ana tlﬁ n ﬂ(rgatelg %ros ucg:ssI ty at

prepared by copolymerization of long chain alkyl acrylates or methacrylates with monomers
of the above function; and the like and mixtures thereof. The derivatives of these dispersants,
¢.g., borated dispersants such as borated succinimides, may also be used.

[0083] Examples of rust inhibitors include, but are not limited to, nonionic
polyoxyalkylene agents, ¢.g., polyoxyethylene lauryl ether, polyoxyethylene higher alcohol
cther, polyoxyethylene nonylphenyl ether, polyoxyethylene octylphenyl ether,
polyoxyethylene octyl stearyl ether, polyoxyethylene oleyl ether, polyoxyethylene sorbitol
monostearate, polyoxyethylene sorbitol monooleate, and polyethylene glycol monooleate;
stearic acid and other fatty acids; dicarboxylic acids; metal soaps; fatty acid amine salts;
metal salts of heavy sulfonic acid; partial carboxylic acid ester of polyhydric alcohol;
phosphoric esters; (short-chain) alkenyl succinic acids; partial esters thercof and nitrogen-
containing derivatives thereof; synthetic alkarylsulfonates, ¢.g., metal dinonylnaphthalene

sulfonates; and the like and mixtures thereof.
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COMPARATI VE EXAMPLE 1 [00101] Preparati on of a propylene tetramner

[ 00102] A

propyl ene tetramer was prepared in essentially the same manner as the

propyl enewol2ogaye20i n Exanple 1, with the exception of whe/yshaspbkiwe:c acid

strength being between 111%to 112% The resulting propyl ene tetramer had

an initi boi | i oi nt .180C and a fipal pailing point of 219C as
measur 483 ASTM%pIePh%fO E%ﬁﬂﬁarfnaﬁh 1S ﬁa@ﬁang%f arg ot Q%l&ﬁ&h @nélﬁioé‘ﬂa&‘r?er i s

set forth belowin Table 3. WO 2011/ 096920PCT/ US2010/ 023022 TABLE 3 W.
C9 2.1 faty apimscharagdFatty epoxides; fatty phosphites, fatty epoxides, fatty amines, borated

alkoxylated fatty amines, metal salts of fatty acids, fatty acid amides, glycerol esters, borated

glycerol esters; and fatty imidazolines as disclosed in U.S. Patent No. 6,372,696, the contents

of which are incorporated by reference herein; friction modifiers obtained from a reaction

product of a C4 to Css, preferably a Cs to Cps, and most preferably a Cgs to Cyo, fatty acid ester

and a nitrogen-containing compound selected from the group consisting of ammonia, and an

alkanolamine and the like and mixtures thereof.

[0085] Examples of antifoaming agents include, but are not limited to, polymers of

alkyl methacrylate; polymers of dimethylsilicone and the like and mixtures thereof.

[0086] Each of the foregoing additives, when used, is used at a functionally effective

amount to impart the desired properties to the lubricant. Thus, for example, if an additive is a

friction modifier, a functionally effective amount of this friction modifier would be an

amount sufficient to impart the desired friction modifying characteristics to the lubricant.

Generally, the concentration of each of these additives, when used, ranges from about

0.001% to about 20% by weight, and in one embodiment about 0.01% to about 10% by

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

[0087] The final application of the lubricating oil compositions of this invention may

be, for example, in marine cylinder lubricants in crosshead diesel engines, trunk piston engine

oils, crankcase lubricants in automobiles and railroads and the like, functional fluids,

lubricants for heavy machinery such as steel mills and the like, or as greases for bearings and

the like. Whether the lubricating oil composition is fluid or solid will ordinarily depend on

whether a thickening agent is present. Typical thickening agents include polyurea acetates,

lithium stearate and the like.
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Cl2 59.5 C13 8.2 C14 7.0 C15 12.0 Ci6+ 1.3 COVPARATI VE EXAMPLE 2

[00103] Preparation of an al kyl phenol [00104] An al kyl phenol was prepared in

essenti alwg 20hi9sene manner as in Exanple 3, except tharCrhs2poopsokene
tetramer of Conparative Exanple 1 was used in place of the propyl ene

g.ln:'igg SI[QO&&] Exanqnean]éthelha%péc%SL%l tile p esentk%lllvpe)rqgonnmm a 1t£orllletof 8|e1|n§ Vgllggating
agents to form an alkylhydroxyaromatic compound intermediate used to make the overbased
salts of this invention, the propylene oligomers described herein can also be employed to
form reaction products other than alkylhydroxyaromatic compounds. For example, the
propylene oligomers described herein can also be employed to form oxo alcohols,
alkylhydroxyaromatic alkoxylates such as alkylphenol ethoxylates, alkylaromatics such as
alkylbenzenes and alkyltoluenes, alkylated diphenylamines, alkyl mercaptans and the like.
Methods for forming these reaction products are within the purview of one skilled in the art.
The propylene oligomers of the invention may also find use directly as, e.g., high boiling
point organic solvents.
[0089] In another embodiment of the invention, the lubricating oil additive of the
present invention may be provided as an additive package or concentrate in which the
additive is incorporated into a substantially inert, normally liquid organic diluent such as, for
example, mineral oil, naphtha, benzene, toluene or xylene to form an additive concentrate.
These concentrates usually contain from about 20% to about 80% by weight of such diluent.
Typically, a neutral oil having a viscosity of about 4 to about 8.5 ¢St at 100°C and preferably
about 4 to about 6 ¢St at 100°C will be used as the diluent, though synthetic oils, as well as
other organic liquids which are compatible with the additives and finished lubricating oil can
also be used. The additive package will also typically contain one or more of the various
other additives, referred to above, in the desired amounts and ratios to facilitate direct
combination with the requisite amount of oil of lubricating viscosity.

