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LUBRCATING CHL ADINTIVE &Ni LLBRICATING
OIL COMPOSITION CONTARNING SAME

BACKUBOUND OF THE T‘%XE‘QHON

Teghnieal Fleld

Ll The present invention gererally velates 1o a lubricating off additive and
Iubricating oi] conposiiion sontainng fane,

% Desorintion of the Relaied Ant

s There fs inoreasing evidenve thay cenaln svathetie wd watueal chemioals
whEY BCE 28 AROnists OF antagonisis 1 satrogens or androges a sl mnay hiterfere ty tnaltiple
ways with the action of thyroid hormwees,  These chemicals can be called endoering
disruptors. For example, sudoering disrupors san (1) minie or Bogk chemiicals naturally

found tn the hody thereby altering the bodv's ability 1o prodice hetmonss, (2} interfere

with the wey bornones travel theangh the bady, dnd O) alter the concentision of

hormopes regoldng hoymong recepiorns.
{8083 Endosrine disngors snd pturdl estrogens share  cormunon mechassm of

setion, In normal coses, esirogenie setivity te produced by binding ratral estrogen w an
sstrogen reoeptor (BRY within the wuclens of the oell, Blfowsd by transeriptionsl
sctivation of these occupied BRs:  When endocrne disrspiors are present, normal

.

estrapgime  aclivity supplented  when endocrine disvuptors bind an ER, causing
transeripional sotividion of the BR even though no natueal sstrogen 18 present. Similardy,
antiestrogedc aotivity is produced by endocrine dsruptors which hind 10 BRs, bat which

do pot subscouently scivale the occupisd BR as well as natwral esteoems. Flnally,

selective extrogen receptor moduistors (SERMs) bind o BRy, but subsequently sctivate



S OC the occupied. WO 2010/014829PCT/US2009/052281 ,activated by the of molecules that rind
to ERs recept /000=11 scrutir :viphenois and. products producedunder increased potential
endocrine digsuptiyeighemicals. This is due. to uc .a.ctivdy at base .alkylphenosamselzas degradation
intermediates of products. Alkylphettols are conanerciall used in, fOr example. .polymer additives,..
surfactantri eatitl -ylphetted [Or Mining poor: biodegradability, high aquatiic there is an 0. d decllnlngla
t thc

celhular responses that differ from thosy setbvated By the natural esizogens. o generad, all
bt a very small sumber of molecsles thet bind o ERs produes sume activation of the
rpcepions, as oither estrogens or a3 SERMs,

LY Atkylphenols and producty produced from them have come wader increased
serutiny due to thelr association as potential endocrine disruptive chemieals, Thists dee to
the week esttogenic activity of buse alkyiphenol as well as degradation intermediates of
the alkyiphenol products. Alkylphepols are commerclally used i, for example,

=y

nerhicides, gasoline additives, slyestuffs, polymer sdditives,. surlsctants, futricatis Bg o
sddigives and autioxidants, In revemt years, alkyiphenol alkoxyiates, suel go ethoxylal ed
sonyiphenol, have hoen uitic zed for having powr bindegradability, high siuutic ooy
of the. E}y—«pm{%mrig #f the hodepradalion of the phenod portfon, Thas, there I &
incressing concern that these chemicals may a0 a3 endeorine disruplers. Some siudies
Bave shouwn thereto b 8 ligk betwesy slkviphenols and duiamw sperm sonnt w buman

nidtes and thers iy evidenos that alkylphencls may hardifolly disvipt the sethvite of human

estrogen and androgen recopiors. Spocifioally, Routledge ot gl “Strugtural foatwres of

o
o

slbyipheosiie chemicals sssociated with estrogenio astivily™, J Bich Chem, 1987 Beb,

£4y

TRERIZE0-R, compared difforent ainimwnﬂis estrogenis sclvity fu ap sstrogers
tnducibie stadn of vesst compuring t}}ﬁ;-ass;a}:‘s;_ with 17B-eatradiol, The results indioafed

that opthmat estrogenic actvity requires & single branched alkyl group composad of
hotween & and § carbon atoms lovsted ol the pars position on an otherwdse wihindered
phenol ring with d-dert-ovtyiphenel (8 carbons alse mamed 4-(1L 13 3-Teramethyl-butyll-

phenol}) having the highest antivity. Routledge et al, fested various alkylphenols in the

assuy wd indicatad that alkyl Chatn lengih, degree of ranching, Ibestion on the ring, and



gen and androgen recepRoutledge et ad,, "Stn  phenol ring with 44ert-icarbons alsoot phenol))g the
highesi Lrttithy. Routledge et al assay and indicated that alki chain.degree of branc WO 2010/014829
R ratitle d geceigeas gesermined 1 specularhavegat an species. interesp gégy2digdywhenr using
human estrogen receptors, theFr binding of alkylphenois was maized.when the number :yl carbonsthat
branched chain 110mixture of isomers (crammer(d Which nnoiiylphenol flOflOWC lk)Iphen

surfactants in Europe Man) T th
degrse of issvserie hetwroganelly affect the binding officiency bul was not able 1 draw s
atructurs activity conclusion, For example, Reutledge et sl stated $ab the poonylphonal
as determiined by eh resohution gas chromatographic analysig ;dxm*zzcd 4 para-isomers
speoviating that sl isomers would a0t have similar setivity without ehwidetng the active

species, hiterestingly, Tabria ot al, “Seroctwral roquirements of pera-alkylphensls to bind
fo estrogen repeptor”, Bur, L Piochem, 262, 240245 { f\‘w} cund that when uama human

Esirogen recepiors, th recepior binding of alkylphenols was maxinyzed whes the number
af aﬁ»%i carbors was nine erdom atoms. Tabeie of sl noted that bianched ohigin

n@my%;:si‘;ﬁmi: meixtaie of isntners [sommereially avaiiable and which did pot contain any n-

sowylphenol) was almost ay potive as pnohyiphenol,

7

HEBOG Toryiphsoo! ethoxyviaie and ootylpheno! ethonviaie are widely used a
nonfonic swiactants,  Concern over the environmental and health hapect of thes
gikésvigted albyiphenols has led o govornmeal resiriction on the use of these
surfactants v Borope, ag well ad voluntary industrasl restrictions in the Usbed Sates,
Many indostttes have sttempled 0 roplace these preferved alkoxylmed alkyipbenod
arfiotants with alkexylated Hoear snd tranched alky! peimary and sscondary sloohols,
bt have envounitred preblems with odor, performancs, formulating, and ncrcased vosts,
Adthough the *}t’@dm’nmma} foous has been tn the alkyiphenn! ethoxyiates and the potential
problems assoctated with these compounds {primarily with the degradation by-products,
there remains & nesd to review other components to select combinations thal have stmilar
or improved performance bepefits with reduced negative impaots
[Qa06] Nonyiphenol aad dodeevipheno! can be produced by the ollewing steps;

propylens ofigemerization and separation of propylene trimer sl tetramer, and phenot

e



vent hued linear d tar: Mons in the United Stat preferred alkoxylated '1 primary and secondary
alcohc a, formulating, and increased co Ais has been an the alkylhher problems associatedir (prim

indew Mierwmpsnet egmbinations tha roved perthrr specw-t Nonylphenomndigesieaxiigen propylene
olagseparation of propylene trimmer WO 20101014829 alkylation 4th propylene. trimo propylene

tetramer and separath propylene tetrarner has been wt highly branched chain Imparts oil solubility and
cr C. Pi) PCT/US2009/052281 yiphenol, or ,01 al/T

shoviation with propylone i and separation of nonviphesol, or phene! alkylation with
propylens tetramer sud separation of dodecyiphenol. Tetrapropeny! phens! prepared from
propylens tetrmmer Bas boen widely vsed in the lubrionot additve industry, & istramer fs 2
bighly branched chain of 10 o 13 carbons with a high degree of mothyl branching that
imparts oil solubility angd compatilility with other ol soluble lubricant addidve
copponents, A totramer is alse o cost effective olefin o monulsctire. Dodeeylshenod
devived from propylens tetramer I3 primarnity used as an imsermediate dn the production of

sdditives for lobricating olls; commenly sulfurized alkyl phenale detergents, To a lesser

degree, these branched phenate detergents have emploved some degree of Hnear olefin
07 LLE. Pamnt _&;ﬁpiic&zﬁis}ﬂ Publication: No, 20070049508 the BB

apylication™ discloses & lubvivating oll composition containing (a) an oil of Tubricating
vigcosity, and {b) a detergent contalning an wnsulfurized alikell or alkalive vueth metal sy
of & reacticn prodoct of (88 olelin having of least 10 pwrbon stoms, whersln grosier than
80 mole % of the olefin is o Hneay Uy fo Ce nealphes olefin, wheredn loss than 1 mole %
of the wdefin is a Hoeay olefin of fess than 20 carbon stoms, and wherein kess thaa 5 mole
% of the olofin Iy beanched chaln olefin of 18 cavhons or Tes: and (3 & bhvdroxsaromatio
gommpound.  Comparetive Bxangle € in the 508 sppbestion discloses o branched
pertadenylphenct calohon salt prepared by slkylsting s phencl with a branched cladn Ty

to O olefin derived primeedly from propylens pentamsr, Hiswever, the "30% application

§
disvlosss that the branched pentadecyipheno! calcinm sslt of Comparative Exsrnple L was
ineffective in preventing endocrine disruption effests.

RS LA, Patent No, 5.510043 (Mthe ‘043 patont™) discloses 8. lubsicating off

additive coplaining (2) an slkaline carth metal salt of o sulfuized meonvatioyleatechol



Tetrapropenyl t additive hid having at least | Cr discloses that the branched pen.tadecylphe.nol
calcmr.n salt ot ineffectlve in preventing endocrine disr O8US. Patent No" 5310,043C '043 ()maiming
(a) an alkali derivative and (b) a sulfurized monoalkylcatechol. The '043 patent further discloses that
the sulfurized monoallcylcatechol can be obtained by sulfurizing an alkylation product of a catechol
produced by reacting a catechol with an olefin such as a propylene pentamer in the presence of a
catalyst. Therg is no disclosure in.the 043 patent of endocri e‘gi uption effects, 1000911t is desirable
to develop im(%ﬁ)‘?gla’ﬁu ?il a iﬁgsugl" adc |tf1\}8§00ﬁr( tl‘“‘sé(‘awﬁ\g?u'br ti é?oﬁaé% flofiscirssd ‘?‘ﬁot exhibit
endocrine disunlign.£gis, SHMMARY,OF, THE RISGLOSURE (00101l acserdanes with one
embodiment of the present disclosure, tﬁere IS prO\E/'f(Ijled n overbaged salt of an oﬁgomerlzed _
alkylhydroxyasaepdi eemRausdahaeinhe ald grour ek draxverarpatis.egmpound is
derived from an olefin mixture comprising propylene oligomers having an iriitial boiling point of at least
about 195C anépaciinakheilingunint vhae Maihanabali32he asmersymepy ASiHda86. [00111In
accordance with a second embodiment of the present disclosure, a

effects.

[0069] It is desirable to develop improved lubricating oil additives for use in

lubricating oil compositions that do not exhibit endocrine disruption effects.

SUMMARY OF THE DISCLOSURE

[0010] In accordance with one embodiment of the present disclosure, 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 no more than about 325°C as measured by ASTM D86.

[0011] In accordance with a second embodiment of the present disclosﬁre, 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 no more than about 325°C as measured by ASTM D86, to provide an
alkylbydroxyaromatic compound;

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

the alkylhydroxyaromatic compound;



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 195C and a final boiling
point of no more than about 325C 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).oligomeyijzi
g)acﬂlgﬁm?nzmgl.the ga)t. o a{llfp{yll?l

T (? dtrr(lje salt of the alkylrgﬂdr?x%arogatic compound
of step (b) to provide‘a sdlt of an Gligomerized alky roxf; Formatie 88%61 dahe ( )68) overbasing

the salt of the,aligg.erzedalkyidionyasomatic. senRAUNA L SISR (G g provide the overbased salt of

the oligomerized alkylhydroxyaromatic compound. 17001211n accordarice with a third embodiment of

the present disclosyag..aditicating ellCompesitigh s prQvidesivhich .comprises ia.admajer amount of
an oil of lubricating viscosity; and (b) an overbased salt of an oligomerized alkylhydroxyaromatic
compound, vehgreie) the aikigroue oftbealky!RydrexyaroniatisFamen unrhis drsivacfram an olefin
mixture comprising propylene oligomers having an initial boiling point of at least about 195C and a
fmal boiling poimpadmb more than about 325C as measured by ASTM D86. [00131In accordance with
a fourth embodiment of the present disclosure, there is provided a method for reducing the endocrine
disrupting préff8iies of a lobriearitrnesil votposhioh emtexiiosureofo twapesals, thelnsethod comprising
adding an overbased salt of an oligomerized alkylhydroxyaromatic compound, wherein the alkyl group
of the alkylhyHPEEFHRS b FETBBSHHE RNt CRPERSH e CampIS Pigaprobylene
oligomers hailltr)]f% an initjal b.oilige%is;I int of at least about 195C and a final boiling point of no more than
about 325C A8 HE4BEEBYSR B ey eabshcaling #a %lbﬁfﬂﬁ‘ﬁgﬁﬁﬁlrﬁgﬁmﬁi}%ﬁ@@lﬁ?&fbr amount of

an oil of |Ubri&%ﬂ”glu}{i(§00§§ 'ir[ot%élall!i%fw?%dao Cf wiLE fifth embodiment of the present disclosure,
the use of an Overbased Salt of ah oligomerzed AkyIRYARSRYAYSRERECSHARIRY, SUAETER the alkyl

group of the I [ i ived fr olefin. mixture comprising. propylene
oligomers ha%%% %ﬁﬁﬁ%ﬁ%%ﬁ%&%ﬁﬂﬁ%ﬁggﬁ%ﬁ(()ﬁl% %‘gg&%gﬁ’ﬂ’ 3 %gfégétlh%r?é IB% ?%k‘ (r%o more than
about 325C gsimeaBeRIBYASEN BEFsanA AR NS IRadubiicaing sibsempgsitign samprising a
major amount of an oil of lubricating viscosity for the purpose of reducing the endocrine disrupting
properties of Alsgdainrdzating oil composition on exposure to mammals is provided. [0015]In accordance
with a sixth embodiment of the present disclosure, the use of an overbased salt of an ofigomerized
alkylphenol, WAERIn the dikydgrdup:ofithie alioptty drobodinamatictioo prpeundiis| desyaticom an olefin
mixture comprising propylene pentamers having an initial boiling point of at least about 195C and a
final boiling pafYiestin mrdiedthanredrinB I8CG ad tnvaslisod e ABTRIREES aslebriadititvelin a
lubricating oil composition comprising a major amount of an oil of lubricating viscosity for the purpose
of reducing tRE"BIRIGORTR SREBEMY prapiieis ndribrrearitnsi rdémparsiicibarrésgbslire to
mammals is rﬁr[ovlde%.&{%oeéG]T e overbased salt of the oligomerized allcylhydroxyaromatic compound
of the presertdiRMSETE frad HETBIREH BB s y"YhseBr &b odide IRt E¥hemicals
when the efgggitiﬂ\{v%ge ggr%pgéggd inan inﬁgt{#uverailg femalq[erfat. Accordingly, the overbased salt of the

oligomerized alkythydroxyaromatic compound of the present dis&isetie €4 -§W§ﬁ¥§gﬁlgﬂgly be

employed In AAMAGNHR0S MG AR AAIAGBPLRIUPIAN. Sffecle When2xpeseg o mammals.
DETAILED DE CRIPTIOI\%N OF THE PREFERRED EMBODIMENTS 10 iﬂe"r%egop%élée"r?tlﬁvention is
directed to apravaHasedSabef A3 UIOMEIERS by ASTM DS6, to a lubricating oil composition
comprising a major amount of an oil of lubricating viscosity.
[G014] In accordance with a fifth embodiment of the present disclosure, the use of

