LUBRI CATI NG O L AND FUEL COWPGCSI TI ONS BACKGROUND OF THE | NVENTION 1. Field
of the Invention [0001] The present invention generally relates to a cl ass
of reduced ash detergent/anti-oxidant additives that are products of the
reaction o ol rgani ¢ conpounds, boron conpounds, _and al koxy| at ed

am nes and%%ﬁﬁgﬁig onylated am des useful as Iubricat?ﬁﬁmﬁﬁwmﬁﬁ 4 uel
additives. 2. Description of Related Art [0002] Metal detergents represent a
maj or source of ash in fornulated engine oils. Al kaline earth sul fonates,
phenates and salicylates are typically used in nodemengine oils to provide
detergency and al kaline reserve. Detergents are necessary conponents of
engine oils for both gasoline and di esel engines. |Inconplete conbustion of

t he fuel produces SOOtIﬁhﬁhéﬁﬁhﬁj%ﬁt%ﬁhféﬁﬁgﬁéﬁﬁpaghhﬁﬁgfs wel | as carbon

and varni sh deposits. In the case o | ese resi sul fur in the
fuel bums in hggmm@ﬁ%%glﬁﬂ)ﬁroduce sul fur derived acids. These
aci ds produce” cOrrosion and, ar in the engine, and they al so
accel erate t ht Higldefdhe Ingentioh t he oil. Neutral and overbased detergents are
i ntroduced into engine oils to neutralize these acidic conpounds; thereby
preventing t hO08r nat i oFhedreseatrinyantion genenallydelatss ta aclassbideduced ashal | y

i ncreasing engine life. [O003]U S. Patent No. 5,330,666 discloses a

| ubri cant oi | I¢FBFEErtosdaniadditives Bt are arediet of the seaction ¢facidic prgamicnal
conbustion engi ne which conprises a |ubricating oil basestock and an

al koxyl ated a “g‘é%!C'-‘maflcamn%%déca&ﬁayﬂowﬁeéywaw/ermalhowed f or mul a.

WO 2007/ 08 149;}:%% 193%1%:9 936{ugﬁ§a%§1g oil and fuel additives,

2. Description of Related Art
[0002] Metal detergents represent a major source of ash in formulated

engine oils. Alkaline earth 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 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 and corrosive wear in the engine, and they also accelerate
the degradation of the oil. Neutral and overbased detergents are iniroduced into
engine oils to neutralize these acidic compounds, thereby preventing the formation
of harmful engine deposits and dramatically increasing engine life.
[0003] U.S. Patent No. 5,330,666 discloses a lubricant oil composition
useful for reducing friction man internal combustion engine which comprises a
lubricating oil basestock and an alkoxylated amine salt of a hydrocarbylsalicylic

acid of a defined formula.




[0004] U. S. Patent No. 5,688, 751 discloses that two-stroke cycle engines

can be effectively lubricated by supplying to the engine a m xture of an
oil of lubricating viscosity and a hydrocarbyl -substituted hydroxyaronmatic
car boxylic j n ester, unsubstituted am de, hydr | - sybstituted
am d; amﬁir%g-’s@ﬁg? hydr ocar byl am ne salt, or nonoval 2’%?;‘%‘}0 ﬁ'&yél t
thereof in an anmobunt suitable to reduce piston deposits in said engine. The
m xture supplied to the engine contains |ess than 0.06 percent by wei ght of
di valent nmetals. [0005]U.S. Patent No. 5,854,182 discloses the preparation
of magnesi um borate overbased netal lic detergent having nagnesi um borate
uniformally dispersed in an extrenely fine particle size by using nmagnesi um
al koxi de and kppisf aci dy Jrhe, ) ' : v, actin neut r al

sul phonat e of ﬁg{l gl kal i n& Egtre?%ﬁﬁ’ﬁﬂl’ﬁqt%@r{?%sn@itﬁ’?n%gr%’fﬁeo%c%emms bori c
aci d under anpyor Ol -GAG bk ' . .of 2. di i on, sol vent

foll owed by distill atl gﬂﬂ%@%ﬁ%b e?%@gﬁ%@%gﬂ ‘%rattﬁg(ghé?fﬁ%?%ﬁpsol vent
ther ef rom  TheReeQolliy e Hyirdcles Gl oy i er

magnesi um bor at ed net aIc c}é{ er ger%’ta,r I cﬁﬁ)i éﬁ%gihmo%%ergﬂf‘%ﬁ&%&géﬁl ent

cleaning and giig BRASéRS, RRLDANIB Eifide IRdYoodB9HsibuitMlaidibe, moﬁgi ation

stability, and good extrenme pressure and antiwear propertres. 6] U. S.

Patent No. 6, altdhfiftécabylahie 8t 3r MéAb et it Qhil tHeREPASLRf hat contains
fromabout 50 to 1000 parts per mllion of nolybdenum froma nol ybdenum

conpound t hat suiibleitb redbe pibdn ABsbsiis! sdafif nipftle! Yt buRS supfifateh v sul fur,
about 1,000 to 20,000 parts per mllion of a diarylam ne, and about 2,000
to 40,000 par érfgiqaiontiins!1es3@hf0.06 phenebe weilht F SRRt RRtdHN of ingredients
is said to provide inproved oxidation control and inproved deposit control
to the | ubri cHODS Of | .U.SVExtaRON. BE54Q8PEEHUSRANEHEIBAA draRRAddtnS. Pat ent
No. 6, 339,052 discloses a lubricating oil conposition for gasoline and

di esel i nt er nirate ontrbhader] auetadligictagenthaling emghesith borafpinifoaallf an oil of

| ubricating viscosity; fromO0.1 to 20.0% w w of a conponent A, which is a
sul furized, odisgrepsed aular ettoamely fiinepaticle diee by gang magidsivadalkexide ahidst i | | ed,
hydr ogenat ed cashew nut shell liquid; and fromO0.1 to 10.0% w w of a
conponent B, bgticekid STheprepsration smioives feaptimsphatabisulptionate ofiai alkalinea
specified fornul a derived from cashew nut shell |iquid. SUMVARY OF THE

| NVENTI ON earth metal with magnesium alkoxide and boric acid under anhydrous conditions

in the presence of a dilution solvent followed by distillation 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.

[6006] U.S. Patent No. 6,174,842 discloses a lubricating oil composition
that contains from about 50 to 1000 paris per million of molybdenum from a
molybdenuin compound that is oil-soluble and substantially free of reactive sulfur,
about 1,000 to 20,000 parts per million of a diarylamine, and about 2,000 to
40,000 parts per million of a phenate. This combination of ingredients is said to
provide improved oxidation control and improved deposit control to the

Jubricating oil.




[ 0008] I n accordance with one enbodi nent of the present invention, a

netal -free detergent and antioxi dant additive is provided conprising the
reaction product of an acidic organic conpound, a boron conpound, and an

al koxyl at ) d/ or an al koxyl ated am de. [0009]I r with a
second enggrﬁﬁ%ﬂﬁlo t he present invention, a process PSﬁ%gﬁﬁggﬁfﬁg a

netal -free detergent and antioxi dant additive is provided, the process
conprising reacting an acidic organic conpound with a boron conpound and an
al | coxyl ated ami ne and/or an al koxyl ated am de. 10010]In accordance with a
third enbodi ment of the present invention, a lubricating oil concentrate is
provi ded conprising about 10 wt. % to about 90 wt. % of at | east one

ti d f I di ' . . ; and an
L Roxy! at b alBvIPL & B, PhiEpiNil33 039 TR0 o iRAKAD o BRRNIY, B0C B0
10 wt. % of ' b ]
onboti mons - of 1 AasRRE nd it Bternd Wbl A L ARG ol btn |

provi ded conpg; st mgﬁga@@&cegi + fbml 0l %38 w%égfac%gptoxemd wiien €9

effective anount o east Ohe reaction pro an acrdic ‘organic

conpound, a bﬂﬂﬁz@@@&ﬁ%c;ﬁ&%mﬁﬂﬁ%%&%ﬁ?&d@@&ﬁ adneg, an allcoxylated

am de. [0012]1n accordance with a fifth enmbodi nent of the present
I nvention, a hydrogenated cashew nut shell liquid; and from 0.1 to 10.0 % w/w of a

component B, which is an amine salt of phosphorodithioic acid of a specified

formula derived from cashew nut shell liquid.

SUMMARY OF THE INVENTION

{0008) In accordance with one embodiment of the present invention, a
metal-free detergent and antioxidant additive is provided comprising the reaction
product of an acidic organic compound, a boron compound, and an alkoxylated
amine and/or an alkoxylated amide. .

[0009] In accordance with a second embodiment of the present invention,
a process for preparing a metal-free detergent and antioxidant additive is provided,
the process comprising reacting an acidic organic compound with a boron
compound and an alkoxylated amine and/or an alkoxylated amide.

[0010] In accordance with a third embodiment of the present invention, a
lubricating oil concentrate is provided comprising about 10 wt. % to about 90 wt.
% of at least one reaction product of an acidic organic compound, a boron
compound, and an alkoxylated amine and/or an alkoxylated amide; and about 90
wt. % to about 10 wt. % of an organic diluent.

[0011] In accordance with a fourth embodiment of the present invention, a
lubricating oil composition is provided comprising (a) an oil of [ubricating

viscosity; and (b} an effective amount of at least one reaction product of an acidic




fuel concentrate is provided conprising a nmajor amobunt of an inert stable
ol eophilic organic solvent boiling in the range of about 150F to about 400F
and a mnor effective anount of at |east one reaction product of an acidic

organi ¢ CogRrPispFlogisesPOr on conpound, and an al koxyl at ed ,am r an
al koxyl ated am de. [0013]In accordance with a sixth engggkﬁéﬁ@&%?ﬁthe

present invention, a fuel conposition is provided conprising (a) a

hydr ocarbon fuel, and (b) an effective anobunt of at |east one reaction
product of an acidic organi c conpound, a boron conpound, and an al koxyl at ed
am ne and/or an al koxyl ated am de. [0014]In accordance with a seventh
enbodi nent of the present invention, a nethod for reducing the formation of

deposits in ag@ﬁg%ﬁ?ﬁu&?g‘gbﬁhi&ﬁpﬁ&? F&ﬁlbérnlsaélgl{:&}éitéﬁ ind BfvdRhhod

conpri sing operating e engine w trng ol l conposition is

provi ded conphikgiyisled &higen oi | of lubricating viscosity; and (b) a
deposit-inhibiting effective anount of at |east one reaction product of an

aci di ¢ organi geg@mPoundi, Rch@iiE Wi PO Enbaiiidedt 3f Rleltreskhiahfdigine and/ or
an al koxyl ated am de. [0015] The reaction products of "'the present invention

advant ageous| fuePEdhébitfutd HPESNEA HRIpRLHE A G¥ajd dehodnd SHahiidt SRD1 1 1LY,
Furthernore, the reaction products provide excellent detergency and

cl eanl i ness t gleaghilid bredific kelPért ©afling Gn HeT&2E iof ¥boMd E50°B\8 kbt 200°1SinAY t he
panel coker test and excell ent antioxi dant perfornmance when eval uated using

pressure diffHaidriefectbeaaibuitofh l«ast ol kéaytidr 0ot of RESAdiE 8RBAIcON product s
are al so useful when enployed in fuels. DESCRI PTION OF THE PREFERRED

EMBODI MENTS  ¢difiduh)cboasipesthponhd)4nd ap aikofihted Bkvdidldndior bf altbx@stt@d t o
reaction products of at |east one or nore acidic organic conmpounds, one or
nore boron coapaiends, and one or nore al koxyl ated am nes and/ or one or nore
al koxyl ated am des, each of which are described herei nbel ow.

[0013] In accordance with a sixth embodiment of the present invention, a

fuel composition is provided comprising (a) a hydrocarbon fitel, and (b} an

effective amount of at least one reaction product of an acidic organic compound, a

boron compound, and an alkoxylated amine and/or an alkoxylated amide.

[0014] In accordance with a seventh embodiment of the present invention,

a method for reducing the formation of deposits in an internal combustion engine

is provided, the method comprising operating the engine with a lubricating oil

composition is provided comprising (a) an oil of lubricating viscosity; and (b) a

deposit-inhibiting effective amount of at least one reaction product of an acidic

organic compound, a boron compound, and an alkoxylated amine and/or an

alkoxylated amide.

{0015] The reaction preducts of the present invention advantageously

provide improved detergency and oxidation stability. Furthermore, the reaction

products provide excellent detergen;:y and cleanliness to an oil of lubricating

viscosity when evaluated using the panel coker test and excellent antioxidant

performance when evaluated using pressure differential scanning calorimetry

(PDSC). These reaction products are also useful when employed in fuels.




The Aci dic Organi c Conpounds [0017] Suitabl e acidic organic conpounds
I ncl ude, but are not |limted to, alkyl substituted salicylic acids,
di -substituted salicylic acids, oil soluble hydroxy carboxylic acids,
salicylic arenes, sulfur-containing calixare i di ¢
structuresa§+%éﬁ@%%é in U S Pat ent Nos. 2,933, 520; 3,8§@p§@@§m@ﬁ%33 944;
3,471,537, 4,828,733; 6,310,011; 5,281, 346; 5, 336, 278; 5, 356, 546; and
5,458,793 and the |Iike and conbi nati ons thereof. [0018] Useful substituted
salicylic acids are either commercially available or may be prepared by
met hods known in the art, e.g., U S. Patent No. 5,023,366, and can be
represented by the structure of formula I: CH COOH wherein Rl is
|ndependentIyDaSE§ﬁ;q.- all by orcabout 30 car bon at ons,
and a is an integer o Y1 " includes hydrocarbon

as vel| as Suppigntial lg, J%Péc%f‘fh@ R BHUHRS onét&a%a@mdés&%ggwu%ar bon”

descri bes groups that contaln hete oatom substituents that
of at least one or more acidic organic compounds, one or more boron compounds,

and one or more alkoxylated amines and/or one or more alkoxylated amides, each

of which are described hereinbelow.

The Acidic Organic Compounds
[0017] Suitable acidic organic compounds include, but are not Iimited to,
alkyl substituted salicylic acids, di-substituted salicylic acids, oil soluble hydroxy
carboxylic acids, salicylic acid calixarenes, sulfur-containing calixarenes, the
acidic structures disclosed in U.S. Patent Nos. 2,933,520; 3,038,935; 3,133,%944;
3,471,537, 4,828,733; 6,310,011; 5,281,346; 5,336,278;5,356,546; and 5,458,793
and the like and combinations thereof.
[o018] Useful substituted salicylic acids are either commercially available
or may be prepared by methods known in the art, e.g., U.S. Patent No. 5,023,366,
and can be represented by the structure of formula I:

AN
b
®),

wherein R! is independently a hydrocarbyl group having from 1 to about 30

COOH

carbon atoms, and a is an integer of 1 or 2. The term "hydrocarbyl" includes
hydrocarbon as well as substantially hydrocarbon groups. "Substantially

hydrocarbon” describes groups that contain heteroatom substituents that do not




alter the predom nantly hydrocarbon nature of the group. Representative
exanpl es of hydrocarbyl groups for use herein include the follow ng:

(1) hydrocarbon substituents, i.e., aliphatic (e.g., alkyl or alkenyl),
alicyclic . | oal kyl, cycl oal kenyl) substituent L
substitueﬁ&?f&gpgﬁéfic-, al i phatic-, and aIicycIic-subg?Pﬁéﬁgﬁ&ggénatic
substituents, and the like, as well as cyclic substituents wherein the ring
is conpleted through another portion of the nolecule (that is, for exanple,
any two indicated substituents may together forman alicyclic radical);

(2) substituted hydrocarbon substituents, i.e., those substituents
cont ai ni ng non- hydrocarbon groups which do not alter the predom nantly

hydlr oCar bon NGl i LR SRIGLHEDH i nd b, IYFLIydTer oAt O

nitro, nitroso, sulfoxy, etc.; et'eroat om substituents,

I.e., substitygiipfesiofydibbdrbyl Jhtipk SorRY hBGindndL&AAEFMRWILg hydrocar bon

character, contain an atom ot her "than carbon present in a ring or chain

ot herwi se conposed9hydraédrtih fabiMenti.8,; alighhliC@pY, By lail,&xérymi 0). Suitable

heteroatons will be apparent to thosé of ordinary sKi in the art and

include, for g% .., Vytibhlkyl, Syciehfitny!) sitsRARMs, ABHatidkubstiliRd, | tuents as,
e.g., pyridyl, ur;FF ?ﬁieﬁ&f,g%¥nida§glyl, etc. Preferably, no nore than

about 2, nor earphelie] aiphutidlOaridilitydiitaibaitted AOLRALS sbdiclth I Ble Iiiel | be
present for every ten carbon atons in the hydrocarbyl group. Most
preferably, tdsarel asdyblibibiuGiicWhéreinhoakOR compRitddithiotils adothdr he

hydr ocar byl group, i.e., the hydrocarbyl group is purely hydrocarbon.

[ 0019] Exanpl gworiddn ¢f themotcnlke (thal is,Aboeemiphs hivglayvo indicated eubstituehts mayed t o,

unsubsti tuted phenyl; phenyl substituted with one or nore al kyl
groups, e.g, topdtherifornetdnglicycle mgichl); but yl , pentyl, hexyl, heptyl, octyl,
nonyl, decyl, isonmers of the foregoing, and the |ike; phenyl substituted

with one or nore dRksubgtitytediyydrocarbomhsubstitoreith doey those hubstituents opmaiyingbut oxy,
pent oxy, hexoxy, heptoxy, octoxy, nonoxy, decoxy, isoners of the foregoing,
and the |i ke;nopHedydcarhopsrdups whibhwotriet alter therpredamsinaitiyyhlydecathon patuger yl - ani no
groups; napht rl"ytllle s?lggtitgl liy;' .Sllilatl)g thi Ejrugcedmnapr::) 21)1/1!1'(; nitroso, sulfoxy, etc.; and
o ent, €.g., , hydroxy, mercapto, > ) Y, etc.;
(3) heteroatom substituents, i.e., substituents that will, while having a
predominantly hydrocarbon character, contain an atom other than carbon present
in a ring or chain otherwise composed of carbon atoms (e.g., alkoxy or alkylthio).
Suitable heteroatorns will be apparent to those of ordinary skill in the art and
include, for exampie, sulfur, oxygen, nitrogen, and such substituents as, e.g.,
pyridyl, furyl, thienyl, 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 hydrocarbyl group is
purely hydrocarbon.
[0019] Examples of R! in formula I above include, but are not limited to,
unsubstituted phenyl;
phenyl substituted with one or more alkyl groups, e.g., methyl, ethyl,

propyl, butyl, penty}, hexyl, heptyl, octyl, nonyl, decyl, isomers of the foregoing,




straight chain or branched chain al kyl or al kenyl groups containing from
one to fifty carbon atons, including, but not limted to, nmethyl, ethyl,
propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl,

dodecyl, tygj et radecyl, pentadecyl, hexadecyl, heptadec
octadecyl,“%ﬂé@%khﬁ%nadecyl, ei cosyl, heneicosyl, docogﬁﬁﬁmyﬂﬁ%ﬁgvl,

tetracosyl, pentacosyl, triacontyl, pentatriacontyl, tetracontyl,
pentacontyl, isoners of the foregoing, and the |ike; and cyclic

al kyl groups, such as cycl opentyl, cyclohexyl, cycloheptyl, cyclooctyl, and
cycl ododecyl . 1002011t will be noted that these salicylic acid derivatives
can be either nonosubstituted or disubstituted, i.e., when a in the fornula

Gosar bed | n treieBE, il sobeBE By L Sod Mnd B e 0" 0 100
[ ted hefel { t Id ds inth
roact Lon pr odiePex By e RBRRAL Furokf Beol Bt ne B S R L. out
on prodfiEts of" TR PAr el A ude, but
of formia . Lrpss i bEme MR B OIS 00, T T orm 3 1 g, wher ein
formila e Sr e B hed Fogether to forma ring. W
Pycrogen or anal ko ey SusakE MR opBhl AR on it chul ERRECTT Y

hydrogen or an al Kyl A LusRahd atons; and j is 1 or 2; either
124 is hydroxy and Pe ggﬁﬂ%eE%r% I ndepe g@ﬁ?ly hydr ogen, hydrocar byl or

hetero-substitutedggmgﬁgﬁﬁﬁgygmm@%daﬁmgggﬂggﬁggﬁﬂQ%gﬁ§F¥hﬁ%ﬂ%g%§g is either

hydrogen, hydrocarbyl™or hetero-substitute rocar ;
i ndependent | Yo utd g farbod bl Blefiding! bﬁho@lhk\%&@fo?ﬁéﬂr@ﬁ%%ﬁyﬂ%g&yﬂydr ocar byl
0 .

