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i nvent i orwoebatmese750 a novel unsul furized, carboxyl ate- eomtuskorongoasidi tive
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cont ro'FEEQ@B %kaﬁ@%‘d@ﬂm@@@t rol in lubricati ng oils. This invention is
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sul furization of” an al kyl phenol, neutralization of the sulfurize

al kyl phsmo# i’ﬁ]afltd@d&’ﬁmaiﬁkmflLﬁ‘é@@@ﬁﬁlﬁik‘gfépﬁt’f‘i@i&sé$ weliars sdpérs aaz%aige@au on by

car bonat i aon th ECﬁJ eieart net al _base. d|®§ersed %‘F eﬂsul furized
al kyl pﬁ&ﬁ&?@ i?rse?ﬁ ke RGTPPSERES 587 RPN DSty ¥ali ti ves
based qBiseH fd%di@i@@e§§d>rﬁpbl§h§'§@ﬂ Fatiieyihaleish shRraRyaddicliowes @reamyepar ed
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al kyl phenat es .and al kyl sal j cyl ates. These additives 1 SUBSTI TUTE SHEET
( RULE chr)ected in part, 1o Methods of preparing and using said novel additive.

BACKGROUND OF THE INVENTION
The preparation of alkyl phenates and alkyl salicylates is known in the artl.

U.S. Patent No. 3,036,971 discloses preparing detergent dispersant additives based
on sulfurized alkylphenates of high basicity alkaline earth metals. These additives
are prepared by sulfurization of an alkyiphenol, neutralization of the sulfurized
atkylphenol with an alkaline earth metal base, then super-alkalization by carbonation

of the alkaline earth metal base dispersed in the sulfurized alkyiphenale.

French Patent No. 1,563,557 discloses detergent addilives based on sulfurized
calcium alkylsalicylates. These additives are prepared by carboxylation of a
potassium alkylphenate, exchange with calcium chioride, then sulfurization of the
calcium alkylsalicylate obtained with sulfur in the presence of lime, a carboxylic acid

and an alkylene glycol or alkyl ether of alkylene glycol.

French Published Patent Application 2,625,220 discloses superalkalized detergent-

dispersant additives based on alkylphenates and alkyisalicylates. These additives
1

SUBSTITUTE SHEET (RULE 26)



are prepared by neutralization of an al kyl phenol with an al kaline earth
netal base in the presence of an acid and a solvent, distillation of the
sol vent, weanrbmwpkasi on, sul furization and superal kal i zatconsbyiossdsisir and
an alkaline earth nmetal base in the presence of glycol and sol vent,

followed b carb nation and filtrat.i . PCT Pate Appl i cati an Publlcatlon
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foam ng, conpatibility and dispersion in a new oil, In the tests of
st abi | isWfutipaidordgndpdpelaisiligatiathbg spﬁman@mﬂmswrﬁh@nammzam gre with
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| kal h f
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di oxi de of the al kyl phenate, followed by sulfurization and
super-al kal i zati on, then carbonation, distillation, filtration, and
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Goub o 1ol St DY LI EE v e Ak SRS o priedtingy Bt Be g or
si ngl e-fmr%ralalﬁw(%%gmb%%;g o0 doubl e-aromatic-ring al kylsalicylate is at

|l east 8:1. This conposition may be produced by the three-step process

i nvol vi ng neut rali zatl on of al kyl phenol's, carboxylation of the resulting

al kyl phenat e trat on.-of .t he pr,od f, t.he carhbox Ia ion tep The
AR S AR S M Y e e

| ubri cafik#omeaTIAs tﬁét@l’gdﬁ“@ iR O RRGtheX cHalisPIoP alikiues of Skaihd @m@:er ature
deposit control, and black sl udge control. 2 SUBSTI TUTE SHEET (RULE 26) WO
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car boxyl'dte-containing a cating oi

conpri sioagrel.a) newt alization of a mxture of at |east two al kyl phenols
using an alkaline earth base in the presence of a pronoter, to produce a
m xture of al kyl phenates, wherein the m xture of at |east two al kyl

phenol }l@%ﬁéﬁ%urﬂbekf@%?%’?@ér%?%F@dm %%BH'an éaﬁ f"“ké‘T Lk oup i s

derived froman isonerized al pha o I'n and a secon phenol wherein
t he al Kyde, giedmrgen’sdﬁeemaadcbmmmabﬁmﬂ‘@ﬁdomwﬁ]% tokef4 a kyip(nla)mbéndu‘mxyl ation

O o ALyl Y RSB S5, 008 AL DeHo L .98 0) HSf09 Sapiaohyd: ox e
the stagbh@caliyhikpisnaiste! Sndbkrbosal ﬂ@?&?@ééﬁiﬂg&ﬂ@ same. This composition

may have an alkaline earth double-aromatic-ring altkylsalicylate as long as the mole

ratio of single-ring alkyisalicylate to double-aromatic-ring alkyisalicylate is at least

8:1. This composition may be produced by the three-step process involving

neutralization of alkylphenols, carboxylation of the resulting alkyiphenate, and

filtration of the product of the carboxylation step. The detergent-dispersant producsd

by the method can be used in an engine lubricaling composition (o improve

antioxidant properties, high temperature deposit conirol, and black sludge control.
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(c) renoval of at |east about 10% of the starting mxtu e of at |east two
al kyl phenols fromthe product produced in step (b) to produce said

addi ti ve.wDBIAVMEDSDESCRI PTI ON OF THE I NVENTION I n its lpcoases/oampect, the
present invention provides an unsul furized, carboxyl atecontaining additive
conprising al kyl phenol, alkaline earth nmetal al kyl phenate, and al kaline
earth netal single-aromatic-ring alkyl salicylate useful for inproving | ow

t enper atuiesRevios mncegBNi@kention, corrosion performance, bul k

f
oxi dation, high tenperature deposit control, black sludge control, thermnal
oxidation stability, and other properties of a lubricating oil. 3

SUBSTI E SHEET. (RULE 26). 11/ 002675PCT/ US2010/ 039945 .Prior to

di SoussHGPEN RYERTTS S FFPARH EherdBears! b ERg TorMATOTAE €Sk ms w11 be
def i nedigrieliftetdMlaibindSadisnd Ren@irtatifg A9l sawimahbe chmpiake;: t he fol | owi ng
meani ngs unl'ess expressly stated to the contrary: The term "al kyl" neans an

al kyl or al kenyl group. The term "netal"” neans al kali netals, alkaline
earth nmt QL. 7] T, M. al kal i = means
ik e LR B T T R R e IR
"sal i cydakdahn theanssancarifal preatdienfo areildecy Miguaehialkyl phenates, wherein

the midture of at least two alkyl phenols comprises at least a first alkyl phenol

wherein the alkyl group is derived from an isomaerized alpha olefin and a second alkyl

phenol wherein the alkyl group is derived from a branched chain olefin;

{b} carboxylation of the mixture of alkyl phenates obtained in step (a} using carbon
dioxide under carboxylation condilions sufficient to convert at least 20 mole% of the

starting alkyl phenols to alkyl salicylaie; and

{c) removal of at least about 10% of the starting mixture of at least two alkyl phenols

from the product produced in step (b) to produce said additive.

DETAILED DESCRIPTION OF THE INVENTION

in its broadest aspect, the present invention provides an unsulfurized, carboxylale-
containing additive comprising alkyl phenol, alkaline earth metal alkyl phenate, and
alkaline sarth metal single-aromatic-ring alkyl salicylate useful for improving low
temperature performance, BN retention, corrosion performance, bulk oxidation, high
temperature deposit control, black sludge control, thermal oxidation stability, and

other properties of a lubricating oil.
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The term "al kaline earth nmetal single-aromatic-ring alkyl salicylate" neans
an al kaline earth netal salt of an alkyl salicylic acid, wherein there is
only one wbkyli/®mad7scyl i ¢ ani on per each al kaline earth meralS2tia®sesnti on.
The term "al kaline earth nmetal single-aromatic-ring al kylsalicylate"” means
an al kaline earth metal single-aromatic-ring alkyl salicylate wherein the
al kyl group is an al kyl group. The term "al kaline earth netal

doublemf&rfetd;&dsslm% tﬁgm\}erﬁ@h i6 YA dé‘iﬁs@ﬂﬁe?&iﬁeﬁgkﬁkﬂ% @@arﬁéd@m{@ sal t

of a al kyl salicyl acid, wherein there are two sali1cylic anions per
each alkaline earth netal base cation. The term "al kaI ine earth netal

doubl e-aromatic-ring al kyl salicylate” neans an al kaline earth netal

doubl e- éﬁ% c-ring al kyl salicylate wherein the al kyl groups are al kyl

gr oups. | TUTE SHEET (RULE 26) WD 2011/ 002675PCT/ US2010/ 039945 The
term "al kyl phenol " neans a phenol having one or nore al kyl substituents,
wherein at | east one of the al kyl substituents has a sufficient nunber of
car bon Aft baRd ferging Pllspinsserubinaveyhe foliavdnpResilinoTHleb e LHPMSENat e

means . phenol . The term "al kyl phenate" neans a netal salt
of an Zﬁt%t%f:ﬁ%ﬁ@%oﬁnﬁ ﬁg term"al kaline earth netal al kyI phenat e" neans an

al kal i ne earth nmetal salt of an al kyl phenol. The term "alkaline earth

nmet al a%ﬁ hengﬁg means an ?I kal i ne earth nmetal salt of an al kyl phenol .
The ter ve-T8eaas ab &y sy PiPRat e that has been treated with

stearic aci d or anhydride or salt t her eof .

The term "melal” means alkall metals, alkaline earth metals, or mixtures thergof.

The term "alkaline earth metal® means calcium, barium, magnesium, strontium, or

mixiures thereof.
The term "salicylate” means a metal salt of a salicylic acid.

The term "alkaline earth metal single-aromatic-ring alkyl salicylaie” means an
atkaline earth metal salt of an alkyl salicylic acid, wherein there is only one alkyl

salicylic anion per each alkaline earth metal base cation.

The term "alkaline earth metal single-aromatic-ring alkylsalicylate” means an alkaline
garth metal single-aromatic-ring alkyl salicylate wherein the alkyl group is an alkyl

group.

The term "alkaline earth metal double-aromatic-ring alkyl salicylate™ means an
alkaline sarth metal salt of a alkyl salicylic acid, wherein there are two alkyl salicylic

anions per sach alkaline earth metal base cation.
The term "alkaline earth metal double-aromatic-ring alkyisalicylate” means an

alkaline sarth metal double-aromatic-ring alkyl salicylate wherein the alkyl groups are

atkyl groups.

SUBSTITUTE SHEET (RULE 26)



The term "l ong-chai n carboxylic acid" neans a carboxylic acid having an

al kyl group having an average carbon nunber of from 13 to 28. The al kyl
group maywbeoliime&s, branched, or m xtures thereof. ThePC&MUS$R010/039945
"carboxy-stearate" neans an al kaline earth netal single.-aromatic-ring

al kyl salicylate that has been treated with a | ong-chain carboxylic acid,
anhydride or salt thereof. The term "Base Nunber” or "BN' refers to the
amount ol Pase M%o@%eéﬁs %‘ﬁ?‘a‘e‘n&fﬁ@ﬁn@%n%@# mﬁreoeﬁlﬁyi%ﬁ%@h%fen@”pl e. Thus,
hi gher BN nunbers refl ect nore al kaline products, and therefore a greater
al kal i nitsreiresideael orfhel BN fﬁ%ﬁyiaubaimtpbetsdm beutiistet wkirTekr oy CASTV Test No.
D2896 ar, ny{ ot hert i ui vag n re. The term"Acid |Index' or A, which
al so mf';; DE RAGRA 48 gl Pégﬁl) e%\%rd | ndex, the quantity of

al kyl salicylate fornmed in the detergent-dispersant. It was determ ned 5
SUBSTI TUTE SHEET (RULE 26) by acidification of the product by a strong

aci d ( hyur Geml 'sheoagciraganisna Mdapyalbene Bhefoldi et hyl ether, followed by a
potentionmetric titration on the organic fraction (tetra n-butyl ammonium
hydr oxi de was used as a titration agent). Results are expressed in

equi valant tomg ‘KB peengeamainspy odtditsa(iBdse: Nughererghi t) . Unl ess ot herw se
specified, all percentages are in weight percent. Preparation of the
Lubricant Additive Conposition of the Present Invention A Neutralization
Step Inﬂé]%nfﬁ'“r diiﬁ%%%ﬂh%@l&%}%g? Rdn Ak }ﬂ%%?ité Jﬂ%k@fr{ﬁyém@bﬁ@d%éi%f
neutralized int resence o Brorm ter. In one enbodi ment, sard m xture
of at laaskyipherall. kyI phenol s is neutralized using an al kaline earth netal
base in the presence of at |east one G to C4 carboxylic acid thereby
producing a mxture of alkyl phenates. Preferably, this reaction is carried
out | n HtecoeEnloathAblal BAgMHNME fchieanRRRNRE ditrtineal Aok AT
nono- al cohol. The m xture of at 'I'east two al kyl phenols may contain at | east
two al I@i*yfpﬂl@'ﬁﬁl s, preferably a first al kyl phenol and a second al kyl
phenol . Furthernore, the al kyl group on at |east one of the at |east two

al kyl phenols is derived froman isonerized al pha olefin. The al kyl group
on the BeCRMG @h@ﬁét@ﬂ@ﬁ@ito MRabe Lsmdnrd haamsianchesicarvigastebat | y
branched ol efi ns ghly isonerized olefins or m xtures thereof. These

ol ef | nSGH @rﬁﬁ%yfé“rwra%aih@ea@énts that are enployed to al kyl ate the phenol,

The term "long-chain carboxylic acid” means a carboxylic acid having an alkyl group
having an average carbon number of from 13 to 28, The alkyl group may be linear,

branched, or mbxtures thereof.

The term "carboxy-stearate” means an alkaline earth metal single-aromatic-ring alkyl
salicylate that has been trealed with a long-chain carboxylic acid, anhydride or salt

thereof.

The term "Base Number” or "BN" refers to the amount of base equivalent {o
milligrams of KOH in one gram of sample. Thus, higher BN numbers reflect more
alkaline products, and therefore a greater alkalinity reserve. The BN of a sample can

be determined by ASTM Test No. DZ886 or any other eguivalent procedure.

