-28,JUL 2005 .1 TITLE: LUBRICATING OL COWOSITION 5 10 15 20 2% Techni cal
Field This invention relates to lubricating oil conpositions. Mok JUL 2005
. particu is invention relates to lubricating oil 05|t|ons

cont ai nlk’%b%%@%ﬂ relatively low levels of sulfur and aspcérzg%lﬁfor"]o“ Aal
ingredient relatively Iow | evels of phosphorus. Background of the Invention
Engi ne lubricating oils require the presence of additives to protect the

engine fromwear. For over 40 years, the principal antiwear additive for
engi ne | ubri cating oils has been zinc dialkyl dithiophosphate (ZDDP).

However , sty ating oil at a sufficient
concentrat Br%to prmc’éﬂﬁﬁgﬁm{)&@?ﬁ#g’mﬁ 0. 10% by wei ght or higher
in order to pass required industry standard tests for antiwear.. Since

phosphorus may result in the deactivation of emnission control catalysts
used in autonotive exhaust syster’rEI_@ﬂl_QahE!g@n in the anount of

o Pl omarT < oM s Bl reloteial IGpatinbr af dohPasiiSes’ Mate palisiady ahre s

gxpect ed irﬁ/enﬂéﬁﬁéléﬁs?&@m&bﬁn@éﬂ c@ﬂansmané BEMthirthd Borse, ﬂamw&%rov& KeQbls
al ready being introduced in select locations. Therefore, a substantial

portion oPf suursand as anroptienabingredient relalively jow levelsrefphaspheres. be

attributed to the | ubricant he&‘p Igei 'Snlsto provide for a
reduction in the anmount of pMcont aining additives in
lubricating oi Ergaebritatimpoidickauit tine prasdace bt additives taprobert the engine
conpositions with required antiwear properties. The present invention
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antiwear. Since phosphorus may result in the deactivation of emission control

catalysts used in automotive exhaust systems, a reduction in the amount of

15 phosphorus-containing additives (e.g., ZDDP) in the oil would be desirable.
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 introduced in
select locations. Therefore, a substantial portion of the sulfur in the emissions can,
in the near future, be attributed to the lubricant. The problem therefore is to provide

20 for a reduction in the amount of phosphorus- and sulfur- containing additives in
lubricating oil compositions and yet provide such lubricating oil compositions with
required antiwear properties. The present invention provides a solution to this
problem by providing lubricating oil compositions contafning additives that function
as complete or partial replacements for ZDDP, '

25 ' Summary of the Invention

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

oil and (B) a boron-containing compound represented by the formulae
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ROROORCOR RO =Bor ROB-OB-CRor b ROOOROBB-OR5 (E 1), (B-11) 0
10 15 20 25 (B-111) wherein in Formulae (B-1), (B-11) and (B-I IB)JUleaQBE.
I's independently an organic group and any two adjacen .
t oget &y oF/exre0a cyclic group; the lubricating oil nﬁf&’ﬁ ogwgiont ai ni ng
sul fur, boron and optionally phosphorus with the ratlo of sulfur to boron
t o phosphorus being represented by the formula S +5B' +3P' >0. 35 wherein S
is the concentration in percent by weight of sulfur in the conmposition, B
is the concentration in percent by weight of boron in the conposition, and
P is the <concentration in percent by weight of phosphorus in the
conposition; the concentration of sulfur in the lubricating oil
conposition being from0.01 %to 0.25% by weight; the concentration of
phosphorus in the lubricating oil conposition being up to 0.08% by wei ght.
The conposition may further conprise (C) an acylated nitrogen-containing
conpound hawRQ? a substituengoof at leg®R 10 ali phatié)&ar bon atons, (D)
a

an al kal i Kaline earth net\al salX of an organic gul fur acid, a

carboxylic ®0d—oB a pdenol ROB-QrP=PRal i & al kal Uﬁe\ earth netal salt of

a hydrocar bo:#I sabsti t ut ed sal igenin, (F) a netal sgt ab a

phosphor us-c Pai ni ng conpound, (G a dispersant vi scosnt I ndex nodifier,
or (H one or nore additional optional additivesRO-he ive

conposi tion nay be made by bl ending conponents (A) anﬁéﬁ and optionally
one or nore of conponents (C) to (H), using known bl endi ng techni ques and

‘any order Ofo@ @i ng or addition. EF |§r| ption of the PyBHH}red Enbodi nents
" 0

10
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The term "hy arbyl" denotes a group having a carbon atomdirectly
attached to the remai nder of the nol ecule and having a hydrocarbon or 2 8

JUL 2005 VO 02/ 062930|aPeC'{élHSO%/ %314 B?ﬂl) At R s independently an organic

wherein in Formu
group and any two adjacent R groups may together form a cyclic group; the
|ubricating oil composition containing sulfur, boron and optionally phosphorus with
the ratio of sulfur to boron to phosphorus being represented by the formula
s'+5B'+3P'>0.35
wherein S' is the concentration in percent by weight of sutfurin the composition, B’
is the concentration in percent by weight of boron in the composition, and P'is the
concentration in percent by weight of phosphorus in the composition; the
concentration of sulfurin the lubricating oil composition being from 0.01%to 0. 25%
by weight; the concentration of phosphorus in the lubricating oil composition being
| up to 0.08% by weight. The composition may further comprise (C) an acylated
nitrogen-containing compound having a substituent of at least 10 aliphatic carbon
atoms, (D) an alkali or alkaline earth metal salt of an organic sulfur acid, a carboxylic
acid or a phenol, (E) an alkali or alkaline earth metal salt of a hydrocarbon-
substituted saligenin, (F) a metal salt of a phosphorus-containing compound, (G) a
dispersant viscosity index modlﬁer or (H) one or more additional optional additives.
The inventive composition may be made by blending components (A) and (B), and
optlonally one or more of c_omponents (C) to (H), using known blending techmques
and ahy order of mixing or addition.
Description of the Preferred Embodiments
The term “hydrocarbyl” denotes a group having a carbon atom directly
attached to the remainder of the molecule and having a hydrocarbon or



-15 20 25 predomi nantly hydrocarbon character within the context ofg tJDLSZWS
I nvention. Such groups include the following: (1) Purely hydrocar bon

. groups; ' aliphatic, alicyclic, aromatic, aliphatic- and
al i cycl |‘&B§%B‘?§?0{ uted aromatic, aromatic-substituted ali MP%OzQﬁbﬁal i cy-

clic groups, and the |ike, as mell as cyclic groups wherein the ring is
conpleted through another portion of the nolecule (that is, any two

i ndi cated substituents may together forman alicyclic group). Exanples

i nclude nmethyl, ethyl, cyclohexyl, phenyl, etc. (2) Substituted

hydr ocar bon groups; that is, groups containing non-hydrocarbon
substituents which do not alter the preSoninantIy hydr ocarbon 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, contaln atoms ot her than carbon in a chain or ring otherw se
conposed PEIQBINGHHY AeFRcarepm chgractaewithin the santext of dis invertigmn, Seehgen

and sul fug.q | Igemgqhef Pov#REE than three substituents or hetero atoms,
and typic 3}% no nore t an one, will be present for each 10 carbon atons
in the hydrocal(b)yl Ftynehyphyd’rbeattmmgrdmysjrhbiaarlboahplaatcb aiyaychrc:aatmnaﬂuased"

h th d interch ,
ot ocar bolP s apdAleydics sl s BRiFa hRiAE RSkt duanaaah s Bly-
attached gjid gedups, tahd he neerrvdsnd@n @cy&:hc"%?b@ﬁé"vﬂwer&?ﬁethbefﬁq id ewpletaa used
herein in conj unct ion wth ter ms such drocarb al en

al koxy, atffouge anpther postiomefdhe sacleeulgdthat is@ény@wﬁ Iryil@ajpd suhmnuﬁnta:mm/m n a

hat is sustfer G BRoTRIE oro ) | ExBhdes iGhuR, RethE SR Gl

liter at gﬁé‘nleb&;term "TBN' refers to total base number. This is the
anmount of acid (perchlorlc or hydrochlorlc) needed to neutralize all or

part of a matef?al' SUbsiiwed y hydecaraar e @radpsi |thalr s SBPURGHCEBIAIYPEM of
fRMP e 284hh 2000 hEh A HRGRRAEs RRIEHBEHA3ME? tHe Préddrtmantly hydrocarbon

character of the group. Examples include hydroxy, nitro, cyano, alkoxy, acyl, etc.

(3) Heterogroups;thatis, 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.

15 In general, no more than three substituents or hetero a'toms, and typically
no more than one, will be present for each 10 carbon atoms in the hydrocarbyl
group. |

The terms “hydrocarbon” and "hydrocarbon-based" have the same meaning
and can be used interchangeably with the term hydrocarby! when referring to

20 molecular groups having a carbon atom attached directly to the remainder of a
molecule. .

The term "lower" as used herein in conjunction with terms such as
hydrocarbyl, alkyl, alkenyl, alkoxy, and the like, is intended to describe such groups
which contain a total of up to 7 carbon atoms.

