LOW EM SSI ON DI ESEL LUBRI CANT W TH | MPROVED CORROSI ON PROTECTI ON FI ELD OF
THE | NVENTI ON The present invention relates to engine lubricants for |ow
em ssion di esel engines equipped with exhaust gas after-treatnent systens
that can be sensitive to lubricant constituents. Sone of these types of
after-treatnment systens are known to be sensitive to fuel and |ubricant

constituents. 8 Ikl = t ment
systens, |ubri t‘@rﬁ ﬁﬁmb%QE§%G%%g‘g&@ﬁa‘bw%ﬁhm@ (?é&g%é ash,
sul fur, and phosphorus. Ash, sul fupPROYERTQORNOr Us are present in many
conventional lubricant additives such as detergents and

zi nc-di t hi ophosphates. To neet the requirenent of rmaxi mum ash, sulfur and
phosphorus | evels, the | ow em g5} j II ' 81[ ("LEDL") of the
present invention has been dev ' eoffponents and conponent
conbi nati ons. 'Known LEDLs, which neet the requirenent of maxi num ash,

sul fur and hosphorus | evel s, have been unable to nmeet mini mum corrosion
protection JEgAreseRijnentipRdelatos iaopngingdubricaats torlew gmissioasisssl bed in
this inventi sl ' r i | | od

perf or mance ?ﬁglcr)]% &t géglg\g&ﬁ%@ﬁqsg:bﬁ%égﬁrgﬂga‘é\%ﬁhgsr%%@%%%ﬂéa}ﬂ}ﬁ% shed oil
bl ended- wi tBeﬁi:itivmtolhlubﬁceflntH:orFtitu@nEEiSSoﬁteO@ﬂiheQé typeslufedieraratimbar eof . The
finished oil using this or atiQn may or may not contain a viscosity
modi fier, poSYStgBISAre 'H@M‘e@rsgjﬁﬁn%fm *&rfyelegfﬂ%xib&@aehcqnﬁmwt&bln prder
BACKGROUND' O, 31t WWENE N b e for iR ARl R GBRRNI I Bhishaye ' educe

t he amount of sulfur In ubricating oil compositions’ For exanple,

JP11- 181463 beenldeselapgdinatdehturdfdw tevelsohash, aulfar, 2nd praspheeusof Ashii mar y

[ di t hi ophosphorjc, acid, (b) 1.2-4 mass % of alKkal | earth netal -1
zine ditht Obaoply an phosp'horué al)e present in many%onventﬁ)nal [ibricant addr{t?ves

such as detergents and zinc-dithiophosphates. To meet the requirement of
maximum ash, sulfur and phosphorus levels, the low emission diesel fubricant
("LEDL") of the present invention has been developed using new components

and component combinations.

‘Known LEDLs, which meet the reguirement of maximum ash, sulfur and
phosphorus levels, have been unable to meet minimum corrosion protection
requirements. The new LEDL additive formulation described in this invention
solves the corrosion problem while maintaining good performance in other
areas. The formulation can be used in a finished oil blended with Group 1, 2,
3, or 4 base stocks or combinations thereof. The ﬁnished oil using this
formulation' may or may not contain a viscosity modifier, pour point

depressant, and any ester added for solubility.

BACKGROUND OF THE INVENTION

There have heretofore been efforts to reduce the amount of sulfur in

lubricating oil compositions.

For example, JP11-181463 teaches a gear oil that contains (a) 0.5-3 mass %
of primary zinc dithiophospharic acid, (b) 1.2-4 mass % of alkaline earth metal
-



type detergent- dispersant, (c) 1.5-10 mass % of bis type al kenyl succinic
acid imde or its derivative, (d) 0.3-3 mass % of am ne salt of phosphate
ester (e) 0.05-5 mass % of one or nore sul fur conpounds, and (f) a base
oil that has” less than 0.1 wt-%sulfur. In order to further reduce the
sul fur content in lubricating oil conpositions, non-sulfur containing

detergents Fdngﬁh_ 8 ' f .0k hg and
non- sul fur @étc%ﬁ% g ﬁ?isg%’ggﬁag’rﬁﬁgﬁ g§9§fﬁ3 fl?)ﬁs;ﬂp 8?’%1*%@ Sggﬂb%ﬁggpes S
wel | known imidetor isrderivatiGe, (BR0.3-8lonass %&ﬁ,@ﬁmeeﬁeﬂbd)mltﬁsnmeﬁ@esﬂehge) i
det ergent djspersant additives based on sulfuyized. _alkyi phenates o I g
basi c1ty. al R B e Anepamore naty Chmahaunviss 5 4N b b Oy has

sul furizati @gsqﬁaﬁo_ﬁ%% Q.Em].ol , neutralization of the

sul furi zed. al kyl phenol w th an al kaline earth netal base, then super-

al kal i zati on by carbonation of the alkaline earth netal base dispersed in
the sulfurj | phenate. FEren patent .1 563, 557 di scl oses detergent
addi ti ves bﬁé@@“’gkgﬁ{ﬁﬁﬁeé‘éﬁ? %aﬁ‘ﬁ?”ﬁﬁ?ﬁ%(@f%‘?’( Bofing of cOmEsiongai 1 ves

are prepar eofpgulfar &mﬁﬂnﬁgf actefierits N BE eiployad YT RE phaphRatiSr oPBBEE W th

cal ciumchloride, then sultfurization of the calcium alkylsalicylate
obt ai ned wi $Wfus@ontgining ansnen-sulfirceoniaininglhydracarbyt phenates andi d and an

al kyl ene gl r Lepe ycol . French patent
applicationygﬁé§§&%§%§§$%%%%§%£8iﬁﬁéﬁéwﬁﬁrﬁ%ﬁd det ergent - di spersant

addi tives based on al kyi phenates and al kyl salicylates. These additives are
prepared by neutralization of an al kyl phenol wth an _al kaline earth netal

base in theVpr-dddnble. 810380 digclosas preparinadetemsentidisnarsant agditives

sol vent, caghoxy, L@ S ' | ] ' ul fur and

an al kal i ?\% earéﬁgﬁh%%ggbhéﬁ%%g%g?'@eﬁﬁag Hg?%o?%gﬁgn %%éfs;ent ,

fol | owed byThesw bddiEiYéS)areamkpﬁréd byttshﬁmﬁzdﬂﬁn&ﬂa‘m&lﬁﬂpheﬁ?ﬁﬂ&ufréh'zaﬁ:coac| oses

a process t i s e . to jnprove,. su ntia t he perfornance o

al Eyl phenat’@ﬁb?ﬁ‘l‘@ﬁ?‘?@?ﬁ‘& H%QSHY"N‘ @gsaﬁlt(ghne eartﬁ/metai t?ase, then super-
alkalization by carbonation of the alkaline earth metal base dispersed in the
sulfurized alkylphenate.

French patent 1,563,557 discloses detergent additives based on sulfurized
calcium alkylsalicylafes. These additives are prepared by carboxylation of a
potassium alkylphenate, exchange with calcium chloride, 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 élkylene glycol.

French patent application 2,625,220 discloses superalkalized detergent-
dispersant additives based on alkylphenates and alkylsalicylates. These
additives are prepared by neutralization of an alkylphenol with an alkaline
earth metal base in the presence of an acid and a solvent, distiflation of the
solvent, carboxylation, sulfurization and superaikalization by sulfur and an
alkaline earth metal base in the presence of glycol and ‘solvent, followed by

carbonation and filtration.

US Patent No. 5,808,145 discloses a process that is able to improve

substantially the performance of alkylphenate/alkylsalicylate additives,
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-2 particularly in the tests relating to foam ng, conpatibility and
dispersionina newoil, and in the tests of stability towards hydrolysis.
This process conprises neutralization with alkaline earth nmetal base of a
m xture of |inear and branched al kyl phenols in the presence of a
carboxylic acid, carboxylation by the action of carbon dioxide of the

al kyl phenat gartficldrivig dhd Yests FéIktin ﬁif'o%min%,"tﬁbrﬁ;bmﬂjilit?bﬁﬂ|di§ﬁér§si@:ﬂ1intahen
carbonation, distillation, filtration, an de&ass[ ngT in air. European
Pat ent Appl Newtoibanghin the testoaf slabilihoewards bydrolysisesThis proerss f uri zed,

o) kal i no- eabPASeS FLGlARRRH B ARAMs 3 MatGLd R e Bidor flgdac s ed
al kyl phenol andibranciidi lkyiphenolp'in #es prsbhox ofla Rhringhe atide sarbtixglation

t enperature deposit control, and bl ack s| udge control. U S. Patent Nos.
6,162, 770 aRy tlee agborpet carbap iexide At theralkylphenatg felipwed kbt aylturization

det er gent - di ) TIeT ol LAGhd T %t 0 | Kyi |, from
10%t o 40% S BarP A akEREHR, I odRthator, NANH Braltl. SHReREME .. carth
singl e-aronitaic-ring al kyl salicylate, and a process for preparing the

sanme. This conposition may have an al kaline. earth double- aromatic-ring
al kyl salicylate as long as the nole ratio of single-ring alkylsalicylate

to doubl e- aEAGddir Pafafit AbliiéARh PbiRbfion N2 003327 dRiclsell cOMPosition

may be- produc by the t e-step process i nvolving neutralization of
al kyl phenol gnsulfurizedyalkali oretalfred detergenttdisperatidyadditiregtoempaistng &i | t rat i on

f th duct, of b | at.i tep.. Th t t - di t :
b oduced by iUt et AaT R AR Mitetrs EhvishRate s BuRREatER8 nmosi i on 1o
| mprove ant ;RpdaResy amylgneﬁéli. €Fhis Bhgiﬁyé‘gﬁgﬁzfv%tﬂrﬂlogﬁﬁﬁ?bkﬁé?ﬁésﬁ‘Ngh and Dbl ack

sludge control. It is desirable to fin ow sul fur, ash and phosphorus

| ubri cant wemperapieideposit sontsel, end plackosludgroeontidle LEDL of the current
invention is a | ow sul fur, :

U.S. Patent Nos. 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 composition may have an alkaline earth double-
aromatic-ring alkylsalicylate as long as the mole ratio of single-ring
alkylsalicylate to double-aromatic-ring alkylsalicylate is at least 8:1. This
composition may be produced by the three-step process involving
neutralization of alkylphenols, carboxylation of the resulting alkylphenate, and
filtration of the product of the ciarboxylation step.. The detergent-dispersant
produced by the method can be used in an engine lubricating composition to
improve antioxidant properties, high temperature deposit control, and black

sludge control.

it is desirable to find a low sulfur, ash and phosphorus lubricant with superior
corrosion performance. The LLEDL of the current invention is a low sulfur,

ash, and phosphorus lubricant with superior corrosion performance.



ash, and phosphorus lubricant with superior corrosion performance. -3
SUMMARY OF THE | NVENTI ON The present invention provides a novel |ow

em ssion diesel lubricant, or LEDL, conprising |low |levels of ash, sulfur
and phosphorus. Preferably, said LEDL also contains an unsul furized,

car boxyl at e- cont ai ni ng hydroxy-aromatic surfactant-based

det ergent -di spersant additive SIMARYTOF THE MNVERTION al kaline earth netal
salts (hydrocarbyl phenate/ hydrocarbyl salicylate) and a reduced anount of
unreact ed hydrocarbyl phenols. The present invention also relates to

ol ve P IRE Do s B el Bl ATRERH REapcr > "0
hydrocar byl seEDEYtemnprisinglowiavels wf ashoduifurantdghiosphong. Breferablybghid

salicylate. In_a preferred enbodi nent, the present 1 nvention also relates
to a novel LE'iDLcﬂﬁﬁbFPB’iaﬁtf amupsdifurized; E@@,OXM’QF%SWE‘EH@ BWP&Vﬁ"‘H@at'C

o a novel LES LD . HOR 3
br i cat i ng or ot eSS RS R et e ahaRthe AR 00 ¢

met al sa:ct‘s (blkdﬁmeaﬁlygnetahﬁbim](Mgmarhﬁmhawflrymtagg[)?a_ﬂicgﬂaae)raf(nﬂlaed
anount of unreacte rocar ngls, a as_additil ve packages,
concent rat e SRUCHH AT Of orYSRSRd BARICaHEN BhRRPISe Y bRscdbenton -
Spec 11 cal | 258 HaRieradctho FAORUTPBoNGHBES oh® TRRNEECH GARRIGY Sal d

unsul furi zed, carboxylate- contalining additive containing sard mxture in
whi ch sai d hycivropesibglthe saimiec yWastpreferpblypitrelatessiorsgicd LEDbnintwhich isagl.

hydrocar byl salicylate. This additive .inproves.antiqxidant, properties,
i gh t emper at ¥dsogaByEsaticyisle Foprimarly snglErrpaRtc o hystrad risyials
bl ack sludge control in lubricating oils. This invention is also directed,

in part, to nethods of preparing and using said novel LEDL. The LEDL of
the present ilnapraferred@mbadiment,dhe presanténventienialgd whateg to agyst LEDAN: a

maj or amount of 18 8R8 BnUrsullirize) darBkyiSte Lot Ring ydfo Y SloMiatic

surfactant-based detergent-dispersant additive for lubricating oils, which

additive comprises a mixture of alkaline earth metal salts (hydrocarbyl
phenate/hydrocarbyl salicylate) and a reduced amount of unreacted
hydrocarbyl phenols, as welt as additive packages, concentrates and finished
oil compositions comprising the same. Specifically, said preferred
embodiment relates to an LEDL comprising said unsuifurized, carboxylate-
containing additive containing said mixture in which said hydrocarbyl
salicylate is primarily single-aromatic-ring hydrocarbyl salicylate. This additive
improvés antioxidant properties, high temperature deposit éontroi, BN
retention, corrosion control and black sludge control in lubricating oils. This
invention is also directed, in part, to methods of preparing and using said
novel LEDL.

The LEDL of the present invention may have, for example, the following
composition: a major amount of a base oil of lubricating viscosity, a hydroxy-
aromatic surfactant-based detergent-dispersant additive containing less than
40 weight percent (“wt. %") free hydrocarbyl phenol; a dispersant; a wear
inhibitor; and from about 0 wt. % to about 1.2 wt. % ash (as measured by
ASTM D874); from about 0.1 wt. % to about 0.5 wt. % sulfur; and from about

-4-



aromati c surfactant-based detergent-di spersant additive containing |ess
than 40 wei ght percent ("wt. %) free hydrocarbyl phenol; a dispersant; a
wear inhibitor; and fromabout O wt. %to about 1.2 w. % ash (as neasured
by ASTM D874); fromabout 0.1 wt. %to about 0.5 w. % sul fur; and from
about -4 0.02 wt. %to about 0.1 w. % phosphorus. Preferably, the LEDL of
the presen0.02wE % ite abeoin®n ivite Yaphes phorasroPrdferibly the LEDIL &f the | ubri cating
viscosity and fromabqut 0.4 wt. %to about 1.0 w. % ash; from about 0.05
W. %to abbigsedt g\thlom/ygmpﬂgea rRAIPT ePn 96 atbasedl oflubigati®gabout 0. 08
W . % phosy o, S8l e I nt of a
base oil ofpﬁe%#ﬁc%wﬁgnﬁﬁ%ﬁwaﬁ laggglﬁﬂ?a\ﬁpi%g'sﬁ ﬁo@ %&th han
0.3 wt. % Saitd avoutdnd wtekssulfugrard Hemvabouk O wh e toabokbe08preler abl y,

said LEDL r| ses maj or a unt base oil of lubricating vi sc03| ty
a1 T om abBRREPSTS MoToiPr e gL Said bERL CErpaiies 4 MARABRINGIES e 56 ¢ 9

about 0.15 Whse ¥ oﬂubfrreéfm@oﬁcéé:ﬁ@.ﬂm% tfarD £.0Mvt. 9B%5A; %%e%arpo%&vw %

phosphorus. I'n one enbodi rent al so conprises a corrosion

i nhi bi tor. Ynswifurpaed &astaeﬁt{lﬁjwtr%mhosphOMdM&gtmefmablypsald LEDL
surfact ant - based det er gent - sant .. a |t1v s. unsul f ur i

oot o sl C8RBllsSShTAEEamout BESBARE i B Mitrichfing YisdRity and & anate

preferably, o gahel % Us'abbitc1.00MP% 561 ffdrﬁ@bégto@sﬁw/m/oeéhabum@%t% met al
hydrocar byl phenate; from15 to 60% al kal i ne eart h net al

si ngl e- ar ongulfur; and romyabow).82 wts% tochout ;08w % phesphers. 50% or gani ¢

diluent. In a preferred enbodi nent, the LEDL conprises a major anmount of a

base oil of lubricating viscosity and fromabout 0 wt. %to about 1.2 wt.
% ash; fronin eioeinbddiment, tHée LBDRRMLE cénprivés a%bﬁ’élsfohfmh’bit@fn faput 0.02 wt.
%to about 0.1 Wt. %phosphorus and from about 1. . %to about 5.5 wt.

% of an urRi@fered embodimentoiha By@owﬁfqnaﬁmgurfasta%&@s%d defergant-
surfact ant - &g@g-%ant Qﬁaﬁ{r& hndiiRiREES 2PrerBity, s45d SAARUE T4 A%arddRidiéSs than

40% hydr ocar
containing additive. More preferably, said additive comprises from 10 to 50%

alkaline earth metal hydrocarbyl phenate; from 15 to 60% alkaline earth metal
single-aromatic-ring hydrocarbyl salicylate; and from 0% to 50% organic
diluent.

In a preferred embodiment, the LEDL comprises a major amount of a base oil
of lubricating viscosity and from about § wt. % to about 1.2 wt. % ash; from
about 0.1 wt. % to about 0.5 wt. % sulfur; from about 0.02 wt. % to about 0.1
wt. % phosphorus; and from about 1.8 wt. % to about 5.5 wt. % of an
unsulfurized, carboxylate-containing, hydroxy-aromatic, surfactant-based,
detergent-dispersant additive comprising: (a) less than 40% hydrocarby!
phenol; (b) from 10 to 50% alkaline earth metal hydrocarbyl phenate; (¢) from
15 to 60% alkaline earth metat single-aromatic-ring hydrocarbyf salicylate;
and (d) from 0% to 50% organic diluent.

{n another embodiment, said LEDL further comprises from about 1.0 wt. % to
about 4.0 wt. % borated dispersant; from about 0.2 wt. % to about 1.1 wt. %
wear inhibitor; and from about 0 wt. % to about 0.5 wt. % corrosion inhibitor.

More preferably, said dispersant is a succinimide; said wear inhibitor is zinc
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phenol ; (b) from 10 to 50% al kaline earth nmetal hydrocarbyl phenate; (c)
from 15 to 60% al kaline earth netal single-aronmatic-ring hydrocar byl
salicylate; and (d) from0%to 50% organic diluent. |In another enbodinent,
said LEDL further conprises fromabout 1.0 wt. %to about 4.0 wt. %

bor at ed dispersant from about 0.2 wt. %to about 1.1 wt. % wear

i nhi bitor; gﬁﬁﬁm HPISS d tarf?i Wid cc{?rbgoﬁtﬂ%xt& i a‘(’jﬁeutr@lﬁ Hrtél% at}i&@é?dtor

Mor e pr efer S ersant Is succinim Sal Ibitor is
zinc -5 dit hMophpm@rabbr sandd_l?slai_dalmompmsm; fromi ahioud 8. Owta%rtetabtmlt BAkd

t ht hal i f er abl bout
L0 o t wh Tk mondbBte GiSoesaRt Yions bt Ema 2f S5GRA T o %0 6wt %
to about 1. %dl&mn%ﬁlﬁir@té”ﬂ'@rHH%G%GI wf o0 Koy aBeu{o@v&t L m&r%sdhrﬂm@huﬂ 5 wt.

% ol ybdenum anti - oxi dant; fromabout 0 wt. %to about .. % phenolic
anti - oxi dantOdeaminfroab@mutm wt. \f% to @bout thwit %4 pbenptic 3pthaxidaot &M - oxi dant ;

f b 0, % d
from about o*Re bR 48U A B RS ERkeR: HihaboREd HET 187t e
present i nveﬂbmﬂrs Ownlt) %@Q[b@k;ﬁnf@eﬁulcbpblymt ahd frogh alosited teabout/ 25 one
enbodi nent, the hydrox%‘taromatlc surfactant - based detergent- dispersant

additive conEiPﬂ"sf@%mf'F'B Or.t o 35% free hydrocarbyl phenol; preferably from
0 to 30% free hydrocarbyl phenol; nore preferably fromO to 20% free

hydr ocar byl phenol; nost preferably fromO to 15% free hydrocarbyl phenol.
The LEDL of Pleferabbs ¢ind LEDL softthe present dnbleation gdib oshtgirceosulfescantaining
anount of a base oil of lubricating viscosity and fromabout 0.4 wt. %to
about 1.0 wieeogeidn: from about 0.2 wt. %to about 0.4 wt. %sulfur; from
about 0.04 w. %to about 0.08 wt. % phosphorus; and from about 2.7 wt. %
to about 5.5 w. %of an unsul furized carboxyl ate-contai ning additive
conpri si ng: lhand embodiment, the hydroxy-aromatic surfactant-based detergent-

dispersant additive comprises from 0 to 35% free hydrocarbyl phenol;
preferably from 0 to 30% free hydrocarbyl phenol; more preferably from 0 to
20% free hydrocarbyl phenol most preferably from 0 to 15% free hydrocarbyl
phenol.

The LEDL of the present invention may advantageously comprise a major
amount of a base oil of lubricating viscosity and from about 0.4 wt. % to about
1.0 wt. % ash; from about 0.2 wt. % to about 0.4 wt. % suifur; from about 0.04
" wt. % to about 0.08 wt. % phosphorus; and from about 2.7 wt. % to about 5.5
wt. % of an unsuifurized carboxylate-containing additive comprising: (a) less
than 40% hydrocarby! phenol; (b) from 10 to 50% alkaline earth metal
hydrocarbyl phenate; (c) from 15 to 60% alkaline earth metal single-aromatic-
ring hydrocarbyl salicylate; and (d) from 0% to 50% organic diluent. Said
LEDL may further comprise from about 1.0 wt. % to about 4.0 wi. % borated
dispersant; and from about 0 wt. % to about 0.5 wt. % corrosion inhibitor.
Most preferably, said LEDL also comprises from about 3.0 wi. % to about 8.0
wt. % non-borated dispersant; from about 0.6 wt. % to about 1.4 wt. %
calcium-sulfonate; from about 0.2 wt. % to about 1.1 wt. % zinc
dithiophosphate; from about 0.1 wt. % to about 0.5 wt. % molybdenum anti-
oxidant; from about 0 wt. % to about 1.0 wt. % phenolic anti-oxidant; from
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t han 40% hydr ocar byl phenol; (b)-from 10 to 50% al kal i ne earth netal

hydr ocar byl phenate; (c) from 15 to 60% al kali ne earth netal
single-aromatic- ring hydrocarbyl salicylate; and (d) from0%to 50%
organic diluent. Said LEDL may further conprise fromabout 1.0 wt.. %to
about 4.0 wt. % borated dispersant; and fromabout O wt. %to about 0.5

Wt %corroabeatoWtb%wabowbns@unr%fahﬁﬁ%me&i nkEBmebeatQW% s from

about 3.0 wt. %to about 8.0 . % non- borat ed di spersant rom about 0.6
w: %to ababoutl6.f wik % dispessant olefiasicnolvmer; anddroraiabout 0 t@ atwut 25t o about

ol ybienum B O3 AR Prgiefanyy B sia ool b said LERY B omeauhci &

ant i - oxi dan;1 fvt O9to @babpo3 Wt %W . %to about 1.0 wt. % amnic
anti-oxidant; fromabout O wt. %to about 6.0 w. % di spersant
ol efi n-copol yner; and from about O to about 25 ppm foaminhibitor.

