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2707R TFTLE OVERBASED METAL SALTS USEFUL AS ADDI TI VES FOR FUELS AND

LUBRI CANTS 5 . BACKGROUND OF THE | NVENTI ON The present
invéntion relates to certain overbased netal salts useful as additives for

| ubrl cants based on oils of lubricating viscosity. Mre particu- larly, it
relates to netal carboxyl ates of al kyl ene bi s-phenol al kanoic acids and

rel ated hydroxy carboxyl ates. These materials, as well as corresponding
neutral 10 salts and certain |actones, are particularly useful as

addi tives for rf&fne diesel lubricants. T ield of |ubricant technol ogy
I's eharacterized by a never-endi ng search i nproved | ubricants and
additives. Additives, esser@VERBASERMETAICSALTSHSBEBULBASe of |ubricants

for all manner of nodern enghpReTVESEER F EL%@QD&@@ICANGI‘SJ& ng those of
provi di ng detergency, antioxidant properties, and suspension of

cont ani nant$. The latter funcBAfabURQUEND O bidk NMENLEAN i n engi nes which
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engi nes cohfonispltasad ¢entadi ilatones; armpartiontaplyl usefl as additives fiorymavinerdiesel
generation apply,satiRes. or in stationary |and-based power generation

applications. Marine _diesel engines 25 are commonly desi gged to run gn a
variety of diesel fuEhe fieldg gmmqamtwhpom@ﬂs gharapterized by ngvenending
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rings. The additives of the present invention, besides their general utility as

20  detergents and antioxidants in many applications such as general diesel

applications, are particularly useful in marine diesel engines. Marine diesel
engines are typically two- or four-stroke compression ignited engines commonly
used in ships for main propulsion or auxiliary power generation applications, or
in stationary land-based power generation applications. Marine diesel engines
25  are commonly designed to run on a variety of diesel fuels from good quality
light distillate fuel with low sulfur and asphaltene content to poorer quality
intermediate or heavy fuels like "Bunker C" or residual fuel oil with generally
higher sulfur and asphaltene content. Four stroke engines designs have
crankcase oil systems which can become contaminated with diesel fuel either
30 through blow-by or fuel leakage directly into the lubricating oil. Hence the
present lubricants are particularly useful in providing asphaltene suspension in
lubricants which are employed in the lubrication of such engines.
PCT Publication WO 93/21143, Blystone et al., published October 28,
1993 discloses metal carboxylates of alkylene bis-phenol alkanoic acids useful
35  as additives for fuels and lubricants.
U.S. Patent 5,281,346, Adams et al., January 25, 1994, discloses
Iubricants for two-cycle engines comprising a major amount of at least one oil



1993 di.scl oses netal carboxyl ates of al kyl ene bi s-phenol al kanoi c aci ds
useful 35 as additives for fuels and lubricants. U S. Patent 5,281, 346,
Adapms et al ., January 25, 1994, discloses lubricants for two-cycle engines
conprising a maj or ampbunt of at | east one oil 2 of lubricating viscosity
and a mnor anount of certain conpounds of fhe general formula [err]. Ais
an anion containing group with a carboxylic aromatic structure. U.S. Patent
2,933,520 to Bader relates to conpounds represented by the 5 f or mul a.
[err] 1|0k : n V\hlfd:lliln‘ﬁcﬁt?:h viggo sarwllgl anddy m«i:md remourt @if @grtain doanpounds dfitie geacrabn,
e.g., alkylene [ me n nd cqnt aj ni at_.l.eas rbon ..
atons and cont gﬁ%ﬁg@a ép o’ '1%, ysl%“ %‘P%é’v‘é‘?fﬁwréé}gg&%wgl %néﬁrgﬁgylgfgg%gaté? e
arormti€ ringsstruemdstituted or substituted with al kyl, hal ogen, nitro,

sulfo and others, t 'lﬁsf‘%wn? 25?33%9%%&3%&8%%% %B&ﬁ@%ﬁﬁ&é i-é}ﬂe%gﬁ?&%& RS

such as boiling point, ¢) IT1ty, toxicity, an acterrci

fungi ci dal 9 i nd@@®yla;i dal and |ike properties. U S. Patent 3,038,935 to
Gerber et al. teaches the prrparation of conpounds of the fornmula R H
R 20 HO . C | OH R COOVe R wherein each Ris an

al i phati c, cycloaliphats(_g(ﬁ_g_r aropat i r_q&izgal, Me is Na, K 25 or Li, by
reacting al kali netal ts‘%ﬁ himdef'ed nols with dichloroacetic acid.
Products are said to be usef for production of rubber auxiliaries,
mneral oil additives and st&bilizers for plastics. U S. Patent 3,133,944

to Christensen teaches heavyCOMl salts represented by 30
R[err] 10  in which R, may be hydrocarbon, halogen, R, is hydrocarbon, e.g., alkylene

other than methylene and containing at least two carbon atoms and containing
up to 10, 12 or even more carbon atoms, Ar groups are aromatic rings,
unsubstituted or substituted with alkyl, halogen, nitro, sulfo and others, the
nature of each of these groups affecting properties such as boiling point,
15 solubility, toxicity, and bactericidal, fungicidal, insecticidal and like properties.
U.S. Patent 3,038,935 to Gerber et al. teaches the preparation of

compounds of the formula '

R H R

\
20 HO T @ oH

R COOMe R

wherein each R is an aliphatic, cycloaliphatic or aromatic radical, Me is Na, K
25 or Li, by reacting alkali metal salts of hindered phenols with dichloroacetic
acid. Products are said to be useful for prdduction of rubber auxiliaries, mineral
oil additives and stabilizers for plastics.
U.S. Patent 3,133,944 to Christensen teaches heavy metal salts
represented by
" N
HO-}}r-C-Ar-OH

R

|
COOMe



3 wherein the [err] is alkyl of 1-4 carbons, R2 is alkylene of 2-6 carbons
and Ar Is an aromatic group which nay be substituted with one or nore
\, groups and others. The salts are said to be adapted to retard or
pre ent the grow h of biological organisns, particularly nolds and m | dews.
U S. Patent 3,471,537 to Berke ety al. teaches diphenolic
corrpounds of the fornul as [err] 10 and 15 X OHR OH X 20
[err] wherein X and [err] are hal ogen or hydrogen, salts and derivatives
as useful for @hereig¢h i id adkyd o ladtcasteypis] aradkylene of 2c6 @atbonsdnd. Ar is
Patent 4,828,733 to Farng et al. relates to Copper salts of hindered phenol
carboxyl i ¢ aci &g arematic Bzoum whicts amydbs substitntedDaitbnons 0o maregeethyl groupses
basi c magnesi U%&%h!éf?j Ofrh%%m}{fs]'a} tad t@r&”ﬁi égeci‘i/&?& dSP?Pé%X&‘t @de@tﬁ Cfe

(e.g. salicylic, aci can be us ricatlng oi
variety of methrd%ﬁ@aersah@n@on%ramsyrravhisrf@érme%w&yed W th varying

degrees of s5success ®5S| Biteh€347NH371 fo Beike! &tV &S teddbles diplériolR @drfipounds of
detergents of hhef ashicont aining type. These are well-known in the art and
i ncl ude Newt on OIMY'&on- Newt oni an neutral and overbased salts of alkali,
17 FEB 1998 al kaline earth a@@Q@Hansition netals with, for exanple,

sulfonic acids, carboxyliggy | og x

I

and
15
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20 @CH@

wherein X and X1 are halogen or hydrogen, salts and derivatives as useful for

25  germicides and antiseptics and disinfectants.

U.S. Patent 4,828,733 to Farng et al. relates to copper salts of hindered
phenol carboxylic acids.

U.S. Patent 4,627,928, Kam, December 9, 1986, discloses basic
magnesium salts of substituted aromatic hydroxy carboxylic acids (e.g. salicylic acids)
30  which can be used in lubricating oils.

A wide variety of metal-containing compounds have been employed,
with varying degrees of success as lubricating oil additives. Illustrative are
detergents of the ash-containing type. These are well-known in the art and
include Newtonian and non-Newtonian neutral and overbased salts of alkali,



acids, galicylic acids, phosphorus ass R I henol s. and-t he-like—
Aneng the many publications which ptal salts and their
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SUMMARY COF THE | NVENTI ON The present i nvent |4on pr ovi des an

salt of an acidic ma- terial selected fromthe group consisting of (a
hydrocar byl -substituted car- boxyal kyl ene-1inked phenols, (b) dihydrocarbyl
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' method for lubricating an internal combustion engine which burns fuel contain-
ing asphaltene components, comprising supplying to the englne a lubricant
comprising:
20 (a) an oil of lubricating viscosity, and
(b) a material selected from the group consisting of (i) metal salts of hy-
drocarbyl-substituted carboxyalkylene-linked phenols, (ii)metal salts of dihy-
drocarbyl esters of alkylene dicarboxylic acids, the alkylene group being substi-
_tuted with a hydroxy group and an additional carboxylic acid group, (iii) metal
25  salts of alkylene-linked polyaromatic molecules, the aromatic moieties whereof
comprise at least one hydrocarbyl-substituted phenol and at least one carboxy
phenol, and (iv) lactones of hydrocarbyl-substituted carboxyalkylene—lmked
phenols.
The lubrication process is generally made complete by operating the en-

30 gine.
DETAILED DESCRIPTION OF THE INVENTION
The present invention relates to overbased metal salts of a variety of
types, and their use of lubricants. Overbased materials are single phase, homo-
geneous, generally Newtonian systems characterized by a metal content in ex-
35  cess of that which would be present according to the stoichiometry of the metal
and the particular acidic organic compound reacted with the metal.
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commonly expressed in terms of netal ratio.gThe term"netal ratio
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car boxyl i dSaci Bluepasedieindidagor: aFhoavetbaseaddmpterials of the present invention generally

: have a total base number of at least 20, preferably 100, more preferably 200.

The overbased material generally have a total base number up to 600, preferably
500, more preferably 400. The total base number is essential to the invention
because the inventors have discovered that the ratio of the equivalents of over-
20  based material based on total base number to the equivalents of hydrocarbyl
phosphite based on phosphorus atoms must be at least one to make the thermally
stable lubricating compositions of the present invention. The equivalents of
overbased material is determined by the following equation: equivalent weight
= (56,100/total base number). For instance, an overbased material with a total
25  base number of 200 has an equivalent weight of 280.5 (eq. wt = 56100/200).

The overbased materials (A) are prepared by reacting an-acidic material
(typically an inorganic acid or lower carboxylic acid, preferably carbon dioxide)
with a mixture comprising an acidic organic compound, a reaction medium
comprising at least one inert, organic solvent (mineral oil, naphtha, toluene,

30 xylene, etc.) for said acidic organic material, a stoichiometric excess of a metal
base, and a pfomoter.

The acidic organic compounds useful in making overbased compositions
in general can include carboxylic acids, sulfonic acids, phosphorus-containing
acids, phenols or mixtures of two or more thereof. However, for purposes of the

35  present invention, the overbased materials are based on certain carboxylic acids
which contain neighboring hydroxy groups. These materials are described in
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conpounds useful in making overbased conposgtlons I n general can include
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propriate amount of metal base and carboxylic acid substrate, the formation of

.useful overbased compositions is facilitated by the presence of an additional
acidic material. The acidic material can be a liquid such as formic acid, acetic
20  acid, nitric acid, sulfuric acid, etc. Acetic acid is particularly useful. Inorganic
acidic materials may also be used such as HCl, SO,, SO;, CO,, H,S, etc., pref-
erably CO,. When CO, is employed, the product is referred to as a carbonate
overbased (or carbonated) material; when SO,, sulfite overbased (or sulfited);
when SO,, sulfate overbased (or sulfated). When sulfite overbased materials are
25  further treated with elemental sulfur or an alternative sulfur source, thiosulfate
overbased materials can be prepared. When overbased materials are further re-
acted with a source of boron, such as boric acid or borates, borated overbased
materials are prepared. Thus carbonate overbased materials can be reacted with
boric acid, with or without evolution of carbon dioxide, to prepare a borated
30  material.

A promoter is a chemical employed to facilitate the incorporation of
metal into the basic metal compositions. The promoters are quite diverse and
are well known in the art, as evidenced by the cited patents. A particularly
comprehensive discussion of suitable promoters is found in U.S. Patents

35 2,777,874, 2,695,910, and 2,616,904. These include the alcoholic and phenolic
- promoters, which are preferred. The alcoholic promoters include the alkanols of
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wherein M represents one or more metal ions, y is the total valence of all M and
A represents one or more anion containing groups having a total of about y
20  individual anionic moieties.
These metal salts can be represented by the structure

R2\ ©

|

|
25 r! C c—o M7
|

\ Axe/
AN

-Ar Ar-Rm

Zc Zc n

wherein M represents one or more metal ions, y is the total valence of all M, n
35  is a number depending on the value of y, n times the number of anionic moieties
in the corresponding parenthetical group is about equal to y, and the remaining

tersare .



The_first acidic materials which can be enployed in preparing the overbased
salts of ‘the present invention are hydrocarbyl-substituted 15

car.boxyal kyl ene-1inked phenols. These naterials, in their sinple salt form
(i.e., prior to overbasing) can be represented by the general fornula [err]
wherein Mrepresents one or nore netal ionsg y is the total valence of all
M and A represents one or nore anion containing groups having a total of
about y 20 i ndi vi dual anionic noieties. These netal salts can be
represented by elements ane asrdefdsd hereinabove.[ dreferably f&r is aCbeszdner njclomsrai n
M represents O'Bﬁdgédﬁpﬁfen@?ﬁxﬁ euF%?%x}a%hﬂﬁléﬂé%fc?&é' val ence of all M n 35
i's a nunber depen |ng on the va 0 times the nunber of anionic

moi eti es in thdlgsman aining tlcal group is about equal to y, and

the remining 8 I@(?éHeﬁtsaé& Gemaed hies camlngt% fps Bivibg bl ot 2
Gba

benzene nucgl eus, ed benzepe, nusaqsﬁus or _a na hal ene nucl eus. g
Ani on- Cont &i ni Pfg‘ g a‘ﬂ"?\?p?‘é’é"é’r?? gachy aWBPec igine: SFRYR 1 BERGRBY A
havi ng a tot al gedupadilie formuls i ndi vi dual anioni c noi eti es and each

ani on-containing group is generally a group of the fornula [err] 10 15
wherein T is selected fromthe group consisting of [err] 20

i =

‘ t
R, -Ar Ar-R_
| I
15 zZ, z,

wherein T is selected from the group consisting of

gl / 2
20 | |
—cC c COR’> (V)
l
\ R3 X
T,—Ar—Z '
25 |
Rm

or



[err] 25 or 9 [err] [err] 10 wherein each [err] is independently

selected fromO and [err] wherein [err] is Hor alkyl and each t is

i ndependently O or 1, wherein T is as hereinbefore defined and wherein each

Ar s independently an aromatic group of from4 to about 30 carbon atons

having fromO to 3 optional substituents sel ected fromthe group 15

consi sting of polyal koxyal kyl, | ower al koxy, nitro, halo or conbinations of

two or nore of said optional substituents, or an anal og of such an aromatic

nucl eus, each R is independ k?y al kyl,. al kenyl or aryl containing at |east

8 carbon atons, [err] is H pr a RAydrocarbyl group, [err] and [err] are each

i ndependently H or a hydrodartyl Yroup, Gach mis independently an integer

ranging from1l to abouy 20 rang%s fromO to about 6, and each Z is

i ndependent |y CH, [erR], o] ch [err] is independently a

di val ent hydrocar byl group S a nunber ranging from1 to about 30 and

c ranges fromO to about he proviso that when t in Fornmula (11) =

0, or whenST is Fornu V), tR¥gm c is ot 0, proviWBd that the sumof m c

and t does not exceed,the unsatisfied valences 25 of the correspondi ng

Ar. The aromatic group Ar of fornmula (11} can be a single aromatic nucl eus

such as a benzen nggAﬁus. a pyridine nu@jeus, a thiophene nucleus, a

1, 2, 3, 4- tetrahydtonapht hal ene nucl eus, etc., or a polynuclear aromatic

nmoi ety. Such pol ynp€l gar noieties can be of the fused type; that is,

wherein pairs of ar tic 30 nucl ei maki ng up the Ar group share two

poi nts, such as foundZzn naphthal ene, anthracene, the azanapht hal enes, etc

Pol ynucl ear aromatic ndfeties al so can be of the |inked type wherein at

| east two1guclei (either nmono or pol ynuclear) are |inked through bridging

| i nkages to each other. Sgch bridging |inkages can_be 6
wherein each R™ is independently selected from O and OR

wherein R6 isHor
alkyl and each t is independently O or 1, wherein T is as hereinbefore defined
and wherein each Ar is independently an aromatic group of from 4 to about 30
carbon atoms having from 0 to 3 optional substituents selected from the group
15  consisting of polyalkoxyalkyl, lower alkoxy, nitro, halo or combinations of two
or more of said optional substituents, or an analog of such an aromatic nucleus,
each R is independently alkyl, alkenyl or aryl containing at least 8 carbon

atoms, R1 is H or a hydrocarbyl group, R2 and R3 are each independently H or
a hydrocarbyl group, each m is independently an integer ranging from 1 to about
20 10, x ranges from 0 to about 6, and each Z is independently OH, (0R4)bOH, or

O~ wherein each R4 is independently a divalent hydrocarbyl group and b is a
number ranging from 1 to about 30 and ¢ ranges from 0 to about 3 with the
proviso that when t in Formula (II) = 0, or when T is Formula (V), then ¢ is not
0, provided that the sum of m, ¢ and t does not exceed the unsatisfied valences

25  of the corresponding Ar. _ -
The aromatic group Ar of formula (II) can be a single aromatic nucleus
such as a benzene nucleus, a pyridine nucleus, a thiophene nucleus, a 1,2,3,4-
tetrahydronaphthalene nucleus, etc., or a polynuclear aromatic moiety. Such
polynucléar moieties can be of the fused type; that is, wherein pairs of aromatic
30 nuclei making up the Ar group share two points, such as found in naphthalene,
anthracene, the azanaphthalenes, etc. Polynuclear aromatic moieties also can be
of the linked type wherein at least two nuclei (either mono or polynuclear) are
linked through bridging linkages to each other. Such bridging linkages can be



10 ¢chosen fromthe group consisting of carbon-to-carbon single bonds

bet ween aromatic nuclei, ether |inkages, keto |inkages, sulfide |inkages,
polysul fide |linkages of 2 to 6 sulfur atoms, sulfinyl |inkages, sulfonyl

| i nkages, nethyl ene |inkages, al kylene |inkages, di-(lower alkyl) nethyl ene
| i nkages, |ower al kylene 5 et her Iinkage§ al kyl ene keto |inkages, |ower
al kyl ene sul fur Iinkages, |ower alkylene p Pysulfide | i nkages of 2 to 6
carbon atons, am no |inkages, polyam no |inkages and m xtures of such

fl! VEI ent bri ggichﬂsdﬂ moagt eﬁeA glrgu;f%bhﬁbﬁng Ilﬂ't@d&ﬁ@ﬁat?-l%ﬁfhbg bﬂﬂgl@rbelnbs ibgwesh

i nkage can be present i r .between ar i,C,nucl ei or ampl e, ,a

fl uorgne nucl eﬂ‘g OIRAUC RKG P%eﬁ%ﬁe% ?(FNF lﬂ-{-‘& 8§95 %§dﬁo¥ﬁl{aﬁgﬁﬁpﬁwsg%de
linkage and a dimkagenof Bdod sifirtatemsyisilfingl tinkagys, solfenylelinkhges, mathgyléne