group; mis froml to 8, nis at least 3, and mtn Is
butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl, tridecyl,
tetradecyl, pentadecyl, hexadecyl, heptadecyl, octadecyl, oleyl, nonadecyl,
eicosyl, heneicosyl, docosyl, tricosyl, tetracosyl, pentacosyl, triacontyl,
pentatriacontyl, tetracontyl, pentacontyl, isomers of the foregoing, and the like;
and

cyclic alkyl groups, such as cyclopentyl, cyclohexyl, cycloheptyl,

cyclooctyl, and cy;:]ododecyl.
10020} It will be noted that these salicylic acid derivatives can be either
monosubstituted or disubstituted, i.e., when a in the formula equals 1 or 2,
respectively.
§0021] Salicylic acid calixarenes such as those described in U.S. Patent
No. 6,200,936, the content of which is incorporated herein by reference, can be
used as the acid compounds in the reaction products of the present invention.
Such calixarenes include, but are not limited to, cyclic compounds comprising m

units of a salicylic acid of formula ITa:




[ 0022] When nore than one salicylic acid unit is present in the ring (i.e.,
nkl), the salicylic acid units (fornmula Re) and phenol units (formula 11b)
are distributed randomy, although this does not exclude the possibility
that in so ' here may be several salicylic acid i 1,.0Lned

t oget her PR do et Y 083404PCT! US2006! 048124 108@%@844‘?%y

i ndependently be represented by the formula (CHR8)d in which R8 is either
hydrogen or hydrocarbyl and d is an integer which is at least 1. In one
enbodi nent, R8 contains | to 6 carbon atons, and in one enbodinent it is
met hyl- I n another enbodinent, d is from1l1l to 4. Y may optionally be sulfur
rather than (CHR8)d in up to about 50% of the units, such that the anount
of sulfur incorporated in the nmolecule is up to about 50 nole % In one
enbodi nent, the anmount of sulfur is betm¢en about 8 and about 20 nole % In
anot her enbodi ment, the conpbynd Lewsul fxir-free. For convenience, these
conpounds are sonetines referre J

"sal j xarenes" and their netal salts
as "salixarates". [0024]1n one G%is CH2; R4 is hydroxyl; 113

and 11.2 are independently eit ogen, hydrocarbyl or

het er o- substituted hydrocar ; R6TIs either hydrocarbyl or

het ero- substituted hydrocarbyl; R2}is H R3 is an al kyl group of 6 to about
50 carbon atoms, preferably 4 to al@@R*40 carbon at , hore preferably 6

to about 25 carbon atonms; and mtn has a value of at l|east 5, preferably at

|l east 6, and aMF PuBisRFapABh ofform8RIL:8, Wherein mis 1 or 2. Preferably,
inis 1. 1002511 n anot her enbodi nent, 123 and |e are hydrogen; R6 is

hydrocarbyl, preferably al kyl of gregser than 4 carbon atons, and nore
prgferably_greater than 9 carbon atops; Rq is hydrogen; mtn is from6 to
12; and mis 1 or 2. 10026] For xa review o@-callxarenes, see, e.qg.
Monogr aphs in :
RrR® R
R? )

which are joined together to form a ring, wherein each Y is independently a

divalent bridging group; R? is independently hydrogen or an alkyl group of 1 to 6

carbon atoms; R* is independently hydrogen or an alkyl group of 1 to 60 carbon

atoms; and j is 1 or 2; either R* is hydroxy and R® and R” are independently

hydrogen, hydrocarbyl or hetero-substituted hydrocarbyl, or R* and R’ are

hydroxyl and R* is either hydrogen, hydrocarby! or hetero-substituted

hydrocarbyl; R is independently hydrogen, a hydrocarbyl or a hetero-substituted

hydrocarbyl group; m is from 1 to 8; n is at least 3, and m+n is 4 to 20.

[0622] When more than one salicylic acid unit is present in the ring (i.e.,

m>1), the salicylic acid units (formula IIa} and phenol units (formula IIb) 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.




Supr anol ecul ar Chemistry by C. David Gutsche, Series Editor-J. Fraser

St oddart, published by the Royal Society of Chem stry, 1989. Generally,

cal i xarenes having a substituent hydroxyl group or groups include

honmocal i x cal i xarenes, honopoxacal i xar enes, erocallxarenes
WD 2007/ 03‘1@?@@@% 2006/ 048124 10027] Sul f ur - cont ai ni nggEﬁg 0o EHds, e g.,
those described in U S. Patent No. 6,268,320, the contents of which is

i ncorporated herein by reference inits entirety, can also be used as the
aci d compounds of the present invention. Such calixarenes include, but are

not limted to, conpounds represented by fornmula (111): wherein Yis a
di val ent bridging group, at |east one of said bridging groups being a

ﬁ;hizéeﬁt STbht}d&%E;r oy %8, %éiﬁﬁ«*ewﬂgwﬁﬁa%s%re R raRsRk ﬁ%%?ﬁgen
avi g o val vergienf® bR o B AT b W e Ryl
bri dgi ng_group gy, @hﬁwgwelg 0 Bottalol 1108 BN bibthel 1 in Bh of cpme&e v group

is a sul fur aton1 rva ur a om can
be a dlvalent [ t t ti dr ocar bon
group of 1 to car g%%%g%egrer@wﬂ QHYSZA&B&%%? W’ﬁeﬁ%ga& 0 6 carbon

atons. The h%ﬁfe@%ﬁ@@Hﬁaﬂ iPEp fo%outfm%of L uait su Qﬁat?ﬂktag%% ?ﬂulﬁ..lﬁ an

integer that typically has a value of at least 4, prefe rom4 to 12,

and nore pref gegipbMteddn iR ioleddle gra.st@Msmie%nﬁoﬁ@erﬂ?]&lﬂénttﬂ@ Y groups

are sulfur atons. |In another enbodinent n-3 to n-10 e Y groups are

sul fur  at onEmoun o¥ &flfud B REen ABHAR 4XR Rbout 20 enddé 94, N aXofi&oUPS 1s a sul fur
atom Preferably, the anount of sulfur incorporated in the calixarene is

bet ween about erbbhaiitertBY tompouliesilfur-5d6. NFé MR hvdddnte Shest RAMpounda Bk about

50% of the groups Y in fornula Il are sulfur atons. Mre preferably, the
amount of sul dosetinfes BFérveotd a8 PAKar8nedM ehdtheld inetd) 4Rl a8 "Slixarates".
[0024] In one embodiment, Y is CHy; R* is hydroxyl; R® and R7 are

independently either hydrogen, hydrocarbyl or hetero-substituted hydrocarbyl; R®
is either hydrocarbyl or hetero-substituted hydrocarbyl; R? is H; R® is an alkyl
group of 6 to about 50 carbon atoms, preferably 4 to about 40 carbon atoms, more
preferably 6 to about 25 carbon atoms; and m+n has a value of at least 5,
preferably at least 6, and more preferably at least 8, whereinm is 1 or 2.
Preferably, mis 1.

[0025] In another embodiment, R® and R7 are hydrogen; R® is hydrocarbyl,
preferably atkyl of greater than 4 carbon atoms, and more preferably greater than
9 carbon atoms; R? is hydrogen; m+n is from 6 to 12; and m is 1 or 2.

[0026] For a review of calixarenes, see, e.g., Monographs in
Supramolecular Chemistry by C. David Gutsche, Series Editor-J. Fraser Stoddart,
published by the Royal Society of Chemistry, 1989. Generally, calixarenes
having a substituent hydroxyl group or groups include homocalixarenes,

oxacalixarenes, homooxacalixarenes, and heterocalixarenes.




[0029] I n one enbodi ment, when Y of formula Mis not a sulfur atom it is a
di val ent group represented by the formula (CHR8)d in which R8 is either
hydr ogen or a hydrocarbyl group and d is an integer that is at Ieast one.
R8 is pref Xm opiydrocarbyl group of 1 to about 18 g P and
nore preferably to 6 carbon atons. Representative exanp es such

hydr ocar byl groups i nclude nethyl, ethyl, propyl, butyl, pentyl, hexyl ,
heptyl, octyl, nonyl, decyl, undecyl, dodecyl, tridecyl, t etradecyl,

pent adecyl, hexadecyl, heptadecyl, octadecyl, isoners or the foregoing, and
the like. Preferably, dis fromlto 3, nore preferably 1 to 2, and nost
preferably, d is 1. As defined above, the term "hydrocarbyl groups"”

i ncl udes het ubsti t \ abed e y those in
whi ch t he heta[grg%) tom e#if_ﬁpcmgﬁﬁg%mm%g%p’%hcisﬁ?gsrcr upt ?gfscfhgtlght of carbon

atoms; an eXW'@zd&%z@chéﬂmﬁédtQWméﬁM}mo%dMBdHéren%ﬂyC}e?eQer{é@hp@é"S [ 0030] R6

i's hydrogen or can be a hydrocarbyl group which may be derived froma

pol yol ef i n SUGrddy c@n BIRb YL |28 BR aclAWPOARIL 0 BR pridehdiBVénto’ NBuctP
pol yi sobutyl ene, ‘or a polyol efin copol yrer such as an ethyl ene/ propyl ene

copol yner. Odagkarenld ek, fit a%ﬁldtttﬁheealeo d,&ﬂﬁ&ms r@sssaﬂte@x&rf@ﬁﬁtat he |ike.

Het eroatons, if present, can again be -0-, , hese hydntar byl
groups prefeq@mjy have 1 to about 20 carbon atonB and nore preferably, Ito
6 carbon atoms. WD 2007/ 081494PCT/ US2006/ 048124 [0031]Either R4 is
hydroxyl and Rs and R7 are in ei ther hydrogen or hydrocarbyl, or
Rs and R7 are hydroxyl and is either hydrogen or hydrocarbyl. In one
enbodi ment, R4 is hydrogerd,Rs and R7 are ﬁi:é?xyl, and R6 is either

hydr ogen or hydrocar byl the formfta I1] the calixarene is a

resorci narene. The hydrocars ly have 1 to about 24 carbon
atons, nore preferably 1 tgd The het eroat ons, when present,
can be -0-, -NH, or -S. | i ment, Y is either sul fur or
(CROR1)., where either one nydrogen and the other is
hydrogen or hydrocarbyl; RY and gependent |y either hydrogen or
hydrocarbyl, R6 is hydrocarnbyl; n ijJs 6; andje is at least 1, preferably 1
to 4, and nore preferably, t1. Preféfably, Rbnand R7 % hydrogen and R6 is
hydr ocar byl , preferably al kyl of greater than 4, nore %teferably greater

ey o Aok S e W HERP AN BN sBIR BRG D) T O

hydr ogen.

grou-s pref et
ojcia Yis

a sulfur atom; either R* is hydroxyl and R® and R are independently either
hydrogen or hydrocarbyl, or R’and R are hydroxyl and R? is either hydrogen or
hydrocarbyl; RE is hydrogén or a hydrocarbyl group; and n is a number having a
value of at least 4.

[0028] In formula HI, 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 ilydrocarbon group or divalent
hetero-substituted hydrocarbon group of 1 to 18 carbon atoms, and in a preferred
embodiment, 1 to 6 cartbon atoms. The heteroatoms can.be «O-, -NH-, or -S-. The
integer “n” is an integer that typically has a value of at least 4, preferably from 4
to 12, and more preferably, 4 to 8. In one embodiment, n-2 to n-6 of the Y groups

are sulfur atoms. In another embodiment n-3 to n-10 of the Y groups are sulfur
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[ 0033] The foregoing sul fur-containing calixarenes typically have a
nol ecul ar wei ght bel ow about 1880. Preferably, the nolecul ar weight of the
sul fur-containing calixarene is from about 460 to about 1870, nore

preferably_fr t 460 to about 1800, and nost pref about 460
t o about 19@68&?%g@§]Acids described in U S. Patent hbgéﬁggég%@g

3,038, 935; 3,133,944; 3,471,537; 4,828,733; 5,281, 346; 5, 336, 278;

5,356, 546; 5,458, 793; and 6, 310,011, the contents of which are incorporated
herein by reference in their entirety, can also be used as the acid
conpounds of the present invention.. Exanples of such acids include, but
are not limted to, conpounds of the fornmula: RH HOAr- CAr - OH R12 COON

ther el ¥ oSS 0536008 e ihagSRy bRy ol udsanarin, 2rd AT

substituted or "unsu simlar to these

| nelude 3,5, Sproferatifleh e b bith? thodrobrardll MUEH QXA befiRicR Qa5 act ds
and about 50 mole %, such that between about 5 and about 50% of the groups Y
in formula II are sulfur atoms. More preferably, the amount of sulfur is between
about 8 and about 2¢ mole %.
[0029] In one embodiment, when Y of formula III is not a sulfur atom, it
is a divalent group represented by the formula (CHR®)4 in which R® is either
hydrogen or a hydrocarbyl group and d is an integer that is at least one. R%is
preferably a hydrocarbyl group of T to about 18 carbon atoms, and more
preferably, 1 to 6 carbon atoms. Representative examples of such hydrocarbyl
groups 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, d is 1. As defined above, the term
"hydrocarbyl groups" includes hetero-substituted hydrocarbyl groups, and are
preferably those in which the heteroatom, e.g., -O-, <NH-, or -S-, interrupts a
chain of carbon atoms; an example being an alkoxy-alkyl group of 2 t0 20
carbons.
[0030] RS is hydrogen or can be a hydrocarbyl group which may be
derived from a polyolefin such as a polyethylene, polypropylene, polybutylene, or
polyisobutylene, or a polyolefin copolymer such as an ethylene/propylene
copolymer. Other examples of R® include dodecyl, octadecyl and the like,
Heteroatoms, if present, can again be -O-, -NH-, or -S-. These hydrocarbyl
groups preferably have 1 to about 20 carbon atoms and more preferably, 110 6

carbon atoms.

I




OH (RD) R14 x wherein X and X are independently hydrogen, hydrocarbyl, and
hal ogen, R13 is pol ynet hyl ene or branched or unbranched al kyl ene, x is 0 or
| and R14 is hydrogen or hydrocarbyl. [00351The acids and salts described in

U S Pate 81, 346; 5,336,278; 5, 356,546; 5,45 : , 310, 011
are sinilgﬁmﬁﬁé?ﬁéggbove and are al so contenpl at ed forgﬁéégpw&pﬁggpractice

of the present invention, as are those of the fornula wherein RL5 and R16
i ndependent|y are hydrogen, a hydrocarbyl group containing 1 to about 18
carbon atons, or tertiary alkyl or arallcyl groups containing 4 to 8 carbon
atoms with the proviso that only one of R15 and R16 can be hydrogen; each
Ri 7 i ndependently are hydrogen, a hydrocarbyl group, aral kyl groups, and

cycl oal kyl grﬁﬁi@f]’ and ﬁ‘iﬂie?RQist dtg%ﬂ% g7 a?&h&@eﬁdélﬁlgv‘;e%& car boxylic

aci ds incl udi but not Timte roxy stearic al pha

hydr oxy Carboﬁ%&r&é&g‘%@h p@e[}gylt&q{dainﬁ%"ga%‘h Q1 Bift RMRIANEh AR gefi By 2CT di C

conpound of t ptresent 1 nvention. [00 reférably, the acidic organic

conpound is S‘E}iﬁ&‘g?@'-f flpéﬂetenﬁmaqugﬁﬁﬁaéaﬂgn%ﬁm lhsWeﬁli hdiyed

salicylic aci -substituted salicylic acids, oil so ub!e_hydroxy
carboxyl i ¢ acisdineriRtitdp¥h bfnyiirdcartyRin tha kiR Moy ce@i%meﬂé 319

cal i xarenes, and thé acidic structures disclosed in U S. Patent Nos.

2,933,520; 3, ﬁg&cﬁgéhe,%ﬂéﬁ?dg&ﬁbysgﬁﬁﬁs préferabdy 832,148 3boit 24 Fdsbdf6;

5, 336, 278; 5, 356, 546; 5, 458, 793 and 6, 310, 011.
atoms, more preferably 1 to 12 carbon atoms. The heteroatoms, when present, can
be -O-, -NH-, or ~S-.
[0032] In one embodiment, Y is either sulfur or (CR’R'?),, where either
one of R® and R!%is 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, and more preferably, 1. Preferably, R® and R” are
hydrogen and RS is hydrocarbyl, preferably alkyl of greater than 4, more
preferably greater than 9, and most preferably greater than 12 carbon atoms; and
one of R° orR" is hydrogen and the other is either hydrogen or alkyl, preferably
hydrogen.
[0033] The foregoing sulfur-containing calixarenes typically have a

~ molecular weight below about 1880. Preferably, the molecular weight of the

sulfur-containing calixarene is from about 460 to about 1870, more preferably
from about 460 to about 1800, and most preferably from about 460 to about 1750.
[6034] Acids described in U.S. Patent Nos. 2,933,520; 3,038,935;
3,133,944; 3,471,537; 4,828,733; 5,281,346: 5,336,278; 5,356,546; 5,458,793;
and 6,310,011, the contents of which are incorporated herein by reference in their
entirety, can also be used as the acid compounds of the present invention.

Examples of such acids include, but are not limited to, compounds of the formula:
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The Boron Conpounds [0038] The boron conmpound can be, for exanple, boric
acid, atriallcyl borate in which the al kyl groups preferably conprise from
1 to 4 carbon atons each, alkyl boric acid, diallcyl boric acid, boric

oxi de, bor| i npl ex, cycloal kyl boric acid, aryl I j
dicycloalk?ﬁ) g?ﬁ%ﬁgcid, diaryl boric acid, or substitgp?éﬁﬁﬁg%%g%ts of
these with al koxy, al kyl, and/or al kyl groups, and the |like. Preferably,

t he boron conpound of boric acid. Al coxylated Am nes and/ or Al koxyl at ed
Am des [0039] The al koxyl ated ami nes or am des for use herein can include
saturated or unsaturated nono or polyal koxyl ated al kyl am nes or al kyl

am des, e.g., dial koxylated al kyl am nes, saturated or unsaturated nono or
pol yal koxyl ated aryl am nes or aryl am deg,and the |ike and m xtures thereof
As one skilled in the art will readily appreciate, the al koxyl ated am nes
or am des for use herein can obtained! from primary, secondary or
tertiary am nes. The term "nonoal koxyl at gd" 's US4 herein shall be
understood to nean an atkoxy unit attachkd via an oxygen |inkage to the
rest of the nol ecule wherein the al koxy ®nit can contain 1 to about 60

all coxy radicals, preferably from1 to about 30 al koxy radicals and nore
preferably from1 to about 20 al koxy radfe@Hs, in random or bl ock
sequences, and wherejn each al koxy radical,can be the same or different:
e.g., ethyl en&bgERR- it db¥Areseebongrhalogem R s @ hydiogerbomiand Asisw/| ene

oxi de- et hyl ene .oxj de-et hyl ene oxide unit and the |ike. The term

"pol yal koxy| aftyunied %gﬁ%‘bﬁW@gﬁUﬁhyﬁ?ﬁ’b@Wﬂé‘ﬂ%‘%’ﬁﬂﬂ'tf’éh%mﬁ’lqﬁ‘ﬁr e than one

al koxy unit, €.9,. .2 dialkoxylate nit, each attached via an oxygen

| i nkage to thg’s%e’gftg%?' SLI%ﬁ"ét“F%ﬁe%ﬁﬂ@’%‘mWf@éﬁ%ngEﬁﬂ?aﬂﬂﬂ%dsééﬁ‘%ont ain 1
to about 60 ahgoxa radicals, preferably from1 to about 30 al koxy radicals
and nore prefefgb y from1l to about 20 al koxy. radicals, in random or bl ock
sequences, and wherein each al koxy radi an be the sane or different as
descri bed herei nabove. [0040]1n one enb nt, the allcoxylated am nes

i nclude, but are not limted, to, nono _or g#,ethoxybgted am nes or am des,
nono or pol yet hoxyl ated fat aci d d 3 atty acid amdes and the |ike

q0/S
and m xtures thereof. [0041]| k—arel her nbodi ) t he al koxyl ated am ne or
am de i ncl udes an aIIco§¥Iat=A' vati vie of A4 Kqnol am ne, e.g.,
di et hanol am ne or of C X

X x RM X

wherein X and X' are independently hydrogen, hydrocarbyl, and halogen, R" is
polymethylene or branched or unbranched alkylene, x is 0 or 1and R'* is hydrogen
or hydrocarbyl.

