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 |ubricants for |ow
em ssion di esel engines equi pped W th exhaust gas after-treatnment 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. r re the durability of these after-treatnent
systens, | ubri LQH? ﬁ{%b@%ﬁkw%ﬁ@“ﬁa\w'?‘%wa@vgﬂ/(F@RBQS@N ash,
sul fur, and phosphorus. Ash, sulfurp @3@@ orus are present in many
conventional lubricant additives suc as ergents and -

zi nc-di t hi ophosphates. To nmeet the requirenent of naxinum ash, sulfur and
phosphorus | evels, the | ow em | ubri cant ("LEDL") of the
present invention has been devéFepedly g iMbENddd¥onent s  and conponent
conbi nati ons. Known LEDLs, which rreet the requi rerrent of maxi mum ash,

sul fur and hosphorus | evel s, have been unable to neet m ni num corrosi on
protection quramfémn\santiiﬁhe'eiam loEtEhgiaddijbrloaats‘fmrmWetﬁlmiodel bed in

t hi i ti . t nt d
bor  or mance. PHonBRshGbpeASuli oD bl iR Talnante rsa that i ot shed o |
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finished oil u5| ng this fornulation may or nay ontaln a viscosity
nodi fier, podtistposare kﬂ@b’ﬂé@mensﬁw tarfyelwnéhjbaddntbdmtittmitmbln otder

BACKGROUND T e hay, tof ore been efforfs to reduce

t he anbunt o Aﬁ% W‘Tgﬁmqgjl ﬁgﬁsﬁgafﬁqﬁ q?g gﬂ’ﬁt‘é‘)ﬁ@ iubricap %,

J 511 181463 be@tlevelopas tiat Featurd w Fé?@lsatbﬂbﬁsh( Ui, and pHSSHhdtus. Ash,
sulfur and phosphorus are present in many conventional lubricant additives

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

‘Known LEDLs, which meet the requirement of maximum ash, suifur 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

S

) areas. The formulation can be used in a finished oil blended- with Group 1, 2,
| 3,0r4 base_z stocks or combinations thereof. The ﬁnished oil using this
forr_nulation'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

iubricating 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
-




of primary zinc dithiophosphoric acid, (b) 1.2-4 mass % of al kaline earth
netal -1 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 nmass % of one or nore sul fur conpounds, and (f)
a base oil that has less than 0.1 w-%sulfur. In order to further reduce

th | tent in lubricati L j T , -sul fur | t ai ni
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wel |l known in the art. .3, 1 ai S preparin
det er gent 7-9p<r B@Es %a6fiphe e snoressidtir compolunds; ard (Blalyaseheihtitabhasf hi gh

basicity al | rt.h,netals. These additives are prepared by
k&l i 63 S

sul furization OI‘P] an-a ol , neutralization of the sulfurized

al kyl phenol wth an al kaline earth nmetal base, then super- al kalization by
carbonation of the alkaline earth metal base dispersed in the sulfurized
al kyl phenat!B orgerciedirihar eastuce the suifar centspt indubricating g sompeditionses based
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t hen sul f ursuifat contafing hd ml-su!ﬁmo@hl@ihiagIhgﬁg(?]cﬁarlaw;’lﬂie?emgfl 3\3{3 It hof ug}‘ lli ; I in

the presenge of |jme, a carboxylic acid an

et her of a&Wf%?ébQFWBw?tesﬁﬁéYﬁ!WW@mth&@T-i cation 2,625,220 discl oses
superal kal i zed detergent- dispersant additives based on al kyl phenates and
al kyl salicylates. These additives are prepared by neutralization of an
ahkyl phenolU.gi Pat.dhvo.23,086,97d disclosds prepakingaisteigent Hispersadnrekiitiesan aci d

R N A I ST R
These additives are prepared by sulfurization of an alkylphenol, neutralization
-of the sulfurized alkylphenol with an alkaline earth metal base, 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

o carboxylic acid and an alkylene glyco! or alkyl ether of élkylene glycol.

French patent application 2,625,220 discloses superalkalized detergent-
dispersant additives based on atkylphenates 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, distillation of the
solvent, carboxylation, sulfurization and superalkalization by sulfur and an
alkaline earth metal base in the presence of glycol and 'soivent, 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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al kaline earth netal base in the presence of glycol and solvent, followed
by carbonation and filtration. US Patent No. 5,808, 145 di scl oses a process
that is able to inprove substantially the performance of

al kyl phenate/ al kyl salicylate additives, -2 particularly in the tests
relating to foam ng, conpatibility and dispersion ina newoil, and in the

. ? stabidi g . . . .
et ral i zat P outatty WL ESIEAMA® Romli SoBleBiB YRy AGT P SO Maar  and
branched al hgwmlicand i the tebts of stabiligtonards Iairblsel i Thisprésesgar boxyl ation
by the action of. carbon dioxide of the al kylphenate, followed by

sul f uri zat | SAMPHSRF BeiEalizatien with-alkaline earthmelalbasgtaf enmbdue of lingar on,

filtration . ; : ot . > e Dot
o, | 003391 72 BrdHeARE U bnedbISid the MR Ao & Lo P pbli? babRdiion o2t o
det er gent - dby ther activn cfddirbow djoxiderpf thei aligylpherite  follewell byl duurinsticrar t h

netal salts | kyl ate/al kyl sal j cyl ate), and,  unreacted al kyl phenol . This
addi tive i @%§@G%§&@%an@eﬂr' b?'%/"i't&‘,- distiflation, ditration, and degigssing
control, ang 4% ack sludge control. U S. Patent Nos. 6,162,770 and 6, 262, 001

teach an unsulfurized, alkali netal-free, detergent-di spersant conposition
having from 40%to 60% al kyl phenol, from 10%to 40% al kal i ne earth

al kyl phenatg, d fyom 20%;to.. 4Q0% al kal i ne ingl e-aromatic-ring

al kyl sal i Cﬁ%&o@?agf@?%n W@OF%bﬁﬁ%ﬂb&Pn@%ig’éﬂ%ﬁ@ conposi tion

may have anymiuializae el MetaiRl IR riptiigta a5 | ong as

the nole ratio of singl e-rieng zf?(?/tiégal i c;/élbéeﬁ-ééé}?(?@ggﬁ)ﬁ?gbm%a Ic-ring

{allgkyl sal i cynbdwreiof alfaline sartremetal Baits (alkyphensatelatkylsalicytadepardiuced by t he

oS ggutﬁ{rgﬁgagﬂ'ygg(%? 9 THACHIAIRVS FRbro08s Shtidkidntpropertes, Rgh o' atton
temperature deposit control, and black siudge control.

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—ar_omatic-ﬁng alkylsalicylate is at least 8:1. This

) composition may be produced by the three-step process involving
neutralization of alkylphenols, carboxylation of the resuiting alkylphenate, and
filtration of the product of the darboxylation 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 LEDL of the current invention is a low sulfur,

ash, and phosphorus lubricant with superior corrosion performance.



filtration of the product of the carboxylation step.. The

det ergent - di spersant produced by the nethod can be used in an engi ne

| ubricating conposition to inprove antioxidant properties, high
tenperature deposit control, and black sludge control. It is desirable to

find a low sul fur, ash andSUMMARY OF THEINSENTM® N superior corrosion
performance. The LEDL of the current invention 1s a |ow sulfur, ash, and
phosphorus | ubricant with superior corrosion perfornmance. -3 SUWARY OF THE
| NVENTI ONPis@bs tueeith ihameival 108 emissnadiededWibsighigsbon di esel | ubricant, or
LEDL, conprising low |evels of ash, sulfur find phosphorus. Preferably,

sai d LEBERL seoraprisingrewdevels siflashy saléut archphoyptidtie: efarhBiy) gaid

hyd - ' f -b d - di ddi | Si
2t or ST bl iR PhowBied, Siiioiarcaeianng hussmuy-oromatocar byl
sal i cyl alseMagnmhtdascAaBhAHIPeShnt AdRGs BdniHRF ATk Rhgnol s. Al o

di scl osed herein are. additive packages, hed. oi |

conposi t Einecartr mataksalisdhydrnardigphematé/bydidaarbylisalieylatedsarid®asai d LEDL

i n which i rocarbyl salicylate can be primrily
si ngl.e- arr%‘?}ua |dc?'?$6ﬂ'8?H§HPg%%C§%%Y§'£%9 ."°F£ a preferred enbodi ment,
di scl osegisbaisziozsed hiefeim anciddithBlpackages| soritgntiates Add fihishéd 8flcompositions

car boxyl at e- cont ai ni ng hydroxy-aronmatic surfactant-based
det er genfORIPSENG et samai Nost preferably: itcelates taoshid LFDE dhwhintisaidv e

ohanat of Ty oM iRy Fot Be phfie b T R R Y.

hydrocar byl phenols, as well as additive packages, concentrates and
fini shedl oi | conpositions conprising the same. Specifically, said
pr ef er r e 2 RIRISEEARERROdinaen; disclpspdereinlis a cowliEDNg sai d unsul furi zed,

C"_ir boxyl @fprising an dnsulfun‘zed, carboxylate-containing hydroxy-aromatic
" surfactant-based detergent-dispersant additive for lubricating oils, which
additive comprises a mixture of alkaline earth metal salts (hyd}ocarbyl ‘
phenate/hydrocarby! salicylate) and a reduced amount of unreacted
hydrocarbyl phenols, as well as additive packages, concentrates and finished
oil compositions comprising the same. Specifically, said preferred

oy )

embodiment relates to an LEDL comprising said unsulfurized, carboxylate-
containing additive containing said mixture in which said hydrocarbyl
salicylate can be primarily single-aromatic-ring hydrocarby! salicylate. This additive
-can improve antioxidant properties, high temperature deposit control, BN
retention, corrosion control and black sludge control in lubricating oils. This

Also disclosed herein, in part, are methods of preparing and using said
novel LEDL. |

In one aspect, there is provided a low emission diesel composition comprising: a major amount
of az 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, wherein said composition contains: 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
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contai ning additive containing said mxture in which said hydrocar byl
salicylate can be primarily single-aromatic-ring hydrocarbyl salicylate.
This additive can inprove antioxidant properties, high tenperature deposit
control, BN retention, corrosion control and bl ack sl udge control in

| ubri cati ng oils, This Al so disclosed herein, in part, are nethods of

pr epary-#g Wang taépﬁg%m’a%phﬂ%ﬁr@w%m In one aspect, there is provided a

| 1(‘)W| eghmer dispa| thee i prividedra Io@rgMiisSibn giesal [[]Brjldz\]l?t aﬁmpkﬁﬁltllooro(ﬁorﬁpm @i
0 ubricating viscosit roxy -.aromatic surfactant
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%) frasterdggdt-disparbant; aduithel contaiting 26 siadnt 40 &t.\We friee hiytdoiclrblyDphensiher dibpersanitd
conposi tion con rom . % to about 1. o, as 0
ooy rdd LRSI RBLE wnereT b SoibRosiin oot R aN abgid 4 %S BpuRout. % and
from edefrom-aontOﬁs\wt %to about 0.1 wt. 9% phosphorus. In another aspect,
there is provided a oow em ssion diesel |ubricant conposition conprising: a
maj or ‘@t AROW0.4 Waesuiyr. andifiase abatit R W bstorabout .0 wtoly - ar omat i
surfacqrm%) gd detergent-dispersant; additive containing-less than 40

. re rocar byl phenol; a dispersant; and a wear inhibitor, wherein

sai d dmypnmcttrnerraspem thiersis providedad v efisdiontdiedi tubriedmiebmboSitioh . % ash;
%t o fur fronLabout 0.02 wt. %

f W, t 0.. ..
t o abatt s D8 e ior e B hec o ol ncifg ngr oS v ST BREHI oy ol e &
| ow emba‘actent—hbmeietérghmdiwwsmamawiré bcﬁrrtamrngn@gs 8hNgo vA. PEfe anmount of a

base ric t| n VI S [ OX aro rfact ant - based
oot or Dttty Bharkid dhef et id A parfiniioe berdi pag sofpostion 2GhaiNs:

hydr otsmshtipan ploemoPs am ¢bssplsairsaetwt amshlﬁlrvmmrle$mﬁhab|0ta&wt whph@iphosal d
conposi tion contains:

In still another aspect, there is provided a :
low emission diesel lubricant compaosition comprising: a major amount of a base oil of

lubricating viscosity ; a hydroxy-aromatic surfactant-based detergent-d'iépersant aaﬁjtive
containing less than 40 wt. % free hydrocarbyl phenol; 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. %

suifur; and from about 0.02 wt. % to about 0.08 wt. % phosphorus,

" In one embodiment, the LEDL also comprises a corrosion inhibitor. Ina
preferred embodiment, the hydroxy-aromatic surfactant-based detergent-
dispersant additive is'unsulfurized. Preferably, said additive is a carboxylate-
containing addiﬁve. More preferably, said additive comprises from 10 to 50%
alkaline earth metal hydrocarbyl phenate; from 15 to 60% alkaline earth metal
single-aromatic-ring hydrocarbyi salicylate; and from 0% to 50% organic
diluent.

- dn a preferred embodiment, the LEDL comprises a major amdunt of a base oil

' ()f!ubricating viscosity and from about 0 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, carboxyla_te-containing. hydroxy-aromatic, surfactant-based,
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less than 1.0 wt. % ash; less than 0.3 wt. %sulfur; and |l ess than 0.08 w.
% phosphorus. In still another aspect, there is provided a | ow em ssion

di esel lubricant conposition conprising: a major anmount of a base oil of

| ubricating viscosity ; a hydroxy-aromatic surfactant-based

detergent-di spersant additive containing less than 40 . % free

hydr ocar b%J & and .a wear inhibitor, wherein said

per sant
conmposi ti on c@gﬂgdﬁfeﬁqfﬁrﬂdrgﬁﬁ’&c%"ﬂnwg (‘ﬂ)ﬂQﬁ%ﬂb@Ut“Oﬂ:@yﬂimCam:dsh from
about 0. 0phehol;{bj foaPRIto § . %to
about 0. Og) w . zﬁ)b) phosphor USO%?\%%%/%gﬁﬂ 'ﬁi&rran'eﬁ?&}g?ﬁ'éb%ll_g ngfes C)C’ZBQIBH ses a
corrosi on 1orRI A fﬁ’cﬂlkahlnﬁ @I’tfpﬁmftﬁrmlmgieearbnmnﬁ&mg hﬁd’r@e@ﬁtﬂd 8XlyRitemat i c
surfact ant;; B ?ﬁ,o Q? ﬁ)e@ di Sg:rcii additive is'unsul furized.
Preferably, % Porgap @b‘?ﬁ‘ -ate- containing additive. Mre
preferably, sal d additive conprises from10 to 50% al kaline earth netal

hydr ocar b{{{TﬁBhenat e; from1l5 to 60% al kal i ne earth netal
si ngl e- ar pther iempadjment ety LEBA fuctheatempaisds friopmaBut 0,050/ kgani c

di | uent. el ErRL § he L rises a major anmount of a
base oi | é'gﬁ‘)éltl'tﬂjbrl ca} ﬁaaet%g]iorgﬁ?én an ?Eﬂ‘\"a(ﬁgwt B i abopi blawods 1.2 wt.
% ash; frb’ﬁﬁnxﬁnbutor()aﬁd\fmm %obat aauY, © Sht- ud, f m t 0.02 wt.
%to abou%]r? %fwt %g gsphorus and from atg)ogu/?ﬁl%égv&mé@q (I(j)Jrut 5.5 wt.
% of an LG PFelerain, said disparsantds agmcainimnids; Slayﬂweaynﬂnhntmtls ginc
surfactant-based, -5 det ergent -di spersant additive conprising: (a) |ess

t han 40% hydrocarbyl phenol; (b) from 10 to 50% al kal i ne earth net al

hydr ocar byl phenate; (c) from 15 to 60% al kali ne earth netal

singl e-aromatic-ring hydrocarbyl salicylate; and (d) from0%to 50%
organic diluent. In another enbodi nent, said LEDL further conprises from
about 1.0 wt. %to
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about 4.0 wt. % borated dispersant; fromabout 0.2 wt. %to about 1.1 wt. %
wear inhibitor; and fromabout O wt. %to about 0.5 wt. % corrosion
inhibitor. More preferably, said dispersant is a succinimde; said wear
inhibitor is zinc -5a dithiophosphate; and said corrosion inhibitor is a
neutralized terephthalic acid. Most preferably, said LEDL al so conprises

from about : . 9% non-=bor at ed..di spersant: . fraom about
0l & Op SbRoiHaspliatd HROHId Spltosin n MR 108 BL G RISed Berehitaic 201 o
about 0.5 Wostprefdrablyesaih lEDL alaxtomptised from about 390 W %@ bRt 814 ’ 1.0

wt. % phengliig anti-oxidant; from_ about 0.1 wt. %to about 1.0 wt.
ani ni ¢ ant ?’YtOX/‘? Bgﬂ“ttfor?ttegré}%%l??"@ figm abipkh0.6awb %6 te abowt 1.46ndi Yper sant

ol ef i n- cODleUi'iﬂh;stﬂWHa]Eé; T8RNt B, \&t.aﬁ%tab%%t Oﬁm.i‘%amgiyg)h. O S Bnti-

Preferably, the LEDL of the present sclosure w n

sul f ur - conP¥idantdrerstatiagd frwt. % o abeuthifowt. %8 Phenblie AAKLHGINNEFSMRL i C
sur factant - nt additive conprises fromO to 35%

et er gent - di. spe .
free hydr ogg’rgggﬁ"‘gﬁérél 0 abpﬂggiﬁ'ﬁ{;oz%ﬁi(ba?%%@%ﬁrfmlﬁm%&hwbﬂ: tohenol ;
mor e pref eabbliy6irwme 3 ﬁﬂﬁé}r | t_,preferably
fromO to 15%free_hy)gf‘és§)aerr%§?f)&%ﬁtg?.g e’g?‘ég@)’gggof_’figﬁaﬂ%ﬁﬁ
advant ageoHBFny%hﬂml@Bbra maj or anmount of a base oil of |ubricating
viscosity and fromabout 0.4 wt. %to about 1.0 wt. % ash; from about 0.2
w. %to about 0.4 wt. %sulfur; fromabout 0.04 w. %to about 0.08 wt. %
phosphorus; and from about 2.7 wt. %to about 5.5 w. %of an unsul furized
car boxyl at Reefesablyi the kDL the Rresers finciosurgywill captainera sulturganiginischygeiesent: by |
phenol ; (b)-from 10 to 50% al kaline earth netal hydrocarbyl phenate; (c)
from1l5 to 60% al kaline earth netal single-aromatic- ring hydrocar byl
salicylate; and (d) from0%to 50% arganic diluent. Said .