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

group of the alkylhydroxyaromatic compound is derived from an olefin mixture



alkylhydroxyaromatic compound wherein the alkyl group of the alkylhydroxyaromatic WO
2010/014829PCT/US2009/052281 DEFINITTO [00201As used herd, he: dons. unt disrupter'used
herein 13 a compound dvh galaerine SyS)C1T1parUcular. the code OCCSSeS, }.1eTS to ea ydrate
numbers reflect more at TEN fers to the

comprising propylene oligomers having an initial boiling point of at least about 195°C and
a final boiling point of no more than about 325°C as measured by ASTM D86, as an
additive in a lubricating oil composition comprising a major amount of an oil of
lubricating viscosity for the purpose of reducing the endocrine disrupting properties of the
lubricating oil composition on exposure to mammals is provided,

[0015] In accordance with a sixth embodiment of the present disclosure, the use of
an overbased salt of an oligomerized alkyiphenol, wherein the alkyl group of the
alkylhydroxyaromatic compound is derived from an olefin mixture comprising propylene
pentamers having an initial boiling point of at least about 195°C and a final boiling point
of no more than about 325°C as measured by ASTM D86, as an additive in a lubricating
oil composition comprising a major amount of an oil of lubricating viscosity for the
purpose of reducing the endocrine disrupting properties of the lubricating oil composition
on exposure to mammals is provided.

[0016] The overbased salt of the oligomerized alkylhydroxyaromatic compound of
the present disclosure was determined to be substantially free of endocrine disruptive
chemicals when the effects were quantified in an intact juvenile female rat. Accordingly,
the overbased salt of the oligomerized alkylhydroxyaromatic compound of the present
disclosure can advantageously be employed in compositions which require endocrine

disruption effects when exposed to mammals.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[6017] The present mmvention is directed to an overbased salt of an oligomerized

alkylhydroxyaromatic compound wherein the alkyl group of the alkylhydroxyaromatic



higher TEN The ampte cai i by ASTPv 2896 or any 100241 ydroxyarom x| with an o -digomers of
at least 95C ,d U; (Is) neut
WO 2016/014829 PCT/US2009/032281

pommpound iy derived Bom an olefin mixturs comprising mopylanse olgemers having an

""ﬂ -y

initiad b\} ding pountof st least about 19370 and & final botling point of no more than abowt

25 ps weasured by ANTM D6,
i Frior to discussing the favenion in further detsd], the following terms Jmi

b defird

Y

BT Az nsed heredn, the following terms have the following meanings, wndess
erprossty stated o the pontrary:

88211 The term “endoerine disrupise” as weed horeln I a compound which

disrupts normal regulation of the endoc rine systeny o parfieuar, the endocrine systen tha
risgilates reprodactive provessen.

Hinwd Thiz term “Heoe" s used hevein refess to calchmn hydronide, also known as
siaked Hme o hydrated Bme.

1823 Ths ot "Total Base Nomber™ of “TBN s used herein refers 1o the
amount of base eguivalent fo wmitligrams of KOH in | ogram of sample, Thos, higher THN
sumibere teflect more allialine produtis, and therefore 3 gragter Malindly resieve, Th
TBY of 3 sample can B ¢ detenmined by ASTM Test No, D2EDS or any other squivalow
proesdurs.

FEME24 The overbused salt of an oligomerized albyibydroxvarpmeatie sompound of
the present yvention cay be obgined by {8y alkyiating a hydroxyvaromatic cormpoun wiih.
anohedin mbxiuey comprising propyiene oligomers having gu initial %mﬁirsg, pointof af lessy
about 198°C and » final boiling polnt of noomore than abowt 328°C as measured by ASTM

U8, to provide  an shovibydrexygromatie  compoand; ) neutrshiving the



WO 2010/014829PCT/US2009/052281 alkylby'provide a salt of the ..Ikythydroxyaroma (the
allcylhydtoxya of ttn. oUgomerized alkyihydrox and of step It of the. oligomerized alkyl,r( ynape.

allcylhydroxy @rapyiaageel for prepm except for the Jl any kn oiPto  alkyibydrexakamaiic. compon

alkyibydrogyaromatic cotpound of step (8} to provide 8 sall of the alkylyrdmmyaromatic
gomponnd; (o) eligomerizing the salt of the albythvdronvaromatic compound of step (M1
provide a sal of an oligomerized alkyhvdroxvaromatio sormponnd; and {§) overbaging the
salt of the olipomerized ulkeylhydroxysronatic compound of siep (o} 10 provide the

overbased sall of the oligomerized allyhydroyaromatic compound,

&

sy I general, processes for prepaving overbased ssits of an cligomerized
alkvlhvdroxyaromaiic sompound, except for the wse of the lgh imital wiling point
sropylene oligomers, are well known and any kunown provess for wisking overbased

oligomerized alkylhytroxyaromatic salts way bg omployed bersin.  For exueple,

represenistive processes for preparing sach seliz include ULS, Patent Nos. 3,178,368 and

M:_

I80L507 which disclose overbased sulfurized flkylphenates, TLY, Puent No, 3 42981

?

which  disclosss. overbased  slkyiphenolfbrmutdelyde/dmineslkane  condunsation
produets, and 1S, Pawnt Now 5,381,344 and 5488,70% which diselose reutralized
alkylphenol-givoxylio acid sligomers thet ray also be overbaseds. Acoordingly, the steps
cmployed In the prociss for mokivg the overbassd salt of s oligotmrized
alkyibydronyaromatic compound of the present invention ard within the purvisw of dne.
skilled in the ax

[6826] In sep (1), & hywdroXyarcingtie compound . is glioviated with an plefin
nuxture comaming & legstthe propyiens oligomers, Usel hydwoxyaromatic compounds
which fnay be sliclated include mobdnuclear mosoliydrory and polvhvdrogy Cg to Gy

1

o 3 hvdvosy

pd

port

arommatic hydrovarbons having |to 4 hvdroxy groups, and prefosably

pioupy. Suitable hidrodyicomatic compounds include phenol, catsehol, resoroinel

*

i



omtiemind is alkylated widi an olefin compounds dear a ()noisy& xy and polyhydroxy C.6to Cy:,
hydrocarbons4. byttioxy,rably groups,l/y(4;00 natie -pheno WO 20101014829PCT/US2009/052281

hydroquing@g, Ry{981ysro.Kyarornatiehe a ents011101 as measured b amppginaeiRies sured by
AS1N4 086. . g point of at least esi -onlIC ast about )5~C an 'y tSTM 086 n one silt of at least about

2QO0C propylenes have

hydroguinone; pyrogabled, cresol, snd the like and mixtores thergofl A _gartf-:f‘aerré:é
Sydvosyaromatio compound s a phenod,

[T} The ol mixture for alloviating the bydroxyaromatic COMp und containg
i lesst propylene oligomers having sn indial hofling point of &t leawy sbout 195°C and &
final boiling point of no wors tha about 325°C as measured by ASTM D84 In one
embadiment, the propyiene sligomers have an initial bofling podnt of at Jeast abowt 2009C
as measuretd by ASTM D86 In another embodiment, the propylese oligomers hate an
mitial boiling potst of &t lemst sbaul 210°C as measured by ASTH DR In yet anuther
smbodiment, the propyiene sligomers have an Initial boiling point of' at last abour 220°C
as messred by ASTM DES. In stild yor nrnsthir embodiment, the progylese oligomers
have an indtial boiling g:sau*i of at leagt about 225°C as measured. by ASTR DEG In sl

another smbodiment, the propylent cligomery have an initial boiling peint of at feast shout

2R gy measivad by ASTM DE6.
JOUZE] imoane smbodiment; the propylene oligomers ave a final boiling point of

po more than abont 300%0 v moasared by ASTM DES. In another embodiment, the

propylene pligomers have a final bedling point of no more than about 280PC a8 mensured
by ASTR DES In yet ahother embodiment, the propylens oligomiers have d fnal boiling
point of no more than, about 280N as megsured by ASTM D¥d Any combination of the
forepodoy UG botling poents sud Dnel boding poirds for the propyline olipomers are
conrteniplated herain.

R The propyiens oligtmers are commercially avatlabie from such sourses as,
for exgneple, Chevron Grontie Company LLC aud ExxonMobil, or san be propared by suy

method known in the st In a particubirly preferred embodinent, s process for proparing

140



nether fat kast about220C theers tent,pyiene bligomers have a final hoilitof lithe by Asim
086bodim,have a final boiling ASTM 086 Any conthination of the IbmgotDlhag palboiling p contenlp
propyl ts Capgneltigidert@WTI ni thereferred embechmL sources as can beg i fasany/erensanna WO
2010/014829PCT/US2009/052281

the propylene sligomers that cun be used in this Ioventioe employs & liguid phosphorie
acid oligomerfzation catabvsl, see, vg, the Hguid phosphorie actd-catalyzed propylens

oligomerization processes disclosed o U8, Patony Moz, 595428, 2814655 and

JRET S8 32";3 vropylone ollgomery emploved hereln typically contain ap wmore than

b

Py
"

ghouy 20w % oand preficebly no nwre then about U3 vl % of O or lower carbon

nwmber of propyviens jﬁ'ﬁgeﬁmp\ snd easeniafly no sigunificmy ameunt of less than €
propylene oligomer. The propylens aligenery smpioyed hereln may contain any amaout
of tow medeonlar waight propyviene oligomer sushoas propylene wimer o felaroer s ng
ax the inttiel boiling potag ofthe mixture of propylene sligomers 1v at least shout FRS¥

RS Generally; the olefin mixtes will contain z major misunt of the propyiens
ohigomurs discussed herslnabove.  Howsver, 83 ane skiffed in the art will readily
appreciate, the olefin rodxiurk chn tomiain other olefins, For example, the oiier olefine that
cun be nsed i the olefin mixture include linear olefing, cyclic olefing, brasched glefing
cther-than yrepyleny aligomers such as butvlene or mobutylene oligomers, aryle alkvienes

and the ke ad nixtures thereof, Suitable Jinear olofing hwinde {-hexene, buonone, 1-

deceng, [-dodecons and the like and minhures thereoll Hspecially suttable Hnear olefing
are high molecular gi’r{ nommal alpheeolefine sueh as Gyt Gy novmial alpba~olefing,

which can be oblaived from processes such as sthylene pligonierization or wan oracking,
Suitable 2y olie olefins inclide teluhexens, cvclopertans, cvelooctens and e Bke and
miNtures therpodl  Sultable branched ofefing fnclude butyieoe dimer or trieer or Tagher

molecolar welght isobutviene digomers, and the like sod mixtes thereof  Subtable

avvigiivienss Inchude stypene, methyl styrene, 3-phenyipropens, Tophenyl-2-butsns and the

ke and missures thereol

Yo
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P." ci'PUT 0 mcorlower carbon lean gemtoyed herein propylene boiling point of the mixture of pro
hereinahoHowever, as one of the propylene readily ale, the other oltfins that other than nropvcne

oliomers suglyagibiugiginets, arylalkylenes $ include decent, 4od en.e apd-iheshk®andgmixtures the
are high mole datit normal aiphaolefins: St.-.41 alpha-- which can be .ained front processesO0 es the s
e, cyclooctene and the hz-uchd okirns in clod hutylene duncr or tnrnci o higher

Fel31 Alkylation of the hydroxvaromatic compowid with the elefin mixture is
penerally camded oul I the pressnce of an slkylation cafalyst. Uselid alkyiation camlysts
iclude Lowis goids, solid seids, piffuoromethanesulionie acid, and scidie molsoular sieve
catalyary, Sultable Lewis solds include sheninum tichionide, boron trifluneide and boron
wiflnoride comploxes, such sy boron witlooride etherale, boron irifluoride-phenol and
Boron iriflvoride-phosphoric achd,  Sultable solid acids include the sulforated avidic lon

n

exchange resin ivpe calalvels include Amberbyst 38%, available from Rohm and Hass
{Fhiladeiphia, Pa),

B3y The reaction conditfons for the alkylation depend upun the type of catalist
used, and any suitabie. set of repction condifiony that resuly i high conversion to the
allvlhydrosyaromatie. prodect without usacoepiable amounts of eracking oan b
employed.  In & preferred smboilimen of the invemtion, the albvlhydroxyarcmatic
compound that is the wodost of slicylation containg oo more than about 10%, prefenably
ne woks then about 5% of aik} ydragyaromatio i which the alkyl gronp i Cyp or less,
Typicatly, the reaction temperatare for the ally baion reaction will br in the rangs of aboit

Y

28°C for abouy 2HP0 snd prefe

o~

rabily Som about 8550 1 about 138G, The rescfion
PEeSHTE. \‘}é’i:.ii generally e aimmg&i&e‘;‘iﬁ-}_ aithough. higher or owier pressury may be
smploved. Ths::i atiylation process san be practiced in 8 batrlrwise, continuoug orsemd-
cordinutus manner. The moler ratio of the hydrsgyardomahe dmpodnd o dlofin mixtwe

ty rorradly by the range of abiows TR to ghoat 0.5, and preferaldy will be i the range of

ahowr 5.1 woabout 31



ethyl_-buten WO 2010/014829PCT/US2009/052281 (90311Alkylation of the hydC compote-inthe
oiefin mixture Fenest se f an elk>n c inchsoli acids in.eludride and b mitten-ride complexes,. such
boron trifhteligivtfaninggsacidic ion exchange realviit 36a available from Rpbinatigodditadeiphi The
reaction tend’'mon depend upon th and any at.esult in hig alkylhydzywithout unacceptable,
amountsCan be pressure iserafl.y be atmospheric, eniploved.hmon process'-ed n i batithvilii r. The.
molar ratio of the droxaromatic con range of about 00.5:1, and. prefeothes, ) aboc.