[0035] The acids and salts described in U.S. Patent Nos. 5,281,346;
3,336,278, 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

RIS
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tri et hanol am ne, or al kanol am de, or an al koxyl ated derivative of a
reacti on product of an al kanol am ne or allcanolamde with a C4-C/5 fatty
acid ester. The fatty acid ester for use in form ng the reaction product

herei n canyem, {&549?xarrpl e, glycerol fatty acid ester src,t[gﬁoom% erides

derived fromnatural sources such as, for exanple, bee ow oi'l, lard
oil, palmoil, castor oil, cottonseed oil, corn oil, peanut oil, soybean
oil, sunflower oil, olive oil, whale oil, menhaden oil, sardine oil,
coconut oil, palmkernel oil, babassu oil, rape oil, soya oil and the |ike
wi th coconut oil being preferred for use herein. [0042] The glycerol fatty
acid esters will contain fromabout C. to about C75 and preferably contain

about CB 10 algeifR shaRIYindGdlaHl Ak Shdhogin, s ARIGEA thbYoRhihy™ et os.

t he nunber and type varying wth thé sodrce of ty acids are a

class of conpqupdss 9 babo MEnR, ARG AALP6RLE nghﬁﬁ%oﬂ&%ig%&%ﬁi nal

carboxyl ate group and are characterizéd as unsaturated or saturated

dependi ng UPORaMBEEBAK VAR BIRiBUM ohly oAl BBR Flank Rt & HA¥IAREERAG, chai n.
Therefore, an unsaturated fatty acid has at |east one double”bond 1n its

hydr ocar bon clpdi sad ﬂ@ﬂ?a?eweﬁlﬁﬁiymﬂﬁéﬁuﬁﬂﬁﬁylgoﬂﬁuﬂde bonds in its

fatty acid chain. Preferably, the acid is saturated. anpl es of

unsat ur at ed f aydlyalig igetsupk, @b xdeo t¢p4.i stol eic acid, pahnitoleic acid, oleic
acid, linolenic acid, and the |ike. Exanples of saturated fatty acids

i ncl ude caproijf@e3sri d, copsyhbR laaidty cabpkylic a&iais%cldcﬂﬁ%ibﬁtzﬁ@iﬁﬂﬁteﬂﬁ,i stic
acid, palmtic acid, stearic acid, arachidic acid, beheld acid, |ignoceric

aci d, and t he i2hiydroxy WuROkTd, Afphd D¢ARCRY LIDBAGAL @&iad 2 the QlsSedmemoasent ati ve
exanpl es of suitable al koxyl ated am nes include: (a) an al koxyl ated am ne
represent ed bymghyedt @ thé acidiclcampRiRlst MoxlprEidit inRéntion.

[0037] Preferably, the acidic organic compound is selected from the group

consisting of alky] 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;

3,038,935; 3,133,944; 3,471,537; 4,828,733; 5,281,346; 5,336,278; 5,356,546

5,458,793 and 6,310,011.

The Boron Compounds
[0038] The boron compound can be, for example, boric acid, a trialkyl
borate in which the alkyl groups preferably comprise from 1 to 4 carbon atoms
each, alkyl boric acid, dialky! boric acid, boric oxide, boric acid complex,
cycloalkyl 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.

Preferably, the boron compound of boric acid.
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\ R22 wherein R18 is hydrogen or a substituted or unsubstituted

hydr ocar byl having from 1l to about 30 carbon atons and preferably from
about 8 to about 30 carbon atons; R19 in each of the x (R190) groups is
independen@b& i ght or branched C2-C4 all cyl ene; or a
substitute ogaﬁﬁgﬁﬁstituted hydr ocar byl ene havi ng froE?BhSOa%@out 6 carbon
atons; R21 and Reach i ndependently hydrogen, substituted or unsubstituted
hydr ocar byl having from 1l to about 30 carbon atons, -(R23).-(12.190)yR24,

or R21 and R22 together with the nitrogen atomto which they are bonded are
joined together to forma heterocyclic group; R23 is substituted or

unsubsti tuted hydrocarbyl ene containing from1l to about 6 carbon atons, R24

i s hydrogen or a linear Rfio0iagAedn& dhflor NIk IdAGVARE L t O about 4 carbon

atons, nis 0 or 1, and x 1S an average nunber from 1l to about 60,

preferably frpgady (0 abgidadly ﬁfb‘éaﬁﬁﬁ&o@&ﬁﬁ&%%&%eh&@ﬂﬁb&&&hﬂaom 20.

Sui t abl e hydrocarbyl (hydrocafbylene) groups include ut are not limted

to, linear orgRirAB¢beshsthdardd hath M;ﬁ'ﬁ%)koxﬂda&‘aaaﬂk%ﬁ&a&% fuﬂidseny'

(all cenyl ene), linear or branched al Kynyl~ (al kynyl ene), aryl (arylene),
aral kyl (ar alégy&emsiyx%@uﬁ@ Afided, BRulatddr uﬁ’éa‘%ﬁ:ﬁfe@lﬁb\’m oRﬁ hiRoByidtbdr€ar or
branched al kyl | i near br anched al kenyl group havi ng Fron1about 8 to

about 25 car b@ﬂaﬂﬁrﬁﬂ%r iﬂqﬂ:de@mﬁﬁﬁ@hﬁé add i REBRLE I ObSkilkdimgRpendent |y
a straight or branched 02-C4 allcylene, R21 and R22 are each independently

hydrogen or aart witeRadiB/ apprciytd) @ik alttdkylatedl Dnifed v \afidesif6ai¥e heleih ARGYL 6
carbon atons, and x is an average nunber from1l to about 30. (b) an

al koxyl at ed adtitained fegin prfiate Sedoidae Detfeptdary aniAckaThefem R27 wherein Et23 is
a substituted or unsubstituted hydrocarbyl having from1l to about 30 carbon
atons and pr e¢fmmablkyxylated’ ashoed héeinchdblot indstiaetd aiean hwaikoxyRAHt i N each of
the x (R260) groups is independently a straight or branched 02-C4
al | cyl ene; R2artacledhyalzrogemenlinkags to the gist ofithe bidderaladheandii fHe alkaxymnitavi ng
from1l to about 6 carbon atonms; R28 is a substituted or unsubstituted
hydr ocar byl Havicwgalilrldmalnowt&()a!ﬂwv r@licabsa prederatzdly drom 1 o apopt 30 dlkomyar or
branched al kynyl, ar aral kyl group having from1 to about 30 carbon
atons, and x Tadicals preqs ﬁﬁhb@%ﬁﬂﬂdﬂﬁmﬁﬁaoaE@ﬁYHQGEmeeﬁﬂkabmy RR3 is a
stralght or branched aIkyI strai ght or branched al kenyl, straight or
branched al kytgsk segyapres, and wherrirygrchpllenysadicalican be theisrs pr diffstenbi ne
represented by general fornula: 4z30c) Ra

€.g., ethylene oxide-propylene oxide-ethylene oxide unit, ethylene oxide-ethylene

oxide-ethylene oxide unit and the like. The term “polyalkoxylated” as used herein

shall be understood 0 mean more than one alkoxy unit, e.g., a dialkoxylated unit,

each attached via an oxygen linkage to the rest of the molecule wherein each

alkoxy unit can contain 1 to about 60 alkoxy radicals, preferably from 1 to about

30 alkoxy radicals and more preferably from 1 to about 20 alkoxy radicals, in

random or block sequences, and wherein each alkoxy radical can be the same or

different as described hereinabove.

[0040] In one embodiment, the alkoxylated amines include, but are not

limited to, mono or polyethoxylated amines or amides, mono or polyethoxylated

fatty acid amines or fatty acid amides and the like and mixtures thereof.

[0041)] In another embodiment, the alkoxylated amine or amide includes

an alkoxylated derivative of an alkanolamine, e.g., diethanolamine or of
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R29-x kR3gq R31 wherein R29 is a linear or branched al kyl, |inear or
branched al kenyl, |inear or branched al kynyl, aryl, or aral kyl group havi ng
fromabout 6 to about 30 carbon atons, R3 in each of the x (R360) and the y

(R300) gro i hdependently a straight or branched P ne, R31
i's indepeng‘g):ﬁo’)?/o ‘%r ogen, or a linear or branched al k?ﬁ'f@%ﬂﬁﬁ%g@i ng from

1 to about 4 carbon atons and x and y are independently an average nunber
from1l to about 40. Preferably, R29 is a straight or branched al kyl or
straight or branched al kenyl group having from about 8 to about 30 carbon
atons, le in each of the x (R3O0 and the y (R300) groups is i ndependent |y
a straight or branched C2-C4 al kyl ene, R31 is independently hydrogen,

met hyl or et hyfiethABRmind Blalkarifniit Of BE AEERY1hd Abr AL 888 aMmer from 1 to
about 20. More preferably, R 29 is a |inear or branched al Kyl group having

from about 8 pRdab@fhn dfkakdskme @h&%lmﬁaemm%@hc%ffa%&i%d&?m and the y
(R'O groups is independently ethylene or propyl ene, 1 1s i ndependently

hydrogen or mgitRseid cRRe for 18ETH Hirmaing thd 1 RRIBASEsHubheRdin BUEFAER o r froml
to about 10. Even nore preferably, R29 is a linear or branched al kyl group
havi ng from aBuéroBfaity acill @sters 2ide. CadydeeiBes?dediNEd D@ HafurSlaehresd subl s, or( R300)
and the y (R3O groups is independently ethylene or propyl ene, R31 is

i ndependent | y exwntiite Geef taltowrsil, 1y, oilpalmioin Baktor Gl BottdnsEandedth bil, an aver age
nunber from1 to about 5. [0044]Preferred conmercially avail abl e

al koxyl at ed apeanetsoil, seybedeoil,sasfowe\oil] blke o, Wwhataofl, izshdiebefl, sardiker t he

Et honeen tradenane, e.g., Ethoneen C/12, C/ 15, Cl120, C/ 25, SV/ 12, SV/ 15,

T/ 12, T/ 15, ThikEoesmkt Fil3mlm Remblovil, bebasnneik rapeadi], yoyawili dnd i edtilel vadx y | at ed

am des include those available from Al czo Nobel under the Atnadol

tradenane, e. epcon@mpldwingGivefeded AmmsoberGVA- 5, Amadol OVA-2, Anadol OMWA- 3 and
Amadol OVA-4. [0045]1In general, the reaction of the boron conmpound with the
aci di ¢ conpoulfii€42ind al Ktheslyaeea fathy avéd estantd will enitan frioen abgduia@y tdebat t he
present invention can be effected in any suitable manner. For exanple, the
reaction can bwaedatsirreldy confeiniabent Godorahawt e fatie acid iesitrs, icospeamidatnd bor on
conpound in the desired ratio and in the presence of a suitable solvent,
e.g., napht ha®4herojsirathesmimbenand type varyingwethhe spitcaafithewib| Fattyfacids a
sufficient tine, the boron conpound dissolves whereupon the al koxyl ated

ani ne and/ or HPRE%ST ok winrpeHndseontainingRlong hydiogarben ehafnoand atewmipal | zati on and
formation of desier reacti on product. desired, a diluting oil can be

added as need‘_éaéb"_txéf aﬁ%ﬁﬂ’%?“dﬁ? E]Ef’é'i‘"ct_ eﬁlég ¥rsatratpd o sabratedd 98l of
i ntai i ng. (W useE A plaublt Popd 8 Arsseatin e Poopn o disi TBOSECRRboUt 100C
Zggufr (]a_f ?{)aglb%n&{xtlﬁ%t%% %[mié gacs s;[t ?easapo%%tdozagbggci inaitstii roc %roxll glgairli anging from
whereas a saturated fatty acid has no double bonds in its fatty acid chain.
Preferably, the acid is saturated. Examples of unsaturated fatty acids include,
myristoleic acid, palmitoleic acid, oleic acid, linolenic acid, and the like.
Examples of saturated fatty acids include caproic acid, caprylic acid, capric acid,

lauric acid, myristic acid, palmitic acid, stearic acid, arachidic acid, behenic acid,

lignoceric acid, and the like.
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[0046] If desired, the reaction can be carried out in an al cohol, e.g.,

al i phatic and aromatic al cohols, or a nercaptan, e.g., aliphatic and
aromati c mercaptans, can be included in the reaction charge. Suitable

al i phatic + i,nclude, but are not limted to, ne % t hanol

pr opanol , g‘lu(f%% 8,§49||c‘:4)ent anol, hexanol, heptanol, oct anoItP,E%ﬂlg dgﬂgﬁmudecanol ,
undecanol , dodecanol, tridecanol, tetracl ecanol, pentadecanol, hexadecanol,
hept adecanol , octadecanol, nonadecanol, eicosanol, isoners thereof, and the
| i ke. Suitable aromatic al cohols include, but are not limted to, phenol,
cresol, xylenol, and the |ike. The al cohol or aromatic phenol npoiety may be
substituted with al koxy groups or thioal koxy groups. Suitable nercaptans

i nclude, but gpe43pot |i'f@eﬁl%ﬁbrﬂzﬁiveQ%ﬁleﬁsﬁﬁﬁ]@ﬂko:ﬁﬁﬁ&d@m% ﬁ@ﬁgé“, hexy!

mer capt an, heptyl nercaptan, octyl nercaptan, nonyl” nmercaptan, decyl

mer capt an, undecyl QAR HRted ARER b reSRt &AL e like, as well as

t hi ophenol , thiocrggﬁﬁ, th?%xylenol,band the\??ﬁg?ﬂﬁggg7]lt w il be
understood by those skilled in theg art that the fo&@going reaction product
will contain a conplex nixtug&tp#ZR oungso T éaction product m xture
need not be separated to isolate dne nore s i fic conponents.
Accordingly, the reaction product mxture can be &¥l oyed as is in the

| ubrication oil conposition or fuel conposition of the present invention.
LUBRI CATI NG Owihef@VREGS Aydobien1d) Q486stibged eragbhtafinpsdtddedoarb9f naviiy R sent
invention are useful as additives in lubricating oil conpositions.

General |y, tha té etimnit 88 tishon atbins andrpreserdtil P A8mafbolil g & bb¥Sdadniaielside as a
first conponent an oil of lubricating viscosity. The oil of lubricating

vi scosity for Risio enelr afithe & 6R'°Op gmnps is irelzpaideytikasvaigitior baheieddh,aT,over ed oi |
of lubricating visco%$ty used in formulating lubricating oil conpositions
for any and abR¥kyisnesiR A bandtor e mehstitutegl ar vesuistiatedi Hydrocambylenehayg nder oil s,
functional fluids such as hydraulic oils, gear oils, transm ssion fluids,
e.g., automat flemZ 9ebputGeashpofgomyR> edR” atemabh indepanentlydytiges,r unk pi st on
engi ne oils, ‘conpressor |ubricants, netal-working |ubricants, and other

| ubricating oftbsélitpdgr snsbstitsied bytinorashy hapjugiftcno h &g sbppt $theartwin atarhs,

| ubricating visgosity for, usqﬁherehn can optionally contain viscosity index
i nprovers, e. R G R eorRk pndRt tagsiher atithshe vitrogénratem ¢opbich thrys, e. g.
an ethylene-progéugﬁgycppolyner or a styrene-butadi eng, copol yner; and the
li ke and i xt #edEn Bigined fogsier Kasfogp @ helerqqyelic graum iR issubsiidutedion eadi | y

appreci ate, of. the oi|l of lubricating viscosity js dependent

th i it

upon t he appl?%H%’lﬁl%%g‘i\&%?ﬁefmw,“?%@%@%‘Béit?ﬁb%%éﬁfbéplamﬁ?saRubﬁ*i cating

i ity f h i i | di i, | f bout 2 t bout 2000
bent 1ot okes (MFSEer SiBediar brmain i) soen daras o SRR EERIPTSRE of | <

d i il j Ki i i i t 100C of about

Ssﬁfst t gleggbg‘? oGz, %ﬂ%ﬁ%ﬁg@ﬁ%ﬁﬁ%é&?ﬁﬁ%ﬁﬁ%% 1 t‘%lndogogt >

refera a c n . el.ec or bl ende
8ependi ngyon %ﬁgtﬁ)eﬁ%dl%ggﬁgﬁ?g%r%?&%oﬁ%ﬁ't%%ggleﬁdfoﬁggﬁ ni shed oil to

i t he desi f ke i . . br.icati il iti
v ng an Sact o oiBond) grhiibfudd fue o By timfloy O it BBl afSTELY 60 B
5W 20, 5W 30, (ai%eﬁ@)é liﬁc\,&‘r%?bmﬁweﬁglkefxg\%%% Q’lm%&\ﬁ'r%?agc%e%\n%lﬁgq% 10W 50,

15W 15W 20, W30 or 15W40. O as“gear o

viscosities r@nghfend) &9 @RAHe), aratiSh (PR eraH0nd Bl ik, FORGHLy,
R" is a linear or branched alkyl or linear or branched alkenyl group having from
about 8 to about 25 carbon atoms, R'? in each of the x (R"0) groups is
independently a straight or branched C,-C4 alkylene, R* and R are each
independently hydrogen or a linear or branched alkyl group having from 1 to

about 6 carbon atoms, and x is an average number from 1 to about 30.
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[ 0050] Base stocks may be manufactured using a variety of different
processes including, but not limted to, distillation, solvent refining,
hydr ogen processing, oligonerization, esterification, and rerefining.
Rerefined st@gio7e1adsl be substantially free from materigsyshihopduced

t hrough manuf acturing, contam nation; or previous use. The base oil of the
| ubricating oil conpositions of this invention nmay be any natural or
synthetic lubricating base oil. Suitable hydrocarbon synthetic oils

i nclude, but are not limted to, oils prepared fromthe pol ynerization of
et hyl ene or fromthe polynerization of 1-olefins to provide polyners such
as pol yal phaolefin or PAO oils, or from hydrocarbon synthesis procedures
usi ng car bon nonoxi(teaneaikbxylatedogeine gppssentedishgaeral formuki; sher Tr opsch
process. For exanple, a suitable oil of |ubricating viscosity is one that
conprises little, if any, heavy fraction; S .Q#ittle, if any, |ube oi
fraction of viscosity about 20 cSt,.or hi ﬂgd% 100C. [0051] The  oi |l of

| ubricating viscosity nay be deri%éﬁ—ﬁ? m natural lubricating oils,
synthetic lubricating oils or nixtures‘ghgﬁeof. Suitable oils includes base
stocks obtained by isonerization of synthetic wax and sl ack wax, as well as

hydr ocr acked haeis RS salAESRS DRYEIATHARILAON e B § RRfLagp! Vent

extracting) the aromati ¢ and pol ar conponen le oils

i ncl ude t hose 30Rarbbh aidils #6a pRESHHIO Fro atlohit 8 td dbout 36 SR5hn bt dSs: geé ined in APl
Publ i cation 1509, 14th Edition, Addendum I, Dec. 1998. G oup base oils

are pol yal phaehdfdfiise £ BRD) g&ﬁu&@inwep@aentgjé&di%ﬁbuﬁ%ﬂeh c9idjer base oils
not included in Goup I, Il, H, or IV_ Although Goup Il, I'l'l and IV base

oils are pref elkyde R isin@rigen oha Strai bt e Blah6ed alﬂi@?ﬁau?h@&iﬁ%ﬁ%ﬁ’n pRse oils
may be prepared by conbining one or nore of Goup I, I, ITI, IV and V base
stocks or basebwmit bsarbof @i REis d sutatithtal or@hbbstifnedurotiBakinubr i cat i ng
oils such as, for exanple, liquid petroleumoils, solvent-treated or

aci d-treated Ffomel @labbuti0 aatonratpns, kg, eflinkdrer pamehidd iyl AaRHrheni ¢ or

m xed paraffinic-naphthenic types, oils derived fromcoal or shale, aninal
oi | s, veget abfwetkyl group baying fompetoaboutdi0l carbon agingy ami + & addleregg d 0i | ), and
the like. 100531Useful synthetic lubricating oils include, but are not
linmited to, hy¥RbRELToEdh toakioyt 6% dPrbistablys R3S iatstraighit drbalsnehed 4by1, 0i | s such as
pol yneri zed and_interpol ynerized ol efins, e.g., polybutylenes,

pol ypr opy! ene¥raigi gphraached slisayly steaight oobrahshed alikynplh buyt, ion atabkyl pohybut yI enes,
pol y(1- hexenes), poly(l  octenes), poly(l-decenes), and the |ike and

mi xtures thereof ai°k§Aisioxraisied amingreprssentadcdydepemb fommula: t et r adecyl benzenes,
di nonyl benzenes, di (2-ethyl hexyl)- benzenes, and the |ike; polyphenyls such
as bi phenyls, terphenyls, alkylated polyg?@ﬁy $ and the |ike; alkylated

di phenyl ethers and al kyl at ed diﬁﬂen ~Sul f s and the derivative, anal ogs
and honol ogs thereof and the like. [ 41C her useful synthetic lubricating
oil's include, but are not linmted I@ijkﬁ

wherein R? is a linear or branched alkyl, linear or branched alkenyl, linear or
branched alkynyl, aryl, or aralkyl group having from about 6 to about 30 carbon
atoms, R* in each of the x (R*0) and the y (R*0) groups is independently a
straight or branched C,-C; alkylene, R’! is independently hydrogen, or a linear or
branched alkyl group having from 1 to about 4 carbon atoms and x and Y are
independently an average number from 1 to about 40. Preferably, R” is a straight
or branched alkyl or straight or branched alkeny! group having from about 8 to

about 30 carbon atoms, R* in each of the x (R*°0) and the y (R*°0) groups is
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to, oils made by polynerizing olefins of |ess than 5 carbon atons such as
et hyl ene, propyl ene, butyl enes, isobutene, pentene, and m xtures thereof.
Met hods of preparing such polymer oils are well known to those skilled in
the art. WaPxbidwdeist i onal useful synthetic hydrocarboq{ghhﬁmgﬂﬁkﬂde liquid
pol ymers of al pha ol efins having the proper viscosity. Especially useful
synthetic hydrocarbon oils are the hydrogenated |iquid ohgoners of C6 to
Cl2 al pha ol efins such as, for exanple, 1l-decene trinmer. WO