In one 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 préi‘erably from 0 to

20% free hydrocarbyl phenol; most preferably from 0 to 15% free hydrocarbyl
phenol. '

The disclosed LEDL 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. % sulfur; from about 0.04
~wt. % to about 0.08 wt. % phosphorus; and from about 2.7 wt. % to about 5.5
wt. % of an unsulfurized carboxylate-containing additive comprising: (a) less
than 40% hydrocarbyl 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 wt. % 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

4__ 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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LEDL may further conprise fromabout 1.0 wt. %to about 4.0 wt. % borated
di spersant; and fromabout 0 wt. %to about 0.5 w. % corrosion inhibitor.
Most preferably, said LEDL al so conprises fromabout 3.0 wt. %to about 8.0
wt. % non-borated dispersant; fromabout 0.6 wt: %to about 1.4 wt. %

cal ciumsul fonate; fromabout 0.2 wt. %to about 1.1 wt. % zinc

di t hi ophospfpfi & na oy 0t0.about 0,5 wt. % nol ybdenum anti -
oxi dant; from agbLM'O/c'\?mB%ugg?%ﬁ%u% ﬁmﬁ"%nﬁwmﬁ"@ ahautQowt.dake; from
-6 about 0.abowt 6.0t SeadispirsanOoletin-cUpdré aRbtttorR™d ol out 0 wt.
%to about 6.? wt.. 9% di spersant ol efi n!s’qopc')la‘f)18 fl;?rﬂfr?gﬁppgﬁw%b%%?go to .
about 25 PHBPMW Q?O{Hw'?'ﬂfhlt%t%r@fernbéf,éhggugfur cordentiof said ¢EDIey frofn srhid LEDL
is from abe wtOyltoMpotg Pwibgut 0.3 w. % In another aspect, there is
provi ded a | ow em ssion diesel “Tubricant composition conprising: a ngjor

anount of a base oil of lubricating viscosity; a dispersant; a wear
inhibitor; and an effective corrosjon inhibiting anpunt of an unsul furized
car boxyl atéﬂ%‘ﬁﬁ | FTPRGE 5| RFRVIgR &P KMeamispion digsehblrienisemppsition ( a)
neut r al i zatbmprigihg:hydr ocar byl phenol s using an al kaline earth base in the
presence of a pronoter, to produce a-hydrocarbyl phenate; (b) carboxylation

of the hydrocar byd majenameunbbdia bese ioll aftl@tiridating vissdodgycar bon di oxi de under
carboxyl ation conditions . sufficient to convert at |east 20 nol e% of the

starting hydrocdt B§PeHMfol s to hydrocarbyl salicylate; and
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,

wherein said composition contains:

less than 1.0 wt. % ash;
less than 0.3 wt. % su_lfur; and less than 0.08 wt. %
“phosphorus..



(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: less than 1.0 wt. %ash; less than 0.3 wt. %
sul fur; and |l ess than 0.08 wt. % phosphorus. 7, In yet another aspect,

there is prowvi I ) ssi.on di esel, | ubricant conposition conprising a
naj or armum)y%t:‘ja %gtr%zrigg%&?’%%r? 5 25 1d8§ﬁ' Ry SHistfipye! librigpatygmpasiions wear
i nhi bi t or; compdsiag aghgjecti ve corrosion inhibiting amount of an unsul furized

boxyl at e- i ni diti d.by . hod i si ng:
noutral i >aciBfoed ke Ay lintkalbeR ¥ sttt alonhreaitt advemt kWS | A t he
presence ofand M effetave C6ﬁo£6ﬁq¥wﬁitﬁ1§ ém%g?af & gnlgér]]ﬁﬂ‘gz%egibc:%%owgqtﬁg car bon

car boxyl ati on of the hydrocarbyl phefiate obtal ne
di oxi de un@entapuih@ddilivg i on conditions sufficient to convert at |least 20

() ©eepar sbropARi 68 miHb8 SanrsiRarB) e Biedian sthvarataf BRENOBenol s
fromthe pusiran pliedeerivbade H)piBeRbOBraHraRlcloR S b os a"her €1 1

sai d conposition contains: from about %8 ash; from

about 0.1 Wydrogarbylathanates (b) aerboxytafionuef, tharydiecarbalgshendte Gbtalned iflb t 0
i ssi on ob SRR BN dicled HndBR SRt gonditions sviigsite of a base
oi | of | ubcomatrt agledss 20 mélg% 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 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.

In yet another aspect, there is provided a low emission diesel lubricant compositioﬁ
cbmprising: |
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
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a dispersant; a wear inhibitor; and an effective corrosion inhibiting
anmount of an unsul furized carboxylate-containing additive prepared by a
met hod 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) carboxylation of the hydrocarbyl phenate obtained

in step (a)using Q' bogeﬁé%ﬂgg%f%qg%s%aﬂyqﬁyf% %%W%hgﬁ@cawﬁi ci ent

to convert at |east ‘20 nD the starting roca s to

hydr ocar byl salicyl at e; phedols feorqadhe pepduet produodd it stepa®) talpooduc0% of t he
starting hydrocarbyl phenols fromthe product produced in step (b) to
produce said additive, SW‘E'H"%ai d conmposition contains: from about 0.4
w. %to about 1.0 wt. % ash; fromabout 0.05 wt. %to about 0.3 wt. %

sul fur; and t . %t o about 0.08 wt. % phosphorus. In still
anot her aspec”{'lﬁé)@'ig%diC?W%%ﬁ‘%ﬁoﬂtq’%% em ssion di esel conposition
conprising: a major anmobunt of a base oil of lubricating viscosity; a

di spersant; a wear inhihitor; and an effective corrosion inhibiting anount
of an unsulfurized carfisuryabeutOchwt.dlortorapoaddiQ wi.oastpar ed by a met hod

conpri sing: from about 0.05 wit. % to about 0.3 wt. % sulfur; and
from about 0.02 wt. % to about 0.08 wt. % phosphorus.

In still another aspect, there is provided a low emission diesel 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 unsulfitrized
carboxylate-containing additive prepared by a method

comprising:

Rl

(@)  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,

-7b-



(a) neutralization of hydrocarbyl phenols using an al kaline earth base in
the presence of a pronoter, to produce a hydrocarbyl phenate; (b)
carboxyl ati on of the hydrocarbyl phenate obtained in step (a) using carbon
di oxi de under. car boxyl 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

f r om t heviirefhusaid ovapestbn Bostais:(b) to produce said additive, -7b
wherein said conposition contains: fromabout 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 aboH.tO aB§u%4v%y/h?§BB8[ly?0 ro?faesrhably said pronoter can

conprise of at |east one carboxyl acrd contarning fromone to four

carbon atons, andfree dboaid. 03l wzefifdtoratidmmmma%mﬂﬂ;roahdl n the absence
of al kal i base in the absence of dialcohol, and in the absence of

monoal cohol . The HeDt AEPYLADZ M. %gbapguﬁ‘@oﬁdﬁfe%woéﬁf*%%l ation of the

~ hydrocarbyl phenate produced in the neutralization step; and separation of
the starting hydrocarbyl phenols fromthe product of the carboxylation
step. In_the above described preparation of the unsul furized

car boxy| Beferabliit $gith Pragnotenehnosompiise i et leastuomaartzodylidasie dontaining

and 1 or oA SRETS il @860 olding A% seEhR GRS o8 SR I arT g S ocar byl
phenol s myaummtﬁ alkalEbasd, dh Xhe bibsbAea bf Hbé‘i’éd}fb?rmqj &@%ﬁ i (h«r ely of

branched ﬁ%ﬁrbyl phenol, or a mxture of both
hydr oc ar%% 6l-sThe rﬁ'ﬁéﬁrﬁi'%ﬁiqubSW/@éﬁlowatby carboxylation of the

| hydrocarbyl 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-contéimng
hydroxy-aromatic surfactant-based detergent-dispersant additive, the
hydrocarby! 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 hydrocarbyl phenol, ora

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

-T7c-



| i near hydrocarbyl phenol in mxture with at |east 15% of branched

hydr ocar byl phenol in which the branched hydrocarbyl radical contains at

| east nine carbon atons. Mre preferably, the hydrocarbyl phenols are

al kyi phenol s which contain from35%to 85% of |inear alkylphenol in mxture
with from15%to 65% of branched al kyl phenol. The ratio of branched versus
| i near al kyl phenol is given by weight. Preferably, the |inear hydrocar byl
radi cal contains 12 to 40 carbon atonms, nore preferably from 18 to 30
carbon atliear hydsocarbylpheni dal nfixtdreowithtati leasieté¥ofdrangtiesent , the

rom o to BEoRaByEhebdb Pk Piarenan piacedyt Sl sontanset. -
Pref er abl vieasteineldarbom ats! MAB3Relctabyl 8% A BhefbRiieCOnsi sting

of cal ci um oxj de, cal ci um hydroxi de, magnesi um oxi m Xt'ures
t her eof . viphenglsywhich soptain doym B6%ata 85Vsotlinsactalkydpleéndldn migtuaei d and

i i b Q by wei ght_ mi xt. f forpi d
ncetic aci it WERLFSR ) 657 EbBahd AN GIots T8 TRt st vesusa
t enper at utliaeaf alkylptearil is GROR.byWeigh" PITErABIY, Mk [IR2F hyddnGrpylne Pressure

can be redu&ied &r’aduall bel ow at nospheric in order to renove the water of
react i on, Tadicaheonipinst2 1o A0 carpon atoras more preferalily fionan 8 4e &6 carbenwi t h

wat er. Pr b 4 [ b b e ts used carrespond to the

fol | owi ng%frtrﬁhé’r é?‘%’t'l?gg?&%’%& ’gﬁgﬁ?rgg%@$ﬁg%§§gg§w ﬁ'f{%ﬁﬁ%cgfedf romo0.2:1
to 0.7: 1, hydrazarhylabedicabtyntaimsatleastld tartbrbatoma refehbfAFARY td 2‘6

aci d/ al kylﬁg enol, of from0.Ql:1 to 1, nore preferably from0.03:1 to

0.5
0.15:1. | 2lomi TRers prafaeblie 19 fal baarbon atems. i s carried out at a
tenperature of at |east 240C with a gradual reduction in. pressure bel ow
at nospheric so as to reach a pressure of no-nore than 7,000 Pa (70 nbars)

at 240C." Preferably, the alkaline earth base is selected from the group consisting of
' calcium oxide, calcium hydroxide, magnesium oxide, and mixtures thereof.

i e

.Preferably, the car_boxyiic 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 can be 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 éorrespond 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 to 0.5:1; and

(2)  carboxylic acid/alkylphenol 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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_8_ The hydrocarbyl phenate obtained in the neutralization step may be
carboxylated in order to convert at least 20 nole % of the starting

hydr ocar byl phenols to hydrocarbyl salicylate using carbon dioxide under
carboxyl ation conditions. Preferably, at least 22 nole % of the starting
hydrocar byl phenols is converted, and this conversion occurs at a

. . it hi he r. f
t rom aboviteADEEAER bHEta @ g8 AN ine I Bau P Bsiep oy Bb A ARAIR 0 of one
to ei ght drder & cofwert Bt REet BO|ri{0tet%%f%ﬁérsﬁérﬂg?gyﬁlfﬁ%a%gﬁﬁﬂ&ﬂg% S are

al kyi phenols and at |least 25 nole % of the enols is
conver t edYd50eATRY| salicyiaje asing earbag diexideundies cadmxadation evnmitionsir e equal

to or gr lo ressure of 4X105, P, bars). The

hydr ocar E?Ff\ésfgﬂ?é%t 5%?8? gﬂg%e aquR?ﬁia'gwM?%rg’é’hpé‘?'ﬁs &&r boxyl at i on
step may coonprtedpahd this Tongbeic 66@in Gtid RinpardtRediweerdd®y ahg and
doubl e- ar, {:i c-ring hydrocarbyl salicylate. Preferably, the nole ratio of
si ngl e- alzgﬁ » IDAERE MPsswevitkie therange af Fomvablonsatmasptraric c-ri ng

hydr ocar i+G Wl 5 81, .Preferahly,. the product of the

car boxyl t%soszﬁ’éttggs??%t rfgdnaﬁl}%gfLO&Qée?gmgnﬁk é'@%ﬂ?"dﬁﬁt formed in the

carboxyl ation step. The product of the carboxylation step can then be
procedure such as solvent extraction,

ubj ect eg, t i
distil1 aMa PR Blvaine prorting hydrocaryl phenols aie &Wﬂpbemlﬁtan(bagt abo]tht 10%
f th i d t of t
car boxy! SoRoaToR AROEB B i bfois BB PG 0 AR isale s5oe of 1 ne

st ar t i ngusingraraohyioxitie abhtemperatappagabbid oMpeat& tRRR VP, uRidel 8ast
about 45%to aboytéﬁgg%of the starting hyerc_ar byl phenol s-are separated

from t heP5SSHIR O h_lac,(&rtl%‘ﬂfl ation step.

The hydrocarbyl salicylate produced in the carboxylation step carboxylation
step may comprise both single-aromatic-ring hydrocarbyi saliéylate énd@
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 can then be subjected to a separation
procedure such as solvent extraction, distillation, membrane filtration, and the
like wherein at least about 10% of the étarting hydrocarbyi 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, atleast 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

-9-



Once the starting hydrocarbyl phenols are separated fromthe product of the
car boxyl ati on- step, said hydrocarbyl phenols may advantageously be recycled
9 to be used as starting materials in the process of the present invention
or in any other process. Preferably, the separation step is perforned via
distillation, nore preferably vi a faIIing filmdistillation or short path
ed filmevaporator distillation. Said

distillat |ton eé% ferably via

di sti |1 at it Wedkas stasting materialsiiarhe paossss @fthefpresenttioventia06rfro about
250C and ainyaothbEpdde@sOf about 0.1 to about 4 nbar; nore preferably from
about 190C fo about 230C and at about O. 5 to about 3 nbar, nost preferably
from about 195C t o about 225C and at a pressure of about I to about 2

nbar . addi t| the d| sclosed LED, L conposition , the
unsul furi zFﬁéf tf%%'& %Raéa Hﬂsrl@e fyrmesd yiadighliatios, mare syeferablyased

det er gent vidi BillRIERAT didAMlitidnVér SRt ﬁ fsﬁﬁ@tﬂiﬁs rH%Q% gtei%gﬁ%e éfYIBBay enough

effective V|sc03|ty i mprovi ng anou organlc

di | uent i §lnagyaporator diatillationd mﬁwahllatmmets capridd oot é‘tb@témF; Yatuge dpout 80%
uent nakes up

b i ght f bly, d d

7 om apouloTBERu LRSS s cRed oF ativessytelelabaut Giite about fabl e

di | uent s avar miokeideelorablp rbnPEbELP190% 356 mé%@ﬁp 2 abPRlope )
organic soI vents such as pentane, heptane, enzene oluen Fe 1i ke
and ot herabayl 3 mhas; moghnteferamp&onmwsutmga%: tydboete?25AC ahgntlss whi ch may

advant ageﬂ%ﬁr@&é ﬁ%d ?a e distillation step of the present

di scl osur'e uns yl at e- cont ai ni ng hydr oxy-aromatic
sur f act ant - based detergent di spersant addi tive produced by the above
descri bed nmethod may have the follow ng conposition:

Prior to its addition to the disclosed LEDL compeosition , the

unsulfurized, carboxylate-containing hydroxy-aromatic surfactant-based
detergent-dispersant additive may advantageously be blended with an
effective viscosity improving amount of organic dituent. Preferably, enough
diluent is added so that said diluent makes up from about 10% to about 80%
by weight of the blended product. More preferabty, said diluent makes up -‘
from about 20% to about 50% by weight of the blended product. Suitable
diluents can 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 t)rganic compounds such as hydrocarbyl phenols which may

advantageously be recycled from the distillation step of the present disclosure.

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

the following composition:

(@)  less than 40% hydrocarbyi phenol,

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

{c) 15% to 60% alkaline earth metal single-aromatic-ring
hydrocarbyt salicylate, and

-10-



(a) less than 40% hydrocarbyl phenol, (b) 10%to Sg%_a![ kftl I ne earth netal
hydrocarbyl phenate, (c) 15%to 60% al kaline earth nmeta .
siyngl e- argma!toi c-ring hydrocarbyl salicylate, and -10 (d) 0%to 50% organic
diluent. Said unsul furized, carboxylate-containing hydroxy-aromatic
surfactant-based detergent-disSpersant additive may al so conprise an

' - lc-ri licylate, but the
al kaline earth t al u aromati c-ring hydrocarbyl sa
A

mol e ratio of shgl e erganiydiantocar byl salicylate to

[ [ [ i 8:1. The
bl e-aromatic-ring hydrocarbyl salicylate will be at |east 8::
giogcl osed LEDL may ge used as an engine lubricating oil conposition
cont ai ni ngSaldiupssifupiaed, cirbouplate abntathiog hydeoXyyatoRiaticas th&t-b

ased
- di nt additive and preferably at ?east one
cther addi (RS EEM A TS it bicpemprisesan mialine astuiniotal ude et a) -
I ni : ; ' ; t and. ngn-.bgr at ed
i Sper ants, e o e AR 0o AP BARARS, bt Bl R B Rictler o d
over based arpmatig«jng hydrogarky satiadate to"ddUBI¢-arbhalic iRy AFEEarbHOB") an
hi gh- hi gh rp9a@p " y falciunlsulfonates; oxi dat1on inhibitors,
'rugt inhiﬁ%@éﬁg, , eﬂ%?gtggﬁbé; extrenme pressure agents, friction
nDdeiers, mul tifunctional additives, viscosity index inprovers, pour

RN . . . t he
int depressants, and foam inhibitors. In autonotive applications,
E?éﬂ terGrBJrh&tq.iﬁ@sééégg’—t may herused gé @ncmginsdabricatiog oibsi on control and

adding o PRPFHPERAR AER: Berbenliicad it ahyemevieromatisomos: i or
of the preadattantbastl doterehedilpesiant ddifiveCARe PrABraY HE Rlds? Dnk"
other additive. Examples of other additives that may be used include metal-
containing detergents; ashless dispersants; borated and non-borated
dispersants, including ethylene carbonaté treated dispersants; low overbased
("LOB”), medium overbased ("MOB"), high overbased (“HOé") and higﬁihigh
overbased (“HHOB”) calcium sulfonates; oxidation inhibitors, rust inhibitors,
demulsifiers, extre_me pressure agents, friction modifiers, multifunctional

additives, viscosity index improvers, pour point depressants, and foam
inhibitors.

tn automotive applications, the high temperature deposit control performance,

corrosion control and oxidation inhibition performance of a lubricating oil can
‘be improved by aciding 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 disclosed LEDL.

