UNSULFURI ZED, CARBOXYLATE- CONTAI NI NG ADDI Tl VE FOR LUBRI CATI NG O LS FI ELD
OF THE | NVENTI ON ‘The present invention relates to a novel unsulfurized,
carboxyl ate-containing additive for lubricating oils, conprising a m xture
of alkaline earth nmetal salts (hydrocarbyl phenate/hydrocarbyl salicylate)

and a reduced- anmount of unreacted hydrocarbyl phenols, as well as additive
packages, concentrates UNSYLRURIZES CARBOXWATE-CONTANING si ng t he sane.

Specifically, it relates to bl | S i d . mxture in which
sai d hydrocarbyl salicyl at e&@ﬂﬁﬁlﬁﬁﬁa%@ﬂﬁgﬁyﬁl c-ring hydrocar byl
salicylate. This additive inproves antioxidant properties, high
tenperature deposit control, BN retention, corrosion control and bl ack

sl udge control in lubricating oflELD O BHEANVENTIGN s al so directed, in
part, to nethods of preparing and using said novel additive. BACKGROUND COF
THE | NVENTI ON The preparati on of hydrocarbyl phenates and hydrocar byl

sal i cyl ates i Shesprésent mventiomrdlitesas &.ndvebunfMurizdl, cath83fatddorlmOs es

preparing detergent dispersant additives based on sulfurized al kyl phenat es
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the presence RiMafilysingie-acamalioeding bydrocarbyhsalmylate k¥ hisradditivecioiprovesl kyl
ether of al kyér?tf&iogjrx chgperties, high temperature deposit control, BN retention,

corrosion control and black sludge control in lubricating oils. This invention is

also directed, in part, to methods of preparing and using said novel additive.

BACKGROUND OF THE INVENTION

The preparation of hydrocarbyl phenates and hydrocarbyl salicylates is well
known in the art.

U.S. Pat. No. 3,036,971 discloses preparing detergent dispersant additives
based on sulfurized alkyiphenates of high basicity alkaline earth metals.
These additives are prepared by sulfurization of an alkylphenol, neutralization
of the sulfurized alkylpheno! with an alkaline earth metal base, then super-
alkatization 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 alkylsalicylates. Th‘ese additives are prepared by carboxylation of a
potassium alkylphenate, exchange with calcium chloride, then sulfurization of
the calcium alkylsalicylate obtained with sulfur in the presence of lime, a
carboxylic acid and an alkylene glycol or alkyl ether of alkylene glycol.
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-1 French patent application 2,625,220 di scl oses superal kalized detergent -
di spersant additives based on al kyl phenates and al kyl sal i cyl ates. These
additives are prepared by neutralization of an al kyl phenol with an al kaline
earth nmetal base in the presence of an acid and a solvent, distillation of
the solvent, carboxylation, sulfurization and superal kalization by sul fur
and an alkaline earth netal base in the presence of glycol and sol vent,

fol owed by eashpnadtbRNamNdafion WB@B'% dlE(%sé:’é‘él%EratﬁEﬁié&éétbP@brﬁUb' i cation
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di scl oses an carbsukfion andtﬂtraiohall nmet al - free det er gent - di sper sant
additive, conprising a mxture of alkaline earth netal salts
‘(al kyl phenat e/ al kyl salicyl ate) and unreacted al kyl phenol. This additive
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bl ack sl udge contr at ent Nos teach an
unsul furi zed, thedtlisaéble tnmmafovbr&a@staﬂmaﬂy Merfbrmcea)iﬁhmmﬁtlmmn havi ng

from40%to 60% kyl.phenol ., fr 0% to.40% al k rt h al kyl phenate,
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comprises neutralization with alkaline earth metal base of a mixture of linear

and branched alkylphenols in the presence of a carboxylic acid, carboxylation

by the action of carbon dioxide of the alkylphenate, followed by sulfurization

and super-alkalization, then carbonation, distillation, filtration, and degassing

in air.

European Patent Application Publication No. 0933417 discloses an
unsulfurized, alkali metal-free detergent-dispersant additive, comprising a
mixture of alkaline earth metal salts (alkylphenate/alkylsalicylate) and
unreacted alkylphenol. This additive improves antioxidant properties, high

temperature deposit control, and black sludge 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 rﬁay have an alkaline earth double-
aromatic-ring alkylsalicylate as long as the mole ratio of single-ring
alkylsalicylate to doubie-aromatic-ring alkylsalicylate is at least 8:1. This

composition may be produced by the three-step pracess involving
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aromatic-ring alkylsalicylate as long as the nole ratio of single-ring

al kyl salicylate to doubl e-aromatic-ring al kylsalicylate is at |east 8:1.
This conposition may be produced by the three-step process involving -2
neutralization of al kyl phenols, carboxylation of the resulting

al kyl phenate, and filtration of the product of the carboxylation step. The
det er gent - di spauteadinationpoialigpbleryls t daboxyidtinh afethe besulteglaikyiphenategand

rgen hane
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| NVENTI ON T hep:ﬂﬂ@éétl‘by tHY RRthQNcad BY iLdes 1@aﬁ@h@|neqn§h&aftmbl &Rfposition to
car boxyl ate-containing additive for lubricating oils, nprising a mxture

of al kaline elamrﬁveran%nmwtmsope(rhwrm@latewwerpmmaﬂte@oawdanfa:@k Bpd béagki cyl at e)
and a reducedSl éntpél unreact ed hydrocarbyl phenols, as well as additive
packages, conc and finished oil conpositions conprising the sane.
Specifically, it relates to additives conprising said mxture in which

sai d hydrocarbyl salicylate is rinmaril yl_ si ngl e-aromati c-ring hydrocar byl
salicylate. The present i nvenﬂ%ﬁ%&iﬁﬁxﬁﬂ&ﬁﬁﬂ%hod for producing the
above described additive, which conprises the neutralization of

hydr ocar byl phenols using an alkaline earth base in the presence of a
pronoter to pThrdpmeat inkgnlicrc providesphrowvd! ensiffeiedabapoxsglatedcontammier

conpri ses at S carboxylic acjd containing fromone to four carbon
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additives comprising said mixture in which said hydrocarbyl salicylate is

primarily single-aromatic-ring hydrocarbyl salicylate.

The present invention also provides a method for producing the above
described additive, which comprises the neutralization of hydrocarbyl phenols
using an alkaline earth base in the presence of a promoter to produce a
hydrocarbyl phenate. Preferably, said promoter comprises at least one
carboxylic acid containing from one to four carbon atoms, and said
neutralization step is carried out in the absence of alkali base, in the absence
of dialcohol, and in the absence of monoalcohol. The neutralization step is
followed by carboxylation of the hydrocarbyl phenate produced in the
neutralization step; and separation of the starting hydrocarbyl phenols from
the product of the carboxylation step.

The hydrocarbyl phenols may comprise a mixture of linear and /or branched
hydrocarbyl constituents. For example, the hydrocarbyt phenols may be
made up entirely of linear hydrocarbyl phenol, entirely of branched
hydrocarbyl phenol, or a mixture of both. Preferably, the hydrocarbyl phenols
- contain up to 85% of linear hydrocarby! phenol in mixture with at least 15% of

branched hydrocarbyl phenol in which the branched hydrocarbyl radical
3.



The hydrocar byl phenols may conprise a m xture of |inear and /or branched
hydr ocar byl constituents. For exanple, the hydrocarbyl phenols nay be nade
up entirely of linear hydrocarbyl phenol, entirely of branched hydrocarbyl
phenol, or a mxture of both. Preferably, the hydrocarbyl phenols contain
up to 8596of | i near drocar byl phenol in mxture with at |east 15% of

br anched hydr SORIAS aéheeabmme@avtmrbaromse Mok preserablyd thechydsgcambyti cal - 3
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formc acid and acetic acid more preferably a 50/50 y weight mxture of
form c and acetic acid. Preferably, the neutralization step is carried out

at a tenperat of , at 200 nor.e p er abl east 2

pressure is r&ﬁ@éﬁblﬁr@&ﬁ?ﬁdve ot\’ﬁsft 15§, Eﬁ‘?‘?‘is ﬁ'opﬁthgrgggyp PB“?'@%’EQ/Q‘It he
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azeotrope with water. Preferably, the quantities of reagents used

correspond to the following nolar ratios: (1) alkaline earth
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more preferably a 50/60 by weight mixture of formic and acetic acid.

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

of reagents used correspond to the following molar ratios:

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

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

The hydrocarbyl phenate obtained in the neutralization step is carboxylated in

order fo convert at least 20 mole % of the starting hydrocarbyl phenols to
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preferably from0.03:1 to 0.15:1. In one enbodinent, the neutralization
step is 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. The hydrocar byl phenate obtained in
the neutralization step is carboxylated in order to convert at |east 20

nmol e % of t héwstregarbusatipyatecusing cabperdivdde ondar ¢griipdatidryconditionsy| at e

usi ng carbon @i_oxI Y, ' It Preferably, at |east
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within the range of from above at m)ngeri C ‘%)ressure to 15X105 Pa (15 bars)

for a period EmEnder @ PrRSURRWEIN the rangs ek ikemmbpvetaimospheic ng

hydr ocar byl r K : : % of the
starting al kiﬁ%ﬁ%&%l@ ﬁgqgoﬁ\%g??g%@é@;?ng‘%%kf@@%gfglgﬁgbﬁlrj\éo car bon di oxi de
at a tenperature equal to or greater than 200C, under a pressure of 4x105

Pa (4 b . Jhe h I li gyl at in th b | at i t
car boxyl at 1 oMo BETHHaL e B P ABITHErD G R PBEP GBI RGOS ARG abr byl
sal i cyl ate angdasidmiofs %rmﬁéis@arﬁh@alk%%as@ri@xsbgﬁés@q %Wsalﬁfyﬁggr ably,

the nole ratio of single-aromatic-ri hydr ocar ate
doubl e- ar onatusing carpontijoitide at b yempeaturgl esjual tosoragrebtemdhard 200°@rafderabl v,

t he product of the carbqgxylation step is then filtered to renove any
sedi nment forrfgﬁs?q{et(ﬁéxggr E@)@f’ﬁ)ﬂéon step. The product of the carboxyl ation

step is then subjected to a separation procedure such as sol vent
extraction, distillation nenbrane filtration, and the |ike wherein at
| east about 10w bydroparbyt salicylale pradueedimiiie gsiteoxiiation: step saphmatationf r om t he

product of thge CARPANhANideWoth sife-BFsthSEERN ny@lochfft Saticylate and
double-aromatic-ring hydrocarbyl salicylate. Preferably, the mole ratio of
single-aromatic-ring hydrocarbyl salicylate to double-aromatic-ring

hydrocarbyl salicylate is at least 8:1.

Preferably, the product of the carboxylation step is then filtered to remove any
sediment formed in the carboxylation step.

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

phenols are separated from the product of the carboxylation step.

Once the starting hydrocarbyl phenols are separated from the product of the
carboxylation step, said hydrocarbyl phenols may advantageously be recycled
to be used as starting materials in the process of the present invention or in

any other process.



about 30%to about 55% of the starting hydrocarbyl phenols are separated.
More preferably, at |east about 45%to about 50% of the starting

hydr ocar byl phenols are separated fromthe product of the carboxyl ation
step. Once the starting hydrocarbyl phenols are separated fromthe product
of the carboxylatlon step, said hydrocarbyl phenols may advant ageously be
recycl ed to Deferably. e separelion steptis Pedraned viarlistiledieason praferahiesent

| nvention or a"'ﬁi“%‘f"ﬁq fl‘?ﬁ BR%IIREESSho Eatﬁlﬁﬂéwd@%%tr}ﬁﬁgﬁgwmd d%atelﬁlt ep is

performed vi atron, nore prefera | ation
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mbar; nost preferably Trom about I95C to about 225C and at a pressure of
about | to abmhaut3 rnbar md'st@raf%ablylﬂnﬁzemutdz%%mlabbetBaﬁﬂfhandmgaaddlt|ve

of the present i_nvent.i eously be blended with an effective
vi scosity i mpl'6urng %Tr???L?Hf n%éia%BPSgt‘ﬁ%’ di luent. Preferably, enough dil uent
I s added so that said diluent makes up from about 10%to about 80% by

wei ght of the_bl ended product. Mre preferably, said diluent makes up from
about 20%to HEMoURSEIWE], cabpyylatestontaiaingl addife ofitbe weeserdinventios di | uent s
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advant ageously be recycled fromthe distillation step of the present

i nvent i on. TH@ahﬂ%UPffﬁSN" abayt tdeaprdt 80%dnt weighhef tagchlendﬁed Bﬁ%’@@&ed by
this method Ga%k bifedBly, M WIUERIRRKES UBHrom about 20% to about 50% by

weight of the blended product. Suitable diluents include Group 1 or Group 2
base oils such as 100N base oil; organic solvents such as pentane, heptane,
benzene, toluene and the like; and other suitable organic compounds such as
hydrocarbyl phenols which may advantageously be recycled from the

distillation step of the present invention.

The unsulfurized, carboxylate-containing additive produced by this method

has the following composition:
(a) less than 40% hydrocarbyl phenol,
(b)  10% to 50% alkaline earth metal hydracarbyl phenate,

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

hydrocarbyl salicylate, and
(d} 0% to 50% organic diluent.

In one embodiment, the unsulfurized carboxylate-containing additive

comprises from 0 to 35% hydrocarbyl phenol; preferably from 0 to 30%
B



(a) less than 40% hydrocarbyl phenol, (b) 10%to 50% al kal i ne earth netal
hydr ocar byl phenate, (c) 15%to 60% al kali ne earth netal
single-aromatic-ring hydrocarbyl salicylate, and (d) 0%to 50% organic

di luent. In one enbodi nent, the unsul furized carboxyl at e-cont ai ni ng
additive conprises fromO to 35% hydrocarbyl phenol; preferably fromO to

30% - 6 hydr ochydrpbayeptedriol;oe prefirabighitom 0rte09; hwr%@%(pﬂwehmr Rist
phenol ; nost preferably fromO to 15% hydrocar byl phenol. The

unsul furi zed, PEieBENIrand ledvanydiegadyliphen@. may al so conprise an

al kaline earth netal double-aromatic-ring hydrocarbyl salicylate, but the
nole ratio of single-aromatic-ring hydrocarbyl salicylate to

doubl e- ar onat The minsglfuriaedr carbolytdtesadntaipingt aiditiviel mbe alfo degastisdBad. The

unsul furized, carboxyl ate-contajnin ddi tive, produced by the method of
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containing a ' - i ok ' | 302 it

unsul furi zed, Fﬁiggfrft%‘@% gtfgem%:ﬁﬁ?%q:ﬁ (#8821’3)3! ?&fﬁ\?g%(% {C{ %%&%?%ggﬁtgh?ﬁ&gnt i on,
and pr ef er abl fydrocatbybsalicglate willlber atdeaisttd: v.e. Exanpl es of ot her additives.

that may be used include netal-containing detergents, ashless dispersants,
oxidation inhibitors, rust inhibitors, denulsifiers, extrene pressure

agents, frictiyRg unBdlfirizeHScarbbifldtelcortaihPBHdMAR Srod88ed My BEORIdiNod BEEX
| mprovers, pour point depressants, and foaminhibitors. The unsul furized,

car boxyl at e- cthétpreaentgnyridionioas herustubie dnbgngine lubsicating oif compesfiicasent

I nvention has . . eyl arl y _usef, ul n.ysed | an .engi ne
| ubri cating o?&ﬁgglﬁr%g% P‘fﬁl‘%f?PﬁOfﬁﬁﬁ%ﬁ@??%'n*m ﬁ/“;P %?{ H%‘én%‘ﬂfut”ﬁgd’
fol l owi ng: a gdnbogyiate-cormainingtsRiditheastahe prasepinvention andhéfsrably at
car boxy- st earate, . ..
least one other additive. Examples of other additives that may be used
include metal-containing detergents, ashless dispersants, oxidation inhibitors,
rust inhibitors, demuisifiers, extreme pressure agents, friction modifiers,
multifunctional additives, viscosity index improvers, pour péint depressants,

and foam inhibitors.

The unsulfurized, carboxylate-containing additive produced by the method of
the present invention has been found to be particularly useful when used in
an engine lubricating oil composition in combination with at least one of the
following: a phenate, a phenate-stearate, a salicylate, and a carboxy-stearate.
Preferably, the mass ratio of phenate to unsulfurized, carboxylate-containing
additive in said composition is from 1: 0.035 to 1: 98; more preferably from 1:
0.239 to 1: 14; most preférab[y from 1: 0.451 to 1: 7.5. Preferably, the mass
ratio of phenate-stearate to unsulfurized, carboxylate-containing additive in
said composition is from 1: 0.051 to 1: 126; more preferably from 1: 0.353 to
1: 12; most preferably from 1: 0.667 to 1: 9.7. Preferably, the mass ratio of
salicylate to unsulfurized, carboxylate-containing additive in said composition
is from 1: 0.026 to 1: 120; more preferably from 1: 0.178 to 1: 17; most
preferably from 1: 0.335 to 1: 9.2. Preferably, the salicylate is a high-
overbased salicylate. Preferably, the mass ratio of carboxy-stearate to

unsulfurized, carboxylate-containing additive in said composition is from 1:

_7-



Preferably, the mass ratio of phenate to unsul furized,

carboxyl ate-containing additive in said conpositionis from1l: 0.035 to 1:
98; nore preferably from1l: 0.239 to 1. 14; nost preferably from1l: 0.451
to 1:7.5. Preferably, the mass ratio of phenate-stearate to unsulfurized,
car boxyl ate-containing additive in said conpositionis from1l: 0.051 to 1:
126; nore prefd2a3dbyl: f106hmore prefe@biofrom: 1: 11561 : ppemestpieferablyfrdm 0. 667
to 1:9.7. Preg {)%@ % g mass ratio of salicylate to unsulfurized,

car boxyl at e- con ﬁ ﬂ& dditive in said conposition is from1: 0.026 to-1:
120; nore preferably from1: 0.178 to 1: 17, rmst preferably from1: 0.335
to 1. 9.2. Preferably, the salicylate is a h - overbased salicyl ate.
Preferably, tHemaEss afp&llq:aimﬁ e asks sxfiaardgp@svt gontipls blwﬁrrma ure

car boxyl at e caBbaLARAMAINS heaal doRTRRRIddARslT] p8ibfnande 6 423 1O

1: 105; nore pr era from nost

0.294 to 1: 8Iubnchﬂngmi1 car bapbrosd mnadding ¢o ﬂieambrlshm@ell dﬁmﬁ@ctwe:ontrol

hi gh tenperature sit contro vi scosity increase control and

denul si bi | i tyamunépﬁ&e soffueized, garbose qiergopainied dgiiveritee #esRPtaddi ng

to the lubricgikRogi! an effective anount-of the unsulfurized,

carboxyl ate-contalining additive of the present invention. In autonotive

applications, the high tenperature deposit control perfornance, corrosi on
i t.i on perf.or mance f a,lubri can

trol d ti hi
Cproved by altPgMvE REPEAIREAe OB FRR R AL ARAA CEbioh EegpTeRce:
unsul furi zed, c@%QQﬁhbﬂ&@tM&ﬁﬂé‘ﬁ&ﬁmﬂﬂﬂidﬁ f!&f(ﬂ{nérh,% W@%’ﬁba!lﬁb’@iﬂbéﬁm The

i nvention also provides a hydraulic oil conposition with inproved
filterabilitybedmpeovedhy addi tpthel iubricatingroilcan efigctivesamolintof theom 0.1 % to
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The invention also provides a hydraulic oil composition with improved
filterability containing a base oil of lubricating viscosity, from 0.1% to 6% of
the unsulfurized, carboxylate-containing additive of the present invention, and
preferably at least one other additive.

