Fi ELD OF THE | NVENTI ON The present invention relates to a novel

unsul furi zed, carboxyl ate-containing additive for lubricating oils,

conpri si yoaomicokarse of al kaline earth netal salts (al kpcTasbolopbaue) and a
reduced anount of unreacted al kyl phenol s, as well as additive packages,
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salicylate i s primrily SMEQIFQDQWARN@%@@M% salicylate. This
additive inproves |ow tenperature performance, antl oxi dant properties, high

tenperature deposit control, BN retention, corrosion control and black

sl udge control in Iubricating oils. This invention is also directed, in
part, Eﬁﬁﬁ?%??$ﬁ{ )9 and using said novel additive. BACKGROUND OF
THE | NVI he preparatlon of al kyl phenates and al kyl salicylates is
known in the art. U S. Patent No. 3,038,971 discloses preparing detergent
di sper nt addi tives _.bas sulfurlzed al kyl ate of h| h basicity
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earth metal base, then super-al kalization by carbonation of t he dl kal'i ne
eart h reetch# rmdoﬁmpemts@‘dmmaecthé adof pbenqiedaamwqu@mm‘@ p#ckagel, Pat ent

. 1,563, 557 I det t additi . b I
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pot assirgmied kyhaphenad eompXsiRarael wittbrCal whigmseh @Ekyid@hc?flé@as%}rhﬁalﬂyz ation
of the calciumal kyl salicylate obtained wth sulfur in the presence of

i me, &iegpsosyeEte-rag akdrgliaria. Kyieaedigys toproges éﬂwwméﬁwreof al kyl ene

gl ycol . I
super al ngrfol?‘[z?ﬁcci,\éird‘)E Cg ? %%%%é ﬂgr é%ﬁ’ﬁﬂéﬁ&%g%ﬁ@a@%ﬁ Al ‘E}f;ﬁ%ﬁg‘%g{‘ ggn ‘and
al kyl sajdireysicat ecmtrc:]msia)&addsiutiges:ahaephé@taﬁ@dmgwaiaemhrsahvaratdms 2o an

al kyi phenol wiith an al kaline earth netal base
directed, in part, 1o methods of preparing and using saad 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
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the presence of an acid and a solvent, distillation of the sol vent,
carboxyl ation sul furization and superal kalization by sulfur and an al kal i ne
eart h nmetwb 2bag2é78 t he presence of glycol and sol vent, prColuscawd3dmys
carbonation and filtration. PCT Patent Application Publication No WO
95/ 25155 di scl oses a process that is able to inprove substantially the
per f or rﬁﬁ’ﬁéﬁe%@reﬂﬁé’sfée&@g’izﬁf%é’?a Svirdiiang Whiﬁ? %%@“%%‘é@h F’%‘%ﬁ?éﬁé o
f oam “Qhé%’ﬂ@@éd%‘ df V28R Gl 5 RELSHORidNafoMENHR dolvédedBokIgtidie St s of
stability towards hydrolysis. This process conprises neutralilzation with
al kal i meiffeseaiiomeandbupeaséadizatombysulfer @fd b pdalinamdribranthédsalikiiephenol s
in theépresencequ g.C rbqﬁgki iEaci . car pox lation.ﬁ%.the action of carbon
di oxi deé” BF TR KGH RS & ol IBRET TS br i T S B S4RE:
super-al kal i zation, then carbonation, distillation, filtration, and
degassggg in air Eurogean Pat ent Application Publication No. 0933417

i
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conpri s : f " . .
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i npr ovess@nkisxgdantapingpestripasbiihi gl teppasiat U € ndepsis idhddonts alsts ahd
bl ack sl ud_ge control. U'S, Patent Nunbers 6,162,770 and 8,262, 001 teach an
unsul f F7BIEY lowpren hydrebvaist dbis pi@sess genpPiiges ﬁ@iﬂ’%’ﬁﬁa“@ﬁﬁﬁ&ﬁkﬁw CEWL ng

f 4Q09 0, 1 A . 0 X I . , te.
and 1o EDbE s CaBe A B I R, B et .
and a preobesdiclamid, peepandaignt hethsaameionTificerivenposids orthewsjiofavecan al kal 1 ne

earth doubl e-aromgtic-ring al kylsalicylate as |long as the nole ratio of
ool o oSS Pl Ru e TRk EAiP e e oo gy at e o a
| east jidation! Bing FQROSIH M My be produced by the three-step process
i nvol ving neutraliZation of al kyl phenols, carboxylation of the resulting

al kyl phenate, and
European Patent Application Publication No. (9833417 discloses an unsulfurized,
alkali metal-free detergent-dispersant additive, comprising a mixture of alkaline earth
metal salis (alkylphenate/alkyisalicylate} and unreacted alkylphenol. This additive
improves antioxidant properties, high temperature deposit control, and black sludge

control.

U.S. Patent Numbers 6,162,770 and 6,262,001 teach an unsulfurized, alkali metal-
free, detergent-dispersant composition having from 40% to 60% alkylphenol, from
10% to 40% alkaline earth alkylphenate, and from 20% to 40% alkaline earth single-
aromatic-ring alkylsalicylate, and a process for preparing the same. This composiiion
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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filtration of the product of the carboxylation step. The

det er gent - di spersant produced by the nethod can be used in an engine

| ubri cat iwQ 20ompoe&sSti on to i nprove anti oxi dant properti esy/usegl/os®aper at ur e
deposit control, and bl ack sludge control.SUMVARY OF THE | NVENTI ON The
present invention is directed to a nmethod for preparing an unsul furized,
car boxyl ate-contai ning additive for lubricating oils, said nethod
Conprl3$@Qm&@@yﬂ§pﬁﬁ@tN@@ENQﬂggf a mxture of at |east two al ky! phenol s
using an al kaline earth base in the presence of a pronoter, to produce a

m xture of al kyl phenates wherein the mxture of at |east two al kyl
phenol rls s at i [S 0 mhereln he_al kyl group is
Gor 1 ved 6 et nyBhirs Bordioh i brdn o 2RealB Rl Wi Tefibnol aner oi n
t he al k\drh@eeste-dertSiRlgvadiifiv-om: futcanaheds chall in&hed icBmRings ar boxyl at i on
of the m xture of alkyI phenates obtained in step (a) using carbon di oxi de
under carboxylatlon conditions sufficient to convert at |east 20 nol e% of

h ; ; |
bbout - 0GR AEM e B B X OB ARERT RIS b h AR o e
pr oductbaymdwﬁ@ﬂrés%r‘@éeﬂ Afbrimenrodusiiceal chiadeh &f ARyl ;ﬁé%té&@;ﬁ@@?l PTI ON

OF THE INVENTION In its broadest aspect, the Eresent_ I nvention provides an
unsul f UFe Faigiure gf EBW%T‘“&@%’%&’W% 8@@?92'55@%3 @I@ﬁ?ﬁ§§?ﬁd’iﬂ§ﬁ I@?P”ﬁ enol ,

al kal i %%%rrﬁ {ﬁgrgg%ﬁggr&rgﬁ)é‘ SEls A a?ﬁ@aﬁ#e‘ﬂ?é? ’?a‘?p??c%i%ﬂn Y <I secand alk

si ngl e-ar ate use nproving 1 ow tenpe¥iat ure
per f or e wBNraie tien ikghgrowgris derioad pend arhmmimd mam omfmdati on, high
tenperature deposit control, black sludge control, thermal oxidation
stability, and other properties of a lubricating oil.Prior to discussing

the i ”V%tda‘?ﬁoiyﬂaﬂdﬁ &MBE rARlAE lof siRephohdRWioRk:ihes IPsih!(h) Q@Eﬂg%fa'a had: As
used herein the following terns have the foll ow ng neani ngs unl ess
expr esgligxige anddr cerbobgladoneadyions sufficient to convert al 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 kyi" neans an al kyl or al kenyi group. The term "netal" means
al kali metals, alkaline earth netals, or mxtures thereof. The term

"al kal i neweantimopesal " neans cal cium barium magnesi umpPCIIUSROIDIBIPYS OF

m xtures thereof. The term"salicylate” neans a netal salt of a salicylic
acid. The term"alkaline earth metal single-aromatic-ring alkyl salicylate"
nmeans an al kaline earth netal salt of an al ky! salicylic acid, wherein
there 'Esrié}%ﬁ;&ﬁ%sﬁﬁlgktﬁb iSAlieNlih @ua%%r%été’i@&h@?&lbvﬂﬁ{ﬁé&ﬁé@w@%é Befidcal Dbase
cation. The term "al'kaline earth nmetal single-aronmatic-ring

al kyl sal i cyl ate" nmeans an al kaline earth netal single-aromatic-ring alkyl
salicylate wherein the alkyl group is an alkyl group. The term"al kaline
earth qgé@#m%ouble aromatic-ring alkyl salicylate" neans an al kaline earth
metal s aIkyI salicylic acid, wherein there are two al kyl salicylic
ani ons per each alkaline earth netal base cation. The term "al kaline earth
nmet al doubl e-aromatic-ring alkylsallcglate"_neans an al kaline earth netal
doubl e-/% B Nerain Hip BHRYINGErTeayed afdiceTing fearings inigeo aperagsl al ky!

gr oups t.er henol " neans a phenol having one or nore al kyl
substlf%gﬁpggtﬂ%eggﬁgﬂgt | east one of the alkyl substituents has a
suff|C|ent nunber of carbon atons to inpart oii solubility to the phenol.
The ter agﬁ" neans a netal salt of a phenol. The term "al kyl phenate”
means W S reeanhag Al opR GVEQWﬁE ierm"al kaline earth neial alkyl
phenate" means an al kaline earth netal salt of an al kyl phenol. The term
"al kaline earth netal al kyl phenate" neans an al kaline earth netal salt of
an The term "metal” means alkali metals, alkaline earth metals, or mixtures thereof.

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.
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ai kyi phenol . The term "phenat e-stearate” neans a phenate that has been
treated with stearic acid or anhydride or salt thereof. The ierm

"| ong- chawo 20awdoestgl | ¢ aci d* nmeans a carboxylic acid haecmgisanoabdoys group
havi ng an average carbon nunber of from 13 to 28. The al kyl group nay be

| i near, branched, or m xtures thereof. The term "carboxy-stearate"” neans an
al kaline earth metal single-aromatic-ring alkyl salicylate that has been

treat edry {hndal i rﬂeéﬁé ?%ﬁé‘n’o?héﬁh@ oﬁ@h‘%%b%i% fdklinihes eof . The

term "Base Nunber™ or "BN' ers to the anount of base equivaléent to
mlli grva‘weaf aMe}ibwﬂmﬁiethgreainyi subslitnphis hafha spfflvigh eunBNrolichdre ref | ect

nore al kal i ucts, .and there re a greater alkalinity reserve. The BN
of as e 8é pg Gdi %dé¥Wé8t%%pA%ﬁ*§ir Test No. D2898 or any ot her

equi val ent procedure. The term "Acid I ndex" or AL which al so may be known
as the Salicylic Acid Index, the quantity of alkylsalicylate forned in the
detergeﬂﬁiﬁﬁ@p@ﬁ§aﬁﬁffmﬁamh%ﬂﬁ§3b$ﬂiﬁﬁﬁﬁ eR@i di fication of the product by a
strong acid (hydrochloric acid) in the presence of diethyl ether, followed
by a potentiometric titration on the organic fraction (tetra nbutyl

amoni Urhdhieshindxitide phasatys athaas Antdidirati drrageyitphenBisul ts are expressed in
equi val ent rng KOH per gram of product (Base Nunber unit). Unless otherw se
specified ali percentages are in weight percent. A Neutralization Step In

the firgfe %ﬁp?ii&iaﬂb@a?{hemg ﬁi%iiég?gﬁé %@Dn@aﬁ'd%ﬁ%ﬂlée i¥h R irs%!i din

t he presence o ronot er odi ment,” sal ure 0 east two
al kyl meaidiyisphmuheutral i zed using an al kaline earth netal base |n t he
presence of at |least one Cl to C4 carboxylic acid thereby producing a

m xture of al kyl phenates. Preferably, this

The term "alkaline earth metal alkviphenate” means an alkaline earth metal salt of an

alkyiphenol.

