LUBRI CATI NG O L AND FUEL COVPQCSI TI ONS BACKGROUND OF

THE INVENTION 1. Field of the Invention [0001] The
w@e@sosit494 nventi on generally relates to a cl asBCDS2006/048124

reduced ash detergent/anti-oxidant additives that are

products of the reaction of acidic organic conpounds,

boron conmpounds, and al koxyl ated am nes and/ or an

al koxyl ated am des useful as lubricating oil and fue

additives. 2. Description of Related Art [0002] Metal

detergents represent a major source of ash in

f or nmul at ed gBRR C&rh@c; dﬁk&wﬁuﬁ@r@wﬁi@é

phenat es an ates are typically use in nndern

e@Aeﬁ&d&g@o@f@gmﬁ%ﬁ&@mv and al kal i ne
ary conponents of engine

oill. sFitldroflih¢ mvgas@i i ne and di esel engines. |nconplete
combustion of the fuel produces soot that can |ead to
s|[00@K] deposThespressnt Wblehtias gemdrbidnreddates toar dlassivof reduced ash
deposits. In the case of diesel fuel, residual sulfur

| etdiger{tabti-dXilaRs additiVdLah&10HFE BeddueR c&mméudrpoﬂuc&ﬂg ©Ezanic
sul fur derived acids. These aci ds produce corrosion

aNGnfRuh@s b¥RnRApJufidd, REd ANGIxHRite PABint8Yd/8 §Palkoxylated
accelerate the degradatlon of the oil. Neutral and

ovgdiasednd el aieRatkisg 81 %na il QdeEcds. i nto engine oils
to neutralize these acidic conpounds,' thereby

PrevisiHBdod BErEQIABAon of harnful engine deposits

and dranatrcally ncreasing engine life. [0003] U S.
Pd0e®R] No. 5MEROdgERedisseprssery aamdjahsdusemef ashlin formulated
conmposition useful for reducing friction in an

i renginealilsc dvkalateiearth enfomatesyiphedntescmdrsabieydatas 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 introduced 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 m an internal combustion engine which comprises a
lubricating oil basestock and an alkoxylated amine salt of a hydrocarbylsalicylic

acid of a defined formula.



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

wo coomose9§ 0004] U. S. Patent No. 5,688, 751 di scPOBES2006/048124
that two-stroke cycle engines can be effectively
| ubricated by supplying to the engine a m xture of an
oil of lubricating viscosity and a
hydr ocar byl - substi tut ed hydroxyaromati c carboxylic
acid or an ester, unsubstituted am de,
hydr ocar byl - substituted am de, ammoni um salt,
hﬁﬁf)@ ar .byl apd %a?e%k I\I'o. 8 r68g@§?\ﬁ"igcﬁﬁgs {5t @&o-&%l& cycle engines
thereof in an"anmount suitabl'e to reduce piston
de its.in sakd engi;ne. The.m xture s L. the
e Tkt AR TR snPBSE bl EndHpE miEhys B dyi of
di,val.ent netal.s. 0p5] U. S . Pate ...5,854, 182 .
o L5 g “Eirae y ety Bedroraed - bts s aranatic carboxyic
over pased netal | | c_deterggnt Qavi magn,esi m borate |
urficiOPT AR FSyProaHartEBpdianTds hegiqcarrdlyu %we%awe & pRAmOnium
si ze by, usi ngl magnesi um al koxi de and boric acid. The
priepahulperbYlapins 8. pemens Yihed metwlsalithereoiin on fmougt
an al kaline earth netal w th magnesi um al koxi de and
bawitablgde seduseleistandepapituia seishengine nkhd mixtyre spprliedrie dhe
of a dilution solvent followed by distillation to
r emsine centapiroliessthan PA6tperdentiby wiekgiv of divatent mekpds- ef r om
The borated m xture is then cooled, filtered to
r d000dr nagnVss. RatdpbNat 885AH 82 disthises therprepardtiontpfirgagnesium
said to exhibit excellent cleaning and dispersing
p e ge waebasedvaetpllipateterpgrd halintzi maguesiuoxbatatei wmiformally
stability, and good extrene pressure and antiwear
prdisyerdedan an eRGAGEIYUIS. pafddl e Rize M. ushglidgriddidndalketids asd
a lubricating oil conposition that contains from about
S5Odrie abQD OTpeprieparption Mivolved Reafinga Ingbesinuphona®iodian alkaline
nmol ybdenum conpound that is oil-soluble and