The invention also provides a concentrate comprising the unsulfurized,
carboxylate-containing additive of the present invention, an organic diluent,
and preferably at least one other additive. The organic diluent constitutes
from 20% to 80% of the concentrate. Examples of other additives that may
be used include metal-containing detergents, ashless dispersants, oxidation
inhibitors, rust inhibitors, demulsifiers, extreme pressure agents, friction
modifiers, multifunctional additives, viscosity index improvers, pour point

depressants, and foam inhibitors.

DETAILED DESCRIPTION OF THE INVENTION

In its broadest aspect, the present invention provides an unsulfurized,
carboxylate-containing additive comprising hydrocarby! phenol, alkaline earth

metal hydrocarbyl phenate, and alkaline earth metal single-aromatic-ring
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The invention al so provides a concentrate conprising the unsul furized,

car boxyl ate-contai ning additive of the present invention, an organic
diluent, and preferably at |east one other additive. The organic dil uent
constitutes from20%to 80% of the concentrate. Exanples of other
additives that may be used include netal-containing detergents, ashless
di spersants, Bxdregaibyhsaliciiate Hsefukior improvinghBHiretandiondepRPSIPni ers, extreme

pressure agen i L e i i ji Tyl Lscosity
o 1 mpr oveparoiric, Bk SRdn; bt BHiPekatREUESUN odtit, e guithsr 2o
DESCRI PTI ON Ceoritkd, thiskBalldxidtktion stability; aad etherasppaties ofie lpbraating oilnvent i on
provi des an unsul furized, carboxyl ate-containing-additive conprising

hydr ocar byl phenol, al kaline earth netal hydrocarbyl phenate, and al kal i ne
earth metal SPRGH @ ASAIRId thi! iiertnlli JEARAIIAAI 3 FOWH P iRl eOT

i mproving BN retention, corrosion performance, bu oxi dat1on, high

t enper at ure ddefwd: control, black sludge control, thermal oxidation
stability, and other properties of a lubricating oil. Prior to discussing
the invention in further detail, the following terns will be defined:

DEFI NI TI ONS As used herein the-fol | opgrNniBORS have the fol | ow ng neani ngs
unl ess expressly stated to the contrary: The term "hydrocarbyl" nmeans an
al kyl or al kenyl group. The term"netal" neans alkali netals, alkaline

cal ci um  bar i AmCRHREER e OB b b iflobBls kel RS o

"salicylate" graesslgstabdko #&d tortfarg salicylic acid.

The term "hydrocarbyl" means an alkyl or alkenyl group.

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

thereof.

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

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

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

base cation.

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

hydrocarbyl group is an alkyl group.

The term "alkaline earth metal double-aromatic-ring hydrocarbyl salicylate"

means an alkaline earth metal salt of a hydrocarbyl salicylic acid, wherein

-9-



The term "al kaline earth nmetal single-aromatic-ring hydrocarbyl salicylate”
nmeans an al kaline earth netal salt of a hydrocarbyl salicylic acid, wherein
there is only one hydrocarbyl salicylic anion per each al kaline earth netal
base cation. The term"al kaline earth nmetal single-aromatic-ring

al kyl salicylate" neans an al kaline earth netal sin?Ie;aronatic-ring

hydr ocar byl s#eieyaratwo findrasiarbyl Balicyio aniserisfleaghaligaling eanthamigial baseup.

The tern1"alkgbhgﬁ earth nmetal doubl e-aromatic-ring hydrocarbyl salicyl ate"
means an al kal'rnéearth nmetal salt of a hydrocarbyl salicylic acid, wherein
-9 there are two hydrocarbyl salicylic anions per each al kaline earth netal
base <cation. _The term "al kaline earth netal double-aromatic-ri

1 H III ng
al kyl sal i cyl atl&€ taganalkaine aanimetal doybleraramalic-iag Blkylsatevals’ meansyan
hydr ocar byl sal ' e Qcar : : ps.
" o Sl SR e OB AUero M PR SRS i
hydr ocar byl s bdtacadshgeupstareedisi gongpsof whi ch has a sufficient nunber of
carbon atons to inpart oil solubility to the phenol. The term "al kyl phenol "
means a phenol having one or nore al kyl substituents, wherein at |east one

of the alkyl guBbinhuetliScAdHI ;ﬂ'ue"‘dql'frinéhﬁgfa ﬁ}léﬁ’é?ﬂa\ﬂﬁ of@'d?GRorR! OB 10

impart oil solubility to the phenol. The term "phenate” nmeans a netal salt
of a phenol . Tydrocarhyl substitoents st lepstane of whish hasaa sufficientalmbef of

hydrocar byl phenol. . The term,"al kal.i.ne earth netal hydrocarbyl phenate”
means an al kaPRENAIPHIS Omﬁftqglaﬁ u%'ﬂyéoﬁ"y%%%%qlbyl phenol . The term

"al kaline earth netal al kyl phenate" neans an al kaline earth netal salt of
an al kyl phenol . ]
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 fo impart ol solubility to the phenol.
The term "phenate"” means a metal salt of a phenol.

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

The term "alkaline earth metal hydrocarbyl phenate" means an alkaline earth

metal salt of a hydrocarbyl phenol.

The term "alkaline earth metal alkylphenate" means an alkaline earth metal

salt of an alkylphenol.

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

stearic acid or anhydride or salf thereof.
The term "long-chain carboxylic acid” means a carboxylic acid having an atkyl

group having an average carbon number of from 13 to 28. The alkyl group

may be linear, branched, or mixtures thereof.
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The term "phenat e-stearate” neans a phenate that has been treatéd with
stearic acid or anhydride or salt thereof. The term "l ong-chain carboxylic
aci d' nmeans a carboxylic acid having an al kyl group having an average
carbon nunber of from 13 to 28. The al kyl group nay be |inear, branched,

or m xtures ereof ., -10 The term "carboxy, stearate" ans an al kal i ne
carth motal JMEHEANAPARRN Soar iRy MAARs G KNG a R Yok Mg AR e or
treated with gl iRgo Bg%aﬁw!ﬂé)?ﬁbt fas BEtltre BRI HFor-chahlcahgqmel - The
term "Base NunbDer™ or "BN' refers to the anmount of base equivalent to

m | ligrans ofackibanhydddeeogsalhihefeafanpl e. Thus, hi gher BN numbers refl ect
nore al kal i ne products, and therefore a greater alkalinity reserve. The BN
of a sanple can be deternm ned by ASTM Test No. D2896 or any ot her

equi val ent  prigreduneBakbNesshert BETBNSRfeiRa0ithe @thoumt bf bassequivgrat /Ry e in
wei ght percent. single aromatic ring hydrocarbyl salicylate R double

aromati ¢ ri ndngIwBE Sf BPH Beenegram ef sample. PRESARIGNCORNORUMBETS (GERCTANT
ADD) 11 VE_ COVGoT R e AGHTRALL EA TR BB kel Dkl losBhR i Bp0gaT bY

phenol s are neutralized | resence o one e ment ,
sai d hydr ocardydmpleaszpl ise dstermipietdrial ASTM TestiNg B2ESH dadnynsthear t h net al
base in the presence of at |least one Cl to C4 carboxylic acid. Preferably, .
this reacti ofGUVAHAreLdW® i n t he absence of alkali base, and in the
absence of dial cohol or nonoal cohol.

Unless otherwise specified, all percentages are in weight percent.

R

single aromatic ring hydrocarbyl salicylate

OH 0 0 OH

I o Ca 0

R R

double aromatic ring hydrocarbyl salicylate

-11-




The hydrocarbyl phenols may contain up to 100% I i near hydrocarbyl groups,
up to 100% branched hydrocarbyl groups, or both |linear and branched

hydr ocar byl groups. Preferably, the |inear hydrocarbyl group, if present,
is alkyl, and the |inear alkyl radical contains 12 to 40 carbon atons,
nor e preferabl 18 to 30 carbon atons. The branched hydrocarbyl radical,
if present, é{E‘rMTmPFaTHﬁ LUBRICANTARPIEHVE CQMPQSHONar bon at ons,
preferably 9 to 24 carbon atonms, nore preferably 10 to 15 carbon atoms. In
one enbodi nent, the hydrocarbyl phenols contain up to 85% of |inear

hydr ocar byl pAenol NERrTEIAZMYORISTERSt 35% | i near hydrocar byl phenol) in
mxture wwth at |east 15%o0 ranched hydrocarbyl phenol. The use of an

al kyl phenol containing at |east 35% of |ong-chain |linear alkylphenol (from

18 to 30 carb I | i near

al kyl chain p%ﬁ%ﬁgﬁtﬁ%%ﬁ &%FBEI ;ﬁér@ﬁlsgén% @%‘fﬁa}ggﬁa@ﬁ ﬁ%ﬁﬁ eg%néfg ives in
| ubricati ng optsnotenwkvete etrihedbnmteaa:[d myfslrcrcfalrlavl |pheh§wistwe\rwutra|m1 al kyl
radicals in the al kyl enols can | atter S

ke reacti t han
branched al kW'Bﬁéﬁoﬁ’ 'W?e?ﬁ!@‘ etal hasg "E %Br@sﬁa?%ﬂ at 'P@gtc‘f'?% 1&%&& tions
to bring abo rbb?ﬁ crad?é?UP egif% 1tRi JQ%cti%i?] |§'c'éﬁ*éd16¥ﬁﬁrtﬁé‘ap§ér?ée8@§1 ali

Branched al ky pheno S can I ne y reaction of pheno ranched
ol efin, generbhde, and |g|thaabagnde_ofrﬂlphcobqllca‘rmond’dieqh&ionsi st of a m xture of
m)nosubstitut ed isonmers, the great majority of the substituerits being in

the para position, very few being in the ortho position, and hardly any in

the neta '12Tﬁ9$1y8idéﬁrbyTbﬁbn6I§‘fﬁ§y é&ﬁmnﬁﬂiﬁﬂmmnﬁﬁf ﬁydrﬁ@&ﬁﬂyl’&r&u@é’ards an
al kaline earth netal bdse, since the phenol function is Br acficCally devoid

of steric hi ndpatmdQO‘Vocbrannbethméﬁocadwﬂgrqu|pﬁe@mb@thwylephend) ganchedbe obt ai ned

ety ane. _ThevaIaRaRY obbs. BreteldRl Bp theheutfoBiBY dath. BhERE s unr ch
the proporti oalkglf ahitie@lin@arkalkyl radical contains 12 to 40 carbon atoms, more
preferably 18 fo 30 carbon atoms. The branched hydrocarbyl radical, if

present, is preferably alkyl and contains at least nine carbon atoms,
preferably 9 to 24 carbon atoms, more preferably 10 to 15 carbon atoms. In
one embodiment, the hydrocarbyl phenols contain up to 85% of linear
hydrocarbyl phenol (preferably at least 35% linear hydrocarbyl phenol) in
mixture with at least 15% of branched hydrocarbyl phenol. |

The use of an alkylphenol containing at least 35% of long-chain linear
alkylphenol (from 18 to 30 carbon atoms) is particularly atiractive because a
long linear alkyl chain promotes the compatibility and solubility of the additives
in lubricating oils. However, the presence of relatively heavy linear alkyl
radicals in the alkylphenols can make the latter less reactive than branched
alkylphenals, hence the need fo 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
olefin, generally originating from propylene. They consist of a mixfure 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
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substituents in the ortho, para, and neta positions is nore uniformy
distributed. This makes them | ess reactive towards an al kaline earth netal
base since the phenol function is |ess accessible due to considerable
steric hindrance, due to the presence of closer and generally heavier

al kyl substituents. O course, linear alkylphenols may contain alkyl
substituents Ppesition.sdhat makes thaig relatively mese eestive toveardasuralkalinepzarth

cubet 101t ekt Kool TARI DERARAI AR BEREH Mirheer o

used for carrying out this step include the oxides or hydroxides of

cal cium magnesi um bariu or strontium and Bart icularly of calcium
oxi de, cal ci uAnHpatherdEndanipprsalisdphenalyean bagbkaingd by seadiepsdhenal one

enbodi ment,  s{,akef; Héa%léﬁagéi%%’r'tég}gBYQh?ﬁﬁafﬁbm'eﬁh éﬁée"rhﬁ coﬁ@i@t gnoter

used in thls step can be ah enhante neu Ization. For
exanpl e, the pnx:tmn efrmnagsﬁmt:&te@hsﬂmets |1rcwalohdhebropcnﬂlm oblirdar atiyhoal cohol ,
et hyl ene glyc [ a rbo i c acid. ef erably, car lic acid is
used. Moro prétﬂ%sggwiig 401 M TP RESIRISS ER GBTPATYG 1 s st ep

| ncl uding, [ oA, eThfs%aké‘sth@ﬁ?k;grewve&mres%damgw ditPfilefal and
may be used alone or in mixture. Preferably, a mxture o aC| I's used,
most  pr ef er abase sinteithe pherdldinctini is lassi atcassiblerdue ﬁﬁh@nmniemblezstertc of

formc acid/acetic |ds ould be fr 0.2:1.to 10 r ef rably bet ween
07511 and 4. Bindiripenguf 6 A5 piestfipe of Josarand dehsali Reaitra®ing: " as
transfer agen&ﬁbstlt@&ﬁssbf%uiéée Ilhéé’rrﬁlﬁﬁ;ﬁhéﬁolé ﬁh@y%bh?duh ﬁfky?@ﬁﬂdﬁttf@{t@' bases
froma mneral reagent to an organic Teagent. - he néutralization

operation is Wwihsoge brmncamgafvm@hrmr%aa@séh@anmnt @b@&fam(b@,tltll%i%a@ﬂ,abl y at
least 215C, apd, ik, MGEEEALINE latvE F8ictot fowHiSs BIGERRE brth metal

bases.

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

hydroxide) is preferred.

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

to an organic reagent.
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I's reduced gradually bel ow atnospheric 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 nore than 7,000 Pa (70 nbars). The quantities of
reagents used.shoul orrespond.to, the.foll owi ng nola ratips: o

ka1 e oar TR reRERon QRARIRLISSATOREHER Dlortpaare et Fast 20b-c.
preferably 0. grdietabiPabledst 2t a}:d%reqa%férﬁbq@t fHash2dnas ariy brédaare!  of
0.01:1 to 0.5.1, preferably fromO0.03:1 to 0.15:1. Preferably, at the end
of this neut r i fegaiced gradually belovhgiinesphediglin praarde distilipfttheevates okept for a

period not ex ing fiftee ours at. a.te rat.ure o . | .east and
at an absol ut gg%gfggsﬁc&ogﬁngﬂg{fh&gﬁu%@%\Boggﬁ&ilgéj On%éﬁ\g'etﬁ%(ﬁt{?é}'ggd 1.0
bar). More prefanpbblventthat faiydoen ah dzebfope withakateat Pesteraiignhthe

hydr ocar byl phenate obtained is kept for_between two and six hours at an

absol ute presPIRBUR isgeduerchtorno owwe dan 20000t B0 MBafsleen 0.1 and 0.2

bar). By providing that operations are carried out at a sufficiently high
tenperature and that the pressure in the reactor is reduced gradually

bel ow at nosphdhiequantities oieeagehisasedaehouhcdirespang todhe fallbwing mwlahout t he
need to add a solvent that forns an azeotrope with the water fornmed during
this reaction@i9S: CARBOXYLATI ON STEP The carboxyl ation step i s conducted by
si nply bubbling carbon dioxide into the reaction nmediumoriginating from
the preceding neutralization step and is -14 continued until at |east 20
nol e % of the star{ing blkdlieaaibly magialdrases hydrocathw phéera dafd.Ayldodtarihy|

salicylate (nmeasured asprse?cle'rla%}/yl 0.5:1 %Idj.SIbl},[ and

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

Preferably, at the end of this neutralization step the hydrocarby] phenate
obtained is kept for a period not exceeding fifteen hours at a temperature of
at least 215°C and at an absolute pressure of between 5,000 and 10° Pa
(between 0.05 and 1.0 bar). More preferably, at the end of this neutralization
step the hydrocarbyl phenate obtained is kept for between two and six hours
at an absolute pressure of between 10,000 and 20,000 Pa (between 0.1 and
0.2 bar).

By providing that operations are carried out at a sufficiently high temperature
and that the pressure in the reactor is reduced gradually below atmospheric,
the neutralization reaction is carried out without the need to add a solvent that

forms an azeotrope with the water formed during this reaction.

B. CARBOXYLATION STEP

The carboxylation step is conducted by simply bubbling carbon dioxide into

the reaction medium originating from the preceding neutralization step and is

“14-



potentionetric determnation)_ It nust take place under pressure in order
to avoid any decarboxyl ation of the al kyl salicylate that forns.
Preferably, at least 22 nole % of the starting hydrocarbyl phenols is
converted to hydrocarbyl salicylate using carbon dioxide at a tenperature

of between 180C and 240C, under a pressure within the range of from above
at nospheri ¢ prestinyed wiil ablepst2®mala 86 phthe) stading Merecarbyimhenelstis ei ght
hours. Accordi | , % Qf: arting

hydr ocar byl 'SEgﬁ%ﬁ@@?@]ﬁ?{"é&ﬁ{‘%éﬁg(ﬁ%reé%gﬁ%gssa?%?fag?’ eahsi ng carbon

di oxi de at a pbnpienstuc detequination). di ngrsé tdker plabannd&0iicgneterin@rgardssur e of
4X105 Pa (4 bars). C.d FI LTRATI .O\Iﬂ?LIEP iEhe Er?ducEI ﬁfr t he carboxyl ation step
may advant ageGYSI\AYAgqarpylaiionglthe glylsglcyldle thakiormBe ration step is to
remove sedinments, and particularly crystalline calcium carbonate, which

m ght have been formed during the preceding steps, and which may cause

pl uggi ng of f Preferably.ratdeast@ad mole % b the starting bydrocanbylphenolDis SEPARATI ON

STEP At |east 10% of e starting,hydrocarbyl phepol. is, separated formthe
oroduct ot RENEarrsLie Rfo @bl it ek REid B ke B A TP RN of
acconpl i shed wgivwigen #8070 ANERAOTT, UMAEE alpredfira Within tHeerails ot Floft bB&Vd S
carried out in a wped film evagg;agor at a tenperature of from about 150C

to about 250CalRaspfterig prpsuye i 456107815 bams)for apeted of abato eight e
preferably frﬂghfsbout 190C to about 230C and at about 0.5 to about 3 nbar;
nost preferably fromabout 195C to about 225C and at a pressure of about 1
to about 2 rnbar. At least -15 10% of the starting hydrocarbyl phenol is

separated. More preferably, at |east .
According to one variant, at least 25 mole % of the starting hydrocarbyl

phenols is converted to hydrocarbyl salicylate using carbon dioxide at a
temperature equal to or greater than 200°C under a pressure of 4x10° Pa (4
bars).