[0090] The following non-limiting examples are illustrative of the present invention.
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% nonoal kyl phenol : 95.84% % para : 87.97% % ortho: 7.87% % di al kyl phenol :
1.73% % | i ght al kyl phenol : 1.54% % unreacted olefin: 4.39% %ether : 0.59%
% phenol WORNOAH920WO 2011/ 096920PCT/ US2010/ 023022 COVPARATIUSEN1RMANRL E 3
[ 00105] Preparati on of an overbased sul furized al kyl phenol from a propyl ene
tetramer al kyl phenol. [00106] An O:ﬁ%ﬁ%ﬁ% sul furized al kyl phenol was nade
usi ng the al kyl phenol described i ative Exanple 2 and followi ng the
essentially the sane procedure as in Exanple 4. The resulting overbased
sul furi[98%¥al ky| gheprsttiaveef atnvepylond digomgranal ysis: 9.68% Ca; 3.37% S; a
ki nematic viscosity at 100C of 406.3 cSt; and a TBN of 271 ng KOH g.

[0092] A propylene oligomer was obtained from an oligomerization process that

employed a propylene-rich feedstock (on average 81.4 wt.% propylene, 17.4 wt. % propane,
0.8 wt % cthane, and 0.4 wt. % isobutane) and a bulk liquid phosphoric acid catalyst. The
feed rate was 7.1 KBPD (thousand barrels per day), the pressure was 670 psig, and the
temperature was 245°F (118°C). The phosphoric acid catalyst had an acid strength of
between 114% to 115% during the oligomerization reaction. The propylene oligomer was
distilled as a bottoms fraction and had an initial boiling point of 248.5°C, a final boiling point
of 342.9°C as measured by ASTM D86 and the following carbon number distribution as set

forth below in Table 1.

TABLE 1
Wt. %

Ciz 0

Cus 3.1
Cis 21.3
Cis 15.1
Ciy 12.8
Cis 13.6
Cio 7.3
Cao 6.6
Co 7.1
Cxp 32
Cx 2.8
Coy 2.7
Css 1.5
Cos 1.2
Co7s 1.7
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COVPARATI VE EXAMPLE 4 [00107] Preparation of Additive Package [00108] An
addi ti ve package was prepared containing (a) 24.1 w. % of the overbased
sul f uri zesoabkiydopizenol of Conparative Exanple 3; (b) 35P2TMtS20190e502an oi |
concentrate of a ethylene carbonate-treated bis-succinimde di spersant
derived from 2300 MW pol ybut ene; lé)gé]\é%ﬁzx % of an oil concentrate of a
| ow over based cal ci um sul fonat e; ol % of an oil concentrate of a
secondary zinc dithiophosphate anti-wear agent; (e) 1.7 wt. % of an oil
concent[ﬂéﬂd of a Brepaypearafrrensens dliggmceonpl ex of a succi ni m de di spersant
derived from 1000 MW pol ybutene; (f) 3.11 wt. % of a borated glycerol

nono- ol[6694 f ri ctRropylomdbligangrs (vgpre Gnfe wing %heofanae tomponanky, kindoonts andd ( h)
t he bal ance bei ng Exxon 150N (a Group | base oil) conmercially avail abl e

from EXSeINMeR ks GOER@MALe PRyith EnéEo MNP FishilIEP AL QftdReR pah@pbiak Of
Lubricating G| Conposition [00110]A lubricating oil conposition was

pr epar ] | dit) p qe: of at i : (o)
it ar o e oG RampRZ AL, PAREIARIE boREDRUR SECPATRE Bobui 4R 01,4
w. %of .a mxture. of 74 wt. % of X0on Goup | base oil and 26 mt. %
VO 201 HDBGHE SRR EPT 69550k DR ROBN (& Croup 1 base of 1) °
commercially avail able from EXXONMOBI L Car poration. The final concentration
of the additive package in the IubrT%%LEﬁg oil conposition was 9.65 wt. %

EXAMPLE 8 [lAIJUJ_J_J_] Prrepar %[xijn of TAOUT E, Ve Pac Kage EQOLI2T AN addilia7e package
was pr epasp (écylt artrng 521c Sane bUII%gCIIt S—and 229 249
FBP (°C) 338 327 336 336
Cio- 0 0 0 0
Ci 9.7 0.9 0.6 0.6
Ci 0 44 6.4 6.4
Cis 13.6 13.7 14.0 14.0
Cis 19.5 20.7 20.6 20.6
Cis 10.1 10.9 11.1 11.1
Ciy 94 10.3 9.7 9.7
Cis 10.5 114 10.7 10.7
Cio 5.5 6.0 5.6 5.6
Coo 5.0 52 4.9 4.9
Cu 52 52 53 53
Cxn 25 29 2.4 2.4
Cxn 2.2 2.2 2.2 2.2
Cau 23 2.2 2.2 2.2
Cys 1.2 1.3 1.3 1.3
Cys 1.0 1.2 1.0 1.0
Cyr+ 23 1.5 1.2 1.2
EXAMPLE 6
[0095] Preparation of an alkylhydroxyaromatic compound.
[0096] An alkylphenol was made by alkylating phenol with the propylene oligomer of

Example 1. To a 4 liter round bottom flask was added 744 g (3.03 moles) of the propylene
oligomer of Example 1 and 1128 g of phenol (12 moles). The reactants were mixed and

heated to 80°C. At this temperature, 89.3 g of Amberlyst® 36 catalyst (Rohm and Haas) was
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anounts as in Conparative Exanple 4 except that the overbased sul furized
al kyl phenol of Conparative Exanple 3 was replaced with 23.6 wt. % of the
over basedweabtl/wmb92ohe ol i goneri zed al kyl phenol of ExanplPeTUS2E¥ARORE O

[ 00113] Preparation of Lubricating G| Conposition [00114] A |ubricating oi

conpositi.o s, prepared by addi ng the additive package. of nple 8 to a
i xt ur Ggfd 80 the Rt of stg%éf’%c;?OP T rm?sovﬁ%ed( oat 1 gngxfg@&??c%ﬂ?d 91. 1
w. %of a mxture of 74 wt. % of Exxon 150N G oup | base oil and 26 wt. %
of Exxdno@gded Grotphourhak thipit¢mperpiars paddr wpgenet atmasphafc preesugeldi Thove
package in the lubricating oil conposition was 9.65 w. % [00115] TESTI NG

[ 00116]r€atipatmikiure twis Tesltd fo 10000 Ldhd] filteecadbdictmove thpackage. MNexEtameheidh and
the additive package of Conparative Exanple 4 were conpared in

