WO 2006/ 022934PCT/ 1 | S2005/ 017684 FUEL AND LUBRI CANT ADDI TI VE CONTAI NI NG
ALKYL HYDROXY CARBOXYLI C ACI D BORON ESTERS | claimthe benefit under Title
35, United States Code, 120 of U. S. Provisional 5Application Number

60/ 589,571, filed July 21, 2004, entitled FUEL AND LUBRI CANT ADDI Tl VE
CONTAI NI N XY CARBOXYLI C ACI D BORON ESTERS. OF THE
INVENTICNGWQ?§%@?e 5RE} the Invention Thi s |nven¥$@§§$§5ye ated to
fuels, especially hydrocarbon fuels, and |ubricants especially lubricating
oils, and, nore particularly, to airig-oilS, and, nore particularly, to a
cl ass of antp.oxidant additives-having good lubricity, detergency, and rust
protection that are the reaction products of acidic organic conpounds, such

as hydrocar byl i S,
I5sueh as boric aEWFLA ﬁe@é@%ﬁ%ﬁ? ﬁﬁ‘ %ﬁﬁﬂw&ms
represent a major source of a$ Al kal i ne earth

sul f onat es, phenates and sal Iates are typlca y use nodem engi ne
oils to prOV| de del $ Sy Hatted StatesCode, é’fyr% PH@Y?@Q%%{ry
conponent $ gﬁﬂé’ ym ‘F’cﬁ“’sﬁﬁﬁalﬂ“ %‘HV PFrezo%(f“Hﬂ% B LUBRICA

| nconpl et e co (Y E GPNTAENIN ALK GE@RQ?S&CMF\BQWCI FQRQlﬁdge

deposits as WESTERS. car bon and var ni sh deposits. In the case of diesel
fuel, residual sulfur in the fuel burns in the conbustion chanber to

pr oduce sul fur derived aci ds. BACIKEROINR O BHEINVENHION on and corrosive

wear in the engine, and they also accelerate the degradation of the oil.
Neutral &Ad oler baEiell efshelnyention are i ntroduced into engine oils to

25neutralize these acidic conpounds preventing formation of harnful engine
deposits and - . Fhisinvention istelated to fuels, especially hydrocarbon fuels, and-Jubricants,

especially lubricatirig oils, and, more particularly, to a class of anti-oxidant additiveshiaving
good lubricity, detergency, and rust protection that are the reaction products of acidic organic
compounds, such as hydrocarbyl salicylic acids and esters thereef with boron compouﬁds,
15 such as boric acid.
2. Description of Related Art
Metal detergents represent a major source of ash in formulated engine oils. Alkaline
carth sulfonates, phenates and salicylates are typically used in modern engine oils to provide
detergency and alkaline reserve. Detergents are necessary components of engine oils for
20 both gasoline and diesel engines. Incomplete combustion of the fuel produces soot that can
lead to sludge deposits as well as carbon and varnish deposits. In the case of diesel fuel,
residual sulfur in the fuel burns in the combustion chamber to produce sulfur derived acids.
These acids produce corrosion émd corrosive wear in the engine, and they also accelerate the
degradation of the oil. Neutral and overbased detergents are introduced into engine oils to

25 neutralize these acidic compounds preventing formation of harmful engine deposits and




WD 2006/ 022934PCT/ US2005/ 017684 dranatically increasing engine life.

U S. Patent No. 5, 330,666 discloses a lubricant oil conposition useful for
reducing friction in an internal conbustion engine which conprises a

| ubricating oil basestock and an al koxyl ated am ne salt of a

hydr ocar byygabhdesfo¥ydosg acid of a defined fornula. 5U.S. E@‘flﬁ%ﬂéﬂﬁ?ﬁs?’ 688, 751
di scl oses that two-stroke cycle engines can be effectively lubricated by

supplying to.the engine a mxture of an oil of lubricating viscosity and a
hydr ocar byksubstituted hydroxyaromatic carboxylic acid or an
esteroirtsubsti htted. atni de, hydi oCar byl - substituted am de, ammoni um salt;
hydr ocar byiﬁan‘i e salt; ornonov ernt metal. salt thereof in an anount

suitabl e t '?’E%lf@@ PBereasing ST s i n said engine. The nixture 10supplied

to the engine c [ns ].es 0. 06 percent, hy wei ght of .di.val ent netal s.
Us "Patent No. S s 155 0L R8 et Tt olleoBipodfon i o SEER ot o
overbased netal lic detergent havin esium borate uni formally di,spersed
in an extr %"‘Pi"-ﬁéﬂtﬁﬂfflgf’@ﬁ’%s“gp f‘égq’b%/n"?’]gg F@“ﬂfﬁ&?ﬁ@#’ﬂ?ﬂuﬂg R@i?saﬂmé&?&d ric
acid. The preparation involves, reacting.a neutral_ syl phopate of an al kaline
earth net alalkgxylategaminesaliof a hydsogathysaliqylip geif of & defipe ﬁ‘ggﬁ“Eﬁanhydr ous

conditions in the presence of a dilution solvent faollowed by distillation
to remdve al cohdl-S-datenphip+5.6f8. 73l disclosss thah twesproke grsle Fredpss cathls sitspiinely
m xture is then cooled, filtered to recover magnesi um borated net al
det er gent , lvitricetediby sepplying 0 thsenigineta nixeis ofantoil of lbricaipgyirgodivy $p R si ng
performance, very good hydrol ytic and oxidation stability, and good extrene
pressure ariidregubylesubstisptepbydrpxygronmtic catboxylic acid or an ester, unsubstituted.amide,
‘hydrocarbyi-substitated amide, ammontum sait; hydrocarbylamine sait; or morovaient metal
salt thereof in an amount suitable to reduce piston deposits in said engine. The mixture
10 supplied to the engine contains less than 0.06 percent by weight of divalent metals.
U.S. Patent No. 5,854,182 discloses the preparation of magnesium borate overbased
metallic detergent having magnesium borate uniformally dispersed in an extremely fine
particle size by using magnesium alkoxide and boric acid. The preparation involves reacting
a neutral sulphonate of an alkaline earth metal with magnesium alkoxide and boric acid under
15 anhydrous conditions in the presence of a dilution solvent followed by distiliation to remove
alcohol and part of dilution solvent therefrom. The borated mixture is then cooled, filtered to
recover magnesium borated metal detergent, which is said to exhibit excellent cleaning and
dispersing performance, very good hydrolytic and oxidation stability, and good extreme

pressure and antiwear properties.

20




WO 2006/ 022934PCT/ 1 1 S2005/ 017684 U.S. Patent No. 6,174,842 discloses a
| ubricating oil conposition that contains fromabout 50 to 1000 parts per

mllion of nolybdenum from a nol ybdenum conpound that is oil- soluble and
substanti al I\x free of reactive sulfur, about 1,000 to 20,000 parts per
mllion of avO2006/02934 v| apmi ne, and about 2, 000 to 40, 000pqEWS260sRET6sdTi | | | ON

of a phenate. This conbination of 5ingredients is said to provide inproved
oxi dation control and inproved deposit control to the lubricating oil.
u.s..Patent N9..4,33.9,052 discloses a lubricating/oil conposition
fornnol i ne and di e(igllﬁl cortibustiOn-enifries- includes-a-mal O pordoirofan
Ol-Ofitibric-a.vis® -@ﬁN&@H&%dﬁa«:Mm1a&ic@9{nwimdaipo§itigﬂmp&§1%m% whi ch
is a sul furized, gverbased cal ci um phenate 10detergent derived tfrom m
distilled, h Brgsgﬁ%ti@@ ReES peyvniflicn ofinedllybdbriiviiren a@RslySdeRih %o 3&(‘3]9 0 %ww
of a conmponent B, which is an am ne salt of phosphorodithiol cPa %F%ﬁ
speci fied f orfiwble aad substantistly dree o saeniversutiursdtahd 1 dactd 28 00 Pr gui si onal
Appin. Serial No. 60/539,6590, filed January 29, 2004, S0 parts e m§‘°"° a
conposi ti on dYanineapdiaheut 2086 td 40,000 gastel 6dr “m‘i"%fgﬂiﬂj%k anh&, conpound,
a boron l5conpound, and a basic organic conpound. S Y “PHeIng | ON
ingredients is said to provide improved oxidation control and improved deposit control to the

lubricating oil.
. U.S. Patent No. 6,339,052 discloses a ubricating oil composition for.gasoline and
diesel internal combustion-engines includes a-major portion-ofan of-of f'li‘lfﬁé;f_iﬁg'viéébsity'; '
from 0.1 to 20.0 % wiw of a component A, which is a sulfurized, overbased calcium phenate
10 detergent derived from distilled, hydrogenated cashew nut shei] liquid; and from 0.1 to 10.0
% wiw of a component B, which is an amine salt of phosphorodithioic acid of a specified
formula derived from cashew nut shell liquid.
Provisional Appln. Serial No. 60/539,590, filed January 29, 2004, discloses a
composition comprising the reaction product of an acidic organic compound, a boron
15 compound, and a basic organic compound.
SUMMARY OF THE INVENTION
According to the present invention, metal-free detergents and anti-oxidants are
prepared by reacting an acidic organic compound and a boron compound.
More specifically, a lubricant additive with good lubricity, detergency, rust protection
20 and antioxidant properties is prepared by first alkylating salicylic acid with, preferably, an

olefin having at least six carbon atoms to produce an alky! salicylic acid. The alkyl salicylic



According to the present invention, netal-free detergents and anti-oxidants
are prepared by reacting an acidic organic conpound and a boron conpound.
More specifically, a lubricant additive with good lubricity, detergency,
rust protection 20and anti oxi dant properties is prepared by first

al | cyl at i ngWoA00642P3¢ acid with, preferably, an ol efi n krevisposhizésgast six
carbon atons to produce an all6rl salicylic acid. The alkyl salicylic WO
2006/ 022934PCT/ 1 1 S2005/ 017684 acid is reacted with boric acid to produce a
reacti on product with good fuel and |ubricant solubility with the above
menti oned properties. Preferably, the acidic organic conpound is

sel ected fr auil istreaceidovith eid akigltd Pradele adbdekbn Srasd: Wit g8k il a}nﬁ‘i%ﬂrﬁ cids,

di -substituted salicylic acids, oil soluble hydroxy carboxylic aclds,

Ssalicylic amitdligatitheaé %@gmeﬁﬁgnfeglg,f@%g@i ning cal i xarenes, and the acidic
structures disclosed in U S. Patent Nos 2,933, 520; 3,038, 935; 3,133, 944;

3,471,537 4,82 : 19 1 246 : BA6. o
o als a4 g 7o Trerebl e b oldanicboniBunt{tt selected il 6 ratp agaii of et

3 car bon at e taed Ry iy N R G APR, PR ERR Mo ERbSFr 6588 g,
1 31 Gt e i ey B G
rodust pr ouFuRaB, 24lalsadt s 315 M bl i asen e gl e "
eyl uat e uesiionddesRep saksls L sadpexcel ent anci oxfdant per for mance
Compr ai ng e S EPIBSOPaRTCen g AR oy bor e HGHpBn R ANER # bor on
conpound. alkyl groups preferably comprise from 1 to 4 carbon atoms each, alkyl boric acid, dialky!