8331 The slkyiation reaction may be carrisd out naat or in the presence of &
solvent which is inest to the reaction of the hydrozyaromatic compound and the olefin
mixture, . Wher erployed, 8 typival solvent iv hesane.
W3] 'U_g:sf::n completion -of the reaction, the desimed  alkvibvdroxyaromativ
compound. van bhe isolatsd  using  copventional techmigues.  Typlcally, excess
hydroxyarpmatic compownd ts distilled from the reection produst.
LR The alkel group of the alkylhydroxyarowmatic compeund 1y typieally
attached o the hydresparommatic convpoend primenily in theortho sad pare nosifiong.
{036} The ss.ik'yi}r},fﬁtux}&n;rmmﬁ:ic sompound thus olained can then be contacisd
with # mictal base wnder teactive conditivny, preferably fn an imsfl-vompati ibie Hewid
hydrocwrbon diluent to provide 2 salt of the alkylsedroxyaromatio compound, Pretecably,
the reaction s conducted nnder an inevt gas, typically nitogen The melal base may be
aadded either fn w slagle additinn or in g plurality of additions w intermediae points during
the reagiion
feasTy Suitabde nistal basic sompounds include hydroxides, oxides or alkoxides of
thi metal such as (1) an slkall or albaline eorlh niclal salt derdved from o oustal bose
selogtod frovy an alkalr hydroxide; allall oxide or an alkeh alkoxide, or (27 an alkaline
sarth anetal salt devbved from 2 metal baes sélecied from an slkaling earth hydvexide,
stlkating sarth oxide or sikaline carth slkoxide, Representative cxaples of metal basic
sopnpounds with hdrogde Rmetionglity include Hthinm hydrexide, potessing hydroxide,
sadium hydvoide, magnesiwn hyilroxide, cslolum hedroxide, harlom hydwoside and
[ metal basie ommponnds with oxide

alorienm hydroxide, Reprpsentstive sxwnples of m

funetionality inclode ki oxide, magpesivm oxide, caleiun oxide and bariisn oxide.

ek
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WO 2010/014829PCT/US2009/052281 [0033jThe alkylation reaQtjon. may he carried outin the
presence hydroxyaromatic compounu is dis [00351 The alkyl group of the aikyihydi yaromatic

compound RFinanyinghe ¢ e compo ive conditions, pret hydroealuept{o Riyideassalt of the a
lder an inert gas, typically nitrogen finn or in a plurality of additions ati: 7)" 1 basic, comp fLct kali O

alka or (2) an ago. r
Proferably, the metal bass vend s saleium hydrogide because of Uy handling convenience
and cost versos, forexample, calohnn oxide.
038] 'f he  podralizalion  reactiom betwesn  the  metsd bese and e

allvlhwiroxvaromatic oompound. is pepically conducted o tomperatures above room

g™y

tomperature (25°C3  The neutalization reaction s cwried ont in the presence of 2

promoter such as othylene glvool, formic acid, zeetic avid, sl the ke wnd mixtures

thersol
§'€F{k3‘9"§ The salt of the alkylihy drosyarcmatic compound is then off gemeri’;aed 1Y

provide a salt of as oligowerized alkyihydessymromatic compound.  In theory,

.

neutralization ean be vondocled g o sepevgle slep priey to olipomerization, buwt

nrutralization aud oligomerization can b caried out together in & single process step,

Where the newiraiization 5 conducted ag s separgto step, both the nevtralization wnd the

subsequent oligomerization step are conduoted under the same conditions as set forth

above,
{a In-one ginbodiment, ofigomerization ean be tavied out by contacting the

sals of the alkylhydrenyaromatic compound Wwith 2 sulfur source aptionally in thie presenee
of an oligunetzation promoter. Any swishie sulfur source can be nsed for the
olipenecization step such as, for example, slomental solfir, hedrogen sulfide, sulfu
dioside and sodivm sulfide bydegtes, The solfur can be emploved sither g8 molten sulfur
or s 2 solid {eg. powdsr oy partioulaled or as a solid suspension in & compatible
hydrocarbon Hauid, A suitable oligomerization promater 18 & polvol, tepdoatly s alkylans

diol, g, ethylene glveel, Based on one wmsde of the sall of the alkvihvdroxyaromaiic-

4



-d e earth r &earth 51 be*is with. by hyd *Aide, calcium hydroxide, aluminum hvdroxde.
Reprusentative examples of Metal basic compounds with oxide WO
2010/0148298 ¢ht4$92099/052281 al host: used idung convenie :atalciurp &4 2000/052281

compiound, typizally shont 0.5 to abowt 4, and preferably from W;Lm.r 2t aboaut 3 mioles of
sulfiy s used,
{841 In corfunction with the prometer of mixture of promoters above, g high
molecdar weight alkaned can be emploved a8 8 co-solvent. These igh moleomiar waight
alkanols have stralghs or branched chadn alkyls containing 810 about 16 carbor atoms, and
profergbly # to nbout 13 carbon stoms.  Reprosentative examplos of sultably athanols
nehude -poanol, D-decanol {decy! aloobhud), Zwthvidexanol, and the Hke Parboularhy
sveferred is Zethybbexanel 1 ie bencliolal o use g high molsoular weight atkanol in the
progess becawse H aets as 8 solvent and also forms an axectrope with waler and henes
affords & convenlent way in remove the water generated by the newtralization or any sther
watter i the svsiony, by azectropic distillation either after nw proferably during the reaction,
The high mweleculpr weight alkagol may also play some part i the chemicad reastion
mechamiem o the sensy that it facilitates the removal of the byproduet water during the
resciion, s pushing the seaction 1o the right of the reastion sguation.
[0647} In-anciher embodiment, oligomerization cun be camied ot by contactin
the sslt of the slkylhydeoxyaromatic compournd with v aldehydd e form, g, v sali of &
miethylene-bridged atkylhydronyaronats compound. Sulialile aldehydes include wiphatic
sidehvdes, aromatic aldehydes, heterocyolic aldebydes and the ke and minipres the
Representative examples of such aldehydes inchule formuldihvde, plvoxyiic acid,
acetaldebyde, propichaldehyde,  butvreldehyde,  ghyeesal,  fualdebyde  Zomaeihyl
p.ra‘s:pi_{yr:ai«;%:&i?y(é@ﬁ Temnsthy-bussraidetvde, Fmisthyb-butyrabiehyde,  2.3-dimethyi-
butvrihlehede, 3 3«lmethyi-butyraldehyde, pontwmal, methyl  spbstitnied  pentenal,

benzaldelppde, furfurel and the Bke and mixtwes thersof, The aldelivde may contain 2



kylhydroxvarornaticimpound E,xyannuatic compound: to oligomerization, but top, neutronandarried out
together Separar starid the tioi atted or [00,101 ait ci the alkylh of angorriatittiatieti step sue powd

liquid. A singigepiaiseande carried out by contacri PCT/US2009/052281

subatituent group such ws a hydioxyl, halogen, nivegen snd the ke so long as the
subsiituent does ot take 8 major part in the reaction, Preferabdy, the wldehyde s glyoxylio
setd ar a formealdebyde component. Formsldehyde s avatiable in many forms forgxample
a5 a solid, Dowid or ges, Partioulurly preferred is pasafonmaldehyde (which I a solid
tvpiently 2 powder or Tleked product corsalining the eguivalent of shoul 1% to shous #3%

formaldehyde).  Trioxmte a cryxialine solid may be ewmployed (rioxane Iz the oyolic

g.‘

ik

trimsy of formaldehvde),. However, Hanid hemaldehyde solutions may alse be employed
such as formalin solutions (agueous sphations of formaldehyde, sometinaes in nethaued, in
3T, 44%, or 3% formmaldehyde concentrations we comapondy wsed  formsy op

formaldehyde in an aquoous solution, Addittonally, formaldebyde s also available as g

R,
843 i another ombodiment, oligomerization can be carrled ow by contaviing

the sali of the altkyibydrogyar omatie compeaund with an sldehyde and an smine souwrce in &
well-known Mannich reaction. Spitable aldehvdes Inchude any of the aldshydes disonssed

.

heveinnbove.  In one embodiment, the amine source comemplated hereln fvun aming
which contsing an aniing group chavavterized by the presence of st lvast ong aciive
tvdrogen stoms Such amines Ay contain enly primary aming wmu;m only secobdany
aminiy groups, o both primery and secondary groups. The aolnd may be 4 mono or
podvaming Roproseaiative examples of wsefil arine compounnds imetude Nomethylaming,
Nethylamine, M-n-propylanise, N-isopropylaming, Nen-butylaming, Nedsoburylamineg,
s-tanylarming,  Neerbbuivhamine,  Neo-peotviamine,. Mocyelipémylaming,  Nea
hexvismdng, Neoyvelohexylaming, Moo stylsming, Nedeoylamine, MN-dedioylamine, N-

octadecyloming, Mebenzylamine, No(lophonylethyl) amine, Z-aminosthansl, 3-auaus-be



und with sulfur source opoonally in the presence ulfur source can be used for the le, elemental sulfur,
an be employed either as in solid susponsi later as a pelyol, typically an aikylene 0 one nuAt of WO
2010/014829R 6ok H49R999/052281 4, and probout .3 moles of are used IpgoRjuidonsnii the
promoters ahoy tight alkan.oi can be employed as a co-solvent.e high molecular weight straight oratl
0 about 13 carbonmples include tootl-decavi adlike. Particm alkartol may also play WI ense that. it
13Cil.ci

propeingl, 2-{Z-aminoeiliyagy) erhandl '?Qw{2~.miii§iém§-'a€§.}3§;i}-&ﬁzimg (2
ethosyvethyDataine, MM-dimsthylmnine, MN-dicthylansine, N N«tbnpropylaming, KNN-
difsopropyhumine, M MNwdbnbutylamine, NMwdiaso-butylaming, NN-dba-pestylaming,
N Nadbachexvlaming,  NN«Hoyolohesviamine, N M-dootvlaming,  Wosthyl-N-
;‘mrthg»fimnizm; NepsgthebNeppropyviaming, Nen-butyl-Neamethyhoning,  NemethybNe
sotvlamine, #-ethy-N-isopropylantine, Negthvb-Negorylamine, MN-di 2.
yehroxyethyamine, N’,N’»s’fx‘_i{ﬁ?%}ydmw;‘)rﬂpﬁ_}mrzéﬂ»::g K -dilethoxyethyDaming, NN
iﬁi{_g}m?m;§f‘€§§&}’§.}£&‘£’s§!}m sthylons dinmsine, diethyleng tiamine, ‘ixi:_:::ﬂ*agi_.@ne SEIrAMINIDG,

fetraeihylens pepiamine, and percacthylene besamine, o- me- and prphenylene sHamine,

o

¥

diarnine naphthalencs, Neacetyl tetracthylenepentansing, and the corvesponding frmyl-,
sropionyls; Bugyryle, and the ke Nesubstituted compounds, morphotine, thiomorpholine,
pyrrole, pvrmime, pyrrotiding, indole, pyrazole, pyraeaiing, pyrezoliline, imidazele,
imidezolne, midasolidine, pipedidine, phenosavine, phenthiazine and thelr substinged
arsalogs, svd the dike.

fihad) I o seocndd embodiment, the sinine sowce 15 sv amine weid or salt therent,
By "amino acid” 5 miegnt any orgenic anid containiig @ least one primary, secondsry or

ER

tertiney apaine (W<

F&

3 proup and ar least one acidie carboxyt GUDOHD groups. Mitures of
Sifferent amine acids san be used.  Reprosentative examples of aming spids fnelude
olivoing, slanine, Setd-alanine , valine, ié-s_:-a:. fie, dsolenging, phenylalaning sefine, threoning,
tprosing, metlionine,  S-aminoheranoly seid, proline, hydrowsproling,  yptopdan,.
histiding, lysine, hydroxyvivdine, argivine, aspartic aoid, asparagine, slassmic acid,
ghilaming, oysieing cystine, ethylonvdiamineistrancetia sold and witvllotriacetic aeid and

v

other alpha-amihe seide comaining 1 1o § carboxyl grovps. Particularly preforred are the

-~
7
Ie



C'elude all; tcyclic aid :des atre and examplessuch aldehydesthy&
by.lhyiTbptyraltiolridmethyl-hltbiralciehyde; methyl substit,etl brfural and WO

2010/014829R G4 34699/052281 subsUtuent group such as a hydroxyl, fiajagenadika 591

subscitu.aldehyde i. hyde cc PCd is afixample as aad "de twhicl )roduct containing the cc

:shycrystalline solid may | vever. liquid thrmadehyde solutions may also be
employed such 4,lutions of thrmaldehyde. somethnes in tneth 44%,t aldehydeare conin)OnV tsd
forms) or

aming acidy which are. feadily available in commercial quaniities such s glyoine, e
abanine, nitnloiraceiis acdd, sl

HEIE S Tx’pa gl Manmieh reactiony are well known in the art for sxample, as
disvlosed v ULE: Pator Nog, 3308073, 3,849,259, 4,137,309 audd 5,370,803, the contonts

of which arg incorporatad by roference herein.