I but I f

b St SR MO o S Wi
substitutich, <thes lamkagns,paﬂcwlqam bﬁtoSlma:gee,hbqvnera lengupdfurt linkagesc dowert so
be present. Th‘dﬂ( YIBhd Ypoly &ilfide - hﬁlﬁéﬁ%&é' of apdtd é?uééfboﬁr QioRSs, BRYind Slinkages,

i nst ance, can be_prese t on the, Ar suc rou are not
explicitly repP® igQ }’H‘agfﬁrﬁ‘iﬂ 5“4‘ gfsﬂ?%dfﬂ B?Hsmr %ﬁpiBr‘ieFFam
herein. Likew jgstandes) radre tlﬁmrfbn@hlm@émgl nlasgzdch&rm rpresénti i tAx thetween
understood that this termi tenﬂdto t t he_ar,onatic oup

Phe phenot 1o BeyDate hiER. Bo Satll ¥ Heneehd ancfleh ied R iRt nibIE fafle
t o i ncl udel0 f oiby2both &xmethylene dindsigetanded ¢uivatenit, bangddr @uphnapmctmlsemay beand
Lhe ke, | AccolBhibed foavE P HRLIEE B B B0 of TURIEE oFbmbtc " Nompdly, ars

wel | as elsevvhereln ot ion and
appended cl ai mvillcegntpia enfyoraseor: atorps npdhy memeﬁ¢ nuglaisper: s, adthough other

i ncl ude ot her tn)éﬂfh'ioﬂtﬁtxé‘rs‘%?ﬁﬂuﬁoﬂ,r QUGS adSn rticuldP short chain AMSA Sibfstitution
exanpl es of si ngnealgclj nbge presen{ et Jl‘ Ss %xrlgthg' eetfhyiI 81\!gpy? aLS t-{)utyl groups, for
15 instance, can be present on the Ar groups, even though such groups are not
explicitly represented in Formula II and in other structures set forth herein.
Likewise, when the term "phenol" is used herein, it is to be understood
that this term is not intended to limit the aromatic group of the phenol to
benzene. Rather, it is to be understood in its broader sense to include, for
20  example, substituted phenol, hydroxy naphthalenes, and the like. Accordingly,
the aromatic group as represented by "Ar", here as well as elsewhere in other
formulae in this specification and in the appended claims, can be mononuclear
or polynuclear, substituted, and can include other types of aromatic groups as
well.
25 Specific examples of single ring Ar moieties are the following:

_ O(Et)nOH Me
30 .
——r Et “ l
Me—~ \ l OPr N
35 . N




[err] 5 [err] 10 etc., wherein Me is nmethyl, Et is ethyl or ethylene, as

appropriate, Pr is n- propyl, and Nit is nitro. 15 Specific
exanpl es of fused ring aromatic noieties Ar are: 20
[erar] 25 30 35 etc. 12 When the aromatic noiety Ar is a |linked

pol ynucl ear aromatic noiety, it can be repigsented by the general fornula
[err] 5 wherein wis an integer of 1 to out 20, each ar is a single
ring or a fused ring aromatic nucleus of 4 to about 12 carbon atonms and
each L is independently selected fromthe group consisting of

car bon-to-carbon single bonds between ar nuclei, ether |inkages 10 (e.g.
-C)) keto |inkages (e.g.,{err]), sulfide linkages (e.g., -S), polysulfide
| i nkages of 2 to 6 sul fur kit ons (e.qg., [err] ul finyl linkages (& g.,
-S(O-), sulfonyl |inkeg e—g., -5(0)2-) [ . (
[err] [err] 15 di (1 ow
al kyl ene ebher |inkages ‘ : =
sul fide |inkages 20 [err] (e.g., whereidn one or nore -0-
| ower al kyl ene ether linkages is replaced with a S atom,

pol ysul fide |inkages (e.g,, whereinXane or nore - /CHZ- CH,
1 .
H, N ,
10 H, Ha L Nens- én,

etc., wherein Me is methyl, Et is ethyl or ethylene , as appropnate, Pr is n-
propyl, and Nit is nitro.

15 Specific examples of fused ring aromatic moieties Ar are:

—r O(Et),0R
20 l

X

. MeO
Ne Me Me NN\—Nit
25
. N N N & / —

30
35 etc.



O- is replaced with a [err] group), amno |linkages (e.g., -N-, -N-, [err] |
| [err] 25 - CH2NCH2-, -alk-N-, where alk is |lower alkylene, etc.),

pal yam no |inkages (e.g., [err] where the unsatisfied free N val ences are
taken up with H atons or [err] groups), |linkages derived from oxo- or keto-
carboxylic acids (e.g.) 13 [err] 5 V\,herezin each of [err] and [err] is

I ndependent|y hydrocarbyl, preferably al kx}l or al kenyl, nost preferably

| over al kyl, or H, [err] is Hor an alkyl group and x is an integer ranging
L romoO tlo about | 8, lwnén mammicq?owmbg iadgmafg I?dlylﬂnagk dw drBmaticanciety,dt r ]
eing a lower a r ou Specific anplkes o I nked noi eties are: 15
[err] 25 30 _\canl% regreser@:d byQﬁT g;ﬁt&ﬁé}r%&a lerr]
14 5 [err] 10jUsually all ofa _flﬁS_e_.ﬁL_ roups have no substituents except
for the R and. Z groups (and 8 y bri gigrg groups). For such reasons as cost,
avai lability, {performance, etc., Ar is normally a benzene nucl eus, a | ower

al kyl ene bridged benzene nucl eus, or a naphthal ene ) ] )
5  wherein w is an integer of 1 to about 20, each ar is a single ring or a fused ring

aromatic nucleus of 4 to about 12 carbon atoms and each L is independently
selected from the group consisting of carbon-to-carbon single bonds between ar
nuclei, ether linkages '
9
10 (e.g. -O-), keto linkages (e.g., -C-), sulfide linkages (e.g., -S-), polysulfide
linkages of 2 to 6 sulfur atoms (e.g., -S-2_6), sulfinyl linkages (e.g., -S(O)-),

sulfonyl linkages (e.g., -S(O)z-), lower alkylene linkages (e.g., -CH2-,
-CH2-CH2—, -CHZ-C\H-)
. R®
15  di(lower alkyl)-methylene linkages (e.g.,-C-R°2-), lower alkylene ether linkages
(e-g., "CH20", 'CH20‘CH2', 'CH2"CH20', "CH2CH20CH20H'2,
-CH2('3H0CH2('IH-,

R® R°
-CHchO(llHCHz-, etc.), lower alkylene sulfide linkages
' .
20 R° R°

(e.g., wherein one or more -O-'s in the lower alkylene ether linkages is replaced
with a S atom), lower alkylene polysulfide linkages (e.g., wherein one or more -
O- is replaced with a '8'2-6 group), amino linkages (e.g., -I;I-, -1;1-, -CHZN-,

H R°
25 -CHZNCHZ-, -alk-N-, where alk is lower alkylene, etc.), polyamino linkages

(e.g., -N(alkN)l_m. where the unsatisfied free N valences are taken up with H

atoms or R° groups), linkages derived from oxo- or keto- carboxylic acids (e.g.)



15 . nucleus. Mst preferably Ar is a benzene nucl eus substituted by an R
group in-a position para to a Z group. The G oup R The conpounds of fornula
(1) enployed in the conpositions of the present invention contain, directly
bonded to at | east one aromatic group Ar, at 20 |east one group R which,

i ndependently, is an alkyl, alkenyl or aryiB group containing at |east 4,
and preferably at | east carbon atons, provided that the total nunber of
carbon atons in all such R,g50ups is at least 12, preferably at |east 16 or
24. More than one such gr 8 an be present, but usually no nore than 2 or
3 are present for each ar titonucleus in the aromatic group Ar. 25

The nunber of R groups o eachi{fyr group is indicated by the subscript m

For the purposes of1¢h|§ |nyeﬂlcon,ogﬁch m ray be independently an integer
ranging from1 up to 2 EO ith the proviso that m does not exceed the
unsati sfied val ences of el cofresponding Ar. Frequently, each m is
independe%tly an i nteger, agt'ng from1l to about 3. In an especially
preferred~30 enbodi ment each mequals 1. Each R frequently is an

ali phatic group containing at |east 8 and up to about 750 carbon atons,
frequently from8 to about $0 carbop atons, preferably from8 to about 400
carbon atons ah¢reinreachofiRr,db pnd R mlsmd@p lylbmdroaarbyhspret-‘trably alkyl
preferably al kyl or al kenyl, preferably substantﬁalHy sat ur at ed

al kenyl . 1n oﬁéa&werbrm@sapé%&hlmerw 2 alkgberoupands¥ bon

atons, often hhGhtehdr &ﬂlgabgqimﬁ@t& abbaNg; and ﬁ&ﬁh@@bf%ﬁbﬁ%@ﬁ% linkages
each R C talgwpﬁgs veragﬁ east about 30 carbon atons en an
aver age c1R§ 2 8Weh EfR}‘ Parbons. In another enbodi ment, R
contains from 12 t Spadifictexathpler dfdinledansieties afe:f urt her enbodi nent, R

contains fromabout 7 or 8 to 30 or 24 carbon atons, preferably from12 to
about 24 carbon 5 atons and nore preferably from 12 to about 18 carbon

at ons. I n one enbodi nent, Ieast ong is derlved f rom an aljkane or

al kene havi ng nunber averaf
about 8001.5 I n anot her

20

25

30

35




enbodi ment, R contains an average of at |east about 50 carbon atons often
from-about 50 up to about 300, preferably up to about 100 carbon atons. 10
When the group Ris an al kyl or al kenyl group having from8 to about 28
carpon atons, it is typically derived fromthe corresponding olefin; for
exanpl e, a dodecyl group is derived from dpglecene, an octyl group is
derived fromoctene, etc. When Ris a hydrocarbyl group having at | east
about 30 carbon atons, it is frequently an aliphatic group made from hono-
or interpolyners 15 (e.g., copolyners, terpolyners) of nono- and

di -olefins having 2 to 10 carbon atons, such as ethyl ene, propylene,

buf ene-1, isobutene, butadiene, isoprene, 1- hexene, 1-octene, etc.
Typically, these olefins are 1-nmono gkefins su as honopotyners of

et hyl ene. These aliphatic hydr ,

hal ogenated (e.g., chlorinated Jor bfqgm natled) anal ogs of such 20 hono- or
I nt er pol yners. R groups cane Ryl ) -he-Te ] 1rom ot her sources, such
as nononeric high nol ecul ar | kerje ¢. 9.,/ 1-tetracontene) and
chlorinated anal ogs and hydrp at ed\apgk ogs jt hereof, aliphatic

g ang ¢ agked, and

chl ori nated anal ogs and hydrochl ori nated anal ogs thereof, white oils,

synt hetic al kenes such as those 25 produced by the Ziegler-Natta process
(e.g., poly(ethylene) greases) and other sources known to those skilled in
the art. Aﬁy unsaturation in the R groups may be reduced or elimnated by
hydrogenati on accor g¢jsqally mlmmegamgrdﬁpsvuavemd fbstitiients exespt fbr éieeRrand
enbodi nent, at_] east ? %1R I.s.deri Ve'{?ﬁfom pol ybutene. 30 In anot her
preferred enbodiSFARPS (aad; anyRIideIRg 8F9URH)-pol ypropyl ene. In a furt her
preferred enmbodi nenFor &¢Erasmm¢ydost;eavhﬂhb1hﬂgrperfmmmed dtes, Amis nommallyran

to"the rema nabipe ey ol o Rt BRgled Yplth by O bpplile

char act er I t hnnclene Most prefersbly Ar és & hongene aycleys substityted by an Regraup in a
"hydrocar byl " Ren, as well as substantlally hydr ocar bon,
gr oups, Substa kﬁ%ﬁﬁﬁﬁ&gﬂoca@ ﬂ descri bes groups, including 16

The compounds of formula (I) employed in the compositions of the
present invention contain, directly bonded to at least one atomatic group Ar, at

20 least one group R which, independently, is an alkyl, alkenyl or aryl group
containing at least 4, and preferably at least 8 carbon atoms, provided that the
total number of carbon atoms in all such R groups is at least 12, preferably at
least 16 or 24. More than one such group can be present, but usually no more
than 2 or 3 are present for each aromatic nucleus in the aromatic group Ar.

25 The number of R groups on each Ar group is indicated by the subscript
m. For the purposes of this invention, each m may be independently an integer
ranging from 1 up to about 10 with the proviso that m does not exceed the
unsatisfied valences of the corresponding Ar. Frequently, each m is
independently an integer ranging from 1 to about 3. In an especially preferred

30 ‘embodiment each m equals 1.

Each R frequently is an aliphatic group containing at least 8 and up to
about 750 carbon atoms, frequently from 8 to about 600 carbon atoms,
preferably from 8 to about 400 carbon atoms and more preferably from 8 to
about 100 carbons. R is preferably alkyl or alkenyl, preferably substantially

35  saturated alkenyl. In one preferred embodiment, R contains at least about 10
carbon atoms, often from 12 to about 100 carbons. In another embodiment,



hydrocarbon based groups, which contain non-hydrocarbon substituents, or
non- carbon atons in a ring or chain, which do not alter the predoninantly
hydr ocar bon nature of the group. Fydrocarbyl groups can contain up to
three, preferably up to two, nore 5 preferably up to one, non-hydrocarbon
substituent, or non-carbon heteroatomin aiging or chain, for every ten
carbon atons provided this.non-hydrocarbon substituent or non-carbon

hef er oat om does not significantly alter the predoninantly hydrocarbon
character of teachgRnoptaimhar avenape (of @t least ghout 30 Gribon ORGP IeR A AYEFREE
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character; thogabsitiatdmas] it is ﬁyba:aﬂytdemfea from ahe cerrespondinig @eﬁupﬁor(aa:agxp,le
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al kyl mer capt o,
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ot her than car gﬁﬁ{eéent hgnﬂ?%?ﬁ%%]%ﬁ% %ﬁﬁbﬁdé Hc(;% &Piﬁt Cg?g%ﬁ

atons. Suildabl €e-gecepolymsss trrpalymers) ofnane- ghml‘%‘“éf qr;p ﬁa"Py Q gprhon; 1,

the art and i ngiomsle suélP&s Qﬁ@'lﬁﬁt : s r@#léxw buwﬁégﬁﬁsobutéﬁ@gﬁﬂadl&&} hs@r@ﬂﬂsl-%%O
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ﬁZt e(raogt ompzz/(r)lngéf"rﬁené é%??’c tﬁroJ‘ﬁ ic p%gg‘l%/q 9“’?}1‘8 ?ﬁ?r S'IPWS iﬁﬁﬁ? Sye
pref erably no  homepblyarersodf, ethplenehy’ﬂhmaali;ﬂmtmuhmrocarbylt gooupsomay aalso rbe

atomin a chai defived fro(}nvﬂaﬂ)g&%tég ?égntchlonnated or brominated) analogs of such
20  homo- or interpolymers. R groups can, however, be derived from other sources,
such as monomeric high molecular weight alkenes (e.g., 1-tetracontene) and
chlorinated analogs and hydrochlorinated analogs thereof, aliphatic petroleum
fractions, particularly paraffin waxes and cracked and chlorinated analogs and
hydrochlorinated analogs thereof, white oils, synthetic alkenes such as those
25  produced by the Ziegler-Natta process (e.g., poly(ethylene) greases) and other
sources known to those skilled in the art. Any unsaturation in the R groups may
be reduced or eliminated by hydrogenation according to procedures known in
the art. |

In one preferred embodiment, at least one R is derived from polybutene.

30  In another preferred embodiment, R is derived from polypropylene. In a further
preferred embodiment, R is a propylene tetramer.

As used herein, the term "hydrocarbyl group” denotes a group having a
carbon atom directly attached to the remainder of the molecule and having
predominantly hydrocarbon character within the context of this invention.

35  Thus, the term "hydrocarbyl" includes hydrocarbon, as well as substantially
hydrocarbon, groups, Substantially hydrocarbon describes groups, including



for_every ten carbon atons in the hydrocarbyl group. Usually, however, the
35 hydr ocar byl groups are purely hydrocarbon and contain substantially no
such non- hydrocarbon groups, substituents or heteroatons. 17 Preferably,
hydeocar byl groups R are substantially saturated. By substantially
saturated it is nmeant that the group contaijgs no nore than one

car bon-to-carbon unsaturated bond, olefinic unsaturation, for every ten
carbon- to-carbon bonds present. LBuaIIy, t hey contain no nore than one
carbon-to- 5 hydraserbanobased grenpse umn@acantammbxbbydiocmboe\wbstﬂments, or non-

carbon- t o car DaRANdRrE SHCR! rink oR"IBHRC Sl a1 CEE (BEDRRBRRRande

hydrocarbyl group R is substanti reé of carbon to carbo turat1on.
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m xture of the oxid h d

pol'y(ethyl ene/ propy?yn rg‘fﬁﬁﬁ?"o gpdo‘@% lt%% § Zi%ﬁg’t“" '/(Bgca?’lokgl %t Oanlllscen D,

m xt ure oflSpol gligyslisp(a sn@yclonlisy kemyd) groupsoarongic groups (e.gL5phenyilhon
25 —atons, a Hhﬁﬁtﬁ&ﬁ‘ )%{'mﬂﬁ’dld/ § 'aﬁgﬁht‘i@-"ﬁid aheyHR- Qﬁuémtéaemm@g:agﬂ é?dof

car bon at ons, nd t (1 sohut ene oups havin
50 to 75 the like as ‘well as cychc groups wbherem t}le Ting is complete% t%rough another

portion of the molecule (that is, for example, any two indicated groups may
together form an alicyclic radical);

20 (2)  substituted hydrocarbon groups, that is, those groups containing
non-hydrocarbon containing substituents which, in the context of this invention,

do not significantly alter the predominantly hydrocarbon character; those skilled
in the art will be aware of such groups (e.g., halo (especially chloro and fluoro),
hydroxy, alkoxy, mercapto, alkylmercapto, nitro, nitroso, sulfoxy, etc.);

25 (3) hetero groups, that is, groups which will, while having a
predominantly hydrocarbon character within the context of this invention,
contain atoms other than carbon present in a ring or chain otherwise composed
of carbon atoms. Suitable heteroatoms will be apparent to those of ordinary
skill in the art and include, for example, sulfur, oxygen, nitrogen. Such groups

30 as, e.g., pyridyl, furyl, thienyl, imidazolyl, etc. are representative of heteroatom
containing cyclic groups.

