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. conposi tions. Mre particul arl y, this invention relates to |ubricating oil
conpositions containing relatively low |l evels of sulfur. Background of the

Invention In the ever-increasing effort to reduce exhaust gaﬂmﬂmnmwnm
frominternal conbustion engines, manufacturers of gasoline ' m“m
engines and diesel engines are turning nore and nore to using ey §t gas
after treatment devices (e.g., catal yt|c converters, particul ate traps

etc. ce enj gy I ing such devi ces

that |ubricating o conposi t1 ons “con a|n| relatively m
sul fur eventually deconpose and the deconposition products
| ubricants, including the sulfur,_eventually enter the aftertreagu®mt
devi ce and often contribute to déﬁ%ﬁﬂh@ikEEUﬂevice Addi tionally, the

fo 35 parts pepis et iated € G5 RIL AR MoL WMo HATRNE I ' o
S5in sel ecinveotien relates thibeicating ofl cansditons abnfadihg ealztivelyiowsievbly of n t he

em ssi ons pf these engi nes can be expected to be attributed to sulfur in
t he Iubr?"tl,] This has resulted in pressure to reduce sulfur levels in

the | ubri catl ng oi | conposi g r886E dfthklRS8nEBH Nes- The present
i nvention provides a sol utlﬁﬁa‘eitk%_t‘%LrWTﬁT%V‘p oviding lubricating oil
conposi ti ons lkotheasverrigcresising efdy to ceddcevextsaust gasldmissioBsriramyintérnihe
Lovent! BB ST, GRS e, R e £ e e s
101 epr esengérgingy ard euindidiii @@ and more to using exhaust gas after treatment devices
(e.g., catalytic converters, particulate traps, etc.) to reduce emissions. A problem
with using such devices, however, is that lubricating oil compositions containing
relatively high levels of sulfur eventually decompose and the decomposition
products of these lubricants, including the sulfur, eventually enter the aftertreatment
15 device and often contribute to damaging the device. Additionally, the allowable level
of sulfur in diesel and gasoline fuels is expected to drop to 15 parts per million (ppm)
with zero-sulfur fuel already being required in select locations. Therefore, a
substantial portion of the sulfur in the emissions of these engines can be expected
to be attributed to sulfur in the lubricant. 'Thils has resulted in pressure to reduce
20 , sulfur levels in the lubricating oil compositions used in these engines.
The present invention provides a solution to this problem by providing
lubricating oil compositions containing relatively low levels of sulfur.
' Summary of the Invention

This invention relates to a lubricating oil composition, comprising: (A) a base

25 oil; and (B) a phosphorus-containing compound represented by the formulae
1 1.
R™-(O) _ R'-(0),
RZ_(O)b — P = 0 or RZ_(O)b —— P
R%-(0), ~ R*-(0), ©~

30 | (B-]) - (B-1l)
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and R3 are independently hydrogen or hydrocarbyl groups, and a, b and c
are independently zero or 1; the lubricating oil conposition being
characterized by a sulfur content of 0.01 to 0.25% by weight. In one
enbodi nent, the lubricating oil conposition further conprises (C an
acylated nitrogen-containing conpound having a substituent of at |east 10
aliphatic carbon atoms, (D) an alkali or alkaline earth netal salt of an
organic sul fur acid, a carboxylic acid or a phenol; (E) an alkali or

al kaline earth nmetal salt of a hydrocarbon- substltut ed saligenin; (F) a
metal salt of a phosphorus-containing céonpound; (G a dispersant viscosity
i ndex nodifier; or.(H one or nore additional optional additives. The

I nventive corrp05|t|on may be made by bl endi ng corrponents (A and (B), and
opt i onaIWfEBr@ﬁblbeOFmﬂﬁecﬁ/B B(ﬂnﬁ)f&tﬂl),sR'( & and R¥)are isdeymridentiy Hljﬂdmgen@r
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carbon abatpakitisebkihg aiéra@i@eﬂeacbytéwsuufmmgﬁfom 0% & oA R \%e@ﬂ havi ng

a hydr ocar bon or &re om nant |y "hydrocarbon character w thi'n t cont ext
of this AeRRPPEIMe e “@Prﬁﬁlﬁgg|W(9Qﬂﬂ{e0$lh@nffw1ﬂh@worgpn$as) (Puarelagylated

hydr ocarfon. gt hat i c-
and al i cyc‘f?%‘Ji géﬁﬁﬂ'?%gtaéeoghg?%@abggﬁ a@tbi 'tg'% Lﬁg? ltae ggbaﬂﬁ'PBﬁﬁFlcp@rs :
alicy- atmmsg@malkan@ran@nheberthaﬁemlsélt@aﬁb%arﬁcgumlwest%wﬁ@ ring
S conpletCE t hrou q?ggther ortion of the nolecule y ‘two
i ndi cat &! %ﬁlﬂ‘l?é?ﬁ Vot ?%@Bt%ﬁf@hﬁﬁaﬂaﬁhumﬁah%ﬁltgpé@)hydmmﬁﬁ%
| ncl ude siBstHted 8hIKIENInCHD! LR saltfd¥e¥hosphorus-containing compound: (G) a
dispersant viscosjty index modifier; or.(H) one.or more additional optional additives.
The inventive composition may be made by blending components (A) and (B), and
optionally one or more of components (C) to (H), using known blending techniques
and any order of mixing or addition. '

Descngtlon of the Preferred Embodiments
“The term “hydrocarbyl” denotes a group having a carbon atom directly

attached to the remamder of the molecule and having a -hydrocarbon or
predominantly hydrocarbon character within the context of this invention. Such
groups include the following:

@) Purely hydrocarbon groups; that is, aliphatic, alicyclic, aromatic,
aliphatic- and alicyclic-substituted aromatic, aromatic-substituted aliphatic and alicy-
clic groups, and the like, as well as cyclic groups wherein the ring is completed
through another portion of the molecule (that is, any two indicated substituents may
togetherform an alicyclic group). Examples include methyl, ethyl, cyclohexyl, phenvyl,
etc.

(2)  Substituted hydrbcarbon groups; that is, groups containing
non-hydrocarbon substituents which do not alter the predominantly hydrocarbon
character of the group. Examples include hydroxy, nitro, cyano, alkoxy, acyl, etc.

(3) Hetero groups; that is, groups which, while predominantly hydrocarbon
in character, contain atoms other than carbon in a chain or ring otherwise composed
of carbon atoms. Suitable hetero atoms include nitrogen, oxygen and sulfur:
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hydrocarbon character of the group. Exanples include hydroxy, nitro,

cyano, al koxy, acyl, etc. (3) Hetero groups; that is, groups which, while
predom nantly hydrocarbon in character, contain atons other than carbon in
a chain or ring otherw se conposed of carbon atons. Suitable hetero atons
i ncl ude nitrogen, oxygen and sulfur. 2 8 J UL 2005 3 5 10 15 ?5 In
general, no nore than three substituents or hetero atons, and typically no
nore than one, mﬁll be present for each 10 carbon atons in the hydrocar byl
group. The terns "hydrocarbon" and "hydrocarbon-based" have the sane
meani ng and can be used interchangeabfy with the term hydrocarbyl when
referring to nolecul ar groups havi ng a carbon atom attached dlrectly to

th i nd | T t d h
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The Lubr| at| ng G | Conposition. The inventive lubricating oil conposition

S conp O one or nnre base oils which are generally present in a
5 e g SN, R, B ek
conposi hydracarkiyé alkylealkeng!, Iaudmxypamd thee ik, |$cme1®6edi t@deﬁ@jbeh@ty@ grdUp%COS' ty
of up tonkR dnish a total of up to 7 carbon atoms.

The term "oil-soluble” refers to a material that is soluble in mineral oil to the
extent of at least one gram per liter at 25°C.

The term “TBN” refers to total base number. This is the amount of acid
(perchloric or hydrochloric) needed to neutralize all or part of a material's basicity,
expressed as milligrams of KOH per gram of sample. |
The Lubricating Oil Composition.

The inventive lubricating oil composition is comprised of one or more base oils
which are generally present in a major amount. The base oil may be present in an
amount greater than 60%, or greaterthan 70%, or greaterthan 76% by weight of the
lubricating oil composition. _

The inventive lubricating oil composition may have a viscosity ofupto 16.3 ¢St
at 100°C, and in one embodiment 5 to 16.3 ¢St at 100°C, and in one embodiment 6
fo 13 ¢St at 100°C. |

The inventive lubricating oil composition may have an SAE Viscosity Grade
of OW, OW-20, OW-30, 0W-40, OW-50, OW-60, 5W, 5W-20, 5W-30, 5W-40, 5W-50,
SW-60, 10W, 10W-20, 10W-30, 10W-40 or 10W-50.