6] The rexuliing salt of sy oligomertrad aliovllydroxyarometic compod s
thersnverbased by reaction with an avidic overbasing vompound, such as carbon dioxide
oy borie acid. A pastieutarty preforred overbasing provess is varbonstion, Lo, @ reaction

with carbon dioxide, Suach mrém—zraiém can be convendently effected by addiBon of a
potyol typieatly an allplens diol, g, ethidene glvool, and cerbon dioride to the sal off an
oligomerized alkyivdmnyaromatic compound.  Convenfenily, the reaction is conducted
by the simple expediont of bubbling gaseous carbon dicxide through: the resction mdxtore,
Exesss dluent and any weter Tonmed during the overbasing resciion cin be copveniently
rempved by distillation cither during or after the reaction.
[T Another smbodiment of the present invention is drecled @ & tnbricating oil
goriposiion cordaining ot feast (e 8 maior anount of 4o ot i:r.i"!‘&.@-hﬁi:&ting visgogity, and

-

(BY an overbased sult of an oligomerized alkyihyidroxyaromatic compound of hia
ivertio on which by uaefid ax g lobrionting o4 additive. The lnbricating ofl compositions
cen b preparad by adidixing by conventional technigoel, an appropriste armoumt of the
tubricating, off additive of this mventiow with 2 base oil of Jubricating visvosity, The
setoction of the perbiculsr base of depends on the dountemiplmed sppliention of the
Inbricant and the presense of other addivives.  Generplly, the pverbased aalt of an

aligomerized alkyliedrovvaromalic compound of this invention will be present In the

gt
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solution, Additii 2-(2 yininoetetha hylarnine, NNdiethylai N,N NNdicyciohexyiamine,
thylaropyhttnine, N-n hydroKN tetraethykne peniamine, and pentaethytene h 1enes,Nacety

tetracfyleneypropimugesnpounth pyrrolle,dolt pyra imidanidinee. phenthigahguan@deadar salt the a
cup and at kan one a die carboxyl (C o acids can he used.Die examples bota-atanine, valine. leoeine,

hexa attic acid. asparagine glutamie a e ,ps, Pet.tv
tubricating ol compositions in an amoust of sbou (.01 © show 40 wt. 9% and peoforably
feear about B to aboat 20wl % bawa*d ane ke todal weight of the fubricaiing oil
compositibn,
10448 The oil of lubsicating viscosity for use tu the hulieating ol compositions of
this fvention, slws referred to as a'base off, I8 typeally présent in andior shcant, eg.
smount of greater than 50 wi %6, weférably grestor than abeul 70 Wi Y, mors prefombd i 1
frorn about £0 1o abous 395wl %6 and most preferably from abont B35 & about 98 wi
ased on the tolal weight of the composition.  The expression Vhase of™ as used herein
shall be nnderstoed 10 mean 6 base stoek or blond of base stocks whish B o lubricant
compenent that te produced by 2 single mosufictorer lo the same specifications
findeperdent of foed sowrte ov manulbotwrer's location); et mests the same
manufactirer's. specification; and that I8 identified by o unigue formuls, product
flentiBoation mavber, or bath, The base il for use hevein can be any pmwnﬁv x.mv T or
fgtor-discovered eit of lubricating viscosity wsed in oonulsting lebricating ol
compositiong for any and sl such applieations, e.g, wagine oily, marine ovlindder vily,
funcional fulds such ss hydiaudic oils; et otls, ransimission fhaids, ete. Additionally,
the hase oifs for use berein penn optionally conmfuln viscosity mdex improvers, o,
potymeric alkylmethacrytues; olefinie cupolyniers, o, an ethylone-propylese copolymaer
or & siyrone-botadione copabymeryand the ke and mbitures Qereod
{49 As ong skilled o the art would readily spprociate, the viscoshty of e bage
ofl is dependent upon the application.  Accordingly, the visvosity of & base off for nse
herety will ordinorily range from sbows 2t abowr 2000 comistekes (689 a 100%

Centigrade (), OCenerally, individually the base oils nsed as engine oils will have g

: L)
R



WO 2010/014829PCT/US2009/052281 amino acids which are readi'y available in corn.merci& g
alanirie. nitrilotriacetic [0045jTypical Marini reactions are well known disclosedU.S. Patel

ofincoruoratgg by g gsein. and.5,.370.tbeiicon 1,y an ayiene dioi oligogaglgshos/osz2s1
aik.ythydroxyaromatic. compound.Co ipie expedient of bubbling gaseous carbon dioxir at-and any

water formed during the imams oved by distillation cit 0471 fter the reaction. theiprose invention is
ount clan cal of Jubricaling vi (b) an overbase inventionabneating oil coanpoattions

kinematic viscosity vange ab 10090 of absut 2 0B 1o about 30 oRt, preforably about 3 o8
to ahost 16 o8t and most preferably phoat 4 oSt to shoug 12080 and will be selevied o
blanded depending on the desited end use and the additives in the finished oil w ghve the
deain vixt - swrj;, of engine ol g, o hiwicating ail DO sithon having an 8 SAE Vise psity
Grade of OW W20, W30, {}Ww#{%} QWA OWLB0, W, SW.2H 1, SWL3G, IWaL0, SW-
50, SW-B0, 10W, 1OW-20, 10W-30, L0W-40, [0W-50, 1SW, ISW-20, 1SW.30 or 15W-
A0 Oile used ap geabollS pan have viscosities ranging fomtabowt 2 o8 o abowr 2000 o$t
st TOUPC,
s Base siocks moay be mamdiciored using a variety of ditferent provesses
including, bt mot Uodted to, disdillagen, solvent refiming, hydrogen processing,
cligomerization, esterilioation, and revefining. Rerefinod stook shall bo substantially Hee
fromm matertals introducsd theough manufacturing, contwnination, or previons use. The
base ot of the hbricating ol compesitions of thiy mvention way by any natursl or
syrithetic lobsicating base oil,  Suiteble hydrocarbon synthetie oils include, bul are not
Himited to, oils prepared frow the pobvmerization of ‘€i‘§§‘§1‘}~'3§iﬁf§ or from the padymenzation of
Tealefins to provide polymens sich as polyalpbiolefin or PAD oy, or from hydrocarbosn
synthests procedures using carbon monaxide and hydrogen gases sugh as in a Fischers

Tropiach procsss, For omnple, wsuitable base oll iy onethar comprises Bde, i any, heavy

fraction; e, Hitle, i any, fube oil faction of viscosity 20 oSt of kigher st 100°C
aas1y The base ol may be derived from nstured obrigating olls, syl m’.-

Y

luhrioating olls or mixtwres thereodl  Sultsble base ofl intludes base stovks oblalned by

o

isomertzgtion of synehetie wax and slaek wax, a3 well a8 hydicosacked base stotks

produced by hydeoerseking {rather thap sobrent exfracting) the aromatic and polie



-dappropriate amount of the lubricating viscosuy. The proseCanon OkylhydroxyarithisWill be pars WO
2010/014829PCT/US2009/052281 latticeaL Ol to about 40 wt.. % and prefe from about O | to about 204
10048fubricgeileanépsasitions of t'tirred to as a base 0:  be understood te¢tpmadpaRasg etolte whith
is a lubricantd by a e tu cove cOthy used 11on e.g., functionsoils, tram

components.of the srade,  Sublable base oils include those in all APL categories 1L 1, T, IV
and ¥ as dedfined in APT Publicetion 1309, 1dth Bdivion, Addendam §, Dee. 1998, Growp
TV base oils are polvalpbaoiefing (PAQY. Group V base oils include all other base s:si;}g_mt
inchuded oy Group 4, i, HL o IV, Abthough Group 1, Hlangd IV base oils s pm?cm@s‘.ﬁ‘
for use in this dnventicn, these bese oils may be prepared by combining one or more of
Growp I, 11, B IV and V base stocks or base ails,

fans) Useful naturad oils include mimersl ubrivating olls sueh sy, for exareple,
Bouid petrolenn oifs, solventetreated o ackb-treated nineral Tubtemting oflx of the
paraifinie, naphthénic of mixed pwaffinio-nsphthenic types, olly derivad from coal or
shale, auimal oils, vegeabls oils (Blg., rapescad oily, castor oils and lard off}, and the like,
Lt fsefal svnthetic Jubricating offy  include, but are nof hmiled @
hedrocarbon eils and  helo-substiteied  hydrocarbon ol sueh a8 poiymerized and
interpolymerized olefine, o, polvbuivlenes, polvpropylmes, propylenesisobutylens
copolymers, chiorinated  polvbutvlenes,  polyii-hoenesh  poly(l-ootenesy, poly(le
docenesy, and the Iike and mixtures thoroofl slkvibenzenss such as dodecyibenzencs,
tetradenyibenzenes, dinonylbenzenes, difZ-athythexyi}-benzenes, and the Hke polyphenyls
such as bipheayle, terphenyls, albvisted polyphenyly, wnd the ke alkvlated diphenyt

ethers and alkylated dipheny] slfides and the derivative, analogs snd homclogs thereaf

ard the Bke,

aaRg) Othier usefal symibetiv lubricating otls tholade, but are siot Hindted 1o, oils
made by polymerizing of ofins of tess than 5 carbon atoms such as othylens, propyiene,

tagtylenes, Bsobulete, pentens, and mixiured theteedl Methods of proparing such polymer

ol are well knpaws o those skilled nthe art.

5
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alkylmeaPI 'met: and thod ixttires. WO 2010/014829PCT/US2009/052281 kinematiciosity rato abacSt
lactated usingat<Jf different solvent rmet ohgornerzaton,Rerefined stock shall be subsiafree from
materials infyexsingnsantamination, or previousThe bast oil of the lanpQsthengshibiserygntion may be,
any natural or syPthetkt.bricati Suitabledtt. but are not limited to, oilsprepared front the polymerization
of ethylene or from meld(' poh>mers such as polyalph.aoicfin or FAQ esis procedures using carbon
monoxide and. hydrogen sprises 020 cSt or hifijaer nay lubricatiSuitable base oil includes base: stocks
obtained by

1B085] Additional usaful synthetic hvdiocarbon eily ineluds Hauld pobvmers of
aipha olefins having the proper Visgos . Pspecially useful synthetic hydrosarhon oils are

the hydrogenated Haped oligomens of g o Gy alpha olefing such a5, for exwmple, &

decsne v,

HiRG ) Another class of useful synthede lubricating ofls include, but are ndt
thited o alkylene san ;\ﬁwnw& e, homopolynars imterpolymers, and derbeatives

thereof where the termsnal hydroxyl proups have besn modified by, for exemple,

eaterification of stherifloatitmn. These dils we ssomplifind by the oily prépared dwougd
pabamerization of ethylene oxide or propyiens oxide, the alkyl and pheny! elhers ol these

patyoxyalieylens polymers (e, methyl poly progylene glvool ether Baving & averags
snolecudar weight of LG d;pmm*} ather of polvethylene glveol having » molecudsy
wtght of SOG-1000, dethyl ethar of polypropylene givenl having & molecular weight of

ste) or mono- and polycarhoxylie esters thereof such as, for example, the

L5

seetic pstors, mixed 050G fatty acld esters, or the O exn aeld dlester of tetrasthvlene

glyeat
g}@g” ‘-\-)‘.:‘. PTE LS ‘é ot e cof oxemdiel @ ﬁ i i) €3 .E T “g- ! "ie:‘ ‘E\ A g o
{887} Vet ansther class of usefid syntheliv Tubrivaling oy inchede, bt wre na

fimited o, the esters of dizarboxylic avlds o8 . phthalic acid, succinie acid, alkyt sycchoie
acids, alkenyl suecinic avids, maluie soid, axolaic sold, suberic acid, sebactn acid, famaric
actd, adiple aoid, Baolsic acld diner, malonie acids, alkyl alonie acids, alleny! sulowic
T

iyt aloahol, f:m\i atcohal, dodeeyl

soids, sto, with g variety of alophols, ez, i

’»‘:“

aleoniol
Decthihexyt alg obiol, ethylene glycol disthelene wlyeol monosther, mropyiene glyeol, oté

Specific examples of thee esters nchude dibniyl adipate; difethylhexylisebacute, diane

hexyl futnarste, diocty! sebucate, dilsoostyl aztate, ditsodecyl srsluie, ooyl phibalae,

2ip
[yl



synthestocks WO 2010/014829PCT/US2009/052281 and V as delm ded le base PI Publican ide
tho Group -nip V base oils include allr base oils not Group 11,ttc 'on these base oils may bered. and

.V baseiSkitiip g basg@ut al oils include mineral liquiditolcuit oils, solvenpregiedmfpaghe .e
oilsrapeseed lttbrica and' hydrae’

didecy! phibalate, diclcosyl sebacate, the 2rothythenyl diester of lnoleie acid din, the
complex ester formed By rescling ons mole of scbacic achl with two moles of
telrasthylons ghveoland two moles of Z-athyihexanoiy acid and the e,

[858] Bators nselfil as synthetic oils also Include, but pre not Hemited to, those
ride from carboxsHe acids having fom about 340 sbont 12 carbon atoms with alcekuls,
o4, methangl, wthatiol, #to, polyols and polvsl wthers such as neoponpl ghyeal,

Q'M

irimethviol propans, pentservibritod, dipentssytrit], tipentaervibritol, and the ke

REEAY Siftvon-based mils such as, for example, polyalicvls; polyarvi-, polvalkosy-
ot polvarvioxy-sitossse oils and silicate ofls; comprise gnother useful cluss U syathetic

ubricatiog. ofls,  Specific examples of ihese nclude, but ace wit lindted fo, tetraethyl

\

siffoate, teira-dsopropy! silieats, tetra-(2-athyihesyl) siffoate otra-{d-mathy MexyDsilivate,
tetra-{ plert-butyiphenyiisilicats, hexyl-(amnethy b 2-pertoxy disiloxane,
polv(methylsilosanes, poly{metbviphenyDstionanes, snd the ke, Sl yet other usefid
syntholie ebricating © sils include, b are not Havited Yo, Howdd esters of phosphorous
cemtaining acids, e, ivicresyt phosphade, Zi'si_m:.gx phosphate, dethy i ester of decane
phosphicnic aeid, ete., polyments tewabydrofurans snd the like,

FHIG] The hubricsting ofl may be derbved Hom warelingd, refined and rerefined
otls, either natural, svnthetic of mixtuess of two or move of any of thess of the ype
disclosed hovginabove, Ulnrefined oils are those obmined dirsctly Bom 8 natural or
symthetie seurce (g, conl, shale, or tar sands blromen) withowt Rwther purification or

teestiment, Examyples of uwrefined olls inctude, but are not Hinited to, u shale of] obained

divestly from retheting ©

perations, & petrcloum vil ubtained diveetly fromn distillation or an

egter oil obtained directly froin an edterifiontion procéss, oack of which is then wed

]
ik



erized olefins, polybutyt polyprop is, poly( | -hexenes), poly( deccrics), and the like and mixtures
thereof; alkylbenzdecvilb 2ethy.lhe.x:yl)_benzne; and the like;lly s such as hiphenpohphcnsh mci the
likealkylategy@inhaiimlsgnd the derivative,logs, and hum arul the like. made 8y, giyeiizisgrbon atoms
sethyl hutylenes, | sohutene, ,entiene, and mixtures thereof. Methods oils areskilled in the a WO
2010/014829PCT/US2009/052281 nal useful synthetic hydrocarbon roper viscosity.
spe.ciafly useful synthetic hydrocarbon. the hydehgornrs of C6 toalpha olefins such es, for exarn de

Another class of is ethylene oxide pon thereof' where the ion. orerific .4 bornopo
without furifer trestment,  Bedined ol are similar to the anrelined olls sxcept they have

been forther treated in one oromore purificstion sieps o improve one or more propertes,
These purificstion feohmiques ary known to those of skill in the art and include, for
sxample, solvent extractions, secondary distllafion, acid or base extmetion, Diration,
pereolatiting, hydrotrenting, dewaring, ote: Rerefined oify are obtained by treating ased ofls

3

in processes similar o these used to obitaly refined oils. Snoh revefinesd wils are &

s

ls
Yooy s veptabmed or reproceysed olly and often aveaddiionally processed by technigues
directed 1o removal of spent adiditives and ol breskdown produsis,

HEC I Lubticating oif base stocks dertved from the hydiotsomertzation of wax
may also be tsed, ofther slove ot iy combinatton with the dfoeesald nauidl andior
sypthetic base stocks. Such Wwax isvmerate ol is produced by the hydrisemerization of
natural ar synthetic wakes ov mixfures thersod ovel g hydroisomerization catalyst.