S Wagch andthlakitly nfdgAesigh alleaedd MRl dHd deid 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.

[0006] U.S. Patent No. 6,174,842 discloses a lubricating oil composition
that contains from about 50 to 1000 parts per million 6f molybdenum from a
molybdenum 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

lubricating oil.



about 1,000 to 20,000 parts per mllion of a

di aryl am ne, and about 2,000 to 40,000 parts per
worRdoziogravpf a phenate. This conbi nation of i ngPETUSIE 048124

is said to provide inproved oxidation control and

i nproved deposit control to the lubricating oil.[0007]

U.S. Patent No. 6,339,052 discloses a lubricating oi

conmposition for gasoline and diesel interna

conbusti on engi nes includes a major portion of an oi

of lubricating viscosity; fromO0.1 to 20.0 %w w of a
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antioxi dant additive_.is prpvideg co rising t he

r exdrosshaisH Gather wit shall lgpidi endfrgant-& te dRHoandw of 2
boron conpound,  and an_alkox¥lated am ne and/or_ an

al weBwBPNaRi?, whichds an gpiw|salt 9T ghewharadithicif aeid #f g spesiiced
enbodi ment of the present invention, a process for
priepavipsigrizedrfoal cashews ngbshelldiwid.and ant i oxi dant
additive is provided, the process conprising reacting
an acidic organic conpound with a boron conpound and
an al koxyl ated am ne and/or an al koxyl ated am de.

[ BUMMARYAQEQFIE AN E f third enbodi nent of the
present invention, a lubricating oil concentrate is
pri6098led conbracsbnignedwith oh emtboda¢m ofidepret itvention, 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
Iubricating 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 lubricating

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



% of at | east one reaction product of an acidic

organi ¢ conpound, a boron conpound, and an al koxyl at ed
wapimesand/ or an al koxyl ated am de; and about BOT/WE20068/648124

to about 10 wt. % of an organic diluent. [0011] In

accordance with a fourth enbodi nrent of the present

invention, a lubricating oil conposition is provided

conprising (a) an oil of lubricating viscosity; and

(b) an effective anount of at |east one reaction

product of an aci di corgani c conpound, a boron

CQ {4, MY {falROEY1¥%d @fhine and/or an
aI%%Fg?%g%ﬁgggkﬁWLﬁn’ accor olance with a frlldf/trh
,eqﬁggiﬂﬁai oﬁmthe present invention, a fuel

co ra gn}s'provided conprising a maj or anount of

an lnert stable ol gophiljc anj c..sal ve boi Ling. in.
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effective anount of at | east one .reactiqn product qf
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al koxyl ated am ne and/ or an alkoxylﬁ@ed am de. 00131)'o
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i nvention, a fuel conposition is provided conprising .
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at | east one reaction product of an acidic organic

c cvepanendd, abaron @nnw@np‘gmd,anatﬂ@xa}@t%d Kooy |andior ap #kesylated

and/ or an al koxyl ated am de. [0014] In accordance with

a @edent h enbodi ment of the present invention, a

nmet hod for reducing the formati on of deposits in an

i npeL3lal conbustcontanenyithe sisthpmbedieeht of ke presdndthvention, a

conprising operating the engine with a lubricating oi

C oftipb&initpositidnsis prew deteebrarighg &) ady(iejcadbondiel, add (b) an

| ubricating viscosity; and (b) a
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 products 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.



