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 metal salts (hydrocarbyl phenate/hydrocarbyl salicylate)
and a reduced anmount of wunreacted hydrocarbyl phenols, as well as additive
packages, concentrates_ and finished oi | &ﬁgp05|t|ons conprising the sane.

Specifically, it relat UNSULFYRIZED, EARB LATRCONTANINGIre i n whi ch
sai d hydrocarbyl salicylateapph TWE%IQILXJ %ﬁ@ @zﬁ%l c-ring hydrocar byl
a 0

salicylate. This additive inproves antioxi I es, high
tenperature deposit control, BN retention, corrosion control and bl ack

sl udge control in Iubrlcat|ng o] hi_s |nvent|on is also directed, in
part, to methods of preparing 3 gl B INVEANIAONddi ti've. BACKGROUND OF

THE | NVENTI ON The preparation of hydrocar byI phenat es and hydrocar byl
salicylates is well known in the art. U S. Pat. No. 3,036,971 discloses

preparing detléegénsentiinyentioarelaesic avevel basdfirioad sedrboxylaedeantiidimienat es

of - hi gh ba [k ne earth netals, These additives are prepared b
Ul fur zat s of VA BEHkDFRRIAR, ShefivRing 3 dirure obakehie sarth aretsbalts

al kyl phenol - {hydrogarbgl sRdaRehgardcarisge salicykas Fand BGRdRUBE i g zation by

car bonati on of the a ne earth netal | sperse sul furized
al kyl phenat eunm%hmmwpm!ssas viell alsaxdtelitiveqiaakages, culibenitratss based.

on sulfurize | | at es Tese addi t i re prepared by :
car boxyl-at i o%ngﬁﬁl gS%ego "Zésoiﬁ{éﬁﬁ W%Y%HBH%IPQ %?@W&ngﬁo fsq‘f’%bfa'lt E‘?'@%Sctﬁl ori de,

‘. t tyen sul furi adtiltloes‘otbmprising said mixture in which said hydrocarbyl salicylate is

primarily smgle-aremaﬂc-nng hydrocarbyl salicylate. This additive i improves

antioxidant propertties, 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 alkylphenates of high-basicity alkaline earth metals. |
These additives are prepared by sulfurization of an aikylphenoi, neutralization |

of the suifurized alkylphenol with an alkaline earth metal base, then super-

atkalizatton by carbonation of the alkaline earth metal base dispersed in the
sulfurized alkylphenate.

French patent 1,563,557 dlscioses detergent additives based on sulfurized
calcium alkylsal:cylates These additives are prepared by carboxylatlon of.a
_potass:um alkylphenate, exchange with calcium chloride, then sulfurization of
the calcium alkylsalicylate obfained WIth sulfur in the presence of lime, a
carboxylic ac_id and an alkylene glycol or alkyl ether of alkylene glycol.
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the cal cium al kyl salicylate obtained with sulfur in the presence of line, a
carboxylic acid and an al kyl ene gl ycol or alkyl ether of alkylene glycol. 1
French patent application 2,625,220 discloses superal kal i zed det ergent -

di spersant additives based on al kyl phenates and al kyl salicyl ates. These
additives are prepared by neutralization of an al kyl phenol with an al kaline
earth netal base in the presence of an acid and a solvent, distillation of
the solvent, carboxylation, sulfurization and superal kalization by sul fur

and an al kaFresrﬁ:hqaattaht aFiRbtidR BT 2(NaiskIRES ReperikdliraUetdifdngol vent,
followed by carbonation and filtration. PCT Patent Application Publi cation

No. WO 95/ 25%@6&%8@& ﬁag@ge%bas%@w!kylphmmm §ndlﬂ"@’|€’zahcyiﬁtﬂﬁav'éhese

substanti al | t|v ularly .in the
Coots rel at | HdbfifeParc BEBARGELY hoh BB ROl o MRyiRp BRI AR AR ' 2
i n the test sesfthsuethl ﬂ)aSQ/mtthwd&dmederyaa:ld andhd solRens exdillaGonDY tﬁ?ees
neutralizatio kal i.ne earth netal base of a m xture of linear and

W th
_ branched al k§nlﬁﬁ’éttn8f3 oflating, silisigaten gnd supgralializatien byisulfuk angéiy| at i on
by th t
Sl furi oat i oakAling BRAétafafPindhe pheside/rilRd e solverd Bfiofled v, .

filtration, eadodatiarsandditrationair . European Pat ent Application Publication

No. 0933417 di scloses an unsul furized, alkali netal-free
detergent-di spersant additive, conprising a mxture of alkaline earth

b g s P My ks G
control, andihat iscable iteigproversubstantivlisihicPpedormatus ofdhése adddivesd 6, 262, 001
‘;j”"t\eac h-an unsylbuliageh o fald relating to foaming, compatibility and dispersion in a

new oil, and in the tests of stability towards hydrolysis. ThiS process

‘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—dispers‘ant additive, comprising a
mixture of alkaline earth metat saits (a!kyiphenatelalkyl‘salicylate) and
unreacted atkylphenol. This additive improves antioxidant properties, hlgh
temperature depos:t control, and black sludge control.

U.S. Pate'nt Nos. 6,162,7?0-and 6,2_62,00-‘1 teach an unsulfurized, alkali
metal-free, detergent-dispersant composition having from 40% to 60%
aik_ylprhenol, from 10% to 40% alkaline earth alkylphenate, and from 20% to
40% alkaline earth singleaaroma_fic~ring atkylsalicylate, and a process for

- preparing the same. This composition _rhayjha.ve an alkaline eaﬁh double-.
-arom-atic-ring' alkylsalicylate as long as the mole ratio of single-ring
alkyisalicylate té double-aromatic-ring alkylsalicylate is at least 8:1. This
compésition may be produced by the three-step process involving _
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metal -free, detergent-di spersant conposition having from40%to 60%
al kyl phenol, from 10%to 40% al kaline earth al kyl phenate, and from 20%to

40% al kal i ne earth single-aromatic-ring al kylsalicylate, and a process for
prepari ng“?"ﬁ@ 1gayRn Oﬁﬁﬁgptﬂ%ﬂﬁ'és?@ﬁb@w@g “Iﬁ’éé@ easuliingadlkWehenaten aadubl e- .
aromat i C-fiiir HGM | i e-ring

al kyl sal i cylé‘[g%rgb{(%ﬁb ohgﬁégcgﬁgﬁa%téf%&pﬁ ﬁgﬁa#§§'| @Fﬁi&{;?ﬁe@bﬁsﬂg&!{g tast 8: 1.
This corgieducedhy they methqut calubedidey infam ¢igine fultrieating eoegsoditiwetovi ng - 2
neutralizat f..al.kyi.phenol.s, carhoxyl ation of the resultin

al kyl pheﬁa g?\%a%a{“o’?(ﬁqtrpé??%egfh‘ﬂhgeﬁ%ﬁﬁqft’fe derasiecentra orpd Q?qfdfn step. The
det er gentsluligpesaidt produced by the nethod can be used in an engine

| ubricating conposition to inprove antioxidant properties, high
tenperature deposit control, and black sludge control. SUMVARY OF THE
INVENTION In a first aspect JUNNAARY ©HTHEA drmy hod for producing an.
unsul furized, carboxylate-containing additive for Tubricating oils, said
met hod cdmﬁf'@i Agpregtathete in peividedt & onetbbd gdprodacimgl ampheswfigizesi ng an

yar ocar SRR Grt i dSo B RSB ROl meliRf IBREREE: obt ai nec

in step (a) using carbon dioxide under carboxylation conditions sufficient
to convert at keast 20 nol e% of the starting hydrocarbyl phenols to
hydrocarbyl 480 i cyreitelizakien pthydregara pbanels using aa elkaliowesrth besssinar t i ng

hydr ocar byl phenol I e r g:#% L n g o_pr.oduce said
additive, wherein %Eéipgggsee%éaér%ﬁ g%éteg’c@ ﬁﬁg‘%gﬁs}ﬁﬁﬁﬁ b@'"?’i%lt%
evaporator distillation.
(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 10% of the starting hydrocarbyl phenols from |
the product produced in step (b) to produce said additive, wherein

said separation is accomplished via wiped film evaporator distillation.

In a second aspect, there is provided a lubricating oil additive produced by the
~ method as defined above.

In a third aspect, there is provided a lubricant additive composition comprising the
lubricating oil additive as defined above and at least one of the following:

(é) a phenate;
(b) a phenate-stearate;
(c) a salicylate; and

(d)  a carboxy-stearate.




In a second aspect, ‘there is provided a lubricating oil additive produced
by the nethod as defined above. In a third aspect, there is provided a

| ubricant additive conmposition conprising the lubricating oil additive as
defi ned above and at | east one of the following: (a) a phenate; (b) a

Pour th- ashoeioerriasssl AeRAs AL o BBfealr o oFPhB SR RIS R rpr i i o

(a) a major part of a base oil of lubricating viscosity; and (b) froml %
to 30% of the | brlcatln oj | %altlve as defined above. In a fifth aspect,
there is pr OVI(E a‘lﬁrf ef aibase ahef duhricatingorscasitynand nej or  part of a
base oil of Iubrlcatlng viscosity and fromO0.1 to 6.0%of the |ubricating
oil additive as defined above. In a sixth aspect, there is provided a
concentrate cdipri gram:1% ta 0% ofthedeblicatB@roibhdditivengaefinediaboeat : and (b)
the lubricating oil additive as defined above. In a seventh aspect, there
is provided an additive package conprising the lubricating oil additive as

defined dhevifttanshdaty thees |sc;9mrdealélay%uh@aﬁhoﬁﬂ;ﬁ)sﬂoﬁ tainmad SYhd)gr (@) a

met al - cont al ni n% det er?ent an ashl ess di spersant n oxirdation
i nhi bi t orPart ¢f base g o iLJ-hﬂCQII[IgMSCOSIty and from 0.1 to 6.0% of the lubricating oil

additive as defined above.
In a sixth aspect, there is provided a concentrate comprising:
- (a) from 20% to 80% of an organic diluent; and
(b) the lubricating oil additive as defined above.
In a seventh aspect, there is provided an additive package comprising the
lubricating oil additive as defined above and further comprising at least one of the
following:
(a)  ametal-containing detergent;
(b)  an ashless dispersant;
(c)  an oxidation inhibitor;
(d)  arust inhibitor;
(e) ademulsifier;

(f)  an extreme pressure agent;

(9) a friction modifier;
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(e) a denulsifier; (f) an extrenme pressure agent; (g) a friction nodifier;
3a (h) a nmultifunctional additive; (i) a viscosity index inprover; (j) a
pour point depressant; and (k) a foaminhibitor. In an eighth aspect,
there is provided a nethod for inproving corrosion protection in an

internal conb io i . Sal od conprising operating an internal
U(’J“l?} vr\? tﬁ?}ﬁ‘lfﬁgcﬁléﬁélgdgﬁlﬁ)%

conbusti on engi he ubric g oil conposition as defined above. In
a ninth aspect, there is provided a nethod for inproving viscosity increase
control of a lubricatjng oi] conposition, said nethod conprising adding an
effective viébosiﬁ@vﬁﬁgﬁgé@geé PFEN ng anount of the lubricating oi
additive as defined above to said lubricating oil conposition. In a tenth
aspect, there is provided a lubricating oil additive conprising: (a) |less
t han 40% hydr dBar byd pptiepoint déplestaotnahfi t o 50% al kal i ne earth net al

hydr ocar byl phenate; (c) from15 to 60% al kal i ne earth netal
single-aromatic-ring hydrocarbyl salicylate; (d) alkaline earth

doubl e- ar omat i(Ry r i ngfdaaintapitdyy! salicylate wherein the nole ratio of

singl e-aromatic-ring hydrocarbyl salicylate to double-aromatic-ring
hydrocarbyl salicylate is at least 8:1; and (e) from0%to 50% organic

dil t. t J ' ided a.lubricati i
ci)ml;ggi : i”(; %n&%lbﬂgﬂpf%lﬁ:{r%;? AERER probidgHS It ppréving cg}rgglolnnp%%cltion
in an internal combustion engine, said method comprising operating an internal

combustion engine with the lubricating oil composition as defined above.
In a ninth aspect, there is provided 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 as defined
above to said lubricating oil composition.
in a tenth aspect, there is provided a lubricating oil additive comprising:

(a)  less than 40% hydrocarbyl phenol;

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

(c)  from 15 to 60% alkaline earth metal single-aromatic-ring hydrocarbyl
salicylate;

(d) alkaline earth double-aromatic-ring hydrocarbyl salicylate wherein
the mole ratio of single-aromatic-ring hydrocarby! salicylate to
double-aromatic-ring hydrocarbyl salicylate is at least 8:1; and

(e) from 0% to 50% organic diluent.

In an eleventh aspect, there is provided a lubricating oil composition comprising:

3b




3b (a) a major part of a base oil of lubricating viscosity, (b) froml1l%to
30% of the lubricating oil additive as defined above. In a twelfth aspect,
there is provided a hydraulic oil composition containing a najor part of
base oil of lubricating viscosity and fromO0.1 to 6.0% of the |ubricating

oil additive def | I thirteenth aspect, there is provided a
concentrate co@ri s% h%’ﬁgr @?gﬁgﬁgﬁg}"@g "é%fc%ag'f"ga‘ﬂs%rs@&m c diluent, and (b)
the lubricating oil additive as defined above. In a fourteenth aspect,
there is pr ovie@ﬁ?d addi ti veO/packa e conprising the lubricating oil
additive as deéfned@PoVie tas§% af hedrbdeatng ei aadléwe peaiefined@botvet he
followng: (a) a netal-containing detergent (b) an ashless dispersant (c)
an oxidation inhibitor; (d) a rust inhibitor; (e) a demulsifier; (f) an
ext reme pgnestyalihagpact, therg)s pravident & dydradicfdiiesomdBition oohtairing atrhgoal

and (1 et obbasal bF EBFeatng USFrvhibid Homk pac & olieplanPdupicatinacsl &
| ubri cantaduitilie 4 BefifdPaBbYd. 0N conpri sing
In a thirteenth aspect, there is provided a concentrate comprising:
(a) from 20 to 80% of an organic diluent, and
(b)  the lubricating oil additive as defined above.
In a fourteenth aspect, there is provided an additive package comprising the
lubricating oil additive as defined above and further comprising at least one of the
- following:
(a) a metal-containing detergent
(b)  an ashless dispersant
(c)  an oxidation inhibitor;
(d) a rust inhibitor;
(e) a demulsifier;
(f) an extreme pressure agent;

(g)  a friction modifier;

(h)  a multifunctional additive;
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the lubricating oil additive of claim36 and at | east one of the follow ng:
(a) a phenate; (b) a phenate-stearate; (c) a salicylate; and (d) a
carboxy-stearate. In a sixteenth aspect, there is provided a nethod for

i nproving corrosion protection in an internal conbustion engine, said

met hod conpri sing ki i al conbustion engine with the

| ubricating oﬁp co%%gégé#gﬁnggxggﬁhﬁég'above. In a seventeenth aspect,
there is provided a nmethod for inproving viscosity increase control of a

| ubricating oil, conpositian, ;.said nethod conprising adding an effective
viscosity incrBase EBAYT RPN AgP'8588R% @58 the | ubricating oil additive
conposition as defined above to said lubricating oil conmposition. In an

ei ghteenth aspect, there is provided a nmethod for producing an

unsul furi zed, (kKiar loamainhikitort ai ni ng additive for lubricating oils as
defined above, wherein the product produced in step (b) is filtered to
renove any sedinent. 3d Disclosed herein is a novel unsulfurized,

car boxyl dher fifesdrah Bpactafidirg iy rdvided HMNiticdnt BEdRiVETo ldrpete ﬁ?iﬁgxt ure
of alkaline earth netal salts (hydrocarbyl phenate/hydrocarby ga I Tyl ate)
and a redlie ddbrigabing ol Fdditiver of plaist 36 pmdotdeastionshefitbe dollavdingel | as additive
packages, concentrates and finished oil conpositions conprising the sane.
Specifically, it relates to additives conprising said m xture in which
sai d hydrocarbyl sdh)cylapleenste; primarily single-aromatic-ring hydrocar byl
salicylate. Also disclosed herein is a nethod for producing the above
descri bed additive, which conprises the neutralization of hydrocarbyl

phenol s (b)  aphenate-stearate;
(¢) asalicylate; and
(d)  acarboxy-stearate.

In a sixteenth aspect, there is provided a method for improving corrosion
protection in an internal combustion engine, said method comprising operating an
internal combustion engine with the lubricating oil composition as defined above.

In a seventeenth aspect, there is provided 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 as defined above to said lubricating oil composition.

In an eighteenth aspect, there is provided a method for producing an unsulfurized,

carboxylate-containing additive for lubricating oils as defined above, wherein the
product produced in step (b) is filtered to remove any sediment.
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using an al kaline earth base in the presence of a pronoter to produce a
hydr ocar byl phenate. Preferably, said pronoter conprises at |east one
carboxylic acid containing fromone to four carbon atons, and said
neutralization step is carried out in the absence of alkali base, in the
absence of dialcohol, and in the absence of nonoal cohol. The
neutralization step may be followed by carboxylati on of the hydrocar byl
phenat e produced in the neutralization step; and separation of the

starting Rydrocarbyl. phenols from.the product of the carboxyi-ation step.
The hydro@éprg&%ﬁ'&'g ARRYvel YRsvifwized, calhqiyiateconiaiiag and /or branched

hydr ocar byddithanfr ldBiRiatifg oﬁQrc&ﬁ?ﬂ%’ihg ’r«;:lolltn’ﬂ&untéy&r eﬁl‘(@ﬁ%’ é%r?fgﬁ%%ggsa be made

up entirely of linear hydrocarby entirel dr ocar byl
phenol ,  dPYdrasaghyl pheos eﬂmdncécawbgrhmlwaje) darhtéah&diﬁ@ﬁﬁﬁmdudlﬁmnm s co]pt ain
up to 85% I r phen in mxture with at | east 15% o

br anched %@g?éﬂggr gf&yﬁﬁ@ﬂé%%"ﬂmsc‘ﬁ&k ﬂ%aga]ﬁ'ﬁﬁtﬁ’é&k%vmlﬁaﬁ%ﬁji cal 3e
cont ai ns atd firsialséd oil BéMPALHEOAS o BrisiddPt e r byl
ohenol s are. al kyl phenol & whi o c%ﬁ'%f@oﬁ@%‘%%bggﬁ'gﬁt LG

al kyl pherfSiditives Gonariging spid imirtuse in Sehicto saisthydfodarbylcdadidylaitéssd phenol . The

rati o of rfﬂia}ﬁf v ﬁllﬂﬁ- | L | Kyl phepol s given by weight.

Pr eferablpy, t _egﬁghae%ﬁ 'fld'?@ig&%&c iséﬁ?ylﬁtﬁnt ains 12 to 40 carbon atons,
nore preferably from18 to 30 carbon atons, and, if branched hydrocar byl
phenol s 3, t he . branched hydrocarbyl--radical contains at |east 9

carbon a ?e%a{sgﬁ)gfgtg?%?v Is & pRthed or produgingtheaglbovs nore preferably 10 to.
ar oup. cones Rt AR, S Kol Pt 8 hEaAlhy of B Pl bRt oxi de,
and mi xt Usieg arhalkalgte earth base in the presence of a promoter to producea
“hydrocarbyl phenate. Preferably, said promoter comprises at least one
carboxylic acid containing from one to four carbon atoms, and said
| neutra[ization_step is carried out in the absence of alkali base, in the absence
of dialcohol, and in the absence of monoalcohol. The néutralization ste“p maybe
- followed by carboxylation of the hydrocarby! 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 branéhed
‘hydrocarby! constituents. For éxample, the hydrocarbyl phenois may be

_ made up ehtirely of linear hydrocarbyl phenol, entirely of branched

- “hydrocarbyl phenol, or a mixture of both, Preferab!y, the hydrocarbyl phenols

3 contain up to 85% of linear hydrocarbyl phenol in mixture with at least 15% of -
branched hydrocarbyl phenao! in wh.fch the branched hydrocarbyi radical
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Preferably, the carboxylic acid is a mxture of formc acid and acetic
acid, nore preferably a 50/50 by weight m xture of form c and acetic acid.
Preferably, the neutralization step is carried out at a tenperature of at
| east 200C, nore preferably at |east 215C. The pressure is reduced
gradually bel ow atnospheric in order to renove the water of reaction, in

the absencecattairdt SRR chitith MBind OMBBD-ERERL ARE (tbemter - g

Preferably, the quantities of reagent's uséd Correspo
mol ar rati ogher(dly aet Riklylpheneks whichasatainkydm 856 lto 86% boMdhr2ilkylpRefbl7: 1,

f ly f . 3: _ 21 d (2 b | i i d/ al kyl ph I
of £t om 0. o agseaRl fomi f% ot dirshpgotec alkgipbenal.  Bherats af | n"one.
enbodi nent,bmheh@@uéwsinmramrkyﬁsr%dws%@éﬁi%&gm_aﬁé& WPaRakifeg, of  at

| east 240C with a gradual reduction in pressure ow at nospheric’so as to
reach a prduslipearby! radicab contding 12 t0d0 cuboa Gitorbay siprapreféfibly Tioen 18

hydr ocar by|. ined.in the neutralizatjon step may be carboxyl at ed
in order ttg%%@rsp%g{"%lse ag. 'gquﬂﬁhg%%ﬁo?wg%?%ﬁ’@qlﬁé‘r‘ﬁ?\é‘?ﬁﬁfﬁr%‘)‘?I phenol s
to -4 hydr dganblyéd RpdiioesHsll eadisalnriainkal 1640 SsbBAGREME ion
conditions. Preferabl ,Hglt] | east 22 nole % of the starti hghﬁéﬁt@%ar byl
phenol s i s F¥BR/erd4earvanatomss masretarablycilior £5 earbontatopes.at ure bet ween

180C and 240C, under a pressure within the range of from above atnospheric
pressure to 15x105 Pa (15 bars) fora period of one to eight hours. Mre -

pr ef er abl y Preferablyattte aigalnesleadiabagk ipbeketsd o tkkgronpeapkitiagdrat - | east
25 nole % of the starti ch al kyl phenols is converted to al kylsalicylate

usi ng car bSAIGHBAXHE. salclumdnslerddar @aghgsium exide. gndaeisiuresn finer200C, under
a .