3

A Matural wasss gre typioally the slack wakes recovered by the selvent
dewaxing of miperal oila) ﬁ}“t‘cﬁi{iﬁti&: WRKES are ty pically the wax peoduced 'E::_}-' the Fiacher-
Tropsch, pmm

FOOB31 The fubrioating off composidons of the present Tnvention vy also vonisin
other convantional additives for imparting anxiliary fusetions {o give a faished hubricating
olf composition in which these additives are disporsed or disselved. For exmmple, the
Inbricating oil ernpositions can be blended with sntioxidants, anth-weay agents, detergents
such as mesal detergents, rust mbabitors, da:sitcazam aponts, demulaifving ageots, metal
deagctivating sgents, fiotdos wodifiers, powr polnt depressants, saifoaming agents, oo

solverds, package compatibilisers, cotroston-inhibitors, sshless disporsants, dyes, extreme

pressure apents and the Hhe and mixtures thereof. A variety of the addiives sre knowy

1.5
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4." oils include,. hut are not bE', prepar opylene oxide, the alky of ;000,thyiene glyccitXit  of
500-1000, diethyl ethek 0 polypi( 1,500, etono- and polycarboxyli acetic esters, mixed 3-05 fatty acid
esters, or thggeii@ipugiaht. of thereof such as, acid ieSter 10057]irithetioplgprigating oilss ited to, t,
phthalic acid. saccin3c hexyl I,

and commercially avallable.  These additives, or thelr analogous. compounds, can by
mmb}e d for the proparation of the fuhricating ol compositions of the mvendon by the
asual blending procedures.

fihe gl Examples of sutioxidangs nclude, but are not limited o, aminic types, e,
diphenyiandne, phenyvi-alpha-napthybamine, NN-ditaliylphenyl) amines; and alhylated
phesivlono-diandney; phencBes such as, for example, BHT, sterically hindered alkyl
phenots sucl as o-di-tert-batviphanad, 2.6-dien-butybp-cresal and 8 Gedictert-butyld-
{Z~autvi-3-propanie) phenol; aad aviatures thereof

{065 Examples  of ashiess dispersants include, but are nol Hmited o,
pobvathyiene sucenbe anhvitides; non-itrogen containing devivatives of & polyalkylens
succinie anhedride; @ basie nittogen oompound selected fromy the group cousistiag of
succtnimides, varboxyiic anid amides, hydroearbyl monodmines, hydrocarbyl polvamines,
WMamtich bases, phosphoncamides, and phosphoranndes; iasbles, e, alkviviazoles and
bensotaigzoles; copolymers which contaln 8 carboxylate eafer Wwith Gog or more additionsd
poter fanction. including swine, amide, tmbne, imide, hedraxyl, verboxyl, and the like
.. prodacts prepured by copolymert wation of ong ehadn alkyl aorylates oy wmethaorylates
with monomers. of the above Bmetion; and the ke and mixtures thereof, The dertvatives

of these dispersants, €5, borsied dispersants such as borsied suochnimides, may also be

pxed,.
LU Examplos of rust inbibitors elude, but are sot lmited &, nonionic

polvoxyaikylene agents, eg., polvoxysthylens Jauryl sther, polyoxyethylens higher

<

sloohel other, podvesyethyviene sonyipheny! other, polvoxyethyiens ootviphenyl sther,
yopRARY p f 7 i g ¥

"

polyoxyethlone ootyl stearyl ether, polyonyethylens oleyl sther, pulyoxyethylene sorbital

w

3
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WO 2010/014829PCT/US2009/052281 tosyl complex ester forme tetraethylene gi col and two m Id
mole of sebacic acid with two moles of hylbexanoic acid and the also ircl made. from carbox

tri. methyiol Ri@BeRiM 8ibioxy-ailoxane lubricating oils isop tort utylphenvpsitieaienoohsags; polypoly v

monosiearsie, polyoxvethylene sorbitol moncelesie, and polyethylene glycol monooieate;
stearie acld and other fevy acidy dicarboxylic achle; melal sosps; Sty ackd amine salty;
metal salts of heavy sulfonic aoidy partial carboxyiie acid estpr of peolyvivvdric aloohued;
phosphoric esters, {ﬁh{}ﬂ‘;;tlzﬁn} alkenyl sucsinic avids; partial esters thereod and nifrogen-
comaining i§i2Y1 vatives thereod; synthelio alkeryisuifonnies, eg., metal dinonvingphibalene
sulfonates: and the ke gnd mixiores thereof,

{B4867] Exanples of fricnon modifiers include, but are not limited to, stkoxylated
fatty anines; borated fatty epoxides; futty phosphites, fatty epoxides, fatty arnines, borated
athoxyisted fetty amines, wotal salts of fhity sclds, fatty acid amides, giveernl esiers,
borated glveere] estors: and fatty imidazolines as disclosed in ULS. Patet No, 6,372,694,

+

the contents of which are incorporsied by reforence hereln; fiction modifisrs obiaine

from & reaction product of a Cy o O, preferably a T to Ty, and most preferably a Oy o
o fatty acld esier and a nilrogen-coniaining compound selecied from the group

consiating of ammeonds, and an alkanclunine and the ke and mixtwes theraof,

[a68] Exanples of antifoaming agents inchude, but are not Hmited 1o, polymers of

atkoyl methaorylate; polymers of dimethylisiticone and the ke and mixtures thereof.

S Fach of ithe foregoing additives, whep wsed, s used wf o functionslly

effective amount i hmpart the desired propertios fo the lubwicant. Thos, for example, an
additive s & fricton modifier, a functionally effective amount of this Fiction modifier
would be an anowt sofficient o dmpat the desired fclion modifving characteristios 1o
the .Eufia-r%t;tezm. Crengrally, the concentation of cuch of ihese additives, when used, ranges

fromy about 4.001% 10 abowt 20% by weigly, and i one embodiment about §.01% to ghow

10% by weight based on the total weight of the Tubricating oll composition.

2



cornprgeful class ode, hutlimited to, tetra etra-(4-meth.yhhex Sici noly(inethylphen siiox
es and the syntheticg oils include, bat are not limited to, liquid e p heap to,. polymeric
tewahydrofyransg faféeaiwg oil ma be derived from u or mixtures of two or more; ofasw=eighesethe type.
e obtained directly s bitumn) wiLInon or a oles of muoil Dint e cetly ftdirectly.1 ester oil obtainedeach o
WO 2010/014829PCT/US2009/052281 oils are sin ero

HH T The fingl syplication of the lubrivating il sompesitions of this Invention

may be, for exampls, in marine oylinder lubneants i orovshesd diesel sngines, frank

piston engine oils, crankease lobricmss in astomebiles wnd raiboads sad the lke

funciionsl fluids, Inbddoants for heavy machinery such ss steel mills and the Uke, or w8

gresses for bearings sad the Bke, Whether the lubricating ofl composition s fluid or solid

will ordinarily de

send on whether o thickening sgent s prosent. Typical tickening agants

=

nctade pohares acetates, Hihinn siearate and the hike,

BUTLH Faniother smbodbrent of the invention, the Tubricating oll additive of the
prasent fnventon may be provided s ap sddisive package ov concentrate in which the

addisive ¢ Incorporated inforg substantally Inert, normaily Heuid rgonio diluent such as,
for example, mineral oil, naphths, beumzene, tofusne or xylens 10 form aw additive
goncertrate, These coneentraies ustally contaln fomeabout 20% 1o shout 80% by weight
of sych diluent, Typically s oeutral 911 having o viscosity of about 4 o alout &5 ot 6t
100°C and preforably ghout 4wy sbout § 8cat 10870 will e used e the diloent, though
syithetio oils, a3 wall as vther organic Houids which we compatible with the additives and
fiaished fulelcating off can abyo beused, The addifive package will also typloatly congin
org or more of the various other addittves, referred to pbove, i the dovired amoints and
rasies to faciiitare divect combination with the requisite awmoum of oil of lobricating
Yiscosily,

18672 The following non-limitioy exammpdes ae lustrative of The prosest

Invention.
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ple, solvent clad on hydrotreating, similar to those dined or 'spent additive obtainted. additional
products. s derived from the hydroiso cibresaid.l an synthetic hasks. natural Or syntS Or nn xtu
00021es arg,typisaticsiay the soiv dewaxing of mineral oils; syntdt.eed by¢hekisghgsimpach.proccas;
other copy, oil corn thating oi

VAMPLE

187E) Preparation of Propylens Pamamer Alkyiphenol
1G074] To &30 galton steinless siesl reactor was charged 40,68 kg (4325 moles) of

melted {approvimately 45°C) phenol followsd by 3028 kg (144.2 moles) of propylene
pemtanisr oligomer commereially available from Chevron Orondte Company LLC ander a
positive nitrogen atmosphare. Next, 335 kg of Anvbertyst 38V subfonic acid jon exchangs
rosin wag sdded o the reactor, the mechanica! ngitaror wae tuned on to 375 vpen, and the
pesstor prossare was set w1518 pelawith @ vapor vent Hie temperature of 70°C (Bt
water), The reattor whs heated 10 approxinately 18190 over | howr and 30 mingtes and
then held af this rempératate o § Hours, The agitision was then stopped and the rescior
was ablowed W@ cool 0 790 pver 13 howrs and 15 minoiog, and ontalyst removed, The
reacior contenis were distilled toremove unreacted phend, and then allowed o cool o
room temperature. The fingl distiled product was drained Toay the bottom of the weactor,
The propertes of the final produdt were o follows: Viscosity = 1249 ofT (407Cy,
Hydroxy] Munber = 187 mg KUV of saople, snd Bromine Mumber = 38.0 g B/ 100
goaf sample,
EXAMFLEZ

BO751 Propurstion of Dverbased Sulfurized Phenate from Propylens Pertamer
Alkyiphenel,

167481 To o ¥ liter plass rescior Pited with & mechanical stivree, distiilation head

vinted thrvogh & gas serubber containing 10 w1 % agusous MaleH solution and & gas inle

tuabse wvas adided Ti88 g & the pmémi of Bxamaple 145300 gof Exxon 100N ol 4613

ij

of decyl slechol, and 720 g of Anoen 8221 (an LOUB sulfonate). The mixture



.C additives blended vention nray dso conta a finished Ittbn dissoved. For idants, ant.iwear agents.
detergents anal o aces compouri ampbricating oil compositions of the inv usual bkm0O [00641alleles of

amiticwdpeg;oe@o/siRkyhu, phedne. hi,bl lheftylene hots such as2,6-di-teftrbuidogashisand thixturs
theree of polyalk suechlie anh,On soccinimides carboxync. acid amide Manniath bases,.
phosphonoa:midea, "ocopolymers which c, polar fttnction.d.e, amide,

agitated and heated to 7190, and at this towperatues 3375 g lme way sdded, Pollaw o by
1125 ¢ solid sulfur. The terperature. of the reactor was incregsed to 137 8, af which
semperatiee addition of T16.4 g of ethvlone glyveol was performed over 45 minates. After
she addizion, the reactes temperatire way ingreased to 199°C, and 1834 g of sthylens
ghyont was added to fhe mixture over 25 miswes. Affer the ghyeo!l sddition was complete,
the temperaiure was incrensed 1o 177 °C over 235 minutes, At this temperature, addition of
120 g of OOy was begus at an addition rete of (U564 g/minate. 110 minttes afler the 0Oy
addition was started, 74 4 gof ethylens wivool was added over 1S minutes. After the COy
poddfion was complete {210 fdveies afler it wis be sgnn), the reactor was heated
approddmaely 212 °C under vacoum 1o distill the aleohol sebeaint 1o aiford & crude product
with g 0.7 Vol % orude sefimant. Fiitration of this sragde prododd afforded & fingd produst
with the following propesting THR = 288, wi ¥ 8 = 358 wi, % Ca = 107, wi % Qly =
663, The vidoosity of the fingl prodhs dilnted with Exxof 160 K off fo achieve n 330
TEN was 75 o5 (1000

EXAMBLES
T T Preparation of Overbesed Sulfinlyed Phenate Hom Propylece Pentamer
Alloviphenel,
[OOTE] An overbased sulferized phenate was prepared in substantially the same
manmer as in Esample 2 to proy ide a 2% TBN overbased sulfivized Ca pheosls

panventeade with the following comporsnts:

{TS 4672 g of the produgt of Example 1
{8 3734 g Bxovon 100 Newtrad 08
{30811 4772 deoyl alpahol;



products,copolymerof loh A the like anthereof dispersants suchbe used [100661Examples of rust
inhibitors include, but are not limited polyoxyalkylene agents, evlaurytxyethylen alcohol ether,
polyoxyethyieneaherspaiyoxyethviene octyl WO 2010/014829PCT/US2089{an288dgmenotaearate,
polyoxyeihyiene sorhitol inonoone glycol.dealt; stearie acid and other fatty acids; dicarboxylie acids;
meta: soaps fatty acid amine salts; salts of heavy sulfonic acid; noxylic atmof polyhydri phosphoric
esters; (short-ctalkenyl suct. COMsynthetic alkarlzulfbnate a. e-tend dihoale iures.of 6Examples of
friction modiflersinclude, but are not limited to, alkoxylated .ed fatty epoxidesA fatty phosphites, .fatty
epoxides, fatFalalkoxylated fitfPartines salts of thity acids, boratedcabers:lines as disclosed in US.
Patent No. %ﬁg'ﬂ?%, the gongents of which are incorporated by reference herein; friction modifiers
obtained frifraIROM; <+0-7 & 1He;

Hegg) 93,3 g osolid suifar

{6088 | Fivst Bthylene Glyeol Chavge = 1317 g0

[B86 Sgeond Fthylene Glveol Tharpe = 82,0 g and

ST Cy Chargs = 86.0 g ot (.47 gminute,

BRI The crude product contained 2 crude sedimment of 0.8 Vol % and the filtered

crude product had the llowing properties: TBN = 318wl % 8 = 364, wi % Ca= 11K,

vt ¥ 00 = 187, The viscosity of final product dilsted with Bxxon 106 W O w achieve

2300 TEN was 574.2 ¢S €100°%C)
EXAMPLE 4
{80 Proparaiion of Propyiene Pentamer Alkyiphenol.
b An alkyvlphenol was made by alkylating a phenol with & propylens

peramer commercially available from Chovron Cronite Company LLE, The propylens
pentamier was oblained 82 the hottoms wroduey of the distillstion of wopvlene oligomer
derived from an oligomerisation process that emploved g Bulk liguid phosphorie acid
catalyst.  The propvlene peatamer bad ap initial boiling potet of Z36.55C and o fnsl
botling poing of 295.2°C and the Sollowing varbon namber distribution as set forth below

iz Tabls 1,

3



itaid ester and a rittrop consisting of ammonia, and an al to g compound selected from the group
and the like and mixtureso of antifo.its include, but are notymers of goinE", additives, when used,

A laity ye amounténpgbbthe desired properties tous, for e idditive-Sifter, @fungtinnaidyefiective
amount of this friction mc would be an amount sufficient to impart the desired friction niaracteris the
lubricant. Generally. the concentrationidditives, when used, ranges from about 0.001% to about 20%
by weight 10% byii :another ethhodin 'lon may be provic additive is inoorporat for example,
concentrate. Typical bricating oil. addi to in WhICh %1an|c dilue

§ :
A :

WY

S Inty a 4 liter round fesk wee added 8324 g (3 moles) of propylens

pantateer (samge STI8D)

id

and 1128 gof phenod (12 moles). The resctants were mixed wnd

e
¢

heated to O0°0, Ar this temperatute, 75.9 g of Amberlyat™ 36 catalyst-(Rodm and Hass)
was atlded and the mporatre of the reaction maixture was tised to 110°C, The reaction
;’:‘?ﬁﬁ@f{i»{i for 4 houre ot thiy temperature gnder nitrogen at aimospheric presswre. The
reaction mixtre was cooled o 100%C and flkered to remove the catalyst, Nest, the
reaction mbciure was hewied fo 330°C ander 30 mm Hy vacuam aod held under those
condhitions for 10 minutes in order o diatill excess phemnl. Thealkylation was essentially

guantitative with respect o phonol, and was greator than 95% monostkyl and grogter than

25%% para-divected.