10 boric acid, boric oxide, boric acid complex, cycloalky! boric acid, aryl boric acid,
dicycloalkyl boric acid, diaryl boric acid, or substitution products of these with alkoxy, alkyl,
and/or alkyl groups, and the like.

The reaction product provides excellent detergency and cleanliness to an oil when
evaluated using the panel coker test and excellent antioxidant performance when evaluated

15 using pressure differential scanning calorimetry (PDSC),

More particularly, the present invention is directed to a composition comprising the
reaction product of an acidic organic compound and a boron compound.
In another aspect, the present invention is directed to a composition comprising;
(A)  alubricant, and
20 (B)  atleast one reaction product of an acidic organic compound and a boron

compound.



I n anot her aspect, the present invention is directed to a conposition
conpriaing: (A)a lubricant, and 20(B)at | east one reaction product of an
aci di c organi c conpound and a boron conpound. WO
2006/022934&%%%U82005/017684 In still another aspect, the present invention
i s directed W% Hosition conpri sing: (A) a hydraszmberssuel , and
(B) at |east one reaction product of an acidic organic conpound and a boron
conmpound. 5l n yet another aspect, the present invention is directed to a
met hod for reducing friction in an internal conmbustion angi na which.
co_nwisos oparating the engine with a lubricating oil containing an
amount : ef f ect i velit siillandtheeashéck, ahd groschi 1h{?&1u6@ﬁ;<iﬁx'e&9d W%H{FB H%‘L&ﬁlﬂmﬁ Lc
organi ¢ conpound and a-bciroritonpound. -DESCRI PTI ON OF fi REFERRED
EMBCDI MENTS 10Th{4&) i nvkydrécarboh @leBlagd t 0 | ubri cant conpositions conprising
an addi tive conprising boron, which provides inproved det ergencS, and

oxi dation stabil{®B)y idtlas dn@&&ﬁf@prgdmpé%lagﬂwed? erploundT&%aq%?cL' cant
conposition conprises (a) a major amount of rican rlcatlng
oi | and (b)cémpdvn@r anount of an additive that |s the reaction product of
an acidic organic conpound and a boron conpound. 15The Acidic Organic

Conpounsls sp@ét,glﬂg S&Pﬁp%{aﬁ?s ﬁ% eéjm'e%[:«&&r r g@tg: f 3t 25

t he present |nvent|on i ncl ude t are no Ilmte

salicylic agicHsn ity lﬁﬁhﬁ él%ﬂéifng Whl nsseu PF’H?I'B&%? %ﬂgmeﬁé&rao_).(y

car boxylic acids, sallcy |c “act |xar

(238|9{’3>§ agggesl b%%‘g ggg c@:@h@g@ a@&&'ﬂ&&t%ﬁg&w osr%lil?csse%qcuOn o'thhe rea E.):%gz? g}odlll\clz? of an.

acidic organic compoind and a-boron‘compotind.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

10 This invention relates to fubricant compositions comptising an additive comprising
boron, which provides improved detergency and oxidation stability in an internal co;nbustion
engine oil. The lubricant composition c&mprises (a) a major amount of a lubricant, e.g.,
lubricating oil and (b) a minor amount of an additive that is the reaction product of an acidic
organic compound and a boron compound.

15 The Acidic Organic Compounds

The acidic organic compounds employed in the practice of the present invention

include, but are not limited to, alkyl substituted salicylic acids, di-substituted salicylic acids,
oil soluble hydroxy carboxylic acids, salicylic acid calixarenes, sulfur-containing calixarenes,
and the acidic structures disclosed in U.S. Patent Nos. 2,933,520, 3,638,935; 3,133,944,

20 3,471,537, 4,828,733, 6,310,011; 5,281,346; 5,336,278;5,356,546; and 5,458,793.




203, 471, 537; 4,828, 733; 6,310,011; 5, 281, 346; 5, 336, 278; 5, 356, 546; and
5,458, 793. WD 2006/ 022934Per/ 1752005/ 017684 The substituted
salicylic acids enployed in the practice of the present invention are
comercially available or may be prepared by nethods known in the art,
e.g., U S wenwesn2299e. 5, 023, 366. These salicylic aci ds peigsgiosibfgssf or mul a:
S 10wherein R is a hydrocarbyl group, preferably of fromlto 30 carbon
atons, and a is an integer of 1 or 2. Wiere ais 2, the R groups are

i ndependently selected, i.e., they may be the sane or different. As

enpl oyed herein, the term "hydrocarbyl" includes hydrocarbon as well as
substantially hydrocarbon groups. "Substantially hydrocarbon"” descri bes
groups that contain 15heteroat om substituents that do not alter the

dom tly h . .of th : . I f hyd byl
O oups. 1 mel ude 1he SRRFIBREAEVH 58 crlphG e R prach oo trameient Hveation E7 phat | o
cycl oal kenyl

9., alk 1), alicycli g | kyl ,
Subst | t uent 2 ereMIEDHable e e prepmto pE gl ko i .. By Pent

alicyclic-subst, aromati.c substityents, and the like, as well as
cyclic subs |'§’tt9g§rf?é£\c:ﬂﬁeeﬁa CY5iaRids pre EH?SOTB‘HBI eted through another portion
of thesnnlecule (that is, for exanple, any two

10 wherein R' is a hydrocarbyl group, preferably of from 1 to 30 carbon atoms, and a is an
integer of 1 or 2. Where a is 2, the R' groups are independently selected, i.e., they may be
the same or different.

As employed herein, the term "hydrocarby]" includes hydrocarbon as well as
substantially hydrocarbon groups. "Substantially hydrocarbon” describes groups that contain

15 heteroatom substituents that do not alter the predominantly hydrocarbon nature of the group.

Examples of hydrocarbyl groups include the following;: |
(1) hydrocarbon substituents, i.c., aliphatic (e.g., alkyl or alkenyl), alicyclic (e.g.,
cycloalkyl, cycloalkenyl) substituents, aromatic substituents, aromatic-, aliphatic-, and
alicyclic-substituted aromatic substituents, and the like, as well as cyclic substituents wherein
20 the ring is completed through another portion of the molecule (that is, for example, any two

indicated substituents may together form an alicyclic radical);



i ndi cated substituents may together forman alicyclic radical); WO
2006/ 022934PCT/ US2005/ 017684 (2) substituted hydrocarbon
substituents, i.e., those substituents containing non-hydrocarbon groups
whi ch, in the context of this invention, do not alter the predom nantly
hydr ocar bonWR20%229%4 t he substituent:; those skilled i neeirBsmesnivisk! be
aware of such groups (e.g., halo, hydroxy, mercapto, nitro, nitroso,

sul foxy, etc.); 5(3) het er oat om substituents, i.e., substituents that will,
whil e having a predom nantly hydroParhOn character within the context O
this invention, Mtaiii an atOmtabor than carbon inie.sent ma ring or

chai n. ot her wi se. €rmpbstiadediliydravarbon sibsBfuits i.c. oth substﬁﬁbmﬁ'i?hf% Afﬁ’é ddiL 0) -
Sititable- hgty;rooatons wi | | bet pparentto. t host of ordi nary s

in-tha-art carbordgrpuisovhiets &tk eontéitd bf MlsimRANEER nd s

subst i tuentsh as, e.g., pyridyl, finyl, thienyl . 10 m dagt%P@QPred 'PE’am

Pref erably, M(h'omrbmﬁdn&aoﬁtlﬂsuibsﬁmeﬁmth@s kaﬁ@{nad? none hetero
substituent will be present for every teen car bo%l%ggrglnég)ﬁ{v?ar es“FE/%‘}DBQ?ar byl

group. Most (pg.cliaks, dbtingxy, inh@éaptolitdo, MGod0s Lﬁféﬁp g’t eroat om substituents in
t he hydrocarbyl group, i.e., the hydrocar Up is purely hydrocarbon.

In the $ornmul a dgsastklosd l.es of R .include,
o aPRGiRents, Ssu eﬁ&ﬁﬁ%the%rﬁgﬂﬂ%ﬁ,{e@@a%& h one

but are 15not |imted to, unsubstituted pheny
or nore al kitydrogaehnTharddiewiain TR B ropyl.,. but entyl hexyl
heptyl, octyl, nonyl, decyl’, 1|lsom:3rs}[to?{hh%nv B?%g ntﬁ:&an ﬁ’é‘"? & thingarbon

phenyl SUbSPﬂewﬂfﬁCbﬁﬂgtd?cﬁé]ﬁoﬂkéwﬂ&rc%nﬁhééﬁﬁ‘ﬁgg EE‘HQ@,(S@ ch as rret ho% et hoxy,

20pr opoxy, but oxy,””pént oxy, “hexoxy, -fiept-ox
i soners of -§ditble heteroatoms-will-be- apparent to-those-of ordinary skili in-the -art—and- incl-tidé; for
example, sulfur, oxygen, nitrogen, and such substituents as, €.g., pyridyl, furyl, thienyl,
10 imidazolyl, etc. Preferably, no more than about 2, more preferably no more than one, hetero
substituent will be present for every ten carbon atoms in the hydrocarbyl group. Most
preferably, there will be no such heteroatom substituents in the hydrocarbyl group, i.e., the

hydrocarby! group is purely hydrocarbon.

In the formula described above, R' is hydrocarbyl. Examples of R! include, but are

15 not limited to,

unsubstituted phenyl;

pheny] substituted with one or more alky! groups, such as methyl, ethyl, propyl, butyl,
pentyl, hexyl, heptyl, octyl, nonyl, decyl, isomers of the foregoing, and the like;
phenyl substituted with one or more alkoxy groups, such as methoxy, ethoxy,

20 propoxy, butoxy, pentoxy, hexoxy, heptoxy, octoxy, nonoxy, decoxy, isomers of the

foregoing, and the like;




foregoing, and the like; W) 2006/ 022934PC T/US2005/017684 phenyl
substituted with one or nore al kyl am no or aryl am no groups; naphthyl and
al kyl substituted naphthyl; straight chain or branched chain al kyl or
al kenyl grouﬁfmﬁ%@%%gning fromone to fifty carbon atons, including, but
not limted t0, §I, ethyl, propyl, butyl, pentyl, h@Crlus2desptrgdd,
5octyl, nonyl, decyl, undecyl, dodecyl, tridecyl, tetradecyl, pentadecyl,
hexadecyl, heptadecyl, octadecyl,.oleyl, nonadecyl, eicosyl, hprtclcosyl,
docosyl, tricosyl, tetracosyl, pcntacosyl, triaconlyl, isoners of the
foregoing,. and the like; and *Clicikri 'groups, such- as:cycloperityl,
eyei tiliexyl,, ay&henykeubstitpted with oot akebiylajkybading e ko HARR6 Yloupd Ol t Wi || be
noted that these salicylic acid derivatives can be either nbriosubstituted
or di substi t ut edhaphthy! andwilen sabstimtddhmaplithylrul a equal s 1 or 2, respectively.
Salicylic acid calixarenes, for exanple those described in U S. Patent No.