deposit-inhibiting effective amount of at |east one
reacti on product of an acidic organic conpound, a
whorsnsaasrpound, and an al koxyl at ed ami ne and/PCT/E82006/048124
al koxyl ated am de. [0015] The reaction products of the
present invention advantageously provide inproved
detergency and oxidation stability. Furthernore, the
reacti on products provide excellent detergency and
cleanliness to an oil of lubricating viscosity when
eval uated using the panel coker test and excel |l ent
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alkoxylated am des, each of which are descri bed
h&f artigheprsdeserthed hereinkel ¥ gani ¢ Conpounds [0017]
Sui t abl e aci di ¢ organi ¢ conmpounds include, but are not
limted to, alkyl substituted salicylic acids,
di -substituted salicylic acids, oil soluble hydroxy
carboxylic acids, sH éylldicz:Ownw Cemnpsunidsnes,
sul fur-containing calixarenes, the acidic structures
dil881Tsed | nSuitable RadienrgaNiscoap®8@s Sxludegborge 9ttmited to,
3,133,944; 3,471,537; 4,828,733; 6,310,01 1;
5 ,aﬂaﬂ ,sBHaﬁttutSd ss&ym &p@ﬁﬁnﬁ&usslt&ptedrsdli@,flw%i drGil aplgbletteydroxy
| i ke and conbi nati ons thereof. [0018] Usef ul
s aghtaxiylit ecids,aalicylld avidical taranes, selfuireontginimyeratixatenys, the
avai |l abl e

acidic structures disclosed in U.S. Patent Nos. 2,933,520; 3,038,9235; 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.

[0018] 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:

OH

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



or may be prepared by nethods known in the art, e.g.,
U.S. Patent No. 5,023,366, and can be represented by

wo b@7ssuact ure of fornmula | @ wherein RL is  PCT/US2006/048124
i ndependently a hydrocarbyl group having from1l to
about 30 carbon atons, and a is an integer of 1 or 2.
The term "hydrocarbyl" includes hydrocarbon as well as
substantial ly hydrocarbon groups. "Substantially
hydr ocar bon" descri bes groups that contain heteroatom
substituents that do notalter the predom nantly

gfg&ngﬁgﬁg@rﬁ@gjﬂgg%%mo@ hAUR: o8P gfo%gn tRabidéEntative

groups for uSe herein include
; ;D " . .
Y 1 : )
ol Rl eocarbly PUERORARERCBHPSEIPHIN fuch:
cycl oal cycl oal kenyl )  substj t.uents, a0 '
Subst s (AR ER by {82 R G ASTBL dieeny),
alicyclic-substituted arqgmatjc substituents, and.the
kY i g el cprebalebiubatbesabreti SRuh Py
is conpleted throu h.anQIh%L portion of the nolecule .
( tRepaties, aliphatigs, gpd plicycligyupstuted aremptiar Oaiiupnts A e like,
may together forman aljcyclic radical); (2%
s st 4 Gelipyebssitusnisorhaaimdhe riggiy ompleted thropgh another
substituents contai ning non-hydrocarbon groups which
dPoriéen af themalpeule (thefd ps fanetanyplpyanydwaripdisatgd sehstitygnts may
the substituent, e.g., halo, hydroxy, mnercapto, nitro,
nitegaiher, fosmlahgkigyclistredicadnd (3) het er oat om
substituents, i.e., substituents that will, while o
havi ng @) pulstitutedhydrpgarbgnisulrstitusots, chathast substimentsgiontaining
an atom ot her than carbon present in a ring or chain
otrivarhidsecarbrmpg®eps whichaloban akiemthe pteloginamilykyxdyocarbon nature
al kylthio). Suitable heteroatons will be apparent to
t hdske afbsttudht) @rgy, lalo, Ihlydtaxyl imercapto, aiteh, nitadsogealfokgyetc.; and
exanpl e, sul fur, oxygen, nitrogen, and such
subst i t (33 Aberaatom Sulgstituents, 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 heteroatoms will be apparent to those of ordinary skill in the art and
include, for example, 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, pentyl, hexyl, heptyl, octyl, nonyl, decyl, isomers of the foregoing,