Conpat ihixhirt ¥val @Shted to ZBOT LRkh 36\AMUAE €8cfueahEREE R@Yerotho@coxddidnk \fér
package to form sedi nents, flocculation, or gel over tinme. The additive

packag ed. LNt 042:@! f S

Compati By 1Ty oy fiel SodRud RoRs ghRal, 20t Shaed s2hgtstol 1R BRERIORES o ng
dai ly hea@ing cycle: 80C for 8 hours and then 20C WO

2011/ 098828PCT/ US2010/ 023022 for 14 hours. The test was run for 28 days and
evaluated at the end of this time period. The ratings were based on the

f ol | owi agnawalkelpheer) P38 free of sediment [00119] 1= hazy but no sedi ment

[ 00120] 2= sedi nent present
% para : 87.76%

% ortho: 5.09%

% dialkylphenol : 1.34%
% unreacted olefin: 4.39%
% cther : 1.29%

% phenol : 0.13%

EXAMPLE 7
[0097] Preparation of an overbased salt of an oligomerized alkylphenol.
[0098] 802 g of the alkylated phenol from Example 6 was combined with 747 grams

of 130N oil, 44.1 grams of an alkylaryl sulfonic acid, and 0.2 grams of foam inhibitor SI 200
available from Dow Corning and charged in a 4 liter flask at ambient temperature. The
mixture was warmed over 25 minutes to 110°C, and while warming 380 grams of hydrated
lime was added. After the warming phase and after lime addition was completed, 112.7
grams of sulfur were added and the reaction temperature was increased to 150°C over 20
minutes. After the sulfur addition phase, the pressure of the reactor was reduced to 680
mmHg. H,S gas that was produced during the sulfurization was trapped by two caustic soda

bubblers. At 150°C, 58.2 grams of ethylene glycol was added over 45 minutes. Over a 15
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[00121] 3= gel |l ed [00122] The results are set forth below in Table 4.

[00123] The lubricating oil conpositions of Exanple 9 and Conparative
Exanpl e Sweena/@b®0 eval uated using Conpatibility Test PCurusesionb®2sane
time and tenperature conditions. The results are set forth below in Table
4. [00124 atiblLlity Te 001 5 In to further denonstrate the
conpat.rmnhe@ ! 55 gethdlpeadtoteids &é@é 81 W5ITEHERI VBT t he
invention, the conpatibility of an additive packa e containing the

over bagélgwsdlte hest bagk wp fyb Hgﬂ dusiggingyophahdlis gtp Bxargstmas ot ethuleapglycol

over based sul furized al kyl phenol of Conparative Exanple 3 were conbi ned

i ndi vi dualdddedi t hi n an additi ve package containing a high overbased cal ci um
sul fonate on an equal calciumbasis; that is, each package contai ned 100

m |11 mypgey]of calBzmwlﬁgeﬂlel%ﬂéneagl%dlIau@lt@aCtha@q)eesfsﬁ@rwats%gmryem@@a@éh fal t of
an ol i gonerized aI kyl phenol of Exanple 7 or the over based sul furized

2l ky! POl CREPRLAIY EEHATR! &ed ARMAA0! i b TRI:GROf VERAGIMD RRS KO

of additive pa kage romt e remai n e| ng base

additivy L oured into a Ias red at 20 Totest
the corfRPTBITT d 167 GBS phERale 2 TRy tek‘?@egl vo GhFosbamsDbsis
follow ng daily heating cycl e: . 80C for 8 hours and 14 hours at 20C. The
test wadCSsHis Pograny faipsboimdiogids) wiarcerddsd ovee 3@ Haingtes whler thepaddiionoef
Ratings were the same as for Conpatibility Test 1. The results of this test
are setcaftontdiohdé,o\d.2 gramalvif ethylena@ 201 #0800 PCT/ WE2EL0 AP §022tcTABI(E 4
Performance Test Exanple 7 Exanple 7 Conparative Exanple 3 Conparative

was increased to 0.8 g/minute. This carbonation step was stopped when roughly 120 grams

of CO, was added.

[00100] Over a one hour period, the solvent was distilled at 215°C and 30 mmHg. The

temperature was then further increased to 220°C with a nitrogen purge at 80 mmHg over the

course of an hour. The product was filtered with celite at 165°C and the filtered overbased

salt of the alkylphenol was degassed under air over four hours at 5 liter/hour/kg of product at

150°C. The product had 9.46% Ca; 3.2% S; a kinematic viscosity at 100°C of 235.2 c¢St.; and

a TBN of 260 mg KOH/g.
COMPARATIVE EXAMPLE 1
[00101] Preparation of a propylene tetramer
[00102] A propylene tetramer was prepared in essentially the same manner as the

propylene oligomer in Example 1, with the exception of the phosphoric acid strength being
between 111% to 112%. The resulting propylene tetramer had an initial boiling point of
180°C and a final boiling point of 219°C as measured by ASTM D86. The carbon

distribution of the propylene tetramer is set forth below in Table 3.
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Exanple 3 Conpatibility Test 1 20C 80C 20C 80C -additi ve package 2 2 2 2
-additive package + oil 2 2 2

WO 2011/096920 PCT/US2010/023022
TABLE 3
Wt. %
Co 2.1
Cio 3.5
Cn 6.3
Ci 59.5
Cis 8.2
Cis 7.0
Cis 12.0
Cis+ 1.3
COMPARATIVE EXAMPLE 2
[00103] Preparation of an alkylphenol
[00104] An alkylphenol was prepared in essentially the same manner as in Example 3,

except that the propylene tetramer of Comparative Example 1 was used in place of the
propylene oligomer of Example 1. The resulting alkylphenol had the following analysis:

% monoalkylphenol : 95.84%

% para : 87.97%

% ortho: 7.87%

% dialkylphenol : 1.73%

% light alkylphenol : 1.54%

% unreacted olefin: 4.39%

% ether : 0.59%

% phenol : 1.03%
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2 Compatibility Test 2 20C 80C 20C 80C -additive package 2 2 2 2 0 = free
of sedinentl = hazy2 = sedinent present 3 = gelled [00126] Komat su Hot Tube
(KHT) TeswoO[2001@®¢j20he | ubricating oil conpositions of EPamfiSe019/0a3vd2
Conpar ati ve Exanple 5