Typically, no more than about. 2, preferably no more than one, non-
hydrocarbon substituent or non-carbon atom in a chain or ring will be present
for every ten carbon atoms in the hydrocarbyl group. Usually, however, the

35  hydrocarbyl groups are purely hydrocarbon and contain substantially no such
non-hydrocarbon groups, substituents or heteroatoms.



carpon‘atons. A preferred source of hydrocarbyl groups R are pol ybutenes
obt ai ned by polynerization of a C4 refinery stream having a butene content
of - 35 to 75 wei ght percent and isobutene content of 15 to 60 wei ght percent
in the 30 presence of a Lewis acid catalyst such as alum numtrichloride
or boron trifluoride. These pol ybutenes copyain predom nantly (greater than
80% of total repeating units) isobutene repeating units of the
‘configuration 18 [err] The attachnent of a hydrocarbyl group Rto the
aromatic noiety Ar Brefera l)tshélem‘PﬁﬂIledng}B)Sf&rﬁ!’PaS‘QbS}af&#algfhngtﬁfﬁm@mt i Sy
can be acconpl sgtzeshtiVlyasdtiiead iOfs hRahh ki ohe VEohp kisitding hd Rsre @iah! dRd

in the art. One particul.ar suitahle technique is the Frjedel -Crafts

| mact Con \ hor EathoRtio Aty Unhipaled band AIHIIE SRESIEHFTRR, AT SVER 1hRoaboRy
or hﬁl ogenat edtoscarbyfl rsoinds ggesent e dUsurlly) ghéh eoftain noSmioeach&d onet darboplenol
I n the pregenc

f Lewi s gcid catal .10 Vet ho, and condi tions for
carrying oft SERop e Fismudly Sshlel nond, for, S8 W Bier” iCeiaR pondd
See, for exanppeesentheInliancespeciatlyi preféreednemboldiment ith¢ dydrooairbyll gtaupnRois
Ph | s" in "Kj r ' qﬁg% . Te ' " '

Edietn ioo?\, I\/oI : K%lfﬂ%a?t%g? bfgféééf’ﬁ%;‘ri]}? g(rjcg%iag%ocn e Pu f‘?{gﬂ%r gb ﬁk‘;&g% i’ugxld-gqr}s‘t%éh Shc%’n
W ey and ConpWiiin [the content of thisinventian, aromativsynsatyration. 6% 3100 ermally
4, |708, 8?9, ~al :c&{simw hoauag_ Sféﬁnii’iSiln‘é?ﬂuﬂﬁiHrfgor Thad ifie afdmathy gerflﬁ!EQ eeﬁéenétor
rel evan scl osutes regardin atipon of aro c gonpounds. er
equal |l y aghr op?‘?‘g‘f‘gerﬁ‘i&gEﬁmwpé@fﬁ?ﬁﬂﬁia@@?%{’?%%h irrﬁg t he

thr ocark b?ln- gas ed gPreferablyt, ohydrecabylgiroupsTl® @fythér amioh! costaining egedupy ¢
t ho [ Nt R t . u . 1 S,..i.nde e .

Lort] or 0 - aniopmed g e a3, ipvdidfon Bt BibsfarkB) dfiphduic AR REDRS that's phey
group and b i scentamnbe morgrthanpnermon-dliplatishisycloalkyl,Thycloalkenyl pt aromatic)

i ndi cates the e oroéve%,?{@ggl%ohh?tgggfmoﬁge gr-gég% qjs%u% h%%te.ht HRNRS

on each Ar _group. There, be at | ubstrtuent,
15™ groups contain no more than one such non-aliphatic group for every 50 carbon

atoms, and in many cases, they contain no such non-aliphatic groups; that is, the
typical R group is purely aliphatic. Typically, these purely aliphatic R groups

are alkyl or alkenyl groups. '
Specific non-limiting examples of substantially saturated hydrocarbyl R
20  groups are: methyl, tetra (propylene), nonyl, triisobutyl, oleyl, tetracontanyl,
henpentacontanyl, a mixture of poly(ethylene/propylene) groups of about 35 to
about 70 carbon atoms, a mixture of the oxidatively or mechanically degraded
poly(ethylene/propylene) groups of about 35 to about 70 carbon atoms, a
mixture of poly (propylene/l1-hexene) groups of about 80 to about 150 carbon
25  atoms, a mixture of poly(isobutene) groups having between 20 and 32 carbon
atoms, and a mixture of poly(isobutene) groups having an average of 50 to 75
carbon atoms. A preferred source of hydrocarbyl groups R are polybutenes
obtained by polymerization of a C 4 refinery stream having a butene content of

35 to 75 weight percent and isobutene content of 15 to 60 weight percent in the

30 presence of a Lewis acid catalyst such as aluminum trichloride or boron
trifluoride. . These polybutenes contain predominantly (greater than 80% of total
repeating units) isobutene repeating units of the configuration



and_thére may be nore, depending on the value of the subscript m For the
purposes of this invention, ¢ is a nunber ranging from1 to about 3. In a
preferred enbodinment, c is 1. As will be appreciated fromthe foregoing,

t hewconpounds of Fornula | 30 enployed in this invention contain at |east
two Z groups and may contain one or nore Rl%roups as defined herei nabove.
Each of the foregoing groups nust be attached to a carbon atomwhich is a
part of an aromatic nucleus in the Ar group. They need not, however, each
be attached to the sane aromati c nucl eus if(ﬂmge t han one aromati c nucl eus
Is present in the Ar group. 19 As nentiongd”herei nabove, each Z group
may be, i ndependently, OH 0, or [eLLhcﬁs_ggéLﬂed her ei nabove. In a
preferred enbodi ment, each Z is OH.- I n"aRot hgr enbodi nent, each Z may be
[err]. In another preferred enbodinent, at Iggst one Z is OH and at | east
one Zis 0. Alternatively, at 5 |east one Z may be a group of the Fornul a

Le(rjr] - AE lment i oned I;I*lﬂ}[ﬁid%gf%ﬁ}i? of %ali&ﬁirbézirb}'l g&d;{‘ﬂe@eﬂﬂ%ix?én@hﬂ?i@& AY of
ydr ocar byl _group. Prefera err].is_an.aromatjc or an alip [
i val ent hylir odhé ispmngiads ofviila (Fk of ihjs ipvention,an, bey peseonplisbed by a
gont aibni ng fromubed oﬁh@@ﬁni?&s@&ﬁlm?mthmrskﬂt&defmw. fTGro]wpé’;tt)ionlal;ouL
carbon atons _and ,nost, prefera r car.non gtons. T ubscri pt
typically rangégﬂil 18 r'rﬁ%fh&@ugblgu&%gpegfléé’éa%&’o FVCE‘PBm@efﬁma%uﬁeﬁﬁ, Cofre 2
most pref er abl polymer 2osntinibguin lefitie Gond)ysor dwldgefatetl of hydeohplogrmted
[err] and [err] .Lel - Qr f; .
enbodi nent, eagﬁh%lg @g&pﬁqg%%%%drr ﬁlasﬁh%é%g%&%s?@é ﬁ%p a h?/ééggggr s§]
group haviHy f Metheds andsonditions forgasoring oyhsuchiisactions ate weld knowndothosn
24 carbon at gﬁ%kilhe'd”%'tfl tﬁ% %g@r S, %p@dafﬁil 2 M, ﬂﬁaafklcﬁisi&?%aﬁﬁr ﬁ‘ﬁlﬂé eaReed,
groups is inde n ydragen qr al kyl.or_an al ken roup. L.n gne .
preferred enbogm{m cf?fofﬁ[e@P}s] afd [llg}rglo 1CT;| Eﬁ%‘{i’&h‘%@%ﬁ?yf’fH emigal
| ower al kyl. | Teshnslogg'ti Thiry Pdition) Nasl. QysuesB65-66,c hutbrseiench Publishers, a
aforementioned y::on of John Wiley and Company, N.Y., and U.S. Patents 4,379,065;
15 4,663,063; and 4,708,809, all of whi_ch are expressly incorporated herein by
reference for relevant disclosures regarding alkylation of aromatic compounds.

Other equally appropriate and convenient techniques_ for attaching the
hydrocarbon-based group R to the aromatic moiety Ar will occur readily to
those skilled in the art.

20  The Groups Z
Each Z is independently OH, (0R4)bOH or O° wherein each R4 is

independently a divalent hydrocarbyl group and b is a number ranging from 1 to
about 30.
The subscript ¢ indicates the number of Z groups that may be present as
25  substituents on each Ar group. There will be at least one Z group substituent,
and there may be more, depending on the value of the subscript m. For the
purposes of this invention, ¢ is a number ranging from 1 to about 3. In a
preferred embodiment, c is 1.
As will be appreciated from the foregoing, the compounds of Formula I
30 employed in this invention contain at least two Z groups and may contain one or
more R groups as defined hereinabove. Each of the foregoing groups must be
attached to a carbon atom which is a part of an aromatic nucleus in the Ar
group. They need not, however, each be attached to the same aromatic nucleus
if more than one aromatic nucleus is present in the Ar group.



groups+is H For the purposes of this invention, the term"lower" when used
to describe an al kyl or al kenyl group neans from1 to 7 carbon atons. The

subscript x denotes the nunber of 25 -G 1
3 gtoups present in the anion containing group of Formula Il. For the

pur poses of this invention, x normally ran fromO to about 8. In a
preferred enbodinent, x is O, 1 or 2. Mst preferably x equals 0. 30
At 71 east one linking group in the nolecule will be a carboxyal kyl ene

o o 1 o Forat o s AR REh R R SR DY,
inked, 17 desiferiyofl gse elihBk AR i G pFert & éhp@ﬁfglmgg&. Z is

f or mal dehyde con

ens or o roups such

descri bed above.. 5 _ The Goup T |t will be_apparent that when t = 1 _in any
of Fornula |1, OHor Iy anqther emphodiment ¢ashnd) sayvbgr Oy iy anpthep, preferred

T : i k | wh = T , f | . =1

Formil a 11, o SROGRBFFSF 1ok opeof i OHon! H5deptament. i 19 - dHiesmatatinat
f.F la V VI Lt 0 in th

3 i 167t R Zo o B Pabioep oF; e EPARFE (PRVTI Ths | Renfifue

whent =1 in formulall, a grokgp_of formula Vor VI is present. Wien t in

that in or
ani on cont

ei t her fornul ahereimabéivesqeaths R,

o indephrdentlygroudivalend nydsesarbylHogreupr ,

when t in formula V or Vi equals 1, one or nore additional T groups are
present, terni ReeferablyrRy isvar ardmata¢ py an alipbatiq givalent hydrecashyl growperMeodgt

enbodi nent

are present.

from1l up to appith prefepaiieframl ¥ tdPabout B d&bohi A0S A0St préferdtly Mg 3V
resent,. The Metal lons M

or VI are

1

15

20

30

in formulgg |l equals zero and nq groupg of forpula V or Vi

| Brefarablin R pisanalkylene group cantaining fiom 4 tagbguy 30 sathoncatomgn g

carbon atoms.

The subscript b typically ranges from 1 to about 30, preferably from 1 to
about 10, and most preferably 1 or 2 to about 5.
The Groups RY, R? and R? | |

Each of the groups RI, R2 and R3 is independently H or a hydrocarbyl

group. In one embodiment, each of Rl, R2 and R3 is, independently, H or a

hydrocarbyl group having from 1 to about 100 carbon atoms, more often from 1
to about 24 carbon atoms. In a preferred embodiment, each of the
aforementioned groups is independently hydrogen or alkyl or an alkenyl group.

In one preferred embodiment each of Rl, R2 and R3 is, independently, H or
lower alkyl. In an especially preferred embodiment, each of the aforementioned
groups is H. For the purposes of this invention, the term "lower" when used to
describe an alkyl or alkeny! group means from 1 to 7 carbon atoms.

The subscript x denotes the number of
2

¥

-C-
R
groups present in the anion containing group of Formula II. For the purposes of
this invention, x normally ranges from 0 to about 8. In a preferred embodiment,
x is 0, 1 or 2. Most preferably x equals 0. _

At least one linking group in the molecule will be a carboxyalkylene

linking group such as a group derived from glyoxylic acid, represented by



20 . ° The synbol Min Fornula | represents one or nore netal ions.
These include alkali netal, alkaline earth netals, zinc, cadmum | ead,
cobalt, nickel, iron, manganese, copper and others. Preferred are the

al kali and al kaline earth netals, as well as the group Ib and 2b netals
(i.e., the colums containing copper and zipgc in the CAS version of the
periodic table of elenments). 25 Especially preferred are sodi um
potassi um cal ci nesium and lithium Mst preferred are cal cium and

Tagnest um  par SCERNERIRERCEONO Tnefonmuld (Tion Howeve asitiondlvehenol @roups

reactive netal gaPbe ppeseht, kel etdes%aowdﬁhém&kmgl oﬁ;%aﬁich%st fCH?-réﬂiBiﬁ' ic
aci ds or phenol s t?qfor ca bo tes Ignd phenat es. "The, net a th%ﬁsalts my b

prepared from P&ac 0o other,groups such as,thoge nl- egéﬁf’?ll’ﬁ
netal s, zinc, H&aﬂhbed&fbabé., n| ckel, iron and the |ike. Exanples of reactive
metal conp undi! ar§ so&;’ um oxi de, sodi um hydroxi de, sodi um car bonat e,

sodi um net hyl at<; phenoxi de, correspondi ng potassiumand |ithium
conpounds, cal ci um bxwild becapparent thyidwhen de= lcianl aiyuof Farolalls V ozl ¥, uhat

met hyl ate, cal ge S Frhflfae ¥ROLVE 'Rlﬁfﬁ‘gﬁék ’ﬁ%ﬂ-‘aﬁélon £flek ?ﬁ%nahglgnat e,

barium and mag um corrpounds zi nc oxid zirnc car
cadni um chl ori fe, Thusadon gxample, sdhenrydrlogn (E"@Hmll?aﬁ earmmax fdformula V or Wl

e oo, St Klows Ut DS (04 i oM Y p v
conpounds Qr e h%PEqsﬁnﬁ ! &ﬁ“‘aqq W‘?&\S@é‘?tigé?m‘“\aﬁ’t%“:fbngﬁ egalsnly t he
invention is not toLikewisgisiwhenerd=as ini forimda IR &ygbup B farbhdaSV ormliais
and metel - Cont BRSSO £A Rides flah S 5 T AR B SRS Skt o
26, 433. The Topresental However, Whendlin formuladf keV1wqhils dppneor mcuetaldditmda;éT
ComTRenen, L BN et i b e (L oo consL e

In one preferred embodiment, t in formula II equals zero and no groups
of formula V or VI are present. In another preferred embodiment, t in formula
II equals 1 and from 1 up to about 3, preferably up to 2 additional groups T of
formula V or VI are present.

The Metal Tons M

20 The symbol M in Formula I represents one or more metal ions. These
include alkali metal, alkaline earth metals, zinc, cadmium, lead, cobalt, nickel,
iron, manganese, copper and others. Preferred are the alkali and alkaline earth
metals, as well as the group 1b and 2b metals (i.e., the columns containing
copper and zinc in the CAS version of the periodic table of elements).

25  Especially preferred are sodium, potassium, calcium, magnesium, and lithium.
Most preferred are calcium and magnesium, particularly calcium.

The metal ions M may be derived from reactive metals or reactive metal
compounds that will react with carboxylic acids or phenols to form carboxylates
and phenates. The metal salts may be prepared from reactive metals such as

30  alkali metals, alkaline earth metals, zinc, lead, cobalt, nickel, iron and the like.
Examples of reactive metal compounds are sodium oxide, sodium hydroxide,
sodium carbonate, sodium methylate, sodium phenoxide, corresponding
potassium and lithium compounds, calcium oxide, calcium hydroxide, calcium
carbonate, calcium methylate, calcium chloride, calcium phenoxide, and

35 corresponding barium and magnesium compounds, zinc oxide, zinc hydroxide,
zinc carbonate, cadmium chloride, lead oxide, lead hydroxide, lead carbonate,



present invention will generally be overbased, as described in detail

above. The netal salt is a carboxylate and/or phenate, depending on the
nature of A 15 Dependi ng on the nature of the group Z in Forrmula (I1), A
may -be a carboxyl ate, or a carboxyl ate- phenate, a carboxyl at e-m xed

phenat e/ phenol , a carboxyl at e- al koxyl at e, car boxyl at e- phenat e-

al kgxyl ate, a carboxyl ate- phenat e/ phenol -aﬂ koxyl ate, etc. The group A nmay
al so represent mxtures of two or nore of these. Accordingly, it is
apparent that hivkel okide, (iaﬁclgel ihydﬂﬁnde Chﬁpbﬂdﬁtﬁatd.} pobalthexideynfesrousf carbonate,
ani en- cont ai ni gqq_{ i et. tlg val ence of the netal ion

M The netal %S‘P“%r%ﬂ‘& a(c%a?%&pggnpé%&i?y prepared by reacting (a)

a reactant - of the fdJhemabavemetal compounds are merely illustrative of th¢ser uiefuliiarthin R
is alkyl, al keﬂchBBn%X'thE?ﬁ'&&ﬁi’&h’}Q ndt 16 S?%Bnﬁd&%?ba%ixghgﬁo sﬁbﬁ ag%;?%gfer om

l1to about 10, Ar group contarnin
car bon at ofts hmﬁeﬂg 4%mlﬁai-§0@atmg dﬁatpta%nabgltq ﬂeﬁ@lﬂ%dsm deary HsS dBatentshed

herei nabove, ochidia cntsg Faitert UGHmBErs S, 9061908, 5971 848; aHl U B Reisdue Ptent
i nteger of at #@é@) wherein the total of s+m does not exceed the

avai l abl e val e and Zis selected fromthe group consisting of OH
or [err] V\herejmg_mg__mr,jm I s i ndependently a dival ent hydrocar byl

Shout 31w (b TRECKIREE T Fl, apeBe i hat hd WIS aF, e Bbrerdt”
(1V) wherdDn [fornjuland [err] are independently H or a hydrocarbyl group, R6

Is Hor an al kyl group, and x |ysb/§q|nteger ranging fromO to about 8 and
then reacting 10 the i nt er medi so for@®d with a netal - contai ning

E Ieel)Ct ?rgt Lg Logsf.rrg?gﬁﬂ ngrléﬁletgfb a ‘§ﬁl5§taﬂti5aé§‘ ncfu?%éiliéiﬁ@&'@ a[iﬂbﬁ B é%,sﬂ%f et
commerci al | y ApreseRt lﬁyam%%aﬂp\&eﬁgaﬁmier%'ﬁmﬁsaf a8 deseribd in HefaliBbovs. he
metal salt is a carboxylate and/or phenate, depending on the nature of A.
15 Depending on the nature of the group Z in Formula (II), A may be a
carboxylate, or a carboxylate-phenate, a carboxylate-mixed phenate/phenol, a
carboxylate-alkoxylate, a carboxylate-phenate- alkoxylate, a carboxylate-
phenate/phenol-alkoxylate, etc. The group A may also represent mixtures of
two or more of these. Accordingly, it is apparent that the value of y is
20  dependent upon the number of anion-containing moieties making up A and on

the valence of the metal ion M. '

The metal salts of Formula (I) may be readily prepared by reacting
{(a) areactant of the formula

25 | Rm-ﬁlu'-Z . - m
@),

wherein R is alkyl, alkenyl or aryl containing at least 8 carbon atoms, m ranges
from 1 to about 10, Ar is an aromatic group containing from 4 to about 30
30 carbon atoms having from 0 to 3 optional substituents selected as described
hereinabove, or an analog of such an aromatic nucleus, wherein s is an integer
of at least 1 and wherein the total of s+m does not exceed the available valences

of Ar and Z is selected from the group consisting of OH or (0R4)bOH wherein



(HO.2CH COOH. 15 Water of hydration as well as any water generated
by the condensation reaction is preferably renoved during the course of the
reaction. Ranges of val ues and descriptions of the groups and subscripts
appearing in the above Forrmulae (111) and (IV) are the sane as recited
her ei nabove for Formulae (1) and (I1). Wengperr] is an alkyl group it is
preferably a | ower alkyl 20 group, nost preferably, ethyl or nmethyl. The
reaction is nornmally conducted in the presence of a strong acid catalyst.
Particularly us -al. p L p&gﬁll Ni,C; agi

para-t ol uenesul ?%érﬁ (gﬂg?:?d};{&é@ga%@%ﬁ gﬁkggﬁﬁ:@:ﬁ%&fﬁgf;%u tégdﬂvmbtﬁ ?h‘guﬁggr
renoval of wat efangmg from 1 to apeutcihandc ranges fiony bito gbauipd.evidhabl y present
in a nolar ration of ‘abouipy: 1a AFURYEE reattR{t WS (R fstufllg may be obtained by
enpl oyi ng an excess amount ‘of either ‘reactant. Thus, nolar ratios of
(a):(b) of 1:1, 2:1, 1:2, 3:1, etc. are contenplated and useful products

may be obtasned thereby. Illustrative exanples of reactants (a) of Formula
(1) include hydroxy aromatic corrpminds 3 such as phenol s, both
substituted and unsubstituted withi RO )&60611% i nposed @IVAr

her ei nabove, al koxyl ated phenols such as those prepared by reacting a
phenolic conmpound with an epoxide, and a variety of aromatic hydroxy
conpounds. In all the gbove casgs, the aromatic groups bearing the ¢ 23
phenol i ¢ - OH or Wherein Ry RipandBy ase indepgndentlynlf orra bydroeanbyl groun, Keis H or
aromati C gr oupsaRalidd gebipshd L igﬁﬁaﬁte§exdﬁh ig 160 #¢'aBYE: 8 ARAGthEA Geacting
illustrativy ex&gﬁles of,conggunqﬁéluh emg oxed,Ln t he reg%ratlon of
conpounds df FoffniFrmefiate sp formedywith e metaliqorigining rractany to gmp gselta of
Formula (I1) include drgdar bgn_,substt ut ed-phenol, na ol

o aF hydr bxybi phen VHTRa 15 Hy B APErpiTe FpE St iparRD VY pinsehe bvgrateds
ant hr acenet ri ol For esample)gdlyo®ylic heityis yeadiiylavailalile eonymerdialbylas the hydrate
2,6-di-t-butyl phenol , cresols, propyl ene

I
tetramer-substi g%ﬁgg t%%g(%gﬂlapro | ene ol iﬁgorrer (MW 300- 800) - substi tuted
phenol , pol ybutene [err] about (H H-COOH.