2007/ 081494PCT/ US2006/ 048124 [ 0056] Anot her cl ass of useful synthetic

| ubricating oils include, but are not limted to, al kylene oxide pol yners,
i.e., honopolyners, interpolyners, and derivatives thereof where the

term nal hydr dndepensicotips straightt ob benclrad dif Cedicyigne, Ré'ris depgunkentlyest eri fi cati on
or etherification. These oils are exenplified by the oils prepared through
pol ymer i zat i ofyéfogen, mdthad or ethiklendox angl Yoy lisdeperalehithean sdeeagahisypbenismpheny|

et hers of these pol yoxyal kyl ene polyners (e.g., nethyl poly propyl ene

gl ycol ether Haopbpt2A. Mage prpéerabiy, &R lisarlinged apttrarehedddkyitgranpdi®ingdi pheny!

et her of polyethyl ene glycol having a nol ecul ar weight of about 500 to
about 1000, difierhabouts fregbout 25 onratqrys, & bingagicof thina (RHQ) andnbegcul ar wei ght
of about 1,000 fo about 1,500, etc.) or nono- and polycarboxylic esters

t her eof such &8 Op gioupxigripdependenily etbeneorguopyene, R Kethd@®n@tlyat t y aci d
esters, or the Cnoxo acid diester of tetraethylene glycol. [0057] Yet

anot her cl assh¥frogansgrupetylnandet and ¥ anp itidepanidaaflyoin avetage murdber fivum 140 € not
limted to, the esters of dicarboxyljc acids e.g., phthalic acid, succittic
acid, al kyl sB8futAPEvenimere prreliyiR s irdlinpaeortrantbed alisylereudwiving azel ai ¢
acid, suberic ack&, sebacic acid, futnaric acid, adipig acid, linoleic acid
di me; nal oni c¥qm apout & toaboui 2 Garhon atamsi R igjcrehrfitherm (RTPLanddhely, etc., with
a variety of sQhols, e.g,, butyl alcohol, hexyl_ alcohol, dodecyl alcohol,
2-et hyl hexyl atc ﬂ%’l‘)}‘p”e‘t‘ egpde YW'?“%RréI‘W%ﬁeRgIW@SWWt her,

propyl ene gl ygo etc. ci f.ic exanp) es of these esters include dibutyl

adi pate, di (zﬁ‘é‘{‘ﬂ%ﬁ"hoé)@ﬁﬁﬁe%‘&f‘aﬁ?g,y '—“ﬁg?Fé‘QVT YAy Sege aumbsr o ] tsebacat e,
dii sooctyl az iy di i sodecyl azel ate, dioctyl phthal ate, didecyl

pht hal at e, di el coSyl sebacate, the 2-ethyl hexyl diester of linoleic acid

tuo ol e of RBFIEa i Sl FRin e Baatd: AESoielufnot RERBPE aci d and

the Iike. available from: Akzo Nobe! under the Ethomeen tradename, €.g., Ethomeen C/12,
C/15, C/20, C/25, SV/12, 8V/15, T/12, T/15, T/20 and T/25. Preferred
commercially available alkoxylated amides include those available from Akzo
Nobel under thé Amadol tradename, e.g., Amadol CMA-2, Amadol CMA-5,
Amadol OMA-2, Amadol OMA-3 and Amadol OMA-4,
[0045] In general, the reaction of the boron compound with the acidic
compound and alkoxylated amine and/or alkoxylated amide of the present
invention can be effected in any suitable manner. For example, the reaction can
be conducted by first combining the acidic compound and boron compound in the
desired ratio and in the presence of a suitable solvent, e.g., naphtha and polar
solvents such as water and methanol. After a sufficient time, the boron compound
dissolves whereupon the alkoxylated amine and/or alkoxylated amide is added

slowly to effect neutralization and formation of desired reaction product. If
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WO 2007/ 081494PCT/ US2006/ 048124 100581Esters useful as synthetic oils also
i nclude, but are not limted to, those nade from carboxylic adds havi ng
fromabout 5 to about 12 carbon atons with al cohols, e.g., nethanol,

et hanol , etwo 200p081yml s and pol yol ethers such as neopergadfusdbotoRizg
trimethyl ol propane, pentaerythritol, dipentaerythritol,
tripentaerythritol, and the Iike. 100591Silicon-based oils such as, for
exanpl e, polyal kyl -, polyaryl-, polyal koxy- or polyaryl oxy-siloxane oils
and silicate oils, conprise another useful class of synthetic |ubricating
oils. Specific exanples of these include, but are not limted to,
tetraethyl silicate, tetra-isopropyl silicate, tetra-(2-ethyl hexyl)
silicate, tet dgsited, adiurdg dilboan by sdded@anesded to control viscosity, particularly
tetra-(p-tert-butyl phenyl)silicate, hexyl-(4-nethyl- 2-pentoxy)disiloxane,
pol y( net hyl ) sidvonRgreme splvents by distilatiops | Thesaaeion camtypically bé ke. Still yet
ot her useful synthetic lubricating oils include, but are not limted to,

li qui d est er s conrdysteddytmoaintainingthe wactanty atacietperatrgof frem abowt 899C hosphat e,
trioctyl phosphate, diethyl ester of decant phosphionic acid, etc.,

pol yneri c t et ABeiEdPBIG At ereferaly fram Ebdus S0TQ BGHPTHES Gifor mtimé pdriddcat i ng
viscosity may be_derived fromunrefined, refined and rerefined oils, either
natural , synt RS0 fm aboyt dtesbeyf 4hgirsor nore of any of these of the type
di scl osed herii nabove. Unrefined oils are those obtained directly froma
natural or syMW&lic solfidegitqeihg reactigmean biearried ot intanralaohplde.ghi t unen)

wi thout furthey ,purification-or treatnment. Exanples of unrefined oils

i ncl ude, but ﬁ':‘%rpaﬁﬁfm promatie alephols, ogp meEeapian, ¢ aliphatic andegematic from

retorting operatiops, a petroleumoil obtained directly fromdistillation
or an ester oﬁmﬁg{;ﬁ%"ﬁgﬁgﬂm”g’@#? "'g? WREUAT chateg, Spiteblg dliphatin deadsls each of
T s MRS e B e e v
pur i1 cat | on BLERS, bR R5.LR5 o0, FBLG, BB SScclISBS UL 11 S2L1 on
POl vent. ext T ik alanisSARRNanY, LAl hallu s 2hal3a5 SAHASHICT o
o e SEIOPHBRL G, o0 O RS BRI 0 o
i Tect od 1o romeoaiu! EoMdbs oBt HGlE sy dRRET IRE Hethlor o el

phenol moiety may be substituted with alkoxy groups or thioalkoxy groups.

Suitable mercaptans include, but are not limited to, butyl mercaptan, pentyl

mercaptan, hexyl mercaptan, heptyl mercaptan, octyl mercaptan, nonyl mercaptan,

decyl mercaptan, undecyl mercaptan, dodecyl mercaptan, and the like, as well as

thiophenol, thiocresol, thioxylenol, and the like.

[6047] It will be understood by those skilled in the art that the foregoing

reaction product will contain a complex mixture of compounds. The reaction

product mixture need not be separated to isolate one or more specific components.

Accordingly, the reaction product mixture can be employed as is in the hubrication

otl composition or fuel composition of the present invention.
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[ 0061] Lubricating oil base stocks derived fromthe hydroi sonerization of
wax may al so be used, either alone or in conbination with the aforesaid
natural and/or synthetic base stocks. Such wax isonerate oil is produced by

the hydroi seopuergaidson of natural or synthetic waxes orpdfipchilsRmsiider eof
over a hydroi sonerization catal yst. [0062] Natural waxes are typically the

sl ack waxes recovered by the solvent dewaxing of mneral oils; synthetic
waxes are typically the wax produced by the Fi scher-Tropsch process.

[ 0063] The oil of lubricating viscosity for use in the lubricating oil
conpositions nmay be present in a mgjor anmount, e.g., an anount of greater
than 50 wt. % preferably greater than about 70 wt. % nore preferably from
about 80 to about 99.5 wt. HWEBRICATINGORf COMPAQSITIONS about 85 to about 98
wt. % based on the total weight of the conposition. [0064].The reaction
products of tHB0M4Rlesent Theveastioroprofigats efthe presdnh nviention at@tidefig a9i |
conpositions of this invention can be used as a conplete or partial

repl acement f Gddidiyaninriubridatipg oil compasitionanGemetiliq tiedutaridtingedibr gent s

currently used in lubricant formulations and can be in conbination with

ot her addi ti vEemppgitiesd afithis inyeetidnrinetndeoss adfirstscon@enent ah il of hibeicata@ct i on
products of the present invention will be present in the lubricating oil
conposi ti ons ViECaHYehe@l af dubgieating viscapigy foyusq lomeinbanibe fhyprésenthpout 15 wt .
% preferably fromabout 0.1 wt. %to about 10% wt. % and nore preferably
from about 0. ¥0G¥n ovdates-dissavared;oihpf lubgicaging wiscenity mbed indomiulatimigght of t he

| ubricating oll conposition. [0065]1f desired, other additives can be

admi xed with #Iwémp %@bgq@osxtmns for'any and all such applications, e.g., engine oils,

marine cylinder oils, functional fluids such as hydraulic oils, gear oils,
transmission fluids, e.g., automatic transmission fluids, eic., turbine lubricants,
trunk piston engine oils, compressor lubricants, metal-working lubricants, and
other Iubricating oil and grease compositions, Additionally, the oil of lubricating
viscosity for use herein can optionally contain viscosity index improvers, e.g.,
pé]ymeric alkylmethacrylates; olefinic copolymers, e.g., an ethylene-propylene
copolymer or a styrene-butadiene copolymer; and the like and mixtures thereof.
[06049] As one skilled in the art would readily appreciate, the viscosity of
the oil of lubricating viscosity is dependent upon the application. Accordingly,
the viscosity of an oil of lubricating viscosity for use herein will ordinarily range
from about 2 to about 2000 centistokes (cSt) at 100°Centigrade (©). Generally,
individually the oils used as engine oils will have a kinematic viscosity range at
100°C of about 2 ¢St to about 30 cSt, preferably about 3 cSt to about 16 cSt, and
most preferably about 4 ¢St to about 12 ¢St and will be selected or blended
depending on the desired end use and the additives in the finished oil to give the
desired grade of engine oil, e.g., a lubricating oil composition having an SARE
Viscosity Grade of 0W, 0W-20, OW-30, 0W-40, 0W-50, 0W-60, 5W, SW-20,

SW-30, SW-40, SW-50, SW-60, 10W, 10W-20, 10W-30, 10W-40, 10W-50, 15W,
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| ubricating oil conpositions to enhance performance. \Wen used in

conbi nation with other types of antioxidants or additives used in oil
formul ati ons, synergistic and/or additive performnce effects may be

obt ai ned wiwdn20eeeat to i nproved antioxidancy, antiwegior/dshhdghisanal and
detergency and high tenperature engi ne deposit properties. Such other
additives can be any presently known or |ater-di scovered additives used in
formulating lubricating oil conpositions. The lubricating oil additives
typically found in lubricating oils are, for exanple, dispersants,
detergents, corrosion/rust inhibitors, antioxidants, anti-wear agents,
anti-foamants, friction nodifiers, seal swell agents, enmulsifiers, VI

i nprovers, pol8@W-bilaW-gepr ESE 0t ©ilsawell 4shgead dilsean B, vifcotitiexanphg, U. S.
Patent No. 5,498,809 for a description of useful |ubricating oil

conposi tion afbgin dbput? cStie abtius 20095aHit et KI0°Ghi ch i s i ncor porated herein by
reference in its entirety. The additives can be enployed in the lubricating
oi | conpositi BWS0ht t heBassutacks meebsmamiaaured dsing e variety ofdifferdan own
practice. [0066] Exanpl es of dispersants include polyisobutylene

succi ni t ni de’ Brocprses/inelyding,ué net livitesi tnadigillatiomselventrefining, IBdegemsh| ess

di spersants, and the |ike. Exanples of detergents include netallic and
ashl ess al | cyProgefsing: digomegiration; estesifigationy pedeerefipina. Rezefihedistogk siflenat es,
metal lic and ashless aIk sul fonates, netallic and asbl ess al kyl

salicyl ates, r%"'eé%q’i‘ll waterighylintaured theough menvfagturiand the | i ke. WO
2007/ 081494PCT/ U82006/ 048124 10067] Exanpl es of other antioxidants include
al kyl ated di p?%‘l“&?’i’ﬂ%@"spmﬂg‘éﬁ ‘Pé"?i @Baﬁ%m‘rﬂf |ﬂ@rie7er1¢éﬁns négompomtmns of

phenyl - napht hyl am n aI Kk I at ed napht hyl am ne, dineth qU| nolirtes,
tri met hyl di hy*Psdﬁ i e&ﬂlﬂ”@ﬁﬁaﬁ g G?Fs"‘l:le?“ll ¥ t herefrom

ot her . al kyl THEFEETS gka‘%éth%%oﬂs?%&a%? ﬁs”%%ﬁ%é@n%ﬂé«e, fe pesraretioge Webanat es.
and the 11 ke. %ﬁgﬂ?ﬂé@%‘naz R e iy Weﬁ%mfws}é%ﬁ i OO
Na”E:?be'f '62 xanm E‘*%@éﬁ’ﬂ%ﬁc‘? ARSI ox L é@%ﬂ%g %@ﬁgzggopm
Naugal ube TMQY, Naugal %g%@g m'@uga%ﬂgﬁl% %ﬂgar ( )m% Naugal ube 403,
hauga ube ¢20na0ialey e ok MAELENARIL 68 oPlooBBlins VAR RARUM BEP 12 20
organo bor at e&mﬁfsg@menmﬁ,pﬂeak %nacﬁ)&ga@o]gr;@ﬂ%% oi?h'gagjn?oatty aci d

sul fur-contai ning conpounds, furlzed ol ur|ze

derivatives (ﬁﬁb@ﬁﬁ&bougfd@gtloﬂﬁ{@&fRQ{)gpﬁl ns, zinc dialkyldithiophosphates,
zinc diaryl dithi ophosphates, diallcylciithi ophosphat e esters, diaryl

di t hi ophosph&goesyst er s mhg%whmﬁuhtidgweoaﬁgmdyweérm&%mamu&he like.
Represent ati ve exanpl es of such additives are those commercially avail able
from The LubrlubridatiGe bitg saithaie IebHdatifg oilsdimhiz tresGtéof, ISultanlg ails 1095,
Lubrizol 1097, Lubrizol 1360, Lubrizol 1395, Lubrizol 5139, Lubrizol 5604
and the |ike,incindesfhasmatédikis abtained by sbinerizatisalof agmihetigataximd 3k aiak, dshe | i ke.
[ 00691Exanpl es of friction nodifiers include fatty acid esters and am des,
or gano nol ybdeslan hydrgsoshelthaserstbgisgeninedibphydrbahdkingEatherahat etventio| ybdenum
di al kyl - di t hi ophosphat es, nol ybdenum di sul fide, tri-nmolybdenum

extracting) the aromatic and polar components of the crude. Suitable oils include

those in all API categories I, I, IIT, TV and V as defined in API Publication 1509,
14th Edition, Addendum I, Dec. 1998. Group IV base oils are polyalphaoiefins
(PAO). Group V base oils include all other base oils not included in Group I, I1,

IIL, or IV. Although Group II, III and IV base oils are preferred for use in this
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cluster dial kyl dithiocarbamates, non-sul fur nol ybdenum conpounds and t he
| i ke. Representative exanples of such friction nodifiers are those
commercially available fromR T. Vanderbilt Conpany, Inc. such as Ml yvan

A, Mol yvan wo 20d0bstyeyn 807, Mol yvan 856B, Ml yvan 822, and t he
like: Asahi Denlca Kogyo K K. such as SAKURA- LUBE 100, @Kﬁ?ﬁﬂ’“’ﬁ%@ﬁ 165,

SAKURA- LUBE 300, SAI CURA-LUBE 310G SAKURA- LUBE 321, SAKURALUBE 474,
SAKURA- LUBE 600, SAKURA-LUBE 700, and the like; and from Al czo Nobel

Chemi cal s GibH such as Ketjen-Ox 77M Ketjen-Ox 77TS, and the |iKke.