6, 200, 936, the dbtsaiths shaieonfranthéddhalnsality) GPIREH RES NSRS erence in
its entirety, can be used as the acid cgnggg%ds %Hﬂﬁéﬁgnégé%éﬁﬁﬁ§

i nvention. Sybén gainkinclading bk hsieed i@yhe?gl),e f:t'ﬂ?i\:,/\%lo.b%, b&9), by IRSYE Lgp%yl,

conpounds conprising munits of fornmula (
2006/ 022934 Payl, WSHOEEEN,1HASY ], dodecy], tridecyl, tetradecyl, pentadecyl, hexadecyl, heptadecyl

octadecyl, oleyl, nonadecyl, gicosyl, heneicosyl, docosyl, tricosyl, tetracosyl, pentacosyl
trigcontyl, isomers of the forsgoing, and the like; and

- -é;ééllic--ﬁlffkjflf-éireﬁﬁs,such-'-és'—-é&é’l"c’:ﬁéﬁtyi';eyéib“h’ekjki, cycloheptyl; cyciooctyl, and
cyclododecyl.

i0 It will be noted that these salicylic acid derivatives can be either monosubstituted or

disubstituted, i.e., when a in the formula equals I or 2, respectively.

Salicylic acid calixarenes, for example those described in U.S. Patent No. 6,200,936

the disclosure of which is incorporated herein by reference in its entirety, can be used as the
acid compounds of the present invention. Such calixarenes include, but are not limited to

15 cyclic compounds comprising m units of formula (Ia):.

(R,
HO
20 COOR’




and n units of formula (Ib): j oi ned-together to formaring; wherein each
Y is a divalent bridging group which may be the sane or different in each
unit; le is Hor an alkyl group of 1 to 6 carbon atonms; R5 is H or an

10al kyl QVOLWO%M{?E&»,PO carbon atons; and j is 1 or 2; R3 is hydrogen, a
hydr ocar byl or a hetero-substituted hydrocarbyl group; ePEFE32008/017684 hydr oxy
and e and R4 are independently either hydrogen, hydrocarbyl or

het er o- substituted hydrocarbyl, or |e and Ware hydroxyl and R is either
hydr ogen, hydrocarbyl or hetero-substituted hydrocarbyl; mis from1l to 8;
nis at least 3, and m+ nis 4 to 20. 15Wen nore than one salicylic acid
unit is pres8it yHtsphformplagl)i e, nel), the salicylic acid units (formula
(la)) and phenol units (fornmula (Ib)) are distributed randomy, although
this does not exclude the possibility that in sone rings there nay be
several salicylic acid units joined together in a row. WO
20061022934PCTI US2005/ 017684 Each Y pdy i ndependently be represented by the
formula (CH 2.6)d in which 126 is

R* R*
R_a

+ Joined together to forin a-ring; wheréi eact Y is o divalont bridging grous which may be the
same or different in each unit; R® is H or an atkyl group of 1 to 6 carbon atoms; R’ is H or an
10 alky! group of 1 to 60 carbon atoms;and jis 1 or2; R%is hydrogen, a hydrocarbyl or a
hetero-substitqted hydrocarbyl group; either R’ is hydroxy and R? and R are independently
either hydrogen, hydrocarbyl or hetero-substituted hydrocarbyl, or R and R* are hydroxy!
and R!' is either hydrogen, hydrocarbyl or hetero-substituted hydrocarbyl; m is from 1 to § ;n

isatleast 3, and m + n is 4 10 20.

15 P
When more than one salicylic acid unit is present in the ring (i.e., m>1), the salicylic

acid units (formula (Ia)) and phenol! units (formula (Ib)) are distributed randomly, although

this does not exclude the possibility that in some rings there may be several salicylic acid

units joined together in a row.



[ rogen or hydrocarbyl and d is an integer which is at least 1. In
ghghg:mgé?nggt, R6 cgnt ai ns { to 6 carbon atoms, and in one enbodinent it
is methyl. In one enbodinent, dis from1l to 4. Y may optionally be
sul fur rath h CHlr)d in up to 50% of the units, such 5that the anmount
of sul fur iﬁ‘f:%#“ﬁ@&&%séd in the nolecule is up to 50 nol e PAI/USEO0SONT684
enbGdi rneut, the ampunt of sulfur is between 8 and 20 mole % and in
oneenbodi t hent the conpound is sul fur-free. For conveni ence, these
conpounds are sonetinmes referred to as "sahxarenes and their rrgt al salts as
“salixarates". 10ln one enbodiment, Y is CH2 ; 121 is hydroxyl; 122 and R4
are i ndependent | JFagh {i’hmyih@cm:@ﬂthyb&mﬁ@m&amylth&anmgRgmzﬂp%gh%%db R
hydr ocar byl ; i s either hydrocarbyl or hetero- substitut hydrocar byl ;

| : . : 040
is H Wis efl hydtogenm onhydnicalbyk and AGs SARREE vAHiQITS at 104 ei:?n%'e)é Ren
carbon atons, nore preferably 6 to 25 carg‘gn atons; and m nmﬁgi' 5 tviut:1
of at |east contajs &fte6 adrbyn Abmb,aaé tn dhe eHiBBcﬁmQﬁt‘ifi%hﬁﬁng. ﬁtoi.'ﬁggﬁéq{@e% 5
is 1 or 2. Preferably, mis I. 1é5|n grotha;ytenlgg Iﬁﬁni,e o0 4 car bon
hydr ogen; R3rons! toydir v aay bytionaly 86 aN@blaheR Iy (Citke) G 9 -

a%/o;ns? more preferably _grgéterythan 9 car bon. at ok, ﬁo%o&ﬂf’lﬁwﬂgﬁm 1+ N
is fronf6 t thalthe amdntrofis@lfid iforpérated in the molecule is up to 50 mole %. In one

embodiment, the amount of sulfur is between 8 and 20 mole %, and in one.embodiment the
compound is sulfur-free. E

- For-convehience; these-compounds aré sometimes referred to'as “salixarencs” and
their metal salts as "salixarates".

10 In one embodiment, Y is CH, ; R' is hydroxyl: R? and R* are independently either
hydrogen, hydrocarbyl or hetero-substituted hydrocarbyl; R is either hydrocarbyl or hetero-
substituted hydrocarbyl; R® is H: R is an alky! group of 6 to 50 carbon atoms, preferably 4 to
40 carbon atoms, more preferably 6 to 25 carbon atoms; and m + n has a value of at least § .
preferably at least 6, more preferably at least 8, where mis 1 or 2. Preferably, mis 1.

15 In another embodiment, R? and R* are hydrogen; R is hydrocarbyl, preferably alky)
of greater than 4 carbon atoms, more preferably greater than 9 carbon atoms; R’ is hydrogen;

m+nisfrom6to12;and mis1 or2.
For a review of calixarenes, see Monaographs in Supramolecular Chemistry by C.
David Gutsche, Series Editor-J, Fraser Stoddart, published by the Royal Society of
20 Chemistry, 1989, Calixarenes having a substituent hydroxyl group or groups include

homocalixarenes, oxacalixarenes, homooxacalixarenes, and heterocalixarcnes.
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For a review of calixarenes, see Mnographs in Supranol ecul ar Chem stry by
C. David GQutsche, Series Editor-J. Fraser Stoddart, published by the
Royal Society of 20Chem stry, 1989. Calixarenes having a substituent
hydroxyl group or groups include honocal i xarenes, oxacal i xarenes,

hormooxacal | ¥2r8¥&234nd het er ocal i xarenes. WD 2006/ 02298WBEMH4452395/ 017684
Sul fur-containing calixarenes, for exanple those described in U S. Patent
No. 6, 268,320, the disclosure of which is incorporated herein by reference
inits entirety, can also be used as the acid conmpounds of the present

i nvention. Such calixarenes include, but are not limted to, conpounds
represented by fBulfricantbining:calixarsHas, 16 dkampleifisEHbsRribdd i) U Patnfygli val ent
bridgi ng group, at |east one of said bridging groups being a sulfur atom
R3 i s hydr 0§£68,820, shehlisttaz a0 Which i ©MBorps i roxyl and R2 and

15l e are i ndependently either hydr ogg%lp%?{eﬂ%@oﬁlcbgr%@ge&g ‘¥§n‘gﬁﬁ=?ﬁ."@°are
hydr oxyl antle iRed asthe atil @bmBiBHS byl . apd. n is a nynber having
a val ue of at |east 4. ml ng?gﬁﬁnl{?lségy%?%@h\{gp%h %HW%FE}?&dﬁr Ui§F ng
group or a fétllimited &, @FMPbdnd ' at least one Y group is a

sul fur atom The dival eir%ét’ b?feggsﬁg%mgﬁ&%@n not a sulfur atom can be a
di val emd hydrocarbon group or dival ent hetero-substituted hydrocarbon group
of 1 to 18 20 -carbon atons, and in d enmbodinment, 1 to 6 carbon
atonms. The heteroatons can be

10

wherein in formula (IT): Y is a divalent bridging group, at least one of said bridging groups
being a sulfur atom; R? is hydrogen or a hydrocarbyl group; either R is hydroxy! and R* and
15 R are independently either hydrogen or hydrocarbyl, or R® and R* are hydroxyl and R is
either hydrogen or hydrocarbyl; and n is a number having a value of at Jeast 4.
In formula (1), Y is a divalent bridging group or a sulfur atom with the proviso that at
least one Y group is a sulfur atom. The divalent bridging group, when not a sulfur atom, can
be a divalent hydrocarbon group or divalent hetero-substituted hydrocarbon groupof [ to 18

20-  carbon atoms, and in a preferred embodiment, 1 to 6 carbon atoms. The heteroatoms can be

11




WD 2006/ 022934PCT/ US2005/ 017684 -0-, -NH, or -S-. n is an integer that
typically has a value of at least 4, preferably from4 to 12, nore
preferably, 4 to 8. In one enbodinment, n-2 to-n-6 of the Y groups are

sul fur atoms, in another enbodinment n-3 to n-10 of the Y groups are sul fur
at ons, andWn2e6/02293d enbodi nent, one of the Y groups ipgTarsseek/mhiressat om
Preferably, the amount of sul fur 5incorporated in the calixarene is between
5 and 50 nole % such that between 5 and 50% of the groups Y in fornula
(1'1) gre.sulfur atons. Mre preferably, the anmount of sulfur is between $.
and 20 mole % when- Y-i s-not-a-sul turatom t

i s-adi val . 1050 f | d.in whi i "t h

T A i
i's u :

prefer gbl y,elrz(?p’lt0 )c/)e Ige%éaég%b%\%a .?hgge %QE%%P%@F)T%&"H&QQ%S%WPWW}H PPBpy|

butyl - penty

tridecyl, t e%?%ﬁéé]lbbd%gﬁtbg%@c'gﬁ XrLtg?( g% o agffgﬁ“aﬂﬂ‘gg;%‘}/’g@ttg}gggwl "isomers
or of or abl y eHepRsa Sl i inamufE oy Brefeabis, Grmovstotsiive, t he term
are br S or ABFPPHOLE e Cofarie s ROFeR SR anale by cbbatpetwoen S i oF -5
TSP SR SR o oo oo st 1
be derived from ol efin, for exanple polyethylene, polypropylene,
pol ybut yl e.ﬁ%ﬁﬂ?ﬁ!}.ﬁ@ﬁﬁ%ﬁ!ﬁ%yl ene,-.or..a polyal efin 20copol yner, for exanple
50061 052684P0r | R85 GBPGmPBRRer T T nbta sl Aot e io GBIt Svoup roppeioriad by
the formula (CHR®), in which R® is either hydrogen or a hydrocarbyl group and d is an
10 integer ﬂﬁt is at least one. R® is preferably a hydrocarbyl group group of 1 to 18 carbon
atoms, more preferably, 1 tp 6 c;arbon atoms. Examples include methyl, ethyl, propyl, butyl,
pentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl, tridecyl, tetradecyl, pentadecyl,
hexadecyl, heptadecyl, octadecyl, isomers or the foregoing, and the like. Preferably, d is
from 1 to 3, more preferably 1 to 2, and most preferably, dis 1. As defined above, the term
15 "hydrocarbyl groups" includes hetero-substituted hydrocarbyl groups, and are preferably
those in which the heteroatom, typically -O-, -NH-, or -§-, interrupts a chain of carbon atoms,
an example being an alkoxy-alkyl group of 2 to 20 carbons. ‘
R? is hydrogen or a hydrocarbyl group, which may be derived from a polyolefin, for
example polyethylene, polypropylene, polybutylene, or polyisobutylene, or a polyolefin

20 copolymer, for example an ethylene/propylene copolymer. Examples of R® include dodecyl

12



and octadecyl. Heteroatons, if present, can again be -0-, -NH, or -S-.