Preferably, the carboxylic acid is a mixture of formic acid and acetic acid,
more preferably a 50/50 by weight mixture of fofmic and acetic acid.

Preferably, the neutralization step is carried out at a temperature of at least
200°C, more preferably at least 215"0. The pressure is reduced graduaily
below atmospheric in order to remove the water of reaction, in-the absence of

~any solvent that may form an azeatrope with water. Preferably, the quantities
of i"eégents used correspond to the following molar ratios:

(1)  alkaline earth base/alkylphenol of frém‘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 0.9:1, more
preferably from 0.03:1 fo 0.15:1.

in one embadiment, 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 hydrocarbyt phenate obtained in the neutralization step may be carboxylated in
._Qrd_er to convert at least 20 mole % of the starting hydrocarbyl phenols to

.~4_v




pressure of 4x105 Pa (4 bars). The hydrocarbyl salicylate produced in the
carboxyl ati on step carboxylation step may conprise both

singl e-aromatic-ring hydrocarbyl salicylate and double-aromatic-ring

hydr ocar byl salicylate. Preferably, the nole ratio of single-aromatic-ring
hydr ocar byl salicylate to doubl e-aromatic-ring hydrocarbyl salicylate is

at | east 8: d%c%h?yl%%héf)ga%hﬁsa éggormadlof(fqhe o rbox%l a %tfqr}b%éecﬁzgl S then

filtered to fenove 4 15-The

product of Plnefecathipxaﬂ lebsile sicdp ey tHdea ﬁ@b@ﬁﬁt@dph@n@lsﬁ@par ation
procedure such a (iol vent extraction, distillation, nenbrane filtration,
Bnd the |1 kenyiadiandig caersispaccaman t@rﬁeeaturﬁbeiwwd‘r&w&} ad

phenol s ar 6249619%:?6&% gfé%%hléé‘ |tﬂirn°tﬂ 98% g/ O{ﬁ?hg%s‘tyagrﬁ% Srse i 5P

Preferably, at |east out 30%to a %/drocarbyl
phenol s ar epeassaratedsx10bP a(mﬁbhm)afbta,peanbdlcﬁaste tohsight Hadest 0 about 50% of
the starting hydrocarbyl phenols are separated fromthe product of the
carboxyl ation step. Once the starti ng hydrocar byl phenols are separated

fromthe pr s preferatig, thé%ft@u% 'r&c%xrﬁgﬁﬂwem Qré‘ééﬁigr@%hp}é arﬁ’é‘gﬁo' s may

advant ageously be recycl ed e use startin rra
di scl osed pﬁeéébgg nagle % ad e stmg plkylpbeaols lsazdhveﬁedablaﬂ(ylséieym@ar ation

t f b fil
i st 11t on BT P aBhie ah Llderallk el iS bF Sretatipn 00 dinder Al m
evapor at or hiessiitd @Mﬂms[f@&bgt sjtillation may be carried out at a

tenperature of from about 0C to about 250C and at a pressure of about
0.1 to about 4 nbar; nore preferably from about 190C to about 230C and at

about 0.5 tfhe ﬁ9&r%%%ﬁ'%ﬁﬁéﬂ£@%<>8&8&? fna{?lleycarbg)wylg ol tste%)ggac%bgg(ylg on t 225C

and at a
step may comprise both single-aromatic-ring hydrocarbyl salicylate and

double-aromatic-ring hydrocarbyl salicylate. Préferably, the mole ratio of
single-aromatic-ring hydrocarbyi saficylate to double-aromatic-ring
hydrocarbyl salicylate is at least 8:1.-

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

The product of the caboxylation step may then be subjected to a separation
procedure such as solvent extr’actidn, distiflation, membrane filtration, and the
like wherein at least about 10% of the starting hydrocarbyi 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 sepa.rated from the pfoduct of the carboxylation step.

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

carboxylatlon step, said hydrocarbyl phenols may advantageously be recycled

‘to be used as starting materials in the disclosed process or in any other process.




pressure of about | to about 2 nbar. The disclosed unsul furized,

car boxyl at e- cont ai ni ng addi tive may advantageously be bl ended with an

ef fective viscosity inproving anmount of organic diluent. Preferably,
enough diluent is added so that said diluent nmakes up from about 10%to
about 80% by wei ght of the blended product. Mre preferably, said diluent

9 9 i,ght .of the bl ended duct .
Sui tabl e i | o ony, F Sbhdtet o i bRl YA Slaehs MeicipT AT IBON base
oi | ; organidadallingfitre distiihtias opehbeteath kepllateh, mbs7eRGabllideNs.gnd the
I'ké' and er. suitabl e argani.c conmpounds such as hydrocarbyl phenols
Wlni ch may g%a%‘@fé’é%@é fjirgtiﬁﬁt??rb(ﬁﬁw éhistillagian fy belicaiesbedt afiatarparatue oft ep.
The unsul f uréraeshout abbers b AbBuF 256 % Eﬁgu)ﬁgertgdg;gﬂe%hg% @ro%%johi@ Pl F’b??i“?ﬁmt hod

may have the follow ng conposition: henol ,
(b%l 10% t o "BbaE andgl preéerebiyt frometaiut PO GdaEbplit PRETREAD atE@@out 5% i 60% -

' | single-aropmatic-rin hydrocar byl salicylate, and (d)
0% o 50% GESH T hP IR PPPAPraNY B GHNE DS & o auAULRFaiG b at 4
car boxyl at gpresfiiraigfiamdudddbidbeat 2GARRAFI ses from 0 to 35% hydrocar byl
phenol ; preferably fromO to 30% -6 hydrocarbyl phenol; nore preferably

fromO to 20% hydrocar byl phenol; nost preferably fromO to 15%

hydr ocar by ThpiisuidsedTimsutiodzéd, baibergiate:asmammAdn@nt ai ni ng addi tive may
aIy$o corrp?/i sg an alkaline earth rre?al doubl e-g;érorrat I c-ring hydrocar byl

sal i cyl at emayuadvdrdagedgsly be blended with an effective viscosity improving amount
of organic diluent. Preferably, enough diluent is added so that said diluent
makes dp from about 10% to about 80% by weight of the blended product.
More preferably, said diluent makes up from about 20% to about 50% by
‘weight of the blended product. Suitable diluents include Group 1 or Group 2
base oils such as 100N base oil; organic solvents such as pentane, heptane,
benzene, foluene and the like; and other suitable organic compounds such as
hydrocarby! phenols which may advan.tageously be recycled from the

disclosed d-istiIIation step.

The unsulfurized, carboxylate-containing additive produced by this method

may have the following composition:
(@) lessthan 40% hydrocarbyl phenol,
(b}  10% to 50% alkaline earth metai hydrocarbyl phenate,

(¢) 15% to 60% alkatine earth-metaf single-aromatic-ring

hydrocarbyl salicylate, and
{d) 0% to 50% organic diluent.

. dnone embodiment, the unsulfurized carboxylate-containing additive
comprises from 0 to 35% hydrocarby! phenot; preferably from 0 to 30%
, .
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rati o of single-aromatic-ring hydrocarbyl salicylate to

doubl e-aromatic-ring hydrocarbyl salicylate will be at least 8:1. The
unsul furized, carboxyl ate-containing additive produced by the discl osed
met hod can be used in an engine lubricating oil conposition containing a
maj or part of lubricating oil, from1l %to 30% of the disclosed

unsul furized,, carb I a e- cont ai_ni dditive, and preferably at |east one
ot her addi ﬁl‘ OCgpY cﬁm?ﬁ W&ferg@g{ P to 2A%: hydgcabyliglaanol Awstide

met al - cont ghdakdtab &ﬁ%ﬂtﬁ%%@m&sﬁngpm%?ams oxi dation inhibitors,
rust inhibitors, demulsifiers, "extre pressure agents, friction nodifiers,

mul tifunctional additives, viscosity index |nprovegs pogr pFint
depr essant bitors. The unsy | f.urize car boxyl at e- cont ai ni ng
depr esant srye AOSR AL TP COPRIVHLAIANC BEBHAIRE FARTS RN
par ti cul ar | alkateef shritnhrital ¢oaBid- Qrorﬂétl@-ﬂﬁ? 'ﬁ\?dl'd&érrbﬂ%hhésga@ lbu?ﬂf@ﬁﬁilé' on in

conbination with at |east one of the | OW ng: "a phenate,
phenat e- st dafatod singlesaranegficafieg hydwcarkyd setieylatette alobie- ard?naﬁ@nagl y, The

mass ratio rg&ergglt%r[%ﬂ]a%%lgl.b%é{ 1?§9'1§-9ar boxyl at e-contai ning additi \6e2|38

sai d conmposi’tion | 98; nore preferably from 1:

to 1: 14; nost preferably from1: 0.451 to 1: 7.5 Preferably, the nass
rati o of phenate-stearate to unsul furized, carboxylate-containing additive
in said cdhpagisulforized; cfartmnylate@:cﬁﬁémtrrg éddatl\&ﬁproducedm}ehhercabd:lpséd omhl
0.353 to er abl 667 to 1:9.7. Preferably, the
mass ratio o?tﬁgggnﬁz{ﬂ eéI'f'loarhﬁ 'Inf3 %E@ﬁimgc%'r%???%y%n@8H¥aén'ﬁgr?g addi tive

d I from 1:
0M178 to 0 bt '“"’E:;%?@%ﬁ By PO 30 g aRprSeRMsgaRad, 1O e

sal i cyl at ecﬂ@%ﬂ@ff@ﬁon ﬂgad@ldl\ealandmrafeeabl?mmrabl Y, the mass ratio of
car boxy- st gadtigheldther additive. Examples of other additives that may be used

include metal-containing detergents, ashless disberéants, oxidation inhibitors,
rust inhibitors, demulsifiers, extreme pressure agents, friction modifiers,
“multifunctional additives, viscosity index improvers, pour pdint depressants,

and foam inhibitors.

The unsulfurized, carboxylate-containing additive produced by the

disclosed method has been found to be particularly usefut when used in
an engine lubricating oil composition in combination with at least one of the

_ following: a phehate, a phenate-stearate, a salicylate, and a carboxy-stearate.
Preferably, the mass ratio of phenate to unsulfurized, carboxy!ate@ontaining
- .additive in said composition is from 1: 0.035 to 1: 98; more preferably from 1:
0.239 to 1: 14; most preférably from 1: 0.451 fo 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 preferabiy from 1: 0.353 to
1: 12; most preferat_)ly from 1':‘_0.667{0 1: 9.7. Preferably, the mass ratio of
- salicylate to unsulfurized, cafboxylate-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 cérboxy—stearate to
- unsulfurized, 'ca;rboxylate~contéining additive in said composition is from 1:

7-




unsul furi zed, carboxyl ate-containing additive in said conposition is from
1: -7 0.023 to 1: 105; nore preferably from1: 0.156 to 1: 15; nopst
preferably from 1: 0.294 to 1: 8.1. In nmarine applications, the black

sl udge deposit control, high tenperature deposit control, viscosity

I ncrease control and denulsibility performance of a |lubricating oil can be

| nproved b ' . I | i i ffective angunt of the
di scl osed %r??%ld[ o i@gd%?%r@gieﬁ’%@gtfg‘gﬁntﬁa% ﬁogf'afi‘%’ji PPgor rail')f %Pr@t i ve
appl i cat i ofhs(.200do Hi: ghi.t enperat ure deposit control performance, corrosion

control and oxidation inhibition performance of a lubricating oil can "be
| nproved by adding to the lubricating oil an effective anmount of the

di scl osed pnsRkiRdy ey I, R Lt Lve. . Di d herein
s"a hydr o N Bl Beo o, bR e RRE i g
base oil ofepadiréardtdlngsadsitydscrensefoontmodafd Yehisitiliof pefferrdbacsd esgd

unsul furi e, and preferably at |east one

. boxyl -.cont ai nj dditi .
ot her  aadiprigaTePLEaRbEifaidby Scaeloheubarr of 6 mslacdvng | ne
di scl osed furized b i e- i ni ddj tive, an. i
i Tuent . copperhaEfsriored dasihaizEd PRk FoblaiiE agBlid ¢ G 1 uent

constitutes from20%to 80% of the concentrate. Exanples of other

additives that may be used include netal -containing detergents, ashless
di spersants, oxidation inhibitors, rust inhibitors, denulsifiers, extrene

- pressure dgenitemotivé appldationdditd Righ tefpdrafr@abbesirboagsi bé &ﬁﬁd{d cosity
I ndex i nprovers, pourbgoi nt . deprgggqn@ and fogm [ nhﬁﬁlg!t%rlz. 'EFLED
DESCRI PTI @Qrigsicn-gontral@nt @idation inhibition performance of a lubricating oil can

-be improved by adding to the lubricating oil an effective amount of the

disclosed unsulfurized, carboxylate-containing additive.

Disclosed herein is a hydraulic oil composition with improved filterability
containing a base oil of lubricating viscosity, from 0.1% to 6% of the disclosed
unsulfurized, carboxylate-containing additive, and preferably at least one other
additive,

Also disclosed herein is a concentrate comprising the disclosed
unsulfurized, carboxylate-containing additive, 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, ashiess dispersants, oxidation
inhibitors, rust inhibitors, demulsifiers, éxtreme pressure agents, friction
modifiers, multifunctional additives, viscosity index improvers, pour point

depress_ants, and foam inhibitors.

DETAILED DESCRIPTION OF THE INVENTION

Inits bro_a_dést aspect, the present invention provides an unsuffurized,
' carboxylate-containing additive comprising hydrocarbyt phenol, alkatine earth

metal hydrocarbyl phenate, and alkaline earth metal single-aromatic-ring

8




In its broadest aspect, the present invention provides-an unsul furized,

car boxyl at e-contai ni ng addi tive conprising hydrocarbyl phenol, alkaline
earth nmetal hydrocarbyl phenate, and al kaline earth netal
single-aromatic-ring -8 hydrocarbyl salicylate useful for inproving BN
retention, corrosion performance, bul k oxidation, high tenperature deposit
control, blgfk slugge control, thermal oxidation stability, and other
properties JIVUOFRBYY Rlicyiade uselul forpmpryving B retendisinagotrhsionnvent i on i n
further det g 0 Wa er ] fined; EI N T As used
herein the fa‘Ei oélrlfogvﬁ\n{éﬁlggt gé%%\}%ﬁf ﬁ@hﬁngc?\?\n&Hﬁgﬁ%B?\?'ﬂﬁ%n ,@ggks essly
stated to tontohttharmyal didaticer stabiligyd aad ati ﬂroE‘Qﬂi@% o Rblivatiy ol kenyl
group. The term"netal" nmeans al kali netals, alkaline earth netals, or

m xtures thereof. The term"al kaline earth netal" neans cal cium barium
magnesi um  Pridraddi ' t:her ) ! ' : ' means a
nmetal salt of a sallsig%ls‘iag tggﬁlgwrjl&%g @Z?@%%’%%ﬁmg?@g@ﬁb lrtr%rﬁﬁ%ﬁ be

si ngl e- ar ondlefidedli ng hydrocarbyl salicylate" .nmeans an al kaline earth
nmetal salt -of a hydrocarbyl salicylic acid, wherein there is only one

hydr ocar byl” salicylic anion per each alkaline earth nmetal base cation. The
term"al kaline earth netal single-apempiyigoNg'g al kyl salicylate” nmeans. an '
al kaline earth metal single-aromatic-Ting hydrocarbyl salicylate wherein
the hydrocarbyl group is an al kyl group.

As used herein the following terms have the following meanings unless

- expressly stated to the contrary:
- The term "hydroca_rbyl" means an alkyl or alkenyl group.

. The term "metal” me'an.s alkali metals, alkaline earth metals, or rﬁixtures-
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—arohatic~ring hydrocarbyl salicylate™
‘means an alkaline earth metal salt of a hydrocarbyl salicylic acid, wherein
~there is only one hydrocarbyi salicylic anion per each alkaline earth metal |
- base cation. ) o

‘The term "alkaline earth meta-l'single—aromatic—rihg alkylsalicylate" means.an
alkaline earth metaf 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 doubl e-aromatic-ring hydrocarbyl.
salicylate” neans an alkaline earth netal 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

doubl e-aromatic-ring al kyl salicylate" nmeans an al kaline earth netal

doubl e-aromatj c-ri ng. hydrocar byl salicylate wherein the hydrocarbyl groups
are al kyl gr o€ argfwothydipcaihdrastiavlis/anions mer eank altsliae gacthonetal\basg one
or nore hydrcgggﬁbyl substituents; at |east one of which has a sufficient
nunber of carbon atons to inpart oil solubility to the phenol. The term
"al kyl phenol " neans a phenol having one or nore al kyl substituents,
wherein at | ei?ls?t one, ﬁ(f_.t he a‘_‘kyl substituents has a sufficient nunmber of
carbon at ons 1§ EefPaelkafine esghupelal doublg-amemalicaing alkylsalioydate meanar”

means a met algjeaink é&fﬂr@mﬁkﬁﬁH%hbleTﬁS}%n’ig[]dg}i@@g{i&g:?@r Eai?é‘y?é’réﬁﬁi% P 2

nmetal salt of a hydrocarby enol . I'ne-ear

hydr ocar byl piydrecaebyl grouss are alklajronps.earth netal salt of a hydrocar byl
phenol. The term"al kaline earth netal al kyl phenate” neans an al kal i ne
earth metal salt of an al kyl phenol. The term "phenate-stearate" neans a

phenat e t hat TesehAeRydRAHFAPHEAG" nRSHRT 4 thaindoRy dF trg%?or sal t

f . @hgﬁb ! .
thereof. The term "l ong-chai'n carboxylic acCi means” a car lic acid
havi ng an al kydrocgriayd subatituantsaat least age of attidnhas atsefficiéntfmonbésof o 28.

The alkyl 0" ol BbnfCto b2 ot SIABRED thdphgnol U7 & thereof -

L) ~ 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 atoqps to impart oil solubility to the phenot.
: The term "phenate” means a metal salt of a phenol.
The term “hydrocarbyl phenate" means a metal salt of a hydrocarby! phenol.

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

‘The term "alkaline earth metal alkylphenate™ means an alkaline earth metal
- salt of an alkylphenol.

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

stearic acid or anhydride or salt thereof.
The term “long-chain carboxylic acid” means a carboxylic acid having an alkyl

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

- may be linear, branched, or mixtures thereof.

- -10-




-10 The term "carboxy-stearate" neans an al kaline earth netal
single-aromatic- ring hydrocarbyl salicylate that has been treated with a
| ong-chai n carboxylic acid, anhydride or salt thereof. The term "Base
Nunber™ or "BN' refers to the anount of base equivalent to mlligrans of
KOH in one gram of sanple. Thus, higher BN nunbers reflect nore alkaline

pr oduct s, d therefaore a greater alkalinity reserve. The BN of  a sanple
can be det:ﬂ}ﬁm 5 mtg%@fe I@Qaﬁég@q%ﬁ"%‘&rﬁﬁrﬁlW@F‘a'éﬂlﬂl@f&r@ﬁ?t‘ﬁr ocedur e.