[ 0070] An exanple of an anti-foam agent is polysiloxane, and the |iKke.
Exanpl es of rust inhibitors are pol yoxyallcyl ene pol yol, benzotriazole
derivatives, aneenting, thesepreférxaihpkesilahapbe prepraiinr combising dge 6f @biebf

copol ynmers and di spersant ol efin copolyners, and the like. An exanple of a
pour poi nt depdnesp &il, lisIpaidyVrbadeastocls atlmse aibd t he | i ke. [00711As noted
above, suitable anti-wear conpounds include di hydrocarbyl dithiophosphates.
Preferably, tH80FR}dr ocalisyful gatwapeilstocitidd mineral bubeivatipg oils sath dsehgt 3 car bon
atons. Particularly useful are netal salts of at |east one dihydrocar byl

di t hi ophosphorexamplei dquishpetesileym bids, hyldent¢matod br gpidtrpged miviepdl utaivatinger age of
at | east 3 carbon atons. The acids from which the di hydrocar byl

di t hi ophosphatods of the pewffinie.inaphthenie obwixetl parsfiinit-raphthenindyps, afs t he f or nul a:
sf PIN SH OR'" . wherein R18 and R19 are the same or different and can be
linear or braféHerf Eemygpal of shale animal oily vegekaplle oils| (b.garapeseed oils,uastor t ut ed
substantially hydrocar b‘Yl radi cal derivatives of any of the above groups,
and wherein tf Sﬁ‘l@%ﬂ)m%?%s in the acid each have, on average, at

| east 3 car boE [%taﬁ)ms By "substantially hydrocarbyl" is meant radicals
cont ai ni ng sub@¥ uent g’?iﬁib%’,“ﬂ’&?‘@.h’,b“ﬂiﬂtt"&@%'ﬁb#i g arpenay ligiited ther r adi cal

noi ety such a for,exanple, ether, ester, thio, nitro, or halogen, that do
not nateriall %y‘érPf’@'B?n ?"ﬂ’gmﬁ?ﬂlr"(ﬁ‘g?tﬁﬂ‘ﬁd byerpearbon oilgmuehhgs polypertged and

10072) Speci T | ?ntgﬁ(ag%eggedo gleﬁ#si, g.%.? lpgly 1}t§811era1ensfi po %groéﬁgriw%? ;lar%pjirlgr?el- ude
isobutylene copolymers, chlorinated polybutylenes, poly(1-hexenes), poly(1-
octenes), poly(1-decenes), and the like and mixtures thereof; alkylbenzenes such
as dodecylbenzenes, tetradecylbenzenes, dinonylbenzenes, di(2-ethylhexyl)-
benzenes, and the like; polyphenyls such as biphenyls, terphenyls, alkylated
polyphenyls, and the like; alkylated diphenyl ethers and alkylated diphenyl
sulfides and the derivative, analogs and homologs thereof and the like.
j0054]) Other useful synthetic lubricating oils include, but are not limited
to, oils made by polymerizing olefins of less than 5 carbon atoms such as
ethylene, propylene, butylenes, iscbutene, pentene, and mixtures thereof,
Methods of preparing such polymer oils are well known to those skilled in the art,
[0055] Additionat useful synthetic hydrocarbon oils include liquid
polymers of alpha olefins having the proper viscosity. Especially useful synthetic
hydrocarbon oils are the hydrogenated liquid oligomers of Cs to Cy2 alpha olefins

such as, for example, 1-decene trimer.
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i sopropyl, isobutyl, n-butyl, sec-butyl, n-hexyl, heptyl, 2-ethyl hexyl,

di i sobutyl, isooctyl, decyl, dodecyl, tetradecyl, hexadecyl, octadecyl,

but yl phenyl, o, pdi pentyl phenyl, octyl phenyl, polyi sobutene-(nol ecul ar

wei ght 350we tdosbsiigst ed phenyl, tetrapropyl ene-substit g124

bet a- oct yl but yl napht hyl , cycl opentyl, cycl ohexyl, phenyl, ch oropﬁenyl,

o-di chl orophenyl, bronophenyl, naphthenyl, 2- nethylcycl ohexyl, benzyl,

chl orobenzyl, chloropentyl, dichlorophenyl, nitrophenyl, dichlorodecyl and
xenyl radicals. Al kyl radicals having fromabout 3 to about 30 carbon atons
and aryl radicals having fromabout 6 to about 30 carbon atons are
preferred. Particularly preferred Rs and R6 radicals are alkyl of from4 to
about 18 car bd?P3#l ons. Poothet dlass of nesfidisyntbetic Inbutating oilsiinchrde, bueagdi | y

obt ai nabl e by the reaction of a phosphorus pentasul fide and an aliphatic

al cohol and/ ofob¥efiesd to, atkdeneerids plymersdlesdomapolymesst imdrgolpgersaanda
tenperature rgnging from about 20C to about 200C, about 4 noles of the

al cohol or ph&fidYatixes therspewhese ghederminal dytroryieronnsihave bdeindeodifibdnogedsul f i de
can be |iberated as the reaction takes place. Mxtures of al cohols,

phenol s, or b&¥IF*EEpleestesticptiRneey stherification; Theveails ate empbfigbby dleotlbol s, C6
to C30 aromatic al 8ohol S, etc. The netals useful to make the phosphat e
sal ts i ncl udeP™Baed Hraughgiolymerzation ehethylens gxide grpropyiene cxidepthe plkpkt al s,

al um num lead, tin, | ybdenum nmanganese, cobalt, and nickel with zinc
bei ng the pr e%?@&y]rﬁﬁe&%/ o %ﬁ?@i@ygﬁlﬁﬁwlwmmwmlynmywreact ed
with the acid_j n@l de.|i.thiumoxide, lithiu h%(droxi de, lithium carbonate,
i t hi um pent yPEF¥ g bping 6&?‘&?&8‘%‘8?%%&%9 ghout 1,000, désheaylisghesed, sodi um
nmet hyl ate, sogi ropvl a .sodi u enoxi de, .potassi um oxi de, potassium
hydr oxi de, pogéé!g%}iﬂﬁnnégé%‘%ﬁg‘f‘ﬂ,gaﬁ%ﬁ%&ﬁ’mﬁ%ﬁﬁh"ﬁ‘t@o Qb A08%i de, sil ver
carbonate, ma i 0% nesi um._hydr oxi de, .magnesi ym car bonat e,
nmagnesi um et h%gl?iemﬁaggﬁggﬂ?ﬁ%%ﬁb’f@t}@&nﬁﬂdﬂ‘gﬁ"tﬁﬁ%ﬁéﬁﬁﬂa’é‘t 108982 um

oxi de, calciu ice, [ nat al cium.net hyl ate, cal ci um
propyl ate, caimcoit&ﬁ?ﬁggéé’r?t y ogﬁlg%n%iglnmi:gog&?aﬁ)&xyfz??% %%%Wb%ﬁﬁc car bonat e,

zi nc propyl at g i Q¥drS i opt | id dm um.axi de,

cadm um hydroxiaggp?é’gg%d&wdam car’grg}rﬁi% (e:3 € gla 'ag%%ét?ﬁy?ra %?‘?’Sﬁ?Fﬂﬂ] He,

bari um hydr oxéﬁ@melggqédé?mgr ate, barium carbonate, bariumethylate, barium
pentyl ate, al um num oxi de, al um num propyl ate, |ead oxide, |ead hydroxide,

| ead carbonat@os?)i N OXiAR andthér dpst ¥ &de ISfrﬁf?&icg oy dmel 0?30139‘53 hygr oxi de,
el oxi el hy

cobalt carbonate, cobalt pentylate, nic e, nic F OX| de, ni ckel

car bonat e andark A6t lirhiéRl 13/ ve Btk B¢ Wlfc%ids ejg.o, Qﬁéhiggé&%ﬁc&ﬁﬁ taé’igc es, the

i ncorporation of certain ingredients, particularly carboxylic acids or

metal car boxydlieflasiceiric geids, alkhyl saERMOhSdE inddieadiBlRL1aRGRIALMAL a@GCt i C
acid, used in conjunction with the nmetal reactant will facilitate the
reaction and sebmid dcid, furasric 45, Quipik 4id) RH6lkic abRI AR¥A MM Shic 4G, of up to
about 5% of zinc acetate in conmbination wth the required anmobunt of zinc
oxi de faci | i tmalesiciatids, fallkenpitrhalonio facids, ztd)ovifhwedieerst A duheR] €g., bMQ

2007/ 081494PCT/ US2006/ 048124 [ 0075] The preparati on of netal

phosphor odi t HAleshok exyd aleehdl, dadevyi alcoholh2-ethythexSatoh6l, gthylehk Slycslat ent  Nos.
3,293, 181; 3, 397,145; 3,396, 109; and 3, 442, 804; the disclosures of which
are hereby i rfighyieresglzer] mpnpethen propdendglyenlimef Specidik: examplenvefiheseddi t i ves
are am ne derivatives of dithiophosphoric acid conpounds, such as are
descri bed i n e inghudegdibutibadipate 3H2-stdo/lhexpsetacty, dsuthexy fomiraeh i s her eby

[ ncorporated(&/ reference in its entirety.
ctyl sebacate, diisooctyl azelate, diisodécy! azelate, dioctyl phthalate, didecyl

phihalate, dieicosyl sebacate, the 2-ethythexyl diester of linoleic acid dimer, the
complex ester formed by reacting one mole of sebacic acid with two moles of

tetraethylene glycol and two moles of 2-ethylhexanoic acid and the like.

24




[ 0076] The zinc salts are nost commonly used as anti-wear additives in
| ubricating oils in anbunts ranging fromabout 0.1 to about 10 wt. %
preferably about 0.2 to about 2 vvt % based upon the total weight of the

| ubricatin osition. They may be prepared in a | th known
t echni quesg"piﬂh?/&?%v first formng a dithiophosphoric %@?ﬁ@&g’ﬁ‘%ﬂ‘y by

reaction of an al cohol and/or a phenol with P2S5 and then neutralizing the

di t hi ophosphoric acid with a suitable zinc conpound. [0077] M xtures of

al cohol s can be used, including m xtures of primary and secondary al cohol s,
secondary generally for inparting inproved antiwear properties and primary

for thermal stability. In general, any basic or neutral zinc conpound could

be used, but topgspoXi desgstéw%@mIaggﬁlmeii&dnlsarsbmtﬁ%ﬁ%&:{HEﬁFm%ﬁ@@ra"y
enployed Commerci al additives frequently contain an excess of zi'nc ow ng

to use of an mweHREdeforh RAbEARICGCHs RavieL FBAUBEY s"ltotaheutmztﬂa{b%h'a&ﬂﬁg on
reaction. [0078] The zi nc di hydrocarbyl dithi ophosphates (ZDDP) are oil

sol ubl e sal tsWnﬁambﬁmdrecg;,aﬁ&udmﬁ%uﬁﬁ& &k., ga%%a%eapa%&s&&h% and can be

represented by the follow ng fornmula:
neopentyl glycol, trimethylol propane, pentaerythritol, dipentaerythritol,

tripentaerythritol, and the like.

[0059] Silicon-based oils such as, for example, polyalkyl-, polyaryl-,
polyalkoxy- or polyaryloxy-siloxane oils and silicate oils, comprise another useful
class of synthetic Jubricating oils. Specific examples of these include, but are not
limited to, tetraethyl silicate, tefra-isopropyl silicate, tetra-(2-ethylhexyl) silicate,
tetra-(4-methyl-hexyl)silicate, tetra-(p-tert-butylphenyl)silicate, hexyl-(4-methyl-
2-pentoxy)disiloxane, poly(methyl).siloxanes, poly(methylphenyl)siloxanes, and
the like. Still yet other useful synthetic lubricating oils include, but are not limited
to, liquid esters. of phosphorous containing acids, e.g., tricresyl phosphate, trioctyl
phosphate, diethyl ester of decanc phosphionic acid, etc., polymeric
tetrahydrofurans and the like.

[06060] The oil of lubricating viscosity may be derived from unrefined,
refined and rerefined oils, either natural, synthetic or mixtures of two or more of
any of these of the type disclosed hereinabove. Unrefined oils are those obtained
directly from a natural or synthetic source (e.g., coal, shale, or tar sands biturﬁen)
without further purification or treatment. Examples of unrefined oils include, but .
are not limited to, a shale oil obtained directly from retorting operations, a
petroleum 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 the unrefined oils except they have been

further treated in one or more purification steps to improve one or more
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wherein RI8 and R 9 have the aforestated neanings. [0079] The |ubricating
oi | conpositions of the present invention, when they contain these
additives, are typically blended into a base oil in amounts such that the

addi tives whiesetsiaye effective to provide their norma ci‘ﬁu%fda&ii@dﬁu
functions. Representative effective anounts of such additives are

illustrated in Table 1. TABLE 1

properties. These purification techniques are known to those of skill in the art and
include, for example, solvent exiractions, secondary distillation, acid or base
extraction, filtration, percolation, hydrotreating, dewaxing, etc. Rerefined oils are
obtained by treating used oils in processes similar to those used to obtain refined
oils. Such rerefined oils are also known as reclaimed or reprocessed oils and often
are additionally processed by techniques directed to removal of spent additives
and oil breakdown products.

[0061] 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 gynthetic base stocks. Such wax isomerate oil is produced by the
hydroisomerization of natural or synthetic waxes or mixtures thereof over a
hydroisomerization catalyst.

[0062] Natural waxes are typically the slack waxes recovered by the
solvent dewaxing of mineral oils; synthetic waxes are typically the wax produced
by the Fischer-Tropsch process.

[0063] The oil of lubricating viscosity for use in the lubricating oil
compositions may be present in a major amount, e.g., an amount of greater than
50 wt. %, preferably greater than about 70 wt. %, more preferably from about 80
to about 99.5 wt. % and most preferably from about 85 to about 98 wt. %, based
on the total weight of the composition.

[0064]. The reaction products of the present invention for use in the

lubricating oil compositions of this invention can be used as a complete or partial

replacement for commercially available antioxidants and detergents currently used
in lubricant formulations and can be in combination with other additives typically

found in motor oils. Generally, the reaction products of the present invention will
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Additives Preferred Weight % Moire Preferred Weight % V.1. Inprover about 1
to about 12 about 1 to about 4 Corrosion Inhibitor about 0.01 to about 3
about 0.01 to about 1.5 Oxidation |Inhibitor about 0.01 to about 5

WO 2007/0814%4 PCT/US20066/048124

be present in the lubricating oil compositions in an effective amount ranging from
about 0.1 to about 15 wt. %, preferably from about 0.1 wt. % to about 10 % wt. %
and more preferably from about 0.5 wt. % to about 5 wt. %, based on the total
weight of the lubricating oil composition.

[6065] If desired, other additives can be admixed with the foregoing
lubricating oil compositions to enhance performance. When used in combination
with other types of antioxidants or additives used in 0il formulations, synergistic
and/or additive performance effects may be obtained with respect o improved
antioxidancy, antiwear, frictional and detergency and high temperature engine
deposit properties. Such other additives can be any presently known or later-
discovered additives used in formulating Inbricating oil compositions. The
lubricating oil additives typically found in lubricating oils are, for example,
dispersants, detergents, corrosion/rust inhibitors, antioxidants, anti-wear agents,
anti-foamants, friction modifiers, seal swell agents, emulsifiers, VI iﬁxprovers,
pour point depressants, and the like. See, for example, U.S. Patent No. 5,498,809
for a description of useful lubricating oil composition additives, the disclosure of
which is incorporated herein by reference in its entirety. The additives can be
employed in the lubricating oil compositions at the usual levels in accordance
with well known practice.

[0066] Examples of dispersants include polyisobutylene succinimides,
polyisobutylene succinate esters, Mannich Base ashless dispersants, and the like.
Examples of detergents include metallic and ashless alkyl phenates, metallic and
ashless sulfurized alkyl phenates, metallic and ashless alkyl sulfonates, metallic
and ashless alkyl salicylates, metallic and ashless saligenin derivatives, and the

like,
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about 0.01 to about 1.5 Dispersant about 0.1 to about 10 about 0.1 to about
5 Lube G| Flow Inprover about 0.01 to about 2 about 0.01 to about 1.5
Det ergent/ Rust | nhibitor about 0.01 to about 6 about 0.01 to about 3 Pour

Poi nt  Depr ¢apaitos1494 PCT/US2006/048124

[0067) Examples of other antioxidants include alkylated diphenylamines,
N-atkylated phenylenediamines, phenyl-naphthylamine, alkylated phenyl-
naphthylamine, dimethy! quinolines, trimethyldihydroquinolines and oligomeric
compositions derived therefrom, hindered phenoﬁcs, alkylated hydroquinones,
hydroxylated thiodiphenyl ethers, alkylidenebisphenols, thiopropionates, metatlic
dithiocarbamates, 1,3,4-dimercaptothiadiazole and derivatives, oil soluble copper
compounds, and the like. Representative examples of such additives are those
commercially available from such sources as Chemtura Corporation and include,
for example, Naugalube® 438, Naugalube 438L, Naugalube 640, Naugalube 635,
Naugalube 680, Naugalube AMS, Naugalube APAN, Naugard PANA, Naugalube
TMQ, Naugalube 531, Naugalube 431, Naugard® BHT, Naugalube 403,
Naugalube 420 and the like.

[0068] Examples of anti-wear additives that can be used in combination
with the additives of the present invention include organo borates, organo
phosphites, organo phosphates, organic sulfur-containing compounds, sulfurized
olefins, sulfurized fatty acid derivatives (esters), chlorinated paraffins, zinc
dialkyldithiophosphates, zinc diaryldithiophosphates, dialkyldithiophosphate
esters, diaryl dithiophosphate esters, phosphosulfurized hydrocarbons, and the
like. Representative examples of such additives are those commercially available
from The Lubrizol Corporation such as Lubrizol 677A, Lubrizol 1095, Lubrizol
1097, Lubrizol 1360, Lubrizol 1395, Lubrizol 5139, Lubrizol 5604 and the like,
and from Ciba Corporation such as Irgalube 353 and the like.

[0069] Examples of friction modifiers include fatty acid esters and amides,
organo molybdenum compounds, molybdenum dialkyldithiocarbamates,

molybdenum dialkyl-dithiophosphates, molybdenum disulfide, tri-molybdenum
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about 0.01 to about 1.5 about 0.01 to about 0.5 Anti-foam ng Agents about
0.001 to about 0.1 about 0.001 to about 0.01 Anti-wear Agents about 0.001
to about 5 about 0.001 to about 1.5 Seal Swell Agents about 0.1 to about 8

about 0.1 gy #e9adA PCT/US2006/048124

cluster dialkyldithiocarbamates, non-sulfur molybdenum compounds and the like.
Representative examples of such friction modifiers are those commercially
available from R.T. Vanderbilt Company, Inc. such as Molyvan A, Molyvan L,
Molyvan 807, Molyvan 856B, Molyvan 822, Molyvan 855, and the like; Asahi
Denka Kogyo K.K. such as SAKURA-LUBE 100, SAKURA-LURBE 165,
SAKURA-LUBE 300, SAKURA-LUBE 310G, SAKURA-LUBE 321, SAKURA-
LUBE 474, SAKURA-LUBE 600, SAKURA-LUBE 700, and the like; and from
Akzo Nobel Chemicals GmbH such as Ketjen-Ox 77M, Ketjen-Ox 77TS, and the
like.

[0070} An example of an anti-foam agent is polysiloxane, and the like.
Exqmples of rust inhibitors are polyoxyalkylene polyol, benzotriazole derivaﬁves,
and the like. Examples of VI improvers include olefin copolymers and dispersant
olefin copolymers, and the like. An example of a pour point depressant is
pelymethacrylate, and the like.

[0071] As noted above, suitable auti-wear compounds include
dihydrocarbyl dithiophosphates. Preferably, the hydrocarbyl groups contain an
average of at least 3 carbon atoms. Particularly useful are metal salts of at least
one dihydrocarbyl dithiophosphoric acid wherein the hydrocarbyl groups contain
an average of at least 3 carbon atoms. The acids from which the dihydrocarbyl

dithiophosphates can be derived can be illustrated by acids of the formula:

I
P
RI 8(/ ,\ SH

ORIQ
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Friction Mdifiers about 0.01 to about 3 about 0.01 to about 1.5
Lubricating Base G| Bal ance Bal ance [0080] When other additives are
enpl oyed, it may be desirable, although not necessary, to prepare additive

concentr at jo1 Ng concentrated sol utions or di spgrsiRRse ik gne or
nor e of thgﬁygg???gﬁ products of the present invention, toget%er W th one

or nore other additives whereby several additives can be added o
si mul taneously to the base oil to formthe lubricating oil conposition.
Di ssolution of the additive concentrate into the lubricating oil can be
facilitated by, for exanple, solvents and by m xing acconpanied by mld
heating, but this is not essential [0081] The concentrate or
addi ti ve- packsereini RI* atg Bi'tart the sme bodiffekent axill ¢a@ be linear or branched alkyl,
cycloalkyl, aralkyl, alkaryl, or substituted substantially hydrocarbyl radical
derivatives of any of the above groups, and wherein the R'2 and R'® groups in the
acid each have, on average, at least 3 carbon atoms. By "substantially
hydrocarbyl” is meant radicals containing substituent groups, e.g., 1 to 4
substituent groups per radical moiety such as, for example, ether, ester, thio, nitro,
or halogen, that do not materially affect the hydrocarbon character of the radical.
[0072] Specific examples of suitable R and R'® radicals include
isopropyl, isobutyl, n-butyl, sec-butyl, n-hexyl, heptyl, 2-ethylhexyl, diisobutyl,
isc_)octyl, decyl, dodecyl, tetradecyl, hexadecyl, octadecyi, butylphenyl, o,p-
dipentylphenyl, octylphenyl, polyisobutene-(molecular weight 350)-substituted
phenyl, tetrapropylene-substituted phenyl, beta-octylbutylnaphthyi, cyciopentyl,
cyclohexyl, phenyl, chlorophenyl, o-dichlorophenyl, bromophenyl, naphthenyl, 2-
methylcyclohexyl, benzyl, chlorobenzyl, chloropentyl, dichlorophenyl,
nitrophenyl, dichlorodecyl and xenyl radicals. Alkyl radicals having from about 3
to about 30 carbon atoms and aryl radicals having from about 6 to about 30 carbon
atoms are preferred. Particularly preferred R® and R® radicals are alkyl of from 4
to about 18 carbon atoms.
[0873] The phosphorodithioic acids are readily obtainable by the reaction
of a phosphorus pentasulfide and an aliphatic alcohol and/or phenol. The reaction
involves at least mixing, at a temperature ranging from about 20°C to about
200°C, about 4 moles of the alcohol or phenol with one mole of phosphorus
pentasulfide. Hydrogen sulfide can be liberated as the reaction takes place.