The term "phenale-stearate” means a phenate that has been treated with stearic

acid or anhydride or sait thereof.

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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reaction is carried out in the absence of alkali base, and in the absence
of di-al cohol or nono-al cohol. The m xture of at |east two al kyl phenol s may
cont ai n avol2emsw2d7o al kyl phenols, preferably a first achyus2@hesokds and a
second al kyl phenol. Furthernore, the alkyl group on at |east one of the at
| east two al kyl phenols is derived from isomerized al pha olefin. The

al kyl gf%yd%fﬂdigﬁaﬁﬁ(ﬁ'éf}&g@éﬁﬁg%ﬂ%md6?&”@%@%@@“}’3@‘& "f‘yféfoid}ii"?ot B 8RS L or

par ti aldiymbr @ﬁ&%hqgaa(ﬂ,lé&g ibg%z’ odtb S e iRONBIHASS @e%x‘%glﬁic%add%ﬁt(%éﬁ%sni her eof .

These ol efins are t ylating agents that are e oyed to al kyl ate the
phenol .bufiefrimeonAsn hgdtdxdredaaboed astabirpliaf agenieriptaisdrerexphgssednioent i on
may be |sonerized fins, branched artially hranched ol efins or

m xt ur e%qut'\fr‘lfi‘?%td?.g @Jl% p(ﬁrgfﬂ?msg%r?é?%‘ﬁ%?gag?%%@eioqmﬁ)soneri zed normal al pha
olefins, a mxture of branched olefins, a mxture of partially branched

| inear or a m xture of any of the foregoing.|sonerized Aefins In one
enbodi réfEs® Pheneissr Wsited. all @ersaniadeoartalln weiphbpecerins (NAO) are

i sonerized using at |east one of a solid or liquid catalyst. The norna!

al pha olefins nmay be a m xture of NAO s selected fromol efins having from
about Prebardnosinthenuatioam patitveolestdesitiodfahpretesiabhyedite nor mal ai pha
olefin mxture 1's selected fromolefins having fromabout 14 to about 28
carbon atons per nol ecule. Mdst preferably the normal al pha oiefin m xture
is selected fromol efins having fromabout 18 to 24 carbon atons per

mol ecul g. TW@@L’N@@@%@BH@%&&‘“ on process can be either a batch, sem -batch,
conti nuous fixe ed or conbination of these processes using honogenous or
het er ogeribai$rst ateyt, psinsxiuvk caltilcbddwalajist pheableriabkyirhizedan theasesone et al
oxi de and Rt OgEFmbo Al eSS0 3 Bad R SRR BiSsPr ef erably,

neutralized using an akkaline earth melal base in the presence of atleastone €, to

(4 carboxylic acid thereby producing & mixture of alkyl phenates. Preferably, this
reaction is carried out in the absence of alkali base, and in the absence of di-alcohol

or mong-alcohol.

The mixiure of at least two alkylphenols may contain at least two alkyl phenols,
preferably a first alkyl phenol and a second alkyi phenol. Furthermore, the alkyl
group on at least one of the at least two alkyl phenols is derived from an isomerized
alpha olefin. The alkyl group on the second sl 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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nol ecul ar sieve with a one-dinensional pore system such as SM3, MAPO- 1 1,
SAPO-1 1, SSzZ-32, ZSM 23, MAPO 39, SAPO 39, ZSM 22 or 8SZ-20. O her

possi bl e wol2nd/mwad7al ysts useful for isonerization incluteTASMIBHIITIZ- 4,

NU- 23, NU- 87 and natural or synthetic ferrierites. These nol ecul ar sieves
are well known i %?Lh‘e art and are discussed in Rosenarie Szostak's Handbook
of Mol ééﬁfF‘gF’zgﬁgﬁ &' New York. Van Nostrand Rei nhol d. 1992) which is herein
i ncorporated by reference for all purposes. Aliquid type of isonerization
cat al ysh drizadmbadintea v &t pisknDimvpeidacarbenriphaReid) (NAO) dhe process for
i sonerization of norma! al pha olefjns may be carrjed out in batch or

conti nd%eﬁ%%%@?ﬁﬁéﬁﬁﬁ%’ﬁé%@ Qf@n%ida?fdiﬁé%d ﬁﬁt&?iﬁé&énﬁ@ RO AR O5HTSt 0 about
250 C. LG D082 d YR - ik i or

ol ass 1TELES S BINAE < KBLER fBh MEIRANP 1B ibalion BISPELBSR ©)
cont i nuos sravcesiscils. Misite mhfareblyntionoaratisdehookefin miature xeselbelddpr ocess.

Space rates.in fixed be rocess .can.range fromO0.1 to, 10, or e wei ght
mour |y (B A9 Fomait Sel Beu pPocise: Bfs PRbHBITaues Mistar al yat
i's chargethrhgy R f@ae Alprandefs Mivale s etk mbidinsHRal@lbftaiutat

about 150 C unhder vacuumor flowng inert, dry gas. After activation, the

t enper atfuice2dbtative dletwardrzagliconlecat al yst is adjusted to the desired
reaction tenperature and a flow of the olefin is introduced into the

react orepalRAC RAGIRZa85H LHGHs ORISR Biungt %eﬁ?éé?nﬁ—%ébﬁh?&éﬁ‘%s h@ameri zed

4

olefins i sc%] | ected. The resulting parti al P -branc i sonerized ol efins
cont ai rbeal ©fi ddrebieaticnbéfliasedireteddastisong bomegenatipbahelaebganouset a ol ef i n;
i nt ernal ql efin, tri

-substituted olefin, and vinylidene ol efin) and
br anch G4 ¥t oo &R T e FHICCOMGl Pl LT BN EORBiTIoAb ok Bo8el ect ed
i n or defork @ RbsMAESs e @lgsarrgﬁ,%glsemreq;réierrm?} rensApdadigstdear ee of
branching. The resulting isonerized al pha olefin (I A%) is congosed of
bet weermfiicsmicassye it gene-dimensional pore system, such as &M-3, MAPO-11,

SAPQO-11, 882-32, Z&8M-23, MAP(C-39, SAP(Q-38, Z8M-22 or 85Z2-20. Other
possible solid catalysts useful for isomerization include £5M-35, SUZ-4, NU-23, NU-
87 and natural or synthetic ferrierites. These molecular sieves are well known in the
art and are discussed in Rosemarie Szostak’'s Handbook of Molecular Sieves (New
York, Van Nostrand Reinhold, 1892} which is herein incorporated by reference for all
purposes. A liquid type of isomerization catalyst 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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about 80 wt % branching and preferably preferred from about 20 to about 50
wt % branchi ng and has from about 20 to about 24 carbon atons. Branched

A ef i ns Iwoanm/m@ndredi ment, the al kyl group in at |east eong/sbkplopivehnol is
derived froma branched olefin. In one enbodi nent, branched al kyl phenol s
can be obtai ne actlon with a hed ol efin, which my be
deri ved¥'P6 ?BBW g Eﬁ%@ﬁé‘gd%ﬂﬁﬂ Mﬁ%ﬁzsf*{r‘g??%ﬁgi‘féiﬂ %ﬁﬁger?ﬁﬂxture of
monos ubg kg Heﬁﬁ)ateﬂ@ésgsﬁm@%@aﬁe%etm i bitoffol bRGInS HhskbduERkSIBRI N 1 N

t he para position, ver elng In t e ortho posiftion, and hardly any in
t he netandasitidans. oieﬁfs’a)tdnmk@mchhe}mmeermthaeltiye poisemasetiokfin awar ds an

| kal i th l. t t
or act | GRS BBVBRaCal B QeRf o G B AR R MR AEhend Terers
to a cl@gse@®bf BlAfdhRg. conpri sing one or nore al kyl branches per |inear

strai ght chain containing the double bond, wherein the al kyl br anch may be
a net hyl, grou

her bl t.he branc efin t | east
o, ot U o Dl Prel SERLl X D Brancheg ol il ne com 2
pref er ablayit 8 ey, %%r%r@é‘n@b%m%ﬂ?ﬁe?&rmﬁi HBA: 20 {&%emﬂfo ol efins
enpl oyed are a m xture branched ol efins which are preferably sel ect ed
f r om pdirpotifnp meddtascomepbayé 20de iabedt 24 eattoroatohisgher nonool efins (i .
propyl ene ol i gonmers, butylenes oligoners, or co-oligoners etc.). In one
enbodi henddeyudind ure of branched olefins is either propyl ene oligoners
or butylenes oligomers or mxtures thereof.In one enbodi nent, the branched
olefins are d oto C; 8 propyl ene ol i goners. The branched ol ef| ns of

PP OPT 5. ARbSEHAL UM R oS BB SHU R RS8Ry b2t om
branched olefin. In one embodiment, branched alkylphenols can be obtained by
reaction of phenol with a branched olefin, which may be derived from propylene.
Branched alkyiphenols may consist of a mixiure of monosubstituted isomers, the
great majority of the substituents being in the para position, very few being in the
ortho position, and hardly any in the meta posilion. That makes them relalively more
reactive towards an alkaline earth metal base, since the phenol hydroxyt functionality

is practically devoid of steric hindrance.

The term “branched olefins” refers o a class of olefins comprising one or more alkyt
branches per linear straight chain containing the double bond, wherein the alkyl
branch may be a methyl group or higher. Preferably, the branched olefins contain at
least nine carbon atoms, preferably about 8 to about 20 carbon aloms, more

preferably 10 io 18 carbon atoms.

in one embodiment, the branched olefins employed are a mixture of branched olefins
which are preferably selected from polyolefing which may be derived from Gz or
higher monoolefins (i.e., propylene oligomers, bulylenes oligomers, or co-oligomers
elc.}.

in one embodiment, the mixture of branched olefins is either propylene oligomers or

butvienes cligomers or mixiures thereof.
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propyl ene. Exanpl es of catal ytic propyl ene oligonerization processes
suitable for the present invention are the well known phosphoric acid or
boron triwbuories7sat al yzed ol i goneri zations. U. S. Pat. po/US3)198299853
provi des exanpl es of suitable oligomerization processes. H ghly Isonerized