C. FILTRATION STEP

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

lubricating 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
-15-



30% of the starting hydrocarbyl phenol is separated. Most preferably, up to
55% of the starting hydrocarbyl phenol is separated. The separated

hydr ocar byl phenol may then be recycled to be used as starting materials in
the novel process or in any other process. UNSULFURI ZED,

CARBOXYLATE- CONTAI Nl NG ADDI TVE The, unsul furized, carboxyl at e-caont ai ni ng
addi ti ve for ne@% ¢t thestartisgdydrogarbd phenebis sepataied-aMase prefgrally.iatdeasti que

conposition, W ’ ' At [ z [ Cotin
hyar ocar byl s aEraoTHEENEE RIS bAPHEAL S BBhited” PRCEDRIBIRN. Tl 0"0, .,
routes. When t55&6 bf/thectartinglhydgocanipylipheaol ialsephrajecdiuphetseparaied! f uri zed,
car boxyl at e- cont.ai ni n dditive _has the foll owi ng conposition; .l ess
Chan_ 4096 al ky TBHEAGTEY! pRSAPIHY e be resmioles e tbcEas Siring Gaterts in

al kyl phenat e, tR@foyéiDrodd<ABriR Unl @18 pratédl i ne earth netal

single-aromatic- ring alkylsalicylate. Unlike al kaline earth
nmet al - al kyl sal i cyl at es produced by.other process, this wunsulfurized,

o ANSULEOREE] AR ORI RGP AL 7o, 7o
al kyl salicylates. The nole ratio of single-aromatic-ring alkylsalicylate

to double-aromatic-ring alkylsalicylate is at |east 8:1. CHARACTERI ZATI ON
OF THE PRODUCT heyunsyHrpesh caHEByRONMEDRivigng additive sormadby theypigsent C H

bendi ng vi brat | re u . . asul f.ur i
car boxyl at e- c%’ﬁ?%%ﬁ@&ebaed@fgﬁé%"gwm?%%é@gen?éfﬁﬁ%sgﬁﬁ&wt” %%g T ar ed
spectra of ar afiline eatthdfeiNSingrl-a@htatRinghydrbeaBylGdtichatsland less
transmttance band in the 675-870 cm 1 region, the exact fre uenc%/
- hydrocarbyl phenol than produced by other routes. When the hydrocarbyl
group is an alkyl group, the unsulfurized, cai’boxylate-containing additive has

the following composition;
(a) less than 40% alkylphenol,
{b) from 10% to 50% alkaline earth metal alkylphenate, and

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

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

alkylsalicylate to double-aromatic-ring alkylsalicytate 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 additive of the present invention.
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dependi ng upon the nunber and | ocation of substituents. For ortho-

di substituted conpounds, transmttance band occurs at 735-770 cm 1. For
par a- di substituted conpounds, transmttance band occurs at 810-840 cm 1.
Infrared spectra of reference chem cal structures relevant to the present
I nvention indicate that the out-of-plane CH bending transmttance band
occurs at 7503 cm -1 for ortho-al kyi phenols, at 7602 cm -1 for salicylic

. LAl kvi - , h
nown i n 1 he A S8R cher el gy SBPE N of o SERlae O bdint ahce
bands at 7503ramsmittancelbaid 838 675-870 hkakbion, B &uct flelibag) | cyl ates
known in the art have infrared out-of-plane CGH bending_ transmttance

bands at 763 ‘?ﬁﬁr}diﬁgaﬂﬁp’hmemb%rrﬁrﬂ 'Wﬂ@o'luﬁfsqumqei& For ortho- _—
carbony| o i ShviNesRLoRg LRI TSR DY g oL 1Y

no out - of - pl an g vibration a even though there is
ot her evi dencearakdisulitikyibd abinpplnds, transpiitseos barkhoscupaat BEOH8a0 cm™.
characteristic has not been fully explained. However, it may be

hypot hesi zed that the particular structure of the single aromatic ring

al kyl sal i cyl ahfraRscP¥ et of rBfetfid: &%&B-gtx étp{eéﬁreefréte},%%?ﬁyp%mng

vibration. In this structure, the car y acid function'is engaged in a
cyclic structinventicmitdichtesthabthe qérofmdame Crd bendind tstnsniittafdenamihice i n t he

vicinity of the arog |G, 1R limting, the fr tiqn of the neighbor
hydrogen at ont Tt &' f _+ i{gs?grqrghcga‘l}é@pggals, %&quracgoﬁ%'f:ﬁ%%c‘ﬂnfrar ed
spectrum of thel ac83D43 @d" Rooshialaikyiphadbigh the carboxylic acid function
is no |l onger engaged in a cyclic structure and thus can rotate) has an

out-of-plane CG-H transmttance band at 7633 cm 1. The unsulfurized

car boxyl ate-c ) | 4 f prese | nventiqgn can . thu e

characteri zecﬁ( B%/ﬂké;%%aggqu'#%egfknb%r!ﬁ}@%aﬁ&'&Hgmeﬁqurﬁﬁ@é’%'ﬁgfm?"& éﬂ—Et -17

of plane C H thantiggansmitancé baA8Sat M0+Pcoltarefl atd32as M haegha@anh
alkylsalicylates known in the art have infrared out-of-plane C-H bending
transmittance bands at 763+3 cm™ and at 83243 cm™.

The unsulfurized carboxylate-containing additive of 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
generate increased steric hindrance in the vicinity of the aromatic ring, limiting
the free motion of the neighbor hydrogen atom. This hypothesis is supported
by the fact that the infrared spectrum of the acidified product (in which the
carboxylic acid function is no longer engaged in a cyclic structure and thus

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

The unsuifurized carboxylate-containing additive of the present invention can

thus be characterized by having a ratio of infrared transmittance band of out-
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8323 cml of less than 0.1:1. The unsulfurized, carboxyl ate-containing
additive fornmed by this nethod, being non-sulfurized, would provide

i nproved hi gh tenperature deposit control performance over sul furized
products. Being alkali-nmetal free, this additive can be enployed as a
det ergent - di spersant _in applications, such as marine gﬁglne oils, where

the presence &f-pianesfit hending aﬁab@ulio?@ﬂ@rpmo tp guEof-planafGrH kendiag at

DETERGENTS Th R -U yl ate-containing additive fornmed by the
process desc??g glél"%oéfelé gth Ol?ound to provide inproved bul k oxidation
and corrosion control performance when conbined with other additives,

I ncl udi ng de en heI contrql  varnish, rj zone dep05|ts,
and rust by kérglﬁgq{&jpﬂé‘?ff %109 *@@ln%aééqﬂr’%ﬂ@r&]%%ﬁé’%

Met al - cont ai ni x f tergents
to control deggg]dtl%n Sl aigﬁg‘gpgld Fﬂ'ggi?%gmpgﬁeg@ F%@?e%ﬂ%@bﬁpggg t her eby

reduci ng wear canttobmﬂrfarmamneawer s:dﬁxreadlmgdtﬁrigi Beirig dlkali- mt@rfmttlsls
general ly conpr.i

| d h dr ophob h
o 2 ond OB b Empfoyed s pSterd it cinher g8 AbSicedhns, e Bho

salts may COnh@éﬁhé‘eﬁglﬁébﬂﬁtWﬁérthéb%%hb@'@tafldaﬁ métﬁl%bﬁﬁve%rowﬁt@ﬁb@é in
whi ch case they are usually described as normal or neutral salts, and

woul d typi cal Inarmfu)effectsot al base nunber (as nmeasured by ASTM D2896) of

fromO to 10. It is possible to include |arge amounts of a netal base by
reacting an excess of a netal compound such as an oxide or hydroxide with
an aci di ¢ gas DRFERGENTSE bon dioxide to forman overbased detergent. Such
over based detergents may have a total base nunber of about 15 to 30 (Il ow
overbased); 31 to 170 (nedium overbased); 171 to 400 (high overbased); or

above 400 (hi %ém&rﬂlfaﬁféob, %ﬁ?gaxylate-containing additive formed by the process

described above has been found to provide improved bulk oxidation and
corrosion control performance when combined with other additives, including

detergents.

Defergenté help control vamish, ring zone deposits, and rust by keeping
insoluble particles in colloidal suspension. Metal-containing (or ash-forming
detergents) function both as detergents to control deposits, and as acid
neutralizers or rust inhibitors, thereby reducing wear and corrosion and
extending engine life. Detergents generally comprise a polar head with a long
hydrophaobic 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
ASTM D2896) of from 0 fo 10. itis possible to include large amounts of a
metal base by reacting an excess of a metal compound such as an oxide or
hydroxide with an acidic gas such as carbon dioxide to form an overbased
detergent. Such overbased detergents may have a total base number of
about 15 to 30 (low overbased); 31 to 170 (medium overbased); 171 to 400
(high overbased); or above 400 (high-high overbased).
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-18 Detergents that may be used include phenates, overbased phenates and
sul furi zed phenat es; phenate-carboxyl ates, and overbased phenat e-

car boxyl at es; carboxy-stearates and overbased carboxy-stearates; and | ow,
medi um and hi gh overbased salicylates. Suitable nmetals include the alkali
or alkaline earth netals, e.g., sodium potassium Ilithium calcium and
magnesi um Th@emg@nté&mﬁ/bayéadmw%p rAtes, everpasastphengies soth  which

oy both be PEARRRLATRCIER! RN YSR e I hERRbe SRRERRATI ON OF

PHENATES The p ena e ‘use presen vVentron are
typically hycla:boaylbt;els smbsw-swae&tepmdai\@sbasedmfarbdik}l Stleahstds onal ﬂ@w

substituent or substituyents of the enate_are preferably one or
al kyl group, ®edim a”ﬁﬁ’%ﬂibﬁ\éedbﬁfﬁe‘ﬂﬁ@ﬁﬂ%%d U'ﬁh'?éfﬂﬁtélsdf‘ﬂweé‘?%ﬁt@“@ént ain
from4 to S0, alkhfif E4APethls il ol FARAOMIMAKRIn, SRGLAT Uar Y, suitable

al kyl groups are Cl2 groups riva rom propyle etraner.
hydr ocar byl smagneslutredThqahmshcmnm R ) mltalyasmbalummzadd rwagrmsmmg to

f d ' based | f d
al Ky} phenat s BRRATRY PP Rk RieERN B ERSo8B GrRcyR AL HS Rt ral | 21 ng &

sul furized al kyl phenol with an al kal i ne earth base In the presence of a
dilution oil, a glycol, and halide ions, the glycol being present in the
formof a mnm RREPARATIONRFIPHENATES Vi ng a boiling point above 150 C,
removi ng al cohol, glycol, water, and sedi nent, carbonating the reaction
mediumwith CO2 in the presence of halide ions, and again renoving

al cohol, gl ycphe ph@h@t@swmmrr@gcber@é&dmltﬁewgéminv@hﬁéﬁb?@mﬁéamd' ment, an
ar

overbased sul furized dr oc henate i s prepared by a procCess

conpri sing t hl@ycb'o@@rbybsubstlwﬁemg emateszn which thelhydracaghlyl sukgliprehel wi th an
al kal i ne ear tg\.lt%?ﬁfents of the phenate are preferably one or more alkyl group, either

branched or unbranched. Suitable alkyl groups contain from 4 to 50,
preferably from 9 to 28 carbon atoms. Particularly suitable alkyl groups are
C12 groups derivable from propylene tetramer. The hydrocarbyl substituted
phenates are typically sulfurized.

According to one preferred embodiment of the present invention, overbased
sulfurized alkylphenates of alkaline earth metals are prepared by neutralizing
a sulfurized alkylphenol with an alkaline earth base in the presence of a
dilution oil, a glycol, and halide ions, the glycol being present in the form of a
mixture with an alcohol having a boiling point above 150 °C, removing
alcohol, glycol, water, and sediment, carbonating the reaction medium with
CO; in the presence of halide ions, and again removing alcohol, glycol, water,

and sediment.

In another preferred embodiment, an overbased, sulfurized hydrocarbyl

phenate is prepared by a process comprising the steps of:

(a) neutralizing a sulfurized alkylphenol with an alkaline earth base

in the presence of a dilution oil, a glycol, and halide ions, the
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in the presence of a dilution oil, a glycol, and halide ions, the -19

gl ycol being present in the formof a mxture with an al cohol having a

boi l i ng point above 150C, (b) renoving al cohol, glycol, and water fromthe
medium preferably by distillation; (c) renoving sedinment fromthe nedi um
preferably by filtration; (d) carbonat| ng the resultant mediumwth CO2 in
t he presence of hali deQIYQﬁbbelag@rQ@tlfbghﬁ/fpﬁQ oflacoixdire withyaolalcahell wat er

fromthe nmedium prefer al kal i ne earth bases
useful in the above pr oﬁgtléglﬁ%?'mb{’htggé‘?%égagﬁd hydr oxi des of barium
strontium and calcium particularly [inme. Alcohols wth a boiling point
above 150C useful in the process include alcohols of C6 to Cl4 such as
et hyl hexanol , oxoakRohofemaepg algaheh@lycol.rangewstesfrioph e medivsn.rietasablys
such as 2-but oxyet hanol , Zrbytoxypropanol ; and nethyl ethers of

di propyl ene glycol. The gm nes useful in the process include

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

et hyl enedi am ne, am noet her s articul arl

tris(3-oxa-6-am no?‘ﬁexyfﬁrﬁﬂ’{‘ﬁg seqlwger&f&q{mﬂ%e []{eélf‘{ﬂ"' Prﬁf?rﬁglyﬁkﬁgﬁggon’ncl ude
al kyl ene glycols, particularly ethylene glycol. The halide ions enployed in
the process are preferably d- ions which may be added in the form of
anmoni um  chl ori de(d) neadionating thedeesubanhmadiucalith GO nl theiptesencezohnc

chl oride. The dilution 5i {‘ﬁ suitable for use in the above process include
naphthenic oils and m QBUASINS 8B preferably paraffinic oils such as
neutral 100 oil. The quantity of dilution oil used is such that the anount
of oil in the final product constitutes from about 25%to about 65% by

wei ght of the finake)r osemeving 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 alcohols of Cg to Cy4
such as ethylhexanol, oxoalcohal, decyialcohdl, tridecylalcohol;
alkoxyalcohols such as 2-butoxyethanol, 2-butoxypropanol; and methyl ethers
of dipropylene glycol. The amines useful in the process include
polyaminoalkanes, preferably polyaminoethanes, particularly
ethylenediamine, and aminoethers, particularly
tris(3-oxa-6-amino-hexyl)amine. The glycols useful in the process include
alkylene glycols, particularly ethylene glycol. The halide ions employed in the
process are preferably CI ions which may be added in the form of ammonium

chioride or metal chlorides such as calcium chloride or zin¢ chloride.

The dilution oils suitable for use in the above process inciudé naphthenic oils
and mixed oils and preferably paraffinic oils such as neutral 100 oil. The
quantity of dilution oif used is such that the amount of oil in the final product
constitutes from about 25% to about 65% by weight of the final product,
preferably from about 30% to about 50%.
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preferably from about 30%to about 50% -20 The process outlined above is
nore fully described in US Patent 4,514,313, which is incorporated by
reference into this application. PREPARATI ON OF PHENATE- CARBOXYLATES The
phenat e- car boxyl ates which may be used in the present invention are

typically hydrocarbyl substituted phenate-carboxylates in which the
hydr ocar byl ~ sliB& Precessoudinesiahsvetsigere fully daseripg@ imbs Ratenpf 813ty one

or nore alky. | r .. Suitabl e al kyl groups
contain from Jﬁlh%qg&cogﬂrﬁer ge[da %?éﬁréggﬁa B{tg)gﬂgg%@g%g}q atons. Particularly
sui tabl e al kyl groups are Cl2 groups derivable from propyl ene tetraner. The

hydr ocar byl s I tuted phenate-carboxyl ates may be sul furized or
unsul furi zed. H%%&RAT'&{%QF RyEMTﬁ'%)ﬁ%KXb rboxyl ate i s prepared

froman overbased hydrocarbyl phenate which has been treated, either
before, during, or subsequent to overbasing, with a | ong-chain carboxylic
aci d (preferabhg pheheteréarbaxjlatps wiidhyclay de seddalthe phesemt invehtiah ape ocess

' t] m. xt ur.e of drocar pyl . phenate, .at | east one
O e oo B as o e P e BB ol BBy £ S
al cohol cont aprB8arbyPEARIent gr Sdiyit S Bt ;S}%qaté"'af‘é‘ pFe%%‘HI]é ﬁ?@’& de

under overbasing reaction conditions. Using an aqueous mnef ori de,
i nst ead of a BwOre dikybgraup, eithartirachedegtumbsandhedyi Suitabile alkyf groipspr oduct .

bly, th | | kal i s, f | | ci
Pr of o abl 3. ARG El5 PP EBR 1 2 chrpnalit oaucupyy ©* C T
preferred enmbagdtanbikyt @@upygr@@@obﬁgﬁ@ﬁ@éw kroph prspyforfetehareratihe S

produced by over basi n? a hydrocarbyl phenate and treating the phenate
(before, durihyfdroearbyf substivied phenatgicafberylaies oy bdaulfurzedogxyl i ¢ aci d
unsulfurized.

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

polyhydric alcohol is ethylene glycol.

In a preferred embodiment, the overbased hydrocarbyl phenate-carboxylate is
produced by overbasing a hydrocarbyl 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 mixture comprising hydrocarby! phenate (which can

be sulfurized or unsulfurized), at least one solvent, metal hydroxide, agueous
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(preferably stearic acid), anhydride or salt thereof. In the overbasing
step, a mxture conprising hydrocarbyl phenate (which can be sulfurized or
unsul furized), at |east one solvent, netal hydroxide, aqueous -21 netal
chl oride, and an al kyl pol yhydric al cohol containing fromone to five
carbon atonms is reacted with carbon di oxjde under overbasing reaction

condi tions. om&iBkEhierfe. angtanalkyldmiyiydsie aleahel gaetaining Epat one o &ive f r om 250

to 375F at appLmylEbilcs AARSE Ml rﬁi@ ?%H(reoﬁéa't’ ﬂeerfogeg%les)r{%{éﬁﬁ?ﬁ er based

hydr ocar byl phenate I's a sulturized a e e netal is
an al kal i ne eaonditions.aDyverasingreattombbyditiahs inclode tBngfceatabdy of frvm 28Ky |

pol yhydric al ¢o | s, et hyl.en I'ycol ., The carboxyl ate treatnment (treatnent
wi th I ong- cha?%HZJéorﬁb%B@HW%x'ﬁlﬁ?@? al)('QFHSI9’35?'7('dér,‘33%‘1‘resaI t thereof) can occur

before, during, or after the overbasing step. It is uninportant when the
treatment with | ong-chain carboxylic acid, anhydride, or salt thereof
occurs rel ati Peeferahindhe vretimsed dystregarbyl iphepateniateeswtunized adklihernated or

| furized. f the phenate | | furized. |f the phenate i
ururi zed. RO GAS metafis B ekl St ot eFererateraily eBo0er bas ng.