DETAILED DESCRIPTION OF THE INVENTION

. Inits broadest aspect, the present invention provides a LEDL 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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any internal conbustion engine may be inproved by contacting said engine
with the disclosed LEDL. DETAI LED DESCRI PTION OF THE INVENTION In its

br oadest aspect, the present invention provides a LEDL conposition
conmprising low |l evel s of ash, sulfur and phosphorus. Advantageously, said
LEDL may contain an unsul furized, carboxyl ate-containing hydroxy-aromatic

surfact ant - based det ergent - di spersant addi tive conprising hydrocarbyl -11
phenol , al kal‘?srf?é‘ogaﬂuf"i‘lﬁ\?e?%{%' H’E"‘S‘f‘@w&“&%ﬁmﬂm- afifhalkpling eashdaeteh net al
si ngl e- ar omatgigaleldieniai rrﬁ%at. ' ' fiiorb ARG BN

retention, ccl)ﬁri% osi on p’erf rr@gg@ 'uﬁilc x?%gié‘?'fé‘ﬁfmﬁﬁ'r&’ﬁé@%@eﬂ gl%ﬁﬁgmdeposi t
control, bl agerrosiandperfermnanas, bulkhexidation highatenoperaturiei deposit comtrob thiteek

properties of ubri.catjn il.. Prior to dis sing the inyention.in
further det aiﬁ_ll?dd%g&#tf)ﬁi @\ﬁg'ﬁ'@?f’@p ORBVP{%'D*' arﬁé&ﬁﬁéﬁ&’%&?ﬁl AdICaling s ed
herein the fqljowi ng ternms have the foll owi ng meani ngs unl ess expressly

stated to the contrary: The term "hydrocarbyl' neans an al kyl or al kenyl
group. The term"netal" nmeans al kali netals, alkaline earth netals, or

magnosi um Sy e kb Ry inet dafutoe FRMG 5 B Bns

nmetal salt ofdefined] i cylic acid. The term "al kaline earth mnetal
singl e-aromatic-ring hydrocarbyl salicylate" means an al kaline earth netal
salt of a hydrocarbyl salicylic acid, wherein

DEFINITIONS

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

The term "hydrocarbyl” means an alkyl or alkenyi 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-ﬁng hydrocarbyl salicylate”
means an alkaline earth metal salt of a hydrocarby! salicylic acid, wherein
there is only one hydrocarbyl salicylic anion per each alkaline earth metal
base cation. |

The term "alkaline earth metal sing!e-aromatib—ring alkylsalicylate™” means an
alkaline earth metal single—éro'matic-ring hydrocarbyl salicylate wherein the

‘hydrocarbyl group is an alkyl group.

C-12-



|

there is only one hydrocarbyl salicylic anion per each al kaline earth netal
base cation. The term"al kaline earth netal single-aromatic-ring

al kyl salicylate" nmeans an alkaline earth nmetal single-aromatic-ring

hydr ocar byl salicylate wherein the hydrocarbyl group is an al kyl group.
-12 The term "al kaline earth netal doubl e-aromatic-ring hydrocar byl

sal i cyl ate" H@%ﬁ I t t of drocar.b salicylic
aci d, yvvher e|T @r %maa? lég'ié %H%%LQQ?%F%QHTQ Effq%h%q{f)éﬂ'?yﬁﬁhc&!ﬁﬁ al kal i ne
earth metal rhesmes analkatine e&ith rh@@ﬁ‘sa!@bké'ﬂyﬂ%ﬁb%%a‘ﬁ@ﬁ% acid, wherein

doubl e- arogg{"lc rin Ik | sal i cyl ate" neans an alkaline earth netal

doubl e- ar onat'¢iE 1 Qﬁ?&bﬂ)ﬁa"?sﬂlq anjpas Bemﬁaeléaﬂﬁa!ln@eaﬁpdnetaébaye gr oups
are al kyl 9rQues. The term "hydrocar byl phenol"” nmeans a phenol having one
or nore hydrocarbyl substituents; at |east one of which has a sufficient
nunber of carbon atons to inpart oil solubility to the phenol. The term
"al kyl phenol henol haV| 8 one or nore, al kgylgsubstltuents

wherein at T&%*P"??ﬁ'éﬁ@f"% Rrarthimstel CopRleraromatisringsalkylsalioviaietmeansarer of

carbon ato rg@[ht t ate"
means a rretrriglmafsﬁgbt of m@tigﬁg%fébélrhh{éh&@n\é ﬁngB ocas)!) ?*Ee}ﬁaé Wﬂgreﬁggﬁ a
metal salt @Ndwdwhul@cwnwaremﬂeyl@roups‘[he term"al kal i ne earth netal

hydr ocar byl phenate nmeans an al kaline earth netal salt of a hydrocarbyl
phenol. The term "al kaline earth nmetal al kyl phenate” neans anal kal i ne

earth netal Th%&bim%yd’rﬂcéﬂﬂ?v&)lﬁ’&ﬁﬂ'oheaﬁ@% bREMBI HAVRAS s SF iY@t € means a

_ phenate that has been trea
»

hydrocarbyl substituents; at least one of which has a sufficient number of
carbon atoms to impart oif solubility to the phenol.

2,

The term "alkylphenol" means a phenol having one or more alkyl substituents,
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.

n " 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 freated with
stearic acid or anhydride or salt thereof.

The term “long-chain carboxylic acid” means a carboxylic acid having an alkyl
group haying an average carbon number of from 13 to 28. The alky! group

may be linear, branched, or mixtures thereof.
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stearic acid or anhydride or salt thereof. The term "l ong-chain carboxylic
aci d" neans a carboxylic acid having an al kyl group having an average
carbon nunber of from 13 to 28. The al kyl group may be |inear, branched,
or m xtures thereof. -13 The term "carboxy-stearate” means an al kal i ne
earth nmetal single-aromatic- ring hydrocarbyl salicylate that has been
treated with a |long-chain carboxylic acid, anhydride or salt thereof. The
term "maj or anount” nmeans at | east about 40 % by weight. The term

"unsul furi ze‘EhE tesem cadmyssitearate’ means aanaiRaline/éath mdthlsingEhsroheatin: " Base

Nunmber " ers,t the unt of base equivaglent to mllijgrans of
KOH i n one dlf%'%{f \O nﬁﬁﬁ %ﬁﬁ%‘%ﬁé‘y' ?é‘?m%@ha'“rﬁﬁfgg&f‘ﬁal i ne
products, angtid Wﬂﬁﬂ@oﬁsgﬁﬁ?ér%bfm kalinity reserve. The BN of a sanple
can be deternined by ASTM Test No.” D2896 or any ot her equival ent procedure.

Unl ess otherw se specified, all percentages are in weight percent. -14

ot e ar R BB Sl KR LB W0 © O R

UNSULFURI ZED. CARBOXYLATE- CONTAI NI NG

The term “unsulfurized” means containing less than 0.1 wt % sulfur.

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. A

Unless otherwise specified, all percentages are in weight percent.
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HYDROXY- AROVATI C SURFACTANT- BASED DETERGENT- DI SPERSANT  ADDI Tl VE A.
NEUTRALI ZATI ON STEP In the first step, hydrocarbyl phenols are neutralized
in the presence of a pronoter. In one enbodi nent, said hydrocarbyl phenols
are neutralized using an alkaline earth netal base in the presence of at

| east one C, to C4 carboxylic acid. Preferably, this reaction is carried
out in the absence of alkali b8§ﬁq and in the absence of dialcohol or
monoal cohoL -15 The hydrocar byl*~fhenol s may contain up to 100% | i near
hydrocar byl groups, up to 1Q8% branched hydrocarbyl groups, or both |inear
and branched hydrocarbyl grpups. PPeferably, the |inear hydrocarbyl group,
if present, is alkyl, and the line@r alkyl radical contains 12 to 40
carbon atons, nore preferap 8.30 carbon atons. The branched
hydrocar byl radical, if ,’ﬁée -ié\ﬁyﬁferably al kyl and contains at |east
ni ne carbon atons, pref¢g E to 24 carbon atonms, nore preferably 10 to
15 carbon atons. In onejenbodi fent, the hydrocarbyl phenols contain up to
85% of |inear hydrocarby (preferably at |east 35% /i near
hydrocar byl phenol) in re wwth at | east 15% of branched hydrocar byl
phenol . The use of an al kyl phenol containing at |east 35% of |ong-chain
‘I'inear al kyl phenol (fron11%kto 30 carbon atons) is particularly attractive
because a long |inear al kyl™chain pronotes the conpatibility and
solubility-of - the additives in lubricating oils. However, the presence of
relatively heavy |singlaaroaiakiy ringhgdiocadbgl saticylae al kyi phenol s can make the
|atter |ess reactive than branched al kyl phenols, hence the need to use
fhﬁrsher reaction conditions to bring about their neutralization by an
atkaline earth netal base.

~OH

R R
double aromatic ring hydrocarbyl salicylate

p—

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 hydrocarbyt phenols are neutralized
using an alkaline earth metal base in the presence of at least one Cq to C,
| carboxylic acid. Preferably, this reaction is carried out in the absence of alkali |
base, and in the absence of dialcohol or monoalcohol.
-15-



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 isomers, the great npjority of the substituents being in
the para position, very few being in the. ortho position, and hardly any
in the neta position. That nakes themrelatively nore reactive towards an
al kaline earth netal base, since the phenol function is practically devoid
of steric hindrance. On the other hand, |inear alkylphenols can be

bt ai ned b \ ; . ; | C i nat i
From ot hyl Dag PoacEanyl pHRABR malfebliely W36 300% MiscumFbGBY dolies T
whi ch the puppoi6d%nbrainched dgdratakiyl grewils tortbetinliseamandbrapichbd, para, and

meta positi,ons is re unifor distributed. This nakes them | ess
reactive tdwé?ﬁaga@&?%ﬁ%m rPg'ng%le, therlinear hydeocard grovp, ippeesent.fisinct i on i s
| ess accessg|Rlies | o ' to the
presence of lg*bgg‘g‘ﬁ;ﬁg@%@;@ﬁ?@#&hg@}tgﬁg%ﬁo Eé@g{nﬁ'@g‘rﬁgﬂﬁ cour se,

| i near al kypreferablystétoy3@ cattkimatainisy | Tise: bedridhedrtiyirodarbll redlval,lif anchi ng

whi ch | t h bstit ts and, ltantly,
i ngfeagggrfﬁég%éﬁ' 5'“[6 ?Ra?ggr%g’b’c&w}oqa'{ﬂa?%ﬁﬁ‘&;atg?eﬁnﬁfﬂ'gfgC@'ﬁ}f’[’ﬁastgﬁlsgln _ )l;ases. The
al kal i ne egireferaBlyal td24 ariidiPhtoR) nﬂ?rﬁlffﬁﬁ%}r&ﬁg 1P ¥5 Bg%b%'ﬁ.tal}énmsgrlﬁt €p

i ncl ude the oxides or hydroxides of ca gnesi um Dbari ‘
strontium cfemhpdinentathe hydrocathyl pherols dontainlupitor83% of ineate, nagnesi um

mycir oxi de) "R R ShrorayBOROR AP ER9E e Bt Ronl iy ot er i

/that enhangwisturaevith &1 least 15%. of tan drochflfyd pREAgPt er may be a
&pélyhydrlc al cohol , dial cohol, nonoal cohol, ethylene glycol or any

carboxylic acid. Preferably, a
The use of an alkylphenol containing at least 35% of Idng-chain linear

alkylphenol (from 18 to 30 carbon atoms) is particularly attractive because a
ldng linear alky! chain promotes the compatibility and solubiity of the additives
in lubricating oils. However, the presence of relatively heavy linear alkyl -
radicals in the a_lkyiphenols 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 phenol with a branched
¥ j : o_leﬁn, generally originating from propylene. Théy consist of a mixture of
monosubstituted isomers, the great majority of the substituents being in the
para position, very few being in the ortho position, and hardly any in the meta
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

-16-



carboxylic acid is used. More preferably, C, to C4 carboxylic acids are
used in this step including, for exanple, formc, acetic, propionic and
butyric acid, and rmay be used alone or in mxture. Preferably, a m xture
of -acids is used, nost preferably a formc acid/acetic acid m xture. The
nolar ratio of formc acid/acetic acid should be fromO0.2:1 to 100: 1,

preferably : 4. 1d_most preferab 1:1..The carboxylic
aci ds act a?ﬁ%ﬁﬁg?’éhr&a%etﬁe&re?%ﬁcfs@@???{gaqtﬁ%eqqﬁﬁéJf'é?v'ﬁlf alM'g al kal i ne
earth netal sobsttaents! dOf coursedirdlar afiggsHnols MaytoRtHR MG/ EaB&RGERts The
neutrali zath?‘gﬁg‘% tion,is carried out at a tenperaturé of at |east 200C,

preferablé it nohingywhichdpereases dhe pmpuat of Q@F@tSlﬂTﬁdit!:lem%aEdessure f
i d A L G dD: k:SLi t
oacts on.  AccagRiinBiedds MEPSRAR dacklinP ol BUEYR seltBdneid e “absence

of any sol vbaseshat may form an azeotrope with water. Preferably, the
pressure is reduced to no nore than 7,000 Pa (70 nbars). The quantities of
reagents used should correspond to the following nolar ratios: -17 (1)

al kal i ne ea e &a8E I ' X X

preferably gth %ﬂlﬁ%l@\%. 5: 1|fneggfa(°>§§ tigé(aljr%agg@?ﬁ%e&;?ﬁr%agwéﬁ g%glpgsy%teBhenol of

0.01: 1 to Oirglude theadddasbbryhydrorides .of 3alciom, magﬁeéiuni?lbgtﬁenﬂlﬁéyz aL t?efend
ohtai ned i s kep or a

-of thi L faljzati t t hydr. byl phenat ) .
peri o ot SHLRT 8™ PAREDIH G RGP dens Bl cda: megassiumt 5C and
at an absol bidePbRg AikiEred tHafCan oheBpBtitheflsibRed IimEBLIRRR 0 05 and

1.0 bar). Mre preferably, at the S heutrali Zation
o) hydroxide) is preferred.
N

The promoter used in this step can be any mateﬁal that enhances
-neutralization. For example, the promoter may be a polyhydric alcohol,
diatcohol, monoalcohol, ethylene glycol or any carboxylic acid. Preferably, a
carboxylic acid is used. More preferably, C, 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“0,
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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step the hydrocarbyl phenate obtained is kept for between two and six hours
at an absol ute 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

hi gh tenperature and that the pressure in the reactor is reduced gradually
bel ow at nospheric, the neutralization reaction is carried out w thout the
need to add a solvent that forns an azeotrope with the water fornmed during
this reaction. B. CARBOXYLATI ON STEP The carboxyl ation step is conducted by
si nply bubbling cdibon alkaiiedeartnimetalyasef bydtacarbyrpticnot ofr0.8intat 0.7gl,f r om

the preceding neutralization, step.and. Ls,. cgntinued until at |east 20 nole
% of the starting hydr(ﬂfgteﬁpﬁ’pcﬁgﬂgtpg)'bsl’ae nverted to hydrocar byl

salicylate (neasured as salicylic acid by potentionetric determnation).
It nmust take place _under pressure in order to avoid any decarboxyl ati on of

t he al kyl sal i cyl at{@) t haaarb@xylis aciel/ dwdragsirhyt phenpbaf0.0221 ten0 &: Do efarably
starting hydrocarbyl p |~ erted to hydrocarbyl salicylate using
carbon di oxide at a teﬁp%e}ﬁgt?%#'j t8$ﬂ]e"tlf§t ween 180C and 240C, under a pressure
wi thin the range of from above -18 atnospheric pressure to 15X105 Pa (15
bars) for a period of one to eight hours. According to one variant, at

| east 25 nol & Tefesablynat thegnd atthis aewsalizalion stanthel hydrecarbylehenatet o -

O eator t han DAL ebtTord sedicniorshiibfioiinegy Heip & 'pirberitiibiol o
STEP The prodfitaast216P@ andrdtaryhbsdiole prespuraryf betvesh S0300IShy 108 Fid | tered.
: _;_,T._he (between 0.05 and 1.0 bar). More preferably, at the end of this neutralization
| '\'"‘) step the hydrocarbyl phenate obtained is kept for between two and six hours
at an absolute pressure of between 10,000 and 20,000'P.a (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 to add a solvent that
forms an azeotrope with the water formed during this reaction.

B. CARBOXYLATION STEP

- The carboxylation step is conducted by swimply bubbling carbon dioxide into
the reaction medium originating from the preceding neutralization step and is
continued until at jeast 20 mole % of the starting hydrocarbyl phenols is

. converted to hydrocarbyl 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 hydrocarby! phenols is

converted to hydrocarby! salicylate using carbon dioxide at a temperature of

between 180°C and 240°C, under a pressure within the range of from above

-18-



purpose of the filtration step is to renove sedi nents, and particularly
crystalline cal ciumcarbonate, which m ght have been formed during the
precedi ng steps, and which nay cause plugging of filters installed in
lubricating oil circuits. D. SEPARATI ON STEP At |east 10% of the starting
hydr ocar byl phenol is separated formthe product of the carboxyl ation

tep. Pref ' ' ' ' istillation. M
or of er abl y. FReeRe pRSPAAH R FECRIBISTOR bfiBior bl sollbor ai or ot
a tenperatuheucd. from about 150C to about 250C and at a pressure of about

0.1 to about 4 nbar; nore preferably fromabout 190C to about 230C and at
about 0.5 to about 3 nbar; nost preferably fromabout 195C to about 225C

and at a pragsdfding@to 8REYhariant gt %%%%5%] Y3 Dl)ﬁi/e é%?lﬁ?gegé@g%%fgyo he starting

hydr ocar byl Ehenol_ IS separate re prefera of the
starting hygheoalstiycopvented ta Bydreparbyt salicylts tsipgefsebodbdioxidgat® 55% of

the starting hydrocarbyl phenol is separated. The separated hydrocar byl
phenol may ?eﬁ'gﬁer U, '@aof Sr%’éerué'ég%gg ét‘@ﬂ@fﬁd’rﬁﬁﬁlgﬁiql‘g"‘i% Paf4e novel
process or ‘bﬁrs%.ny ot her process. -19 UNSULFURI ZED, CARBOXYLATE- CONTAI NI NG

HYDROXY- AROVATI C SURFACTANT- BASED DETERGENT- DI SPERSANT ADDI TVE The
unsul furi zed, carboxyl ate-contai ni ng hydroxy-aromati c surfactant-based

detergent-dt§perﬁﬁgﬂi§ﬁggﬂgﬁ$§igrned by the above process can be

characterized by position, with nuch nore alkaline earth
metal single-aromatic-ring hydrocarbyl salicylate and | ess hydrocar byl

- phenol than_ produced by other routes. Wen the hydrocarbyl group is an

alkyl  groupThe mEodum o the cathserylatian istep/may @dvantageously keifiterede Thes t he
‘tol I ow ng CHRDLIF We filtration step is to remove sediments, and particularly

_crystal!ine calciurn carbonate, which might have been‘formed during the
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 separatéd . 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 orin any other process.
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(a) less than 40% al kyl phenol, (b) from 10%to 50% al kal i ne earth net al

al kyl phenate, and (c) from 15%to 60% al kal i ne earth net al
single-aromatic-ring alkylsalicylate. Unlike al kaline earth netal

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

car boxyl at e-contai ning additive conposition can be characterized by having

alkyl Salt oy ONSURRIZED EABBRUPATERORAmNE Y BRERVARGMATE o
to doubl e- ar QURFACTANY-BASEDDETERGERTIDISPERSART RDDITVEHARACTERI ZATI ON
OF THE PRODUCT BY | NFRARED SPECTROVETRY CQut-of-aromatic-ring-plane CH

bendi ng vibrations were used to characterize the unsulfurized

car boxyl at e- 0 ydroxy-aronatic.surfactant-based

det er gent - di@ﬁ%@@%‘ﬂf@%&@i 8‘1‘@8}(@ rEQrigming E’H@mﬁ)’ﬂ@ﬁ’?ﬁ? ﬁb’gﬁﬂa&ﬁ'.bafsﬁﬁ rared
spectra of afeterjent-dispegsan 2AvitRbTefacd by 1RE aBb38 Précddsianiha g '
transmttance band in the 675-870 cm redion, the exact frequency

dependi ng updaracierizedvbyits gninueccarmposition, with muchusntesalkatine eatthanetad

paradi substg B EOHRE ok BRR A I R e R B St Sty Beridlian. e
I nfrared speubdacef by eftereodtesc Vehes the hdreartg growg RVADAIKYPgrotp, MHeesent

invention indicate that the out-of-plane C-H bending transmttance band
occurs at 73tutHiized, carboyylate-cantainipg aslslitive has trmgll@wmglccmpostamm;cy| ic
~acid, and at 8323 cnml for para-al kyl phenols. Al kaline earth al kyl phenat es
known in the art have infrared out-of-plane CGH bending transmttance
,:-sz\nds at 7503 cm(all atessathaf 36 alidylphnohl i ne earth

AN

(b) from 10% to 50% alkaline earth metal alkylphenate, and

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

Unlike alkaline earth metal alkylsalicylates produced by other processes, this

unsulfurized, carboxylate-containing additive composition can be

characterized by having only minor amounts of an alkaline earth metal

double-aromatic-ring alkylsalicylates. The mole ratio of single-aromatic-ring
N alkyisalicylate to double-aromatic-ring alkyisalicylate is at least 8:1.