COMPARATIVE EXAMPLE 3
[00105] Preparation of an overbased sulfurized alkylphenol from a propylene tetramer
alkylphenol.
[00106] An overbased sulfurized alkylphenol was made using the alkylphenol

described in Comparative Example 2 and following the essentially the same procedure as in
Example 4. The resulting overbased sulfurized alkylphenol had the following analysis:

9.68% Ca; 3.37% S; a kinematic viscosity at 100°C of 406.3 ¢St; and a TBN of 271 mg

KOH/g.
COMPARATIVE EXAMPLE 4
[00107] Preparation of Additive Package
[00108] An additive package was prepared containing (a) 24.1 wt. % of the overbased

sulfurized alkylphenol of Comparative Example 3; (b) 35.2 wt. % of an oil concentrate of a
ethylene carbonate-treated bis-succinimide dispersant derived from 2300 MW polybutene; (¢)
10.6 wt. % of an oil concentrate of a low overbased calcium sulfonate; (d) 13.4 wt. % of an
oil concentrate of a secondary zinc dithiophosphate anti-wear agent; (¢) 1.7 wt. % of an oil
concentrate of a molybdenum oxysulfide complex of a succinimide dispersant derived from
1000 MW polybutene; (f) 3.11 wt. % of a borated glycerol mono-oleate friction modifier; (g)
0.05 wt. % of a foam inhibitor; and (h) the balance being Exxon 150N (a Group I base oil)

commercially available from EXXONMOBIL Corporation.

COMPARATIVE EXAMPLE 5
[00109] Preparation of Lubricating Oil Composition
[00110] A lubricating oil composition was prepared by adding the additive package of

Comparative Example 4 to a mixture of 8.9 wt. % of a viscosity index improver (Paratone

8004) and 91.1 wt. % of a mixture of 74 wt. % of Exxon 150N Group I base oil and 26 wt. %
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were evaluated in a Komatsu Hot Tube (KHT) Test. A lubricating oi

conposition is passed through a tenperature-controlled glass tube for a
peri od ofwoOizna/d9g92enpl oyi ng a suitable air flow The temrpEstawm2d2t he
test was 290C and the test was run for 16 hours The glass tube is then

cool ed an sh nd_.t he caol or o an er ds |on on the
i nner gé 6§8Fh a g fd%@elgﬁhéP % ﬁ%ﬁ F&ﬁgﬁﬂﬁf

ranging fromO to 10 (0=black and 10=cl ean). In cases in mhlch t he glass

t ubes drapewhpiet dhy Bndcrayenirationdepdhe talditivge packgge rigsthiet lybsicpiérmradled as
"bl ocked". The results of the Komatsu hot tube test are set forth belowin
Tabl e Son{poQilids bk Opsrwt. &0 Test [00129] The | ubricating oil conpositions of
Exanpl e 9 and Conparative Exanple 5 were evaluated in a dispersion test.
This test evaluates the ability of the oils to keep asphaltenic and
carbonaceous material s dispersed by neasuring the dispersion of oil and

bl ack matter on filter paper. D's \Ppg @re neasured on both fresh and
aged oils, with different treatnent eating conditions and with and w t hout

wat er i 2011/ S2010/ 023022 [ 00130] The fresh sanple
consi stﬂﬁhgf] a nmix FW%tlodlfoqu(ﬁﬁ atc %% a lubricating oil conposition and
carbon bl ack. The aged. sanple conS|sted of a mxture of fresh lubricating

oi | corfBLi2ion véh‘il caﬁd1t1§ea@8éaa3§y V8 ARTEPRICACOBIAEVBE dliC (SME efURRANEN S nRfsk
oxi di zing conditions. Carbon black is added to the aged sanple after the
agi ng sepinty $OM30dBparative Bsdmpladt exyeplt thiet theaowstescdsdfirtred aotphsooka t o
three different heat treatnents, both with and w thout water addition,

maki ng GorhpdraiveoExsingledBf ey eapladadeatithens 6. wA o of B dveelaised! saRnpt ehd s
then placed on a piece of filter paper and devel oped in an incubator for 48
hours. (ﬁ{BﬁknggMﬁkgﬁﬂgﬁﬂOfggﬁmggqps forma small, dark circular sludge area
surrounded by a t oil area. The dianeters of the oil and sludge areas
are nmeasured and the ratio of the oil:sludge dianeters cal cul ated. The test
results are reported as 6X, which is the sumof the ratio of oil:sludge

di anmeters fromthe six different &§8%¥§§Eé§ The results of the dispersion
test are set forth below in Table 5 Performance Test Exanple 9

Cowparatlve Exampl e 5 Komat su Hot Tube Test
[00113] Preparation of Lubricating Oil Composition

[00114] A lubricating oil composition was prepared by adding the additive package of
Example 8 to a mixture of 8.9 wt. % of a viscosity index improver (Paratone 8004) and 91.1
wt. % of a mixture of 74 wt. % of Exxon 150N Group I base oil and 26 wt. % of Exxon 600N
Group I base oil. The final concentration of the additive package in the lubricating oil

composition was 9.65 wt. %.

[00115] TESTING
[00116] Compatibility Test 1
[00117] The additive package of Example 8 and the additive package of Comparative

Example 4 were compared in Compatibility Test 1. This test evaluates the tendency of an
additive package to form sediments, flocculation, or gel over time. The additive package was
poured into a glass flask and stored at 20°C. To test the compatibility of the package at 80°C,

packages were exposed to the following daily heating cycle: 80°C for 8 hours and then 20°C
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8 8 Dispersion Test 489/600 492/600 [00132]Lubricating G| Low Tenperature
Vi scosity Performance [00133]The | ow tenperature viscosity properties of

t he over baieadiigmbe200f an ol i goneri zed al kyl phenol of Exaoplus201oxme3oe2
conpared to the overbased sul furized al kyl phenol of Conparative Exanple 3

in a 5VB0. ojil and .a 5W0 oil 0134] The 5WBO, oi ] contained (a).3 . % of
o o1 I TEoh bitwsadtal S & abBiioedtsHEs M Rel e %éhed?‘gtﬂ(éf%%r{le ?%}Ods%e. % of
an oil concentrate of a ethylene carbonate-treated bis- WO