15 Water of hydration as well as any water generated by the condensation
reaction is preferably removed during the course of the reaction.

Ranges of values and descriptions of the groups and subscripts appearing

in the above Formulae (III) and (IV) are the same as recited hereinabove for

" Formulae (D) and (II). When R6 is an alkyl group it is preferably a lower alkyl

20  group, most preferably, ethyl or methyl.

The reaction is normally conducted in the presence of a strong acid
catalyst. Particularly useful catalysts are illustrated by methanesulfonic acid
and para-toluenesulfonic acid. The reaction is usually conducted with the
removal of water. _

25 Reactants (a) and (b) are preferably present in a molar ration of about
2:1; however, useful products may be obtained by employing an excess amount
of either reactant. Thus, molar ratios of (a):(b) of 1:1, 2:1, 1:2, 3:1, etc. are
contemplated and useful products may be obtained thereby. Illustrative
examples of reactants (a) of Formula (III) include hydroxy aromatic compounds

30 such as phenols, both substituted and unsubstituted within the constraints
imposed on Ar hereinabove, alkoxylated phenols such as those prepared by
reacting a phenolic compound with an epoxide, and a variety of aromatic
hydroxy compounds. In all the above cases, the aromatic groups bearing the



10 substituted phenol substituted naphthols corresponding to the above
exenplifi'ed phenols, nethyl ene-bis-phenol,

bi s- (4- hydr oxyphenyl ) -2, 2-propane, and hydrocarbon substituted bis-phenol s
wherei n the hydrocarbon substituents have at |east 8 carbon atons for
exanpl e, octyl, dodecyl, oleyl, polybutenyhs etc., sulfide-and

pol ysul fide-1inked anal ogues of any of the above, al koxylated 15
derivatives of any of the above hydroxy aromatic conmpounds, etc. Preferred

compounds of F\i}ﬁé%li’}; %)H br 10R h@ﬁe%}o[ﬁgg oth ‘be'ﬁ@%lgtngPéhﬁm%ﬁ”Hﬁgln ;Sl_iﬂfﬁde

Forrul a (1) having preferred anfn contalning gro Formul a

nmet hod of prep ' F S b =known. [|llustrative
E{/(l'fiﬁ%tﬁé‘eﬁf(ﬁugg gg?@%ﬁng? elﬁ%'tﬁtd%%ﬁ hbRidfdve!

exanpl es of -al ] ] | aronmat I ¢ conmpounds_ and 20 nmet hods
for preparing same aP&cidicydlinsratvs epamples of 7oempound +Glivheewpleyederni &if i s
directed. Non- bidpakatich @fatempsuls bPF&aNNPXY) | contdiaitigahe (dhioRf comaiming
IVllncIudeSQIYOx I|p~actg:and otﬂ5L.0H§ga%ﬁﬁoa% an %ﬁ?@f'qif ggtolgbgﬁgﬁ!c
aci ds such’as SIURSi & Qtifprmuly ({1 ipgluge; hydrpearpon uied-phengly ic
acids and 25 2@wdtkydroxpbiphesyl, H)é-dilisidroxybiphenydy 3vhydroxpamthtacenecdgiioe
generate & of vERTREGHEIL reatbiRdh Sttt bugpB, o B3 RESRIR .t
(1V) are thosepheral, actyl phenel, cresolsmpoopencotetmaramsubstituted phemel, pregydened
b of orred ombagrmee MY SOV BUORsislitued phenol_poljouac (W, "eba 1080 "
by the strgct uggbstituted ghefbPsubistituted nphthols dorfespindify €6 tHPaboveP@eniplifiied V.
10 phenols, meth%gze%is-p enol, bis-(4-hydr<c)])?yp enyl)-2,2-propane, and
hydrocarbon substituted bis-phenols wherein the hydrocarbon substituents have
at least 8 carbon atoms for example, octyl, dodecyl, oleyl, polybutenyl, etc.,
sulfide-and polysulfide-linked analogues of any of the above, alkoxylated
15  derivatives of any of the above hydroxy aromatic compounds, etc. Preferred
compounds of Formula (III) are those that will lead to the compounds of
Formula (I) having preferréd_ anion containing groups of Formula (II).

The method of preparation of numerous alkyl phenols is well-known.

Illustrative examples of alkyl phenols and related aromatic compounds and
20 methods for preparing same are give in U.S. Patent 4,740,321, to which
attention is directed.

Non-limiting examples of the carboxylic reactant (b) of Formula IV
include glyoxylic acid and other omega-oxoalkanoic acids, keto alkanoic acids
such as pyruvic acid, levulinic acid, ketovaleric acids, ketobutyric acids and

25 numerous others. The skilled worker will readily recognize the appropriate
compound of Formula (IV) to employ as a reactant to generate a given anion-
containing group A. Preferred compounds of Formula (IV) are those that will
lead to compounds of Formula (I) having preferred anion containing groups of
Formula (II).

30 It will be noted that in a preferred embodiment, the anion described in
detail above is represented by the structure



5 . [err] R RIn a preferred
enbodi nent each R is independently an al kyl group containing at 20 | east
4, and preferably at |east 8 carbon atons, provided that the total nunber
of carbon atons in all such R groups is at |least 12, preferably at |east 16
or 24. Alternatively, each R can be an olefiih pol ymer substituent as

descri bed above. The expressions "represent'ed by the structure" or
"represented by," as 25 used in this application, nmeans that the materi al
i n question has the chem cal str@@)®€ as indicated or has a rel ated and
generally equi val ent structure. Thus, for exanple, an anion "represented
by" a structure which shogg an i@®gi zegygar- boxylic group and non-ionized
phenolic OH groups, as the abgye,Ncould also, in part or in whole, consist
of materialg in which on hore O phenolic OH 30 groups are

Il oni zed. Tautoneric st o j onal isonmeric structures are al so
I ncluded. U.S. Patents and 3,954,808 (Elliott et al)
descri be procedures Ror [ hWelredi ate via reaction of phenol
and acid. The internediate product obtalned fromthe reaction of the
foregoing 35 diyevemnanord spgRificallgonpounds and carboxylic acids is then
react ed mﬁ{& a.nEtaI cont ai ni ng Hﬁﬁikgnt to forma salt. Suitable netal
cont ai ni ng*'f eact ants have been e t ed herei nabove. 25 The above
exanpl es are intended to @& illusfkrativeQ@® suitable reactants and are not

i ntended, and should not be viewedyas, an exhaustive listing thereof. It

w Il be appreciated that AQhe redcC cactants (a) and (b) wll lead to
a conpound containing £Aro ¢ -OH or [err] as 5 descri bed
her ei nabove except t hat a lactone, Z may be absent.
Furthernore, a phenol i cNgroup cont ai ni Droduct may be reacted with, for
exanpl e, aH;epoxide, to génerate [err] grijoups, either on the internediate
arising fromreaction of Fa) and (b) or 4f a salt thereof.

R R

In a preferred embodiment each R is independently an alkyl group containing at
20  least 4, and preferably at least 8 carbon atoms, provided that the total number of
carbon atoms in all such R groups is at least 12, preferably at least 16 or
24.Alternatively, each R can be an olefin polymer substituent as described
above.
The expressions “"represented by the structure" or "represented by," as
25  used in this application, means that the material in question has the chemical
structure as indicated or has a related and generally equivalent structure. Thus,
for example, an anion "represented by" a structure which shows an ionized car--
boxylic group and non-ionized phenolic OH groups, as the above, could also, in
part or in whole, consist of materials in which one or more of the phenolic OH
30  groups are ionized. Tautomeric structures and positional isomeric structures
are also included.
U.S. Patents 2,933,520 (Bader) and 3,954,808 (Elliott et al) describe
procedures for preparing the intermediate via reaction of phenol and acid.
The intermediate product obtained from the reaction of the foregoing
35  hydroxy aromatic compounds and carboxylic acids is then reacted with a metal
containing reactant to form a salt. Suitable metal containing reactants have
been enumerated hereinabove.



The .internediate arising fromthe reaction of (a) and (b) may be a 10
carboxylic acid or a |actone, depending upon the nature of (a). In
particular, when (a) is a conpletely hindered hydroxy aromati c conmpound,

t he ~product from(a) and (b) is a carboxylic acid. Wen the hydroxy
aromatic reactant (a) is |less hindered, a lhactone is generated. Oten, the
I nternmedi ate arising fromthe reaction of (a) and (b) is a 15 m xture
conprising both | actone and carboxylic acid. Wen the internediate from (a)
and (b) is further Mhecitedevixamplércareindndedaptts llusgratiea of amitablrereactdnty a

boxvl i ; a . . .
foed. an anpuntad & nbfipleHoTicand g by BN, & cREbRlive iRGhGhotels
further reaction taltewilpbaeppreciatedthat the reaetion ofipractants (a) and (b) willdead toe

to time it has been noted that before all lactone is converted tqg
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carboxylic acid; however, VErsion o |'ea ) nmore preferably 75%
of lactone or carbolpei interviadiate arigingfpoinc thec reactiont of {a)dend r@)| may be a
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The foll ow ng i$e%?4ﬁ%‘ii #S% rat.ive Extaegpl es describe the preparation of 35
t he conpounds &% PG A BFNELP BFPYR*Che conpositions of this invention.
In 26 the fol | owOftenexthepintermedintevadrisimgs from tthe hetiors ofn¢h)i and I(b) is a
speci fi catyon Qf: | |4 ' i1 s.:RYy weight, the
onper at ars | s it SoARRsEAlo B TaptBRE hita BirBoRe &eil
When the intermediate from (a) and (b) is further reacted with the metal-

containing reactant, generally a carboxylic acid salt is formed first. If an excess

of metal reactant is used, an amount beyond that needed for formation of a

carboxylic acid salt, further reaction takes place at aromatic -OH groups.

20 From time to time it has been noted that before all lactone is converted to

carboxylic acid salt, the beginning of conversion of phenolic -OH groups to O-
groups, i.e., phenate salts, is observed. This appears to occur most often when
the metal reactant is a calcium reactant.
The carboxylate salt forms by reaction of the metal containing reactant
25  with the lactone, opening the lactone ring, forming a carboxylate salt, or from
direct reaction with a carboxylic acid group. It is generally preferred to utilize
sufficient metal-containing reactant to substantially neutralize all of the
carboxylic acid; however, conversion of at least 50%, more preferably 75% of
lactone or carboxylic acid to carboxylic acid salt is desirable. Preferably, at
30  least 90%, more preferably 99-100% conversion of lactone or carboxylic acid to
carboxylic acid salt is effected.
The overbased salts, the neutral salts, or the corresponding lactones can
be used in lubricants, particularly for lubrication of marine diesel engines.
The following specific illustrative Examples describe the preparation of
35  the compounds of Formula (I) useful in the compositions of this invention. In



pressure is atnospheric, unless otherwise indicated. As will be readily
apparent to those skilled in the art, variations of each 5 of the
illustrated reactants and conbi nati ons of reactants and conditions may be
used. Exanple 1 A mixture is prepared by conbining 3317 parts of a

pol ybut ene- substituted phenol prepared byagoron trifluoride-phenol

catal yzed al kyl ation of 10 phenol with a poI ybut ene havi ng a nunber
average mol ecul ar wei ght of ‘pprom mately 1, 000 (vapor phase osrmmetrg})l_,
218 parts 50%@@1&959@1@ g¥arpples, @ﬁ:wgll(wxarthenlamérméan)t arspedification of $hiz0%
aqueous et hangsitchfiBh Cpaifs she part3 bySREighE, tRE Héngﬂ%?gtu i'déerééd CERIus and the

t her mo-wel |, subsurface gas,inl et ﬁgean Stark trap wth
condenser for W&F%FCF%W}E%&W# *‘%Wf’?‘ 1cat¢fbat ed under a nitrogen

flow to a tenperat uAg will lbeafe"ahxly\a@pafane th\thse skilded Bnttic are, varidtiind ofteacRr r ]
for four 9urs t h,,r enov

of. a.total of. 14 art yeous
st 1 at oSt o el ARG rriant® oih cofieiiins 3 siiclafid ahd GUHRES mey e
stirring fol |l owseed. by cooling of the reaction mxture to roomtenperature.
At room tenperg 117.6 parts 50% aqueous sodi um hydroxi de and 500 parts
20 water are- ith stirring fol |l owed by exotherm c reaction to about
[err] over 10 ni nutAsmixtise Dsaprenasedc by mombiningn334d parts tofe ac palxhwiene-i

arranged to alduiided bﬁEﬁdP&sreﬁTi}%d rﬂf(&:yﬂgﬁtﬁe-ﬁlsig?tﬁﬁ@gﬁ}égﬁat?%eb%%ﬁ?gioﬁ_?fe

t enper at ur,
reaction fYxt Ll?lg WﬁgnacB‘E}D’gHtePS E%‘Gﬂg fe\;q FROSH @VEEASE p PN %‘7 Heighte @ by
applying a vacamm)xxmawy 1,800 c@vapbe puaessusmomugy),omsmﬁnm I5004reaqucdus

mercury. The PHESSUEE ecre SAReLaL W & reased
over a period élb‘? n&@i’@yéﬁ!ﬁ ‘é?%?ﬁ“eﬁ AN LY héa“ie?%f%‘?lf’]
and t he pressuacdiin aZﬁ:anioIr |eiquippedswith racsmyer, Thermoewell] subsusfachecgashinled gas
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residue is fil rough a diat onaceous ear

t enper at ul® ofhegestungdesy o nitrogen: floss to ©; tempsrasurecof 1607F aver qpe hour. The
approxi mat el y £8eien fehéld & 160°0 Fiifoub houss FAH! 1Moval b8 Wated; 4ol of fi@& M

ot o or ) i ahsohs Audide s 2o lSHE0. pterh) o st 2ot b A
i ndi cating absﬁﬁh%tﬁﬁng dollowed &3 éowlifig. of the reaction mixture to room temperature.
At room temperature, 117.6 parts 50% aqueous sodium hydroxide and 500 parts
20  water are added with stirring followed by exothermic reaction to about 40°C
over 10 minutes. The Dean-Stark trap is removed and the condenser is arranged

to allow for reflux. The mixture is heated over one hour to a temperature of
95°C and is held at this temperature for three hours. The reaction mixture is
then cooled to about 60°C and stripping is started by applying a vacuum to
25  reduce the pressure to about 100 millimeters mercury. The pressure is slowly
decreased and the temperature is increased over a period of approximately eight
hours until the temperature is 95°C and the pressure is 20 millimeters mercury.
The reaction is then held at this temperature and pressure for three hours to
complete stripping. The residue is filtered through a diatomaceous earth filter
30 aid at a temperature of about 95°C. The resulting product, containing
approximately 40% mineral oil diluent has a sodium content of 0.58%, ASTM
color (D1500) of 7.0 (neat), and a total base number of 13.2. The infra-red

spectrum of the product is substantially free of absorption at 1790 cm'1

indicating absence of lactone carbonyl.



27 Exanple 2 Areactor is charged with 3537 parts of a propyl ene

t et raner-substituted phenol prepared by al kyl ati on of phenol with a

propyl ene tetramer in the. presence of a sul fonated pol ystyrene catal yst
(marketed as Anberlyst-15 by 5 Rohm & Haas Conpany), 999 parts of 50%
aqueous glyoxylic acid (Hoechst Cel anese) gfd 3.8 parts 70% aqueous net hane
sul fonic acid. The reaction is heated to [err] over three hours under a
nitrogen flow. The reaction is held at [err] for four hours while

col l ecting 680Epample 2ater in a Dean-Stark trap. A nmineral oil diluent,
2710 parts, is adde IS
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of water is begun while the temperature is slowly mcreased to 95-100°C over

E

seven hours while reducing pressure to 20 millimeters mercury. Stripping is
continued at 95-100°C at 20 millimeters mercury pressure for three hours. The
20  residue is filtered through a diatomaceous earth filter aid at 90-100°C. A
product containing approximately 40% diluent oil is obtained containing, by
analysis, 2.18% sodium and which has an ASTM color (D-1500) of 6.5. The

-1

infra-red spectrum shows no significant absorption at 1790 cm ~ indicating the

product contains no lactone carbonyl.
25 Example3
A mixture of 681 parts of a polyisobutene substituted phenol-glyoxylic
acid reaction product prepared according to the procedure of Example 1, 11
parts calcium hydroxide, 461 parts of mineral oil and 150 parts of water are
charged to a reactor and heated under a nitrogen blanket at 100-105°C for four
30 hours. The reaction mixture is stripped at 115-120°C at five millimeters
mercury pressure over four hours. The residue is-filtered at 115-120°C
employing a diatomaceous earth filter aid. The filtered product containing
approximately 40% diluent oil contains, by analysis, 0.42% calcium and has a
total base number of 15.1. The infra-red spectrum of the product shows a weak

-1

35  absorption at 1778 cm ° indicating a trace of lactone in the product.



mercury pressure over four hours. The residue is filtered at [err]

enpl oyi ng a di atonmaceous earth filter aid. The filtered product containing
approximately 40% di luent oil contains, by analysis, 0.42%cal ciumand has
a total base nunber of 15.1. The infra-red spectrum of the product shows a
weak 35 absorption at 1778 [err] indicatifg a trace of lactone in the

pr oduct . 28 Exanple 4 A reactor is charged with 655 parts of a propyl ene
tetramer-substituted phenol prepared according to the procedure given in
Exanpl e 2, 185 BashpleH% aqueous gl yoxylic acid (A drich) and 0.79 parts

70% aqueous net hanesyl | C . l1d,,: f | ' ] .
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Example 5
A reactor is charged with 2500 parts of a propylene tetramer-substituted

phenol prepared according to the procedure given in Example 2, 706 parts 50%
20  aqueous glyoxylic acid (Aldrich) and 4.75 parts paratoluene sulfonic acid
monohydrate (Eastman) and 650 parts toluene. The materials are heated under
nitrogen at reflux (maximum temperature 140°C) for 10 hours; 490 parts water
is collected using a Dean-Stark trap. The reaction product is stripped to 130°C
at 20 millimeters mercury pressure over three hours. Mineral oil diluent (1261
25  parts) is added and the product is filtered through diatomaceous earth filter aid

at 100°C. The infra-red spectrum shows an absorbance at 1795 cm'1

the presence of lactone. Another reactor is charged with 500 parts of this
lactone-containing product, 48.4 parts 50% aqueous sodium hydroxide, 100
parts water and 83 parts mineral oil diluent. The materials are reacted under
30  nitrogen at 95-100°C for ten hours. The reaction mixture is vacuum stripped to
120°C at 20 millimeters mercury pressure over three hours. The residue is
filtered through a diatomaceous earth filter aid at 100-120°C The filtered
product shows 2.36% sodium, by analysis. The infra-red spectrum shows no

lactone carbonyl absorption at 1795 cm'l.

indicating



25 , parts) is added and the product is filtered through di at omaceous earth
filter aid at [err]. The infra-red spectrum shows an absorbance at 1795
[err] indicating the presence of |actone. Another reactor is charged with
500 .parts of this | actone-containing product, 48.4 parts 50% aqueous sodi um
hydr oxi de, 100 parts water and 83 parts mnggal oil diluent. The materials
are reacted under 30 nitrogen at [err] for ten hours. The reaction

m xture is vacuumstripped to [err] at 20 millimeters mercury pressure over
three hours. ThExampledue is filtered through a di atonaceous earth filter

aid.at [err]. The fijt Fera‘é‘%rp{so%kﬁ- e RNE 2%4§6g&ﬁ£"1if“£n &ygﬁ?gléﬁ%' §ubs-ﬂ?@ted
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substitutedd  pressure over three hours. The res1due is filtered emp oymg a diatomaceous
earth filter aid at 110-120°C. The residue contains, by analysis, 2% sodium.