The inventive lubricating oil composition is characterized by a sulfur content
of 0.01 to 0.25% by weight, and in one embodiment 0.05 to 0.25%, and in one
embodiment 0.10 o 0.25% by weight, and in one embodiment 0.01 to 0.20% by
weight, and in one embodiment 0.01 to 0.15% by weight.



at 100C, and in one enbodinent 5 to 16.3 ¢St at 100C, and i n one enbodi nent

6 to 13 cSt at 100C. The inventive lubricating oil conposition ayJWta¥® an

SAE Vi scosity Gade of ON OW20, OW30, OWN40, ON50, ON60, 5W 5W 20,

5W 30, 5W 40, 5W50, 5W60, 1 OW 1 OWN#20, 1 O30, |IOM40 or | OM50. The

I nventive lubricating oil conposition is characterized by a sul fur content
of 0.01 to 0.25% by weight, and in one enbodinent 0.05 to 0.25% and in one
enbodi ment 0.10 to 0.25% by weight, and in one enbodi nent 0.01 to 0.20% by
wei ght, and in one enbodinent 0.01 to 0.15% by weight. 2 8 JUL 2005 4 5 10
15 20 25 30 The inventive lubricating oil conposition is characterized by a
phosphorus content in the range of 0.02 to 0.14% by weight, and in one
enbodi nent 0.05 to - 0.14% by weight, arfl in one enbodi nent 0.08 to 0.14% by
wei ght, and in one enbodinent 0.10 to 0.14% by weight. . The ash content
of the inventive lubricating oil conposition.as determ ned by the
procedures i nTh!QS‘ﬂMQM@EAUDBCM o] Comndmhcrrarsgeha]ﬁcmriiedcbwa%chs/pWmught

11 55 by N RRIRHRbe D2 T Al Shghe M i Gog SRasien OB e

enbodi mant4% be weigentame m 'd)lﬁél §mbbﬂgn@|hﬂ ommmlmwby a,ec@ﬁr @wdem gRe by a

. chlorine content of up t and in one enbodi nent up to 50 ppm and
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propert s prdrrmd waee irs AT M:Demm-ee g be imthesahye of oy d4vesy wreighit, and
anti "ean ogé)er-nr gdﬁ’ngnt 0. 3 to 1.2% by weight, and in one embodiment 0.3 to 1.1% by
weight, and in one embodiment 0.5 to 1.1% by weight.

In one embodiment, the inventive lubricating oil composition is characterized
by a chlorine content of up to 100 ppm, and in one embodiment up to 50 ppm, and
in one embodiment up to 10 ppm.

The inventive lubricating oil compositions are characterized by reduced sulfur
levels when compared to those in the prior art, and yet, at least in one embodiment,
exhibit antiwear properties that are sufficient to pass industry standard tests for
antiwear.

(A) The Base Qil

The base oil used in the inventive lubricating oil composition may be selected
from any of the base oils in Groups |-V as speciﬁed in the American Pétroleum
Institute (API) Base Ol| Interchangeability Guidelines. The five base oil groups are

as follows:

Base Oil ' Viscosity
Category Sulfur (%) Saturates(%) (ndex
Group | >0.03 and/or <90 80 to 120
Group Hl <0.03 and >90 80 to 120
Group il <0.03 and >90 >120
Group IV All polyaiphaolefins (PAQOs)

Group V All others not included in Groups I, I}, Ill or IV

Groups |, 1l and !t are mineral oil base stocks.
The base oil may be a natural oil, syn{hetic oil or mixture thereof, provided the
sulfur level in such base oil is sufficiently low enough so that the sulfur level in the



The base oil used in the inventive lubricating oil conpositi
.se! ected fromany of the base oils in Groupsgl N as ,sggci fitegni WJBE 208
Anerican Petroleum Institute (API) Base O | Interchangeability Guidelines.
The five base oil groups are as follows: Base O Viscosity CategorySul fur
%Gat ur at es( % ndex Group |>0.03and/ or<9080 to 120 G oup |1<0.03and?9080 to
120 Goup I11<0.03and?90>120 G oup IV Al pol yal phaol efins (PAGs) G oup

VAl others not included in Goups I, 11, 111 or IV Goups I, Il and Il
are mneral oil base stocks. The base oil may be a natural oil, synthetic
oil or mxture thereof, provided the sulfur level in such base oil is

sufficiently | ow enough so that the sulfur level inthe 2 8 JUL 2

15 20 25 inventive |ubricating oil composi ti on does not exceed thgogbgvg 0
i ndi cated concentration level required forthe inventive |lubricating oi
conposition. The natural oils include animal oils and vegetable oils

(e.9.. GREhAVeOllbridading @il kcopspositidn adoes mestalexceedr theatabnyeoiindicatrt as
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useful . drocarbon’ oils such pol yneri zed and
i nter pohmaltmgdom eUchsas aqml betmczleums ollp@ngbrelvent tregtep@y R Ecid-diagtedy |

e cof v sy B10H £ b PATORR T R S oo
| nter polyiEs SoRR Yt b2l or shale are also useful. |
Synthetic oils include hydrocarbon oils such as polymerized and

interpolymerized oleﬂns, alkylbenzenes, polyphenyls, alkylated diphenyl ethers,
alkylated diphenyl sulfides, and derivatives, analogs and homologs thereof. The
10 synthetic oils include alkylene oxide polymers and interpolymers and derivatives
thereof where the terminal hydroxyl groups have been modified by esterification,
etherification, etc.; esters of dicarboxylic acids (e.g., phthalic acid, succinic acid, alkyl
succinic acids, alkenyl succinic acids, etc.) with a variety of alcohols (e.g., butyl
“alcohol, hexyl alcohol, dodecy! alcohol, 2-ethylhexyl alcohdl, ethylene glycol, etc.);
15 and esters made from C; to C,, monocarbowlic acids and polyols or polyol ethers.
The baée 0il may be a polyalphaolefin (PAO) or an oil derived from Fischer-

Tropsch synthesized hydrocarbons. o
Unrefined, refined and rerefined oils, elther hatural or synthetic (as well as
mixtures of two or more of any of these) of the type disclosed hereinabove can be
20 used as the base oil.

(B) PHosghorus-Containing Compound
The phosphorus-containing compound (B) is a compound represented by the

formulae
R'-(0), - - R'-(0),
95 R2(0), — P =0 or R%-(0) — P
R-(0), - R%(0),

(B-1) (B-1I)
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phthal i c acid, succinic acid, alkyl succinic acids, alkenyl succinic
acids, etc.) with a variety of alcohols (e.g., butyl alcohol, hexyl

al cohol, dodecyl al cohol, 2-ethyl hexyl alcohol, ethylene glycol,. etc.);
and esters made fromC5 to C, 2 nonocarboxylic acids and pol yols or polyol
ethers. The base oil may be a pol yal phaol efin (PAO or an oil derived from
Fi scher- Tropsch synt hesi zed hydrocarbons. Unrefined, refined and rerefined
oils; either natural or synthetic (as well as mxtures of two or nore of
any of these) of the type disclosed herei nabove can be used as the base
oil. (B) Phosphorus-Contai ni ng Conpoun@ The phosphorus-cont ai ni ng conpound
(B) is a conmpound represented by the formulae R-(Oa- R-(0O3 R2(Ob
----- P=0o R-(Ob P R3-(0O0 R3-(O, (B-I) (B-il) 2 8 JUL 2005 6 5 10

15 20 25vH@?8TneiherrH1dfé\§ '('Blliiﬁnél Bali), GF@d RBydlR? ofe i J1d?p%‘fb%r@§ Iﬂfcﬁ'ogen or

i ndependent |y hydrogen or g rocarby groups,
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m xture of two or nore of any of the foregoi The total nunber oémtcarbon
atons i RN R’Sphwt%momhmemphﬁsa@nesTf)emﬁwqa-)contﬁmmgwmmtﬂmatcam to

e S B o tRRrtd) e L e
enbodi nent  The total number of carbon atoms in R', R® and R®in Formulae (B-1) and (B-I!)
must be sufficient to render the Compound soluble in thé base oil (A). Generally, the
total number of carbon atoms in R!, R2 and R® is at least 8, and in one embodiment
at least 12. There is no limit to the total number of carbon atoms in R, R and R®
that is required, but a practical upper limit is 400 or 500 carbon atoms. Each R?, R?
and R® may be the same as the other, although they may be different. Examples of
useful R', R? and R® groups include isopropyl, n-butyl, isobutyl, amyl, 4-methy!-2-
pentyl, isooctyl, decyl, dodecyl, tetradecyl, 2-pentenyl, dodecenyl, phenyl, naphthyl,
alkylphenyl, alkylnaphthyl, phenylalkyl, naphthylalkyl, alkylphenylalkyt,
alkylnaphthylalkyl, and the like. In one émbodiment, the phosphorus-containing .
compound (B) is represented by the Formula (B-1) wherein each R', R and R®is an
alkyl aromatic (e.g., alkyl phenyl) group, and a, b and ¢ are each 1. In one
embodiment, the phosphorus-containing compound (B) is represented by the
Formula (B-ll) wherein each R', R* and R® is an aromatic (e.g., phenyl) group, and
a, b and ¢ are each 1. |

The phosphorus compounds represented by Formulae (B-1) and (B-ll) can be
prepared by reacting a phosphorus acid or anhydride with an alcohol or mixture of
alcohols corresponding to R', R*and R® in Formulae (B-l) or (B-1l). The phosphorus
acid or anhydride is generally an inorganic phosphorus 'reagent such as phosphorus
pentoxide, phosphorus trioxide, phorphorus tetraoxide, phosphorus acid, phosphorus
halide, or lower phosphorus esters, and the like. Lower phosphorus acid esters
contain from 1 to 7 carbon atoms in each ester group. The phosphorus acid ester
may be a mono, di- or triphosphoric acid ester. .



at least 12. There is no limt to the total number of carbon atons in R
.R2, and R3 that is required, but a practical upper limt is 400 o 8548 2005
carbon atons. Each R, R2 and R3 nay be the sane as the other, although
they may be different. Exanples of wuseful Rl, R2 and R3 groups include

| sopropyl, n-butyl, isobutyl, anyl, 4-nethyl-2- pentyl, isooctyl, decyl,
dodecyl, tetradecyl, 2-pentenyl, dodecenyl, phenyl, naphthyl, alkyl phenyl,
al kyl napht hyl , phenyl al kyl , napht hyl al kyl , al kyl phenyl al kyl ,

al kyl napht hyl al kyl , and the like. In one enbodinent, the
phosphorus-contai ning conpound (B) is represented by the Fornmula (B-1)
wherein each Rl, R2 and R3 is an alkyl aromatic (e.g., alkyl phenyl)
group, and a, b and ¢ are each 1. In ode enbodinment, the
phosphor us- cont ai ni ng conmpound (B) is represented by the Forrmula (B-11)
wherein each R, R2 and R3 is an aromatic (e.g., phenyl) group, and a, b
and c are eadhudsful progitosmbaansaiomgpmampsune fv asiabfromn FdCGuhder (s 1)
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For mul agnbBsdr) ukdrull Esrhpdund RetrpsRh higci d or anhydride is generally an
inor,ganig phorsup o‘rjus rgagent such gsﬂg?}%)sﬁhorus pent oxi de, phosphorus
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aliphatic carbon atoms. These compounds typically function as ashiess dispersants.