25 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.
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?5 The Lubricating Ol Conposition. The inventive lubricating oil JuL 2005
conposition is conprised of one or nore base oils which are generzd?l
present in a mj or anount, The base oil nay be present in an anount- ’
greater than 60% or greater than 70% or greater than 75% by weight of the
l'ubr i Q@ PHYF2819 conposition. The inventive |ubricating 8¢ ééﬁ‘ﬂfﬂé?tl on may
have a viscosity of up to 16.3 ¢St at 100'C, and in one enbodinent 5 to
16.3 cSt at 100'C, and in one enbodinent 6 to 13 ¢St at 100C. The-
inventive lubricating oil conposition may have an SAE Viscosity Grade of
ow ow20, OM¥30, OM40, OM50, ONM60, 5W 5W20, 5W30, 5W40, 5W50,
5W60, 1 ON 10OW20, |1OM30, 10W40 or 10W50. The inventive lubricating
oi | conposition contains sulfur, boron and optionally phosphorus. The
ratio of sulfur to boron to phosphoru§ may be represented by the fornula.
S +5B' +3P'>T  wherein S is the concentration in percent by weight of

sul fur in the corrp05|t_| on, B is the concentration in percent by weight of
bor on i Thelas ibpormoskiame concentration in percent by weight of.

h h h d 5131 3P1. |
PhospoT Us 1 B SRR bk Sl 3 Somahts st g 8 FasreEdser O

. 0.36, apgk wmdmsreega%ham?rptreﬁrﬂaﬁ%rmbmrarﬁom ﬁwbase dﬂﬂﬁa;ﬁf'@éoﬂ'e@%m it is

greater than 0.40, and in one enbodi nent greater .42,” and in one
enmbodi niaran amoust grasierthanh@ifeoougreatardham 76%e Oémﬂierﬁmn 15%iby veeight er

t han O. ating oil conposition may have a sulfur
contentégwedngibgﬁrg&éh §5}i%bl§wgll ght, and in one enbodi nent 0.03 to 0.25% by

wei ght, and Trhedneentmﬂmdnnm'ag oil 65nm@sﬁw2|5%yhladelaﬁw9@©sut¥m@b ten6.3. 07 to
0. 25% by _wei ght and in one en‘g a| ment 0,10 to 0. 25%b wei ght, and in one
enbodi ne$t a. 1o apd 2JihoPRs GBPgRtMenth g foh 168 SHbatiTNE. @S iR PR 15% by

wei ght . e%b%dé‘“lanlzg%_? 1%#}2&0@%@@0 PCT/ US02/ 03145 5 5 10 15 20 The

inventive lubrircafing oil conposition may have a boron content in the
range of 0. 0ThednCetivedyubrieatifg oil eompbaitionenayrhavé ser8AB \Middodity Grdd®s by

el ght. o KA o). Bui B0 BAEG! o8B, V%80 5 B 45! 81Al-30, sw-40, sw-50,
5W-60, 10W, 10W-20, 10W-30, 10W-40 or 10W-50,

The inventive lubricating oil compoéition contains sulfuf', boron and optionally
phosphorus. The ratio of sulfur to boron to phosphorus may be represented by the
formula |

' S'"+5B'+3P'>T

~ wherein S'is the concentration in pércent by weight of sulfur in the composition, B’

_is the concentration in percent by weight of boron in the composition, P’ is the
concentration in percent by weight of phosphorus in the composition, and T is the
sum of S' + 5B' + 3P'. In one embodiment, T is greater than 0.35, and in one
embodiment greater than 0.36, and in one embodiment greater than 0.38, and in
one embodiment it is greater than 0.40, and in one embodiment greater than 0.42,
and in one embodiment it is greater than 0.45, and in one embodiment_it is greater
than 0.50. | '
' The inventive lubricating oil composition may have a sulfur content of 0.01
to 0.25% by weight, and in one embodiment 0.03 to 0.25% by weight, 'and in one
embodiment 0.05 to 0.25%, and in one embodiment 0.07 to 0.25% by weight, and
in one embaodiment 0.10 to 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.



‘The inventive lubricating oil conposition may have a phosphorus ?qh@ném?f
up to 0. 08% by wei ght, and in one enbodi nent up to 0.07% by meigi ,

- one 05@@%3&p to 0.06% by weight, and in one enbodi nent up to 0.05% by
melght content of the inventive lubricating oil {%145n as
determ ned by the procedures in ASTM D-874-96 nmay be in the range of 0.3
to 1.4% by weight, and in one enbodinent 0.3 to 1.2% by weight, and in one
enbodiment 0.3 to 1.1 % by weight, and in one enbodinment 0.5 to 1.1 % by
wei ght. In one enbodi ment, the inventive lubricating oil conposition is
characterized by a chlorine content of up to 100 ppm and in one

enbodi nrent up to 50 ppm and in one enbodinent up to 10 ppm The inventive
| ubricating oil conpositions are characferized by reduced phosphorus and
sul fur | evels when conpared to those in the prior art, and yet, at - |east

I n one enbodi nent, exhibit antiwear properties that are sufficient to pass
i ndustry st anddihe inventive btbr@atmgv@drcommosbm evehyoliavee athorohesonterstnini the

compat abi 1119 41 0PE BB YR UBL B BAF B RO Rt Bes o FEl 2468wl

Base O | %&hd ihase @hbommtlmoﬂ@mmwwyng‘{ ubrl cating oil COWDOSItlon may
be sel ected fr m.any of the base oils in oups IN as specified in the

Anerican Pet r olTe HPV?WQ‘Lei 'PBE'@at(m'} campesitipn "P?M Bavehamieaphoiusycomiertedfi nes.
B e B8 PO PR o Ol bR G r e BT et
G oup | >0e0fmdirhent@p&00 106°/&I9\Mé@m,mnd in<cheGFAbOdHEH updo 1205 @ HUReight.
11 <0. 03and>903 2eoas corlte t\{)fAhe mF\)/gIn ve u%?iggﬁr];gl; gl?ccgnaéggl)tlon as determined by
the procedures in ASTM D-874-96 may be in the range of 0.3 to 1.4% by weight,
and in one embodiment 0.3 to 1.2% by weight, and in one embodiment 0.3to 1.1%
10 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

15 phosphorus and 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. In one embodiment, the inventive lubricating
oil composition exhibits enhanced thermal stability, seal compatability and/or lead
corrosion resistance characteristics.
20 (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 I-V as specified in the American Petroleum
Institute (AP1) Base Oil Interchangeability Guidelines. The five base oil groups are
as follows:

25



Group VAII others not included in Groups I, I, 111 or IV 10 15 0823- ‘
Goups I, Il and 11l are mneral oil base stocks. The base oil e 2005

natural oil, synthetic oil or mxture thereof. The natural oils include °

ani mal i42§%9&g vegetable oils (e.g., castor oil, |ard AQIYUPI/ES| as

m ner a ubricating oils such as liquid petroleumoils and sol vent treated
or acid-treated mneral lubricating oils of the paraffinic, naphthenic or
m xed par af fini c-napht henic types. O ls derived fromcoal or shale are
useful. The synthetic oils include hydrocarbon oils such as polynerized and
i nterpol yneri zed ol efins, al kyl benzenes, pol yphenyls, alkyl ated di phenyl
ethers, alkylated di phenyl sulfides, and derivatives, anal ogs and honol ogs
thereof . The synthetic oils include akkyl ene oxi de polyners and

i nterpol yners and derivatives thereof where the term nal hydroxyl groups
have been nodified by esterification, etherification, etc.; esters of

di carboxylic afids (e.g., phthalic acid, succinic acid, al¥Ycositgcinic

aci ds, aBr&RW! succinic ds,,etc.) with a i al cofplex. (€. 9.,
butyl aCete@ery hexyl alggbrgﬁ@dodecyl al COMI hexyT al cohol ,
et hyl ene glycol, etc.); and esters nade fromC5 to Cl12 nonocarboxylic

aci ds ang,gﬁol )fol s or poly®hset her sandibe base<@d! may be a p80yall@laocl efin
(PAO) or UBi'l derived Trom Fi scher - Tropsch synt hesi zed hﬁﬁrgc‘aérobons.
sunr ef i neggroupfli ned and r=0.88i ned odld, either -ﬁi)t’ ural or sy f ti’c (as well

as mxtures of two or of any these) qfggt he type di sgbosed
her ei nab&weupdl be usegéi'@at he ba%’gé oil. 2 8_JL(J)L 2005 WD 02/ 062930

ECT/ usozlc%)r%ﬁﬁv 7 5 10 1/5" §@|ya§:r(a@lef&xsr(mcgmm ai ni ng Conmpound The f
. ‘ _
P o o e B ChAlL e o ORI S fishfér Ry one ormore o
Groups |, Il and 1il are mineral oil base stocks.

10 | The base oil may be a natural cil, synthetic oil or mixture thereof. The natural -
oils include animal oils and vegetable oils (e.g., castor oil, lard oil) as well as mineral
lubricating oils such as liquid petroleum oils and solvent treated or acid-treated
mineral lubricating oils of the paraffinic, naphthenic or mixed paraffinic-naphthenic
types. Oils derived from coal or shale are useful.

15 . The synthetic oils include hydrocarbon oils such as polymerized and
interpolymerized olefins, alkylbenzenes, polyphenyls, alkylated dipheny! ethers,
alkylated diphenyi sulfides, and derivatives, analogs and homologs thereof. The
synthetic oils include alkylene oxide polymers and interpolymers and derivatives
thereof where the terminal hydroxyl groups have been modified by esterification,

20 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, dodecyl alcohol, 2-ethylhexyl alcohol, ethylene glycol, etc.);

and esters rriade from C, to C,, monocarboxylic acids and polyols or polyol ethers.
The base oil may be a polyalphaolefin (PAO) or an oil derived from Fischer-

25 Tropsch synthesized hydrocarbons.

Unrefined, refined and rerefined oils, either natural or synthetic (as wel! as
mixtures of two or more of any of these) of the type disclosed hereinabove can be

used as the base oil.