More pref er abPyefetdifly,Rhe afdye pbish§dlid SicbR&ds BafyRe glvbsl. over basi ng step but
after the carboxylate treatnent. The process outlined above is nore fully

described in US Patent 5,942,476, which is incorporated by reference_into

< vet | known T HOYAE tplinght FpabitTIob R BB RTadhcd | 1/t he”

present i nventhhydrides; brgglt tsteofncanddtubbefoty,fibgedr aabi il dlegbading! udi ng
salts of polyval ent or nonoval ent netals, nore preferably nonoval ent, nost
preferably caPt@Purlf isAnimpadankwaen the tegtmaniyith Euzge@hqwgaybqwh@rﬁam to

incl ude sal i cyhaidfieVol BatnEbbPEcARS Wiative to the overbasing step.

The phenate can be sulfurized or unsulfurized. Preferably, the phenate is
sulfurized. If the phenate is sulfurized, the sulfurization step can occur
anytime prior to overbasing. More preferably, the phenate is sulfurized before
the overbasing step but after the carboxylate treatment.

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

which is incorporated by reference into this application.
PREPARATION OF SALICYLATES

The preparation of salicylates is well known in the art. Preferred salicylates
which may be used in the present invention include medium and high
overbased salicylates including salts of polyvalent or monovatent metals,
more preferably monovalent, most preferably calcium. As used herein,
medium overbased (MOB) is meant to include salicylates with a TBN of about
31 to 170. High overbased (HOB) is meant to include salicylates with a TBN
from about 171 to 400. High-high overbased (HHOB) is meant to include
salicylates with a TBN over 400.
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31 to 170. Hi gh overbased (HOB) is nmeant to include salicylates with a TBN
fromabout 171 to 400. Hi gh-hi gh overbased (HHOB) is neant to include
salicylates with a TBN over 400. -22 In one enbodi nent, salicylates may be
prepared, for instance, starting from phenol, ortho-al kyl phenol, or

par a- al kyl phenol , by al kyl ati on, carboxylation and salt formation. The

al kyl ating agerdneperabediedny, eiic@ates hapbePreéparedOforanstaned, wigting frohef i ns
with nmore than 12 carbon atons to the npl ecule. Acid- activated clays are
suitabl e cat aiﬂi‘/@’l% cfreno-@lhﬂpam; ot P A-akky phenad) bualylgtieomsarbeyiationa-

al kyl phenol . : : | ' , ---10 W%
I n %alr[)t I cul aré’-rli“tgsé’l ; thas}?f"r Z?‘ %%ﬁ%t{ﬂ%’%ﬂnegﬁ?genﬁbgﬁbl* ﬁ%&‘%ﬁgéﬁb sO| >|/n %%ght of
al kyl ati ng agmiiurerd oefmsolitht molmtkﬁgk}zﬂ gaé@dn ademsablﬁysli atoﬂemm[m%cﬂdelggr ri Sd
out at tenperatures between.l a 50C, ..in rticular, between an
225C. "The. a KIAEOHER B aeselya TofbiegnRgAis phaiengl and ortho:

ar a- al kyl ph u -
gl kyl sal iycyl %}magéﬁshmgwggﬁﬂﬁgﬁ%hb\gﬁ éﬁ%@%&ﬁﬁ%?ﬁfej?%ﬁ}?ggh%%l’i1n_st1gnce,
t he al kyl phenwt%, inmartiaared -etiwiot refetied tathe stimani the amoahtschycaaighit of

wth oop ot cHRIBESRRR P RRelic e BPRTHL TRagIolalRn Rt P Briad A he

al kyl sal i cyl aétetérr?@ramie'si Betdeet N80 ANGYASERLL fypatica@st, bretwsBY 108 dnigber at ed
with the aid of or exanple, 30% sulfuric acid. For the preparation of

overbased sal?28/Cates, the al kylsalicylic acids may be treated with an
excess amount of a metal conpound, for instance, calciumin the form of
Ca(OH) 2. For exanple, the alkylsalicylic acids nay be treated with 4

equi val ents dfhe aliiphenols prépgeted elzmhefpHenoPbh 8Mhé-Nor piirs Hediol fdutd- 6
equi val ents of C02, The preparation of nmedi um and overbased salicylates is
nmore fully dd88ypgegnverted 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 CO; at about 140°C and a pressure of 10 to 30

atmospheres. From the alkylsalicylates so obtained, the alkylsalicylic acids

may be liberated with the aid of, for example, 30% sulfuric acid.

FFor 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),.

For example, the alkylsalicylic acids may be treated with 4 equivalents of

calcium in the form of Ca(OH), with introduction of 1.6 equivalents of CO,,
The preparation of medium and overbased salicylates is more fully described

in US Patent 4,810,398, and GB Patents 1,146,925; 790,473; and 786,167,

which are incorporated by reference into this application.
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in US Patent 4,810,398, and GB Patents 1, 146,925; 790, 473; and 786, 167,
whi ch are incorporated by reference into this application. PREPARATI ON OF
CARBOXY- STEARATES The car boxy-stearates which may be used in the present

i nvention are typi cally alkaline earth netal single-aromatic-ring

hydrocar byl salic es that have been treated with a | ong-chain
car boxylic acPBEFé%M'HIQM@ﬁ)GA&ﬁQW@T%RATﬁ% carboxy-stearate is

prepared froma m xture of alkaline earth netal single-aromatic-ring
salicylate, at |east one solvent, and al kaline earth netal hydroxide. The

mxture is oveh@@aﬁsbxlyyst@mtmm@g rhdebaustdirethd preseat inventich and de in the
presence of an al kyl yhydric al cohol, wherein the alky] agrou th

al cohol has f%Iﬁaw@lhadineIeaéhdaﬂabﬁmaIeoaf@m@eeﬂwrgg@buIs iciiptes that
| yhyd I I
Poi Ty descr | paar et ual g atrld hain EaRuaARE BER, bl o RS et ot e nce

into this application. BASE O L OF LUBRI CATI NG VI SCOSI TY The base 0| I of

| ubricating viscosi.t 'n such conmposi tionsma nera

synthet ¢ oi | SHBCARYRFEA i ATeBREd B B e A RGBS e

i nternal combygpy e%oﬁﬁkﬁic%lgS%lﬁ:?Ié‘f@%ﬁ z@fs%%neléoweﬂtdamlkhwnéﬁ@aﬁh %é’[éﬁcos' ty

of about 1300 cSt at 0 3 ¢St at 210F (99C). The base oils may
be derived frbydreyidehettiecmixtuneds ovatbased byamntadtingrtae naikiure withuesbas t he

base oil in this, i.nyention incl.ude C ht heni ¢, an ther oils
Thot are or ciliierin Y68 bieence S AR Eliol R Py SicoBEr Minkra tad Al BbREln, ) «

i nclude both ohm@ralé@dér%sswhﬁ Bﬁé't@f@é barwapbtamt hehé guels Usek aldgef ul

synt hetic hydrocarbon | s include |iquid polyners of al pha ol efins having

t he proper vue@IMbydrjpaicggcple%emem@w | are the hydrogenated liquid
oligoners of C6 to Cl2 al pha olefins such as 1-decene trimer. Likew se,
al kyl benzenes of proper viscosity, such as didodecyl benzene, can be

used. Useful Jhsipheddss qlimidsatave idteorelfally 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 suitable for use in the crankcase of an
internal combustion engine. Crankcase base oils ordinarily have a viscosity
of about 1300 ¢St at 0°F (-18°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
hydrocarbon synthetic oils and synthetic esters. Useful synthetic hydrocarbon
oils Include liquid polymers of alpha olefins having the proper viscosity.
Especially useful are the hydrogenated liquid oligomers of Cg to C42 alpha
olefins such as 1-decene trimer. Likewise, alkyl benzenes of proper viscosity,
such as didodecyl benzene, can be used. Useful synthetic esters include the
esters of monocarboxylic acids and polycarboxylic acids, as well as mono-
hydroxy atkanols and polyols. Typical examples are didodecyl adipate, penta-
erythritol tetracaproate, di-2-ethylhexyl adipate, dilaurylsebacate, and the like.
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esters of nonocarboxylic acids and pol ycarboxylic acids, as well as nono-
hydr oxy al kanol s and pol yols. Typical exanples are di dodecyl adi pate,
penta- erythritol tetracaproate, di-2-ethylhexyl adipate, dilauryl sebacate,
and the like. -24 Conplex esters prepared fromm xtures of nono and

di carboxylic acids and nono and di hydroxy al kanols can al so be used.

Bl ends of mi n&oaiplex esterd prepayed frem mixdures ofimenel aral disafbaixylidacids eadpl e,

bl ends of 10 2509 e ed, 1-decene trimer with 75 to 90% 1 50 SUS
(100F) ni ner Hf‘)?‘& ﬁ?"/‘%@?ﬁg&%%x%ﬂ%a@ms ‘Fadb?’ﬁ?jﬁ%ﬁggi | bases. OTHER ADDI Tl VE
COMPONENTS The follow ng additive conponents are exanples of sone

conponents that can be favorably enployed in the present invention. These
exanpl es of  Bhdsiafdsingral ofis withdwatheticiails gse alspaisehd. peree@meplenblents on,

succi i 1 des, Ol EhaP Aot Roathatel  dqcenertthe Hlb TSP RO R0IVE (Bid o

and al kenyl  miceiahoihke exedildritddbrivating biibesegici d, al kenyl succinic ester.
(2) Oxidation inhibitors: (a) Phenol type oxidation inhibitors:
4,4 -methyl ene bis (2,6- di-tert-butyl phenol),

4,4' -bis(2,6-¢gy - bis(2-nethyl-6-tert-butyl ph 1),
I s( @jm%?ﬁbrgmg:@qbbrqé%ﬁal I s(2- et hy er ut yl phenol)

2,2' -nmet hyl ene "bi tert- - phenol ),

4,4' -pbutylidenebi s(3-nmethyl-6- tert-butyl phenol),

4,4 - - i ' ,B-di-tert- butyl phenol),

2: 2" - Irr:? E,;,?gxtblﬁ?@[}ﬁg@%ﬁglﬁlygl_cﬁmpsﬁgrﬁj%)e?(amp?eg of some compo.nents that

oot TSR Y B ke chiton.T B B8 o
additives are provided 'to illustrate the present invention, but they are not

intended fto limit it:

(1)  Ashless dispersants: alkenyl succinimides, alkeny! succinimides
modified with other organic compounds, and alkenyl

succinimides modified with boric acid, alkenyl succinic ester.
(2)  Oxidation inhibitors:

(a) Phenol type oxidation inhibitors: 4,4'-methylene bis (2,6-
di-tert-butylphenol), 4,4-bis(2,6-di-tert-butylphenol), 4,4'-
bis(2-methyi-6-tert-butylphenol), 2,2'-methylene bis(4-
methyl-6-tert-butyl-phenol), 4,4'-butylidenebis(3-methyl-6-
tert-butylphenol), 4,4"-isopropyl-idenebis(2,6-di-tert-
butylphenol), 2,2"-methylene-bis(4-methyl-6-nonylphenot),
2,2'-isobutylidene-bis(4,6dimethyl-phenol), 2,2'-
methylenebis (4-methyl-6-cyclohexylphenol), 2,6-di-tert-
butyi4-methyl-phenol, 2,6-di-tert-butyl4-ethylphenol, 2.4~
dimethyl-6-tert-butyl-phenot, 2,6-di-tert-4-(N,N'-dimethy}-
aminomethylphenol), 4,4'-thiobis(2-methyl-6-tert-
butylphenol), 2,2'-thiobis{4-methyl-6-tert-butylphenol),
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but yl 4- net hyl - phenol , 2, 6-di-tert-butyl 4-et hyl phenol, 2, 4-

di net hyl -6-tert-butyl -phenol, 2,6-d i-tert-4-(N, N-d imethyl- am no

met hyl phenol), 4,4'-thiobis(2-nethyl-6-tert- butyiphenol),

2,2' -thiobis(4-nmethyl-6-tert-butyl phenol), -25

bi s(3- et hyl 4- hydr oxy-5-tert-butyl benzylysulfide, and bis (3, 5-d _

i -tert-butyl 4-hyd roxybenzyl Yis(@methyigtueyoandtert-byupdbaneytyauifida, anthbisi t or :

al kyl ated di phenyl am ne, ph | ._.% 7! nwne, and al kyl at ed
. al pha. - napht hyl am ne. (c) O?%érd'tt J@E‘?V'%@?Qf&g?‘%’w&car bamate (e.g., zinc
di t hi ocar bamate), nol ybdenum oxysul fi de succi ni mi de conplexes, and

nmet hyl enebi s (di butyl-dithiocarbamate). (3) Rust inhibitors (Anti-rust
agents) (a) Nonionic pol(pbxy&ipRenviaming typR exidation nhibjlen: alkylated

pol yoxyet hyl ene | auryl ether 2 highe er,
pol yoxyet hyl ene nonyl phenyl gtlrﬁ%b?ﬁ%)%@%’%@(éjﬁfhég?fgér}g{aggﬁ#ﬁ%ﬂg‘r?y%hgt her,
pol yoxyet hyl ene octyl st ear ylkyttded rgipipanlnaphfietiayinene ol eyl et her,

pol yoxyet hyl ene sorbitol rrionostearate, polyoxyethylene sorbitol
nono- ol eate, and pol yet hyl ene glycol nonooleate. (b) Oher conpounds:

t [ id d ot her fiaft ' Kol ! ox! : soaps, fatt
stearic acid and o @ y(ﬁﬁérdt%ﬁes.%é%i pgﬁxbbmaﬁfa&g?%ggﬁg P y

acid amne salts, netal salts of "heavy sulfonic aci carboxylic
acid ester of polyhydric al dihiotarbambtehaspiodéntne sxgsulfidelfudxninlidéfi er s:

addition product of alkyl phertl;glmp?er;(%s,eér?c\{ lmequﬁ)éhgﬁé (dibutyl-dithiocarbamate).

(3) Rustinhibitors {(Anti-rust agents)

(a)  Nonionic polyoxyethylene surface active agents:
polyoxyethylene lauryl ether, polyoxyethylene higher
alcohol ether, polyoxyethylene nonylphenyl ether,
polyoxyethylene octylphenyl ether, polyoxyethylene octyl
stearyl ether, polyoxyethylene oleyl ether,
polyoxyethylene sorbitol rﬁonostearate, polyoxyethylene
sorhitol mono-oleate, and polyethylene glycol

monooleate.

(b)  Other compounds: stearic acid and other fatty acids,
dicarboxilic acids, metal soaps, fatty acid amine salts,
metal salts of heavy sulfonic acid, partial carboxylic acid

ester of polyhydric alcohol, and phosphoric ester.

(4) Demulsifiers: addition product of atkylphenol and ethyleneoxide,

poloxyethylene alkyl ether, and polyoxyethylene sorbitan ester.

(5)  Extreme pressure agents (EP agents): zinc
dialkyldithiophosphate (aryl zinc, primary atkyl, and secondary
alkyl type), sulfurized oils, diphenyl sulfide, methy!
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pol oxyet hyl ene al kyl ‘ether, and pol yoxyet hyl ene sorbitan ester. (5) Extremne
pressure agents (EP agents): zinc dialkyldithiophosphate (aryl zinc,
primary al kyl, and secondary al kyl type), sulfurized oils, diphenyl
sulfide, methyl -26 trichlo rostea rate, chlorinated naphthal ene,

fl uor oal kyl pol ysi | oxane, and | ead naphthenate. (6) Friction nodifiers:
fatty al cohol, fatty adridhlomstensatehohiaripatedsnaphthalene, ot her esters. (7)

Mul tifunctional additives 0X den d| t hi ocar banat e,

sul furized oxynol ybden 05?%@“8& %’%‘BH%T%"@% aé?yrml ybdenum

nonogl yceri de, oxynol ybdenum di et hyI ate am de, am ne nol ybdenum conpl ex
conpound, and sul fur- cont.ai n| enym co | ex conmpound. (8) Viscosity
i ndex i nprovers: p&ynetiienyn @erﬁyéﬂywqf}%rf gty agida pmine-araiegl ester.

copol ynmers, styrene-isq oe&ﬂeFQ%Q Pyrrer s, hydr at ed styrene-isoprene

copol ymers, polyi sobutyl'ene di spersant type viscosity index

I mprovers. (9) Pour point depressant s: pol ymet hyI met hacryl ate. (10) Foam

I nhi bitors: alkyl thacryl ate polyners and_d S|I|cone pol ymers.
(11) Metal det erge&ﬁ Ny fftmcrre&a qs#dftlyﬁ§u$tflw'izséa>xmew dspuBl keny!

phenat es, al kyl or al k r c r urlzed
nmetal salts of nulti- h?ﬂﬁ&%r ée (sjﬁmarf%gﬁ{/)ﬁrﬁ\olfﬁﬂnéé\;de@gm% un ?ﬁHH
al kenyl hydroxy ar omat idithioate, oxymolybdenum monoglyceride, oxymolybdenum

diethylate amide, amine-molybdenum complex compound, and

sulfur-containing molybdenym complex compound.

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

dispersant type viscosity index improvers.
(9)  Pour point depressants: polymethyl methacrylate.

(10) Foam Inhibitors: alkyl methacrylate polymers and dimethyl
silicone polymers.

(11) Metal detergents: sulfurized or unsulfurized atkyl or alkenyl
phenates, alkyl or alkenyl aromatic sulfonates, sulfurized or
unsulfurized metal salts of multi-hydroxy alkyl or alkenyl
aromatic compounds, alkyl or alkenyl hydroxy aromatic
sulfonates, sulfurized or unsulfurized alkyl or atkenyl
naphthenates, metal salts of alkanoic acids, metal salts of an
alkyl or alkenyl muitiacid, and chemical and physical mixtures

thereof.
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sul fonates, sulfurized or unsul furized al kyl or al kenyl naphthenates,
netal salts of al kanoic acids, netal salts of an al kyl or al kenyl

mul tiacid, and chem cal and physical m xtures thereof. LUBRICATING AL
COMPCSI TI ON The unsul furized, carboxyl ate-containing additive produced by
the process of this invention is useful for inparting detergency to an
engi ne | ubri cHUBRIGATING Ol SOMPEBITEMN a | ubricating oil conposition
conprises a najor part of a base oil of lubricating viscosity and an
effective anount of the unsul furized, carboxyl ate-containing additive of

the present i mmn@!ﬁunté@ldé@ﬂ)dxvyleftéiwhﬁiwh@ additive ppodaidt by3 ¥ frocass eht |

based on the total weight of the lubricating oil conposition. Adding an
ef fective amodhi§ lm\reémeﬁs%uﬁ%fﬂl insdmparing slejeracacy namERgNG l4lrigatingeoil of t he

present invent ﬂibcfsﬂo% | h'&ﬁ%]rf&gtlﬁd bit | 56‘%@ 'ﬁén%@ﬁw‘?ﬁ%g %ng\‘ \R%héf'}jat

| ubricating 0| I'n auto Irve ne e

marine engi ndoaaprdlllafdubrmasng Smbsmamxd)anteﬁentsveaamoﬁanﬁl&etdr;sulfaﬂzbd n
combination wth %ﬁ net al detergents, and ot her addi f i ves.