A number of acylated, nitrogen-containing compounds having a substituent
of at least 10 aliphatic carbon atoms and made by reacting a carboxylic acid
acylating agent with an amino compound are known to those skilled in the art. [n
15 sUch Compositions the acylating agent is linked to the am.ih,o,compound through.an
imido, amido, amidine or salt linkage. The substituent of at least 10 aliphatic carbon
atoms may be in either the carboxylic acid acylating agent derived portion of the
molecule or in the amino compound derived portion of the molecule.
_ llustrative hydrocarbon based groups containing atleast 10 carbon atoms are
20 _n-decyl, n-dodecyl, tetrapropylene, n-octadecyl, oleyl, chlorooctadecyl, triicontanyl,
etc. Generally, the hydrocarbon-based substituents are made from homo- or
| interpolymers (e.g., copolymers, terpolymers) of mono- and di-olefins having 2t0 10
carbon atoms, such as ethylene, propylene, 1-butene, isobutene, butadiene,
isoprene, 1-hexene, 1-octene, etc. Typically, these olefins are 1-monoolefins. The
25 substituent can also be derived from the halogenated (e.g., chlorinated or
brominated) analogs of such homo- or interpolymers.
A useful source of the hydrocarbon-based substituents are poly(isobutene)s
obtained by polymerization of a C, refinery stream having a butene content of 35 to
75 weight percent and isobutene content of 30 to 60 weight percent in the presence
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to 0.8% by weight. (C) Acylated N trogen-Containing Conpound In one

.enbodi nent, the inventive lubricating oil conposition further coﬁﬂrd@egmﬁan
acyl at ed nitrogen cont ai ni ng conpound havi ng a substituent of at |east 10
al i phatic carbon atonms. These conpounds typically function as ashl ess

di spersants. A nunber of acyl ated, nitrogen-containing conpounds having a
substituent of at |least 10 aliphatic carbon atons and nmade by reacting a
carboxylic acid acylating agent with an am no conpound are known to those
skilled in the art. In such conpositions the acylating agent is linked to
t he arni no conpound through. an imdo, am do, am dine or salt |inkage. The
substituent of at least 10 aliphatic carbon atons may be in either the
carboxylic acid acylating agent derived portion of the nolecule or in the
am'no conpound derived portion of the nolecule. Illustrative hydrocarbon
based groups containing at |east 10 carbon atons are n-decyl, n-dodecyl,
tetrapropy eBRis aci@p&aﬁqfs\tlsucﬁla%/munqhum ARHIGRS Bt botdr temidraRy| TheehC.
Ceneral l'y, the hydrocarbon-based substituents are nade from hono- or
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10 up to 5,000, 10,000 or 20,000 carbon atoms. In one embodiment, the acylating agent
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is a hydrocarbon substituted succinic acid or anhydride containing hydrocarbon-
based substituent groups and succinic groups wherein the substituent groups are
derived from a polyalkene such as polyisobutene. The acid or anhydride may be
| characterized by the presence within its structure of an average of at least 0.9
succinic group for each equivalent weight of substituent groups, and in one
embodiment 0.9 to 2.5 succinic groups for each equivalent weight of substituent
groups. The polyalkene generally 'ha'fs"-number-éiveragelmolec'ula‘r weight ('Mn) of at
least 700, and in one embodiment 700 to 2000, _énd in one embodiment 900 to 1800.

The ratio between the weight average molecular weight (Mw) and the (Mn) (that is,

20 the Mw/Mn) can range from 1 to 10, and in one embodiment 1.5 fo 5, and in one

embodiment 2.5 to 5. For purposes of this invention, the number of equivalent
weights of substituent gfoups is deemed to be the number corresponding to the
" quotient obtained by dividing the Mn value of the polyalkene from which the
substituent is derived into the total weight of the substituent groups present in the

25 substituted succinic acid.

The amino compound may be characterized by the presence within its
structure of at least one HN< group and can be a monoamine or polyamine.
Mixtures of two or more arhino compounds can be used in the reaction with one or

more acylating reagents. In one embodiment, the amino compound contains atleast



pol'yi sobut ene having a hi gh methyl vinylidene i somer content, that is, at

.least 70% nethylvinylidene, and in one enbodi nent at | east 80%
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met hyl vi nyl i dene. Suitable high nethylvinylidene polyisobutenes ?ﬁcﬂ“dgms
t hose prepared using boron trifluoride catalysts. The acyl ating agent or
reagent can vary fromformc acid and its acyl derivatives to acylating
agents having high nol ecul ar wei ght aliphatic substituents of up to 5,000,
10, 000 or 20,000 carbon atonms. In one enbodi nent, the acylating agent is a
hydr ocar bon substituted succinic acid or anhydride containing hydrocarbon-
based substituent groups and succinic groups wherein the substituent groups
are derived froma pol yal kene such as pol yi sobutene. The acid or anhydride
may be characterized by the presence within its structure of an average of
at least 0.9 succinic group for each equival ent wei ght- of substituent

gr oups,
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wherein n is from 1 to 14; each R is independently a hydrogen atom, a hydrocarby!
group or a hydroxy-substituted or amine-substituted Ihydrocarbyl group having up to
- 30 atoms, ortwo R groups on 'differenfnitrogen atoms can be joined togetherfo form
a U group, with the proviso that at least oneR group is a hydrogen atom and U is an
alkylene group of 2 to 10 carbon ato.ms. U may be ethylene or propylene. Alkylene.
polyamines where each R is hydrogen or an amino-substituted hydrocarbyl' group
with the ethylene polyamines and mixtures of ethylene polyamines are useful.
Usually n will have an average value of from 2 to 10. Such. alkylene polyamines
include methylene polyamine, ethylene polyamines, propylene polyamines, butylene
polyamines, pentylene polyamines, hexylene polyamines, heptylene polyamines, etc.
The higherhomologs of such amines and related amino alkyl-substituted piperazines
are also included. | |
Alkylene polyamines that are useful include ethylene diamine, dfethylene
triamine, friethylene tetramine, propylene diamine, trimethylene diamine,
hexamethylene diamine, decamethylene diamine, octamethylene diamine,
di(heptamethylene) triamine, tripropylene tetramine, tetraethylene pentamine,
trimethylene diamine, pentasthylene hexamine, di(trimethylene)triamine, N-(2-



30 one primary amno group (i.e., -NH2). In one enbodinent, the amine is-‘a
.polyamine, for exanple, a polyanine containing at |east two -NH 28 JUL 2005
groups, .either or both of which are primary or secondary am nes. The '
am nes may be aliphatic, cycloaliphatic, aromatic or heterocyclic am nes:.
Hydr oxy substituted am nes, such as al kanol am nes (e.g., nono- or

di et hanol am ne) and hydroxy (pol yhydrocarbyl oxy) anol ogs of such al kanol
am nes, may be used. Anong the useful am nes are the al kyl ene pol yam nes,

i ncluding the polyal kyl ene pol yam nes. The al kyl ene pol yam nes i ncl ude
those conformng to the formula Ri -(UN)"-R R Rwhereinnis fromlto
14; each R is independently a hydrogen atom a hydrocarbyl group or a
hydr oxy-substituted or am ne-substituted hydrocarbyl group having up to 30
atons, ortwo R groups on different nitrogen atons can be joined togetherto
form a Ugroup, with the proviso that at |east one R group is a hydrogen
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10 material boiling below 200°C.

The acylated nitrogen-containing compounds include amine salts, amides,
imides, amidines, amidic acids, amidic salts and imidazolines as well as mixtures
thereof. To prepare the acylated nitrogen-containing compounds from the acylating
reagents and the amino compounds, one or more acylating reagents and one or

15 " more amino compounds are heated, optionally in the presence of a normally liquid,
substantially inert organic liquid solvent/diluent, at temperatures intherange of 80°C
" up to the decomposition point of either the reactants or the carboxylrc derivative but
normally at temperatures in the range of 100° c up to 300° C provided 300°C does
not exceed the decomposition point. Temperatures of 125°C to 250°C are normally
20 used. The acylating reagent and the amino compound are reacted in amounts
sufficient to provide from one-half equivalent up to 2 moles of amino compound per
equivalent of acylating reagent. _

The acylated nitrogen-containing compound (C) may be employed in the

inventive lubricating oil composition at a concentration in the range of up to 10% by

25 | weight, and in one embodiment 1 to 10% percent by weight, and in one embodiment
" 2% to 5% by weight.