CHARACTERIZATION OF THE PRODUCT BY INFRARED
SPECTROMETRY

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

: detergent—diépersant 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-




al kyl sal i cyl ates known in the art have infrared out-of-plane CH bending
transmttance bands at 7633 cm1 and at 8323 cm 1. The unsul furized

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

detergent-di spersant additive enployed in the present invention shows
essentially no out-of-plane G H bending vibration at 7633 cm 1, even though

char act o st S RARAEA CApBaha S, (RINSOIEREk Teha Gt ERETog- 71 B RO o1

characteristic as not y exp

hypot hesi zeqaaranmuusnmtgmcomrmadsstrammhiwaaceibahbemursgéteem-em@tcnﬂ‘ ring
al kyl salicylate prevents in sonme way this out-of-plane C H bending
vibration. In this structure, the carboxylic acid function is engaged in a

cyclic strugpffard %tl@rﬁ?e@é{n?@&ﬁ@rhﬁ?a?sfrﬁ&hf&z V%i%g%%%]b@%éﬁpce in the

vicinity of the aromatic ring, € hei ghbor
hydrogen at daventiondndigpietthetihe mlﬁ-dhmanelﬁabl béndind trahawittdrizatbankde i nfrared

spect rum of t acl | ed .produ the carboxylic_ acid function
is no | onge® gﬁ'&a@tﬁd c:’§t“cy(3,fl @‘%éhﬂ&%ﬂ@%ﬁ&?ﬁ%%cnba reglieiligyadiths an
out - of - pl an%n@éﬂgmm‘ﬁ f@rﬁﬁaw Rénci§33 cm . The unsul furized

car boxyl at e- cont ai ni ng hydr oxy- aromatlc sur f act ant - based

det ergent - di spersant additive enployed in the present invention can thus be

Ut of - pi anekehe BT AohBhas Knolt b The art ARG Preai e piePRon bt ng a
8323 cm  obendigy trdramiQadéd bandd afl Fso%%ﬁféﬁdl é?QSZ@ERﬁ"(%IR&ﬁé ]! ni ”9

hydroxy aro I c surfactant-based detergent-dispersant additive orrre
Aloeal

~the abovene@foisalisdates kigvn indhe @t havg i d opt-ofrplihaei Cqbt berdingi gh
‘~tw nper at ur et@ﬁ@ﬁﬁﬁ%qe@%ﬁd@'at ﬁéo(t[rga?_%@ qc_{%?g%ul fyrized products while

meeting the | ow su Treguire ®Ring alkali-metal free,
this additive can be

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 alkylsalicylate 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
Y generate increased steric hindrance in the vicinity of the aromatic ring, limiting -
‘ the free motion of the neighbor hj/drogen 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 carboxylat_e—containing hydroxy—arbmatic 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. '

-21-




enpl oyed as a detergent-dispersant in applications, such as marine engine
oils, where the presence of alkali netals have proven to have harnfu

ef fects. HYDROXY- AROVATI C SURFACTANT- BASED DETERGENT- DI SPERSANT ADDI TI VES
Hydr oxy-aromati c surfactant-based detergent-di spersant additives are well
known in the art. Exanples of such additives include phenates, phenate-

boxy! at esg ' - st ear at d the..unsul furized
car boxyl at o MEo AR AKIEEE PR S RMBRIE) MRl eroREmARApeRn RSP naTeS
The phenat eetérigent-tispcreanteriditive fohﬂeabgan@tabbwm@mdm bRy kol cal |y
c

hydr ocar byl %Bbsti uted phenates in which the hydrocarbyl substituent or
subst i t uent SUJHMERRD WoWHRrevidedmprevest high jemperaturandeposit ¢ontrayr oup, ei t her
branched or F;gpfy | Lo fr 4 to 50,
preferably from@%ﬁggg)gefgpgg%eg%ﬁé&hﬁgg&@!égﬁpéﬁﬁé%%|q“ég'1qltural kyl groups

are Cl2 gr defuirefaentsdior &EDLsm Beingvllefiented fragEthis Zbditiy ¢af Gy by |
substituted sul furized, According to one preferred

enates are typicall
enmbodi ment (ﬁ“ﬁ)@ﬂﬁe‘%Pﬁ?eﬂ?tei"gf‘s})'@ﬁﬁ?rl%%?a@\)@ﬁﬁ’ﬁﬁ%ﬁ'ﬁm@uﬁ'ﬂ@h Ag dparin&ongnenat es of
al kal i ne eargjb t 1,7 '
a1 Kyt phonol Cayt iors TieioBhEEBY kel 1dlal ekl 183 bR S tagtss, o1 1
a glycol, and halide ions, the glycol being present in the formof a

m xture with | | I o] ve 150 C,_ renpvin
2l sohol . gl §NIROFAROMATIESTRERCTAN Bk B B GRATDISRERSANR, vi «
-22 C2 in wppRtgegnce of halide ions, and again renoving al cohol, glycol,
wat er, and sedinent. In another preferred enbodi nent, an overbased,

“"\s_[,%l furized hydrocar byl
Hydroxy-aromatic surfactant-based detergent-dispersant additives are well
known in the art. Examples of such additives include phenates, phenate-
carboxylates, salicylates, carboxy-stearates, and the unéulfurized carboxylate-
containing additive described above.

PREPARATION OF PHENATES

The phenates which may be used in the present invention are typically
hydrocarbyl substituted phehates in which the hydrocarbyl substituent or
substituents of the phenate are preferably one or more alkyl group, either

) brancheq 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 hydrocarbyt substituted
phenates are typically suifurized.

According to one preferred embodiment of the present invention, overbased
sulfurized alkylphenates of alkaline earth metals are prepared by neutralizing
a sulfurized alkylpheno! 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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phenate is prepared by a process conprising the steps of: (a) neutralizing
a sulfuriied al kyl phenol with an alkaline 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 150C; (b)
renovi ng al cohol, glycol, and water fromthe nedium preferably by

distillation;~hC ' sedi t. fromthe nedium preferably by
filtration; (E(g’)’ hc@%@ﬁgglﬁ%ow({ééQUﬂ%d aﬂ%'&ifﬁm%nd?a@ho!; dlycabWatersence
of halide i anglsaitient) renmoving al cohol, glycol, and water fromthe

medium preferably by distillation. The al kaline earth bases useful in the
above process include the oxides and hydroxides of barium strontium and

ov | | hydroxi des of barium s
eetul " nd" Solerbrefoffed cihERiRichy A Bredady SRGRURVIBARY hexanol

oxoal cohol , gbenatd isgireparedrbyie pyodcBse Uophprisihds he/stepslep! s such as
2- but oxyet hanol , 2-but oxypropanol; and nethyl ethers of dipropyl ene

gl ycol. The am nes useful in the process include polyam noal kanes,

referably pol yangmpet i td . | enedi_am and

gm’ noet hers, par {T}(@SI a??9%¥%lﬁ€%§ugggﬁé& é%yﬁ%]%ggvﬁﬁ% ﬂgaelinpn%a@rp base s
ulsefu: inht hﬁ Iprgcess 'imt'ﬂapi'el se?&afarr?ﬂu’@d)%gw§gly@§!,tah@lﬂaﬁﬂé¥m%,g?iéerc‘je
glycol. The halide ions, e aqyed in the - process are preferably -
i ons which may be addteMchIP‘Fiéng‘?‘?ﬁrﬁﬂ"H]ﬁﬁﬂﬁma aixtyre wﬁﬁ@n aleoho!l

chlorides such as cal Chél@ihghé 5"““"’%38{"*555?%3%% de. The dilution oils

suitable for use in the abdve protess Inc € naphthenic oils
S
(b)  removing alcohol, glycol, and water from the medium, preferably
by distillation;

- {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 distillation.

The alkaline earth bases useful in the above process include the oxides and
hydroxides of barium, strontium, and calcium, particularly lime. Alcohols with

a boiling point above 150°C useful in the process include atcohols of Cgto Cqy .
such as ethylhexanol, oxoaicohol, decylafcohoi, tridecyia!bohol;

alkoxyalcohols such as 2-butoxyethanol, 2-butoxypropanol; and methyl ethers
of dipropylene glycol. The amines useful in the process include i
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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and m xed oils and preferably paraffinic oils such as neutral 100 oil. The
quantity 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 outlined
above is nore fully described in US Patent 4,514,313,, which is

' ted tion. P. | ON .
PrENATE. earcROCRSEERE Rdtetdbho of ods BB MRk b snddd mabe feml ebammeniw
present i nvend:ihloﬁdabemétamm@hdes Syl 8¢ 3alim ShiidetdtAt chloride. _

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

of the phenate are preferably one or nore al kyl group, either branched or

unbr anched. from?9
o 28 ar bon oo oL Y Bt oAb BB bt iptugP s e
derivabl e froamgmixsd ellsaandzprefarmbiy pamaffihigdileGachyds regubed HDOHd The

phenat e- car box unsul furi zed. The overbased

o] e uI f ze
hydr ocar byl ﬁl%?{g{% Egﬁi ‘t'%e i$ %&ngaateﬁ\eramﬁvawf oihie the iaal pradbst ar by |
phenat e whi Cfbdm.nhé@'froh{ 586@1%%% %buPGB‘?fgy(}é\ﬁerp%‘?t%g fid4l spfreiiﬁ&q“e”t to

overbasing, with a long-chain carboxylic aci arit acid),
anhydri de or Rreferablydrayofabotih30%ptocatemst 5086pri ses contacting a mxture of
a hydrocarbyl phenate, at |east one solvent, netal hydroxide, aqueous
metal chloride, and an al kyl pol yhydric al cohol containing fromone to

five carbon adprocakt Buliedbdleay hﬁtﬁe%%?ﬁe@é’rﬁfe% Pataid gfm 313,

condi tions. Usi ng an aqueous netal chlori |nstea a sol i
ch)l oride, redViveR i incomasatesi by ref¢rence Ilpﬁodhlscappliéahcbmr ably, the net aI s are
=24 al kaline earth netals, nost preferably calcium Preferably, the alkyl

PREPARATION OF PHENATE-CARBOXYLATES

The phenate-carboxylates which may be used in the present invention are
typically hydrocarbyl substituted phenate-cafboxylates in which the
hydrocarbyl substituent or substituents of the phenate are preferably one or
more alkyl group, either branched br unbranched. Suitable alkyl groups
contain from 4 to 50, preferably from 9 to 28 carbon atoms. Particularly
suitable alkyl groups are C1, groups derivable from propylene tetramer. The
hydrocarbyl substltuted 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
stéaric acid), anhydride or salt thereof. That process comprises contacting a
mixture of a hydrocarbyl phenate, at least one solvent, metal hydroxide,
aqueous metal chloride, 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

phioride, reduces the viscosity of the product. Preferably, the metals are
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pol yhydric al cohol is ethylene glycol. In a preferred enbodi nent, the
over based hydrocarbyl phenate-carboxylate is produced by overbasing a
hydr ocar byl phenate and treating the phenate . (before, during, or after
overbasing) with a long-chain carboxylic acid (preferably stearic acid),
anhydride or salt thereof. In the overbasing step, a m xture conprising

hydr ocar byl 4y { Sarty i C 1% ' , . at | east
one sol vent, IlFprmii:it?%l&:hydr g)%' gbﬁlﬁghﬁ%gﬁfébfwéléﬁﬂlcﬂf’rng%é& gﬁ]%ég(&? al kyl :
pol yhydri c giatghydricabedtwl is etipyfenerglygend. to five carbon atons is reacted
wi th carbon di oxi de under overbasing reaction conditions. Overbasing

reaction conditions include tenperatures of from 250 to 375F at

appr oxi Mt elii sABRERIPEiboBIABL e oRtiBhEsR Rl amohlifty PHERARSEtLBXIRRSR! DY)

phenate is a sul furized al kyl phenate. ably;, e kal i ne _
earth net al pregdueedby deedisisingea hydracarbyPpbératatdngd trédtingathoyphanstghydri ¢

al cohol is | en | ycol .. The carboxylate treatpent (treatnment with

| ong- chai n 2@%&%@"@‘%&’(6@? {ova aﬁ'inﬂi%"tsr""_ IQQQTC_ HFRPOYVIGACIH cur  bef or e,
during, or gpieférabliestedAE Berl) anhyiiidB orlshltiiRerddf MPOr tant when the treat nent
wi th | ong-chain carboxylic acid, ™ anhydride, or salt thereof occurs

relative to the overbasing step. The phenate can be sul furized or

| furi f , te is..sulfurized. |f the, phepate i
ol Tt e T 18 GUAPRRG stbra BRI SomBrsBy MR ntienal (BNED ZeBast ng
More pref er el sulfutined phenstifurizedy Bifleddtane fatitemetihyAySilasadqiibobsep but

after the carboxylate treatnent. The process out | i ned above is nore fully
descri bed iﬁ'QS@i. Ehledde. andan alkybpolyhydrisnalreholnopigioingt feamignerteffisieence i nt o

{ . . . .
- this appli cabifh atofms BTERABR With edfbordidside ONES overbasing reaction
conditions. Overbasing reaction conditions include temperatures 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 alkyt polyhydric alcohol is ethylene glycol.

The carboxylate treatment (treatment with long-chain carboxylic acid,
anhydride, or salt thereof) can occur before, during, or after the overbasing

) | step. Itis unimportant when the treatment with long-chain carbc‘)xyliclacid,
anhydride, or salt thereof occurs relative to the overbasing step.

The phenate can be sulfurized or unsuifurized. 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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The preparation of salicylates is well known in the art. Preferred
salicylates which may be used in the present invention include nmedi um and
hi gh overbased salicylates including salts of polyval ent or nonoval ent
netals, nore preferably nonoval ent, nost preferably calcium As used
herein, nedium overbased (MOB) is neant to include salicylates with a TBN

\(l)\; t ﬁbguErBN?,]I?I?%ﬁ#ﬁo{!ahgafO#ngﬁﬂﬁ ) is nmeant to include salicylates

-hi gh overbased (HHOB) is nmeant to
include salicylates with a TBN over 400. In one enbodinent, salicylates

may be prepared, for instance, starting from phenol, ortho-al kyl phenol, or
par a- al kyl phidieoprepsiationgf salicgatescismeliknawn trtheaartt Breferfedrsalicylates The

o or o e R RE 8 n R BEReh B B fER K mBc T el cFays are
sui tabl e catoveytsdsedisalicylatesdinlsiidirig Saitsodf Wn@?@n@hb@@enﬁﬁﬁtﬂ@r a-

al kyl phenol . The appunt of catal yst enpl oyed is, ener al , - 10 w %
in particul @Oreg)referawywom@\rzgemtemqsé P!'&f@@lh‘rﬁ@'plltme %@(mmi hel@}n,wm ght of

al kyl ating gg&d U rried
out at terrperat ures @%fé\@@"b%dgg ﬁg@@%ﬂjde %@rcg’lag% Q{‘th E\?%%P&ég and
225C. |TEe| alsnytbloﬁ@wdﬂnghmwmasnﬂ w(aBy {eagehmtﬁl@l Tﬁlud@rédﬁ@ylatﬁsdwﬁh a TBN
par a- al kyl phenol . rou copverted into the correspondin
al kyl sal i cyI oM QE?UE*%VQNE‘%%&H@ arbasAHIQB) fe maant thdﬂC?ﬁ'Cl%t ance,
the al kyl pheagtygas Wit TBN 60’ (?(E the aid of an al coholic caustic
a

solution into t'he correspondi ng yl phenates and the latter are treated
wivth CO2 at about 140C and a pressure of 10 to 30 atnospheres. Fromthe

akaIsallcy ates aIk Isallc ic acids may be |iberated
with the ai efrg}oc@;) IS@I'Cﬂﬁ BeiRreR; regl (P'dﬁsiﬂﬁ@epﬁ@;ﬁféﬂ& P%h of

over based s Bhb}ﬁéﬂl éHﬁ&alﬁ%&&X&ﬁﬁérﬁ%ﬁk}!ﬁhéﬂdlfjﬁy BRYidtfon, carboxylation

and salt formation. The alkylating agent preferably chosen is an olefin ora

171

mixture of olefins with more than 12 carbon atoms to the molecule. Acid-
activated clays are suitable catalysts for the aikylatlon of phenol and ortho-
and para- alkylphenol. The amount of catalyst employed is, in general, 1 — 10
wt%. in particular, 3 — 7 wi%, referred to the sum of the amounts by weight of
alkylating 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-alkylphenol 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 COz at about 140°C and a pressure of 10 to 30
atmospheres. From the alkyl-salicylates so obtained, the alkylsalicylic acids
‘may be liberated with the aid of, for example, 30% sulfuric acid.

For the preparation of overbased salicylates, 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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treated with an excess amount of a netal conpound, for instance, calciumin
the formof Ca(OH)2. -26 For exanple, the alkylsalicylic acids may be
treated with 4 equivalents of calciumin the formof Ca(OH2 with

i ntroduction of 1.6 equivalents of CO2. The preparation of nmedi um and
overbased salicylates is nore fully described in US Patent 4,810,398, and
@B Patents 1,146, 925; 790,473; and 786,167, which are incorporated by
reference into this application. PREPARATI ON OF CARBOXY- STEARATES The

car boxy- st eaF @it @garipleCth i ] f Y Ie typically
al kal i ne earth _rret'g? Si r%?ﬁéyi?@%«??gfd?ﬂ%ﬁﬁ%%ﬁé l%‘);'/tﬁ ‘ﬁgﬁlﬁ"gé‘lﬁgf{g t hat

have been t reieium ifithe farm ef Gat@H) withirtdyiction aé it 6 equitgidnisdsf ©0,sal t
thereof. The carboxy-stearate is prepared froma m xture of alkaline earth
metal single-aromatic-ring salicylate, at |east one solvent, and al kaline

earth netal Tiwygrepardéon dheediugt HhE dvérﬁéé%rdbs%‘-li%glaﬁls E%milgﬁggﬁ&éﬂ xture

with carbon dioxide in the presence of an al kyl pol yhy

wher ei n t he BIYS Paierd:810,898 andiGBoRatentaid, 146,92 m 700,47 3; fande78316Bn at ons.
One such us [] | coh hs. et hyl ene glycol. The process
out | i ned abgwbp?’%’*r%”‘?ﬁﬁ@@é@?’%&@% '54‘? this %@éﬁﬁoﬁ-, 348,438, which is

I ncorporated by reference into this application. BASE OL OF LUBRI CATI NG
VISCOSITY T IL..of lubricating viscosity used in such conpositions
may be m ngfﬁgsB%A%p%?Et%RB@)@YéﬂRﬁTﬁﬁ)si ty 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 (990).

b}

ol for use . as tpe Eeﬁse .
. typically alkaline earth metal single-aromatic-ring hydrocarbyl salicylates that

have been treated with a long-chain carboxylic acid, anhydride or salt thereof.