The term “Acid Index” or Al, which also may be known as the Salicylic Acid Index,

the guantity of alkylsalicylate formed in the detergent-dispersant. it was determined

5
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O efins As nmentioned above, the olefins enployed in this invention may be

i sonerized ol efins, branched or partially branched ol efins or m xtures

t her eof . Wbeoolwebé7?as nay be a mi xture of isonerized nor ralr/isk@hasohefi ns, a
m xture of branched olefins, a mxture of partially branched Iinear or a

m xture o of t f oregai.n 6 SUBST] TUTE SHEET (RULE 26

2011/ 032/' %% ‘%ﬁd’é’@gg@ Eiffgféér%”f)f@é&* I@fi ‘kf"ffféﬁf% Enbs rf’ffr%*’fﬁfveo‘if'irthe
presentdgé@; p@&b@%aa&%@a{/ A RBA Bl dNAQN @fe‘f‘%ﬂgéﬁﬁféc%i%ﬁ ramg at | east
one of l1d or liquid catalyst. The nornal al ol efins may be a

m xt ur e)ufoﬁ masuwe hedtoedhid wemuebéfa&ns iifﬁatwrnggé&mi@rﬁm@tamz&wmdaar bon

at ons pe re pref r ab ha olefin mxture is
selectéﬁnf$§%$ gg%%%ﬁgéfﬂ@ ﬁ%ﬂ?%ﬁégﬁsﬁ rﬁ“ﬁ&gﬂ 28 carbon atons per

nol ecul e. Most preferably, the normal al pha olefin mxture is selected from
ol efins having fromabout 18 to 24 carbon atons per nol ecule. The NAO

i somer i'2EesDA sesypasdiedy ell gertrniagepatecin, weiehi P&§€8h, conti nuous fi xed
bed or conbinati on of these processes using honbgenous or heterogenous
catal ysts. A solid catalyst preferably has at |east one netal oxide and an
aver agePppbeaiinzs (bé LueasatihaddibyvoCangsisiiomss! i recpaefievaltlon the solid
catalyst 1s a nolecular sieve wth a one-di ne.nsional pore system such as
SM 3, MAPO 11, SAPO-11, SSZ-32, ZSM 23, MAPO 39, SAPO 39, ZSM 22 or SSZ-20.
O her possible solid catal ysts useful for isonerization include ZSM 35,
SUZ- 4, NU- 23y HHaé%n&@%u&@tura| or synthetic ferrierites. These nol ecul ar
Sieves are we nown in the art and are di scussed in Rosenmarie Szostak's
andbodhtbeﬂNbw&mn&mnﬁm@Mﬁéﬂ@@kﬁﬂ%@ﬁ%ﬁdvaaﬂebssmanﬁaﬁ&mﬂhdhdgw&@ﬁﬁ% whi ch

i s herei,n incorporated fer nce, for, al 0Ses. uid type of

| Soner (TR PR VERL 47 95P TR e slguTsof RS RR kY B oy 5)

The progess:iibed ubFQEh EkaERtld eBrRinAar BRle Bl BB esaidng Myadierears ied out

in batch or continuous node. The process terrg@ratures may range from about
i

50C t o (aberiborBBGICIY tharkby Baadicinddenixireyphiedat phetdied. dederaby. dhistirred

Ferper araren & E3ed s burE RS ectB e el AR b R B O AR
fi xed hadnpreees$ol.Space rates in a fixed bed process can range fromO0.1 to

10 or nore weight hourly space velocity. In a fixed bed process, the
i sonerization catalyst is charged to the reactor and activated or dried at

a tenp yum.ar...f y gas.
Af ter Z?(::?felt ?%I]O%ftrfgg %"Ojéf‘?@f;%re o% n%g |so@ertl% t\g% éé@ﬁg?ren?fsis adj ust ed
to the ;:sfemaaieigf armcaikgmifMendtam@:m@iayifgirrevrrobf Fittiecrod @bl ﬂner sgkyint r oduced

h Th ffl h I h
o 15 L6 Sl bl RSB Tl PSR Ao

2011/ 0%;@5&58@%?’3’%&9‘?@%6@ on the second alkyi phenol may be derived from

branched or parlially branched clefins, highly isomerized olefins or mixiures thereof.

These olefins are the alkylaling agents that are employed to alkylate the phenol.

Olefins

As mentioned above, the olefins employed in this invention may be isomerized
olefing, branched or partially branched olefins or mixtures thereof. The olefins may
be a mixture of isomerized normal alpha olefins, a mixture of branched olefins, a

mixture of partially branched linear or a mixture of any of the foregoing.
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coll ected. The resulting partially-branched, isonerized olefins contain a
different olefin distribution (i.e., alpha olefin, beta olefin; internal

ol efin, two-20ubmeé7sut ed ol efin, and v nylidene ol efin) a&ou/uscanobing
content than the unisonerized olefin and conditions are selected in order
to obt |n theﬁggﬁ fred ol efin distribution and the degree of branching. The
resul ti F\%m?% 8% al pha olefin (AO is conposed of between from about 15
to about 80 wt % branching and preferably preferred from about 20 to about

50 wt %ihroarcdrhbgdiathi béishd pmeabmutenﬁ@q trarakodiphabiehid@drat ans. Branched
Ae.fins In one enbodinent, the a Cjé}{grou in at_|east one al kyl phe.nol is
der i vedSPWEHFEC HFRACHARBDI08EI ¢ 2 Wii diceimhaehsht T happameHedrha Rél fiBRenol s

can be Jﬂ% BLNEM R el &%Ag‘%g s %@%ﬂﬁb el @axﬂﬁ%ﬁ%ﬂ?&)&!te@ 1;& 30BhERnmay be

derive om pr opyI ene | phenol's y consi st a m xture of
nonos ulsbinsyteedndisonter S\Amtekmemrebly trej mwintgy) adgha hieﬁsmmixtum mmisc@el ng in

t he pare positiaqn, .ve few hein n ortho sition, hardly any in
the het B IO KRD T aREL ChBAtout a8 PebeP AEFES PARIGR oflaRbs an
al kal i n@cRRE61, ﬁﬁ%t@m@%%ha%iﬁﬁﬁ nﬁsi@t@aré’méct@}éq{dﬁﬂeffﬂéﬂfé\ﬁ@ﬁb?ﬂt&Dduﬁ
practlcally devoid of steric hindrance. The term "branched ol efins" refers

to a clHsiy o catbehiaiemedgmpriglengieone or nore al kyl branches per |inear
strai ght chain containing the double bond, wherein the al kyl branch may be

a met hﬁ%@&%@ss@héﬂz@ﬂ ﬁ}}ggcfs%fs‘?fﬁbéé’gatﬁ&% é@ﬂcg&% 8Lk BSnGAMAI kAt | east

ni ne carbon atons, prefe y about to about’ 20 carbon atons, nore
prefer attﬂcg/ﬁrlmmbinaﬂ@maf Hesegtroosssdsnising hemogdinoen oy he?womza}whed ol efins

enpl oyed . are a f bra d.olefins which are preferably sel ected
From oAy s & SR ey taegany as G Caearef §xBk rElabrleRae Ci 6.
propy! gitfte QiAc06MBES thahUs ¥l fReFoald. ﬂml’@r;:%efe%bi(yom@ﬂrﬁ@@@yﬁt@a) In one
enbodi nent, the mxture of branched olefins iS either propg:l ene ol igoners

or but yheleslasisicysruits ainendivtansianal Rereerston, suEsTs FUHE -TRULE 26) WD

e e

ol ecul @yssivrd gblid oapiBes mﬁnaﬁfo@%d@yemeﬁ‘bhﬁn@btﬁgml%agwimpﬂ‘mb@:s&’Q§ such
as the action of an appropriate catal yst on propyl ene. anpl es of

cat al thcafﬁﬁ ﬁﬁﬂﬂfégr@" %m‘begﬁaécﬁl’r%tt‘?%ﬁr Wc"@@%fé@% &iﬁvé}blaéef”‘d?” %W%Wé@@nt

i nventi I talyzed

ol | gomeh 204 s, I g HRUE RO Rt B ol O D0 e IR SR e

ol i goneyirkatVeoNgmteedsiasholkl §bEY) wbibris hedbi®ireforpsrated by reference for all
purposes. A liquid type of isomerization calalyst that can be used is iron

pentacarbonyl (Fe{CO)s).

The process for isomerization of normatl alpha olefins may be camied out in batch or
continuous mode. The process temperatures may range from about 50°C o about
250°C. In the batch mode, a typical method used is a stirred autoclave or glass flask,
which may be heated {0 the desired reaction temperature. A continuous process is
most efficiently carried out in a fixed bed process. Space rates in a fixed bed process

can range from 0.1 to 10 or more weight hourly space velocity.

in a fixed bed process, the isomerization catalyst is charged to the reacior and
activated or dried at a temperature of at about 150°C under vacuum or flowing inert,
dry gas. After activation, the temperature of the isomaerization catalyst is adjusted {o
the desired reaction temperature and a flow of the olefin is introduced into the

reactor. The reacior efftuent containing the partially-branched, isomerized olefins is

7
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I n one enbodi nent, the second al kyl group in the at |east one al kyl phenol
is derived froma highly isonerized, |ow nolecular weight olefin. The

hi ghly i swoenitzwes7al kyl phenol may be obtai ned by the reactriuseoiofigphenol
with a highly isonerized | ow nol ecul ar wei ght olefin. Typically, these

highly isonerized | ow nol ecular weight olefins wll have. from about 8-20
car bon %ﬁ‘ﬁﬁ‘@da E%@S%“W‘%Wié{%ﬁ?ﬁg? fﬁfé‘ﬂ%fﬁ%ﬁﬁ &?h%é%taﬁ] BATHEER 1| have
from aQﬂﬁﬁn &RtirutbR (C8T BRh-ALIeNS bRl Gablna) o@é?s‘n?@é»@u?étit&t@% dedecul es
have nethyl branching off of the olefin chain. These olefins are prepared
accor diang tioylesine dabwrenebhodbingreantért thet thaheishimghizpdicddireanded | ow

nol ecul ar ight ol efins.enployed in the, present.invention ar enerally

b epar 0GR Rl KRs) Seop b RS PR PR B R S ol ef i ne.
HoweverdadrBe cPheRahaid.on of highly isomerized ol efins usually occurs at a
hi gher tenperature range typically from about 150C to about 250C.

Addi ti 1y, highly i. [ | ef.i dwth I
Vel oci (31 PP OP el B0 EIRkATaP ™ (ST GSPy FBIoeh 31 6o G ORUEN T Space
vel oCi tabd NEBNA, Brarliey ggr Bhd éﬁb%i%ﬁa@es@ff@h{(%b@@ﬁ{ ddbureialchases that

can be used for carrying out is step include the oxides or hydroxi des of

cal ci uiransijng singdmasbisemnuioud 030 pbati Mdncadnd plams.cul arly of cal ci um

oxi de, cal ci um hydroxi de, magnesi um oxi de, and m xtures thereof. In one
embodi ngatcnsh akgshd i me (cal cium hydroxide) is preferred. 9 SUBSTI TUTE
SHEET (RULE 26) WO 2011/ 002675PCT/ US2010/ 039945 The pronoter used in this
step can be any material that enhances neutralization. For exanple, the

pronoter may b ol.yhydri ¢ al cohol,,, dial cohol. ,nonaal cohol . ethyl ene

O yeol B RMEalBBRE Sk PO Br Braniagh e RUphERO SEREP OB aed. wor e
pr ef er altbich&elofefin Con eAERMWNdif eI HENGIQT HROBhEACKIIS 154 8BimG] widi ng, for
example, formc, acetic, groplonlc and butyric acid, and may be used al one
or in rescigrec! Prarrarathl g bravoiiedbele, ofhiele My e dadert! frapspropyenérably a

shoul d BENFrETERYEHRRE: D58 385t IPE ARG Ll DeCotblet Saih e P ny et
pref er ajybyt abritd betheasiexyldres BeindsSnacd pass bosinsh eferagenteingigshgt i ng t he

transfer of the alkaline earth nmetal bases froma mneral reagent to an

or gani CTHERRHECN. B hghr it Pdbe srelgpieatanon has mekepiteemdatatigelvgnore

t enper . erably
A e L U e S
t o di stislpkaakchily Hevoidtodsteafc miedctricen. Accordingly the neutralization shoul d
be conducted in the absence of any solvent that may form an azeotrope with
water. Preferably, the pressure is reduced to no nore than 7,000 Pa (70
nbar s) . THNG AUBRAdHS10ind GRRREES aUsRd S CARLESAgMLS hhg &Rl owi ng
nol ar rati og: (%Nal kggfi rilne ear_tﬁ ngta! baseéfi@él k&ﬁﬁ%hengl Sf 0¥.12: 1 t% 0.7:1,
pr ef er diskgcites8par inead s§aight ahdin(@ptaiamigoksdosibée boktch | Wiydreghiémotikgdf 0. 01: 1

0.5:.1 f bl f 0.03:1. 0..15:.1., Pref bl th d hi
hout; sitrandh BLRRs erbIRuP Shisie Rlphba e Ropted BlerS Gafa ot

exceedijagstfiihé e ROMbEsabrdckAIPanaliE & Sho@l2d easbnAlSasandr@t an
absol ut e g‘_essure of between 5,000 and 105 Pa (between 0.05 and 1.0 bar).

More prigtirablyyi0 et1d errbendiemnst his neutralization step the al kyl phenate
obtained is kept for between two and six hours at an absol ute pressure of
bet ween 10, 000 and 20,000 Pa (between 0.1 and 0.2 bar). By providing that

oper at iipnRgicadrabodintdredheuranthal siefifis egndyad Bicghniieopeohbranehan didfimat t he
pressure in the reactor is reduced gradually bel ow atnospheric, the
neut r al¥Wi¥ak B&h PrfgEblo ReipstegaFom Sphsteing WRstitmenBerlesyet Fromu &0 sol vent

that f ook aRod0tefins (i.e., propylene oligomers, butylenes oligomers, or co-cligomers
elc.}.
in one embodiment, the mixture of branched olefins is either propylene oligomers or

butvienes cligomers or mixiures thereof.
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SUBSTI TUTE SHEET (RULE 26) WD 2011/ 002675PCT/ US2010/ 039945 azeotrope with
the water formed during this reaction. B. Carboxylation Step The

car boxyl avpaniigweqsi s conducted by sinply bubbling carbenTdisexioasount o t he
reaction nmediumoriginating fromthe preceding neutralization step and is

contin ed unti ast 20 I of the startin | kyl .phenols is
convert@dwﬁéﬂﬁbﬁéﬁ“ﬁg1%@9“5?&2¥§%%%ﬁ?é&3 40 & th'P@eﬁ%ﬁﬁgbveﬁbtentionetric
determ nation). It nust take place under pressure in order to avoid any
decar boxyl ation of the alkylsalicylate that forns. Preferably, at |east 22

mol e %B‘fe bmicbeémﬂefh‘g cﬁlap;ommhzemm@et@acwe@ﬁmw b@p&kb@rédé@ldi@fw ate using
car bon g a_terr%]erature eﬁ%behwe E 1800 cg under a pressure
Wit hin ‘%*ﬁé?“?eéﬁs ORPIYFERTABETR PR B EFRRY P a%@é’?&?ﬁf@%a &5 Pa (15 bars)
for a pebp g@n@fﬁ%ﬂpkﬁ &'@Eﬁiy@ﬁ?@%yk@@&ﬂ?@@hﬂga@ﬂbﬁ@ﬁewﬁebé%heta@k fheast 25

nmole % of the starting al ké@ phenol's is converted to al kyl salicylate using
car bon tHE@X%WEﬁ\’@U@érﬁﬁ@ﬂ wied kegual phaspborigesist ef beeanrideutainder a

D ebou il HaRant ARl B)s G Nl 1ot 00, AR haRnoduck saliabipe

carboxy nay advant ageous 'y “be r'pos

filtratglignnsireptibs precgseapyve sediments, and particularly crystalline
cal ci um carbonate, which m ght have been formed during the preceding steps,
and which may cause plugging of filters installed in lubricating oil

circuit At | east 10% of the starting al kyl phenol is
renmove EP gr%bgﬁ%ﬂ%?%(gﬁct R”of t he carboxyl ation step. Preferably, the

separation is acconplished using distillation. Mre preferably, the
distillation i arried out i ed film rator, t a tenperat re of
1 om aHBaenBofE dsatie Seeed al! R frbE LR bR gtnfbiho! Fo b

nbar; R &E;gﬁ@r;%énﬁé@%@Qﬁb’i&scél%@@ég?ﬂtmﬂ PROGiNisainaahadt 0.5 tO

about 3 nbar; "ndst preferably from abo 195C to about 225C and at a
pr essurcékgdpharlbi may be oblained by the reaction of phenol with a highly isomerized low

molecular weight olefin.  Typically, these highly isomerized low molecular weight
olefins will have from about 8-20 carbon atoms and 60-80 wi% branching.
Preferably, these olefins will have from about 10 to 18 carbon atoms. Specifically,
80-80% of the molecules have methyl branching off of the olefin ¢chain. These

olefins are prepared according to well known methods in the art.