Pr et er abl v, ThBoraUblSRh o Blovifith LEBY dainb S b8 Mbrihgk Mo £

about 0.3 esent on al'so pro onpo "t i on

conpri si ng amuainbof ammerdll afﬂutmdaaag vidosity; 4 dispeaint;rowensinbdbitoy; a
di spersant; a wear_inhibitor; @gna” effect I ve corrosion i nh| b| ting anount

of an unsul PO BR&ffeckive seppsiop.inkibiting; amauntf @ngugsuliugaed carboxylate-
surfact ant - a?éeﬁuﬁghy RYLartinafe %ﬁﬁg&aﬁf‘Sb%éq'ﬂgkegg%rﬁ%%r%nﬁacﬂﬁﬁ

conpri si ng: atron o drocar using an al kal i ne
earth base prendned byesm&mdodorapmingwaeneutralizatiodmfezydrodayblquﬁmnblsl

phenat e; carbo on_ of the drocar byl phenate obtained in step (a)
usi ng carbo ‘chﬁﬂégaﬁmj m@:&? Wrﬁﬁeﬁﬁ%ﬁf iPEHEOH: O RIPEHEC B  conver't

at | east 20pyaoes @igh@ﬁat@t @va:l oRCHtR% h ek&%gg)ﬁ 8?1%nﬁb@6l5’c%ﬁ=fe@’nh

salicylate; and (c epar at east ab ut e starting
hydr ocar by stepHepukingfeasbon d@x;decmndﬂr qaroiybadibn comhtfqms(myff ¢ienttooduce said

12w o SR PRASCRE R QRO st ihabiiocarSTRS Y5 20 itiocsid 7 om
about 0. 02 whlicylate; and (c) separation of at least about 10% of the starting hydrocarby!
phenols from the product produced in step (b) to produce said additive,
wherein said composition contains: from about 0 wt. % fo about 1.2 wt. %
ash; from about 0.1 wi. % to about 0.5 wt. % sulfur; and from about 0.02 wt.
% to about 0.1 wt. % phosphorus.

Preferably, said promoter comprises at least one carboxylic acid containing
from one to four carbon atoms,'and said neutralization step is carried out in
the absence of alkali base, in the absence of dialcohol, and in the absence of
monoalcohol. The neutratization step is followed by carboxylation of the
hydrocarbyi phenate produced in the neutralization step; and separation of

the starting hydrocarbyl phenols from the product of the carboxylation step.

In the above described preparation of the unsulfurized carboxylate-contaihing
hydroxy-aromatic surfactant-based detergent-dispersant additive, the
hydrocarbyl phenols may comprise linear and for branched hydrocarbyl
constituents. For example, the hydrocarbyl phenols may be made up entirely
of linear hydrocarbyl phenol, entirely of branched hydrocarby! phenol, or a

mixture of both. Preferably, the hydrocarbyl phenols contain up to 85% of
-7-



%to about 0.1 wt. % phosphorus. Preferably, said pronoter conprises at

| east one carboxylic acid containing fromone to four carbon atons, and
said neutralization step is carried out in the absence of alkali base, in
t he absence of dial cohol, and in the absence of nonoal cohol. The
neutralization step is followed by carboxyl ati on of the hydrocarbyl

phenat e prodinead hgdrdcbﬂ)yn phiénallin 7rikiuee withegt leastdi 596 pbednigedof  t he

tarti h . ph th duct. of th | at i tep. |
The. above. ddBBFPELYISMEREY i Whiehdhe BraiGheaLiprar b TEaRBLROVGIS Sont a1 i ng
h d = i = = I H H th

yaroxy arO’]%?}ét%lﬁé'%MB&%QT@%%QS%t%ﬁQﬁ)anC égﬂﬁgﬂé‘é‘?e e

hydr ocar byl enol's may conprise l1near a rocar byl
const i t uent salkyipheroiswmbich cartainiyan &S84 by BSHhefhliiesr mikylfhenchiemiqiuent i rel vy

foli hyd b h , tirel f b d hyd byl .ph |,
T xtur e of OOy T e of REnchaH URHRIAN L ARG rate ok EAeNGg e We of
7 Linear hysear akdiheRBERYvdrbiveldt e Préfofaiy, thedfial Riarebafbyrnched

hydr ocar byl phenol ~i lch t nched hydrocar byl radical contains at
| east ni ne cadisaheentains. 12vor40 pambboraidmg, mare prgferaldy oy 18ite301carbore

al kyl phenol s whi ch caoptain, from.,35% t 5% pof |inear .alk h l in mxture
W th From 1395s: sadot prRTRnR Rt eRgbR areiRSRnt I oRRI ned ver sus
l'i near al kylhyarssdrbyisadicaPeoritiinggit st OR¥ben Atdbiis, preferablyerom By 2Ear byl
radi cal contains 12 to 40 carbon atons, nore preferably from18 to 30

carbon at o@rbeinatoms, mewneneéerablydtbieatpgarbeRetoms. are present, the
branched hydrocarbyl radical contains at |east 9 carbon atons, preferably
from9 to 24 carbon atons, nore preferably 10 to 15 carbon atons.

Preferabl y; RroferablyatHenslkalitie Sarliifbasé & seléstetidebri tigergidup erigtingastsi sti ng
of cal ci um oxi de, cal ci um hydroxi de, nmagnesi um oxi de, and m xtures

t hereof . Pr &algiyplaxide, calciumifdyexide, spranesium oxide. and wbtuigsitheresdi d and
acetic acid, nore preferably a 50/50 by weight m xture of formc and
acetic acid.

Preferably, the carboxylic acid is a mixture of formic acid and acetic acid,

more preferably a 50/50 by weight mixture of formic and acetic acid.

Preferably, the neutralization step is carried out at a temperature of at least
200°C, more preferably at least 215°C. The pressure is reduced gradually
below atmospheric in order to remove the water of reaction, in the absence of
any solvent that may form an azeotrope with water. Preferably, the quantities

of reagents used correspond to the following molar ratios:

(1)  alkaline earth base/alkylphenol of from 0.2:1 to 0.7:1, more
preferably from 0.3:1 t0 0.5:1; and

(2)  carboxylic acid/alkylphenot of from 0.01:1 to 0.5:1, more
preferably from 0.03:1 to 0.15:1.

In-one embodiment, the neutralization step is carried out at a temperature of

at least 240°C with a gradual reduction in pressure below atmospheric so as

to reach a pressure of no more than 7,000 Pa (70 mbars) at 240°C.
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Preferably, the neutralization step is carried out at a tenperature of at
| east 200C, nore preferably at |east 215C. The pressure is reduced
gradually bel ow atnospheric in order to renove the water of reaction, in
t he absence of any solvent that may form an azeotrope with water.
Preferably, the quantities of reagents used correspond to the foll ow ng

ol ar 1 at | o7 bR bR AR dHialienth BN BhaRBlioR LS ReoBnlota . 7 L

nore preferably from™0.3:1 to 0.5:1; an car boxy yl phenol
of from 0. ogrder teconeriiat least20 muolé & abihe dtadimgthyeiBodarbyl gheristo | n one

Ceast 2a0C WRoABY et Lihorierhon fiokieuirifes Ber S SiohERRERAE. 0 as 1o
reach a preppaferibly, 2t fed® 2 rhdld™ of W stEting RydrBaabyl pherd8fs -8 The

hydrocar byl phenate obtained in the neutrallzation step is carboxylated in
order to cofRrertegs and s coovensian geaprs aha temperatug belMesoA807C gritenol s to

hydr ocar byl i cyl ' LOXI rboxyl.ation conditions.
Pr ef er abl y,2£¢q'g‘ég? b §f¥§%§]@ewﬁf}@a§?§§fiﬁ%§j %bﬁ%@ﬁpﬁgﬁ’h%ﬁbnol S is
converted, predstiato 1BX108IR (A% RRE)HoP agieridd GIoMY ®) sight hGirgeen 180C and

240C, under a pressure within the range of from above atnospheric pressure

to 15x105 Pa (15 bars) for a period of one to eight hours. Mre preferably,

the starti ' 5 mle %
of the. st ar ToNY PERY InE LGP i Bed SbRRITKIP ol BRYAGrol@® af ) "Car bon
di oxi de at leasE2Ppearole % of thewstarting. alkylgharileis ddrmverteddc alkyistdicylater essur e of

4x105 Pa (4 bari%. Thc§ hydrocarbyl salicylate produced in the carboxyl ation
step car box§9139 carpon dipyge al o tegipsratuEe eaual teion greatgr han 2007, pgder a

hydr ocar by'péﬁéﬂ.@#ﬁﬁ@% 4051#9} e-aromatic-ring hydrocarbyl salicylate.
Preferably, the nole ratio (of si'ngl e-aromatic-ring hydrocarbyl salicylate
to doubl e-aromatic-ring
- The hydrocarbyl salicylate produced in the carboxylation step carboxylation
step may comprise both single-aromatic-ring hydrocarbyl salicylate and
double-aromatic-ring hydrocarbyl salicylate. Preferably, the mole ratio of
single-aromatic-ring hydrocarbyl salicylate to double-aromatic-ring

hydrocarbyl salicylate is at least 8:1.

Preferably, the product of the carboxylation step is then filtered to remove any

sediment formed in the carboxylation step.

The product of the carboxylation step is then subjected to a separation
procedure such as solvent extraction, distillation, membrane filtration, and the
like wherein at least about 10% of the étarting hydrocarbyl phenols are
separated from the product of the carboxylation step. Preferably, at least
about 30% up to about 55% of the starting hydrocarbyl phenols are
separated. More preferably, at least about 45% to about 50% of the starting

hydrocarbyl phenols are separated from the product of the carboxylation step.

Once the starting hydrocarbyl phenols are separated from the product of the

carboxylation step, said hydrocarbyl phenols may advantageously be recycled
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hydrocarbyl salicylate is at |least 8:1. Preferably, the product of the
carboxylation step is then filtered to renove any sedinent fornmed in the
carboxyl ation step. The product of the carboxylation step is then subjected
to a separation procedure such as solvent. extraction, distillation,
menbrane filtration, and the |ike wherein at |east about 10% of the

car boxy at | o S LRt P i EralS BN bRest OFMIG FreRERLHSRnfion BED, o 1 e

starting hydamcetheyprgdessol s are separated. Mre preferably, at |east
about 45%to about 50% of the starting hydrocarbyl phenols are separated
fromthe product of the carboxylation step. Once the starting hydrocarbyl

phenol s are midivi ] j aid
hydr ocar byl I?) e%{)a?i ,%@&%@ﬂ%gg uié%ﬁ%/ergfer recﬁ?ﬁ%‘i}%&i’gﬁ‘gﬁ%‘éﬁagl
starting natwaifalisg film distillgiacesshart patrediptilbediont mast preferablyoviaiwipedny ot her

. P bly, the,s. t] t | S . f la disti]lation,
Pors” oot o I SARck RG] 5301 QbR S5 RLR A ol 2T o
most pref er afabey abiot W506C to hbbiil 2YEHRPEAY At aPresdurb i iabut 318 dHoutdl | ation

Is carried out at a tenperature of from about 150C to about 250C and at a
pressure of mbsutmarelpreterablyfrom abephi 90 teabewt 236 3nd ababewidlib ta90C to

105C t o abodtoosBs Bl mpsthrtfraByitim 3pOPioe R ABEEAEC Al CELT o o
I ts additi onpregstirecfldbout 4 agdout PeRbsd. t he present invention, the :
unsul furi zed, carboxyl ate-contai ni ng hydroxy-aromati c surfactant-based

det ergent - di spersant additive may advantageously be bl ended with an.
oot e ALY AT e IR oo BIR Y i BT ALY, ener
by wei ght ofurisufutized) dedbetytatedontaivmigehyeiretysarivhatic surfattahtibarid makes up
detergent-dispersant additive may advantageously be blended with an
effective viscosity improving amount of organic diluent. Preferably, enough
diluent is added so that said diluent makes up from about 10% to about 80%
by weight of the biended product. More preferably, said diluent makes up
from about 20% to about 50% by weight of the blended product. Suitable
diluents include Group 1 or Group 2 base oils such as 100N base oil; organic
solvents such as pentane, heptane, benzene, toluene and the like; and other
suitable 6rganic compounds such as hydrocarbyl phenols which may
advantageously be recycled from the distillation step of the present invention.

The unsulfurized, carboxylate-containing hydroxy-aromatic surfactant-based
detergent-dispersant additive produced by the above described method has

the following composition:

(a) less than 40% hydrocarbyl phenal,

(b)  10% to 50% alkaline earth metal hydrocarbyl phenate,

(c) 15% to 60% alkaline earth metal single-aromatic-ring

hydrocarbyl salicylate, and
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from about 20%to about 50% by wei ght of the bl ended product. Suitable
diluents include Goup 1 or Goup 2 base oils such as 1 OON base oil;
organi ¢ solvents such as pentane, heptane, benzene, toluene and the |ike;
and other suitable organic conpounds such as hydrocarbyl phenols which may
advant ageously be recycled fromthe distillation step of the present

I nvention. The um;)dl f go4 E)esb%fds:}gg%)d“%ﬁf cont ai ni ng hydroxy-aronatic

sur f act ant - based et er gent ersant additive produced by the above
descri bed nethod has the follow ng conposition: (a) less than 40%

hyd byl .ph I 10% t o ,50% al kal th t d
ohenare: SRR SRbz A RYteam i By Sl raima s aRE e
hydr ocar byl defdrh émgﬁersaﬁﬂadémé Fhay0e s BoRPHa8aaHIkalINnd dateDinetsial d

unsul furi zed, carboxyl ate-contai ni ng hydroxy-aromatic surfactant based
det er gent - drepblesarematicering Mysiraegrbyl sajicylatmitiué éhexmale katid efsieglet h et al

ot o v+ Bioriati-Bia RECTER Sonciarertt Bbfis- e T h BB A ocar ol
salicylate mallidylél@vﬁll beeatdastsly. The LEDL of the present invention may be

used as an engine lubricating oil conposition containing a major part of
lubricating oil, a hydroxy aromati ¢ surfactant-based detergent-di spersant

additive an I & I 4] iE5% t her
addi tives tﬁhg Lﬁlﬁ“g Sﬁ%séﬁﬁﬁ{%ﬁ m%VP) @gé%?ﬁgéngﬁiéalmén S, aghl ess
di sper sant sconb@bsmed conthining-coeaisrerart @ﬁiebmamgtml al hydruxy-a@mtwl ene
carbonate treated djspersants; |qQw overbased oB" medi um over based

("MOB"), hi §Waciapbhases detargent-disperappiraddidye a'@ﬁ/@ﬁfﬁ?&lﬂ? blepgiEPne cal ci um
oA et oM SRRg, BB b ot g8 ey bp BB o X o
containing detergents; ashless dispersants; borated and non-borated
dispersants, including ethylene carbonate {reated dispersants; low overbased
(“LOB"), medium overbased (*MOB"), high overbased ("HOB”) and high-high

overbased (*HHOB") calcium sulfonates; oxidation inhibitors, rust inhibitors,
demuisifiers, extreme pressure agents, friction modifiers, multifunctional
additives, viscosity index improvers, pour point depressants, and foam

inhibitors.

In automotive applications, the high temperature deposit control performance,
corrosion control and oxidation inhibition performance of a lubricating oil can
be improved by adding to the lubricating oil an effective amount of the LEDL
composition of the present invention. Accordingly, the corrosion protection in
any internal combustion engine may be improved by contacting said engine
with the LEDL of the current invention.

DETAILED DESCRIPTION OF THE INVENTION

In its broadest aspect, the present invention provides a LLEDL composition
comprising low levels of ash, sulfur and phosphorus. Advantageously, said
LEDL may contain an unsulfurized, carboxylate-containing hydroxy-aromatic

surfactant-based detergent-dispersant additive comprising hydrocarbyl
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additives, viscosity index inprovers, pour point depressants, and foam

i nhibitors. In autonotive applications, the high tenperature deposit
control performance, corrosion control and oxidation inhibition
performance of a lubricating oil can be inproved by adding to the

| ubricating oil an effective amount of the LEDL conposition of the present

conbust i on ergietakding Phf MEBRhRaBBYCTIHRe thy RAINE S I et | eo
of the currensinglevaromatic-rindEydroEaPESHRYRTE QRO FoFHiaprdMBATBNDN:tention, S

br oadest aspect, the present 1nvention provides a LEDL conposition
conprisi ng | o¥PRSieN pedprraance. ulk axidatien. dHals fxaperaturgdepasitqanialbladsi d
LEDL may contgj u | : tes Wl : tic
sur fact ant - bao o8 et ietiict BkaafEh Sl & e bR K Ch A DRLARR! | ¢
phenol , al kal®oihe earth nmetal hydrocarbyl phenate, and al kaline earth netal
singl e-aromatic-ring hydrocarbyl salicylate useful for inproving BN
retention, corrosion performance, bul k oxidation, high tenperature deposit

control, bl acrjosfousi§cussiy the! invéiRinalfu@fefddta tha Faibwingters tilPbaer

properties of a lubricating oil. Prior to discussing the“invention in
further detaidefingge following terns will be defined: DEFIN TIONS As used
herein the following terns have the foll ow ng neani ngs unl ess expressly
stated to the contrary: The term "hydrocarbyl” neans an al kyl or al kenyl
group. The term"netal" neans al kal i ppiRIHONS kal i ne earth netal s, or

m xtures thereof. The term "al kalinée earth nmetal" neans cal cium barium
magnesi um

As used herein the following terms have the following meanings unfess
expressly stated to the contrary:

The term "hydrocarbyl" means an alky! or alkenyl group.

The term "metal" means alkali metals, alkaline earth metals, or mixtures
thereof.

The term "alkaline earth metal" means calcium, barium, magnesium,

strontium, or mixtures thereof.
The term “salicylate” means a metal salt of a salicylic acid.

The term "alkaline earth metal single-aromatic-ring hydrocarbyl salicylate”
means an alkaline earth metal salt of a hydrocarbyl salicylic acid, wherein
there is only one hydrocarbyl salicylic anion per. each alkaline earth metal

base cation.
The term "alkaline earth metal single-aromatic-ring alkylsalicylate" means an
alkaline earth metal single-aromatic-ring hydrocarbyl salicylate wherein the

hydrocarbyl group is an alkyt group.
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strontium or mxtures thereof. The term "salicylate" neans a netal salt of
a salicylic acid. The term "al kaline earth nmetal single-aromatic-ring

hydr ocar byl salicylate"” nmeans an alkaline earth netal salt of a
hydrocar byl salicylic acid, wherein there is only one hydrocar byl
salicylic ani on per each al kaline earth netal base cation The term

2| kel e CaTROGTR ilcling ot aheER oBbic B RAEPhI LAt sagitonn

al kaline earth nmetal single-aromatic-ring rocar wherein
the hydr ocamegns gn@ligling eanthanigial sgit ofip. hydmcarhy! salicylic' aditt avhereirear t h

rotal sal (. orels AL et PR andn o) a8 EpikeliR SR pdtal Bgne ="

hydr ocar byl @&sloncyl i ¢ ani ons per each al kal i ne eart h netal base cation.
The term "al kaline earth nmetal doubl e-aromatic-ring al kyl salicyl ate"” nmeans
an alkaline earth netal double-aromatic-ring hydrocarbyl salicylate

wh h I
phenl © moant st e Bl Solhibiarottiia ARAs RIS HEREL o
| east one ofaikﬂdtrre@dt&sn@tﬁdbﬁblﬂ-@tmnatm hpdrocaﬁfybéall@la?tw&e?eim@” oi |
solubility to the phenol. The term "al kyl phenol " nmeans a phenol having one

or nore al kyIYEQEPYaieMRS are kW IEOUPSt | east one of the ‘al kyl substituents
has a sufficient nunber of carbon atons to inpart oil solubility to the
phenol The term "phenate” neans a netal salt of a phenol. The term

"hydr ocar byITlphmnm'?h‘ydmartwl ;ahemblammista phemlﬂ;&ﬁr@:@m@mf mrenol . The term

"al kal i ne e th nme enat ns an al kaline earth nmetal
salt of a h p&%ﬂr |SUB§@H8ptaS ¥ ‘easp one o?whm?'n as a sufiicient number of

carbon atoms to impart oil solubility to the phenol.

The term "alkylphenol" means a phenol having one or more alkyl substifuents,
wherein at least one of the alkyl substituents has a sufficient number of
carbon atoms to impart oil solubility to the phenol.

The term "phenate” means a metal salt of a phenol.
The term "hydrocarbyl phenate" means a metal salt of a hydrocarbyl phenol.

The term "alkaline earth metal hydrocarbyl phenate“ means an alkaline earth
metal salt of a hydrocarbyl phenol.

The term "alkaline earth metal alkylphenate” means an alkaline earth metal
salt of an alkylphenol.