These hydrocar byl groups preferably have 1 to 20 carbon atons, nore

preferably, 1 to 6 carbon atons, Either R is hydroxyl and R2 and Ware

i ndependent | hydrogen or hydrocarbyl, or R2 and fel are hydroxyl

and R is em@?&%ggcf#ogen or hydrocarbyl. In one 5enbodiPFERIS2005017684

hydr ogen, R2 and 10 are hydroxyl, and IV is either hydrogen or hydro. carbyl

inthe formula. (ii) and the ealixarene is a resorcinarene. The hydrocar byl

groups preferably, have 1 to 24.carbon.atonms, nore preferably 1 to 12 carbon

atons. The hettroatorns; wheirpregentican-Nlt, of .S-a. In one enmbodinent,

Y is either ¥dorgdecy}. Hegtrontumns, ifipreseat, earf dpain Héne—,ONH_l,%r YS-fi"lﬂe%Z@dﬂot?arbyl

10hydrogen and the other is hydrogen or hydrocarbyl; le an are

i ndependent |8fouspreferably aegetn 20 carbyslate@a otk prefeably, S tpg%@ggég%l " nis 6;

and e is at least |, preferably 1 to 4, nore preferably, 1. re?'erably, R2

and 124 are hydr &ither Ririshyl2ox31 aril Kiyaela RE ave Bydeperdb@iyad: | kyl of greater

t han 4, m);rg1 preferably greater than 9, m)stepepref gf%@?yﬁglgfoggl{%rr than 12

car bon at ondydmpatbyiner R¥fandRR" ar@ hydixyl and ¥ Ui QE6S K ot her. is_either

hydr ogeg or alkyl, preferably 15hyd* ogen. ® ?ﬁgg%@sgﬁ%f’%byl' Inone

sul f ur - eont ainhodimenR! sy &idesH, RY MR dryh | ar i ght bel ow 1880.
RE) dR BT Bt

Preferably, the nol ecul ar wei ght of the 'su r-conta %arene is

from 460 t oht@drbylid e ESrRuR(BPLM nosk, preferably 460 to
1750. WD 2006/ 023934PCT/ uszo(o‘g/ '0"1&7166%5‘5 éﬁcfsgA%"i%%g"a&"é‘g'ch“g'éV&rqcﬁt | groups,t ent

Nos. 2, 933, bdfrably RA8.19854. : 37: A 828.733: 5. 281, 346:
5, 336, 278; g 356 546" gg g‘égﬁ“g%'gﬁ@%ﬁé’%g’%’%}ﬁylymﬁ athon atogis The of

‘heteroatoms; when-present;-can be-~0, RNz, 6f =8=,
In one embodiment, Y is either sulfur or (CR'R®),, where either one of R” and R® is

10 hydrogen and the other is hydrogen or hydrocarbyl; R and R* are independently either

hydrogen or hydrocarbyl, R® is hydrocarbyl; n is 6; and e is at least 1, preferably 1 to 4, more

preferably, 1. Preferably, R? and R? are hydrogen and R’ is hydrocarby!, preferably aiky! of
greater than 4, more preferably greater than 9, most preferably greater than 12 carbon atoms;

and one of R” or R® is hydrogen and the other is either hydrogen or alkyl, preferably

15 hydrogen.

The foregoing sulfur-containing calixarenes typically have a molecular weight below
1.880. Preferably, the molecular weight of the sulfur-containing calixarene is from 460 to

1870, more preferably from 460 to 1800, most preferably 460 to 1750.
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whi ch are incorporated herein by reference in their entirety, can also be
used as the acid conpounds of the present invention. 5Mdre specifically,
such acids include, but are not limted to, conpounds of the formula: ti -
Ho- Ar - C- Ar - gﬁa £§§€l wherein Rl is hydrocarbon or halogen, R2 is

hydr ocar bon, I'S Substituted or unsubstituted aryl. USRGETAIS20050pms8dS
simlar to these include 3,5,3 ,5 -tetra-substituted 4, 4'- di hydroxynet hyl
carboxylic acids, acids of the fornula WD 2006/ 022934PCT/ US2005/ 017684
wherein X and X are independently selected fromthe group consisting of
hydrogen, hydrocarbyl, halogen, R is polynethylene or branched or

unbr anched a||cy|mc1ememtssomémk 12 % sent,
and when x is 1, Ris present, and R Olss 9?“;3 32‘3’2@%9 r 1(1353?;'
E‘C'g, gg gzg sad, 828, 73055,08 0k 5R38h R, s B9k SAY. 5'51‘3§ 793 an§%*3?61311 ?heBd?s%lo%ngs of

which are incorporated herein by reference in their entirety, can also be used as the acid

compounds of the present invention.

3 _More specifically, such acids include, but are not limited to, compounds of the
formula:
R
Hé—Ar—"'(li——Ar-—'dH |
I
10 COOH
wherein R, is hydrocarbon or halogen, R, is hydrocarbon, Ar is substituted or unsubstituted
aryl. Useful compounds similar to these include 3.5,3',5'-tetra-substituted 4,4'-
dihydroxymethyl carboxylic acids, acids of the formula
15
O0H
X OH T HO
>
X C X'
)
R
X X X X

20
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S, 458, 793; and63 10,01 1. are: simlatto the..abnve and are al so
contenplated for Use in the practice. of the present invention, as are

t hose. of . t hef ormul a wherein RI and R2 are hydrogen, hydrocar byl
groups cont %6‘5&}902}9}40 18 carbon atons, or 15tertiary al kyl or arylallcyl
groups contal ni ng to 8 carbon atons (but both Nand R2 BEI/isge050E768¥y dr ogen)
R3 and R4 are independently selected fromthe group consisting of hydrogen,
hydr ocar byl groups, atylal kyl groups, and cycloallcyl groups, and x = 0 to
24. G | sol ubl e hydroxy carboxylic acids including, but not [imted
to, 12-hydrox% stearic acid, alpha hydroxy carboxylic acids and the like

can al so be i Yethd 38 aielindependdinty seReRapoHEl i Ldloayention. WO
2006/ 022934PCT/ | JS2005/ 017684 The Bor on Conpof,lglf gﬁ%sgﬁ‘ﬁ‘gﬂ%’r"gﬁn'conpound

can, for exécyptoearbplehdlogenCR #polymethyldrie 3k biaYibhed 8F @ﬁb?aﬂcﬂe{amcygh ¢ h%ﬁ%% mglr acid

groups preferably conprise from1l to 4 carbon atons each, Wyﬁfr‘

di al kyl borilciagihen bigizke, R dbSent, BAH WhePf I ﬁq%‘{egﬁ% ﬁﬁ%ﬁgg%&%g bori c acid,

aryl boric acid, 5dicycloal kyl boric acid, dia 1 or
substituti omyfoegbgt s of these with al koxy, alkyl,

5 The acids and salts describf:d in U.S. Patent Nos. 5,281 ,346; 5,336,278; 5,356,546;
5,458,793; and 6,310,011 are.similar to the above and are also contemplated for use in the

practice.of the. present invention, as are those of the_formula

R
10 HO\ p———
C

1,*3
?J \ /°H
R4

wherein R, and R, are hydrogen, hydrocarbyl groups containing 1 to 18 carbon atoms, or
15 tertiary alkyl or arylatky! groups containing 4 to 8 carbon atoms (but both R, and R, cannot
be hydrogen) R, and R, are indepeﬁdently selected from the group consisting of hydrogen,
hydracarbyl groups, arylalkyl groups, and cycloalkyl groups, and x = 0 to 24,

Oil soluble hydroxy carboxylic acids including, but not limited to, 12-hydroxy stearic

acid, alpha hydroxy carboxylic acids and the like can also be employed as the acidic

20 compound of the present invention.
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and/or.group, and the like. 13prip agid tureen:ed. These.action of the
boron_conpound. with the. acidic conpounds ofthe present invention
cartibeiffe-eted-in-any suitabl e-manner. - In one nethod the

acidic conp oron conpound are refluxecl in the presence 10of
sui tabl e so%g‘{“@&qﬁ% udi ng napht ha and pol ar sol vent s, rETaIs2@s/owesser and

nmet hanol . After sufficient tinme the boron conpound dissolves. Diluting oi
can be added as needed to control viscosity, particularly during renoval of
solvents by distillation. An al cohol, including aliphatic and aronmatic

al cohols, or a nercaptan, including aliphatic and aromati c mercaptans, can

be included in the reaction charg@heBoffeCéiponidsPhati ¢ 15al cohol s incl ude
nmet hanol , et hanol, propanol, butanol, pentanol, hexanol, heptanol, octanol,

nonanol , decanol Ihelhu:tenaditﬁ;bqundedﬁﬁﬁ@ﬁm 14, bk 9&?@&?& atﬁﬁ%ﬁgggedgnwmch the

pentadecanol hexadecanol , heptadecanol oct adecanol

ei cosanol , laﬁwhgnﬁpstmeﬁaﬁel&r compfselfifn | t&?carﬂ%r %&ﬁ‘lﬁ] alag(gﬁgﬂt i c. aI cohol s
e

i ncl ude phenol cresol, xylenol, and the iC

phenol noi ebyrinayd, lbemebh&é bbyid R5H i %y(!{ s..or_ 1:hioal oxy gr oups.
Preferred 20ner capt ans i ncl ude butylphb %l)Jéapt Hbong ﬁ‘f‘yﬁ"yﬁw an, hexyl

mer capt&n, HiepdlydlkyTObEARLAN; / 4PCT/ 1352005/ 017684 octy
ner capt an, noﬁill n}g?capt an, el\(g%lg%(?(?ga@ i Ponrpdg%ﬂ?fscl%ééeé%mtﬁﬁlko’ﬂbal&fkll

gﬁ:jc?ﬁ;arl kgﬂﬂbrtaﬂ@l kﬂOKﬁs a&ﬁth@’ﬁk& E?o?lctagld?@prgfgrred thiocresol, thioxylenol,

... The.reaction of the boton compound with the acidic compounds of the present
' iﬁvéﬁiiibﬂ5éﬁ3ﬁ3%%f@5%y-5suit§5?e-iﬁ%.x=iii€f: BT
In one method the acidic compound and boron compound are refluxed in the presence
10 of suitable solvents including naphtha and polar solvents, such as water and methanol. After
sufficient time the boron compound dissolves. Diluting oil can be added as needed to control
viscosity, particularly during removal of solvents by distillation.