The highly isomerized low molecular weight olefins employed in the present
invention are generally prepared by the process employed to make isomerized
normal alpha olefins. However, the preparation of highly isomerized olefins usually
oceurs at a higher temperature range typically from about 150°C to about 250°C.
Additionally, highly isomerized olefins are prepared with a lower space velocity in the

reaction chamber, typically 0.1-2.0 weight hourly space velocity (WHSV),
A, Neutralizalion Step

The alkaline earth metal bases that can be used for carrying out this step include the
oxides or hydroxides of calcium, magnesium, barium, or strontium, and particularly of
calcium oxide, calcium hydroxide, magnesium oxide, and mixiures thereof. in one

embodiment, siaked lime {calcium hydroxide) is preferred.

8
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SUBSTI TUTE SHEET (RULE 26) about 1 to about 2 nbar. At |east 10% of the
starting al kyl phenol is renoved. More preferably, at |east 30% of the
starting wbkyli/gkesol is renoved. Most preferably, up teCPAX@b/089ves
starting al kyl phenol is separated. The separated al kyl phenol may then be
recycled to be used as starting materials in the novel process or in any

ot her process. Unsul furize.d, Carboxyl ate-Containing Additve The

unsul f urzedmaar ey lpkes %Bt&én%é‘gn@ﬁ%!téh%%hé%rﬁ%c%% ([oRBaRERRRNECPT OCESS
can be characterized by 1ts unique conposition, wt nore al kal i ne
eart h reeteahplsi thgl ronoderanig beismpolghkyilic eiabhoiyHaetife;)?arhd‘ribeesicahmyl phenol

h k | k h
uneul FuRTEEE Dbt s pattsRdls APRoPhir 2 FEbORRS Faf ol Ndos: ¢i on
(a) | essratdhamy 4@%@%%&3&&@@@& ar&d@)arém@tiw%smt&ﬁ%mdw Ifc&eeﬁﬁﬁgéab net al
al kyl phenate, "and (b) from 15%to 60% al kal i ne earth netal
si ngl e-faraivaerelic: iphepianiAnskipitysit acld, a0RIM&eba ral ianear nHmbtral

| kyl
car boxyirsroB R (HARH L Qe IS8 ARSI ER I b IPI AR AT 2 by havi ng

only mmixturandbatnsoiaf raio @rlf&mnmcﬁamm aati ahod!@ium Boar 0.8t icct®d:ng
al kyl salicylates. The nole ratio of single-aronmati c ring al kyI salicylate to
doubl eei?fﬁf‘?é@iwj%eiﬂf“i@e%ﬁ@ﬁ@é?fjl%% Femost §f9f¢@é%‘i1§ T hegrabaetie FCi® 36n of

the Single, @f&?ﬁéaﬁé lidity @E%&%ﬁaﬂh%ﬂ %?‘fﬁ rﬁ%iali PEEES 8 5

Spectronetry aromatlc ring- rations were used to
char actremiczs mbgemtrtsmnfmnglaamﬂeagebbxyl at e- cont al n| ng additive of the
present invention. Infrared spectra of aromatic rings show strong

out - of - pl ane C-H bending transm ttance band in the 675 870 cm 1 region, the
exact friRONeneiz48Rs BDRRIicHReRakiR! e (AfskrhRGalr aPiclst SUbgt | tuents. For

ort ho-di substituted conpounds, transmttance band occurs at 735 770 cm 1.
For parmefﬁrsi@ibsattﬂftdﬁtéao&@n@m;ndvse prefarsdny Bt wesk2420id decpiessate 810 840 cm 1

12 SUBSTI, TUT mr %Rhé @ % WO 2011/,002 q75w;1('}rﬁ H}SZOl% 9945 | nfrared
spect r 4°gFFER LR PERTR RarsrATTGIY (7Y PElRVRAT o T SN i nvent i on
i ndi Cati%;dd*@:hgiyhﬁe@iébﬂ@fszﬁl@f@cﬂ?ﬂ bendinadcletanng bhane® bras, osicas at

that may form an azeoirope with water. Preferably, the pressure is reduced o no

more than 7,000 Pa (70 mbars).

e

The guantities of reagents used should correspond to the following molar ratios: (1)
alkaline sarth metal base/alkyl phenol of 0.2:1 10 0.7:1, preferably 0.3:1 t0 0.5:1; and
(2} carboxylic acid/alkyl phenol of 0.01:1 to 0.5:1, preferably from 0.03:1 10 0.15:1.

Preferably, at the end of this neutralization step the alkyl phenate obtained is kept for
a period nol exceeding fifteen hours at a temperature of al least 215°C and at an
absolute pressure of between 5,000 and 10° Pa (between 0.05 and 1.0 bar). More
preferably, at the end of this neutralization step the alkyl phenate oblained is kept for
betwesn two and six hours at an absolule pressure of between 10,000 and 20,000
Pa (between 0.1 and 0.2 bar).

By providing that operations are carried out at a sufficiently high temperature and
thatl the pressure in the reactor is reduced gradually below atmospheric, the

neutralization reaction is carried out without the need 1o add a solvent that forms an
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750.+-.3 cm 1 for ortho-al kyl phenols, at 760.+.2 cm1 for salicylic acid,
and at 832+3 cml for para-al kyl phenols. Al kaline earth al kyl phenates known
i n the arwohaueoedrsr ared out - of - pl ane CH bendi ng transmpCrarse@oloaeyds at
750.+-.3 cmland at 832.+- .3 cm 1. Alkaline earth al kyl salicylates known in
the art have infrared out-of - ne CH bending transm ttance bands at

763. +- SFECHPREANE hE WRsT 1FiQ‘"j'”?ch Aok (RRSUPFUri zed car boxyl at e- cont ai ni ng
additive of the present invention shows essentially no out-of-plane CH
bendi ng vibration at 763.+-.3 cm 1, even though there is other evidence

t hat altkyladbixgplian &4 present. This particular characteristic has not
been fully explained. However, it may be hypothesized that the particul ar
structure of the single aromatic ring alkylsalicylate prevents in some way

thi's outhOfadbanatisn @teﬁﬁs@%ﬁauw@@rw $iBThly b@bt&itﬂg&zﬁ%b#ﬁﬁé&ﬁ% irifehecar boxyl i c
e

acid function is engag in acyclic structure, and thus may generate

i ncr eagedcEepesithn gagHRdeifroN fiee pragegingneiralization st ard S eIUNUEHI ti ng
the fr i e snekghbar. = I S,k LS: 18,.supported
byt he TALE! (AR 20 RITF oF B AR D S AR BB RS GBIV B ke

t he car{b@asuied asisdidwinciciddby pstamtiohange terngagsdnl Nt sy elidecpists uct ure and
thus can rotate) has an out-of-plane CH transmttance band at 763.+-.3

cm 1. THEEHRELITUR i BTAET cRRKEKAT eecAbA i The Beditrisdicyeie Hat fpdsent

i nvention can thus be characterized by having a ratio of infrared

transm ttance band of out-of-plane CH bending at about 763.+-.3 cm1l to

out - of -Brcéerebly; B bestihgiae 9832ihe st@riam dikgfpHeests sBhamvOridd 1o allye unsul f

ri zed, carboxyl ate-cantai.nin ddjtive for t hi t hod, in

nonoul FATFUGE LSBT RHES it UAReTAgh of Drpieer 8o Taepo e ot

per f or RReROMERitRW thEThagd oPREFUS Sve BRINGHRHKRrbsdiRE 8 15108 PEIM S
additive can be enpl oyed as a detergent-di spersant in applications, such as
mar i ne gl ive agpdrnd alercetotdighipr@gence of al kali metal s have proven to have
harnful effects. 13 SUBSTI TUTE SHEET (RULE 26) WD

2011/ 002675PCT/ US2010/ 039945 Detergents The unsul furi zed,

car boxyh&icediegnt aneivigiaad dit td e 2EQhBREY thheiRheg asks! gesedished above has
been found to provide inproved | ow tenperature perfornmance, bulk oxidation
and corGde¥iegad ¢ ﬁi%ﬁaiﬁgf}oﬁwwr@mﬁi%@iﬁ)am@ewewtwwéﬁa Pfives,

i ncl udi 1 g ! | FEN ni sh, ring zone deposits,
and rusq}g%{%?tﬁigéé{g?ﬁ%% Hso+¥u%%gég§gjﬁ(?lstlg}és i né @%)P%@'d& suspensi on.

Met al - corEiiniongstepr ash-form ng detergents) function both as detergents to
control deposits, and as acid neutralizers or rust inhibitors, thereby
reduci ng wear and corrosion and extending engine |ife. Detergents generally
conpri | AT ; , hahi 11l 1 W head
compr i o P B! of MR G A0 ER G AR GeoR bbb e Phey

cont ai fdhs fihsttiantsia) Isytoseoick sihents, andpattiofahheryaitlale daiciuhi ch case

v o P50aNS BRI TC4E DREALAIT R By o PRGBSt ST GIEISI0. 11 | s

POSSi blifal 0aliH€ bRARHPHORATHEMIRAON IdbiRiAL Mageuly. reacting an excess of
a netal conpound such as an oxide or hydroxide with an acidic gas such as

carbon dioxide to form an overbased detergent. Such overbased detergents
may ha\rfﬁ % t ot al .hase nunber of about 15 to 30 (|l ow overbased); 31 to 170
(medi urmio SRS Se;p 171 to 400 (high overbased); or above 400 (high-high
over based). Detergents that may be used include phenates, overbased
phenates and sul furized phenates; phenate-carboxyl ates, and overbased

phenat eXdapdolyi aff die sigaintbrigt sl EsreameraslEpmdbe prodrsh e st ear at es;
and lo i hi I e U & .S, I ncl ude
the a oo TESATTApnE R R 107 3Pla b sl impisPo G cliRh A
cal ci urcangkof@gbis thuniisTheionos tcaadrnond iy sgediivadwparsiocat gi um and
i whi ch bath b t i t t d i I i t.
TS i of P S5t 80P 85 SBbut S501E SRS it WP aBobi B 6"
about 4 mbar; more preferably from about 180°C to about 230°C and at about 0.5 (o

about 3 mbar; most preferably from about 195°C 1o about 225°C and at a pressure of
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Preparati on of Phenates The phenates which may be used with in- the present
invention are typically al kyl substituted phenates in which the alkyl

substi t uewD 20r/®edIst i t uent s of the phenate are 14 SUBSTIPTUIR28AED43 RULE
26) WD 2011/ 002675PCT/ US2010/ 039945 prefer ably one or nore al kyl group,

ei ther hranched or nbran hed. taple al k r contain from4 to 50,
preferé&‘&}’tﬁr@rﬁb@uf 2720 ge(ﬂ?ii !().’)"’rf% thegiest QI%W???‘@T]PV&EF@QHF}% OYf oups
are 01?pr9fé?§i§%§ Qﬁéégﬁﬂkﬁ% Jfrt QLRI ORY bR ?pi‘s&%d&%mox?é}? ﬂ%éﬁ%re@r‘é’éﬁ?'%;ﬁ;ed

phenates are pically sulfurized.” According to one enbodi nent

pr esentioidie i Hmwwcim} dhgathesol fousdredicd] lf;ze phpatited abfyl phiwablimay eart h
nmetal s pare by neutralizin ed a

o kal § EPE LBTRERAEL 17 Fe U sReuantd Bplteli rubf i sl HRESS Py iortY O hai i de
ions, thecedg/col being present in the formof a mxture with an al cohol

havi ng a boiling point above 150C, renoving al cohol, glycol, water, and
sedi nent, carbonating the reaction nediumwith CO2 in the presence of

hal i de | m%g égﬁg}xg{amdn%n%l C;Q&ﬁ Ve glycol, water, and sedinent. In

anot her pre erred e ased, sul furi zed al kyl phenate is
prepared by a process conprising the steps of: (a) neutralizing a

sul furized al kyl phenol with an al kaline earth base in the presence of a
di | uti ofeounsul ”é??c%ﬁib%ﬁa‘t%ﬁa@ma@“?Q)ﬁ‘%d‘t“t’%é@@%ﬁci&( tf@e@"@@%‘?%@éﬁ% FAt he

form ofy, @cﬁﬁ%h@rﬁe&‘b@hi&a&a %.&9891] o }’Jh”@fﬁtﬁ R0 e 894@% &%%’%@C (b)

removi ng al co d water fromthe nmedium pre era
distil Isashg;iemm(m)ﬁscwemﬂky@aﬁezdammd fasenaiitvh gheedi tban ppoedexdbin) ytmfy

filtrati X ti th | t ant di h
U b oo he SR AR o B i S atea: 1 yheorizkl. Sabailelm Thes e
medi Umcd?a"te%?uﬁ"gaéﬂdﬁn@’he% fdl bliakreborThe@kabi pasenst BohRsRoIHERbU(b) n the

above process”incl ude the oxi des and hydr oxi des of barium Strontium and
cal ci urffompatifs bubar gikelinrecanh outial Fkyibbbnalcband (mdrpoi it &b60% 150C usef ul

in the cess ncI e.al.cohols..of. C6 tg Cl4 such as ethyl hexanol,

oxoal coaﬂ%ﬁ% eﬁ%ﬁgiqieW?W@@W@Q@%ﬁ?‘%ﬁii@)xyal cohol s such as 2-

but oxyet hanol , 2 but oxypr opanol ; and net hyl ethers of dipropylene glycol.
The amines useful in the process incl ude Cg)ﬁ}pyam noal kanes, Ereferabl y

pol yani Widdehalisaine o iW5£E$§93@W§ﬁt%%§m AdY aher Bracasst] _ )
b oces i S BiRe G MG AR BPog 1F o SR BHBEH A RY hati de

i ons erfpheixedniyminbeaprooeesst an aliptied esahlryetal doublshiromatiyirke added in the
form of ammoni um chloride or netal chlorides such as cal ciumchl oride or

zi nc chilersdeyiaiss JUissTrrUREoSHEnoie RIpEappyingE!kyisalicylate to double-
2011/ 00%@57%?%@%93}!%3%%%55 at least 8:1.