The term “phenate-stearate” means a phenate that has been treated with

stearic acid or anhydride or salt 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 mixtures thereof.
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The term "al kaline earth nmetal al kyl phenate” neans an al kaline earth netal
salt of an al kyl phenol. The term "phenate-stearate" neans a phenate that
has been treated with stearic acid or anhydride or salt thereof. The term
"l ong-chai n carboxylic .acid® means a carboxylic acid having an al kyl group
havi ng an average carbon nunber of from 13 to 28. The al kyl group may be

| i near, branched, or m xtures thereof. -13 The term "carboxy-stearate"

means an al kal ine earth nmetal single-aromatic- ring hydrocarbyl salicylate
that has beehh® tesat c@rb@phstgaraiaymeras ancalkaling eath metabsinglergrematie- or  sal t

t hereof. The,; iy Bgfbg I H m t | . The
term "unsul ﬁ'ﬁqaégacfo ne ngacmg’n %iﬂFu ng %égén trﬁ%ﬁe{do\'ﬁ@?\%iwm@@—gu%w?%éﬁgfct erm
"Base Nunberdcidran3idtideafraait therdofie anount of base equivalent to

mlligrams of KOH in-.one gram of sanplé&. Thus, higher BN nunbers reflect
nore al kal i ne products, and therefore a greater alkalinity reserve. The BN

of a sanpl erganReHEbEAHOURY A¥anSTY|eEREBbDG 4PIBR wiigfny ot her
5ure. jfl ed, afl %

equi val ent proce ess otherw se  specifl percentages are in
wei ght percent. Ca2+ -O O single aromatic ring hydrocarbyl salicylate R

ﬂﬁlgl&:_guglr %Eﬁ“@iﬁ%@%ﬁ@%ﬁ?ﬁﬁ@%ﬁﬁi&@ﬁ%ﬁ%@% ANT- BASED
DETERGENT- DI SPERSANT  ADDI Tl VE :
The term "Base Number” or "BN" refers to the amount of base equivalent to
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. D2896 or any other
equivalent procedure. -

Unless otherwise specified, all percentages are in weight percent,
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A. NEUTRALI ZATI ON STEP In the first step, hydrocarbyl phenols are
neutralized in the presence of a pronoter. In one enbodi nent, said
hydr ocar byl phenols are neutralized using an alkaline earth netal base in
the presence of at least one Cl to C4 carboxylic acid. Preferably, this
reaction is carried out in the absence of alkali base, and in the absence
of dial cohol or nonoal cohol. -12dhe hydrocarbyl phenols may contain up to
100% | i near hydrocarbyl groups,” tp to 100% branched hydrocarbyl groups, or
both linear and branched hy l groups. Preferably, the linear
hydr ocar byl group, if presen 3l kyl , and the linear alkyl radical
contains 12 to 40 carbon at ofs ¢ preferably 18 to 30 carbon atons. The
branched hydrocarbyl radica asent, is preferably al kyl and contains
at | east nine carbon atons 09 to 24 carbon atons, nore
preferably 10 to 15 carbdn atong. ° one enbodi nent, the hydrocar byl

i i mear hydrocarbyl phenol (preferably at
ptienol ) in mxture with at | east 15% of
branched hydrocarbyl  phenol ] The use of an al kyl phenol containing at |east
35% of | ong-chain linear alkylphenol (from 18 to 30 carbon atons) is
particularly attractive becagse a long |inear al kyl chain pronotes the
conpatibility and solubility of the additives in lubricating oils.
However, the presence of relatively heavy |inear alkyl radicals in the
al kyl phenol s can neiRglerarematigtring hydgapsrhybsalicylae t han branched al kyl phenol s,
hence the need to use harsher reaction conditions to bring about their
neutralization by an al kaline earth nmetal base. Branched al kyl phenol s can
be obtained by reaction of phenol with a branched olefin, generally
originating from propyl ene. They consist of a m xture of nonosubstituted
i soners, the great majority of the substituents being in the para
posi tion, very(&$m1bei89 in the.ortho poBition,oﬁnd hardly any in the neta

” O Ca Q “

R R
double aromatic ring hydrocarbyl salicylate

PREPARATION OF AN UNSULFURIZED CARBOXYLATE-CONTAINING
HYDROXY-AROMATIC SURFACTANT-BASED DETERGENT-DISPERSANT
ADDITIVE

A NEUTRALIZATION STEP

In the first step, hydrocarbyl phenols are neutralized in the presence of a
promoter. In one embodiment, said hydrocarbyl phenols are neutralized
using an alkaline earth metal base in the presence of at least one C; to C,4
carboxylic acid. Preferably, this reaction is carried out in the absence of alkali
base, and in the absence of dialcohol or monoalcohol.
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position. That makes themrelatively nore reactive towards an al kal i ne
earth netal base, since the phenol function is practically devoid of
steric hindrance. On the other hand, linear alkylphenols can be obtai ned by
reacti on of phenol wth a linear olefin, generally originating from

et hyl ene. They consist of a mxture of nonosubstituted isoners in which
the proportion of linear al kyl substituents in the ortho, pars, and neta
positions is nore uniformy distributed. This nakes them | ess reactive

t owar ds an ﬁhé@ydmaeﬁyl?heﬂﬁls&lnaymmlﬁ upae 1008, hemnchy drumbyp%t oups) ess
accessi bl e due to consi able steric -16 hindrance, due to e presence
of closer aH@ t‘@]éﬂ@/‘ab'l%ﬂchéﬁ\hYQFo%rmﬂlgm%ﬂﬁ;ﬂr ibhoff lirear and beanched | i near

"ot eaces 1 PBEatAPbRbs? referal? e Mt hyghcad UG P BRSGRE AT S0 ¢ e
reIt alt i \é:s (re gal:;yr anﬁghe hmﬁlkﬁ#rﬁ?lcg{t;ﬁnﬁammmw caﬁmestom‘ﬁ;mm'bkalt Ih geo)ei?(rj ; 2
(r;”(ra ﬁydr OXi dB'? bg’ {IQ:FQJ# alams- %é‘?g tl'@ldm ?ﬁfBVUﬂ%C%lt P

particul arl ﬁ(ré%fen?% éf@?éﬁ@ngﬁ(gl&?éﬁb akec!@%étqﬁn? fHHI?xS Fﬂ]yox' de, and

m xtures thereof. one € | ment droxide) is
preferred. pﬂeéeqabbrr&tm%melnbn atanis snsneemefﬂrablyel (atoy1Dreashanadgitottisatinenhances

neutralizatjion. For.examle the. ho ter may .be oyhydric al cohol,

i al cohor - EnEaERHIGRRL Baepy bEaghl BBPhals CBRYaie Sedolhh &Y hed “br of er abi v,
a  car boxy! hydragabyi §héﬁtﬂ‘{‘pré’?@ia%lyoéﬁéﬁ§t%3% linkar hdrletaftil Bﬁéﬁbl?)?n acids are
used in this step includin or’ exanple, formc, acetic pr0|on|c and
butyric acim@ixtaiedwithray least ﬁgﬁdofabraneh@d hydroseshylpbenek ef er abl y, a mi xture

of acids is used, nost preferably a formc acidlacetic acid m xture. The
nmol ar ratio of form'c aci d/acetic acid should be from0.2:1 to 100: 1,

preferably Tigd wegof an%lﬂylpﬁ@hos@ohtaumng atRsdst B694 6f RgYchkir lindAle car boxyl i c
acids act as transfer age
alkylphenol (from 18 to 30 carbon atoms) is pariicularly attractive because a
long linear alkyl chain promotes the compatibility and solubility of the additives
in lubricating oils. However, the presence of relatively heavy linear atky! -
radicals in the alkylphenols can make the latter less reactive than branched
alkylphenols, hence the need to use harsher reaction conditions to bring

about their neutralization by an alkaline earth metal base.

Branched alkylphenols can be obtained by reaction of phenot with a branched
olefin, generally originating from propylene. They consist of a mixture of
rhonosubstituted 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
position. That makes them relatively more reactive towards an alkaline earth

metal base, since the phenol function is practically devoid of steric hindrance.

On the other hand, linear alkylphenols can be obtained by reaction of phenol
with a linear olefin, generally originating from ethylene. They consist of a
mixture of monosubstituted isomers in which the proportion of linear alkyl
substituents in the ortho, para, and meta positions is more uniformly
distributed. This makes them less reactive towards an alkaline earth metal

base since the phenol function is less accessible due to considerable steric
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assisting the transfer of the alkaline earth netal bases froma m neral
reagent to an organic reagent. The neutralization operation is carried out
at a tenperature of at |east 200C, preferably at |east 215C, and nore
preferably at | east 240C The pressure is reduced gradually bel ow
atmospheric-in order to distill off the water of reaction. Accordingly the

neutralizati I i’ ent that may
indraRes! dude mg%%?’iﬁ?%‘?ﬁ?‘ a?ﬁiﬁé’ﬁ&ally@ﬁeé‘ﬂér amiv

f orm an azeotrope wth water. _ pressure is regjuced to no
nore t han 7,0bstignts7 00hbeursy, likar alfydphendlemayfcontaiy alityd subsliuentsul d

d t fallow.n Lar ratiQs: -17 (1) alkaline earth,netal
base)  hydr oMb mE s wiResT ords8s 38 aimciynt bl pdig Giesthicie gRG'E: 1. ang
(2) car boxylresuledith}) indystseeand Yélamhe rsctiofty fovidkdd all@life @atth mesd er abl y
fromO0.03:1 to 0.15:1. Preferably, at the end of this neutralization step

t he hydrocar@pesphenate obtained is kept for a period not exceeding
fifteen hours at a tenperature of at |east 215C and at an absol ute
pressure of between 5,000 and 105 Pa . (between 0.05 and 1.0 bar). More

preferably, Te slkalimndartth nidialsbarestthal ¢arabe ased $dregarhireg bidihixcstepy! phenat e
obt ai ned is_keBt for between two, and six _hours at_ an absolute pressure of
bet ween 10, doglude heaxides ophydigxidesat cgloiumpmagnesiugh bariugy 9y ovi di ng t hat

‘oper ati ons : ' 3 e Ve b t that the
o esaur o n Hoota ofdl detiofanoferilil il Yoalfih RN tabnelfh,

neut r al i zat icxide, @adtmixtures tiesreof. el ang embblimeent] Slakee tichet {cakildna sol vent
that forns ar& az cs'glirop(% wi th the water fornmed during this reaction. B.
CARBOXYLATI ¥ 9’@%’ HETEEFBHxy | ation step is conducted by sinply bubbling
carbon dioxide into '

The promoter used in this step can be any material that enhances
‘neutralization. For example, the promoter may be a polyhydric alcohol,
dialcohol, monoalcohol, ethylenre glyco! or any carboxylic acid. Preferably, a
carboxylic acid is used. More preferably, C4 to C4-carboxylic acids are used in
this step including, for example, formic, acetic, propionic and butyric acid, and
may be used alone or in mixture. Preferably, a mixture of acids is used, most
preferably a formic acid/acetic acid mixture. The molar ratio of formic
acid/acetic acid should be from 0.2:1 to 100:1, preferably between 0.5:1 and
4:1, and most preferably 1:1. The carboxylic acids act as transfer agents,
assisting the transfer of the alkaline earth metal bases from a mineral reagent

to an organic reagent.

The neutralization operation is carried out at a temperature of at least 200°C,
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 water of \
reaction. Accordingly the neutralization should be conducted in the absence

of any solvent that may form an azeotrope with water. Preferably, the

pressure is reduced to no more than 7,000 Pa (70 mbars).

The quantities of reagents used should correspond to the following molar

ratios:
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the reaction nmediumoriginating fromthe preceding neutralization step and
Is continued until at least 20 nole % of the starting hydrocarbyl phenols
is converted to hydrocarbyl salicylate (nmeasured as salicylic acid by
potentionetric determnation). It nust take place under pressure in order
to avoid any decarboxylation of the al kylsalicyiate that forns.
Preferably, at least 22 nole % of the starting hydrocarbyl phenols is
converted to hydrocarbyl salicylate using carbon dioxide te rature
of between 180C aﬁg 2 /kaling e@ith melallase/ qucﬁmvlphénﬁ?la‘%tg%%afmfn&%ﬂa:above

-18 at nospheric pressurﬁe?&agﬁ:@ggrﬁd.gﬁ.g@gs) for a period of one to eight

hours. According to one varla | east mol e % of the starting
hydr ocar byl phenols is converted to hydrocarbyl salicylate using carbon

dioxide at a tenpgrature eqyal to or greater than C under a pressure of
4105 Pa. (4 bar <) B AP 1Bty R Of Ot AL RPITAGH St cp
may advant ageously be fgbhereg:1 thg15:4ur pose of the filtration step is to

renove sedinents, and particularly crystalline calcium carbonate, which
m ght have been formed during the: preceding steps, and which may cause

plugging of filters installed ipn. lubricating.oil, circuits. 0. SEPARATI ON
Srep At o1 castPHEREBI: OR L pF of his RERlaa) i inechydr by e dIe or m che
product  of t&tﬁaﬁ@ﬂh@&?ﬁfdr%@kﬁﬁaot@x@éédﬁ@'Meehhﬁ)tﬁ@Bﬁé&éh@ér&tﬁre of
acconplished using distillation. Mire preferably, the distillation is

carried out idfleastizd&iCrandhat aw apseltteopressure efdigiwean $:Q0and AmPgout 150C
to about 250 o] t ] : .
preferably f ﬁg%ﬂg%%ip%fﬁ&? ? w%B'OMO?Q%g%eg%’aﬁ tﬁ%%ﬁb cg_tlgli&?{)e ué%ﬁ%&'@ nbar ;
nost pr ef er aldtyp the hyddoetibyt phenate obtained is kept for between two and six hours

at an absolute 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 that the pressure in the reactor is reduced gradually below atmospheric,
the neutralization reaction is carried out without the need fo add a solvent that
forms an azeotrope with the water formed duri'n_g this reaction.

B. CARBOXYLATION STEP

The carboxylation step is conducted by éimply bubbling carbon dioxide into
the reaction medium originating from the preceding neuftralization step and is
continued until at least 20 mole % of the starting hydrocarbyl phenols is
converted to hydrocarby! salicylate (measured as salicylic acid by
potentiometric determination). It must take place under pressure in order to

avoid any decarboxylation of the alkylsalicylate that forms.
Preferably, at least 22 mole % of the starting hydrocarbyl phenols is

converted to hydrocarbyl salicylate using carbon dioxide at a terhperature of

between 180°C and 240°C, under a pressure within the range of from above
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195C to about 225C and at a pressure of about 1 to about 2 nbar. At | east
10% of the starting hydrocarbyl phenol is separated. Mdre preferably, at

| east 30% of the starting hydrocarbyl phenol is separated. Mbst

preferably, up to 55%of the starting hydrocarbyl phenol is separated. The
separated hydrocarbyl phenol may then be recycled to be used as starting
material s | jmb8Bhefy BlesBURCRSFSA0°IPh g%&%t@r aﬁS&ﬁﬁﬁéﬁod&%‘ﬁh’R‘ ZED,
CARBOXYLATE- Al'NI HYDROXY- AROVATI SURFACTANT- BASED

DETERGENT- DISBERSANT ADDI TVE The unsul furi zed, carboxyl at e- cont ai ni ng
hydroxy-aromati c surfactant-based detergent-dispersant additive formed by
t he above process can be characterized by its unique conposition, with

nuch nore alAgbidifg @ 6h8 vaRha, at Ra80PE niil@ YR bF the stagindyiydreadmyl salicyl ate
and | ess hydrocar byl phenol than produced by other routes. - Wen the

hydr ocar byl P§esals is soavededin hydregarbyt salicylate using Gagleen dioxide at a

car boxyl ate Ml L 1.0 ohl ow | e QA 5 | ess
Chan 0% al BT BRCHAIS Sl % bEURAG TSRO0 P RHEERER drapllo® P2

al kyi phenat ¢argind (c) from 15%to 60% al kal i ne earth netal
single-aromatic-ring alkylsalicylate. Unlike al kaline earth netal

al kyl sal i cyl ates produced by other processes, this unsulfurized,

car boxyl at eggont ?ﬂlﬁfﬁﬂTﬁgﬂ'Sﬁgp conposition can be characterized by having
only m nor anoun rne earth nmetal doubl e-aromatic-ring

al kyl salicylates. The nole ratio of single-aromatic-ring alkylsalicylate

to doubl e-atomati G-r| al kyl salicylate is af |east 8: 1. RACTERI ZATI ON
o THE PrODUBF sodiF e et isslerRiomencnatantageonabi be Flsgdp M G H
bendi ng vib WSS i : s
car boxyl at e-bgg?\t ai nﬁ,tﬁgﬁrllt;%?g'xé;?%g%?ﬂ%uﬁé@%gﬁf H Eg?gjrhﬁdléﬁﬁ
det er gent - dcgyséaline calgilon cashonate vhich mightthayedreensiormed\dewingdhe

preceding steps, and which may cause plugging of filters installed in

tubricating oil circuits.

D. SEPARATION STEP

At least 10% of the starting hydrocarbyl phenol is separated form the product
of the carboxylation step. Preferably, the separation is accomplished using
distillation. More preferably, the distillation is carried out in a wiped film
evaporator at a temperature of from about 150°C to about 250°C and at a
pressure of about 0.1 to about 4 mbar; more preferably from about 190°C to
about 230°C and at about 0.5 to about 3 mbar; most preferably from about
195°C to about 225°C and at a pressure of about 1 to about 2 mbar. At least
10% of the starting hydrocarbyl phenol is separated. More preferably, at least
30% of the starting hydrocarbyl phenol is separated. Most preferably, up to
55% of the starting hydrocarbyl phenol is separated. The separated
hydrocarbyl phenol may then be recycled to be used as starting materials in

the novel process or in any other process.
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Infrared spectra of aromatic rings show strong out-of-plane CH bending
transmttance band in the 675-870 cm' region, the exact frequency
dependi ng upon the nunber and | ocation of substituents. For ortho -20
di substituted conpounds, transm ttance band occurs at 735-770 cm . For
para-di substituted conpounds, transmittance band occurs at 810-840 cm’

Intrared SPegNSQJIHfU D, SCAR ?E-éb@_’l‘ﬁlt}l@lﬁg Ilri]gbfirtﬁ?? M]@r gr esent

i nvention indicate t at t’he out - of - pl ane ansmt ance band
occurs at 758BRHACTANTBASEDDEYERGENT<DISRERSARTAADDITYESsal i cylic acid,
and at 8323 cm 1 for para-al kyl phenols. Al kaline earth al kyi phenates known
Iin the art have infrared out-of-plane CGH bending transm’ttance bands at

7503 cm andtgé u%§§l?.lrgz|@g LoRViaREcERalring AV AroMAtiBBRatRMMBaSEd! Ne art

have infrared out |ng tance s at 7
and at 8323 deﬂergemeismsaﬂttaddﬂw foanbdiyltheabouemmessg:atybleoxy aromatic

factant-bgsed . det t..add th t
Thvent i on shaaoletgef Y IR o SmBER AR wEn BBt Alsalie FARNGREEE " 7oas
cm, even thgpgle-arbhfitie-rng ifdrecardyi sigiegatd BAY I@éMcﬁébéﬁbyi ﬁﬁéhdl iihéﬁ esent.

This particular characteristic haS not” been fully ‘explai hed. However, it
may be hypot Piedhged bytather routespaihienthanydraoasyd geoup ist are alkyhgtosipathenat i ¢

Vi brati on. e R GRIReraReaRB AR F olhe i Rnbodigigea Tn

cyclic structure, and thus may generate increased steric hindrance in the
vicinity of the aromatic ring, limting the free notion of the neighbor
hydr ogen atom Thi3 hﬂﬁﬁml@%ﬁwmﬂqled by the fact that the infrared
spectrum of the acidified product (in which the carboxylic acid function
I's no |l onger engaged in a cyclic structure and thus can rotate) has an
out - of - pl ane G- H (b) androrh t18/E to Ha¥dalklinkSEartic metal dik@phesatef andzed

car boxyl at e- cont ai ni ng hydroxy-aromatic surfactant-based
(c)  from 15% to 60% alkaline earth metal single-aromatic-ring

alkylsalicylate.

Unlike alkaline earth metal alkylsalicylates produced by other processes, this
unsulfurized, carboxylate-containing additive cemposition can be
characterized by having only minor amounts of an alkaline earth metal
double-aromatic-ring alkylsalicylates. The mole ratio of single-aromatic-ring

alkylsalicylate to double-aromatic-ring alkylsalicylate is at least 8:1.

CHARACTERIZATION OF THE PRODUCT BY INFRARED
SPECTROMETRY

Qut-of-aromatic-ring-plane C-H bending vibrations were used to characterize
the unsulfurized carboxylate-containing hydroxy-aromatic surfactant-based

detergent-dispersant additive employed in the present invention.

Infrared spectra of aromatic rings show strong out-of-plane C-H bending

transmittance band in the 675-870 cm™ region, the exact frequency

depending upon the number and location of substituents. For ortho-
-20-



detergent-di spersant additive enployed in the present invention can thus be
characterized by having a ratio of infrared transmttance band of

out -of -pl ane C-H bending at about 7633 cml to out-of-plane CH bending at
8323 cm' of less than 0.1:1. -21 The unsul furized, carboxyl ate-contai ning
hydroxy-aronatic surfactant-based detergent dispersant additive formed by

the abommtdl@@bstﬁ@tbﬂ%oﬂ%un@%' frﬁﬁérﬁﬁ&nc%éﬂn@ dUchiYd HE73570\AH . NFgn

tenperature deposit control perfornmance over sulfurized product s mhlle
meeting the paya-disubsituted @qmnoyndaxtsamsmutlaagabanaamgmak&O-Bﬁ@pm free,
this additive can be enployed as a detergent-dispersant in applications,
such as marine engine oils, where the presence of alkali netals have

proven to hawerahal Spetirasfiresirenc ¥REMEH SiRedb e CrefeiRinted AdTpldashD
DETERGENT- DI SPERSA| ADDI Tl VES Hydr oxy-aronmatic surfactant- based

det er gent - di iBpentimindicats thal the awfeofvilphe Gehidhending traesmttanceb@mgl es of such
addi tives ingllipe ppee dféfﬁ@" fBPSH%%Ik m@%%%ﬁﬁ% i § q[(?ysaﬂéﬁ;ﬁ aci

car boxy- st earates, an unsul oxylate-"containi’ng additive
descri bed abmnbat BRERYGAT feNp&da-akEbRdigls The phenat es whi ch may be used in
the present invention are typically hydrocarbyl substituted phenates in
whi ch the hydrocarbyl substituent or substituents of the phenate are

2, Shf. ST S O Pl o 5 PSRRI AR,
atons. Part |tmndamg ;raasmiﬁmhbe bainkig lat §564p <l end @183@t®np’5 delkamé)éartlhr om
Ui T zed. HBGERISDIRT KPR THierd PaYE EHEEH oV BIAreHs T PESIRY | nvent i on.
overbased SpiddmittaRce Bhkyd el eemIfarf kadi0%s &aNth netal s are prepared
by neutralizing

The unsulfurized carboxylate-containing hydroxy-aromatic surfactant-based

- detergent-dispersant additive employed in the present invention shows

essentially no out-of-plane C-H bending vibration at 7633 cm™, even though

there is other evidence that alkylsalicylate is present. This particular

characteristic has not been fully explained. However, it may be hypothesized

‘that the particular structure of the single aromatic ring alkyisalicylate prevents

in some way this out-of-plane C-H bending vibration. in this structure, the

carboxylic acid function is engaged in a cyclic structure, 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 that the infrared spectrum of the acidified product (in which the

carboxylic acid function is no longer engaged in a cyclic structure and thus

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

The unsulfurized carboxylate-containing hydroxy-aromatic surfactant-based
detergent-dispersant additive employed in the present invention can thus be
characterized by having a ratio of infrared transmittance band of out-of-plane
C-H bending at about 7633 cm™ to out-of-plane C-H bending at 832+3 cm™’
of less than 0.1:1.
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a sul furized al kyl phenol with an al kaline earth base in the presence of a
dilution oil, a glycol, and halide ions, the glycol being present in the
formof a mxture with an al cohol having a boiling point above 150 C,
removi ng al cohol, glycol, water, and sedi nent, carbonating the reaction
mediumwith -22 CO2 in the presence of halide ions, and again renoving

al cohol , gl yrd gplwgiggfﬁga?@% }é@ﬁﬁtaiﬂir{i%ﬁ?@%%f—%r&h%ﬁ@%Dﬁgcﬁﬁp—B%@Fnt . an

over based, sulf ocar by phena epared by a process

conpri si ng tdefergantslispfersdnt)additiver falmned by the sbbtemiethent], deing pdrenol with an
al kal i ne eart h. bas In ~the. presence, of dilution,oil, a glycol, and

nal | de. | ona, SHEZE,; wolld eV PEaER fon teReerd afposit el 6w ¢ an

al cohol  havperorindile! dves seffiniePPRdackWkile Mabtihg WY idk@s@kgohol . gl ycol,
and water fromthe nedium_ preferably by distillation, . (c) renoving
sedi ment f r dRAUieMeRtE tﬂhl-ﬁiﬁa-eB%mQﬁ"iﬁ}I-thal freei Bvis additive sandeat i ng t he

i cohol gl oV 8 oo R RISk, &et S8 TpadfEeidhe; Ton.
The al kal i neilsawhird treprasents bf bikali tetalktreirooss o haed Heemfdreffesisdes and

hydr oxi des of barium strontium and calcium -particularly |inme. Al cohols
with a boiling point above 150C useful in the process include al cohols of

C6 to Cl4 R@Efat , ' cohol ;
al koxyal cohmﬁs uch as ?R@Eﬁ %%FE?@%%%%%@%‘%@%&%T?A§%ﬂret her s
of di propyl ABDWIVES . The ami nes useful in the process include ,

pol yam noal kanes, preferably pol yam noet hanes, particularly

Hydroxy-aromatic surfactant-based detergent-dispersant additives are welt
known in the art. Examples of such additives include phenates, phenate-
.carboxylates, salicylates, carboxy-stearates, and the unsulfurized carboxylate-
containing additive described above.