pyridyl, furyl, thienyl, imdazolyl, etc. Preferably,

no nore than about 2, nore preferably no nore than
wor@;7/08lber o substituent will be present for eRET/YS10061048124

carbon atons in the hydrocarbyl group. Most

preferably, there will be no such heteroatom

substituents in the hydrocarbyl group, i.e., the

hydrocar byl group is purely hydrocarbon. [0019]

Exanples of RL in fornmula |I above include, but are not

limted to, unsubstituted phenyl; phenyl substituted

1 iR Snc 8 fhore AR & g
ra%%ytﬁ@ﬁ% PR R LU "rEpfore 2B proufb i =
dec QUTET S of th n i ke; ]
ét%nb;tc Oox%, Plhopox enutoxr\r/bg nto er;'SE %e%tg??,soucg aé!)noxy,
ne hoxy,. et hox pent oxy, hexoxy,
é{?ﬁ%’% Isomnery R ther%f‘%gvé’ 8'&%%5?3& i soners of the
f or egoi ng, t.he henyl bstituted with one
or " ror eP it Witk ang o b kst o gl Arvigt Enes
al kyl substltuted napht hyl ; trgﬁght chai n or branched
chai n ataphthydand plkyhbst aining fromone to
fifty carbon atons, including, but not limted to,
met hyl , str@gglymhalgrqyﬁquch%p}}qm a]lgyhprﬂ,lke@é)quups wgpgaqug from
octyl, nonyl, decyl, undecyl, dodecyl, tridecyl,
t emede ddt carpamatamieciprludingx bitenoy limitedgo auetbyl, ethyl, propyl,
octadecyl, ol eyt, nonadecyl, eicosyl, heneicosyl,
d dmb}slypt?ntvh ihcmslyh@ptyleotrtab oglwl, dmhmdesxll doderylatrsiecyl,
pentatriacontyl, tetracontyl, pentacontyl, isoners of
t hetridecgl penigdeayhchexhdecyl, heptadenyl,aetddecyladbleyl, ngnasiepyl,
such as cycl opentyl, cyclohexyl, cycl oheptyl,
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 cyclododecyl.
[0020] 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 Ila:



cycl ooctyl, and cycl ododecyl. [0020] It will be noted

that these salicylic acid derivatives can be either
wOowessagt i t ut ed or di substituted, i.e., when BCT/NS100&048124

fornmula equals 1 or 2, respectively. [0021] Salicylic

acid cal i xarenes such as those described in U S

Patent No. 6, 200,936, the content of which is

i ncorporated herein by reference, can be used as the

acid conpounds in the reaction products of the present

i nvention. Such calixarenes include, but are not

limted to, cyclic conmpounds cenprising munits of a

salicylic acid of fornula Ha:apd n units of a pheno

of formula |ib: which arg joingd together to forma

ring, wherein each $ependent |y a di val ent

bridging group; R2 is epeRten hydr ogen or an

al kyl group of 1 to 6 ’/p' atons;"JIR3 is

i ndependent |y hygd an al kyl group of 1 to 60

carbon atons; and ] is ljor 2; either R4 is hydroxy

and R5 and R7 are indepepdeptly hydrogen, hydrocarbyl

or hetero-substituted hydrocarbyl, or R5 ¥ R7 are

hydroxyl and R4 is either hydrogen hydr ocar byl or

heandmounitsiedta phenelpfifpanvledy | © R6 is i ndependent|y

hydrogen, a hydrocarbyl or a hetero substi tut ed

hydrocarbyl group; mis frBf1 to 8 n is at |east 3,

and mtn is 4 to 20. [0022] When hvre than one

salicylic acid unit %

nel), the salicylic aciy 5

units (forrmula lib) are but ed randoniy, although

this does not exclude ¥Me pegsibility that in sone

rings there may be R¥veral [salicyRic acid units joined

together in a row [0023] Each Y may i ndependently be
represented by the fornuIaR€CHR8)d (IIb)