15 20 25 am noet hyl ) pi perazi ne, 1, 4-bi s(2-am noethyl) pi perazine, and the
.I'ike. H gher honologs as are obtained by condensing two or nore 0§ fine0s
above-illustrated alkylene am nes are useful, as are m xtures of two or
nore of any of the afore- described pol yam nes. .Useful polyam nes are
those resulting fromstripping polyam ne mxtures. In this instance, |ower
nol ecul ar wei ght pol yam nes and vol atil e contam nant's are renoved from an
al kyl ene polyanine mxture to | eave as residue what is often terned

"pol yam ne bottonms". In general, alkylene polyam ne bottons can be
characterized as having | ess than 2% by wei ght, usually | ess than 1% by
wei ght material boiling below 200C. The acyl ated nitrogen-contai ni ng
conmpounds include am ne salts, am des, 1'i mi des, anidines, anidic acids,
amdic salts and imdazolines as well as mxtures thereof. To prepare the

acyl ated nitrogen-contai ning co ounds fromthe acyl at| ng reagents and the
am no chpouAdisali @reAtkaling Medal SENL ¢ Aeid eyl
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per cent , and 1 n one enbodi nent 5% by weight. 2.8 JUL' 2005

1011 5 1osul¥am|c t losulfomc sulfinic, sulfenic, partlalestersulfunc sulfurous and thiosulfuric

acid. Generally they are salts of aliphatic or aromatic sulfonic acids. The sulfonic
acids include the mono- or poly-nuclear aromatic or cycloaliphatic compounds.
The carboxylic acids include aliphatic, cycloaliphatic, and aromatic mono-and
polybasic carboxylic acids such as the naphthenic acids, alkyl- or alkenyl-substituted
15 cyclopentanoic acids, alkyl- or alkenyl-substituted cyclohexanoic acids, alkyl- or
alkenyl-substituted aromatic carboxylic acids. The aljphatic acids generally contain
at least 8 carbon atoms, and in one embodiment at least 12 carbon atoms. Usually
they have no more than 400 carbon atoms. The cycloaliphatic and aliphatic
carboxylic acids can be saturated or unsaturated.
20 A useful group of carboxylic acids are the oil-soluble aromatic carboxylic acids.

These acids are represented by the formula;
(R*)-Ar(CXXH),, (D-fl1)

25 wherein in Formula (D-1ll), R* is an aliphatic hydrocarbon-based group of 4 to 400
aliphatic carbon atoms, a is an integer of from one to four, Ar* is a polyvalent
aromatic hydrocarbon nucleus of up to 14 carbon atoms, each X is independently a
sulfur or oxygen atom, and m is an integer of from one to four with the proviso that
R* and a are such that there is an average of at least 8 aliphatic carbon atoms

30 provided by the R* groups for each acid molecule represented by Formula (D-lii).



15 20 (D) Alkali or Alkaline Earth Metal Salt of Organic Sul fur Acid,

. Carboxylic Acid, Lactone or Phenol The alkali netal or alkaline_e rbb
netal salts (D) are salts of organic sulfur acids, carboxylic agﬂgg, 2005
| act ones or phenols. These-salts may be neutral or overbased. The forner
contain an anount of netal cation just sufficient to neutralize the acidic
groups present in the salt anion; the latter contain an excess of netal
cation and are often termed basic, hyperbased or superbased salts. The
organi c sulfur acids are oil-soluble organic sulfur acids such as sulfonic,
sulfamc, thiosulfonic, sulfinic, sulfenic, partial ester sulfuric,
sul furous and thiosulfuric acid. Generghly they are salts of aliphatic or
aromatic sulfonic acids. The sulfonic acids include the nono- or
pol y-nucl ear aromatic or cycloaliphatic conpounds. The carboxylic acids
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carboxylic acids suc enrc a
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an al i phagpresbytbdbbpthorobaggd group of 4 to 400 aliphatic carbon atons, a
is an integer of fromone to four, Ar* is a polyvalent aromatic
hydrocarbon nucl eus of up to 14 carbon atons, each X is independently a
sul fur or oxygen atom d miso"utn integer of fromone to four with the
proviso that R* and a are>suchsthat there is an average of at |east 8
l1al i phatic carbon atonms Rt ovi@ed by @f® R* groups for gacpci d mol ecul e
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wherein in Formula (D-Vll), R, R% R®% R* R® and R® are independently H,
15 hydrocarbylgroups or hydroxy substituted hydrocarby! groups of from 110 30 carbon
atoms, with the proviso that the total number of carbon étoms must be sufficient to
-rendér the lactones oil soluble; R? and R® can be linkéd together to form an aliphatic
_or aromatic ring; and a is a number in the ran_ge of zero to 4. A useful lactone can
be prepared by reacting an alkyl (e.g., dodecyl) phenol with glyoxylic acid at a molar
20 ratio of 2:1.
Neutral and basic salts of phenols (generally known as phenates) are also
useful in the compositions of this invention and well known to those skilled in the art.

The phenols from which these phenates are formed are of the general formula
25 , (R®)-(Ar)-(OH),, (D-1X)

wherein in Formula (D-1X), R*, a, Ar*, and m have the same meaning as described
hereinabove with reference to Formula (D-ll1).
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5 10 15 20 A useful group of carboxylic acids are the aliphatic-hydrocarbon

-substituted salicylic acids wherein each aliphatic hydrocarbon swbg;t,i” %

contains an average of at |east 8 carbon atons, and in one enbodi nent
at-least 16 carbon atons per substituent, and the acids contain one to
three substituents per nolecule. A useful aliphatic-hydrocarbon
substituted salicylic acid is C 6-C '8 alkyl salicylic acid. A group of
carboxylic acid derivatives that are useful are the | actones represented
by the formula RLO R2 -- CCCOR3 C(CRR6)a R4 (D VII) wherein in
Formula (D-VI1), R, R, R3, R4, R5 and R6 are independently H,

hydr ocar byl groups or hydroxy substitut,ed hydrocarbyl groups of from1l to
30 carbon atoms, with the proviso that the total nunber of carbon atons
nust be sufficient to render the lactones oil soluble; R2 and R3 can be

n'the ?3232“@# 65 o B & are Betml aneCbasle el of the Beiaismacyasiescelhed ng an
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of the generiﬁeﬁmngaglgg %S%WEW@%%%@W‘W HSERILIT,
(D-1X), lithum acalditin, magnesuhav%tmuﬁaaﬁd rmmnﬁlw/ﬁﬁ déﬁ‘éﬁﬁw' 854 mdlfiiqabove
with reference to Forrrula(D .nil 2005 13 5

being especially useful.

The metal salt (D) may be employed in the inventive lubricating oil
composition at a concentration in the range of up to 5% by weight, and in one
embodiment 0.5 to 5% percent by weight, and in one embodiment 1% to 2.5% by
weight. _ . T

4
(E) Alkali_or_Alkaline Earth Metal Salt of a Hydrocarbon-Substituted

Saligenin .

The alkali or alkaline earth metal salt of a hydrocarbon-substitufed saligenin
may be a compound represented by the formula

g . ——

M), (M),

X — Y-—@———x (E-)

(R), . ®,  _m
wherein in Formula (E-l). each X independently is -CHO or -CH,OH; each Y
independently is -CH,- or -CH,0CH,-; wherein the -CHO groups comprise at least 10

mole percent of the X and Y groups; each M is ind'ependently a valence of an alkali

or alkaline earth metal ion; each R is independently a hydrocarbyl group containing

1 to 60 carbon atoms; m is 0 to 10; nis 0 or 1 provided that wheh nis 0 the M is

replaced with H; and each p is independently 0, 1, 2, or 3; provided that at least one

aromatic ring contains ari R substituent and that the total number of carbon atoms

" in all R groups is at least 7; and further provided that if m is 1 or greater, then one of
the X groups can be -H.

The alkali and alkaline earth metals that are useful include sodium, potassium,

lithium, calcium, magnesium, strontium and barium, with calcium and magnesium



15 20 ?5 M xtures of two or nore neutral and basic salts of the hereinabove

.described organic sulfur acids, carboxylic acids and phenol s CanngHHEGZHUS
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in the conpositions of this invention. The alkali and al kaline e

netals that are useful include sodium potassium [|ithium calcium

magnesi um strontium and barium w th cal cium and nmagnesi um being
especially useful. The netal salt (D) may be enployed in the inventive

| ubricating oil conposition at a concentration in the range of up to 5% by
wei ght, and in one enbodinent 0.5 to 5% percent by weight, and in one
enbodi mrent 1%to 2.5% by (E) Alkali or Alkaline Earth Metal Salt of a

Hydr ocar bon- Substituted Saligenin The alkali or alkaline earth netal salt
of a hydrocarbon-substituted saligeninl4dmy be a conpound represented by
the formula weight. M, (RPL (RP _j mwherein in Fornula (E-1): each X
I ndependently is -CHO or -CH20H, each Y independently is -CH2 or-CH20CH2-;
wher ei nbetny egrOiglyousesule dniffdrarilalEl g agienlfe metabVie edhlef ridigl (S.gnd Y
gr oups; g%ﬁﬂgM 1S | ndepeg%ﬂ@y a val eng(ﬁ/bof n al kali or alkaline earth
met al i 61 C HAK TRYESHRLESAESE Volence vl M gF yewhrHay Reovatisfiad iy other o 60
carbon ahiyms; omby 8s8otiatidR with | REPY t LSs. Mis
replaced with H;y and e]gg%Hp\)Miﬂg bf‘n%eﬁ%’ﬂ%n?ﬁ%ﬁ‘%?%@ o%\{rh%gs%lreos\ﬁq‘&teegﬁ{ hat

at | easflegv@tivear omatic ring contains an R substituent and that the total

That 1t m i o RPpRyBTE D, Sachbie oHeRERaenfilr brisapieniRatuncin ¥eth kel |

and al kil isessiaséd byeHalisat i2ato erbﬁny@@ufhheugﬁhz%e n}pﬁ%ﬁ%ﬁ@‘egméﬁoﬁmﬁéﬁ?he

l'ithium cal cium magnesium strontium and bariu
magnesi BHEBRRNNERST A s typically 0.1 to 1.0. In one embodiment, mis 2to0 9, and in one

embodiment 3 to 8, and in one embodiment 4 to 6.