Mixtures of alcohols, phenols, or both can be employed, e.g., mixtures of C; to

C3p aleohols, Cg to Csp aromatic aleohols, etc. The metals useful to make the
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contain the additives in proper anmounts to provide the desired
concentration in the final fornulation when the additive-package is
conbined with a predeterm ned anmount of base |ubricant. Thus, the subject
additives sent invention can be added to sma f base
oil or ot hg’fr()ighc:ﬁnggg{gi?bl e solvents along with other desi ?g};@g%gﬁéﬁ%zgves to
form addi ti ve- packages containing active ingredients in collective anpunts
of, typically, fromabout 2.5 to about 90 percent, preferably from about 15
to about 75 percent, and nore preferably from about 25 percent to about 60
percent by weight additives in the appropriate proportions with the
remai nder being base oil. The final fornulations can typically enpl oy about
1 to 20 wei ghtphosphaenhltoinchiie butlstenovimped-iopGRup Tt GHERIAGRL, bei ng
base oil. [0082] All of the weight percentages expressed herein (unless
ot herwi se i ndiabatisuh, kad; tiasetybdenint) enemghied€ cobdd, el kel (WAl isBdgNt of the
additive, and/or upon the total weight of any additive-package, or '
fornul ation, Whé prefemiell metnd. ERanpiasnirbetthemoundithdticanbe Ra&Bd astdittd ve pl us
the weight of total oil or diluent. WD 2007/081494PCT/ US2006/ 048124
[ 0083] | n generagid,inclide litbiomi adds, hithioh hydosideslithivencrisdnatehRikRimesent i nventi on
can contain the additives in a concentration ranging fromabout 0.05 to
about 30 wei girentilates sadium Axidenwdivim Bydraxide, aodjemfearbohite, sadibind m¥thslaterNgi Ng
fromabout 0.1 to about 10 wei ght percent based on the total weight of the
oi | conposi ti §dirm psenyiate, sedivmphenedde pefssiure dxideeeussinaliydroxidige i s from
about 0.2 to about 5 weight percent. In one enbodinent, oil concentrates of
t he addi ti vesPR@FsIWS Aathonate, potpssipomethylate, silbeonaxidessilver ghborpes, cent  of t he
additive in a carrier or diluent oil of lubricating oil viscosity.
[ 0084] The pr eZiAFRESTHR e¥ide.cRagngriwnthydewsidel magnesivindeasbonhte, negresioat | ng 0i |
conpositions ¢ n*aai ning the reaction products of this invention as an
addi tive whi cﬁ&ﬁ t MgEEsie BopYlalsy magresivgrphenozidelicalchm oxjde, calcium
oxi dation-corgosian protection. The |ubricating oil conpositions can al so
provi de such %?’%? @? iCBITIORA FATROE, CRlgiumangthylate) caleium premiate caleiunhos phor ous,
e.g., less than about. 0.1% preferably |ess than about 0.08% and nore
preferably | eg%"tﬁﬂtgﬂ%%iﬁ’g‘ﬁm “iﬁe?‘@%??’b%@%@&!" REAPYlate, pEortighy i cat i ng
oi |l conpositiong Qf the present invention can be nore environnmental ly
desirabl e t haﬁm? BERTG ﬁ"egy%ﬁ’b'gfﬁ%%i}? PRIES CRUPIUAYIYOXideo FARIFE ons

es because they facilitate

Ponger cat atyyurbdhaleh bl RTe HoriGh idh Do FYE it bagimordiy ¢ ho
desired hi gh glengsi t | Jhis. is due to the, substantjal absence of
addi t i yte_s cont %l m%"!éb%{%%ég%g‘ir“g% X‘S?p%%’%?&ép? l?tﬁﬁaé'émi“b‘ﬁ’r‘r‘é FJI‘I‘B';”HH: -
conposi ti ons. a r erei n ma 0. protect agains
oxi dat i on both ?ﬁ %ﬁgﬁ{)é’ggee’ﬁ%gq‘g?} t E&a%hise?‘??%%nﬁge’f g? gxé&gwslag,ﬁat%r exanpl e,
iron (Fe) andedbaieBRide,(dobdit hﬁ&r&xide,%ﬁb%{séalrbo@ﬁtel b ggﬁtgfate]: hitkel Side! onment .

nickel hydroxide, nickel carbonate and the like and mixtures thereof.

2

[0074] In some instances, the incorporation of certain ingredients,
particularly carboxylic acids or metal carboxylates, e.g., small amounts of the
metal acetate or acetic acid, used in conjunction with the metal reactant will
facilitate the reaction and result in an improved product. For example, the use of
up to about 5% of zinc acetate in combination with the required amount of zinc

oxide facilitates the formation of a zinc phosphorodithioate.
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FUEL COWVPCOSI TI ONS [ 0085] The reaction products of the present invention are
al so useful as an additive for fitel conpositions, e.g., as a friction
nodi fier. [0086] The fuel can be any fuel, e.g., notor fuels such as diesel

fuel and Qasmlidaces kerosene, jet fuels, alcoholic fuei,éT,%Fﬁ)H feTEt hanol
or ethanol; marine bunker fuel, natural gas, hone heating ue? or a m xture

of any of the foregoing. Wien the fuel is diesel, such fuel generally boils
above about 212F. The diesel fuel can conprise atnospheric distillate or
vacuum di stillate, or a blend in any proportion of straight run and
thermal |y and/or catalytically cracked distillates. Preferred diesel fuels
have a octane nunber of at |east 40, preferably above 45, and nore

preferably abgeegsp0. Theheiesehtidn i me@phbehorodiikibate£isad KHOWRGH thePr | OF tO
the addition of any cetane inprover. The cetane nunber of the fuel can be

rai sed by theaaddes,ieqn 0§, Patde NoRES, 29510y 8,397,148 8D 69, dnb 8, fau@odi S
gasoline, it can be derived from straight-chain naphtha, pofymer gasol i ne,

nat ural gasol kralisckates yf whith bt REgKAbrRirated By faldrkdter Aask@dryglr ocar bons,
catalytically reformed stocks, etc. It wll be understood by one skilled in

the art that gatbolearmidftived areayninecdekivitives of ditiiopHosphiosio geid@bmpbsnds, 80- 450F.
and can contain straight chain or branched chain paraffins, cycloparaffins,
ol ef i ns, ar onmsudhas hsediceaived ONY,S. Raeniddy. 306371490 ahellistlbaseof WHIGR& Gener al | vy,
the conposition of the fuel is not critical and any conventional notor fuel
base can be ehgebyiadoiporateddypefamneein itfentitetys | nventi on. [ 0089] The proper
concentration of the reaction products of the present invention that are
necessary to H9Afkve t hEheding salislareanost commonly nsédrasanfioreanatiiitivesat i on, in
fuel conpositjons is dependent upon a variety of factors

lubricating oils in amounts ranging from about 0.1 to about 10 wt. %, preferably

about 0.2 to about 2 wt. %, based upon the total weight of the lubricating oil

composition. They may be prepared in accordance with known techniques, e.g.,

by first forming a dithiophosphoric acid, usually by reaction of an alcohol and/or a

phenol with P,S; and then neutralizing the dithiophosphoric acid with a suitable

Zine compound.

[0077] Mixtures of alcohols can be used, including mixtures of primary

and secondary alcohols, secondary generally for imparting improved antiwear

properties and primary for thermal stability. In general, any basic or neutral zinc

~ compound could be used, but the oxides, hydroxides, and carbonates are most

generally employed. Commercial additives frequently contain an excess of zinc

owing to use of an excess of the basic zinc compound in the neutralization

reaction.

[0078] The zinc diliydrocarby! dithiophosphates (ZDDP) are oil soluble

salts of dihydrocarbyl esters of dithiophosphoric acids and can be represented by

the following formula:
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i ncluding, for exanple, the type
additives, etc. Generally, howev
reaction product of this inventi

tl?oggo;;r ? E’Q’%g?%ﬁf“%? on

friction nodifiers are present,
the present invention rmay be use
fuel additives may be incorporat

of fuel used, the
er, the additive co
on in the base fuel

mllion and preferably froma
on of the additive per part of baggﬂﬁﬁ@wmmﬁ?4other

presence of ot her
ncentration of the

can range from about 10

50 to about

a | esser anount of the reaction product of

d. [0090]1f desired
ed into the fuel

one or

nor e addi ti onal
conposition of the present

i nvention. Such additives for use in the fuel additive and fuel
conpositions herein can be any presently known or | ater-discovered additive
used in fornulating fuel conposftions. The fgel additives include, but are
not limted to, detergents, cetphne inprgovers,| octane inprovers, em ssion
reducers, antioxidants, carrier quids1 met al| deactivators, |ead
scavengers, rust inhibitors, barteriostatic dgenis, corrosion inhibitors,
antistatic additives, drag redu:in%; Mg, Ul si fiers, dehazers,
anti-icing additives, dispersanfsk ?ion i nprovers and the |ike and
m xtures thereof. A variety of [he addi ves jare known and commercially
avai |l abl e. These additives, or Their anal ogou3 conpounds, can be enpl oyed
for the preparation of the various fuel conpositions herein. The additives
may be enpl oywadetsin Riand Rel have thssboresteind mepningfe usual | evel s in accordance
with well known practice. [0091] The additives described herein may al so be

formul at ed asl®7Plel cohbehbrieatiag ofl spmgosivionsof the pyessph ipventiensyheni ¢ or gani ¢
solvent boiling in the range‘of about, 150F. to. about 4Q0F. An alighatic or
an aromat i c hihey sentaisdhess aditives: e typieallyblended iniqya base gil nppeuntgsch

benzene,
Al iphatic alc
i sobutyl carb
solvents are
concentrate,

tol uene, xyl ene or high
Hib e sttt hpre

and

the anpbunt of the a

| , n-but |,
Bepussediativa pfigetive amoupss

Sh A
e i

ddi t i TRBREI

mpti cs  or

dfe i voripl sty
BrSorhRHhRo b 1

be ordinarily be about 5 or

he fuel

Pg%%ﬁg%éﬁﬁ$binners.

hydr ocar bon

nmore w. % and generally not exceed about 70 wt. % preferably from about 5
w. %to about 50 wAddfiwsed nor e| pr Prefieraddl Weighto¥h abpMord Dreférred?VEighedsolt 25
w. % based bn the total wei ght|of the fuel conposjtion. [00921Exanpl gs of
detergents ingcl udeV.bilthp@ie not | i mabest 1ti6 absrittiZogen- cabotral toi dbguitket er pent s
such as, for exanple, aliphatic hydrocarbyl am nes,| hydrocarbyl -substifuted
pol y( oxyal kylotne)f}omsbimﬁsnhihjﬁir ocpr baHouslOE ta dbotiedd S| C ebouit 010d @S abdvt U151 ch
reaction products, nitro and am pho aronatic esters pf
pol yal kyl phenl;)xya):diaamhsnhiﬁcdryal ky | gbben®ay mbooid k an e sbaund.op os hbdut ¢4t el
derivatives of the foregoi ng nitfogen-containing conpounds and the |i kg and
m xtures therleof. [ Digsisaistef ul al i pdbati @1 kysbooCHY by| - s el D11 ubd ebowa i nep
whi ch may be

Lube Oil Flow Improver about 0.0} to about 2 about 0.01 to about 1.5

Detergent/Rust Inhibitor about 0.01 to about 6 about 0.01 to about 3

Pour Point Depressant about (.01 to about 1.5 about 0.01 to about 0.5

Anti-foaming Agents

about 0.001 to about 0.1

about 0.001 to about 0.01

Anti-wear Agents

about 0.001 to about 5

about 0.001 to about 1.5

Seal Swell Agents about 0.1 to about 8 about 0.1 to zbout 4
Friction Modifiers about 0.01 to about 3 about 0.01 to about 1.5
Lubricating Base OQil Balance Balance
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enployed in the present invention are typically straight or branched chain
hydr ocar byl - substituted am nes having at | east one basic nitrogen atom and
wherei n the hydrocarbyl group has a nunber average nol ecul ar wei ght of
about 700 fﬁ‘% , 000. Preferred aliphatic hydrocar = Li.ut ed

am nes i ncfvﬁ e pg#??sobut enyl and pol yi sobutyl nonoam E%J'fsmgirégﬁ%gfzgam nes.
The al i phatic hydrocarbyl am nes enployed in this invention are prepared by
conventional procedures known in the art. Such aliphatic hydrocarbyl am nes
and their preparations are described in detail in US. Patent Nos.

3,438, 757; 3,565,804; 3,574,576, 3,848, 056; 3,960, 515; 4,832,702; and

6, 203,584, the contents of each of which are incorporated by reference
herein. [0094J08881 ul hy ¥Wlenanley kdditives taid entpdoyedoit yiag b desiydbRN &} hodght | es
(also referred to as pol yether am nes) are generally

hydr ocar by - s pbkrecessenydio prepiry ddsiitje copdentrates eomprising d@ngentrattyl doGa#HDY |

pol y(oxyal kyl ene) nonoam nes and pol yam nes wherei n the hydrocarbyl group
cont ai ns fr onrpadispersiburrf @ oc mobxoof the Bagiontrinaduatsraf e peéseptiivdnighene units
range fromabout 5 to about 100, and the am ne noiety is derived from
ammoni a, a pr lagathyr with phe or moxsadir additi eksatHeydby vevena rnid titivesdan e pddedam ne
having a termnal am no nitrogen atom Preferably, the oxyallcylene noiety
wi || be oxypr &ippltangougly to shethassibtedform the Ivbiricatingoit bengsitionSisolution
hydrocar byl - substi tut ed pol y(oxyallcyl ene) am nes are described, for

exanpl e, in Pi3he pdditge consentrate itopthg Blbrigattnemilxen be fatilitated br.dot ent s of whi ch
are incorporated l?y reference herein. A preferred type of

hydr ocar byl - stHEIRIG FPkvants and, by mjxinggqcamenierhbiomili heating, but this ieyiopheny |

pol y(oxyal kyl eng{% nPnoarri ne wherein the poly(oxyal kyl ene) npiety contains
oxypr opyl ene i tiak.or oxybutyl ene units or m xtures of oxypropyl ene and
oxybut yl ene U@ig . [00921An additional type of hydrocar b%;-substi tuted

pol y(oxyal kyl &8 flam' ne QrECMGNBEEAT BoitisrRadkage vlldypisaliy badpammpted fo)

am t ocar banat es . as,.di %al osed, for exanpl e, i_g gks. Patent Nos. 4,160, 648;
4,191, 537; 4, TP GG, adgiyssinproper smouys tpatsovige figglesited concontrafiapyig they 283 612

S g SR S e e A o 1 "
L8t oo ORS TV T IR A Sy '
Lot e B BB ok SRR AR SR £ 2
e e by TR RE o bR T, OGRS

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 about 1 to

20 weight percent of the additive-package with the remainder being base oil.

[0082] All of the weight percentages expressed herein (unless otherwise

indicated) are based on the active ingredient (AI) content of the adﬁﬁve, and/or

upon the fotal weight of any additive-package, or formulation, which will be the

sum of the AT weight of each additive plus the weight of total oil or diluent.
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hydr ocar byl - substi tuted succini mdes, e.g., polyalkyl and pol yal kenyl
succi ni m des wherein the pol yal kyl or polyal kenyl group has an average

nol ecul ar wei ght of about 500 to about 5,000, and preferably about 700 to
about 3, 00 rocar byl - substituted succini m des j |y

pr epar ed bﬁ“¥%€@??ﬁg a hydrocar byl - substituted succinigégﬂﬁéﬁﬁﬁg%“mﬁth an
am ne or polyam ne having at | east one reactive hydrogen bonded to an am ne
nitrogen atom Preferred hydrocarbyl -substituted succini m des include

pol yi sobut enyl and pol yi sobut anyl succini m des, and derivatives thereof.
Exanpl es of hydrocarbyl substituted succinimdes are described, for exanple,
in US. Patent Na 5,393,309; 5,588,973; 5,620,486; 5,916, 825; 5, 954, 843;
5,993, 497; angbgesill4, 54 genardl, Bid lhbidatiMabi BémphRitiohs 4B8fe bidentli@ngont ent s of
each of which are incorporated by reference herein. 10097] Useful Matm ch

reaction prodogd sontuirethgaaditiads i a@bhcehf@tbnlrakping H6m MBI (Cd5 eBeadat i on of a
hi gh nol ecul ar wei ght al kyl -substituted hydroxyaromati ¢ conpound, an am ne

cont ai ni ng at weRhsperast. AcdfidenttatidhydhgOonihe atditide rahdfHFES. abde0. Nicgh
nol ecul ar wei ght al kyl -substituted hydroxyaromati c conpounds are preferably

pol yal kyl phenabdiy 1@ w@ight parband bayei on eitotal weight dfehy/dititothpistisalis, wherein the
pol yal kyl group has an average nol ecul ar wei ght of about 600 to about
3, 000. The anpreferredact saote prafetrchég@bitpation pnky Brtore aba 012 tagb@dtlsy| ene
pol yam nes, especially ethyl ene or polyethylene polyanm nes, for exanple,
et hyl ene di amweight pkiresnbhylname etbiodiment oil tcon@ninateerfithe additvescan caadnt he | i ke.
The al dehyde reactant is generally an aliphatic al dehyde, such as
f or mal dehyde, friomcbouti Ity abextaiSorsight pelvpatef thecdfiivenin 2 carrienat diloerttafldehyde. A
preferred Manni ch reaction product is obtained by condensing a
pol yi sobut yl phEkbticafing ilfviscetitydehyde and di et hyl ene triami ne, wherein the
pol yi sobut yl ﬂ{ouf has an average nol ecul ar wei ght of about 1,000. Exanples
of 084 The present invention advantageously provides the lubricating oil

compositions containing the reaction products of this invention as an additive

which provides deposit protection in addition to oxidation-corrosion protection.

The lubricating oil compositions can also provide such protection while having

relatively low levels of phosphorous, e.g., less than about 0.1%, preferably less

than about 0.08% and more preferably less than about 0.05% by weight.

Accordingly, the lubricating oil compositions of the present invention can be more

environmentally desirable than the higher phosphorous lubricating oil

compositions generally used in internal combustion engines because they facilitate

longer catalytic converter life and activity while also providing the desired high

deposit protection. This is due to the substantial absence of additives containing

phosphorus compounds in these lubricating oil compositions. The reaction

product for use herein may also protect against oxidation both in the presence of

transition metals such as, for example, iron (Fe) and copper (Cu), etc., as well as

in a metal free environment.
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Manni ch reaction products are described, for exanple, in U S. Patent Nos.
4,231,759 and 5,697,988, the contents of each of which are incorporated by
ref erence herein. [0098] Additional exanples of the foregoing additives are
descri bed, Lhple, in U S Patent Nos. 6,203, 584: ;
6,651,60412% 0%?%@%?667, the contents of each of mhichpgggg%ﬁ%%ggﬁrated by
reference herein. [0099] Exanpl es of antioxidants include, but are not
limted to, amnic types, e.g., diphenylam ne, phenyl-al pha-napthyl -am ne,
N, N-di (al kyl phenyl ) am nes; and allcyl ated phenyl ene-di am nes; phenolics
such as, for exanple, BHT, sterically hindered al kyl phenols such as
2,6-di-tert-butyl phenol, 2,6-di-tert-butylp-cresol and

2,6-di-tert-butyl -4-(2-octyl-3- FopbOOMPOPITEONE and the |ike and m xtures
t hereof. [001001Exanples of rust inhibitors include, but are not limted
to, nonionic [85YOXYal The/lesdtion peainbs of the@reselitGhyenkyeigulsongefPayanl et her,
pol yoxyet hyl ene hi gher al cohol ether, pol yoxyethyl ene nonyl phenyl ether,
pol yoxyet hyl emdditiwd st filebeyhpoditions, .o ek u@istiintiyddifiet. octyl stearyl ether,

pol yoxyet hyl ene ol eyl ether, polyoxyethyl ene sorbitol nonostearate,

pol yoxyet hyl e[0886Jor bi t cThenfadlaah batry fuel) d.gnaaotet faslk euwvh o8 Idjesell fuslanaol eat e;
stearic acid and other fatty acids; dicarboxylic acids; fatty acid nine
sal ts; parti agasobimd) brnphine, jatfudlscdtaholio fuehaiuytnycnetharml ooéthariol;(ifdraiet - chai n)
al I cenyl succinic acids; partial esters thereof and nitrogen-containing
derivatives tbunkeofuehmnatutdhgad, hivee herdingifoet ur mittherof ety of the kdgdimanpl es of
friction nodifiers include, but are not limted to, borated fatty epoxi des;
fatty phosphi When thedfuelis diseoti suels fuclbenomtiy boiisatave abdwd 2 12°Fd Thee figselol est ers;
and fatty imdazolines as disclosed in U S. Patent No. 6,372,696, the
contents of whrkengomprigegmesitherie distillate ef wacopodistiflpte) ora tend intay | i ke and

m xtures thereof. . .
proportion of straight run and thermally and/or catalytically cracked distillates.