Lubri cating m&@fbRx %TCHB@'WQ Rddiiveof Ia preseahipveRtias. tyRigglvdsmmmpost |

having the unsykd HBblﬁFLﬂJ%ﬁr\Q@g%ﬂ Bhead BAA EBt? gﬂi & the l%néé‘?ﬁﬁ%l‘ase”t

i nvention can contr e deposits nproves t

t enper at ur e depoyasitionont r ol perfornance and denuIS|bII|ty perfornance of
that lubricating oil in marine applications. Adding an effective anmount of
the unsul furized, carboxylate-containing additive of the present invention

to a |ubricat i@y hn efBEMEESMbAL hieQlhsulfQiRRY, %b#ﬂcﬁxﬁ?@@éhﬂalrﬁﬁ@taﬁﬁkwe
performance, corrosion control and the oxidation inhibition performance of

that | ubri cat iofghepresent iavenfian to/z lubpishtingeil angroves tMée@mrmvrm‘rthat an
engine | ubri C%tjﬁfﬂ;%tlﬂb loﬂ(fr? QB%% ﬁv%ndhyzm el a%dcg%ggﬁlﬁe engines, as well as in marine

engine applications. Such compositions are frequently used in combination
with Group !l metal detergents, and other additives.

Lubricating mafine engines with an effective amount of lubricating oil having

the unsulfurized, carboxylate-containing additive of the present invention can
control black sludge deposits. It also improves the high temperature deposit
control performance and demulsibility performance of that {ubricating oil in

marine applications.

Adding an effective amount of the unsulfurized, carboxylate-containing
additive of the present invention to a lubricating oil improves the high
temperature deposit control performance, corrosion contro! and the oxidation

inhibition performance of that lubricating oil in automotive applications.

In one embodiment, an engine lubricating oil composition would contain
(8) amajorpartofa basé oil of lubricating viscosity;
(b) 1% to 30% of the unsulfurized, carboxylate-containing

additive of the present invehtion;
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(a) a major part of a base oil of lubricating viscosity; (b) 1%to 30% of
the unsul furized, carboxyl ate-containing additive of the present

invention; -28 (c) 0%to 20% of at |east one ashless dispersant; (d) 0%to
5% of at | east one zinc dithiophosphate; (e) 0%to 10% of at |east one
oxidation inhibitor; (f) 0%to 1 %of at |east one foaminhibitor; and (Q)
0% to 20% of at | east one viscosity index inprover. |In another enbodi nent,

an engine lubricating oil c bbb Gan i . e conponents
and fromO0%to 30% of ac_bret W?@?pﬁﬁf %\gg%%t er gée%ilgsﬁ anigéersgwher
enbodi nent, an engine lubricating oil conposition is produced by blending

a mxture of the above conpaonents. The |ubricating oil conposition
produced by that methodd 'glﬂtﬁﬁ%@é’@ af & lpgdkone dne dithiophosRliaiesi ti on t han
the initial mxture, because the conponents nmay interact. The conponents
can be blended in any order and can be bl ended as conbi nati ons of
conponents. HYDRAULI C el CONRESHTMONE 4t lbgsirand oxidatidn iohibitosi t i on havi ng
inproved filterability can be formed containing a najor part of a base oil
of lubricating viscosity, from0.1 %to 6% by weight of the unsul furized,

car boxyl at e- cont ai ni ng @ddi tgegea 9B, HPst IBASSSHE fodmBiiicpannd preferably
at | east one other addit’ive. ADDI Tl VE CONCENTRATES Additive concentrates

are also included within the scope of this invention. The concentrates of
this invention conprise the pds. or, ¢ ound mxtures of the present
nvent] on with at | ead® ond B HE Sk eFOuRR Y Ser SeS Sieinytre.
Typically, the concentrates contain sufficient organic diluent to make

In another embodiment, an engine lubricating oil composition would contain

- the above components and from 0% to 30% of a metal-containing detergent.

In a further embodiment, an engine lubricating oil composition is prbduced by

blending a mixture of the above components. The lubricating oil composition

produced by that method might have a slightly different composition than the
| initial mixture, because the components may interact. The components can

be blended in any order and can be blended as combinations of components.
HYDRAULIC OIL COMPOSITION

A hydraulic oil composition having imprdved filterability can be formed
containing a major part of a base oit of lubricating viscosity, from 0.1% to 6%
by weight of the unsulfurized, carboxylate-containing additive of the present

invention, and preferably at least one other additive.
ADDITIVE CONCENTRATES
Additive concentrates are also included within the scope of this invention.

The concentrates of this invention comprise the compounds or compound

mixtures of the present invention, with at least one of the additives disclosed
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t hem easy to handl e during shipping and storage. From 20%to 80% of the
concentrate is organic diluent. From0.5%to 80% of the concentrate is the
unsul furi zed, carboxyl ate-containing additive of the present invention.
The unsul furized, carboxyl ate-containing additive contains the

singl e-aromati c-ring hydrocarbyl salicylate, and possibly hydrocar byl

phenol and hy(ab@(var Hyfplcphxarihee:ﬂnirmiratemon@m sufficiehtorganiatitueat to rekei st s

of ot her addlt ni.c dilue t hat can be used i ncl ude
i neral of &Freaiith baBnf rﬁ%ﬁ*&%@@%ﬂﬂ&%@s@e ‘n the section entitled
"Base G| of Lubr| cati ng Vi scosi ty." The organic diluent preferably has a

viscosity of from about to about 20 cSt at 100C. EXAMPLES OF ADDI Tl VE
PACKAGES Bel O\Erame?(?%ﬂf)@@e/ﬂﬂﬁﬁev@f@ﬁaﬁ@ﬂeé§ ogganie dileente Framiiéstio e dfan be

used in a Vatﬁ(?an@él}tﬁag%lﬁ g@teq%;uﬁfyngébe%%rﬂogﬁfaﬁé%Bh?a?ﬁlﬁﬁadﬁﬁ@%lfﬂ?e enpl oy

the wunsul furize arni’'n sent
i nvention. Thereserinantioned, heqmstmtlmsl:tat @admwmt@-lcogtm:ig hddﬁwecmhmums t he

single-aromatic-rj hydr ocarb salicylate, and OSSI bly hydraocar byl
phenol and hyab%éw&zﬁ a@@y@m@am&ﬁ licylate.cand év@&ogaeafht ai ni ng

addi tive may [,qa%
det ergents, enérﬁ?gd ﬁgo@e{éﬂﬁy b@%ﬁt?ng 0 tibg fr i na?& w@%@% Bbﬁ!ﬂ%ts
fol | owi ng percﬂnﬂ&g@dﬁmsbased on the anpunt of active conponent, with

neither process oil nor diluent oil, but including sufficient
met al - cont ai ni ng detergents (including other types of netal detergents) to

achi eve the degjitafb &@anmﬁ%n@(ﬁﬁpb% bémeemu@*@ﬁuﬁ&al bt bH%Lr{tﬁéﬁ‘c e

present invention, but” they are not intended to rine Diésel
Engine O ls 1)asulmrlbad abeve tm&lemaoybmeetltteﬁﬂ&amﬂ @g o&udbmatm@a@fscmsmyd'ry

alkyl zinc di tﬁ]' o&B f?:hcﬁu%gt/preferably has a viscosity of from about 1 to about 20 ¢St
at 100°C. )

- EXAMPLES OF ADDITIVE PACKAGES

Below are representative examples of additive packages that can be used in
a variety of applications. These representative.examples employ the
unsulfurized, carboxylate-containing additive of the present invention. The
unsuifurized, carboxylate-containing additive contains the single-aromatic-ring
hydrocarbyl salicylate, and possibly hydrocarbyl phenol and hydrocarbyl
phenate. The unsulfurized, carboxylate-containing additive may be used
either with or without other metal-containing detergents, depending upon the
desired BN of the final product. The following percentages are based on the
amount of active component, with neither process oil nor diluent oil, but
including sufficient metal-containing detergents (including other types of metal
detergents) to achieve the desiréd BN. These examples are provided to

llustrate the present invention, but they are not intended to limit it.

{. Marine Diesel Engine Qils

1) Unsulfurized, carboxylate-containing additive 65%
Primary alky! zinc dithiophosphate 5%
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-30 G| of lubricating viscosity 30% 2) Unsul furized,

car boxyl at e-cont ai ni ng addi ti ve65% Al kenyl succi ni m de ashl ess di spersant 5%
Q| of lubricating viscosity30% 3) Unsul furized, carboxyl ate-containing
addi tive60% Primary al kyl zinc dithi ophosphat e5% Al kenyl succini m de

ashl ess dispersant3% G | of lubricating viscosity30% 4) Unsulfurized,

car boxyl at e- cont aiQil dfdubiirRtinoVEssestPhenol type oxi dation i nhi 80%r 10% O |
of lubricating ¥ ' % petial -hoxyl at e- cont &igei Ng

addi ti ve55% Al k%ﬂ 3&%’3"%% éor‘féfbé’ '%Egi{:%éﬁ‘o G |“(F)ér)1 ! nhi bi tor 1558 T of

| ubricating vi scogiiker308t@Einiicidshieszdidpersanboxyl at e- cont ai niS¥g

addi ti ve65% Phenol - e oxidation jnhibitor5% Al kyl ated di phenyl am ne-type
oxi dati on i nhi bi t&'ég}ﬁ@q'c%‘f‘glvﬂﬂ’fp?%ti ng vi scosity25% 7) Unsu%o?i zed,

car boxyl at e- CO”%)aiUHsﬂﬁuﬁiga,bhﬂﬁﬁgfétéeﬁbﬁ@frﬂng%éé‘dﬂiv@i nc di thi oplggsphat e5%
Phenol -type oxidation inhibitor5% Q1 of [ubricating viscosity30% 8)

Unsul furi zed, car hsiyarstagkyt sincaithiophospltiitei ve60% Al kenyl succid¥ ni de

ashl ess di spersantA % A Ié | at.ed, di &qgnsyl am ne-ttype oxi dation i rga);)bi tor 10%

enyl sdccinimide ashiess’ dispersan
Oil of lubricating viscosity 30%
4) Unsulfurized, carboxylate-containing additive 65%
Phenol type oxidation inhibitor : 10%
Oil of lubricating viscosity 25%
5) Unsulfurized, carboxylate-containing additive 55%
Alkylated diphenylamine-type oxidation inhibitor 15%
Oil of lubricating viscosity 30%
6) Unsuifurized, carboxylate-containing additive 65%
Phenol-type oxidation inhibitor 5%
Atkylated diphenylamine-type oxidation inhibitor 5%
Oil of lubricating viscosity 25%
7) Unsulfurized, carboxylate-containing additive _ 60%
Primary alkyl zinc dithiophosphate 5%
Phenol-type oxidation inhibitor 5%
Oil of lubricating viscosity 30%
8) Unsulfurized, carboxylate-containing additive 60%
Alkenyl succinimide ashless dispersant 5%
Alkylated diphenylamine-type oxidation inhibitor 10%
Oil of lubricating viscosity 25%
9) Unsulfurized, carboxylate-containing additive 55%
Other additives 25%

Primary alkyl zinc dithiophosphate
Alkenyl succinic ester ashless dispersant
Phenol-type oxidation inhibitor
Alkylated diphenylamine-type oxidation inhibitor
Oil of lubricating viscosity 30%
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Q| of lubricating viscosity25% 9) Unsul furized, carboxyl ate-containing
addi tive55% Ot her additives25% Primary al kyl zinc dithi ophosphate Al kenyl
succinic ester ashless dispersant Phenol -type oxidation inhibitor 0%

Al kyl at ed di phenyl am ne-type oxidation inhibitor Q1 of |ubricating
viscosity -31 Il. Mtor Car Engine Gls 1) Unsul furized,

car boxyl at e-cont ai ni ng addi ti ve25% Al kenyl succini m de ashl ess

di sper sant 35% Pr!b#gié gtﬁi z('bigc di t hi ophosphat e10% G| of lubricating

vi scosi t y30% % ; rboxyl at e- cont ai ni ng addi ti ve20% Al kenyl

succi ni m de ashI1qSSnghlﬁnﬁeamgrB@Qﬂa@caﬂﬂahmgadd@iﬂivezi nc dithi oppggphat e5%
i |

Di t hi ocarbamate type oxidatjon, i nhi bitor5% of lubricating vi gcosi ty30%
3) Unsul furized, cAlkeB¥\auseaingigpiasniassgisRaisant e20% Al kenyl sud8ni i de

ashl ess di sper Sa”tIgggﬁlaﬁﬁﬁlﬂﬂ%é’diﬁ{igéfﬁosﬁhﬁ?e di t hi ophosphat e5% P%s}ool type

oxi dati on inhibitor

Oil of lubricating viscosity 30%

2} Unsulfurized, carboxylate-containing additive 20%

Alkenyl succinimide ashless dispersant 40%
Secondary alkyl zinc dithiopho.sphate 5%
Dithiocarbamate type oxidation inhibitor 5%

Oil of lubricating viscosity 30%

3) Unsulfurized, carboxylate-containing additive ‘ 20%

Alkenyl succinimide ashless dispersant 35%
Secondary alkyl zinc dithiophosphate 5%
Phenol type oxidation inhibitor 5%

Oil of lubricating viscosity 35%

4) Unsulfurized, carboxylate-containing additive 20%

Alkenyl succinimide ashless dispersant 30%
Secondary alkyl zinc dithiophosphate 5%
Dithiocarbamate type anti-wear agent 5%

Ol of lubricating viscosity 40%

5) Unsulfurized, carboxylate-containing additive 20%

Succinimide ashless dispersant 30%
Secondary alkyl zinc dithiophosphate 5%
Molybdenum-containing anti-wear agent 5%

Oil of lubricating viscosity 40%

6) Unsulfurized, carboxylate-containing additive 20%

Alkenyl succinimide ashless dispersant 30%

Other additives 10%

Primary alkyl zinc dithiophosp'hate
Secondary alkyl zinc dithiophosphate
Alkylated diphenylamine-type oxidation inhibitor

Dithiccarbamate type anti-wear agent
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Q| of lubricating viscosity35%4) Unsul furized, carboxyl ate-containing
addi tive20% Al kenyl succi ni m de ashl ess di spersant 30% Secondary al kyl zinc
di t hi ophosphat e5% Di t hi ocarbanmate type anti-wear agent5% O | of |ubricating
vi scosi ty40% 5) Unsul furized, carboxyl ate-containing additive20%

Succi ni m de ashl ess di spersant 30% Secondary al kyl zinc dithi ophosphat e5%
Mol ybdenum cont ai rdhgf Wibticatingarisagént 5% O | of |ubricating vi s4#i t y40% 6)

Unsul furi zed, c xyl.at.e- cont.ai ni addi. t.i ve2Q% Al kenyl succi i de
ashl ess di sper s%%‘@ EI 6%‘?)‘[34%?%?0'1 RIRE 2rEMY€al kyl  zinc 6%

di t hi ophosphat e Seapgedadyitidéky! zinc dithi ophosphate Al kyl at edigey,

di phenyl am ne-type oxidation inhibitor D thiocarbamte type anti-wear

agent -32 O of |ubri dhanebtypesedsdstion iafghiior7) Unsul furi zed,
car boxyl at e- cont ai ni ng MERY 9 her ditives 10% Phenol type
oxi dation inhibitor Al @M%%gcgﬁ'gﬁ%ﬁr?ﬁ'g%%‘ggtype Oxi dati on i nhi bit or
Di t hi ocarbamat e type ardyidateayinhiot

Dithiocarbamate type anti-wear agent

Demulsifier

Boron-containing friction modifier

Oil of lubricating viscosity 30%

{ll. Hydraulic Qils
1) Unsulfurized, carboxylate-containing additive 20%
Primary alkyl zinc dithiophosphate 50%
Other additives ' 25%

Phenol type oxidation inhibitor
Phosphorus-containing extreme pressure agent
Triazol type corrosion inhibitor

Demuilsifier

Nonionic anti-rust agent

Oil of lubricating viscosity 5%
2) Unsulfurized, carboxylate-containing additive 10%

Primary alkyl zinc dithiophosphate 40%

Other additives 47%

Phenol type oxidation inhibitor
Sulfur-containing extreme pressure agent
Triazol type corrosion inhibitor
Demulsifier

Nonionic anti-rust agent

Oil of lubricating viscosity 3%
3) Unsulfurized, carboxylate-containing additive 10%
Phosphorus-containing extreme pressure agent 40%
Phenol type oxidation inhibitor 15%
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Denul si fier Boron-containing friction nodifier Gl of |ubricating viscosity
30% 111. Hydraulic Qls 1) Unsul furized, carboxyl ate-containing additive
20% Primary al kyl zinc dithi ophosphate 50% O her additives 25% Phenol
type oxidation inhibitor Phosphorus-containing extrene pressure agent
Triazol type corrosion inhibitor Dermulsifier Nonionic anti-rust agent Ol
of lubricating visQisiragddiMes2) Unsul furized, carboxyl at e- cont &5% ng

additive 10% Prim kyl zinc dit.hi hate 40% Qher additives 47%
Phenol type oxi datiQ{PW%P‘ﬁSBV%PF’H?ﬁ@JSﬁ%‘ |rng extrenme pressure agent
Triazol type corrosiSualfut-obmiBiries extksnblpsédduee abyeni oni ¢ anti-rust agent Q|
of lubricating viscosity 3% 3) Unsul furized, carboxyl ate-containing

additive 10% PhospHépze-tyemeairasing itibfdne pressure agent 40% Phenol type
oxi dation inhibitor gla%=83. Cther additives25%

Nonionic anti-rust agent

Oil of lubricating viscosity 10%
4) Unsulfurized, carboxylate-containing additive 20%
Phosphorus-containing extreme pressure agent 30%
Other additives 45%

Diphenylamine type oxidation inhibitor
Sulfur-containing extreme pressure agent
Triazol type corrosion inhibitor
Demulsifier

Nonionic anti-rust agent

Oil of lubricating viscosity 5%

IV. Transmission Hydraulic Fluids

1) Unsulfurized, carboxylate-containing additive 35%
Primary alkyl zinc dithiophosphate 20%
Polyol type friction modifier ' 20%
Sulfur-containing extreme pressure agent 5%
Oil of lubricating viscosity 20%