(formul a Ha) and.pheno

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, hydrocarbyl or hetero-substituted
hydrocarbyl; R® is independently hydrogen, a hydrocarbyl or a hetero-substituted
hydrocarbyl group; m is from 1 to 8; n s at least 3, and m+n is 4 to 20.

[0022] 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.



in which R8 is either hydrogen or hydrocarbyl and d is

an integer which is at least 1. In one enbodi nent, RS
we@oewasrss 1t o 6 carbon atons, and in one enbodP@ENE2006/048124

is nmethyl. In another enbodinment, d is fromlto 4. Y

may optionally be sulfur rather than (CHR8)d in up to

about 50% of the units, such that the anmount of sulfur

incorporated in the nolecule is up to about 50 nole %

In one enbodi nent, the anobunt of sulfur is between

about 8 and about 20 nole % |In another enbodi nent,

t npoundg] ul f ur - ' 8

cdi85nts ar B doh e tiedien e FRRERLE DT e bR ccrnr™,

and theirgnmetal salts as ) 'salixarates". [0Q24] l.n .one

ettt I oes b Eerdly iR 20T ineh Hlgetk s Bt east

i ndependent |y eithegg hydrogen, hydrocarbyl ,or . .

h el eI R GRS g B.cAniALOTR oy o one embodiment it

hydr ocar byl or_ hetero-substituted hydrqgcar byl ; Rﬁ S

H;is peethod- 4 angthen empastiments dés femabisit anesaansionally b gulfor

preferably 4 to about 40 carbon atons, nore preferab

6 rethep Bt CHR deintgrio &P@WO‘VaﬂﬁlthﬁﬂJﬁltﬁ&%thﬁ&?hfearmunép sulfur

| east 5, preferably at least 6, and nore preferably at

| daserpgrategharties motrcule i uprto aboub5@eelg Bh.y In erg emiodiment, the

[ 0025] In another enbodinent, R5 and R7 are hydrogen;

Reaaurt plisw Suriphétwepn ebeurt foing abbiy 20 wplegfroednenothhan 4

carbon atons, and nore preferably greater than 9

c asnonlimenthe d@ghfosnd yodsubperfieemPor canvienencd thase tmpanokds are

mis 1 or 2. [0026] For a review of calixarenes, see,

e. wmetildEs agfeapl so 4" sSlipsranas!' and teir iobehsadtsay "imlixGrates”.

Davi d GQutsche, Series Editor-J. Fraser Stoddart,

puioh24ihed byid hie: dRatyalimSai iyelk CHYE REhehydzoxy; R1G8OR7 are

Ceneral ly, calixarenes

independently either hydrogen, hydrocarbyl or hetero-substituted hydrocarbyl; RS

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 R are hydrogen; RS is hydrocarbyl,
preferably alkyl of greater than 4 carbon atoms, and more preferably greater than
9 carbon atoms; R? is hydrogen; m+nis from6to 12; andmis 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.



havi ng a substituent hydroxyl group or groups include

honocal i xarenes, oxacal i xarenes, honooxacal i xar enes,
wa@pa7iogt4es ocal i xar enes. [ 0027] Sul f ur - cont ai ni NBCT/US2006/048124

cal i xarenes, e.g., those described in U S. Patent No.