2011/ 09892PeTe bsed po/theBbleyvingsceleni mi de di spersant; (c) 1.36 wt. % of an

oil concentrate of a | ow overbased cal cium sul fonate; (d) 0.4 wt. % of an

oi | corjéent8at e df= faccsall sedimient er epht hal i ¢ acid and a bi ssucci ni m de

di spersant; (e) 1.08 wt. % of an oil concentrate of a secondary zinc

di t hi ogbos®yat e apthr y@af n@gthent(f) 0.4 wt. %of an oil concentrate of a
nmol ybdenum oxysul fi de conpl ex of a nonosucci ni nde dispersant; (g) 0.5 wt. %

of an a[h{;yi ted ?ﬁ%ﬁﬂ%%?%%&toxi dation inhibitor; (h) 0.5 w. %of a

phenol i'c anti oxi ppmof a foaminhibitor; and (j) the bal ance
bei ng ixture of Group |11 base oils. The overbased salt of an

ol i gongpﬁ]zzé@ al k;.ﬁl_p%eélﬁgl of Exanple 7 and the overbased sul furized

al kyl phenol of Conparative Exanple 3 were added to the 5WB0 oil on an equal
cal ci urPBE<3s. T@l%$%q§@r%@?£‘ﬁ¥beéqwﬂrhga@¢/ér based salt of an oligonerized
al kyl phenol of Exanple 7 after addition to the 5WB0 oil was 2.32 wt % The
wei ght [8123nt of Thehlebogamigas b domspdsitiomis 2d dExahipyd Brad dlorapar@ovepBranply &
Exanple 3 after addition to the 5WB0 oil was 2.37 wt. % [00135] The 5WM0
oi I cont@atnsteh EadludetMusi®p Condatibility ClesC e ntifidd ethofsatebamat el érdBperature

conditions. The results are set forth below in Table 4.

[00124] Compatibility Test 2

[00125] In order to further demonstrate the compatibility of the overbased salts of an
oligomerized alkylphenol of the invention, the compatibility of an additive package
containing the overbased salt of an oligomerized alkylphenol of Example 7 and the overbased
sulfurized alkylphenol of Comparative Example 3 were combined individually within an
additive package containing a high overbased calcium sulfonate on an equal calcium basis;
that is, each package contained 100 millimoles of calcium per kg of additive package from
the overbased salt of an oligomerized alkylphenol of Example 7 or the overbased sulfurized
alkylphenol of Comparative Example 3 and 100 millimoles of calcium per kg of additive
package from the sulfonate, the remainder being base oil. The additive packages were poured
into a glass flask and stored at 20°C. To test the compatibility of the package at 80°C,
packages were exposed to the following daily heating cycle: 80°C for 8 hours and 14 hours
at 20°C. The test was run for 28 days and evaluated at the end of this time period. Ratings
were the same as for Compatibility Test 1. The results of this test are set forth below in Table

4,
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succi nim de dispersant; (b) 5 w. %of an oil concentrate of a ethyl ene
carbonat e-treated bissuccinimde dispersant; (c) 1.36 wt. %of an oil
concent r awe 20f1/®@6920w over based cal ci um sul fonate; (d) OPETMS2019%025022n Oi |
concentrate of a salt of terephthalic acid and a bi ssuccini m de di spersant;
(e) 1.08 wt. % of an oil concentratﬁMgi secondary zi nc dithi ophosphate
anti-wear agent; (f) 0.4 w. % of Fdoncentrate of a nol ybdenum
oxysul[fide conplex of g nonosucc| ni nde di SPeTEaHa; ) P.5 " an
al kyl at ed di phenyl ani na oxi datiop inhibitaf: (h) i %dgf‘mg{%ﬁgnolic
anti oxi dePntfprI(lainceH@stppm Eﬁanaplé damExra,hipltri't'or; &rample)3 t he baEamupleBei ng a
m xt urre—ef—CSoup—t-H—bgse—oi Fhe—gyerbased—sal-t—of—an—-otop zed
al kyl phéiﬁmpaHFﬂ@Zﬁ%ﬂ a?F()d the| ov8PEased sul f i zed al kyl ph%(m
Conpar abiyEvEFRIRLE 3 were added to thie 5VAD oi I ,0n an equal cal Ci um blasi s.
The weight percent of tlhe overbased salt of an oligoner|zed al kyl pheno| of
Exanpl eaddlaffd:parckaghfrbilcn to2 WO R011/D96920PCT/ Ug2010/ 03022 tlﬁe 5WI0 oi |

was 2. —The—wetght—perecent—efi—the—overbased—sul-przed_—glkytphenol
of Conpg:r0 a\}‘éﬂ Zﬁsﬁl e]3 &t er addit0dn tof the 20 oi | |was 255% we. o
[ 00136] TheydidW §LR; rature ¥i SCOSIi Ty properties gf the [i1nished 5VWB0 and
5WI0 dils were evaluatad using the ASTM D4/684 M ni-Rotary Vi sconeter (JVRV)
test. [DOL3T7PASHMEME684 M nli=Ratyary \ sesatmberpr¢deRV)3 Fgslied 00138] I n this
test, a test oil is first heated, and then cooled to test tenperature, in
this case -35 C, in a mni-rotary visconmeter cell. Each cell contains a
calibrated rotor-stator set, in which the rotor is rotated by neans of a
string MBLAM ar olsematheHebTuhe &HATr Teshd attached to a weight. A series of
i ncreasing weights are applied to the string starting with a 10 g wei ght
until r[@0E7]on ocherlsbticatulgt@l nompositivers yafdi-cingtle 8smd Tdreparetswdd Esarayple 5
reported as Yield Stress as < the applied force in Pascals. A 150 g wei ght

is thenyapplilgsted & §&loataiu@ott T RIFETETYst. VAI6B$datidg Ofl doRpoSitiba isThesddar ger
the apparent vi sc05|ty, the nore likely it is that the oil w|II not be

conti m{gﬂ)zlgﬂ \a}lacs adesual floficd %Pa% gl Patlb% bF tiR# érﬂlglg 111? I{}%%Udlnt S are

reporte S|ty I'n centipol se. he resdlts o test for

TABLE 6 Buag"er e B e S rad 2l %P@VY* QT B ol R 1

tube is then cooled and washed, and the color of any lacquer deposition remaining on the

_) D

inner surface of the glass tube is determined using a color merit rating ranging from 0 to 10
(O=black and 10=clean). In cases in which the glass tubes are completely blocked with
deposits, the test result is recorded as “blocked”. The results of the Komatsu hot tube test are
set forth below in Table 5.