2) Unsulfurized, carboxylate-containing additive 40%
Primary alkyl zinc dithiophosphate 15%
Amide type friction modifier 15%
Sulfur-containing extreme pressure agent 5%
Oil of lubricating viscosity 25%

3) Unsulfurized, carboxylate-containing additive 30%
Primary alkyl zinc dithiophosphate 20%
Other additives 30%

Alkenyl succinimide ashless dispersant

Amide type friction maodifier
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D phenyl am ne type oxidation inhibitor Sulfur-containing extrene pressure
agent Triazol type corrosion inhibitor Denulsifier Nonionic anti-rust
agent G| of lubricating viscosity 10% 4) Unsul furi zed,
car boxyl at e-contai ni ng addi ti ve 20% Phosphor us-contai ni ng extrenme pressure
agent 30% Ot her additives45% Di phenyl am ne type oxidation inhibitor
Sul f ur - cont ai ni ng eksteetypedricimumedifigent Tri azol type corrosion inhibitor
% Derrul si fier Noni BHI c.anti § Lllfst aﬁtent. Q) of lubricati ng Vi scosity

u aining e

osphorus, ur-co reme pressure agen
Oil of lubricating viscosity 20%
4) Unsulfurized, carboxylate-containing additive 35%
Primary alkyl zinc dithiophosphate 15%
Other additives 25%

Polyol type friction modifier
Amide type friction modifier
Phosphorus, Sulfur-containing extreme pressure agent
Oll of lubricating viscosity 25%

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 NOVEL UNSULFURIZED, CARBOXYLATE-
CONTAINING ADDITIVE

An intermediate product was prepared according to the procedure given in

US Patent 6,162,770, Example 1. Said procedure is reproduced here:

A. Neutralization

A charge of 875 g of branched dodecylphenol (DDP) having a molecular
mass of 270, (i.e. 3.24 moles) and 875 g of linear alkylphenol having a
molecutar mass of about 390 (i.e. 2.24 moles) was placed in a four-necked 4
liter glass reactor above which was a heat-insulated Vigreux fractionating

column. The isomeric molar repartition of para versus ortho alkylphenol was:
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I'V. Transm ssion Hydraulic Fluids 1) Unsul furized,

car boxyl at e- cont ai ni ng

additive35% Primary al kyl zinc dithi ophosphat e20% Pol yol type friction
nodi fier20% Sul fur-containing extrene pressure agent5% G | of |ubricating

Vi scosity20% 2) Unsul furi zed,

al kyl

zi nc dit hi ophosphat e15% Am de type friction nodifierl5%

car boxyl at e-contai ning addi tive40% Pri mary

Sul f ur - cont ai DIDRY 89% pareaind 6B oethagent 5% G| of [ubricating viscosity25%

3) Unsul furized,

car boxyl at e-contai ning additive30% Primary al kyl zinc

di t hi ophosphat e20% O her addi ti ves30% Al kenyl succini m de ashl ess

di spersant éﬂ‘ngﬁrhbkgﬁhgﬁbﬁﬁb%”&)%dér{d E5o-hd-ster type friction nodifier
ul fur-c

Phosphor us,
viscosity 4) Unsul furized,

talning extreme pressure agent 20% Q| of

| ubricating

car boxyl at e-contai ning additive35% Prinary al kyl

[ i thi % I ti 25% Pol yol t rictio difier
'zAlmng edlt ;Bgof P?ﬁg ?%hg 5&?&% c?errteda1 gglatnlclvtﬁg reagt,g% |¥18<turey\ﬁaes ;\ealatedlto r335”8 ét !

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 fo 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.

The total quantity of distillate obtained was about 120 cm?®; demixing took

place in the lower phase (66 cm® being water).

B. Carboxylation:

The product obtained in Step (A) was transferred to a 3.6-liter autoclave and

heated to 180°C.

At this temperature, scavenging of the reactor with carbon dioxide (CO,) was

commenced and continued for ten minutes. The amount of CO, used in this

step was in the order of 20 grams.
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5% Phosphorus, Sul fur-containing extrene pressure agent Q1 of lubricating

viscosity EXAMPLES The invention will be further illustrated by follow ng
exanpl es, which set forth particularly advantageous nethod embodi nents.
While the Exanples are provided to illustrate the present invention, they

are not intended to limt it. EXAMPLE 1 PREPARATI ON OF THE NOVEL
UNSUL FURI ZED, AfGARBO®RMpaatueddaibébmNGiddDIcT20E G\nthersubociad whe chysedyct was

d di, h d I, ' ‘US Patent. 6,162,770, Ex |
D OB & pr ocanBs Ay sialiea andrnd it otyctlon F Cawa CoutEREn G diop75 o
of branched dagpestheBesurERI 50 M9 (25 BRHEGH Shouf@SQ0 & 79he(i- . 3. 24

mol es) and 875 g of -linear al kyl phenol having a nolecular mass of about
390 (i.e. 2.amamta)COzntrpddeediwas imtieoondenetf@drams. After thyl asteclaract or

above which eat - € | greux fractionati colum. Th

i soneric nol a r@%‘%} ?é?'?@ighsgpgr ﬁ‘%%fﬁéﬁ‘éfeo‘?’?%e%?r@Fgﬁ‘HHB?&'v%[E%a'ICg%‘eDDP:
89% par a and reabi¥r Waksitheh pOaRsd itk witilgenol @ 39% para and 53% ortho. The
agitator was started up and the reaction m xture was heated to 65C, at

whi ch tenperature 158 grans of slaked linme Ca(OH)2 (i.e. 2.135 noles) and

added. The'r Al AREPOY OB et of o el ende BBy pREE furdfort,i on”

t enper at ur e tTe peaatbwasdserpfiltared. under a ni trogen at nosphere, then

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 additionat step of distillation cutlined below.

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

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

SAl is a measure of the quantity of alkylsalicylate formed in the detergent-
dispersant. It was determined by acidification of the product by a strong acid
(hydrochloric acid) in the presence of diethyl ether, followed by a
potentiometric titration on the organic fraction (tetra n-butyl ammonium
hydroxide was used as a titration agent). Results are expressed in equivalent

mg KOH per gram of product (Base Number unit).
Distillation:

The intermediate product was fed at a rate of 70 kg/hr to a wiped film
evaporator (WFE) which had a surface area of 0.39 m%. The WFE had an

internal condenser and entrainment separator along with a hot oil jacket. The
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heated up to 165 C and then the nitrogen introduction was stopped.
Distillation of water conmenced at this tenperature. The tenperature was
increased to 240 C and the pressure was reduced gradually bel ow
atmospheric until an absolute pressure of 5,000 Pa (50 nbars) was

obt ai ned. The reaction m xture was kept for f|ve hours under the preceding
condi ti ons. mﬁ@limerewrmrktmrjeckﬁswﬂ abméﬂﬂ)cﬁ cdbk pressLee within then t he

vacuum was ni here anp. en for
anal ysi 5. Todnio el iy rira B PRERURS 60 U RBP LB bl cre
dem xi ng too kprdﬂu@t:ﬂarh;ﬁbrbﬁﬁe bamg t!ﬁ@WIeE@@% zzwcberrrrwpmah@mas Booled to

Car boxyl ation: The product obtained in StgﬁqA was transferred to a

3.6-liter aut l?éﬁék)%n éﬂ@ C hefore dilviingreitic 108 base 9ilt Appspdmately Vel ng of
the reactor ni&h?féﬁﬁ@ %&)fﬂ ﬂg W%%ag‘@&letc?éﬁmgﬂﬁﬁﬁat?nq’h%oegélr)ﬂﬁfgf for ten

m nutes. The a use nthrs he "oOr 20 grans.
-36 After thedistitgtercaflected Inmy e fironai 0%dup to éﬂﬁkﬁht@S% be¢ vmiglﬁthfahe f@!@di

cl osed, |eayvj y_smal |, | eak, .and the jntrqduction of
continued so eIV F] Deperiing PR the levekotslisiliation, re&oyghsvraemlg)dﬂpam 5

hours at 200 fg.th ﬁ%dd@ﬂg&fﬁe @Etllﬁp@@h&ﬂ%g@% Y‘@%dg‘%abfeew%&‘?t Ns G 9r ans.

After the autoclave been c e pressure restored to
at nospheri c awéight peroentageoof faad cblimteqmsgiﬂilllaietihcnelases,gbe amourdtod!

quantity of 2 over rior to filtration. The
product was tﬂﬁf?r\i%@?g‘s‘gg" bgﬁ@gﬁﬁg‘?/g? ?"3@ Mﬁ@"?&%?retﬁ 9i¥e 8o a 6000

gal l on react oma@ggegﬁigq,,gcgsmpnﬁp@gsgst he i nter rredl ate product. The

i nt ermedi ate prodlct was-

Analytical results for the distilled product were as follows:

TBN 174 mg KOH/gm
Ca 6.09 wi%
Salicylic Acid index (SAIl) 58

Viscosity at 100°C 705 ¢St

Qit Content (by mass balance)  21.5 wi%

It is well known in the art that salicylate structures are thermally unstable. As
the distilled material had a comparable Salicylic Acid Index to calcium ratio as
the feedstock, ho decomposition of the salicylate structure occurred even
though the feed was exposed to relatively high temperatures. No

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

The distillate appearance was clear and slightly yellow which is comparable to
the appearance of the starting hydrocarbyl phenols introduced in the
neutralization step. The TBN content of the distillate was essentially zero
indicating than none of the feedstock to the distillation step carried over into
the distillate. The distillate was analyzed by gas chromatography-and found
to contain approximately 61% branched hydrocarby! phenol, 39% linear

hydrocarbyl phenol, and 6% 100N base oil.
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subjected to the additional step of distillation outlined below. Analytica
results for the internedi ate product fromthe 6000 gallon batch were as
follows: TBN 116 ng KOH/gm Calcium4.1 wt% Salicylic Acid Index (SAl) 40
ng KOH/ grn SAl is a neasure of the quantity of alkylsalicylate forned in
the detergent- dispersant. It was determ ned by acidification of the
product by a strong acid (hydrochloric acid) in the presence of diethyl
ether, follo QARMqﬁzzpotentionetric titration on the organic fraction
(tetra n-but&g—annnnrunl hydr oxi de was used as a titration agent). Results
are expressed in equivalent ng KOH per gram of product (Base Nunmber unit).
Distillation:_The internedi ate product was fed at_a rate of 70 kg/hr to a
wi ped film elB®eredistlitigpmrodystareprred acenrding to Bxampls 1 wasdlistitiedThe WFE

had an inter 'ﬁﬁ'ﬁjs 1 gpc[é [ Wit hot oil

j acket. The lEl\‘:2:;57(_)rhotl glglés{l((jalrrperg?t hrégNFn Sgﬁjﬁ"%@Eg@?%i‘&@ggluﬁe%&%r The
pressure wi t hothet Histillaieh cungitibn8 aroshowit e Thbledi t enperature to the WE was
135C. Final product tenperature exiting the WFE was 222C. The product was

cooled to I|ess than 100C before diluting with 100N base oil. Approxi mately
47.5 % (by wphiat9. of the feed to the WFE was collected as distillate. The

anmount of disStiTtate collected may vary from 10% up to about 55% by wei ght
o une, g o (e W Dapenarng wponlThe [l of 91 TTetson. encpor
(r)r;%gglegbld:el \lj’lc\éfcl:&p‘f’)?dfﬁﬁsméw\merghtvp;réent ége of feed collected as
i stilled prpduct |erords RBRE o, 1 uent reafed to)be addeg to the
Pressure (mbar) 1.44 - 1.5
Hot Oil Temp (°C) 235 254
Product Temperature Exiting 205 222
Evaporator (°C)
Amount of Distillate (wt%)’ 30 43
Qil in Final Product (wt%) 0 14.5
Product Analytical Results
TBN (mg KOH/gm) 166 174
Ca (wt%) 5.92 6.2
SAl (mg KOH/gm) 57 59
Viscosity @ 100°C (cSt) 226 575
Compostion of Distillate
Branched Alkylphenol (wt%)}) 76 64
Linear Alkylphenot (wt%) 15 27
100N Base Oil {wit%) 9 9

" Based on WFE Feed Rate

EXAMPLE 3

Example 1 was repeated except for the following changes:
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manageabl e viscosity increases. Analytical results for the distilled
product were as follows: TB N Ca Salicylic Acid Index (SAl) Viscosity at
100C G| Content (by mass bal ance) 174 ng KOH gm 6.09 wt% 58 705 cSt
21.5 wt% It is well known in the art that salicylate structures are
thermally unstable. As the distilled material had a conparable Salicylic
Acid Index to cal ceym r Thé WEE hadne stidecsireakef 0108 g€conposi tion of the
salicylate structu occurred, even t the fee s exposed to

rel at iyvel y high tehger afﬁ?é%‘?d Kate t%@?ﬁi\%ﬁ\"’??@l’?o%gﬁmﬁ@ Tas the residence
time in the WE iscel arhyhyl dBflidd probigcillad idied sadPasi 38Gaoyqsof! ear
and slightly yellow which is conparable to the appearance of the starting
hydr ocar byl phenol s i nt pibthupreduce at reductewith almarmtgeablesvisgosiffhe TBN cont ent
of the distillate was essentially zero indicating than none of the
feedstock to the distillation step carried over into the distillate. The
distillate wasining twZBéniple qaahehr 48197 f!ﬁrséﬂ%‘ﬁ v@éighgwme fdeldl 9ARBAI N

approxi mately 61 % branched ﬁ%/droca_rb phenol, 39% i near hydrocar byl
phenol , and 6%YaP@RtGIys mllececta@mxﬂme 2 The pre-distillation product
prepared according to Exanple 1 was distilled

Analytical results for this product are as follows:

TBN 138 mg KOH/gm
Calcium 4.96 wt%
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
passes through the membrane) and a residue fraction (the material left in the
latex membrane bag).

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.

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

altkylphenol.
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under various conditions in the WFE descri bed above. Typical results for
other distillation conditions are shown in Table 1. Table 1. 12 WFE
Conditions: Feed Rate (kg/hr)12286 Pressure (nbar)1.441.5 Hot G| Tenp
(C) 235254 Product Tenperature EXiti n9205222 Evaporator (C) Amount of

014.5 Product  Anal yt I
[R)'e:L: !tlsaEI'gN(\(% %043 tg%lmggloéhedé gté%sé‘g‘?%ﬂﬂ'c( fri%dI;'J 'é ‘@%gﬁﬁ‘@: g?om ty
@ 100C (cSt) 2pfliet Spﬁ%&aﬁg@em@@ &}o%hldri& yBh wg@é AL& vt BiegiR s H{é@t % 7664

Li near Al kyl phenol (‘w9 Bas_e (W % 99 Based on Rat e
EXAMPLE 3 Exafqﬂowed p@tepwnemcé»tzaélpn omdhetdf@amolfnaotmm(;etrammgt -39 a)

t
-{gg \Ii\g/Eh?ad aaﬁx%ona\.?!% h Ereo%(i ef wgs Ege as e) tit-rlg.\l%nfaegee%t)r af'hus metit'nog separa\fvalS abou

and quantifies the alkyl salicylic acid and the remaining alkylphenol (non-
carboxylated alkylphenate). Results were expressed in equivalent mg KOH
per gram of product (Base Number unit). % SA was then determined by
using the following equation:

% SA=100*(Alkylsalicylic acid/(Alkylphenol+Alkylsalicyfic acid))

% Ca in the residue was determined by classical X Ray spectrometry.

Dialysis results are as follows:

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

Dialysate Composition:

Dodecylphenol 1.0 wt%
Linear Alkyiphenol 26.7 wt%
100N Base QOil 72.3 wt%

Residue Composition

Calcium 9.3 wit%

TBN 259 mg KOH/gm
SAl 78 mg KOH/gm
% SA 50

The following composition of the product produced in Example 3 was

calculated from the composition of the dialysate and residue fractions;
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c) The final distilled product was diluted with about 36 wt % 100N oil to
produce a product with a nanageable viscosity. Simlar to Exanple 1, about
46 % (based on weight) of the feed to the evaporatoor was collected as
distillate. Analytical results for this product are as follows: TBN

Cal cium SAI 138 ng KOH/ gm 4.96 wt% 47 ng KOH gm Di al ysis was perfornmed on
about 15 gm of product from Exanple 3 using a Soxhlet extraction apparatus

(pent ane sol vent) i.ﬁ%é%?t'ex FEnb ane condom f1t4hﬂﬁ'g ut 24 hours to afford

a dialysate fracti ANehat  passes h the menbrane) and a
residue fraction (e material left in the |ateygpparane bag). The
di al ysate fraction fromthe dialysis procedure was separated into two
fracti ons using si Bmmeééomamam%vlaplquteo 224.9 gmon two Silica Cel

Cartridges.--Water [ 0) first usin m, of hexane to yield
Fraction | foll om?agﬂ]&'@w% ghe Cartri dges%é"%witﬁ’ushi ng wwth 12 m of
80: 20 Et hyl Acetate: Et hanol to afford Fraction 2. Fraction 1 was conprised
of diluent oil _and Fraction was conprised of free al kyl phenols. The

Fracti on 2 obPRQEDURES Fﬁ)é* PERFQRMANGRTESIShar at i on” procedure was

anal yzed usi ng supercritical chromatography (SFC) to determ ne the anount
of branched al kyl phenol and |inear al kyl phenol present. Quantification was

per formed usi Tﬁgeeiolﬁndlih@%bﬁ@rmdewﬁt@sdf?erﬁ‘rﬂMGQ'ﬁﬁsMMh@ds rtemsd eslirand

i near al kyl 81 henol
ese examples.