The infra-red spectrum shows no lactone carbonyl absorption at 1795 cm'l .

Example 7 : '
A reactor is charged with 700 parts of the polypropylene substituted

20  phenol-glyoxylic acid reaction product described in Example 6, 24.5 parts
calcium hydroxide, about 100 parts water and 483 parts mineral oil. The
materials are heated under nitrogen to 95-100°C and held at that temperature for
eight hours. The infra-red spectrum at this point indicates lactone has been
consumed. The materials are vacuum stripped to 100-105°C at 20 millimeters

25 mercury pressure over two hours. The residue is filtered at 100-105°C
employing a diatomaceous earth filter aid. The filtrate contains, by analysis,
0.934% calcium. The infra-red spectrum shows that a small amount of lactone
remains.

Example 8
30 A reactor is charged with 528 parts of a propylene-tetramer substituted

phenol-glyoxylic acid reaction product prepared in the same manner described
in Example 4, 18.5 parts sodium hydroxide, about 433 parts toluene and 40 parts
water. The materials are heated under nitrogen at 85°C (reflux) for four hours.
Barium chloride dihydrate (Eastman) (56 parts) is added and the materials are
35  heated at reflux for four hours followed by removal of water employing a Dean-
Stark trap over three hours. The materials are cooled and solids are removed by



. phenol - gl yoxylic acid reaction product described in Exanple 6, 24.5
parts cal ci um hydroxi de, about 100 parts water and 483 parts mneral oil.
The materials are heated under nitrogen to [err] and held at that
tenperature for eight hours. The infra-red spectrumat this point indicates
| act one has been consuned. The materials arggvacuum stripped to [err] at 20
mllimeters 25 mercury pressure over two hours. The residue is filtered

at [err] enploying a diatomaceous earth fil ter aid . The filtrate contains,
by anal ysis, O0.BBrional The fltrateds istripped todl X56cat LhmiHungternmereury miessure.

amount  of Iactcmsef&men@ontﬁhanwm S8, 282% bamﬁnrmq 01% SodithA! IERk Mftd
528 parts of ad%ho yl ene- trarrer S stlt?x)é henol - gl yoxylic acid

reaction ‘produ Wstan@e% ribed in Exanple 4, 18.5
parts sodi um hyﬂxmm@_eg about 433 parts toluene and 40 parts water. The
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at 15 millinmet ew;n with psubsyface gasciniets thasmonshl, stireer, mf
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Dar s of CalPor yikiBres. Bass 2f Ao watre s coliseino il ik 468, n?e;%ntﬁwédfd
44t Eaﬁg; 'L Isf gg:%mmsbygmmg of theahakefidlsctoi ﬁ?C aAdolutivh o%lz.ﬁSSpqrtns lithium
Cher movel | ot | dpRide InBhdiaRg s RshA tn B e UAIEE  TRATOIGN I Ao tp,
heated to [ er r ]tharrdacttet dt @8°ChdNo exothermiareaction is notetdhr ¢he MransStagld tyapriss
water is collegl veMaa%r&.b ﬁx} ens%@q? Qﬁhg%d i‘h@qﬂf{ %8' &8‘@%@3&’}0&9?% Rgqof

the materials to |err] t1on o
nonohydr at 3 s afp !ﬂ%te@amnavr Qﬁorvtwehoursrh'fbem analémguméoatt% Cat

20 millimeters mercury pressure for two hours. The residue is filtered through a
diatomaceous earth filter aid at 95°C. The filtrate contains, by analysis, 0.51%
lithium and 1.20% sulfate ash and has a total base number of 13.55. The ASTM
color (D-1500 procedure) is 5.5.
20  Example 10

A reactor is charged with 420 parts of a propylene-tetramer substituted
phenol-glyoxylic acid reaction product prepared according to the procedure
given in Example 4, 31 parts potassium hydroxide and about 260 parts toluene.
The materials are heated under nitrogen to 120°C and held at 120-130°C for

25  four hours. Following reaction, the infra-red spectrum shows no lactone re-
mains. Naphthenic oil diluent (660 parts) is added followed by stripping to
140°C at 2 millimeters mercury pressure for three hours. The residue is filtered
through a diatomaceous earth filtrate at 130-140°C. The filtrate contains, by
analysis, 1.47% potassium and has a total base number of 21.6.

30 For additional examples of preparation of hydrocarbyl-substituted car-
boxyalkylene-linked phenols of this type and their neutral salts, attention is di-
rected to PCT publication WO 93/21143, particularly pages 32 to 38. The fol-
lowing are examples relating to preparation of overbased salts of this compo-

nent of the invention:



the reactor at [err]. No exothernic reaction is noted.” The Dean-Stark trap
I's renoved and the condenser is replaced. The materials are heated to [err]
and 15 are held at that tenperature for two hours. The materials are
stripped at [err] at 20 mllinmeters nercury pressure for two hours. The
residue is filtered through a diatomaceous garth filter aid at [err]. The
filtrate contains, by analysis, 0.51%Ilithiumand 1.20% sulfate ash and has
a total base nunmber of 13.55. The ASTM col or (D-1500 procedure) is 5.5. 20
Exanpl e 10 A reBxampleiKl charged with 420 parts of a propyl ene-tetraner

b d phenol
Chebrosedur o oeey Pk e 2 okt lhfduile AR, oo JSEIM IR S
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spectrum shg:/s actone re- ht heni' ¢ i uen 660 artsg | s
added follo ﬁ*w%ffewﬁmﬁgak q?‘é’iefc%‘? mixfyre 1 b actin

three hours. ThE60°€soekie3 hsuf‘sldnﬁef eduﬁrdsgmﬂhwaafb@ﬁ Seéfhrbt fIlhletmm-e

at [err]. The f t:gl}_ t (rs gt n% .C D8 160%C Eyg{: 9 %‘%ﬁﬁ vaéx?] ‘R%‘fﬁi n%ﬁ ‘i)ﬁ‘uem oil,

total base nunb

preparation of Iﬁ}lh)rg;aarakigibd subse pomitoncancithe rmntnpalmmtenesdqlc:kMZQ‘ffém@lsmdf
this type and t%@ﬁ-@gutral salts, attention is di- rected to PCT
publ i cation WO 3 partlcul arI ages 32 to_38. The fol- |lowi ng are
exanpl es ré&Pating tolbr after § %ﬂgﬁ@ﬁ%@wﬁ dium drydroxide apdJ89rg-watesf

t Ee I lnvegglgon allre aﬁﬁe@%@m ﬁmlﬂné ﬁi one°’5317t1c91 Okﬂ"e?ifa?qmt&%ékﬁﬂférﬁ# kRé kédéh%ﬂt
ENT5°L acneck fisissledytn BSubocE apdinsinteined 1or Hchonsaei ARSC coeling the rgon
inlet, and Deanm§ttartd Gemwtﬁcﬁmd&ﬁ’lﬁaﬁ KBPa (TOW mmtHyg) fseapplidd ardd &acuum
eact] on XUt el Sloe Sl bbb RSB hosifl 98 Hobec
mai nt ai ned1st [ever]7 haurs Avhiteuthe, vagingm is eeduceat to12 kPa (20 Didaidg). The mixture
is maintained at this temperature and pressure for 3 hours. The reaction product
is filtered through a filter aid at 90-100°C.
(c). The product prepared as in part (b), 2586 g, and 140 g diluent oil,
are added to a 5 L flask equipped with stirrer, thermowell, subsurface inlet tube,
20  and cold water condenser. The mixture is heated to 93°C. A solution of CaCl,,
143 g, in 168 g water is added at 93°C and mixed for 15 minutes. Ca(OH),, 185
g, is added and mixed for 15 minutes at 90-95?0. The mixture is heated under
nitrogen flow, 28 L/hr (1 std. ﬁ3/hr), to 150°C to remove volatiles. The mixture
is cooled, and 260 g methanol is added. The mixture is heated to 50-52°C and
25  CO, addition is begun, at 28 L/hr (1 std. ft*/hr). After about 2 hours the mixture
is heated to 150°C and maintained for 1 hour, to remove volatiles. The mixture
is cooled, then reheated to 100°C and isolated by centrifugation and filtration to
remove solids.
Example 12. _
30 Into a 3 L flask equipped with stirrer, thermowell, subsurface inlet tube,
and cold water condenser are charged 1000 of product prepared as in Example
11(a) and 170 g diluent oil. The mixture is heated to 50°C under a slight nitro-
gen flow. To the mixture is added 150g of a mixture of isobutyl and amyl alco-
hols and a solution of 5.3 g CaCl, in 15 g water. Thereafter is added 48 g
35 Ca(OH),. After a slight exotherm, the mixture is heated to reflux and main-
tained for 1.5 hours. The mixture is thereafter heated to 150°C under a nitrogen




2910 g, is added in one portion and the reaction nixture cooled to [err] to
stand overnight. 10 (b) Thereafter 540 g of 50% aqueous sodi um

hydr oxi de and 1089 g water are added to the mixture in one portion. After
an Lnitial exotherm the reaction is heated to [err] and maintained for 3
hours. After cooling the reaction mxture g9 [err] a vacuum of 13.3 kPa
(100 mMm Hg) is applied and vacuum stripping of water is begun. The
tenperature is slowy increased to [err] 15 over 7 hours while the vacuum
i s reduced to flow &F28 (7Br (imstdg)ft’/kih ¢o membue solatilesithemicoel¢dat Therisystem is

t t d f Qo . ' : it b
througn o 11 ¢ e Rt tp R aqpOul Bqqiibfal £F ' IO LNEN drt biny] ?@Eﬁ’fs
2586 g, and 14i agided] aleng with 306 ganetharel, followesl €Y ﬂgﬁMWl}p pig fdded

stirrer, ther n&m&glmi?ﬁﬁ%t@sqg& 'XP ket fPS ovéP a pesidd ofd Howfd! eThemidtars iy -
The m xture is heated to

2 [err] . olution of .Jerr] 4143, g, .1n_168. er
i s added af [ e#gain hsgted; SSQJ& f&%?rﬁ%t‘ggi.er@é @%"’]’Z,ﬂoﬁggﬁt,nﬂ g’Og?S{]g%%
m xed for 15 mpixtaesisadoodéd AaCTiliEhad a6 ¥002Ceusing hdteedidinThe producige the fibw,
28 L/hr (1 std, Jerr] to [err] to renove volatiles. The m xture is cool ed,
and 260 g net h4A% is added. The mixture is heated to 50-52C and 25 [err]
addition is beBusmpli1P8 L/hr (1 std. [err]). After about 2 hours the

The m xture ta cool O AL sk B E ip Sarkplg2tis chid TS0 YR MateAR
and filtrd0i onpteparednsia Exampie. 113033 g dilpentznl, and 252 g af 3 mixfure of igoRu-
equi pped wi th ia!hﬁe%n{lt DELRBINE The miiat {FhatddWath titbiRg @5 ulders oi-
chgjenser are charge 000 _of _product pr red n Exapple. 1 a)e a.}m 170
g di luent oil . tregen How o lf‘sLﬁ’éa&’e qt@. ?@&\"5 uﬂ%ei‘heangﬁggﬁtlsnfﬂférg-dge g
flow. To the nCstOHR,, 950 gddetlc dc)and 183 Water at 38%C, whilb majhtaimiigahy nitadco-
35 Cagony 2. KR v Afiehh exubimh Al dplol i eatiRoRCnd Tndiited 4 0
mai n- tai n&d f temperstubofiors] hohe Thereafter the mirsursaistheatedetar B0 Cofqrek hputder
a nitrogen g@lp volatiles. The product is cooled and filtered.

Example 14.

To a 3 L flask equipped as in Example 12 is charged 1293 g of material

prepared as in Example 11(b) and heated to about 93°C. Diluent oil, 70 g, is

20 added, followed by a solution of 71.5 g CaCl, in 84 g water, and the mixture
stirred for 15 minutes. A charge of 67 g Ca(OH), is added and mixed for 15
minutes at 90-95°C, followed by heating to 150°C to dry and cooling to room
temperature. The mixture is reheated to 50°C and 130 g methanol is added.
CO, is introduced into the mixture at 14 L/br (0.5 std. ft>/hr.) for about. 75 min-

25 utes. The mixture is heated to 100°C to strip for 30 minutes under a nitrogen
flow of 28 L/hr (1.0 std. ft’/hr). Thereafter the product is filtered using a filter
aid.

Example 15.
Into a 5 L flask equipped as in Example 11(c) is charged 2376 g of ma-

30 terial prepared as in Example 11(a) and 729 g diluent oil. The mixture is heated
to 45°C under a trace flow of nitrogen. To the mixture is added 140 g
Ca(OH),, 434 g methanol, and 15.7 g acetic acid in 41 g water. After an exo-
therm, the mixture is stirred at 55°C for 1 hour. Thereafter is added 131 g addi-
tional Ca(OH), and the mixture carbonated at a CO, flow of 57 L/hr (2 std.

35  ft’/hr) to a neutralization number (to phenolphthalein) of 0. An additional
charge of 131 g Ca(OH), is added followed by carbonation at a CO, flow of 42




flow of 28 L/hr (1 std. [err]) to renove volatiles, then cool ed. The system
Is again heated to [err] and an additional 150 g of the isobutyl and anyl

al cohols is added, along with 300 g nethanol, followed by 134 g [err].

[err] is added to the m xture at 28 L/hr (1 std. [err]) over a period of 2
hours. The m xture is 5 again heated to g§prr] for 1 hour under nitrogen
flowto strip volatiles. The m xture is cool ed and filtered at [err] using
a filter aid. The product ;s the fil- trate. Exanple 13. Into a 3 L flask
equi pped as i nLEKa(ﬂrpﬁ stdy ft’fhr) thangetgalizmtion pustberefd),ifallowsd bypadditional H2 i n

Exn;tfm;lecéﬁg ft)s , hG e &fmég ﬁ\kl orﬂeemﬁaqréé%tﬁpﬁdr 8f ﬁbl@tﬂésetéfr?ﬁr' @lg.llhr 5 stnd
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Ca(OH) 2, 9. 0 ofikerdd sine h dilteraéd. 18 g vvat er at [err] while maintaining the
nitro- gen5 - Af an exotherm the mxture is heated to [err] and

mai nt ai ned Oﬁ/{‘ramf?‘g:&erature for 1 hour. Thereafter the mxture is heated
to [err] for 1 hourlIito &tr Lpthred-n¢dked sflaskhequippetliotith sticren) drbrmosvel, | ther-ed.
Exanpl e 14 To | I
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Intp ablLlL flwd as in Exanple 11(c) is charged 2376 g of ma- 30

terial prepare 1 %ﬁand 729 g diluent oil. The m xture is

heated tol Eer r] unditog 3 uladenqqke& ﬁqmgéns in Rxample }6xis gharged MRreg

140 g Ca(OH) 2, of3dtedial M?Eéb%i‘&i as ﬁ‘lrE'x 13 IQ a309l 'g%%bﬁnbﬂed‘éh&in%&ﬁhﬁc saf-er

an exo- therm t he le IS Stll’ Oerrilu 96 ol Thﬁ;ea lter is

added 131 g adfppic acl olecular welg out 0, and 500 g toluene. mixture is
heated with stirring to 60°C. 10g g MgO is added and the mixture heated to
80°C. Water, 300g is added and the mixture heated to reflux (95-100°C) for 2

20  hours. The mixture is heated to 150°C under 42 L/hr (1.5 std ft*/hr) nitrogen

flow, followed by exposure at this temperature to vacuum, 2.9 kPa (22 mm Hg).
The resulting mixture is filtered warm through a filter aid.

Example 81.
To a 3 L flask equipped as in the previous examples is charged 470 g of

25  the 2:1 adduct of propylene tetramer-substituted phenol and glyoxylic acid, 17
g Ca(OH),, 400 mL xylene, and 20 g water. The mixture is heated under nitro-
gen at 90-92°C for 2 hours. To the mixture is added 27.6 g MgO, and, as pro-
moters, 20 g of a commercial alkyl sulfonic acid mixture and 40 mL methanol.
The mixture is heated to 78-80°C while blowing CO, for 6 hours at a rate of 6

30  L/hr (0.2 std. ft°/hr). The mixture is heated to 150°C under nitrogen flow for 2
hours to remove volatiles and thereafter vacuum stripped for 30 minutes at
150°C and 3.3 kPa (25 mm Hg). The product is filtered through filter aid at
150°C.

Example 82.

35 To a 2 L flask equipped as in the previous examples is charged 592 g of

the adduct of alkyl phenol and glyoxylic acid, overbased with Ca(OH), (1



tional Ca(G—l)Z and the mixture carbonated at a [err] flow of 57 L/hr (2
std. ‘35 ft3/hr) to a neutralization nunber (to phenol phthal ein) of 0. An
additional charge of 131 g Ca(OH)2 is added foll owed by carbonation at a
[err] flow of 42 33 L/hr (1.5 std. [err]) to a neutralization nunber of
0, followed by additional 1/2 hour of [err] 3#low. The m xture is stripped
of volatiles under 42 L/ hr (1. 5 std. [err]) nitrogen flow at [err] for 1
hour. The m xture |s cooledto rr] red using a fj _
Exanpl e 16. | nt 69%valep mmélelt%e dert) |a&3klvfs %G&Hl‘ﬁ#? s/ §ﬂwrvaiqnt addict) and
tper« mowel | i tBeéarbagmae repatdaswltthmmmw Akl anfsreaeid t@n@tﬁﬁhﬁﬁﬂx@lﬁ g
of material obtained as ai

aromatic sul f onf¥ %Y dw‘%ﬁﬁ?fﬂg% §§\E|°6§‘ﬁ'gta%§tlg53% 3?){)?1@6 gﬁga?ﬁb' g

di luent oil. Thmbstmmdqaheuohmadal;ta C,srnliklyl-substitited mate[rfall rx]; usﬁﬂ gFighern s

?ﬂge% i?ﬂr Eagss rT‘?leat e to r |’1§r Ohga(ife?d&g&{eﬁg[ halﬁoaxgl%e i's hegﬁe a{éd
[err] under a nheatedunden luwoéf-n 31715_()'}150‘((2 fort 7 hopss; thep filtered b \180%/0 (throuigh 4,

The mixture is fife} SfdeQn&%fBetégraHPﬂﬂeédfthM@h ﬁi‘télr af@@ni@oe130°A5
Into a 5L, 4 ngcked sk equipped as in EXanple 16 is charged 1424 g of

mat eri al prepar Exanple [|(a), 91 g of a branched chain aromatic
sul - fonic acid, nol @ul To s DMaskbisu&dcﬁﬁowwlé &0 polybutdnydpieenol [{tholeatitasr e

|3 Meated ot Selgiifibul 088190 o° (o RRURAS SRS Sohlbahea tie, Moo
20 . hours. Themixtureiis hestedeunded nitrofen mj 160ek30°C2far/ 0 hobr§ eultectiogri§ g

ni trogen flow tva{érq#sebé% SEPPTDE THe frblcr i€ UBREALNES: lafbrYREULM 2. 9 kPa

(22 mMm Hg). The resu m xture” | ere rou ilter aid.