A efins I n one enbodi nent, e second al ky! group in the at |east one

al kyl phErd® f?@b%‘éipﬁi‘ég‘%fﬁﬁ%ﬁ}‘&‘#@‘ﬁﬁi}& ﬁ%%%ﬁ@zé@,&PSQﬁ%l@Eﬁﬁf‘ﬁfs-mi ght

ol efin. The highly isomerized al kyl phenol may be obtai ned by the reaction
of phenol with a highly isonerized | ow nol ecul ar wei ght olefin. Typically,
t hese hitghbsarickedwtdfrediflapproapiae uhdecwer getghdined ns pridret dyeolgiirom about
8- 20 carbon ato and 60-80 % branchin Preferably, these olefins wll
nave | rORCRECEAED CLPeTaee AEOA AN BRE SHEaN FrERT (Y BIBOT ¢ he

ol eculgspliave. FRAAYlesuraReE MIpRilicdle dibondRkiibn ghatdseiRaagbrlefins are
prepared according to well known nethods in the art. The highly isonerized

| ow m:tbﬁmf%emwioﬁl%ﬁﬁﬁ% wehineyediasphipec sessenborioniBhisse ar e
, , ' ' I al ph
gleg;% |r ﬁséﬁﬂg‘%me{%gg%g&pﬁ%z%&gggpa% 'iegigni' 0% ?%%@é“?ggﬁﬁéﬁéz‘z%‘?ﬂé’% ?)gss ﬂﬁéﬁgl I )6/1 Pha

occur s digomdrizgtien ptenpeeat ure range typically from about 1500C to about
2500C. Additionally, highly isonerized olefins are prepared with a | ower
space velocity in the reaction chanber, typically 0.1-2.0 weight hourly

space VE%QHS‘J Y MYESPYienfy Neutralization Step The al kaline earth netal
bases that ‘can be useci ?or carrying out this step include the oxides or

hydroxi des of cal cium magnesium barium or strontium and particularly of
R bR TRt R (L L - S P
used i FrdPizShigh§RsEARBES ARV ABkeL A waidlloiamhanse sidheisbAldiZzaki on.  For
alkyipheno!l may be obtained 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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exanple, the pronoter may be a pol yhydric al cohol, dial cohol, nonoal cohol,
et hyl ene glycol or any carboxylic acid. Preferably, a carboxy c acid is
used. Morwopnefmeabl y, C to C4 carboxylic acids are usedTius2ai10i03993% ep

i ncluding, for exanple, formc, acetic, propionic and butyric acid, and may
be used alone or in mxture. Preferably, a mxture of acids is used, nost
preferably a formc acid/acetic acid mxture. The nolar ratio of formc

aci d/ acgtd ﬁrcﬁ%tgr ég@d‘lr@th@a‘est‘c@%%@a@@@aé ?T%tés%! th Eeﬂeﬁ*fc%%%@draﬁ%t%ﬁ@o@- 5:1

and 4:1 and nost preferab he carboxylic acids act as transter
agent s,ewmisiElhﬁgsmhwiemmasWra polytipdriabkahoh disdenttdh, metagicbhsles from a
m ner al neut aI i,zati

Taret e thiRAE ol ofa? LRI S8R Plare o s bRUES AR A58 M H3s0c

and norgefiehior @Pkcy Catraﬁﬁﬁ@hc %@@%reﬂé@dﬁﬁﬁ ﬁ’ﬁ§@&ﬁ) insludehieede tiragidal |y bel ow
atnospheric in order to distil he water of reaction. Accordingly the

neut r aliPHAKC 8REEhGIPRIODE %Mywi%acwnaﬂﬁéﬁ@bbéwéd@ﬁorém@r iBONYEHE. t hat may

form a1 A89KLORG YLD NBLEL s BLEh oL abl Yeerb 8L RIS Sclitad BURRd to O

nore than itT reag nts used shoul d

cor r espaixtireoThéendial f=aol oﬁgomh@rcsd;’at@taﬁacaﬁ sﬂ:owda:bé(abnm 2ekrd togret al
base/ al ky! phenol of Q.2:1 to referabl¥031t0051 and (2)

o DoHerBa dravnen Oshaman 4, aibmiost prafeaphs 1. Ths e SRl Aoidsmlo. 03, 1
to 0.1%5 1%?%§Q%§%§éiﬁgl¥s&aﬁ e endrof fﬁﬁ%%ﬂ@&%% lrfhzrfxéfra@ﬂagé eRokg al kyl

phenate o s kept r-a peri o excee teen ours at a

terrperammreeaio‘éagamtlte&sWr@ﬁEQﬁeagdn’at an absol ute pressure of between 5.000
and 105 Pa (between 0.05 and 1.0 bar). Mre preferably, at the end of this
neutralization step the al kyl phenate obtained is kept for between two and

3 i >1< gggﬁge ﬁéutﬁeﬁ!a)z%@éﬁ'o%%t%%%%Fs%c%utb&té"%ﬁbé@t&@%f antha202064; Pa (between
preferably at least 215°C, and more preferably at least 240°C. The pressure is
reduced gradually below atmospheric in order to distill off the waler of reaction.
Accordingly the neutralization should be conducied in the absence of any solvent
that may form an azeoirope with water. Preferably, the pressure is reduced o no

more than 7,000 Pa (70 mbars).

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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By providing that operations are carried out at a sufficiently high
tenperature and that the pressure in the reactor is reduced gradually bel ow
at nospherwo,20time2676ut ral i zati on reaction is carried out Pairtuseann/os¢ves need to
add a solvent that forns anazeotrope with [he water formed during this
reaction. B. Car The box | ation step is conducted by

xylation Ste
sinmply ﬁ?ﬁﬁﬁppﬁg“@‘a%hﬁdﬁdi&r &(frﬁ%éf@{r‘ﬁ@ {€ti on nmedi um originating from

the preceding neutralization step and is continued until at |least 20 nole %
of the starting al kyl phenols is converted to al kyl salicylate (neasured as
sal i cylB.cCadiodyibliopdtiemti ometric determination) it nust take place under
pressure in order to avoid any decarboxyl ati on of the al kyl salicylate that
forms. Preferably, at least 22 nole % of the starting al kyl phenols is

conver te¢h tgbakiagtiosald glé'g@‘h@u@@kiﬂﬁ/ ﬁﬁffd%pﬂu@d)im@ &ehan Aid.eIPRiGtHg e of
bet ween 180C0C and 24Q0 under a pressure within the range of from above

at nos pHeefiopmeskin erigiatisg fras Hrap(ersdigr sguifdizationsiaroandis endinugdei ght

hour s, RESAR0Y A0 YANIANE A L oARle R oke d0al b BR. pLALLIDG 21 kY|

phenol sTiI's “conver t'e using car

t enper ging=guegiias skicydit sgiccay eotdriiama260 Q& ammetertion) pit mvtzﬁeqﬁaée(l 05 Pa (4
bars). C. Filtration Step The product of the carboxylation step

advant 3§E60$F§EIE 1 Pf@fé%l a\’fﬂﬁéﬂb’ﬁ%@ﬁfiafmb@fr&ﬁt@%&@%ﬁ%@%ﬁ‘ﬁt@%@ T enove
sedi nents, and particularly crystalline cal cium carbonate, which m ght have
been for med during the precedi ng steps, and which may cause pluggi ng of
filterdrefixbblyl etichst PRibrole 4t ohtheostartalyg slyitsherbis RemovalteSteplidt | east 10%

of the startjn aIk henol,is renoved fro of .t
Car boxy eTiols SoiEp CHET SPRBIEyA 4 e R B MTe h Lo P RGBT
di stillabiRByure within the range of from above atmospheric pressure to 15x10° Pa (15

bars} for a period of one to eight hours.

According to one variant, at least 25 mole % of the starting alkyl phenols is
converted 1o alkyl salicylate using carbon dioxide at a temperature equal to or
greater than 200°C under a pressure of 4x10° Pa (4 bars).

. Filtration Step

The product of the carboxylation step may advantageously be filtered. The purpose
of the filtration step is to remove sediments, and particularly crystaliine calcium
carbonate, which might have been formed during the preceding steps, and which

may cause plugging of fillers installed in lubricatling oil circuits.
D. Removal Step

At least 10% of the starting alkyl phenol is removead from the product of the
carboxylation step. Preferably, the separation is accomplished using distiliation.
More preferably, the distillation is carried out in a wiped film evaporalor at a
temperature of from about 150°C to about 250°C and at a pressure of about 0.1 {o
about 4 mbar; more preferably from about 180°C to about 230°C and at about 0.5 to

about 3 mbar; most preferably from about 195°C 1o about 225°C and at a pressure of
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More preferably, the distillation is carried out in a w ped film evaporat or
at a tenperature of fromabout 1500C to about 2500C and at a pressure of

about 0. Iwbaoabwed754 nbar; nore preferably from about 19C0@Staomabmus 230C0C
and at about 0.5 to about 3 nbar; nost preferably from about 1950C to about

oot Fﬁgth;}P g i RN T ST TR N A T
start 1 goRkgy. BB 30% M NedindRl PRATSISRIHova IONGRAPIL I,

starting al henol 1s separate e separated al kyl nmay t hen be
recycl éd &8s b}éihﬁsﬁdrim slkdrtriong! vesanairales. Thet&bre&raﬁe@kaiiqyi poess ey | n any

Cnsul 1 OPPS B3 Tee 4y PR BB arne R D PaNBLo by oo e bt GReAtehr ocess

can be ghasacterized by its unique conposition, with nuch nore alkaline
earth netal single-aromatic-ring alkyi salicylate and | ess ai kyl phenol
than produced by other routes. \Wen the alkyl group is an aikyl group, the

unsul f i g t| ve has the follow ng conposition;
(a) | e;l‘*jsfl}%lﬁ\%m%g /@8{%;;(? ﬁ%%ﬁ@&;? n;é ’{%‘rom "10% to 50% al kal i ne earth netal

ai kyi phenate, and (b) from 15%to 80% al kal i ne earth netal
single-armatic- rlng ai kyl salicylate. Unlike alkaline earth netal

ai kyl sal iecyneitisizg o%mi@@ayiﬁge SHaINING sed¥e farmes nda piespakRfocess can
car boxyﬂ@&ﬁar%&ﬁb@'b&giﬁﬂﬂﬁé ‘éSm@%@HQﬁ' bR '?mﬁc?rﬁm%g? %ﬁéraﬁéte%hhzrﬁgtal?y havi ng

only mi'nor ‘anounts of an alkalTne earth netal double-aronmatic-ri
ai kyl sedamgiylreaumizcﬂn@ astollsaliatipe afd Bsagliled ghenaltthen rpm@,smmw eﬁisarcyl ate to

doubl ear o | kyl salicylate is at. |least,_ 8:1 eri zation of

the s orE e Cudregs in & elbEaidiatne Prodeienycitiprant

Sﬁ:?;g?f;ﬂ;;ﬁ:@ﬁmﬁdﬁﬁﬁv@ﬁ@é'ﬁé ?%?ié\lvﬁ@ d?:!aﬁyﬁ@se&sd" (Q?@%‘s@ﬁm’{ %@ﬁ/@éikg’i@ﬁeﬁgir &) used to
from 10% to 50% alkaline sarth metal alkylphenate, and (b) from 15% to 60%

alkaline earth metal single-aromatic-ring alkylsalicylate.

Unlike alkaline sarth metal alkylsalicylates produced by other process, this
unsulfurized, carboxviate-containing additive compaosition can be characterized by
having only minor amounis of an akkaline earth metal double-aromatic-ring
alkyisalicvlates. The mole ratio of single-aromatic-ring alkyisalicylate to double-

aromatic-ring alkylsalicylate is 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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unsul furi zed carboxyi ate-containing additive of the present invention.
Infrared spectra of aromatic rings show strong out-of -plane C-H bendi ng
transm t twocelimectsi n the 875 870 cm 1 regi on, the exactPClnsquensypss
dependi ng upon the nunber and | ocation of substituents. For

ubstituted coppounds, transmttance ban curs at 735 (70 cm 1 .

ort ho-di 0

For paﬂaﬁaf PR ER BT B Gher I8t FRHSHT®Y ‘é%ﬂﬁ‘@fgé‘h DREFFE! R4S 840 cm
1| nf U ahgdapnBet i Ol digiane 0cn whem e AlnghinpttiRhd@lawaat Lo the present
invention 1 ndicate that the out-of-plane CH bending transrnittance band
occur s 0. 758 cmi- fod oglirodalkdphemainoatal 80yt phenvl By saticylie@cid-argl airf32+or
salicyliciacid %Ea}h 8%2+3 cm 1 for para-ai kyi phenols. Al kaline earth

al kyl ph@ﬁa AP PREIHE art have infrared out~of - p! ane CH bendi ng
transm ttance bands at 750. +-.3 cm 1l and at 832. - 3 cm1 . Alkaline earth
al kyl sal i c[yl ates known in the art have infrared out-of-plane CH bending

t r ans mAlkakseedihaiviphergles knovet inihe ahtave indeped sul-gi-giang C-Hending

e L ST R A LT L A R

t hough dibgraidyiet heswew: denge hbbatnfedrieyicaidi gyarat €-H Sepdiggent . This
particul ar characteristic has _not_ been ful Ie/ expl.ai ned. However, it may be
of

hypot he&IAS e ReR DERSS BRFE3-¢uPdm sePd&l §de - of3 #Re- singl e aromatic ring

al kyi saiicyiate prevents in sone way this out-of-plane CH bending
vibration in this structure, the carboxylic acid function is engaged in a
cycl i ¢ Etg ucsuifueizad datbhugiateycogeniengtaeiditherddbe grstaet iiovamitindrséoes i1 n t he

vicinity of the aromatic ri | imti the tion of the neighbor
nyr ot <STY ARPeLRypBRGST bt MRRRIababIEE e et e MOHBN B Par ed
spect r yguplelddifudtdhbi S4yRARANSE if Ffbéé‘%'tmchwié bertROnkaGeasidhddipst i on is
no | onger engaged in a cyclic 'structure and thus can rotate) has an
out - of -IFeanigiiCerplairmds ovtevses et aydaabyireBesized Srajiha particular structure of

the single aromatic ring alkylsalicylate prevents in some way this oul-of-plane C-H

bending vibration. In this structure, the carboxylic acid funclion is engaged in a cyclic

siructure, and thus may generate increased steric hindrance in the vicinity of the

aromatic ring, limiting the free motion of the neighbor hydrogen atom. This

hypothesis is supported by the fact thal the infrared specirum of the acidified product

{in which the carboxylic acid function is no longer engaged in a cyclic structure and

thus can rotaie) has an out-of-plane C-H transmittance band at 763.+-.3 cm™.