Characterization of the Single Ring AlkviSalicylate Carboxylate Product by Infrared

Spectrometry

Out-of-aromatic-ring-plane C-H bending vibrations were used to characlerize the
unsulfurized carboxylate-containing additive of the present invention. Infrared
spectra of aromatic rings show strong out-of-plane C-H bending transmitiance band
in the 675 870 om™ region, the exact frequency depending upon the number and
location of substituents. For ortho-disubstituted compounds, iransmitiance band
occurs at 735 770 cm™'. For para-disubstituted compounds, transmittance band

occurs at 810 840 cm™.
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The dilution oils suitable for use in the above process include naphthenic
oils and m xed oils and preferably paraffinic oils such as neutral 100 oil.
The quantwoOyoofoogé7suti on oil used is such that the anoumCTafS2ai0lo399mst he
final product constitutes from about 25%to about 65% by wei ght of the

final uc refera fro abo t 30%to about 50% The process outlined
above §%ﬁfﬁc{$’9% fgi’é%{%i‘ fﬁ“‘@ grupyfes ipevapi 5 %@;@v"e hirg RN
i ncor p%é&%& t'%t f&fef &rtﬁ‘{ﬁ%ahé‘@i-itﬂ@n%iar?gpf?éh%&!a%e bRE'}%Q%%Eé gn of

Phenat e- Car boxy at es T henat e- car boxyl at es, whi ch may be used in the

pr esent“f’ﬁGWe&Ln'onfﬂapeihnyqjkyiamwal &y160s 53 £t Ulte dafithidinatols, candoah8A233es i n
whi ch the]gl l{ﬁ/ l.f % g}tuent or substituents of the phenate are preferably
one or Hor & %@Ta@f%u‘:ﬁ, ®i ther branched or unbranched. Suitable al kyl
groups contain from4 to 50, preferably from9 to 28 carbon atons.
Particularly suitable alk groups are Cl2 groups derivable from propyl ene

t et ranﬁikame@ﬁRﬁlkym"ﬁ?ﬁ{&%kw?ﬁ)ﬁeﬁﬁ@t%’i parbMiarat evi-paplope i berdipad or
e i uaf b pauar ared b iorl - BRARES CALhEY] Ak ppPar O f1om an

over base at € which™has n tréeat ed ore during, or
subsequaikfisdiizyRies hasivn @ the & havk enfgerelaiut-of pldrex@ i @e&ﬁin@ (preferably
stearic aci d% anhydride_or salt ghereof That pr,ocess conprises contacting
a ni xt draEsehi téﬁc%l?ﬁws Bhémates @ PBESH 88Re-sofVent , netal hydr oxi de,
aqueous netal chloride, and an al kyl pol yhydric al cohol cont ai ning from one
to five carbon atons, with carbon di oxi de under overbasing reaction

condi t i Orsundidiungedmasugtis-cratahingkdativeent theﬁmmﬁvmtisnlémwmt al

hi d th f. th d f bl ot |
a1 kol | HSSEERE HoPHl-G-PRBGIC bt BPEHabIprBUERLAeS fr orer aripn PRESERIGE.
pol yhydg bgh £adlcdl tﬁa?éiﬁ?/ﬁ%ﬁﬁ%ﬁ&b%@?esén@ ﬂwa@b@ﬁ@u‘ieﬁ‘%?@@&@hé‘&“ﬁas F‘sB@

over based phenat e-carboxyl ate i s produced by overbasing a al kyl phenate and
treat i Mgarhiellpheplaired blsvaver, oy hypotagsized et SUBSTIITURE sSHEEFe (ORULE
26) 011/ 002675PCT/.US2 945 overhasin with a |ong-chai

cat boxy P SELE ATTRPEh raRTY ey BUF PR Ut i P S AP e ddr . 1 n

t he Ovﬁm@ﬁbﬁétm e i%irud‘t%r@(iﬁ@rcbﬁ:td)@ia@b&w'fuﬁbi@:ﬂﬁis&zr{ b@hn@ﬁ@dﬂ@

sul furized or unsulfurized), at |east onée solvent, nmetal hydroxi de, aqueous

met al cﬂ%ﬂl’@ﬁwi"&eaméﬁwsaWGwWW%i@IEW?QW%S*&i"@dﬁ%‘lﬁfa@éﬁtﬁ%mﬁ wgimtvmme to five
car bon a%%%&;ﬁug ﬁ?ﬁ& ﬁgdtthFJb &%E;B%fg%(@ééﬁﬁbamk‘f&rggéé £1.has! fg,.reaction
condi tions r I

reaction conditi o terrpera ures of from

250 t o I3/pokheais &mrpm*teﬁtw fredbonbpher iofrprebsigotrunPuefier abtified tiasd uct
over based al kyI phenate is a sul furized al kyl phenate. Preferably, the netal
i s an difk¥hichdhezefprve goid WP@O%M%F@&BW%Q@%‘?@Mapb’@fce?tﬁtﬂtve e al kyl

pol yhydrl.c oah coel) ik, &1 Byl anaeabesl va %ﬁﬁeﬁw%ﬁa&gﬁa@@a% gRAt (treatnent

| ong-chain ¢ IC ac anhydri or salt thereof) can occur
before durlng, or after the overbasing step. It is uninportant when the

g;gl‘?ﬁ S”Eﬂgj Eé!fi? %Jn%ggt(*ﬁg)a L %&3?1 ’fl*ailgséé'%ﬁ_cdlitgf’e oafr{gg %r:“esfje(?wt sr?vreﬁ ;%!f}tcatnqﬁtrjg %];1
characterized by having a ratio of infrared iransmittance band of cut-of-plane C-H
bending at about 763.+-.3 e to out-of-plane C-H bending at 832.+-3 cm™' of less

than 0.1:1.

The unsulfurized, carboxylate-containing additive formead by this method, being non-
sulfurized, would provide improved high temperature deposit control performance
over sulfurized products. Being alkali-metal free, this additive can be employed as a
detergent-dispersant in applications, such as marine engine oils, where the presence

of alkali metals have proven to have harmiul effects.
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The phenate can be sulfurized or unsul furized. Preferably, the phenate is
sul furized. |If the phonate is sulfurized, the sulfurization step can occur
anyti ne pwoanittomzeser basi ng. More preferably, the phenatreTtits2eulosams zed
before the overbasing step but after the carboxylate treatnment. The process
outlin abov is nore fully described in U S Pat. No. 5942476, which is

i ncorp ?E@Ff reference into this application. Preparation of Salicyl ates
The preparatlon of salicylates is well known in the art. Preferred

salicyl ates which may be used in the present invention include nmedi um and
hi gh ov‘é?ebaefsdfwiaeﬁpwrheegaiaammmrww gadlitiee &frpol iwﬁiee;wmease froswsident

net al s, e@oﬁrefer m)nov§l ent cium As,.used

fe
hor i n.2G T e LN S

of abo%x&&ﬂtacﬁ@aiﬁ Qorrck@a@ﬂ? coMesbas et {HieB)whsn BBABnsHovillY oPEBRELTAEE, SHEET
(RULE 26) include salicylates with a TBN from about 171 to 400. Hi gh-high

over badedugiHamB)ieigsnifeant to include salicylates with a TBN over 400. In
one enbodi nent, salicylates may be prepared, for instance, starting from
phenol , ortho- aI kyl phenol , or para-al kyl phenol , by al kyl ati on,

car boxybetergantandipsedritrd! Qamash aing ddre ddidiet Bng regentkgupiiemsblupiehosen is
an olefin or a mxture of olefins with nore than 12 carbon atons to the

ol eculRATCiAg incaliaifal susacesiay sMgial WF@%‘BB&%Q?M@@%EEQ cl§fergRBISal kyl at i on
of pheng 1{:1‘?5?9?6’&?113% ﬁet@@rﬁ@f@e@htﬂl eoRd Sd% 3’{%8 r% ;z%%td?lr@t enpl oyed

IS, in genera In particular, err to the sum of
t he anuuibgolyy thereghtedfcied mhaenﬂ@oa@em artdexibeﬂmlg em};rhmiafal kyl at ed. The

| kyl b d out at f t b L e o 5
par 11| PSR ks (BeRELD 5SS pol SRS M) S ke BBl 4 WA PRe’ phonol
or ort hosa ke RPESTBLKHE RSB s%ﬁ%%n%ds@%r@%ﬂﬂ&%b%uhﬂt@hé hengeHyespondi ng

al kyl salicylic acids by techniques well known in the art. For instance, the
al kyl phsméhis dafstéasé@mﬁéytsécdckmtﬂetmmeﬂwu@t of thenmalat shehiah easesthey asol ut i on

|ntothecrres ndi ng..al kyi hen tter are treated with CO2 at
about  Lhva SRS 2ol RO BB i EpnB el Bald REbEM oA

al kyl salijreyd e mefsabt @yﬂ@'ﬁ"hﬂiﬁ%%)@'?ﬁ% paylice 1188 ipassiBRyhachibesgked
with the aid of, for exanple, 30% sulfuric acid. For the preparation of

over bas?éaoer&e@i@treetaihﬁeeézw?ae?ﬁlg 2y ExecEcPioR Mgl EnpeuEst BeEfpE Aan excess
amount &éq@opﬁiﬁﬂ@x ﬂ’aafa% gh@%&@é@%@ ca@‘?‘érfr eg}degzofI&BﬁHfa%@e%a&@cﬂ OH) 2.

For exanple k Isa I ¢yl c~aci equival'ents of

cal ci urdgtargene $Lﬂ1‘i’hﬁ>\a§rb§@é@&%rgﬂarﬁtb Phang h@@&letm@nbaée tumbequf yuabentSicof 002.
The pr e§ar ation of medium and over based salicylates i s more fully described

in U s.opdew oNgTPasegios Bas! /Aaean PayeResed) 148,196 (ngh avesbassil 986, 167,
whi ch aéiﬁ)vbrlﬁ?ﬁ@%?@h%@x @éréﬁgéﬂ ence into this application.

Detergents that may be used include phenates, overbased phenales and sulfurized
phenates; phenate-carboxylates, and overbased phenaie-carboxylates; carboxy-
stearates and overbased carboxy-stearates; and low, medium and high overbased
salicylates. Suitable metals include the alkali or alkaline earth metals, e.q., sodium,
potassium, lithium, calcium, and magnesium. The most commonly used metals are
calcium and magnesium, which may both be present in delergents used in a

fubricant.

Preparation of Phenates
The phenataes which may be used with in the present invention are typically alkyl
substituled phenates in which the alkyl substituent or substituents of the phenate are
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18 SUBSTI TUTE SHEET (RULE 26) WO 2011/002675PCT/ US2010/ 039945 Preparati on
of Carboxy-Stearates The carboxy-stearates which nay be used in the present
i nvent i orwaneittoppizsal | y al kal i ne earth netal singl e-ar omrarius2oiongeas Kyl
salicylates that have been treated with a | ong-chain carboxylic acid,

anhydride _or, salt thereof, The carhoxy-stearate is prepared froma m xture
of &l kel PIREeRE AR drdtiare SkHgieEPo i"fffél*‘iﬁi‘ﬁ”ge‘g%ﬁ ﬁiwﬁg?%gfgfwia@&%g?%e
sol ventgroand cahis® {08 £ Eg, PREAhLRANAAX derg E&s%mas&%g.eph&acﬂmgbalsﬁd by

contacting the mxture wth carbon”dioxide in the presence of an al kyl
pol yhydwiilebld albharpuphereln: gloepaldeyvagiedupngfropHenaleoiotr. Has 4lkdm one to

five carho t . e such .useful, al kyl pol yhydric al cohol is ethylene
gl ycol .Su%gt@?(ggg‘é@%}ﬁﬂr?Eﬁéodcei@o‘?i}jgufigeamre fully described in U S. Pat. No.
6, 348,438, which is incorporated by reference into this application. Base

OH of Lubricating Viscosity The base oil of |lubricating viscosity used in
such cdsesiinpdaongsMpedirens phihegpresent isyatien, icyediassdofuiirigedsi ty

Ctabl ) : oy o
& nnkodds Ghetts paliind AR ARG e bAE W hoFPaRIT b SNBRET: oF (-
18C) t wiR/ipin@twiRlQraka9hEpartitaskds ¢hoplasamay die dlietibned, & oo ynichet i ¢

or natural sources. Mneral oil for use as the base oil in this invention
i ncl udewliggrians.ithe 8lverhpRinadneEeing e kem @i 3 eitHER wih @rglaphihaviiaded in
| ubri cati; il kb d j L 1Sy dr ocar bon

synt hetailgdé;ﬂ% ?J%ahgﬁ%’&}s%sﬁ égir}%mé)s%}’ff r%%%@é%’%‘é%&%ﬁ r‘é?ﬁg%%? rrioct'elr bon oils

i ncl udecdrbopaithgpibkeyeecikrofieaiyphavithl @0, is tHeapiasgntd et paldgieiong) scdsgbiy.
Especial |y useful are the hydrogenated |iquid oligomers of C5 to Cl12 al pha
ol efi n§e§t§)é’ﬁ‘?a§;{3?b%]e8§'ﬁ8fW‘?{%rﬁ%g HWFR%, al kyl benzenes of proper
viscosity, such as didodecyl benzene, can be used. Useful synthetic esters
include the esters of nonocarboxylic acids and pol ycarboxylic acids, as
wel | asnrowthdnydesgedaehndinerdng peegpessd, Tylpireat sdvdpplestcds erepaiedecyl

o D2t 5 EOAARLI NGl W £ 5205921 B ol LA BIRE G o

2011/ 00R&eABREFAAISRIIDIOBBMBsence of a dilution oil, a glycol, and halide ions, the
glycol being present in the form of a mixture with an alcohol having a boiling point
above 150°C; (b) removing alcohol, glyeol, and water from the medium, preferably by
distiliation; {¢) removing sediment from the medium, preferably by filtration; (d)
carbonating the resultant medium with CO» in the presence of halide ons; and (&)

removing alcohol, glyeol, and water from the medium, preferably by distiliation.

The alkaline earth bases useful in the above process include the oxides and
hydroxides of barium, strontium, and calcium, particularly lime. Alcohols with a
boiling point above 150°C useful in the process include alcohols of Cs to Oy such as
ethylhexanol, oxoalcohol, decylalcohol, tridecylalcohol; alkoxyalcohols such as 2-
butoxyethanol, 2-butoxypropanal; and methyl ethers of dipropylene glycol. The
amines useful in the process include polyaminoalkanes, preferably
polyaminosthanes, padicularly ethvienediamine, and aminoethers, particularly tris(3-
oxa-g-amino-hexyhamine. The glycols useful in the process include alkylenea glycols,
particularly ethylene glycol. The halide ions employed in the process are preferably
CF ™ which may be added in the form of ammonium chioride or metal chiorides

such as calcium chioride or zinc chioride.

-
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Conmpl ex esters prepared fromm xtures of nono and di carboxylic acids and
nono and di hydroxy al kanols can al so be used. Blends of mneral oils with
synt heti cwoi2bsi/me@sal so useful, For exanple, blends of POTIUS205869945

hydr ogenat ed 1-decene trinmer with 75 to 90% 150 SUS (100F) m neral oil make
excel lent lubricating oil bases. O her Additive Conponents The .follow ng
addi ti ve conponents are exanples of sone conponents that can be favorably

enpl oyeghd Silthe ReSfBbId Y 88k iiPthe di %%%Er?c?udﬁ n@dithbhiesisaf provided

to illustrate the present invention, but t ey are not 1ntended to limt it:
(1) Ashhizes aiespergafirablyalaeiiplc silscaioti a8 d@esiraiailﬂﬂecmwmuwarﬁsimﬁes

difi t h.ot h d dified
wen boibhdidistTie 8hoR Ml BF AR RLBe e M ME i oML BRTeME | ()
Phenol due 2e% dpsban ﬂ‘ﬁﬁlbglvk%ﬁt ofdhé' fm&?ﬁa*@:)d'u%ﬂ%r@i‘o&zbiy from about 30% to
(2,6-di-tertbutyl phenol) 4' -bis(2.6-di-tert-butyl phenol),

4, 4' - biget fBthyl - 6-t ert but yl phenol ), 2,2' -nmet hyl ene
bi s(4-nmet hyl -6-tert-butyl -phenol), 4,4 -butyI
i denebi s(3-net hyl -6-tert-butyl phenol),
4, 4" -i st prickss denebisdve-idimdrentibutiydpidendh 1J.S. Pat. No. 4,514,313, which
2 2' - net hyl ene- bi s(4- met hyl - 6- nonyl phenol ),
, 2" -1 §%WW@@€E%¥ seigresieHaions pPRIKGEPT. 2, 2' - met hyl enebi s
( - met hyl - 6- cycl ohexyl phenol ), 2,6-di-tert- buty14 met hyl - phenol ,
2,6-di-tert-butyl4-ethyl phe.nol, 2,4-dinethyl-6- tert-butyl-phenol,
2, 6- di -RreporatichNiNFhahatelayrbaantamenet hyl phenol ),
4, 4ct hi obi s(2-met hyl -6-tert-butyl phenol),
2,2 -thiobis(4-nmethyl-6-tert-butyl phenol),
bi s( 3- me{eh %&é@Wt&@WmMMy B%?Q@é’d Mﬁtﬁbfdrgﬁﬁﬁﬁ@esﬁ!cﬁa are typically

(3, 5-di -tert butyl4- Hhydroxybenzyl’). (b) D phenyl am ne type oXi dat’i on
i nhi bi tadky! sabkiiuEedhaiphaybaniaies ipweiyl thelgkd subaiihenydaserdiuemsl

al kyl at .al pha. - napht hyl am ne. 20 SU 1| TUTE SHEE RULE, 26) (c) Oher
Cypus: AaraPBieR SRR baRY 8 o Mo BV EHPoR I AL 417 Gl ybdenum
oxysul fiifigageas]. EurbER aﬁmﬁﬂjr@?ﬁ% cofih FBthy Lepebb@ferably from 9 to 28
(di butyl di t hi ocar bamat e i nhibitors (Anti-rust agents)

carbon atoms. Particuiariy sustabie aikyi groups are Cqy groups derivabie from

propylene tetramer. The alkyl substituted phenate-carboxylates may be sulfurized or

unsulfurized.