PREPARATION OF PHENATES

The phenates which may be used in the present invention are typically
hydrocarbyl substituted phenates in which the hydrocarby! substituent or
substituents of the phenate are preferably one or more alkyl group, either
branched or unbranched. Suitable alkyl groups contain from 4 to 50,
preferably from 9 to 28 carbon atoms. Particularly suitable alkyl groups are
C12 groups derivable from propylene tetramer. The hydrocarbyl substituted
phenates are typically sulfurized.

According to one preferred embodiment of the present invention, overbased
sulfurized alkylphenates of alkaline earth metals are prepared by neutralizing
a sulfurized alkylphenol with an alkaline earth 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, removing

alcohol, glycol, water, and sediment, carbonating the reaction medium with
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et hyl enedi am ne, and am noethers, particularly

tris(3-oxa-6-am no-hexyl)am ne. The glycols useful in the process include
al kyl ene glycols, particularly ethylene glycol. The halide ions enployed in
the -23 process are preferably " ions which may be added in the form of
ammoni um chloride or netal chlorides such as cal ciumchloride or zinc

chl ori de. Thf{??& Hiﬂ‘l';?%ke%lgé% Iéfli\élﬂ%' dj%né,(e)z%rnedr‘gg?ih'}e%?/;r@fé’%&h&r g@‘éﬁl? Wﬁ?%s ude

napht heni ¢ oi and 'm xe s and pr y para nrc of suc
neutral 100 a@nd selimentiuantity of dilution oil used is such that the anmount
of oil in the final product constitutes from about 25%to about 65% by

wei ght of the final product, preferably from about 30%to about 50% The

process out | ijpefofs efe?rdﬂrﬁbé&?Héhtﬂ%BVén%@e&%m&@&%@%ﬁl&

which is incorporated by reference into this appl i cation | ON OF
PHENATE- CARBORENAIEESS prepasisbiag @recesscomprisiag e stepsef: be used in the
present invention are typically hydrocarbyl substituted

phenat e- car boxyl ates in which the hydrocarbyl substituent or substituents

of the phenate ar¢apr efneiitrlizing acsudurize@ afkyiHenol @ith e alRblifesarin pasbed or
unbranched. Suitable aI_ki/I groups contain from4 to 50, preferably from9

to 28 carbon atonms. Paiftthapmsepce ofipdilptien gilkg blygebapd halideds,dheups
derivabl e from propyl e c . tituted
phenat e- car boxyl at es ‘%’gbéﬂgﬁﬁ??%@a“ (t)lgyﬂ{urﬁ"sﬁﬁ)m'@g%&'t iy %%P‘Has ed

hydrocar byl phenat e- cahaeing abeiling ppirt eboed 160803 an  over based hydr ocar byl
phenate whi ch has been treated, either before, during, ,or subsequent to
overbasing, with a long-chain carboxylic acid (preferably stearic acid),

2 hydr ocar byl phefol e, Taror R el Ayl Ao I e L

metal chloride, and anbgldistillatieh;yhydri c al cohol containing from one
.{c}  removing sediment from the medium, preferably by filtration;

(d)  carbonating the resultant medium with CO; in the presence of
halide ions; and

(e)  removing alcohol, glycol, and water from the medium, preferably
by distiliation.

The atkaline 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 Cgto Cqq
such as ethylhexanol, oxoaicohol, decylalcohol, tridecylalbohol;
alkoxyalcohols such as 2-butoxyethanol, 2-butoxypropanol; and methy! ethers
of dipropylene glycol. The amines useful in the process include
polyaminoalkanes, preferably polyaminoethanes, particularly
ethylenediamine, and aminoethers, particularly
tris(3-oxa-6-amino-hexyl)amine. The glycols useful in the process include -

alkylene glycols, particularly ethylene glycol. The halide ions employed in the
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to five carbon atons, with carbon di oxi de under overbasing reaction

condi tions. Using an aqueous netal chloride, instead of a solid netal

chl oride, reduces the viscosity of the product. Preferably, the netals are
-24 alkaline earth netals, nost preferably calcium Preferably, the alkyl
pol yhydric al cohol is ethylene glycol. In a preferred enbodi nent, the

over based hydpRtacs ke PRSTBAILY CRIGRWhRhEmb beRidIEGR $he TorfY 8f Saidiu

hydr ocar byl phenate and treating the phenate (before, during, or aft@r
over basi ng) wehlaride oo metatehlorides sushyas calgiting chiopidefasizittsl shietidear i ¢ aci d) ,
anhydride or salt thereof. In the overbasing step, a m xture conprising
hydr ocar byl phenate (which can be sulfurized-or unsulfurized),.at |east

one sol vent, TWReé dllutiorbixsgieabléforamsesin thetapbve prédsdsdanclade mphiienid oils
pol yhydric al cohol, containing fromone to five carbon atons is _reacted

wi th carbon dfpsmied qieand pepigrahiy garaltiriciols sueb mginaudied 100l d&si ng
reaction condjt.l | e f ol s

appr oxi mat el yh%%rﬁoﬂg Bﬁgﬁtcw’ p?'Fe'gé%tfiéS%pgﬁ g{r)f;hgl é@gpﬁé&oo\}ielﬁgﬁégﬁa%rg ngtar byl
phenate is a condtiutes fbnabkylip28%do@aboub66Yebpnlejght tofitheRnallproductp al kal i ne

earth netal, nore ef er abl |l cium Preferably, the al kyl polyhydric
al cohol is etPAfiA [Vg‘;'%(ﬁ%&/ufﬁg%g’rwl%%@- treatment (treatment with

| ong-chai n carboxylic acid, anhydride, or salt thereof) can occur before,
during, or after the overbasing step. It is uninportant when the treatnent
wi t h | ong- chalhe peodess\dutlinegcabbve ia mhyrerfuthe describeal in US Gaterit H5¢4,843,

relative to the. pverbasi ng, sfep. .The phe e can. be sulfurized or
unsul furi zed.nggf'%FWRf?rgtq‘FLb%@ﬁEﬂr@%i'g Oaé'!ﬂ ?Rﬁ‘]@ﬁan |f the phenate is
sul furized, the sulfurization step can occur anytine prior to overbasing.
More preferably, the phenate is sulfurized before the overbasing step but
after the carPBEPARATION QMBHENATE-GARBEXYIATESned above is nore fully
described in US Patent 5,942,476,
The phenate-carboxylates which may be used in the present invention are
typically hydrocarbyi substituted phenate-carboxylates in which the
hydrocarbyl substituent or substituents of the phenate are preferably one or
more alkyl group, either branched or unbranched. Suitable alkyl groups
contain from 4 to 50, preferably from 9 to 28 carbon atoms. Particularly
suitable alkyl groups are Ci2 groups derivable from propylene tetramer. The
hydrocarbyl substituted phenate-carboxylates may be sulfurized or

unsulfurized.

The overbased hydrocarbyl phenate-carboxylate is prepared from an
overbased hydrocarbyl phenate which has been treated, either before, during,
or subsequent to overbasing, with a long-chain carboxylic acid (preferably
stearic acid), anhydride or salt thereof. That process comprises contacting a
mixture of a hydrocarbyl phenate, at least one solvent, metal hydroxide,
aqueous metal chioride, and an alky! polyhydric alcohol containing from one
to five carbon atoms, with carbon dioxide under overbasing reaction
conditions. Using an aqueous metal chloride, instead of a solid metal

chloride, reduces the viscosity of the product. Preferably, the metals are
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which is incorporated by reference into this application. -25 PREPARATI ON
OF SALI CYLATES The preparation of salicylates is well known in the art.
Preferred salicylates which may be used in the present invention include
medi um and hi gh overbased salicylates including salts of polyval ent or
nmonoval ent netals, nore preferably nonoval ent, nost preferably cal cium As

used herei n, glkaRtE &aMIeYIRStARS Afbst pFdRrably dB&0M. L Préfédbifdens alikyfy! ates with a
TBN of about 31 to 170. Hi gh overbased (HOB) is nmeant” to include '

sal i cyl at es Rplyhydiicrasphelig gthviena glyqal. t o 400. Hi gh- hi gh overbased ( HHOB)
Is meant to include salicylates with a TBN over 400. In one enbodi nent,
salicylates may be prepared, for instance, starting from phenol,

or t ho- al ky| plihempfefered paiodiient, tie oeérbabyd hZﬂBdo@fbwlphenaféambﬂylhwlis and
salt formation. The al kylating agent preferably chosen is an olefin or a

m xture of dPreArRed Ry verRAsing A hydrosahyl phanatesnd treatingtheophenate.  Aci d-
ti ted cl |t 3 i . nh | d
o o ang” (Before Bty &t Uifer GRbAakiic) witha ohg, dHaf LadRICagANE MO an

general , 1 -(ptéferatly stdanicramid), anhwiridedor-salt theféofr eferred to the sum of the

anounts by weight of alkylating agent and phenol to be al kyl ated. The
al kyl ation may be carried out at tenperatures between 100 and 250C, in

particul ar, Ih%é‘%@@rﬂa%ﬁ?g"%p, afisdurd E&@E}%Mgﬁ%}ﬁﬁ&é&%@%ﬁ@ (\%éhightd&% phenol

or ortho- or para-al kyl™ phenol route e ‘conver I nto
cor r espondi rlag sulRyrizediarayisulfudzed)satdgastarensojuerst, metél hydroxide] aquentisar t .

For i nst he, al kyi phenol ith th i d_of | cohol i
causti o sol dOFBhEnRe, AT 28, el BOEHIE leRhpeniain® hir ot s Tugt or ar e
treated w t feepb8n atorad i Feabfifwith afbdir @SRHE firder d0eibasiy redbidspher es.
From the al kyl salicyl ates so obtained, the alkylsalicylic acids may be

| i ber at ed wiqamditipnsajQverbasingreastionanditiomisdide tempaatdres of from 250
to 375°F at approximately atmospheric pressure.

Preferably, the overbased hydrocarbyl phenate is a sulfurized alkylphenate,
Preferably, the metal is an alkaline earth metal, more preferably calcium.
. Preferably, the alkyl polyhydric alcohol is ethylene glycol.

The carboxylate treatment (treatment with fong-chain carboxylic acid,
anhydride, or salt thereof) can occur before, during, or after the overbasing
step. It is unimportant when the treatment with long-chain carboxylic acid,

anhydride, or salt thereof occurs relative to the overbasing step.

The phenate can be sulfurized or unsulfurized. Preferably, the phenate 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 step but after the carboxylate treatment.

The process outlined above is more fully described in US Patent 5,942,476,

which is incorporated by reference into this application.
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For the preparation of overbased salicylates, the alkylsalicylic acids may
be treated with an excess anount of a netal conpound, for instance,
calciumin the formof Ca(OH)2. -26 For exanple, the al kylsalicylic acids
may be treated with 4 equivalents of calciumin the formof Ca(OH)2 with
I ntroduction of 1.6 equivalents of CO2. The preparation of nedi um and

over based sapREPARLRIO ;—ggscri bed in US Patent 4,810,398, and
GB Patents 1,146, 925; d'}%g%§§ﬂg¥‘dx 86, 167, which are incorporated by

reference into this application. PREPARATI ON OF CARBOXY- STEARATES The
car boxy- st eapat es which be used | he present . ipvention ar typically
i kal | e car A RERATALT O} SAZVISIER rovel Kby it Beihy PrERriet selicdatas)a

have been_t rgRicAnay b8 uded M the PRIsBNERMVERNION intl R fhedRith i Kdghor sal t |
t hereof . The carboxy-stearate is prepared froma mxture of alkaline earth

metal si ngl@veshb sadicylates heluding salés obpolyalent arraopevaient meald, al kal i ne

W th car bon MARERERY mBo bt riesthrSkfAlp RERR, AN haRi o M
wher ei n t he @klivm evebased (MUB) i8 Infediftito irstudd salicyites Withfa TBN-6f dtssutat ons.
One such useful al kyl polyhydric alcohol is ethylene glycol. The process
outlined abo¥kla §7¢mHigh eyerbased OB is meaostqdapﬁlﬁ!@ &ﬁhgaé,te@,mth Bhis

W SooBI Tv. T ARUEHPEF D0, rioRifhrbafd AIHOROTE it B Y o

may be m nesaicylatds wikh ayiBMeviec400) s of viscosity suitable for use in the
crankcase of an internal conbustion engine. Crankcase base oils ordinarily

have a viscosity of about 1300 cSt at OF (-18C) to 3 cSt at 210F (99C).
T Par® e R eBSARRE GRS FH Ao, 10 s Blnc gy ke
napht heni ¢ gieenol,lorthosalkgphéndl, ar para-alkylphenol, by alkylation, carboxylation
and salt formation. The alkytating agent preferably chosen is an olefin or a
mixture of olefins with more than 12 carbon atoms to the molecule. Acid-
activated clays are suitable catalysts for the alkylation of phenol and ortho-
and para- alkylphenol. The amount of catalyét employed is, in general, 1 — 10
wit%, in particular, 3 — 7 wi%, referred to the sum of the amounts by weight of
atkylating agent and phenol to be alkylated. The alkylation may be carried out
at temperatures between 100 and 250°C, in particular, between 125 and

225°C.

The alkylphenols prepared via the phenol or ortho- or para-alkylphenotl route
may be converted into the corresponding alkylsalicylic acids by techniques
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 latter are treated with CO2 at about 140°C and a pressure of 10 to 30
atmospheres. From the alkyfsa!icylates s0 obtained, the alkylsalicylic acids
‘may be liberated with the aid of, for example, 30% sulfuric acid.

For the preparation of overbased salicyiates, the alkylsalicylic acids may be
- treated with an excess amount of a metal compound, for instance, calcium in
the form of Ca{OH),.
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ordinarily used in lubricating oil conpositions. Synthetic oils include
both -27 hydrocarbon synthetic oils and synthetic esters. Useful synthetic
hydrocarbon oils include Iiquid polyners of al pha ol efins having the
proper viscosity.. Especially useful are the hydrogenated |iquid oligoners
of C6 to Cl12 al pha olefins such as 1-decene triner. Likew se, alkyl
benzenes of proper viscosity, such as didodecyl benzene, can be used.
Useful synthetic esters include the esters of nobnocarboxylic acids and

pol ycalr boxyl F?r e‘xzirdpleaﬂﬁ %IHIS?I@Ii@aoids rharyl beXma@édiw;“]thleei@mdaIQﬁfsyaﬂ S.

Typi cal exanpl,es are, didode | pate, .penta- erythritol tetracaproate,
dlyp 2- et hyl he P'U%|%Q?J9mpfé@£§ﬂ§%@}%&duﬁw Pﬁﬁ-q eqavaleptsfl @Rzest er s
prepared from m xtures of nono and di carboxylic acids and nono and

di hydroxy al kanols can also be used. - Blends of mineral oils with
synt heti ¢ oi TBe grapazaton obmtdium Bod ovedrgsed, sdlicglatss isahoredfutlp d@séfibed

ke oxcel | 0P FpaAPEShe it GEPAtris (s W5 D A cadk P 48h  on can

be added to \whigHrird incbrpcratédf bytrdfafdhceShiththis Spplfc@fiBhnat i ons thereof.
DETERGENTS The LEDL of the present invention has been found to provide

I mproved bul k oxidation and .corrosion control perfornmance when contacted
with an int ' cngl Pe. ' ts of the LEDL may contain
deter gents.eﬁlﬁ‘%kwg%&é 1 ﬁﬁﬂ%l ng zone deposits, and rust
by keeping 1insoluble particles in colloidal suspension. Metal-containing

(or ash-form ng detergents) function both as detergents to control
deposi ts, anthexsaheoxysteasatesavhict maydre naed in thie priesenkinventiorearse r educi ng

compr i se o ey aRaig B4 RGO Ao ioa B FoCB sRMIAeR bt ncas

conpri si ng ehawed kderpédtediwitine RfHgdtain carboxylic acid, anhydride or salt thereof.

- The carboxy-stearate is prepared from a mixture of alkaline earth metal
single-aromatic-ring salicylate, at least one solvent, and alkaline earth metal
hydroxide. The mixture is overbased by contacting the mixture with carbon
dioxide in the presence of an alkyl polyhydric alcohol, wherein the alky! group
of the alcohol has from one to five carbon atoms. One such useful alkyl
polyhydric alcoho! is ethylene glycol.

The process outlined above is more fully described in US Patent 6,348,438,
which is incorporated by reference into this application.

BASE OIL OF LUBRICATING VISCOSITY

The base oil of lubricating viscosity used in such compositions may be
mineral oil or synthetic oiis of viscosity suitable for use in the crankcase of an
internal combustion engine. Crankcase base oils ordinarily have a viscosity
of about 1300 cSt at 0°F (-18°C) to 3 ¢St at 210°F (99°C). The base oils may
be derived from synthetic or natural sources. Mineral oil for use as the base
oil in this invention includes paraffinic, naphthenic and other oils that are
ordinarily used in lubricating oil compositions. Synthetic oils include both
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organi ¢ conpound. The salts may contain a substantially stoichionetric
anmount of the netal in which case they are usually described as normal or
neutral salts, and would typically have a total base nunber (as neasured by
-28 ASTM D2896) of fromO to 10. It is possible to include |arge amounts of
a netal base by reacting an excess of a netal conpound such as an oxi de or

hydr oxi de wi tﬁymmbﬂisynwm%a@fhr@%ma%aé%i@gempsimh&i@ﬂ%&ﬁeém\ed
detergent.. Such overbased detergents ‘'may have a total base nunber of about

15 to 30 (| owilsiiaelyde dguid-patpmpys oBalphs olefins hasdng theopwpes yisgosity.MOB) ) ; 171

s ) D SRR g hyfrodiraty 0o PRl ek S BhB80r ror e
di spersant s igkefingsuch asiil tdeagpie tharailiiewsdli dog beadbhe 9 bf piher YRR osity,

i nim . g. | yi sobut yl
Scl d anhydr | FUChRElpI R bRaRPRG TR PAYSHS LEAI B Astais igHEde hebout
700 to 2500). hSS: g&!ﬁ- ; 1a[o) , 'SS or
ash cont ai ni) r?gi-é}gl?lfgllr” cata?ng OIF{HS?}Y%%DQ?(Eﬁé@%ﬁ@)@%ﬁ@%&ﬁgyé%gﬁgrallsngan‘ e‘?';; 1h
w . % to aboutydicxylkadeélsandpayalss Jgpikahesamplesfarerdidodi b adipats, -this
inven(;ion colhyr' S. e or rmmr% !él s&g?’gants _hgt\??n an avec?g efigl gjcul ar
wei ght () SvhBl feltagproatenghar hhesd adingie ﬁ@bmga@ the lie-
pol yi sobut y! esriinbiekBstdld \Hregard WO maARES of Aitho 404 ARG oHE GcfisSarty/'Ch
preferred dispersants. A pre?errecfﬂc{l'\spersant of thrs rnvention nmay be a
one or nore e andiditysdroxyralkanelsmansalse beiusede” i s understood in the art

to include many of the amde, imde, etc. species that are also formed by
the reaction of a succinic anhydride with an amne and is so used herein.

The pr Ieldom ﬁ@l’értzd%{]I Ofwitieral GIRVRItE Synthatie Uis afd Blsdusidl. FBI exaRpl8, Bfshdieen
ener a accepted as
g Y of F%O to 25% hydrogenated 1-decene frimer with 75 to 90% 150 SUS (100°F)

mineral oil make excellent lubricating oil bases.

The LEDL of the present invention can be added to Group 1, 2, 3, or 4 base
stocks or combinations thereof.

DETERGENTS

The LEDL of the present invention has been found to provide improved bulk
oxidation and corrosion control performance when contacted with an internal

combustion engine. Embodiments of the LEDL may contain detergents.

Detergents help control vamish, ring zone deposits, and rust by keeping
insoluble particles in colloidal suspension. Metal-containing (or ash-forming
detergents) function both as detergents to control deposits, and as acid
neutralizers or rust inhibitors, thereby reducing wear and corrosion and
extending engine life. Detergents generally comprise a polar head with a long
hydrophobic tail; with the polar head comprising a metal salt of an acidic
organic compound. The salts may contain a substantially stoichiometric
amount of the metal in which case they are usually described as normal or

neutral salts, and would typically have a total base number (as measured by
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meani ng the product of a reaction of an al kenyl- or al kyl -substituted
succinic acid or anhydride with a polyam ne. Al kenyl or al kyl succinim des
are disclosed in nunerous references and are well known in the art.
Certain fundanental types of succinimdes and related nmaterials )
enconpassed by the termof art "succinimde" are taught in U S. Pat. Nos.