The unsulfurized carboxylate-containing additive of the present invention can thus be
characterized by having a ratio of infrared iransmittance band of cut-of-plane C-H
bending at about 763.+-.3 cm” 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 unsul furized carboxyl ate-contai ning additive of the present invention
can thus be characterized by having a ratio of infrared transm ttance band
of out - ofwpl2aneogs7sl bendi ng at about 783.+-.3 cm 1 to oecTafs2@basm4C- H
bending at 832.+-.3 cm 1 of less than 0.1 : 1 . The unsulfurized,

car boxyl at e- cont aining additive formed by this method, being nonsuifurized,
woul d [HE$ nproved hi gh t enper at ure deposit contr ol per f or mance over
sul furized products. Being alkali-netal free, this additive can be enpl oyed
as a detergent-dispersant in applications, such as nmarine engine oils,

wher e the: pragenicedofarbbkbie- mtalr@ma@@tim bwered loy Hevirohassfiasoribed

ef fects. Det nts Jhe .unsul f.urized a cont |n| n ive forned
by e ST e e A RO T U HBE et o SR S BTN A B0 S

t enper %Mﬁacﬁ%ﬁcﬁfcﬁ%@@n cBHirki M&ﬁ{an@ﬁ yaich 69MBRSHOMHE 8l ekidpeekor mance
when conbined with other additives. including detergents. Detergents help

cont r olingtEmiosteteigs§izone deposits, and rust by keeping insoluble particles
in colloidal suspension. Mtal-containing (or ash-form ng detergents)
function both as detergents to control deposits, and as acid neutralizers

or rustDélhyditt ek cahen ebm%edmj nehangtosiBdaco Fisisivoeapit @isbRMtE ng
engine life. Detergents generall|y conprise a pol ar head with a | ong
hydr opH%?éT“ée%éﬁ PQEEWQWU@%"‘%QFaMeFfée?@ﬂé?BWﬁEl G ﬁ@hﬁﬁfﬁ%ﬁﬁﬁldeﬁgfm@ﬁ an acidic

organi G, ﬁ@ﬁEﬁgH&ﬂ 8 T@&eﬁ%ﬁtéﬁ F}d@nt?&{%%%a@st@ SHPSL ?{9&5 r?gg%:rh?%:g dg%*}!.agt”m ric

anmount o met a case are usua as normal or
neut r alinsialibs, tavdbywoadutity piesabhy cbmz)esm drat akiebdsg angioelife( as nmeasured by

hetal  BaSee s GaOEIY D inec 8oBr Mo @ KSBapSen G A B8 de or
hydr oxidgamhddt 8smpasiL G 9a%ISHAMIaR LREDoRgsHiOxbAR AT PRE:ERs AXRY based
contain a substantially stoichiometric amount of the melal in which case they are
usually described as normal or neutral salts, and would typically have a total base
number (as measured by ASTM D28386) of from O to 10, It is possible o include large
amounis of a metal base by reacting an excess of a metal compound such as an
oxide or hydroxide with an acidic gas such as carbon dioxide to form an overbased
detergent. Such overbased detergents may have a total base number of about 15 o
30 {low overbased); 31 to 170 {medium overbased); 171 to 400 {(high overbased); or
above 400 (high-high overbased).

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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detergent. Such overbased detergents may have a total base nunber of about
15 to 30 (low overbased); 3 1 to 170 (medi um overbased); 171 to 400 (high
over basedyp 20r1/mbase 400 (hi gh-hi gh overbased). DetergerC3s/ushab/oamys be used
i ncl ude phenates over based phenates and sul furized phenates;

phenat e-c oxyI at es. and over base enat e- car box es; . carboxyst ear at es
and oveFBEERYY SIPHY)OE dlyidresp. %‘&b&‘%ﬁiw%@mﬁ ﬁH&Fﬁfﬁétﬁ 7 %@ij
sal i Cyl@&@é@ cOMiiAhbe 48 bes He?l&b!dggaérh% @/ i@&érb% Abkal Paﬁacﬁ%wﬂ metal s,

e.g., sodium potassium |um | citum and nmagnesi um The nDst commnly
used netigbblcanlsyiqgabops m‘%aﬁdl g@gsrp)esiaﬂwbwr@h pragyibot hetbanpr. ddemikyin
det ergents t| on of Phenates The phenates which

. ' | ub
may bee%%’gaylﬁ?e(?Hh%]%%eﬁltééébgﬁa‘&%h’\%ﬁtﬁp are typically al kyl substituted

phenates in which the al kyl substituent or substituents of the phenate
arepreferably one or nore al kyl group, either branched or unbranched.
Sui t abl AR KD t@mapﬁ;ﬂ%ﬁm% of Henpreseot iBgeninrefedmsedrsubviged o 28 carbon

atos, FRIGAGHLELLY BUIRERESn Ll HNBRaRLE T oBe g ANPE IR gl @ from

propylen raner es are ypica

sul f ur iziegdohdes ayigh :ﬁkgaﬂ@in@@%aﬁhmleﬁﬁlﬁﬁe pfestelmeemf essitioh weatqiym mer based
sul furized al ky Ighenat es of alkaline earth netals are prepared
neut ralhai‘ﬁﬁgﬁ%f’ 4 ‘P@Wk@%‘ﬁﬁlmwwéﬁéﬂ‘e {Areholm nixiE whe Bé‘aﬁiiﬁ%h(ﬁi‘é‘é”fi%at he

pr ese”?%aiﬂfqﬁ% *a%\?é)?a@dd ey %\nﬁkﬁh gi&’?cbh Sorl Qﬂﬁ’sebﬂﬁ%ﬁ_ ycol being

presen ormof a mxture havi of I i ng poi nt
above Math@n&mimgcmﬂmmﬂdiumg\ht)hc@Dg imdteepresande séﬂaim\m&spamdbagam ng the
reaction nediu f:OZ the resence of haiide ions, and again renoving
al coholre“ﬁﬁvif&f‘m%lt ert %\H“ffi Sedf’ MRt anot her preferred enmbodi ment, an
over based, sulfurized al kyl phenate is prepared

in ancther preferred embodiment, an overbased, sulfurized alkyl phenate is prepared
by a process comprising the steps of: (@) neulralizing a sulfurized alkyiphenol with an
alkaline sarth base in the presence 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, glycol, and water from the medium, preferably by
distillation; {¢) 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
polvaminosthanes, particularly ethylenediamine, and amincethers, 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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by a process conprising the steps of: (a) neutralizing a sulfurized

al kyl phenol with an alkaline earth base in the presence of a dilution oil,
a gl ycol ,wendiitmeéi’de i ons, the glycol being present in trheusesnmsfossn

m xture with an al cohol having a boiling point above 15Q0C; (b) renoving

al cohol, glycol, and water fromthe nedium preferably by distillation; (c)
renovi ng sedi mnent fromthe nedium preferably by filtration; (d)

car bonafddginia® &iRSHlibRR fofedh Y é%\%ﬂﬂ%@%@%@%(ﬁéﬁ@&%h@ﬁac%@% I ons;

and (e) renoving al cohol, glycol, water fromthe nedium preferably by
di sti | Imiedmils Bne pefebbiyeasafint dlsashusehebtrain O0hsl. érﬂiwqﬁiace%s i ncl ude

th [ hydr. f. b t d t | ar |
e, ATERBIY HREEHS SUB T da® Aarai aB6l 8" rsdite BESHER cPhe Mo
i ncl udestrlig0hol & S 6"3%@ l«!&gﬁ‘wﬁh@%n@t wd@%%@ﬁeraiﬂ%ﬂﬁhﬁ%@dﬁﬂﬁ% to
decyl al cohol , tridecyl al cohol ; al koxyal cohol s such ~ but oxyet hanol ,

2-but 086FaMel ; and nethyl ethers of dipropyl ene glycol. The anines
useful in the process include pol yam noal kanes, preferably

poi yam noet hanes, particul arly ethyl enedi am ne, and am noet hers,

par ti cuftar paockss s{iBinedaboRedsrmocheiydganibad.in The. Bhy ool . st BiseBaR, wWhichhe
process _include alkyl ene glycols, partlcularly et hyl ene glycol. The haiide
i ons eﬁ%ﬂﬁ?@ﬁomﬁﬁéﬁ%f%@63§§@nﬁk@mb?@@Eﬁﬁﬁ?y G lons which may be added in
the form of ammoni um chloride or netal chlorides such as cal ciumchloride
or zinc chloride. The dilution oils suitable for use in the above process

i ncl ude’maphdtiventfd?rar=se-dlmboxyesoi | s and preferably paraffinic oils such
as neutral 100 oil. The quantity of dilution oil used is such that the
anount of oil in the final product constitutes from about 25%to about 65%

by vei gffle Gheiddt8-ddrf@lyiREQUGEn n@{yﬂ&%@éﬂ % t%bﬁf&@@ﬂqﬁvé@?&t&eae?&Hﬁi 0% The

process outlined above is nore |y descri be 14, 313,
whi ch igkyl sebsiporet @mwewmmeb inwbicihihe aiggisbalituent or substituents

of the phenale are preferably one or more alkyl group, either branched or
unbranched. Suitable alkyl groups contain from 4 o 50, preferably from 9 to 28
carbon atoms. Particularly suitable alkyl groups are C4; groups derivable 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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Preparati on of Phenate-Carboxyl ates The phenat e-car boxyl ates whi ch may be
used in the present invention are typically al kyl substituted
phenat e- caioloxydoad7es i n whi ch the al ky! substituent or ®abatseawesss of the
phenate are preferably one or nore al ky! group, ei t her branched or

unbranched. Suitapl e al ky rou ontal 4 to 50, bly from9
to 28 é%a‘r’reﬁ%éﬁ‘fi%%‘?fgh dll}%fﬁﬁ"i‘“ G| a%ﬁrg Crag @rsfng%iygwt%m&aﬁi %Eg ?‘%Q

deri vahl g fEemspropyl ene tetraner. The al ky! substituted
phenat e- car boxyl ates may be sul furized or unsul furized. The overbased al kyl
phenat e- carboxylate is prepared froman overbased al kyl phenate which has
been tre

i ther before, durin t, 1,0 overhasi _W,th a
ong- cHathe Suptaid woG.F ot irerbPefloRATEEH o oR R B ul il
t her eofgy iﬂ%@ﬁuzﬁfsﬂlﬁeéﬁeﬁgﬂﬂﬁé §@i§eﬁpmaamﬁgo@m@ @s@w@&ﬁww chldsd, BRgnat e,
at | east one solvent, nmetal hydroxide, aqueous netal chloride, and an al ky!