The overbased alkyl phenate-carboxylate is prepared from an overbased alkyl
phenate which has been trealed, either before, during, or subsequent io overbasing,
with a long-chain carboxylic acid {preferably stearic acid), anhydride or salt thereof.
That process comprises contacting a mixiure of an alkyl phenate, at least one
solvent, metal hydroxide, aqueous metal chioride, and an alkyt polyhydric alcohol
containing from one to five carbon atoms, with carbon dioxide under overbasing
reaction conditions. Using an aqueous metal chioride, instead of a solid metal
chioride, reduces the viscosity of the product. Preferably, the metals are alkaline
earth metals, most preferably calcium. Preferably, the allod polyhydric alcohol is

gthylene glycol.

in a preferred embodiment, the overbased phenate-carboxylate is produced by

overbasing a alkyl phenate and treating the phenate {(before, during, or after
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(a) Nonionic polyoxyethyl ene surface active agents: pol yoxyethyl ene | auryl
et her, pol yoxyet hyl ene hi gher al cohol ether, polyoxyethyle.ne nonyl phenyl
et her, povparyawbkesene octyl phenyl ether, pol yoxyet hyl emreTaistyio/osd9esmr vl

et her, pol yoxyet hyl ene ol eyl ether, polyoxyethyl ene sorbitol nonostearate,

pol yoxyet hyl ene  sor bi t ol no-o| eate, and pol yet hyl ene gl ycol nooi eat e.
(b O Heiereiounidea 1etesPRe ot Fubfardbhedioedol Aamiess or c
aci ds, gmtibrsgaps, fatty acid amine salts, nmetal salts of heavy sulfonic

acid, partial carboxylic acid ester of polyhydric al cohol, and phosphoric
ester. (4) Denulsifiers: addition product of alkyl phenol and et hyl eneoxi de,

| oxyet hyl | kyl .ether,. and pol yoxyethy|l i.t ter.. (5)  Ext
b eas it R HEEeE shbnt 5)EhY (BBl It A RGO LAHES ot SRR
pri mar Yoralreyifurian seeanodshy salkyl, matBelydreldibUustigasOinbsal clidienyhd
sul fide, nmethyl trichlorostearate, chlorinated naphthal ene,

f | uor o@k§kpars¥idsicarechd sentadaing fegphenenafive caB)orFRiosts Bricap@orwilt s:

fatty I%%g?clg'ag 'rqgﬁxgcﬁ'é[ gzz. ?&Cgv%?bm ?eaati%ﬁ rcg}%gﬂiq%%t g)rth@:&a?é) LE%%EE grﬁ E{gﬁé?agng 7)

Mul tifu additives: sulfurize xyol ybdenum i oc

sul f ur iiggddexympbihdeswniorg 200 PRISPHat agdhidvirnales; swxysphloyibgesssore.
nonogl yceri de, oxynol ybdenum di et hyl ate am de, am ne-nol ybdenum conpl ex
conmpound, and sul fur-containing nol ybdenym conpl ex conmpound. (8) Viscosity

| ndex iﬂ?@?&é@{yﬁhé’&é’rﬁﬁ%@%f%! Sits@nétééE’§a%%ﬁMgEé%aég%%h%??%@mﬁ%e
copol yners, styrene-isoprene’copolyners, hydrated’styrene-isoprene

copol ymeesy) ispmt gikebbe byhbmectagndod pérsbivtcdgipe. Virsfeosiiy ytheradleX | nprovers.
21 SUBSTI TUTE SHEET RU%E 26) . WO 2011/ 002675PCT/ US2010/ 039945 (9) Pour
poi nt  dEPVBEELRHONY G Gt 9ethac |ate. (10) Foam Inhibitors: al kyl

met hacryl ate polynmers and di ethyl silicone polyners.

The carboxylate treatment (freatment with long-chain carboxylic acid, anhydride, or
salt thereof) can oceur before, during, or after the overbasing siep. Htis unimportant
when the treatment with long-chain carboxylic acid, anhydride, or sall thereof occurs

relative {o the overbasing step.

The phenate can be sulfurized or unsulfurized. Preferably, the phenale is sulfurized.
if the phenate is sulfurized, the sulfurization step can occur anytime prior to
overbasing. More preferably, the phenate is sulfurized before the overbasing siep

but after the carboxylate treatment.

The process outlined above is more fully described in U.S. Pat. No. 5,842,476, which

is incorporated by reference into this application.
Preparation of Salicylates

The preparation of salicylates is well known in the art. Preferred salicylates which
may be used in the present invention include medium and high overbased salicylates
including salls of polyvalent or monovalent metals, more preferably monovalent,
most preferably calcium. As used herein, medium overbased (MOB) is meant to

include salicylates with a TBN of about 31 {o 170. High overbased (HORB) is meant {o
17
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(11) Metal detergents: sulfurized or unsul furize.d al kyl or al kenyl
phenates, al kyl or al kenyl aromatic sul fonates, sulfurized or unsulfurized
nmet al salwe 20f1/00ed765i - hydr oxy al kyl or al kenyl aromatic eompsend®39as kyl or
al kenyl hydroxy aromatic sul fonates, sul furi zed or unsul furized al kyI or

al kenyl, ht h tes |ts of i d met a sal
al kyl ‘”r‘(r} Bﬁé‘ﬁ ﬁ%?ﬁtwiggi*?a"‘zﬁﬁ%’ﬁ%@ﬁ JJ% %ﬁ%ﬁ i‘éﬂh A SIPHPES ﬁﬁ&@
Lubri cag ifighrfthd n%%ra@ééﬁdy%@eéf henUsHN dWdrze@, car boxyl at e-cont ai ni ng

addi tive produced by the process of this invention is useful for inparting
detergency to an engine |ubricating oil conposi t| on Such a lubricating oil

and an BB T OB Bt GY et AW PP Rah CE BPBORg) Seb Eoe R e
addi ti vgief a%?@h@h@ﬁ%ﬁbatﬁ&&%ﬂh@ﬂﬂi w’mil@gﬁét’idh foaam.ahah 4% st about 30% by
wei ght, based on the total weight t he Iubrlcatl ng oil conposition.

Addi ng f@ﬁﬂ@m%&he\/@kﬁﬁﬂmﬁqsn@pr@ﬁ@abhfﬁh@% s gAY g enisone af ﬁieﬁgs
addi ti \@uPh- BB 72 SRl d MBI Bk inAchRl hERLLORA] CLIRLAYES NS

detergency 0 ricatrng Oi 've gaso

engi nesat@lgstedbt thasatkyiatim nﬂghmlm @fl- la?mt;naerasﬁikﬁphén@om@srﬁam@f are
frequentl y used in conmbination with Goup nmetal detergents, and other
addi t i V@4 YQWP@W?@ “ﬁrﬂﬁ‘ﬂﬁ@ie’hépﬁ'@ /ﬁvﬁﬂtﬂ’?fﬁﬁméf et tive BheRH toihe

| ubri caf jngs o rﬁ@i’hﬂ%jaﬁg gﬁ%ﬂé{k&!{ﬁ'&aégk ggﬁﬁ%ﬁ%éﬁ%%ﬁo%&iﬁ%i@ﬁlg Tdi tive of

t he present |nvent|on ntro eposits 0 I nproves
t he hi ghikgiempenatyireecalepdsiut at ontpaisiypes etwanc é(ama dd&iCs| ibigartioular,

per f or ce of .that ricating oil in marine applications, 22 SUBSTI TUTE
SHEET %)ﬁ’ﬁeﬁé)ﬁ ‘K@dé#%dan effective amount of the unsul furized,
car boxyl ate-containing additive of the present invention to a lubricating

oil inproves the high tenperature deposit control perfornmance, corrosion
cont r ol Thnakyipbcosisdaepaied vinil ph@rmipéwmqmn@ara}ﬁ!kwhmenbbmut@mdw@e oil in

t ti nt i b {
commosi AYSRTERG b hpaene (e e Phr toiaf By duliues Vol Kbk B ng
Vi scosidry Fdrimstdfed, and3@ievathdies srsthdvericgadih GrF Bax lat Scsoni-alaisng
additive of the present invention; (c) 0%to 20% of at | east one ashless

di sper s&hgtion(igjo @Qirwaﬂir@taikxéaﬁen@ﬁé apirbe dttaticsphiesiraveh @ abw to
10% of ﬁoult %QQ ng%?(b )é'r "EBg?%@teﬂﬁosgw\r;»V%&ﬂ]tf{%%kﬁaiic*?%?{ts gne foam

i nhi bitor; /o of ne Vi scosi rover.

anot herot:eaaihed; mmikyismac@ﬁgan@slm@y beasberme@wtmmm@m lfomemnbié, GOt ai n the
above conpaonents and fromO0%to 30% of a netal-containing detergent. In a
furt herS'¥HB6@Cifent, an engine | ubricating oil conposition is produced by

bl ending a m xture of the above conponents. The lubricating oil conposition
produced by that method m ght have a slightly different conposition than

t he i niftgrdhe mrsgparaBon béoaerbasefbisaﬁqﬁzﬁieﬂe?h‘tesaihﬁyaiiayﬁeaam mih@edmmeexmnt S

gggpgﬁé;}%%iggg %gal?g%gqr%)u%{ Pl &y }aﬁggisf?qariq%%?n fgrnm%gan?:g ga g??jlmn%t tlh%r}fs)rm of

Ca(OH),.

For example, the alkyisalicvlic acids may be treated with 4 equivalents of calcium in

the form of Ca{OH), with introduction of 1.6 equivalents of CO,.

The preparation of medium and overbased salicylates is more fully described in U.S.
Pat. No. 4,810,388, and GB Palents 1,146,925; 780,473; and 786,167, which are

incorporated by reference into this application.
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A hydraulic oil composition having inproved filterability can be forned
containing a major part of a base oil of lubricating viscosity, fromO. 1%
to 6% by wei2gtiooed7st he unsul furi zed, carboxyl at e- cont ai rcm@saddiosdw®e of t he
present invention, and preferably at |east one other additive. Additive
Concentrates Additive concentrates are also included within the scope of
this invention. The concentrates of this invention conprise the conpounds

or cowggiéﬂdﬁt&rﬁb% Ihe528::SUBSTI TUTE SHEET (RULE 26) present
invention, wth at eas¥ one of the additives disclosed above. Typically,

t he concentrates cont ai n sufficient or gani ¢ dil uent to make them easy to
20% to 80% o he gone ntrate is

handl hi
oo o ca 8y SR Atk Wi R B0 el t AL EoHek R PR i PR SRRETN! bl e

car bOX)@.E?éEM&ﬁM@té]Q;;?@@é’laﬁ”hz\‘a@ta@fz mtghﬂkﬁrs%ﬁ@;ﬂét@sﬂi@i@ﬁé}@ﬁbeéﬂ@eﬁ@@%fwr i zed,
carboxyl at e- cont ai ni ng addi ti ve contains the singlearomatic-ring alkyl

sal i cylatoeg-chwdn paduipliyagnikgrhyshisieodr saldharagjl phenate. The remai nder of
the concentrate consists of other additives. Suitable organic diluents that
can be used include mneral oil or synthetic oils, as described above in

t he secTigpatoki-sledalcBageetdicddfork tbmbeatel sfgpildlipeasditlymetaiRngisgani ¢
diluent preferably has a viscosity of fromabout Ito about 20 cSt at 100C,
EXAMPL EXSOTRECHTiger Ciaian 3t e Oﬁﬁrﬁ’ﬂ‘n‘@mi W‘%@ﬁ(ﬁﬁ‘ﬁ%éaﬁy g %Wrﬁéid&gﬁﬁl es,

whi ch sgt. fant B, 03y Egﬁtﬂﬁqr a&ﬁ’u&%ﬂé%ﬁﬁ&?@ i @&90&’5‘?&&’&%!‘%%”3%@&%& the
Exanpl es are provi t ustrate t resent Invention ey are not
i nt ended arosikyimdivhydricBleohul evPerefra et aihyi grbup iohdar alAbkyl ipdseinods one to

five carbon atoms. One such useful alkyl polyhydric alechol is ethylene glycol.

The process cutlined above is more fully described in U8, Pat. No. 6,348,438, which

is incorporated by reference into this application.
Base Oi of Lubricating Viscosily

The base oil of lubricating viscosity used in such compositions may be mineral ofl or
synthetic oils of viscosity suitable for use in the crankcase of an internal combustion
engine. Crankcase base oils ordinarily have a viscosity of about 1300 ¢St at 0°F (-
18°0) to 3 ¢St at 210°F (88°C). The base ¢ils may be derived from synthetic or
natural socurces. Mineral oil for use as the base oil in this invention includes
paraffinic, naphthenic and other oils that are ordinarily used in lubricating ol
compaosiions. Synthetic oils include both hydrocarbon synthetic oils and synthetic
esters. Useful synthetic hydrocarbon oils include fiquid polymers of alpha olefins
having the proper viscosity. kspecially useful are the hydrogenated liquid oligomers
of Cg to Cp alpha olefins such as 1-decene trimer. Likewise, alkyl benzenes of
proper viscosity, such as didodecyl benzene, can be used. Useful synthetic esters
include the esters of monocarboxylic acids and polycarboxylic acids, as well as
mono-hydroxy alkanols and polyols. Typical examples are didodecyl adipate, penta-

eryihritol letracaproate, di-2-ethylhexyl adipate, dilaurylsebacate, and the like.
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The |inear al kyl phenol is a conmmercial al kyl pheno manuf actured by Chevron
Oronite Conpany LLC and nmade froma m xture of unisonerized C20-24/ C26-28
nor mal alwbaoolmwbéi’as (NAO) having a ratio of 80:20 C20_24TARGe1883MME ai ned
from Chevron Phillips Chem cal Conpany, The al kyl phenol nom nally has the

foll ow opertles 1.0, % Et her, % Di te, 40.0 %
Par a- alQE&%l“B CXSTREFTS Prepao red fB’PfBH@P AP %“%éﬁa&é&/ “eé%kﬁﬂ%’?‘ﬁ&?af fin by