Exanple 81 To a 3 L f®as oeq%LpféﬁéF isaddad 300 et theows o8 rast (2 ofithigext
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cooled and insoluble solids removed by filtration. The solvent is removed by
stnppmg for 3 hours at 140°C under 0.7 kPa (5 mm Hg)

Altematwely, the acid matenal employed can be an overbased dihydro-
20  carbyl ester of an alkylene dicarboxylic acid, the alkylene group being substi-
tuted with a hydroxy group and an additional carboxylic acid group. Such a
material can have the structure
C(O)O™

I
25 RO,CR™—C—R'CO,R

I
OH

shown here in its presumed anionic form; the original acid would have a
C(O)OH group. In this structure each R’ is independently an alkylene group of
30 1 to 6 carbon atoms. Preferably R’ is methylene. Each R can be independently
an alkyl group containing at least 4 carbon atoms, preferably 4 to 50 carbon at-
oms, 4 to 30 carbon atoms, and more preferably 8 or 12 or 15 to 24 carbon at-
oms, provided that the total number of carbon atoms in all such R groups is at
least 14, and preferably at least 16 or 24. Suitable R groups are described in
35  greater detail above, in the description of the R groups for the hydrocarbyl-
substituted carboxyalkylene-linked phenols. In this regard it is noted that the
hydrocarbyl group represented by R can include groups of the general structure



gen at ‘[err] for 2 hours. To the mixture is added 27.6 g MyO and, as pro-
noters, 20 g of a commercial al kyl sulfonic acid m xture and 40 niL

met hanol . The mixture is heated to [err] while blowing [err] for 6 hours at
‘arate of 6 30 L/hr (0.2 std. [err]). The mxture is heated to [err]
under nitrogen flow for 2 hours to renmove vgkatiles and thereafter vacuum
stripped for 30 mnutes at [err] and 3.3 kPa (25 nmm Hg). The product is
filtered through filter aid at [err] Exanple 82. 35 To a 2 L flask
equi pped as i n RY©O-R"gw-pwherextheaR' és typca haaw etkyb gPoup, @bnirhenlyddif to 30 car-

al kyl phenol an I lbhe:aci ok r L.t

equiyvaloent [ equi \i}g gﬁ}ﬁ%’t uf:s?%l g‘#&%é}?gﬁgﬁ#\}gl%bﬁp{s}sec(aﬁ?c{/na?%g?s’53%8? )ethénd
carbonat ed, preplenedryropylenerasdat i 0 40 kQJ typigallyni to dciSmehRgreups canhade
by anal ogy wi t hyxagRing sékallecre?@ma% leBndll 3F BrétfoxyiftePaRRYbANC telramer-

substituted phenol material, a -al ky. Itu materital is used,
Further 5 Sadded t o lhaeprefesssd mgteslelﬁgot’)ﬁhlscﬂlwu%rsrélplw1§PESaﬁwa$qm@ bYhe
m xture i s heat gk stigkgsireni trogen at [err] for 7 hours, then filtered at
[err] through a filter aid, arlgdﬂ_ce again filtered through filter aid at
[err] Exanple 83. (a). To a 5 (DPsk is added 1900 g of pol ybut enyl phenol
(nol ecul ar 10 wei ght about 2p20), 70 g glyoxylic acid, and 10 nL

concentrated HC . TheR@é\gFﬂIrz_e__ég_é]%gﬁ% under nitrogen at [err] for 10
e 4

hours, collecting 58 g in a DeantStark trap. The product is collected
for later d9e. (b). To a 2 L flask is added 300 g of the material of part
(a) of this ex- anple, 20 g [gygl. 50 nL water, and 400 nL xylene. The

The. react  on: mi Dvelkal piratesoire derivel isb Eitp ok HOL B QDD #DGHRG 3,
The solvent is gl &lakyelbknowRicoghrherciallynanaiibRi mlaterial. UTike diddtefs lsRa ptd
T H0) B oG B Bl s RS Sies7  anihobSab

15  under known esterification conditions. Among the other suitable alcohols which
can be used are butyl alcohol, amyl alcohol, hexyl alcohol, octyl alcohol, decyl
alcohol, and dodecyl alcohol, both in their linear and branched forms. Also in-

. cluded are alkoxylated alcohols, as described above.
_ The dihydrocarbyl ester of the alkylene dicarboxylic acid can be con-

20  verted to its overbased form by standard overbasing conditions as described and
exemplified above. However, it may be desired to employ somewhat milder
conditions in terms of temperature, as the ester functionality can be subject to
saponification. :

Example 18. Preparation of didecyl citrate.

25 Into a 5 L flask equipped with stirrer, thermowell, subsurface gas inlet
tube, and cold water condenser, and Dean-Stark trap, is charged 1152 g anhy-
drous citric acid and 1908 g decyl alcohol. The mixture is stirred and heated to
80°C under a nitrogen flow of 7 L/hr (0.25 std. ft3/hr). Toluene, 500 g, is added
and the mixture heated to 130-140°C while removing water azeotropically. Af-

30 ter removal of about 212 mL water over a 15 hour period (over three days), the
mixture is heated to 160°C under a nitrogen flow of 28 L/hr (1.0 std. ft’/hr) to
remove the toluene. The mixture is held at this temperature for 2 hours, then
cooled to room temperature. The mixture is reheated to 90°C and filtered
through a filter aid, to yield the ester as the filtrate.



20 , carbyl ester of an al kyl ene dicarboxylic acid, the al kyl ene group

¥

bei ng substi- tuted with a hydroxy group and an additional carboxylic acid
group. Such a material can have the structure C(O O 25 [err] shown
here in its presumed anionic form the original acid would have a C(O OH
group. In this structure each R7 is indepe gently an al kyl ene group of 30

1 to 6 carbon atons. Preferably R7 is net h9 ene. Each R can be

i ndependently an al kyl group containing at |east 4 carbon atons, preferably
4 to 50 carbongEgkmppi¥9. 4 to 30 carbon atons, and nore preferably 8 or 12

or 15 to 24 carbon at- ogs, Jprovi ded the t er o arb ons
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gl aPky%/m trat e@gﬁg(é? é%@ﬂflﬁ‘?j ah 28 ﬁzhf &r@éﬁér‘?}]&gﬁ rPfut{?)h %’é’Pkaber

citrates d0e darhenetbh‘thalmnc)us abouta@. The[mixthrevisi kedatddstonl 5810 ukden\a nitrogen
comercial |y ayal) apbg v7RE O bk, Aol lecRindve 6iBC 1nAPLEH Mo ABm fom-

esterification 0O rc a eso an apptopria ealc
under known espenaturpcéfq the mixture isoadsded AR hnmmﬂmmeamsm%rf@r

gggﬂofa“d ge :J§§%ﬂﬁ1?esbhtt WonR tEAPHatur@MVThA LR is BEMHIuBEE T0PY hif! Yhen
<y decanted and stripped at 150°C under a nitrogen flow of 28 L/hr (1.0 std. ft’/hr).
15  The material is cooled to 90°C and filtered using a filter aid. The filtrate is the
product. '
Example 20.
Into a 2 liter, four-necked flask equipped with stirrer, thermowell, reflux
condenser, and subsurface tube, is charged 660 g di(C,,. g)alkyl citrate, 318 g
20  diluent oil, and 248 g xylene. The mixture is heated with stirring to 50°C,
whereupon is added 63 g MgO, 130 g methanol, and 101 g water. Carbon diox-
ide is blown through the mixture for 1 hour at 28 L/hr (1.0 std. ft’/hr). After the
1 hour, the mixture is begun to be heated to 160°C while still under CO,, then
vacuum stripped at 160°C at 2.0 kPa (15 mm Hg). The product is filtered.
25  Example 23,
Into a 2 liter, four-necked flask equipped with stirrer, thermowell, reflux
condenser, and subsurface tube, is charged 528 g didecyl citrate, 451 g diluent
oil, and 248 g xylene. The mixture is heated to 50°C, whereupon is added 63 g
MgO, 131 g methanol, 100 g water, and 1g MgCl,. Carbon dioxide is added to
30 the mixture at 28L/hr (1 std. ft*/hr) over 1 hour. A second increment of 63 g
MgO and 10 g 30% aqueous ammonium hydroxide is added and CO, addition is
continued for 3 hours. The mixture is heated to 160°C and vacuum stripped at
2.0 kPa (15 mm Hg). The product is isolated by filtration.
Example 24. |
35 Example 19 is substantially repeated, using in place of the didecyl citrate
a mixed citric acid diester, comprising 80% isodecy! ester and 20% ester of a



al coholk, and dodecyl al cohol, both in their linear and branched forns. Al so
I n= cluded are al koxyl ated al cohol s, as descri bed above. The di hydrocar byl
ester of the al kyl ene di carboxylic acid can be con- 20 verted to its
overbased form by standard overbasi ng conditions as descri bed and
exenplified above. However, it may be desired to enpl oy sonewhat m | der
conditions in terns of tenperature, as the kst er functionality can be

subj ect to saponification. Exanple 18. Preparation of didecyl citrate.

| nt 5 L fl 5 | t
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anhy- drous ci tﬂlp@smllﬁjmmamd®e§wdé@§¢ al cohol . The mixture is sti rred
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[ e . . X 25 std. [err]).
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aid, toyieldHt ?ﬁ& %Eyﬁér hQ\%gfx Valdn®! fd ) 2R hﬁfigrﬁ\%lﬁrglgeﬂe?%ﬁ% gﬁh% hxaiér?aik

equi pped with s subsur
condenser, is mgwssm lepshfong #kxlenpéndcﬁ i pelyaropmation anclaguleq the mrpmatla

sol ution 0i03 OmBidtis r\llhér@otiggm ngi?fah%lﬁi on8 ' dkScarBy lc‘é’tfﬂgd):@ted%nél and at

m xture i s stlrredfor g eqyl Clt te 900 g, iI's adde
slowy over a ??O‘EP"OP‘“ anﬁ éﬂc% MW&P%%%%?W[’SPW
After addition denteiobypl ¢ ete stlrrlng S contlnued until exothermc activity
ceases and the tem per ]dI? decrease. The mixture is heated to
[err] under fast stirri ?b s added at 28 L/hr (1.0 std [err])
until the neutralizati n nu | (phenol__pht hal ei n) is _about 0. The
m xture islheated to [ W 1R F 1 ow of 28 LAWH)(1.0 std.
[err]) to renpve vol ati es lthen odl ed to roomtem

Rm an'

In this structure R® is hydrogen or an alkyl group of 1 to about 6 carbon atoms,

20  corresponding to the aldehyde from which it is derived (hydrogen, for formal-
dehyde, methyl for acetaldehyde, and so on. In this structure, each Ar is an
aromatic group, as defined above, and R is likewise as has been defined above;
typically in this context each R is independently an alkyl group containing 4 to

50 carbon atoms, preferably 7 to 30 carbon atoms, and more preferably 8 or 12

25  or even 15 to 24 carbon atoms. However, the total number of carbon atoms in
the R groups of the molecule should be at least 7, preferably at least 14 or 16.
Alternatively, in one embodiment R is an olefin polymer substituent. In the
above structure nis 1 or2andmis 1,2, or 3, and m' is 0, 1, or 2. In the above

structure W represents
30 OH R®
I
W,— Ar—CH— (VIII)
|
Ra

35 and each w (in the first and any subsequent W groups) is independently 0 or 1.
That is to say, the structure can comprise more than two aromatic units linked
by alkylene bridges. Generally the number of aromatic units thus linked will
not exceed 4 or, preferably 3. In a preferred embodiment, w is 0.



perature. To the mxture is added 1000 g hexane and the m xture is stirred
for 15 mnutes at roomtenperature. The nixture is centrifuged for 1 hour,
t hen decanted and stripped at [err] under a nitrogen flow of 28 L/hr (1.0
std.~[err]) 15 The material is cooled to [err] and filtered using a
filter aid. The filtrate is the product. h‘ggrple 20. Intoa 2 liter,
four-necked flask equi pped with stirrer, nmowel |, reflux condenser, and
subsurface tube, is charged 660 g di([err])alkyl citrate 318 g 20

di luent oil, and 24 @Q? %%éhethse%ﬁg&réﬁ,@g@,@gﬂé&mﬁbﬁ%@gfa@ err]

Wher-eupon is added 6
ide is blown thkvrheneha seligylate ané formaldehyde; ltzsﬂl_hhve 3 itr@ctgmepresented
[err]).After thp ils {986 forhkdgy M xture is begun to be heated to [err] while

still under [err], then vacuum stripped at [err] at 2.0 kPa (15 mm Hg). The
product is filtered 25 Exanple 23. Into a 2 liter, four-necked flask
equi pped wi &h stiryer, ther @el 1, ref ux c enser, and subsurface tube,

is charged 528 g d¢idecyl citjate, 451 § dilugnt oil, and 248 g xyl ene. The
m xture is heatedfto 50C, ’;t-r cupon i s \addefl- R _«(@MQO—131 g net hanol, 100
4 !
ove

g water, and 1g [emw @ IO o 30 the m xture at
28L/hr (1 std. [e r]}’ l If . enent of 63 g MO and 10 ¢
30% aqueoua anmonium hyﬂ ge i s addeg

3 hours gmxt e is heated to [err

€rr] addition is continued for
Band vacuum stripped at 2.0 kPa (15
mm Hg). The product is isolated by filtration. Exanple 24. 35
Exanmple 19 is swhereaWi 1SaIW'y(R)éQBQ¥'egHzU§1F41@ 1$ A benzene wpeg.t he didecyl citrate
a m ng citri fc?m d 'Fhi%%‘lﬁ%gfm&ﬁaﬁ i Pr i Gﬁh g§taat rleﬂ%huo?ifwm?ﬁfssﬁ- of
Bddi thon of 't netwisdsid ahd RaafeBy b Siotkac foriialdenyde foF Suaehe bivalehe suc
al kyl ene- | i1fkedagnperadbimaldéiyde) badal condenting conditionb) follorted byabverbasing of
overbased al kyl ﬁgep_rl)él@c@ ?n%%&gf, %@triegction can be conducted by mixing the phenol,
the salicylic acid, and the aldehyde in an inert solvent, along with a small
amount of base such as sodium hydroxide. The mixture is typically heated to a
suitable temperature to effect the reaction, followed by removal of water to
20  drive the condensation to completion. The mole ratios of the phenol and the
salicylic acid is not particularly critical; typically 1:5 to 9:1 can be employed,
more commonly 1:1 to 3:1, preferably about 2:1. The amount of aldehyde is
typically approximately 1 equivalent per mole of phenol, although slight excess
(e.g., 30%, 20%, or 10%) is commonly employed to assure complete reaction of
25  the phenol and the salicylic acid. The use of excess aldehyde can lead to further
condensation reactions and higher molecular weight product, which can be de-
sired under certain circumstances and are encompassed within the scope of the
present invention. The reaction temperature for the condensation can be, for in-
stance 80 to 150°C, preferably 100 to 130°C. Isolation of the adduct is by con-
30  ventional means. Thereafter the adduct is overbased by techniques as described
above,
Example 25.
(a) To a 3 L, 4-neck flask, equipped with stirrer, thermometer, and con-
denser, is charged 532 g of C;, alkyl substituted phenol and 700 g xylene.
35  With stirring is added 4 g 50% aqueous sodium hydroxide and 1 g water. The
mixture is heated to 85°C and paraformaldehyde (CH,0),, 66 g, is added over
10 minutes. The mixture is heated to 100°C and maintained at temperature for 4
hours, then allowed to cool. To the mixture is charged, with stirring, 140 g sali-




5  olecule, the aromatic noieties whereof conprise at. | east one
hydrocar byl - substituted phenol and at |east one carboxy phenol. In this
enbodi ment the acidic material can be seen as the condensation product of
an al kyl phenol, a salicylic acid or its equivalent, and an al dehyde. More
generally, this material conprises at |east, one al kyl ene-1inked

pol yaromatic nolecule, the aromatic 10 moikti es wher eof conprise at | east
one hydrocar byl -substituted phenol and at | east one carboxy phenol, which
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atoms in t he R apdoaigondénsehis eharged 163 ehEa(@Hheand 11%&3u# ne":#\g‘iee? Hiog
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substi t uent. ove structure d
o 1 0r 2 "addeingTalbe BuETECRt AP JeTBRATEEER 8 iged 1579 & of Mixture Piey"

[err] (Vi1 38parem§ ifi Jfake w)(dfrthisrmhiplet Thecadditjors tikes plave oVeroa peried afs
i ndependent |y 1S, to s e structure can _co

That
two aromatic urﬂl{‘%‘t erln‘ﬁé‘lptfﬁ’ dyring by F&@é&ﬂﬂ&iﬂs’@eﬁﬂ%ﬂrﬁ‘%er o?ﬁ&{in
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preferred enbod el 1o ¥s0%cOnd el fof 183hiiist 8 rentd volitile GRARAARD! The

the preferred
mixture is allowed to cool, and thereafter charged with 113 g methanol and

15  heated to 50°C. Addition of carbon dioxide is begun at 14 L/hr (0.5 std. ft’/hr)

and the temperature maintained at 50-51°C for about 1-1/2 hours. The mixture

* is heated to about 156°C under nitrogen (14L/hr, 0.4 std ft® /hr) to remove vola-
tiles, then further heated to 157°C for 1/2 hour at 2.9 kPa (22 mm Hg). The re-
sulting produet, after cooling, is isolated by filtration.

20 Lubricants of the present invention will normally comprise an amount of
the overbased materials hereinabove described, sufficient to provide improved
detergency, antioxidant properties, or asphaltene suspension (compared to the
same composition, absent the overbased material), plus other optional compo-
nents, in a medium of an oil of lubricating viscosity. Characteristic amount of

25  these overbased materials are typically 0.1 to 15% by weight (on an oil-free ba-
sis) in a finally formulated lubricant, preferably 0.5 to-8% (in e.g. a marine die-
sel application or 0.2 to 4% (in e.g. a passenger car motor oil application), and
even more preferably 1 to 2% by weight. In a concentrate, the amount of these
materials will be correspondingly increased.