Unl ess ot heing Beirobe®iyf sardyiatd thal MG BUR06 il O ai Wiic Ca' +
O pO R sr}gng e arlgjyrrati cyri ng hyo?r%ocar byiéatg{ﬁ‘i’dchr;}'il Eﬁtﬂgg%?%%%%“b Ca-O R

R doubl e ara@sihtathydiidg ofpakt derebfl salicylate 11 PREPARATI ON OF THE
LUBRI CANT ADDI TI'VE COWPCSI TON A NEUTRALI ZATION STEP In the first step,
hydr ocar byl phenols are neutralized in the presence of a pronoter. In one

enbodi nent , TtsatetniiBiseddurniber B TS t6 e ARbLAESK baky aquitMeal #! i ne
earth net al l?ase in the presence of at |east one C to (4
: mitligrams of KOH in one gram of sample. Thus, higher BN numbers reflect
more alkaline products, and therefore a greater alkalinity reserve. The BN.of
a sample can be determined by ASTM Test No. D2896 or any other

.. equivalent procedure.

Unless otherwise specified, all percentages are in weight percent.

R

single aromatic ring hydrocarbyl salicylate

R ' R
“double aromatic ring hydrdcarbyi salicylate

~-11-




carboxylic acid. Preferably, this reaction is carried out in the absence of
al kali base, and in the absence of dial cohol or nonoal cohol. The

hydr ocar byl phenols may contain up to 100% | i near hydrocarbyl groups, ,.I
up to 100% branched hydrocarbyl groups, or both linear and branched
hydrocarbyl groups. Preferably, the linear hydrocarbyl group, if present,
iIs alkyl, and the linear alkyl radical contains 12 to 40 carbon atons,
more pref ePRERARATION OF THE LAIBRIGANT ADBITIVECORPOSHoNar byl radi cal ,
if present, is preferably alkyl and contains at |east nine carbon atons,
preferably 9 to 24 carbon atons, nore preferably 10 to 15 carbon atons. In
one enbodi mant, NEUTRALER{IPDN sipgnol s contain up to 85% of |inear

hydr ocar byl phen®l (preteranty at Teast 35% | inear hydrocarbyl phenol) in
m xture with at |east 15% of branched hydrocarbyl phenol. The use of an

al kyl phenol Ion -chain |inear alkylphenol (from

- 18 to 30 Ca;@@{%@%gﬁ@ ﬁ%dr:ﬁ%%ﬁ%gﬁﬁ?q’?aé‘?f‘ yiralizag 'Bél?ﬁlﬁ%%s%ﬁcel i |inear

al kyl chai nppirmoRen bheemmmemlgawnmﬁwgﬁ ugagenanﬁ g tives in

lubricating oils. However, the presence of avy fi“fear al kyl
radi cal s i nUsing an alalinenarts netal baseinthe preserese ofeegs*.eamm Qetd Ban

branched need..t 0.use .harsher ctlon co d|t|ons
to bring Eg C%}EelJr;'ane':ﬂ. f%gpl&aﬁ%waworéw %?’Eﬁau%"bmgb
Branched al bgbeambingheaibseace of diatemobyr Arvmehicdhopf phenol W'th a bf anched

ol efin, generally originating from propyl ene. They consist of a m xture of
honosubstituted isoners, the great majority of the substituents being in

“the para pﬁé%Fbca‘r‘-‘?y%hfe‘ﬁ%{lsbﬁhﬁ&oh&lﬁ US 81689 RS Oesartﬂy%%carg?l gpr%{jglsy any 'n

\t he neta.
up fo 100% branched hydrocarbyl groups, or both linear and branched

hydrocarbyi groups Preferably, the linear hydrocarbyl group, if present, is

- alkyl, and the linear alkyl radical contains 12 to 40 carbon atoms, more
preferably 18 to 30 carbon atoms: The branched hydrocarbyl radical, if

~ present, is preferably alkyl and contains at least nine carboh atoms,

preferably 9 to 24 carbon atoms, more preferably 10 to 1-5 cérbo’n atoms. In

one embodiment, the hydrocarbyl phenols contain up to 85% of linear
hydrocarbyt phenol (preférabiy at least 35% linear hydrocarbyl 'phenol) in
mixture with at least 15% of branched hydrocarby! phenol. |

The use of an alkylphenot containing at least 35% of long-chain linear
alky’lphenol (from 18 to 30 carbon atoms) is particularly attfactive because a

| Iong linear alkyf chain promotes the compatibility and solubility of the addltwes
in lubricating oils. However, the presence of reiattveiy heavy linear alkyl
radicals in the alkylphenols can make the latter less reactive than bra_nched‘
alkylphenols, hence the need th 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
olefi in, generally-originating from propylene. They cons;st of a mixture of v
monesubslituted isomers, the great majority of the substituents’ being in the .
para position, very few being.in the ortho position, and hardly any in the _meté ) :

-12-
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position. That makes themrelatively nore reactive towards an al kal i ne
earth netal base, since the phenol function is practically devoid of
steric hindrance. On the other hand, |inear alkyiphenols can be obtai ned
by reaction of phenol wth a linear olefin, generally originating from
et hyl ene. They consist of a mxture of nonosubstituted isonmers in which
the proportion of linear alkyl substituents in the ortho, para, and neta

posi tions i positioe. Thiat atakey thdrwﬁeratlbeweﬂereT@bétl\f%ﬁ\ﬁar&é‘Qﬁ‘dﬂ%‘ﬁﬁeref‘aﬁ‘ﬁf ive
‘towards an %l?égl ine earth metal base since the phenol function i ess
t

accessi bl e Riseo sicEdha mhenst nction isi prastioady dedoid afstenehipdeywece of

cl oser and generally heavier alkyl substituents.. O course, |inear

al kyl phenol s may contai n al kyl substituents wt h some branchi ng which

i ncreases t @ theminer an)dmeasalkglpheueletmnajwobtarr@‘éitﬁﬁ ®alctivn of Fﬁéﬁ@ls es the

relative rea t_ll Vi t ? rds .a li line earth netal bases. The al kaline earth .
netal' base¥ e?;laér? 6\9@‘ Q?é‘ﬁ@@ @H@?‘pgﬁ@%&thyﬂwe theyconsighiaf@ the
oxi des or hifiaid demoRbseRdtfitedis E&ﬁﬁ' th Ohlldﬁbrtﬁfn oﬁﬁw%egpﬁiléjm and

particularly of calcium oxide, calciumh magnesi um  OX and
m xt ures t hewhsiituenta in the ertbodparanand medaapdsmonms(mafe:uunfomhydr 0) dde) is

neut ral | 22t DTORET 00l RESS i KisSBodRerByapts ah AUeng oprd meGbnol

di al cohol , baswsinceltné ph@hbmaemisxs@ aes3ible 36 ROL¥hdideRh ﬁdsteﬁaef erably,
a carboxyllc acid is used. More preferably, Cl1 car Ic acids are

used in thhigdeaNge, dH@lfQ@%Qresraﬂpe@iel@gBeancﬂ genexa,llydneetnecallqyropl oni ¢ and

- butyric aci mi xt ur m xture
ot o ds 1 < GenEROrEuRE oAy Bhells Rl e Subgidenfure. The

Jol ar rat i owith sbatebranching which increases the amount of para su-bstltuents.and,

resultantly, increases the relative reactivity towards alkaline earth 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 particula'rly of calcium oxide, calcium hydroxide, magnesium
oxide, and mixtures thereof. In one embodiment, slaked lime (calcium
hydroxide} is preferred.

Thelp‘rombt_er used in this step can be any material that enhances

- _‘ o neutralization. For example, the promoter may be a polyhydric alcohel,

dialcohol, monoalcohol, ethylene glycol or any cafboxylic-acid' Prefereb{y,

- carboxylic acid is used. More preferably, Cq to C4 carboxyhc acids are used in
" this step including, for example, formic, acetic, propionic and butync 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 form:c

acid/acetic acid shoutd be from 0.2:1 to 100:1, preferably between O 51 and
4:1, and most preferabiy 1:1. The carboxylic acids act as transfer agents,

3 "assnstmg the transfer of the alkaline earth metal bases from a mineral reagent:

~ fo an organic reagent.
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acid/acetic acid should be fromO0.2:1 to 100:1, preferably between 0.5:1
and 41, and nost preferably 1:1. The carboxylic acids act as transfer
agents, assisting the transfer of the alkaline earth netal bases froma

m neral reagent to an organic reagent. -13 The neutralization operation is
carried out at a tenperature of at |east 200C, preferably at |east 215C,
and nore preferably at | east 240C The pressure is reduced gradually bel ow

‘at nospher i ¢ The newalizatiordopedatibn &f €arribd omitaén tefnperatant ofoat leAstic200fQ)gl y t he

S
N

tralizati Ld b ted in th | vent that
form an aceBlTSTAPINP aghe 5 C. s mpi el Hras iRl Themieoeda o no -
more than 7idRucad GaduiR low BifRoSHIRsHd ihic%i-%f)fgl @E@H&Mﬁa H:%Eedr ncngOU' d

correspond to the follow ng nolar ratios: al 1 ne eart al base/
hydr ocar by| T¢afdie Agcopdingly the neutratizatioprsifosichbé woodaeted im ttee 8bsenend ( 2)

G081 1 o oBE il sBUABPERS iy BHRH aflortrsitn bk, hbtarBOR "L e e
hydr ocar byl ppéesusé & redoted e foinforedhtn 7000RPREVD pab4re). exceeding fifteen

hours at a tenperature of at |east 215C and at an absol ute pressure of
bet ween 5,000 and 105 Pa (between 0.05 and .1.0 bar). More preferably, at
the end of LS i : | ' , ined is
kept for be?&ga@%&ghﬁ Si ea%o’ﬂ%(]e&é "n(gr?g é’%é@(ﬁr&{ M‘S‘F@gg‘ﬁ}?@dﬁgﬁt ween

10, 000 and £41i0300 Pa (between 0.1 and 0.2 bar). By providing that

operations are carried out at.a sufficiently high tenperature

" (1) alkaline earth metal base/ hydrocarby! phenol of 0.2:1 to 0.7:1,
preferably 0.3:1 to 0.5:1; and

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

'Preferably, atthe end of this heutra_lization step the hydrocarbyl 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 neutralizatioh
~ step the hydrocar_byl phenate obtained is kept for between two and six hours

at an absolute pressure of between 10,000 and 20,000 Pa (between G.1 and
0.2 bar). ' |

By pfoviding that operations-are carried out at a sufficiently high temperature\
and that the pressure in the reactor is reduced gradually below atmosbheric,’
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 é‘tep is eonducted by simply Bubbling carbon dioxide info ,
- the reaction medium originating from the preceding neutralization step and is .
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and that the pressure in the reactor is reduced gradual |y bel ow

at nospheric; the neutralization reaction is carried out w thout the need
to add a solvent that forns an azeotrope with the water formed during
this. reaction. B. CARBOXYLATI ON STEP The carboxyl ation step is conducted
by sinply bubbling carbon dioxide into the reaction nedium originating
fromthe preceding neutralization step and is -14 continued until at |east

20 mol e % ofcohtirued antiliztgedyy F0aHeKD% oftRERGASING hydFRRAYIN phEnbR By dr ocar byl
salicylate (neasured as salicylic acid by potentionetric determ nation).

It nust tak&OPYeRded imbvdrogareyksalieviate bngasuted assalicyliasgidducar boxyl ati on of

t he al kyl sal, . - Praf | nol e % of .the
starting hyhpg%déf;&tfﬁtﬁ%ﬁ%ﬁ)ﬁ@?nﬁcgn@é?&ggepzéﬁ%@ﬁ%ﬁ%ﬁm&d? i€ r&?e usi ng
carbon di oxiaseideaniadécnpexddtioreoftthe diigflyaieyial8 @Etdoen240C, under a pressure
wi thin the range of from above atnospheric pressure to 15X105 Pa (15 bars)
for a period of one to ei.ght hours. According to one 'variant, at |east 25
ol € %%0f ¢ Pefekatly] AtdedM SORBIIY of RBIRA G dFUEYI ks v dr ocar by
salicylate using carbon dioxide at a terrpega ure eq’(: 0 of greater than
200C under sopverterditochysirogarbpissdiiaylate usiaggarb@h dieixidERATa ¥nSdiafiighs pr oduct

‘of th boxy| at i | ~advant |y be filtered. T f
Che 111t rat PGSV & PRiE QR P Ses i winpdheirecoa el fomRyatea | ne

cal ci um car bgnas \reBsurbaht 5R3ge | di ng
1. O e o e SR R
: NGUTS. |

Accdrding to.one variant, at least 25 mole % of the starting hydrocarbyl
phenols is converied 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 carboxy[‘ation'-step may advantageously be filtered. The
purpose of the filtration step is to remove sediments, and partibularly
crystalline calcium carbonate, which might have been formed during the

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

L " lubricating oil circuits.

'D_. SEPARATION STEP

_At least 10% of the starting _hyd:rocarbyl phenot is separated form the product
of the carboxylation step. ‘Preferably, the separation is accomplished using

distillation. More preferably, the distillation is carried outinawiped film. . ... . ..

_ evapofatof atatemperatu.re.of from about 150°C to aboui_250.°C and at a
pressure of about 0.1 to abqut:'4 mbar; fnore preferably qum about 190"0 to
abo‘ut 230°C and at about 0.5 to about 3 mbar; most ﬁféf.éfably from about
195°C to about 2.25°C-_aﬂd_:3*,,3'-P,F¢S$Uf¢,_ of 'abc‘)ut 1 to:’i_:;bdut-2 mbar. At least
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lubricating oil circuits. D. SEPARATI ON STEP At | east 10% of the starting
hydr ocar byl phenol is separated formthe product of the carboxyl ation
step. Preferably, the separation is acconplished using distillation. Mre
preferably, the distillation is carried out in a wiped film evaporator at
a. tenperature. of from about 150C to about 250C and at a pressure of
about 0.1 to -about 4 nbar; nore preferably from about 190C to about 230C

and at about 10%5fte abetig ﬁgﬂh}%@rbyr%bnélrlﬁfs@bé@té!df W&Qﬁ@@rabl%gét%éﬁ about
225C and at a pressure of about 1 to about 2 nbar | east 10% of

the starti ngBQlﬁd?fé'&%ﬁW'“Q)hemcaft@ﬂ phpaeks sepamied prast greferably.atp toeast

- 30% of the s t | d- ) erably, up to
5596 of the startoee i ByoatNERBbnbts SERRALE, TR EhalEHT! 2]

hydr ocar byl Wa@rby@héd&mmmmf@ﬁcm tbdeusrd &S stirfvid hixged@s @rials in

t he novel process I n_any. ot her process. UNSULFURI ZED,

CARBOXYLATE- XF rﬂéeﬁf)B RN R Eesass i zed, car boxyl at e- cont ai ni ng

additive forned by the present process can be characteri zed by its. unique

conposition, with nuch nore alkaline earth netal single- -aromatic-ring

hydr ocar byl YHSULAURIZEINCARBOXYiATEGOMIAININGADDIEVE pr oduced by ot her

routes. Wien the hydrocarbyl group is an alkyl group, the unsul furized,

car boxyl at e-contai ning additive has -the foll owi ng conposition; (a) 1ess

t han.-40% al kﬂh@hﬁﬂﬂfunzéﬂ) carbe léfe/%é af alq(ﬁ{iﬁlﬁ{reﬁﬁ' ﬁgtﬂ?b@sent

al kyl phenate, and (b) from 15 to 6 I ne ear
'si ngl e- ar oneRIPEess can be charactenzed by its unique composition, with much more

. alkaline earth metal single-aromatic-ring hydrocarbyl salicylate and less

) " hydrocarbyl phen_ol than produced by other routes. When the hydrocarbyl
group is an alkyl group, the unsulfurized, cai’boxylate-containing additive has
the following composition; | '

(@) less than 40% alkyiphenol,
_(b)‘ from 10% to 50% alkaline earth metal alkylphenate, and

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

d

'jUnlike-'aIké-Ii.ne’ earth metal alkylsalicylates produced by other process, this
unsulfurized, carboxylate-containing additive compc)sitioh can be
cha‘racterizedby having only minor amounts of_'a.n alkaline earth metal
double-aromatic-ring alkylsalicylates. The mole ratio of singte-aromatic-ring _
_alkyiéalieylate. to double-aromatic-ring alkylsalicylate is at least 8:1.

' CHARACTERIZATION OF THE PRODUCT BY INFRARED

. SPECTROMETRY

' Out—of—ammahc-nng piane C—H bendmg vsbrat:ons were used to charactenze
the unsulfunzed carboxyiate—contammg additive of the present mvennon
RUNI 1SR



ring al kyl salicylate. Unlike alkaline earth netal'al kyl salicyl ates produced
by ot her process, this wunsul furized, carboxylate-containing additive
conposition can be characterized by having only m nor anounts of an

al kaline earth netal double-aromatic-ring alkylsalicylates. The nole ratio
. of single-aromatic-ring alkylsalicylate to double-aromatic-ring

al kyl salicylate is at |east 81. CHARACTERI ZATlI ON OF THE PRODUCT BY

| NFRARED SPECTROVETRY Qut - of -aromati c-ring-pl ane C-H bendi ng vibrations
were used to characterize the unsulfurized carboxyl ate-containing additive
of the preslkaffar¢thspetiraaf arbdticfrirayseshapsttongoaf-obplanett-¢i bémgiagshow st rong

out - of - pl ang_C- H bendi, ng, .t ansni ncesband in the 675-870 cm' region,
the exact f&%ﬁﬂgﬁt@?w &@Bgﬁi%gﬁ%‘ékgt% ! ﬁ%ﬂfﬂ'érthﬁrﬁi‘alcﬁzrﬁﬂ'?‘?ﬁf’yof
subst i t uent epdiRiing UpbA thelheiBeE bhH ISshOABIAUBLRuChfA S dtignce band occurs

rlngJth %‘ﬁ ghf ‘
at 735-770 cm 1. For' para-disubstituted. conpounds, transmttance band
occurs at edigubstiutesh compauitdsatratsmttartoebasid oadues ahE@5-9OndnoAl Ferr uct ur es

rel evant to e R invention, indicate that, t he ouf-of-plane;CH
bending tr a[gé%—?*?%ﬁ%@tﬁ\%gﬁgﬂ‘ip&él@ﬁlgstrgpsr? cgRand ‘?“t?l’"r?bf“{ mo)é"gﬁbﬁ"bhﬂenol s, at-
7602 cm -1 for salicylic acid, and at 8323 cm 1 for para-al kyl phenol s.