An alcohol, including aliphatic and aromatic alcohols, or a mercaptan, inciuding
aliphatic and aromatic mercaptans, can be included in the reaction charge. Preferred aliphatic
15 alcohols include methanol, ethanol, propanol, butanol, pentanol, hexanol, heptanol, octanol,
nonanol, decanol, undecanol, dodecanol, tridecanol, tetradecanol, pentadecanol, hexadecanol,
heptadecanol, octadecanol, nonadecanol, eicosanol, isomers thereof, and the like. Preferred
aromatic alcohols include phenol, cresol, xylenol, and the like. The alcohol or aromatic
phenol moiety may be substituted with alkoxy groups or thioalkoxy groupsl Preferred

20 mercaptans include butyl mercaptan, pentyl mercaptan, hexyl mercaptan, heptyl mercaptan
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The precise structures of the detergent / anti-oxidant additives of the
present invention are not fully understood. However, in one preferred

enbodi ment, in which a Cl6 al kyl 5salicylic acid was reacted with boric
acid, mass spectronetric analysis indicated that the structure of the

reacti on pMEHHEE022%34 . Those skilled i rcrhuszmsnoizedsl | t hus
understand that the foregoing leads to the foll ow ng 15general i zed
structural fornula for this particular aspect of the present invention: WD
2006/ 022934PCT/ 11 S2005/ 017684 wherein Rl is preferably a hydrocar byl

group, preferably alkyl, of, preferably, from1 to 50 carbon atons; a is an

i nteger of detydinedcapith SHoByBnérSaptan, 44451 &&&qﬁ%mcﬁr&,&@gﬁp@ggﬁ@ YeaiEl €CT €d,

i.e., they may be the same or different) I's ‘an | ndepe y sel ect ed

hi/dr ocar bylangtiRUike, RMediedsAbpheadl] flmgc%es&r %sgg?@y%@ft?“@m 1 to 50 carbon

atons; and R3 is hydrogen or al kyl, b5pre rom1l to 6 carbon

atoms.  Cl ear Y, Tat BRoHE Sl oFMeAleleYin) AL Rl TBLSLL e p 2SS p bed

above., will |ead I fferent, ogons, struct ur

Wi thin. the 5coReuR ﬁg%ﬂﬁﬁsﬁ%e\jeﬂ\{r? Bid pitterred embodiment, in which a C, alkyl

5 salicylic acid was reacted with boric acid, mass spectrometric analysis indicated that the

structure of the reaction product was:

CeHas
10
HO 0
Those skilled in the art will thus understand that the foregoing leads to the following
15 generalized structural formula for this particular aspect of the present invention:
Q
o
PN 2
20 o o

(Rj)g
R0 o)
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ate-espeeiallyttsofitittortiponetitsintisiity different lubricating oil and
fuel conpositions. The additives can be included in a variety of 10o0ils
with lubricating viscosity including natural and synthetic lubricating oils
and m xtures thereof. The additives can be included in crankcase

| ubri cati ngV8i2P&/RWP spark-i gnited and - conpressi on- i gnPCEUSAO0RE@TESAI
conbustion engines. The conpositions can also be used in gas engine

| ubricants, turbine lubricants, automatic transm ssion fluids, gear

| ubricants, conpressor lubricants, netal-working lubricants, hydraulic
fluids, and other lubricating oil 15and grease conpositions. The additives

can al so be wiessth Rpis BRFQEbL) b BY dr6ARRA Slolip, Yacterably alky) hf tphegerglglffﬁéng ¢d, §6"?t t he

conpositions of the present invention beInclude uel’, "o

grease in acadossinkH i @R idtdgel ¢F dr2TeRerfh i to gbout 15 wt %
WD 2006/ 022634PCT/ US2005) 017654 Uie é%%&?ﬁf%&g&dep‘m Enif fpiciza

addi tives ofi.el the®m i | r acenent for a

det er gent cu?? en)':sl ;ﬁhﬁgg{g-sﬁ}_{?_%gxidﬁg‘g}ﬁmgﬁg% %Zn%ggﬁgétﬂggﬁ%?hﬁ&rf’%gwgf%pot her

| ubri cant aggkid i j nd or, ails, suych as

det er gent s, gd i é;?)ﬂéf?g\l%/gkfegér? k}?@%fig&g@n{dﬁh gtf()ﬁ] PeTie B l@@é‘lﬁeﬁ %%@Ht s,

corrosion/r Hl%?eriﬁﬁhj)@ﬁn?ﬂ?oG@z{}BJnoaf{&ﬂ ants, anti-foamants, friction nodifiers,
erni .

seal swell agents, Isitrers, Viscosity Index.(VIIhnprovers, netal

Nor 5, 401, 8o f o7 "Bt BachRAN TRAM Ratrily FAFAF abPe Bilhisbior ot 1
L A ARt e ™ ™
T A g o

Cur ey OB SR TE A, o b o

10 oils with lubricating viscosity including natural and synthetic lubricating oils and mixtures

thereof. The additives can be included in crankcase lubricating oils for spark-ignited and
“compression-ignited internal combustion engines. The compositions can also be used in gas
engine lubricants, turbine lubricants, automatic transmission fluids, gear lubricants,
compressor lubricants, metal-working lubricants, hydraulic fluids, and other lubricating oil
15 and grease compositions. The additives can also be used in motor fuel compositions.
Itis preferred that the compositions of the present invention be included in the oil,

fuel, or grease in a concentration in the range of from about 0.01 to about 15 wt%.
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Exanpl es of antioxidants include allcylated di phenyl am nes, N-allcyl ated
15phenyl enedi am nes, phenyl -a-napht hyl am ne, allcyl ated

phenyl - a- napht hyl am ne, di met hyl qui nolines, trimethyldi hydroquinolines and
ol i goneric GAYBRMSLIbNs derived therefrom hindered phenolics, alkylated
hydr oqui nones, hég?%gylated t hi odi phenyl ethers, all cyl iE§d58905/816%0! s,

t hi oPr opi onates, netallic dithiocarbamates,

1, 3, 4-di mer capt ot hi adi azol e and derivatives, oil sol uble copper conpounds,
and the |like. 20The followi ng are exenplary of such additives and are
commercially available from Cronpton Corporation: Naugal ube 438, Naugal ube
438L, Naugal ube 640, Naugal ube 63HUse wiIDOZRRNdARRRS4PCT/ US2005/ 017684
Naugal ube 680, Naugal ube AMS, Naugal ube APAN, Naugard PANA, Naugal ube TMQ

Naugal ube 531, Nakhgatiditiees48 this inentjan cin e uidTas al}daﬂﬁﬁleﬁiagen%ﬁ,rgragwgg&gal ube

420, anong ot hers. Exanples of anti-wear additives that can be us in

corbi nat i on GWFTERt ¥sed.alfitytoiw eiso b ushd ioRIbRERAH withyBA IO ah WHIEs typically
or gano- bor at es, organo- phosphites, organo-phosphates, organic

sul f ur r cont dpwridnig fuedomdenmetsails, such as detergents, dispersants, anti
. H . ) . t] 7 Aty ~wear
sulfurlzedolefns,.sultltrlzed:fatty.nC|d.derfbat|ves esﬁgF@%fx“mne

. chl ot t nat eué fsi iohest fihi ). .
PN b v iy o s R e L R T LT

cliar-yldithi ophosph. ates., phcisphiisullutize

et o v, novet ot ilait s el SRR TR A B
) u I

from The Lubri zol Corporation: Lubrizol® rizol™

1097, Lubr ] depressafiQ), SdeioF bittiplel B PatehtNd. 3058 809°Rr 2 kit drbSaful
lubricatitig oil cotiiposition additives; the-disclosure of whiidh io- incorporated-herein by
reference in its entirety,

10 Examples of dispersants include polyisobutylene succinimides, polyisobutylene
succinate esters, Mannich Base ashless dispersants, and the like, Examples of detergents
include neutral and overbased alkali and alkaline earth metal salts of suifonic acids
carboxylic acids, alkyl phenates and alky! salicylic acids. ‘

Examples of antioxidants include alkylated diphenylamines, N-alkylated

15 phenylenediamines, phenyl-c-naphthylamine, alkylated phenyl-g-naphthylamine, dimethyl
quinolines, trimethyldihydroquinolines and oligomeric compositions derived therefrom,
hindered phenolics, alkylated hydroquinones, hydroxylated thiodiphenyl ethers,
alkylidenebisphenols, thiopropionates, metallic dithiocarbamates,
1,3,4-dimercaptothiadiazole and derivatives, oil soluble copper compounds, and the like.

20 The following are exemplary of such additives and are cdmmercially available from

Crompton Corporation: Naugalube® 438, Naugalube 438L, Naugalube 640, Naugalube 635

19




5604, anong others. Exanples of friction nodifiers include fatty acid
esters and am des, organo nolybdenum conpounds, nolybdenum

di al kyl di t hi ocar bamat es, nol ybdenum di al kyl dithi ophosphates, nolybdenum
disul fide, tri-nmolybdenum cluster dialkyldithiocarbamates, 15non-sulfur

mol ybdenum ¥8RH0Hd34 and the 1ike. The following are exeegUswesmotessuch
additives and are commercially available fromR T. Vanderbilt Conpany,

Inc.: Mdlyvan A Mlyvan L, Mlyvan 807, Mlyvan 856B, Ml yvan 822, Ml yvan
855, anobng others. The following are al so exenplary of such additives and
are commercially available from Asahi Denka Kogyo K. K.: SAKURA-LUBE 100,

- - . URA- 31 URA- | UBE, 321,
SAKURA LUBE' 423 ARt et 28 Né%%@éxﬁ%ﬁtﬁ%?f%ﬁﬁgwg% st

i f ch 6/
ddi 1 ves andGhde oS NEREAlNG 01, Nl PE Raeaite 305 eon Meveohnitetiegons it
Ketjen- Ox 740 Ketjen- Ox 77TS, anong ot hers. An exanpl e of an
anti-foamant 19 pol ysi | oxane, and the |ike. Exanples gf Lus]t_ iknhi tl%l(;(r)r{)lsegre

' i vatives, and the |ike.
o 51 mpt over MO BERT G A4 s eicbeatie 1 capBngiigh 8 alitves of
I rs,qand the like.. An exanple of a pour point depressant o

?ngo%/;/Ee et has BIEPS Iventiog ipgiude organo-borafesrgangrphomitesoeieaiicophosphates, organic

-G b - - tain -theseadditives-,. are-typically
et a1 1 RRRiBE Forapounds, Slfurioed oleins, sulfimsec fty heid dekvatives (uters),

chlorinated paraffins, zine dialkyldithiophosphates, zinc diaryldithiophosphates,

 phosphosalfurized-hydrocatbons; and the iike, The following dre exempluty of uch -
additives and are commercially available from The Lubrizol Corporation: Lubrizol 67 7A,
i0 Lubrizol 1095, Lubrizol 1097, Lubrizol 1360, Lubrizol 1395, Lubrizol 5139, and Lubrizol
3604, among others.