6, 268, 320, the contents of which is incorporated

herein by reference inits entirety, can al so be used

as the acid conpounds of the present invention. Such

cal i xarenes include, but are not limted to, conpounds

represented by fornmula (111): wherein Y is a dival ent
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hydr. byl: R6 is, h hyd byl, . X
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is._a sulfur atom The dival ent bridging group, when
néDa sul fur atom can be a dival ent hydr ocar bon group
or dival ent hetero-substituted hydrocarbon group of 1
to 18 carbon atons,~and in a preferred enbodi ment, 1
to 6 carbon atop®. The heteroatons can be -0, -NH,
or -S-. The int "n" is,an intgder that typically
has a val ue of B preferdbl ) from4 to 12,

6 enbodi nent, n-2 to
n-6 of the Y groups = ns. | n another
enbodi mrent n-3 tp n-10 oups are
sul furatonms. In | ilment, one of the Y
groups is a sulf y, the anount of
sul fur incorporated i i ' ene i s between about
5 and about 50 nple % swh that Hetween abo¥h 5 and
about 50% of the groups Y (1

wherein Y is a divalent bridging group, at least one of said bridging groups being

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; RS is hydrogen or a hydrocarbyl group; and n is a number having a
value of at least 4.

[0028] In formula ITI, Y is a divalent bridging group or a sulfur atom with
the proviso that at least one Y group is a sulfur atom. The divalent bridging
group, when not a sulfur atom, can be a divalent hydrocarbon group or divalent
hetero-substituted hydrocarbon group of 1 to 18 carbon atoms, and in a preferred
embodiment, 1 to 6 carbon 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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in formula Ill1 are sulfur atons. More preferably, the

amount of sulfur is between about 8 and about 20 nole
wae007082% | n one enbodi nent, when Y of fornmul BCT/U52006048124

not a sulfur atom it is a divalent group represented

by the formula (CHR8)d in which R8 is either hydrogen

or a hydrocarbyl group and d is an integer that is at

| east one. Ris preferably a hydrocarbyl group of 1 to

about 18 carbon atons, and nore preferably, 1 to 6

carbon atons. Representative exanples of such

oo BN e AHESPARRRE oK Shitbss PSGRE o
N iy
roPE B Rr a9 1S ot Sl B8 b Sorpi Y apd phi sOOD kot ¥
el O A e GuIETT GVBLE YT St By PGP BL DGt betveen

are preferably those in which the heteroatom e.g.

- @bout Rppd abgut 28 molgfe-er r upt s a chain of carbon at ons;

an _exanpl e bei ng an aLkoxy-aIk%} group of 2 to 20 '
cad08d%s. [ ooloquergnbadiments yhen Yool logRugdIlHs potr sWlfimpjem, it
group which may be derived froma pol yol ef m such as a

pob et Yakent gaounyEPIaseripy b s fopablay &ria Whjeh R” is either

pol yi sobutyl ene, or a polyolefin copolymer such as an
etydregesy gradpyracacbyd gpoipyansrd is@nhetegenthaiib etleast dRe. R
i ncl ude dodecyl, octadecyl and the |ike. Heteroatons,
i fprpfesahdynta hydacadhgyhgroupef1@ abowHS, cadron-dems, Tdndseore
hydr ocar byl groups preferably have 1 to about 20

c anrbfematdy.dnte Gaeabornatenpr eprasbhtytivd extampbes of such hydrocarbyl

is

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 to 20
carbons.

[0030] R®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, 1 to 6

carbon atoms.
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carbon atons.[0031] Either R4 is hydroxyl and R5 and

R7 are independently either hydrogen or hydrocarbyl,
worooRBsEml R7 are hydroxyl and R4 is either hyPeDYS2006048124

hydrocarbyl. In one enbodi ment, R4 is hydrogen, R5 and

R7 are hydroxyl, and R6 is either hydrogen or

hydrocarbyl in the fornmula Il and the calixarene is a

resorci narene. The hydrocarbyl groups preferably have

1 to about 24 carbon atonms, nore preferably 1 to 12

carbon atons. The heteroatons, when present, can be

- Gop3 N, OElthe%l} ik ggélé%}( 1 a{hd%fearﬁlnﬂ@% n??deencYe:dtﬁr either

elther sulfur or e, where either one of

P h%fgg&%gv I bR U Bark 2 WTOE Bk hycrogen or

rbyI are |ndepen ent ei

h)ija/d(go%eaqa i Irr r(lje:r oc?&? X‘meh %ﬁvpr%g{ ocRaraplX |R7 a'i]e hgdrgxy], and R®