EXAMPLE
{92 An alhyiphenel wes prepared iy substamially the swme masner as in

Example 4asing the same components and amounts:

EXAMPLES

R Prepazstion of Propylene Peatamer Alkyiphenal.



tomuene in M about 03 sviscosity of about 4 to heo rnt of oil of lubricating [00721hag examples
Yrpresent WO 2010/014829PCT/US2009/052281 ticcoo Pentamer Aikyiphenol. a 30 gallon stainless

steel reactoyasd@ige@d A0 to lcg (432.5 MC, y 4.58C) ph n3b i, i44.2 rnoes©t/promatigayierCorn
sphere, Nextg of rosin was added to the tot pressure was set at 151.8 tx.da 'Cri cto thenempe
WaS911C over 15 hon V temperature. The :IOW :ells

{94} An alkyviphenol was made by aliovlating a phenol with & propylens
pentamey cormmercially available from Cheveon. Cronite Company LI The gropylens
pentarner was obisived a8 the bottoms product of the distillation of propylene oligomesr
derived fropy an ofigomerization process thal smploved & balk hauwsd phosphoie achd
patalvst. The propyvlene pexdamer had the followiog carbon nuwmber distributions and

botiing points as set forth belew tn Tables 2 Y oand 3 rﬁs%}«,sumdgs:

TABLEZ

W%
8k ' 122
13 i

of

SO .68
LG EEI
Cige 574 |
TABLE S
ASTM DES |
7_§}mmicatmn I .

5324 g (3 moles) of propylens

98] Mo w4 oy round fagk was added
pentmner (sample 311875 and 1128 gofphenol { 7 molex). The rosctamy were mixed and

heated B 90°C, At this iwrpdmatire, 739 g of Ambe ri\m ®ag catalyst (Rohm sind Hass)



properties oftact were a '14 of 70'C(hot s th'tor led phenol: and then allowed to cool to button of the
reactor, (4011C)., tm Br. [00751 10076J tube w )f Ovethased Sairdrize To a 3 liter glass reactor nigh

a gas scrubRgrsesniarnng 10 wt. dded. 718.8f the ore -t of Exami Pr s 'Nee@tdssmi9os2281

was added nnd the temperature of the reaction mixture wag taisad to 1107C, The reaction
procesded for 4 hours & this tomiperature under nitrogen at atmcepheric pressure. The
reaction mixture. was onled ©© 100°C and flered to ramove the catalyet, Next, the
resefion miktors was heated to 230°C under 3 mn Mg vecuum and hekd unider those
vonditions for 10 minutes in order to distl excess phenol, The ﬁ_ik}'iﬂi‘i@ﬂ wag essemtially
quantitative with respect & phenol, and was greater than 93% moncalky! snd greater than

§3% para-direcied,

EXAMPLET
00961 An alkyiphenol ves prepared in substantially the same munder as in
Example § using the ssme ctmponents and saueunis,

EXAMPLE 8
T The alkyiphenoly of Bxample 447 wiore blonded wogethet ing | b waight
ralio 1o form g sllylphinol noxture, The alkylphenol mixtore was sulfurized and
overbased a8 follows, baoog 4 e round Qlgsk, 800 ¢ of the alkylphencl minlure was
mixed with 70,7 g of dilvent of], an ol soluble alkylarylsulfonie acld catalystand & fow
draps of du mifosm agent. The miixture was heted to o mpershure of 11070 aver »
seriod of 30 mimdes: During this pertad, 380 g of Bme was added when the temperaturs
e the waixture reached 70°C,
Hiea) AL TTORC, 11,7 ¢ of sulfi was added and the temperaturs of the mixture
was further noreased to 130°C over a period of 20 minmtes under @ vaowam of 686
mmie, o vacuum was opplied o remove svalved HaS. Alter the lempersiure of 130

&

0 was repohied, 1337 g oof ethylone glysol a nd 338 g of Z-cthvbhoranot were glowly

Lk
Lad



WO 2010/014829PCT/US2009/052281 rid at this temperature 337 iperature of theeak to 12 rite
additionover 45 minutes. ddhion the tol SSA g of et. t a ncreased to | of CO2 was egun at an add
was suit' idyft A @efgildon was(210 nu 2.12 DC under it. esthe g ot addgrnpit@sadzision of i O
rid002 1 was heated to :rd a crude product of this crude oroducptOUC % CO2

added to the reactor, The temperaterg of the reactor was further increased to 170°C over s
period ol one hewr and thed wmaintgined for 20 minutes. Carbon dloxide wap then
itroduced 21 8.3 ghmin and after 1S minwes of parbonation, 792 g of athviene glvool wag
introduced over a period of one howr, Adter 30 minwtes, the sarbon disside feeding mie
was inoreased 1o 0.8 ghmin, The fotal carbon diowide oharge was 128 g0 The reaction
mifxture was then heated to 215°C and the pressure slowly reduesd v 20 mm Hg w
romirve solvent and ethylene glveel. A witrogen siripping was done at 80 mm Hg over a
period of ong howr, The produst wag onoled o 10°C withnHatomeots sarth filter sid

Jo09e The properties of the ofl concentrate of the overbased. selt of the

oligomarized alkviphenate of this example-are set forth below in Table 4,

TABLE S

| Property _ Kesult
POm WL Q7
8, wi, %% ' 522 i
0k, Wi, % 554
F i by v s B e : T H
Brage mumber, mg : 263
B0 :
Viseosity @ 1007, 274 ;
toos _ ;

COMPARATIVE ENAMPLE A
LR The propylene  folramersierived, €03 pverbased,  sulfurbed Ca
silyiphenate oil concentraie was a commercial materigl with the properties set forth betow

in Table &

gk
B



100 N on 100771 Alkylphenot, (00781An over P Example 2 tp provide a 2 g of the product- cc WO
2010/014829PCT/US2009/052281 2803 R10841solid at (00851First .EthyletCharge313 g- .ond EH:).

OA, glitinuteyd0R8s3daga product containLo crude proTBN zo 3.CA 11  Bx¢ANBAs2281

TABLES

Property Rennlt
Cagwi, Y _ 2,80
3, wt Y .33
J OO0, Wi B 544
Base number, mg AL
KO ,'_SQ
Viscosity @ 100°C, 353
ey
LTy Teosting
LR Eiepmdm,txm Toxichy Sorsening Test
kS The benefits of smploving the overbased saliy of the olipamstized
alkyihydioxyaromudic compounds of the fnvention are illostrited by the resuly of

reproductive foxicity teste performed fn accordance with the QECIY Tewt Guideline 421
Ty these fests, rals were desesd with the product of Example § and the product of
Compargtive Exampls A,

REHEEY: Four fndivichad griops of 12 1sts of each sex in the pareital {FO} generation

ware - adminisiered daily ol {gevage) doge Toveld of O0 60, 250, 1000 mukg/day of the

Oy overbased, Ca oligomerized alhyiphante of Baample 8. Another four indibvidual

grovps of 12 s oUeach sex i the parenial (FO) generation were administersd dadly ol

fpavage) doge levels of 0, 50, 200, 1000 sawhp/day of the propyiens weiremsr-derivad,

COp overbased, sulfurized Ca alkylpherste of Cowparagive Bxample A, The dosing

-y

volume was § mbkgiday, Contred snimals recsived the vehicle only, which was g peangt

oi} dosing sohaion prepared weekly, and thely test materis! concentrations, hompgenety

andd stubility verified by chemical analysizn Male and formale parental anhmale were dosed

LrE
LAY



of Propy" , iercially available litin pany LE,C. penta of th that employed a hulk liquid g poi catalyst,
boiling in 'Able ik be lo WO 2010/014829PCT/U S2009/052281 ti C nitrogen at t ospteric preas 0.01C

and WO 2016/0614829 PCT/US2009/052281

daily during the pre-mating (28 davs), mating (up 1o 18 days), geststion (up to 25 days)

andd Taotmion (4 davs) periods untid neprapsy
B RE] FO andraals seere Datred within thelr growps on & 11 basis R mating,

Females were sxamined duily during roating for prasence of 2 copulalory plug ov sperms in
the vaging, When evidenee of muting was not detectod within 10 aia_ag&., the fomale wag
phaced for upio § days with another male fron the same group that had previously mnted.
Al pompletion of parturifion, Htters were oxamined for viability, Doty for the fertility
tndex {number of fomades that beoame pregnantmanbey of fomules mated), the mean Hile
shg {average. man b of (Hve + dead birthsylitter) and the mean Bve Doy sive {,éw:mgs

puirher of Hve birthy iy Ltter) was recorded snd sof forth below in Table &,

TARLE 6

z Tew Prome-Level Fartility Index 1%} ! NMean Live Limer
1 felmerial Lo mgke/day) Sies
C Doamparative Bxo A | 1600 ST LLHLD 7.7
3 e LNV 1.3
50 L LFLIAD R
{3 W AN 12.8
Example & 1000 83.3 A
250 [REIREY %13
&0 10017 ; 137
! 0 L SLTOAD 135

Ag the data show, nefther the product of e:smgs ative Example A nor the moduct of
Foample 8 had any adverse offecs on the fertility index.  SlgniBeamly, the product of

Example 8 did not have an adverse «ffeel on the mean ve Huer size of the mats treuted

fad
7



reaction mixture was heated to 230-Cunder those condin order to distill excess ptatkylation was
es.snmulY and was greater ti ied t3NA 01921d in: so 4 using the samene. s EXAMP [00931ncr Alkylpt

WO 2010/0448328R 6 1456S2009/052281  ititt941An alkylpbenel was made pcatk@pbamabyith a in
Chevmn Oro pentanier was obtained as the bottoms product of the distillation of pro ohgomenraticm

process that employ wyle one pentarner had th forth below in'

with 1000 meikpiday of the product of Exsmple § as coropared fo the mean By lttor gize

of the rats in the cowtrol group., However, the mese bve g dee of rats treated with

»u,

00 mpkgiday of th

e pravduct of Comparative Example A wasg statistioatly stgmificantly
leas than the mean Hve Hiter size of the rats it the conteo! grovp. Moreaves, the mean live
litter size of the rats treated with 200 mg/hgflay of the product of Comparative Example A
was divectionally less than the mean Hve Utter sz of the sais inthe conteid gronp, This
ifastrates the beneficlal propenies of the overbased salts of the oligomerized

aikvihydroxyaromatic compounds of the nvention,

o

NG Mavine Cylinder Lubricant Ferformance Teating
g7} The officacy of the overbased, olipomerized alkylhydronyaromatic salis of

the inverdion vas depionsirstad by tosting varlous murine oylinder lubriven(s formulated
from these sahs. Allof the resolting maring cyfinder habricants prepared i the follewing

Exarnplos 8-19 and Comparstive Exaplos B pogsessed 2 THN of betwesn 705 w0 718

mig KO/ g ofl, p viscoshty @& 100°C of bebween 17.83 10 18,79 T s, and 8 On coplent of
255 37wl %%

BEXAMPLE®
B IaE # maring oylinder lubrivant ss deseribed above was prepared by adding 28

wi 3% afa OO0 overbased, sulfurized 200 TR Cy atkyiphenate oil conventrale denvad

W

from the alkviation of pherol with propyiens pertamer available from Chevron Oronite

e,

Company LLE w0 8 marine eylinder base oil

L
i



Wt. %

WO 2010/014829 PCT/OS2609/052281

EXAMPLE 10
oy «‘\ marine oylinder lubeicant av desertbed sbove was prepared by adding

2308 wi % of & COy overbased, sulfirized 300 T8N Ca alkviphenate oil coneentrate

8

Izrivad from the slbviatien of phenol with progyiene pestamer svatlably fom Chevron

Orontie Compsoy LLO to 2 marine oylinder base oil,

COMPARATIVE EXAMPLER
1661 35 A marivne eyhinder lnbricent s deseribed sbove was prepased by adding

2TET wi % of 1 Oy overbesed, sulfurized 230 TBN Cs alkylphenate ofl soncentrate

derived from the alkylation of phenel with propylene fetramer 1o 8 marine sylingder base

e

sk
EXAMPLE 1]
{11y A marine eylinder lubricant as described above was prepaved by adding 14

wi. %%of the Ca allylphenate oif contentrate desgribed in Pxample 5 and 8§47 wi Yo olly

470 TBN Ca sulfimade detorgat concentrate (app. 0% actives)y to a murine oylinder base

oil,
CAAMPLE 12
1001138 & matine sylinder fubricant as dugonbed above way prepared by adding

152w, %% of the Ca slkyiphenate off concentrate deseribed bn Exnenple 10 and $.47 we,

£ the Cn sulfonate detergeny concenirate desoribed in Example 11 0 & warine ovlinder



4.690.43 5,74 C18)- C. pentarner (sanrrde 51187) and 1128 gles), The heated in 90~C. At
le, 75,9 g of s.Man WO 2010/014829PCT/US2009/052281

WO 2013/014829 PCTUN2009/032281

COMPARATIVE EXAMPLEC

T A mgrine oviinder lnbricant g8 deseribed above way proparsd by adding

P ~ ¥

1338 wi, % ol the Ca gikylphenate oil concentrate deseribed in Comparative Example B
and &47 wt. % of the Ca sulfonate deterpent conventray desoribed in Bxample 11 toa
mmarine eyhinder base ol

EXAMFLE 13
IR A marine evlinder hubricant s deseribed sbove was prepared by adding 14

wi. %% of the Ta alkyiphenste ol concontrate deswribed in Example 9, 847 wi % of the Oa
T

silfonate detergent concontrae desoribed in Bxample 11, and 1 wi. % of 2 polvbuene

supeinindds oll conceptrate fapy. 3136 actives) o warine vylinder base ol

EXAMPLE 14
LS A merine evlinder Tubricany as desoribed above was peepared by adding
1152 wi % of the Oualkyipbenate off conventrate deseribed in Bxample 18, 847 wt. %of
thy Ca sulfonate detergent concentiate eﬁamﬁ%aﬁ. i E:"i:}:'ampiﬁ: 8 amd b owt 8 of the
podvbutens suceinioide ofl goncarsrate doscribed tn Exarapls 13 168 marine cvlinder base

oil.