Al kal i ne earth al kyl phenates known in the art have infrared out-of-plane
CH bendi n§frarethspedtrapiieieranee chemied strupturas ealevant tegaspsent Al kal i ne

earth al ky : e LA t~have Lnfrared.out-qf-plane CH
o™ ISR KRR, b AoEh G P i
- unsul furi zesbouss bbR50:£8 emc'dot eithb-atkydsteiridly, et To0Renp! asresllicyiRvasd] on
) and at 832+3 cm™ for para-alkylphenols. '
L) | | >
- Alkaline earth alkylphenates known in the art have infrared out-of-plane C-H
“bending transmittance bands at. 750£3 cm™ and at 83243 cm™. Alkaline earth
alkylsalicylates known in the art have infrared out-of-plane C-H bending
transmittance bands at 7633 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 76343 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 prevénts
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 r'ing-, {'imiting
the free mqtion of ihe neighbo'r hydrogen atom. This hypothesis is supported
by the fact that the infrared spectrum of the acidified product (in which the

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

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

The unsulfurized Qarboxyiate-cohtaining additive of the presént invention can

+thus be- characte_rizéd by having a ratio of infrared transmittance band of out-
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-~ shows essentially no out-of-plane C-H bending vibration at 7633 ¢cm 1, even
though there is other evidence that al kylsalicylate is present. This

- particular characteristic has not been fully explained. However, it may be"
hypot hesi zed that the particular structure of the single aromatic ring

al kyl salicylate prevents in sonme way this out-of-plane C H bending
vibration. In this structure, the carboxylic acid function is engaged in a
cyclic strucifiii8ne @H Bdidm ARG ] FOANE Y e in the
vicinity of thﬂe] aromatic r idgg?la?%ﬁ??ng%n? hg(5 ??g-gﬂw%ﬁ?(%ﬁﬁé@kﬂé@%gi ghbor
hydr ogen at df32tBers” 19 persHben®.1:4. 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 - pl aneTté bhiulfurized! abeRyIBRICLMRRINTRPIAGIIVE forflR) i MEthégd
car boxyl at e-cont ai ni ng additive of the present invention can thus be ,
char act eri z&®ing nﬁ&wﬁ‘#%@“éﬁfﬁ,éﬁqlﬁd erovige irmpeyedrhials lempenatwetstenpsit out- - 17

oy of 1 es e REbBRoRhaftt dhertfintch kRS, BEI ARG IR %adai 1 ve
formed by t hidsfitiwet tantibe ehgplogedanasidtérgenedibpeysant th applidations 'ucves hi gh

tenperature dgposit .control performance over sulfurized products. Being
al kal i - met alm#! eLilsawhere e rrepenee ahalkal aetals havgdirerer te haveper sant -

iR engife:o
in applicatiippmfuletfdet§s marine engine oils, where the presence of alkal

-~ nmetals have proven to have harnful effects. DETERGENTS The unsul furized,
car boxyl ate-containing additive formed by the process described above has

been found tﬁ)E.PéﬁE%énpr_oved bul k oxi dati on and

N A o _ '
The unsulfurized, carboxylate-containing additive formed by the process
described above has been found to provide impraved buik oxidation and
corrosion control performance when combined with other additives, including
detergents. | |

Defergenté help control varnish, ring zone deposits, and rust by keeping

insoluble particles in colloidal suspension. Metal-containing (or ash-forming
‘ ~détergents)_function both as detergents to control deposits, and as acid

néutfalizers or rust inhibitars, thereby reducing wear and corrosion and

~extending engine life. Detergents generally comprise a polar head with a long

hy'drbp'hobic tail; with the polar head comprising a metal salt of an acidic
- organic compound. The salts may contain a substahtiaily stoichiometric
amo(zntl 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 to.10. ltis possible to include Iarge.amaunt.s of a
: rhe_tal base by reacting an excess of a metal compound such as an oxide or
: o hydroxide with an acidic gas such as carbon dioxide to fbrm an overbased
- : -.de'tergent. Such overbased detergents may have a fotal base number of
L aboUt' 15 to 30 (low overbased); 31 to 170 (medium overbased); 171 to 400
L (hzgh overbased); or above 400.(high-high overbased).

18-




corrosion control performance when conbined with other additives, including
detergents. Detergents help control varnish, ring zone deposits, and rust
by keeping insoluble particles in colloidal suspension. Metal-containing
(or ash-formng 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

conprise a’ Q@l@geh@&ﬁawnb? b@ dsitincide MRS oﬂfé}ﬂésegi ﬁt%]ﬁalﬂ@s Fﬁtlj ar head

conprising a netal salt of an acidic organic conpoun e salts may
contai n a sEWiirkedi phienptes; ehenatenearbpiylatasoand overidsedrpfianiatén whi ch case

they are us | CL. r neutral .salt and would typically
have a tot aFﬁggéglgﬁe}h%é&%&%%%gé%%@8¥emﬂ§?%@m)3§%?rqt‘?%rﬂ PY:10. 1t
i's possi bl entediimandddgh svgdassd salicylafesa SURDR! meeRSs iffud&atd hikdli 8P excess
of a netal C@r’r‘)ound such as an oxide or hydroxide with an acidic gas such
as car bon dfRlinReagh matatsan - doviadivmge potagstusn. Jithium, salsiumy endased

detergents \ t 0 | ow over based) ;
3T to 170 (TRgnaSie, SThE hite: Bag ST by het Rl el masBite 00
( hi gh- hi gh -ehishbagg bpth bd prdseneirgdetesgdritatusadyn Baubigeati ncl ude phenat es,
~over based phenates and sulfurized phenates; phenate-carboxyl ates, and
over based phenate- carboxyl ates; carboxy-stearates and overbased
~car boxy- st epREPARARITN WPHEI-FEQT and hi gh overbased salicyl ates.
Suitabl e netals include the alka |%E@or al kaline earth netals, e.g., sodium
potassium lithium calcium and. rmagnesium The nost commonly used netal s
are cal ci um-and, nagnesi.u -whi ch may, both be present in detergents used
.inalubric ﬁ? phenates which mayvg]e ised i the present :Rventlon are typicallyg
‘ hydrocarbyl substituted phenates in which the hydrocarbyl substituent or
substituents of the phenate are preferably one or more alkyl group, either
branched or unbranched. Suitable alkyl g'roups 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
suffurized alkylphenates of alkaline earth metals are prepared by neutralizing
a sulfurized alkylphenol with an alkaline earth base in the presence of a -
dilution oit, a glycol, and halide ions, the glycol being present in the form of a
mixture with an alcohol having a boiling point above '1 50 °C, remaving
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.

{n another preferred embodiment, an overbased, sulfurized hydrocarbyl

- phenate is prepared by a process cbmprising the steps of:

(@)  neutralizing a sulfurized alkylphenol with an alkaline earth hase

in the presence of a dilution oit, a glycol, and halide ions, the
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- and water fromt

e

PREPARATI ON OF PHENATES The phenates which may be used in the present

I nvention are typically hydrocarbyl substituted phenates in which the

hydr ocar byl substituent or substituents of the phenate are preferably one
or nore al kyl group, either branched or unbranched. Suitable al kyl groups
contain from4 to 50, preferably from9 to 28 carbon atons. Particularly
suitabl e al kyl groups are Cl2 groups derivable from propylene tetramer.

The hydrocar byl subst I |, £ cordi ng
to one preferred errbogl maﬁtgeigg}frﬁ%@?g?éﬁ{é%ﬁ%%ﬂq%&awg{ gﬁhégul furized
al kyl phenat es of al kahaviggeabotinggoittsatmve tH0Gar ed by neut raI i zi ng

‘a.sul furized al kyl phenol with an al kaline earth base in the presence of a

dilution oil, a glycol, and halide ions, the glycol being present in the
formof a nixtupey w tranao.ngl A6HHY, 6@&@1”%@ vk} frogh el rﬂédﬁhpxﬁeﬁeﬁgmp_ct
renmoving al cohol, gl wat er, and sedi nment, carbonating the reaction

mediumwith CO2 int E*ﬁtﬂggﬂﬁe of halide ions, and again renoving
al cohol, glycol, water, and sedinent. In anot her preferred enmbodi nent, an
overbased sulfurized hydrocarbyl phenate is prepared by a process

conprising the s{@ps eémo(iay Mhéﬁtfréh%e&néﬁﬁhhﬂ@réﬁ#a@l%ﬁfﬂﬁm with an
al kaline earth base in the presence of a dilution oil, a glycol, and

hal ide ions, the 19 glycol being present in the formof a mxture with an

al cohol havi ng ﬁigbo' R S et e BT A8 o !

rum pr S AL
halide ions; and

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

The alkaline earth bases useful in the above process include the oxides and
-hydroxides of barium, strontium, and calcium, particularly lime. AIcohbis with
~ a boiling point above 150°C useful in the process include alcohols of Cs to Cqy4

such as ethylhexanol, oxoalcohol, decyialcohdl, fridecylalcohol;
alkoxyalcohols such as 2-butoxyethanol, 2-butoxypropanot; and methyl ethers
‘of dipropylene glycol. The amines useful in the process include
polya'minoalkanes, preferably polyéminoethanes, particutarly
ethylenediamine, and afninoethers, particularly
,tris(3-oxa~6~amino-hexy1)amine. The glycols useful in the process include
alkylene glycols, particularly ethylene glycol. The halide ions employed in the
process are preferably CI’ io’ns which may be added in the form of ammonium

chioride or metal chlorides such as-caicium,chlofide or zinc chloride.

The dilution oils suitable for use in the above process.includé naphthenic oils

~ and mixed oils and preferably paraffinic cils such as neutral 100 oil. The
quantity of dilution oil used is such that the amount of oil in the final produét
constitutes from about 25% to about 65% by weig'ht of the final product,
preferably from about 30% to about 50%. - |
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(c) renoving sedinment fromthe nmedium preferably by filtration; (d)
carbonating the resultant nediumwith CO2 in the presence of halide ions;
and (e) renoving al cohol, glycol, and water fromthe nmedium preferably by
distillation. The al kaline earth bases useful in the above process include
t he oxides and hydroxides of barium strontium and calcium particularly
lime. Alcohols with a boiling point above 150C useful in the process

i ncl ude al CTDHQ|p$o@éssc&1th@ed3éﬂovéMo@f@&@és@ﬁﬁé@m USOPARhEQHY, 313,
decyl al cohol , tridecyl al cohol; al koxyal cohol's such as 2-but oxyet hanol ,

2- but oxyproWhlﬁB'l'S ingRipatated by sefeserce ipto this ppplitation. gl ycol . The ani nes
useful in the process include polyam noal kanes, preferably

pol yam noet hanes, particularly ethylenediam ne, and am noet hers,

parti cul ar| PREFARAIIONOBE FHHENATESARBOXYEATES gl ycols useful in the
process include al kyl ene glycols, particularly et hyl ene glycol. The halide
ions enployed in the process are preferably Cl ions which may be added in

the formofy ﬁg?p‘ ' . I P chl ori de
or zinc chlor %lﬂ%ec%lt& Q?ll,'ag{s ‘giﬁ rqsgd ﬁ?ﬁ ?gggﬂ?ﬁh@%ﬁ}a%ﬁépr ocess.
i ncl ude naptypitmﬂychydrd)@rbwudlbsﬁwmﬂ fph%us?tertfhrboﬁliﬂre@bhgvtﬁlﬂfmfef Ihm ﬁ ?l |”ST such
as neutral oil.. The uant i Q ilution oil used is such tha e
amount of oﬁ é)rpﬁaWésF?ﬁﬁﬂe'btr‘Ho%éﬁtltu@ﬁF‘r‘s?f@‘@t@?qqt%ﬁf%ﬁfﬁf?faﬂw@ﬂ% Ofbout 65%
by weight o I m out 50%
220" The. pr orehg Bl B eRALEbranchEd of UiBlancroel Sfbte SR G8uR3

4, 514 313, caitairhfrom 4 be 50 ppreferabilylfyom & brm]carhcmmiom Patiptiliadat i on.

suitable alkyl groups are Cyz groups derivable from propylene tetramer. The

: hydroc_arbyl substituted phenate-carboxylates may be suffurized or
unsulfurized.

The overbased hydrocarbyl phenate-carboxylate is prepared from an
overbased hydrocarbyl phenate which has been treated, either before, during,
or subsequent to ové'rbasing, with a long-chain carboxylic acid (preferably
‘étearic acid), anhydride or salt thereof. That process comprises contacting a
mixture of a hydrocarbyl phenate, at least one solvent, metal hydroxide,
.équeous‘ metal chloride, and an alkyl polyhydric alcohol containing from ene
'to- five carbon atoms, with carbon dioxide-under overbasing reaction |

conditions. Using an aqueous metal chloride, instead of a solid metal

Ry

chloride, reduces the viscosity of the product. Pre‘fera_bly,‘the metals are
‘alkaline earth metals, most preferably calcium. Preferably, the alkyl

polyhydric alcohol is ethylene glycol.

in a preferred embodiment, the overbased hydrocarbyt phenate-carhoxylate 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 hydrocarbyt phenate (which can

be sulfurized or. unsu!furtzed) at least one solvent, metal hydroxide, aqueous.

1=



f:\ ‘._)

PREPARATI ON OF PHENATE- CARBOXYLATES The phenat e- car boxyl at es whi ch may be
used in the present invention are typically hydrocarbyl substituted
phenat e- car boxyl ates in which the hydrocarbyl substituent or substituents
of the phenate are preferably one or nore alkyl group, either branched or
unbranched. Suitable al kyl groups contain from4 to 50, preferably from9
to 28 carbon atons. Particularly suitable al kyl groups are Cl2 groups

derivabl e fragaPERBYHE! @yj &h réi‘if}i‘? ngﬂgﬁgc@ccﬂfﬁ?‘gfn% gzg)t?'ﬁ%ﬂn‘é%hefﬁ/e

phenat e- carbo xyl at es he overbased
hydr ocar byl qaﬁmamlsh@ﬁy:t%i with caph@pdioxild ummverbamngaeadlmydr ocar byI

phenat e. whi ¢ e eat ed Lt her fore u u

over basi ng, c%n?ﬂlogsi (gﬂvgeréﬂ%f‘ﬂ reay 9?"@ AR5 Hicﬂ'f#eeéeé‘?%?f?ﬁ" toggrﬂ%é%gb| d),
anhydri de ortoSF5EF bhapp@iximaledf aPhesSIRGiccHidRELaEs contacting a mxture of
a hydrocarbyl . phenate, at |east one solvent, netal hydroxide, aqueous

-metal chloride, and an al kyl pol yhydric al cohol containing fromone to

five carbon Werd L. over i r tion

condi t 1 ons. "eraviyrire b asR Bt a8 2 83 AR e nten

chl or.i de, ré&eﬁs&abl@lhme\/mstai% ay alalinece Ao aietil, nire! Tjﬁéﬁ?&b’l y daffusiet aI s are
al kaline ea npst preferably calcium Preferably, the al kyl

pol yhydric zf? Eﬁ{@f)lyl @%Wu&%gﬂ%whwﬁ &IW%‘?%%’@@‘ enbodi nent, the
over based hydrocarbyl phenate-carboxylate is produced by overba3|ng a
hydr ocar byl phenate and treating the phenate (before, during, or after
over basi ng) 'Khetmmokﬁa@MmerrtétrbabmémtomﬁcI@g-&lmnnbart&kﬁyﬁc%c&ﬁrI ¢ acid),

hydri d |.t..the
han ydride or %?/dnde or sa?t thereof) can occur before dunng, or after the overbasmg

step. Itis ﬂmmportant when the treatment with long-chain carboxylic acid,
- anhydride, or salt thereof occurs relative to the overbasing step.

The phenate can be sulfurized or unsulfuriied. 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 incorparated by reference into this application.
PREPARATION OF SALICYLATES

The preparation of salicylates is well known in the art. Preferred salicylatés
- which may be used in the present inventidn include medium and high |

overbased salicylates including salts of pol'yvaient or monovalent metals,

more preferably monovalent, most preferabiy calcium. As used hére’in,

‘medium overbased (MOB)-is meant fo include salicylates with a TBN of about -
- 3110 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. I.
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In the overbasing step, a m xture conprising hydrocarbyl phenate (which can.
be sul furized or unsulfurized), at |east one solvent, netal hydroxide,
aqueous . -21 netal chloride, and an al kyl polyhydric al cohol containing

~ fromone to five carbon atons is reacted with carbon di oxi de under

overbasing reaction conditions. Overbasing reaction conditions include
tenperatures of from 250 to 375F at approximately at m)spheri C pressure.

Pr ef bl | h t f

E byl phonah STeEKESRRARE SAMIIRER T n® BB, B oificen Sl fomo:

pr ef er abl y predreil, wﬂho-ﬂkﬁﬁheadﬂl gr pathalk§lphignol Oy \dmmaatich, 2haii@lation et hyl ene

gl ycol e %5{)?( age trl_ atnent (treatnment with |ong-chain carboxylic

aci d, anhyEH'Pqii oé;na ‘é" gﬁ@"@d?t)ngsaae@fder@ferablwmsem pnglefrodter the
b h

oar bowy! 1 ¢ Bk ofblefin it 196 R 1Rl e Rl BB ek, RO%: o™ "

over basi ng aﬂwptedﬁh@yqﬁrermntabtmoaﬂa@swfdrdhe aﬂ@laibnmijﬁehbraﬁ@drthl?f ef erably,

t he phenat sul Z t he phenate i s sul furized, the sulfurization
step can o anf{kp((@eﬁpﬁ -h“? 8"19}81[6’2 st prnloyad e inngeneral, He- imenate
is sulfuri f h t f

treat ment Z"’Fﬁ%“ﬁﬁ%&‘g’é"ﬁf@ﬁﬁ”.” R H0RH BB ot e SHEUTRIAPLR oy o

5,942, 476, algfaiing a@entmxdrmm mlbbyslik)éatedeﬁ'dm amyiatmrmnmm@bammn

PREPARATI I n of sali c tes is.well known in
the art. %&%ﬂ‘ﬁ%“@%&&}ﬁﬁﬁ 306\/@{{)@% 'Bé’aﬂg%’t!ﬁ"r ?%@ﬂ‘f‘ i nvention
include ne@2g1cand hi gh overbased salicyl ates incl uding sal ts of

poI yval ent or nonoval ent netals, nore preferably nonoval ent, nost

pr ef er ably cal cium As used herein,
The alkylphenols prepared via the phenol or ortho- or para-alkylphenol route
may be converted into the corresponding alkyisalicylic acids.by techmques
well known in the art. For instance, the alkylphenols are converted with the
aid of an alcohalic 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 alkyléalicylatés s0 obtained, the alkylsalicylic acids
may be liberated with the aid of, for examplé, 30% sulfuric acid.

: FOr the pfeparation 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,,

] T_he 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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. with the ai

. medi um over based (MOB) is nmeant to include salicylates with a TBN of about
31 to 170. Hi gh overbased (HOB) is neant to include salicylates with a TBN
fromabout 171 to 400. Hi gh-high overbased (HHOB) is nmeant to include
salicylates with a TBN over 400. -22 In one enbodinent, salicylates may be
prepared, for instance, starting from phenol, ortho-alkyl phenol, or

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

al kyl ati ng RREPARAHON OF ¢ARBOXY.SBEARAGIEEEIin or a mxture of ol efins
with nore than 12 carbon atons to the nol ecule. Acid- activated clays are

suitabl e catal ysts for the al kylation of phenol and ortho- and par a-

al kyl phenolgpl, 10 wt% in
parti cul ar, %Swwargieerre h)@é&f ﬁéerﬁggg%gfﬂ‘fﬁ S%ﬁgﬁﬂ"%éﬂ%(} aV\%I ght of

al kyl ati ng tpgiealty alkdlipheanh maabanglekafibata&d:—n@ﬁy@dcwm salicyimpgsieatcar r i ed
out "at tenperatures between 100 and 250C, in particular, between 125 and
225C. The d13¥% %tearwﬁwwardaatﬂwgrmmdaca} aphydede gr salt thereof.

par a- al kyl phenol route may be converted into the correspondi ng
al kyl salicylic acids. by techniques well known in the art. For instance,
the al kyl phidreotarbaxe stearater isquiepated frdra. a mbduef ofalkalireobaith cnetalist i ¢

| ut to th I h t tt ted
i th 002 st BHOT AN AU RS e Pres s MoAnd B kaUBRSREE TERM  he
al kyl sal i Cﬁg@hﬁédé OTRBUAARE is bb@m@h&u' inéXctirfy m@'rﬁﬁaur@%wbeaﬂuoher at ed

for exanple, 30% sulfuric acid.” For e preparation of -
over based si!@xld@ iratf@spretsnecapkansﬂim polyhydec adx)hmhwhm’eirt thealieyl group an

Caf ey 25 S BB FEATBRUTS b B AR O e 07 ©

Ca( OH) 2"
/ - polyhydric alcohal is ethylene glycol.