Sast pr e era

pr.ef eferg% 5 and en and

Rei® eEhh itk o YaseaPY ingho ?"ﬁa @ng%aéf EAE .

nore prefera reater. than nost . prefer

s BaiEn hS hgoRuRY LS prgﬁﬁar‘gx 5255 155 Shet ik o

hydrogen and the other is either orl)r(dro en or al kyl,

p raé‘P‘@F’afB?r? pﬁ?f&fa@@éh to E%)Gggjm Homss cﬁ‘aatoms when present, can

sul fur-containing calixarenes typically have a

ntee€ AFHwWEF gt bel ow about 1880. Pref er abl y, t he

mol ecul ar wei ght of the sul fur-containin @ xarene

i 40P3Um abouln embpdiment; Y1ig pitherrayHur pe ywhare gither

about 460 to about 1800, and nost preferably from s ,

almetof RO R ' A rdudragscind[the gthpr Adiydeoase e hydrmgaibyl; R® and R

U S. Patent Nos. 2,933,520; 3, 038,935; 3, 133, 944;

3, 17 IndsATdeatlp 2Bhat3gdrageasdt h3d®rcabyB 56, i Agrobadsh 154 6; and e

5, 458, 793;
is at least 1, preferably 1 to 4, and more preferably, 1. Preferably, R® and R’ are
hydrogen and R® 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® or R" 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.
[0034] 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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and 6,310,01 1, the contents of which are incorporated
herein by reference in their entirety, can al so be
wWaIs@d/oss94 he aci d conpounds of the present i nvROI/USI006/048124
Exanpl es of such acids include, but are not limted
to, conpounds of the fornmula:R11 HOAr C Ar - OH R 12
COOH wherein RL is a hydrocarbon or halogen, Rl2 is a
hydrocarbon, and Ar is a substituted or unsubstituted
aryl. Useful conpounds simlar to these include
3,5,3,5 -tetra-substituted 4, 4'-di hydroxynet hyl
carboxylic acids and aci ds of he formul a wherein X
and X are independently hydrogen hydr ocar byl , and
hal ogen, R13 is poI¥Q§th§]ene anched or
unbranched al kyl ene, 0 or§ RIAMs hydrogen or
hydr ocar byl . [0035] The acids nd salts described in
U.S. Patent Nos. 5,281 ,346; 5R536,278; 5,356, 546;
5,458, 793; and 6, 310, 01 1 are $|n1lar to the above and
are also contenplated for use coorhe practice of the
present invention, as are those of the fornul anwherein

Rlphaesh ®'Gs & H?&%@M@Hb} YalBfén, MY {0080 bt A8 AlrhY b

group containing 1 to about 18 carbon atons, or

t e:ﬁﬁ)b@tﬁi'ed%rmgu&ﬁnﬁ&ﬁﬁ&yl Ugéfgpaﬁn}t?&md@ LiMhilg ¢8 %ﬁe@e ?hclud

carbon atons with the proviso that only one o

R1§5%35‘ tQt‘f'a— 99@&‘4 4 ﬁﬁlg'r Ouglrrleﬂgg l@%%%gﬁé Ycidd fnd %mds of the

hydroden, rocarby roups,
cYRLRaKY! groups and x is 0 to 24.