85% pa di 100961 Example o [00971 ulna was added r, The temper O nitrogen stripping was
done at 80 min 'oduct was cooled to 160C witR13 [00991esconcert ylphenate of this exampforth below

in Table 4, @g@p{gmwz\g. productive Toxicity Screening Test PCT/US2009/052281

COMPARATIVE EXAMPLE D
A marine Sylinder fubricant as desoribed above was prepared by adding 1388 wt. % of the
Ca slkviphenate o corceniraty desctibed in Compargtive Example B, 847 wi. %% of the

¥

Ca sulfomste defergent conondrate deseribed fir Example 11, and 1 welght peroant of the

polybuteny succinimide off coneontrate desoribed In Bxanaple 13100 marine cylinder base

oil.

na11el Dreseription of Performance Testing

HeLm Pakex 3N Corrosive Wese Test

YA This procedure is used to ovaluste the corresive wear protective properties

of mardue oyhinder lubricants. & stes! pin iz rofated buteeen two stationary V-blocks
Srmersed in the ol to be fested vader foad on e Veblovks wra specified wmperatore aad
load program,  Doting the tes, ditoted sulforie seid bs continuously added 1o the tost ofl.
Tests aregenerally replicated. The pin wear 1 determined by weighing the pin bofore and

et

after the test; the fose in mg s roported as wear,

R A Indiana Stiring Oxidation Test 80T}
{1 This test is wsed o gvalunie bulk oxidaiive sid theroal stability of

lubrigating nils Ty ternal conmbustion sugines and ﬁh%s: Tewo vatalyst plates {ropperand
steel) and a glass vardsh rod are immersed in tost o, and the fest oll is heated and avrated

o~

by stiring for the duration of the fest. At the end of the heating period, the viscosity at
40°C of the et wil is measwsd, and the incrgase of thy viscosity of {he test oil is
expressed gy the ratio of the viscosity of the test o1l 1o the viscosity of the frosh fesy oil.

80131 Foomaten Hot Tobe (RHT) Test

44



toying mtic) compounds of the inventie perroEm were dosed e Exatrip ased as ti

Guideline 4 and

the product 04pa of 12 rthe parent (TO) gen were admitO00 wle 8. rived oil nosing saintd their
teahe* t.seqdy ¥\ ¥0kQ914829PCT/US2009/052281 1) (up to 25 days) atisyais2e09/052281

1081221 A jubrivating o} composition 18 paased thoough a temperatere-condroalisd

slase sube for & peried of time by amploving s swtable wir flow. The glass tube is then

i

cocied amd washed, dad the coloy ol any lacquer deposition remaining on the nner surtses

of the glass tubg 1s delermined uiing @ color menit raling renging from § %o 10 {O=hdack,

amd 10=clean). T cases inowhich the glass wbes ave completely Bocked with deposits, the

test vesult is revorded as “blocked”.

LAY MAG 64 Micro Coke
g4} This wsthod i used to- svaluate the high tomperature deposiifacquer

foroution fondency of land and marine lubvicomis, & quaniiiy of fest il s

shellow trough of » sloping aluminuny panel, A tompersture gradiont applied o e

3 o

{1‘1 o &

AL

alunripum pansl with the test off ovendy distributed in the shallow trough. The panel ix

hewted for a pariod of fme, and the temperaturs of whish depositallaoguer starts to form s

determined from the appearance of the panel et the end of the test,

{6125 Madified Institnte of Petntleum 48 (MIP 48 Test
(001261 Two samples of a lnbricating ol composition were heated for & period of

ke, Nitrogen was passed throaigh one of the tost sanples whils iy was passed theoush
Pl bt & oy

the other swhple. The Dwo saraples were then cocled, and the vikooalties of e sample

werr determined. The oxidation-hased vistosity increase for esch hubwicating ot

somposition wis caloulated By subtracting the kinematis. viseosity st 16090 for the

nitrogen-hlpwn sample from the kinemstic viscosity st 100°C) for the air-blows sample,

snt dividing the subtraction produst by the Kuensatic viseosity g 1T fur the nibrogen.

hipway saraple

U R Pansl Coker Test



d wWing. IC -ample 8 had any adverse dleiv. the product of al have au. ad WO
2010/014829PCT/US2009/052281 of the ratsp, 1-low.ever, the menze of rats treated with e prodwas
tat tally gmigssdhaneéis( wascontrol group. This the bentle_ ofoverbasegsalis-aédheatigome
alkylhydroxyarnc nye. 06]Marine Cylinder ubricant Performance Tes The cfficacy of: the overbasekvlic
salts of onstrated by testing vaaim lonnulate harine cylinder lubricants reparll Examples 9 4 and
:AymaraEsmpks13-1) possessed al R olhefs; 2/s, and a Ca rXI

o128 This test 15 gsed to ovalyate the depostl formung or lacguering tundenay of
raging engine ofls on o hot metal surluce, stnulating the deposit fomation i manihe
engine ovlinders and pistons. The lubricant is splashed againg! o hested jest panel under

controlied conditions over g presuribed period of Urog. Afler the test, the welght of solid

decompastiion pradusts accumudmed on the et pane! is deternined and exprossed as g

deposiis
i Ry Progsurized Differantial Ssenning Calortmeter (PDSCY
PR 34 Thiz test Is used to oveluate thin Shm oxidation stability of 1ot oils. Heat

flow o and fom the tost o i g sample cop exposed 1o oxygen is compared 10 a hewl Bow
to and from an emply reference cup exposed o oxygen while Both cups ave heated using @
pre-determined. temperatuse prafile, The sxidstion reaction resulls in wn cxothermic
reaction which is shows by inoreassd heat flow, The Oxidaton fnduction Thne (OIT) ix
the time in minates ot which oxidution of the test off starts.,

0131 he performianes testing was demonstrated du thres different types of
fermalationy, phenate-only (Table 73, phenate-sulfonate {Table &), and phenate-sulfonate
with dispersant (Table B As the duta shaw, e overbased, oligomerized phenates of the
invention peeform el detergent functivos. réfatively sgual fo detergents slerived o

eopylene telvghen



23w 21 wt. %. from the aline cylinder hihric ant as described ,erbaset250 TBN Ca a of phenol w' Ip
able from Chevron C o Company LLC to WO 2010/014829PCT/US2009/052281 1l bed above w Pre.
td by ad 43GGhAY¥RAgsed. aulfithzed 300 TBN Ca ' fralkylation of phenobithgsqpyenepent LC to a
marine cylinder base oil. 4 above waa pie fo of a CO2 overbased, suifurized 250 TBN Ca
a].kylphcnate oil concentrate from the alkylation of phenol with iropvtene tetramerbase [001.11]A.
mater 1 % of the Ca silky Onate oicid 8/17 wL % 0f4 420 TBN Ca tqtlfona50% a Oil.

TABLET
3 hemﬁ&»wiy RMOLs

Bx. 8 Bx 10 Ex, B

B

PERFORMANEETESRTT m k | ]
| Falex 3N Corosive Wear Test, Pin. ;

| Weaapht Loss, mg CE3OARE L 1REME 0 TLOK

ISOT Vise, Inovease (S0°0), ratio IR 0 s 124
Komatow Hor Tube, Weclean o

Lacquer G@310°C 700 | 630 700

Lacguer QA0 650 | Blocked | §.50
MAQ 64 Micrp Cober, Depostt o
Formailon Temperatwe, *C 87251 | 2SWO64 L 23e4s
- MIP-48 (rsidation, ' _ ' _
LB Viscosiy Incroase _ L4458 0.6 598

 Panel Coker , mg depositg AR R 284
L PDSC OIT, min. L 1340 g AN




WO 2010/014829PCT/US2009/052281 MITE C )rtcant as'bed aboveytepare' by adding concentrateill
described in Comparative Example Li detergentad in Example 11 to a 1 4Julna c Example cl 847 v4, 0

1C1g0111 Haofpqeaitbre:n.e ives) to a marine cylinder EXA E 14 1,51 spdascsh@oios22s1
aikylphe.nate oil the Ca. sutbm'ite detergent concentra pol)huten.e succrnirn.idc oil concenlrat
ed in Exa

l%ﬁii: E )
Phenge-sulionye MCLs

Comp. By |
Ex, I Fx, 12 o 5

CREREREMANCE TEETE

P Falex 3N Comosive Wear Tast, Pin Weight

 Loss, g _ ' 1457108 | 1IN | 1IR30
: i !
L ESOT Vise, Increase (4050, talio. 1.0% 1.87 .09

Keanatsu Hoy Tube, Whsgloan o

Lavguer @o210% T3¢ TG T
Lacguer (A20°C. | Blocked | Blocked | 8510 7.8 |
MAC 6 Micro Coker, Depostt Farnsation % i

Tamperature, "0 | ROEEE L 2REZSE T INIRER

MIP-48 Oxidation, §

| % Visvosity Inorease : 1543 $1.3 40,7
| Panel Cokes |, mg deposits L 180 236 1 348

CPDIRC OIT, min, R L T SO N .
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11, and 13 to .4iwt. 9401 neant at phenate cU concentrate dew.3xanmple | Ca sulconcentrateeribc Il
concentrate deseribt,mpie 13 to oil. [00116)Descn.ptaen of.Pcrforrnance Testing 1001171Fidex iv
1001181 Thigprasqiiads used to of marine cylinder lubricants. brinemedfrtg;aibjgs g bad pro Ved
by weighing the pin befo after the test;s, is reported as 4k 1901191Indiana Stirthng Oxidation Test
([SOT+ 1001201ThiS test is used to evaluate ,,

TABLES _
Fhenato-sulfonate-dsporsant MULs

Sample L Ex 13 | Ex 14

PERFORMANCE TESTS: _
Falex IN Corrosive Wear Test, Pin !
Wil Loss, mg SITLGE 9G54 1629
IROT Vise, Inorsasy (40°C), ratie o6 1 ms 1.07
Kommarsu Hot Tube, 10=¢lean % ‘
Clecquer (B3I0PC L BGG 1T 1 THO
%&m,; ger (RIZOSC 700 Blecked | 350
MAQ &4 Micro Coker, Pheposit : . : _
Foemation hrmp sratare, O L RRL26T L 23ASS L 291280
MIPAR Oxidation, Wi ; i
e " | : T ] oy
Lo Visthaly Trdass, | Comeapured 1 88T ¢ 3TR
- Panel Coker, mg déoe ‘ g LM
CPESC O, min, ' CoEs0o b 38O
{0134 Howill be ounderstood that various modificpiions may be mude o the

m&bgﬁinimﬁﬁ disclosed Nereln. Therefors the above deseription should net Be construsd
sy limiting, bul mersby 2 exemplifications of pefered embodiments. For %iﬂiiii?}‘i._}’}i%? the
functivrs desovibed sbove and implomonted s the best mode for opesating the present
frovertion arg for Hlusirstion purposes oaly. Ofier mrrengoments and mathods oy be
wnplemenied by those skilled i the art without departing from the scope wud spirit of thiy
invention. Mereowver, those skilled In the art will envision other madifications within the

seope and apirit of the clims appended herela.

e
LA



ot the visco illKomatsu Hot TubeTest esh test oil. WO 2010/014829PCT/US2009/052281 i001 221A
lubricating cal glass tube for period, of tittle by em co:elect andncL and * passe re completely on the
inner surta w® w0/dAs£0.44ild. with .dcpos. rded as h 0 64 Micro Coker ttorishatioviiregradi oH-Ally
distil heated. frr a penNiter starts to to. determined from the appearance of theel at the end of the test,
pie el Coker Tes

WHATIS CLAIMED I:

1. An overbased salt of an oligomerized alkylhydroxyaromatic compound,
wherein the alkyl group of the alkythydroxyaromatic compound is derived from an olefin
mixture comprising propylene oligomers having an initial boiling pomnt of at least aboul

195°C and a final botling point of no more than about 325°C as measured by ASTM D6,

2. The overbased salt of Claim 1, wherein the propylene oligomers have an initial

botling point of at least about 200°C as measured by ASTM D86,

3. The overbased salt of Claim 1, wherein the propylene oligomers have an initial

boiling point of at least about 216°C as measured by ASTM DBé.

4, The overbased salt of Claim 1, wherein the propylene ocligomers bave an initial

boiling point of at least abount 225°C as measured by ASTM DE&é.

3. The overbased salt of Claim 1, wherein the propylene oligomers have an initial

boiling point of at least about 234°C as measured by ASTM D86,

6. The overbased salt of Claim 1, wherein the propyiene oligomers have a final

hotling potut of no more than abouot 300°C as measured by ASTM 1186,

7. The overbased salt of Claim 1, wherein the propylene cligomers have 2 final

botling point of no more than about 290°C as measured by ASTM D&86.

46



WO 2010/014829PCT/US2009/052281 Thised to evaluate the deposita deepproducts accumulated
on the test panel is doeissed as mg 1001 1001301libis test flow to and train the tes to and from an
empty rg preedatamingzpeaction whth is show Is used to evaluate thin rt@CPS@Y/tabiBty of test. oils,
Heal compared to a heat h esults in an exothermic induction Time (01T) is .0 111 tQilill start The
performance testing was demonstratetypes

8. The overbased salt of Claim 1, wherein the propylene oligomers have a final

hoiling point of no more than about 280°C as measured by ASTM DS6.

9. The overbased salt of Claim 1, wherein the propylene oligomers have an initial
hoiling noint of at least about 230°C and a final boiling point of no more than about 230°C
& &

as measured by ASTM D&6.

10, The overbased salt of Claim 1, wherein the salt is an alkali or alkaline earth

metal salt.