OO0 1t ROBBORO(B-I) (B-1l) (B-I1l) wherein in Fornulae (B-1),
(B—II) and (B-111), each Ris independently an organic group and8adit 089
- adj acen may together forma cyclic group. Mxtures of two or

mor e ofRYﬁ?g@§$§80|ng may be used. In one enbodi nent, R i BCHUS®Mitcar byl
group. The total nunber of carbon atons in the R groups in each formula
must be sufficient to render the conpound soluble in the base oil (A).
Generally, the total nunber of carbon atonms in the R groups is at |east 8,
and in one enbodinent at |least 12. There is no |limt to the total nunber
of carbon atons in the R groups that is required, but a practical upper
limt is 400 or 500 carbon atons. Exaggles of useful R groups include
- isopropyl, n-butyl, isobutyl, amyl, thyl -2- pentyl, 2-ethyl-1-hexyl,

i sooctyl, decyl, dodecyl, tetradecyl, 2-pentenyl, dodecenyl, phenyl ,

napht hyl , al kyl phenyl alkylnaphthyl phenyl al kyl , napht hyl al kyl ,
al kyl phen{B) MMM and the like. In one embodinent,
t he boron-cont conmpound represented by, the for mul a
Bocs11) 3 or bt BEAEF S LRI Dttt Ban s PO iR S BV Ne] ¢
from Mobi maradgthé ferniuiagle desi gnation MCP-1286; this material is
identified as a borated ester. In one enbodi nent, the boron-containing
conmpound (B) is a compound represented by the formula 2 8 JUL 2005 WO
2/ 062930 PCT/ 2/ 03145 8 5 JFQO15 20 2%@0 R HOR2 O &)h
5- CO- - R6- O 13- (B-i-1) Y ,

RO— B or RO-B-0O-B-OR or B

/ . /7 N\
RO O O
| |
RO-B B-OR
N/
10 (B-1) (B-Ih) - (B-11h)

wherein in Formulae (B-1), (B-Il) and (B-lil), each R is independently an organic
group and any two adjacent R groups may together form a cyclic group. Mixtures
of two or more of the foregoing may be used. In one embodiment, R is a
15 hydrocarbyl group. The total number of carbon atoms in the R groups in each
formula must be sufficient to render the compound soluble in the base oil (A).
Generally, the total number of carbon atoms in the R groups is at least 8, and in one
embodiment at least 12. There is no limit to the total number of carbon atoms in the
R groups that is required, but a practical upper limit is 400 or 500 carbon atoms.
20 Examples of useful R groups include isopropyl, n-butyl, isobutyl, amyl, 4-methyl-2-
pentyl, 2-ethyl-1-hexyl, isooctyl, decyl, dodecyl, tetradecy!, 2-pentenyl, dodecenyl,
phenyl, naphthyl, alkylphenyl, alkyinaphthyl, phenylalkyl, naphthylalkyl, alkylphenyl-
alkyl, alkylnaphthylalkyl, and the like.
In one embodiment, the boron-containing compound (B) is a compound
25 represented by the formula B(OCgH,,); or B(OC,H,),. A useful boron-containing
compound is available from Mobil under the trade designation MCP-1286; this
material is identified as a borated ester.
In one embodiment, the boron-containing compound (B) is a compound
represented by the formula



OR3 wherein jn Formula (B-1-1): R, R2, R3 and R4 are independentd yy, 2005
hydr ocar byl groups of 1 to 12 carbon atons; and R5 and R6 are

i ndepegdenidsyosal kyl ene groups of 1 to 6 carbon atons, 2TI/U$200B45

enbodi ment 2 to 4 carbon atons. A useful phenolic borate is available from
Cronpton Corporation under the trade designation LA-2607. In one enbodi nent
t he boron-containing conpound (B) is a conpound represented by the formula:

"R RB0OO--'" R4 (B-11-1) OOR5 B-OB wherein in Fornula (B-11-1): Rl, R2,

R3, R4, R5, R6, R7 and R8 are independently hydrogen orhydrocarbyl groups.
Each of the hydrocarbyl groups may contain from | to 12 carbon atons, and

~in one enbodinent 1 to 4 carbon atons.gAn exanple is _
2,2 -oxy-bis-(4,4,6-tinethyl- 1,3, 2-dioxaborinane). The boron-contai ning
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conpound (B) may be enployed in the inventive lubricating oil conposition
at a sufficient copeent ration tg provide the lubricating oil conposition
with a boron concent ion in tie range of 0.01 to 0.2% by weight, and in
one enbodi nent 0.0 t 2%:b isOAt , 41N one enpodiyent 0.05 to 0.1%
by weight. (O Acy%'Z%e rt%é %Fg'ﬁ"ﬁmnpound Rﬁ'gwenbodi ment, the
inventive lubricati ng conposition further conprises an acylated

ni t rogen- cont ai ni nB°conpound having a sihBtituent of. at 16 JUL 2005 WO

02/ 062930 PCT/ US02/03145 9 5 10 15 20 25 least 10 aliphatic carbon atons.
These cogpersiin Fypnulal(Byl-1) it R R*andaRharesindepéngantlydmidocarbyligtripsof

10"al i piit T ko ABROR RS Radbady steabpeAandetly ShvBlrau T ari ng

agent Wi § BaffbrRBldHis CAHEPRY'BRe Bifoddhalent Daoldeaponldtbi] Augdfal pnénollm
such conpositions the acylating agent is linked to the am no conpound
t hrough foraté isiakailableifto Caomptanfcorporation undeikhgsadgresignationLiedP06i at
least 10 ali ppnatoln% gr%rb%apment the boron-containing compound (B) is a compound

represented by the formula:

R? R?
R’ o o R* (B-11-1)
\B—O—B 4
.'RB ' o/ \o R®
R’ | R |

wherein in Fbrrhula (B-1-1): R', R% R?, R%, R%, R% R’ and R® are independently
hydrogen or hydrocarbyl groups. Each of the hydrocarbyl groups may contain from
1 to 12 carbon atoms, and in one embodiment 1 to 4 carbon atoms. An example
is 2,2-0xy-bis-(4,4,6-timethyl-1,3,2-dioxaborinane).

The boron-containing compound (B) may be employed in the inventive
lubricating oil composition at a sufficient concentration to provide the lubricating oil
composition with a boron concentration in the range of 0.01 to 0.2% by weight, and
in one embodiment 0.015t00.12% by weight', and in one embodiment 0.05t0 0.1%
by weight. '

(C)  Acylated Nitrogen-Containing Compound
In one embodiment, the inventive lubricating oil composition further

comprises an acylated nitrogen-containing compound having a substituent of at
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substituents are nade from hono- or interpolyners (e.g., copolyners,

terpol ymers) of nono- and di-olefins having 2 to 10 carbon atons, such as

et hyl ene, propyl ene, 1-butene, isobutene, butadiene, isoprene, 1-hexene,

1-octene, etc. Typically, these olefins are 1-nonoolefins. The substituent

can al so be derived fromthe hal ogenated (e.g., chlorinated or brom nated)

. anal ogs of such hono- or interpolyners. 9 useful source of the

hydr ocar bon- based substituents are pol y(i sobutene)s obtained by

pol yneri zation of a C4 refinery stream having a butene content of 35 to 75
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having 2 to 10 carbon atoms, such as ethylene, propylene, 1-butene, isobutene,
15 butadiene, isoprene, 1-hexene, 1-octene, etc. Typically, these olefins are
1-monoolefins. The 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
20 75 weight percent and isobutene content of 30 to 60 weight percent in the presence
of a Lewis acid catalyst such as aluminum trichloride or boron trifiluoride. These
polybutenes may contain predominantly isobutene repeating units.
In one embodiment, the substituent is a polyisobutene group derived from a
polyisobutene having a high methylvinylidene isomer content, that is, at least 70%
25 methylvinylidene, and in one embodiment at least 80% methylvinylidene. Suitable
high methylvinylidene polyisobutenes include those prepared using boron trifluoride
catalysts.
The acylating agent or reagent can vary from formic acid and its acyl
derivatives to acylating agents having high molecular weight aliphatic substituents



1800. The ratjo between the weight average nol ecul ar wei ght (Mr) and the
(Md): (that is, the IDiw/ Rn) can range from1l to 10, and in one 28bouli get
1.5to 5 and in one enbodinment 2.5 to 5. For purposes of this invention,
t he nuniYeQ 0yP629&ui val ent wei ghts of substituent groups iBCHEEMB14D be t he
nunber corresponding to the quotient obtained by dividing the Rn val ue of
t he pol yal kene fromwhich the substituent is derived into the total weight
of the substituent groups present in the substituted succinic acid. The
am no conpound may be characterized by the presence within its structure
of at |east one H\< group and can be a nonoam ne or polyam ne. M xtures of
two or nore am no conpounds can be used in the reaction with one or nore
acyl ating reagents. In one enbodi ment, téfe am no conpound contains at

| east one primary amno group (i.e., -NH2). In one enbodiment the amne is
a polyam ne, for exanple, a polyanm ne containing at |east two -NH groups,

ei ther or of bpttb 5000010008 20,008 cxrbdn Steped)dabyeddhbegimditetRNaBastingy be
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’in one embodiment 2.5 to’ 5. For purposes of this ir;vention, the number of
equivalentweights of substituent groups is deemed to be the number corresponding
to the quotient obtained by dividing the Mn value of the polyalkene from which the
15 substituent is derived into the total weight of the substituent groups present in the
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 amino compounds can be used in the reaction with one or
20 more acylating reagents. In one embodiment, the amino compound contains at
least one primary amino group (i.e., -NH,). In one embodiment the amine is a
polyamine, for example, a polyamine containing at least two -NH- groups, either or
both of which are primary or secondary amines. The amines may be aliphatic,
cycloaliphatic, aromatic or heterocyclic amines. Hydroxy substituted amines, such
25 as alkanol amines (e.g., mono- or di-ethanol amine) and hydroxy
(polyhydrocarbyloxy) analogs of such alkanol amines, may be used.
Among the useful amines are the alkylene polyamines, including the
polyalkylene polyamines. The alkylene polyamines include those conforming to the
formula




-pol yam nes, pentyl ene pol yam nes, hexyl ene pol yam nes, heptylen

pol yam nes, etc. The hi gher honol ogs of such am nes and rel at eg 8, VI 2005

. alkyl-sté%%&g%g@ pi perazines are al so included. Al kylene polyam nes that
are usefl Pille et hyl ene diamine, diethylene triani nePCHUB&%B45ene
tetram ne, propylene diamne, trinethylene diam ne, hexanethylene di am ne,
decanet hyl ene di am ne, octanet hyl ene di am ne, di (heptanethylene) triam ne,
tripropylene tetram ne, tetraethylene pentam ne, trinmethylene diam ne,
pent aet hyl ene hexam ne, di (trinethylene)triam ne, N-(2-

am noet hyl ) pi perazi ne, 1, 4-bi s(2-am noethyl)pi perazine, and the |iKke.