pol yhydii alkl redviaidriscHeehalionglainimitie ong e ifive celdoatomsisg eagiettvigiar bon
a1 ox1 de- HRSE IR AR BRG] LSRN AN LREAG AN, AGMARHS JIBHRLs

chl OI‘ICF Pnst solid e Vi'scosity of the

pr oduct;ncEBﬁéﬁ@m@bi@ture‘shﬁ et abs tasg 5o kabppexianity m@m,ﬂsrim@swfef erably
calcium Preferably, the al kyi polyhydric alcohol is ethylene glycol. In a
preferred enbodi nent, the overbased phenate-carboxylate is produced by

over bash I I or
oy o1 ash B o oPIBEBLE AROFRh RAL K08 o RSP AR HERSIOF ALl e ©
acid), memyéraaadaikahnsahtthtmenaéoﬁorel mefd!ebig\c@!daassu Fgefetapy, theraikcﬁ ure
conpris ky! phenat ﬁﬁﬂ? an be sul furized or unsul furized), at
| east é?‘rﬁ&y % ‘t&“ﬁ& %y @X‘r‘ﬁ aqueous netal chloride, and an al ky!
pol yhydric al cohol cont ai ni ng fromone to five carbon atoms is reacted with
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
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car bon di oxi de under overbasing reaction conditions. Overbasing reaction
conditions include tenperatures of from 250 to 3750F at approxi mately

at nospherwo 2prigwsarse. Preferably, the overbased al ky! plrematseoinm3®4s

sul furized al kyl phenaie. Preferably, the netal is an alkaline earth netal,

ot ny! briBcg dalcyiage ' BOGN RPBY et arp 4tk SEEWBR W ThePoR g R

car boxy inge A itd inciiy 85l IRt Ohithal tRANS/HAbL. can occur before, during, or
after the overbasing step. It is uninportant when the treatnment with

| ong-chai n carboxylic aC|d anhydride, or salt thereof occurs relative to

t he overbasin e nate can be su fUI’IZdOI’

Lhe, overbay Adusien, ThscRNnaLe, San e ol furkeed ot cunewl i gedi
sul furiggid- Qsay@h@ﬁamﬁp@ﬁw @Wﬁbﬁ%y@ﬂkﬁétad@ cevehRagiontnd\bsie preferably,
t he phenate is sulfurized ore the overbasing step but after the

car boxypernatian. éfm@hyiatarméqwbs@r@wabwmh%éa 2 BOVEETisOn® ExXUEe Py ogEssr i bed
o oayTehorBar?s2 F2udbilarolll (o TnbBEQRDALAL S ted BEELEROR Mg L1 o

appli ca\'%’l on.” Preparation Re prep Arat]on salicylates is

vel | knoieiyss fbhﬁe%ikyiaf?@a@bé;ﬁh@ﬁbi%@ﬂdlﬂirwcﬁtm whriacdikyipiteds. ‘ﬂﬁ@dmdum@e
present invention include nmedi um and thl gh overbased salic I at es | ncI udi ng
salts dﬁt@5$tﬁﬁp@ﬁﬁdé‘? ingRBoEleht Ovét’al &, P?’FB?‘é’%r%? é\ﬁa{‘éal fént, nost

prefer (H@k t to

i ncl udgsmér%(t |cy %‘Jﬁglsf”mﬁ’g%?gﬁf 5%(9 aﬁﬁ%’g\%ﬂgto ?‘%SHH g o%er ased (HOB) is
meant takvislicdeiaydla cybiatiesii wi tdmperBBNcE betwado d00 Bitl 258" 200n phirtghddm, gh

over based (H is nt to include salicylates with a TBN over 400. In
one en%%fgﬁ"”%@wgﬁ]q ‘gc%ggi'es may be prepared, for instance starting from
phenol , ortho-al kyl phenol, or para-al kyl phenol, by al kyl ati on,

carboxyl ation and salt
The alkylphenols preparaed via the phenol or ortho- or para-alkylphenol route may be

converied into the corresponding alkylsalicylic acids by technigues well known in the
art. For instance, the alkylphenols are converted with the aid of an alcoholic caustic
solution into the corresponding alkylphenates and the lalter are treated with CO, at
about 140°C. and a pressure of 10 to 30 atmospheres. From the alkyisalicylates so
obtained, the alkylsalicylic acids may be liberated with the aid of, for example, 30%

sulfuric acid.
For the preparation of overbased salicylales, the alkyisalicylic acids may be treated
with an excess amount of a metal compound, for instance, calcium in the form 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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formati on. The al kyl ating agent preferably chosen is an olefin or a mxture
of olefins wwth nore than 12 carbon atons to the nolecule. Acid -activated
cl ays ar eweuntiabb@scat al ysts for the al kyl ati on of phenecTarsdoionsdves and
par a- al kyl phenol . The anmount of catal yst enployed is. in general, 1 10 wt
% in particular, 3 7w % referred to the sumof the anounts by wei ght of
al kyl ati ng agent and phenol to be al kyl ated. The al kyl ati on may be carried

out at genpelalhues:Belwess, 180 and 2500C , in particular, between 125 and
225C. Theggl Kyl phenol s %&r%gpar ed via the phenol or ortho- or

par a- aIkyIphenoI route may be converted into the correspondi ng

al kyl s I|c ac techni ques well. known in the art. For.instance, the
21 ko prdifore bEr Sl B e Y B G in SR WAL bREN R 2k Shice ot s on
into thakape @ﬁ&@ﬁ@tﬁ%a@iéﬁr@ﬂ@ﬂ@ﬁﬁ@ a@%@ﬂs@h@yié%ttﬁét e E}éeﬁﬁrégt@‘ﬁ'\&;ﬂw C2 at
about 1400C. and a pressure of 10 to 30 atnospheres. Fromthe

al kyl s& lopgreiads caboapliapaiddanh fiisidel wyialiaheesali ¢ aci ds may be |iberat ed
with the aid of, for exanple, 30%sul furic acid. For the preparation of
over based sal i cyI ates, the alkyisaiicylic acids may be treated with an

excess Hrpwnborf-stedrelcal roppedritbm fzonitmst aindiealingad aattumeta sirigef or m of
Ca(OH) 2. For exanple, the alkylsalicylic acids may be treated with
equi val BRI lisfringasalicyiae. rﬁttiwt@@ﬁrﬁ%‘feréa%@-@%aﬂi@ ﬁafthtm@éh%Y¢r8ﬁid§f TEB38

rare. rUPReds obtoas by BRRALA AR o T B0 A R b N G 5.
790|, 4733:’ aarudk?i&ﬁgiﬁi&;ﬁr;cmtfmégwﬁenmmwtgdu#ﬁf 1] aigehcidwa}[mﬂrmtfinastom_ ]
a ication.Pre atiQn o r box S e, car ste es ic
e Thiedmrbhy B, Qe stiof oard Fi! SMATH darng S Aotk SBahl L reta
snyl e-ar amatioring al ky! salicylates that have been treated with

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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a long-chain carboxylic acid anhydride or salt thereof. The carboxy-stea
rate is prepared froma m xture of alkaline earth netal singlearomatic-

ri ng sal iwplatimo2es | east one sol vent, and al kal i ne ear PhTrust@l/obgpds oxi de.
The m xture is overbased by contacting the m xture with carbon dioxide in

t he pr enc of an al k dric al cohol, erein the alk roup of the
e POl s asie i ep i Te iR o S e cattrule parsana ToRay myar i o

al cohol 8 E%Ix Qﬁ%g{@\@% Ehe,prasess outlined above is nore fully
descri baéegsg:ji y 9 PaL No. %334 8,438, which is incorporated by reference

into this appl [ catl on. Base Q| of Lubricating Viscosity The base oil of

| ubri i ' ity h t al I

synt hott815s PLTGTo | Skl svaRiasiE Hortesen. FRetr ok B st af 1o

inter naQﬁ%@g@ﬂﬁdr@%@mwd&@ne@’@ﬂkm&@’bﬁﬁ%%"ifﬁ) Qudi naptH Ymihays @ viscosity
of about 1300 cSt at OQOF (- 180C) to 3 cSt at 21Q0F (99 OC) The base oils

may be rdeke geeelianohibsigatine il aéeSnat ural sources. Mneral oil for use as
the base oil in this invention inciudes paraffinic, naphthenic and ot her
oils that are ordinarily used in lubricating oil compositions. Synthetic

oi | s i nolhedadaahe Dydpogatton synthetic oils and synthetic esters. Useful
synthetic hydrocarbon oils include |liquid polynmers of al pha ol efins having
the proper viscosity. Especially useful are the hydrogenated |iquid

ol i gonefg, fbﬁia\gsrgfa&ﬁ;l i%e %ﬁ?@n@ﬁﬁférg%x@r‘f e@éf&)q pr{)e i lhat LLKSW Se,

al kyl benzenes roper viscosit such as di nzene, can be used.
Usef ul fayamabe,t @mpk@fﬁdms thanptasdet trhrenmsm e?imsaffexamngdeamlﬁaxigﬂtwes ao: ds and

pol ycar box; s wel | as nono- hydr,oxy al kanol s .and polyols. Typi cal
bxanp! a5ouedds Abisbain Fagreare P idmte it Hian o tomiatdsy sabaict
di - 2- et hyi hexyl adipate, dilauryl sebacate, and the |ike.Conplex esters

prepared from m xtures of nono and di carboxylic acids and nono and
di hydr diy Aahleaaciizpesadntal glbehyd susegimides, alkenyl succinimides modified with

other organic compounds, and alkenvl succinimides modified with boric acid, alkenyl

succinic ester.

(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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Bl ends of mneral oils with synthetic oils are aiso useful For exanple,
bl ends of 10 to 25% hydrogenated 1-decene trinmer with 75 to 90% 150 SUS
(1000F) mwvoennloozd’s nake excel l ent lubricating oil base®CT@Sh@w/0dditive
Conmponents The fol | owi ng additive conponents are exanples of some
conponents that can be favora | oyed in the prese i nvention These
exanpl es of &3&? g?@@§e§r@e&?56ﬁ} %@é?@%ﬁ (G rdre dﬁth@%&@%‘ﬁt{e invention, but
t hey are noty,} ) PR i
succinim desi?b;g%égﬁ%q c%ﬁfgléi:fagfghubgsg “ﬁrril{)jélcﬁ%}bg\néstg heﬁigfaﬁgg or g%rﬁ gj Egigtrr%ounds
and al kenyi dideianbaindes. nodi fied with boric acid, alkenyl succinic ester.
(2) Oxidation inhibitors: (a) Phenol type oxidation inhibitors:

4,4" -met hyiene bis (2,6-di-tertbutyl phenol) 4 4 -bis{2

6- di -te(es Rt MhrheRol Anti- f‘us‘!ag@h & 2- et hyl 6- tertbutyi phenoi ),

2,2' -met hyl ene bi s( 4 met hyi tert-buty Phenol , 4,4 -butyi
i denebi s( 3- ri@t N@nmu@ @ﬁiﬁ:’ﬁb}{mi}yigﬁ@ﬁ:@ﬁﬁﬁa active agenis: p@iyoxyethyiene tauryt

R T S R
di maidhykyptrematd oci@iplienm @;hbylgﬁisﬁbdyetmébmbﬂy! stBagy etrahrexyl phenol ),
di-tert- but¥l 4- nmet hyl - phenol 6-di-tert-butyl 4-et hyl phenol ,

4,d

2, 6-

2. 4-di @Wysmy eﬁeépileyb@tp?[ Qgi}écﬁ@]ei \ﬁene sorbitol monostearate, polyoxyethylene
6- di

t

- %{%ﬁﬁ)@ﬁ(ﬁb gﬂc{@t U?ﬁgﬂztﬁgnol ;@&&ﬂmgaieﬁte

hi obi s tert
2,2' -thiobi s(b}l()msm‘rr;dm;ﬁemm smﬁmlqﬂm;and)sther fatly acids, dicarboxilic acids,

bIS(3 met X tert yl i ysul fide, and bi

(35 T BOBR P SH R Asy TP ISP D HERYY SHITRC e Pakiabat  on

I nhi D t&{rho@iaﬁﬂcﬁ éé’te?’bf’?@ﬁp%i/@f"ﬂ QE%ﬂh@EhQHM|phosﬁﬁt9r*’@est@ﬁpht hyl ami ne, and
al kyl ated . @l pha. -napht am ne. her types: netal dithiocarbamte

(e.g., zinc dithi ocarbanate)
{4) Demuisifiers: addition product of alkylphenol and ethyleneoxide, poloxysthylene

alkyt ether, and polyoxyethviene sorbitan esler.