Examples of friction modifiers include fatty acid esters and amides, organo
molybdenum compounds, molybdenum dialkyldithiocarbamates, molybdenum dialkyl
dithiophosphates, molybdenum disulfide, tri-molybdenum cluster dialkyldithiocarbamates,

15 non-sulfur molybdenum compounds and the like. The following are exemplary of such
additives and are commercially available from R.T. Vanderbilt Company, Inc.: Molyvan A,
Molyvan L, Motyvan 807, Molyvan 856B, Molyvan 822, Molyvan 855, among others. The
following are also exemplary of such additives and are commercially available from Asahi
Denka Kogyo K.K.: SAKURA-LUBE 100, SAKURA-LUBE 165, SAKURA-LUBE 300,

20 SAKURA-LUBE 310G, SAKURA-LUBE 321, SAKURA-LUBE 474, SAKURA-LUBE

600, SAKURA-LUBE 700, among others, The following are aiso exemplary of such

20



I n anmobunts such that the additives therein are effective to provide their

' ' ffective anobunts of such
| attendant 10functions. Representative e I Ve .
gg(rjirr?i ves are illustrated in TABLE 1. TABLE I Additives Preferred Wi ght

i -12 1-4 Corrosion |Inhibitor
% More Pref ht %V.l. Inprover 1 AR
0.01-3 0. 01%.5?3&@%’3tion Inhibitor 0.01-5 0.01-1.5  PCT/US

additives and are commercially available from Akzo Nobel Chemicals GmbH: Ketjen-Ox
7™, Ketjen-Ox 77TS, among others.
An example of an anti-foamant is polysiloxane, and the like. Examples of rust

inhibitors are polyoxyalkylene polyol, benzotriazole derivatives, and the like. Examples of
5 VI improvers include olefin copolymers and dispersant olefin copolymers, and the like. An

example of a pour point depressant is polymethacrylate, and the like.

] _ -.&9_!35@39!-99@,9;9§i5i9§§

-Compositions; when they contain these-additives; are-typically blended ifito-a-base oil

in amounts such that the additives therein are effective to provide their normal attendant

10 functions. Representative effective amounts of such additives are illustrated in TABLE 1,

TABLE 1
Additives Preferred Weight % More Preferred Weight %
V.I. Improver 1-12 1.4
Corrosion Inhibitor 0.01-3 0.01-1.5
15 Oxidation Inhibitor 0.01-5 0.01-1.5
Dispersant 0.1-10 0.1-8
Lube Qi Flow Improver 0.01-2 0.01-1.5
Detergent/Rust Inhibitor 0.01-6 0.01-3
Pour Point Depressant 0.01-1.5 0.01-0.5
20 Anti-foaming Agents 0.001-0.1 0.001-0.01
Anti-wear Agents 0.001-5 0.001-1.5
Seal Swell Agents 0.1-8 0.1-4
Friction Modifiers 0.01-3 0.01-1.5
Lubricating Base Oil Balance Balance

25
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Di sper sant

Det er gent / Rust .
0.01-0.5 Anti-foam ng Agents

WO 2006/022934 PCT/US2005/017684

10

15

] - .01-1.5
.1-10 0.1-5 Lube G| Flow Inprover 0.01-2 0
: I nhibitor 0.01-6 0.01-3 Pour Point Depressant 0.01-1.5

0.001-0.1 0.001-0.01

When other additives are employed, it may be desirable, although not necessary, to
prepare additive concentraies comprising concentrated solutions or dispersions of the subject
additives of this invention (in concentrate amounts hereinabove described), together with one
or more of said other additives (said concentrate when constituting an additive mixture being

referred to herein as an additive-package) whereby several additives can be added

simultaneously to the base 0il to form the lubricating oil composition. Dissolution of the
. additive concentrate into.the lubricating 0il can be facilitated by solvents and by mixing,

 aceompaniod By riid Heting: b s is not cssetiial- T concahtals o addiive-package

will typically be formulated to. contain the additives in proper amounts to provide the desired
concentration in the final formulation when the additive-package is combined with a
predetermined amount of base lubricant. Thus, the subject additives of the present invention
can be added to small amounts of base oil or other compatible solvents along with other
desirable additives to form additive-packages containing active ingredients in collective
amounts of, typically, from about 2.5 to about 90 percent, preferably from about 15 to about
75 percent, and more preferably from about 25 percent to about 60 percent by weight
additives in the appropriate proportions with the remainder being base oil. The final
formulations can typically employ aiaout 1 to 20 weight percent of the additive-package with

the remainder being base oil.
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' 0.1-8 0.1-4 Friction
Anti-wear Agents 0.001-5 0.001-1.5 Seal Swell Agents
Modi fiers g 01-3 0.01-1.5 Lubricating Base Q1 Bal ance Bal ance WO

684 When ot her additives are enployed, it
RSl to prepare additive concentrates

&%tﬁ! |.t hough not necessary, ntr
gg)r/rplrjles?ﬁzl Core Eeﬁ"ﬁ%ﬁ‘i ed gol utions or dispersions of thePSTHFWOYOIZBI t i Vﬁs
of this invention (in concentrate anounts herei nabove descri bed), together

i [ iti [ trate when
with one or nore of said other additives (said concentr:
constituting an additive mxture being referred to herein as an

ve- package) whereby several additives can be added
additi P d )All of the weight percentages expressed herein (unless otherwise indicated) are based

on the active ingredient (AI) content of the additive, and/or upon the total weight of any
additive-package, or formulation, which will be the sum of the Al weight of each additive
plus the weight of total oil or diluent.

5 In general, the lubricant compositions of the invention contain the additives in a
concentration ranging from about 0.05 to about 30 “weight percent. A concentration range for
the additives ranging from about 0. 1 to about 10 weight percent based. on.the total weight of

~the oit compesition i§ preferred: -A more prefered: ‘Concerntration tange is from-about 0.3 to
about 5 weight percent. Oil concentrates of the additives can contain from about 1 to about

10 75 weight percent of the additive reaction product in a carrier or diluent oil of lubricating oil
viscosity. | |

In general, the additives of the present invention are useful in a variety of lubricating

oil base stocks. The lubricating oil base stock is any natural or synthetic lubricaﬁng oil base
stock fraction having a kinematic viscosity at 100° C of about 2 to about 200 ¢St, more

15 preferably about 3 to about 150 cSt, and most preferably about 3 to about 100 cSt. The
lubricating oil base stock can be derived from natural lubricating oils, synthetic lubricating
oils, or mixtures thereof. Suitable lubricating oil base stocks include base stocks obtained by
isomerization of synthetic wax and wax, as well as hydrocracked base stocks produced by
hydroc;racking (rather than solvent extracting) the aromatic and polar components of the

20 crude. Natural lubricating oils include animal oils, such as lard oil, vegetable oils (e.g.,
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simul taneously to the base oil.toforin.thelubrioating,oil. conposition.

Di ssolution of the additive c.oncentrate into_thelubricating oil

can. befacilitated by solvents and by m xi ng acconpani ed-by mld iteating;
tutthis -i Svﬂ?&ﬁ?@%ﬁti al: Ille-cOncetitrate .6tadditivewackage w ||
typically be formil"ated ta contain the additiveS in profT/ 208617684 o
provide the desired 10concentration in the final fornulation when the

addi tive-package is conbined with a predeterm ned anount of base | ubricant.
Thus, the subject additives of the present invention can be added to small
amounts of base oil or other conpatible solvents along with other desirable

addi tives t caheln pilgdakitdriois,-spefideag 68s)CRfrbRURM IS, AmbiaV&is) mroggidgwea o

col l ective amounts of, typically, fromabout 2.5 to about percenfn,
preferably fooaloraleeit 15 to about 15 75 percent, and nore preferably from
about 25 percent to about 60 percent by weight additives in the appropriate

proportions withMdag syRaticsiRicalie] | i nal rmyl ati ons can
typically enpl oy abgj{? 1 tco 28 m?rgﬁpa%zﬁlctg%%n%I}E}?ﬁga‘la}gﬁ?é'fvgiﬁ%kage with

e s S S EAE o)
e 08 Ly s e ST 2
10 7, Sl o 0 SR B A e o
30 wei ot per Cen A O G BRI s Pabigled e Puahon oo g o om
0 Sl S A e i
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reactign pr el .carrier..or .diluent oil of lubricating oil viscosity.
| n gener al ,ﬁ{%ﬁe o g?r? PVege a?edt 50"131»@@6%5@09 iRstblidhhestate gE & att i egardvar i et y

of Iubricat fdaﬂirﬁh% biRSE estloccrs. JLne | ubricating oi | base stock is any
natural or synthetic BEBTT @81 TRREHUS MPepalsyndetc brisanis whinh cambeé wgdan ki nemat i ¢
viscosity AontRfenSlitARE Haicvel Or B Sietens roecion, M €
Thus, useful synthetic lubricating base oils include hydrocarbon oils derived from the
polymerization or copolymerization of olefins, such as polypropyiene, polyisobutylene and
15 propylene-isobutylene copolymers; and the halohydrocarbon oils, such as chlorinated
polybutylene. Other useful synthetic base oils include those based ubon alkyl benzenes, such
as dodecylbenzene, tetra-decylbenzene, and those based upon polyphenyls, such as biphenyls

and terphenyls.