11. The overbased salt of Claim 10, wherein the alkali metal salt is derived froma

metal base selected frora an atkeli oxide or alkali hydroxide.

12. The overbased salt of Claim 10, wherein the alkaline sarth metal salt is derived

from a metal base selected from an alkaline earth oxide or alkaline earth hydroxide,

13. The overbased salt of Claim 10, wherein the metal base is selected from the
group consisting of caloium oxide, calcium hydroxide, magnesium oxide, magnesum
hydroxide, and mixtures thereof,

14. The overbased salt of Claim 1, wherein the hydrexyaromatic compound s &

phenot.



ith dispersant (Tabd iligomerizet argentdetergents derived from WO
2010/014829PCT/US2009/052281 WO 2010/014829PCMJS2009/052281 TABLE 8 '-sutfonate MCls
WO 2010/0348288611£:4520091052281  tood th embodin enr It above apg-iRveptionsasg for
illus.ration puaposes only. htpkmeited by those skilled in the art without departa nt radeci hereto.
WHAT IS CANIFQ15.:

15, The overbased salt of Claim 1, wherein the hydroxyaromatic compound s 4

phenol and the olefin mixture comprises propylene pentamers.

16. The overbased salt of Claim 9, wherein the hydroxyaromatic compound 18 &

phenol and the olefin mixiure comprises propylene pentamers.

i7. The overbased salt of Claim 1, wherein the oligomerized

allcylhydroxyaromatic compound 1s a sulfurized alkyihydroxyaromatic compound.

I8, A process for preparing an overbased salt of an oligemerized
alkylhydroxyvaromatic compound, the process comprising the steps of)

{ay alkylating a hydroxyaromatic compound with an olefin mixture comprising
propylene oligomers having an initial boilling point of at least about 195°C and a final
botling point of no more than about 325°C as measured by ASTM D86, to provide an
atikylhydroxyaromatic compound;

(b) neutralizing the alkylhydroxyaromatic compound of step {a) 1o provide a salt of
the alkythydroxyaromatic compound;

{(c) oligomerizing the salt of the alkylhydroxyaromatic compound of step (b} to
provide a salt of an oligomernized alkylhvdroxyvaromatic compound; and

(i} overbasing the salt of the ohgomerized alkvihydroxyaromatic compound of
step {c) to provide the overbased salt of the oligomerized alkylhydroxvaromatic

compound.
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I. An overbased salt of an oligomerized alkylhydroxyaromatic compound, wherein the alkyl group of
the alkylhydr xvaromatie compound is derived from an olefin mixture comprising propylene oligomers
having an imitiabdoilingzpoint of at least about 95C and a final boiling poinPGTAB2ErEskgIN about 325C
as measured by ASTM D86, 2. The overbased salt of Claim 1, wherein the propylene (Algot ters
have an nitial boiling pointcast about 200C as measured by ASTM D86. 3. The overbased salt of
Claim 1, wherein the propylene oligomers have an initial boiling point of at least about 210C as
measured by ASTM D86. 4. The overbased salt of Claim 1, wherein the propylene oligom.ers
have an i. boiling péintGfapleast adoli2250 as/measuhedrbyrASTaVbDS8Eers hveT e ovetbased salt
of Claim 1, wherein the propylene oligomers have an initial boiling point of at least about 230C as
measured NS TiD86at [GsTHE BB Ysaddall ofl Glalmnwherals therprbpyidsstaliomers have a
final tg point of no more than about 300C as measured by ASTM D86. 7. The overbased salt of
Claim 1, whereitethepropyfenid itfomers have a final boiling point of no more than about 290C as
measured by ASTM D86. S. The overbased salt of Claim I., wherein the propylene oligomers
have a final boiling point of no more than about 280C as measured by ASTM D86. 9. The
overbased salt of Claim 1, wherein the propylene oligomers have an initial boiling point of at least
about 230C and a*final BSiliPig 8t Bt hGHorkb thadpsu S8 cER massinie By ASTNI®86. 10
The overhased salt of Claim 1 wherein the salt is an alkali or alkalinie earth metal salt. 1. The
overbased SSNHTERIAT i&ﬁ%ﬁ@?@ﬁ%ﬁé@%ﬁ%@ﬁf@aﬁi§t%fff\}é"ﬁit‘?r8?rrag{?‘}1‘e‘%élaBﬁ%&%‘éﬁg ed from
an alkali, oxide or alkali hydroxide. 12. The o-verbased salt of Claim 10, wherein the alkaline earth
metal salt i€V from a metal. base selected from an alkaline earth oxide or alkaline earth
hydroxide. 13. The overbased salt of Claim 10, wherein the metal base is selected from the group
consisting of calcium oxide, calcium hydroxide, magnesium oxide, magnesium hydroxide and mixtures
thereof 14. ThgaT overbased salt of,Cﬁim 1, \é/her in thetm/droxy%_rloma ic:a ompound is a 15.

25 3 e process of A1 Ch . WHIETSI . 58T euralizing COMpLices .
The overbased saft'of Claim!l’, Whérsin the hydrOxyaromatle comBoun IS a phe ofand the olefin

mixture comprises pIORYSNG RENIANELS, . o168, G vEIased. el of SR O e e

hydroxyaromatic compotind. is phehol and the ofefin mixtur mprises propylené perdamers. 17.

The overbage Ll AR 4o MIRLEIL 05 & 'Lq%&%{iggaq&kﬁ%',h%g@ém%ﬂ%,%&gegm s a

sulfurized alkyliydroxyaromatic compound. ocess for preparing an overbased salt of an
O"gomenzegydmxide, and mixtures thercof.

22. The process of Claim 18, wherein the hydroxyaromatic compound 1s a phenol.

23, The process of Claim 18, wherein the hydroxyaromatic compound 1§ a phenol

and the olefin mixture comprises propylene pentamers.

24, The process of Claim 19, wherein the hydroxyaromatic compound is a phenol
and the olefin mixture comprises propylene peuntamers,
25, The process of Claim 18, wherein the step of oligomerizing comprises

sulfurizing the salt of the alkyihydroxyaromatic compound of step {b}.

49



alkylhydroxyaromatic compound, the process comprising the steps of: (a) alkyla- a a.
hydroxyaromatie compound with, an olefin mixture comprising propylene oligorners having an initial
boilioint of aytgasiakaib 195C and a final boiling point of no more than ahqut82h6as:meeasured by
ASTM D86, to provide alkylhydroxyaromatic compound: (b) neutralizing the alkylhydroxyaromatic
compound of stepto provide a salt of the alkylhydroxyaromatic compound; (c) oligornerizing the
salt of the alicyihydroxyaromatic compound of step (b) to provide a salt. of an oligomerized
alkylhydroxyaromatie compound; and (d) overbasing the salt of the oligomerized
alkylhydroxyaromatic camgetiac:af sieRdepto:ipkavidethesperbasethialtpidhe aligomst df
alkylhydroxyaromatic compound. 19. The process of Claim 18 wherein the propylene oligorners
have an initiabfiaiting piinkofakddadl abhout=28061 andd finall hoiting peind iof hpimeorerthaniabout 280C
as measured by ASTM D86. 20. The process of Claim 1.8, wherein the step of neutralizing
comprises eontpcting thizcatioyihydridgyarennatic’ dompbyihddéstep(aitwitvapalkdliodatikatine earth
metal salt.. ‘The process of Claim 18, wherein, the step of neutralizing comprises contacting the
alkylbydroxyarormatit:Compound afstepita) with! enmeligbbase iselogted fronsitheigrgumiconsisting of
calcium oxide, calcium hydroxide, magnesium oxide, magnesium hydroxide, and mixtures thereof 72.
The processioéGlatmul 8 dilieraihatieh yurbrgaroniaticeonpoild idaphehsl. as megrefie process of
Claim 18, whereinhydroxyarornatic compound is a phenol and the olefin mixture comprises propylene
pentamers. A5 TVMDPB8Fhe process of Claim 19, wherein the hydroxyaromanc compound is a phenol and
the olefin. mixture comprises propylene pentaniers 25. The process of Claim 18, wherein the step
of oligomerizing comprises sufturizing the salt of the alkylhydroxyaromatic compound of step (b).

26. A lubricating oil composition comprising (a) a major amount of an oil of lubricating viscosity; and (b)
an overbased salt ‘of anﬁ\‘?géﬁ‘ﬁé‘ﬁ%‘é‘éﬁaﬁ&lﬁ’?&%@%&nﬁti@@éﬁp&n&l@%ﬁ&eﬁ%ﬁ@%k&ﬂig?@up of the
alkylhydroxyammatic compound is derived from an olefin mixture comprising propylene oligomers
having an intEIBEIRG FEHPoF soRREFhoLE TIEEAR¥SYhal boiling point of no more than about
325C as measured by ASTM D86. 27. The lubricating oil composition of Claim 26, wherein the
base oil of lubricating viscosity is comprised of a mineral base oil. 28. The lubricating oil
composition of Claim 26, wherein the propylene. oligomers have an initial boiling point of at least about
200G s measured by ARNGHEE O SRPTHATISHLAT n CSOE T SO SEC Wi the
propylene aligomers have an initial boiling point of a t about 210C as_m; red by ASTM D86.
30. The |ubﬁ§§%ﬁ% ‘%}H‘c‘?%%b%‘%%%Oﬁnéf‘éf%t?mggé‘}?i“é‘lrte’rﬁtﬁ%s %r%%ﬁé‘ﬁ‘é%%i%%sr?é%@ge an initial boiling
point of at least about 225C as measured by ASTM D86.

28, The lubricating oil composition of Claim 26, wherein the propyiene oligomers

have an initial boiling point of at least about 210°C as measured by ASTM DES,

30. The lubricating oil composition of Claim 26, wherein the propviene oligomers

have an initia] boiling point of at least about 225°C as measured by ASTM DS6.

31. The lubricating oil composition of Claim 26, wherein the propylene oligomers

have an initial boiling point of at least about 230°C as measured by ASTM DRe6,
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The lubricating oil composition of Claim 26, whereinpropylene oligorners have anial boiling point of at
least about 230C as measured by AS'I'M 1)86. 32. The lubricating oil composition of Claim 26,
wherein theypsopylaneseligomers have a final boiling point of no more tharabewb@90€3 83 measured
by ASTM D86. 33. The lubricating oil composition of Claim 26, wherein the propylene ol.igomers
have a final boiling point of no more than about 290C as measured by .A.STM D86. 34. The
lubricating oil composition of Claim 26, wherein the propylene oligomers have a final boiling point of
more than about 280C as mcas d by ASTM D86. 35. The lubricating oil composition of Claim 26,
wherein the propykneioligamergihavél aorgisiatibeibing pointof atteasat:aboui230E anebavdinal boiling
point of no more than about 280C as measured by ASTM D86. 36. The lubricating oil composition
of Claim 26havheré&imntheibverhaseid salnis ddrived ot detalbasesttectel obit:the group
consisting of calcium oxide, calcium hydi:'oxid.e, ilkagnesium oxide; in le.oxide, and mixtures 37.
The lubricating oil composition of Claim 26, wherein the hydroxyaromatic compound is a phenol.

38. The lubricating oil composition of Claim 26 wherein the hydroxyarornatic compound is a phenol
and the olefin mixttie Tbaiphisesipopylemepoentatndrsl:inGC Q018G 829P TS 2039/052281 The
lubricatingcomposition of Claim. 26, wherein the oligornerized alicythydroxyaromatic compound is a
sulfurized ameythydreXialotdabetofpount: than 4ouTRROUD AeatiigusiidampoEitIdAtef Claim 26,
wherein the overbased salt is present in the lubricating oil composition in an amount of about 0.01 wt.
% to about 40 wt. %, based on the total weight of the composition. 41. The lubricating oll
composition of Claim 26, further comprising at least one additive selected from the group consisting of
metallic detergentS*ashiedutHisHErs SRS OTRRBEH I S8 IS rSPher predSUE Ry ERECESESSTty index
improvers and pour poll depressants. 42. The |ubricating oil composition ofClairn 26, having a
phosphorou¥teintEt Ret Eseceuahiy poBoRr 9 2Based Bri-the WA Reight bt thée dfnposition. 43,
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
aficylhydroxyaromatic compound,of Claim 1 to.a lubrjcating oil composition comprising a major amount
ot an O1l of Iubricaing URSCHERE 84 RPEBTIGEO! TG THEFBRILE: Fia Rt QN BRGperties of a

lubricati.ng pil composition an exposure to mammals,.the method comprising adding the overbased
Sal of e STSSHLTSE ARORGAD oAt COREHE oF e T8 19 THEAIY 1 BB apostion
comprising g maj amaghap ol ellubrsaing Reosiy:

36. The lubricating oil composition of Claim 26, wherein the overbased salt is
derived from a metal base selected from the group consisting of caleium oxide, calcium

hydroxide, magnesium oxide, magnestum hydroxide, and mixtures thereof,

37. The lubricating oil composition of Claim 26, wherein the hydroxyaromatic
compound 1 a phenol.
38, The lubricating oil composition of Claim 26, wheremn the hydroxyaromatic

compound is 2 phenol and the olefin mixture comprises propylene pentamers.
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45, A method. for educing the endocrine disrupting properties of a lubricating oil composition on
exposure to mammals, the method uomprisin.g adding the overbased salt of the oligomerized

aikylhydroxyasomatiggesnpound of Claim 17 to a lubricating oil composmmmm]lsnonﬁsmgzalmajor
amount of an oil of lubricating viscosity.

39, The hubricating oil composition of Claim 26, wherein the oligomerized
L" .

alicylhydroxyaromatic compound is a sulfurized alloythydroxyaromatic compound.

40, The lubricating oil composition of Claim 26, wherein the overbased salt is
present in the lubricating o1l composition in an amount of about 0.0 wi. % to about 44 wi.

%, basad on the total weight of the composition.

41, The lubricating oil composition of Claim 26, further comprising at Ieast one
additive selected from the group consisting of metallic detergents, ashless dispersants,
friction modifiers, extreme pressure agents, viscosity index improvers and pour point

depressants.

47, The lubricating oil composition of Claim 26, having a phosphorous content not

exceeding 0.05 wt. %, based on the total weight of the composition.

43, A method for reducing the endocrine disrupting properties of a lubricating il
cormposition on exposure to mammals, the method comprising adding the overbased salt of
the oligomerized alkythyvdroxyaromatic compeund of Claim 1 to a hubricating oil

P

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

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
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the oligomerized alkylhydroxvaromatic compound of Claim 16 to a lubricating oil

composition comprising & major amount of an oif of lubricating viscosity,

45, A method for reducing the endocrine disrupting propertics of a lubricating oil
cotnposition on exposure to mammals, the method comprising adding the overbased salt of
the oligomerized alkylhydroxyaromatic compound of Claim 17 to a lubricating oil

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