HPLC. dokVHa PR £ BldeF 2630 Exanpl e 2 Measurenent of % Branchi ng
and % Al phag%qgfl nin 020"124 I sorr %r. zed Alpha defins (1A0) Infrared

spectronmetry is used to determ ne the percent age net hyl branching and

d ha- ol f' f d
P e gfal Pter DA Sufinelle 2iin olP T Gl Bl Ale PR, Plasi 3T B5r ve
bet weempsgshe; ljﬂ:fg'@{a@éh a&&%abltmﬁwwaﬁa%&m% {Ehavactentstmhepdt dihe net hyl

stretch) nmeasured by attenuated reflectance (ATR) infrared spectronetry and
t he peribake eheelisehiugicabrgpiibasdsby GLPC anal ysis of the corresponding

hydr ogenat ed | AO sanpl es (hydrogenation converts the A0 to a m xture of
paraffin's in which the normal paraffin has the | ongest retention time for
a gi ve OuuebanidiivebteshpoSbmisl arly, a calibration curve was devel oped between
the infrared absorption at 907 cm1 (characteristic of al pha olefin CGH
stretch) determ ned by attenuated reflectance (ATR) infrared spectrometry

and th %R?fo%% L?a%ra es @E&f@@gat ae%ror tﬂ épt?é’s 84"@&%%@‘&?’@?&8&{ ¢

[ i near east sq ercent bra the
foll owfageaa@@aémpiuye%;ﬁﬁmpmstegt e Rlicin oﬁmemnﬁ@s ot 3d0B58s GF?eak Hei ght

at 1378 cm 1, by ATR Infrared Spectroscopy) .-, 54.679, The R2 was
0. 0321 RCEHAS et T WORPRrT VS A L i Se M deR e bttt ¢ ni s
calibration equation ranged fromapproximately 9 %to 92 % Simlarily, a

linear |east squares fit of the percent al pha-olefin data showed the
f ol | owi{iiyAehieasidtaner et phiietysticainiyidear skaniiNRceingnBBS2npEifat Wbl ght at

ond ¢ nettipd BBl AL AR SRR HBY b i pPRE &, 1B 908

cal i bra;g_j(;@ﬁ;;@g&;{@]%l on ranged from approximately 1% to 75 % 25 SUBSTI TUTE
SHEET ( RULE 26)

(2} Oxidation inhibitors:
{a) Phenol type oxidation inhibitors: 4, 4-methylene bis (Z2,6-di-terl-
butylphenol), 4.4-bis(2,6-di-tert-butyiphenol}, 4,4"-bis{2-methyl-6-tert-
butylphenol), 2,2-methylene bis{4-methyl-6-tert-butyl-phenol}, 4,4"-butyl
idenabis{3-methyi-6-tert-butyiphenol), 4,4 -isopropyl-idenebis(Z,6-di-tert-
butylphenol), 2,2"-methylene-bis{4-methyl-B-nonyiphenol}, 2,2-isobutvlidene-
bis{4,6dimethyl-phenol}, 2,2"-methvienebis {(4-methyl-6-cycichexylphenol),
2.6-di-tert-butyld-methyl-phenol, 2,6-di-teri-butyid-ethyiphenol, 2,4-dimethyl-6-
tert-butyl-phenol, 2, 6-di-tert-4-(N N'-dimethyl-aminomethylphenol), 4,4°-
thiobis{Z-methyi-G-tert-butyiphenol), 2,2'-thiobis{4-methyl-G-tert-butyiphenol),
bis{3-methyld-hydroxy-5-tert-buty! benzylysulfide, and bis {3,5-di-tert-butyl4-
hydroxybenzyl).

{b}) Diphenvyiamine type oxidation inhibilor: alkylated diphenylamine, phenyl-

alpha.-naphthylamine, and alkylaled .alpha.-naphthylamine.
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WO 2011/ 002675PCT/ US2010/ 039945 Exanpl e 3 Preparation of |sonerized C20-24
Al pha Aefin The primary olefinic species in NA\Os is normal |y

al pha- ol evoroitfilees75son eri zati on of NAO's over the sol i @#caaisdoiessyusiat e
catalyst - I1CR 502 (which may be purchased from Chevron Lunmus d obal LLC)
i somerizes t ha-olefin to other olefinic species, ,such as
bet a- ol ef i ns{!:?icﬁké; WRESoIetq! fEhitgr ‘ﬁﬁtetde'rg's%fﬁgtdi‘t%‘W@Bbaép%tﬁi ns. The

i sonme. rizati ' I 502 I i gﬂ% ; -

i sonerizati éﬁaiiyﬁa%%hﬁr‘ﬁg%{ﬁg? Sg%ﬁgﬁ“%%ﬁ%? %%%uazgﬁdmgl ong tﬁﬁ%@ﬁ%tggocar bon
chai n of thalifrsarebinate)al pha-olefin (1A0) which is referred to as

branchi ng. The branching content of 1AOs is nonitored by infrared
spectronmetry, which is taught in Exanple 2. The degree of olefin and

skel et gk} ReRMBHIHRYd 0MefudrghAQ)depends on the conditions of the

i sonerization process. A C20-24 Normal Al Pha A efin (obtained from Chevron
Phil i ps Chda tanicodhpaligyyaibislens suEere égliva agetisbopapxyeikelgnpdativeact or

2.54 ¢ 4 = ' S S ' romthe
boi ¢ omeapee r PRy EPYFF RS g ALTh R, PELbRPERS RO RGBT Bl ety o
Al undumpaddoxyéthyiEansci9fiphkGi &ifler moveskyetiivierBbogibseand eMagndum 100, 134
grans of Alundum 24. The reactor was nounted vertically in a terr%)erature

cont r ol AP eREMieT Oy silise. PoTH VR ARRB BotkS! deneatearalgppryRi it ¥pye 150 C
inad 1 . i, i m / mnute. The NAO
(neat a8 s Bl TR o R o R e o WSV of 1.5 whi I e the
cat al yst bedbpashdretamaduitcsnperaicurad sndghargdatie boeenditathRilanai@280 C at
atmospherj ¢ pressure and sanples of |AO were collected at the outlet of the
- eact or il ROGhT.feFEAE BB 61 M TEHE 6 GERERIGIEC 67% RE iRact or

tenper %éﬂ%&(yiimbﬁeﬂof’?&%g@ﬁd oRcRbl bagmebkgRs ALyl phenol | 5610 To a 10
liter, glass, four neck flask fitted with a nechanical stirrer, re.flux
condenser and thernocoupl e under a dry nitrogen atnosphere was charged 2210

ranms of | t ed..phenal...(23. 5 I | | oyed by, 1450 grans, (4, | e of
Phe T s ot PRAMCEBGE SFuub RSl Prirdisrekahn it dendid Mg detnBas

Br anchigigy «lifert Bhe peemid¥trstdna ddipitem gbwre was added 290 grams of Amberlyst
36(r) acidic ion exchange resin 26 SUBSTI TUTE SHEET (RULE 26) WO

2011/ 002675PCT/ US2010/ 039945 obt ai ned from Rohm and Hass (dried

appr oxi Y..24 haurs, .. . 1 4 J I er re was
i ncr eas@gE? %¥@dgg g%@hﬁbﬁ &gﬂg%gms)Qgﬁﬁgﬂ%%&ﬁg%ﬁgﬁ%%%#%{ékgbnver si on
was abaquimd® obandupeasaidry nial bk oiiithredatioglipidyy! sufide) mafinyiaddi ti onal
100 grans of Anberlyst catal yst was added to the reaction. After 6 hour,
the conVeplsIaniesaie. spigingiehiaribpiens: flepropkniysioKRBe ¢8RS on was 98. 4
% ( by %ﬁ}ti‘?&% g_n additional 60 grans of Anberl|lyst catalyst was added to
t he reaction. ,&ter anot her 23 hours, the conversion was 98.8 % (by SFC)
and an additional 50 grans of Amberlyst catalyst was added. After 12 hours,

th i .99. 5 0 S Thy ti 1 xt led t
PR e R T S S S I T L R A S R

with the aid of vacuumto afford the crude product. This reaction was
repeated two nore tinmes and the conbined filtrates afforded 13.0 kg of
crude grobtidefungnns! edddieepradivozedesyvabingendisdithipetrbpogie.cuiogzeliat 50
Torr vagcuu then 94 00 at, 30, Torr.vacuum and,then finally, 94 .- 204C at 1.0
Torr vat Uﬁii&Iq%f%ﬁrQﬁI‘ﬁa%*&%S@h?&“ dﬁvﬁfkéf&%(m%b FOULE FOPa9YCE"RE of the

al kyl phageloipddhu tRibfigief abhlwWeRnmeResdeRin cBnifeYedbeand ashd

ol efin/paraftin, 9, 2D -%I kylate b Supergasi tical Fluid Ch?omat ogr aphy; 59.8
% par a-Bifkjonsdipg moelybdenym complex compound.

(8} Viscosily index improvers: polymethacrylate lype polymers, ethylene-propylene
copolymers, sityrene-isoprene copolymers, hydrated styrene-isoprene copolymers,

polyiscbutylene, and dispersant type viscosily index improvers.
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by IR, 2,8 %Ether, 5.6 %D -alkylate, 51.6 % O ho- Al kyl -i soner, 39.6 %
Par a- Al kyl i somer and 0.5 % phenol by HPLC. Exanple 5 Preparation of

| somrer i zewloAbiaydopdre. nol |1 Fol |l owi ng the procedure of Eramuiseodjo3miszecond
i sonerized al kyl phenol |1 was prepared froman isonerized 020.2)4 nor nal

| ph l.et 25.6 % Db h df Ex le 3t fford
an" | SonS! PBEPAPk JPBIBAE P HTTHENBF MBI pr oper (| 8- 0.3 Unr cacted

olefin/paraffin, 13.9 A) D -al kylate by Supercritical Fluid Chromatography;
54.6 % para-al kyl isoner by IR 3,6 %Ether, 6.5 %D -alkylate, 54.2 %

O t ho- ARy Foasombibitods alikerdnastilaty bolysorre mrandim@tia %lishee pllyetsPLC.
Exanpl e 6 Preparation of 41.4 % Branched C20-24 Low Overbased (LOB) Single
Ring Al kyl Salicyl ate Carboxylate from Al kyl phenol | plus Propyl ene Tetraner

Al kyl phenphietd] @z@@ghmasfmwmua@m g@ﬂé(k@ﬂ%@méy% @5«%039945

The isonerized al kyl phenol | as prepared in le 4 (700 ?rans
char gectikeyd agorgalic swifonmenamifvarey Oét»in&ﬁ@t!izﬁdtfﬁﬁ’iaé%%ﬁ:ﬁ%méi -ewdrsy f itted

with a til kati o) 8t e ntle
Fol 1 onddleBy 8 i AR st B PhAkbPLARLb Pl A e 52
and t h@mifixﬂée@banﬁs@furlzeﬁmiwmﬂ afdrnyt haghthdnatel maﬁ@i@aﬂt&@f%&%k&m@ﬁded
10.63 grans of formc¢ acid, 10.70 grans of acetic acid and 7 drops of foam
i nhi bi t'Betal Wiit%OW&ﬁiﬁyéﬂmikeﬁﬁé‘ﬁmﬁéﬁﬂean@ &hepees! ane physea! Rexigi@Sssure was
reducedytQ. .8 psia while sinmultaneously heating to 180C. After reaching
180C, ne tenperature was then ranped to 240C over 90 m nutes and held for
3 hours once this tenperature was reached. To avoid | oss of |ow boiling

al kyl p eLE)l())_J‘; th .a(::l‘tocla e was vented to a reflux colum during the

t enper gapng i ﬁ”‘@gﬁ%ﬁw hol d at 240C, The top of reflux was controlled
at 70C to ensure elimnation of water fromthe autoclave. After the 3 hour
hol d at 240C, the pressure was raised to 70 psia using CO,, while

si mul t affeoussyfurisddciarhoxHate-eerdeioing emﬁémpmcmwd (0D T of isude
internedi ate i.n t sflltered

di
b ough K eSS A Rar e PRE e iEdP Alketae BIet el St s ove)

Cel I t e)sibch aidieicdih %aifcbh’ﬁiﬁf sefbr cimphied @hﬁz;@ﬁgyﬁm@fémﬁsﬁ%ﬂmmmmg
properties: TBN d I ndex = 41. 4.2; Viscosity = 66.7

cSt @LOMRSOsHY a@g@g‘z @f@@ct@mowtﬁégg yyswﬁﬂg@@d C@W@yiate containing additive
of the present invention, typically from about 1% to about 30% by weight, based on

the total weight of the lubricating oll compaosition.

Adding an effective amount the unsulfurized, carboxylate-containing addilive of the
present invention 1o a lubricating oil improves the detergency of that lubricating oil in
automotive diesel and gasoline engines, as well as in marine engine applications.
Such compositions are frequently used in combination with Group i metal

detergents, and other additives.

Lubricating marine engines with an effective amount of lubricating oil having the
unsulfurized, carboxylate-containing additive of the prasent invention can control
black sludge deposits. It also improves the high temperature deposit control
performance and demulsibility performance of that lubricating olf in marine

applications.
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The filtered internediate (792.1 granms) was vacuumdistilled through a
one-stage w ped filmevaporator (WFE). The WFE (a 0.06 nR gl ass unit

avai | abl ewbrorwioka2s GrbH Model KD6 operated under the folPlcowisSegooseydsti ons;
Evaporator net Tenperature = 60C, Evaporator Qutlet Tenperature=210C, W per
Speed =300 rpm Pressure = 1.5 nbar, 200 gns hour feed rate to afford 465.1
grans of residue product with a TBN = 191. 2. Approxi mately 50% of the

unr eactggy ﬁ%‘é}ﬁ'é?fé%ta{)?ut X & ﬁieséﬁédi@ﬁzé@g&wﬁogﬂﬁ@émﬁﬂ%g S&digue opr oduct

(393.7 grans) was with 107.6 grans o nt oil "(Exxon 100
Neut r althe possdftandriive tﬁlariabnesmgj il Riprgves Ky @@Iﬂiem;}&wu@ﬁ@mm ate with

the foll t 11 .9%..TBN=151, Acid

| naexosstS TaREITE s “Bimiarbor 8L 88 (A5u7 0ot brtaeP el aabs s @uoc
VI =188.t1 281, BLBSH T I SHEEBH(RUkbi26ionsWO 2011/ 002675PCT/ US2010/ 039945
Exampl e 6 Preparat| on of 25.6 % Branched C20-24 Low Overbased (LOB) Single

Ring Al kyl Sal i cyl ate Carboxyl ate from Al kyl phenol 11 plus Propyl ene

Tetra I = . i i 00

o ame op dEHPOgRRL TP RARE Tt Eaefih AR G BoL By e afial B il Che

al kyl phenpbsa aswmmmﬁmnn@mmk@ 18} 1924 0%y rednise ahslifureed10. 64 grans of
formc acid, 10.76 grans of acetic acid and 7 drops of foaminhibitor and a

tot al dﬁrmi@swt@ﬁ Wqﬂ%vea@fff@@cpfﬁswtua‘@mmﬁw 40 €00/gobaligpsiy,
fol i AHIER, BhEfscb (b] B @ou' Qerlddd SFEGNQURTBRALAIREIRNE. (i1

= 50. 4 €86 of e} LG ﬁham{idtﬁﬁa ;mﬁbatsﬁac)(fzm% Vit ¥cosiitiyadtmsexdoanb@hbitoThe
filtered di rans |sI|IIed as described in Exanple
6 1o bt DB BBl oAl TRset e iR in0e e Rn07 77 about 4206 of -t pe
unreacted al kyl phenols were distilled off). This residue product (488.0
grans) was diluted with 133.3 grans of diluent oil (Exxon 100 Neutral) to
af f or d inecthargmiSpdiglest RIMgngink yligHlatiog et nGardibxy wats edttaintthe f ol | owi ng
propert.i % Ca O,W TBN= 51, . Aci dé!er%dex 2. 8 ngKOH gm of

sanpl e; E}ﬁ\/&@ggﬂg({;}f@i@agﬁém 9)’/‘1gb 86%32?%3 cféﬁn %5“@5 Vi#€"106. Exanpl e 10

Preparation of Non-isone.rize.d Li near 020_28 Low Overbased (LOB) Single
Ring Al kyl Sal i cyl ate Carboxyl ate from Li near Al kyl phenol dpI us Propyl ene
Tet r aneh aoﬂurz&yisbﬁ@’m@ﬁimrﬁfét PR e G @@rfpﬁtir@%ﬁ@@p@sm@ﬁés pErduSREdP s ng t he

comer Gi i K conmer ci al
branche "a(fj ﬁglrépﬁﬂg}%g% & tﬁ%@%o{f!ﬁ 98%0% out %%$?%twgﬁﬁde@§%%g&gl kyl phenol s
are remuedded Eﬂﬂﬂﬁilrmeﬁlmghﬁhﬁf@g shgky Sébrantlcatepdsitidroghahe idiaal t he
fol |l owi ng progertl es;: % Ca = 5.15, TBN= 137, Acid |Index= 49.9 ngKOH gm of

sampl e: MYtEEORFEgHseIBE COSRAEIED BayBiesads RS eRmEneolS-aasbe pipnded

any order and can be blended as combinations of components.