Another known class of synthetic oils useful as base oils for the subject lubricant
20 compositions are those based upon alkylene oxide polymers and interpolymers, and those oils

obtained by the modification of the terminal hydroxy groups of these polymers, (i.e., by the
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15preferably about 3 to about 150 c¢St, and nost preferably about 3 to about
100 cSt. The lubricating oil base stock can be derived from natural

| ubricating oils, synthetic lubricating oils, or mxtures thereof. Suitable
| ubricati ng%&eﬂp@ﬁ%“st ocks include base stocks obtained by isonerization
of synthetic wax and wax, as well as hydrocracked base j8300pPHa%ced by
hydr ocracki ng (rather than solvent extracting) the aromatic and pol ar
conponents of the 20crude. Natural lubricating oils include animal oils,
such as lard oil, vegetable oils (e.g., WD 2006/0229341' CTI US20051017684

canol a oils, tor oils, .sunflower oils), petroleumoils, mneral oils,
and oils der?s\geg%c Hogr S%QVE@F‘O%H%FP%hydTOXY groupah yThery,niséfel bage biluré SHathad ar e
known in the.art and.these are useful as a base lubricating oil for

| ubri cating %%BB@PPF@%@“B&# &ride Arpropdensidajde ot framdhd ¢opeSmeSUFYRY B
Ssynthetic lubricants are contained in the publications, SYNTHETIC

LUBRI CANTS K .an%Prqsxha%p%m Unefil oils Melutiatht alkpldkdiaph ethef¥of tRSbHAREZeA N Y- |

1962), LUBRLGATIONAND i _ | -

Ci . vri gi cANPSSYIqnE oRdes sughtas mettivirofyisprobpichd glgdie eihyr, Bipaay ehEWbbE g0 - -

(N Y", . 1967),. Cinpter-4-, pages

166: t hi dugi Elyrokand-digshyl lether efpEapylint glyosls AnbihieusSHNIHET by LA 1%%%8 by M

W Ranney, published by Noyes Data Corp., (Park Ridge, NJ., 1 > Yhese

10publ i cat i SeEvesieont the ostprificatianofihs RiminkhylRkS RS Sf e gsnghmgﬁééd%hgieehg. state
eCciItficty '0

of the art in regard to identifying both general and's
synt het i.c .| GidEaith souior polyebhyliean. eI il hd 1y Add) i ves of
efare the _

t he present invention. Thus, “Usef ul "synthetic™ rcat T fig-pase oils- .
i ncl ude hydeserapbaikedid, 56 dui-soilestorOsRthd e . -amr-yengaataf%?eaag"-';;;"'ff )
copol ymeri zation of ol efins, such as pol ypropylene, poly: SObitoA&RE and

poly .
Another suitable class of synthetic lubricating oils comprises the esters of
10 dicarboxylic acids with a variety of alcohols. Esters useful as synthetic oils also include
those made from C,to C,, monocarboxylic acids and polyols and polyol ethers. Other esters
useful as synthetic oils include those made from copolymers of ¢-olefins and dicarboxylic
acids which are esterified with short or medjum chain length alcohols. The following are
exemplary of such additives and are commercially available from Akzo Nobel Chemicals
15 SpA: Ketjenlubes 115, 135,165,1300, 2300, 2700, 305, 445, 502, 522, and 6300, among
others,
Silicon-based oils, such as the polyalkyl-, polyaryl-, polyalkoxy-, or polyaryloxy-
siloxane oils and silicate oils, comprise another useful class of synthetic Ihbricating oils,

Other synthetic lubricating oils include liquid esters of phosphorus-containing acids

20 polymeric tetrahydrofurans, poly a-olefins, and the like.
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[ ; bon oils, such as
ropyl ene-i sobutyl ene copol ymers; and the hal ohydrocar _ ,
gﬁ?or?%ated polybugylene. O her useful synthetic base oils include those 4
based upon al kyl benzenes, such as dodecyl benzene, tetra-decyl benzene, an

' | s. Anot her
d henyl s, such as bi phenyl's and terpheny !
ngaﬁ gﬁzgsvﬁ?ﬁgﬂﬁgkéfic gils useful as base oils for tRETHI$RH08017684ubr i cant

I ti ' | ymers and
Oconpositions are those based upon al kyl ene oxi de polyi .
iznge;n;ol yners, and those oils obtained by the nodification of the term nal

roups of these polymers, (i.e., by the WO _
%825%32/2834P%T/ US2005/ 017684 esterification or etherification of the
hydr oxy groups). Thelpbricgtingfoil mayabeaiedivédsiran anrefiier] ﬁlﬁded‘, m@ﬁgéa%{ﬁﬁrleﬁgdo)(i .
hyl ene oxi de or propyl ene oxide or fromthe copolyners of e
gtndypreOpw B BRts dbereatls Bhifined bis drevobisiced difeethpdrinla nafiehl Surle &E@%Tﬁi&)f L he
pol ynmeri zed al kyl ene oxi des, such as net hyl pol yi sopropyl ene gl ycol et her,

di phenyl et We\ir%fe-ga@bylesﬂa;d, enter &gl btaslen)adichoti Rktht puRfi&Gbn Of tr%g‘g_xl ene

gl ycol. Mther useful series of synthetic base oils is . der fromthe

esteri ti cat iExamples ohunrdfinedofiainbiydé ©xali RN A&y ERIY er&(%rﬁﬁgo@éréri?é'gga”gr o
oxi des. wi th nono-. orpol year boxylic.acids. Exet_qgplary..o | ? —
t he acefi c. palrélelm oil obtained directly from distillation, or an ester oil obtained directly from an
esterification process, each of which is then used without further treatment. Refined oils are
similar to unrefined oils, except that refined oils.have been treated in one or.more purification
‘steps {0 improve one-or more properiies. Suitable purification techniques-inchide distlation; -
hydrotreating, dewaxing, solvent extraction, acid or base extraction, ﬁ_ltration, percolation,
10 and the like, all of which are well-known to those skilled in the art. Re-refined oils are
obtained by treating refined oils in processes similar to those used to obtain the refined oils.
These re-refined oils are also known as reclaimed or reprocessed oils and often are
additionally processed by techniqu-es for removal of spent additives and oil breakdown
products.
15 Lubricating oil base stocks derived from the hydroisomerization of wax may also be
used, either alone or in combination with the aforesaid natural and/or synthetic base stocks.
Such wax isomerate oil is produced by the hydroisomerization of natural or synthetic waxes
or mixtures thereof over a hydroisomerization catalyst. Natural waxes are typically the slack
waxes recovered by the solvent dewaxing of mineral oils; synthetic waxes are typically the

200 wax produced by the Fischer-Tropsch process. The resulting isomerate product is typically

subjected to solvent dewaxing and fractionation to recover various fractions having a specific
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esters-orm xedC3 --CG lattyteidistets of-the-65

oxmaci d-di egteroftetraethyltail yeol. Another suitable class of synthetic

| ubricating oils conprises the esters of 10di carboxylic acids with a
variety of alcohols. Estera useful as synthetic oils also include those
made from C3O2NE234pnocar boxylic acids and pol yol s anBCYB$2pef/o1gasher s.

O her esters useful as synthetic oils include those nade from copol yners of
a-ol efins and di carboxylic acids which are esterified with short or nedium
chain I ength al cohols. The follow ng are exenplary of such additives and
are comrercially available from Akzo Nobel Chemi cals 15SpA: Kefienl ubes
115, 135, 165}st600 ra80 WaxdThiitratd BalsotHractirfkdd b gessesding veryMkh AEREE, Ot hers.

Silicon-based oils, such as the polyal kyl-, polyaryl-, pol yal koxy-, or
pol yar yl oxy-indites,cgenerellyohdvinganl fiak icasi 1 0, Prdf&rabls A REsk ws@,q‘@% ful class
of synthetic lubricating oils. O hgé syn?heti c lubri Haéffrmr%%g]f’ g8

i ncl ude | i quewaxhd, @ psurqfoin ROSHHAO2YS €GP Hwrk Ni Ng aci ds, 20pol yneric

tetrahydrofurans, poly ft-olefins, and the |ike. WO

2006/ 022934PCl NSRROGIAHAER4nd the impokfit feathict 68k | hengerived from
&8 eilmlls, t M%k&?ﬁang%fﬁﬂnvg@ ngﬁ}jg

unrefined, refinéed, re-refined oi or mxture reor. FMYEY oil's
are obtai neéppi}erneﬁbrhyhéﬂ‘oﬂ@%vﬁgféﬁérhﬁgg_ source or synthetic source (e.g.,
coal, shale, or tar and bitunmen) wthout further purification or treatnent.
Exanpl es of unrefined oils include a Lﬁ:jsl obtained directly froma
retorting operation, a 5Spetroleumoil~obtained directly from.distillation,

or an ester oil obtained dpgg esf.erification process, each of
which’is then pe.d wit hout""fi‘ag‘téfgwxc'ééerg{-ﬁeﬁg‘?‘5'-'--Fﬂéﬂé‘élﬁegélg-“ar-e simlar.to.
unrefined oils; Lﬁ%%&}géﬁgﬁéﬁ%%%ﬁm%e%ﬁhav -been- treated.-j.n one_or. nore

purification steps 40 =1triprove one-or- nf)?%’ f'agf%?epil%ge@ iqea%q“éo@ing
ol vent ext e amrh UERARIE LR UaH i aBebd Colehitsoln B esh PR oY ot PR 10and
}Qg-er L:‘ %Tﬁédaéghpgig ir’gglarpﬁ s?n[nS ahf Lelza'tel&%?\f\ﬁb"th lio?gsﬁgrioscr (I) 6| heo%rsl, &isthggteg raitl is
splashed by whiskers on the Al-steel panel, the temperature of which is maintained at 310° C.
After completion of the test, any deposits on the panel are weighed. A decrease in the weight
of deposits as compared with a similar composition lacking the detergent additive indicates
improved detergency.
15 Antioxidant Performance--Pressure Differential Scanning Calorimetry (PDSC)
PDSC (DuPont Model-910/1090B) can be used for relative antioxidant Iperformance
evaluation of the composition. In this method, a test sample (10 mg) taken in a sample boat
is subjected to heating from 100-300° C at the rate of 10° C per minute under 500 psi oxygen
pressure. The onset of oxidation temperature is adopted as a criterion for assessment of

20 antioxidant performance. In general, an increase in onset of oxidation temperature indicates

improvement in antioxidant performance. See J, A. Walker and W, Tsang, "Characterization
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obtained by treating refined oils in processes simlar to those used to
obtain the refined oils. These re-refined oils are also known as reclai ned
or reprocessed oils and often are additionally processed by techni ques for
renoval of ent additives and oil breakdown products. 15Lubricating oi
base stock?mﬁ@wwvgﬁ4fron1the hydr oi someri zati on of wax PREFSHOEH 76 used,
either alone or in conbination with the aforesaid natural and/or synthetlc
base stocks. Such wax isonerate oil is produced by the hydroi someri zati on
of natural or synthetic waxes or m xtures thereof over a hydroi sonerization
catal yst. Natural waxes are typically the slack waxes recovered by the

sol vent devafliubgcatibn Oilséy Diffedtial SGAhE ChloAmbRNSSARMR AR PAlel Yerdde 20wax
produced by the Fischer-Tropsch process. The resulting i sonerate product is
typical |y ssobpgscoet 20@3spgepnt dewaxi ng and fractionation to recover
various fractions having a specific WO 2006/ 022934PCT/ US2005/ 017684
viscosity range. Wax isonerate is al §, pcterized by possessing very

hi gh viscosity indices, generally having a VI.of at |east 130, preferably

at |east 135 or2py %ﬁz&oP%cylfcoiclMs%dé&qmmr%ecgedol?&é c@nﬁtéletdt\ﬁém about -20 C

or | ower. The advant ages and the 1 nportant ure present

i nvent ison hdrnoR&te R sBrr aneﬁfﬁ%rc& ﬂ}r&%ﬁ b Qllahl&wgea%g &n ersaei nEI yxt Yl PLES

Det ergency Per f or mance.