: EFFh)le base oi IThenearboke stéarates tviiictPmasitiy (8éd i Ble prakBRBhveYFSe M neral

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

I 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 oils of viscosity suitablé 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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oil in this invention includes paraffinic, naphthenic and other oils that
are ordinarily used in lubricating oil conpositions. Synthetic oils

i ncl ude both -27 hydrocarbon synthetic oils and synthetic esters. Useful
synthetic hydrocarbon oils include liquid polynmers of al pha ol efins having
the proper viscosity. Especially useful are the hydrogenated liquid

ol i goners of ‘ i s..1-decene trjngr | kewi se,
2l kol benzendyarcarbet sfhiidfc ofs B Srihile, tert, ARHM-vheR, pyiotitsd
used. Usef ul cilgindiede tiquidtpalymencolalpht fefiretiaing e piopes aideexity.i ¢ aci ds
and pol ycarb |ic acids, as well as nono-_ hydroxy al kanol s and ‘pol yol s.
Typi cal exa sﬁgcg\llg u&?ﬁ’éé&%ﬁe hydrogesatasinid oliggmars ebCs t@ﬂna@ébﬂoat e,

di - 2 et hyl hexwfadiuel 1 deaHe inRhat Keisd Mo BnbbiSs of SR Slochshy S

prepared from m xtures of nmono and dic oxylnm'c acids a
di hydr oxy al lEtinbles didededytbehrens ezhn R ased. Usefiil sgnthetieidstersiihtiudy thdret i c
oils are al sg sef?IH,..-For exa bl ends, of 10 to 25% hydr ogenat ed

| e, . .
1- decene tri MBSO Of@C?Bb%i}E Pesdserg pelysaipoxplic,acids. as Wellasamenee! | ent
| ubricating Qvirdxasiica icBl &5hblc! : | g to
Goup 1, 2, 3? ??(?4 bar!so-emgg?cl?callgs&%r q?gﬁgl[ nat i fgﬁ?%fﬁ@c&ﬁb%ﬂc@&@w#@% The
LEDL of the BRaREiel tatragapraate, tia?-ctiedhexyb adipate, dilaavyisebacate paved thalike.
oxi dation an ' trol, performance_when coptacted with an ipternal
combust i on e%&ﬁ%&f%ﬁ%@ﬁﬁ rgd(gg’mﬁ'é'xgt%ﬁoﬁﬂ}?"@ﬁﬂcgﬁjﬁa@’@%@ﬁ _ancp
Det er gent s haidghocamd ditlydiad/ BIRENoIS ichs AShBedgRASi ts, and rust by keeping
I nsol ubl e particles in colloidal suspension. Mtal-containing (or ‘

@ﬁh_ form ng detergents) function both as detergents to control deposits,
co?r g:i gﬁ' ghg%%rcﬁl_rhﬁgi:aﬁ onb v&i{hséyﬂtngﬁg iP5 alsd TR £&T 3§ér?18|e‘,“%?énd%”d
of 10 to 25% hydrogenated 1-decene trimer 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 intemal
combustion engine. Embodiments of the LEDL may contain detergents.

Detergents help control varnish, ring zone deposits, and rust by keeping
insoluble particles in colloidal suspension. Metal-containing (or ash-forming
detergents) functfon 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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extending engine life. Detergents generally conprise a polar head with a
ong hydrophobic tail; with the polar head conprising a netal salt of an
acidic organic conmpound. The salts nay contain a substantially
stoichionetric amount of the metal in which case they are usually

descri bed as normal or neutral salts, and would typically have a total

b nb b 8 M D289 f f O to 10. It
pgzgi B:Je 1?{) Aﬁ@}"m?’géﬂ’ﬁhﬂd t1§’A§ '%Ow%ﬁgmbwm%gmqm@s Qf"lé‘:xcess of
a metal conmpadtarbasssby AsactingX dfcdls of et BRI SUBPLS dh xRSy uch. as

carbon di oxide to form an over based et ergent ergents
may have a thydEXidawshaumgidicgas sushuas darbop diixide tn/\famealbmed)a(sédCB )); 31

to 170 di VOB 171 40 b I\/CB" X
bbove 400 ( FETBHHL RSREY arfb¥ERd Hergibints méy BernaARicd basRdraesrolor 1 his
inventi on NMapoGbIHLG SO (RNECRSHEBEE (LS 34%%70%%&;&90\6%%&96“

containing dispersants of the type geneially represente succi ni m des
(e.g., pol y(%@@ﬂbﬂ@ﬂ]@é@@dhm@\lﬁbw%ﬁmﬁi’abO(BbBSAﬂOOp(Mlglamghe havi ng a

Pl BSA nol ec bout 700 to 2500). The dispersants may be
borated or ﬁggfbg\ggggmdﬂebgﬁl ess or ash containing. Lubricating oils of

this invention may conprise about 1 wt. %to about 12 wt. %or nore

di’spersantsbgéﬁﬁ rred dispersants for this invention conprise one or more
di spersants ' NS average nol ecul ar wei ght (my) of about 1000 to about

10, 000. Dispersants prepared from pol yi sobutyl ene (PIB) having a nw of
about 1000 to about 5000 are such preferred dispersants. A preferred

| iibs persant FhetUHDLd oMbl inoenti®ymag @nﬁ?ﬁe‘lfme@ﬁﬁo%%@is‘éh&eﬁcluding
nitrogen containing dispersants of the type generally represented by
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-bofated, 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

—

s"_"-"\ 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 formed by the reaction of a succinic
anhydride with an amine and is so uéed 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. Alkeny! 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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The term "succinimde" is understood in the art to include many of the

am de, 'imde, etc. species that are also forned by the reaction of a
succinic anhydride with an anine and is so used herein. The predoni nant
product, however, is succinimde and this term has been generally accepted
as neaning the product of a reaction of an al kenyl- or al kyl-substituted

succini ¢ acBi1®,2enta024 987v8 HDOB 7 ) B82- .Qr . succi ni m des
are disclosed in nunerous ref erences%ﬁ?'a?%’ ?\EFP%I’?O\%{’]Z [ hfﬁie art.

Certain funded@di®ad 39968231 3.9020164; i 20 435:H,64 R 3201 4 767965 | s
d { .t - l-"d JH . t t_ US. Pat. Nos.
2992 708: 3,5%'1135'@570;5%%@6%%?@3% I"’%@zﬂ@%@‘%ﬁ&°§@8?@#§&%ﬁ17z, 892:

3,219, 666; 35358,55;5,7 86,862, théHisdosifrbs BF vhich Qichdby if}@cﬁgér@gg by
4,612,132, 4, 747,965; 5,112,507; 5,241,003, 5, 266, 186° 5, 286, 799;

5,319, 030; S5I8WENES: 5 356,552 5,716,912, the disclosures of which are
hereby incorporated by reference. This invention nmay conpri se one or nore
succi ni m des, which may be either a nono, poly, or bis-succinimde. This
invention nalhisdnyention mapconprise @@ or morey SUYIRENIAES, VIRicH P&y B& efthal M de
di spersants that have or have not been post treated. Borated di spersants
useful in tr%"ﬂﬂ'l%é’r?fy’i%@ﬁﬁﬁ!%’i‘*'ﬂ’d@&bé‘h@énw&pn e qomeprisedabricatingoibduct
of a polyisq &} M P | j LDE... eferably, the
bor at od o oo G G fiofe SR dirctsan8 U or nlsT AR et gt
of from 120(pasd treat®]. nost preferably about 1300. Ethyl ene carbonate
treated, or EC-treated, dispersants useful in the present invention nmay be
derived fromthe reaction product of a polyisobutenylsuccinic anhydride
wi't h a pol yam ne. The pol yi sobut ene has a

Borated dispersants useful in the present invention may be derived from the

reaction product of a polyisobutenylsuccinic 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 INHIB!TORS

‘Corrosion inhibitors which may advantageously be used in the LEDL 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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nunber average nol ecul ar wei ght (M) of at |east 1800. Preferably, the EC
treated dispersant is a pol ybutene succini mde derived from pol ybut enes
havi ng a nol ecul ar wei ght of from 2000 to 2400. A prefered EC treated
succinimde of this invention is described in U S. Patent Nos. 5,334,321
and 5, 356,552. CORRCSI ON | NHI B TORS Corrosion inhibitors which may

advant e L 0ok f this invention are far exanple,
Sucel n m decSapPCodiEio el dni Bina doBorsed sl resbmadc ok

di spersed acemagion irtibitorboan deschibied, fRlexaRiphs in UNS! Phiepk NosPr ef erred
aromatic di r?oax?y!_i c.acids rrneal conprise one or nore terephthalic acids.
-30 Cert ai n:?%g rd $P9%568 bianst 3,374H14. @illef whichparesipdormposatedihereindar boxy!l i ¢

acid corrqgggqahi-'bitors, are described, for exanple, in U S Patent Nos.
3,287, 271; 3,692, : and 3,374,174, all of which are incorporated herein

in their éentirety. One enbodi ment of the dispersed aromatic dicarboxylic
aci d corrosd') I.nhi bitor be synt hesized by reacting about 1100 to

about 1300,‘ ﬁig ment Qf)g{iﬂydig@,@@eﬁtﬁr@matig,dimb@ndi?@@i cereegiorny| succinic
hydri de (; ' '\ o nas,
ey oty rhiBROF ity B o itheBed Bl o RO AbAR BB RE0  Hof (Frefiralio

pr ef er abl y atisut1 300460leThias weighthatgisolbuteapiaduicemidastsydridet (MBS ARWithhen be
reacted with terephthalic.acid. _ Anot her enbodi nent of the di spersed

aromati c diCt BokPs £° aminesmretarably ePINeEt heavyialxamingsHiPA atay be
synt hesi zedarRSmirl/PISA CMR SFabBRi ©.4 B %.W@zplggeréglgt Ib%‘?:t\ﬁf'cié? s or nore

pol yam nes to produce one or nmore succlninides ng the mXxture,
Mith or wi tAveduces a ueastionaproducithp natythen be reacted with terephthalic acid.

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 of the reaction
may be removed by any means known in the art. Any PIBSA/may be used.
) This includes thermal PIBSA made from ¢onventional PIB"qr high reactivity
PIB, chlorination PIBSA, a mixture of thermal and chlorination PIBSA, sulfonic

acid catalyzed PIBSA, PolyPIBSA, or Terpolymer PIBSA. A mixture of PIBSA
and a copolymer may aiso 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 05 After heaﬁng,_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 méy
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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of from about 110C to about 200C, preferably about 150C to about 170C, for
1 to 20 hours. Heating for about 3 to about 6 hours is preferred. Reactants
may be m xed and then heated or heating may occur while the reactants are
bei'rng m xed. During the heating period, water of the reaction my be
renoved by any. means known in the art. Any PIBSA may be used. This

i ncl udes th fromgeon Lonal PIB.or. high reactivity PIB,
chl orinati oﬁ{%ﬁgﬁﬁﬁﬁgﬁggﬁp@{ rS?Cﬁ%i{ﬁ@ "%%P%?ﬂ%?'ghﬁt ion PIBSA, sulfonic
aci d cat al ypelgisBbBeheshotinic &fydrige (PBIR) Witk tetRidiSenépahtsining of Pl BSA
and a copol ﬁ%ﬁﬂ&%‘na' so be used. An am ne/PIBSA charge nole ratio (CWR

of about O. @ HBiNgRBSAchargedneledativkCMR) D). abodhi®. 4 to about

about 1500, PRESPBY = EIIGARILEE Which My Rl LRGSR Roffbitlalc o° ) °
then be addedd taliorat afispersed avdméfic tizadmiyhahtid aeiddiopingitsitorbl y  about

2.5% to about 3.5% by wei ght, based on the succinimde weight nay be used.
This m xture may then be heated for about 1 to about 10 hours, preferably

about 2 t 0 7he'preghriidii Bf sdiltottasiotl AnitRbrd BI0rfe: deddrBedllior SIS

embodi ment of thi's Invention nmay conprise one or nore coriosion

i nlhi bi tgrs_'wﬁq&tmmhicgﬁagwmgom) MIfﬁﬁmFebruwjr/]gFt 2003, which is - ( |
pol yi sobut e cci ni,¢c anhydrjde (PIBSA) with tetraethyl enepentam ne TEPA
usi-ng an an'ﬂﬁé‘%ﬁglrggﬂ ginga it55 Q?téftio (CMR) of 0.71. This produces a
reaction product, which nmay then be reacted with terephthalic acid to form
a dispersed aromatic dicarboxylic acid corrosion inhibitor. The preparation

of said corWRARINHIBIMORSrs is further described, for exanple, in US.

‘Pat ent Application No. 10/367,432, filed February 14, 2003, which is
I ncorporated herein inits entirety.

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 riay 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. |

D 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 fo limit it:

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

EC-treated dispersants.
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VEAR INHIBITORS | J Traditional wear inhibitors may be used in this

i nvention. As their nane inplies, these agents reduce wear of noving
nmetallic parts. Exanples of such agents include, but are not limted to
phosphat es, phosphites, carbamates, esters, sulfur containing conpounds,
and nol ybdenum conpl exes. The LEDL of this invention nmay conprise one or
more wear inhibitqrs such nmetal dithiophospates and netal dithiocarbanates
or mxtures ther¥of. &"fﬂﬁé‘%r‘&%‘g'tﬁar i nhibitor for use in this invention
conprises zinc dithiophosphate. OTHER ADDI Tl VE COVPONENTS . The fol |l owi ng
addi tive conmponents are exanpl es of sonme conponents that can be favorably
enpl oyed i n the presenfa)i nvBhenatypdbxidatien anhpbiéersod,4'-aathylene bisf26-

ided to illustrate th t | i on,, byt t t intended t
port 068 Lo Tt et e LGh el Bl o il Bl T
STl 05 L0 oS RS AR B,

succinimdes nodified with boric acid, a cinic es

di spersants. -32 (2) Oxi dat methylfxted-oudylsphenol), BxEsuitylidamebis(3-daethyl-b-

|4n2| b Ib|t SE Z 64d|4 t cranr3 E h )l;{,lte glep%t%%‘ﬁt%mﬁﬁngbigf’{??gpm%%r%ﬁ(&ﬁfd’btﬁﬁl phenol ),
G5 o Sans (5 TSRO e ity rphenc)
4,4 -isopropyl -i denebi s( 2, 624i-ispbktylidené-bis(4,6dimethyl-phenol), 2,2
| methylenebis (4-methyl-6-cyclohexylphenol), 2,6-di-tert-
butyl4-methyl-phenol, 2,6-di-tert-butyld-ethylphenol, 2,4-
' ‘dimethyl-6-tert-butyl-phenol, 2,6-di-teft~4-(N,N'-dimethyI-
aminomethyiphenol), 4,4'-thiobis(2-methyl-6-tert-
butylphenol), 2,2'-thiobis(4-methyl-6-tert-butylphenol),
bis(3-methyl4-hydroxy-5-tert-butylbenzylysulfide, and bis
(3,5-di-tert-butyl4-hydroxybenzyl).

(b)  Diphenylamine type oxidation inhibitor: alkylated
diphenylamine, phenyl-.alpha.~naphthyiamine, and
alkylated .alpha.-naphthylamine.

" . (c)  Othertypes: metal dithiocarbamate (e.g., zinc
dithiocarbamate), molybdenum oxysulfide succinimide
complexes, and methylenebis '(dibutyl-dithioc:arbamate).

(3)  Rustinhibitors (Anti-rust agents)

(a)  Nonionic polyoxyethylene surface active agents:
polyoxyethylene laury! ether, polyoxyethylene higher
alcohol ether, polyoxyethylene nonylphenyl ether,
polyoxyethylene octylphenyl! ether, polyoxyethylene octyl
stearyl ether, polyoxyethylene bleyi ether,

polyoxyethylene sorbitol monostearate, polyoxyethylene
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but yl phenol ), 2,2'-nethyl ene-bi s(4-nethyl - 6-nonyl phenol),

2,2' -isobutylidene-bis(4, 6di nethyl -phenol), 2,2'- methyl enebis

(4-met hyl - 6- cycl ohexyl phenol ), 2,6-di-tert- butyl 4-nethyl - phenol ,
2,6-di-tert-butyl 4-et hyl phenol, 2,4- dinethyl-6-tert-butyl-phenol,
2,6-di-tert-4-(N, N -di nethyl - am nonet hyi phenol ),

4,4" -thiobis(2-nmethyl-6-tertg T

2 2' -t hi obi s( 4- met hyl - 6- t er tS%@E“y*ﬁ"’Bﬁﬂﬁ%ate and polyethylene glycol

bi s(3- et hyl 4- hydr oxy- 5-t er t monbylda¢azyl ysul fi de, and bis
(3,5-di-tert-butyl 4- hydroxybenzyl). (b) D phenyl am ne type oxidation

i nhibitor: al kylated diphenyl am ne, phenyl-. al pha. - napht hyl am ne, and
al kyl ated . al pha. - napht fy! ang £ i | ~16L £ AR amat e
(e.g., zinc dithiocarb tg?%%ﬁ%) er'nﬁ%i g@ﬁ%ﬁﬁ'%“é&é@ﬁ?ﬁ?%r&
conpl exes, and net hyl enebi s didathoxilic-atiids) invetal soaps, datty acid)arfnstsaltshi bi t or s

(Anti-rust agents) (a) Nonioni ¢ polyoxyethyl ene .surface active agents:
pol yoxyet hyl enel auryl et her ;mﬁfﬁ'f@%@?ﬁ??@%é“lﬁ?@ﬁép’d?m&?r@)ﬁg? acid
pol yoxyet hyl .ene nonyl phenyl @dtBpef polpRydri:aiebhyl, ana #P&%Fh@ﬁ@%tbr.et her,
pol yoxyet hyl ene octyl stearyl ether; pol yoxyethyl ene ol eyl ether,

pol yoxyet hyl ene sorbitol nonostearate, polyoxyethylene -33 sorbitol

mono- ol eate, and et I .. TONoopl eate: her, conpounds:
stearic acid and g@hgr [ﬁé%?@%%é&mon pfOCPUC? otf alkyfpmen% and efhngneom e,
poloxyethylene alkyl ether, and polyoxyethylene sorbitan ester.

- (5)  Extreme pressure agents (EP agents): zinc
dialkyldithEOphosphate (aryl zinc, primary alkyl, and secondary
alkyl type), sulfurized oils, diphenyl sulfide, methyi
trichlorostearate, chlorinated naphthalene,
fluoroalkylpolysiloxane, and lead naphthenate.