Most of the aromatic rings in Formula (E-I) contain at least one R substituent,
which is a hydrocarbyl group, and in one embodiment an alkyl gron, containing 1
to 60 carbon atoms, and in one embodiment 7 to 28 carbon atoms, and in one
embodiment 9 fo 18 carbon atoms. R can be linear or b'rar.\ched. Each aromatic ring
in the structure may be substituted with 0, 1, 2, or 3 su.ch R groups' (thatis, pis 0, 1,
2, or 3), most typically 1. Different rings in a given molecule may contain different
numbers of such substituents. At least one aromatic ring in the molecule must
contain at least one R group, and the total number of carbon atoms in all the R

“groups in the molecule should be at least 7, and in"o_ne':erﬁbodirﬁéht'ét least 12.

In Formula (E-l), the X and Y groups may-be seen as groups derived from
formaldehyde or a formaldehyde source, by condensative reaction With the aromatic
molecule. While various species of X and Y may be present, the commonest species
comprising X are -CHO (aldehyde functionality) and -CH,OH (hydroxymethyl
functionality); similarly the commonest species cdmprising Y are -CH,- (methylene
bridge) and -CH,OCH,- (ether bridge).

The relative amounts of the various X and Y groups depends to a certain
extent on the conditions of synthesis of the molecules. Under many conditions the
amount of -CH,OCH,- groups is relatively small compared'to the other groups and
is reasonably constant at 13 to 17 mole percent. Ignoring the amount of such ether
groups and focusing on the relative amounts of the -CHO, -CH,0OH, and -CH.-
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5 being especially useful. In Formula (E-1), .when the net

Mis a

.divalent netal (e.g., calciumor magnesium the other val ence o? BIVHUhCZOUS

shown, may be satisfied by other anions or by association with an
additional -O functionality of the sanme saligenin derivative. In Formula
(E-1), each n is independently O or 1, provided that when nis 0, the Mis

replaced by H that is, to forman unneutralized phenolic -CH group. The
average value of nis typically 0.1 to 1.0. In one enbodinment, mis 2 to 9,
one enbodinent 3 to 8, and in one enbodinent 4 to 6. Mst of the
c rings in Formula (E-1) contain at |east one R substituent, which
I's a hydrocarbyl group, and in one enbpdi nent an al kyl group, containing 1
arbon atons, and in one enbodi t 7 to 28 carbon atonms, and in one
enbodi ment 9 to 18 carbon atons.' R can be |inear or branched Each
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e. Wil e various species of X and Y na
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ﬁ@‘?“"f%?%ﬁ%? PR fcoskbd Bl R8T iShods T Phe R S TRdne”
incthe carrpogition jachaeeserized by an average value of “n” of 0.1t0 1.0, and in
one embodiment 0.2 or 0.4 to 0.9, and in one embodiment 0.6 to 0.8.

The salts represented by Formula (E-) can be prepared by combining a
phenol substituted by the above-described R group with formaldehyde or a source
of formaldehyde (e.g., paraformaldehyde, trixoane, formalin or methal) and

magnesium oxide or magnesium hydroxide under reactive conditions, in the

- presence of a catalyticamount of a strong base (e.g., sodium hydroxide or potassium
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hydroxide).

- The relative molar amounts of the substituted phehol and the formaldehyde
can be important in providing products with the desired structure and properties. n
one embodiment, the substituted phenol and formaldehyde are reacted in equivalent
ratios of 1:1 to 1:3 or 1:4, and in one embodiment 1:1.1 to 1:2.9, and in one
embodiment 1:1.4 to 1:2.6, and in one embodiment 1:1.7 to 1:2.3. Thus, in one
embodiment, there is a 2:1 equivalent ratio of formaldehyde to substituted phenol.
(One equivalent of formaldehyde is considered to correspond to one H,CO unit; one
equivalent of phenol is considered to be one mole of phenol.) In one embodiment
of the Mg species, the mole ratio of alkylphenol:formaldehyde:'Mg is 1:1.4:0.4, that
is, for example, (1) : (1.3 to 1.5) : (0.3 to 0.5), the amounts being the quantities
actually retained in the final product, rather than the amounts charged to the reaction.



5 10 15 20 25 groups, useful conpositions have the following relative
.amounts of these three groups, the total of such ampunts in each? 8ad# 2005
bei ng nornmalized to equal 100% -CHO 15- 100%or 20- 60%0r 25- 50%
- CH2COH: 0- 54%0r 4- 46%0r 10- 40% - CHz : 0- 64%0r 18- 64%or 20- 60% The conpound
represented by Fornula (E-1) nmay be a nmagnesiumsalt, and the presence of
magnesi um during the preparation of the conpound is believed to be
inmportant in achieving the desired ratios of X and Y conponents descri bed
above. (After preparation of the conpound, the My netal can be replaced by
hydrogen, other netals, or ammoniumif desired, by known nethods.) The
nunber of My ions in the conposition is characterized by an average val ue
of "n" of 0.1to 1.0, and in one enbodbnent 0.2 or 0.4 to 0.9, and in one
enbodinent 0.6 to 0.8. The salts represented by Formula (E-1) can be
prepared by conbining a phenol substituted by the above-described R group
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compounds used to make these overbased salts are usually an alkali or alkaline
earth metal compound (i.e., the Group IA, 1A, and |IB metals excluding francium and
- radium and typically excluding rubidium, cesium and beryllium), 'alth0ugh other
basically reacting metal compounds can be used. Compounds of Ca, Ba, Mg, Na
15 and Li, such as their hydroxides and alkoxides of lower alkanols are usually used.
Overbased salts containing a mixture of ions of two or more of these metals or other
cations, including mixtures of alkaline earth metals such as Mg ahd Ca, can be used.
The hydrocarbon-substituted saligen'in salt (E) may be employed in the
inventive lubricating oil composition at a concentration in the range of up to 5% by
20 weight, and in one embodiment 0.5 to 5% percent by weight, and in one embodiment
1% to 2.5% by weight. '
The following examples disclose the preparation of hydrocarbon-éubstituted
saligenin salts that are useful in preparing the inventive lubricating oil composition.
In the following examples as well as throughout the specification and claims, unless
25 otherwise indicated, all parts and percentages are by weight and all temperatures are
in degrees Celsius.
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by conbi ning the above conponents with an appropriate amount of magnesi um
oxi de or magnesi um hydroxide with heating and stirring. A diluent such as
m neral oil or other diluent oil can be included. An additional solvent
such as an al cohol can be included if desired, although it is believed
that the reaction may proceed nore eff|C|entIy in the absence of additional
solvent. The reaction can be conducted at roomtenperature or a slightly

el evated tenperature such as 35 to 120C. The hydrocarbon-substituted
saligenin salt (E) may be overbased. VMﬁa these salts are overbased, the
stoichionetrically excess netal can bel gnesium or it can be another
metal or a mxture of cations. The basically reacting netal conpounds used
to make these overbased salts are usually an alkali or alkaline earth

met al conpound (i.e., the Group | Example Bl 1| B netals excl udi ng francium
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- hour. Thereafter the mixture is heated to 120°C under a flow of nitrogen at 28 L/Hr
(1.0 std. ft*/hr.). When 120°C is reached, 252 g diluent oil is added, and the mixture
is stripped at a pressure of 2.7 kPa (20 torr) at 120°C for 1 hour and then filtered.
The resulting preduct contains 1.5% by weight magnesium and has a TBN of 63.
Analysis of the product by 1D and 2D "H/**C NMR reveals an aldehyde content of 29
mole %, a methylene bridge content of 38 mole %, an ether bridge content of 12
mole %, and a hydroxymethyl content of 21 mole %.