-eff rt d tf
endency optmdfa b PR 8L AR aba SRRGHS Lof T
test, ; 200 ?A _E_l‘a{] \H&%e&tg £o éﬁig{@g& tﬂlﬁ nl&cgglég %lahﬁet%o;% h%nurqs art]\% 1cg(tinn%tthelq(_) .C For

a period o ours,”™
Catalyst Was*-rcmt'wed‘: “Fhe product iad-an-acid-valve 6f 143 hitliequivatents of KOH/gram -

and a yield of about 90 % alkyi salicylic acid.
10 Example 2
41 grams of the alkyl salicylic acid from Example 1 was added to a three-necked flask
equipped with a stirrer and a thermometer. This was followed by the addition of 30 grams of
methanol, 15 grams of water, 40 grams of solvent refined base oil, and 50 grams of naphtha.
The mixture was heated to 30° C and 15 grams of boric acid was added. Over the next 2
15 hours, the mixture was heated to 215° C to remove solvents. The resulting product was clear
and fluid and had an acid value of 82.8 milliequivalents of KOH/gram of sample.
Testing: ‘
A) The product of Example 2 was evaluated in a panel coker test to assess the
deposit forming tendency of an oil treated with 5 wt % of material. At the end of the test, 1.2
20 milligrams of deposit was found, whereas an SAE 50 base oil evaluated without additives

produced more than 150 milligrams of deposit.
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spl ashed by whi skers on the Al -steel panel, the tenperature of which is
mai ntai ned at 310 C. After conpletion of the test, any deposits on the
panel are wei ghed. A decrease in the weight of deposits as conpared with a
simlar cOnR@Asbdok acking the detergent additive indicates inproved

det er gency. 15Antli@%>9<ii4dant Per f or mance- - Pressure DiffererﬁqTéHSZ@g}a?Wﬁ?“ng
Calorinmetry (PDSC) PDSC (DuPont Mbdel -910/1090B) can be used for

rel ative anti oxi dant performance eval uation of the conposition. In this
nmet hod, a test sanple (10 ng) taken in a sanple boat is subjected to .
heating from 100-300 (.I,hgt t[;qearr ate of 10 C per m nute under 500 psi oxygen
pressure. The on ofthg lky igylictagidhoé Exanuple 1 iwes alsoptabtedsin the pahdl 85lepn f OF
assessnent otf 20ant i.oxi dant performance. In general, an increase in onset
of oxi dati on°TaRHEPLvsEAd 9] -harilligrams of deposivenent i n anti oxi dant per f or mance.
See J. A Wl kerémd W_ Tsang, "Characterization WO

2006/ 022934PCT/ 162005A9TM6BA03P wasityred ¢atviabuate@hd prodyét &F Brlalipft o lubSERP N N
Cal orimetry", SAE Techni cal Paper Series, 801383 (Cct. 20-23, 1980).

Exanpl e 1 20@9fgimange ipfa lowishifyr dieseldfoél dommining dbe 18 9pia shifie el AL dblaRK
equi pped with a 5thernoneter, a stirrer, and a source of nitrogen to

bl anket >t he 1P@aPMIoS thewneidab Exarnple 1 in 354 sgifiarftel Qhd @s@eali,pg%mgmim .adel ed
fol |l oned by41423. 5 grlrggns. of net hane sul fonicacid. The inixture_was eated to
120 Qunder #*& dEm e prdadect'sfperfodbintanisssarhilavid. Gl o ] s hal tetlitiv.
etirdi 43 rMIliulvtthtsDfKOHfgrath and a yiel d é%%ﬂdt%ﬁh%%%%”‘m

sal i cyl.i c aef4l3.um and was superior to non-additized diesel-fuel, which produced a.wear.scar of 610 ..

.

D) Example 2 was tested in an ASTM D665 rust test and its performance

10 compared to a commercial calcium dinonyl naphthalene sulfonate (Nasul 729 from King
Industry). Ata treat of 0.75 % in oil, the boron ester passed 48 hours while the commercial
sulfonate failed the test with numerous rust spots.

In view of the many changes and modifications that can be made without departing
from principles underlying the invention, reference should be made to the appended claims
15

for an understanding of the scope of the protection to be afforded the invention.
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10Exanpl e 2 41 grans of the alkyl salicylic acid from Exanple 1 was
added to a three-necked flask equi pped with a stirrer and a thernoneter.
This was foll owed by the addition of 30 grans of methanol, 15 grans of
water, 40 grams of solvent refined base oil, and 50 granms of naphtha. The
m xture was heated to 30C and 15 grans of boric acid was added. Over the
next 2 15hours, .the.m xture was heated to 215 C to renove solvents. The
resultingaﬁ?ﬁﬁﬁ@Fw s clear and fluid and had an acid val ue of 82.8

m | liequival ents of KOH gram of sanple. Testing: A) The product of Exanple 2
was evaluated in a panel coker test to assess the deposit formng

t endency lof ar* GIMPOSHIEACHAPHIRH 5 wt % of material. At the end of the test,
1.2 20m 1 1ligr . yt was found, whereas an SAE 50 base oil eval uated
wi t hout addit?%ggﬁ%?gﬁﬁgé' nore than 150 mlligrans of deposit. WO

2006/ 022934 PC(H) 14326051:0440684 product oByn Fhdic atgayic cemppwnd and adeicd of Exanple 1

doposi ¢ copoltfy el 08Tk CRUGP DERL BMICLOPES oduct of Beample 1

for lubricity performance in a | ow sul fur diesel fuel containing about 13

ppm sul fur. Testing was done at 5150 ppm of the acid of Exanple! in a | ow
sul fur fuel and resulted in a ®ear scar dianeter of 412Jsm T.he product's
performance was simlar.to.tallli oil fatty acid, which had.a wear scar of

4154.tin and wassuperi Qk o, Ad.esel luel r which

produced. a. wear scar . ofg OD) Exg ‘B was tested in an ASTM D665
rust test and its per i ,

wherein R, is a hydrocarbyl group; a is an integer of 1 or 2, wherein if a is 2, the R,
groups are independently selected; R, is an independently selected hydrocarbyl group;
and R; is hydrogen or alkyl.

2. The composition of claim 1 wherein the acidic organic compound is selected from

the group consisting of alkyl substituted salicylic acids, and di-substituted salicylic acids.

3. The composition of claim 1 wherein the boron compound is selected from the
group consisting of boric acid, a trialkyl borate, alkyl boric acid, dialkyl boric acid, boric
oxide, boric acid complex, cycloalkyl boric acid, aryl boric acid, dicycloalkyl boric acid,

diaryl boric acid, and substitution products of these with alkoxy, alkyl, and/or alkyl

groups.
4, The composition of claim 3 wherein the boron compound is boric acid.

5. The composition of claim 1 wherein the Iubricant is a lubricating oil.

6. The composition of claim 5 wherein the acidic organic compound is selected from
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10conpared to a comerci al cal ci um di nonyl napht hal ene sul fonate (N asul
729 fromKing Industry). At atreat of 0.75 %in oil, the boron ester
passed 48 hours while the comercial sulfonate failed the test with

numer ous rust spots. In view of the many changes and nodifications
that can be made wi thout departing from principles underlying the

invention, reference sh e made t.o the appended cl ains 15for, an

under st arff #§UBFOIHES e‘@%@ St SFH’éedgﬁah%’&taF‘éﬁ g ﬂb@ga@frl@fia@&y fiacihyent i on.
What is clainmed is: 1. A conposition conprising: (A) a lubricant, and
(B) at |east one reaction product of an acidic organic conmpound and a boron
conmpound,’- wher Bierfotpesitien plecdaim Someereia st hosm pmogued lsiséle@f:ggﬁ’@ the ruct ure:

wher ei n ' - byl ar , Wl E L2 einif a
' 2 e g R AT AR Prlt® B LHEER Blododt KGR Ny

sel ect ed oyt bwardsid cogpbaxpsychratkyRBorisachd; dryt genic aid, didyyloalkylboritheid,
conpositign af clai.m rein th ci-di c or iIc C ound i,s ,selected from
the’or oug derEefiiomd MRkt ale P st S ARbT: SRIERHDS- Ay

di - subst idgretiped salicylic acids. 3. The conposition of claim1l wherein the
boron conpound is selected fromthe group consisting of boric acid, a

trial kyl borate, alkyl boric acid, dialkyl boric acid, boric oxide, boric
acid conl ex, TehRgbdidn U6 7ashdlein Meordionfpoasd M bodt g3gl oal kyl boric
acid, diaryl boric acid, and substitution products of these wth al koxy,

al kyl, and/or al kyl groups. 4. The conposition of claim3 wherein the
boron corgpound, | el [0 RES : : bl Gk D in the

| ubri can':§p is g&kﬁg{élﬁggﬁ ie%%h%‘l ffméoé} Ilgﬁéﬁgg%p%ggl% ?igﬁ%&%lﬁgl al mjcgmgﬁgeer%ei n the
aci di ¢ orgeniicg honpgondith g lgwiceigtaed] dongami@Dan amount effective to reduce

friction of the reaction product of an acidic organic compound and a boron compound,

wherein the at least one reaction product is of the structure:

wherem R, is a hydrocarbyl group; a is an integer of ! or 2, wherein if a is 2, the R
groups are independently selected; R, is an independently selected hydrocarbyl group;

and R; is hydrogen or alkyl.

10. The method of claim 9 wherein the acidic organic compound is selected from the

group consisting of alkyl substituted salicylic acids, and di-substituted salicylic acids.

1. The method of claim 9 wherein the boron compound is selected from the group
consisting of boric acid, a trialkyl borate, alkyl boric acid, dialkyl boric acid, boric oxide,
31




the group consisting of alkyl substituted salicylic acids, and

di -substituted salicylic acids. 7. The conposition of claim5 wherein the
boron conpound is selected fromthe group consisting of boric acid, a
trial kyl borate, alkyl boric acid, dialkyl boric acid, boric oxide, boric
acid conpl ex, cycloal kyl boric acid, aryl boric acid, dicycloalkyl boric

acid, diaryl boric acid, nd substltut on, prod ct hese. al koxy,

Al kyl | amafrcideRgplegyastigalit borcteid. dythses e idoticdo Fabieihsin «ne
boron compabRdd] shdR@bsiGRR pebductd ofﬁegée&llﬂoﬂk&@r alk @B/ RGN plupOn i n an

i nternal combustion engi ne which conprises operating the engine with a

| ubricating oil containing an anount effective to reduce friction of the
reaction ;grod i di i : n conpound,
wherein t e aﬁ%gg{ﬂ%&&r{g%ﬂégt@%%%&hg g@@ ?@Bg?lﬂqﬁgﬁéﬁggtur e: wherein R
is a hydrocarbyl group; ais an integer of 1 or 2, whereinif ais 2, the
Rl groups are independently selected; R2 is an independently sel ected

hydr ocar byl group; and R3 is hydrogen or alkyl. 10. The nethod of claim?9
wherein the acidic organic conmpound is selected fromthe group consisting
of al kyl substituted salicylic acids, and di-substituted salicylic acids.
11. The nmethod of claim9 wherein the boron conpound is selected fromthe
group consisting of boric acid, a trialkyl borate, alkyl boric acid,

di al kyl boric acid, boric oxide, 31 boric acid conplex, cycloal kyl boric
acid, aryl boric acid, dicycloal kyl boric acid, diaryl boric acid, and
substitution products of these with al koxy, alkyl, and/or al kyl groups.
12. The nethod of claim 11 wherein the boron conpound is boric acid.
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