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

BASE OIL OF LUBRICATING VISCOSITY

The base oil of lubricating viscosity used in such compositions-may be
" mineral oit or synthetic oils of viscosity suitable for use in the crankcase of ah
internal combustion engine. Crankcase base oils ordinarily have a viscosity
of about 1300 cSt at 0°F (-18°C} to 3 ¢St at 210°F (99°C). The base oils may
be derived from synthetic o.r natural so'urcés. Mineral oil for use as the base
oil in this invention includes paraffinic, naphthenic and other oils that are
~ordinarily used in lubricating-oil compesitions. Synthetic oils include both
hydrocarpon 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 Cyz alpha
~ olefins such as i-decene trimer. Likéwiée, alkyl benzenes of proper fviscos@ty, '
such as didodecyl benzene, can be _used. Useful synfﬁ'et-ic esters include the
-esters of monocarboxylic acids and polycarboxylic acids, as well as mono-
hydroxy alkanols and polyols. Typical examples are didodecyl adipate, p’ehta~
- erythritol tetracaproate, di-2-ethylhexyl adipate, d‘ilaurylseb_acatg, and thé_ like. - .
24—




For exanple, the alkylsalicylic acids may be treated with 4 equival ents of
calciumin the formof Ca(OH)2with introduction of 1.6 equivalents of C02-
The preparation of nmedium and overbased salicylates is nmore fully described
in US Patent 4,810,398, and GB Patents 1, 146;925; 790, 473; and 786, 167,

whi ch are i'ncorporated by reference into this application. -23 PREPARATI ON
OF CARBOXY- STEARATES The car boxy-stearates which nay be used in the present
i nvention- ' | t LAgle- | sk

nydr ocar by omPl PSRl Beepalred 1o ARk dond il fs-RbRAHE diids 2d

car boxyl i ¢ mond anandihgdriony atlhareid tan bisodwsf usedlhe car boxy-stearate is
prepared from a mxture of alkaline earth netal single-aromatic-ring
salicylate, at |east one solvent, and alkaline earth nmetal hydroxide. The

mxture is .@l\éﬁﬂb@)‘fﬂﬁinéﬁ@ll %ﬁ@%ﬁtdyﬂﬁétﬂ%iﬁiéfb%&q M‘ééfﬂl.%{r%‘i méﬂ@,qeﬁbﬁ in the

presence of an algél pol yhydric “al cohol, wherein the alky roup of the
al cohol hasofi Hbta 39% hyslrogenated ribdecensoinimer@ith 8%t 90%et 90 SIS 100°F)

Pol Ty Geser PRI WRAEPURRAR g o i °F 3, Plr porat ad by rof rence

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

~lubricating viscosity used in such conpositions-may be nineral oil or
‘synt heti ¢ dPTHER ARIMIDEE GOMBQNENESt or use in the crankcase of an

- -internal conbustion engine. Crankcase base oils ordinarily have a viscosity

~of about 1300 cSt at OF (18C) to 3 cSt at 210F (99C). The base oils may be
derived frcThefolloadihg additiveebiiptinertiiareexanples bikofid cdrponGitsaliat he base
oil in this invention includes paraffinic, naphthenic and other oils that
are can be favorably employed in the present invention. These examples of

additives are provided to illustrate the present invention, but they are not

intended to limit it:

(1)  Ashless dispersants: alkenyl succinimides, alkenyl 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-butylphenot), 4,4'—b.is(2,6-d'i~tert—butylphehoi), 4.4
bis(2-methyl-6-tert-butylpheriol), 2,2 -methylene bis(4-
methyl-6-tert-butyl-phenol), 4 ,4'—bu,tylidenebﬁs@-methyi—ﬁ-
tert-butyiphenol), 4,4"-isopropyl-idenebis(2,6-di-tert-
butylphenol), 2,2"-methylene-bis(4-methyl-6-nonylphenol),
2 2"isobutylidene-bis(4,6dimethyl-phenol), 2,2 |
methylenéhis {4-methyl-6-cyclohexylphenol), 2,6*di—tert— D
butyld-methyl-phenol, 2,6-di-tert-butyld-ethyiphenol, 2.4-
dimethyl—ﬁ—terbbufyi—phehol, 2,6-di-tert-4-(N,N*-dimethyl- s
aniinomethyl_phenol-),' 4,4‘7’{h’iobis(2—methyl¥6~terit— .. : S
butylphenol), 2.2"thiobis(4-methyl-6-tert-butylphenol), ~ =~ =~
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ordinarily used in lubricating oil conpositions. Synthetic oils include
both hydrocarbon synthetic oils and synthetic esters. Useful synthetic
hydrocarbon oils include Iiquid polyners of al pha ol efins having the
proper viscosity. Especially useful are the hydrogenated |iquid oligoners
of C6 to C12 alpha olefins such as | -decene trimer. Likew se, alkyl
benzenes of proper viscosity, such as didodecyl benzene, can be used.

Useful synthetic esters lnob:s(@anteﬂﬁ/lz;—nyaﬁ:ranferpmrtgmhbgwulr@eaémdiblsand
pol ycar boxylic acids, as well xy al kanol s and pol yol s.

Typi cal exanpl es are di dode(é"yfl’dhtﬁrblalﬂtéd“ %ﬂf@é)lb%\zylt)hrl tol tetracaproate,

di - 2- et hyl hexyl adi pate, dilauryl sebacate, and the like. 24 Conplex esters
prepared from m xtures of nono and di carboxylic acids and nono and

di hydr oxy al kanol s can(bal sdiphengamin®hygrdexiddtion inkibitbr: Qillky&ah@idt h synthetic

oils are al so useful. For e | bl-ends 0to drogenated -
1-decene trimer with 75 to %&?’1@@“% f@ﬁva)alpJ"ﬁ"?’r“Hépé'i iﬂrquengna excel | ent
| ubricating oil bases. n%lﬁ(;ggg nahe follow ng additive
conponents are exanpl es of sonme co nents that can be favor abl'y enpl oyed
in the present invention. These exanples of additives are provided to
illustrate the present nve but t.h are tended to limt it:
(1) Ashl ess di spersant @%?Y%%?c&%ﬁﬁﬁ%cafﬁ?%#y@ LuéliChi ni des

modi fied with other organi Cdzmmﬂate)aﬁ@l déﬂﬂﬁioxy%ﬁﬁ@er%dﬁcﬂﬁmd@d'f'ed
“with boric acid, alkenyl succinic ester. ( dati'on 1 nhibitors: (a)

~Phenol type oxi dat i on i nhi bloraplexesy atldmethyyermlws (dtmthdlﬁuocarbamate)

o - {3) Rust inhibitors (Anti-rust agents)

(a)  Nonionic polyoxyethylene surface active agents:

. polyoxyethytene lauryl ether, poiyoxyethyiene higher
alcohol ether, polyoxyethylene nonylphenyl ether,
.po[yoxyethylene-octylphenyl ether, polyoxyethylene octyl
‘stearyl ether, polyoxyethylene oleyl ether,.
polyoxyethylene eorbitel n-ionostearate, polyoxyethylene
sorbitol 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) Demuisifiers: addition product of alkylphenol and ethyleneoxide, - . -
poloxyethylene alkyl ether, and polly'oxyethylene sorbitan ester.

(5) Extreme pressure agents (EP agents) zmc i
diatkyldithiophosphate (aryl zinc, pnmary alkyl and secondary _
alkyl type), sulfurized oils, d[phenyl sulfi Qe,.meth_yl S e T




di-tert-butyl phenol), 4,4'-bis(2,6-di-tert-butyl phenol), 4,4 -

bi s(2-met hyl -6-tert-butyl phenol), 2,2'-nethylene bis(4-

nmet hyl - 6-tert-butyl -phenol), 4,4"- butyI i denebi s( 3- net hyl -

tert-butyl phenol), 4,4 -isopropyl-idenebis(2,6-di-tert- butyI phenol )

2, 2' - met hyl ene- bi s(4- net hyl - 6- nonyl phenol ),

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

met hyl - 6- cycl ohex nmet hyl - phenol ,
-di-tert-butyl 4- e%‘thel:ﬂgfygrt%?ra?ez%ﬂdrgia?éé Haph%'}é[eiiret but yl - phenol

di -tert-4-(N, N - diuseoddyylpolysilocmet, Iayldpdemmphthenate
-thiobis(2-nmethyl-6-tert- butyl phenol),

-t hi obi s(4-nethyl -6-tert-butyl phenol), -25

(3-net hyl 4- hY(@P OXYFrﬁ:t'bﬁrlﬁoﬂiiﬁébQ Wﬁlb&ﬁ&' fétﬂ‘%cuﬁ@nﬁie? borated ester,
(3,5-di-tert-butyl4-hyd roxybenzyl) | ami ne type oxidation

i nhi bitor: al kyl at ed andl @ﬂh@h?ﬁ@lﬁ ne, phenyl . al pha. - napht hyl am ne, and

al kyl at ed . al pha. - napht hyl ami ne. (c) O her types: nmet al dithi ocarbanate
(e.g., zinc dithiocarbanate), nolybdenum oxysulfide succinim de :
~conpl exes, and hy! ok fetiodabadditived: shifesadamicybdeddh Rust inhibitors
(Anti-rust agent (a). Noni oni c pol yoxyet hyl ene -surface active a nts-:

pol yoxyet hyl ene |aurﬁlt@q%bam§tﬁ 3/{ yazed pxymolybderym qruasa gihosp

- polyoxyethyl ene nonyl gligogl, &W&ybd&%mw%ﬁ&ay&% 8% OB LInE! rer

pol yoxyet hyl ene octyl

(4

2,6
2,6
4.4
2,2
bIS

diethylate amide, amine-molybdenum complex compound, and

-sulfur-containing molybdenym complex compound.

(8) Viscosity index improvers: polymethacrylate type polymers,
ethylene-propylene copolymers, styrené—isoﬁrene- copolymers,
‘hydrated styrene-isoprene copolymers, polyisobutylene, and
dispersant type viscosity index improvers. |

(9)  Pour point depressants: polymethyl methacrylate.

(10) Foam lhhibitors: alkyl methacrylate polymers and dimethy!
silicone polymers.

(14). Metal detergents: suffurized or unsulfurized alkyl or alkenyl
phenates, alkyl or alkenyl aromatic sulfonates, sulfurized or
unsulfurized mefal salts of multi-hydroxy alkyl or alkenyl '
aromatic compounds, alkyl or alkenyl hydrdxy é-romatic
,sulfonates sulfunzed or unsulfunzed alkyl or alkenyi |
naphthenates, meta! saits of alkanoic amds metal salts of an
‘alkyl or alkenyl multiacid, and chemical and phys:cal rmxtures
'thereof '
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stearyl ether, polyoxyethylene oleyl ether,. polyoxyethylene sorbitol
nonost ear ate, pol yoxyethyl ene sorbitol nono ol eate, and pol yet hyl ene

gl ycol nonooleate. a (b) Qther conpounds: stearic acid and other fatty
acids, dicarboxilic acids, netal soaps, fatty acid amne salts, netal
salts of heavy sulfonic aC|d partial carboxylic acid ester of polyhydric
al cohol , and phosphoric ester. (4) Denul sifiers: addition product of
aIkyIphenoI i et hyl ene al kyl ether, and

pol yoxyet hyILel%@eﬂ!s(gé t(ggﬁg?itgﬁpo?%@gt reme pressure agents (EP agents):
zinc. dlalkyldlthlophosphate (aryl zinc, primary al kyl, and secondary

al kyl type),..sulfurized, oi

Er il o bel T sttESa o nBlc fﬁ@ﬂgweadcp W%@@ﬁpﬁgﬁy&hw?m and

| ead napht heR@tifverith i§iiseiil #5r rinPasterdeticy o 2nc@ifthe nitHdaYingitd, am ne,
borat ed ester, { aen ot hgr esterlgﬂw geI\/ue{-glifunc(t)l onal a%ldltlvegé sul furi zed

oxynol ybdenmmﬂsntlﬂrb&m@aaﬂu@%ugmﬂmmsammmpdmmmjganmmﬁas phoro

di t hi oat e, er den m de,
arm ne- ol ybaeE L ISR nthS =uffen SN SRR e Shau i m
conpl ex conpiskylate-bontaining additive of the present invention, typically from about

- 1% to about 30% by weight, based on the total weight of the lubricating oil

composition.

Adding an effective amount the unsulfurized, carboxylate-containing additive

S

of the present invention to a lubricating oil improves the detergency of that.

~ lubricating oil in automotive diesef and gasoline engines, as well as in matine -
engine applications. Such compositions are frequently used in combination A

- with Group Il metat detergents, and other additives.

Lubricating .ma'ﬁne engines with an effective amount of lubricating oil having

the unsuffurized, carboxylate-containing additive of the present invention can

control black sludge depoéits. It also improves the high temperature deposit
~control performance and demulsibility performance of that lubricating oil in

“marine applications.

T
R

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

_-ihhibition,performance of that lubricating oif in automotivg applications.-
" Inone embo_dimeﬁt,‘an engine lubricating oil composition Wo_uld contain
(&) a major pért ofa basé oil.of _Idbﬁcating viscosity;
' '(b) ' % to 30% of the unsulfunzed carboxy{ate—contammg -

‘ addltwe of the present mvention

.28



(8) Viscosity index inprovers: polynethacrylate type polyners,

et hyl ene- propyl ene copol yners, styrene-isoprene copolyners, hydrated
styrene-i soprene copol yners, polyisobutylene, and dispersant type
viscosity index inprovers. (9) Pour point depressants: pol ynethyl

met hacryl ate. (10) Foam Inhibitors: al kyl nethacrylate polyners and
dinmethyl silicone polyners. (11). Metal detergents: sulfurized or

unsul furized al kyl or al kenyl phenates, alkyl or al kenyl aromatic

sul fonates, sulfurized or unsulfurized metal salts of nmulti-hydroxy al kyl
or al kenyl aromatic €dnpolitede, 203 0§ At lnaskpremphlasy gispeysaiitomatic

sul fonates, sulfurized-or unsulfurized al kyl or al kenyl naphthenates,
netal salts of al kanoic acids, netal salts of an al kyl or al kenyl

- multiacid, and chem c@l) angbys% edlat Bast BheFind digfiestiosphaie; LUBRI CATI NG O L
COVPOSI 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 lubricating oi {e) C O ifd%?%f ﬁégg ) E%%aqighiimb@&l conposition
conprises a najor part ‘of a base oiF of FuBrica I'ng viscosity and an
effective anount of the unsul furized, carboxylate-containing additive of

the present invention, typically fromabout 1 %to. about 30% by weight,
based on the total We(fbht Q@%h&"l%ﬁﬂ‘”é’&(ﬁjpﬁ@ fopm inkiBfgG &ndi on. Adding an
effective amount the unsul furized, carboxylate-containing additive

(@) 0% to 20% of at feast one viscosity index improver.

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 oif 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 'hydrau!ic oil composition having imprdved filterability can be formed
_containing a major part of a base oil of lubricating viscosity, from 0.1% to 6%
by weigtit of the unsulfurized, ca'rboxylate-contairiing additive of the present

invention, and preferably atleast one other additive.
" ADDITIVE CONCENTRATES
' ',.-Addivtive concentrates ére aisb f_incl_tjded'within the scape of this invention.

B The concentrates of this in\h_—;fr"_l't'i‘_t.)_n bofnpdse the compounds or compound

. mixtures of the pre‘s'eﬁt iﬁ\f/'ér:itidh:,:i/vith at least one of the additives disclosed




of the present invention to a lubricating oil inproves the detergency of

~that.  lubricating oil in autonotive diesel and gasoline engi nes, as well

as in. marine engine applications. Such conpositions are frequently used
in conbination wth Goup 11 netal detergents, and. other additives.
Lubricating marine engines with an effective anount of |ubricating oil
havi ng the unsul furized, carboxylate-containing additive of the present

i nventi on C%ovépnsfbﬂiaugltﬁ%o%aﬂgsteémzﬁ§u die '&@aﬁi&ﬂﬁ:@éﬁﬂo&h@k@' gh
tenperature deposit  control performnce an emul sibDility performance of
t hat | ubri céhémgasyitoihandieadimeg abippingandsterage.Addi ng an ef fective anount
of the unsul furized, carboxylate-containing additiveof the present
invention to a lubricating oil inproves the high tenperature deposit.
control per Fpomezes.to 0% 85t cortitintRte AGkghRR dikicAat R I06Y.Aotd(Pn of
performance of that |ubricating oil in autonotive applications. 1In one
enbodi ment , thcenggnieate imtiecunsuliyiriaed, evhpedaterenntaipinaaddivaphthe a) a

sl £ or zedredgRG b, s aRiFERU GrbbR)RR sl adbiffe SRRt on:
-28 (c) 0% tiee 2Rflobrarhatieasg hgomoasihy eabcyihiepand poksibly(i)droadpgl 5% of  at
| east one zinc dithiophosphate; (e) 0%to 10% of at | east one oxidation

‘i nhibitor; P{‘?P"b@ﬂq _BY‘F'WBTW&P"’P‘E&@E %rqra@iﬁdeﬁﬁﬁbﬁmnpeaﬂate@mﬁ%t 0 20%
of at | east O?Bﬁéfia%&lﬂﬁ)e%y i ndex i nprover. In another enbodi nent, an engine
ol

f-‘_\‘?_]?

| ubri cating conposition would contain the .above conponents and from 0%

~to 30% of a netal -containing detergent.

_Suitab!e organic diluents that can be used include mineral oil or synthetic oils,
as described above in the section entitied “Base Oil of Lubricating Viscosity."

The organic diluent preferably has a viscosity of from about 1 to about 20 ¢St
at 160°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, Cafboxylate-containing additive of the present invention. The
-u‘nsu[furized, carboxylate-containing additive-contains the single-aromatic-ring
hydrocarbyl salicylate, and possibly hydrocérbyl phenol and hydrocarbyl

| .p"he'nate. 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
amcﬁnt of active component, with neither process oil nor diluent oil, but
including sufficient metal-containing detergents (i;icluding other types-of metal
'd-etergents) to achieve the desired BN. These examples are provided to

' iltustrate the present invention, but they are not intended to fimit it.

oo L -Marine DieSeI'Enqine Oils

1) Unsiilfurized, carboxylate-containing additive- © 65%
' Primary alkyl zinc dithiophesphate o
- -30-. |



In a further enbodi nent, an engine |lubricating oil conposition is produced

by blending a mxture of the above conponents. The |ubricating oil

conposition produced by that nethod m ght have a slightly different
conposition than the initial mxture, because the conponents may interact.
The conponents can be blended in any order and can be bl ended as

conbi nati ons of conponents. * HYDRAULIC O L COMPCSI TION A hydraulic oil
conposi ti on havigipof IMBREMRE Visddshyabi ity can be formed conggyning a najor
part of a base oil of lubricating viscosity, fromO0.1 %to 6% by weight of

t he unsul f uri 2bdInsgifurizrs poshexyldecantsinigg additiveve of the pr€B%¥nt

i nvention, and at. t ot her additive. ADDI TLYE
CONCENTRATES Adg’{'@@g%‘ﬁ%@ﬂ?%§$@?S§B§P§F Y ncl uded within Phe scope of
this invention. QifofubAdcstgiviedostyof this invention conprise3pse conpounds
or conpound m xtures of the present invention, with at |east one of the

addi tives di s8) dyuulfurized, pashexylatesoptainipg addéiveoncent rat es €8%t ai n

suf ficient orgarg il ; m?dé:ﬁ‘u easy to handl e duri shi ppi ng and
storage. From Z?m%‘yﬂ%tg}ntcﬁ{e or?géﬁ%ryat e is organic dil ue%l%. From 0.5% -
to 80% of the dkerghtuedirinide hbklespdigpbrsdanted, car boxyl at e- 88nt ai ni ng

additive of the _.present [nventiogn. The unsul furized, :
car boxyl at e- cont(%irﬂfie[H NCAMa VIS0 nt ai ns  t he -si ngl e- ar omat i 89¥ ng

“hydr ocar byl s@j ime &%(ﬁr@wt%n{ymw%%ﬁwb phenol andghydrocar byl

‘phenat e. The renail nder th oncentrate consists of other additives.