[00128] Dispersion Test

[00129] The lubricating oil compositions of Example 9 and Comparative Example 5
were evaluated in a dispersion test. This test evaluates the ability of the oils to keep
asphaltenic and carbonaceous materials dispersed by measuring the dispersion of oil and
black matter on filter paper. Dispersions are measured on both fresh and aged oils, with

different treatment heating conditions and with and without water addition.
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Conparative Exanple 3 MRV  Yield stress 0<Y<=35 0<Y<=35 Viscosity 18512
18224 WD 2011/ 096920PCT/ US2010/ 023022 TABLE 7 5WM0 AL
WO 2011/096920 PCT/US2010/023022

[00130] The fresh sample consisted of a mixture of a majority of a lubricating oil
composition and carbon black. The aged sample consisted of a mixture of fresh lubricating
oil composition which is aged by heating at elevated temperature under oxidizing conditions.
Carbon black is added to the aged sample after the aging step.

[00131] Both fresh and aged oil samples are then subjected to three different heat
treatments, both with and without water addition, making a total of six different treatments.
A drop of treated sample is then placed on a piece of filter paper and developed in an
incubator for 48 hours. After development, the drops form a small, dark circular sludge area
surrounded by a light oil area. The diameters of the oil and sludge areas are measured and
the ratio of the oil:sludge diameters calculated. The test results are reported as 6X, which is
the sum of the ratio of oil:sludge diameters from the six different treatments. The results of

the dispersion test are set forth below in Table 5.

TABLE 5

Performance Test Example 9 | Comparative Example 5

Komatsu Hot Tube | 8 8
Test
Dispersion Test 489/600 492/600

[00132] Lubricating Oil Low Temperature Viscosity Performance

[00133] The low temperature viscosity properties of the overbased salt of an
oligomerized alkylphenol of Example 7 were compared to the overbased sulfurized
alkylphenol of Comparative Example 3 in a SW30 oil and a 5W40 oil.

[00134] The 5W30 oil contained (a) 3 wt. % of an oil concentrate of a borated bis-

succinimide dispersant; (b) 5 wt. % of an oil concentrate of a ethylene carbonate-treated bis-
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Performance Test Exanple 7 Conparative Exanple 3 MRV  Yield stress 0<Y<=35
0<Y<=35 Vi scosity 33946 36225 [00140] Corrosion Test
WO 2011/096920 PCT/US2010/023022

succinimide dispersant; (c) 1.36 wt. % of an oil concentrate of a low overbased calcium
sulfonate; (d) 0.4 wt. % of an oil concentrate of a salt of terephthalic acid and a bis-
succinimide dispersant; (¢) 1.08 wt. % of an oil concentrate of a secondary zinc
dithiophosphate anti-wear agent; (f) 0.4 wt. % of an oil concentrate of a molybdenum
oxysulfide complex of a monosuccinimde dispersant; (g) 0.5 wt. % of an alkylated
diphenylamine oxidation inhibitor; (h) 0.5 wt. % of a phenolic antioxidant; (i) 30 ppm of a
foam inhibitor; and (j) the balance being a mixture of Group III base oils. The overbased salt
of an oligomerized alkylphenol of Example 7 and the overbased sulfurized alkylphenol of
Comparative Example 3 were added to the 5SW30 oil on an equal calcium basis. The weight
percent of the overbased salt of an oligomerized alkylphenol of Example 7 after addition to
the 5W30 oil was 2.32 wt %. The weight percent of the overbased sulfurized alkylphenol of
Comparative Example 3 after addition to the SW30 oil was 2.37 wt. %.

[00135] The 5W40 oil contained (a) 3 wt. % of an oil concentrate of a borated bis-
succinimide dispersant; (b) 5 wt. % of an oil concentrate of a ethylene carbonate-treated bis-
succinimide dispersant; (c) 1.36 wt. % of an oil concentrate of a low overbased calcium
sulfonate; (d) 0.4 wt. % of an oil concentrate of a salt of terephthalic acid and a bis-
succinimide dispersant; (¢) 1.08 wt. % of an oil concentrate of a secondary zinc
dithiophosphate anti-wear agent; (f) 0.4 wt. % of an oil concentrate of a molybdenum
oxysulfide complex of a monosuccinimde dispersant; (g) 0.5 wt. % of an alkylated
diphenylamine oxidation inhibitor; (h) 0.5 wt. % of a phenolic antioxidant; (i) 30 ppm of a
foam inhibitor; and (j) the balance being a mixture of Group III base oils. The overbased salt
of an oligomerized alkylphenol of Example 7 and the overbased sulfurized alkylphenol of
Comparative Example 3 were added to the 5W40 oil on an equal calcium basis. The weight

percent of the overbased salt of an oligomerized alkylphenol of Example 7 after addition to
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[ 00141] ASTM D6594- 06 corrosion test was used to eval uate the corrosive
properties of a test oil containing the overbased salt of an oligonerized
al kyl pherwD 20f1/@x®0pl e 7 and the overbased sul furized alPkyiysh@nobk3oot
Conparative Exanple 3. In this test, a netal test tube of lead (Pb), tin

(Sn), o er. (Cu s placed i.n an oil an el evated.t erat ur 135C
f or 16§£%§§*}3‘ Ol %S %-ﬁ'aaﬁs&xﬁ“ ¢ AYSie tPSW?“‘T‘PéL%Hﬁ?I %Seefsu@we%e %R@Apa‘regog? en i%\

parts per mllion (pp of metal in the oil. The |ubricating oi
conposiGreprsativedikapniel efer additwnde thpeXWA) bddvaaBol/ewt. 8v- t he 5WB0 oil in the
| ubricating oil |low tenperature performance test. The results of the

corrosil0a136dst arkhedetv tbmptdatunevouosity pfazirtéestf tHABhIsh&l 830 andaNct) dikst
Exanpl e 7 Conparative Exanple 3 Corrosion test Pb (ppm 78 106 Cu (ppm 9

were evaluated using the ASTM D4684 Mini-Rotary Viscometer (MRV) test.