Preferred diesel fuels have a cetane number of at least 40, preferably above 45,
and more preferably above 50. The diesel fuel can have such cetane numbers
prior to the addition of any cetane improver. The cetane number of the fuel can be
raised by the addition of a cetane improver.

{0087] When the fuel is gasoline, it can be derived from straight-chain
naphtha, polymer gasoline, natural gasoline, catalytically cracked or thermally
cracked hydrocarbons, catalytically reformed stocks, etc. It will be understood by
one skilled in the art that gasoline fuels typically boil in the range of about 80°-
450°F. and can contain straight chain or branched chain paraffins, cycloparaffins,

olefins, aromatic hydrocarbons, and any mixture of these.

[0088] Generally, the composition of the fuel is not critical and any ;
conventional motor fuel base can be employed in the practice of this invention. |
[0089] The proper concentration of the reaction products of the present

invention that are necessary to achieve the desired result, e.g., friction

modification, in fuel compositions is dependent upon a variety of factors
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[ 00102) Exanpl es of antifoam ng agents include, but are not limted to,

pol ynmers of al kyl nethacryl ate; polynmers of dinethylsilicone and the Iike
and m xtures thereof. [00103) Exanpl es of dispersants include, but are not
limted to, polyal kyl ene succinic anhydrides; non-nitrggen containing
derivati ve¥Ogpo sld*?ﬁ/yalkylene succi ni ¢ anhydride; a baggyuﬁW?'%ﬁgﬁ conpound
sel ected fromthe group consisting of succinirnides, carboxylic acid

am des, hydrocarbyl nonoam nes, hydrocarbyl polyam nes, Matm ch bases,

copol ynmers which contain a carboxylate ester with one or nore additional
pol ar function, including amne, amde, imne, imde, hydroxyl, carboxyl,
and the like, e.g., products prepared by copolynerization of |ong chain

e e L Ot o

the |like and mxtu e erivatives | spersants may

oo 1 2o0 QR Allaer, a8 BOABMRIASR aAe ol b G111 M des

derived fromani nation o I'ene succi ni ¢ anhydrides wt

pol yal kyl ene . NG . Ly b 18 dol B are
iIIustrative109&¥§gmg§g§%%%%lnve%@ﬁ%%& EXAR%EEB%b?%g¥%g?ﬁgggagﬁg??‘fIask

equi pped wit %g%g{%%}:ﬁ@&cr:ﬁ% i 66 tPAHRuCLOSIERSR pet BRLGTsate Shigveps Of

napht ha dilute altcylic acid (that” contains 40 grans of actual

al kyl sal i cyl iz @%agh fuelNak btherd@ichbABdiabsMRL efatl, a388erdthodhdfnof i sopropyl
al cohol were ‘added followed by 10 granms of boric acid. The m xture was

heated t0 70GeaifdnPfodhcPéfthOprefenhavaRibn SMyHe sad) _
et hoxyl at ed(5) soyaal kyl arni ne) avail abl e from AKZO Nobel (Chicago, I11.)

was added. Tgpomqact i ONTf BhskedlloBe WRGohaAtRBNE ol additivesAAEbE 0 Tenove

vol atiles and a clear brown viscous liquid was recovered that had a total

base nunber (iA&Mporated into the fuel composition of the present invention. Such additives for
use in the fuel additive and fuel compositions herein can be any presently known
or later-discovered additive used in formulating fuel compositions. The fuel
additives include, but are not limited to, detergents, cetane improvers, octane
improvers, emission reducers, antioxidants, carrier fluids, metal deactivators, lead
scavengers, rust inhibitors, bacteriostatic agents, corrosion inhibitors, antistatic
additives, drag reducing agents, demulsifiers, dehazers, anti-icing additives,
dispersants, combustion improvers and the like and mixtures thereof. A variety of
the additives are known and commercially available. These additives, or their
analogous compounds, can be employed for the preparation of the various fuel
compositions herein. The additives may be employed in the fuel compositions at
the usual levels in accordance with well known practice.
[0091] The additives described herein may also be formulated as a fuel
concentrate, using an inext stable oleophilic organic solvent boiling in the range of
about 150°F. to about 400°F. An aliphatic or an aromatic hydrocarbon solvent is
preferred, e.g., solvents such as benzene, toluene, xylene or higher-boiling
aromatics or aromatic thinners. Aliphatic alcohols of about 3 to 8 carbon atoms,

e.g., isopropanol, isobutylcarbinol, n-butanol and the like, in combination with
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49. EXAMPLE 2 100106] To a small flask equi pped with nechanical stirrer and
condenser was added 94 grans of alkyl salicylic acid (containing 40 grans
of alkyl salicylic acid and 54 grans of naphtha solvent). Next, 10 grans of

bori c aci foll owed by 20 grans of nethanol of iso
N E e Yheat o RO iae

propyl alco m xture was heated to 70C when 45 g

nonoet hanol am de et hoxyl ate was added. The reaction m xture was heated to
210C over one hour to conplete the reaction and the volatiles were renoved
| eaving a clear brown |iquid. EXAMPLE 3 Preparation of a lubricating oi
conposition [00107] To a SAE 50 base oil was bl ended 2 percent of the
reacti on product of Exanple 1. EXAMPLE 4 Preparation of a lubricating oi

gormosi tion [ Q081 sBIveRsafdlsd\Ritané for GlewiA 8R) fulidanive & @k fuepas bl ended

concentrate, the amount of the additive will be ordinarily be about 5 or more wt.
% and generally not exceed about 70 wt. %, preferably from about 5 wi. % to
about 50 wt. % and more preferably from about 10 wt. % to about 25 wt. %, based
on the total weight of the fuel composition.

[0092] Examples of detergents include, but are not limited to, nitrogen-
containing detergents such as, for example, aliphatic hydrocarbyl amines,
hydrocarbyl-substituted poly(oxyalkylene) amines, hydrocarbyl-substituted
succinimides, Mannich reaction products, nitro and amino aromatic esters of
polyalkylphenoxyalkanols, polyalkylphenoxyaminoalkanes and post-treated
derivatives of the foregoing nitrogen-containing compounds and the like and
mixtures thereof.

[0093] Useful aliphatic hydrocarbyl-substituted amines which may be
employed in the present invention are typically straight or branched chain
hydrocarbyl-substituted amines having at least one basic nitrogen atom and
wherein the hydrocarbyl group has a number average molecular weight of about
700 to about 3,000. Preferred aliphatic hydrocarbyl-substituted amines include
polyisobutenyl and polyisobutyl monoamines and polyamines. The aliphatic
hydrocarbyl amines employed in this invention are prepared by conventional
procedures known in the art. Such aliphatic hydrocarbyl amines and their
preparations are described in detail in U.S. Patent Nos. 3,438,757; 3,565,804
3,574,576, 3,848,056; 3,960,515; 4,832,702; and 6,203,584, the contents of each
of which are incorporated by reference herein.

[0024] Useful hydrocarbyl-substituted poly(oxyalkylene) amines (also

referred to as polyether amines) are generally hydrocarbyl-substituted
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percent of the reaction product of Exanplé 1. COWPARATI VE EXAMPLE A
[ 00109] A quantity of 40 grans of alkyl (Cl4-C O salicylic acid was added
to a small reaction flask equipped with a nmechanical stirrer and a

condenser. wobéoogmaess of napht ha was added al ong with base
oil, 15 granms of water and 30 grans of nethanol. N|Xinéﬁ%£%ﬁ§¥§$@%b, 15

grans of boric acid was added, and then the m xture was heated to 70C. At
that tenperature, 48.5 grans of a hydroxy ethyl al kyl imdazoline was added
and the reaction tenperature was increased slowy to 210C to renove

vol atiles. A clear brown viscous liquid was recovered that had a total

al kalinity value of 46. COVPARATI VE EXAMPLE B Preparation of a lubricating
oi | conposi ti dplyoasrligiens) amas 50, Hydswaibyyl polg(oxiieyided monpanmenindof t he
reaction product of Conparative Exanple A Pressure Differential Scanning
Cal ori metry [ ORPlvemimesevhessip the hyfirqeadrbgreur camtminsiidh d b ebout G0 RRB6a t est i ng
and found .

atoms, the number of oxyalkylene units range from about 5 to about 100, and the
amine moiety is derived from ammonia, 2 primary alkyl or secondary dialkyl
monoamine, or a polyamine having a terminal amino nitrogen atom. Preferably,
the oxyalkylene moiety will be oxypropylene or oxybutylene or a mixture thereof.
Such hydrocarbyl-substituted poly(oxyalkylene) amines are described, for
example, in U.S. Patent Nos. 5,112,364 and 6,21 7,624, the contents of which are
incorporated by reference herein. A preferred type of hydrocarbyl-substituted
poly(oxyalkylene) monoamine is an alkylphenyl poly(oxyalkylene)monoamine
wherein the poly(oxyalkylene) moiety contains oxypropylene units or
oxybutylene units or mixtures of oxypropylene and oxybutylene units.

[6095) An additional type of hydrocarbyl-substituted
poly(oxyalkylene)amine are hydrocarbyl-substituted poly(oxyalkylene)
mninocarbarqates as disclosed, for example, in U.S. Patent Nos. 4,160,648;
4,191,537; 4,197,409; 4,233,168; 4,236,020; 4,243,798; 4,270,930; 4,288,612
and 4,881,945, the contents of each of which are incorporated by reference herein.
These hydrocarbyl poly(oxyalkylene)aminocarbamates contain at least one basic
nitrogen atom and have an average molecular weight of about 500 to about
10,000, preferably about 500 to about 5,000, and more preferably about 1,000 to
about 3,000. A preferred aminocarbamate is alkylphenyl poly(oxybutylene)
aminocarbamate wherein the amine moiety is derived from ethylene diamine or
diethylene triamine.

[0096] Useful hydrocarbyl-substituted succinimides are generally

hydrocarbyl-substituted succinimides, e.g., polyalkyl and polyalkenyl
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n induction tinme of >180 mnutes at 165C when the test was
ts?ogg\ég. a(I]VPARATI VE EXAMPLE C [00112] Conpar ative Exanple A was repeated
except that the al kyl inmidazoline used was an ami no ethyl alKkyl _

i m dazol i neYOTH&/081usal product was a fluid hazy |iquid méidsb@isi19i |

sol ubility. COVMPARATI VE EXAMPLE D [00113] Conparative Exanple A was g
repeated but the boric acid was not added. The final product was flui Ii< I
bright and clear. COVWPARATIVE EXAMPLE E [00114] In this exanple, the alkyl
salicylic acid of Conparative Exanple A was replaced with an al kyl aromatic
sul fonic acid. The product recovered was cl ear.

succinimides wherein the polyalkyl or polyalkenyl group has an average
molecular weight of about 500 to about 5,000, and preferably about 700 to about
3,000. The hydrocarbyl-substituted succinimides are typically prepared by
reacting a hydrocarbyl-substituted succinic anhydride with an amine or polyamine
having at least one reactive hydrogen bonded to an amine nitrogen atom.
Preferred hydrocarbyl-substituted succinimides include polyisobutenyl and
polyisobutanyl succinimides, and derivatives thereof. Examples of hydrocarbyl-
substituted succinimides are described, for example, in U.S. Patent Nos.
5,393,309; 5,588,973; 5,620,486; 5,916,825; 5,954,843; 5,993,497; and
6,114,542, and British Patent No. 1,486,144, the contents of each of which are
incorporated by reference herein.
[0097) Useful Mannich reaction products are generally obtained from the
Mannich condensation of a high molecuiaf weight alkyl-substituted
hydroxyaromatic compound, an amine containing at least one reactive hydrogen,
and an aldehyde. The high molecular weight alkyl-substituted hydroxyaromatic
compounds are preferably polyalkylphenols, e.g., polypropylphenol and

- polybutylphenol , wherein the polyalkyl group has an average molecular weight of
about 600 to about 3,000. The amine reactant is typically a polyamine, such as
alkylene polyamines, especially ethylene or polyethylene polyamines, for
example, ethylene diamine, diethylene triamine, triethylene tetramine, and the
like. The aldehyde reactant is generally an aliphatic aldehyde, such as
formaldehyde, including paraformaldehyde and formalin, and acetaldehyde. A
preferred Mannich reaction product is obtained by condensing a
polyisobutylphenol with formaldehyde and diethylene triamine, wherein the

polyisobutyl group has an average molecular weight of about 1,000. Examples of
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COMPARATI VE EXAMPLE F Preparation of a lubricating oil conposition [001151A
| ubricating oil conposition was fornmed from Castro! Magnatec GIX baseline
engine oil with no reaction product of Exanple |I. TESTING [ 00116] To

denonst r at avd b@redikAct i veness of the additives of Exany&ds:aitils
Conparative Exanple A of the present invention, each of tﬁaesﬁd&brsl%‘ati ng oil

conpositions of Exanple 3 and Conparative Exanple B and the additives of
Exanpl e 2 and Conparative Exanples D and E were eval uated using a Panel
Coker test, each of the additives of Exanple 1 and Conparative Exanples A
and E were evaluated using the a Pressurized Differential Scanning
Calorinmetry (PDSC) test and the lubricating oil conpositions of Exanple 4
and Conpar at i Vdamieherdion presiucts evexdescrited, fos exegnple, ThBiS1Pasi Med.i on Engi ne
Ol Sinulation Test (TEOST) as described bel ow. Detergency

Per f or mance- P&, 138laad 5;684.088,alpzcon]eTitserf dacheofaicly are fiddogmesteddby cr ankcase
oils can be assessed in terns of deposit form ng tendency on a rectangul ar
Al - st eel panelteferpnge pgpial Coker test. In this test, 200 mM of the test
sanple is taken in sunp and heated at 100C. For a period of 6 hours, this
heated oi |l is [@¥8ished Wylditiongliesamplonot the fxegaingalditpan ete desdribed dhper at ur e

of which is maintained at 310C. Alter conpletion of the test, any
example, in U.S. Patent Nos. 6,203,584; 6,616,776; 6,651,604 and 6,652,667, the

contents of each of which are incorporated by reference herein.

[0099] Examples of antioxidants include, but are not limited to, aminic
types, €.g., diphenylamine, phenyl-alpha-napthyl-amine, N,N-di(atkylphenyl)
amines; and alkylated phenylene-diamines; phenolics such as, for example, BHT,
sterically hindered alky! phenols such as 2,6-di-tert-butylphenol, 2,6-di-tert-butyl-
p-cresol and 2,6-di-tert-butyl-4-(2-octyl-3-propanoic) phenol and the like and
mixtures thereof.

[00100] Examples of rust inhibitors include, but are not limited to, nonionic
polyoxyalkylene agents, e.g., polyoxyethylene lauryl ether, polyoxyethylene -
higher alcohol ether, polyoxyethylene nonylphenyl ether, polyoxyethylene
octylphenyl ether, polyoxyethylene octyl stearyl ether, polyoxyethylene oleyl
ether, polyoxyethylene sorbitol monostearate, polyoxyethylene sorbitol
monooleate, and polyethylene glycol monooleate; stearic acid and other fatty
acids; dicarboxylic acids; futty acid amine salts; partial carboxylic acid ester of
polyhydric alcohol; (short-chain) alkenyl succinic acids; partial esters thereof and
nitrogen-containing derivatives thereof and the like and mixtures thereof,

[00101] Examples of friction modifiers inctude, but are not limited to,
borated fatty epoxides; fatty phosphites, fatty epoxides, , glycerol esters, borated

glycerol esters; and fatty imidazolines as disclosed in U.S. Patent No. 6,372,696,
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deposits on the panel

are wei ghed. A decrease in the weight of deposits as

conpared with a simlar conposition lacking the detergent additive

i ndi cates inproved detergency. The results of this test are set forth bel ow
in Tabl e 2wdAmbbsi2esPanel Coker Test Results Ex./Conp. gorusilhedfaasits
Exanple 2 12 Exanple 3 5 Conp. Ex. B 6.5

the contents of which are incorporated by reference herein; and the like and

mixtures thereof,

[00102)

Examples of antifoaming agents include, but are not limited to,

polymers of alkyl methacrylate; polymers of dimethylsilicone and the like and

mixtures thereof,

[00103)

Examples of dispersants include, but are not limited to,

polyalkylene succinic anhydrides; non-nitrogen containing derivatives of a

polyalkylene succinic anhydride; a basic nitrogen compound selected from the
group consisting of éuccinimides, carboxylic acid amides, hydrocarbyl
monoamines, hydrocarbyl polyamines, Mannich bases, copolymers which contain
a carboxylate ester with one or more additional polar function, including amine,
amide, imine, imide, hydroxyl, carboxyl, and the like, e.g., producis prepared by
copolymerization of long chain alkyl acrylates or methacrylates with monomers of
the above function; and the like and mixtures thereof, The derivatives of these
dispersants may also be used. Preferably, the dispersants are polyalkylene

succinimides derived from animation of polyalkylene succinic anhydrides with

polyalkylene polyamine.
[00104]) The following non-limiting examples are illustrative of the present
invention.
EXAMPLE 1
[00105] To a small flask equipped with mechanical stirrer and condenser

was added 94 grams of naphtha diluted alkyl salicylic acid (that contains 40 grams
of actual alkyl salicylic acid). Next, 20 grams of methanol and 20 grams of

isopropyl alcohol were added followed by 10 grams of boric acid. The mixture
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Comp. Ex. D 150 Conp. Ex. E 243 Ant i oxi dant Performance--Pressure
Differential Scanning Calorinetry (PDSC) [00118)PDSC (DuPont
Model - 910/ 1090B) can be used for relative anti oxi dant performance

eval uatlonvaimolimlmrrpo&tlon In this method, a test safRlSekAalip) taken
in a sanple boat is subjected to heating from 100- 300C at tsﬁe ’g’atfeﬁgof 10C

per m nute under 500 psi oxygen pressure. The onset of oxidation
tenperature is adopted as a criterion for assessnent of antioxidant
performance. In general, an increase in onset of oxidation tenperature

i ndi cates inprovenent in antioxidant performance. See T. A Wl ker and W
Tsang, "Characterization of Lubrication Ols by Differential Scanning

Cal orinetry", Buheatfdthtl°Cand BapeamSeiRthomed@EAMIB3 (pCct . 20- 23, 1980). The
results of this test are set forth belowin Table 3. TABLE 3 PDSC Test
Resul t s ethoxylated(5)soyaalkylamine) available from AKZO Nobel (Chicago, I11.) was

added. The reaction mixture was heated slowly to 220°C to remove volatiles and
2 clear brown viscous liquid was recovered that had a total base number (TBN) of

49,

EXAMPLE 2
[06106] To a small flask equipped with mechanical stirrer and condenser
was added 94 grams of alkyl salicylic acid (containing 40 grams of alkyl salicylic
acid and 54 grams of naphtha solvent). Next, 10 grams of boric acid was added
followed by 20 grams of methanol and 20 grams of iso propyl alcohol. The
mixture was heated to 70°C when 45 grams of monoethanolamide ethoxylate was
added. The reaction mixture was heated to 210°C over one hour to complete the

reaction and the volatiles were removed leaving a clear brown liquid.

EXAMPLE 3
Preparation of a lubricating oil composition
{00107] To a SAE 50 base o0il was blended 2 percent of the reaction product
of Example 1.
EXAMPLE 4

Preparation of a lubricating oil composition
{00108] To a Castrol Magnatec GTX baseline engine oil was blended §

percent of the reaction product of Example 1.
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Ex./ Conp. Ex. Tinme (mnutes) Exanple 1 342 Conp. Ex. A >180 Conp. Ex. E

34.8 M d- Hi gh Tenperature Therno-oxidative Engine Ol Sinulation Test
[ 00119] The M d- H gh Tenperature Therno-nddati ve Engine Q|
WO 2007/0814%4 PCT/US2006/048124
COMPARATIVE EXAMPLE A
[00109] A quantity of 40 grams of alky] (C4-C;5) salicylic acid was added

to a small reaction flask equipped with a mechanical stirrer and a condenser. Fifty
gramos of naphtha was added along with 40 grams of base oil, 15 grams of water
and 30 grams of methanol. Mixing was started, 15 grams of boric acid was added,
and then the mixture was heated to 70°C. At that temperature, 48.5 grams of a
hydroxy ethyl alkyl imidazoline was added and the reaction temperature was
increased slowly to 210°C to remove volatiles. A clear brown viscous liquid was

recovered that had a total alkalinity value of 46.