H gher honol ogs as are obtained. by condensing two or nore of the

. above-illustrated alkylene amines are Ukeful, as are mixtures 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

mol ecul ar wei ght pol yam iN-(BAN) ¥Rl atil e contani nants are renoved from an
al kyl ene pol yani ne m xture|to |eave as residue what is often terned

"pol yam ne bottons”. In geReraR, alkylene polyam ne bottons can be 2 8 JUL.
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polyamines, pentylene polyamines, hexylene polyamines, heptylene polyamines,

15 etc. The higher homologs of such amines and related amino alkyl-substituted
piperazines are also included.

Alkylene polyamines that are useful include ethylene diamine, diethylene
triamine, triethylene tetramine, propylene diamine, trimethylene diamine,
hexamethylene diamine, decamethylene diamine, octamethylene diamine,

20 di(heptamethylene) triamine, tripropylene tetramine, tetraethylene pentamine,
trimethylene diamine, pentaethylene hexamine, di(trimethylene)triamine, N-(2-
aminoethyl)piperazine, 1,4-bis(2-aminoethyl)piperazine, and the like. Higher
homologs as are obtained by condensing two or more of the above-illustrated
alkylene amines are useful, as are mixtures of two or more of any of the afore-

25 described polyamines.

Useful polyamines are those resulting from stripping polyamine mixtures. In
this instance, lower molecular weight polyamines and volatile contaminants are
removed from an alkylene polyamine mixture to leave as residue what is often

termed “polyamine bottoms". In general, alkylene polyamine bottoms can be



i nventive lubricating oil conposition at a concentration in the range of up
to 10% by weight, and in one enmbodinent 1 to 10% by wei ght, and2iénJ¥n00s
enbodiment 2 to 5% by weight. (D) Alkali or Alkaline Earth Metal Salt of

O gani ¢ YQI0RQ$292¢i d, Carboxylic Acid, Lactone or Phenol HEBUSOXKEBN4S et al

or alkaline earth metal salts (D) are salts of organic sul fur acids,
carboxylic acids, |actones or phenols. These salts may be neutral or
overbased. The former 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

super based salts. The organic sulfur acids are oil-soluble organic sulfur
acids such as sulfonic, sulfamc, thio$ulfonic, sulfinic, sulfenic,

partial ester sulfuric, sulfurous and thiosulfuric acid. Generally they
are salts of aliphatic or aromatic sulfonic acids. 20 JUL 2005 WD 02/ 062930
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Formul a ( Bré hbjmally 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.

15 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

~ weight, and in one embodiment 1 to 10% by weight, and in one embodiment 2 to 5%

by weight.
(D)  Alkali or Alkaline Earth Metal Salt of Organic Sulfur Acid, Carboxylic
20 Acid, Lactone or Phenol

The alkali metal or alkaline earth metal salts (D) are salts of organic sulfur
acids, carboxylic acids, lactones or phenols. These salts may be neutral or
overbased. The former contain an amount of metal cation just sufficient to

25 neutralize the acidic groups present in the salt anion; the latter contain an excess
of metal cation and are often termed basic, hyperbased or superbased salts. o

The organic sulfur acids are oil-soluble organic sulfur acids such as sulfonic,
sulfamic, thiosulfonic, sulfinic, sulfenic, partial ester sulfuric, sulfurous and
thiosulfuric acid. Generally they are salts of aliphatic or aromatic sulfonic acids.



‘A group of useful carboxylic acids are the aliphatic-hydrocarbon
substituted salicylic acids wherein each aliphatic hydrocarbon UpIULt 20g1t

. Containgwg% @éﬁg@ge of at |east 8 carbon atons, and in one enbodi nent at
| east 16" car tons per substituent, and the acids conR@I/HS@AB145% t hree
substituents per nol ecule. A useful aliphatic-hydrocarbon substituted
salicylic acid is Cl6 C18 al kyl salicylic acid. A group of carboxylic acid
derivatives that are useful are the |actones represented by the forrmula 2
8 JUL 2005 WD 02/062930 PCT/US02/03145 14 5 10 15 R1 ~ONR2 - C C=0O R3-
C (CR5R6)a R41'- (D-VII) wherein in Formula (DVI1), R, R2, R3, R4, R5 and
R6 are independently H  hydrocarbyl groups or hydroxy substituted

" hydrocarbyl groups of from1l to 30 carbon atons, with-the proviso that the
total nunber of carbon atons nust be sufficient to render the-lactones oi
soluble; R2 and R3 can be linked together to form an aliphatic or aromatic
ring; andThei subonigndeidsiinclusle monge of poly-outiead. ardmetizf Wr cydealipratiean be
pr epar ed an{%ﬁﬁagng an al kyl (e.g., dodecyl) phenol with glyoxylic acid
at a molar TAro of 2:1. Neutral and basic salts of phenol s (generally

known as phenafbe)assexydit acidsisidd aliphatibe itld % SidrdVgRLi on
and wel | knog/g to thosewski II Ised I n ?ﬁg]aalrt .ﬁ@‘%ﬁﬂtﬁéﬁg?gﬁqjéﬁmn&gﬁﬁese
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carboxylic acids can be saturated or unsaturated.

10 A useful_ group of carboxylic acids are the oil-soluble aromatic carboxylic
acids. These acids are represented by the formula:

(R*),-Ar*(CXXH)._ (D-11h)

15 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

20 provided by the R* groups for each acid molecule represented by Formula (D-Il1).

A group of useful carboxylic acids are the aliphatic-hydrocarbon substituted
salicylic acids wherein each aliphatic hydrocarbon substituent contains an average
of at least 8 carbon atoms, and in one embodiment at least 16 carbon atoms per
substituent, and the acids contain one to three substituents per molecule. A useful

25 aliphatic-hydrocarbon substituted salicylic acid is C,,-C,; alky! salicylic acid.

A group of carboxylic acid derivatives that are useful are the lactones
represented by the formula



The netal salt (D) nay be enployed in the inventive |ubricating oil
conposition at a concentration in the range of up to 5% by wei grﬁ JUlg n@5| n
one 2 8 JUL 2005 WD 02/062930 PCT/US02/03145 15 5 10 15 20 25 enbodi nent
0. 5% t o V5O9pea28¥Nt by wei ght, and in one enbodi nent | % t oPCI/E8A2M0B145nei ght .-
(E) Alkali or Alkaline Earth Metal Salt of a Hydrocarbon-Substituted
Saligenin The alkali or alkaline earth netal salt of a
hydr ocar bon-substituted saligenin nay be a conpound represented by the
formumla QMs QMn XY ~~ X (E1) (RpL (RpJ mwereinin Formula
(E-1): each X independently is -CHO or -CH20H, each Y independently is
-CH2- or -CH2OCH2-; wherein the -CHO groups conprise at |least 10 nole
percent of the X and Y groups; each Mi $4independently a val ence of an
al kali or alkaline earth netal ion; each Ris independently a hydrocar byl
group containing 1 to 60 carbon atons; mis 0 to 10; nis O or 1 provided
that when nis 0O the Mig!' replaged with H and each p is independently O,
1, 2, or 3; provided that \ IéasT\one aromatic ring contains an R
substituent and that the Fizo’[_'l nurrbep =6 carbon atons {BrVdDI R groups is
at least 7; and further aow d@d thE( f—_ﬁgns 1 or greater, then one of
the X groups can be - ali and aline earth netals that are
useful include sodi um FR& assium lithium calcium rmagnesium strontium
aSEd barium wth cal ciumand mnagnesium being especially useful. In Formula
when the netal Mis a divalent netal (e.g., calciumor nmagnesium
the o1 her wrArERCh ForlulQD-FIpWR!, RRY FBe RERS ShtieR bireolfiRpenieally \I by
association wth an additional '-O' functionality of same sal | genin
deri vat i viydracaroylngiioaps Eon hydrexyrsubstituted duysisacrnyl grcm.lp@r ofi fropm oW itaeiD t hat

when n is th IS . by, I o faorman unneutralized
phenol i c %—?Od} BEFH%"I'\%(@E@%Z?C@Q' Btg%éﬁ%?&ﬁ] ?@"{%l @;‘Fﬁ‘@% ?Lofe{}? T%tzq one
enbodi nenkuffitidrt t8 rédet tha luttdmes sinsolebieo B2 BRIR TahdeSinkeddogsthen o form
enbodiment 4 to 6. 28 JUL 2005
10 an aliphatic or aromatic ring; and a is a number in the range of zero to 4. A useful
lactone can be prepared by reacting an alkyl (e.g., dodecyl) phenol with glyoxylic
acid at a molar 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.

15 The phenols from which these phenates are formed are of the general formuia
(R*).-(Ar*)-(OH),, (D-1X)

wherein in Formula (D-IX), R*, a, Ar*, and m have the same meaning as described
20 hereinabove with reference to Formula (D-{li).