[00137] ASTM D4684 Mini-Rotary Viscometer (MRV) Test

[00138] In this test, a test oil is first heated, and then cooled to test temperature, in this
case -35 °C, in a mini-rotary viscometer cell. Each cell contains a calibrated rotor-stator set,
in which the rotor is rotated by means of a string wound around the rotor shaft and attached to
a weight. A series of increasing weights are applied to the string starting with a 10 g weight
until rotation occurs to determine the yield stress. The results are reported as Yield Stress as
< the applied force in Pascals. A 150 g weight is then applied to determine the apparent
viscosity of the oil. The larger the apparent viscosity, the more likely it is that the oil will not
be continuously and adequately supplied to the oil pump inlet. The results are reported as
Viscosity in centipoise.

[00139] The results of the MRV test for the 5W30 and 5W40 oils are set forth below in

Tables 6 and 7, respectively.

TABLE 6
5W30 OIL
Comparative
Performance Test | Example 7 Example 3
MRV
Yield stress 0<Y<=35 0<Y<=35
Viscosity 18512 18224
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9 Sn (ppm 1 1 [00142]It will be understood that various nodifications may
be made to the enbodi nents di sclosed herein. Therefore the above

descri pt iwo 20ti09b2onot be construed as limting, but nePerUSas0/023022
exenplifications of preferred enbodi nents. For exanple, the functions
descri bed above and inpl enented as tgﬁ g st node for operating the present
WO 2011/ 096920PCT/ US2010/ 023022 i nv b are for illustration purposes
only. Other arrangenents and net hodsyqppybe i npl enented by those skilled in
the art without departing fromthe scope and spirit of this invention.
Moreover, those skilled in thelart will enWengratotche nodifications within
t he scope and spi|rPdrf@imahdecTst gi Bsamagpéned Bxemptad WO

2011/ 096920PCT/ US29R 0/ 023022 WHAT IS CLA|MED I S:

Yield stress 0<Y<=35 0<Y<=35
Viscosity 33946 36225
[00140] Corrosion Test
[00141] ASTM D6594-06 corrosion test was used to evaluate the corrosive properties

of a test oil containing the overbased salt of an oligomerized alkylphenol of Example 7 and
the overbased sulfurized alkylphenol of Comparative Example 3. In this test, a metal test
tube of lead (Pb), tin (Sn), or copper (Cu) was placed in an oil at an elevated temperature
(135°C) for 168 hours with a constant air flow. The amount of corrosion is given in parts per
million (ppm) of metal in the oil. The lubricating oil compositions used were the same as
described above for the SW30 oil in the lubricating oil low temperature performance test.

The results of the corrosion test are set forth below in Table 8.

TABLE 8

Performance Test Comparative
Example 7 Example 3

Corrosion test

Pb (ppm) 78 106
Cu (ppm)
Sn (ppm) 1 1
[00142] It will be understood that various modifications may be made to the

embodiments disclosed herein. Therefore the above description should not be construed as
limiting, but merely as exemplifications of preferred embodiments. For example, the

functions described above and implemented as the best mode for operating the present

43



1. An overbased salt of an oligonerized al kyl hydroxyaromati ¢ conpound,
wherein the al kyl group of the al kyl hydroxyaromatic conpound is derived
from an owef2on/aws9ebur e conpri si ng propyl ene ol i gonmers haeirngg2@n/oe3vnet i al
boiling point of at |east about 195C and a final boiling point of greater

t han 325C and up to .about. 400C as ne?sugﬁg by ASTM D86. 2. Tg$

over basBYFantarg fop AHPHIGPD RYBASHY PPN OFh ATRREHITHY Fach nShedjothaY SShave
an initial boiling point of at |east about 220C as nmeasured by ASTM D86.

3. The iowplanieadesobys tose skitlod dn thy 26 wahaphdeprriore Fomviheseons andesppiitoplythésne

ol i goners have a final boiling point of about 330C to about 375C as

measur edvdiyioASTWbIdB6er, those skilked ihhe artewbhsedsis@lotheaaoatificangnt oviimitins 1- 3,
wherein the propylene oligonmers contain a distribution of carbon atons that
conpri s@opd arldepiit cRRRAUL2iRR ApBéal heRfsent of Cl4 to C20 carbon atoms.

5. The overbased salt according to Clains 1-4, wherein the propyl ene

ol igoners conprise at |east about 1 w. % C27+ and up to about 5 w. % C27+
carbon atons. 6. The overbased salt according to Clains 1-5, wherein
the salt is an alkali or alkaline earth netal salt. 7. The over based
salt according to Clains 1-6, wherein the oligonerized al kyl hydroxyaromatic
conpound is a sulfurized al kyl hydroxyaromati ¢ conpound. WO

2011/ 096920PCT/ US2010/ 023022 8. The overbased salt according to
Clainms 1-7, wherein the hydroxyaromati c conpound is a phenol and the olefin
m xture conprises propyl ene pentaners, hexamers, heptanmers, octaners,
nonanmers, or mxtures thereof. 9. A process for preparing an overbased salt
of an oligomerized al kyl hydroxyaromati ¢ conpound, the process conpri sing
the steps of: (a) al kylating a hydroxyaromatic conpound with an

ol efin m xture conprising propyl ene oligoners having an initial boiling
point of at |east about 195C and a final boiling point of greater than 325C
and up to about 400C as neasured by ASTM D86, to provide an

al kyl hydr oxyaromati ¢ conpound,; (b) neutralizing the
al kyl hydr oxyaromati c conpound of step (a) to provide a salt of the
al kyl hydr oxyar omati ¢ conpound; (c) oligonerizing the salt of the

al kyl hydroxyaromati c conpound of step (b) to provide a salt of an
ol i goneri zed al kyl hydr oxyaromati ¢ conpound; and
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(d) overbasing the salt of the oligonerized al kyl hydroxyaromati ¢ conpound
of step (c) to provide the overbased salt of the oligonerized

al kyl hydrwgyarionyed20c conpound. 10. The process acecrdisngooe3oet ai m 9,
wherein the propylene ol igoners have an initial boiling point of at |east
about éégé Eﬂg E E g EPmllng poi nt of about 330C to about 375C as

measur 11. The process according to Clains 9 or 10,
wherein the propylene oligoners contain a distribution of carbon atons that
conprise at 1 edstovgdused 50t oleiyhlisgesrizsdallolhydiaxaprce eurtsondavbersitand at
| east about 1 wt. % C27+ carbon atons. WO 2011/ 096920PCT/ US2010/ 023022