R

Sui t abl e or gani Phtincltypesxidetiondalniblier used i ncl ude ni neral oif0%or synthetic
oils, as descri(ﬂedf aBove(. in.the.section entitled "Base Q| % Lubricating
¢ of lubricati %

- Viscosity." ng viscosity
o 5) Unsulfurized, carboxylate-containing additive - 55%
Alkylated diphenylamine-type oxidation inhibitor 15%
- Oil of lubricating viscosity 30% -
- 86) Unsulfurized, carboxylate—containing additive 65%
Phenol-type oxidation inhibitor _ 5%
Alkylated diphenylamine-type oxidation inhibitor 5%
- Qil of iubricating viscosity 25%
7) Unsulfurized, carboxylate-containing additive . 60%
Primary alkyl zinc dithiophosphate - 5%
Phenol-type oxidation inhibitor ' 5%
Oil of lubricating viscosity o ‘ 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 o 55%
. Other additives | 25%

Prifnary_a'l?kyl zinc dithiophosphate :
Alkeny! succinic ester ashless dispersant
Phenol-type oxidation inhibitor.
Alkylated diphenylamine-type oxidation inhibitor ‘
_ Oit of lubricating viscosity - | 30%
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di t hi ophosphat e

The organic diluent preferably has a viscosity of fromabout 1 to about 20
cSt at 100C. EXAMPLES OF ADDI Tl VE PACKAGES Bel ow are representative
exanpl es of additive packages that can be used in a variety of
applications. These representative. exanples enploy the wunsulfurized,

car boxyl ate-containing additive of the present invention. The.

unsul furi zed, carboxyl ate-contai ning additive contains the
single-aromatic-ring hydrocarbyl salicylate, and. possibly hydrocar byl
phenol and hydrocarbyl phenate. The unsul furized, carboxyl ate-containing
addi tive nmall. Motesdepr EndimeOilsi t h or wi t hout ot her netal - cont ai ni ng

detergents, depepdi ng upon the desired.BN of the final produgt., The
fol l ow ng perc n?&gg&ﬂgf@ggﬂgm%ﬁeﬁg a"&'ﬁ_&ﬁﬂ 'tb“_fe active c_onpgﬁe/ﬁt , Wth
nei ther process @jkeryPsuctinikfdé aShless Migpersar udi ng suffici engsey,

met al -contai ning detergents (including other types of nmetal detergents) to
achi eve the desi Péinay alkyhgise dithioptiosphatee provided to illustlOfte.the

present inventiopy: - e . intended to limt it. | _ ari ne

Di esel Engine O"P)sll %B%%S%Pﬁésf?ggg car boxyl at e- cont ai ni ng ad?’loti’ve 65%
Prirmary al kyl 2) umsdiftlizeai)castihgiatea¥ntaiding. addifiveof | ubri cati 2@%i scosity
30% 2) Unsul furized, carhoxyl ate-containing additive 65% Al kenxl

succi-ni mi de ashl nyl syegnigiide gshless disprersady i cati ng vi scosi 4P780% 3)

Unsul furi zed, Ca?%%ﬁhgﬁﬁélﬁﬁ%ﬁj &{H?@pﬁdgyhtaité/e 60% Primary al kg, zi nc

Dithiocarbamate type oxidation inhibitor 5%

~ Oil of lubricating viscosity - 30%

3) ‘Unsu[furized, carboxylate-containing additive \ 20%

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

Ol of lubricating viscosity - 35%

4) Unsulfurized, carboxylate-containing additive 20%

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

Oil of lubricating \}i'scosity 40%

5) Unsulfurized, carbbxylate—containing additive 20%

 Succinimide ashless dispersant _ ' 30%
Secondary alkyl zinc dithiophosphate _ 5%
Molybdenum-containing anti-Wear agent : 5%

Ol of lubricating viscosity | " 40%

6) Unsulfurized, carboxylate-containing additive | 20%

Alkenyl suéciriimide ashless dispersant 30%

© Other additives | 10%

Primary alkyt zinc dithiophosp'hate

Secondary alkyl zinc dithiophosphate

Alkylated diphenylamine-type oxidation inhibitor
Dithiocarbamate type-anﬁ,—wear agent
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Al kenyl succinim de ashl ess dispersant 5% G| of lubricating viscosity 30%
4) Unsul furized, carboxyl ate-containing additive 65% Phenol type oxidation
inhibitor 10% O of lubricating viscosity 25%5) Unsul furi zed,

car boxyl at e- cont ai ni ng addi tive 55% Al kyl at ed di phenyl am ne-type oxi dation
inhibitor 15% G of lubricating viscosity 30% 6) Unsul furized,

car boxyl ate-contai ning additi ve 65% Phenol -type oxidation. inhibitor 5%

Al kyl at ed di phenyi amumcém@e\,ig@ﬁgil@ti on inhibitor 5% Q1 of Iericating
viscosity 25%7) Unsul furized, carboxylate-containing additive 60% Prinmary
al kyl zinc di ¥hiYpsbisipred cabexyaternsintaiging addiea i on i nhi bi t 80%% O | of

| ubricating visgqg) 00 8) Unsul furized, carboxyl ate-contain,ng additive
60% Al kenyl sugﬁ{rﬁﬁldgg‘{%%hl ess di spersant 5% Al kyl ated 15%1

di phenyl am ne-type oxPhtaiol ypel MiddtionGhhib@¥r G | of lubricating viscosity
25% 9) Unsul furized, carboxyl ate-containing additive 55% O her additives.
25% Primary al kyl zimgwaﬁeﬁtﬁlﬁtﬁmﬂﬁiﬁmeewﬂﬁkenyl succinic ester ashless

di spersant Phenol 'tmd%rpi‘%ib?tﬁri nhi bi t or
Dithiocarbamate type anti-wear agent
Demulsifier
Boron-containing friction modifier
Oil -of lubricating viscosity 30%

[§. Hyvdraulic Qils

1) Unsulfurized, carboxylate-containing additive 20%
Primary alkyl zinc dithiophosphate 50%
Other additives | R 25%

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

Demulsifier

Nonionic anti-rust agent

~ Oil of lubricating viscosity | 5%

"2} Unsulfurized, carboxylafeﬁontaining additive 10% |
Primary alkyl zinc dithiophosphate - 40%
Other additives 47%

Phenol type oxidation inhibitor .
Sulfur-containing extreme pressure agent

- Triazol type corrosion inhibitor
Demuisifier

Nonionic anti-rust agent

Qil of lubricating viscosity 3%
3)' Unsulfurized, carboxylate-containing additive 10%
| FPhosphorus-containing extreme pressure agent . 40%

Phenol type oxidation inhibitor . - 15%
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Al kyl at ed di phenyl am ne-type oxidation inhibitor Gl of lubricating
viscosity 30% -31 11. Motor Car Engine O ls 1) Unsul furized,

car boxyl ate-containing additive 25% Al kenyl succinim de ashl ess di spersant
35% Primary al kyl zinc dithi ophosphate 10% G| of lubricating viscosity
30% 2) Unsul furized, carboxyl ate-containing additive 20% Al kenyl

succi ni m de ashl ess di spersant 40% Secondary al kyl zinc dithiophosphate 5%
Di t hi ocar bamat e tyR& fadiglalsl on inhibitor 5% G| of lubricatingoeyiscosity
30% 3) Unsul furized, carboxyl ate-containing additive 20% Al kenyf'

- succi ni ni de ashl ed¥pleryaminantypgsddationontiditer al kyl zi nc dit hi ophosphate 5%
Phenol type oxi datd Lnhibi.tor 5% Ol of |ubricating viscosity 35% 4)
-Unsul furized, car ?o@@f'gpgiéi‘ﬁhgffﬁﬁﬂbe RSO 2900, Al kenyl succinim de

ashl ess di sper santTr&Q%tyﬁgQ@ﬁ@@roy. iahipror zi nc di t hi ophosphate 5% :
Di t hi ocarbamate type anti-wear agent 5% O of lubricating viscosity 40%
5) Unsul furized, @gifieat e- cont ai ni ng addi tive 20% Succi ni ni de ashl ess

di spersant 30%  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 ' a
Sulfur-containing extreme pressure agent
Triazol type corrosion- inhibitor |
Demutsifier
anionic 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 T 20%
Sulfur-containing extreme pressure agent 5%

~ Oflof lubricating viscosity - 20%

-2) Unsuilfurized, carboxylate-containing additive . 40%
Pr;lmary' alkyl zinc dithi‘ophosphate | 15%
Amide type friction modifier | 15%
Sulfur-containing extreme pressure agent’ ' 5%

| Oit of lubricating viscosity 25%

3) Unsulfurized, carboxylate-containing' additive 30%
Pn’mary a!kyl zinc dithiophosphate 20%
Other additives - 30%

Alkenyl succinimide ashless dispersant
* Amide type friction modifier
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Secondary al kyl zinc dithiophosphate 5% Ml ybdenum contai ni ng anti-wear
agent 5% Q1 of lubricating viscosity 40% 6) Unsul furized,

car boxyl ate-containing additive 20% Al kenyl succini m de ashl ess di spersant
30% Oher additives 10% Primary al kyl zinc dithiophosphate Secondary

al kyl zinc dithi ophosphate Al kyl ated di phenyl am ne-type oxidation inhibitor
Dithi ocarbamate type anti-wear agent -32 O of lubricating viscosity 40%

7) Unsul furi zed, Efé}q?g%ﬂ[‘?%?ﬁ%‘;@bg* ng additive 60% Ot her additives 10%
on 1'nhibitor y

‘Phenol type oxidati at ed di phenyl am ne-type Oxidation

i nhi bi tor Dithiochbaphbdes) SouBshhitaitay er@ent préssurksidener
Boron-containing_fri @_’{hi_on_rmdjfi er O Hof lubricating viscosi ty 30% I11.
Hydraulic O s 19"Gh4hricaling ¥gcosity hoxyl at e- cont ai ni ng addi t i 4&%20%

Primary al kyl 43i DRs@lilBeaPEaBBRALE 20 tidh G ehaRidd! tives 25% 359
L ' Primary alkyl zinc dithiophosphate , 15%
Other additives 25%
Polyol type friction modifier ‘
Amide type friction modifier
Phosphorus, Sulfur-containing extreme pressure agent
~ Oil 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 iflustrate the presentinvention, they are not intended to limit it.

EXAMPLE 1

PREPARATION OF THE NOVEL U NS_ULFURIZED; CARBOXYLATE-
CONTAINING ADDITIVE

An intermediate product was prepared according to the procedure given in
VU_S Patent 6,162,770, Example 1. Said procedure is reproduced here:

A Neutralization

: A ‘ch'arge of 875 g of branched dodecylphenol (DDP) having a molecular
mass of 270, (i.e. 3.24 moles) and 875 g of linear alkylpheno! having a
_'molecular mass of about 390 (i.e. 2.24 moles) was placed iﬁ a four-necked 4
- liter glass reactor above which was a heat-insulated Vigreux fractidnating

column. The isomeric molar repartition of para versus ortho alkylphenol was:
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Phenol type oxidation inhibitor Phosphorus-containing extrene pressure

agent Triazol type corrosion inhibitor Denulsifier Nonionic anti-rust
agent O of lubricating viscosity 5% 2) Unsul furized,

carboxyl ate-contai ning additive 10% Primary alkyl zinc dithiophosphate 40%
QG her additives 47% Phenol type oxidation inhibitor Sulfur-containing
extreme pressure agent Triazol type corrosion inhibitor Derulsifier

Noni oni ¢ aniips-Usdo ] f ricating viscosity 3% 3) Unsul furized,
“carboxyl at eﬁ&%‘@ﬁ?ﬁ??&%%??‘?#ﬁ& Phosphor us- contai ni ng extrenme pressure

‘agent 40% Phenol type oxidation inhibitor 15% -33 Qther additives 25%
agent T 1 arB1oH RIS R RFRABFCEI%% QoA of f1 or Noni oni ¢ ant| -rust
agent . : :

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

The reaction medium underwent further heating to 120° C at which

| temperature the reactor was placed under a nitrogen atmosphere, then -
heated up to 165° C and then the nitrogen introduction was stopped.
Distillation of water commenced at this temperature. '

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

The reaction mixture was kept for five hours under the preceding conditions.
The reaction mixture was allowed fo 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 cmi® 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 dioxfde (COy) 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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Ol of lubricating viscosity 10% 4) Unsul furized, carboxyl ate-containing

addi tive 20% Phosphorus-containing extreme pressure agent 30/a O her

addi tives 45% Diphenyl am ne type oxidation inhibitor Sulfur-containing
“extrenme pressure agent Triazol type corrosion inhibitor Derulsifi er

Noni oni ¢ anti-rust agent Ol of lubricating viscosity 5% IV. Transm ssion

Hydraulic Fluids 1) Unsul furized, carboxylate-containing additive 35%

Primary al m(ﬂterzmeqempb%tap@ﬂée*@e% 2% B%Qtﬁ I ft}ﬁBf%L{té%g\'}é QRs TRl er 20%

Sul fur-containing extrenme pressure agent ricating viscosity
20% 2) Uns deawng 2edry smadblepkaard dom trdioductiom ol CO \wea A6 atindeidney s & Kyl

zinc dithio hate 15% Y [ i fier 15% . .

Sul f ur - cont fj Bae]%rtersgwéa %gxdb %Qg‘brég 5?3?‘?5?9'8?@ Q& 4ri dfevi scosity

25% 3) UnsUhehEACOsauRitbalwas RhBIdHIBgopAS bnie. AR (R hiBkla! kY]
~zinc dithiophosphate 20% O her additives 30% enyl “succi ni m e ashl ess .

di sper sant had been cooled to 165° C, the pressure was restored to atmospheric and the

reactor was then purged with nitrogen.

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

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

Analytical results for the intermediate product from the 6000 galion batch

were as follows:

TBN | | 116 mg KOH/gm

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

__________ - SAl lS a measure of the quantity of alkylsalicylate formed in the detergent-
n dispersant. 1t 'Wes determined by acidification of the 'pro_duct by a strong acid
| - {(hydrochloric acid) in the.presence of diethyl ether, followed by a
potentiometric titration on the_ofgahiof:action (tetra n-butyl ammonium
| hydroxide was used as a titration agent). Restlts 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 toa Wi'p-ed-ﬁlm
evaporator (WFE) which had a surface area of .39 m%. The WFE had an '

internal condenser and entramment separator along: thh a hot oal ;acket The
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Am de type friction nodifier -34 Ester type friction nodifier Phosphorus,
Sul fur-containing extrenme pressure agent G| of lubricating viscosity 20%
4) Unsul furized, carboxylate-containing additive 35% Primary al kyl zinc

di t hi ophosphate 15% O her additives 25% Polyol type friction nodifier

Am de type friction nodifier Phosphorus, Sulfur-containing extrenme pressure
agent O of lubricating viscosity 25% EXAMPLES The invention wll be

further ill hatdateﬂgaéwtufr@lid el J@ak@maabsaut Y0°e) B pfeshife wﬂﬁrntthaul arly
advant ageous net ho nmbodi nent’s. | e the Exanpl es are prow ed to

i | 1ustrate W& passdehmbary g imd tB erafuce tothe Widnved 136°Ci final; t .

EXAMPLE | U OXYLATE- Al NI NG
ADDI TI VE Aﬁﬁﬁ%%%"% %zsﬁ@fﬁa@%ﬁaﬁéﬁ THParR P eur o
given in UBsPthant 06 CLE&ford dutidey withl 0ON b&ed dil.pA pﬁﬁr\twhatewr%p%q]@yced
here: A. Neutr I|zat|on A.char e of 875 g of branched dodecyl pheno ( DDP)

havi ng a moVeghbaf thedeaed tg theNyFE wag. cot!eg@dr?a@al)llaédebear@otmtq i near
al kyi phenol g; t’ﬁlﬂt@% flectd fﬁ}‘b&‘& B S1 0%, 18 Yot P 85 h;‘?we%t%fm%f’e%)d vas

pl aced in a tour-nec
to the WFE. Dependmg upon the level of distiliation, enough organic diluent

is then added to the distilled product to give a manageable viscosity. As the
| weight percentage of feed collected as distillate increases, the amount of
. diluent needed to be added to the distilled producf in order to give a
manageable viscosity increases.

Analytical results for the distilled product were as follows:

TBN o 174 mg KOH/gm
Ca . 6.09wi%
Salicylic Acid Index (SAl) - - 58
Viscosity at 100°C 705 cSt

Ol 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 feedst_o‘ck, ao decomposition of tha 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 i is comparable to
the appearance of the startmg hydrocarby! phenols introduced in the
neutralization step. The TBN content of the distiilate was essentlally zero

~indicating than none of the feedstock to the distillation step carried over into 7
the distillate. The distillate was analyzed by gas chromatography and found_ C
to contain approximately 61% branched hydrocarbyl phenol 39% Imear

'hydrocarbyi phenol and 6% 100N base oil. o ;
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o

liter glass reactor above which was a heat-insulated Vigreux fractionating
colum. The isoneric nolar repartition of para versus ortho al kyl phenol
was: -35 DDP: 89% para and 5.5% ortho Linear al kyl phenol: 39% para and 53%
ortho. The agitator was started up and the reaction m xture was heated to
65C, at which tenperature 158 grans of slaked lime Ca(OH)2 (i.e. 2.135
noles) and 19 g of a mxture (50/50 by weight) of formc acid and acetic
acid were added. The reaction nmedi umunderwent further heating to 120 C at
whi ch tenperature the reactor was placed under a nitrogen atnosphere, then
heat ed up EXAMBEE@ and then the nitrogen introduction was stopped.
Distillation of water conmmenced at this tenperature. The tenperature was
increased to 240 C and the pressure was reduced gradually bel ow

at nospher i crhler;ireld@tmaabﬁ@r@ﬂ@twreﬁmﬁea&%r&ngqg B8 1 wﬁ%&h

obt ai ned. The reacti on m xture was ive ours under t e’ precedl ng
condi t i onsYndenwatiusceqnsitionsdndhe Wﬁ&sdeﬂqub@é(ﬁhayeco'w;umai rafdisdprt hen t he

anal v & o YaRaHBA EEnBBhd RO SRR IHE], 2t vac aboun 120 e -

dem xing took place in the |ower phase (66 cnB8 being water). B.
Car boxvl at! OE! :I'he product obtained in Step (A was transferred to a

3.6-liter ve and heated to_ 180C. At this tenperature, scavengi ng of
t he react gt Wthcarborm diroxrde (C02) was ijllllr;ln.,cd aﬁd COi’itz: Auee—fgr ten
m nutes. The anmount of CO2 used in th| S
B { WFE Conditions:
Feed Rate (kg/hr) 122 86
Pressure (mbar) I 144 15
Hot Qi Temp (°C) | 235 254
Product Temperature Exiting 205 222 |
Evaporator (°C) - |
1 Amount of Distillate (wi%)" 30 | 43
Oil in Final Product (wt%) 0 145
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 (wi%) 76 64
Linear A!kylphenoi (wt%) 15 | 27 -
100N Base Oil {wt%) i 9 9

 ‘ Based on WFE Feed Rate

EXAMPLE 3

Example 1 was repeated except for the following Ehéhge's:'- )
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F

‘the introduction of CO2 was continued so as to
- 3.5X105 Pa (3.5 bars) for 5 hours-.at 200 C. The
was in the order of 50 grans. After the autoclave

step was in-the order of 20 grans. -36 After the tenperature had bee
.raised to 2000 C, the autoclave was closed, |eaving a very small |eak, and

C, the pressure was restored to atnospheric and the reactor was the

purged with nitrggen I f ans of product was
recovered prior ?g fil @Byt%%nhﬂ%%h% %g"%‘% vvésmgrt[u'en filtered. The
above. procedure bps s'&fhéé@ledjmteaom@mEg@d @bbdte@ﬁlﬁtjlhﬁnd used to
the i nternedi ate rOd#‘ﬁ% r&ﬁgpterrredl ate product was then subject

t he additi onal

n

mai ntain a pressure of
anount of CO2. i ntroduced
had been cooled to 165

n

prepare
ed to

hprosivet wasdlilytadowith akart 86 sdte 10@NI ts for

the internedi at e prodyggio é,rdamcgtys 088 Wﬂﬁéﬁ%”?ﬁ%me %@ﬂﬁs foll ows: TBN

116 nmg KOH/ gm Cal ci um 4.

wt % allcy I.C

0 nmg KOH gm SAi

Is a measure of the quantity of alkylsalicylate fornmed in the detergent-

aci - (nyc SIS SRR 1 AboRted o Bincefon Whiahth of Felthe (o e | oueal by 3

pot ent i onet gvapdrhtor HdseblieBtddSs QistifateC fraction (tetra n-butyl ammoni um
hydroxi de was used as a titration agent). Results are expressed in :

di sper sant,

equi val ent

nmy KOH per gram of product (Base Nunber unit). Distillat
Analytical results for this product are as foliows: '

TBN : 138 mg KOH/gm

Calcium | | 4.96 W%
- SAl 47 mg KOH/gm

Dialysis was performed on about 15 am 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 proced.ure 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 mi of hexane to. yield

Fraction 1 followed by reversing the Cartridges and flushing with 12 mi of

© 80:20 Ethyl Acstate: Ethanol to afford Fractlon 2. Fractlon 1 was comprlsed

of diluent oit and Fraction 2 was comprlsed of free aikyiphenols

The Fraction 2 obtained frorr the chromatographic separatioh -procédure was

analyzed using stlpercritical,chrdmatography (SFC) to detérmine the amount

of branched alkylphenol and linear aikylphenol present:-- QUantiﬁcation was

performed using a caiibrattioh_‘cu’rve,of known mixtures of branched and, linear

atkylphenol.

(e o -40#
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The internedi-ate product was fed at a rate of 70 kg/hr to a wped film
evaporator (WFE) which had a surface area of 0.39 n2 The WFE had an

i nternal condenser and entrai nnent separator along with a hot oil jacket.
The -37 hot oil tenperature in the jacket was about 250C. The pressure
within the WE was 1.3 nbar. The feed tenperature to the WFE was 135C.