(5) BExireme pressure agenis (EP agents). zine dialkyldithiophosphate {aryl zinc,
primary alkyl, and secondary alkyl type}, sulfurized oils, diphenyl sulfide, methyl
trichiorostearate, chiorinated naphthalene, fluorcalkyipolysiloxaneg, and lead

naphthenate.

(6) Friction modifiers: fally alcohol, falty acid, amine, boraled ester, and other esters.
(7) Multifunctional additives: sulfurized oxymolybdenum dithiocarbamate, sulfurized
oxymolybdenum organo phosphoro dithicate, oxymolybdenum monoglyceride,
oxymolybdenum diethylate amide, amine-molybdenum complex compound, and
sulfur-containing molybdenym 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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nmol ybdenum oxysul fi de succi ni m de conpl exes, and net hyl enebi s

(di butyl dithiocarbamate). (3) Rust inhibitors (Anti-rust agents) (a)
Noni oni ¢ wol2goped7ay| ene surface active agents: poi yoxyeChyisene/obmus y!
et her, pol yoxyet hyl ene hi gher aicohoi ether, polyoxyethylene nonyl pheny!

et her, t hyl ene octyl phen eth | yoxyet hyl ene octyl stearyl
ether,(ggkéﬁi 8Wﬁé?@ﬁ?56 ypggﬁﬁ%$w ?Véggﬁﬁhylene sorbitol nonostearate.
pol yoxyet hyl ene sorbitol nono- oleate and pol yet hyl ene gl ycol nonool eate.
(b) O her conpounds: stearic acid and other fatty acids dicarboxilic acids,
met al d68pkpafanhipitacs: diliafidhaciviade pobrsrs sadtdmeth i slivgns plohomérs. aci d,
partial carboxylic acid ester of polyhydric al cohol, and phosphoric ester.
(4) Demulsifiers: addition product of al kyl phenol and et hyl eneoxl de,

pol oxyethyhrns Bdddaned: &@(fmra@eﬁtﬂo@@ﬁé{ﬁﬁy%ﬂﬁi@'ﬂ@r SRER Et;ﬁfbr%%@raikgﬁ °oF Extreme
K

pressure agents (EP agents): zinc dialkyl dithi ophosphate (aryl zinc,

pr : ][ra(rj VRl Brorgatc e &%, \Budibkged oY p@;’uifw@mﬁeiﬁéaakﬁ 0%mum bm“ﬁw
£ vor oMb ek BEREIRERD Bl B BE bRBRITRBRA PRVER%: sytpatsonen

fatty agilfdrizedronenstifuraeediied e kemydn@mmaén@t@wn@tai(s'é)tsMﬁlaika‘nusnx:émﬂal
addi tives: suifurized oxynpi ybdenum dithi ocarbanmate, suifurized
oxynDIyﬁﬁﬁ%ﬁﬁﬁ%ﬁbﬁﬁéwﬁhﬁ%ﬁ$ﬁﬁﬂfHPWH?@aﬁEdCB%VW%ﬁ@BééﬁDﬁi ﬁEﬁHVﬁérlde
oxynoi ypdenym di et hyl ate am de, am ne-nol ybdenum conpl ex conpound, and
sul fur-contai ni ng noi ybdenym conpl ex conmpound. (8) Viscosity index

| nprovers: polynethacrylate type polymers, ethylene-propyl ene copol yners,

styreng-i sop C hydrated styrene-isoprene copol ymers,
pol yi sg'bﬁ’c”)‘rfi@ %5 ﬁgm %gg@%ant type viscosity index inprovers.(9) Pour
poi nt depr essant s: polymethyi nethacrylate. (10) Foam I nhibitors: alkyl

net hacryl ate pol yners and di net hyl silicone polyners.
The unsulfurized, carboxylate-coniaining additive produced by the process of this

invention is useful for imparting detergency to an engine lubricating olf composition.
Such a lubricating oil compaosition comprises a major part of a base oil of lubricating
viscosity and an effective amount of the unsulfurized, carboxylate-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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( 11) Metal detergents: sulfurized or unsulfurized al kyl or al kenyl
phenates, al kyl or al keny! aromatic sul fonates, sulfurized or unsuifurized
nmet al salwe 20f1/00ed765i - hydr oxy al kyl or al kenyl aromatic eompsend®39as kyl or
al kenyl hydroxy aromatic sul fonates, sulfurized or unsul furized al kyl or

al kenyl napht henates, netal salts of al kanoic acids, netal salts of an

al kyl or alkenyl multiacid, and chem cal and physical m Xxtures thereof.

Lubri catddigy Ghle e@aﬂp@%msjm of e Muwéa @boﬁﬂé@omtéﬁq%@?@@a@w bhg

addi tive produc by the process of this invention is useful for i nparting
det er geheypregerdmengionec laubbiicaltriong! viprovesrfeshighdampsSudhreadépdsii cating oi |
conposition,conprises a nmjor art bas: ubricatin cosity
and’ an TBLERIR ST LolPS B iivot A he BuGeBp g AT RorBhrafed k
add|t|wﬁapﬁbhhgﬂg;@$§n@ﬂbﬁﬁﬁggg@?hmhkp@galIy fromabout 1%to about 30% by
wei ght, based on the total weight of the lubricating oil conposition.

Addi ng an effective anmount the unsul furized, carboxyi ate-contai ni ng

FrepRN L L L T S R R

engi neparpsf abke af of lubrRaling vRRgsine (apm% i@a:m%rmth@un@uimmqsi tions are
frequent Ig used in conbination with G ou I et al Cdet ergents, and ot her
add| ti ek CW?r‘&iﬁ@iﬁ@gn%ﬁq e @W@ﬁr%@swﬁt‘ﬂ\’%ﬁméif {adtirie gglﬁ)@fﬁ“ lgpst

| ubri C%Hé‘%iﬂéé& @f@?ﬂéﬂs%ntc QBEOm ; O&? e fza?(iied %éd(d &Rﬁo?ﬁ’&;ﬁa"é ’k‘é&%@d |dive of

the present 1 nventlon can ack s udge eposl i nproves
t he hi g% erdpétaaistioee depasioh idabiaolf) D&k tof Wanice iamt agrenipBsl dohibitoy;

per f or h ubricating qQil in rine applications. Addi ng an
BT ect 18 GHOTAC 3P Fe USati T e VBT BH R SPRL cont ai ni ng. addit | ve of
the present invention to a lubricating oil inproves the high tenperature
deposi t

in ancther embodiment, an engine lubricating ol composition would contain the

above components and from 0% 1o 30% of a metal-containing detergent.

in a further embodiment, an engine lubricaling ol composition is produced by
blending a mixture of the above components. The lubricating ol composition
produced by thal method might have a slightly different compaosition than the initial
mixiure, because the componenis may interact. The components can be blended in

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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control performance, corrosion control and the oxidation inhibition
performance of that lubricating oil in autonotive applications. in one
enbodi menwp 2an/@egFsne | ubricating oil conposition woul dpconiSadn/og@¥s a maj or
part of a base oil of lubricating viscosity; (b) 1%to 30% of the

unsulfurlzed car pboxyl at e-cont ai ni,hg additi ve of the pres tion; (c
0% to JAUGHPF ayent ?é‘s%;" ‘%nﬂé i%%%l%‘éﬁsﬂf&ﬁéﬁggﬁ%(ﬁt’ ﬁ“‘(%‘ﬁ&@é’ozétf 3&"8’1‘33 Y NBast oge)
zi nc ditphi-Q ?Qt%@*}ﬁ}n%m%%}ﬁ%ﬁ&}?%éﬂx{m&eﬁﬁo' rﬁé&é ti@é?ﬁ e%ég@@hbﬁﬂ'ie'dlmn%' tor;

(f) 0%to 1% of at least one foaminhibitor; 0% to 20% of &t | east
one vi stoxhity andddsragapr over. I n anot her enbodl rrent an engi ne iubricating
oii conposition would contain the above conponents and from0%to 30% of a
nmet al -contai ning detergent. in a further enbodi ment an engine |ubricating

oi | corpasi 2@%&0'@%@%@@5@&%@&@@@@%% dMuehureonf 0Ehe 1 @BoyesgaPONent s.
The lubricating oil conposition produced t hat met hod m ght have a

sl i ght Iqpmﬁﬂﬁ‘éieelﬁt’m%@Fﬁp@ﬁiftﬁeéncﬁiﬁ@ﬁyiﬁﬁ%cpﬂéﬁﬁi@@ affiivecé Iheppesese t he
C OO SR Y Th Rl S PRSI A AR RNIBL L AR gidler and can

be bl en as’ corrbi ons™ onents ion A

hydr aul gremeitic-rrenargl daliofatm Wna dssjitp ukeh gﬁhéﬁc&@&bldikﬁiph@aatwé hkor med
containing a major part of a base oil of lubricating viscosity, fromO0.1 %
to 6% H?“Wé“%t‘)féﬁ*e §ﬁ@5%§ﬁ§ﬁﬁﬁﬁﬁiﬁﬁﬁf HBPHBXYIEE%- cont ai ning additive of the
present invention, and preferably at ieast one other additive. Additive
Concentrates Additive concentrates are al so included within the scope of

thi s i inerhionrgaiedaomteiitatabeDofisddinsiuidevemarainiconpnitfseictdils, esnpounds

or co und, m xtures of thepre ven with. a ast . o of t he
Saal o1 RSt E kLS T Bl R e B D e VR T8 i en

or gani corggmmuehppmmm £38%ob®y BEREGSHBIR NG 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-alkylate, 40.0 % Para-alkyl-isomer, 1.0 % free phenoland 0.8
% Unreacted olefin/paraffin by HPLC.
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shi ppi ng and storage. From 20%to 80% of the concentrate is organic
diluent. From0.5%to 80% of the concentrate is the unsul furized,

car boxyl ave-2etrnaé7ai ng additive of the present inventi oRCT/iseo1a039945 uri zed,
car boxyl at e-contai ni ng addi ti ve contains the singlearomatic- ring alky!
salicyl gte, %n possi bly al kyl phenol and al kyl phenate. The remai nder of
the co P consists of other additives. Suitable organic diluents that
can be used include mneral oil or synthetic oils, as described above in
the section entitled "Base G| o f Lubricating Viscosity." The organic

di | uentMpaasejrerrmitgbf fiaBranahigr asd fy Alfhof-Odefiralipdido.-4 | soonailzedtAlgla €8efist 100 C

. The invention will be further illustrated by foll ow ng exanpl es,
Whl ch s{ ort h particul arly advant ageous net hod enbodi nents. Wile the
Exanples are provided to illustrate the present invention, they are not

i nt endedireed spadrontetnPeepaddbidetending itne percainkydephmetiolt bitrecHingmead

| kyl ph | h | d by Ch
CompanyPUTe ERA TReaRe o S BT Bz e oA S st ‘e RN
al pha qi &bl ngné 'i*&@)mdﬂ?é’!n%iv@sh%@é%p%d a%@ia&%ts@g%?\fe £2Qre2B, tﬁ@ﬁ@r&%@ from