Exanﬁgle E-2
Part A:

To a 5-L, 4-necked round bottom flask equipped with stirrer, stopper,
thermowell, and reflux condenser, the following are charged: 670 g diluent oil
(mineral oil), and 1000 g dodecyl phenol. The mixture is heated to 35°C with stirring.
When 35°C is attained, 252 g of paraformaldehyde (90%) are added to th.e mixture
and stirring is continued. After 5 'minutes, 7.3 g of Ca(OH), and 102 g of additional
diluent oil are added. The mixture is heated to 79°C and held at temperature for 30
minutes. A second increment of 104 g of Ca(OH), is added and the batch is further
heated and maintained at 90-100°C for 1 hour. Thereafter the mixture is heated to
120°C under a flow of nitrogen at 28 L/Hr (1.0 std. ft*hr.). When 120°C is reached,
252 g diluent oil is added. The mixture is stripped under a nitrogen flow at 150°C
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E-1 To a 5-L, 4-necked round bottom flask equi pped with stirrer, stopper, '
thernowel |, and reflux condenser, the following are charged: 670 g dil uent
oil (mneral oil), 1000 g dodecyl phenol, and a solution of 3 g NaOH in 40
g water. The mxture is heated to 35C with stirring. Wen 35C is attained,
252 g of parafornmal dehyde (90% are added to the m xture and stirring is
continued. After 5 mnutes, 5 g of MJO and 102 g of additional diluent oi
are added. The mixture is heated to 79C and held at tenperature for 30
m nutes. A second increnent of 58 ¢ O is added and the-batch is further
heated and mai ntained at 90-100C for 118hour. Thereafter the mixture is
heated to 120C under a flow of nitrogen at 28 L/H (1.0 std. ft3/hr). Wen
120C i s reached, 252 .9 diluent oil is added, and the m xture is stripped
at a pr@sddpeladed Dy filiedion20 Ther rgsulting 206 fich cantaingr 14nmholeh8b didbheded.
The resHh&ﬁggaﬁépduct contains 1.5% by wei ght magnesi um and has a TBN of

63. Analysrs ‘the product by 1 D and 2D H 13C NMWR reveal s an al dehyde
contentpait B9 nole % a nethylene bridge content of 38 nole % an ether
bridge content of 12 nole % and a hydroxynethyl content of 21 nole %
Exanpl e E-2 it aa127h fpus-neckadnasie ;equipped buith stirtarashemawmetiedetlix h
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m xt ur egio$ podzsebuteneIMA »i 10005 subsiitaged sVbstnicIrByidsidal 876 ¥eda(BGhg, snd@f
par af or deh%‘de 900/%0are added to the m xture and stirring Is continued.
After 5% BIRBS of pnalgohg! neixiurpiconiainingBB-86 %t yawaiaht sthwl alcenoliehb%by ar e

added. BgyHtisdptopyl aicBRAE &t bB%Yy RBGHGlHAITAE ML W fedfld #0s3°C
and 10 grams glacial acetic acid are added. The mixture is held at approximately
60°C for one hour. Carbon dioxide is blown through the mixture for 3 hours at
approximately 0.5 std. ft*hr. to a direct base number of 56.4. A second increment
of 370 grams Ca(OH), is added and carbon dioxide is similarly blown through the
mixture over seven hours to a direct base number of 39.8. The mixture is stripped
to 145°C under a nitrogen flow of 1.5 std. ft*/hr. and maintained at that temperature
~for 1 hour at 2.0 std. ft%hr. The product is diluted with toluene, centrifuged, decanted
from the resulting solids and restrippéd to 130-140°C and 60 mmHg vacuum. The
product is filtered and exhibits a TBN of 205, containing 7.2% by weight Ca.
(F) Phosphorus-Containing Metal Salt
The phosphorus-containing metal salt, which typically functions as an extreme
pressure (EP) additive, may be added to the inventive lul?ricating oil composition,
provided that the amount of phosphorus contributed to the lubricating oil composition
by this additive does not exceed 0.08% by weight of the lubricating oil composition,
and the amount of sulfur does not exceed 0.25% by weight. The
phosphorus-containing acids useful in making these EP additives may be
represented by the formula



. further heated and mai ntai ned at 90-100C for 1 hour. Thereafter 2(
. mxture is heated to 120C under a flow of nitrogen at 28 L/ Hr (1.

m nutes. A second increnent of 104 g of Ca(OH)2 is added and the batch is
Bewy 2005
ft3/hr.). Wien 120C is reached, 252 g diluent oil is added. The m xture is
stripped under a nitrogen flowat 1 50C 2 8 JUL 2005 18 5 10 15 20 25 and
isolated by filtration. The resulting product contains 14 nole % al dehyde
functionality. Part B: Into a 12 L four-necked flask equi pped with stirrer,
thernmowel |, reflux condenser and subsurface tube is charged 5000 g of the
product fromPart A, 315 g of polyisobutene (M1 = 1000) substituted
succi ni ¢ anhydride, 376 g Ca(OH)2 and §63 grans of an al cohol m xture
cont ai ni ng 88-96% by wei ght et hyl alcohol, 4-5% by wei ght isopropyl

al cohol and 0-8% by wei ght water. The m xture is heated to 63C and 10
granms gl acial acetic acid are addgg. The m xture is held at approxinmately
60C for one hour. Carbon dioxide f*s bl owmn through the m xture for 3 hours
at approximately 0.5 spQ;ﬁjtS/hrL to a direct base nunber of 56.4. A
second increment of 370 gréanmdCa 2 is added and carbon -dioxide is
simlarly blown through the m xtBe'Fover seven KBdys to a direct base
nunber of 39.8. The niﬁgﬁ?g‘Ls/gtripped to 145C under a nitrogen fl ow of
1.5 std. ft3/hr. and mai'nfatned at that tenperature for 1 hour at 2.0 std.

5ft3/hr. The product is diluted with toluene, centrifuged, decanted from

the resulting solids and restrjpped to 130-140C and 60 nmHg vacuum The
pr oduct Wherein|in &osptleh d--bx ﬁé M,gg@nvsm e Independantyioxdyogn or sufuhya ard ght
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and X? are oxygen, and a and b are each 1.

R' and R? in Formula (F-I) are independently hydrocarbyl groups that are
usually free from acetylenic and ethylenic unsaturation and in one embodiment have
from 1 to 50 carbon atoms, and in one embodiment from 1 to 30 carbon atoms, and-
in one embodiment from 3 to 18 carbon atoms,-and in one embodiment from 3 to 8
carbon atoms. Each R' and R? can be the same as the other, although they may be
different and either or both may be mixtures. Examples of R' and Rz_ groups include.
isopropyl, n-butyl, isobutyl, amyl, 4-methyl-2-péntyl,_ isooctyl, decyl, dodecyl,
tetradecyl, 2-pentenyl, dodecenyl, phenyl, naphthyl, alkylphenyl, alkylnaphthyl,
phenylalkyl, na_phthylalkyl, alkylphenylalkyl, alkylnaphthylalkyl, and mixtures thereof.
Particular examples of useful mixtures include, for example, isopropyl/n-butyl;
isoprppyl/secondary butyi; isopropyl/4-methyl-2-pentyl; isopropyl/2-ethyl-1 -'hexl'yl; iso-
propyl/isooctyl; isopropyl/decyl; isopropyl/dodecyl; and isopropyl/tridecyl.

In one embodiment, the phosphorus-containing compound represented by
formula (F-1) is a compound where a and b are each 1, X' and X2 are each O, and
R' and R? are derived from one or more primary alcohols, one or more secondary
alcohols, or a mixture of at least one primary alcohol and at least one secondary
alcohol. Examples of useful alcohol mixtures include: isopropy! alcohol and isoamyl
-alcohol; isopropyl alcohol and isooctyl alcohol; secondary butyl alcohol and isoocty!
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. phosphor us-contai ning acids useful in nmaking these EP additives may be

represented by the fornula 28JUL2005 19 X3 R (X )a'\ | J P-X4H (F-i)
R2(X2)b 5 10 15 20 25 wherein in Formula (F-1): X, X2, X3 and X4 are

I ndependent |y oxygen or sulfur, a and b are independently zero or one, and
R and R2 are independently hydrocarbyl groups. Useful o .
phosphor us-cont ai ni ng aci ds are phosphorus- and sul fur-containing acids.
These include those acids wherein in Formula (F-1) X3 and X4 are sulfur, X
and X2 are oxygen, and a and b are each 1. R and R2 in.Formula-(F-1) are

I ndependent|y hydrocarbyl groups that are wusually free from acetyl enic and
et hyl eni ¢ unsaturation and in one embod ment have  froml to 50 carbon
atons, and in one enbodinment froml to 30 carbon atons, and in one
embodi ment from 3 to 18 carbon. atons, and in one enbodinment from3 to 8
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'rzgfreg%{cgh L 5%'0 molr?e 2Tseoperggs?l(glg§hnél a;nrllﬁupehgfs Ohr(r)\roves %Czqggl%llﬁelsg alcoho?und
and 60 mole % isopropyl alcohol; and a mixture of 35 mole % primary amyl alcohol
and 65 mole % isobutyl alcohol. |
The metal salts of the phosphorus-containing acfds represented by Formula
(F-I) which are useful include those salts containing'Group IA, HA or IIB metals,
aluminum, Iead tin, iron, molybdenum, manganese, cobalt, mckel or bismuth. Zinc
is a useful metal. These salts can be neutral salts or overbased salts,
The phosphorus-contammg metal salt (F) may be employed in the inventive
lubricating oil composition at a concentration in the range of up to 2.5% by weight,
and in one embodiment 0.1 to 2.5% percent by weight, and in one embodiment 0.2%
to 2% by weight, and in one embodiment 0.2 to 1.5% by weight.

(G) Dispersant Viscosity index Modifier

The dispersant viscosity index modifier (G) is a multifunctional additive that
provides both viscosity improving properties and dispersant properties. These
additives are known in the art and are commercially available.