Hydraulic Gil Composition

A hydraulic oif composition having improved filterability can be formed containing a
major part of a base oil of lubricating viscosily, from 0.1% to 6% by weighi of the
unsulfurized, carboxvlate-containing additive of the present invention, and preferably
at least one other addilive.

Additive Concentrates

Additive concentrates are also included within the scope of this invention. The

concentrates of this invention comprise the compounds or compound mixtures of the
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SUBSTI TUTE SHEET (RULE 26) WD 2011/002675PCT/ US2010/ 039945 Exanple 11 Low
Tenperature Performance of C20-28 Low Overbased (LOB) Single R ng

Al kyl Sal iwgl2atigolser gents i n an Autonotive Fornul ati onPTahiseo12h3d4s5
sumarizes the | ow tenperature performance of three C20-28 LOB Single Ring
AIkyISalchate detergents in the fol finished auto tJV ine oil
as meadiFEE HHvVEHETART ¢ ﬁ%ﬁ%?*ﬁﬁéﬁﬁldﬁggtﬁgbgmi AE) 200k 1o Q‘Fﬁﬁ}’ ﬁpg‘abl e
11.1 smeﬁﬂéieg%%n&élﬁ seﬁ&%ﬂto@éﬁe%e& ab%é!{@taﬂérmbgp% RaffieldiRing

al kyl phenol used to prepare the"LOB single ring alkylsalicylate det er gent

i ncr easdggpivhenScdmgng Brookfiel d performance is inproved. Finished

Aut onotive Engine G| Blends LOB Single Ring Alkyi Salicylate mmol Ca 49 Bs
Succinimde W. %8.0

From 20% 1o 80% of the concenirate is organic diluent. From 0.5% to 80% of the
concentrate is the unsuliurized, carboxylate-containing additive of the present
invantion. The unsulfurized, carboxylate-containing additive contains the single-
aromatic-ring alkyl salicylate, and possibly alkyl phenol and alkyl phenate. The

remainder of the concentrate consists of other additives.

Suitable organic diluents that can be used include mineral oif or synthetic oils, as
described above in the seclion entilled "Base Oil of Lubricating Viscosity.” The

organic diluent preferably has a viscosity of from about 1 to about 20 ¢St at 100°C.
EXAMPLES

The invention will be further Hlustrated by following examples, which set forth
particularly advantageous method embodiments. While the Examples are provided

to lustrate the present invention, they are nol intended {o Bmit it.
Example 1
Preparation of Linear Alkyiphenol

The linear alkylphenol is a commercial alkyiphenol manufactured by Chevron
Cronite Company LLC and made from a mixture of unisomerized C0.24/Cas.28 normal
alpha olefins (NAQ) having a ratio of 80:20 Cop.024:Cos.05 oOblained from Chevron
Phillips Chemical Company. The alkylphenol nominally has the following properties;
1.0 % Ether, 3.5 % Di-alkviale, 40.0 % Para-alkyl-isomer, 1.0 % free phencl and 0.8
% Unreacted olefin/paraffin by HPLC.
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Non Car bonated Cal ci um Sul fonate mmol Ca 4.0 Carbonated Cal ci um Sul f onat e
nmmol Ca 11.2 Carbonated Cal cium Phenate mol Ca 7.5 Zinc D thiophosphate
mol P 7.%0Animioge7Ant i oxi dant PCT/US2010/039945

Example 2

Measurement of % Branching and % Alpha-Olefin in Cyp.04 Isomerizaed Alpha Olefins
(1A0)

infrared spectrometry is used o determine the percentage methyl branching and
parcentage residual alpha-olefin of isomerized Coppq NAQ or isomerized alpha olefin
(IAQ). The lechnique involves developing a calibration curve between the infrared
absorption at 1378 om-1 {characteristic of the methyl stretch} measured by
attenuated reflectance (ATR) infrared speciromelry and the percent branching
determined by GLPC analysis of the corresponding hydrogenated 1AG samples
{(hydrogenation converts the 1AQ o a mixture of paraffin’s in which the normal
paraffin has the longest retention time for a give carbon number}. Similarly, a
calibration curve was developed between the infrared absorplion at 807 cm-1
{characteristic of alpha olefin C-H siretch) delermined by atlenuated reflectance
(ATR) infrared speciromelry and the percent alpha-olefin determinad by gquantilative
carbon NMR.

A linear least squares fit of data for the percent branching showed the following

aquation:

%% Branching by Hydrogenation GO = 3.0658 (Peak Height at 1378 om-1, in mm, by
ATR Infrared Spectroscopy) — 54.679. The R2 was 0.9321 and the branching
content of the samples used to generate this calibration egquation ranged from

approximately 8 % to 82 %.

Similarily, a linear least squares fil of the percent alpha-olefin data showed the

following equation:

%% Alpha-Olefin by Carbon NMR = (.5082 {(Peak Height at 808 cm-1, in mm, by ATR
infrared Spectroscopy) — 2.371.. The R2 was 0.9884 and the alpha-olefin content of
the samples used o generate this calibration equation ranged from approximately

1% 0 75 %.
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Example 3
Preparation of isomerized Cop.oq Alpha Clefin

The primary olefinic species in NAC's is normally alpha-olefin. The isomerization of
NAO's over the solid acid extrudate catalyst - ICR 502 {which may be purchased
from Chevron Lummus Global LLC} isomerizes the aipha-olefin to other olefinic
species, such as beta-olefins, internal olefins and even tri-substituted olefins. The
isomerization of NAO's over ICR 502 catalyst also induces skeletal isomerization in
which methyl groups are introduced along the hydrocarbon chain of the isomerized
alpha-olefin JAQ) which is referred o as branching. The branching content of 1AC’s
is monitored by Infrared spectrometry, which is taught in Example 2. The degree of
olefin and skeletal isomerization of an NAQ depends on the conditions of the

isomerization process.

A Cooz4 Normal Alpha Olefin (obtained from Chevron Phillips Chemical Company)
was isomerized in a wbular fixed bed reactor (2.54 cm 12 x 54 cm Length Slainless
Steel) packed sequentially from the bottom of the reactor to the lop of the reaclor as
follows; 145 grams Alundum 24, 40 grams of ICR 505 mixed with 85 grams of
Alundum 100, 134 grams of Alundum 24. The reacior was mounted vertically in a
temperature controlied electric furnace. The catalyst was dried at approximately 150
°C in a downflow of dry nitrogen of approximately 30 mi/ minute. The NAO {(heated
to approximaiely 35 °C) was pumped upflow at a WHEY of 1.5 while the catalyst bed
was held at temperatures ranging between 130 °C and 230 °C at atmospheric
pressure and samples of IAQ were collected al the outlet of the reactor with different

amountis of branching depending on the reactor temperature.
Example 4
Preparation of isomerized Alkyiphenol | (8485

To a 10 liter, glass, four neck flask fitted with & mechanical stirrer, reflux condenser
and thermocouple under a dry nitrogen atmosphere was charged 2210 grams of
melted phenol (23.5 moles) followed by 1450 grams (4.7 moles) of the isomerized
Coo-24 alpha-olefin from Example 3 containing 41.4 % Branching. To this gently

stirring mixiure was added 290 grams of Amberlyst 36® acidic ion exchange resin
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19.45 Viscosity Index Inprover W. %6.75 30 SUBSTI TUTE SHEET ( RULE 26)
WO 2011/ 002675PCT/ US2010/ 039945 Table 11.1 Conparative Exanple 10 Exanpl e
8 WO 2011/002675 PCT/US2010/039945

obtained from Rohm and Hass {dried approximately 24 hours in an oven at 105°C.
The reaction temperature was increased to 120°C and held for about 80 hours at
which time the conversion was about 42 % (by Supercritical Fluid Chromatography -
SEC).  An additional 100 grams of Amberlyst catalyst was added to the reaction.
After 6 hour, the conversion was 87.2 % (by SFC). After 27 hours the conversion
was 88.4 % (by SFC) and an additional 80 grams of Amberlyst calalysi was added to
the reaction. After ancther 23 hours, the conversion was 8.8 % {(by SFC) and an
additional 50 grams of Amberlyst catalyst was added. After 12 hours, the conversion
was 88.5 % (by SFC). The reaction mixture was cooled to approximately 70°C and
the product was filtered through a Buchner funne! with the aid of vacuum to afford
the crude product. This reaction was repesated two more times and the combined
filtrates afforded 13.0 kg of crude product. This crude product was vacuum distilied
(98 to 108 °C at 50 Torr vacuum, then 84 °C at 30 Torr vacuum and then finally 94 -
204°C al 1.0 Torr vacuum using an unpacked 10" by 27 column) to afford 7.0 kg of
the alkviphenol 5610 with the following properties: 0.54 % Unreacied olefin/parafiin,
8.2 % Di-alkylate by Supercritical Fluid Chromatography, 58.8 % para-alkyl isomer
by IR; 2,8 % Ether, 5.6 % Di-alkylate, 51.6 % Otho-Alkyl-isomer, 38.6 % Para-Alkyl-
isomer and 0.5 % phenol by HPLC.

Example 8§
Preparation of isomerized Alkviphenol i

Following the procedure of Example 4, a second isomerized alkylphenol I was
prepared from an isomerized Cagoq normal alpha olefin containing 25.6 % branching
obtained from Example 3 to afford an isomerized alkylphenol with the following
properties: 0.3 Unreacted olefin/paraffin, 13.8 % Di-atkylate by Supercritical Fluid
Chromatography; 54.6 % para-alkyl isomer by IR 3.6 % Ether, 8.5 % Di-alkylate,
54.2 % Ortho-Alkyl-isomer, 35.4 % Para-Alkyl-isomer and 0.4 % phenol by HPLC.

Example &

Preparation of 41.4 % Branched Cyo Low Overbased {(LOB) Single Ring
AlkylSalicylate Carboxylate from Alkyiphenol | plus Propylene Tetramer Alkyiphenol
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Exanple 9 TBN of Single Ring Al kyl Salicylate Detergent Al kyl phenol used to
prepare Detergent Linear Alkylphenol (Ex. 1) 151 |sonerized Al kyl phe. nol
(Ex. 4) Nns02bs00ed5zed Al kyl phenol (Ex. 5) PCT/US2010/039945

The isomerized alkyiphenol | as prepared in Example 4 (700 grams) was charged to
a 1 gallon, mechanically stirred metal autoclave reactor fitted with a distillation
takeoff and a temperature controlied heating mantle followed by 701 grams of
branched alkylphenocls as prepared in Example 12 and then 124 grams of ime with
stirring. To this mixture was then added 10.63 grams of formic acid, 10.70 grams of

acetic acid and 7 drops of foam inhibitor.

This mixture was then heated to 120°C. At 120°C the pressure was reduced to 0.8
psia while simultaneously heating to 180°C. After reaching 180°C, the temperature
was then ramped to 240°C over 90 minutes and held for 3 hours once this
temperature was reached. To avoid loss of low boiling alkyiphenol, the autoclave
was ventad o a reflux column during the temperature ramp and 3 hour hold at
240°C. The top of reflux was controlled at 70°C to ensure elimination of water from

the autoclave.

After the 3 hour hold at 240°C, the pressure was raised to 70 psia using CO» while
simultaneocusly reducing the reactor temperature to 200 °C.

This crude intermediate in the reactor (Crude Sediment = 2.0 Vol %) was filtered
through a Buchner filter with the aid of vacuum and filter aid (HyFlow® Celile) io
afford the fillered intermediale having the following properties: TBN = 120.5; Acid
index =41.7; % Ca = 4.2; Viscosily = 86.7 ¢SU @100 °C and 2042 ¢St @40°C;
Viscosity Index = 64.0.

The filtered intermediate (792.1 grams) was vacuum distilled through a one-stage
wiped film evaporator (WFE). The WFE (a 0.08 m?® glass unit available from UIC
GmbH Model KDG operated under the following conditions; Evaporator inlet
Temperature = 60°C, Evaporalor Outlet Temperature=210°C, Wiper Speed =300
rpm, Pressure = 1.5 mbar, 200 gms / hour feed rate to afford 465.1 grams of residue
product with a TBN = 181.2. Approximately 50% of the unreacted alkyiphenols were
distilled (388.4 grams). The residue product {(393.7 grams) was diluied with 107.6
grams of diluent ol {Exxon 100 Neutral} to afford the final Single Ring AlkylSalicylate
Carboxylate with the following properties: % Ca = 548, % 5 = 0,11 %, TBN=151,
Acid Index=53.9 mgKOH/gm of sample; Viscosity=287.8 ¢S@100°C and 5485
cSt@40°C; Vi=188.
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Car bon Nunber of he Al kyl Tail in the A kyl phenol C20-28 C20-24 C20-221 %
C20-26 in the Alkyl Tail of the Al kyl phneol 92 -100 99 99 % Branching in
t he A ef iwoWsadoe&rsPrepare the Al kyl phenol Scanni ng BroekfriuskaoDs®is3 -
Ge.lation Tenperature (C) - Celation Index About 0 -26 11.6

Example §

Preparation of 25.6 % Branched Cao Low Overbased {(LOB) Single Ring
AlkylSalicylate Carboxylate from Alkyiphenol I plus Propylene Tetramer Alkyiphenol

The procedure of Example § was followed using 700 grams of isomerized
alkylphenol Il from Example §, 701 grams of branched alkylphenols as prepared in
Example 12, 124.1 grams of lime, 10.64 grams of formic acid, 10.76 grams of acelic
acid and 7 drops of foam inhibitor and a total of 253 grams of CO» to afford a crude
intermediate (3.6 Vol % sediment) which atfler filtration, the filtered intermediate had
the following properties: TBN = 119.8, % Ca = 4.17; Acid Index = 9.3; Viscosity =
50.4 ¢St @100 °C and 1663 oSt @40°C; Viscosity index = 58.0.

The filtered intermediaie (896.9 grams} was distilled as described in Example 6. o
afford 518.0 grams of residue with a TEBN = 181.7 {about 42% of the unreacted
alkyiphenols were distilled off). This residue product (488.0 grams) was diluted with
133.3 grams of diluent o (Exxon 100 Neulral) to afford the final Single Ring
AlkylSalicylate Carboxylate with the following properties: % Ca =550, % & =0.14
%, TBN=151, Acid Index=52.8 mgKOH/gm of sample; Viscosity=348.6 cSt@100°C
and 6546 cSH@40°C; VI=186.