(6) Friction modifiers: fatty aki_ohol, fatty acid, amine, borated ester,

and other esters.

(7)  Multifunctional additives: sulfurized oxymolybdenum
dithiocarbamate, sulfurized oxymolybdenum organo phosphoro

A

dithioate, oxymolybdenum monoglyceride, oxymolybdenum
diethylate amide, amine-molybdenum complex compound, and

sutfur-containing molybdenym complex compound.

(8) Viscosity index improvers: polymethacrylate type po!yé’ners,
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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di carboxilic acids, metal soaps, fatty acid am ne salts, netal salts of
heavy sul fonic acid, partial carboxylic acid ester of polyhydric alcohol,
and phosphoric ester. (4) Demulsifiers: addition product of alkyl phenol and
et hyl eneoxi de, pol oxyet hyl ene al kyl ether, and pol yoxyet hyl ene sorbitan
ester. (5) Extrene: pressure agents (EP agents): zinc

dialkyldithiopho hate zinc, primary al kyl, and secondary al kyl
type), sulfurize Q3| I EO %h@@rs Al Pﬁha%mmlm@r&ﬂngr@m@éw'at e,

chlorinated napht hal egf P kyl pol ysi | oxane, and | ead napht henat e.
(6) Friction nDdifiers: cohol, fatty acid, am ne, borated ester,
and ot her esters. (7) NUItifunctionaI additives: sulfurized oxynnlybdenum

oty B AT SO AR S ] o] -
am ne- nol ybdenum COIprﬁén Hﬁ%r |§|,3,{1§lrc Qﬂfﬁr‘é‘i N ARy bdenym

conpl ex conpound. (8) Vi scosi ty I ndex |rrprovers acryl ate type
pol ymers, ethyl ene- psuifgrlm sulfpdtedver ensdfwuedenembpaltmef mafisl yer s,

hydr at ed styrene- |sop e co pol obut yl en di.spersant type
vi scosity i‘ndex i rrpro gxyegsvl &%kewlﬁ?@ Eﬁ’é’ﬁ‘ﬂ'@ %‘EV 'E@PV’
methacrylate. -34 (1Ry drﬁﬁﬁmdrﬁﬁilcpélﬁlﬂfn%te@d%nﬂ@d Baﬁh?fulﬁir&eagdlwr%"rs and
~dinethyl silicone polyners. . Metai detergents furize
“unsul furized al kyl oralﬁenﬂmp thenates metal salts of alkanoic acids, metal salts

of an alkyl or alkenyl muitiacid, and chemical and physical

’ ) mixtures thereof.
LOW EMISSION DIESEL LUBRICATING OIL COMPOSITION

The LEDL of the present invention is useful for its improved detergency over
other engine 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:

(@) 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 atieast one dispersant;

(f) 0.5% to 1.1% of at least one zinc dithiOphospﬁate;
(@) 0% to 2.5% of at least one oxidation inhibitor:

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

(i) 0% to 10% of at least one viscosity index improver; and
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phenat es, al kyl or al kenyl aromatic sul fonates, cal cium sulfonates,

sul furi-zed or unsulfurized netal salts of multi- hydroxy al kyl or al kenyl
aromati ¢ conmpounds, al kyl or al kenyl hydroxy aromatic sul fonates,
sul'furized or unsulfurized al kyl or al kenyl naphthenates, netal salts of
al kanoi c acids, netal salts of an alkyl or alkenyl multiacid, and chemcal
and physical mxtures_thereof. LOWEM SSI.ON DI ESEL LUBRI CATI NG O L

COVPCSI TI ON The LEDL dP t h&% pﬁ%geﬁ‘ﬁl cofrpsian iBRibiter.usef ul for its inproved
detergency over other engine |lubricating oil conpositions. Such a

| ubricating oil conposition conprises a mgjor part of a base oil of

| ubri cati nglwaaoﬁﬁérte]nbmﬁmbnhrthahﬁmL Of that pre$entinedasticn Wwodldvdontdindhl; from

about 0.1 w, %to about 0.5 % sul : nd f bo 0.02 Wt. %to

about 0.1 V\Pboy/%’ﬁﬂm andsiyop @ %@E%{ g{%tﬂ/? gh%?‘“ﬁ%é‘aﬁhét er gency whi | e

al Lhe same bRl ity e hidBih dnshy Aot Shrdfsaldserr | eat mont
t he [ d

systens. In one enmbodi ment ; nt al n: a mgjor part of a
base oil of detefgenhdnspgrsankaddltwqpf thebpre@iant imventionvt It l%sd:ﬂen found thab5% t o
0.5 wm. %s hos hor us to 12%of at
st one. abEHhs.cdrthinitia 24 sgatie provige, SIbRTB EEesiah Brotedtid

di t hi ophosphgDis cdrﬁéunﬂf@ écﬁm’%.efs&raw aeéndbfr@%n@%%t gandtant am'éaﬂﬁjpr (h)
0%to 1 %of at |east one foam i nhi bitor; 0%to 10% of at |east one

" viscosity iaidphosphetusilevelad - 35

&) ) it has been found that LEDLs of the instant invention may be prepared such
that they contairl very low sulfur. Very low sulfur is defined to mean about
0.05 wt. % to about 0.3 wt. % sulfur. Surprisingly, very low sulfur LEDLs
brepared. according to the instant invention provide superior corrosion
protection when used in an inté'rnal combustion engine.

In a further embodiment, the LEDL is produced by blending a mixture of the
above components. The LEDL produced by that method fhight 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
- particularly 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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AN

(Jj) 0%to 0.5%corrosion inhibitor. 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 wunsulfurized, carboxyl ate-containing

hydr oxy-aromati c surfactant-based detergent-dispersant additive of the
present invention. It has been found that LEDLs containing said additive
provi de superior corrosion protection to LEDLs containing commercially
avail abl e salicylates at constant ash, sulfur and phosphorus | evel s. It

h
has been foudlirtémhedibdsrofictivids pRyared ab@dﬂmq ?‘?fg ?‘rlj ??\?ér?ﬁ\ suc

that they contain very low sulfur. Very |ow sul mean about
0.05 wt. % tiéS fisdent &1682470, Bxampleut.. S&dpmcedugﬁgsrepmqwedvhaeifur LEDLS
prepared according to the instant invention provide superior corrosion
protection when used in an internal conmbustion engine. In a further

enbodi ment, A.he INEdtralizatisrpduced by bl ending a m xture of the above
conponents. The LEDL produced by that nethod might have a slightly

di fferent corrposition than the initial mxture, because the corrponents may

i . nd bl ended
conb! nat | ondr SFAERUIHTE% GPaR gy BRABCYbRe AOUREIFI Ty a f80leBitaber ¢ °°
i |1 ustrat ed nigsd of 278yi(hg. &zammﬂe@ and 8T8 gseftlinkar hikyiphnbl Baiag lay

advant ageou?wge hlod enbo q(%@grs é?pY\hl | e the Exanples are provided to
illustrate epylgs Bassigh gbaut iteh 24 moleprwas plagad dn adour-necked 4
HYDRORY- ARCHIN  SUREAC AR BB B St R o T

column. The isomeric molar repartition of para versus ortho alkylphenol was:
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 to 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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-36 An internedi ate product was prepared according to the procedure given
in US Patent, 6,162,770, Exanple 1. Said procedure is reproduced here: A
Neutralization A charge of 875 g of branched dodecyl phenol (DDP) having a
nol-ecul ar mass of 270, (i.e. 3.24 noles) and 875 g of linear alkyiphenol
having a nol ecular mass of about 390 (i.e. 2.24 noles) was placed in a
four-necked_4 liter %Jass reactor above which was a heat-insul ated Vi greux

fractionati hige tatal Hityrakdistitateqhiained avas ahaut t120i em” odemdxiag deddsus ort ho
al kyi phenol ; : f + 09 o Linear al kyl phenol: 39% para
and 53% ort%%eé%%hggg?vfgﬁg%g%%gﬁgrq%é'i‘{%vgiéa[ﬂd the reaction m xture was
heated to 65C, at which tenperature 158 grans of slaked |linme Ca(OH)2 (i.e.
2.135 nol e and 39 g ?f a mxture (50/50 by weight) of formc acid and
acetic aci d@wer AUORhe reacti on 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. Oha ptaduct obtairiedvat Stepo@)weascteahsierred ite atR6pibscautoclave ad

t enper at ur S,in ed to 240 C and the pressure was reduced gradually
bel ow at mj%?‘ﬂtoiﬁﬁﬁ an absolute pressure of 5,000 Pa (50 nbars) was

~ obtained. The reaction m xture was kept for five hours under the preceding

conditions. The reaction mxture was allowed to cool to 1800 C, then the
vacuum was Atghisitempenature,ssoavengingrof dbeveadter withoarzorsdiopide (@Q,)vedeen f or

A P g fmeRGed 8h8'coftANEA For 8h rihatds. ' P amoudt SFE e R this 120 ©78

dem xi ng _

<) step was 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>'=105 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 to 165° C, the pressure was restored to atmosphéric and the
reactor was then purged with nitrogen.

A total quantity of 1,912 grams of product was recovered prior to fiftration.
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 ﬁom the 6000 gallon batch
were as follows:

“TBN 116 mg KOH/gm
Calcium 4.1 wt%
Salicylic Acid Index (SAl} 40 mg KOH/gm

-38-



place in the | ower phase (66 cnB being water). B. Carboxylation The product
obtained in Step (A was transferred to a 3.6-liter autoclave and heated

to 180C. At this tenperature, scavenging of the reactor with carbon di oxide
(C®2) was comenced and continued for ten.-m nutes. The amobunt of CO2 used
inthis step was in the order of 20 grans. After the tenperature had been

he "t roducP Gha SRoasuo fR.4e Ganiy cf by ralon e ToanRd I Ineiaaentr o of -
3. 5X105 Pa. (iibpardtits)t ik dBtohAificd BY adliichiion BEthepts B a Sorldigduced

was in the order of 50 grans. After” the autoclave " had been coo o 165
C, the pres$@wdsoohleri¢ asidpirethet preaenes phdiethyl atiers foloweddstar was t hen

d with njitr. . A total tity of 1 912 f duct
Pecover ed pPPisBHHRis firafiorban ¥ Rigantc facton derd et amBicditimrne. above
procedur e WagdR&Ricollas Rsé@ a8 PAPRIIPAISHT). " RESHIE aékpresshd P eqUighlahe t he

I ntermedi ate product. The internedi ate product was then subjeCted to the

addi ti onal HiRObt per gram paprosiicb(Basentdamber unit). Anal ytical results for the

i nternedi ate product fromthe 6000 gallon batch were as follows: TBN 116

ng KOH gm Calcium4.1 wt% Salicylic Acid Index (SAI) 40 ng KOH gm -38 SAl

is a measur€.of Distillgtigmtity of alkylsalicylate fornmed in the detergent-

di spersant. It was determ ned by acidification of the product by a strong

aci d ' :

The intermediate product was fed at a rate of 70 kg/hr to a wiped film

S “evaporator (WFE) which had a surface area of 0.39 m% The WFE had an

- internal condenser and entrainment separator along with a hot oil 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 fo
less than 100°C before diluting with 100N base oil. Approximately 47.5 % (by
weight) of the feed to the WFE was collected as distillate. The amount of
distiliate 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

R diluent needed to be added fo the distilled product in order to give a

manageable viscosity increases.

Analytical resutts for the distilled product were as follows:

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

| Viscosity at 100°C 705 cSt

Oil Content (by mass balance) 21.5 wt%
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(hydrochloric acid) in the presence of diethyl ether, followed by a
potenti-ometric titration on the organic fraction (tetra n-butyl anmoni um
hydr oxi de was used as a titration agent). Results are expressed in

equi val ent g KOH per gram of product (Base Nunber unit). C. Distillation:
The internediate product was fed at a rate of 70 kg/hr to a wped film

evapor at or ich h rea,of WFE d

o O o5 et @it e Rt B8R Bt et B Tpein st aRR. ey
The hot oi lthé gitige@materidimdd'g chaplaeiblscsal wnc%m@exw@awmﬁ%af@aw thin
the WFE was 1.3 nbar. The feed tenmperature fo the WFE was 135C. Fi nal

product te NP degomMposition gftbesaticylatgstryeturieccuird evat ed to

qflstoek
wei ght) of 1?'2@4“2 Bl Gt e Brppe R 0B gm0t

distillate decbapiosifionryccured dsthmréSitenpe tienaloiie WHE iyrelaivelyi siit. t he
feed to the WFE.. Depending upon the level of distillation, enough organic

diluent is h%stélla’a%appsam@em&swea%an%.sbmﬂﬁ yellowywhichds eemparabledo

Vi scosi t i&Lillate

i ncr ease)s/, thehgﬁount t%%@@ﬂ&ﬂ%d@t:g&ﬁf?ﬂg%ﬂgﬂgg %—8@’%@%@ tgllestl [l ed

prodijct }n nedta!éz:-ﬂlog: ?tegaThEél'meabtatt‘af$I$®d|istiﬂaﬁerwasessastiaﬂy% cal
results for,the distille rooduct r s foll @ TBN 174 K m Ca

" 6.09 wt % SafTUsEINg t érquﬁﬁaﬁﬁ%i@#?@% gxﬁf@c@aﬂﬁwatst%@ Vagintady |

‘Content  (by tHeatitfe? 14 distilate Wa¥antlyzed 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 Exampte 1 was distilled

under various conditions in the WFE described above. Typical results for

other distillation conditions are shown in Table 1.

1 : 2
WFE Conditions: | |
Feed Rate (kg/hr) 122 86
* Pressure (mbar) 1.44 1.5
Hot Qil Temp (°C) 235 254
Product Temperature 205 : 222
Exiting Evaporator (°C) .
Amount of Distillate (wt%)’ 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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It is well known in the art that salicylate structures are thermally
unstable. As the distilled material had a conparable Salicylic Acid |Index
to'calciumratio as the feedstock, no deconposition of the salicylate
structure occurred even though the feed was exposed to relatively high
tenperatures. No deconposition occurred as the residence tinme in the WE
is relatively—_short The distillate appearance was clear and slightly
yeIIOM/whichﬁﬁﬁ)conparable to the appearance of tHe starting hydrocar pyl

Ihd TDN ~~nt ANt ~f + hno

phenol s i nt Hiéb%%“b'l"dfplfi}*uége;“ ratzatiofn—step—Thg—FBN-eentent—et—the

distillate Sentia i ndi cating than ngne of the feedstock|to

the distill atl MBrasiched adkyiplashadver into zge distilll ate. Theggistillatg was
anal yzed by chr omat ography and found to contaijn approxi rrately 61 Po
br anched hyo&ﬂe@r byl phenol, 39%!inear %ydrocarbyl phenol ,2%and 6% 10PN
base oil. E di st{llation groduct priepared acgording to
Exanple 1 wa NgTL'E?l Il R@pﬂéﬁ%l various conditions ifn the V\FEgdescri bed
above. Typi c(aﬂ%)esul ts for ot he distillation conditions are shown in
Tabl e 1. 1,’ %N?@ndltl ons. Feed Rate (kg/hr) 122 86 Pressure (nbar

1.44 1.5 q %9 2b4 Product Terrperature 205 222 Exiti nb

Evapor at or '(L,) Arrount DstTttate (w3043, GC+—nFrnhnat—Produet
(W% 0 14.5 Product Anal ytical Results
- Table 1.
) ! Based on WFE Feed Rate
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.
Similar 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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TBN (ng KOHgm 166 174 Ca (W% 5.92 6.2 SAl (ng KOH gm 57 59

Vi scosity @100C 226 575 -40 (cst) Conpostion of Distillate Branched .
Al Kyl phenol 76 64 (wm% 15 27 Linear Al kylphenol 9 9 (w% 100N Base Q|
(W% Table 1. Based on WFE Feed Rate EXAMPLE 3 Exanple 1 was repeated
except for the followi ng changes: a) The WFE had a surface area of 0.78 nR

b) The feed rate to the WFE was about 135 kg/hr c¢) The final disti 'l ed
product was diassesdhrmugh thé osemBeane)antioiesidue fractia (tHe ceaterip! leftunthev t h a

manageabl e vi S| Sim| to Exanple 1, about 46 % (based on weight) of
the feed to l?xf?% 'Eééﬁ’f)?'ﬁnh?sfmas collected as distillate. Analytical results
for this product are as follows: TBN 138 ng KOH gm Cal cium 4. 96 wt % SAl
47 ng KOH gm , . . .\

The dialysate fraction from the dialysis procedure was separated into two
fractions using silica gel chromatography ( 0.2 — 0.25 gm on two Silica Gel
Cartridges - Waters Part No. 051900} first using 12 ml 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 diluent oil and Fraction 2 was comprised of free alkylphenols.