Fi nal product tenperature eX|t|q§ the WFE was 222C. The product was cool ed

tg | ess L h&n Sfoees defegnied; onythendialvsisressiir Frgliondy acidifpation rhthg y 47.5 %
o di'et 1 Rrdtuch B g fthaidtsd R YbehitR o66) KERiESeBEnct Bt et Btnd® ST

feed to-théihed l@e@potmugrrwnwtﬂrhtmi en ¢he ofgml@frabticat {tetra nelwatybh or gani c

diluent is then added tQ the distjlled roduct to ve eahl e
vi scosi ty. ﬂg‘rﬂ%“"\/@d@%' PEASH aft'tﬁ@eﬂ %PF)eﬁéﬁnygh% SPT g2

I ncreases, cﬁﬁﬁ I r%_%i Qﬁlﬂfgda LIl ed
product in or gf%si@% az;@lr?éﬁ 'S egﬁ?g@%ﬁy creggggﬁopﬁ?grytl cal
resul ts for catbmxgliated alkﬁﬂhpmatéotcReseﬂeme faplesssd i |n eqilvalent my KOHﬁ gm Ca
6.09 wt% Salicylic Acid, I ( 58 .ViscgQsit 100C 705

Content ( by PrEdES of Biecuel #55s hober Uit 21 SR en el A thay
salicylate ﬁgfn#qhgmgﬁ)mﬁ@e&@ﬁdml Iy unst able. As the distilled material
had a conparable Salicylic Acid Index.to calciumratio as the feedstock,

no deconposition of the salicylate structure occurred even though the feed

was. exposedol QoL %ﬁ‘(‘AYl%)lééu %hac%c‘f/('Rﬁ(y&‘)‘h h§Al salicylic acid))
' % Ca in the residue was determined by ciéssica[ X Ray spectromeitry.

Dialysis resulfs are as follows:

. Dialysate © 51.1 wt % of starting sample weight
Residue 48.9 wt% of starting sample weight

Dialysate Composition:

Dodecylphenol 1.0 wt%
Linear Alkylphenol - 26.7 wt%
100N Base Oil | 72.3 wt%

Residue Composition

Calcium | . 93wt%h

TBN ... 259mgKOHigm
SAl ' < 78 mg KOHIgm

% SA e 5 ;’..'_,5__0 |

-The followmg composation of the product produced in Exampie 3 was

"calculated from the composatton of the dialysate and residue fract:ons




deconposition occurred as the residence time in the WFE is relatively
short. The distillate appearance was clear and slightly yellow which is
conparable to the appearance of the starting hydrocarbyl phenols

i ntroduced 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
anal yzed by gas chromat ography and found to contain approximately 61 %
branched hydrocar phenol, 39% |inear hydrocarbyl phenol, and 6% 100N
base oil. -38 EXID&.@'@‘WW%W@U Il ation piédut’oprepar ed according to
Exanple 1 was di 89 | 1ed wunder various conditi 8@@\““ t he WFE descri bed
above. Typical results for other distillation condl ions are shown in

Table 1. Tabl e 1Sirgl@ ArWRBLERING Allyhsiliciessl Rap4.5(Wwighhr) 122 86 Pressure
(nbar) 1.44 1.5 t O] Tepp CO 235 254 Produyct rrperature Exiting 205
222 Evapor at or clumAIkylPBenaiest i | 1 ate (wt %#25(7”&'@ in Final Product
‘(W% 0 14.5 Product Analytical Results TBN (ng KOH gr’r) 166 174

PROCEDURES FOR PERFORMANCE TESTS

-The following Section describes Performance Test Methods referred to in
. these examples. |

Bulk Oxidation (MIP-48)

The Modified 1P-48 test (or MIP-48 test) is a bulk oil oxidation test. The tP-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 1P-1-324, Volume 1”
published on behalf of the institute of petroleum (London) by John Wiley &

- Sons, LTD (Chisester, New York, Weinheim, Bﬁsbane, Singapore, Toronto).
In said test, air is bubbled through a lubricant sample which is ke_pt' at high
:témperature. The viscosity of the ehdaof—test sample is compared to that of a
reference sample whzch has the exact same composition but is bubbled
through with mtrogen The net viscosity i Increase (expressed as a percentage
increase) is an indication for the oxidation s_tabilrty of & lybricant. The iower

the viscosity increase, the better. -
" Corrosion Control (ASTM D6594-01)

This is a standard tést 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 vaﬂ‘eus metals, specifically alloys of
| "lead and c'oppefbomrhroniy used m cam followers and bearings. Four metal
. specimens of copper, lead, tin, and phosphor bronze are immersed in a
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Ca (WM% 5.92 6.2 SAl (nmg KOH gm 57 59 Viscosity@ 100C (cSt) 226 575
Conpostion of Distillate Branched Al kyl phenol (\t% 76 64 Linear

Al kyl phenol (wt% 15 27 100N Base G| (%9 9 9 1 Based on WFE Feed Rate

EXAMPLE 3 Exanple | was repeated except for the follow ng changes: -39 a)
The WFE had a surface area of 0.78 nR2 b) The feed rate to the WFE was about
135 kg/hr ¢) The final distilled product was diluted wth about 36 wt % 100N

oil to IOrOdﬂéﬁs@reﬂré?ﬂéﬁﬁtdﬁén@ufbwn?ﬂ@é}mﬁéﬁ eabaxen@b%th?é is Bidwirpl e 1,
about 46 % (based on wei ght ) "of the feed to t evapor at or was col |l ected

as distil| avigh ajsdar §pedad of Gael. tWhesthe kst ipewdpleteditbe aspper | ows: TBN 138
KOH f d
ggout 1gmgm 0 cﬂa#ﬁ‘gﬁigt ?%%@aﬂ@??@%ﬁ“ﬁg ?%B‘e%é%?fpap\é@?&#)%?&%gga%ggr at us

(pent ane soprodntds, epheatikely.ex menbrane condom for about 24 hours to afford
a dialysate fraction (the material that passes through the nenbrane) and a
residue fraction (the material left in the _

EXAMPLES SHOWING PERFORMANCE ADVANTAGES

The following Examples illustrate performance advantages demonstrated by
'I'Ubri'cating 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 | N | 0.64%
Foam Inhibitor 0.04%
‘Commercial detergent-dispersant - 1 4.72%

Formula 1A
Phenate-Stearate : . 6.04% -
Zinc-Dithiophosphate 0.64%
: ‘Foam Inhibitor - 0.04%

Unsulfur{zed carboxylate—contamang additive

~prepared according to Example 1 ' - 10.17%
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| at ex menbrane bag). The dialysate fraction fromthe dialysis procedure was
separated into two fractions using silica gel chromatography ( 0.2 - 0.25
gmon two Silica Gel Cartridges.-'Waters Part No. 051900) first using 12
m 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 | was conprised of diluent oil and Fraction 2 was conprised of
free al kyl phenols. The Fraction 2 obtfaometh 2rom t he chromat ographic
separation procedure was analyzed using supercritical chromatography (SFC)

~to determine the amobunt of branched al kyl phenol and |inear al kyi phenol

present Quantificatimaas performed using a calibration curve e known
m xtures of branched and. |inear al kyl phenol. -40 % SA was determ ned on

the dialysis resi diec Dithinphespbgteaci di fication of the product O84% strong

acid (hydrochlori ¢ aci . he presence of diethyl ether, folJl d. by a
potentionetric ti tr%ﬁ'ﬁ“%ﬁor% he organic fraction (tetra n- butyb'é) ni um

-hydr oxi de was usedjmﬁn@réibtﬁ@fef@m@%r);anﬂhi s method separat eqg.gavd

L

quantifies the alkyl salicylic acid and the renaining al kyl phenot (non-
car boxyl at ed al kyi phenate). Results were expressed in equivalent ng KOH
per gram of product (Base Nunber unig). .9 was then determ ned by using
the foll ow ng equation: % SA=100 (Al‘i’a U( % lic

acid/ (Al kyl phenol +Al kyl salicylic acid)) % Ca in the resi due was determ ned
by classical X Ra)h%se&%%trorretry. Dialysis results are as foll ows:

D al ysate 51.1 wt Qtarting sanpl e wei ght 7.22%
' | Zinc Dithiophosphate 0.64%
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%
Formuta 3A
" HOB Salicylate - 8.93%
~ Zinc Dithiophosphate ' 0.64%
' _Foam Inhibitor o 0.04%

¥ _Unsulfurizéd, carboxylate-containing additive

. 'p-répared according to Example 1 8.72%
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Resi due 48.9 wt % of starting sanple weight D alysate Conposition:

Dodecyl p. henol- 1.0 wt % Li near Al kyl phenol 26.7 wt% 100N Base O 72.3 w %
Resi due Conposition Calcium 9.3 w% TBN 2519 ng KOH grn SAl 78 ng KOH gm
% SA 50 The followi ng conposition of the product produced in Exanple 3 was
cal cul ated fromthe conposition of the dialysate and residue fractions:

-41 Total Al kyl phenol Content 14.1 wt% Q1 36.9 W% Single Aromatic Ri ng
Al kyl salicylate 24:5 wt% Cal ci um AFkphphetate 24.5 w % PROCEDURES FOR
PERFORMANCE TESTS The fol | owi ng Section describes Performance Test Methods
referred to in tKedBOBKIIRARE Bul k Oxi dation (M P-48) The M3did%ed.|P-48
test (or MP-48 t ki Il oxidation test. The |P-48 t is test
met hod 48 of the ?r?lli% P’Etﬁltoghggé@etgrol eum and can be found in 'Q'S?gﬁdard

met hods f or anal yfoanalindiibiest i ng of petrol eum and rel ated proéf@% and

British Standard 2000 Bartds, 000, .Met hods. | P-1-324, Vol unme 1"
: , - Unsulfurized, ‘carboxylate-containing addifive

prepared 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
jubricant. .

Results-of Bulk Oxidation Test

| Formula | Formula | Formula | Formula | Formula | Formuta | Formula
& 1A 2 2A 3 EL

[ MIP48 | 39 17 45 25 24 22 20

| results

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

AUTOMO-TI—_VE 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 Engineé.and had the foltowing compositions:
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publ i shed on behal f of the institute of petroleum (London) by John Wley &

Sons, LTD (Chisester,
In said test,

New Yor k, Wi nheim Brisbane,
air is bubbled through a | ubricant sanple which is kept at

Si ngapor e,

Toront o).

high tenperature. The viscosity of the end-of-test sanple is conpared to
that of a reference sanple which has the exact sane conposition but is
bubbl ed th hwith nitrogen. The net viscosity increase (expressed as a

per cent age SEFN s anlndlcatlonfor"the oXidati 8 staBIltyCof a
| ubri cant. E{gu ES‘% )'ffj“ the viscosity incr ea(,s,% ttﬂ%b ttoefgg1 qu’dgo |th O)ngrﬁp
(ASTM D6594 bnoﬂihl%s IS a standard test ineddsod foms ¢valosafi @msoff oos 0.05
corrosi venegsaed Digregle]l engine ol | at UY350C. fThiys §estr mpthed |fs  wseq@l (o
test diesel ":Egi DFfij’Efﬁ'ltcants to deterr]'* ne thei ¥ t ndé’nc t¥ corr¥de| Y
. uffonate i N AN
vari ous netf gCifically alloys of {e gnd coj peﬁ nl u%ed iy
cam f ol | owej esmaaigbammgﬁwﬁew metal [spggi rrensz 0 capper, nl €qd, .41 p, @nd
phosphor br pesdudzedcatyrpatcs@okaining aiditik2 mgasur ed anoumt of ¢nginejoil. The
oil, at an Pre¥ “t“@rﬁ)%‘f“am‘%ﬂre is blown Naitih &‘Pr foN a|pedd of oft t{nwo
Wien t he te_hna 3&’ lsled, the copper sp({c en an tQe $tregssed Qil ar§
exam ned to I ARQIJaRe! ON and corrosijony pf odu,ct , kespectively, v
EXAMPLES S 4m‘ ubtRERFO?MANCE ADVANTAGCES |Ther fql | owi g Exafpl s |1 | ust fate
per f or mance; \Y&nt ages denonstrated by {l ubrigativngjoiV C(perUSI jons Y
~ cont ai ni ng ERE Jihsul furi zed car boxyl at e-jcont aifni @g : adgl tfve of thé pt esgnt
i nvention. ‘ AR E—EH=SPERFORMANCE Y
118 60 | 140 74 230 108

For each formuiation, the unsulfurized, carboxyiate-containing additive of the

present invention was compared to a commercially avaitable salicylate for

corrosion petformance. In each case, covering a range of sulfur,'phosphorus

and ash levels, the carboxylate-containing additive of the present invention

disptayed superior corrosion control performance.

© While the present invention has been described with reference td specific

embodiments, this application is intended to cover those various changes and

substitutions that may be made by those skilled in the art without departing

from the spirit and scope of the appended claims.
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The lubrication oil formulations used in the present exanple were generated
for lubricants intended for use in Marine Trunk Piston Engi nes and had the
foll owi ng conpositions: Formula | Phenate-Stearate 6.04% Zinc

Di t hi ophosphate 0.64% Foam Inhibitor 0.04% Conmerci al

detergent-di spersant 14.72% Fornula 1A Phenate-Stearate 6.04% Zinc.

Di t hi ophosphate 0.64% Foam I nhibitor 0.04% Unsul furized,

"~ carboxyl ate-containing additive prepared according to Exanple 1 10.17%
-43 For mul acjginihenate 7.22% Zinc Dithi ophosphate 0.64% Foam I nhi bitor
0.04% Commercial detergent-dispersant 16.83% Fornula 2A Phenate 7.22%
Zinc Dithiophosphate 0.64% Foam |Inhibitor 0.04% Unsuffurized,

.car boxyl at e-containing additive

1. A method for producing an unsuifurized, carboxylate-containing additive for
lubricating oils, said method comprising: |

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

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

(b) . carboxylation of the hydrocarbyl phenate obtained in step (a) using

carbon dioxide under carboxylation conditions sufficient to convert at
least 20 mole% of the starting hydrocarbyl phenols to hydrocarbyl
salicylate; and '

(c) separation of at least 10% of the starting hydrocarbyl phenols from the
product produced in step (b) fo produce said additive, wherein said
- separation is accomplished via wiped film evaporator distillation.

2. A method for producing an uns_ulfurized, carboxylate-containing additive for
lubricating oils according to claim 1, wherein said hydrocarbyl salicylate
comprises .singl&amrﬁatic-ring hydrocarbyl salicylate and double-aromatic- -
ring hydrocarbyl salicylate whetrein the'mole ratic of single aromatic-ring
.hydr_ocarbyl salicylate to double-aromatic-ring hydrocarbyl salicylate is at

teast 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 30% of the starting hydrocarbyl phenols is separated from the
product produced in step (b} to produce said additive.
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prepared according to Exanple 1 11.05% Formula 3 HOB Salicylate 8.93%
Zinc Dithi ophosphate 0.64% Foam Inhibitor 0.04% MOB Salicylate 8.88%
Fornmula 3A HOB Salicylate 8.93% Zinc Dithiophosphate 0.64% Foam I nhibitor
0.04% Unsul furized, carboxylate-containing additive prepared according to
Example 1 8.72% -44 Formul a 4A Carboxy-Stearate 8.83% Zinc

Di t hi ophosphate 0.64% Foam I nhibitor 0.04% Unsulfurized,

carboxyl at e- cont ai ning additive prepared according to Exanple 1 8.72% The
treat rates of these concentrated additives in finished oil were adjusted
to ensure a BNof 40 ng KOHI g according to ASTM D2896 for the finished

| ubricant. Results of Bul k Oxidation Test Fornula Fornula Formula Formul a
Formula Formula Fornula 1 1A 2 2A 3 3A 4A

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

5. A method for producing an unsulfurized, carboxylate-containing additive for
lubricating oils according to claim 1 or claim 2, wherein, in said separation
step, 45% to 50% of the starting hydrocarbyl phenols is separated from the
prdduct produced in step (b} to produce said additive.

6. A method for producing an unsulfurizéd, carboxylate-containing .additive for

| lubricating oils according to any one of claims 1 to 5, wherein said distillation

is carried out at temperatures ranging from 150°C to 250°C and at'pressures
from-0.1 to 4 mbar. |

7. A method for producing an unsulfurized, carboxylate-containing additive for
jubricating oils according to any one of claims 1to 5, wherein said distillation
-is carried out at temperatures ranging from 190°C to 230°C and at pressures
from 0.5 to 3 mbar. '

_ 8. A method for producing an unsulfurized, carboxylate-containing additive for

lubricating oils according to any one offCIa'ims 1 to°5, wherein said distillation

is carried out at temperdtures ranging Vfrq_m.*i'95°(3 to 225°C, and at a
pressure of 1 to 2 mbar. o |

9. A method for producing an unsulfurized, carboxylate-containing additive for
lubricating oils according to any  one of the preceding claims, wherein an -
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M P-48 39 17 45 25 24 22 20 results The results of the MP-48 bul k

oxi dation test show that the unsulfurized, carboxylate-containing additive
of the present invention has surprisingly better viscosity increase
control (VIC) conpared to a commerci al detergent- dispersant when tested at
the sanme BN level in the sane fornulation. EXAMPLE 5 AUTOMOTI VE
PERFORMANCE The lubrication oil formulations used in the present exanple
were designed for Low Em ssion Diesel Lubricants (LEDL) intended for use °

in Low Em ssion s ‘ [ e f ] ositiops.. .-45
Basel i ne For nmul gﬁf%ﬁé?l'%\@%ﬂgqgﬁ)&&ﬁ&%&é@ %ﬁrlda&@oﬁgé&ﬁqggdﬁeg % Ba'f- 01.0
Sul phur, 9% 0. 10a¢ditiee.0. 12 0.12 0.10 0.10 Phosphorus, % 0.05 0.05 0.05 0.05
0.05 0.05 Borated Dispersant Y Y Y Y VY Non-Borated Dispersant Y Y Y YY
Y LOB Ca-Sulfonate NNY Y NN LOB Salicylate NNNNY Y Comercially
Avail able Salicylate, % 4.5 N4.5 N 4.5 N Unsul furi zed, .
car boxyl at éoconXamﬂihﬁg fad @radugingpare pasdtiriaed ovatboxylate-cBrtamphe atiditivé f@ N 5. 0

N 5.0 Secondar_mb,?i@é};}i@ JIsYac%oX:IirYg Yo aﬂzr%ngr}*ltﬁgip?gcéﬁmd él%sq%\mere\:{in,\{af?er\{ Yy

said separation step, said starting hydrocarbyl phenols are recycled.

1. 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:
{a)  said neutralization operation is carried out in the présence of at

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

" and in the absence of alkali base, dialcohol, and monoalcohol; and

(b)  said neutralization operation is carried out at a temperature of at least
200°C; |

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

form an azeotrope with water;

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

atoms; and

(e) the quantities of reagents used comrespond to the following molar
ratios: |
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Mol ybdenum Anti-Oxidant Y Y YY Y Y FoamlInhibitor YYYYYY OCP VII Y
YYYYY Base 001 YYYYYY Base Ot 2 YY Y YYY HICBT .Pb, PPm 118

60 140 74 230 108 For each formul ati on, the unsul furized,

car boxyl ate-containing additive of the present invention was conpared to a
commercially available salicylate for corrosion performance. 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. Wiile the present invention has
been described wth reference to specific enbodinents, this application is

i ntended t th I ' hor Ls. b d
by those ski1ed in (o acl ol Fau Daaun oot PREhb 02 O A 00 e of

by those skilled in
t he appended cl ai ns.

-46 Claims: 1. A nethod for producing an

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

met hod conprising: (@) ne%fb@k}lﬁ&&ﬂy@&g&%ﬂ?@ﬁ% él?)flfroﬂh@ﬁ?! So'6%:49 an

al kaline earth base in the presence 0 , to produce’a

“hydrocar byl phenate;

(b) ---carboxylation of the hydrocarbyl phenate

obtained in step (a) using carbon dioxide under carboxylation conditions

sufficient 10 conMpifodtor Pré@iing?8n TRLEMAREA! BErbSkhtel St Q08D ror

. phenol s to hydrocar by

|
lubrica%{ng oils according to any one of the preceding claims, wherein said

hyd-rpcarbyl phenots are alkylphenols.

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

the preceding claims.

14.  Alubricant éddifive-composi,tion cdmpris'ing.the lubricating oil additive of claim

13 and at least one of the following:

(a)
(b)
(c)
(@)

a phenate;
a phehate'-stearate;
a salicylate; and

a carboxy-stearate.