The dispersant viscosity index modifiers typically comprise an oil soluble
polymeric hydrocarbon backbone having a weight average molecular weight greater
than 20,000, and in one embodiment from 20,000 to 500,000 or greater. In general,
these dispersant viscosity index modifiers are functionalized polymers. For example
the dispersant viscosity index modifier may be an'olefin copolymer (e.g., an inter-
polymer of ethylene-propylene) or an acrylate or methacrylate copolymer that is
grafted with an active monomer such as maleic anhydride and then derivatized with,
for example, an alcohol or amine.




formula (F-1) is a conpound where a and b are each 1, X1 and X2 are each Q

~and Rl and R2 are derived fromone or more primary al cohols, one &8 vy 3005
. secondary alcohols, or a mxture of at |east one primary al cohol and at

Sor bi snatidin dnecenisddimehe Bl to@aby wERGSE aP@l thSorfB

| east one secondary al cohol. Exanples of useful al cohol m xtures include:

| sopropyl al cohol and isoanyl .alcohol; isopropyl alcohol and isooctyl
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al cohol ; n-butyl al cohol and n-octyl al cohol; n-pentyl alcohol and

2-et hyl -1-hexyl al cohol; isobutyl alcohol and n-hexyl al cohol; isobutyl
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al cohol ; isopropyl al cohol and sec-bukﬁl al cohol ; isopropyl al cohol and

i sobctyl al cohol; isopropyl alcohol, n*hexyl alcohol and isooctyl alcohol,

etc. These include a mxture of 40 to 60 nole % 4-net hyl - 2- pentyl al cohol

and 60 to 40.nol e % i sppropyl alcohol; a mxture of 40 nole % sooctyl
al cohol and E’GFWBF%GS/Ef)PgQJbgéMLﬂtGaﬁ@{ﬁ@e;wgll—hnwmaédéﬁpedtaamtcwa;:oaityindex
2- et hyi I ' | , | xt upe of 35
R R s A R T

sal ts of theThhaigtersast vecosifyrindgx ardiffer(&) nesebé echgiyyddinthibanvéitive
whi ch amgg‘g%ful.includethoesalts [ |A, 11A or |11B

. contai ning G ou
net al s, 1% @ CAnaRRSTtion At a; 9%?“%ﬁ9%d‘ég‘tﬁr?am%9gi4@§@,1Og/ethéfl weightckel
I or
overbased salts. The phosphorus-containing netal salt (E;ﬁ%?/qug%gn%%oyed
i n the PRIGERt byaveighb@Engdniang embodinesd.blote 3t by weiglent ration in the

range up Qg Oﬁ eg m and in one enbodinent 0.1 to 2.5% percent
by vveigl_p, a hér 8 tP&’né(Ye '9 0.2% to 2%by weight, and in one,

enbodi nent  OTBetiovéntide bybneitont ol (GMEdSIRGT TA8Y AnsHAS ik Yaddige tE{bgié | er
The di Fs)és)ersa t viscosity index nodifier éo)?) is a nultifunctional additive

t hat HrtgdsnHagenyeuading compandsy(@r aper theedispatsafitsyiecasity irdex

avai |l abl

10 pr oper tﬁ‘lgaiﬁew?(‘ﬁ?reféﬁgﬂtté 4BSVE TSI MBre! dbtb fferfl br AOFe ARRISHTIE Ghkdy -

15

20

25

type.

The inventive lubricating oil composition may also contain .other lubricant
additives known in the art. These include, for example, corrosion-inhibiting agents,
antioxidants, viscosity modifiers, p’our'point depressants, friction modifiers, fluidity
modifiers, copper passivators, anti-foam agents, efc.

Each of the foregoing additives, when used, is used at a functionally effective
amount to impart the desired properties to the lubricant. Generally, the concentration
-of each of these additives, when uéed, ranges from 0.001% to 20% by weight, and
in one embodiment 0.01% to 10% by weight based on the total weight of the
lubricating oil composition.

The additives (B) through (H) can be added directly to the lubricating oil
composition. In one embodiment, however, they are diluted with a substantially inert,
normally liquid organic diluent such as mineral oil, synthetic oil, naphtha, alkylated
(e.g., C;;-Cys alkyl) benzene, toluene or xylene to form an additive concentrate.
These concentrates usually contain from 1% to 99% by weight, and in one
embodiment 10% to 90% by weight of such diluent.
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of such tests are also reported in the table below.

Motorized Valve Train Wear Test

The motorized valve train wear test uses a full-scale cylinder head driven by
an electric AC motor and operéted by a Camille data acquisition and control
computer system. The test sequence consists of 100, one hour cycles with two
stages in each cycle. Stage oné is run for fifty minutes at 800 rom. Stage two is run

- for ten minutes at 1500. The oil sample is contaminated by an oxidizing agent,
water, and fuel. Wear measurements are conducted by measuring all 12 cam lobes.
Wear is expressed in microns of lost material.

Screen Valve Train Wear Test

This test uses a CH-4 Cummins M-11 diesel engine to determine heavy duty
diesel valve train wear performance. The CH-4 Cummins M-11 is a turbocharged in-
line 6 cylinder, 11 liter engine. The engine test is broken into four stages. During the
first and third stage, the engine is over-fueled and is operated with retarded timing
to generate soot at an accelerated state. The second and fourth stages are run at
a lower speed and higher torque to induce wear.

C-1 1 2

Base Oil: 0% 200N mineral oil + 10% 100N 79.14 78.25 78.47
mineral oil




* in one enbodiment 0,01%to 10% by wei ght based on the total
. lubricating oil conposition. The additives (B) through (H) can bel 4ddidle 2005

directly to the lubricating oil
they are diluted with a substantially inert,
synthetic oil,

diluent s

C93 al'kyl) benzene,
These concentrates usually contain from1%to 99% by wei ght,
2 8 JUL 2005 22 5 10 15 20

conposi

uch as mneral oil,

tion.

enbodi mrent 10% to 90% by wei ght of such diluent.

25 Exanpl

di scl ose the invention. Exanple C1 i

es

?;n

I n one enbodi nent,
normal Iy liquid organic
napht ha, al kyl at ed
tol uene or xylene to forman additive concentrate.

and in one

wei ght of the

(e.q.

The follow ng Exanples 1 and 2 are provided to further
ot within the scope of the

however,

, C1

invention, but is provided for purpos of conparison. Each exanple
consists of a lubricating oil conposition which is disclosed in the table
bel ow. | n—the—tabte—betew—at—nurerical—values relating tqg the
ingrediernts (except of the antifoam agent) gft1each exenpliflied lubricating
oil co S?itLon ar e jn_yclbcut by—wet-ght—of—the—sonpos+tan—TFhe—anty f oam
agent  cdndBREFARierilL ORpR awdable frempafts B ni | 1i oh2wei ght. Fhe
exenpl i f i edbtizsbidentiied agolef polyeRrpesdréddons are tesfed using|one or nore of
the foll Qui Bgsbast the results of [such testp are also reported jn the
t abl e bell 1 %Scmﬁerﬁ ﬁ% e Jrain-\War | Test The torizedivalve trajijn wear
t est useg Fauf pditt-depmbmant Whirendenaldiead driivenohy ah eloegtri ¢ AComt or fand
5 oper at ed %hy@iri@é‘%doﬁﬁwe‘?‘éfsé‘eré’éﬁ%Eﬂsg,is%” and contro] conputegr system ([The
test sequepnce, consists of 100, one hour [cycles with two stages in each
cycle. SUANeHAR i s run for fifty minutés at 800 Fpm Stage two is rﬁﬁ for
ten m nutl @gspRtsah®ObcinthiBe BkpersAMMfed S ¢ONt 3 nated by,an ¢xidizL,ng agent,
mater,aﬂxﬁftmgisgéar gﬁgaﬁkﬁnents are ¢onducted py neasuriing alT 12 jcam
| obes. \\BM FOYSORRFRY FRSFYRE of |1 ost natefial .
succinic anhydride and polyethylene amines
10 dispersed in oll TBN = 27, nitrogen content = -
1.16% (50% diluent oil)
Detergent: calcium sulfonate dispersed in oil, 0.38 0.38 0.38
TBN = 85 (47% diluent oif) _
Detergent: calcium sulfonate dispersed in oil, 2.05 2.05 2.05
15 TBN =300 (42% diluent ofl) '
Detergent: Product of Example E-1 1.31 1.31 1.31
Antioxident: hindered phenolic C, ester 0.4 0.4 0.4
Antioxident: Nonylated diphenyl amine 0.2 02 0.2
Antiwear: Durad 310M (product of FMC —_ 0.89 —_
20 identified as tri (alkyl phenol) phosphate)
Antiwear: triphenyl phosphite —_ — 0.67
EP Additive: zinc dialky! dithiophosphate 0.5 0.5 0.5
dispersed in oil, TBN=5 (9% diluent oil)
Copper passivator: 1,3,4-thiadiazole-2,5-bis 0.03 0.03 0.03
25 (tert-nonyl dithic) having a nitrogen content of
6.4%
Diluent oil 0.39 0.39 0.39
Antifoam: polydimethylsiloxane dispersed in 100bpm 100ppm 100ppm
oil (90% diluent oif)