12. A lthbnlkyhtgrowp off thecakydbgdrokymomann corapaigd(d)deavod jfimm ammlefin ofixtare oi |
of lubricating viscosity; and (b) an overbased salt of an oligonerized

al kyl hy@hy Q8 16n CAFRaRdh AGEOLHinMeh] 1ol Hggioi oF-aPleast about 1953C ahdnet hod
for reducing the endocrine disrupting properties of a lubricating oi

conposi ﬁﬂ(?? Pﬁg g?ﬂ?ﬁgérgftkf’thﬁﬁ Wcsandl %etlo g O 0SC TR ML ﬁ%%ﬁgl bR,

over base Igonerized a roxyaronmatic co accordi ng
to Clains 1-9 to a lubricating oil conp05|t|on conprising a major ampunt of
an oil of lubricating viscosity. 14. A propyl ene oligoner having an

initial boiling point of at |east about 195C and a final boiling point of
greater thar?-3 V&H@S@fbsat“&ca%mg addan s Weain tRIPIeY AT RN ZECTS RAETEY n t he
propyl ene oligomer contains a distribution of carbon atons that conprise at
| east abiiat b&Ongwedighof gt deaseattoun?20CC4s maca@R0d baASIM 2&6s . 15. A
process conprising (a) contacting a feedstock conprising at |east about 50
wt. % propyl ene, based on the total weight of the feedstock, with a |iquid
phosphoric acid catalyst having an acid strength of at |east about 114% and

up to about 31228 b(z‘erﬁasreg%ﬁltt Ia@a)ral«ag% Wngals Obi 9ORNRELRhE %@qmlaug@%rs and
(b) isolating a propylene oligomef having an initial boiling point of at

about 4006 2B adld BRI E R0 B B, B SRl ST 8, ST ot s

a distribution of carbon atons that conprise at Ieast about 50 wei ght
percent of Cl4 to C20 carbon atons.

4. The overbased salt according to Claims 1-3, wherein the propylene oligomers
contain a distribution of carbon atoms that comprise at least about 50 weight percent of Cy4 to

C,o carbon atoms.

5. The overbased salt according to Claims 1-4, wherein the propylene oligomers

comprise at least about 1 wt. % C,7+ and up to about 5 wt. % C,7; carbon atoms.

6. The overbased salt according to Claims 1-5, wherein the salt is an alkali or alkaline

earth metal salt.

7. The overbased salt according to Claims 1-6, wherein the oligomerized

alkylhydroxyaromatic compound is a sulfurized alkylhydroxyaromatic compound.
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8. The overbased salt according to Claims 1-7, wherein the hydroxyaromatic
compound is a phenol and the olefin mixture comprises propylene pentamers, hexamers,

heptamers, octamers, nonamers, or mixtures thereof.

9. A process for preparing an overbased salt of an oligomerized
alkylhydroxyaromatic compound, the process comprising the steps of:

(a) alkylating a hydroxyaromatic compound with an olefin mixture comprising
propylene oligomers having an initial boiling point of at least about 195°C and a final boiling
point of greater than 325°C and up to about 400°C as measured by ASTM D86, to provide an
alkylhydroxyaromatic compound;

(b) neutralizing the alkylhydroxyaromatic compound of step (a) to provide a salt of
the alkylhydroxyaromatic compound;

(c) oligomerizing the salt of the alkylhydroxyaromatic compound of step (b) to
provide a salt of an oligomerized alkylhydroxyaromatic compound; and

(d) overbasing the salt of the oligomerized alkylhydroxyaromatic compound of step

(c) to provide the overbased salt of the oligomerized alkylhydroxyaromatic compound.

10. The process according to Claim 9, wherein the propylene oligomers have an
initial boiling point of at least about 220°C and a final boiling point of about 330°C to about

375°C as measured by ASTM DS6.

11. The process according to Claims 9 or 10, wherein the propylene oligomers

contain a distribution of carbon atoms that comprise at least about 50 weight percent of Cy4 to

C,o carbon atoms and at least about 1 wt. % C,7, carbon atoms.
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12. A lubricating oil composition comprising (a) a major amount of an oil of
lubricating viscosity; and (b) an overbased salt of an oligomerized alkylhydroxyaromatic

compound according to Claims 1-9.

13. A method for reducing the endocrine disrupting properties of a lubricating oil
composition on exposure to mammals, the method comprising adding the overbased salt of
the oligomerized alkylhydroxyaromatic compound according to Claims 1-9 to a lubricating

oil composition comprising a major amount of an oil of lubricating viscosity.

14. A propylene oligomer having an initial boiling point of at least about 195°C and a
final boiling point of greater than 325°C and up to about 400°C as measured by ASTM D86,
wherein the propylene oligomer contains a distribution of carbon atoms that comprise at least

about 50 weight percent of Ci4 to Cy carbon atoms.

15. A process comprising (a) contacting a feedstock comprising at least about 50 wt.
% propylene, based on the total weight of the feedstock, with a liquid phosphoric acid
catalyst having an acid strength of at least about 114% and up to about 122% in a reaction
zone under oligomerization conditions; and (b) isolating a propylene oligomer having an
initial boiling point of at least about 195°C and a final boiling point of greater than 325°C and
up to about 400°C as measured by ASTM D86, wherein the propylene oligomer contains a
distribution of carbon atoms that comprise at least about 50 weight percent of Cy4 to Cyg

carbon atoms.
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