Mixtures of two or more neutral and basic salts of the hereinabove described
organic sulfur acids, carboxylic acids and phenols can be used in the compositions
of this invention. '

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

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



‘WD.02/ 062930 PCT/ US02/ 03145 16 5 10 15 20 25 Most of the aromatic, rings in
Fornula (E-1) contain at |east one R substituent, whichis a hydzrgc&ﬂbgmfb
- group, %ﬂgokﬁ&gne enbodi nent an al kyl group, containing 1 to 60 carbon
atonms, a AL enbodiment 7 to .28 carbon atoms, and iRCHHE02/08MSodi ment
9 to 18 carbon atons. R can be linear or branched. Each aromatic ring in
the structure nmay be substituted with 0, 1, 2, or 3 such R groups (that is,
p is 0, 1, 2, or 3), nost typically 1. Different rings in a given nol ecul e
may contain different nunbers of such substituents. At |east one aromatic
ring in the nolecule nust contain at |east one R group, and the total
nunber of carbon atons in all the R groups in the nolecule should be at
. least 7, and in one enbodi nent at leastld2. In Fornula (E-i), the X and Y
groups may be seen as groups derived from formal dehyde or a fornmal dehyde
source, by condensative reaction with the aromatic nolecule. Wile various
speci es oPmMRostiment Bdjo kxS peseant by weightraruhiasine erspedirentdetps RFWoeyX ar e
-CHO (al d functionality) and -CH2OH  (hydroxynethyl functionality);
simlarly't comonest species conprising Y are -CH2- (nethylene bridge)
and - CHRQER- (ékdkerobrAltgtine EBEHT Métal SaRBEY HPirddatbbAls Ghsthtagd Y
groups dependsShfigenfigrtain extent on the condrtrons o t he

nol ecul es. Under many conditions the anmount of -CH2OCH2- groups is
Pel ativel y smallhe@dkaleeralkaline earthormetal spltmfpshyaindcabsnrsdstinabll galigasihant

at 13 to I, nount of such ether groups and
focusi ng @%yﬁéegrc&%ﬁmd ?ﬁ%ﬁ{rﬁegflﬂﬂﬁg%@@a -CH2OH, and - CH2- groups,
usef ul conpositions have@(w, fol | owi ffgrel at iggangunt s of these three
groups, the total of suckhanounts in {each cage being normalized to equal
100% - CHO 15- 100% 25509~ H: Yor4—46%r 10-(Eoko

The conpqund r¢ 6 d by Formula (E-1) may
be a nmagnesium salt, he presende of nEgUeSi um during the preparation
1§f the conpound is be(Rgved to be inport#Ry, in achimving the desired -

Conpoand WHRBAHN ESIRABSIE D. SRH kobdensrdeghols Boes o vitharicaesn v

PCT/ US02/ 9aépendartly is -CH,- or -CH,OCH,-; wherein the -CHO groups comprise at least
10 mole percent of the X and Y groups; each M is independently a valence of an
alkqli or alkaline earth metal ion; each R is independently a hydrocarby! group

15 containing 1 to 60 carbon atoms; mis 0 to 10; nis 0 or 1 provided that when n is 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 an 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.

20 The alkali and alkaline earth metals that are useful include sodium,
potassium, lithium, calcium, magnesium, strontium and barium, with calcium and
magnesium being especially useful. In Formula (E-1), when the metal M is a divalent
metal (e.g., calcium or magnesium) the other valence of M, not shown, may be
satisfied by other anions or by association with an additional -O functionality of the

25 same saligenin derivative.

In Formula (E-I), each n is independently 0 or 1, provided that when n is 0,
the M is replaced by H, that is, to form an unneutralized phenolic -OH group. The
average value of n is typically 0.1 to 1.0. In one embodiment, mis 2 to 9, and in
one embodiment 3 to 8, and in one embodiment 4 to 6.




5 10 15 20 25 hydrogen, other netals, or ammoniumif desired, by known .

met hods.) The number of My ions in the conposition is character28edulbyysn
average value of "n" of 0.1 to 1.0, and in one enbodinent 0.2 or 0.4 to
0.9, andvPA28683®nbodi nent 0.6 to 0.8. The salts represenP€HUBR/Bdul a
(E-1) can be prepared by conbining a phenol substituted by the
above-described R group with fornmal dehyde or a source of fornal dehyde
(e.g., parafornmal dehyde, trixoane, formalin or nethal) and nagnesium oxi de
or magnesi um hydr oxi de under reactive conditions, in the presence of a
catal ytic anmount of a strong base (e.g., sodium hydroxide or potassium
hydr oxi de). The rel ative nolar anmounts of the substituted phenol and the

f or mal dehyde can be inportant in provithng products with the desired
structure and properties. In one enbodi nent, the substituted phenol and
formal dehyde are reacted in equivalent ratios of 1:1 to 1:3 or 1:4, and in

one enbodi ment Most of tHetarbniati2, rlrfysdn Formalke Eslykodtaimat ledstlorte R@ubsau@ntand
in one enbodinent 1:1.7 Thus, in one enbodj nent, there is a 2:1

equi val enWiGh s BvdFp&aw?a@%@nddns%%%mpeﬂwmm%y QVP@ﬁeC‘é@f@WBQ dnt of
formal dehydgg c,sarﬁegsétgﬁ‘fse%nfdomc&'ié %ﬁﬂﬁ?ﬁr};nbﬂh f%@?rbo#gfc;ms O8fd WlHn\éal ent

of phenol s considere be one enbodi nent
the My spevibesiimenth® tadl&carbonatomsal FRyCIathIhearcnrrtHBdelhqdie Ehghlaa'omatlc

Srount o nbintdf tn eyt PR Supbtlues M o of sisucht Raup g Bt i, B

rather thanot hep asosyisosthpsiaanly 10 DiffBRertemgs i gilea rﬁbl@%@fésrrfé@rbchﬁam
conduct ed by conbi ni ng the above conponents with an appropriaté anount of

nmagnesi undiigraet Bumbaimeksuah sykstivende. Wit lensioneiargmatie ring inrthe maolepule

a1 onal e EOBHA & Heefohe 1€ oMl and bl ¥Rl RlinogRR1 R Rt Alvougn
it is beR groegstihite tmﬂeasmacshbmd eyt lpastZeshdriy eneetfribgidimehyal leathe2,

bsence of addltlonal Th reactlon can be conducted at room -
Wenperat ure or "AFOIMYia f@ ﬁ@?/ét YiHRHBE M Ee§t§€ﬁ as gy daried fromg JuL

2005 VO O BoAdey d&dY Hardalittiae sbirce, Y cdRdensative 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 comprising Y are
15 —~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,0OCH,- 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

20 groups and focusing on the relative amounts of the -CHO, -CH,OH, and -CH,-
groups, useful compositions have the following relative amounts of these three
groups, the total of such amounts in each case being normalized to equal 100%:

-CHO: 15-100% or  20-60%  or  25-50%
-CH,OH:  0-54% or  4-46% or  10-40%
25 -CH,-: 0-64% or  1864%  or  20-60%

The compound represented by Formula (E-l) may be a magnesium salt, and
the presence of magnesium during the preparation of the compound is believed to
be important in achieving the desired ratios of X and Y components described
above. (After preparation of the compound, the Mg metal can be replaced by



20,25 The hydrocarbon-substituted saligenin salt (E) may be neutral or
overbased. ~Wien these salts are overbased, the stoi chi onetri cap ByJxogmss
- metal cap be nesiumor it can be another metal or a mixture of cations.
The basﬁXQWF@“”?gacting metal conpounds used to nake t hesRCHUSIAIEEHd sal ts
are usually an alkali or alkaline earth netal conpound (i.e., the Goup
A 1A and IIB netals excluding franciumand radiumand typically
excl udi ng rubi dium cesiumand beryllium, although other basically
reacting netal conpounds can be used. Conpounds of Ca, Ba, My, Na and Li,
such as their hydroxi des and al koxi des of | ower al kanols are usually used.
Overbased salts containing a m xture of ions of two or nore of these netals
or other cations, including mxtures oflAlkaline earth nmetals such as My
and Ca, can be used. The hydrocarbon-substituted saligenin salt (E) nay be
enpl oyed in the inventive lubricating oil conposition at a concentration

in the rahg@ragfenupthemnwalsyoramngimumﬁdeslred)mkmmﬂnémids W(@a?@n&%r
per cent bg ' ? g nt. 1 %to 2.5% by We'%.. ;
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conposition. |n the follow ng exanples as we throu
speci fi cati on ahe A5 represgnted vy borpulai )i cah batmpaeéd bpegdrabiainy a

B ol o SBReRE RN ARl Al Bl LR R B i P R St
st opper, of Hermalwelhydea(wgreﬁammde  trixeanko! foRvhig & enétandedd 670
g diluent oil ﬁ&neral ol l), 1000 dOde@yet gnhenol and a sol utlon of 3¢

NaOH i n 4B'agngs ) Ofnmagﬂeélqra h!éfHPé Qscraa@twesppnditmgs \hethe35C
tt f f t d
Stirring Prosehed of of cadit SERNE HH sttty bade Nt Koy BYABXIRITH el

di | uent opbt%swnahdérbmdéhe mxture 1is heated to 790 and hel d at

errperature fo nut e second. | ncrenent of _58 g O is added and
Prarbat ch ©s  GPERERUHELIGAr AMAUAE P Selsater PHBvR! hel 8 farmaliesds vio

02/ 062930c4-bé irrpdHantitprodiding prodbetsitiithe desired structure and properties. In
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

15 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 alkyIphenol:forrhaldehyde:Mg is
1:1.4:0.4, that is, for example, (1) : (1.3to 1.5): (0.3 to 0.5), the amounts being the

20 quantities actually retained in the final product, rather than the amounts charged to
the reaction.

The process can be conducted by combining the above components with an
appropriate amount of magnesium oxide or magnesium hydroxide with heating and
stirring. A diluent such as mineral oil or other diluent oil can be included. An

25 additional solvent such as an alcohol can be included if desired, although it is
believed that the reaction may proceed more efficiently in the absence of additional
solvent. The reaction can be conducted at room temperature or a slightly elevated
temperature such as 35 to 120°C,



1 hour. Thereafter the mxture is heated to 120C under a flow of nitrogen -
at 28 L/H (1.0 std. ft3/hr.). Wien 1.20C i s reached, 252 g di | &48ndUloi2B05i s
added, and the mixture is stripped at a pressure of 2.7 kPa (20 torr) at
120C f oWQ 0HBe3Gind then filtered. The resulting productPCHHSEM38451. 5% by
wei ght magnesi um and has a TBN of 63. Analysis of the product by 1 D and
2D "H 13C NWR reveal s an al dehyde content of 29 nole % a nethylene bridge
content of 38 nole % an ether bridge content of 12 nole % and a

hydr oxynet hyl content of 21 nole % Exanple E-2 Part A To a 5-L, 4-necked
round bottom fl ask equi pped with stirrer, stopper, thernmowell, and reflux
condenser, the following are charged: 670 g diluent oil (mneral oil), and
1000 g dodecyl phenol. The mixture is hdhated 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, 7.3 g of Ca(OH)2 and 102 g of
addi tional dil q‘*ﬁ@thWrbcaﬂrb@nMdtuté’@§ali§éfﬁrhléslt(E) rhﬁgbé%efuﬂra_f@ﬁ‘o@é’t%aﬁébd at

tenperature for 30 mnutes. A second increnent Ca(OH) 2 is added
and the Wéem these alienreneyetasedd thﬁm@l&hmaeta@a%meesfrﬁetaﬂ eRurbe