;N 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 diethy! 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 alkyl salicylic acid and the remaining alkylphenof (non-
() carboxylated aikylphenafe). 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})

% Ca in the residue was determined by classical _X Ray spectrometry.
Dialysis results are as follows:

Dialysate 51.1 wt % of starting sample weight
Residue 48.9 wt% of starting sample weight
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D al ysis was performed on about 15 gm of product from Exanple 3 using a
Soxhi et extraction apparatus (pentane solvent) and a Latex nenbrane 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 |latex menbrane bag). The dialysate fraction fromthe dialysis
procedure was separated into two fractions using silica gel chromatography
(0.2 - 0.25 Pialgsatev@orSposition:Cel Cartridges - Waters Part No. 051900)
first using 12 m _of hexane to yield ,Fraction 1 followed by reversing the
Cartridges and fl E)QHPﬁﬁpGF?ﬂ' 12 m of I- U.&QO Et hyl Acetate: Ethanol to
afford Fraction 2iijeap@liiydpheholas conpgisgy, of diluent oil and Fraction 2
was conprised of free alKyl phenols. The Fraction 2 obtained fromthe
chr onmat ogr aphi ¢ sdp@N&BasenOpr ocedur e V&S withal yzed usi ng supercriti cal
chromat ography (SFC) to determ ne the amount of branched al kyl phenol and
| i near al kyl phenol present. Quantification was perforned using a
cal i bration Ré@;l&le@oﬂﬁﬁgwﬁoﬁi xtures of branched and linear al kyl phenol. %
SA was determ ned on the dialysis residue fraction by acidification of the
product by a strofgldénd (hydrochl ori 8.-2wi%) in the presence of diethyl
ether, followed potentionetric Likrat the organic fraction
~(tetra n-butyl am'\ﬁi um hydr oxi de vva?‘sggg%k?s]_l@nh tration agent). This
met hod separates SAhd quantifies the #Blyg Kmﬂfgqyl ic acid and the renaining
al kyl phenol (non- _carboxyl ated al kyl phenate). Results were expressed in
equi val ent ny KOH% §ér gr am of producﬁO(Base Nunmber unit). % SA was then
z’djt erm ned by using the follow ng equation: % SA=100* (Al kyl salicylic
‘aei d/ (Al kyl phenol +Al kyl sal i cylic acid))

The following composition of the product produced in Example 3 was

calculated from the composition of the dialysate and residue fractions: -

Total Alkylpheno! Content 14.1 wt%

oil | 36.9 wi%
Single Aromatic Ring Alkylsalicylate -  24.5 wi%
Caicium Alkylphenate 24.5 wt%

PROCEDURES FOR PERFORMANCE TESTS

» The following Section describes Performance Test Methods referred to in
these examples. '

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 diésel 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 tim.e- When the test is completed, the copper-
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Baseline Formulation A A B B c C
Sulfated Ash, % 0.95 0.95 1.0 1.0 1.0 1.0
JSulfur, % .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
Non-Borated Dispersant Y Y Y Y Y Y
LOB Ca-Sulfonate N N Y Y N N
LLOB Salicylate N N N N Y Y
- { Commercially Availabie 4.5 N 4.5 N 4.5 N
Salicylate, wt%
Unsulfurized Carboxylate- N 5.0 N 5.0 N 5.0
{00 | Containing additive prepared
e according to
‘JExampie 1, wi%
-} Secondary ZnDTP Y Y Y Y Y Y
Diphenylamine Anti-Oxidant Y Y Y Y Y Y
- fMolybdenum 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 tmprover
Base Oil 1 Y Y Y Y Y Y
Base Oil 2 Y Y Y Y Y Y
HTCBT
Pb, ppm 118 60 140 74 - 230 108 -

Ca in the residue was determ ned by classical X Ray spectronmetry. Dialysis
results are as follows: D alysate 51.1 wt % of starting sanple weight
Residue 48.9 w % of starting sanple weight 42 Dialysate Conposition:
Dodecyl phenol 1.0 wt % Linear Al kyl phenol 26.7 wt% 100N Base Ol 72.3 wt%
Resi due Conposition: Calci um 9.3 wt % TBN 259 ng KO/ gm SAl 78 ng KOH gm %

SA 50 The fol |l owi n t|on of the r_od ct produced in le 3 was
cal cul at ed fSPSHH"i“FTgaEg § r??%ﬁﬁj 9’$ aeex '&\eastﬁt %W@F%@“‘? E&f??'@ﬁs
Total Al kyl ts Ge3peRfiv 1 W% Ol 36.9 w% Single Aromatic Ring

(e
Al kyl salicylate 24.5 W % I cium Al kyl phenate 24.5 wt % PROCEDURES FOR
PERFORMANCE TESTS The foll owi ng Section describes Performance Test Met hods

Ctandard  cEXAMPRE HOBMEREREDHIARGE AUMANTACKR i ccei * tngine ol

at 135C. This test method is used to test diesel engine lubricants

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

EXAMPLE 4

AUTOMOTIVE PERFORMANCE

Nt

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:

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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to determine their tendency to corrode various netals, specifically alloys
of lead and copper commonly used in camfollowers and bearings. Four netal
speci nens of copper, lead, tin, and phosphor bronze are imersed in a
measured anmount of engine oil. The oil, at an elevated tenperature, is
blomm wth air for a period of tinme. Wien the test is conpleted, the

i men and the stressed oil are exam ned to detect corrosion

copper -43.@06% A
and cor r os M$NUBP J¥RREAMPRIES fean LiED|: confainipgecasrmarsialiyergiahiance

ADVANTAGES Af; I ' i Ll u Be €

denonstr at g%ﬁkﬁw&éi@tf?g&?@tﬁﬁﬁ ?%HJ? ﬁga%ér:ée's (@i\%gﬁl’tﬁ% nt' ftfc?)é\ m%ﬁﬂéﬂéﬁa@ | VE
PERFORVANCEVERioh wontaiaing dne catboxglateHcantaining asdifive displayaat esseriorexanpl e
were designed for Low Enm ssion Digesel, Lubricants (LEDL) i.ntended for use
in Low Emi SSIFBRONSGOROS PRAgfimance, rauimsis! ewsmaéoéwgos)oﬁ%gilw%s:

Basel i ne Fagppgwhtabi I’Porhﬁncﬁ\&é%%ég{écﬁt ed Ash, %0.95 0.95 1.0 1.0 1.0 1.0
Sul fur, %0.10 0.10 0.12 0.12 O. .10 Phosphorus, % 0.05 0.05 0.05 0.05
0.05 0.05 Borated Dispersant Y Y V. Y Y Y Non-Borated Dispersant YY Y Y

YY L@%eNNYYNN LOB Salicylate NN NNY Y Conmrercially
- Avail abl e = —5 N 4.5 N Salicylate, wt%

AUTOMOTIVE PERFORMANCE

The lubrication oil formuiations used in the present example were designéd

b

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, % .54 0.86 0.47 0.68 0.90
Sulfur, % 0.18 018 042 012 0.12
Phosphorus, % 0.08 0.08 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 2.0 3.9 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
S Molybdenum Anti-Oxidant Y Y Y Y Y
M Corrosion Inhibitor Y Y Y Y Y
Foam Inhibitor Y Y Y Y Y
OCP vii Y Y Y Y Y
Base Qif 1 Y Y Y Y Y
Base Qil 2 Y Y Y Y Y
HTCBT
Pb, ppm 73 48 62 79 75

For each LEDL, covering a range of sulfur, phosphorus and ash levels, the
LLEDL 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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Unsul furized Carboxylate- N5.0 N5.0 N5.0 Containing additive prepared
according to Exanple 1, w % Secondary ZnDTP Y Y Y Y Y Y D phenyl am ne
Anti-Oxidant Y Y Y Y Y Y MlybdenumAnti-Oxidant Y Y Y Y Y Y Foam
Inhibitor YYY YYY defin Co-polynmer Viscosity YY Y Y Y Y Index

I mprover Base Gl 1 YYYYYY Base Gl2 Y Y YYYY HICBT Po, ppm 118

60 140 74 23@%(@&! é’%ree pairs of LEDL formul ati ons, each pair with the
sone | evels : ul fur and phosphorus, were prepared. For each pair of

formul ati ons ' nt ai.ni.ng the unsul furized, carboxyl ate-containing
hydr oxy- ar on%RE@Eé‘Eﬁm%fﬁﬁE sggwélﬁf':g'éﬁtl-%@'sper sant additive enpl oyed
in the present -44 invention was conpared to an LEDL containing a

commer ci al | y3.-duamakpf gnDIR) is epmihined whthdbe falliving sormfponents:e. | n each case,
the LEDL of the present invention containing the carboxyl ate-contai ning
addi tive di spl ayed superior corrosion control performance. Surprisingly,

~even at very | ow faeornf 1wt |9% 6 Uswi. %6 boRitbalighdreantor mance was obt ai ned.
EXAMPLE 5 AUTOMOT| VE PERFORMANCE
_ from 3 wt. % to 8 wt. % non-borated dispersant;
-from 4 to 8 mmol LOB Ca-Sulfonate;
from 0 wt. % to 0.5 wt. % corrosion inhibitor;
from 0.1 wt. % to 0.5 wt. % molybdenum anti-oxidant;
| from 0 wt. % fo 1 wt. % phenolic anti-oxidant;
) from 0.1 wt. % to 1 wt. % aminic anti-oxidant;
| from 0 wt. % to 6 wt. % olefin-copolymer viscosity index improver;
from O 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 to 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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The lubrication oil fornulations used.in the present exanple were designed
__i for Low Em ssion Diesel Lubricants (LEDL).intended for use in Low
Em'ssion Diesel Engines and had the follow ng conpositions: Description A
BCDE Sulfated Ash, %0.54 0.86 0.47 0.68 0.90 Sulfur, %0.18 0.18 0.12
0.12 0.12 Phosphorus, %0.08 0.08 0.05 0.05 0.05 Borated Dispersant Y Y Y
Y Y Non- Borat&tq;#ﬂ'ﬁs.persant YYYYY Co-Detergent YY Y Y Y Unsulfurized
Car boxyl at e- Containi'ng additive 2.0 3.9 1.9 3.2 4.4 prepared according to
Exanple 1, w-/. Secondary ZnDTP, W% 1.04 1.04 0.66 0.66 0.66

D phenyl am ne Anti-Oxidant 'Y Y Y Y Y Phenolic Anti-Oxidant Y Y Y Y'Y

Mol ybdenum Adt i - Of lguhemissionydiess! lubxicans sompasitidrbtoropriaing: Y Y Y  Foam
Inhibitor YYYYY OCPVIIl YYYYY Base Gl 1 YYYYY Base OGl2YY
Y Y Y HICBT Pb, ppm 73 48 62 79 75 For each LEDL, covering a range of

sul fur, phosphorus and aanhjdrevedunt of BaseFRloluBREAUROVISERK} Or Corrosi on
control performance. Said performance is not degraded by décreasing the

W . % ZnDTP. Even at vérRydrexy-giamatic swiastant-based detergent-dispersant
additive containing less than 40 wt. % free hydrocarbyl phenol;

a diépersant; and
" 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 iubricant composition of Claim 2 wherein said
additive is unsulfurized.

4. The low 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:

(@) ~ from 10 to 50% alkaline earth metal hydrocarbyl phenate;

(b) from 15 to 60% alkali.ne earth metal single-aromatic-ring

hydrocarbyl salicylate; and
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the LEDL of the present invention displayed superior corrosion control
perfornrmance. -45 EXAMPLE 6 PREPERATI ON OF VERY LOW SULFUR LEDL 3.2 mol of
ZnDTP is conbined with the follow ng conponents: froml w. %to 4 wt. %
borated dispersant; from3 w. %to 8 wt. % non-borated dispersant; from#4
to 8 mol LOB Ca-Sul fonate; fromO w. %to 0.5 wt. %corrosion inhibitor;

from0.1 w. %to 0.5 w. % nol e anti-oxidant; fromO w. %to | w.
% phenol i ¢ anti - oxi dar‘\fl:vg fr%%"dﬁw%/@f%mﬁéw@“ % ami ni ¢ anti - oxi dant ;
fromO w. %to 6 wt. %ol efin-copolyner viscosity index inprover; fromO

to 25 ppmfoaminhibitor; and from1.8 w. %to 5.5 wt. %unsulfurized
car boxyl at e-&ont ath# ey emjission gieged inhricant cempositinn-af £3Jain 5 wherein from

det ergent - di spers uge L contai ni ng. 0. 02 wt. % phasphorus
o 0706 w5 et T BB e aBaPEem B v ot S diian HBESRRLGE Wi ¢
reference to speddid eddibodi nents, this application is intended to cover

t hose various changes and substitutions that may be nade by those skilled
in the art without departing fromthe spirit and scope of the appended

glofr;)msm n36 A Miie 1ol efidsih ﬁig.s%ﬂugﬁcgﬁteéo%péém& 6RBlain B RARHAO
said dispersant is a borated dispersant; and

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 diesel 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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a maj or amount of a base oil of lubricating viscosity;, a hydroxy-aromatic
surfactant - based detergent-di spersant additive containing |less than 40 wt.
% free hydrocarbyl phenol; a dispersant; and a wear inhibitor, wherein
sai'd conposition contains: fromabout O wt. %to about 1.2 wt. % ash; from
about 0.1 w. %to about 0.5 wt. %sulfur; and fromabout 0.02 wt. %to

about 0.1 wt. % phosp S h ow.em.ssiangdiesel. | ubricant,.
conposition of.daim Tﬁé\'}lﬁearbeoluﬁoﬁr %’ @o%%@ﬁﬁé‘ﬁ ?’W?W'CHRB%@%@' a
corrosion inhibitor. 3fromhebdu®d,1eWt. 35 it® AbouUESS wi. 9bantiaiktartiosa@ant i on of
Claim2 wherein said additive is unsulfurized. 4. The | ow em ssion diesel

| ubri cant conposition ¥eM@bgugd wtyietosabous £.9 wta¥adispersantolefin-
car boxyl at e-contai nin [y 5. The | ow em ssion diesel |ubricant
conposition of Claim %m‘@ﬁ%'s‘%i d additive further conprises: (a) from

10 to 50% al kal i ne earfrdmratioat 0ty aboat2H pprrpfosimirtiibitdrb) from 15 to 60%
al kaline earth netal single-aromatic-ring hydrocarbyl salicylate; and -47
(c) from0%to 50% organic diluent. 6. The | ow em ssion diesel |ubricant

ol d composi £y on i eriesb skl BBHGARTdmpodiih cobhngl L O oi'esel
| ubricant conposition of Caim6 wherein:

| a major amount of a base oil of lubricating viscosity;

a hydroxy-aromatic surfactant-based detergent—dispersant

additive containing less than 40 wt. % free hydrocarbyi 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 fubricant composition of Claim 14-wherein-

said additive further comprises:

(@) from 10 to 50% alkaline earth metal hydrocarbyl phenate;
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said dispersant is a borated dispersant; and said wear inhibitor is a netal
di t hi ophosphate. 8. The | ow em ssion diesel |ubricant conposition of Claim
7 wherein said conposition contains: fromabout 1.0 wt. %to about 4.0 w.
% 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 inhibitor. 9. The |ow em ssion diesel |ubricant conposition of
Claim 8 wherein: said dispersant is a succinimde; said wear inhibitor is

zinc di thiophosphate; g)d sghgh ?9&6@1%%&@%%&% rhétaf siE-LAdrhaGdring

terephthalic acid. 10. "The Iow em ssion diesel lubricant “conposition” of
Claim9 further conprisinghydrocamybsalicyfate; awd % to about 8.0 wt. %

non- bor at ed di spersant; fromabout 0.6 wt. %to about 1.4 wt. %

cal ciumsul fonate; fromabout 0.1 w. %to about 0.5 wt. % nol ybdenum anti -

oxi dant; -48 from aboufc)0 \A{mm%%qoqjmjgbréa,qcmueﬂﬁphenol ic anti-oxidant,;
fromabout 0.1 wt. %to about 1.0 wt. % amnic anti-oxidant; from about O

Ww. %to about 6.0 w. % dispersant ol efin- copolyner; and fromabout 0 to

about 25 pp oam-nhibitor. .11. .. A | em ssion diesel r.i cgnt .
CoNpoSi t | onnrl%'rrpﬁ‘ bf:na\% cta%isslon diésel WhAcar composﬁon oiJ l‘.':li)alm 45" wherein
from about 1.8 wt. % to about 5.5 wt. % of said composition consists of

said additive.
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.O,A\J.vt. % 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.
19.  The low emission diesel lubricant composition of Claim 18 wherein:

séid 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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a maj or amount of a base oil of lubricating viscosity;, a hydroxy-aromatic
surfact'ant - based det ergent-di spersant additive containing |less than 40 wt.
% free hydrocarbyl phenol; a dispersant; and a wear inhibitor, wherein
said conposition contains: less than 1.0 wt. %ash; less than 0.3 wt. %
sul fur; and less than 0.08 wt. % phosphorus. 12. The | ow em ssion diesel

conpr cant conpost 101 il CHRAR TR E oy B\ SURRUIA A HEh0%hoe
conposition of daim Jf&)m/rmmmfiwal%ta%bhtWﬂw&%lﬁékl:hfrﬂrsuﬁ@ﬂatem The | ow
em ssion diesel [ubri c é&gﬁ)ﬁsrtl on of Claim13 wherein said additive is
a car boxyl at e- cont ai n| viewt. 14 to-pheut B\ W% siddybdgrasaantiubr i cant

conposition of Caim l4;qhigrein said additive further conprises: (a) from
10 to 50% al kal i ne earth netal hydrocarbyl phenate; -49 (b) from15 to 60%
al kaline earth netal dromglaboat Ot fcto abgut he dto%aphsrolisalrticgtiaast; and (c)

conposi 1 on of O ai m TSTGALRG AT ¥ ShtaBbaH: 108V SoBG SUCRRTENG w . % of
sai d conposi tion consifdm abbut é%hd\ﬁﬂﬁéﬁéd‘c%om % tﬁ]@pé@%?ﬁl‘eﬁﬁ' on diesel
| ubricant conposition of Claiml

copolymer; and

from about O 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 phenol;
a dispersant; and

a wear inhibitor,

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

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

22.  The low 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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said dispersant is a borated dispersant; and said wear inhibitor is a netal
di t hi ophosphate. 18. The | ow em ssion diesel |ubricant conposition of Claim
17 wherein said conmposition contains: fromabout 1.0 wt. %to about 4.0.
wt. % of said borated dispersant; fromabout 0.2 wt. %to about 1.1 wm. %
of said wear inhibitor; and fromabout 0 wt. %to about 0.5 wt. %of said

corrosion in It 1 ssion diesel..l ub ant osition of
Claim 18 vvhelrbeélon G'Esealloé'9 %m?%ﬁquﬁnﬁFS{ngﬁgcgn c‘%ﬂr?f?c?ﬁ'%] égf ‘fiwn%Fﬂ?bi tor is
zi nc di t hi ophosphataid additive furtheraomgrisey: | nhi bitor 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- bor at ed di spersant ;g,y fr o

cal ciumsul fonate; fr orﬁl)abogftzar@q?l{b 8 %alt‘mahné héhgtgi “*’@’%P%%beﬁ‘&#ﬁ ‘anti -

oxi dant; fromabout O wt. %to about 1.0 wt. % phenol ic anti-oxidant; from
about 0.1 wt. %to abo ic anti-oxjidant; fromabout 0 wt. %

é 1. 3 % am n
to about 6.0 wt. % di sz } sardiony 1 F’nﬁoébﬁﬂﬂa%%ﬁaﬂaﬂﬂefﬁltﬁwgiﬁtﬁjﬂmtfpﬂ*%out

25 ppm foam i nhibitor. 21. 'ﬁyﬁ%a‘?ﬁy‘d%%‘lleﬂafg esfl ! ubricant conposition
conpri si ng: ’

(c) from 0% to 50% organic diluent.
26. The low emission diesel lubricant composition of Claim 25 wherein

from about 1.8 wt. % 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 dlthlophosphate and
said corrosion inhibitor is a neutralized terephthallc acid.

5.



a maj or amount of a base oil of lubricating viscosity;, a hydroxy-aromatic
surfactant-based detergent-dispersant additive containing |ess than 40 w.
% free hydrocarbyl phenol; a dispersant; and a wear inhibitor, 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 fromabout 0.02 wt. %
to about 0.08 wt. % phosphorus. 22. The | ow em ssion diesel |ubricant
conposition of Claim?21 wherein said conmposition further conprises a

corrosi on i 80i bi The loRBmidhiendiwset Nisanbcoinpasitioh WIGISAMRIGaARESs| ti on of
Claim22 wherein said additive is unsulfurized. 24. The | ow em ssion

di esel | ubricant CeEBWHSESE i on of O aim 23 wherein said additive is a

car boxyl ate-containing additive. -51 25. The | ow em ssion diesel |ubricant
conposition of Claim24 wherein said additive further conprises: (a) from

10 to 50% al kal i ne eafrom atedut 3.0 yetr %ctardhdut BIEAAI%: nor-Bdrdte@ disberdant60%
al kal i ne earth netal Eri ngl e-aronatic-ring hydrocuarb | salicylate; and (c)
from 0% to 50% or gani FOBT abRu0-6 yd. Yertecabiayt, 1ehwé Sogrleinasaulfonaie: cant

cai d composi t1 on conel Lt arg wh! SRR 0% B Y mob B BN, o el
| ubri cant conposi ti onoxifiadl;ai m 26 wher ei n: ,
| 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. A low 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 phenol;
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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said dispersant is a borated dispersant; and said wear inhibitor is a netal
di t hi ophosphate. 28. The | ow em ssion diesel l|ubricant conposition of Claim
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 wm. %
of said wear inhibitor; and fromabout O wt. %to about 0.5 w. % of said
corrosion inhibitor. 29. The |ow em ssion diesel |ubricant conposition of
Cl aim 28 wherein: said dispersant is a succinimde, said wear inhibitor is
zi nc di t hi ophosphat e2n gffgcliva epreesion dhibitinglanurd of ap unsnlfuiized i zed

b A o’ it her CRBoRRT RS AR a3 ol AR RRTRRGL ' o

non- bor at ed di spersant fromabout 0.6 wt. %to about 1.4 wt. %
cal ci um sul f onat e; S)m about 0.1 w. %to about 0.5 w. % nol ybdenum anti -
oxi dant; from about (9 wt .neygtealization ef hydrogarbybpherels usingan alkelineigath  from

about 0.1 Wt %o about pads Hihe HAEEC A IrREAI broaldom about © wt. 06

to about 6.0 wt. % di spersant copol ; FOM%Abdut 0 to about
25 ppm f oam i nhi bitor. 3lhydtotarbylphicrsiten d| esel |ubricant conposition
conpri si ng: ‘
(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,

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.