Example 10

Preparation of Non-isomerized Linear Copos Low Overbased {LOB) Single Ring
AlkylSalicylate Carboxylate from Linear Alkyiphenol plus Propylene Tetramer
Alkylphenol

The procedures in Example 6 were followed using the commercial non-isomerized
linear alkylphenol of Example 1 and commercial branched alkylphenol of Example
12. {about % of the unreacted alkyiphenols are removed). The final Single Ring
AlkyiSalicylate Carboxylate had the following properties: % Ca = 515 TBN= 137,
Acid Index= 49.9 mgKOH/gm of sample; Viscosity= 156 cSi@100°C and 2586
cSt@40°C; Vi=163.
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41 %-20 7.6 26% none <6.0 Both the lower Gelation Tenperature and the

| ower Gel ation Index values for the LOB Single Ring Al kyl Salicyl ate

det er gentwoQEkamwpd7e 8 and 9) with the higher anmount of pranskéng3mst he

al kyl tail of the al kyl phenol used to prepare the respective detergents
show i nprove tenperature performance conpared to Exanple A Exanple 12
Pr epar atr8H? f”%ropyl ene Tetraner Al kyl phenol The branched propyl ene
tetramer al kyl phe.nol is a comercial al kyl phenol nmanufactured by Chevron

O oni t e cipTpaperdtués Padormadecd bDaLLk: ganerédeded DOR) SieglerRihge C10. . 015
carbon nunber. range (propylene tetraner)_obtained from Chevron Oronlte
CompanyMiyYealigialed alscsigs anan %ﬁ@ﬁmﬂvﬁo‘?ﬁfﬁaﬁ%ﬁﬁpmas the 31 SUBSTI TUTE SHEET

(RULE 26)
Table 11.1 summarizes the low temperature performance of three Copos LOB Single

Ring AlkyiSalicylate detergents in the following finished automotive engine oif as
measured by the ASTM [-5133 (Scanning Brookfield). The data in Table 11.1
shows that as the percent branching in the alkyichain of the alkylphenol used o
prepare the LOB single ring alkylsalicylate detergent increases, the Scanning

Brookfield performance is improved.

Finished Automotive Engine Oil Blends

LOB Single Ring AlkyiSalicylate mmol Ca 48
Bis Succinimide Wi % 8.0
Non Carbonated Calcium Sulfonate mmol Ca 4.0
Carbonated Calcium Sulfonate mimol Ca 11.2
Carbonated Calcium Phenate mmal Ca 7.5
Zinc Dithiophosphate mmol P 7.5
Aminic Antioxidant Wi % 0.2
Phenolic Antioxidant Wt % 0.5
Foam Inhibilor ppm 5
Group | Base Cit 1 Wt % 61.2
Group i Base Qit 2 WL % 18.45
Viscosity Index mprover WL % 6.75
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fo | ow ng properties;
Par a- al kyl -i soner,

0.3 % Et her,
6.0 % O tho-al kyl -i somer and 0,5 % free phenol

2.0 % Di

-al kyl at e,

90.0 A)

by HPL.C.

Wi | e t hewpresigmee7snvent i on has been described with ref ecenseomwo3mpeci fic

enbodi

and substitutions
departing fromthe spirit and scop

ment s,
t hat

may be nmade

ohe 102°

this application is intended to cover those various changes
skilled in the art w thout
appended cl ai ns, 32 SUBSTI TUTE

ils, said
wo al kyl
ter, to

| east two

he al kyl

| kyl phenol
(b)

(a) using

vert at

e; and (c)

st two al kyl

SHEET (RULE 26) What is clained is: A nmethod for preparing an
unsul liuri zed, carboxyl at e-cont aii iigrap@adid i \VExd@bid S1br Egatbros o
met hod conprising: a) neutralization of a m xture of jat | east t
phenoli{s usi ng an al kal i ne earth |5a€&a! 1thd presence jof a prorm
pr odug atkyt—phemnates;—wherermnm thg;mxt UT G
al kyl eInen(‘ﬁf 'ﬁ)grp%{%] Yes at least a first al kyl ]]Epéﬁenol whe%el n t
group kaﬂ@ehmﬁdtef!@ﬂér@énti soneriized al pha alefin and {a second a
wher eiin eal-kyl -group—i-s—derived-from-a-branched-chai-n-ol-efin;
car boxyq\iﬁyipﬁﬁ”@ﬁfuqeﬁéﬁrﬁfﬁ?@@e of |al kyRephendt 88MEHERS nel§omerized
car bon li:0 under car boxyl atifo ang i n
| east Zigg}rrﬁ(q&) of the starting al %E@%ﬁ’tg#ol @HE{%& %R | @?Iq@t
renoval of at |east about 10% of th(éxstiartl ng Ekx4).1re of(E&IS;I ed

Carbon Number of the Aikyi Tail CQQ_Qg ng-p_/.; Cgo_z.q.

in the Alkylphenol

% Coo.os it the Alkyl Tail of the 82 -100 8¢ a3

Alkylphneol

% Branching in the Olefin Used About 0 41 % 26%

to Prepare the Alkyliphenol

Scanning Brookfield D-5133

- Gelation Temperature (°0C) -26 -20 none

~ Gelation Index 11.6 7.6 <6.0

Both the lower Gelation Temperature and the lower Gelation Index values for the

LOB Single Ring AlkyiSalicylate detergenis (Example 8§ and 9} with the higher

amount of branching in the alkyl tail of the alkyiphenol used to prepare the

respective detergents show improved low temperature performance compared to

Example A

Example 12

Preparation of Propylene Tetramer Alkyiphenol

The branched propylene tetramer alkylphenol is a commercial alkyiphenol

manufactured by Chevron Oronite Company LLC and made from oligomerized

propyiene in the Cio.cis carbon number range (propylene tetramer) oblained from

Chevron Oronile Company LLC. The branched alkylphenol nominally has the

31

SUBSTITUTE SHEET (RULE 26)



phenol s fromthe product produced in step (b) to produce said additive. The
met hod of Caim2l1 wherein the isonerized al pha ol efin has 15-80 wt %

br anchi ngwo2o11lioes78et hod of C aim 2 wherein the isoneri ret/iab@ohasohefin
content has 20-50 wt % branching. 4. The method of CI aim1 wherein the

The. morRBVEH REGYHPE, Gckecs HEE R0 b R HBUEENRS R 6 APk P POGHD P om 2

propyl Q:Ijﬁg QlaigemRime M Vh eng ld gesesn A hi ghl y |soner| zed normal al pha
olefin. 6. ai%@netﬁf%d of a|m5g reﬁlgin the branched chain olefinis a

propyl ene or butylenes oligomer. 33 SUBSTI TUTE SHEET (RULE 26) WO
2011/ 002675PCT/ US2010/ 039945 7The net hod of C aim 6 wherein the branched
chain olefin is a propylene oligonmer having fromabout 9 to 18 carbon

atons. Bnydhee 5%@%9;;&%31@)@?}@& beBhefRLAnd MR ANBRILAASIPEISGREr 15 a
propyl ene terramner
embodiments, this application is inlended to cover those various changes and
substitutions that may be made by those skilled in the arl without departing from the

spirit and scope of the appended claims.
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9. The nethod of Caim6 wherein the branched chain olefin is a butyl ene

ol i goner having from about 8 to about 24 carbon atons. 10. The nethod of

Cl ai m 5 weneiwoedre branched chain olefin is derived frecraskiiglbyp4s

i somerized normal al pha olefin. 11. The method of C aimwherein the highly
i some ized normal al pha olefin has fromabout 10 tol8 carbon atons and
60-80 Wt % branching. 12. The nethod of Caim1 wherein the al kyl group on
the first al kyl phenol is derived froman isonerized al pha ol efin having 15
- 80 wti\hbt angdiipgl isnd from about 20 to 28 carbon atons. 13. The net hod of
Claim 12 wherein the alkyl group on the first al kyl phenol is derived from
an i sonerized al pha olefin having fromabout 20 to 24 carbon atons. 14. The
met hod of C ai N ¢ f cialkk is

deri vede r ornﬁgagt%é%%%{rgggﬂﬁ]%R?n%weﬂfi?‘{rlﬁg\?%ﬁ&%? %Q\%ﬁ!%ﬁgf?ggﬁﬁﬁgp and from
about 20 t o i@8icdmgorisaseineTeitbd chimepmmtdiod of Caim 1, wherein said al kyl
salicylate conprises singlearomatic-ring al kyl salicylate and

doubl e-aromatic-ring al kyl salicylare wherein the nole ratio of single
aromat i c- i ng ledizsald 64 MRt of SUBRST ICIRN shdonOuahk vl Srdiineyl ate is
at least 8:1. 16, The nethod of Claim1l1, wherein, in said renoval step (c),
at | east aba#rtigossod thaereseras o picdkydiepHenobdutasa ranove df Bikgin t he

Prouct 0 SSLAL SR ASRRARERASTh0: 3 it S BB LS, S
wherein, in $aisdakgnbivéhol SRPeiChe ) dralpistddieal forh an isomerized

alpha olefin and a second alkyl phenol wherein the alkyl group is derived from

a branched chain olefin; (b) carboxylation of the mixture of alkyl phenates

obtained in slep {a) using carbon dioxide under carboxylalion conditions

sufficient to convert at least 20 mole% of the starting alkyl phenols o alkyl

salicylate; and

{c} remnoval of at least about 10% of the starting mixture of at least two alkyl

phenols from the product produced in step (b) to produce said additive.

2. The method of Claim 1 wherein the isomerized alpha olefin has 15-80 wi%
branching.
3. The method of Claim 2 wherein the isomerized alpha olefin content has 20-50

wi% branching.

4. The method of Claim 1 wherein the midure of at least two alkyiphenols is a
mibiure of two alkyiphenols.

5. The method of Claim 1 wherein the branched chain olefin is derived from a
propylene oligomer, butylene cligomer or a highly isomerized normal alpha

olefin.

8. The method of Claim 5 wherein the branched chain olefin is a propyiene or

butylenes oligomer.

SUBSTITUTE SHEET (RULE 26)



phenol s are renoved by distillation. 18. The nethod of Claim17, wherein
said distillation is carried out at tenperatures ranging from about 150C to
about 250wQ2anchoad75pr essures from about 0.1 to about 4 moarus2di9/03%he net hod
of Claim 18, wherein said distillation is carried out at tenperatures

rangin fro abou 0C t 23 nd ess s fromahout 0.5 to
about nbar hee E’)ﬂsﬁﬁfn%{ama%? e*@“é???ﬁ %‘ f\hﬁ@?&?‘ﬁm %ér‘f G| Pﬁ@&?ﬁ?%ﬁ? i zation
step; (a) 5Z{ii%oﬂf‘éﬁtﬁaﬂdgzﬁémgébd&@@tét“i'so&rbén%%rﬁ'sed out in the presence of

at | east on ar boxyl 1 ¢ aci ontaining fromone to four carbon atons, and
in the absence of al kali base, dialcohol, and nonoal cohol; and (b) sald
neutrald-zati gif %‘6@?% ?%ﬁifi“ﬁ S GEE) ﬂ?ﬁj?r%k‘éﬁ@i%@?%%raé')*'@f'-’yiﬁf‘el east 200C,
(c) the presgyLg s reduced gradually bel ow atnospheric in order to renobve
the water of reaction, in the absence of any solvent that may form an
azeotrope with water; é ?ﬁsald al kyl phenols contain up to 85% of |inear

al kyl ﬁgenolﬂi%mﬁiﬁi@d@ Clpirpf wheredadie i@@%ﬂbﬁdlwéﬁbﬁﬁéanéﬁwmsﬁw&ol in which

the branched, gy, m@mqﬁ%wgr}aa@} ok AR pAr bon atoms; and (e) the

quantities reagent s correspon ow ng nolar ratios: (1)
al kal i ne earth base/al k phenol of 02:1 to 0.7:1; and (2) carboxylic
aci d/ a1 pHenoethsrd o mm Fowheraio e Branched chain elgfin Eategloirtmatdi tive

produced by ﬁgﬁnﬁ &Q&q‘z&?ﬁ?{rﬁéi é){)i%hﬂl m1l. 22,A lubricating oil
ri

conposi tion ' part of a base oi | of Iubricati ng
Vi scosi tﬂy and (b) from about lA) to about 30% of the lubricati n%@g
addi ti v¥ acc"B"redin@@ctcbﬁi:ﬂlmnhvmerewhA Highy it eagpdon¢rmed gy olebn hascor di ng

to Claim?24 vvher brlcatln oj | au iLve engine oil. 35
SUBSTI TUTE e Eﬁ Q?%%JC?KB S siEsaiab el R b ARIE 4" 26 A
concentrate corrprl sing: (a) from20%to 80% of an organic diluent; and (b)
t he | ubt¥d.catThegmeithodddiiime abeminiiryalkyl Coapror2Be first alkylphenol is

derived from an isomerized alpha olefin having 15 — 80 wi% branching and

from about 20 1o 28 carbon atoms.

13.  The method of Claim 12 wherein the alkyl group on the first alkylphenol is
derived from an isomerized alpha olefin having from about 20 {0 24 carbon

atoms.

14.  The method of Claim 12 wherein the alkyl group on the first atkyiphenol is
derived from an isomerized alpha olefin having 20-50 wt% branching and from

about 20 to 28 carbon atoms.

15. The method of Claim 1, wherein said alkyl salicylate comprises single-
aromatic-ring alkyl salicylate and double-aromatic-ring alkyl salicylate wherein
the mole ratio of single aromatic-ring alkyl salicylate to double-aromatic-ring

alikyl salicylate is at least 8:1.
16. The method of Claim 1, whersin, in said removal step (¢}, at least about 30%

of the starting alkyl phenols is removead from the product produced in step {b)

{o produce said additive.
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27. An additive package conprising the lubricating oil additive according
to Caim23 and further conprising at | east one of the following: (a) a

nmet al - corwaiz2nimy26¥et er gent ; (b) an ashl ess di spersant; @ECY/iBr010%8Mat i on

i nhi bitor (d) a rust inhibitor; (e) a denulsifier; (f) an extrene pressure

oot ), el RE ey, B Lt bunctional, addthu, ()
i bi o7 . 36, SURSTTFRSHETe A0

18, The method of Claim 17, wherein said distillation is carried out at
temperatures ranging from about 150°C io about 250 "C and at pressures

from about 0.1 to about 4 mbar.

19.  The method of Claim 18, wherein said distillation is carried out at
temperatures ranging from about 180°C to about 230°C and at pressures from

about 0.5 to about 3 mbar.

20.  The method of Claim 1, wherein, in said neutralization step; (a) said
neutralization operation is carried out in the presence of at least one
carboxylic acid conlaining from one to four carbon atoms, and in the absence
of alkali base, dialcohol, and monoalcohol; and (b} said neutralization
operation is carried out at a temperature of at least 200°C; {¢} the pressure is
reduced gradually below atmospheric in order {o remove the water of reaction,
in the absence of any solvent that may form an azectrope with water; (d) said
alky! phenols contain up to 85% of linear alkyl phenol in mixture with at least
15% of branched alkyl phenol in which the branched alkyi radical contains at
least nine carbon atoms; and {e) the guantities of reagents used correspond
to the following molar ratios: (1) alkaline earth basefalky! phenol of 02:1 1o
0.7:1; and {2) carboxylic acid/alkyl phenol of from 0.01:1 {0 0.5:1.

21 A lubricating off addilive produced by the method according to Claim 1.
22.  Alubricating ol compaosition comprising; {a) 8 major part of a base oif of
lubricating viscosily; and (b) from aboul 1% to about 30% of the lubricating ol

additive according o claim 21.

25, Alubricating ol composition according to Claim 24 wherein the lubricating oil

is an aulomotive engine oil.

(%)
[&z}
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26. A concentrate comprising: (a) from 20% to 80% of an organic diluent; and (b)

the lubricating oil additive according to Claim 23.

27.  An additive package comprising the lubricating oll additive according to Claim
23 and further comprising al least one of the following: (a} a metal-containing
detergent; (b) an ashless dispersant; (¢} an oxidation inhibitor; {d) a rust
inhibitor; (e} a demuisifier; (T} an extreme pressure agent; (g) a friction
modifier; (h) a multifunctional additive; (i} a viscosity index improver; {j} a pour

point depressant; and (k) a foam inhibitor.

SUBSTITUTE SHEET (RULE 26)