U (1, ornaetesi et o GRghqtigh el r o e Srebtig? ThBFAS B o

The m xt ureadtmgsheiabpemipondds used to mlabgehres‘el mrhasédiﬁﬂtsm@ umngm(hlhah
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grams gl agsabu)a@s?éd cORéeitrhsatiesaitd deftairing armlsatu'reeoﬂuén@er fiv@br mRIPRICPhERS el y
60C for one hour. Carbon dioxide is blown through the fm xture for 2 8 JUL

P05 WO omedalsasmthervatons; neluding mixtgrespofaikalnesanth matals suchasMeandt el v
0.5 std. E%a %hﬁé di rect base nunber of 56.4. A second increnent of
370 grans E 'S added and carbon dioxide is simlarly bl own

The hydrocarbon-substituted saligenin salt (E) 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
15 embodiment 1% to 2.5% by weight.
The following examples disclose the preparation of hydrocarbon-substituted
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
otherwise indicated, all parts and percentages are by weight and all temperatures
20 are in degrees Celsius.
Example E-1
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), 1000 g dodecyl phenol, and a solution of 3 g NaOH in 40 g water. The
25 mixture is heated to 35°C with stirring. When 35°C is attained, 252 g of
paraformaldehyde (90%) are added to the mixture and stirring is continued. After
5 minutes, 5 g of MgO and 102 g of additional diluent oit are added. The mixture
is heated to 79°C and held at temperature for 30 minutes. A second increment of
58 g MgO is added and the batch is further heated and maintained at 90-100°C for



‘through the m xture over seven hours to a direct base nunber of283 ﬁzoaéhe
mxture 1is strlppedto 145C under a nitrogen flow of 1.5 std. é}J and
- ‘mai nt ai Q’g@”&;”% tenmperature for .1 hour at 2.0 std. ft3/hr. The pr oduct
is dilut ¢ 0[ol uene, centri fuged, decant ed from t he BCEEUS02{03YSsol i ds
and restripped to 130-140C and 60 mmHg vacuum The product is filtered and
exhi bits a TBN of 205, containing 7.2% by weight Ca. (F) '
Phosphorus- Contai ning Metal Salt The phosphorus-containing netal salt,
which typically functions as an extrene pressure (EP) additive, may be
added to the inventive lubricating oil conposition, provided that the
anount of phosphorus contributed to the lubricating oil conposition by
this additive does not exceed 0.08% by Mei ght of the lubricating oil
conposition, and the ampbunt of sul fur does not exceed 0.25% by weight. The
phosphorus-contai ning acids useful in meking these EP additives nay be

repr esent édcy. tThereaftenthe M&tu is (Wéatdditd 1202 4iride R (FE2) bf wites i at D8

I d d I fu d
o are | nobpindhety TCavd sFRsnd20%: s reaciind, AB2eg e ducn deeRyand the
hydr ocar bitixtus RURfippst ot 4l prebarBRITA? kPANLY! B4t 3804 bF hUP ahAShen

[
phosphorus- and _sul fur-con- taining acid ﬁ ude 0se acl
r epr esent Biered. Fbefapultipg-produgtsontainss.5% by wdgmrmagméénum and hasd T@Nar e

1300 18758 Al €8 otut bl 1 et S0 I MR et psiapbiae oy

groups t hedntentof 26 mbley%f B&ﬂeﬂ'iyth”ﬁeab‘ sgéﬁéht@nﬁﬁfj%tnﬁ‘éﬂbe’}%' an'HiRét Briagson
and in one enbod# ment have from | car bon at ons I n one

enbodi menteRteBhrh14 1l %artdA "&‘Pﬁ@ﬁlm%ﬁhw contenhef 2htnede flent from 3 to 18

carbon atonms, and in one enbodi mentg, from 31 8 carbon atons. Each Rl and
R2 can be the sane as the other, a y may be different and either

or both nBRartb®: m xtures. Exanples of R and R2 groups include isopropyl,
2- pentyl i sooctyl, decyl, dodecyl,

1@%? lrjg)élei:y: SObUJBén@ Wl‘i-ase'gct%!lmd dettonn | flaskprawipped awith | stieary Istopper,
M Xtures thermowell, and reflux condenser, the following are charged: 670 g diluent oil
(mineral oil), and 1000 g dodecyl pheno!l. The mixture is heated to 35°C with
stirring. When 35°C is attained, 252 g of paraformaldehyde (90%) are added to the
mixture and stirring is continued. After 5 minutes, 7.3 g of Ca(OH), and 102 g of
15 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
20 a nitrogen flow at 150°C and isolated by filtration. The resulting product contains
14 mole % aldehyde functionality.
Part B:
Into a 12 L four-necked flask equipped with stirrer, thermowell, reflux
condenser and subsurface tube is charged 5000 g of the product from Part A, 315
25 g of polyisobutene (Mn = 1000) substituted succinic anhydride, 376 g Ca(OH), and
863 grams of an alcohol mixture containing 88-96% by weight ethyl alcohol, 4-5%
by weight isopropy! alcohol and 0-8% by weight water. The mixture is heated to
63°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



t hereof. Useful m xtures include isopropyl/n-butyl; isopropyl/secondary.
butyl: is6- propyl/4 met hyl - 2- pentyl ; isopropyl/2- ethyl-l - hexyl2; 8 JUL 2005

1 sopropyl /isooctyl; |sopropyI/decyI; i sopropyl / dodecyl ; and :
isopropyv¢ﬂﬂmﬂéﬁyl. I n one enbodi ment, the phosphor us- conkGI/HEBI¢3EEnpound
represented by fornmula (F-1) is a conmpound where a and b are each 1, X1
and X2 are each 0, and R and R2 are derived fromone or nore primry

al cohol's, one or nore secondary alcohols, or a mxture of at |east one
primary al cohol and at | east one secondary al cohol. Exanples of useful

al cohol m xtures include: isopropyl alcohol and isoanyl alcohol; isopropyl
al cohol and isooctyl al cohol; secondary butyl alcohol and isooctyl

al cohol ; n-butyl al cohol and n-octyl al2®bhol; n-pentyl alcohol and
2-et hyl -1-hexyl al cohol; isobutyl alcohol and n-hexyl alcohol; isobutyl

al cohol and isoanyl al cohol; isopropyl alcohol and 2-nethyl-4-pentyl

al cohol ; BWrgavbpgith{ena% SECHYRE XS a der?hake rurfisrahss. 4 %\%@or@nd ._
|sooctyl al cohol ; 1sopropyl” al cohol, n-hexyl alcohol and |sooctY ba cohol ,
y

etc. Thes&crermentief 37RigramseCe{Ok), sadirdend oaraomsingde s pianitarly blamgohol

o Copor oSN HkBREIRIR B iy ol A AP BPig L 3 ReA
2- et hyl hejgydtrippad ¢0Mab°@nhded amitrogéh leapsiongiste o andandintaifeytatitaaof 35
nole % primary anyl al coho nd 65 nmpl.e % | sobutyl al cohol. The netal
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| ead, ti nmmngv,achhybﬁwpmdumwdmeand@xhlmts anl BNedf 205, bosfaiting 7Z2%c i s
a useful taI aese salts can be neutral salts or overbased salts. The
phosphor u8¥ (‘Nﬁig% Bng metal salt (F) may be enployed in the inventive

l'ubricati ) 0| bm EL%Bnﬂlnﬁi%Qm&ﬁ“ on in the range of up to 2.5%
by wei ght, I'none enbodl men 0 2.5% percent by weight. (G

IDi spersant Vi s&'bsi phosphteusietdining mﬁiadlsahervmmln typwady i fupctiode xasret fi er
(G is a i functional diti.ve that ot h_ vi cos [ OV.
broper t | eEXErmePensPRE (P iy, «28) @ e RS duvernbB isa RO THIL "2
and are cesmpoeitiahnl prawded thalt the Ameuelt sp;@hésworus géAribLYed Ae% INBHEAtIRY S

typically conprise an oil soluble polymeric hydrocarbon backbone having a
wei ght avell sgEPesitirupuihisadditive gipgg exceed 0:08% by weight of the lubricating

oil composition, and the amount of sulfur does not exceed 0.25% by weight. The
15 phosphorus-containing acids useful in making these EP additives may be
represented by the formula

X3
R, ||
20 ™ pxen (F-1)
R3(X3),

wherein in Formula (F-1): X', X% X® and X* are independently oxygen or sulfur, a
and b are independently zero or one, and R' and R? are independently hydrocarbyt
25 groups.
Useful phosphorus-containing acids include the phosphorus- and sulfur-con-
taining acids. These include those acids represented by Formula (F-1) wherein X®
and X* are sulfur, X' and X? are oxygen, and a and b are each 1.