3,219, 666, 3399 H786) of iy odoS10" Hisgossdde t sy o aripusin gEa %

5. 510,030: § 334921 5 S50 BE0 BT 0rs ChaLd el ot oa ot ah ch are
her eby 1 neorEFaNER Wi aTFaHic s St &5 babeRIRRARE TQsBhah PYeraREdor nor o
succi ni m degyet¥fenl SB¥h Bfe®akBa rdeté}'gﬁﬁ&pmag%% 20btdl bt Yfurhbergede. This

i nvention may conprise |ubricating oi I nvol vi ng one or nore succini m de
di sper sant s atioat 1640 S0dlovhaverbased i{4€B™)) &dttot17€amestiu@omadrbdsel sper sant s

of & pol yi sanPERiduceriihiov sl oY Tharsbivaddo bidrbids | *the
borated di spgiefsaded GHAERB)y.ed from pol ybutenes having a nolecular weight

of from 1200 to 1400, nost” preferably about 1300. Ethylene carbonate
treated, or EC-treated, dispersants useful in the present invention may be

derived fro gon product of a polyisobutenyl succinic anhydride
with a pol y?rh%ﬁ%tr ol yi sobut ene has a nunber average nol ecul ar wei ght

(M) of at |east 1800. Preferably, the EC- treated dispersant is a _
pol ybut ene succi ni m de derived from pol ybutenes having a nol ecul ar wei ght
of from 2000 hed-E2Abs of thip inyestien NEY caneerisedoneseopre dispersaints ncuding ent i on

i :\ISHI g??&isb ?nﬂréd]enuc&itaﬁﬁ{ge&%pc'a\l'r%%htsfsoﬁﬁé t&&é ggrqgraltg? rg’;?rgsgr?t%d t%rmROSI N
succinimides (e.g., polyisobutylene succinic acid/anhydride (PIBSA)-
polyamine having a PIBSA molecular weight of about 700 to 2500). The
dispersants may be borated or non-borated, ashless or ash containing.
Lubricating oils of this invention may. comprise about 1 wt. % to about

12 wt. % or more dispersants.

- Preferred dispersants for this invention comprise one or more dispersants
having an average molecular weight (mw) of about 1000 to about 10,000.
Dispersants prepared from polyisobutylene (PIB) having a mw of about 1000
to about 5000 are such preferred dispersants.

A preferred dispersant of this invention may be a one or more succinimides.
The term "succinimide™ is understood in the art to include many of the amide,
imide, etc. species that are also farmed by the reaction of a succinic
anhydride with an amine and is so used herein. The predominant product,

~however, is succinimide and this term has been generally accepted as
meaning the product of a reaction of an alkenyl- or alkyl-substituted succinic
acid or anhydride with a polyamine. Alkenyl or alkyl succinimides are
disclosed in numerous references and are well known in the art. Certain
fundamental types of succinimides and related materials encompassed by the
term of art "succinimide” are taught in U.S. Pat. Nos. 2,992,708; 3,018,250;
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Corrosion inhibitors which may advantageously be used in the LEDL of this
I nvention are, for exanple, succinimde salts of one or nore aronmatic

di carboxylic acids, and dispersed aromatic di carboxylic acid corrosion
inhibitors. Preferred aromatic di carboxylic acids nmay conprise one or nore
terephthalic acids. -30 Certain corrosion inhibitors, including dispersed

aromatic di c3[0®@91; <3@24Q37c9ﬂ00567@131ﬂ2892<3 ,2198686; degoridred, for
exanpl e, '681: and 3,374,174, all of

D o o T B o A bRRR DB M AT A O 12698, SIS0t of L he

di d | b
Synthest zed By Pei o oo 5 7001, SRIRTOT R 19808 BT Eout 1300

nol ecul ar web@d6, 52,5, 206,01 2/thie disdosuries ofwhich arkehérebB#Agorpotdted bye or
nor e pol yam ne%s %%r ef erably one or nore heavy pol yam nes (HPA) at an

am ne/ Pl BSA €about 0.4 to about 0.6, preferably about 0.45. This
produces a reaction product that may then be reacted with terephthalic
aci d. Anot her enbodi nent of the dispersed aronmatic di carboxylic acid
corrosi on i hhisdhventiosf mayicompriseraniconr maye becm'lyimiﬂes;ivmidh awayf beé either One

Pl B b t ed : duy
o more  suchmon ey RSt RIMdE T Blefioy vy st seubleRimiel - ot a
t enper at ur e iMbVirigPOhEBPHiord %@&shﬁmﬂ@%p&gﬁ% tﬁéﬁi&fea&' Ha@bﬁéttl?]ée?pc to

about 170C, for | to 20 hours. Heating for about to about 6 hours is
preferred. Pesidreated. may be nixed and then heat ed or heating may occur
while the reactants are being m xed. During the heating period, water of
the reaction may be renoved by any nmeans known in the art. Any PIBSA nay
be used. This includes thermal PlIBSA made from conventional PIB or high

reactivity Bofted dispersmits asefdl Bhe preséntinventivh inagberderid fedthaprénat i on
PI BSA, sulfonic,. acid, catalyzed PIBSA, PolyPl BSA or Terpolymer PIBSA A"
m xture of PiEA&Hon product of a polylsobutenylsucmmc anhydride with a polyamine.

Preferably, the borated dispersant is derived from polybutenes having a

molecular weight of from 1200 to 1400, most preferably about 1300.

Ethylene carbonate treated, or EC-treated, dispersants useful in the present
invention may be derived from the reaction product of a
polyisobutenylsuccinic anhydride with a polyamine. The polyisobutene has a
number average molecular weight (M) of at least 1800. Preferably, the EC-
treated dispersant is a polybutene succinimide derived from polybutenes
having a molecular weight of from 2000 to 2400. A prefered EC treated
succinimide of this invention is described in U.S. Patent Nos. 5,334,321 and
5,356,552.

CORROSION INHIBITORS

‘Corrosion inhibitors which may advantageously be used in the LEbL of this
invention are, for example, succinimide salts of one or more aromatic
dicarboxylic acids, and dispersed aromatic dicarboxylic acid corrosion

~ inhibitors. Preferred aromatic dicarboxylic acids may comprise one or more

terephthalic acids.
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and a copol yner may al so be used. An am ne/ PI BSA charge nole ratio (CWR)
of about 0.4 to 0.6 may be used. A preferred CVR nay be about 0.4 to about
0.5. After heating, the reaction m xture my be cooled to about 110C to
about 150C, preferably about 130C to about 135C. Terephthalic acid may

t hen be added. About 2% to about 5% terephthalic acid, preferably about

2.5%to abO@brt%irﬁ%rhYsi&ﬁirﬁﬁﬁitorg,aiﬁeﬂdi}@ &iQﬁeéBB%r@hﬁit@%iéﬁﬁB&&ic%ﬂd be used.
This m xture may then be heated for about” 1 to about 10 hours, preferably
about 2 to e@oesion inhibkers, Mecdescibadeforexatiple: ibd) 8i Patenbblos. Anot her

i bi fors SAA RIS STEbRT CalT A AEh st dtirh e lapgeraied terein in
pol yi sobut ettesriugttiretyc anhydride (PIBSA) with tetraethyl enepentam ne (TEPA)

using an am ne/ PI BSA charge nmole ratio (CVMR) of 0.71. This produces a
reaction product, which nmay then be reacted with terephthalic acid to form

o “sara cor PherdbbGnertBf RS isbrsBf dofiic Mo Ba i i Qhrrodf P oPT &' O
Pat ent  Appl inbiltitoo mdyobe $(1{B6giz43 Dy reatiin Heduturin) tdhbo®4B800 vrefdtably

i ncorporated herein in its entirety. WEAR | NHI Bl TORS Tradi ti onal wear
i br Cor s Mgt mRIacTar gt RalispBeny L UoRiG anbsde (RS AbWE hese

t d of i LG : ts
ol ude, © buy o8 nolfRtifgs Brerably S bmor Ao amirtd A EE
esters, sulauamioePiBSAGMEboiahoul 9.4 todboat 0.6 dereferablychuue 0et6. Thie LEDL of

this invention may conprise one, or nore, wear inhipifors such netal
di t hi ophos pPBUCER A TREFUAN Bradich et mEnes R repciad gk tereRbiials acd.
preferred wear inhibitor for use in this invention conprises zinc

di t hi ophosphate. OTHER ADDI Tl VE COVPONENTS
Another embodiment of the dispersed aromatic dicarboxylic acid corrosion

inhibitor of this invention may be synthesized as follows. One or more
'PIBSAs may be reacted with one or more polyamines to produce one or more
succinimides by heating the mixture, with or without diluent, at a temperature
of from about 110°C to about 200°C, preferably about 150°C to about 170°C,
for 1 to 20 hours. Heating for about 3 to about 6 hours is preferred.
Reactants may be mixed and then heated or heating may occur while the
reactants are being mixed. During the heating period, water 0/f the reaction
may be removed by any means known in the art. Any PIBSA may be used.
This includes thermal PIBSA made from conventional PEB’Qr high reactivity
PIB, chiorination PIBSA, a mixture of thermal and chlorination PIBSA, sulfonic
acid catalyzed PIBSA, PolyPIBSA, or Terpolymer PIBSA. A mixture of PIBSA
and a copolymer may also be used. An amine/PIBSA charge mole ratio
{CMR} of about 0.4 to 0.6 may be used. A preferred CMR may be about 0.4
to about 0.5. After heating, the reaction mixture may be cooled to about
110°C to about 150°C, preferably about 130°C to about 135°C. Terephthalic
acid may then be added. About 2% to about 5% terephthalic acid, preferably
about 2.5% to about 3.5% by weight, based on the succinimide weight may
be used. This mixture may then be heated for about 1 to about 10 hours,
preferably about 2 to about 4 hours. The mixture may then be filtered.

Another embodiment of this invention may comprise one or more corrosion
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. The follow ng additive conponents are exanples of sone conponents that
can be favorably enployed in the present invention. These exanpl es of
additives are provided to illustrate the present invention, but they are
not intended to limt it: (1) Ashless dispersants: al keny! succini m des,
al kenyl succinimdes nodified with other organic conpounds, and al kenyl

succi ni m degnHibithrs is?ﬁtﬁé@slz'éd?lﬁfHéfécﬁaﬁ‘%ﬁ()ﬂ@hﬁﬁ@dﬂiaﬁﬁé@hﬂi c ester; ECtreated
di spersants. -32 (2) Oxidation inhibitors: (a) Phenol type oxidation

i nhi bi t or s: Palyisobtengausabibarhydride-(PIBSARwith tefraethilenepgntamine

4, 4" -bis(2, ' - hut yl § ‘- his(2- | -6 Lertsbutyl phenol),
2. 2 ot byl CHEPR) Beio Uik dRIBRA ot mOleTeia TBMR) ofb 777 i

4,4' -butyl i gestrives(@Brazrtion prédudteWhich whay theheidldacted with terephthalic

4,4' -isopropyl -idenebis(2,6-di-tert- butyl pheno_ld) , L

2, 2" - met hyl @ﬁ@.tgﬁgm%gmqsegaﬁgmpgﬁlqgam%yllc acid corrosion inhibitor.
2,2'-isobutylidene-bis(4, 6di net hyl -phenol), 2,2 - nethyl enebis

(4- et hyl - 6- cycl ohexyl phenol ), 2,6-di-tert- butyl 4-nethyl - phenol ,

2, 6- di - t er t Thetpregaration lopseitotarrdsich in¢hihbibt§1h§sl fulﬂheledesdﬂhieij farreaehple,
AT ’gf@fé\r'g%\'quﬁi_ggélﬁgtibnm.&%nﬁi’rﬁgg Fhbruary 14, 2003, which is -
2.2 - thi obi plchrattbtid héelPhlitetitibpnenol )

bi s( 3- met hyl 4- hydr oxy-5-tert-butylbenzyl ysul fide, and bis
(3,5-di-tert-butyl 4- hydroxybenzyl). (b) D phenyl am ne type oxidatign

I nhi bitor: Lhhenyl am ne, phenyl -. al pha. - napht hyl am ne, and
al kyl at ed .,ﬁﬁgﬂhﬁﬂﬁ‘ﬁégamyne. i

Traditional wear inhibitors may be used in this invention. As their name
implies, these agents reduce wear of moving metallic parts. Examples of
such agents include, but are not limited to phosphates, phosphites,
carbamates, esters, sulfur containing compounds, and molybdenum
complexes. The LEDL of this invention may comprise one or more wear
inhibitors such metal dithiophospates and metal dithiocarbamates or mixtures
thereof. A preferred wear inhibitor for use in this invention comprises zinc
dithiophosphate.

OTHER ADDITIVE COMPONENTS

‘The following additive components are examples of some components that
can be favorably employed in the present invention. These examples of
additives are provided to illustrate the present invention, but they are not
intended to limit it:

(1)  Ashless dispersants: alkenyt succinimides, alkeny! succinimides
modified with other organic compounds, and alkenyl
succinimides modified with boric acid, alkenyl succinic ester;

EC-treated dispersants.
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(c) Oher types: netal dithiocarbamate (e.g., zinc dithiocarbamate),

nol ybdenum oxysul | i de succi nimde conplexes, and net hyl enebi s

(di butyl -dithiocarbamate). (3) Rust inhibitors (Anti-rust agents) (a)
Noni oni ¢ pol yoxyet hyl ene surface active agents: pol yoxyethyl ene'l auryl
et her, pol yoxyet hyl ene hi gher al cohol ether, polyoxyethyl ene nonyl phenyl

et her, pol yoxyet en | et her, pol yoxyethyl ene octyl stearyl
et her, pol yoxyeth ?Lne%’ﬁ%ﬁan@my%)r& pol yoxyet hyl ene sorbitol nopnostearate,

pol yoxyet hyl ene -33 sorbitol nono-ol eate, and pol yet hyl ene gl ycol

monool eate. (b) OQrher gompounds: stearigc acid.and other fatty acids

di carboxilic acids, megﬁl s 680l type axidatiog 'éﬂsﬁgssﬁﬁ‘é‘)etﬁ)ﬁ'@%ﬁlb'%&-gs of
heavy sul fonic acid, partialyf- | Ck Qv [ G ' «cohol ,
and phosphoric ester. (4) Dem| s?%ypsbﬁogd%?'t |bo ’grddgégwypgﬁ?}f'ﬂnol and
et hyl eneoxi de, pol oxyet hyl bis§2-seéthyl-Getdrbbutylphenot), 2@ yesthyleaadisg(ds bi t an

ester. (5) Extreme pressure_a t ents). zinc., . .

di al kyl di t hi ophosphat e (a_ryméﬁﬂﬁfﬁ%@%@%#Q?mv'?@eﬁl?aﬂ?we@vk%

type), sulfurized oils, di phapltyfpHehbfe4, 4RidprdpyliidémddisioElieriat e,

chl ori nat ed napht hal ene, fluoroalk I801y5|loxaneh and | ead napht henat e.

(6) Friction nodifiers: fatbytylp | 2,2-methylanedis(drmethyl-6aanyipheast)er |

and other esters. (7) 2,2-isobutylidene-bis(4,6dimethyl-phenol), 2,2'-
methylenebis {(4-methyl-6-cyclohexylphenol), 2,6-di-tert-
butyl4-methyl-phenol, 2,6-di-tert-butyl4-ethylphenol, 2,4-
‘dimethyl-6-tert-butyl-phenol, 2,6-di-tert-4-(N,N'-dimethyi-
aminomethylphenol), 4.4'-thiobis(2-methyl-6-tert-
butylphenol), 2,2'-thiobis(4-methyl-6-tert-butylphenoi),
bis(3-methyl4-hydroxy-5-tert-butylbenzylysulfide, and bis
(3,5-di-tert-butyl4-hydroxybenzyl).

(b}  Diphenylamine type oxidation inhibitor: atkylated
diphenylamine, phenyl-.alpha.-naphthylamine, and
alkylated .alpha.-naphthylamine.

(c)  Other types: metal dithiocarbamate (e.g., zinc
dithiocarbamate), molybdenum oxysulfide succinimide
complexes, and methylenebis (dibutyl-dithiocarbamate).

(3)  Rustinhibitors (Anti-rust agents)

(@)  Nonionic polyoxyethylene surface active agents:
polyoxyethylene lauryl ether, polyoxyethylene higher
alcohol ether, polyoxyethylene nonylphenyl ether,
polyoxyethylene octylphenyl ether, polyoxyethylene octyl
stearyl ether, polyoxyethylene oleyl ether,

polyoxyethylene sorbitol monostearate, polyoxyethylene
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(8) Multifunctional additives: sulfurized oxynol ybdenum dithi ocarbamate,
sul furi zed oxynol ybdenum organo phosphoro dithioate, oxynol ybdenum
nonogl yceri de, oxynol ybdenum diethyl ate am de, am ne-nol ybdenum conpl ex
conpound, and sul fur-containing nol ybdenym conpl ex conpound. Viscosity

i ndex inprovers: polymethacrylate type polyners, ethylene-propylene

copol ymers, styrene-i soprenesoriitol fivhosoleatty andtpiycthyleRs ghycdppr ene
copol ynmers, polyisobutyl ene, and dlspersant type viscosity index inprovers

(9) Pour point depressants: PEINAAAHG| nethacrylate. -34 (10) Foam

I nhi bitors: alkyl nethacrylate polyners and di nethyl silicone polyners.
(11) Metal detergents: sulfurized or unsul furized al kyl or al kenyl
phenat es, al kyl or al ke(h)l aomhnmtctmnpwridmatmscamdiahdmthemﬂaﬁ reidss,

sul furized or unsulfurized salts. | ky| or alkenyl
aromati ¢ compounds, al kyl 0?5 fca‘H r’B?{?“ Bﬂ%dﬂa&yéﬁﬁf

sul furized or unsul furized ahieth Qits ! Ly

al kanoi c acids, netal salts of an g | k i*é%i)?f mil t i acdé?&g"é%bkim cal
and physi cal m xtures t her eesterbﬂmﬁlwdmt GNODDESEU phoBRhOAT eBiBra L

COVPOSI TI ON The LEDL of the present invention is useful for its inproved
detergency over other engine lubricating oil conpositions. Such a

lubricating oil copposi DbﬁthS|ﬁ@l"§Pédéﬁién%rﬁ&k&rof%{ﬂphﬁnoﬂlahé%@hyqéll\e&&de
| ubricating viscosity and from about w. %to about 1. " % ash; from

about 0.1 wt. %to aboupoloxzethvlen%dwifaﬂner aad@oimeﬁwme sprb:zazweste%to
about 0.1 wt. % phosphorus. Said LEDLs

(6) Extreme pressure agents (EP agents): zinc
dialkyldithiophosphate (aryl zinc, primary alkyl, and secondary
alkyi type), sulfurized oils, diphenyl sulfide, methyl
trichlorostearate, chlorinated naphthalene,
fluoroalkylpolysiloxane, and lead naphthenate.

(6) Friction modifiers: fatty alﬁ;ohol, fatty acid, amine, borated ester,
and other esters.

(7) Multifunctional additives: sulfurized oxymolybdenum
dithiocarbamate, sulfurized oxymolybdenum organo phosphoro
dithioate, oxymolybdenum monoglyceride, oxymolybdenum
diethylate amide, amine-molybdenum complex compound, and

sulfur-containing molybdenym complex compound.

(8) Viscosity index improvers: polymethacrylate type polymers,
ethylene-propylene copolymers, styrene-isoprene copolymers,
hydrated styrene-isoprene copolymers, polyisobutylene, and

dispersant type viscosity index improvers.

(9)  Pour point depressants: polymethyl methacrylate.
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provi de inproved detergency while at the sane time providing conpatibility
W th exhaust gas after-treatnent systenms. In one enbodi nent, the LEDL woul d
contain: a major part of a base oil of lubricating viscosity;, 0%to 1.2
wt. %ash; 0.05%to 0.5 wt. %sulfur; 0.02%to 0.1 w. % phosphorus; 1 %
to 12% of at |east one dispersant; 0.5%to 1.1 %of at |east one zinc

di t hi ophosphat €; 00 t i ' Lhihl Lo 0% to 1%
of at |east one. ?) m Fﬁﬁﬁbﬁoﬁ(‘)@k%‘%l@ﬁ%}g}? Qﬁ"éfj‘é pﬁg}é"g%godrm'ms%@gi ty index

i nprover; and -35 (] kilieéme poBmdEtscorrosi on i nhibitor. In another

enbodi nent, the LEDL of the present invention would contain the above
conponents and from about 1.8%to about 5.5 wt% of the unsulfurized,

car boxyl at e-cont a4 n ( g ' -

det er gent - di spergyryt g%é(}iawe\%bbo ?@quﬁg&e%{ aﬁ%@@%‘tzlegn%qz@ll tor ﬁ!’fgngleen f ound
that LEDLs cont ai ni nghenaté@sadliiyt onalkeny aerereatic pelforates,azalcigimon pr ot ecti on

to LEDL tai ni i al | i | abl Licyl t tant ash,
sul fur  and_ phosphor uSaiates: syilrgsd or Bslinghed el SBEPOLTR he | nat ant
invention nmay be preppy@rbxy eyl oiébg%n&t@bn%ﬂ@%hfbdtﬁgdééhw éluélf(é‘zﬁ¥| Very | ow

sul fur is defined to nean about O. . % to about . % sulfur.
Surprisingly, very | ofydigxy@romatc sulfgnatpassidfurized or onsylfurizedralkylest ant

combust o’ engl ne. 1 nakenv FALAENR8s, HeR S5l 8P akARb S se@lsalf = "
bl endi ng a m xture of of &g allgbor alkeapinnakiatid, andehbiridal RnAPHyLIEaPY t hat

nmet hod m ght have a slightly
mixtures thereof.

LOW EMISSION DIESEL LUBRICATING OIL COMPOSITK_)N

The LEDL of the present invention is useful for its improved detergency over
other engirie lubricating oil compositions. Such a lubricating oil composition
comprises a major part of a base oil of lubricating viscosity and from about 0
wt. % to about 1.2 wt. % ash; from about 0.1 wt. % to about 0.5 wt. % sulfur;
and from about 0.02 wt. % to about 0.1 wt. % phosphorus. Said LEDLs
provide improved detergency while at the same time providing compatibility

- with exhaust gas after-treatment systems.

In one embodiment, the LEDL would contain:

(a) amajor part of a base oil of lubricating viscosity;

(b) 0% to 1.2 wt. % ash;

(c) 0.05% to 0.5 wt. % sulfur;

(d) 0.02% to 0.1 wt. % phosphorus;

(e) 1% to 12% of at least one dispersant;

) 0.5% to 1.1% of at least one zinc dithiophosphate;

(@) 0% to 2.5% of at least one oxidation inhibitor;

(h) 0% to 1% of at least one foam inhibitor;

) 0% to 10% of at least one viscosity index improver; and
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different conposition than the initial m xture, because the conponents may
I nteract. The conponents can be bl ended in any order and can be bl ended as
conbi nati ons of conponents. EXAMPLES The invention will be further
illustrated by follow ng exanpl es, which set forth particularly

advant ageous net hod enbodi nents. While the Exanples are provided to

I1lustrate.the presentgi nvag}iﬁﬁ@, %B&F’f&iﬁ’%@ﬁ Jdntended to limt it.