. engine to determ ne heavy duty diesel valve train wear perfornm

10

Screen Valve Train War Test This test uses a CH4 Cummins M 11 2i esel :
8eJULTiAWS
CH4 Cunmins M11 is a turbocharged in- line 6 cylinder, 11 liter engine.
The engine test is broken into four stages. During the first and third
stage, the engine is over-fueled and is operated with retarded timng to
generate soot at an accelerated state. The second and fourth stages are run
at a lower speed and higher torque to induce wear. C 112 Base G|: 90%
200N mineral oil + 10% 100N 79. 1478.2578.47 mneral oil 2 8 JUL 2005 23 5
10 15 z0 ?5 G112 Viscosity nodifier: LZ 7095D avail able fronB. 28. 28. 2
Lubrizol identified as olefin polynmer dispersed in oil (89%diluent oil)
Pour point depressant: Styrene-mal ei c029200.200.20 anhydri de copol ymer
di spersed in oil (53.6%diluent oil) Dispersant: succinimnm de dispersant
derived7.27.27. 2 from polyi sobutene (M1=2000) substituted succinic

anhydri de| and pol yet hyl ene am nes di sperlsedd g oill TBN, = 27, nitgtogen ,
content =1-16%(50%diluent oil) Detergent 7 calciium stlfonate dispersed in
oi | 0. 380 Cixmicd andsiss 85 (47% diluent dil) Detergent: calcjum sul fonate
di spersed i npQicly 4,904, 052. 05 0.05 0.115 0.115
Sulfur, % 0.17 0.17 0.17
Magnesium, ppm 200 200 200
Ash content, % 108 | 105 1.05
Motorized Valve Train Wear Test, microns 161 39 29
| Screen Valve Train Wear Test, mg. 8.57 4.1 —

While the invention has been explained in relation to -ts  preferred
embodiments, it is to be understood that various modifications thereof will become
apparent to those skilled in the art upon reading the specification. Therefore, it is to
be understood that the invention disclosed herein is intended to cover such

modifications as fall within the scope of the appended claims.



TBN = 300 (42%diluent oil) Detergent: Product of Exanpl e E-11. 311 311.31

- Anti oxi dant: hindered phenolic C4 ester0.40.40.4 Antioxidant:, NedyVeél 360

di phenyl am ne0. 20.20.2 Antiwear: Durad 310M ( product of FMC- 0. 89-
identified as tri (al kyl phenol) phosphate) Antiwear: triphenyl
phosphite--0.67 EP Additive: zinc-dialkyl dithiophosphate0.50.50.5
dispersed in oil, TBN=5 (9% di luent oil) Copper passivator:

1, 3, 4- t hi adi azol e- 2, 5-bi s0.030.030.03 (tert-nonyl dithio) having a nrtrogen
content of 6.4% Di Iuent oi 1 0.390. 390. 39 Antifoam polydi nethyl sil oxane
drspersed i N100ppnML00ppnL00ppm oi | (90% di | uent. oil) 2 8 JUL 2005 24 5 10
C- 112 Chemical anal ysis: ‘Phosphorous, 9%0.050.1150.115 Sul fur, 9%®.170.170.17
Magnesi um ppnR200200200 Ash content, %i.081.051.05 Mtorized Valve Train
Wear Test, mcrons1613929 Screen Valve Train Wear Test, ng.8.574.1 Wiile

_the invention has been expl ai ned i nGlalmsion to its preferred enbodi nent s,

5.
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it is to be underséElf %at \L(irr ous Erﬁﬁ %r cations thereof will becone
apparent to those QEING Pt HEMEPFH 'P‘Bélﬁ'”ﬁg t he specification.
Therefore, iYA)S tphalB gynderstood that the i nventi on di scl osed herein is
i ntended to cover such nodificatjons as-fall within the scope of the

‘appended cl ai(B3. 2 ghgephomgscontaining compound represented by the formulae

CRNO),  RYO),

R*-(0), — P=0 or R*(0), > P
R*-(0), | R-(0),

(B-1) R (B-l)

wherein in Formulae (B-!) and:(B-1l), R', R? and Rﬁ'f:-are independently hydrogen or
| hydrocarbyl groups,-and a, b andc are iindep'end_eh_tl-y zero or 1; and
| (E) is a compound re_presented by the forr'nulla_' ' .
Coem, [ oMfT o
‘ T X - (ED)

Ry L w® m

wherein In Formula (E-l): each X independently is --"CHO or -CH,OH; each Y
* independently Is -CH,- or '-CHzocHa'; wherein the -CHO groups comprise at least
10 mole percent of the X and Y groups; each Mis mdependently the valance of an
~ alkali or alkaline earth metal jor; each Ris mdependently a hydrocarbyl group
containing 1 to 60 carbon atoms; m s 0 to ‘10 nis 0.0r1 provided that when nis 0
the M is replaced with H; and each p'is Independently 0,1,72, or 3; provided that at
least one aromatic rrng contains an R substituent and that the total number of
carbon atoms in all R groups is at least 7; and further provrded that if m is 1 or
greater, then one of the X groups can be -H; o
the lubricating oil composition being charactenzed by asulfur content of 0.01
to Q. 25% by weight. '

AMENDED SHEET



25 Clains 1. A lubricating oil conposition, conprising: (A a QE?q,g;gma.
- (B)- a phosphorus-cont ai ni ng conpound represented by the fornul ae. -P )
Rl1-(Oa R2-(Ob P=0o R-(Ob --~- P R3:(0)a- R3-(Op ~~'"" 10 15 20 25
30 wherein in Forrmulae (B-1) and (B-11),.R, ik2 and R3 are independently
hydrogen or hydrocarbyl groups,.and a, b and .c are: independently zero or
1; and (E) is a conpound represented by the fornula (E-1) wherein In '
Formula (E-1): each-X independently is -=GHO or -CH2OH,,each'Y

i ndependently |Is -CH2- or -CH2OCH ; wherein the -CHO grou-ps conprise at

| east 10 nol e percent of the X and Y groups; each 'Mis independentl|ly the
val ance of an alkali or alkaline earth nmetal lon; each .R -.is

i ndependent|y a hydrocarbyl group containing 1 to 60 carbon atons; mls .
Oth 10; .0s. O or 1provided that when f.is O the Mis replaced with H and
each p is .independently 0, 1, 2, or 3] provided that at |east one .- '
aromatic ring contains an R substituent and that the total nunber of

‘carbon atome b1 2 b Ao et e RS R B RAS o1
conposi t rbab%ﬁtzéE@rﬁiztagg@ri-bém@imggomsﬁduﬂg Kahg A siiistRudrt oft & 1BadbYoby

wei ght AMENDED JUL 2005
_ allphatic carbon atoms.

3. The composition of claim 1 wherein the i:ompdsition-furthErcomprises
(D) an alkali-or alkaline earth metal salt of an organic sulfur acid, a carboxylic acid,
~a lactone or a phenol. |

4, The composition of claim 1 wherein the lubricating composition further
" comprises (F) a metal salt of a phasphorus-contalning compound represented by
the formula ' ' '

>l'°'-_x‘.H BG)

R(X",
.Rz(xz)b

wherein in Formula (F-1), X', X2, X* and X* are independently O or §; a and b are
Independently zero or 1; and R' and R? are independently hydrocarbyl groups.

5, The composition of-claim 1 wherein the lubricating oil composition
further comprises (G) a dispersant viscosity index modifier.

6. The composition of claim 1 wherein in Formula (B-1), R', R?and R® are
independently aromatic or alkyl aromatic groups, and a, b and ¢ are each 1.

7. The compos_itidn of claim 1 wherein (B) is a tri (alkylphenol) phospha‘te_
or a triphenyl phosphite. - '

AMENDED SHEET



2. "The conposition of claim1 wherein the conposition further conpradges. 2005
»+ (C) an acyl ated nitrogen-containing conpound having a substituent of at

| east 10 aliphatic. carbon atoms. 3. The conposition of claim| wherein
the conposition further conprises (D) an alkali or alkaline earth netal
salt of an organic sulfur acid, a carboxylic acid, a |lactone or a. phenol. -
.4. The conposition of claim1 wherein the lubricating conposition further
conprises. (F) a netal salt of a phosphorus-containing conpound represented
by the formula F1 (X1)e " X3 Il P-XXH (F-1) 1% R2(Xz)b wherein in Formul a
(F-1), X, X2, X3 and X4 are independently O or S; a and b are .

| ndependently zero or 1; and Rl and R2 are independently hydrocar byl

.groups. 20 5. The conposition of claim1 wherein the l'ubricating oi

conmposi tion further conprises (G a dispersant viscosity index nodifier.

25 6, The conposition of ¢claim-1 wh inin Fornula (B-1), Rl, R2 and R3
are independently aromatic or alkyl aronatlc groups and a, b and c are

each 1. 7. The conB03|t|on of claiml mh rein is a. tri (alkyiphenol)
phosphate of- a t f NBHEHPPOSHABIHFIBE 1aWRRIRD t ﬂéEhﬂQ%wulﬁﬁdENDPOS“Bﬂ The

CONpOSig ARy c?h&;r&b@'dﬂéa#@%eésg\e%é?défé e Icf*%;é?‘hénf%?f%%’l&d RihinitiHgt her

conpri ses at one as ent¥or
corrosi agentrmnﬁmtldm, viagesity, medtf‘emmaﬂﬁlpbmtdewmam, friotion revdifigmfiuiditpi nt

depressant,,. fricti i,fier lui dit nndlfler copper .passi vator or
ant i - f JARFHG én‘E"PF@f\%ﬁ?g?‘@f%ﬁmﬁ){'/iW“u tON S\ kybr , 3D55- 02\0. ‘dalns. wpd
5 AVENDED: \SHEE@\NAD\APPU CATIONS\kybr;3055-02WQ.clalms.wpd -
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