-than 20, 000, and in one enbodi nent from 20,000 to 500,000 or greater. In
gener al , t hese di spersant viscosity index nodifiers are funct2dnall 2608
-'polyners, Faor exanple the dispersant viscosity index nodifier nay be an
olefin PBVYRRI (e.g., an inter- polyner of ethyl ene- pr AGIERRP3ES an
acrylate or nethacrylate copolymer that is grafted with an active nononer
such as mal ei c anhydride and then derivatized with, for exanple, an

al cohol or ami ne. Derivatives of polyacrylate esters are well-known as

di spersant viscosity index nodifiers. Dispersant acrylate or _ _
pol ymethacryl ate viscosity nodifiers are useful. The dispersant viscosity
I ndex nodifier (G may be enployed in the inventive lubricating oil .
conposition at a concentration in the rdAnge of up to 10% by weight, and in
one enbodi nent up to 4% by weight, and in one enbodi nent 0.5%to 4%
percent by wei ght and in one enbodinment 0.5%to 3% by weight. (H O her

Opti onal Addit RV endTR2 in froemulav (F-1)udmei indepegdently bpdwpesr aﬂl @l’ocdﬁé’tmﬁl;é' n,
and the
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PCT/ US02/ 03145 23 10 15 20 I nventi ve I ng oi l tion
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nts, antioxidants

hese i nc [ ex 1car,r nhi bitin
VI scosi tyé #%g?‘}"\% ?h Bmaﬁ'fj ng% 2ME3s 3["? henygliheugh theymaydi t y
modi f i er sbe aiiffgrent anasem@r@rrs:otlamﬁay Bé&ﬁ"xﬁﬁé@t %xa@ﬁﬁles%?qﬂi“ ﬁ e%rBBEEgO' ng
optional additives, when used, is used at a functional ecti nount

to i npar t NEkiledeapropy!l, prisfivl sPbytW, @y mﬂthc%rﬁﬁntmtﬁyll @E,‘cyﬂ rdodecyl,

h 0,001 %to
20% by e aReeY, 2E6RntEnyl (60t AEA b, BRBRT IS BIUAET A BB he
t ot al wehhgmofof Wseful mbwctwa&;nngludel isopramdnthtpl; |§bpro®@dsé¢d/rﬁfar93)utyhrough
léH) can he adde nposition. In one

mbodi mentCPHIRE d‘(/ e é‘?'&?@ Ygﬁ g@%"ﬁﬁ’#ﬁ“%%&%&'ﬂu al¥8propiHisoo iyl mal | y
2l Kyl at Eé'g?‘z*“g‘py‘*%?%ﬂ g P IB L 8 1o PAABABIL U1 ene to For m an
additi ve concelf-one embodlment the phosphorus -containing compound represented by

formula (F-1) is a compound where a and b are each 1, X' and X? are each O, and

| R' and R? are derived from one or more primary alcohols, one or more secondary

15 alcohols, or a mixture of at least one primary alcohol and at least one secondary

alcohol. Examples of useful alcohol mixtures include: isopropyl alcohol and isoamy!

alcohol; isopropyl alcohol and isooctyl alcohol; secondary butyl alcohol and isoocty!

alcohol; n-butyl alcohol and n-octyl alcohol; n-penty! alcohol and 2-ethyl-1-hexyl

alcohol; isobutyl alcohol and n-hexy! alcohol; isobutyl alcohol and isoamy! alcohot:

20 isopropyl alcohol and 2-methyl-4-pentyl alcohol; isopropyl alcohol and sec-butyl

alcohol; isopropyl alcohol and isooctyl alcohol; isopropyl alcohot, n-hexyl alcohol and

isooctyl alcohol, etc. These include a mixture of 40 to 60 mole % 4-methyl-2-pentyi

alcohol and 60 to 40 mole % isopropyl alcohol; a mixture of 40 mole % isoocty!

alcohol and 60 mole % isopropyl alcohol; a mixture of 40 mole % 2-ethylhexyl

25 alcohol and 60 mole % isopropyl alcohol; and a mixture of 35 mole % primary amyl
alcohol and 65 mole % isobutyi alcohol.

The metal salts of the phosphorus-containing acids represented by Formula

(F-1) which are useful include those salts containing Group IA, IIA or B metals,



trate. These concentrates usually contain from1l %to 99% by weight, and i'n
one ' enbodi ment 10%to 90% by wei ght of such diluent. Exanples 2 ¥ndiL 2005
foll owi ng Exanples 1-6 are provided to further disclose the invention.
Exanpl eV@O/0@AW C-2 are not within the scope of the i nvePETHR2/BUHS are
provi ded for purposes of conparison. Each exanple consists of a

| ubricating oil conposition which is disclosed in the table below. In the
tabl e below, all nunerical values relating the ingredients of each
exenplified lubricating oil conposition (except of the antifoamagent) are
i n percent by weight of concentration. The antifoam agent concentration is
expressed in parts per mllion weight. The exenplified lubricating oil
conpositions are tested using one or no2e of the following tests and the
results of such tests are also reported in the table below Mtorized

Val ve Train War Test The notorized valve train wear test uses a full-scale
cylinder BRAfindm,1e4d hin, irah, MbRBdehan\mamidiesaNEo e hskedoMyismutr Mzl e
data acquisition and control conputer system The teést sequence consi sts
of 100, oifeasaful etrbsThpsssalifocan bermpisl wgto2or osebzaeePGRItsS02/ 03145 24 5
10 15 20 25 st ' : | i fty . nutes.at 800
rpm St age tvo e RssPRBE-4afing A Qe ray e bipioyed e itiusiA

cont am natuddidaying wileontihasitign apeebncentedtion inghd rhnges of Vg a6 26°aY weRMts are
conducted b ,rreasurigggall 12 cam IS expressed in mcrons of

. | obes. Wear is
Post mat eANEIIN OP@/esA '“Mﬁgiaiofﬂiolz-ﬁg/" ARicent E!étWQ’thdesi gned to eval uate the

ef fect of (@?t orDig'L, acm\ﬁg[.,gg < '?ﬁ&gkfhﬁodi E-281 seal material. SiXx
dunbbel I s'0 th'e—ge%—rm'e‘r'l—a'&a're—gmﬁd in the sanple using mcro
wire and gl ass Toepdispeérsant aisdosityeindex encxifierny(Gitis lagaskifurttivnabadditiie tsainpl e.
The test vessgl IS covereg w th alum num.foil cflnd Is stored in an_gven at
150C for BEPYidET DOt YISCOSEY IMBFVIRg PTPRAHIRSANG SisRarsAi Propsiies st PSeor
percent chagfiesaré RASWNENThE GMCAMY aRdcemARsailip Bvadsdef or cracking. Panel
Coker Deposit Test O at 105C is splashed for 4 hours on an al um num panel
I9ai nt ai ned at T3esdispersgint aiscosityiimdexomagtifiarsitypically compuisecan aildseluble
unl ver sal bRk BBk BeRbond Rdink &Whe BRI E5e Mifed IS IBIgnth AR/
than 20,000, and in one embodiment from 20,000 to 500,000 or greater. In general,

—+

y

these dispersant viscosity index modifiers are functionalized polymers. Forexample
the dispersant viscosity index modifier may be an olefin copolymer (e.g., an inter-
15 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.
Derivatives of polyacrylate esters are well-known as dispersant viscosity
index modifiers. Dispersant acrylate or polymethacrylate viscosity modifiers are
20 useful.
The dispersant viscosity index modifier (G) may be employed in the inventive
lubricating oil composition at a concentration in the range of up to 10% by weight,
and in one embodiment up to 4% by weight, and in one embodiment 0.5% to 4%
percent by weight, and in one embodiment 0.5% to 3% by weight.
25 (H) Other Optional Additives

The inventive lubricating oil composition may contain, in addition to the

acylated nitrogen-containing compounds (C) and the dispersant viscosity index
modifiers (G) referred to above, one or more detergents or dispersants of the
ashless type.



Lead Corrosion Lead coupons are placed in a sanple of the oil b@ihgut eibed.
The oil is held at 135C. and blown with air for nine days. The oil is

anal yzed for Pb with the anount being reported in parts per mllion (ppnm.

" SRV FriV&92042%88st The test is a cylinder-on-flat reciprdCAYNFNEar test.

10

15

25

The tenperature is ranped from40C to 120C over 45 mi nutes. The average
friction coefficient for last 15 mnutes is reported. Viscosity Increase
Test The oil sanple is held at 200C for one day and blown with air. The
viscosity of the sanple at 40C is determ ned and a percent viscosity
increase is calculated. 2 8 JUL 2005 WD 02/ 062930 PCT/ US02/ 03145 25 TEOCST
Deposit Test This test uses the procedures disclosed in ASTM D6335 to
measure the anount of deposit generatzéd using a steel rod at tenperatures
from 2000C to 480C. The ampunt of deposit is measured in mlligrans (ng).
2 8 JUL 2005 WD 02/ 062930 26 PCT/US02/03145 \OIr!ON OOM1 p Itrf O .N encn
00 00 00~! ON Elme Nnsntivel lghrigeting- oillgesnperitionmoaGalso contain other optional

jubricant additives known in the art. These include, for example, corrosion-
inhibiting agents, antioxidants, viscosity modifiers, pour point depressants, friction
modifiers, fluidity modifiers, copper passivators, anti-foam agents, etc.

Each of the foregoing optional additives, when used, is usgzd at a functionally
effective amount to impart the desired properties to the lubricant. Generally, the

~ concentration of each of these additives, when used, 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 iubricating 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 difuent such as mineral oil, synthetic oil, naphtha,
alkylated (e.g. C,,-C,, alkyl) benzene, toluene or xylene to form an additive concen-
trate. These concentrates usually contain from 1% to 99% by weight, and in one
embodiment 10% to 90% by weight of such diluent. |

Examples

The following Examples 1-6 are provided to further disclose the invention.
‘Examples C-1 and C-2 are not within the scope of the invention, but are provided
for purposes of comparison. Each example consists of a lubricating oil composition
which is disclosed in the table below. In the table below, all numerical values
relati'ng the ingredients of each ekempliﬁed lubricating oil composition (except of the
antifoam agent) are in percent by weight of concentration. The antifoam agent
concentration is expressed in parts per million weight. The exemplified lubricating
oil compositions are tested using one or more of the following tests and the results
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 operated by a Camille data acquisition and control
computer system. The test sequence consists of 100, one hour cycles with two
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stages in each cycle. Stage one is run for fifty minutes at 800 rpm. Stage two is run
for ten minutes at 1500 rpm. 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.
VW Seals Compatibility .

This test is designed to evaluate the effect of motor oils on Parker-Pradifa
EKM E-281 seal material. Six dumbbells of the seal material are suspended in the
sample using micro wire and glass separators and are covered by at least 10 ml of
the sample. The test vessel is covered with aluminum foil and is stored in an oven
at 150°C for 96 hours. The specimens are removed from the oil and tested for
percent change in tensile strength and elongation, and for cracking.
Panel Coker Deposit Test

Oil at 105°C is splashed for 4 hours on an aluminum panel maintained at
325°C. Digital imaging of deposits is conducted and a universal rating is calculated.
This test measures the thermal stability of the oil compositions.