30 As previously indicated, the metal salts of this invention are useful as
additives in preparing lubricant compositions where they function to improve,
for example, detergency, dispersancy, particularly of asphaltene components,

- anti-rust, antioxidancy and the like.
The lubricating oil compositions of this invention are based on natural

35  and synthetic lubricating oils and mixtures thereof. -These lubricants include
crankcase lubricating oils for spark-ignited and compression-ignited internal



kyl phenol, a salicylate, and fornmal dehyde, it will have a structure
represented, in its ionic formby 5 CH OH
C(OO H2 10 R n where W is WWR)(OH)[err]
and Jerr] is a benzene ring. This class of materials is prepared by
reacting an al kyl phenol with a sali- cylic qu d and an al dehyde such as

f ormal dehyde (or a reactive equival ent such™15 as para-fornml dehyde)
under condensi ng conditions, followed by overbasing of the product. In
general, this rgaabhRibrCaibiRes, 06K B hednvbild add guélb enFines)Oharihé and hilfoskdi C
acid, and the aldehyde in an 'dn-?tﬁt ﬁclgvent, al on @_ﬂth a srraLtJHl.armunt of
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can be enpl 6yedthertinof thevmstal alts of this lventipnef er abl y about 2:1. The anount
of al dehyde is typicg %a%’deiﬂgﬁ’ &9%{?%8&%0@9%@@3@&%&EPE%,QBF B}Q/gg?'togher

al t hough slight excess .g., I's commonly enplo
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as described abwedifiers.canti-ruseBgénty, quresicn inhibitersc Nistosityk imprpyeps, gounpoint
stirrer, therno n 3 L Sar Wails :
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heated to [err]_and nai ntained Aat erature for 4 hours, then allowed to
cool. To the m%@!‘%‘?fsme}ﬁbwé ,“dﬁﬁaﬁf'r?r%{"??'ri ng, 140 g sali-

The ash-containing detergents are the well-known neutral or basic

Newtonian or non-Newtonian, basic salts of alkali, alkaline earth and transition

metals with one or more hydrocarbyl sulfonic acid, carboxylic acid, phosphoric

20  acid, mono- and/or dithio phosphoric acid, phenol or sulfur coupled phenol, and
phosphinic and thiophosphinic acid. Commonly used metals are sodium,
potassium, calcium, magnesium, lithium, and the like. Sodium, magnesium, and
calcium are most commonly used.

Neutral salts contain substantially equivalent amounts of metal and acid.

25  As used herein, the expression basic salts refers to those compositions
containing an excess amount of metal over that normally required to neutralize
the acid substrate. Such basic compounds are frequently referred to as
overbased, superbased, etc. '

Dispersants include, but are not limited to, hydrocarbon substituted

30  succinimides, succinamides, carboxylic esters, Mannich dispersants and
mixtures thereof as well as materials functioning both as dispersants and
viscosity improvers. The dispersants include nitrogen-containing carboxylic
dispersants, ester dispersants, Mannich dispersants or mixtures thereof.
Nitrogen-containing carboxylic dispersants are prepared by reacting a

35 - hydrocarbyl carboxylic acylating agent (usually a hydrocarbyl substituted
succinic anhydride) with an amine (usually a polyamine). Ester dispersants are



39 cylic acid. The mxture is heated to reflux at about. [err] and
azeotropiccally dried over a course of about 6 hours, reaching a nmaxi num
tenperature of [err] which is nmaintained for 1 hour. The product, to which
is added 300 g diluent oil, is isolated by filtration through paper and
filter aid to yield about 5 1660 g internediate m xture. (b) To a 3 L
flagk fitted with a stirrer, thernoneter, &bsur f ace sparger, and a
condenser is charged 103 g Ca(CPDZ and 113 g of a m xture of isobutyl and

anyl al cohol s. t
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t hese overbas eocoﬁlﬁoé'flag &gafé&t 3%# i‘gf 1{?d1tg;§'i1?gé}? y%&&%ﬁ'ﬂ%‘%“a& ons”and
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a concentrate, the Arijorinatsd (qemnounds e aren| exemplifi byr rehderdngiedg| Phatlc_

I ncreased. hydrocarbons such as chlorinated wax.

Examples of sulfurized compounds are orgamc sulfides and polysulﬁdes
such as benzyl disulfide, bis(chlorobenzyl)disulfide, dibutyl tetrasulfide,
20  sulfurized methyl ester of oleic acid, sulfurized alkylphenol, sulfurized
dipentene, and sulfurized terpene.
Phosphosulfurized hydrocarbons include the reaction product of a
phosphorus sulfide with turpentine or methyl oleate.
, Phosphorus esters include dihydrocarbon and trihydrocarbon phosphites,
25  phosphates and metal and amine salts thereof.
Phosphites may be represented by the following formulae:

5 |
Ro—pP—0R

I
H
30
or
(R°0),P

wherein each R’ is independently hydrogen or a hydrocarbon based group,

35  provided at least one R’ is a hydrocarbon based group.



30 - As previously indicated, the nmetal salts of this invention are
useful as additives in preparing |ubricant conpositions where they function

to inprove, for exanple, detergency, dispersancy, particularly of

asphal t ene conponents, anti-rust, antioxidancy and the like. The

| ubricating oil conpositions of this invention are based on natural 35

and synthetic lubricating oils and mi xtureé2thereof. These |ubricants

i ncl ude crankcase Iubrlcat|ng oil's for spark-ignited and

conpressi on-ignited [ I.le

and -t ruck engi nes, r?%.ll’glg earegﬁ%terrsall ?lruggg@ %&?es‘gi{] agggiflﬁg&mc%#%g %Ps ?Y;&\gg?ﬁ{) tes

Aut omati c trangﬁi&gmrallformla transaxl e lubricants, gear |ubricants,

nmet al -wor ki ng lubricants, hydraulic fluids and other | ubricating oil and
grease conpositions can also benefitsfromthe incorporation 5 t herei n of

the metal salts of this invention. Rﬁo d?tion to the overbased netal salts
descri bed ove, the-use of other additives is contenplated. It is
sonetimes useful to incorporate, on an optional, as-needed basis, other
Iénown addi ti ¥ eEr)]mhiptés 1h0hid!edﬁondiuth-amglma1kyll b cnee, dimdd;hpﬂraﬂnhﬁgeﬂlhikip
etergents of t | ng or ashless type, antioxidants, anti-wear
agents, extrenﬁnngééﬁﬁﬁgggé%ts emul sifiers, denulsifiers, foam

i nhi bi tors, frictioMetabicontaining eompounds lmgsiwtmﬁtal:dnpombamatashlsmh @s ginc

oo PR, L el

hydr ocar bdis. ¢empeungs, josganodd nlwahat t§ guchsas mmesemerp ﬁl%ﬂl?ﬁ?s etc.,
anount s dependgﬂg,on the intended appli catlon for the final product or may
be excluded therefrgm The ?ﬁlh_-cont ai ‘Bﬁg @Sggnt are the | | - kpown
neutral or basic NetO5PR RECNBRR qrate, piters, pnd, hozen-nitrogen

al kal i ne eart hcamhmngnentpoundmptephted\;vfdbmexumle,rbyrﬂreerehmmoﬁbbyib acid fxdthi C

ccld car D0 Lok ol AEGRIRY ofGming® & N0, and or D10 phosphori

aci d. Conmidnly used Viscasity improyersi imglugdest bgts aramnot dimited) tayapekyisobutenes,

Iithium and t BgiynhétRacryRfié HEd 3RAE Golyabryafacid esters, diene polymers, polyalkyl
styrenes, alkenyl aryl conjugated diene copolymers, polyolefins and
multifunctional viscosity improvers. )

Pour point depressants are a particularly useful type of additive often

20 included in the lubricating oils described herein. See for example, page 8 of
"Lubricant Additives" by C. V. Smalheer and R. Kennedy Smith (Lesius-Hiles
Company Publishers, Cleveland, Ohio, 1967). .

Diluents include such materials as high boiling petroleum naphthas,

mineral oil, etc. When used, they are typically present in amounts ranging from
25  about 5% to about 25% by weight.

Anti-foam agents used to reduce or prevent the formation of stable foam
include silicones or organic polymers. Examples of these and additional anti-
foam compositions are described in "Foam Control Agenfs", by Henry T. Kerner
(Noyes Data Corporation, 1976), pages 125-162.

30 These and other additives are described in greater detail in U.S. Patent
4,582,618 (column 14, line 52 through column 17, line 16, inclusive), herein
incorporated by reference for its disclosure of other additives that may be used
in the compositions of the present invention.

The components may be blended together in any suitable manner and

35  then admixed, for example with a diluent to form a concentrate as discussed
below, or with a lubricating oil, as discussed below. Alternatively, components



cal ci'um are nost commonly used. Neutral salts contain substantially

equi val ent anounts of netal and acid. 25 As used herein, the expression
basic salts refers to those conpositions containing an excess anmount of
nmetal over that normally required to neutralize the acid substrate. Such
basi ¢ conpounds are frequently referred to _as overbased, superbased, etc.
Di spersants include, but are not limted t®; hydrocarbon substituted 30
succi ni m des, succi nam des, carboxylic esters, Mannich di spersants and

M xtures theregf, #8 dﬁ%lke@%ﬁﬁ'ﬁﬁw ith SeRCEAINH G mhlaaﬁﬁ GiBPeheapIERdiaRd.

Vi scosity i rrprov oersants I ncl ude nitrqQgen-co [ cayboxylic
di spersants, SP“H‘F ér’%‘é 1% theygompenents Bspﬁ?%%flga%&ndrﬁ%h é’gg qotrst uging

hydr ooar bC?“EZr bo“”?‘ﬁ”d“?‘?”é‘i““ﬁd'“p&“ﬁﬁitm{ D em b ahbot St

| | substitu
Shceinic. anhydFRRLYedr B aitkitpiaile oy 6 aodmlieR A tom liaiisdiny
are 41 pPr ephowevéry blendirig can te facilitined bgﬂ;eahngmbmmhmonént& hydr ocar byl
carboxylic acylatingg Qfousl ﬁxd‘t?éatt@cf tﬂlesc%%ap?dggﬁ%ﬂyi%‘fé ;hﬁ-t F;iriégsieg? ?}m{{nﬁheﬂe

with an am ne. Manni€ |sesansar’e pre
aromatic corrpoumful/\naSha@mm fer hricantsehykhey tae hﬂ spwleyad dn |3 m@t)abvae

may be gost f{jﬁﬁﬁﬁﬂn@base‘éﬁ&cﬁs coABeling &i%f&eao‘iléléfﬁxbﬁc'ahﬁ B AGosky! Afluding
SUce i ¢ anhydPRUES SESTRERS WSGEAURH BRI SHFTESE. phosphor s
conpounds 19nd t he | Naeurall61ts ﬁldl!u@epﬁhﬁﬁﬂltoslsaveg@ﬂﬂercﬁli ynihefad liBdcdtingasils,
Bhosphor s whi BVOT, o R B hiteigt) By, il GoRVES aly E9e B ekl c.
Extreme pressuSgnthgtiot slubridating r cmisonmchldt ohiydrmicarboni nloillsj t ihalp-sufestiteted
i nclude chlorig d e ﬁ%’g} I.0liNg
conpounds i ncl ug&%%ax%%ﬁSHQ §1k|yf H{dtd% go 0sS ﬁ’ gﬁé uri zeﬁhﬁ{%llﬁ%car%%r?ghand
phosphor us est pekyolsypestgrs C%Palmmxb!bﬁp%‘ﬂﬁi Mnﬂlcﬁbﬁ’én estens 0fn phesphorus-

conpounds.i§  containing acids, polymeric tetrahydrofurans, silicon-based oils and mixtures
thereof.
Specific examples of oils of lubricating viscosity are described in U.S.

Patent 4,326,972. A basic, brief description of lubricant base oils appears in an
article by D, V., Brock, "Lubricant Base Oils-", Lubrication Engineering, volume

20 43, pages 184-185, March, 1987.

The additives and components of this invention can be added directly to
the lubricant. Preferably, however, they are diluted with a substantially inert,
normally liquid organic diluent such as mineral oil, naphtha, toluene or xylene,
to form an additive concentrate. These concentrates usually contain from about

25 10% to about 90% by weight of the components used in the composition of this
invention and may contain, in addition, one or more other additives known in
the art as described hereinabove. The remainder of the concentrate is the
substantially inert normally liquid diluent.

Examples 30-46.

30 Lubricants are prepared in a solvent-refined 600 Neutral base oil contain-
ing 4.5% (including diluent oil) of a 250 TBN calcium overbased sulfur-coupled
alkyl phenol, 0.6% of a commercial zinc dithiophosphate extreme pressure
agent, and 20 ppm silicone antifoam agent. Specific formulations are shown in
Table I and contain the material from the indicated examples above, in amounts

35  which include the diluent oils contained therein:



Chl gri nated conpounds are exenplified by chlorinated aliphatic hydrocarbons
such as chlorinated wax. Exanples of sulfurized conpounds are organic

sul fides and pol ysul fi des such as benzyl disulfide,

bi s¢chl orobenzyl ) di sul fide, dibutyl tetrasulfide, 20 sul furized met hyl
ester of oleic acid, sulfurized al kyl phenol, sulfurized di pentene, and

sul furized terpene. Phosphosul furized hydrﬁﬁarbons I ncl ude the reaction
product of a phosphorus sulfide with turpentine or nethyl oleate.
Phosphorus esters i ncipygle ydi hydrocarbon and tri hydrocarbon phosphites, 25
phosphates and netal and amne salfs thereof. Phosphites nmay be represented
by the foll ow BY- f pPreducs of Bxr { P 3D or wherein each R5 is independently
hydrogen or afggdrggarbon basedsg bup, 35 provided at |east one [err] is
a hydrocar bon hosphate esters include nono-, di- and
tri hydrocar bo 2k the general fornula [err] 5 Exanples

i ncl ude nono- | 3:0 [ono-, di and triaryl and m xed al kyl and
aryl phosphat { bt 2l ng-fonpounds include netal thiocarbamates,
such as zinc Ld(Dhi ocar baBR E, and bari um hept yl phenyl

di t hi ocar bama 3@opounds, organodithi ophosphate salts such
as zinc, coppg pbaganese—et¢.salts. Boron containing conmpounds include
borate esters bhd on-nitrogeﬁikontaining conpounds prepared, for
exanpl e, by thgsreagiion of bofgx pcid with a primary or secondary al kyl

Y71 arky

containin

am ne. 36 |15 30
37 |16 110
38 |17 15
39 |19 3.0
20 |20 4.0
3 |23 3.0
4 2% 3.0
1 5@ 3.0
26 [25(0) 3.0
Examples 50-65

Lubricant compositions are prepared in a solvent-refined 600 Neutral

5 base oil containing, in turn, the products of Examples 11(a)(at 3% by weight,
including the diluent oil), 11(c) (at 5% by weight, including diluent), 13 (at 3%
by weight, including diluent), and 15 (at 5% by weight, including the diluent),
each with the following additives:

Ex. Additive type, %

50-53 | commercially avail. trunk piston engine oil package (package A), 8.0
54-57 | package A, 8.0, + TBN booster (package B), 5.6

58-61 | trunk piston engine oil package (package C), 12.5

62-65 | -- NONE --

10 Package A contributes (a) 5 to 6% of a mixture of low TBN and high
TBN calcium overbased alkyl benzene sulfonate and sulfur coupled alkyl
phenol detergents, (b) 1 to 2% of a 10 TBN polyalkenyl succinimide dis-
persant, (c) 0.5 to 1% of a zinc dithiophosphate extreme pressure agent,
and (d) less than 1% total of each antirust agents, commercial phenolic

15 resin demulsifier, and commercial silicone anti-foam agent, for a total



15 . Vi scosity inprovers include, but are not Iimted to,
polylsobutenes pol ynet hacryl ate acid esters, polyacrylate acid esters,

di ene pol yners, polyal kyl styrenes, al kenyl aryl conjugated di ene

copol yners, polyolefins and nmultifunctional viscosity inprovers. Pour point
depressants are a particularly useful type of additive often 20 included
in the lubricating oils described herein. 38e for exanple, page 8 of
“Lubricant Additives" by C. V. Smalheer and R Kennedy Smith (Lesius-Hles

Conpany Publ i shers, veI c% teglc Hl%nt sntlsnc ucH mat er.j al s
co Wt ort 10t R b et e L e B S
wei ght. Anti -foam ageabeutidde of the patticulapcompenentt the formation of stable
foam i ncl ude sil i cones Packagegdrbntribatem@) 4. toBlaryflacmixtbire dflsighdfBIN calcium
addi tional santi- foaRedasaPsilfirdisuplédalitgs phédv? dnd RIKIGRizER$l fdnaf@ 8EkeE." |
by Henry T. Kerner Gbiyqs) @%%WJ@Q{@& HOTBAOY Sy alkief F&&?ﬁnﬁﬁ@ -dispersant, -
These and ot her add'h&‘i&% x{}&{t a%;ia @ rh’%oﬁl u?ﬂﬁn

2 ﬂg Al
herein i noor por at ed Bf §% édBePal"ggg‘?%‘g tﬁ??bﬁ &L gpobarens mad &aaﬁam Gluent o

may be used in the ey g?osmlons of the present invention. The conponents
may be bl dfded t oget hdtackageafycontributps )rthionbl%ni{@ micturenefloadand bigh TBN

exanpl e with a dil uealcitm petrobaum solforate) edleiuas osterbaset alkyliwinaene sulfondté, a
lubricating oil, asafid valtiemdoveebased shlfuesddapledealkyl phemslndnépents, 48) ¢ad be
adm xed separ at el y vb4 Br a4 TN ﬁlﬁ?&lk@ﬁyl‘ éﬂé&irﬁﬁﬁdd“&sﬁéx‘sanﬂ_ b% B 890618 zinc

techni que for m xi ng:4hene0 ?@8 ﬁr 'c%dl G199 Sotil HEE f
2 g O E’ﬁ”‘% b el
t enper at ur e: mragem ﬁﬂlan@tg ‘g;;wr o813 ?”ét Hypﬂ@s&aen@ {the listed

‘conponents. As pr evp@mpyentnmayaawmtdq@enbmos| tions of. the present
invention are useful da patltagesvAsBf and I0,BhighsNBN" réfeey/ tocatotabbasephwybet ofn a
variety of 200-400, and "low TBN" refers to a total base number of less than 100.