15. The compcsitibh of claim 14 wherein the mass ratio of phenate to said
lubricating oil additive is from 1: 0.035 to 1: 98. |

16.  The composition of claim 14 wherein the mass ratio of phenate to said
Iubricating oil additive is from 1: 0.239 to 1: 14,
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salicylate; and (c) separation of at least 10% of the starting hydrocarbyl
phenols fromthe product produced in step (b) to produce said additive,
wherein said separation is acconplished via wiped film evaporat or
distillation. 2. A nmethod for producing an unsul furi zed,
car boxyl ate-contai ning additive for lubricating oils according to claim1,
wherein said hydrocarbyl salicylate conprises single-aromatic-ring
hydr ocar byl salicylate and doubl e-aronmatic- ring hydrocarbyl salicylate
uher el n_tha7ml enbaldodiod BOlRiA” PABKAG it nfed' BR8B! BYbnatld Y| e 1 O
doubl e-aromatic-ring hydrocarb salicylate 1s at |east 8: ho
for produci ng atbgaging @il agdiiive lééﬁobbiygéﬁém:dml Bining additive for
| ubricating oils according to claim1 or claim?2, wherein, in said
separation step, at |east 30% of the starting hydroCar byI phenols is
separated fromthe product produced in step ﬁéb) to produce said additive.
-47 4. A méBnod Thercomnssitionrdf any ans wffdeimsettt te d7bulgreint thecowsairalin gt
additive for | [ ry. gl erein,
sai d separati othéllt‘%%fsltét}gat% tb§g@ﬁ@’%§:ﬂ§g§l%ﬁﬁ!tiﬁb%§gﬂgcgr Qﬁbéhe%é(;l S is
separated fromthe product produced in step (b) to produce said additive.
5. A method for producing an unsul furized, carboxyl ate-contai ni ng additive
for lubriggtin [ i | i (o} e d
epar ati on st oy CSTIRERERGHOHY] B F dRitneC14 B0 Arhprofl Bies s o ot
separ at ed from phenatgstepiate t@saadubr@patmgsmladd(uw lsiborpﬁoﬂtﬁéé ted dl8add| tive.
6. A nethod for producing an unsulfurized, carboxyl ate-containing additive
for lubricating oils according to-any one of clains 1 to 5, wherein said
distillation
_ 20 The composition of any one of claims 14 to 17 wherein the mass ratio of
phenate-stearate to said lubricating oil additive is from 1: 0.667 to 1: 9.7.

21.  The composition of any one of daims 14 to 20 wherein said Sahcylate is a
medium-overbased salicylate.

22.  The composition of any one of claims 14 to 20 wherein said salicylate is a
high-overbased salicylate. -

23.  The composition of any one of claims 14 to 22 wherein the mass ratio of
salicylate to said lubricating oit additive is from 1: 0.026 to 1: 120.

24.  The composition of any one of claims 14 to 22 wherein the mass fatio of
salicylate to said lubricating oit additive is from 1: 0.178 fo 1: 17.

25.  The composition of any one of claims 14 fo 22 wherein the mass ratio of
salicylate to said‘iubricating_ oil additive is from 1: 0.335to 1: 9.2.
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is carried out at tenperatures ranging from 150C to 250C and at pressures
fronD.1 todnbar. 7. A nmethod for producing an unsul furized,

car boxyl ate-containing additive for Jlubricating oils according to any one
of claimse 1 to 5 wherein said distillation is carried out at tenperatures
rangi ng from 190C to 230C and at pressures fromO0.5 to 3 nbar. 8. A nethod
for producing an unsul furized, carboxyl ate-containing additive for

| ubricating oils according to any one of clainms | to 5, wherein said
distillati [ arried.out at te erat ures ngj.ng from 195C to 225C, and
at a pr es%@fe i}hg Cot"boof't%a?faa'éy ORS ¢ St 64 ??)%d‘gti?rﬁﬁ' GRsSIRlR Phed,
car boxyl at e- concaibokpgteaeste td gaidilabricdting il @atiting istfrdrs 120028dbNY10% any one
of the preceding clains, wherein an -48 effective viscosity inproving
anount of organic diluent is added to said additive. 10. A nethod for
produci ng an unsul furized, carboxyl|ate-containing additive for |ubricating
oi | s accor @&7ng fTheasompasitioaf oft drey pneaifctilaimsc’witcﬁrsz5 whérel the Afakerrati¢af d

separation step, ald tartin byl 8 nols. are re led, _11. A

met hod for pr odﬁ@ 63’3 a{ﬁ@ﬁ?gﬁ'p%'i 533?839535 'ﬁ'&?@fﬁ%ﬂﬂapﬂ%ﬁg Sdlﬁ_’tl ve for

| ubricating oils according to any one of the preceding clains, wherein, in
said neutralization step (a) said neutralization operatl on is carri ed out

in the presgnce t ne carboxyli.c a |mn fromone to four
carbon at o?g :Iﬁﬁ q%ﬂqptc‘r?g%gb‘ge 08¢ A qims ﬁjag%%g r@Bh € magg ratio of
nmonoal cohol ; andarbbky-steiathteesibaidlliEridatios ooaemawa RITrdrd 1667219!1%1108“1 at a
" tenperature of at | east
29. A Iubn'cating_ oil composition comprising:

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

(b)  from 1% to 30% of the lubricating oil additive according to claim 13.

30. A lubricating oil composition according to claim 29 further comprising at least
. ane of the following: '

‘(a) an ashless dispersant
{b)  anoxidation.inhibitor;
()  arustinhibitor;

(d). ademulsifier;
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200C, (c) the pressure is reduced gradually bel ow at nospheric in order to
renove the water of reaction, in the absence of any solvent that may form
an azeotrope with water; (d) said hydrocarbyl phenols contain up to 85% of
| i near hydrocarbyl phenol in mxture with at | east 15% of branched
hydrocar byl phenol in which the branched hydrocarbyl radical contains at

| east nine carbon atons; and (e) the quantities of reagents used
correspond to the following nmolar ratios: -49 |i (1) alkaline earth

base/ hydrocar byl, phenol of 0.2:1 to 0.7;1; and (2) carboxylic

aci d/ hydr ocar byl(egheﬁ&Ie’%P“?er%rﬁFﬂ?rﬁfgf%o 0.5:1. 12. A method for producing
an unsul furi zed, carboxyl ate-containing additive for lubricating oils
according to any one of the preceding clains, wherein said hydrocarbyl
phenol s are alkylrphenoii,is~ 13. % | ubricating oil additive produced by the
met hod accordingto anyCENETEM e he preceding clainms. 14. A lubricant

addi tive conposition conprising the lubricating oil additive of claim 13
and at | east one of the following: (a) a phenate; (b) a phenate-stearate,;

| (12) \Aﬁe?Z! inc%/lhgt ﬁ'gg2n(rjaam%}lg%ﬁ%%%%é;’%geggﬁge. 15. The conpositi on.of claim
(h) .a vischity index improver;

(i) a pour poir}t depressant;

() -a foam inhibitor; and 7

(k) a metai~contéining detergent.

~31. A hydraulic oil composition containing a major part of a base oil of lubricating
viscosity and from 0.1 to 6.0% of the lubricating oil additive according to claim
13.

32. A concentrate comprising:
(@)  from 20% to 80% of an organic diluent; and
(b)  the lubricating oil additive according to Claim 13.

33. . An-additive p_ackage comprising the lubricating oil additive according to claim
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| ubricating oil additive is from1: 0.035 to 1: 98. 16. The conposition of
claim14 wherein the mass ratio of. phenate to said |ubricating oi
additive is from1: 0.239 to 1: 14. -50 17. The conposition of claim 14
- wherein the mass ratio of phenate to said lubricating oil additive is from
1: 0.451 to 1:7.5. 18. The conposition of any one of clainms 14 to 17
wherein the nmass ratio of phenate-stearate to said |ubricating oi
additive is from1: 0.051 to 1: 126. 19. The conposition of any one of
clainms 14 to 17 t he mass r e-Stearate to said
ubr i cat i ng oi | 15daRTIgaeTEri o ersyBhe cbBERARET" The Commosi tion of
any one of clains 14 to 17 wherein the nmass ratio of phenate-stearate to
said lubricating oil additive is from1: 0 667 to 1. 9.7. 21. The
~conposi tion of y one_of ne 14 't 0 wherein said salicylate is a
medi um over based sal?é?&ﬁ ?ngfH%mES osition of any one of clains 14 to
20 wherein said salicylate |s a high-overbased salicylate. 23. The
~conposition of any one of claims 14 to 22 wherein the mass ratio of
salicylate to said Iubrlﬁ g% oil additive is from1l: 0.026 to 1: 120. 24.
The conposition aﬁQag CF 14 to 22 wherein the mass ratio of .
salicylate to sald | ubricating oil additive is from1l: 0.178 to 1. 17. 25.
The conposition of any one of clains 14 to 22 wherein the nass ratio of
salicylate to s |)d | ubric E g]hcb}? additiveis from1: 0.335 to 1: 9.2. -51
26. The conp05| fon Fogﬁ%' "l ai ms 14 to 25 wherein the mass ratio of
car boxy- stearate to said lubricating oil additive is from1l: 0.023 to 1:
105. :

| (d) a rust inhibitor;
{e) ademulsifier;
- Af) an extreme pressure agent;
" _(:g)., | a friction modifier;
(h) atnunﬁungﬁonaiaddmve;
) aviscosity index improver;
: ﬁ(j)' a pour point depressant; and
(k) afoam inhibitor.

34. A method for improving corrosion protection in an internal combustion engine,
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27. The conposition of any one of clainms 14 to 25 wherein the nmass ratio of
carboxy-stearate to said lubricating oil additive is from1l: 0.156 to 1:
15. 28. The conposition of any one of clains 14 to 25 wherein the nass

-ratio of carboxy-stearate to said lubricating oil additive is from 1:

0.294 to 1: 8.1. 29. Alubricating oil conposition conprising: (a) a major
part of a base oil of lubricating viscosity; and (b) from1l%to 30% of the
| ubricating oil additive accordingto claim13. 30. AIubricating oi |

conposi tion accqr t o, claim.29 further co f t
ol Towi ng. (2 - S, Bk, Soofiind cdraus) o SBKf cpmfbian Bdme it fis
rust inhibitor; lshcatingeilmubmapbsitor accordifgjo anine2® beorinpB@ssur e agent; (f)
a friction nodifi er; (g) a nultifunctional additive; (h) a viscosity index
i nprover; (i) a pour point depressant; (j) a foaminhibitor; and (k) a
nmet al -contai ning detergent. 31. A hydraulic oil conposition containing a
maj or  part 3% aﬁba&eﬂnidl faof mhprbmhgambagsntyvimt yonatn:d of czmlﬁbribating 60i0% of
thelubrlcatlng Qi | |t|v to(rjdln 10 cldag 5 t2 centrate
conpri si ng: composn ion, 53id rethad To rising adding an e ective v:scos ¥ increase

' . controlling amount of the lubricating oil additive according to claim 13 to said

lubricating oil composition.
36. A-t_Ub_ricating oil additive comprising:
(a) less than 40% hydrocarbyl phenol;
(b)  from 10 to 50% a’lkéiine earth metal hydrocarbyl phenate;

(cy from 15 to 60% alkaline earth metal single-aromatic-ring hydrocarbyl

salicylate;

{d) alkaline earth double-aromatic-ring hydrocarbyl salidylate wherein the
- mole ratio of single-aromatic-ring hydrocarbyl salicylate to double-
aromatic-ring hydrocarbyl salicylate is at least 8:1; and

(ey from 0% to 50% organic diluent.
37.  Alubricating oil compesition comprising:

(@)  amajor part of a base oll of lubricating viscosity,
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(a) from20%to 80% of an organic diluent; and (b) the lubricating oi
additive according to Claim13. 33. An additive package conprising the

| ubricating oil additive according to claim -53 13 and further conprising
at least one of the followng: (a) a netal-containing detergent; (b) an
ashl ess dispersant; (c) an oxidation inhibitor; (d) a rust inhibitor; (e)
a demulsifier; (f) an extrene pressure agent; (g). a friction nodifier;
(h) a multifunctional additive; (i) a viscosity index inprover; (j) a
pour point depressant; and (k) a foaminhibitor. 34. A nethod for

i nproving corrosion protection in an internal conbustion engine, -54 said

ior cat i ng of | (Bonpient 5o 20t i hris e hasdlvs sgpding ot eemef. o et nod

for inproving viscosity increase control of a lubricating oil conposition,
said nethod conprising adding an effective viscosity increase controlling

t of I jcating.oil additi 1C di im13.t | d
bt cati ngPoi | AdBGRRE oIt AP g 57 et FUBPEp e kesly

7 one of the following:
(a) an ashless dispersant
(b) an o*idation inhibitor;
| (c) arustinhibitor;
{d) | a demulsifier;
(e) an extreme pressure agent;
) a friction modifier;
{(9) ammmmwmmdammwa'
- (h)  aviscosity index improver;

{i) a pour point depressant;

(i)  afoaminhibitor; and
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(a) less than 40% hydrocarbyl phenol; (b) from 10 to 50% al kal i ne earth

net al hydrocarbyl phenate; (c) from1l5 to 60% al kali ne earth netal
single-aromatic-ring hydrocarbyl salicylate; (d) alkaline earth

doubl e-aromati c-ring hydrocarbyl salicylate wherein the nole ratio of

- single-aromatic-ring hydrocarbyl salicylate to double- aromatic-ring
hydrocarbyl salicylate is at least 8:1; and (e) fromO0%to 50% organic
diluent. 37. A lubricating oil conposition conprising: (a) a major part of
a base oil of lubricating viscosity, -55 (b) from1l %to 30% of the

| ubricating oil additive accordi ng to claim36. 38. A lubricating oil

conposi tion acc d| nﬁlrrﬁé?al A(??Mmﬁ rb%ﬁ) conprising at |least one of the

fol | ow ng: (a) ess sper an oxidation inhibitor; (c) a
rust inhibitor; (d) a demul sifier; (e) an extrene pressure agent; (f) a
friction nodifier; (g) a rrultifunctional additive; (h) a viscosity index

inmprover; s§i) A RAMWIRUIN oSSR B0taining & nidORR bMBAR 5iP5f nBRthtng®
' viscosity and from 0.1 to 6.0% of the lubricating oil additive according to claim
36. '

~ 40. A concentrate comprising:
(a)  from 20 to 80% of an organic diluent, and

(b)  the lubricating oil additive according to claim 36.

41, - An additive package comprising the lubricating oil additive according to claim
36 and further comprising at least ane of the following:

(a8 a metal—i:ontaini_ng detergent
{b) an ashle#s dispersant
{c) an oxidation inhibitor;

- {d) a ruét inhibitor; -

(e)  ademuisifier;
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(k) a netal -containing detergent. 39. A hydraulic oil conposition
containing a nmajor part of base oil of lubricating viscosity and fromO.1
to 6.0%of the lubricating oil additive according to claim 36. 40. A
concentrate conprising: (a) from20 to 80% of an organic diluent, and (b)
the lubricating oil additive according to claim36. 41. An additive package
conprising the lubricating oil additive according to claim 36 and further
conprising at |east one of the following: (a) a netal -containing detergent
(b) an ashl ess 6spersang c) an oxidation inhibitor; (d). a rust

i nhibitor: (e) &) den@l&WPEEPrespre poenl, oxtrene pressure agent: (g) a
friction nodifier; (h) a nmultifunctional additive; (i) a viscosity index
i nprover; (j) a pour point depressant; and (k) a foaminhibitor. 42. A
~lubricant additive conm sition.conprising the lubricating oil additive of
claim 36 and afgheaét'%H@rﬁ?mgﬁé-follomﬁng: (a) a phenate; (b) a

phenat e- st ear at e; ‘

(h)  a multifunctional additive;
(i} a viscosity index improver;
(i) a pour point depressant; and

(k) a foam inhibitor.

42.  Alubricant additive composition comprising the lubricating oil additive of claim
36 and at least one of the following:

| (a) a phenate;
(b) aphenate-stearate;
(c) a salicylate; and
(d) a carboxy—Stearate,

43.  The composition of claim 42 wherein the mass ratioc of phenate to- said
lubricating oil additive is from 1: 0.035 o 1: 98.
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(c) a salicylate; and (d) a carboxy-stearate. 43. The conposition of claim
42 wherein the mass ratio of ;phenate to said lubricating oil additive is
from1l: 0.035 to 1: 98. -58 44. The conposition of claim42 wherein the
mass rati o of phenate to said lubricating oil additive is from1l: 0.239 to
1: 14. 45. The conposition of claim42 wherein the mass ratio of phenate to
said lubricating oil additive is from1: 0.451 to 1: 7.5. 46. The
conposition of any one of clains 42 to 45 wherein the mass ratio of

phenat e- st rat to said.] ubrj oi | tive is - 0,051 to 1:
126. 47. T BATRIFGN “l f""'ﬁ%ﬁ‘g‘beﬁa% rﬁ%ﬁg}%‘*ﬁa‘i@hg’ fa¥s
rati o of phenat@nsgt&@r@t@jcﬁmfesgfrdrﬂ 1y 23moing40i | additive is from 1:
0.353 to 1: 18. 48. The conposition of any one of clains 42 to 45 wherein

the mass ratio of phenate-stearate to said lubricating oil additive is
from1l: 0.667 to 1: 9.7. 49. The conposition of any one of clains 42to 48
wher ei _nt saug. fsa’fl'héydom;ﬁ)sitmnaof ﬁﬁdhﬂf;@! QW%F'4 élahstﬂé hasd ¢§it(ﬁjdito€|-ph'éﬂ?te;rhﬁ_said
conposition o ny. one of ai ns 0 erein said salicylate is a

hi gh- over based F%’ﬂﬂgaﬁ"ea JS‘WQ'%HQ"E rppﬁﬂfﬂor?%f any one of clains 42 to
50 wherein the mass ratio of salicylate to said lubricating oil additive
is from1l:0.026 to 1: 120. 52. The conposition of any one of clainms 42 to
50 wherein the mass ratio of -59 salicylate to said lubricating oil
‘additive is from1: 0.178 to 1: 17. 53. The conposition of any one of

cl_al ns 42 518 50 erel n the ss rati ?

e composition of any one o cPafims 42 to 45 wherein the mass ratio of

phenate-stearate to said 1u_br|cat1ng oil additive is from 1: 0.051 o 1: 126.

47.  The composition of any one of claims 42 to 45wherein the mass ratio of

phenate-stearate to said fubricating oil addifi_ve is from 1: 0.353 to 1: 18.

48.  The composition of any one of claims 42 to 45 wherein the mass ratio of
phenate-stearate to said lubricating oil additive is from 1: 0.667 to 1: 9.7.

49.  The composition of any one of claims 42to 48 wherein said salicylate is a

medium-overbased salicylate.

50. The composition of any one of claims 42 to 48 wherein said salicylate is a
high-overbased salicylate.

- 51.  The composition of any one of claims 42 to 50 wherein the mass ratio of
salicylate to said lubricating oil additive is from 1: 0.026to 1: 120.

52. The composition of any one of claims 42-to 50 wherein the mass ratio of
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salicylate to said lubricating oil additive is from1: 0.335 to 1: 9.2. 54.
The conposition of any one of clains 42 to 53. wherein the nass ratio of
carboxy-stearate to said lubricating. oil additive is from1: 0.023 to
1:.105. 55. The conposition of any one of clains 42 to 53 wherein the nass
ratio of carboxy-stearate to said lubricating oil additive is from1
0.156 to 1: 15. 56. The conposition of any one of clainms 42 to 53 wherein
the mass ratio of carboxy-stearate to said lubricating oil additive is

from1: 0.294 to 1: 8.1. 57. A nethod for inprovin rosjon protection in
an internal contSadyas o %fﬁﬁi'%',cat‘%?'gaﬁifgtf‘f?dg?@%r(?%ffﬂ? ﬁp_ rating an
internal conbustion engine with the |lubricating oil conposition according
to claim37 or claim38. 58. A nethod for inproving viscosity increase

control of a lubricating oil _conposition, saj t hod coppri sing_,adding an
effective Wscodiyq OfE%PP‘BquiC?@mér&SR g@f“"??f&'"l E%r a3t ?ﬂtﬁ’ 8f I

addi ti ve conposishiigfatats osidiigiching 61 addiiveSs frons & 613881y 1:.c2.i ng oi |
conposition. 59. A nethod for producing an unsul furized,

car boxyl ate-contai ning additive for lubricating oils according to any one

- of claims 1 to 12, wherein the product produced in step (b) is filtered to
~ renove any siedi meatcomEdsition of any one of claims 42 to 53 wherein the mass ratio of

carboxy-stearate to said lubricating oil additive is from 1: 0.023 to 1: 105.

55. The composition of any one of claims 42 to 53 wherein the mass ratio of
| carboxy-stearate to said lubricating oil additive is from 1: 0.156 to 1: 15.

56.  The composition of any one of claims 42 to 53 wherein the mass ratio of

carboxy-stearate to said lubricating oit additive is from 1: 0.294 to 1: 8.1. -

57. A method for improving corrosion protection in an internal combustion engine,
said method comprising operating an interal combustion engine with the
lubricating oil compeosition according to claim 37 or claim 38.

58. 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 36 to said lubricating oil composition.

59. A method for producing an unsulfurized, carboxylate-containing additive for
lubricating oils according to any one of claims 1 to 12, wherein the product

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