COMPARATIVE EXAMPLE B
Preparation of a lubricating oil composition

[001140] To a SAE 50 base oil was blended 5 percent of the reaction product

of Comparative Example A.

Pressure Differential Scanning Calorimetry
[00111] The sample of Example 1 was subjected to PDSC testing and found

to have an induction time of >180 minutes at 165°C when the test was stopped.

COMPARATIVE EXAMPLE C
[00112)] Comparative Example A was repeated except that the alkyl
imidazoline used was an amino ethyl alkyl imidazoline. The final product was a

fluid hazy liquid with poor oil solubility.



Simul ation Test (MHT TEOST) was perforned to determ ne the deposit formng
tendenci es of the notor engine oil. The inproved thernal deposit control of
the additives of this invention in stabilizing the engine oil fornulation
has been chkapidoyogigaonstrated by the MTT TECST. This tegfyssiRbfisisnes the
mass of deposit formed on a specially constructed steel rod by continuously
stressing a repetitive passage of 8.5 m of test oil under

t her mal - oxi dative and catal ytic conditions. The instrunent used was

manuf actured by Tannas Co. and has a typical repeatability of 0.15 (x+16)
ng wherein x is the nmean of two or nore repeated test results. The TECST
test conditions are listed in Table 4. The | ess the anount of deposits

obt ai ned, the better the oxi daCOMPARANMVE EYAMPIER oil. The results of
this test are set forth in Table 5. WD 2007/ 081494PCT/ US2006/ 048124

TABLE 4 TEOST iffttdkt paCamperative Bxanple dswakaspeattdrbat ihe boRdadidwas nétod

Tenperature 285C Sanpl e si ze
dded. The final product was fluid, bright and clear.

COMPARATIVE EXAMPLE E
[00114] In this example, the alkyl salicylic acid of Comparative Example A

was replaced with an alkyl aromatic sulfonic acid. The product recovered was

clear.
COMPARATIVE EXAMPLE F
Preparation of a lubricating oil composition
[00115] A lubricating oil composition was formed from Castrol Magnatec

GTX baseline engine oil with no reaction product of Example 1.

TESTING

[00116] To demonstrate ﬂle effectiveness of the additives of Example 1 and
Comparative Example A of the present invention, each of the lubricating oil
compositions of Example 3 and Comparative Example B and the additives of
Example 2 and Comparative Examples I and E were evaluated using a Panel
Coker test, each of the additives of Example 1 and Comparative Examples A and
E were evaluated using the a Pressurized Differential Scanning Calorimetry
(PDSC) test and the lubricating oil compositions of Exami)le 4 and Comparative
Example F were evaluated using a Thermo-Oxidation Engine Oil Simulation Test

(TEOST) as described below.
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8.5 g (mxture of 8.4 g of oil and 0.1 g of catalyst) Sanple flow rate 0.25
g/mn Flowrate (dry air) 10 mM/mn Catalyst G| soluble m xture containing

Fe, Pb, and Sn TABLE 5 TECOST Results
WO 2007/081494 PCT/US2006/048124

Detergency Performance--Panel Coker Test
[060117] The detergency efficacy of crankcase oils can be assessed in terms
of deposit forming tendency on a rectangular Al-steel panel in a Panel Coker test.
In this test, 200 ml! of the test sample is taken in sump and heated at 100°C. Fora
period of 6 hours, this heated oil 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. The results of this test are set forth below in Table 2.

TABLE 2
Panel Coker Test Results
Ex./Comp. Ex. | mg deposits

Example 2 12
Example 3 5
Comp. Ex. B 6.5
Comp. Ex. D 150
Comp. Ex.E 243

Antioxidant Performance--Pressure Differentiz.tl Scanning Calorimetry (PDSC)
[00118] PDSC (DuPont Model-910/1090B) can be used for relative
antioxidant performance 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 antioxidant
performance. In general, an increase in onset of oxidation temperature indicates
improvement in antioxidant performance. See J. A. Walker and W. Tsang,

"Characterization of Lubrication Oils by Differential Scanning Calorimetry™, SAE
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Ex./ Conp. Ex. ng deposits Exanple 4 1.3 Conp. Ex. F 32 [00120]It wll be
under st ood that various nodifications my be made to the enbodi nents

di scl osed herein. Therefore the above description should not be construed
as |imtingvofutesipiael y as exenplifications of preferredrashpgdggnts. For
exanpl e, the functions described above and i nplenented as the best node for
operating the present invention are for illustration purposes only. Qher
arrangenents and net hods nay be inplenmented by those skilled in the art

wi t hout departing fromthe scope and spirit of this invention. Mreover,
those skilled in the art will envision other nodifications within the scope

and spirit of the clainms appended hereto.
Technical Paper Series, 801383 (Oct. 20-23, 1980). The results of this test are set

forth below in Table 3,
TABLE 3
PDSC Test Results
Time
Ex./Comp. Ex. (minutes)

Example 1 342

Comp. Ex. A >180

Comp. Ex. E 34.8

Mid-High Temperature Thermo-oxidative Engine Oil Simulation Test
[00119] The Mid-High Temperature Thermo-oxidative Engine Oil
Simulation Test (MHT TEOST) was performed to determine the deposit forming
tendencies of the motor engine oil. The improved thermal deposit control of the
additives of this invention in st'abilizing the engine oil formulation has been
clearly demonstrated by the MHT TEOST. This test determines the mass of
deposit formed on a specially constructed steel rod by continuously stressing a
repetitive passage of 8.5 ml of test oil under thermal-oxidative and catalytic
conditions. The instrument used was manufactured by Tannas Co. and has a
typical repeatability of 0.15 (x+16) mg wherein x is the mean of two or more
repeated test resulis. The TEOST test conditions are listed in Table 4. The less
the amount of deposits obtained, the better the oxidation stability of the oil. The

results of this test are set forth in Table 5.
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VWhat is claimed is: 1.A reaction product of an acidic organic conmpound, a
boron conpound, and an am ne, wherein the reaction product is a netal free
detergent and wherein the anmine is selected fromthe group consisting of

(a) an al kmwyhtmt/esdamm ne represented by general fornmul gerfsrabodsei90) R2
wherein R18 is hydrogen or a substituted or unsubstituted hydrocar byl
having from 1l to about 30 carbon atons; R19 in each of the x (R190) groups
is independently a straight or branched C2-C4 allcylene; R29 is a bond or a
substituted or unsubstituted hydrocarbyl ene having from2 to about 6 carbon
atons; R21 and R22 are each independently hydrogen, substituted or

unsubsti tuted hydrocarbyl having from1 to about 30 carbon atons, -(R23)11-
(R190) yR24, or R21 and R22 together mnﬁﬁﬁﬁﬂarntrogen atom to whi ch t hey
are bonded are jeilned-together 'EEO%MHETW&Cﬂn@ﬁ%I ic group; R23 is
substituted or (NEHPEFEAMEATEd hyd| SeHABY| ene contalnlng from1l to about 6

carbon atons, RPFeitSufayighogen or §4hbﬂ§ar or branched—attcyt—grotp—havi ng 1
to about 4 carbbp-atons .n is 0 ér and x_and v are_i ndependently lan

average number f RefhTemperamout 6)23$ﬁb an al koxyl at ed anine represented by
general fornul af saRABLEE] R27 RZPE 5'Wmixture of 8.4 g of oil and 0.1 g of catalyst)

Sample flow rate 0.25 g/min
Flow rate (dry air) 10 mL/min
Catalyst Oil soluble mixture containing Fe, Pb, and Sn
TABLE 5
TEOST Results
Ex./Comp. Ex. | mg deposits
Example 4 1.3
Comp. Ex. F 32.
[00120] It will be understood that vatious modifications may be made to the

embodiments disclosed herein. Therefore the above description should not be
construed as limiting, but merely as exemplifications of preferred embodiments.
For example, the functions described above and implemented as the best mode for
operating the present invention are for illustration purposes only. Other
arrangements and methods may be implemented by those skilled in the art without
departing from the scope and spirit of this invention. Moreover, those skilled in
the art will envision other modifications within the scope and spirit of the claims

appended hereto,
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n R- wherein R29 is a substituted or unsubstituted hydrocarbyl having from
1 to about 30 carbon atons and preferably fromabout 8 to about 30 carbon
atons; R26 in each of the x (R260) groups is independently a straight or
branched C2-C4 allcylene; R27 is hydrogen or a straight or branched al kyl
group having from1l to about 6 carbon atons; R28 is a substituted or
unsubst i t W isgldmed sy byl having from 1 to about 30 carbon atons, and X is
an average nunber from 1l to about 60; (c)a dial koxyl ated am ne represented
by general formula: "....4,304 R31 R29- Nx (R3(;) R3l wherein R29 is a

| i near or 1br anchegctidd piy)kluctldfl‘mau’cidixlf otgraaincdoﬁqboaidsarbdron kompaimdpandoamnched

al kynyl , ar rou hayl bout t o .abqut. 30 car.bon

at ons, s S, el %Fﬁéa%?g’e ﬂu*%{:%%e ?%%f@ﬁat GRSl &g HBBBdhdent | y
a strai ghkeledtedframt oficdadistih (yﬂene R31 is independently hydrogen, or a
| i near or branched al kyl group having from1 to about 4 carbon atons and x
and y are mdeyﬁ@ndeﬁf‘l"‘ﬁ“’é at&@é?’&tj’éeﬁﬁﬁ‘?ﬂ@ﬂbﬁg@?ﬁ@ fogdsout 40; and ni xtures

t hereof , wherein the aci d| c organic conpound is selected fromthe group
consisting of: (A) alkyl sti tut ed salicylic acig@l (B) di-substituted

salicylic acids, R]BG.._ ng zn_____N

N

Rlz

wherein R"® is hydrogen or a substituted or unsubstituted hydrocarbyl having from 1 to
about 30 carbon atoms; R' in each of the x (R'°0) groups is independently a straight or
branched C,-C, alkylene; R?® is a bond or a substituted or unsubstituted hydrocarbylene
having from 2 to about 6 carbon atoms; R*' and R* are each independently hydrogen,
substituted or unsubstituted hydrocarbyl having from 1 to about 30 carbon atoms, -(R?*),-
(ngo)yRM, or R*! and R together with the nitrogen atom to which they are bonded are
joined together to form a heterocyclic group; R* is substituted or unsubstituted
hydrocarbylene containing from 1 to about 6 carbon atoms, R** is hydrogen or a linear or
branched alkyl group having 1 to about 4 carbon atoms, n is 0 or 1, and x and y are
independently an average number from 1 to about 60;

(b) an alkoxylated amine represented by general formula:

| Q{Zﬁ(‘; R!T
R N/ *

RZS

wherein R is a substituted or unsubstituted hydrocarbyl having from 1 to about 30
carbon atoms and preferably from about 8 to about 30 carbon atoms; R in each of the x
(R*°0) groups is independently a straight or branched C,-C, alkylene; R? is hydrogen or
a straight or branched alkyl group having from 1 to about 6 carbon atoms; R* is a
substituted or unsubstituted hydrocarbyl having from 1 to about 30 carbon atoms, and X is

an average number from 1 to about 60;
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(© oil soluble hydroxy carboxylic acids, (D) salicylic acid calixarenes,
(E) sulfur-containing calixarenes, (F) acids of the fornula: R11 HO Air

R12 COO -! wherein R11 is hydrocarbon or hal ogen, R12 is hydrocarbon, and
Ar is substituted or unsubstituted aryl, (G acids of the formula:

() a dialkoxylated amine represented by general formula:

o N’/@goc; 5{31
N (R”C) yR3l

wherein R? is a linear or branched aikyl, linear or branched alkenyl, linear or branched
alkynyl, aryl, or aralkyl group having from about 6 to about 30 carbon atoms, R* in each
of the x (R*°0) and the y (R*0) groups is independently a straight or branched C-C;
alkylene, R* is independently hydrogen, or a linear or branched alkyl group having from
1 to about 4 carbon atoms and x and y are independently an average number from 1 to
about 40; and mixtures thereof, wherein the acidic organic compound is selected from the
group consisting of:

(A)  alkyl substituted salicylic acids,

(B)  di-substituted salicylic acids,

(C)  oil soluble hydroxy carboxylic acids,

(D)  salicylic acid calixarenes,

(E) sulfur-containing calixarenes,

(F) acids of the formula:

R]Ti

HO= Ar C

>
g

RI!

COOH

wherein R'! is hydrocarbon or halogen, R'? is hydrocarbon, and Ar is substituted or
unsubstituted aryl,
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wherein X and X are independently selected fromthe group consisting of

hydr ogen, hydrocarbyl, and hal ogen, R13 is pol ynet hyl ene or branched or
unbranched allcylene, x is 0 or 1, and R14 is hydrogen or hydrocarbyl, (H)
acids of the formula: wherein R15 and 1216 are independently selected from
t he group consisting of hydrogen, hydrocarbyl groups, tertiary alkyl

groups, and teft@) ar geidy efithgforgulsups, provided that both RII5 and R16 are
not hydrogen, each R17 are independently selected fromthe group consisting
of hydrogen, hydrocarbyl groups, arat- ngoups, and cycl oal kyl groups, and
x is fromO to 24, inclusive; and (I} salts of the foregoing acids. 2.The
reacti on product of im1l, wh I pt idic or I ¢ conmpound isS
selected fromthe gr [ ﬁé&il% | kyl sgbstituted salicylic
acids, and (B) di- ' sal i cyli ¢ *aci &g.

D

X X RY yx X

wherein X and X' are independently selected from the group consisting of hydrogen,
hydrocarbyl, and halogen, R is polymethylene or branched or unbranched alkylene, x is
0 or 1, and R is hydrogen or hydrocarbyl,

(H)  acids of the formula:

- " -
H
O\C - <!:
g ||
R”
L A x

wherein R and R'® are independently selected from the group consisting of hydrogen,
hydrocarbyl groups, tertiary alkyl groups, and tertiary aralkyl groups, provided that both
R and R'® are not hydrogen, each R;; are independently selected from the group
consisting of hydrogen, hydrocarbyl groups, aralkyl groups, and cycloalkyl groups, and x
is from 0 to 24, inclusive; and

(D salts of the foregoing acids.

2. The reaction product of claim 1, wherein the acidic organic compound is selected
from the group consisﬁng of:

(A)  alkyl substituted salicylic acids, and

(B) di-substituted salicylic acids.
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3. The reaction product of claim1, wherein the boron conmpound is sel ected
fromthe group consisting of boric acid, trialkyl borates, alkyl boric

aci ds, dial kyl boric acids, boric oxide, boric acid conplex, cycloalkyl
boric acids, aryl boric acids, dicycloal kyl boric acids, diaryl boric
acids, and substitution products of the foregoing with al koxy groups, alkyl
groups, aPkyl dbetgstiongreduchabsizian 1. sthsraimbe baron campaynd ip eddectédoiforpithsduct  of
claim1l, L L i i f i S kng

st ur ai ecbor? SRR P BE Ll Bhes fIRTHbRE aBg RGBT I e

unsat ur at exidepbmi dcak poraplexl @rcloabkyl heiss asids, Largt maticoacidsn s&yclpalk@dboric

pol yal koxyl.at ed al.l cyl ajm nes, rated. o at.ur at ed | yal koxyl at ed
aryl am neéCI§Sﬁgllaﬁ§%x oﬁl\ré S Tner esgﬁ&fm i ﬂ%ucrseé@ﬁ? gor{e%orm gauc a?)iﬁ‘oxg 1571,

wher ei n t hikyldrisapsy dlylegouqs) and combipaiiesshaeofal koxyl at ed derivative of a
reaction product of an allcanolamne with a C4-C/75 fatty acid ester. 6.
The reaction product of claim1, wherein the am ne conprises an ethoxyl ated

fatty acig am mge reaZsiorApfoaa&tdeﬂhhﬂrerufe&ei@fth@anﬁeiiﬂk&e&écgﬁainpme%@@und, a
0

boron conpound, and an ami de selected fromthe group consisting
nonoal kox§IEISHBE offi adratedo Py HR¥Rsated: mpnagkeradateth dlkylappinese ssatusalpd o,
wherein t i i al t ction
pr oduct o?l%g al gn& 7@6hmoﬁg(?g$lﬁ&?h§ryam I C Sgiruéag%} gﬁcgﬁn%%%ad i%héa-gfkg( {ae from
t he gr oupalkylamiines; sagraséd or(utpatutiatey [polyalkexylatad exylasninésempt mixtaess dereofB)
di -substituted salicylic acids, (C) oil soluble hydroxy carboxylic acids,
(D) salicylic acid calixarenes, (E) sul fur-containing calixarenes,

5. The reaction product of claim 1, wherein the alkoxylated amine comprises an

alkoxylated derivative of a reaction product of an alkanolamine with a C4-Cs fatty acid

ester.

6. The reaction product of claim 1, wherein the amine comprises an ethoxylated
fatty acid amine.

7. A reaction product of an acidic organic compound, a boron compound, and an

amide selected from the group consisting of monoalkoxylated amides, polyalkoxylated

amides and mixtures thereof, wherein the reaction product is a metal free detergent.

8. The reaction product of claim 7, wherein the acidic organic compound is selected
from the group consisting of:

(A)  alkyl substituted salicylic acids,

(B)  di-substituted salicylic acids,

©) oil soluble hydroxy carboxylic acids,

(D)}  salicylic acid calixarenes,

(E)  sulfur-containing calixarenes,
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(F) acids of the formula: R11 HO-Ar C 2R1 COOH wherein RH is hydrocarbon
or halogen, R12 is hydrocarbon, and Ar is substituted or unsubstituted (Q
acids of the fornmula: wherein X and X are independently selected fromthe
group consi sting of hydrogen, hydrocarbyl, and hal ogen, R13 is

pol ynmet hyl ene or branched or unbranched al kylene, x is 0 or 1, and R14 is
hydr ogen or hyé&focaepis of thefformmlags of the fornul a:

HO— Ar—— C— Ar — OH

COOH

wherein R!! is hydrocarbon or halogen, R'? is hydrocarbon, and Ar is substituted or
unsubstituted aryl,
(G)  acids of the formula:

COOH
OH (p3) |
X' C
X X RM x X

wherein X and X' are independently selected from the group consisting of hydrogen,
hydrocarbyl, and halogen, R'® is polymethylene or branched or unbranched alkylene, x is
0 or 1, and R' is hydrogen or hydrocarbyl,

(H)  acids of the formula:

Rlﬁ

o

HO\ Rl7

| S

c——¢ OH
| L1 7/
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wherein R15 and R16 are independently selected fromthe group consisting of
hydr ogen, hydrocarbyl groups, tertiary allcyl groups, and tertiary arallcyl
groups, provided that both R15 and R16 are not hydrogen, each R1l7 are

i ndependently selected fromthe group consisting of hydrogen, hydrocarbyl
groups, arallcyl .groups, and cycloal kyl groups, and x is fromQ to 24,

i ncl usi veWhstisdt R1)agd) sa’@fm@%miﬁ‘éﬂé@%‘ieﬁa‘g femgthe grayp cpRaisiingaef vgirgshoduct  of

claim7, n@&s@r&lmﬁgﬁéﬁwﬁﬁﬁ%&sﬁg ald;tgirtgag %—gllkgfs Q‘&g&é;ﬁ&i HRnA PO/ Sting

of boric asid, trl al borat €s, aIkTI cyl boric acids,
boric oxi Be, asbRcargchet kysingderx cachy Bl oarke| ingdpendantly sslscigd , fram ythe lmoetipc aci ds,

di cycl oal . i 1 ds,..diar | C | a ubstitution prqducts of
the for eggé(dﬁgﬁg\# %lﬁh}gd?‘%%gk%%%}é BISB% gh{yi é?%ﬁ’ﬁgp%gﬁi ﬁ%ﬁoagufyg%%u,ps’aaﬁg %

conbi nat i ssrfeont ey 2hfinclush@; arthe reacti on product of claim 7, wherein the

al | coxyl at ed afﬂ de ¢ rrp%'{hsé«%grean et hgsxyl ated fatty acid am de.

salts'o o01ng acl

9. The reaction product of claim 7, wherein the boron compound is selected from the
group consisting of boric acid, trialkyl borates, alkyl boric acids, dialkyl boric acids, boric
oxide, boric acid complex, cycloalkyl boric acids, aryl boric acids, dicycloalkyl boric
acids, diaryl boric acids, and substitution products of the foregoing with alkoxy groups,

alkyl groups, alkyl groups, and combinations thereof.

10. The reaction product of claim 7, wherein the alkoxylated amide comprises an

ethoxylated fatty acid amide.
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