Chevron Phillips Chem cal Conpany. kyl phenol nom nal lc%/ has th
f ol | owialpoppitpest 18 om-0( %E@fﬁers%tif?,@fsth%mthal Kytab pnegoue by

P | d 0.8 % t fin/ ffin b
e 5 SRR cdnts, B R TP E s B b At B R SRR e | Lo
Al pha Q@#éinisel AQLPafdaness @pﬁr@td@f@p@ﬁdlm‘g HgRdodintdet RONAIepiEDe

percent age nmethyl branchi ng and percentage resi dual al pha-olefin of
i somer i (Pedroggoaban pADSEs ihedmét izedigiuphal BaEfiins 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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(1AO . The technique invol ves devel oping a calibration curve between the

i nfrared absorption at 1378 cm 1 (characteristic of the nethyl stretch)
measur ed WY 2ativwedrat ed refl ectance (ATR) infrared spect PORAISEy10ABE4% he
percent branching determ ned by GLPC anal ysis of the correspondi ng
hydrog ated, | AO sanpl es (hydrogenation converts the AOto a m xture of
paraffl AVPIE Whi ch the nor nal paraffin has the |longest retention tine for
a give car bon nunber). Simlarly, a calibration curve was devel oped between

t he i nfRapachimbsargbienzed C90L Apkd (iefrar acteri stic of aipha olefin CGH
stretch) determ ned by attenuated reflectance (ATR) infrared spectrorretry

and th ercent ha olefin rmned b nt | t e carbon

M near B ah SeB0 el adTASKOr Mot e A ERE b Phniy AP ERGA ohe

f ol | owi pgORntSri tRe sa% mar@hnm@téoma 0 Q& RAG OfvHEEh mad: B8 pBrohBead Hei ght
at 1378 cml1l , in ATR I nfrared Spectroscopy zﬁﬁ 54.679. The R2 was

0. 9321 fgn Gheron éHE‘rﬁ“%G&ﬁﬁ? éﬁ@m@mw&%-atﬁﬁwé%h%@ intly Aferfediatiact hi s

lib 4
Fear PEalhs"dioh bl 20UAfo! FAAPRERS Pl hin R b euSRADERE TR 1
foll owi;g@ﬂeqm&iam@f NAEOAL phar- iQRetiim cbwig@ralbﬁﬂ;nﬁw&s:%ﬁdiéﬁﬁ%c(rﬂﬁ&iatsﬂan;ght at

909 cm by ATR infrare ectraosco 2.371 The R2 was 0.9884
and thé’%@P%Fi%@tgm SIPHPS B %@d&fs‘eg ﬁép% %@@F&hémﬂfh?ésqm%ze
cal i brafon &&qmﬁ;kgpwh@dw;@q ferr &w%'ngﬁéh W%/%@%cﬁég%ﬂ@aﬁ%f@ﬁ\w of

| soneri zed hade The primary 6l efinic spefies in NAO's is
nor mal liy nmmﬂma@cd)bgﬁmﬁﬁrezﬁm@emorr@rtnyzafﬁwmnsdatﬁq NAQEs@ovyEe 2t hidiesodgréeadi d

extr Udacgigfar?%%gl\%}éeietai a%omenza%m%vw}l Nﬁ%ydepef%gc%b%wseegonditicms 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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from Chevron Lummus d obal LLC) isonerizes [he al pha-olefin to other

ol efinic species, such as beta-olefins, internal olefins and even
tri-substwouvadoed7ef i ns. The isonerization of NAO s ovelPCIr@R2&0D3mas al yst
al so i nduces skel et al isonerization in which nethyl groups are introduced
along t

rocarpon ch of i soneri zed I aolefln | A ichis
referr %egé"%ﬁ; Lo ﬁﬂg"%r?é @F‘ﬁ @iE?PF@“?E‘éF?S?éRg $ A Gi\’%f %?%?ed by
infrar ol efin
and ok RERNoh BB bofdtu e R4 Ol 100 TR 181 JDBOhEalt e

i somer ivelEth dmepihecasyerdotw2s-ahpuNgEfai (DA par @iteh ﬁiu(cbﬁhmmawgm;@w Chevr on
Philli en cal ,.Co was | ri,zed i t ubul.ar ,fi xed bed reactor
(0 5 SECD A R ord d A REe Ui e d et B L R TeREfe ot e
bot t om eitdiBodie aed @cﬁmﬁe@sbh@mé@@? Qf%fj(@ srm}ctmprq@? hOLsQNE cokdSrsgirans

Al undum 24, 40 grans_of !CR m xe grans of Alundum 100, 134

gr ans ?FSSA?%M@@ZASFWC? éa@ﬁér’u%éﬁ%ﬁ:ﬁme@f @@ﬁh&ﬂy&t Fytalyst wasadsieddour e
150 0C
o T OubE TP SUREL A R RBSCHPLYRIBR i 65, DRI AR £hY

inad ow of rogen apprOX| nat e € NAO

(heat echdcﬁxscﬁminﬁo)grmt%&iﬂmﬁﬁe@;@ cﬂ@y@&%&bd&ﬁ | afteat2 aolMdSYhotodvdsiohi | e
the catal yst ed was_held at tenperatures r&ggi ng{bbet ween 130 _0C and 230 0C
at at nﬁ’%ﬁ‘)‘»’ng% ﬁlb§§§:d:|;)e %r%f‘é@xm’e MRS pperEmisly (hé 80t et of

the reagl % Q{Y'Ig,z%ﬂﬁ L8 My Fagg%mmermm%g&n %‘F’b&%ﬁﬁ t% Bgofgact or

tenperatu reparati on o oner | zed gl ass,
four ndbk cfmmkrddmt eﬁhwmboimnmahaap%bd SWDrmme tame$ bog th@ndeﬂm&rd and

ol 1 ed rasstosies Tadi kg it sred &) Thice gbHeted s iy Bl
'Bfg m}: ﬁg% @gé%ﬁgat ggﬁ*’t@r kel tﬁabﬁ 4EaBPhe T3roith AN ERS tﬁer@fsﬁaa?@ 94 -
204°C al 1.0 Torr vacuum using an unpackead 107 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 alkyiphenol 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 Cyp04 Low Overbased {(LOB) Single Ring
AlkylSalicylate Carboxylate from Alkyiphenol | plus Propylene Tetramer Alkyiphenol
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stirring mxture was added 290 grans of Anberlyst 38(r) acidic ion exchange
resi nobt ai ned from Rohm and Hass (dried approximately 24 hours in an oven
at 105 OGvOTha/me@sti on tenperature was increased to 12@Co@sand/ obmwis f or
about 90 hours at which time the conversion was about 42 % ( by

| FJuid Chro h Lti 00 f
Arber | yUiE BRI EH Y I oF 8 FhaeHn EEBIPIC AL BP CETRaLIS ChE EShser si on
was 97. az“iog/?a(i@b! s%gg%am@éﬂyeétir?gd %ﬁi%&@a@%@m% §h 984idifpibhy SFC) and

an additi onal 60 grans of Anberlyst catal yst was added to the reaction.
After dabediean@a taoumamreheanmw g aginoviee s fd@lovedbyy BFCprame oén

ddi t i | f. Anber | ded, .. Af
conver dtanena 8PRebb Ay Gepr e o FulRle Yo nd U 1o f e b it
appr oxnmﬁﬁj YT40RE rﬁa&ﬁnéh\%é@ﬂh@ﬁ%@ﬂaﬁ} & b?aﬂh@‘@f tdes ghida 1 Buchaied gnnel

with the aid of vacuumto afford the crude product. This reaction was
r epeat exfefipGCitbfed vidrers ghtparmentdiviasi ned filtrates afforded 13.0 kg of
crude product. This crude product was vacuumdistilled (98 to 108 0C at 50

Torr Vap{%'Eﬂaxﬁ;?@@a@%@;@héét%&‘%ﬁ“@ %MQD @"tﬂe@?@é‘sdré@@éé béa%&eci 1884 cC at
1.0 Torr vacuum using an unpacked colum) to afford 7.0 kg of the

al kyl pmwmemwitanmmé’ Eﬁ@fﬁtm\mnﬁ%%ﬁbp@mnz@grhieg%@@u’i@t@mmatum

| efin/ ffi % | kyl t b Fl d t h
2075 0o RS Blek it AR Hob e i fp ST eI o Sl e T 0 5 OF " aP ey
Q ho- Altkitpekr S0P vas 38adh 4. Paé avhiokghs @plmr h@indg QiKY FRphensd abiodiRlC.

Preparation of I|sonerized Al kyl phenol M Follow ng the grocedure of Exanpl e
4, a mwtﬁﬁéﬁ@rrﬁﬁwcmu&w pHEnD I wrwabﬂ@;ﬁam@caﬁ@ hoshhplloier i zed

C20- 24 *f%%:&gofc}gﬁg& RS QR 8%({9%& %é to/ %Rglﬁ’@%ﬁ'ﬁﬂﬂaﬁ?&f @ﬁférfﬁro%n

Exarrpl an 1r’sonerize W th"the
propertihesaut{ﬂ,iz&/wnreact ed ol efin/par affl n, 13. 9 % Di -al kyl at e by
Supercritical Fluid Chromatography; 54.6 % para-al kyl isomer by IR, 3.6 %
Ether. 6.5 %D -al kyl ate,

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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54.2 % Ortho- Al kyl -isomer, 35.4 % Para-Ai kyl -isomer and 0.4 % phenol by
HPLC. Preparation of 4 1.4 % Branched C20-24 Low Overbased (LOB) Single

Ri ng Al kywe68abiiwpb@se Car boxyl ate from Al kyl phenol | pl ugcPruspyloes®4Tet r aner
Al kyl phenol The i somerized al kyl phenol ! as prepared in Exanple 4 (700

gr ans) %?( r%ed to a 1l gallon, nechanically stirred netal autoclave
react or *FRPtHE Wi th a distillation takeoff and a tenperature controlled
heating mantle followed by 701 granms of branched al kyl phenol b as prepared

i n Exarplealioansd 2251@% Mx@fe@n@zm wa@vamtabe@m_@m Bhgld Ritdhi s m xture was
t hen added 10.63 grans form c acid, grams of _acetic acid and 7

drops NRTISERGTAR B et ek D 6 aB Pl UG 8 O Ch By IPRE 2B 0 C

the pressure was reduced to 0.8 psia while sinultaneously heating to 18Q0C.

After rﬁa&bﬂd@@dﬂimmrﬁ@e@m@f@ﬁw@ weisgtegmanpedst®enasdC over 90
m nutes and held for hours once this tenperature was reached. To avoid

| oss ofalkdpigu|ii fﬁanaﬁwmﬁﬁéacﬂm GrEEst brrglied wlyiRiaiady 2 ereparedivx
| | 2 f
col umn . ng 1@?[2%33&%{@%%@%%@ 58Ua3sNQYE Rl "ﬁj:sd”‘t“ifﬁ ﬁerm% B?a&%}ﬁeo

refl ux Was contr’ o ensufe el1mnationo rom
aut ocl aangd aﬁﬁt?eﬁroph@f&;mnumhahmmmiamm 23herapnestle nasiofdbseddé o 70

psia usin neo red the reactor te rature to 200
B, “ThiGIEGTEdsts ht BrVRIGE SCATTATE MBI R dTRST RS BheieHe RIETBESIE UF 5 v
filter id Wit f,t-h i f a er aid

(HyFl oﬁv???&{&@wggé’%ﬁﬁgggﬂ or% tiﬁgg /t g?edglﬁgt %ﬁ%eigﬁﬁitge avp%gﬁ%ilrt\}}e fol |l ow ng

proper t5e4 cSTBNIG0 1QGS; 1685 @Stl@i@x(}-\h@cms?y lrde@ar 584.2; Viscosity = 66.7
cSt @00 C and 2042 cSt @OC; Viscosity Index = 64.0. The filtered

1o e gl R oot ARl Lo behel R Agao e
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 cS5i@100°C
and 6546 ¢SH@40°C; VI=196.