Bulk Oxidation (MIP-48)

The Modified iP-48 test (or MIP-48 test) is a bulk oil oxidation test. The IP-48
test is test method 48 of the Institute of Petroleum and can be found in
“Standard methods for analysis and testing of petroleum and related products
and British Standard 2000 parts, 2000, Methods [P-1-324, Volume 1"
published on behalf of the institute of petroleum (London) by John Wiley &
Sons, LTD {Chisester, New York, Weinheim, Brisbane, Singapore, Toronto).
tn said test, air is bubbled through a lubricant sample which is kept at high
temperature. The viscosity of the end-of-test sample is compared to that of a
reference sample which has the exact same composition but is bubbled
through with nitrogen. The net viscosity increase (expressed as a percentage
increase) is an indication for the oxidation stability of a lubricant. Therlower

the viscosity increase, the better.
Corrosion Control (ASTM 06594-01)

This is a standard test method for evaluation of corrosiveness of diesel
engine oil at 135°C. This test method is used to test diesel engine lubricants
to determine their tendency to corrode various metals, specifically alloys of
lead and copper commonly used in cam followers and bearings. Four metal
specimens of copper, lead, tin, and phosphor bronze are immersed in a
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-40 % SA was determned on the dialysis residue fraction by acidification
of the product by a strong acid (hydrochloric acid) in the presence of
diethyl ether, followed by a potentionetric titration on the organic
fraction (tetra n-butyl amoni um hydroxi de was used as a titration agent).
Thi s met hod separates and ?uan_tifies the al kyl salicylic acid and the
remai ni ng al kypepadied anewn-of eaginexajl aihedoih lak gh shevated iemPeraturesisidown

SA vins. then dB PIETRER PefB OETng” st B B Ryttt agppere 1)+
SA=100* (Al ky| spsdcirih iatidahé elréddvdiparersdamih&y tcdéteeldrfosin hd cirresionn t he

resi due was determ ned by classical X Ray spectronetry. D alysis results
are as fol | owdrodpgts) (espeetivly.1 wt % of starting sanpl e wei ght Residue 48.9
wt % of starting sanple weight Dialysate Conposition: Dodecyl phenol 1.0 wt%
Li near Al kyl phenol 26.7 wt% 100N, Base G| 72.3 w % Resi due Conposition

Cal ci um 9. 3 VEXANENLES S HOWKIB/RERFORMANC ELADDANTAGES SA 50 The fol | ow ng
conposition of the product produced in Exanple 3 was calculated fromthe
conposition of the dialysate and residue fractions: -41 Total Al kyl phenol

Content 14. 1 WRA foliowing Examples illustrate performance advantages demonstrated by
lubricating oil compositons containing the unsulfurized carboxylate-containing
additive of the present invention.

EXAMPLE 4
MARINE ENGINE OILS PERFORMANCE
The lubrication oil formulations used in the present example were generated

for lubricants intended for use in Marine Trunk Piston Engines and had the

following compositions:

Formula 1
Phenate-Stearate 6.04%
Zinc Dithiophosphate 0.64%
Foam Inhibitor 0.04%
Commercial detergent-dispersant 14.72%
Formula 1A
Phenate-Stearate . 6.04%
Zinc Dithiophosphate 0.64%
Foam inhibitor 0.04%
Unsulfurized, carboxytate-containing additive
prepared according fo Example 1 10.17%
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G136.9 % Single Aromatic Ring Al kylsalicylate24.5 wt % Cal ci um

Al kyl phenat e24. 5 wt % PROCEDURES FOR PERFORMANCE TESTS The foll ow ng Section
descri bes Performance Test Methods referred to in these exanples. Bul k

Oxi dation (MP-48) The Modified IP-48 test (or MP-48 test) is a bulk oil
oxidation test. The IP-48 test is tes rrethgd 48 of the Institute of

Petrol eum and can be found in "Stand ds for analysis and testing
of petroleum and related products and British Standard 2000 parts, 2000,
Met hods | P-1-324, Volune 1" published on behalf of the institute of

petrol eum (London) hedaten Wley & Sons, LTD (Chisester, New YGtR2%

Wei nheim Brisbane, -Sin Qr Toronto). In said test, air is hu ed

t hrough a | ubri cant @%@ﬁ@%ﬁ?%‘ﬂ’ﬁtﬁ kept at high tenperature. %ﬂgﬂ/"
viscosity of the engoaim Ihitcsanpl e is conpared to that of a refgg®nce
sanpl e which has the exact same conposition but is bubbled through with
nitrogen. The net viswoefgalidetegssedisprmadésed as a per cent age 168 bease)
is an indication for the oxidation stability of a lubricant. The |lower the
viscosity increase, the better. Corrosion Control (ASTM D6594-01) This is a
standard test nmethod for eval uation ofFogaulao®hveness of diesel engine oil
at 135C. This test nethod is used-to test diesel engine lubricants to
determ ne their tendency to corrode various netals, specifically alloys of

| ead and copper Comméh sed in camfoll owers and bearings. Fo t al
speci nens of copper, eég%l tin, and phosphor bronze are inmer se?’zl%%a -42
measur ed anount of &g Dithiophospltateoi |, at an el evated tenper at @&1%i s

bl own Foam Inhibitor 0.04%
Unsulfurized, carboxylate-containing additive

prepared according to Example 1 11.05%
Formula 3

HOB Salicylate , 8.93%

Zinc Dithiophosphate 0.64%

Foam Inhibitor 0.04%

MOB Salicylate 8.88%
Formula 3A

HOB Salicylate 8.93%

Zinc Dithiophosphate 0.64%

Foam Inhibitor 0.04%

Unsuifurized, carboxylate-containing additive

prepared according to Example 1 8.72%
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with air for a period of tinme. Wen the test is conpleted, the copper

speci nen and the stressed oil are exam ned to detect corrosion and
corrosion products, respectively. EXAMPLES SHOW NG PERFORMANCE ADVANTAGES
The foll ow ng Exanples illustrate performance advant ages denonstrated by

| ubricating oil

conpositons containing the unsul furized
carboxyl ate-containing additive of &m@ﬂént i nvention. EXAMPLE 4 MARI NE
ENG NE O LS PERFOR ication oil formulations used i e
N&Q%)&tﬁ{agt’éﬁé usesr'l?% °Mar i ne

present exanpl e were generate for lubricants intended for

Trunk Piston Engi neZinerDith@shdsphatef ol | owi ng conposi tions: For my.g4%
Phenat e- St ear at €6:. 04% Zi nc, Di t hi ophosphat 0. 64% Foam | nhi bi t or Q. 04%
Conmrer ci al  det er genEO/NIPRIPEAMEL 14. 72% For nul a 1A Phenat e- St ear &-@6%04% zi nc

Di t hi ophosphat e0. 64 hi. by 049 L. | £ gt zed,
car boxyl at e- cont ai n%gag%lbg’l é\:/ge}%%n%&%@ée@@peédd@é%ordi ng to Exanple 1 -43
Formul a 2 Phenat e7. p2¥ared according to Example 1 8.72%

The treat rates of these concentrated additives in finished oil were adjusted to
ensure a BN of 40 mg KOH/g according to ASTM D2896 for the finished
lubricant.

Results of Bulk Oxidation Test

Formula { Formula | Formula | Formula | Formula | Formula | Formula

1 1A 2 2A 3 3A 4A
MIP-48 | 39 17 45 25 24 22 20
resulis

The results of the MIP-48 bulk oxidation test show that the unsulfurized,
carboxylate-containing additive of the present invention has surprisingly better
viscosity increase control (VIC) compared to a commercial detergent-

dispersant when tested at the same BN level in the same formulation.
EXAMPLE 5

AUTOMOTIVE PERFORMANCE

The lubrication oil formulations used in the present example were designed

for Low Emission Diesel Lubricants (LEDL) intended for use in Low Emission

Diesel Engines and had the following compositions:
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Zi nc Dit hi ophosphat e0. 64% Foam | nhi bi t or 0. 04% Conmrer ci al

det er gent - di spersant 16. 83% Fornul a 2A Phenat e7. 22% Zi nc

Di t hi ophosphat €0. 64% Foam | nhi bi t or 0. 04% Unsul furi zed,

car boxyl ate-containing additive 11.05% prepared according -to Exanple 1

nhat al G6A04 Eoaam 1l nhi hit ArQ (/5
For nul a_3 HOB = 2.8~ _ hc)';r,..,n eB—64%6ogr-tRhiot .Cu.\.Oé/
MOB Sal i cyl at %fagﬁaﬁpr mul a 3A HOB Sal i cylla,g$. P3y Cio 1.0 1.0 1.0
Di t hi ophosphafsepub4% Foam | nhi bi t or 0. 04% Unsud f ) 0.12 0.12 0.10 0.10
car boxyl ate-c M@MMMM&*&&EL : nePst g OGNyl .03 0.05
Formul a 4A Caff6832:8¢®ar at e8. 83% Zi nc Di t i opho . Q4%|Fodm | ¥ Y
L. on- t iSpersan N Y. Y Y
I nhi bi t or 0. 04¥okasskd.ME 1 zed, carboxyl at e- gongai diytivie N N
LOB Salicylate N N N Y Y
Commercially Available Salicylate, wt% 4.5 4.5 N 4.5 N
Unsulfurized, carboxylate-containing additive
prepared according to Example 1 N 5.0 N 5.0 N 5.0
Secondary ZnDTP Y Y Y Y Y Y
Diphenylamine Anti-Oxidant Y Y Y Y Y Y
Molybdenum Anti-Oxidant Y Y Y Y- Y Y
Foam Inhibitor Y Y Y Y Y Y
OCP Vil Y Y Y Y Y Y
Base Ol 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

For each formulation, the unsulfurized, carboxyiate—containing additive of the
present invention was compared to a commercially available salicylate for
corrosion performance. In each case, covering a range of sulfur, phosphorus
and ash levels, the carboxylate-containing additive of the present invention

displayed superior corrosion control performance.

~ 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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8. 72% prepared according to Exanple 1 The treat rates of these concentrated
additives in finished oil were adjusted to ensure a BN of 40 ng KOH g
according to ASTM D2896 for the finished |lubricant. Results of Bulk

Oxi dation Test For nul aFor nul aFor mul aFor mul aFor mul aFor mul aFor mul a

| 1A22A33A4A M P-4839174525242220 results The results of the MP-48 bul k

oxi dation test show that the unsul furized, carboxylate-containing additive
of the preédaimsinvention has surprisingly better viscosity increase
control (VMIC) conpared to a comrerci al detergent- dispersant when tested at
the sane BN | evel in the same fornul ati on EXAMPLE 5 AUTOMOTI VE PERFORMANCE

The | ubri cati on Aoivletfic forlpaddwtisg BRGMsuUTuiAR, Rasseiiatecampdisingeidiitlesi gned
for Low Em ssion Diesel Lubricants (LEDL) intended for use in Low Em ssion
Di esel Engi nes aMduBHeatingeoiiso sRMNEHICELERIBBIISINGNS: Basel i ne Fornul ation A A
B BCC Sulfated Ash, %

(a) neutralization of hydrocarbyl phenols using an alkaline earth base
in the presence of a promoter, {o 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.

2. A method for producing an unsulfurized, carboxylate-containing additive
for lubricating oils according to claim 1, wherein said hydrocarbyl salicylate
comprises single-aromatic-ring hydrocarbyl salicylate and double-
aromatic-ring hydrocarby! salicylate wherein the mole ratio of single
aromatic-ring hydrocarbyl salicylate to double-aromatic-ring hydrocarbyl
salicylate is at least 8:1.

3. A method for producing an unsulfurized, carboxylate-containing additive
for lubricating oils according to claim 1 or claim 2, wherein, in said
separation step, at least about 30% of the starting hydrocarbyl phenols is
separated from the product produced in step (b) to produce said additive.

4, A method for producing an unsulfurized, carboxylate-containing additive
for lubricating oils according to claim 1 or claim 2, wherein, in said

separation step, up to 55% of the starting hydrocarbyl phenols is
-47-



0.950.951.0 1.0 1.0 1.0 sul phur, %0.10 0.10 0.12 0.12 0.10 0.10
Phosphorus, % . 050. 050. 050. 050. 050. 05 Bor at ed Di spersant YYYYYY Non- Bor at ed
Di spersant YYYYYY LOB Ca- Sul f onat eNNYYNN LOB Sal i cyl at eNNNNYY Commerci al |y
Avail abl e Sallcylate, wt%. 5N4. 5N4. 5N Unsul furized, carboxyl ate-contal ning
additive prepared according to Exanple I N5. ON5. ON5. 0 Secondary ZnDTPYYYYYY
D phenyi am ne Anti - Oxi dant YYYYYY Mol ybdenum Anti - Oxi dant YYYYYY Foam

| nhi bi t or YYYYYY sepRraied Yronyihe pasiictplodeesd irystep (b) to produce said additive.

10.

A method for producing an unsulfurized, carboxylate-containing additive
for lubricating oils according to claim 1 or claim 2, 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. '

A method for producing an unsulfurized, carboxylate-containing additive
for lubricating cils according to any one of the preceding claims, wherein,
in said separation step, at least about 30% of the starting hydrocarbyl
phenols is separated from the product produced in step (b) to produce

said additive.

A method for producing an unsulfurized, carboxylate-containing additive
for lubricating oils according to any one of claims 1 to 5, wherein, in said
separation step, up to 55% of the starting hydrocarbyl phenolsis separated
from the product produced in step {b) to produce said additive.

A method for producing an unsulfurized, carboxylate-containing additive
for lubricating oils according to any one of claims 1 to 5, 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.

A method for producing an unsulfurized, carboxylate-containing additive
for lubricating oils according to any one of the preceding claims, wherein,
in said separation step, said starting hydrocarbyl phenols are removed by
distillation.

A method for producing an unsulfurized, carboxylate-containing additive
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Base G| 2YYYYYY HTCBT Pb, ppmll186014074230108 For each formul ation, the
unsul furi zed, carboxyl ate-containing additive of the present invention was
conpared to a commercially available salicylate for corrosion perfornance.
In each case, covering a range of sulfur, phosphorus and ash levels, the
car boxyl ate-containing additive of the present invention displayed
superior corrosion control performance. Wile the present invention has
been descri bed Pt Wbrispingalsaceordipgdpfalam @hereiresaid distiiatiomjmpl i cation is

by those ski |1 ecohMAIGnE Ve TnG PR GuRREn, FORB I HeReTatbr BstliBiart o pe of
t he appended cl @rshort@ath nfistillbtign.met hod for produci ng an unsul furi zed,

car boxyl ate-containing additive for lubricating oils, said method
conprising: (a) neutralization of hydrocarbyl phenols using an al kaline

th b int f . i
ohenat o (by'-car paEnEd ol totucifi Bz BIOGHRToPMnAGUMIve, | ()
using carbon difoxlubécatimtpoilsacdudipigaoiaaimc®or claithtiioo mheseihfdaid distiliation
v ocar byl sar e gATieE ol fmpeGeiesenghadiom abPuRsp0 R R ADGEERN G he
starting hydrocag,rr#eyétmasmigzs,frofnﬁggbgmma%%ﬁ}4%9&!{10% in step (b) to

produce said additive. 2. met ho or produci ng an unsul furized,
car boxyl ate-containing additive for lubricating oils according to claim1,

wher ei n saigd, hy carbyl salicylate conprises single-aromatic-rjn

nyar ocar byl 1%sal e Ebed prprauind sh SRR A e ZoRtghing Ad e o

wherein the nol goF @btieaig 6il)8t&rding to claim 9 or claim 10, 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.

13. A method for producing an unsulfurized, carboxylate-containing additive
for lubricating oils according to claim 9 or claim 10, 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.

14. A method for producing an unsulfurized, carboxylate-containing additive
for lubricating oils according to any one of the preceding claims, wherein
an effective viscosity improving amount of organic diluent is added to said
additive.

15. A method for producing an unsulfurized, carboxylate-containing additive
for lubricating oils according to any one of the preceding claims, wherein,

after said separation step, said starting hydrocarbyl phenols are recycled.

16. A method for producing an unsulfurized, carboxylate-containing additive
for lubricating oils according to any one of the preceding claims, wherein,

in said neutralization step:
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aromatic-ring hydrocarbyl salicylate to doubl e-aromatic-ring hydrocar byl
salicylate is at least 8:1. 3. A nethod for producing an unsul furi zed,

car boxyl ate-containing additive for lubricating oils according to claiml
or claim2, wherein, in said separation step, at |east about 30% of the
starting hydrocarbyl phenols is separated fromthe product produced in
step (b) to produce said additive. 4. A nmethod for producing an

unsul furized, carboxylate-containing additive for lubricating oils

according to cl a,m 1 Qr j . rei.,n. din i eparation step, up to
55% of the star 3535?9 hs%éq ﬁ%@{%\ﬁ%ﬂg‘ﬁgﬁg&ﬂq@sp@?@tﬂggﬁgﬁﬁﬁ PFESICE r oduct
produced in step (b) leastwredtsrbogydicthaid dbbaiting fronfon@td flircafbdi @wed, Nng an
unsul furized, carboxylate-containing additive for lubricating oils

accordi ng to clai m 12 ipithe @bsenchef alkali bage.sdialgohale pad amonsaleahah, anthout
45% t o about 50% of the starting hydrocarbyl phenols is separated fromthe
product produced in step (b) to produce said additive. 6. A nethod for
produci ng an ungh) f ursaikdeuiralizatizy lopeeatioonis daniswoaidati 4 tensperbturelofilati cat i ng
oils according to an;i %6205;‘; the preceding clains, wherein, in said
separation step, at | t Gut 30% of the starti ng hydrocarbyl phenols is
separated fromthe product produced in step (b) to produce said additive.
7. A nethod for producing an unsul furized, carboxylate-containing additive
for lubricating(o)! s thepoestung is reduced anadusdllydieddwatrbosphdrijc immederto i n

said separation step, up to 55% of_the.starting hydrocarbyl ph | si s
separated fromthe &M&tﬁ'ﬁ) c%fcfe?ﬁt’%q'é'ﬂtuf%gb?%‘cﬁr cﬂf@%s%‘é?'ﬁqgﬁﬁl tive.
8. A nmethod for produaytbranatBgsbiopé aael waaf;boxyl ate-contai ning additive
for lubricating oils according to any one of clains 1 to 5, wherein, in

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

carbon atoms; and

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

ratios:
(1)  alkaline earth base/hydrocarbyl phenol of 0.2:1 to 0.7:1; and
(2)  carboxylic acid/hydrocarbyl phenol of from 0.01:1 to 0.5:1.
17. A method for producing an unsulfurized, carboxylate-containing additive
for lubricating oils according to any one of the preceding claims, wherein

said hydrocarbyl phenols are alkylphenols.

18. A lubricating oil additive produced by the method according to any one of

the preceding claims.
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separation step, about 45%to about 50% of the starting hydrocar byl

phenols is separated fromthe product produced in step (b) to produce said
additive. 9. A nmethod for producing an unsul furized, carboxyl at e-contai ni ng
additive for lubricating oils according to any one of the preceding
clainms, wherein, in said separation step, said starting hydrocar byl

phenol s are renoved by distillation. 10. A nethod for producing an

unsul furi zd®; cds bbxighat additve eompagitien gomprisingigefigbricating abadditivef s

according to cl ajm.9 rel [ ikStild ation is acconplished via
falling filmdi slelﬂh g?%ﬁ,a?bﬁgﬁigneiqqﬁéét?&ﬁ&&rﬁor distillation, or short
path distillation. 11. A nethod for producing an unsul furized,

car boxyl ate-contajning additive for lubricating oils according to claim9
or claim10, whdfbin a&Rhenaiestillation is carried out at tenperatures
rangi ng from about 150C to about 250C and at pressures fromabout 0.1 to
about 4 nbar. 12. A nethod for producing an unsul furized,

car boxyl at e- cont(b) ni regpleettitéistearafegr | ubricating oils according to claim9
or claim 10, wherein said distillation 1is carried out at tenperatures
rangi ng from about 190C to about 230C and at pressures fromabout 0.5 to
about 3 mbar. 13¢) A npddIRJIak@ary 0duci ng an unsul furi zed,

car boxyl ate-containing additive for lubricating oils according to claim9
or claim 10, wherein said distillation 1is carried out at tenperatures
rangi ng from abzg} 195C bo abfut 25C, and at a pressure of about 1 to
about 2 nbar. A FETHEE*Y 5 9315? duci ng an unsul furi zed,

car boxyl ate-containing additive for lubricating oils according to any one
of the preceding clains, wherein an effective viscosi tfy i mprovi ng anount
of organi c 2§ | uditte ¢amperiten pbclain d9 wherein the mass ratio of phenate to said

lubricating oil additive is from 1: 0.035 to 1: 98.