EXAMPLE | PREPARATI ON THE® Urf_ ] YLATE- CONTAI NI NG

HYDROXY- AROVATI C SURFACTANT- BASED DETERGENT- DI SPERSANT ~ ADDI Tl VE - 36 An

Pat ent 6, 1637 APOINGE EBPUMEN, dhed Eblo ok e Wrepent BUpBlRTC HaUKGrRA the

Neutralizati I he( DDP) having a
éUbvé r?é aRd %mgi)o@{ ?'8;%"&5139@9@5 VH?Q

nol ecul ar nass o near al kyl phenol
havi ng a rmlnsulfuazedrmsbmtyiaibmnteﬂﬂmg(hydwxﬁammm sjackar- b:a%ded in a

four necked 4, lit | ass . r tor ove which eat,- | ns Vi gr eux
fractionati myte @Gpﬁﬂﬁ% tﬁgaﬁ'g?ioé%%ﬁs% Wf 4 oH fdgtﬁ@ ort ho
al kyl phenol |\wsi:s E&MtaintRysaiarRIdRive &o@fﬁb@dﬁéﬁokb@#@éxoﬁ'dﬁt@@h&ﬁ‘% 39% par a
and 53% ortho. The agitdator was started up he reaction m xture was
heated to 63&Dla comalrung cempwraially evalwl@sahmllaies st erastant ash,Gulfar) 2 (i .

2. 135 nol es) m xture (50/50 by weight) of formc acid and
acetic aci d r@“’a‘%’z@ﬂ‘s {Fﬁglsr eaction nedi um underwent further heating to

120 C at which tenperature the reactor was placed under a nitrogen

at nosphere, then heated up to 165 C and then the nitrogen introduction was
st opped. it has been found that LEDLs of the instant invention may be prepared such

that they contain very low suifur. Very low sulfur is defined to mean about
0.05 wt. % to about 0.3 wt. % sulfur. Surprisingly, very low sulfur LEDLs
prepared according to the instant invention provide superior corrosion

protection when used in an internal combustion engine.

In a further embodiment, the LEDL is produced by blending a mixture of the
above components. The LEDL produced by that method might have a slightly
different composition than the initial mixture, becauée the components may
interact. The components can be blended in any order and can be blended

as combinations of components.
EXAMPLES

The invention will be further illustrated by following examples, which set forth
- particutarly advantageous method embodiments. While the Examples are

provided to illustrate the present invention, they are not intended to limit it.
EXAMPLE 1

PREPARATION OF THE UNSULFURIZED, CARBOXYLATE-CONTAINING
HYDROXY-AROMATIC SURFACTANT-BASED DETERGENT-DISPERSANT
ADDITIVE
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Distillation of water conmenced at this tenperature. The tenperature was

I ncreased to 240 C and the pressure was reduced gradually bel ow

at nospheric until an absolute pressure of 5,000 Pa (50 nbars) was

obt ai ned. The reaction m xture was kept for five hours under the preceding
conditions. The reaction mxture was allowed to cool to 180 C, then the
vacuum was broken under a nitrogen atnosphere and a sanple was taken for
anal ysis. -37 The total quantity of distillate obtai ned was about 120 cnB ;
deni xi ng t ookn infeaoediate produtiowas prepesed @édordig toctheproaedure. gi®n in

361 ter adtSdaB te HOoEpl hosaid Bocehts BakpBRbBH e avangi ng of

the reactor wth carbon dioxide (CQ2) was conmenced and continued for.ten
m nutes. The anmount of CO2 used in this step was in the order of 20 grans.
After the Aenpdieyialization been rai sed to 200 C. the autoclave was cl osed,
| eaving a very small |eak, and the introduction of CO2 was conti nued so
as.to mmintain a pressure of 3.5x105 Pa (3.5 bars) for 5 hours at 2000 C

The anount Ath&kge d)frBFBJQiuﬁBdamﬁédld@dbbﬂpﬁéﬁ@lr(DﬁP)ﬁihmglﬁﬁ'noiééﬂIQF t he
aut ocl ave had been_cool ed t pressure was restored to

at nospher i c "BA%S 95370-r(é80? 31"' W?Sl MBBQ ng‘éfdlﬂﬂaf rikylnhesgthaving @ot al )
f . T
o oduct ”was "TRSSaRF s GlatbLeSH0 [ A% L REGUEH s BllcRly i & 1ok BkeEE,, ™

gal | on reactliter giasls resztort abovervelsiel wasrmheamasmaﬁbcavgramoﬂacﬁonaﬂng

i nt er medi at e produ was then subjected to the additional step of
distillatio R IBRINGHE Melal fepaEitionof fara yersys arfho alkyiphabel was
product fromthe 6000 gallon batch

DDP: 89% para and 5.5% ortho
Linear alkylphenol: 39% para and 53% ortho.

The agitator was started up and the reaction mixture was heated fo 65°C, at
which temperature 158 grams of slaked lime Ca(OH). (i.e. 2.135 moles) and
19 g of a mixture (50/50 by weight) of formic acid and acetic acid were added.

The reaction medium underwent further heating to 120° C at which
temperature the reactor was placed under a nitrogen atmosphere, then
heated up to 165° C and then the nitrogen introduction was stopped.

Distillation of water commenced at this temperature.

The temperature was increased to 240° C and the pressure was reduced
gradually below atmospheric until an absolute pressure of 5,000 Pa (50

mbars) was obtained.
The reaction mixture was kept for five hours under the preceding conditions.

The reaction mixture was allowed to cool to 180° C, then the vacuum was

broken under a nitrogen atmosphere and a sample was taken for analysis.
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were as follows: TBN 116 ng KOH/ gm Calcium4.1 wt% Salicylic Acid Index
(SAI') 40 ng KOH/ gm -38 SAI is a neasure of the quantity of alkylsalicylate
formed in the detergent- dispersant. It was determ ned by acidification of
the product by a strong acid (hydrochloric acid) in the presence of

di ethyl ether, followed by a potentionetric titration on the organic

fraction (t t.i.trati,on agent).
20t 1 on (9360 Bl STTRAYAE QRUHER S AR HRFRSS B RbbEn. o
Nurber uni t placE.in Bhetowergttiase: (68ven3 nsiag wedént e product was fed at arate
of 70 kg/hr to a wiped film evaporator (V\FE) whi ch had a surface area of
0.39 n2. The WFE had an internal condenser and entrai nnment separator al ong
with a hot gil jacksixyiatlee hot oil tenperature in the jacket was about
250C. The pressuﬂ%‘n—t he WE was 1.3 nbar. The feed tenperature to

t he WFE was 135C. Fi naI product tenperature exiting the WE was 222C. The
pr oduct Was.- ooI Ies 0C before diluti with 100N base oil.
Appr oxi mat el aér?gfﬁﬂe;gf @%@af‘%é&eﬂ@ﬁ@%dﬁﬁf %@C%UPI% ed as
distillate. hgﬁgdngmbcpf distillate collected may vary from 10% up to

about 55% by weight of the feed to the WFE. Dependi ng upon the | evel of
distillation, enough organic diluent is then added to the distilled

d bl ' i1V, h f feed
T uct ou” M s PorRYRRRA L vk BE ot he sBetl St S OB RS AY ! r
added t o t heorihidnicet ethdrécilimtiedifor RhdAMUtEs. ITNE afouf BREI dvindpRs tY

I ncreases. Analytical results for the distilled product were as foll ows:
TBN174 g K&EPd¥as in the order of 20 grams.

After the temperature had been raised to 200° C, the autoclave was closed,
leaving a very small leak, and the introduction of CO»was continued so as.to
maintain a pressure of 3.5%x10° Pa (3.5 bars) for 5 hours at 200° C. The
amount of CO, introduced was in the order of 50 grams. After the autoclave
had been cooled o 165° C, the pressure was restored to atmospheric and the
reactor was then purged with nitrogen.

A total quantity of 1,912 grams of product was recovered prior to filtration.
The product was then filtered.

The above procedure was scaled up to a 6000 gallon reactor and used to
prepare the intermediate product. The intermediate product was then
subjected to the additional step of distillation outlined below.

Analytical results for the intermediate product from the 6000 gallon batch
were as follows:

TBN 116 mg KOH/gm

Calcium 4.1 wt%

Salicylic Acid Index (SAl 40 mg KOH/gm
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Ca6.09 wt% Salicylic Acid Index (SAl)58 Viscosity at 100C705 cSt O |
Content (by mass balance)21.5 % -39 It is well known in the art that
salicylate structures are thermally unstable. As the distilled materi al
had a conparable Salicylic Acid Index to calciumratio as the feedstock,
no deconposition of the salicylate structure occurred even though the feed

d it al At ' ; | 44 curred as
the roo! denci i & MbaYifiebr ihd bRy o Aoy AR 1oRAEA IR db@fode
appear ance whspersantr ltwds dbtejrorltime;d py; hlbidiﬁﬁatib? lof tree pmgpat tdajobestltarl:lg ddie
h tarti r n I ni rodu I n e
ﬁggs ?;?in;:t Rﬁ%&rgﬁ@%ﬂg%ﬁw%&y%@%%gﬂ?ggf gpﬁéy?ﬁﬁ‘ﬁri fQi'awsaﬁaX@ essenti al | é zero
i ndi ' tﬂ'@fé‘hm i : | i rrﬁirﬁiﬁ’mca”'e over
nto thes ! ré Yibfion Bﬁqﬁ?gl?gééh \;\%gagij]tg'll f}?gﬁ nb%/‘ﬁgzaés?ﬂc r omat ogr aphy and

into the distillate. The distilleé :
found to chydexideyssssedwsa titratiomagenthcResults areoexpressedineemlivalents

| i near hydr I 9%.10 base aoi.l. EXAMPLE 2 The

pre-disti I>/I 5'?%38?‘?1%#’85@%}‘9&8@%@(%%%%8 &rf“'BIdExanpl e 1 was distilled
under various conditions in the WFE descri bed above. Typical results for
other distillatign conditions are shown in Table 1. 12 WE Conditions: Feed
Rate (kg/ hrx22g8igtilalien e (nbar)1.441.5 Hot G| Tenp (C) 235254 Product
Tenper at ure205222 Exiting Evaporator (C)

The intermediate product was fed at a rate of 70 kg/hr to a wiped film
evaporator (WFE) which had a surface area of 0.39 m_2. The WFE had an
internal condenser and entrainment separator along with a hot oif jacket. The
hot oil temperature in the jacket was about 250°C. The pressure within the
WFE was 1.3 mbar. The feed temperature to the WFE was 135°C. Final
product temperature exiting the WFE was 222°C. The product was cooled to
less than 100°C before dituting with 100N base oil. Approximately 47.5 % (by
weight) of the feed to the WFE was collected as distillate. The amount of
distillate collected may vary from 10% up to about 55% by weight of the feed
to the WFE. Depending upon the level of distillation, enough organic diluent
is then added to the distilled product to give a manageable viscosity. As the
weight percentage of feed collected as distillate increases, the amount of
diluent needed to be added to the distilled product in order to give a

manageable viscosity increases.

Analytical results for the distilled product were as follows:

TBN 174 mg KOH/gm
Ca 6.09 wt%
Salicylic Acid Index (SAl) 58

Viscosity at 100°C 705 ¢St

Oil Content (by mass balance) 21.5 wt%
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Amount of Distillate (wt% 3043, Gl in Final Product (wt%014.5 Product
Anal ytical Results TBN (ng KOH gn) 166174 Ca (Wt % 5. 926.2 SAl (ny

KOH gm 5759 Viscosity @ 100C226575 -40 (cSt) Conpostion of Distillate
Branched Al kyl phenol 7664 (wt % 1527 Li near Al kyl phenol 99 (v % 100N Base G |
(W\t% Table 1. Based on WFE Feed Rate EXAMPLE 3 Exanple | was repeated

except for tipg kel kmﬂm méaéw&ﬁat salic/lae éfﬁl%tmfé. dreIHEMASR @ndtablel As 78 n?
b) The feed rate to the was about™ 135 kg/hr c) The final distilled

product was tbaldﬁtéled\mtﬁnaﬂmd azemparabled@alicylic Acisl Indegde salciyngatieaswi th a
the feed -t anEfESdsol Meidoclud bliPaRKE SuicTRR brilhurd SBAREG Bledl™ ool s
for this prdtoagh theeferd Viad bgyssedTiBMeltiveythiliPtémperdtatay. o 4. 96 Wt %

decomposition occurred as the residence time in the WFE is relatively short.

The distillate appearance was clear and slightly yellow which is comparable to

the appearance of the starting hydrocarbyl phenols introduced in the

neutralization step. The TBN content of the distillate was essentially zero

indicating than none of the feedstock to the distillation step carried over into

the distillate. The distillate was analyzed by gas chromatography and found

to contain approximately 61 % branched hydrocarbyl phenol, 39% linear

hydrocarbyl phenol, and 6% 100N base oil.

EXAMPLE 2
The pre-distillation product prepared according to Example 1 was distilled

under various conditions in the WFE described above. Typical resuits for
other distillation conditions are shown in Table 1.

1 ‘ 2
WFE Conditions:
Feed Rate (kg/tr) 122 86
Pressure (mbar) 1.44 1.5
Hot Oil Temp (°C) 235 254
Product Temperature 205 222
Exiting Evaporator (°C) |
Amount of Distillate (wi%)’ 30 | 43
Oil in Final Product (wt%) 0 14.5
Product Analytical Results
TBN (mg KOH/gm) 166 174
Ca (wt%) 5.92 6.2
SAI (mg KOH/gm) 57 59
Viscosity @ 100°C 226 : 575
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SAl 47 ng KOH/ gm Di al ysis was perforned on about 15 gm of product from
Exanple 3 using a Soxhlet extraction apparatus (pentane solvent) and a

Lat ex menbrane condom for about 24 hours to afford a dialysate fraction
(the material that -41 passes through the nenbrane) and a residue fraction
(the material left in the Ilatex nenbrane bag). The dialysate fraction from
the dialysi$ & cedure was—separgtedTnto—two—Ff+actt+ons—ustrg—s+ea—gel
chromatograpﬁyt? 0.2 - 0.25 gmon tw Silica Gl dartridges - Waters Part
No. 051900) D’om;bosﬁehnﬂ[]@tﬂl@bof hexane to yield Hraction I followed by
reversing t Cgrtrld es and flughing with 12 nml off 80:20 Ethyl Acetate:
Et hanol to 1ffo eEnehediAlkyipbenadr 4ction | s conprilsed of o4 uent oil [ and
Fraction 2 ﬁﬁprl sed of freejal kyl phe{g)l s. The jFraction obt ai ned| from
t he chronmat glgftap i c separation procedure was anal yjzed usi ng%supercrit cal
chr omat ogr aphy Lisea) Alkylpdhenel m n¢ t he ano@nt of brianched al kyl phenol and

| i near al ky MI present. Quantification was per|formed using a
calibration of known m xtufes of branched and |inear al kyl pheno]. %
SA was detefm np@br@gatsgq);ﬁhﬁgy)si $ residue fraction by acidification of}the
product by & _strong acid ( ochloric acid) in thg presence of diethy
ether, followed by a potentionetric titration on the organic fraction
(tetra n-buti ie3mo n| um hydroxi de was used as a titration agent). This

met hod separ ?B ‘and quantifies the alkyl salicylic acid and the renaining
al kyl phenol (non- car boxyl at ed al kyl phenate). Results were expressed in
equi val ent ram of product (Base Number unit). % SA was then
det er m ned byBasedmgn Wﬁg Fespd Bateng equati on: % SA= 100* (Al kyl salicylic

aci d/ (Al kyl phenol-i-Al kylsalicylic acid)) % Ca in the residue was

determ ned by classical X Ray spectronetry. :

EXAMPLE 3

Example 1 was repeated except for the following changes:

a) The WFE had a surface area of 0.78 m®

b) The feed rate to the WFE was about 135 kg/hr

c) The final distilled product was diluted with about 36 wt% 100N
oil to produce a product with a manageable viscosity.
Simifar to Example 1, about 46 % (based on weight) of the feed
to the evaporator was collected as distiliate.

Analytical results for this product are as follows:

TBN 138 mg KOH/gm
Calcium 4.96 wi%
SAl 47 mg KOH/gm

Dialysis was performed on about 15 gm of product from Example 3 using a
Soxhlet extraction apparatus (pentane solvent) and a Latex membrane

condom for about 24 hours to afford a dialysate fraction (the material that
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Dialysis results are as follows: Dialysate 51.1 wt % of starting sanple

wei ght Residue 48.9 w% of starting sanple weight -42 Dial ysate
Conposition: 1.0 w % Dodecyl phenol Linear Al kyl phenol 26.7 wt % 100N Base

G 172.3 wt % Resi due Conposition: 9.3 wt % Cal ci um TBN259 ng KOH gm SAl 78 ny
KOH grn % SA50 The foll owi ng conposition of the product produced in Exanple

3 | cul d f iti f the dial ysa and resj due
Fractione: Tobatota BTian el eBRT uiR AR a seoies raetias s aniegeLIcH Bitei ¢
Ri ng Al kyl sal iatéﬂﬁie%brﬁﬂe%am.% Cal ci um Al kyl phenat e24. 5 wt % PROCEDURES FOR

PERFORMANCE TESTS The fol l owi ng Section describes Performance Test Methods
referred to in these exanples. Corrosion Control (ASTM D6594-01) This is a

at 1350 Thi sTHE SRR B Rl e Yl HEeHRE R Re R IR 0 1o
det er m ne t hefractionsdesiny silica ger cindtnatogiaphy (122 2l (325 gheoh itiveBiliva &et oys of
Cartridges — Waters Part No. 051900) first using 12 mi of hexane to yield
Fraction 1 followed by reversing the Cartridges and flushing with 12 ml of
80:20 Ethyl Acetate: Ethanol to afford Fraction 2. Fraction 1 was comprised
of dituent oil and Fraction 2 was comprised of free alkylphenols.

The Fraction 2 obtained from the chromatographic separation procedure was
analyzed using supercritical chromatography (SFC) to determine the amount
of branched alkylphenol and linear alkylphenol present. Quantification was

- performed using a calibration curve of known mixtures of branched and linear

alkylphenol.

% SA was determined on the dialysis residue fraction by acidification 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 n-butyl
ammonium hydroxide was used as a titration agent). This method separates
and quantifies the alky! salicylic acid and the remaining alkylphenol (non-
carboxylated alkylphenafe). Results were expressed in equivalent mg KOH
per gram of product (Base Number unit). % SA was then determined by uéing

the following equation:
% SA=100*(Alkylsalicylic acid/(Alkylphenol+Alkylsalicylic acid))
% Cain the residue was determined by classical X Ray spectrometry.

Dialysis results are as follows:

Dialysate 91.1 wt % of starting sample weight
Residue 48.9 wt% of starting sample weight
49



| ead and copper commonly used in camfollowers and bearings. Four netal
speci nens of copper, lead, tin, and phosphor bronze are imrersed in a
measured anmount of engine oil. The oil, at an elevated tenperature, is
blowmm wth air for a period of tinme. Wen the test is conpleted, the
copper -43 specinen and the stressed oil are exam ned to detect corrosion

and corrosion,. B,r ofu&;)s, regis ectively. EXAMPLES SHOW NG PERFORVANCE
ADVANTAGES Tﬂ%'a SRIOWPRYOR%ADI es i 11 ustrate performance advant ages

denonstrated by tlﬁkﬁdécglahénﬁf the presgefiysnventi on. EXAMPLE 4 AUTOMOTI VE
PERFORMANCE The | ubrication oil fornulations used in the present exanple
wer e desi gned forlineay AlkylpBénol Di esel26lim%cants (LEDL) intended for use

i n Low Em ssion ] ~Engj.nes and h he ,f ol | ow ng conpositions:
Basel i ne Fornul at H@@iﬁbﬁs%@é C C sul f e% &h, % 0.95 0.95 1.0 1.0 1.0

Residue Composition:

~ Calcium 9.3 wi%
TBN ' 259 mg KOH/gm
SAl 78 mg KOH/gm
% SA 50

The following composition of the product produced in Example 3 was
calculated from the composition of the dialysate and residue fractions:

Total Alkylphenol Content 14.1 wt%
QOil 36.9 wt%
Single Aromatic Ring Alkylsalicylate . 24,5 wi%
Calcium Alkylphenate 24 .5 wt%

PROCEDURES FOR PERFORMANCE TESTS

The following Section describes Performance Test Methods referred to in

these exampies.
Corrosion Control (ASTM D6594-01)

This is a standard test method for evaluation of corrosiveness of diesel
engine oil at 135°C. This test method is used to test diesel engine lubricants
to determine their tendency to corrode various metals, specifically alloys of
lead and copper commonly used in cam followers and bearings. Four metal
specimens of copper, lead, tin, and phosphor bronze are immersed in a
measured amount of engine oil. The oil, at an elevated temperature, is blown
with air for a period of time. When the test is completed, the COpper-
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1.0 Sulfur, %0.10 0.10 0.12 0.12 0-10 0.10 Phosphor us,

%9. 050. 050. 050. 050. 050. 05 Borated D spersant YYY-YYY Non- Bor at ed

Di spersant YYYYYY LOB Ca- Sul f onat eNNYYNN LOB Sal i cyl at eNNNNYY Commerci al |y
Avai |l abl e4. 5N4. 5N4. 5N Sal i cyl ate,, wt % Unsul furi zed Car boxyl at e- N5- ON5. ON5. 0
Cont ai ni ng addi tive prepared accordi ng to -Exanple 1, wt % Secondary

ZnDTPYYYYYY I }%}%ﬁﬁ
Foam | nhi bi t%ﬂwﬁ%aﬁﬁ‘tﬂﬁsﬂ@%%é% ynmer Vi scosl ty%W eén&br ovem
O | 1YYYYYY Baductsi respevtively. HTCBT

EXAMPLES SHOWING PERFORMANCE ADVANTAGES

The following Examples illustrate performance advantages demonstrated by
the LEDLSs of the present invention.