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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GrbH Model KD6 operated under the foll ow ng conditions; Evaporator Inlet
Tenperature = 60 C, Evaporator Qutlet Tenperature=210C, W per Speed =300
rpm Preswore11200i675 nbar, 200 gns / hour feed rate to afPCoru$20i653%485r ans of
resi due product with a TBN = 191 .2. Approxinmately 50% of the unreacted

al kyl ph%gol s were distilled (398.4 grans). The residue product (393.7
grans) w&THHEded with 107.6 grans of diluent oil (Exxon 100 Neutral) to
afford the final Single Ring Al kyl Salicylate Carboxylate with the foll ow ng
pr oper tiicee TebbpGaatnr® P4SordaSee oDl b LY%w TBMHased 1L ORYiISIndiodRing53. 9 ngKOH gm
of sanple; Vi scosity=297.9 cSt %OOC and 5495 cSt @O0C, V! =188. Preparati on of
25. 6 w/Brdrehedaeletieoeiy DAY DESSP e ™3I Ring Al kyl Salicylate

Car boxyl ate from Al kyl pheno! 1 1 plus Propyl ene Tetraner A kyl pheno! The

pr ocedur ot 1Exampheir@evase il tonestauaeneA0RatamB i1obe ICCHIBI OBSSIngle
al kyl pheno! Il from Exanp 701 grans of branched al kyl phenol s as

le 5,
pr epar €#1p nﬁi@@%%éatfzd;et%%ﬁis grikedoliswing dipished Blogedws estireihdt aci d,

10. 76 ' ' 7 i -phi Di total of 253
oram GPeCos RS ASTH B.500 (RLARE Slad@Rih M PP R e A0 Pl ch

af t er fdHctwsathiabas thdpefdeht breegthinyg ierihe dileddhdhadf tHeealkdbhemingeprioperti es:
TBN = 119.6, % = 4,.17;. Acid Index = 9.3; Viscosity = 50 4 ¢St @00 OC
and 16634 @%B@F"@&%Wﬂﬁ*Eﬁyﬁﬁﬁg%ygt%69@@@@1"%“@@[&?%%6‘89i?fﬁa@ﬁf‘f’é?di ate (896.9
grams) higt L Lbed in Exanple 8. to afford 519.0 grans of
resi due%%l%%(ﬁéié diéééﬁ?!gaﬁgﬁg?@%ggﬁﬁt 42% of the unreacted al kyl phenols were
distilled off Z This residue product (488.0 grans) was diluted with 133.3

grans drinigh ploypptivebaingddl! Re®dal ) to afford the final Single Ring
Al kyl Sal i cyl ate Carboxylate with the follow ng properties: % Ca = 5.50, %S

= 0. 14 Y TNalc B My;gaqg?ﬂ@g§52. 8 nmalkklgm off sanpjee; Viscosity-349.6

cSt @00C and. 6546 _cSt. @QC; 96
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 Inhibitor 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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Preparati on of Non-isonerized Linear C20-28 Low Overbased (LOB) Single R ng

Al kyl Sal i cyl ate Carboxyl ate from Li near Al kyl phenol

pl us Propyl ene Tetraner

The procewonesi/iogs7Exanpl e 6 were foll owed usi ng the conmreraisad10/039945
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% Branching in the Olefin Used
to Prepare the Alkyliphenol

Aboui 0

41 %

28%

Scanning Brookfield D-5133

- Gelation Temperature (°0C)

none

- Gelation Index

11.6

7.6

<6.0

ranched

nper at ur e
cyl ate

he | ow
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easured by

hows t hat as
to prepare
nni ng
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n | ndex

ple 8 and 9)
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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 Telrame

r Alkylphenol

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
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Chevron Oronite Conpany LLC. The branched al kyl phenol nom nally has
thefoll ow ng properties; 0.3 %Ether, 2.0 %D -alky!'ate, 90.0 %

Par a- al kyweoi2eomeeq756. 0 % Ort ho- al kyl -i soner and 0.5 % f pPeg/ysh@nos99hy HPLC.
Wil e the present invention has been described with reference to specific

enbodi this | nded to hos various changes
ona sunhevingisRse st by EBehah Yo e Db e Akl S TCn S e
departu@gh5fqgggéﬁ%éﬁggd@f@%qﬁ§§8@§nﬁﬁ)t@pLgppended claims. Wat is clalned
IS . A nethod for preparing an unsul furized, carboxylate-containing
additive for lubricating oils, said nethod conprising: a) neutralization of
a mxture of at |east two aikyi phenol s using an al kaline earth base in the
presence of a promoter, to produce a mixture of alkyl phenates. wherein the
m Xt ur aneic fle bRASH BnAbK ks BABRGISAOMPRIRGSIAbntLRSlpdkifd T St al kyl
phenol wherein the alky! group is derived froman isonerized al pha olefin
and a sﬂnbmﬂﬂ&wmyHh@hﬁmﬁLaMMEﬁﬁnhﬁﬁhétamby&r@neawansuaehan@ﬁaan@n1a
branched cﬂ gi.n olef.in of a enat es

bt e PoS ek My bR 88 RO SRk B DS B KB o

suffici gtgﬁﬁi@ﬁﬁ%&ﬁﬁh@@ eagtd 2Riwml e% of the starting al kyl phenols to
al kyl ;gﬁfcylate and fbrennval of at |east about 10% of the starting

m xture of at |east tmo al kyl phenols fromthe product produced in step (b)
to produce said additive. 2 . The nethod of Claim1l wherein the isonerized
al pha olefin has 15-80 wt % 3 The nethod of Caim2 wherein the isonerized
al pha olefin content has 20-50 wt % branching 4 The nmethod of Claiml
wherein the mxture of at |east two al kyl phenols is a mxture of two

al kyl phenol s.
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5 The nethod of Caim1 wherein the branched chain olefin is derived froma
propyl ene oligoner, butyiene oligoner or a highly isonerized nornmal al pha
ol efin. 8wo20heomeshod of Claim5 wherein the branched ebaius2abasinsis a
propyl ene or butyienes oligoner.7 . The nethod of Claim6 wherein the
branched chain olefin is a propylene oligoner having fromabout 9 to 18
carbon atons. 8 . The nethod of Claim7 wherein the propylene oligoner is a
propyl ene telramer. 9 . The nmethod of Claim6 wherein the branched chain

ol ef i n Weanishitiyieenie: ol i gomer havi ng from about 8 to about 24 carbon atons
10. The method of Caim5 wherein the branched chain olefin is derived from
a highly isanerized norma! al pha olefin. 11. The nmethod of C ai mwherein

atoms and’ 60- B0 e BraaBR e e e A A G SRR R AR R 2l ki
group on t hdulfiicadtngatiley bphienethodscosepisregt from an i soneri zed al pha ol efin

having 15 - 80 wt % branching and from about 20 to 28 carbon atons. 13. The
met hod of Claim 12 wherein the alkyl group on the first al kyl phenol is

derived fromafkieQrBid 760, ?fhi@tﬂ?e of &f leBshaid é!ﬂyifgjﬁ@ﬁo?@&%!h 49 dikaigd carbon
atons. 14. The nethod of C aim 12 wherein the al'kyl group on the first

al kyl phenol d@%b@&m@dhf’mmwa clonprameldr.dbphadetes mmxheyiochgkad- 50 wt %
wher oi n Sar ORI SRRy el o BB T By bRiTE ORbEEs 8ictht! ™+
a first alkyl phenol wherein the alkyl group is derived from 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.
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ring al kyl salicylate and doubl e-aromatic-ring al kyl salicylate wherein the
nole ratio of single aromatic-ring al kyl salicylate to doubl e-aromatic-ring
al kyl salwoybatmw2i7’s at | east 8:1 . 18. The net hod of C acmiubk20mizaes n, in
said removal step (c), at |east about 30%of the starting al kyl phenols is

renoved, from.t he produ produced.in ste b), to. produce said additive.17.
The nethod oPeTENHRO! P W_ﬁeﬁm g %ﬂ‘aﬁ*@%ﬁé&?ﬁag %569”@ &8 PEPH R ar ti ng

al kyl ~phenolgicapt.  HamedRYarbi 8 bith!1@ 08on Homdhe method of daim 17,
wherein said glstlllatlon is carried out at tenperatures rangi ng from about

1500C to abqut 250 OC and at_ pressures fromabout 0.1 to about 4 nbar. 19.
The netthhod ofadngtird el Clgarevhewin dapvianaeigemey 'R ariPedesat at

tenperatureste[r%ﬁ%irng from about 1900C to about 2300C and at pressures from
about 0.5 to about” 3 nmbar. 20. The nmethod of G aim1, wherein, in said

neutralization step; (a%; said neutralization operation is carried out in

t he présencelfss mgthadakvlabnd wherox e bragehad contradaling & boiMeme to four
carbon at ons,; i sal. kak] i.al cohol , and

nonoai coho??gaigﬁﬁ%{ggévgr&efé&ﬁecut r%glsﬁgjéﬁogﬁblggg?gﬁ %%ﬁi?gs’ carried out at a
tenperature of at least 200 C (c) the pressure is reduced gradually bel ow

at nosphiti ¢ The oedud soCleendyveheran iia brarehed st @aiin indehedbyante of any
sol vent t hat,, f . tirope. wWi.th water; (d) said al kyl phenols
hag@é(%ogﬁgﬂsﬁb ﬁéi%?%iﬁ&?{ a ﬁfeﬁ“an (d) yr p

contain up to® i hear a phenol in mxture with at | east 15% of
branched al kyl phenol in which the branched alkyl radical contains at |east
ni ne carbon Hicomethathdl Cemtwierguaiie tighly isfmpizaientenalsdehaoiefiadend to

the fol | ow 1, ol 3L 134 AStaboh dhoflslld 85 o8N ohARSAR ky! phenol of 02:1

12.  The method of Claim 1 wherein the alkyl group on the first alkyiphenol 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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0.7:1 ; and (2) carboxylic acid/al ky! phenol of from0.01 :1 to 0.5:1 . 2
1. Alubricating oil additive produced by the nethod according to Claim1l.
22. A | ubwocati/mge76i | conposition conprising; (a) a nmaj ecTasea10o89as base
oil of lubricating viscosity; and (b) fromabout 1% to about 30% of the

| ubri catj ng di accor toclaim?2 1. 25. A lupricati oi |
corrposﬂﬁ)l on ﬁ&%‘@g"%{f}{@a@al hiibz \ﬂhé}%f?‘a remevELEEP dak PR %ﬁi’“f"ﬁs‘ﬂgﬁ

aut onot i ve REs Qid reBfvel @gggmﬂg@ﬁte conprising: (a) from20%to 80% of
an organic dil Eent afnd (Vb) Et%ﬁe; l'ubricating oii additive according to Oaim

23. 27. An add| tive package conpri 5| ng the | ubricating oil additive

di CI t. f the foll
(5 % e e faMena i e mer o0 i Bl Bl S GRERFBEAL (O am
oxi dat i 0” ' NBirplet Sliied @i ﬁng S e!abﬂéjthl‘“t)@(&to @%buﬁ%t?"@'aﬁdf éit%fmfs*{lfrbsan
extrenme pressure agent; a friction nodifier; (h) a nultifunctional

addi ti ve; (|f§0raa£«'>0§i:8§| W%Jm@éﬁﬂbﬁﬁarover. (j) a pour point depressant; and
(k) a foam i nhi bitor.

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.
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