21.  The composition of claim 19 wherein the mass ratio of phenate to said
lubricating oil additive is from 1: 0.239 to 1: 14.

22.  The composition of claim 19 wherein the mass ratio of phenate fo said
lubricating oil additive is from 1: 0.451 to 1: 7.5.

23.  The composition of any one of claims 19 to 22 wherein the mass ratio of

phenate-stearate to said lubricating oil additive is from 1: 0.051 to 1: 126.

24.  The composition of any one of claims 19 to 22 wherein the mass ratio of
phenate-stearate to said lubricating oil additive is from 1: 0.353 to 1: 18.

25.  The composition of any one of claims 19 to 22 wherein the mass ratio of

phenate-stearate to said lubricating oil additive is from 1: 0.667 to 1: 9.7.

26.  The composition of any one of claims 19 to 25 wherein said salicylate is a

medium-overbased salicylate.
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additive. 15. A method for producing an unsul furized,

carboxyl ate-containing additive for lubricating oils according to any one
of the preceding clains, wherein, after said separation step, said
starting hydrocarbyl phenols are recycled. 16. A nethod for producing an
unsul furized, carboxylate-containing additive for lubricating oils
according to any one of the preceding clainms, wherein, in said
neutralization step: -49 (a) said neutralization operation is carried out

Four car bore At ornhe CAmaofiRch REAf, Rk A i e 2 BRERG R B0k A °

monoal cohol ; andiglppveriadedaalicdhiezat i on operation is carried out at a
tenperature of at |east 200C, (c) the pressure is reduced gradually bel ow
at nospheric in order to renove the water of reaction, in the absence of

any sol ventyg NatThdWmbOLifib A8y Iaﬁggpég;;rglafaﬁnm gwlﬁtff{) whefdin B My dahs 8f b

phenol s contain up to rocar by I'n mxture wth at
| east 15% of br satibddtehposaid lutlvichtipd eil @dditive isfiiooh 11 @2Brtarichgd. hydr ocar byl
radi cal contains at |east nine carbon atons; and (e) the quantities of
reagents used correspond to the followng nolar ratios: (1) alkaline earth
base/ hydr ocay. bler@&ﬂﬁFoQﬁor@oﬁéﬂ%bﬁeQﬁ Elatms 3ho(2) wﬁéfé?r?m’elhh%s? ratioof =
aci d/ hydrocar byl phenol of from©0.01:1 to 0.5:1. 17. A netho or producing
an unsul f uri zed,sabeylatexdyl sai¢ lubsicating ol gddilvietis frem 100.178Re i1cd¥i ng oi |l s
according to any one of the preceding clains, wherein

30. The composition of any one of claims 19 to 27 wherein the mass ratio of

salicylate to said lubricating oil additive is from 1: 0.335 to 1: 9.2.

31.  The composition of any one of claims 19 to 30 wherein the mass ratio of
carboxy-stearate to said lubricating oil additive is from 1: 0.023 to 1: 105.

32.  The composition of any one of claims 19 to 30 wherein the mass ratio of

carboxy-stearate to said lubricating oil additive is from 1: 0.156 to 1: 15.

33. The composition of any one of claims 19 to 30 wherein the mass ratio of

carboxy-stearate to said lubricating oil additive is from 1: 0.294 to 1: 8.1.
34. A lubricating oil composition comprising:
(a)  a major part of a base oil of lubricating viscosity; and

(b)  from about 1% to about 30% of the lubricating oil additive according

to claim 18.

35.  Alubricating oil composition according to claim 34 further comprising at

least one of the following:
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sai d hydrocarbyl phenols are al kyl phenols. 18. A lubricating oil additive
produced by the nethod according to any one of the preceding clains. -50
19. A lubricant additive conposition conprising the |ubricating oi

additive of claim18 and at | east one of the following: (a) a phenate; (b)
a phenate-stearate; (c) a salicylate; and (d) a carboxy-stearate. 20. The
conposition of claim19 wherein the mass ratio of phenate to said

| ubricating oil additive is from1l: 0.035 to 1: 98. 21. The conposition of
claim 19 wherei he j enate to said |lubricating oi

additive is fro&ai: é@%@qlégé Q'%F’%Fa?'gz The conposition of claim19 wherein
the mass ratio of phenate to said |lubricating oil additive is from 1:
0.451 to 1: 7.5. 23. The conposition of any one of clainms 19 to 22 wherein
the mass ratio dP) prthexidatiQninii®r: o said | ubricating oil additive is
from1l: 0.051 to 1: 126. 24. The conposition of any one of clainms 19 to 22
wherein the nass ratio of phenate-stearate to said |ubricating oil additive
is from1: 0.353c}o JardBinhildtor; The conposition of any one of clains 19 to
22 wherein the mass ratio of phenate-stearate to said |ubricating oi
additive is from1: 0.667 to 1: 9.7. 26. The conposition of any one of
claims 19 to 25 wher ¢ feppigfictal i cyl ate is a nediumoverbased salicylate.
-51 27. The conposition of any one of clainms 19 to 25 wherein said
salicylate is a high-overbased salicyl ate.

(e)  an extreme pressure agent;
(f) a friction modifier;
(g) a multifunctional additive;
(h)  a viscosity index improver;
(i a pour point depressant;
)] a foam inhibitor; and
(k)  a metal-containing detergent.
36. A hydraulic oil composition containing a major part of a base oil of
lubricating viscosity and from about 0.1 to about 6.0% of the lubricating oil
additive according to claim 18.

37. A concentrate comprising:

(a) from 20% to 80% of an organic diluent; and
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28. The conposition of any one of clainms 19 to 27 wherein the nmass ratio of
salicylate to said lubricating oil additive is from1l: 0.026 to 1: 120. 29.
The conposition of any one of clains 19 to 27 wherein the nass ratio of
salicylate to said lubricating oil additive is from1l: 0.178 to 1: 17. 30.
The conposition of any one of clains 19 to 27 wherein the nmass ratio of
salicylate to said lubricating oil additive is from1: 0.335 to 1: 9.2. 31.
The conposition (B} arthe diwicsting odljasslitive acsopdingie Cdaim t8e nass ratio of
carboxy-stearate to said lubricating oil additive is from1l: 0.023 to 1:
105. 32. The conposition of any one of clainms 19 to 30 wherein the nass
ratio of G8 boxAn atiditivapackages ab@plisibgithetubritating odddiditivecadcordingid 1:

0.156 to 1: 15. 33. The caonposition_of any one of clains 19 to 30 wherein
the mass ratio dHaiNtP padyudhersomerisiog ahlesst apeiot e owing:addi tive is
from1l: 0.294 to 1: 8.1. 34. A lubricating oil conmposition conprising: (a)
a mgjor part of a base oil of lubricating viscosity; and (b) fromabout 1 %
to about 30% of (Bhe laimetalatcntajniogldedeidjent;ve according to claim 18. 35. A
| ubricating oil conposition according to claim 34 further conprising at

| east one of the follow ng: -52 (a) an ashless dispersant (b) an oxidation
inhibitor; (c) (B)rusdn hsHed BRperdaft; @ demul sifier; (e) an extreme
pressure agent; %f) a friction nodifier; (g) a multifunctional additive;
(h) a viscosity index inprover;

(c)  an oxidation inhibitor;
(d)  arustinhibitor;
(e) ademulsifier;
()  an exireme pressure agent;
(@)  a friction modifier;
(h)  a multifunctional additive;
(i)  aviscosity index improver;
() a pour point depressant; and
(k)  afoam inhibitor.
39. A method for improving corrosion protection in an internal combustion

engine, said method comprising operating an internal combustion engine

with the lubricating oil composition according te claim 34 or claim 35.

-54-



(1) a pour point depressant; (j) a foaminhibitor; and (k) a

net al -contai ning detergent. 36. A hydraulic oil conposition containing a
maj or part of a base oil of [lubricating viscosity and fromabout 0.1 to
about 6.0% of the lubricating oil additive according to claim18. 37. A
concentrate conprising: (a) from20%to 80% of an organic diluent; and -53
(b) the lubricating oil additive according to Claim18. 38. An additive
package corfi®i sihgathed farimpeiing yisepsituingraaseccantiobptia tgpricatinglodi m 18 and

further conprisi . . . L.NQ- . .al - cont ai ni ng
detergent; (b) da@“;imgéss‘rﬁogg?aﬁf Q’%tetfésdaé\%p{'%’b%ﬁdg& @;??f%(?\t“}iém%ﬂs@gr; (d) a
rust inhibitor; iferease donttbliing isemourt fof tranlubxitaimeoibadditive acegemigto (9) a
friction nodifier;, (hg a multifunctiqgnal additive; (i) a viscosity index
improver; (j) £HBLIS KFAF lHiratingalkcompeitiong a foaminhibitor. 39. A
met hod for inproving corrosion protection in an internal conbustion

engi ne, said nethod conprising operating an internal conbustion engine

with the | vldri cai lubgicatihg oihmdditiveicompisirgy:di ng to claim 34 or claim35. -54

(a) less than 40% hydrocarbyl phenol;
(b)  from 10 to 50% alkaline earth metal hydrocarbyl phenate;

(¢} from 15 to 60% alkaline earth metal single-aromatic-ring

hydrocarbyl salicylate; and
(d)  from 0% to 50% organic diluent.

42. A lubricating oil additive according to claim 41 further comprising an
alkaline earth double-aromatic-ring hydrocarbyl salicylate wherein the
mole ratio of single-aromatic-ring hydrocarbyl salicylate to double-
aromatic-ring hydrocarbyl salicylate is at least 8:1.

43. A lubricating oil composition comprising:

(a)  a major part of a base oil of lubricating viscosity,

(b)  from 1% to 30% of the lubricating oil additive according to claim 41.

44. A lubricating oil composition according to claim 43 further comprising at

least one of the following:

(a) an ashless dispersant
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40. A nethod for inproving viscosity increase control of a |ubricating oi
conposition, said nethod conprising adding an effective viscosity increase
controlling amount of the lubricating oil additive according to claim 18
to said lubricating oil conposition. 41. A lubricating oil additive
conprising: (a) less than 40% hydrocar byl phenol; (b) from10 to 50%

al kaline earth netal hydrocarbyl phenate; (c) from 15 to 60% al kal i ne
earth nmetal single-aromatic-ring hydrocarbyl salicylate; and (d) from 0%
to 50% organi c dj{ ue : 4 cating oil additive according to claim
41 further conngLingﬁg%éggyﬁg##ﬁ%kihrth doubl e-aromati c-ring hydrocar byl
salicylate wherein the nole ratio of single-aromatic-ring hydrocar byl
salicylate to dzuble- aropatic-ring hydrocarbyl salicylate is at |east 8:1.
43. A lubricatiAg oi 12 & aon conprising: (a) a major part of a base
oil of lubricating viscosity, (b) from1l %to 30% of the lubricating oi
additive according to claim4l. 44. A lubricating oil conposition
according to cl 4dm 4% demulsifierconpri sing at |east one of the follow ng:
(a) an ashl ess dispersant -55 (b) an oxidation inhibitor; (c) a rust
inhibitor; (d) a denmulsifier; (e) an extreme pressure agent; (f) a
friction nodifiee) (Gh &trathé pleditire @gaht;additive;

4 a friction modifier,;

() a muliifunctional additive;

(h)  a viscosity index improver;

(i) a pour point depressant;

() a foam inhibitor; and

(k} a metal-containing detergent.

45. A hydraulic oil composition containing a major part of base oil of
lubricating viscosity and from 0.1 to 6.0% of the lubricating oil additive
according to claim 41 or claim 42.

46. A concentrate comprising:

(a) from 20 to 80% of an organic diluent, and

{b)  the lubricating oil additive according to claim 41 or claim 42.
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(h) a viscosity index inprover; (i) a pour point depressant; @Q a foam
inhibitor; and (k) a netal -containing detergent. 45. A hydraulic oil
conposition containing a najor part of base oil of [lubricating viscosity
and fromO0.1 to 6.0%of the lubricating oil additive according to claim4l
or claim42. 46. A concentrate conprising: (a) from20 to 80% of an organic
diluent, and (b) the lubricating oil additive according to claim41l or

c |OI 3@ m 42. 4756d_m adgitivelopckage perokresiagdbeubiricaing oil @dditlyei acgording & | |
ane of ‘che 1ol | Sk PESEIM ARl it PRl arbentine B R Stdnd, o °°

di spersant (c) an oxidation inhibitor; (d) a rust inhibitor; (e) a

dermul sifier; (f) an extrene pressure agent; (g) a friction nodifier; (h) a
mul ti functi onal (@hdi @ Wetal-confaigingidedeient i ndex i nprover; (j) a pour

poi nt depressant; and (k) a foaminhibitor. 48. A |lubricant additive
conposition conprising the lubricating oil additive of claim41l or claim
42 and at | east (bhe an asidedsodispeisagt (a) a phenate;

(c)  an oxidation inhibitor;

(d}  arustinhibitor;

(e} ademulsifier;

(f) an extreme pressure agent;
(@)  afriction modifier;

(h)  a multifunctional additive;

N a viscosity index improver,
() a pour point depressant; and

(k)  afoam inhibitor.
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(b) a phenate-stearate; (c) a salicylate; and (d) a carboxy-stearate. 49.
The conposition of claim48 wherein the mass ratio of phenate to said

| ubricating oil additive is from1l: 0.035 to 1: 98. 50. The conposition of
claim 48 wherein the mass ratio of phenate to said |ubricating oi

additive is from1: 0.239 to 1: 14. 51. The conposition of claim48 wherein
the mass ratio of phenate to said |lubricating oil additive is from 1:
0.451 to 1: 7. 5 52. The conposition of any one of clains 48 to 51 wherein

the mass r v

rom 1. 0. GB1 1 o pORRSRFGUINS EBnEsB sty R blitafid of RO TE Ts o
wher ei n t he nas<laiat 4Doptlapherased at kastbdree botiaaiotlowingsi cating oil additive
is from1: 0.353 to 1: 18. 54. The conposition of any one of clains 48 to
51 wherein the nmass ratio of phenate-stearate to said lubricating oil
additive is from 1: Q 7. 55. The conposition of any one of
clains 48 to 54 V\/nerel sal d saefl cylate is a -58 medi um over based
salicylate. 56. The conposition of any one of clainms 48 to 54 wherein said
salicylate is a hig verb ed salicylate. 57. The conposition of any one
of claims 48 to 56 V\:RB elr‘?‘? RNglgsteq %‘?*o of salicylate to said

| ubricating oil additive is from1l: 0.026 to 1: 120. 58. The conposition of
any one of clainms 48 to 56 wherein the mass ratio of salicylate to said

| ubricating oil addittve isssdlicylata;:argl 178 to 1: 17. 59. The conposition of
any one of clains 48 to 56 wherein the mass ratio of salicylate to said

| ubricating oil additive is from1l: 0.335 to 1. 9.2. 60. The conposition of

any one of clainms 48 (§p 5% vdrBbgy-Rtddratgrass ratio of

49.  The composition of claim 48 wherein the mass ratio of phenate to said
lubricating oil additive is from 1: 0.035 to 1: 98.

90.  The composition of claim 48 wherein the mass ratio of phenate to said
lubricating oil additive is from 1: 0.239 to 1: 14.

51.  The composition of claim 48 wherein the mass ratio of phenate to said
lubricating oil additive is from 1: 0.451 to 1: 7.5.

92.  The composition of any one of claims 48 to 51 wherein the mass ratio of
phenate-stearate to said lubricating oil additive is from 1: 0.051 to 1: 126.

53. The composition of any one of claims 48 to 51 wherein the mass ratio of

phenate-stearate to said lubricating oil additive is from 1: 0.353 to 1: 18.

54.  The composition of any one of claims 48 to 51 wherein the mass ratio of
phenate-stearate to said lubricating oil additive is from 1: 0.667 to 1: 9.7.

55.  The composition of any one of claims 48 to 54 wherein said salicylate is a

-58-



carboxy-stearate to said lubricating oil additive is from1l: 0.023 to 1:
105. 61. The conposition of any one of clains 48 to 59 wherein the mass
ratio of carboxy-stearate to said |ubricating oil additive is from 1:
0.156 to 1: 15. 62. The conposition of any one of clains 48 to 59 wherein
the mass ratio of carboxy-stearate to said lubricating oil additive is
from1l: 0.294 to 1: 8.1. 63. A nethod for inproving corrosion protection in
an internal conttediighoverhgped saligidenet hod conpri si ng operating an

i nternal conbustion engine wth the lubricating oil conposition according
to claim43 or claim44. 64. A nethod for inproving viscosity increase
control of 5&.| ulhecadmpaositton of anpypneidfickimssil 1@ Fewherkio aafl salichiatatidang an
ef fective viscosit i ncrease _cqnt rolling anount of the |ubricating oil

addi ti ve conposiNigbAveassd $aligylais-cl ai m 41 or claim 42 to said |ubricating
oi |l conposition. -59 65. A nethod for producing an unsul furized,

carboxyl ate-containing additive for lubricating oils according to any one
of clains 7t o0 TThe edmpesition hkany vodwf claimsdifciedbt whetaip thidinass ratib béred to

remove any sedi ré%ﬂéylate to said lubricating oil additive is from 1: 0.026 to 1: 120.

58.  The composition of any one of claims 48 to 56 wherein the mass ratio of
salicylate to said lubricating oil additive is from 1: 0.178 to 1: 17.

59.  The composition of any one of claims 48 to 56 wherein the mass ratio of
salicylate to said lubricating oil additive is from 1: 0.335 to 1: 9.2.

60. The composition of any one of claims 48 to 59 wherein the mass ratio of
carboxy-stearate to said lubricating oil additive is from 1: 0.023 to 1: 105.

61. The composition of any one of claims 48 to 59 wherein the mass ratio of

carboxy-stearate to said lubricating oil additive is from 1: 0.156 to 1: 15.

62, The composition of any one of claims 48 to 59 wherein the mass ratio of
carboxy-stearate to said lubricating oil additive is from 1: 0.294 to 1: 8.1.

63. A method for improving corrosion protection in an internal combustion
engine, said method comprising operating an internal combustion engine

with the lubricating oil composition according to claim 43 or claim 44.

64. A method for improving viscosity increase control of a lubricating oil
composition, said method comprising adding an effective viscosity
increase controlling amount of the lubricating oil additive composition

according to claim 41 or claim 42 to said lubricating oil composition.
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65. A method for producing an unsulfurized, carboxylate-containing additive
for lubricating oils according to any one of claims 1 to 17, wherein the

product produced in step (b) is filtered to remove any sediment.
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