EXAMPLE 4
AUTOMOTIVE PERFORMANCE
The lubrication oil formulations used in the present example were designed

. for Low Emission Diesel Lubricants (LEDL) intended for use in Low Emission
Diesel Engines and had the following compositions:

Baseline Formulation A A B B c C
Sulfated Ash, % 0.95 0.95 1.0 1.0 1.0 1.0
Sulfur, % 0.10 0.10 0.12 0.12 0.10 0.10
Phosphorus, % 0.05 0.05 0.05 0.05 0.05 0.05
Borated Dispersant Y Y Y Y Y Y
Non-Borated Dispersant Y Y Y Y Y Y
LOB Ca-Sulfonate N N Y Y N N
LOB salicylate N N N N Y Y
Commercially Available 4.5 N 4.5 N 4.5 N
Salicylate, wi%
Unsulfurized Carboxylate- N 50 N 5.0 N 5.0
| Gontaining additive prepared
according to
Example 1, wt%
Secondary ZnDTP Y Y Y Y Y Y
Diphenylamine Anti-Oxidant Y Y Y Y Y Y
- [Molybdenum Anti-Oxidant Y Y Y Y Y Y
Foam inhibitor Y Y Y Y Y Y
Olefin Co-polymer Viscosity Y Y Y Y Y Y
Index Improver
Base Oil 1 Y Y Y Y Y Y
Base Oit 2 Y Y Y Y Y Y
HTCBT
Pb, ppm 118 60 140 74 230 108

Three pairs of LEDL formulations, each pair with the same levels of ash,
sulfur and phosphorus, were prepared. For each pair of formulations, an
LEDL containing the unsulfurized, carboxylate-containing hydroxy-aromatic

surfactant-based detergent-dispersant additive employed in the present
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Pb, ppml186014074230108 Three pairs of LEDL fornulations, each pair with the
sane | evels of ash, sulfur and phosphorus, were prepared. For each pair of
formul ations, an LEDL containing the unsul furized, carboxyl ate-containing
hydroxy-aronmatic surfactant-based detergent-di spersant additive enpl oyed
in the present -44 invention was conpared to an LEDL containing a ]
commer ci al lj | | r £ OS] - each case,
t he LEDL oflM‘{ e%;g‘lr\g%éﬁ?m%?hév(gﬁ ?@EE?g‘n?‘gﬁé{f‘ﬁ? éﬁ’ﬁ%ﬁ@é&?@i’é@?g?ﬂe@%%m ai ni ng
addi ti ve disgicyatedfos epaosion performasicen It eath chs@ahé WEDINoEthePrepenisi ngl y,

LV ffur. | | s, t abl.e, perfornmapce was obt ai ned.
ExanpiE & AR e binehR i e R i GaD AP S S RY SUPORRT used i n
th ' i eSS ' L jjcant s
(LEDL) Tt SORHCITH Gomi] poffermanee, SUirisitly. SVt n R alifniSlais oy

fol | owi ng @sepptable padornmancs wpsiobtaine® C D E Sul fated Ash, % 0.54 0. 86
0.47 0.68 0.90

EXAMPLE 5

AUTOMOTIVE PERFORMANCE

The fubrication oil formulations used in the present example were designed
for Low Emission Diesel Lubricants (LEDL) intended for use in Low Emission
Diesel Engines and had the following compositions:

Description A B C D E
Sulfated Ash, % 0.54 0.86 .47 0.68 '0.90
Sulfur, % 0.18 c.18 012 ¢.12 0.12
Phosphorus, % 0.08 6.08 0.05 0.05 0.05
Borated Dispersant Y Y Y Y Y
Non-Borated Dispersant Y Y Y Y Y
Co-Detergent Y Y Y Y Y
Unsulfurized Carboxylate-Containing additive 20 a9 1.9 3.2 4.4
prepared according to Example 1, wt%

Secondary ZnDTP, wit% 1.04 1.04 0.66 0.66 0.66
Diphenylamine Anti-Oxidant Y Y Y Y Y
Phenolic Anti-Oxidant Y Y Y Y Y
Molybdenum Anti-Oxidant Y Y Y Y Y
Corrosion Inhibitor Y Y Y Y Y
Foam Inhibitor Y Y Y Y Y
OCP Vi Y Y Y Y Y
Base Oif 1 Y Y Y Y Y
Base Oil 2 Y Y Y Y Y
HTCBT

Pb, ppm 73 48 62 79 75

For each LEDL, covering a range of su!fuf, phosphorus and ash levels, the
LEDL displayed superior corrosion control performance. Said performance is
not degraded by decreasing the wt. % ZnDTP. Even at very low sulfur levels,
the LEDL of the present invention displayed superior corrosion control

performance.
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Sul fur, %0.18 0.18 0.12 0.12 0.12 Phosphorus, %.080.080.050. 050. 05

Bor at ed Di spersant YYYYY Non-Borat ed D spersant YYYYY Co- Det er gent YYYYY

Unsul furized Carboxyl at e- Cont ai ni ng addi tive2.03.91. 93. 24. 4 prepared
according to Exanple 1, w % Secondary ZnDTP, wt"/*1.041. 040. 660. 660. 66

D phenyl am ne Anti - Oxi dant YYYYY Phenolic Anti-Oxi dant YYYYY Mol ybdenum

Ant i - Oxi dant BXXAIMPEEM osi on | nhi bi t or YYYYY Foam | nhi bi t or YYYYY OCP Vii YYYYY
Base G| 1YYYYY Base oil 2YYYYY HTCBT Pb, ppnv348627975 For each LEDL,

covering a rwmmmiqtqsw@m&m@uepdnaéénteve' s, the LEDL displayed
(0]

superior corrosion contr performance. Said performance is not degraded

oy dect easi ng 3 indtar A corfifiBa Hith BNl Qind toliflonepte! s, the LEDL of

the present rinvention displaye uperior  corrosi per f or mance.

from 1 wt. % fo 4 wt. % borated dispersant;
from 3 wi. % to 8 wt. % non-borated dispersant;
from 4 to 8 mmol LOB Ca-Sulfonate;
from 0 wt. % to 0.5 wit. % corrosion inhibitor;
from 0.1 wt. % to 0.5 wt. % molybdenum anti-oxidant;
from 0 wt. % to 1 wi. % phenolic anti-oxidant;
from 0.1 wit. % to 1 wt. % aminic anti-oxidant;
| from 0 wt. % to 6 wt. % olefin-copolymer viscosity index improver;
from 0 to 25 ppm foam inhibitor; and
from 1.8 wt. % to 5.5 wt. % unsulfurized carboxylate-containing
hydroxy-aromatic surfactant-based detergent-dispersant,
to produce a LEDL containing 0.02 wt. % phosphorus and 0.06 wt. %

sulfur.

While the present invention has been described' with reference to specific
embodiments, this application is intended fo cover those various changes and
substitutions that may be made by those skilled in the art without departing

from the spirit and scope of the appended- claims.
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-45 EXAMPLE 6 PREPERATI ON OF VERY LOW SULFUR LEDL 3.2 mmol of ZnDTP is
conbined with the follow ng conponents: froml w. %to 4 -w. % borated

di spersant; from3 w. %to 8 w. % non-borated dispersant; from4 to 8
mmol LOB Ca-Sul fonate; fromO w. %to 0.5 w. %corrosion inhibitor; from
0.1 w. %to 0.5 w. % nol ybdenum anti-oxidant; fromO w. %to |l w. %
phenolic- antiepxidapt; fromO0.1 w. %to .1 w. %amnic anti-oxidant;
fromO w. %to 6 wt. %ol efin-copol yner viscosity index inprover; fromO
to 25 ppmfoaminhibitor; and from1.8 w. %to 5.5 w. %unsul furized

car boxyl at e- cpnt ai Qi - LG surfactant-based
det er gent - di gﬁer sa !dwtegn%ﬁé@ﬁeg%!ﬁ'@&&cﬁ?%?% '%CWBESW: % phosphor us
and 0.06 wt. % sulfur. While the present invention has been described with

reference to specific enbodinents, this application is intended to cover
t hose various changes ahiajaaBeyntafishrse ahef kiicalingvigeosity; t hose skil | ed

in the art w thout de ' : L] f 4 ended.
claims. CLAIMS: 1. A Fgéwﬁg%&{agﬂﬁgﬁgggﬁg#éﬁ?% a%%?%%@ﬂ'#‘g%sgﬁﬁpri si ng:
a maj or armount of a basmlditive ednthiniig leas tham 40 94.0%i free hydrovdmykphensinat | G

surfactant - based detergent-di spersant - additive containing | ess than 40 wt.
% free hydrocarbyl pherfbfiSPEESaREA sant: and a wear inhi bitor,

a wear inhibitor,
wherein said composition contains:
from about 0 wt. % to about 1.2 wt. % ash;
from about 0.1 wt. % to about 0.5 wt. % sulfur; and

from about 0.02 wt. % to about 0.1 wt. % phosphorus.

2. The low emission diesel lubricant composition of Claim 1 wherein said
composition further comprises a corrosion inhibitor.

3. The low emission diesel lubricant composition of Claim 2 wherein said
additive is unsulfurized.

4. The iow emission diesel lubricant composition of Claim 3 wherein éaid

additive is a carboxylate-containing additive.

5. The low emission diesel lubricant composition of Claim 4 wherein said
additive further comprises:

(a) - from 10 to 50% alkaline earth metal hydrocarbyl phenate;

(b) from 15 to 60% alkaline earth metal single-aromatic-ring

hydrocarbyl salicylate; and
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wherein said conposition -contains: fromabout O wt. %to about 1.2 wt. %
ash; fromabout 0.1 wt. %to about 0.5 wt. % sulfur; and from about 0.02
w. %to about 0.1 wt. % phosphorus. 2. The | ow em ssion diesel |ubricant
conposition of Claiml wherein sedd conposition further conprises a
corrosion inhibitor. 3. The | ow em ssion diesel |ubricant conposition of

Claim2 wherein said @?di t frogh 0% 10'B0% ioigamie diludnt. The | ow eni ssion di esel
| ubricant conposition of Claim3 wherein said additive is a

car boxyl ate-containing additive. 5. The | ow em ssion diesel |ubricant

conposition gf O | | A f e e rom
10 To 50% al fal | nEngidh $AT5FoR diBhal 1Bt ol e GBS Phgrein gy,

al kal i ne earth neasbdutsiBowe- 8% ¢oraibout 5.5 avt. 9% dsfossd dmpadilicty lcahsistand - 47
(c) fromO0%to 50%.0rganic diluent. 6. The | ow em ssion diesel |ubricant
conposi tion of C $RIFhAIAMYErein from about 1.8 wt. %to about 5.5 wt. % of
sai d conposition consists of said additive. 7. The | ow em ssion di esel

| ubri cant conposition of Claim®6 wherein: said dispersant is a borated

di spersant; and The towemissiohidiededubricant carhpbsition bf Gltivse adiceeinB. The | ow
em ssion diesel lubricant conposition of Claim7 wherein said conposition
contains: fromabout 1.0 wt. %to about 4.0 wt. % of said borated

di spersant; from abouts4ld ispersdAtis aaRfated\didpdisanftafll sai d wear inhibitor;
said wear inhibitor is a metal dithiophosphate.

8. The low emission diesel lubricant composition of Claim 7 wherein said
composition contains:

from about 1.0 wt. % to about 4.0 wt. % of said borated
dispersant;

from about 0.2 wt. % to about 1.1 wt. % of said wear inhibitor:
and

from about 0 wt. % to about 0.5 wt. % of said corrosion inhibitor.
9. The low emission diesef lubricant composition of Claim 8 wherein:

said dispersant is a succinimide;
said wear inhibitor is zinc dithiophosphate; and

said corrosion inhibitor is a neutralized terephthalic acid.

10.  The low emission diesel lubricant composition of Claim 9 further
comprising:

from about 3.0 wt. % to about 8.0 wt. % non-borated dispersant;
from about 0.6 wt. % to about 1.4 wt. % calcium-sulfonate;
from about 0.1 wt. % to about 0.5 wt. % molybdenum anti-

oxidant;
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and fromabout O wt. %to about 0.5 W. %of said corrosion inhibitor. 9.
The | ow em ssion diesel lubricant conposition of Caim8 wherein: said

di spersant is a succinimde; said wear inhibitor is zinc dithiophosphate;
and said corrosion inhibitor is a neutralized terephthalic acid. 10. The
| ow em ssion diesel |ubricant conposition of Claim9 further conprising:

fromabout 3.0 wt. % t frombabdut® Wt % to howtt.DavtatephensiRedripokidant, r om about
0.6 wt. %to about 1.4 wt. %cal ciumsulfonate; fromabout 0.1 wt. %to

about 0.5 wt. % nol ybd&RTHRAMO.T Wi edn@bouth 8.0 wh % aBaDic antipxidept o about
1.0 wt. % phenolic ant;rb%%gb;m % %'3}???-38%‘5%“@383/%% %g‘“t_ 1.Owm. %

am ni ¢ anti -oxi dant; rom ut 0w | sper sant
ol efin- copol yner; andcoépalymehamd O to about 25 ppmfoaminhibitor. 11. A

| ow em ssion diesel |upricagnt conpositjion copprising: a mjor anmount of a
base oi|l of |ubricati nﬁo(ﬂ %&gﬁttg;a OHEkgtﬂ’PHk a&w‘r’afgi Q- surfact ant - based
det ergent -di spersant additive containing less than 40 wt. % free
hydrocar byl phenol; a dispersant; and a wear inhibitor, wherein said
conposi ti on ¢bnt afdew anaigsion ligsel lubrisant serapositiore semprisingd. 3 wt. % sul fur;
.and less than 0.08 wt. % phosphorus.

a major amount of a base oil of lubricating viscosity;

a hydroxy-aromatic surfactant-based detergent-dispersant

additive containing less than 40 wt. % free hydrocarbyl phenol;

a dispersant; and

a wear inhibitor,
wherein said composition contains:
less than 1.0 wt. % ash;
less than 0.3 wt. % sulfur; and

less than 0.08 wt. % phosphorus.

12.  The low emission diesel lubricant composition of Claim 11 wherein

said composition further comprises a corrosion inhibitor.

13.  The low emission diesel lubricant composition of Claim 12 wherein
said additive is unsulfurized.

14.  The low emission diesel lubricant composition of Claim 13 wherein

said additive is a carboxylate-containing additive.

15.  The low emission diesel lubricant composition of Claim 14 wherein

said additive further comprises:

(@)  from 10 to 50% alkaline earth metal hydrocarbyl phenate;
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12. The | ow em ssion diesel lubricant conposition -of Caim1l1ll wherein said
conposition further conprises a corrosion inhibitor. 13. The | ow em ssion
di esel lubricant conposition of Caim1l2 wherein said additive is

unsul furized. 14. The | ow emni ssion diesel |ubricant conposition of Caim13
wherein said additive is a carboxyl ate-containing additive. 15. The | ow
em ssion diesel lubricant conposition of Claim14 wherein said additive
further conprises: (a) from10 to 50% al kal i ne earth nmetal hydrocar byl
phenate; -49 (b) from(kb t HosvdbaliokBd%erakalina partbtmetal isingle~-asomatic-riogr i ng

hydrocar byl salicylate; and f 9 .R0% organic diluent. 16. The

I gw em ssiyon di esel lubrica &aezogﬁt@g}s?ﬁ(ﬁétgf g%{ai m 15 wherein from about
1.8 wt. %to about 5.5 wt. % of said conposition consists of said
additive. 17. The |ow em ssion diesel |ubricant conposition of Claim16
wherein: said di spersaf®) i sfremBvetot0Giatganissiiienhnd said wear inhibitor
Is a nmetal dithiophosphate. 18. The | ow em ssion diesel |ubricant
conposition of Claim17 wherein said conposition contains: fromabout 1.0

w. %to abod6. 4. Thet loweniissian ddibseclalubricant spmpsosition Hf QriADAB whereimt . %
to about 1.1 wt. %of said wear jnhibitor, and fromabout O wt. % to about
0.5 wt. % of sai dTo8 ABRulchBiWh el aboutinb win pbsaid mosapasition eargists of

| ubricant conposi thgaditifd @l m 18 wherein: said dispersant is a

succi ni m de;

17.  The low emission diesel lubricant composition of Claim 16 wherein:

said dispersant is a borated dispersant; and

said wear inhibitor is a metal dithiophosphate.

18. The low emission diesel lubricant composition of Claim 17 wherein
said composition contains:

from about 1.0 wt. % to about 4.0.wt. % of said borated
dispersant;

from about 0.2 wt. % to about 1.1 wt. % of said wear inhibitor;
and

from about 0 wi. % to about 0.5 wt. % of said corrosion inhibitor.

19.  The low emission diesel lubricant composition of Claim 18 wherein:
said dispersant is a succinimide;
said wear inhibitor is zinc dithiophosphate; and

said corrosion inhibitor is a neutralized terephthalic acid.

20.  The low emission diesel lubricant composition of Claim 19 further

comprising:
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said wear inhibitor is zinc dithiophosphate; and said corrosion inhibitor

Is a neutralized terephthalic acid. 20. The | ow em ssion diesel |ubricant
conposition of Claim19 further conprising: -50 fromabout 3.0 wt. %to
about 8.0 wt. % non-borated dispersant; fromabout 0.6 w. %to about 1.4
wt. %cal ciumsul fonate; fromabout 0.1 wt. %to about 0.5 wt. % nol ybdenum

anti- oxidant; from abfgin ébouts G/cw!t C%Stbcaﬂouis(b Wi %%oﬁtlﬁﬂatéd?d@ﬁéﬂsaﬁw dant ;

from about O. 1 w. %to about 1. . %amnic anti-oxidant; from about O

W. %to about 6.0 wt. romonly:fsélos@wt %I terabeut d dpwt. Phsalciumdsufepateabout 0 to
bout 25 f h |
22 M o oo b1 ) 2o Sob pIE SR I 38

viscosity; a-hydroxy- asxidaht surfact ant - based det er gent - di sper sant
additive containing | ess ”119 % free hydrocar byI phenol; a
di spersant; and a wearTPHA L{th Vd’lg? abeuishP avtc dnpnialicantcdddanths: from

about 0.4 wt. %to ab%mja%‘_wg yz(qa%qo bbam%b/&ggﬁﬁlcvgntlo}i&lﬁ tabout 0.3

wt. % sulfur, and from abou %to ab osphor us.

22. The | ow eni ssion dremeabdulBriic ¥hto abogtd:) wtot dlfspé]tsantmtéﬁnmher ein said
conposition further co r| ses a corrosion inhibitor. 23. The | ow em ssion
di esel |ubricant conpcRONMRCHANE ai m 22 wherein said additive is

unsul furi zed. from about 0 to about 25 ppm foam inhibitor.
21.  Alow emission diesel lubricant composition comprising:

a major amount of a base oil of lubricating viscosity;

a hydroxy-aromatic surfactant-based detergent-dispersant
additive containing less than 40 wt. % free hydrocarbyl phenot;
a dispersant; and

a wear inhibitor,

wherein said composition contains:
from about 0.4 wt. % to about 1.0 wt. % ash:
from about 0.05 wi. % to about 0.3 wt. % suifur: and

- from about 0.02 wt. % to about 0.08 wt. % phosphorus.

22.  Thelow emission diesel lubricant composition of Claim 21 wherein

said composition further comprises a corrosion inhibitor.

23.  The low emission diesel lubricant composition of Claim 22 wherein
said additive is unsulfurized.

24.  The low emission diesel lubricant composition of Claim 23 wherein

said additive is a carboxylate-containing additive.
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24. The | ow em ssion diesel lubricant conposition of Caim23 wherein said
additive is a carboxyl ate-containing additive. -51 25. The | ow em ssi on

di esel lubricant conposition of Caim24 wherein said additive further
conprises: (a) from 10 to 50% al kali ne earth netal hydrocarbyl phenate; (b)
from1l5 to 60% al kaline earth netal single--aromatic-ring hydrocarbyl

salicylate; ap8l (CcThélowreRfisdion dRfeplubridhft 6brhp6sition 8P CIAIRE24 WNefdihsSi on
di esel lubricant conposition of Claim25 wherein fromabout 1.8 wt. %to

about 5.5 wt: % of S¥diaddityefugher eampases:sts of said additive. 27. The |ow
em ssion diesel lubricant conposition of Caim26 wherein: said dispersant
Is a borated dispersant; and said wear inhibitor is a netal

di t hi ophosphate. 28. Thia)l ovremi Hsto00%i atlsling edrth awmdl @byl phergite,Cl ai m
27 wherein said conposition contains: fromabout 1.0 wt. %to about 4.0
wt. %of said borated dispersant; fromabout 0.2 wt. %to about 1.1 w. %

of sai d wear | nhi bi 0T ) anc 018 @i Gidline Yerh R SRS Aol Gfn 2 ¢

corrosion inhibitor. 29.°The Tow em ssion ese cant~ composi ti on of
d ai m 28 wherein: said di spdighotarbyl selieyiete;rdand de; said wear inhibitor is
zi nc dithiophosphate; and said corrosion inhibitor is a neutralized
terephthalic acid. -52 30. The | ow em ssion diesel |ubricant conposition

of Caim29 further (c) from 0% to 50% organic diluent.

26,  The low emission diesel lubricant composition of Claim 25 wherein
from about 1.8 wi. % to about 5.5 wt. % of said composition consists of
said additive.

27.  The low emission diesel lubricant composition of Claim 26 wherein:

said dispersant is a borated dispersant; and
said wear inhibitor is a metal dithiophosphate.

28. The low emission diesel lubricant composition of Claim 27 wherein
said composition contains:

from about 1.0 wt. % to about 4.0 wt. % of said borated
dispersant;

from about 0.2 wt. % to about 1.1 wt. % of said wear inhibitor;
and

from about 0 wt. % to about 0.5 wt. % of said corrosion inhibitor.

29.  The low emission diesel lubricant composition of Claim 28 wherein:

said dispersant is a succinimide;
said wear inhibitor is zinc dithioghosphate; and
said corrosion inhibitor is a neutralized terephthalic acid.
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conprising: fromabout 3.0 wt. %to about 8.0 wt. % non-borated dispersant;
fromabout 0.6 wt. %to about 1.4 wt. %cal ciumsul fonate; from about 0.1
w. %to about 0.5 wt. % nol ybdenum anti- oxidant; fromabout 0 wt. %to
about 1.0 wt. % phenolic anti-oxidant; fromabout 0.1 wt. %to about 1.0
Ww. %amnic anti-oxidant; fromabout O wt. %to about 6.0 wt. %

di spersant ol efin- copolyner; and fromabout .0 to about 25 ppm foam
inhibitor. 31. -A |ow em ssjon-diesel |ubri cant conposi tion conprising: a
maj or anount3Vef 3 hedew eynission diessliluhiicant compesitipnof Glainy @9 dugherr ormat i
surf act ant - basedcﬂ t di spersant additive containing | ess than 40 w.
% free hydrocar by dﬁ{an a dispersant; and a wear inhibitor, wherein
sai d conposition contai ns: from about 0.4 wt. %to about 1.0 wt. % ash;
from about 0.05 w. %to apout 8 % sul fur; and from about 0.02 w.
%to about 0.08 wt. odiORd3pALLS; Wts% topalou Befvd Yoo bekated Kispereaiit

conposi tion conpri si n%n@amm Ge}ﬂozn@iét}%orlﬂ 1?‘%3&_ %5'.1?18[]".] #’j'\lﬁ ing

viscosity; a dispersant; a wear I'Ve corrosion
i nhi biting anmount of fronuaboltfuf iveteth tocabvdard Xy% at.Yoanolydidenom aﬂﬂii tive
prepared by a method cor;r]prkm ng: (a) neutralization of hydrocarbyl phenols
usi ng an al kal i ne ear @ :

from about 0 wt. % to about 1.0 wt. % phenolic anti-oxidant;
from about 0.1 wt. % to about 1.0 wt. % aminic anti-oxidant:

. from about 0 wt. % to about 6.0 wt. % dispersant olefin-
copolymer; and

from about 0 to about 25 ppm foam inhibitor.
31. Alow emission diesel lubricant composition comprising:

a major amount of a base oil of lubricating viscosity;

a hydroxy-aromatic surfactant-based detergent-dispersant
additive containing less than 40 wt. % free hydrocarbyl phenal;
a dispersant; and _ -

a wear inhibitor,
wherein said composition contains:

from about 0.4 wt. % to about 1.0 wt. % ash;
from about 0.05 wt. % to about 0.15 wt. % sulfur; and
from about 0.02 wt. % to about 0.08 wt. % phosphorus.