20
Each of the documents referred to above is incorporated herein by refer-

ence. Except in the Examples, or where otherwise explicitly indicated, all nu-
merical quantities in this description specifying amounts of materials, reaction
conditions, molecular weights, number of carbon atoms, and the like, are to be

25 understood as modified by the word "about." Unless otherwise indicated, each
chemical or composition referred to herein should be interpreted as being a
commercial grade material which may contain the isomers, by-products, deriva-
tives, and other such materials which are normally understood to be present in
the commercial grade. However, the amount of each chemical component is

30  presented exclusive of any solvent or diluent oil which may be customarily pre-
sent in the commercial material, unless otherwise indicated (as in the prepara-
tive examples). As used herein, the expression "consisting essentially of"
permits the inclusion of substances which do not materially affect the basic and
novel characteristics of the composition under consideration.



| ubrj cant basestocks conprising diverse oils of lubricating viscosity,

i ncludi ng natural and synthetic lubricating oils and m xtures thereof. 10
Natural oils include animal oils, vegetable oils, mneral lubricating oils,
solvent or acid treated nmineral oils, and oils derived from coal of “shal e.
Synthetic |ubricating oils include hydroggrbon oils, n r _
hydr.ocarbon oils, al kyl ene oxi de pol yners, esters of” ﬂmﬂmmﬂmmng and
pol yol s, esters of polycarboxylic acids and al cohol s,* estets bf phosphorus-
15 containing 2%7i ds, polyneric tetrahydrofurans, silicon-based oils and
mi xt-ures t hereofao'g ecific_exanples of oils of lubricating viscosity are
described in U S &kimed 856 972 A basic, brief description of |ubricant
base oils appears-in BN A brébsedndtal Mt &F A€ KeidicLmbletigbsdlediah trofd tHe" group
Lubri cati on Engi neerj.n fvoI ume 20 43, pages 184-185, March, 1987. The
addi tives and co"f?ﬁ'ﬁ‘ﬁé?ﬁgg of this invention can be added directly to the

| ubri cant. PiSef er abl y(a) hipwiremrhylishistitwed catbdxytaticylemetlinkad phéastignt i al | y

inert, normally |iqui lﬁ]'%m | t ] i

t ol uene or xyl ene, to(%?gg ar?glé dic |ve°fi% cgl?ﬁs(rl{a%@s&%cegéelh%otﬁg%w%{ee%mup
usual |y cont ai n heirgsubstétytedgith a hydroxioerenp and sgdditionsd cenbexylic adidgroup, and
conponents used in the) GRFRASINkED polyatoiiatic! MYIBAIESD th& BEbrRYE MmBfRkias Whetedf

addition, one or nore othér addif{iyes 0 in the art as descri bed
her ei nabove. Thé’%’?ﬁPrﬂie‘ea%f°’tenéy¥'8?ﬂfgﬂtﬁ\‘,‘ngt§“¥e§ Eh?éOi;aﬂét%n | PRE CAbPXY
normal 'y |iq@i d gheholgnt. Exanpl es 3046. 30 Lubricants are prepared

i I t-refined §0 t b i| iN- i 4. 5% (i.ncl udi Q.
il ent of 1) of a 25008 BXARHEY| E0n ar ks QAo dpteralieiy of fifigjent
0. 6% of a conmerlength te providgidilsobybilty v thiesalbxt r eme pressure agent, and 20
ppm si| i cone ant i foar aga! oveRASE] hlefal @Y Abind 1SyALSiS RR"Gikid Akl Js 2nd
contain the material Tromthe 1 ndi cated exanples above, I n amounts ]
whi ch i ncl ude 't Hydmdarhyhsulbsitibued easbexyialicylanndmked phenol avhichnisipsesent as an anion

' 15  represented by '

R\ O
I | -
C C-0
20 |
R_l R3, X
C T an
25 R, -Af Ar-Ry,
l I
Z, Z
wherein T is selected from the group consisting of
30
R' R’
| / | \
—C—»>—C—}-COR® W)
| l |
35 T—Ar—Z, R/ x or

I
Rn,



Ex. "Product of Ex. % 30 1

5.0
ilgb& 14 0% (1).1(20236 15 203 30 37 |||Mi”|ﬂ|||||ﬂﬂ||||m!| 0 38

17 & 15 39 19 3.0 40 20 2.0"43
3.0 44 24 3.0 45 25(a) 3.0 46 25(b) 3.0
Exanpl es 50-65 Lubricant conpositions are B?epared In a solvent-refined 600
Neutral 5 base oil containing, in turn, the products of Exanples 11(a)(at
3% by wei ght, including the dil uent oiI), 11(c) (at 5% by weight, including
diluent), 13 (at 3% by weight, including diluent), and 15 (at 5% by wei ght,
I ncl udi ng the diluent), each with the follow ng additives: EXx. Additive
type, % 50-53 comergjal | ail. trunk piston engine oil package (package
A), 8.0 54-57 package A,/ 8:0,\ + TBN booster (package B), 5.6 58-61 trunk
pi ston engine oil pat¢kage [ patklhge C), 12.5 62-65 -NONE -- 10
Package A cogtrlbug_é t % of a m xture of [ow TBN and high TBN
cal ci um overbased al sul fonate and sul fur coupl ed al kyl pheno
detergents, (b) 1 to]|2%\ofla TBN pol yal kenyl succinim de di s- persant,
(c) 0.5 to 1% of ?9 | tf¥ijpphosphat e extrene presggye agent, and (d)

by

| ess than 1%total® ntjrust agents, commercial  phenol-ic
Ry | |
Z, 0

wherein each R’ is independently selected from O™ and OR® wherein R® is H or
alkyl and each t is independently O or 1, provided that when t in formula II is 1, then
up to about 3 additional groups T are present, terminating when t in formula V or VI

10

is zero; wherein T is as hereinbefore defined and wherein each Ar is independently
15 an aromatic group of from 4 to about 30 carbon atoms having from 0 to 3 optional
substituents selected from the group consisting of polyalkoxyalkyl, lower alkoxy,
nitro, halo, or combinations of two or more of said optional substituents, or an )
analog of such an aromatic group, each R is independently alkyl, alkenyl, or aryl
containing at least 4 carbon atoms, provided that the total number of carbon atoms in
20  all such R groups is at least about 12, R! is H or a hydrocarbyl group, R? and R® are
each independently H or a hydrocarbyl group, each m is independently an integer
ranging from 1 to about 10, x ranges from 0 to about 8, and each Z is independently
OH, (OR‘)bOH, or O~ wherein each R* is independently a divalent hydrocarbyl
group and b is a number ranging from 1 to about 30 and ¢ ranges from 0 to about 3
25  with the proviso that when t in formula (IT) = 0, or when T is formula (V), then c is
not 0, provided that the sum of m, ¢, and t does not exceed the valences of the -

corresponding Ar.
3. The overbased metal salt of claim 2 wherein the anion is represented by
the structure
30 C(OO

|
OH CH OH

35



15 resin denul sifier, and comercial silicone anti-foamagent, for a
t ot &l 45 additive of 8% Each of the |isted conponents contains-the
diluent oils nornmally found in the commercial material g 1 |

amounts of O up to about 50% of the particul ar corrponei‘,,l'ﬁmmmlﬁmm
contributes (a) 4 to 5% of a mxture of pigh TBN cal ciurm 5c¢ vy "¢ "I
over based sul fur-coupl ed al kyl phenol and al kyl benzene sul fonate deter-

genf, (b) 0.5 to 1.5%of a 70 TBN pol yal kenyl succi ni ni de di spersant, and
| ess than 100 ppmsilicone anti-foamagent, for a total contribution of

5.6% As in package A e listed conponepts. may contain di.luent, oil. 10
Package C contri but es4'(ig‘le qur@asicgm&pgp °ﬁ?lﬁ¥‘g&é”llﬁelpglw %ﬁﬁ‘t‘cl‘i‘?"é‘ﬂ’#ﬁ\f‘t least
cal ci um pet r ol eushesdihjdroedrbyl «stdr aifum slkylehaii@badyliy |abn 1ienalkgleh @raipebeingd

cal ci um over based,sul f uyr - | | kyl phenol .er gent tb) .1 1o 2%.,0f, a
10 TBN pol yal ken$HPs& Eéi%@ﬁ\%g}ﬁ%}x@bg s“gi’ﬁ?“?‘nﬁ‘. gg‘ﬁ%&f&%@ﬁy é"?%ﬁ%‘& group, which
di t hi ophosphdt e asidic mraterial isqsenent asgoranjoncmapiresentsst byhan 1% t ot al of each of

C

15 antirust agents, comrercial phenolic resin denulsifier, and
silicone anti- foamagent, for a total additive of 12.5% As in package A,
the listed conponents nmay cofM(@P diluent oil. In packages A, B, and C,

“high TBN' refers to a total |base nunber of 200-400, and "l ow TBN' refers
to a total base nunb§ g(f: -}_ggjls }t{@ﬂ%m. 20 Each of the docunents referred
to above is incorpor Qe Rertim fer- ence. Except in the Exanples, or
where ot herwigse explicitly irdicated, all nu- merical quantities in this
descri ption specifying amounisy of materials, reaction conditions, nolecular

wei ghts, nunber of carbon atons, and the like, are to be 25 under st ood as
nodi fied by the word "about." Unless otherw se indicated, each chem cal or

conposi t1on. 1 of ehhéfin! Aeh 05k Betn) Snl MR S8 o8 S B%AG 6 SABHHGHE

: e :
grade materi al I C ﬁg contal n“the Isone products, deriva-_tiVes,

and ot her such nndesach Rsisindensndgndly sy aHayl| groum eentainingqgaboyt A do gbautci{t carhon
15  atoms, provided that the total number of carbon atoms in all such R groups is at least

about 14.
5. The overbased metal salt of claim 1 wherein the acidic material is the
condensation product of an alkyl phenol, a salicylic acid, and an aldehyde.
6. The overbased metal salt of claim 1 wherein the metal is calcium,
20  magnesium, or sodium and the metal ratio is at least about 1.5
7. The overbased metal salt of claim 1 wherein the salt is a borated,
carbonated, sulfited, sulfated, or thiosulfated salt.
8. A lubricant comprising:
(a) an oil of lubricating viscosity, and
25 (b) an overbased metal salt of an acidic material selected from the group
consisting of
(i) hydrocarbyl-substituted carboxyalkylene-linked phenols,
(ii) dihydrocarbyl esters of alkylene dicarboxylic acids, the alkylene group
being substituted with a hydroxy group and an additional carboxylic acid group, and
30 (iii) alkylene-linked polyaromatic molecules, the aromatic moieties whereof
comprise at least one hydrocarbyl-substituted phenol and at least one carboxy
phenol;
the hydrocarbyl group or groups of said acidic material being of sufficient
length to provide oil solubility to the salt.
35 " 9. The lubricant of claim 8 wherein the lubricant is a grease.
10. The lubricant of claim 9 wherein the metal is zinc.



the _commer ci al grade. However, the _anount of each chem cal” corponent "i's 30

presented exclusrvefof”any solvent or di l uent oil rily
pre-» sent in the mm‘ unless oth N’ser HQseBe i?’Ql%n t he
prepara- tive exaMim\ “ r ei n, the expriessio l
essentially of' ¢s the®i ntl Usi on of Sulgst ances V\/m

affect the basic and novel char acteristics of the conposi t| on under

consi der ati on. 2707R What -i:s clained is: 1. An.overbased netal salt of
an aci dic material sellkcThelubtioanttofielaiyn @phareinghsbvetbased salt comprises(abput 0.5
hydrocar byl - sub i ed phenol s, (b) dihydrocar byl
esters of alkyl Zt?r)e 5‘5@’?% ?ﬁ%lf%d‘%%oﬁggg'l kyl ene group bei ng substituted
with a hydroxy group Ehd AnCQmQD&tl@nerWMXghel everbased gsabiuof elaign (k)and a

al kyl ene- 1 i nked QALY RIrinind Bh&&H o€ in ofl BENBHEARI isddBiRt | €S wher eof
conprise at | east one _hydrocayrbyl -substifuted, phenol at | east one

carboxy 10 phenol ; thb Ky fon lubrigating an iternalscom ‘@BP’@J CASING; SOMBFERE o
bei ng of suffi Cigp Flyi@'@ttheé@ﬁﬁﬂml]ﬂﬁmﬁhﬂommmﬂl ty to the salt 2. The
over based net al g{j gjg [¥\/n @HE he aci dﬁg at i al n

hydr ocar byl -subs it ut bG48 esed 0f ClaiB. 13 i, cBmbnSich euging ise
an anion 15 repnadmediest! bygiherr] [err] 20 25 [err] V\/nerel n Tis selected

fromthe group consisting of 30 [err] (V) 35
or

brially




-47- [err] 5 [err] (VI) 10 wherein each. [err] is
|nd€pendently sel ected fromO and-[err] wher ei n [err] is Hor alkyl and
each, t is independently 0 or 1, providedsa kat when t in forrmula Il is 1,
then up to about 3 additional groups T are present, termnating whent in
formula V or VioverbdssdMetdiesaits Gséfulahs MRaaetiveal p6c rield Aad adidhesei n
each Ar is independently 15 an aromatic group of from4 to about 30 carbon
atons having fromO to 3 optiong om t he group
consi sting of polyal koxyal kyl , S-oHeRs i or conbi nations
of two or nore of saLdbﬁaint@ ltahtaﬁubg tmétuEBAlss obhydfbcaﬂ@rlmybﬁﬁuﬁw carbioxyal-

K
S orLi e 9 0uP, a0 e sUSRERASA SRl Yo B KORbpe BBt i
20 all [such R glrkcrlqm gmuptbehwsubsmmd with af kydrpxy grenprand arydTi(hmi@nbybar-
roup, [errk an r ch i r r
gachpm is i %depg(rjr)E ent cﬁ ﬁm%ﬁf gée%igﬁgﬁg?kﬁggé rypdrw#&n%ugyﬁ&)&%gay thQ aQUHrat:c
fromO to about n@letdeber@nf zomprise @k deast one| Rydopcarpil-sybsgituted rpl]enﬂhenéram

each [err] is i RdsPemsiesbbxy phenolabhble th dfydpcdardy %ﬁa?pgﬁggfm\fmﬁﬁt?ﬁgg@ﬁr

ranging from1 to about 30 d.c ranges fr 0

provi so that whihPEovi P’irsﬁﬁr‘q’ém(yl t?‘g sgit, @a‘%&?@ gsphaleng suspension fap mag
is not O, proviriaddidsal apglivations. OPrelﬂeraBl.y thedalts aeasvenbdsedxceed t he val ences
of the corrgsponding Ar. 3. The overbased netal salt of claim2 wherein the
anion is régresented by the structure 30 COO [err]
OH CH OHJ[err] 35

ﬁ:



T e

- 48 - 4. The overbased nmetal salt of claim1l wherein

te—aet-eH——Fat-e+a
is at |east one:dihydrdcarbyl ester of an al kyl enedi cAREPXACEMEN SHEET]E

al kyl'ene group being substituted with a hydroxy- grou;b
carboxylic acid group, which: 5 acidic material is piege
represented by C(OO [err] 10 wherein each R7 is indépén
group of 1 to about 6 carbon atons and each R is indepe
group contai ning about 4 to about 50 carbon 15 atons provi ded t hat th
total nunber of carbon atons in all such R groups is at=—ftgast apour

The overbased met alhgAmowst of excess mgial is wmn@nb)eﬁapréﬂSM&ﬁms §fméal

condensat i on ﬁ[tﬂﬂ UThe @émanme{alf yatlcphmﬁb ratfo kﬁ&tdtal%c{iﬁi/ﬂenﬁﬂif th8 n?étﬂpfb\’

6. The overba sal im1 wherein calci
magnesi um or oGﬂ‘E}Pﬁ‘ At Pﬁéﬁ 1° P&??’Bclce?néﬁ"“l“g E?lsin%al?’“ﬁ{lth‘és a

ov Ie ][ bas Sd rrelt aletalahtio off onkaiAsdlt Windng 405 tihes &alntudkﬁmetalb as presdnt froa honnalke
sul fited, csu

o' of 1t oS0 SN sAeoRiE Sl 86 2 ehuivhienfs ol ABEENT £STHSLAN P 7
an aci di ¢ mat ef thel presé¢nt dneehtiondravememgtad eatia ofial lsastnlgBopre@l)ably at least 1.5,
hydr ocar byl b dr b
egters ofyal kgfr?&ﬂabgﬁ ﬁgtggyy%é?éaé%l{i&gﬁryh%@;ﬁ engﬂg?eoﬁ‘(df% %Iﬂsjuﬁgﬁ%u
wi th a hydrox tal 5ti f§ 2e8eli ti onal car boxylic acid group, and 30
(iii) alkylene-Iinirad baSicityoTns b%rﬁﬁédﬁcxﬂh@ﬁalstmhérﬁéﬁht SnvERohl RBehiI

conpri se | east one h roc bstitute he and at, | east one
car boxy ﬂﬂeno*s expressid gecrg}sbg;b It “ﬂ’tﬁ"&&pg basg ﬂéﬂ&‘tﬁf&ﬁk&%@f’sﬂ
bei ng of suff ofiaeid (pezclgdbtictor h)ydmclcleno) heeddduto hettyalize alleofSthet ovétbased
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| ubri cant of c .
eqmvalents Total base number is determined by titration of one gram of over-

based material with 0.1 Normal hydrochloric acid solution using bromophenol

15  blue as an indicator. The overbased materials of the present invention generally
have a total base number of at least 20, preferably 100, more preferably 200.

The overbased material generally have a total base number up to 600, preferably

- 500, more preferably 400. The-total-base-number-is-essential-to-the-inventi e.
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|because the inventors have discovered that the ratio of the equivalénts of over-
20 |based material based on total base number10 the equivalents of hydrocarby
phosphlte based on phesphiorus atoms must be at least one to make the thermally
o—Tabricating-compositions—of the present-invention. The equivalents of
overbased material is determined by the following equation: equivalent weight
= (56,100/total base number). For instance, an overbased material with a total
25  base number of 200 has an equivalent weight of 280.5 (eq. wt = 56100/200).

The overbased materials (A) are prepared by reacting an-acidic material
(typically an inorganic acid or lower carboxylic acid, preferably carbon dioxide)
with a mixture comprising an acidic organic compound, a reaction medium
comprising at least one inert, organic solvent (mineral oil, naphtha, toluene,

30  xylene, etc.) for said ac1d1c organic material, a stoichiometric excess of a metal
base, and a promoter.

The acidic orgamc compounds useful in making overbased compositions
in general can include carboxylic acids, sulfonic acids, phosphorus-containing
acids, phenols or mixtures of two or more thereof. However, for purposes of the

35  present invention, the overbased materials are based on certain carboxylic acids
~ which contain neighboring hydroxy groups. These materials are described in
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of an oil of

i nkernal conbustion engine, conprising supplying to the
| ubricant of claim28. 14. The nethod of glaim 13 wh re|n the I nt er nal
conbustion engine is a nmarine diesel engine. 15. The

The | ubri cant of claim8 v\,herel n the over; ased saFt..T:e\:ﬁ

about O 5 to about 8% by wei ght of the ‘conposition. 1P % (

conpri ] ng the overbased salt of claim1 and a concenjfrft
Eﬂ%ﬁ??ﬁ‘é"an
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lubricating viscosity. 13. A method fo u

of claim1l1l, wherein the netal ratio is.at.least about 1.3. This is. the
repl acenent slalietlineatagth anWtrExFﬁilqmg&téls vhth for example, sulfonic acids, carboxylic
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20
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35

acids, salicylic acids, phosphorus—contalmng acids, phenols and the like. Among
the many publications which disclose overbased metal salts and their method of
preparation and use is U.S. Patent.3,4§9',231, McMillen, January 27, 1970 and
U.S. Patent 4,627,928, Karn, December 9, 1986.
SUMMARY OF THE INVENTION

The present invention provides an overbased metal salt of an acidic ma-
terial selected from the group consisting of (a) hydrocarbyl-substituted car-
boxyalkylene-linked phenols, (b) dihydrocarbyl esters of alkylene dicarboxylic
acids, the alkylene group being substituted with a hydroxy group and an addi-
tional carboxylic acid group, and (c) alkylene-linked polyaromatic molecules,
the aromatic moieties whereof comprise at least one hydrocarbyl-substituted
phenol and at least one carboxy phenol; the hydrocarbyl group or groups of said
acidic material being of sufficient length to provide oil solubility to the salt.

The invention further provides lubricants containing the above additives
a method for lubricating engines by use of such a lubricant, and, in particular, a
method for lubricating an internal combustion engine which burns fuel contain-
ing asphaltene components, comprising supplying to the engine a lubricant
comprising: '

(a) an oil of lubricating viscosity, and

(b) a material selected from the group consisting of (i) metal salts of hy-
drocarbyl-substituted carboxyalkylene-linked phenols, (ii)metal salts of dihy-
drocarbyl esters of alkylene dicarboxylic acids, the alkylene group being substi-

_tuted with a hydroxy group and an additional carboxylic acid group, (iii) metal

salts of alkylene-linked polyaromatic molecules, the aromatic moieties whereof

‘comprise at least one hydrocarbyl-substituted phenol and at least one carboxy

phenol, and (iv) lactones of hydrocarbyl-substituted carboxyalkylene-linked
phenols. "
The lubrication process is generally made complete by operating the en-
gine.
DETAILED DESCRIPTION OF THE INVENTION
The present invention relates to overbased metal salts of a variety of
types, and their use of lubricants. Overbased materials are single phase, homo-
geneous, generally Newtonian systems characterized by a metal content in ex-
cess of that which would be present according to the stoichiometry of the metal
and the particular acidic organic compound reacted with the metal.

asocd- et al salt
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11. The lubricant of claim 8 wherein the overbased salt comprises about 0.5 to

about 8% by weight of the composition.

12. A composition comprising the overbased salt of claim 1 and a concentrate-

forming amount of an oil of lubricating viscosity.

13. A method for lubricating an internal combustion engine, comprising supplying

to the engine the lubricant of claim 28.

14. The method of claim 13 wherein the internal combustion engine is a marine

diesel engine.

The overbased metal salt of claim 1, wherein the metal ratio is at least about

15
13,
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