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 hydrocarby! 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
hydrocarby! phenols is separated from the product produced in step (b) to
produce said additive. '
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a maj or amount of a base oil of lubricating viscosity;, a hydroxy-aromatic
surfactant - based detergent-dispersant additive containing |ess than 40 wt.
% free hydrocarbyl phenol; a dispersant; and a wear inhibitor, wherein
said conposition contains: fromabout 0.4 wt. %to about 1.0 wt. % ash;
fromabout 0.05 wt. %to about 0.15 wt. % sulfur; and from about 0.02 wt.
%to about 0.08 wt. % phosphorus. 32. A low em ssion diesel [ubricant
conposi tion conprising: a major anmount of a base oil of lubricating _
viscosity; a dispersant; a wear inhibitor; and -53 an effective corrosion
[ of an. unsul.f ur,i zed ate ntaining, additive

ippgipgirghng’gam#@?%‘g%ﬁﬁp’%ﬁ"ﬁ@elM@%‘ia'ﬁarbo%{ltﬁ't‘? ajg 3 %P&%@!@r%l phenol s

usi ng an al kal wnergiar Imsélé%égta%ﬂdhestébeéﬁw% oﬁth@rsthgrh dr@dppduce a
hydrocar byl phenate; (b) carboxylation of the hydrocarby henat e” obt ai ned

in step (a) u@hﬁ@%al%@ﬁatﬁt@dfr@m thederiodust podpicad iin stepofid ite produce
sufficient to coRvVEidindd | east 20 nol e% of the starting hydrocarbyl

phenol s to hydrocar y‘ Salicylate; and (c) separation of at |east about 10%
of the starting hydrocar byI phenol s fromthe product produced in step (b)

sa dditiyv
to pr OdUC%G Ll'ﬂeel ow emlssron diesel lubricant composition of claim 32 or claim 33,
wherein, in said separation step, about 45% to about 50% of the starting

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

37.  The low emission diesel lubricant 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
distillation, or short path distillation.

39.  The low emission diese! 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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wherein said conposition contains: fromabout O wt. %to about 1.2 wt. %
ash; fromabout 0.1 wt. %to about 0.5 w. % sulfur; and from about 0.02
w. %to about 0.1 wt. % phosphorus. 33. The | ow em ssion diesel |ubricant
conposition of claim 32, wherein said hydrocarbyl salicylate conprises
singl e-aromatic-ring hydrocarbyl salicylate and doubl e-aromatic-ring

hydr ocar byl salicylate wherein the nole ratio of single aromatic-ring
hydrocar byl salicylate to double- aromatic-ring hydrocarbyl salicylate is
at least #21. Jhe ItJMeenniasimisseldnbdd:ameionhpdmitiamoﬁarqommef tlaons 62 tal ai m 32
or claim 33, er in S& aration ste t abou 30°/Qof the
starting hydr\g@a re'B %&t"g é%%’ét%f’@&“?"ﬂ&r?mé‘ﬂgtﬂﬁ

step (b) to prawéaqossaldia@@tﬁvé_l ve. -54 35. The | ow eni ssion d| esel

| ubricant conposition of claim32 or claim33, wherein, in said separation
step, up to 55% of the starting hydrocarbyl phenols is separated fromthe

product pryeduc ve. 36, The
em ssi on ?’eseﬁq]é l@ﬁ%@%sfo(?%cﬁ%gglﬁpﬁlg%fcoﬁ %Il}]%é nyc?r?ﬁ Prf%@'ms %g?ei n, in
sai d separ at i o2 indereiabinugaid putraliziion step% of the starting hydrocar 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

clains 32 to 36, wherein, in said separation step, said starting

b oce o1, BACRPLS 8ol ETBAT, Bt L P Woddhterae o

least one carboxylic acid containing from one to four carbon atoms,

t’\H) and in the absence of alkali base, dialcohol, and monoalcohol; and

P

(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

3 | 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 t0 0.7:1; and

(2)  carboxylic acid/hydrocarbyl phenol of from 0.01:1 to 0.5:1.
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distillation is acconplished via falling filmdistillation, w ped film
evaporator distillation, or short path distillation. 39. The | ow em ssion
di esel lubricant conposition of claim38, wherein said distillation is
carried out at tenperatures ranging from about 150C to about 250C and at
pressures fromabout 0.1 to about 4 nbar. 40. The | ow em ssion diesel

| ubricant conposition of claim38, wherein said distillation is carried
out at tenperatures ranging fromabout 190C to about 230C and at pressures
fromabout 0.5 to about 3 nbar. 41. The | ow em ssion diesel |ubricant
conposition of claim38, wherein said distillation is carried out at

mbout 1t Snoct R RBERi el RAtchd poliirydh Stelane PheRita gt ©
conposition of 48whersn @é]‘d(?do’i’h?(ﬁseiﬁ(tgn }‘Lﬁthé%ogﬁd?%b@id‘cﬂi’%%@? ﬁ’ﬁﬁﬂ)i&ﬁ. Vi scosity

i mprovi ng anount of organic di is added to sal tive. 43. The | ow
em ssion diesel lubricant conposition of any one of clains 32 to 42,

wherein, igx sai j i : id.neutralization operation is
carried Olj![B int é;'%g{ée@keér?@ %’%g%f'hgﬁ‘é%’@oﬁ@&%é%%ﬁ?}?i"&%‘gcwfaff@ P Mi ng
from one to fowbouhd Bowt. & domboutbd Whd bicsad abtcanpEomdiki!df shase,

di al cohol , and a(rirjor.][oal cohol; and (b) said neutralization operation is
carried out at d“é’ﬁperature of at least 200C, (c) the pressure is reduced
gradual | y bel ow at nospheric in order to renove the water of reaction, in

t he absence of any solvent that may forman azeotrope with water; (d) said
hydr ocar by#6. phdihgl lewcemission dipselduBbéantfcomprsitionyftiaienadwherein:

. o
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 wt. % 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-



|

phenol in mxture with at | east 15% of branched hydrocarbyl phenol in
whi ch the branched hydrocarbyl radical contains at |east nine carbon
atons; and (e) the quantities of reagents used correspond to the follow ng
nolar ratios: (1) al kaline earth base/ hydrocarbyl phenol of 0.2:1 to
0.7:1; and (2) carboxylic acid/hydrocarbyl phenol of fromO0.01:1 to 0.5:1.
-56 44. The | ow em ssion diesel |ubricant conposition of any one of clains
32 to 43 wherein said conposition further conprises a corrosion inhibitor.
45. The | ow eni ssi offrai @belit B.Oowi. Sate aboulpdiviti Shnof-boratethdspersantei n from

about 1.8 wt. %to L, 5 Y0t sal brigcant consists of said

addi tive. 46. The @8@%,@@%# ‘Gﬁ-e&? asﬂﬁri'gé(ﬂt @8#&%'??}’@?{"%% cl ai m 45
wherein: said di spéfosaabous0d WRLAEHLSISPSNVAAM mcBlichahtaMiakidanbi bi t or
is a netal dithiophgsphate. 47. The | ow em ssion diesel |ubricant

conposi tion of cl ai MO 2hAEEGIW. Kalfocrbast Tgbutt Yedthenslic antiwxidandm about 1.0
w. %to about 4.0 Won()(‘bﬁéu§9.'1welﬁnfcg)§90&fgﬁ@.sefgéininig%ﬂmowaﬁt;_ 0.2 wt. %

to about 1.1 wt. % of sard wear I'n or; rom about % to about
0.5 wt. %of said chomosbout dmii % foabout 6.0 wi8% digsersant slafiscbpolytieesel

| ubricant conposition of claim47 wherein: said dispersant is a
succinimde; said wéB i nhibitor is zinc dithi ophosphat e; and

from about 0 to about 25 ppm foam inhibitor.
50. A low emission diesel lubricant composition comprising:

a major amount of a base oit 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;

K) ~ (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,

wherein said composition contains:
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said corrosion inhibitor is a neutralized terephthalic acid. 49. The |ow
em ssion diesel lubricant conposition of claim48 further conprising: -57
fromabout 3.0 wt. %to about 8.0 wt. % non-borated dispersant; from about
0.6 wt. %to about 1.4 wt. %calciumsulfonate; fromabout 0.1 w. %to
about 0.5 wt. % nol ybdenum anti-oxidant; fromabout O wt. %to about 1.0
wt. % phenolic anti-oxidant; fromabout 0.1 wt. %to about 1.0 wt. % amnic
anti - oxi dant; from about ,0 V\%‘@ 0% bo apout, 6.0 wt. % di spersant

ol efi n-copol ymer:  and f /gt W58 - cf‘(’)aﬁlaut 25 ppm foam i nhibitor. 50. A

| ow em ssion di esel | ubriiganthap@BeR t4 SOIGOERE I Ban®.OBiMpro,amount of a
base oil of lubricating viscosity;, a dispersant; a wear Inhibitor; and an
ef fective corrosion inhi BhosRGOAMpUNt of an unsul furi zed

car boxyl ate-containing additive prepared by a nmethod conprising: (a)
neutralization of hydrocarbyl phenols using an alkaline earth base in the

presence a er.,.; pr.oduce a hydrocar hyl nat e. (b) carboxylation
of the hygﬁbcaﬁ%‘%ﬁg%’héﬂggg)no%%%éﬁ‘é@"‘fq{*scpgﬂ)%ﬂian ‘gtls](fﬁﬂ'g' sgr"@ﬁﬁe'@iwgde under
carboxyl ati on confhdsitRirsfurthief EombABEs BLIHRINIAH inhfitoreast 20 nol e% of the

starting hydrocarbyl phenols to hydrocarbyl salicylate; and (c) separation

of at |east about 10% of the starting hydrocar byl
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.

95.  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.

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

comprising:
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phenol s fromthe product produced in step (b) to produce said additive,
wherein said conposition contains: -58 less than 1.0 w. % ash; |ess than
0.3 wm. %sulfur; and less than 0.08 wt. % 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 conposition of claim50 or claim51 wherein fromabout 1.8 wt. %
to about 5.5 wt. % of said |ubricant consists of said additive. 53. The

| ow eni ssion di esel framaboeh8.0cwt6do abont 810 wh ooa- I:m‘rateldadlsper'éént;o 52

wherein: said di spe ant 3 t, a d wear i nhibitor
is a metal dithiophds 05“5@8 t@EbWEF é??é'g?f)la‘ﬁf ‘1"8 °&‘?E§{-ﬂ‘ k PECant

conposi tion of cl ai rfrdpd aHBEND. 1040 S 46 BboBN0 B . %%lywﬁhﬁfﬁh apgai d
conposition contains: fromabout 1.0 wt. %to about 4. . % of said

bor at ed di spersant; oxidast about 0.2 wt . %to about 1 1 vvt % of said wear
i nhi bitor; and fro o/ Y.L 5 of sal orrosion

i nhibitor. 55. The F}ﬁgﬁlbggﬁl‘g@]t |?é)s bl"\gaﬁo{p 8551'11" %[(F:t cl aim 54

wherein:  said di spdrsaabous0d wuc%it@ebbdm 058, 9% wadhiciamiiddidat; | s zi nc
d-i--t--h-i--o-phos-p-hat--e-;-----ang sai geﬁtcaér-os pon-inhibitor is- a-neutralized- terephthalic

acid. 56. The |ow 'fﬂrgé‘ MWs & to abput &0 Wi ingliseersppholefinwopohinasy,
further
from about 0 fo about 25 ppm foam inhibitor.
& 57.  Alow 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 addltlve
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conprising: -59 fromabout 3.0 wt. %to about 8.0 w. % non-borated

di spersant; fromabout 0.6 wt. %to about 1.4 wt. % cal ci um sul fonate;
fromabout 0.1 w. %to about 0.5 w. % nol ybdenum anti- oxidant; from
about O 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 efin-copolyner; and fromabout 0 to about 25 ppm foam

i nhibitor. 57. Iy SSJ iesel .l.ubricant conposition conprising: a
maj or anount ofﬁgrgig{ssgd%?ﬁhg’psﬁlggﬁ%@é%'ﬁgg viscosity; a dispersant; a wear
i nhibitor; and an effective corrosion inhibiting anmount of an unsulfurized
carboxyl ate-containing additive prepared by a nethod conprising: (a)

neutral i zation of hydrocH#epyabpuichdvet. ¥stmgbaut B0kl ¥nashkearth base in the

presence of a pronoter, y C . phengte: (b ar boxyl ati on
of the hydrocar byl phenai(@ng%@g\ﬂﬁgggivﬂ'%{gopg&%'ﬁ)ougi"ﬁg °c§;1‘1‘|9r\(5n2"6‘?0xi de under
car boxyl ati on condi ti onsfroauabouti @02 wito % twaiesiit (R08 Weas! plfsphohede of the

starting hydrocarbyl phenols to hydrocarbyl salicylate; and (c) separation
of at |east about 10% of the starting hydrocarbyl phenols fromthe product

produced i5g. st qRe(iBl drflisBioAdESs! lubricant composition of claim 57 wherein said

composition further comprises a corrosion inhibitor.
39.  The low emission diese! lubricant composition of claim 58 wherein from
. _ about 1.8 wt. % 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 composition 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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said additive, -60 wherein said conposition contains: fromabout 0.4 w. %
to about 1.0 wt. % ash; fromabout 0.05 wt. %to about 0.3 wt. %sul fur;
and fromabout 0.02 wt. %to about 0.08 wt. % phosphorus. 58. The | ow

em ssion diesel |ubricant conposition of claimb57 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 lubricant consists of said additive. 60. The | ow

eni ssi on &3eselThedpwieraissionatipaslitubricardfconpmisiticbofntiaime58 furtlseri d di sper sant
s a borated di gﬁﬁ)r{%?nt_; and said wear inhibitor is a netal

di t hi ophosphat & SMghe | ow eni ssion diesel |ubricant conposition of claim
60 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 wm. %
of said wear inhibi fi®m abadt 3.Lrwimataboat &0 wivss noadhonated. dispersat; of sai d
corrosion inhibitor em SSj L,esel, Lubricant. conposition of

cl ai m 61 wherein: ;%)%agggg%rbgﬁ‘m/{’rlkiagggﬁjﬂéi { AR 8@?’%15&&%%?’ i nhi bitor
zi nc di t hi ophosphat éonaabosid.d wiors esaboul MBiviai ¥omdlgbderenbhal | zed
terephthalic acid. - 3. The | ow em ssion diesel |ubricant conposition
of claim62 further 9X ri sing:

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

is

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 O to about 25 ppm foam inhibitor.

64.  Alow 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:

o
‘\:‘_/

(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 3.0 wt. %to about 8.0 wt. % non-borated dispersant; from about

0.6 wt.: %to about 1.4 wt. %calciumsulfonate; fromabout 0.1 wt. %to

about 0.5 wt. % nol ybdenum anti- oxidant; fromabout O wt. %to about 1.0
wt. % phenolic anti-oxidant; fromabout 0.1 wt. %to about 1.0 wt. %
amnic anti-oxidant; fromabout O . %to about 6.0 wt. % di spersant
ol efin- copolyner; and fromabout 0 to about 25 ppmfoaminhibitor. 64. A
| ow em ssion diesel |ubricant conposition conprising: a major anmount of a
base oil of lubricating viscosity; a dispersant; a wear inhibitor; and an

ef f ecti ve witsreirss#10 compdeitionéritgignt of an unsul furi zed
car boxyl ate-containing additive prepared by a nethod conprising: (a)

~neutralization of hydrocarbyl phenols using an alkaline earth base in the

presence of a pr Om)%ﬁ't” afﬁ&ltg%%g#ﬁgﬂ% ?F}*gl[tg;@%’g‘l/ﬁ% enate; (b) carboxyl ation

of the hydrocar byl enate g carbon dioxide under

car boxyl ati on condi froamnabQuti.081 W% t® aBENVEAS widt, 56RHt ar§ ol €% of the
starting hydrocarby] phenols to hydrocarbyl salicylate! and (c) separation

of at |east about 1B9MALAHO.Q2 uti Yarlg ahatit ORG Wi Yowspherusir om t he product

produced in step (b) to produce said additive, -62 wherein said conposition

‘cont ai ns:
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fromabout 0.4 wt. %to about 1.0 wt. % ash; from about 0.05. wt. %to
about 0.15 wt. %sulfur; and fromabout 0.02 wt. %to about 0.08 w. %
phosphorus r._ -63 LON EM SSI ON DI ESEL LUBRI CANT W TH | MPROVED
CORROSI ON PROTECTI ON ABSTRACT OF THE DI SCLOSURE The present invention
provi des engine |lubricants for | ow em ssion diesel engines featuring |ow
level s of ash, sulfur and phosphorus. Specifically, this invention

provi des-a | ow em ssi Ori:.(gn'( é%ﬂi si.n fr%ﬁ about 0O wt. %to
about 1.2 wt. % ash; Ofro S(, 05 %ﬁ@% ,gég‘gf? . % sul fur; and
from about 0.02 w. A)toa ai d | ubricant may

al so conprise a novel unsulptBSTRAq;,T@gqt}cpEyj]gmng ning additive for
lubricating oils, conprising a mxture of alkalrne earth netal salts

(hydrocarbyl phenate/hydrocarbyl salicylate) and a reduced anount of
unr eact .es  PHE RS R kD AHBIE SR BRI L5,
provides a emgiheslfedtoring lowlisvelgorasty] saffdr ahd phasspheraid Spddificallphis
-invention provides.a Iow emission diesel lubricant comprising from about 0 wi.
% to about 1.2 wt. % ash; from about 0.1 wt. % to about 0.5 wt. % sulfur; and
from about 0.02 wt. % to Aabout 0.1 wt. % phosphorus. Said lubricant may
also comprise a novel unsuifurized, carboxylate-containing additive for
\, : lubricating oils, comprising a mixture of alkaline earth metal salts (hydrocarbyl
phenate/hydrocarbyi salicylate) and a reduced amount of unreacted
hydrocarbyl phenols, in which said hydrocarbyl salicylate is primatily s:ngle—
aromatic-ring hydrocarbyl salicylate. The invention also prowdes a method
for producing said additive and said LEDL.