32.  Alow emission diesel lubricant composition comprising:

a méjor amount of a base oil of lubricating viscosity;
a dispersant;

a wear inhibitor; and
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base in the presence of a pronoter, to produce a hydrocarbyl phenate; (b)
car boxyl ati on of the hydrocarbyl phenate obtained in step (a) using carbon
di oxi de under carboxyl ation conditions sufficient to convert at |east 20
nol e% of the starting hydrocarbyl phenols to hydrocarbyl salicylate; and
(c) separation of at |east about 10% of the starting hydrocarbyl phenols
fromthe product produced in step (b) to produce said additive, wherein

sai d conposition contai L f ut .0 . %to.about 1.2 wt.,K %ash; from
about O.rnl) Ww. %to a%ﬁ&?éﬁt.'\fé wfg%jﬁee}?'?'ﬁw,"%ﬁﬁf’“’#ro ﬁPéHl?Hﬁ“BZ.?Pz (\)Nt %to
about 0.1 wt. 9% phosphdionslatesdonibiviing addrive préPareditise mdthdd coé@prising:

conposition of claim32, wherein said hydrocarbyl salicylate conprises
singl e-aromatic-ring hydrocarbyl salicylate and doubl e-aromatic-ring

hydr ocar byl sali cyl L0 r.aid LN Jc-ring
hydr ocar byl salicyl Z{ag }Ag?%’gtégllzé?g%rognng Ioggﬁyﬁgﬂ%r;@%g%g@o%ﬁ 8@"4‘%??5 eis
at least 8:1. 34. The | ovbass inthempreserssl ofl aiprancstet, to pnpdisde &4 on of cl ai m 32
or claim33, wherein, in said separation step, at |east about 30% of the
starting hydrocar byl phg%ﬁgcﬁ" VE% afed from the product produced in
step (b) to produce said additive. -54 35. The | ow em ssion diesel

| ubricant conposition of claim32 or claim33, wherein, in said separation
step, up to 55% of t{i stearbpxyatignipbiherydrocahyhphenadte obtaisedirestepr om t he

B 55t on'di esel | ubr ; cant CISRIRUHBA pad L BSirbpXiataiy padiions™
sufficient to convert at least 20 mole% of the starting

hydrocarbyl phenols to hydrocarbyl salicylate; and

(c)  separation of at least about 10% of the starting hydrocarbyl
phenols from the product produced in step (b) to produce
said additive,

wherein said composition contains:

from about 0 wt. % to about 1.2 wi. % ash;
from about 0.1 wt. % to about 0.5 wt. % sulfur; and
from about 0.02 wt. % to about 0.1 wt. % phosphorus.

33. The low emission diesel lubricant composition of claim 32, wherein said
hydrocarbyl salicylate comprises single-aromatic-ring hydrocarbyl
salicylate and double-aromatic-ring hydrocarbyl salicylate wherein the
mole ratio of single aromatic-ring hydrocarbyl salicylate to double-

aromatic-ring hydrocarbyl salicylate is at least 8:1.

34.  The low emission diesel lubricant composition of claim 32 or claim 33,
wherein, in said separation step, at least about 30% of the starting
hydrocarbyl phenols is separated from the product produced in step (b) to
produce said additive.
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wherein, in said separation step, about 45%to about 50% of the starting
hydr ocar byl phenols is separated fromthe product produced in step (b) to
produce said additive. 37. The | ow em ssion diesel |ubricant conposition of
any one of clainms 32 to 36, wherein, in said separation step, said
starting hydrocarbyl phenols are renoved by distillation. 38. The | ow

em ssion diesel lubricant conposition of claim 37, wherein said
distillation is acconplished via falling filmdistillation, wped film
evaporator distillation, or short path distillation. 39. The | ow eni ssion

di esel |ulbyg Ca“Fhé@ﬂp&'ﬁisfsid?f‘d%fseﬁhﬁh(?%rrﬁ%on’ﬂﬂf‘sﬁt?dd“oﬁélbﬂl 3%%&&5@33 on is

carried out at tenperatures ranging om about 150C to about 0C and at
pressures fromviirein, 0 saidsepbeationstepanp ta65%Tbkthestartingdwidovcatbgs el

| ubri f i.still d
e o B BB SRR R LU0, e
from about 0.5 d=26d additive3 mbar. 41. The | ow emi ssion diesel |ubricant

conposition of claim38, wherein said distillation is carried out at
tenperatures rangi ng fromabout 195C to about 225C, and at a pressure of

about 1 t Geab0ut, 21, HDEh; |o$f’d§§el Iggﬁ({érﬂv&&)ﬁﬂﬁﬁ&f‘o%lgﬁb lﬂl?:!éiﬁ‘lagg

conposnt|on "of any one o erein an e ect1ve Viscosity
i mprovi ng anoumherélmnrgamd(sethakatmnstep alaoiateth % do abodt 80 dfithe stating The | ow

em ssi on diesel | ubri conposi tion aof any, one of clajns 32to
Wherei nr i n- saiCHRErP A RNEREIDR SSPagateq diora dneiPrabict AILRERaR SitRitPon i s
carried out in drhgudd 8si@MRItRle. at | east one-carboxylic acid containing

fromone to four carbon atons, and in the absence of al kali base,
di al cohol, and nonoal cohol ; and (b) said neutralization operation is

carried Olg'/ at ﬁ]e B eer%%tsyornedlgseﬁubncant composition of any one of claims 32 to
36, wherein, in said separation step, said starting hydrocarbyl phenols are
removed by distillation.

38. The low emission diesel lubricant composition of claim 37, wherein said
distillation is accomplished via falling film distillation, wiped film evaporator
distiliation, or short path distillation.

39. The low emission diesel lubricant composition of claim 38, wherein said
distillation is carried out at temperatures ranging from about 150°C to
about 250°C and at pressures from about 0.1 to about 4 mbar.

40. The low emission diesel lubricant composition of claim 38, wherein said
distillation is carried out at temperatures ranging from about 190°C to
about 230°C and at pressures from about 0.5 to about 3 mbar.

41.  The low emission diesel lubricant composition of claim 38, wherein said

distillation is carried out at temperatures ranging from about 195°C to

about 225°C, and at a pressure of about 1 to about 2 mbar.
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| east 200C, (c) the pressure is reduced gradually bel ow at nospheric in
order to renove the water of reaction, in the absence of any sol vent that
may form an azeotrope with water; (d) said hydrocarbyl phenols contain up
to 85% of |inear hydrocarbyl phenol in mxture with at |east 15% of
branched hydrocarbyl phenol in which the branched hydrocarbyl radical
contains at |least nine carbon atons; and (e) the quantities of reagents

pase hydr oLy byThalRamigiondiesel {Brigant comagiiqrs! el Bk of Flais 52 (o
aci d/ hydrocar by41 Rigeérein a4 effe@iteviSdosktylitpPoving amothit df orgHific HRWE SSi on

di esel |ubricant conposition of any oné mp clains 32 to 43 wherein said
conposi tion furadggad id iaddilive. corrosion inhibitor. 45. The | ow eni ssion
di esel lubricant conposition of claim44 wherein from about 1.8 wt. %to
about 5.5 Wt % of said lubricant consists of said additive. 46. The | ow

eni ssi on dd&sel Thellow eatidsicwareel lubficast cophgositictbofdsy hé of 8Rirds d2gper sant
is a borated dispersant; and said wear inhibitor is a netal

di t hi ophosphat e}2.4vherejk in sajdapuiialization &gl | ubri cant conposition of claim
46 wherein said conposition contains: fromabout 1.0 wt. %to about 4.0 wt
% of said borated dispersant; fromabout 0.2 wt. %to about 1.1 wt. % of
said wear inhibitor; and fromabout O wt. %to about 0.5 wt. % of said

corrosion inhi biahor .said neutralization operation is carried out in the presence of at
least one carboxylic acid containing 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;

(c)  the pressure is reduced gradually below atmospheric in order to
remove the water of reaction, in the absence of any solvent that

may form an azeotrope with water,

(d)  said hydrocarbyl phenols contain up to 85% of linear hydrocarbyl
phenol in mixture with at least 15% of branched hydrocarbyl phenol
in which the branched hydrocarbyl radical contains at least nine

carbon atoms; and

(e) the quantities of reagents used correspond to the following molar

ratios:
(1)  alkaline earth base/hydrocarbyl phenol of 0.2:1 to 0.7:1; and

(2)  carboxylic acid/hydrocarbyl phenol of from 0.01:1 to 0.5:1.
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48. The | ow em ssion diesel |ubricant conposition of claim47 wherein: said
di spersant is a succinimde; said wear inhibitor is zinc dithiophosphate;
and said corrosion inhibitor is a neutralized terephthalic acid. 49. The

| ow emi ssion diesel |ubricant conposition of claim48 further conprising:
-57 fromabout 3.0 . %to about 8.0 w. % non-borated dispersant; from
about 0.6 wt. %to about 1.4 wt. %cal ciumsulfonate; fromabout 0.1 wt. %
to about 0.5 wt. % nol ybdenum anti-oxidant; fromabout 0 wt. %to about
1.0 wt. % phenolic anti-oxidant; fromabout 0.1 wt. %to about 1.0 wt. %
amnic anti-oxidant; fromabout O wt. %to about 6.0 wt. % di spersant

ol efi n- copgl.yTeThe R offisdiorR ARG RiLkiBafRHhpdSiGPBT £AAGHG BiLRihes2 180. A
| ow em ssi on di ese ubricant conposition conprising:” a nmajor anount of a
base oil of | ub43 ehereig saidscanposition futherpenyerises acewasion intilbitdror ; and an
effective corrosion inhibiting anount of an unsul furized

car boxyl ate-containing additive prepared by a nethod conprising: (a)

neutral i zaig.on Phe LRSI HidReRBFisalStdEpEditicn KREIBMS 483itdteirPRem 1 n the
presence of a pronoter, to produce a h)/drocarbyl phenate; (b
(1)

car boxyl ati on oAbaud.idr Gctarabaut SHewhleobsridilukitanh censipts(af)saidisi ng car bon
di oxi de under c CF | ati on conditions sufficient to convert at |east 20
nol e% of the starting hydrocarbyl phenols to hydrocarbyl salicylate; and

46. The low emission diesel lubricant composition of claim 45 wherein:

said dispersant is a borated dispersant; and

said wear inhibitor is a metal dithiophosphate.

47.  The low emission diesel lubricant composition of claim 46 wherein said

composition contains:

from about 1.0 wt. % to about 4.0 wt % of said borated dispersant;
from about 0.2 wt. % to about 1.1 wi. % of said wear inhibitor;
and

from about 0 wt. % to about 0.5 wt. % of said corrosion inhibitor.
48. The low emission diesel lubricant composition of claim 47 wherein:

said dispersant is a succinimide;

said wear inhibitor is zinc dithiophosphate; and

said corrosion inhibitor is a neutralized terephthalic acid.

49.  The low emission diesel lubricant composition of claim 48 further

comprising:

-57-



(c) separation of at |east about 10% of the starting hydrocarbyl phenols
fromthe product produced in step (b) to produce said additive, wherein
said conposition contains: -58 less than 1.0 wt. %ash; less than 0.3 wt_ %
sul fur; and less than 0.08 w. % phosphorus. 51. The | ow em ssion diesel

| ubricant conposition of claimb50 wherein said conposition further
conprises a corrosion inhibitor. 52. The | ow em' ssion diesel |ubricant

conposi tion of clai 50 or im3 € 1.8 Ww. %¢to about
S5t ot sai d | dmEDRLt hat 3 to BBPUER Bavt, Sanorperasy sk,

eni ssion di esel Iubrfrcﬁﬂ@bogpnm 9% @5 aBbu¥ VAN, BhickinMslforpllel 0 52
wherein: said dispersant is a borated dispersant; and salid wear inhibitor

is a netal dithi ophdsphabeut 84, wire to shoehd. Saitofib moésémeﬂuobﬁhtb@mdant
f cl d
Combosi 11 on cont a, naroth AURERE i ISREARut A Bk NP BRI . i o

conposition contaln roma OUt

bor at ed di spersant; frdm@lhib&boutwﬂ%w\faboﬁﬁombwbnﬂnl& a\r’vtlvoﬁ(dal'ft sai d wear

i nhibitor; and fro abéﬁ)om oo to about o W. said corrosion

i nhi bitor. 55. The sEP - o os@oyt M@a/ﬂdlﬁwﬁeaﬁ ¢letiprcgpolymarm 54
wherein: said di sper t is a succinimde; said wear inhibitor is zinc

di t hi ophosphate; and said corrosion inhibitor is a neutralized terephthalic
acid. 56. The | ow erfrasiabouti)dsabolitds ppamfoacoimhdisiicri on of cl ai m 55 furt her
conpri si ng:

50. A low emission diesel lubricant composition comprising:

a major amount of a base oil of lubricating viscosity;

a dispersant;

a wear inhibitor; and

an effective corrosion inhibiting amount of an unsulfurized

carboxylate-containing additive prepared by a method comprising:

(a)  neutralization of hydrocarbyl phenols using an alkaline earth
base in the presence of a promoter, to produce a

hydrocarbyl phenate;

(b)  carboxylation of the hydrocarbyl phenate obtained in step (a)
using carbon dioxide under carboxylation conditions
sufficient to convert at least 20 mole% of the starting
hydrocarbyl phenols to hydrocarbyl salicylate; and

(¢}  separation of at least about 10% of the starting hydrocarbyl
phenols from the product produced in step (b) to produce
said additive,

wherein said composition contains:
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-59 fromabout 3.0 . %to about 8.0 w. % non-borated dispersant; from
about 0.6 wt. %to about 1.4 wt. %cal ciumsulfonate; fromabout 0.1 wt. %
to about 0.5 wt. % nol ybdenum anti- oxidant; fromabout 0 wt. %to about
1.0 wt. % phenolic anti-oxidant; fromabout 0.1 wt. %to about 1.0 wt. %
amnic anti-oxidant; fromabout O wt. %to about 6.0 wt. % di spersant

ol efi n-copol yner; and from about 0 to about 25 ppmfoaminhibitor. 57. A

| ow emi ssion diesel |ubriggdih0RFH, b4 @8h.cONPri sing: a major anount of a
base oil of lubricating viscosity; a dispersant; a wear inhibitor; and an
ef fective corrosion inhidess H@m&;ﬁuﬁt Yosulfur;, and lggsithan 6408 wt. %

car boxyl at e- cont ai ni ng ag)ﬁ“[?t PK IH‘Esrepar ed by a nethod conprising: (a)
neutralization of hydroc >§‘ § nol s using an al kaline earth base in the
presence of a pronoter, to produce a hydrocarbyl phenate; (b)

car boxyl ati on of the hydrocarbyl phenate obtained in step (a)using carbon

di oxi de urmHer ceeWerRldsRih diesel IhbAdEnt MpdsHGf dIQing 80 Vidremisdig¢ast 20
mol e% of the starting hydrocarbyl phenols to hydrocarbyl salicylate; and

(c) separ at i on c@mpasiticseitirthgh eampriges af carrasien mhibiieg. hydr ocar byl  phenol s
fromthe product produced in step (b) to produce said additive, -60
52.  The low emission diesel lubricant composition of claim 50 or claim 51
wherein from about 1.8 wt. % to about 5.5 wt. % of said lubricant consists

of said additive.

53. The low emission diesel lubricant composition of any one of claims 50 to
52 wherein:

said dispersant is a borated dispersant; and

said wear inhibitor is a metal dithiophosphate.

54. The low emission diesel lubricant composition of claim 53 when

dependent on claim 51, wherein said composition contains:

from about 1.0 wt. % to about 4.0 wt. % of said borated dispersant;
from about 0.2 wt. % to about 1.1 wt. % of said wear inhibitor; and

from about 0 wt. % to about 0.5 wt. % of said corrosion inhibitor.
55.  The low emission diesel lubricant composition of claim 54 wherein:

said dispersant is a succinimide;
said wear inhibitor is zinc dithiophosphate; and

said corrosion inhibitor is a neutralized terephthalic acid.

56. The low emission diesel lubricant composition of claim 55 further

comprising:
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" fromabout 0.1 w.

wherein said conposition contains: fromabout 0.4 wt. %to about 1.0 wt. %
ash; fromabout 0.05 wt. %to about 0.3 wt. % sulfur; and from about 0.02
w. %to about 0.08 wt. % phosphorus. 58. The | ow em ssion diesel |ubricant
conposition of claim57 wherein said conposition further conprises a
corrosion inhibitor. 59. The | ow em ssion diesel |ubricant conposition of
claimb58 wherein from about 1.8 wt. %to about 5.5 wt. % of said |ubricant

consi sts of said itive. 60. T | oy em.ssi on, di esel | upricant
conposition of cl ai (rjﬁ'j ‘%‘Pé‘? g rs])git %ngé&%pouf@nab% @ﬁpﬂsgﬁbr sant ;
and_ said wear i nhi bidlatioht . €Wt 3% tdiabbLPRORR R LRI f-sulBRaleew em ssi on
di esel |ubricant conposition of claim®60 whereln sal conposi tion

contai ns: from aboutfram@bgut 09% wb %to@boat 0.5mvt. %omadlylsdeniinb antit ed

di spersant; fromabrﬁq(i%rQZWt %to about 1.1 wt. % of said wear
inhibitor; and fro 80ut Ow. %to about 0.5 wt. % of said corrosion

i nhibitor. 62. The |feyineiboss0an. %&ﬁéboutubolvﬁa% p&iaiRdritL &adamt; ¢l ai m 61
wherein: said dispersant is a succininde; wear inhibitor is zinc

di t hi ophosphat e: andT@BiaposbPrlowt.Sh to sbpst ﬂ&rvvt b amigigianitoxidant; er epht hal i ¢
id. -61 63. The | 4 5 62
?ﬁlrt her conpri s?ng%rﬁo@n@zﬁ% fﬁ%&&%?gﬁg&ﬁ?ﬂg&%h&%ﬁ% 0(9% @Hé?at ed

di spersant; from aland 0 6 vvt %to about 1.4 wt. % cal ci um sul fonat e;
% t % nol. ybd anti- oxidant;
ﬁom a % to a%oWE 25 ppm{‘ dam ?n umt | X!

o7. A low emission diesel lubricant composition comprising:

a major amount of a base oil of lubricating viscosity;

a dispersant;

a wear inhibitor; and

an effective corrosion inhibiting amount of an unsulfurized
carboxylate-containing additive prepared by a method comprising:

(a)  neutralization of hydrocarbyl phenols using an alkaline earth
base in the presence of a promoter, to produce a

hydrocarbyl phenate;

(b)  carboxylation of the hydrocarbyl phenate obtained in step
(a)using carbon dioxide under carboxylation conditions
sufficient to convert at least 20 mole% of the starting
hydrocarbyl phenols to hydrocarbyl salicylate; and

(c)  separation of at least about 10% of the starting hydrocarbyl

phenols from the product produced in step (b) to produce
said additive,
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fromabout 0O wt. %to about 1.0 wt. % phenolic anti-oxidant; from about
0.1 wt. %to about 1.0 wt. % amnic anti-oxidant; fromabout O wt. %to
about 6.0 w. % di spersant ol efin- copolynmer; and from about 0 to about 25
ppm foam i nhi bitor. 64. A low em ssion diesel |ubricant conposition
conprising: a major anount of a base oil of lubricating viscosity; a

di spersant; a wear inhibitor; and an effective corrosion inhibiting anount

of an unsul furl\m@é}ewpgé,g%ﬁ@jsqmpﬁmmgng addi tive prepared by a nethod
conprising: (a) neutralization of hydrocarbyl phenols using an al kaline

earth base in the presence of a pronoter, to produce a hydrocar byl
phenate; (b) carboxylati n of ,th gydrg r byl nat g ohtained in step (a)
usi ng carbon di oxide un @P@QPH@( |%?P %ﬂ%p{]ﬁdﬁs /"sﬁ?%'l cient to convert
at |east 20 nol e% of thefmrabbugoUﬁdmoe/atcbmbom@swsvamﬁydamar byl
salicylate; and (c) separation of at ast about 10% of the starti ng

hydr ocar byl phenol s frorﬂocnh@bﬁk'b@iggtw‘p%tﬂj@’é@ﬁl010§1V‘ép‘yf(w)0%0ﬂﬂ$3duce sai d

additive, -62 wherein said conposition contains: fromabout 0.4 wt. %to
about 1.0 w. % ash; fromabout 0.05. wt. %to about 0.15 wt. % sul fur; and
from about58). 02w lowemissidrodiesél 10Brivdnt canmpfusstiorosfudaim 57 wherein said

composition further comprises a corrosion inhibitor.

59. The low emission diesel lubricant composition of claim 58 wherein from
about 1.8 wi. % to about 5.5 wt. % of said lubricant consists of said

additive.
60. The low emission diesel lubricant composition of claim 59 wherein:

said dispersant is a borated dispersant; and

said wear inhibitor is a metal dithiophosphate.

61. The low emission diesel lubricant composition of claim 60 wherein said

composition contains:

from about 1.0 wt. % to about 4.0 wt. % of said borated dispersant;
from about 0.2 wt. % to about 1.1 wt. % of said wear inhibitor; and

from about 0 wt. % to about 0.5 wt. % of said corrosion inhibitor.
62. The low emission diesel lubricant compaosition of claim 61 wherein:
said dispersant is a succinimide;

said wear inhibitor is zinc dithiophosphate; and

said corrosion inhibitor is a neutralized terephthalic acid.
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63. The low emission diesel lubricant composition of claim 62 further

comprising:

from about 3.0 wt. % to about 8.0 wt. % non-borated dispersant;
from about 0.6 wt. % to about 1.4 wt. % calcium-sulfonate;

from about 0.1 wt. % to about 0.5 wt. % molybdenum anti-
oxidant;

from about O wt. % to about 1.0 wt. % phenolic anti-oxidant;
from about 0.1 wt. % to about 1.0 wt. % aminic anti-oxidant;
from about 0 wt. % to about 6.0 wt. % dispersant olefin-
copolymer; and

from about 0 to about 25 ppm foam inhibitor.

64. A low emission diesel lubricant composition comprising:

a major amount of a base oil of lubricating viscosity;

a dispersant;

a wear inhibitor; and

an effective corrosion inhibiting amount of an unsulfurized
carboxylate-containing additive prepared by a method

comprising:

(a)  neutralization of hydrocarbyl phenols using an alkaline earth base in

the presence of a promoter, to produce a hydrocarbyl phenate;

(b)  carboxylation of the hydrocarbyl phenate obtained in step {a) using
carbon dioxide under carboxylation conditions sufficient to convert
at least 20 mole% of the starting hydrocarbyl phenols to hydrocarbyi

salicylate; and

(c) separation of at least about 10% of the starting hydrocarby! phenols
from the product produced in step {b) to produce said additive,
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wherein said composition contains:
from about 0.4 wt. % to about 1.0 wt. % ash;

from about 0.05. wt. % to about 0.15 wt. % sulfur; and
from about 0.02 wt. % to about 0.08 wt. % phosphorus.
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