Lead Corrosion

Lead coupons are placed in a sample of the oil being tested. The oil is held
at 135°C and blown with air for nine days. The oil is analyzed for Pb with the
amount being reported in parts per million (ppm).

SRV Friction Test

The test is a cylinder-on-flat reciprocating wear test. The temperature is
ramped from 40°C to 120°C over 45 minutes. The average friction coefficient for
last 15 minutes is reported.

Viscosity Increase Test

The oil sample is held at 200°C for one day and blown with air. The viscosity
of the sample at 40°C is determined and a percent viscosity increase is calculated.
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TEOST Deposit Test
This test uses the procedures disclosed in ASTM D8335 to measure the

amount of deposit generated using a steel rod at temperatures from 200°C to

480°C. The amount of deposit is measured in milligrams (mg).
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While the invention has been explained in relation to its 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

5 modifications as fall within the scope of the appended claims.



'Ot cn00 O .E aQ ~tp~ Qy084 (7 UU PCT/US02/03145 2 8 JUL 2005

02/ 062930 PCT/US02/031 t5 30 5 Wile the invention has been expl ai AddJ¥ln 2005
relation to its preferred enbodinents, it is to be understood that: various
nodi fications thereof will becone apparent to those skilled in the art
upon reading the specification. Therefore, it is to be understood that the
I nvention disclosed herein is intended to cover such nodifications as fall
wi thin the scope of the appended clains. 2 8 JUL 2005 31 5 10 .5!0 '5
Clains 1. A lubricating oil conposition, donprising: (A) a base oil; (B)
a boron-contai ning conpound represented by the formula RO\ ROOR R RO -
Bor ROBOB-ORor B RO0OO0OROBB-OR 0 (B-I) (B-1l) (B-111) wherein in
Formul ae (B-1), (B-11) and (B-111) eactPlR is independently an organic

Claims
1. Alubricating oil composition, comprising:
(A) abase oil;
5 (B)  a boron-containing compound represented by the formula
RO RO OR OR.
N \ e |
RO— B or RO-B-0-B-0OR or /B\
7 ' &
L0 RO-B B-OR
N/
O
(B-1) (B-1) (8-

wherein in Formulae (B-1), (B-ll) and (B-Ill) each R is independently an organic
.5 group and any two adjacent R groups may together form a cyclic group; and
(E) an alkali or alkaline earth metal sait of a hydrocarbon-substituted
saligenin; o '
the lubricating oil composition containing sulfur, boron and optionally
phosphorus with the ratio of sulfur to boron to phosphorus being represented by the
'0 formula
S'+5B'+3P'>0.35
wherein S'is the concentration in percent by weight of sulfur in the composition, B
is the concentration in percent by weight of boron in the composition, and Plis the
concentration in percent by weight of phosphorus in the composition; the
'5 concentration of sulfurin the lubricating oil composition being from 0.01% to 0.25%
by weight; the concentration of phosphorus in the lubricating oil composition being
up to 0.08% by weight. '



group and any two adjacent R groups may together forma cyclic g?@uﬂ”-gpa
(E) an alkali or alkaline earth netal salt of a hydrocarbon-substituted
'saligenin; the lubricating oil conposition containing sulfur, boron and
optionally phosphorus with the ratio of sulfurto boron to phosphorus being
represented by the formula S +5B' +3P' >0.35 wherein S is the
concentration in percent by weight of sulfur in the conposition. B is the
concentration in percent by weight of boron in the conposition, and Pl is
the concentration in percent by weight of phosphorus in the conposition;
the concentration of sulfur in the lubricating oil conposition being from
0.01 %to 0.25% by weight; the concentration of phosphorus in the

| ubricating oil conposition being up £8 0.08% by weight. 2 B JUL 2005 32
2. The conposition of claiml wherein the conposition further conprises

(© an acyl ated nitrogen-containing conpound havi ng a,substjtuent of at

| east 10 al i ghat i cThacompoaitionsf claimd wlaasrsinthﬁ@om%mfpﬁhe'b‘%w%?‘?ﬁ 1

wherein t co sitiap further . i i I j arth
metal sal©an ayaegoogtinr ARG Biund Byl £ siffhudti Fatieadn e
phenol . 43inha8ccamsshtdme. of claim 1 wherein the lubricating conposition
further cgrrpri ses (F) a netal salt of a phosphorus-containing conpound
represented by the fornmula X3 R1(X1) a 11 P-X4H R2(X2)5 wherein in
ormula (F-1),,X, . 2 1 PEsinBrigee
gndependent |y :%ero ﬁ%e E&Qg’gﬂﬁ%ﬁ%ﬁﬂﬁ%&e}%ﬂﬂﬁgﬁﬁﬂ?ﬁﬁgg?ocar_. Eyl_
groups. §D)HpealkeBpalkaline eafthahefahsalt ohan erganic sulfuhadid.ca Cagpoaylic acid,
conposition further conprises (G a dispersant viscosity index nodifier.
6. The cdﬁﬁ@@ﬁtqrﬁpben%h aim1l wherein (4) is a conpound represented by the
formul a B(OC5H') 3 or B(OC4Hs)3. 7?5 _

4, The composition of claim 1 wherein the lubricating cornpos,itio_n further
.0 comprises (F) a metal salt of a phosphorus-containing compound represented by

the formula

1l
P-X*H (F-)
E ROC),™

R1 (X1 )a \ Xa

whefein’ in Formula (F-1), X", X2, X3 and X* are indebendently OorS:aandbare
independently zero or 1; and R' and R? are independently hydrocarbyl groups.

20 5. The composition of claim 1 wherein the lubricating oil composition

further comprises (G) a dispersant viscasity index modifier.

6. The composition of claim 1 wherein (B) is a compound represented
by the formula B(OC4H,)s Of B(OC,He)s.

7. The composition of claim 1 wherein (B) is a compound represented

by the formula



7. The conposition of claim1 wherein (B) i's a compound representgg Ry &ﬁe
formula 2 8 JUL 2005 335100 Il R5-CORO0-B--0R4 OR3 (B-1-1) mherelﬁ n
‘Formula (B-1-1): R, R2, R3 and R4 are independently hydrocarbyl groups of
1 to 12 carbon atons; and R5 and Rs are independently al kyl ene groups of 1
to 6 carbon atons. 8. The conposition of claim1l wherein (B) is a conpound
represented by the fornmula R3 15 20 25 30 R4 (B-11-1) R5 wherein in
Formula (B-11-1)7 R, R2, R3, R4, R5, Rs, R and R8-are independently

hydr ogen or hydrocarbyl groups. 9. The conposition of claimI| wherein (B)
is 2,2 -oxy-bis-(4,4,6-tinethyl- 1,3, 2-dioxaborinane). 10. The conposition
of claiml wherein (E) is a conpound regbesented by the formula . 2 8 JUL
2005 34 (E-I) . 5 10 15 20 wherein In Fotmula (E-1): each X independently
is -CHO or -CH2OH, each Y independently is -CH2- or -CH20CH2-; wherein the
-CHO groups conprise at least 10 nole percent of the X and Y groups; each
M 1s i ndependently t Ré.val ance of Gan

[ _
HO R5—CO—R5—O—?-—0 R* (B-1-1)
5 | R? _ OR®
wherein in Formula (B-1-1): R*, R?, R® and R* are independently hydrocarbyl groups

of 1 to 12 carbon atoms; and R® and R® are independently alkylene groups of 1 to

6 carbon atoms.

10
8. The composition of claim 1 wherein (B) is a compound represented
by the formula
R? R3
15
R! 0 0 R* (B-11-1)
\ yd
B-0O-B
/ AN 5
20 R® 0 0] ' R
R RS
wherein in Formula (B-I-1): R', R?, R%, R*, R®, R®, R’ and R® are independently
25 hydrogen or hydrocarbyl groups.
Q. The composition of claim 1 wherein (B) is 2,2-oxy-bis-(4,4,6-timethyl-
1,3,2-dioxaborinane).
30 10. The composition of claim 1 wherein (E) is a compound represented

by the formula
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al kali or alkaline earth netal ion; each Ris independently a hy%{ arbé@h
group containing 1 to 60 carbon atons; mis 0 to 10; n Is 0O or @

that when nis 0O the Mis replaced with H, and each p is |ndependently 0,
1, 2, or 3; provided that at |east one aromatic ring contains an R
substituent and that the total nunber of carbon atons.in all R groups is
at least 7; and further provided that if mis 1 or greater, then one of
the X groups can be -H 11. The conposition of claim1 wherein the

| ubricating oil. conposition is further conprised of at |east one ashless
detergent or dispersant, corrosion- inhibiting agent, antioxidant,
viscosity nodifier, pour point depressagf, friction nodifier, fluidity
“nodi fier. copper passivator or anti foam agent. 12. The conp05|t|on of
claim 1 wherein the concentration of boron in the lubricating oi
conp05|t|on Is in the range fromO0.01 to 0.2% by wei ght.

om), B oM), |

@) - Y@—-—- X @

5 . (R)p ' s (R)p | m

wherein In Formula (E-l): each X independently is -CHO or -CH,OH; each Y. '
independently is -CH2 or -CH,OCH,~; wherein the -CHO groups comprise at least
10 mole percent of the X and Y groups; each M Is lndependently the valance of an
10 alkali or alkaline earth metal ion; each R is independently a hydrocarbyl group

containing 1 to 60 carbon atoms; mis 0to 10; nis O or 1 provided thatwhen nis 0
the M lS replaced with M; and each p is independently 0, 1, 2, or 3; provided that at
least one aromatic ring contains an R substituent and that the total number of
carbon atoms in all R groups is at least 7; and further provided thatif mis 1 or.

15 greater, then one of the X groups can be -H.

11.  The composition of claim 1 wherein the lubricating oil composition is
~ further comprised of at least one ashless detergent or dispersant, corrosion-
| inhibiting agent, antioxidant, viscosify modifier, pour point depressant, friction

20 | modifier, fluidity modifier, copper passivator or anti-foam agent.

12.  The composition of claim 1 wherein the concentration of boron in

the lubricating oil composition is in the range from 0.01 to 0.2% by weight.