COOH
X OH H X
( Tl 3) N
X' C Xv
X x R" x

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

[0035] The acids and salts described in U.S. Patent Nos. 5,281,346;
5,336,278, 5,356,546; 5,458,793; and 6,310,011 are similar to the above and are
also contemplated for use in the practice of the present invention, as are those of

the formula

HO

R]6
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[0036] G| soluble hydroxy carboxylic acids including,

but not limted to, 12-hydroxy stearic acid, alpha
whyarosyocar boxyli ¢ acids and the |ike can al sBC®S2006/048124

enpl oyed as the acidic conpound of the present

i nvention. [0037] Preferably, the acidic organic

conpound is selected fromthe group consisting of

al kyl substituted salicylic acids, di-substituted

salicylic acids, oil soluble hydroxy carboxylic acids,

salicylic acid calixarenes, sulfur-containing

cal & d; s ¥ r j ' .

0 R e By A E ATl Rontaining

3’ ’ , . . . 5 . 4 ’

5 L8030 gy, pf ey M op o S Bips o o 8
Th oron_conpound can he. for exanpte & i C.acGi a

Cr PPy RO ARE HEprRe e pulSTarf RS, St Rl e@ o ench
cogpr.i se from 1l t carbon ato each, alkyl boric

ol mdehenisiliase hadiesfh = Befp ey ot s axgi nd
conpl ex, cycl oal kyl  boric acid, aryl boric acid,

di EXF&?@S(I@‘P“H:?O?‘?%X 9% 2% aryl boric acid, or

substitution products of these wth _al koxy, alkyl,
AntRG6T al iyl Chl ssligle Py Rarborxis oidemehiing, but s limited to,
boron conpound of boric acid. Al koxyl ated Am nes and/ or

Al k&hyirers gtearis aeid, plpbabydrppy carbReid aaidsanshtha dike ean also be
am des for use herein can include saturated or

unempieyed avtheusisti o eorpprynall dfdhe prgsead ievaayibani nes or

al kyl am des, e.g., dial koxylated al kyl am nes, .
sal0982l ed or Prafsrably; Hteeatidiontgasic qeoipeainkd ox séledtetifrom the group
arylam nes or aryl am des and the |ike and m xtures

t heamsisting A€ allybswubistitutetsalinylihecids, ti-smbstituteddalicylic acids, oil
appreci ate, the al koxylated am nes or am des for use
hesaduble badrolg 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, dialkyl 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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obtained fromprimary, secondary or tertiary am nes.

The term "nonoal koxyl at ed" as used herein shall be
waoe@enst4eod to nean an al koxy unit attached vi BCEHIOS2006/048124
oxygen |linkage to the rest of the nolecule wherein the
al koxy unit can contain 1 to about 60 al koxy radicals,
preferably from1l to about 30 al koxy radicals and nore

preferably from1l to about 20 al koxy radicals, in
random or bl ock sequences, and wherein each al koxy
radi cal can be the sane or different, e.g., ethylene

oxi de- propy! eRg. i A&t RN/ Rick ARIdaY ! ene
oxide-ethyleneﬁggégg-ethylene oxi de ﬁﬁif and t%e l'ike.

o3l ™ * POINELIRKALRY GfhinQbr URAGLIRE BLEGHEA dan Hblude
uriderstood to nean Tore an one alkoxy unit, e.g., a
di al kqxylated unit, each att ' oxygen .
AR b Plet ROt alAS ! SOt amides,
al koxy. uni t n.contain 1 to out 60 %¥ox radica%g
o aliBy i B, s chnes Urde e SRRADAP Ly ated
preferably from 1 to about. 20 al koxy radicals, in_. i
; drylEm R 05 RBY L@“é‘é?ﬁ?éﬁc‘g%?‘k%ﬁ%‘? MRt fhergeh, A Reggfilled in the
radi cal can be the sane or different as described .
hetrevilsadidy apmoatate. the axyiatesbamines or amides fprage pergin gan be
am nes include, but are not limted to, nono or
pAijRingbgmpraparynsasendasy op ArdRIy anipery be term
pol yet hoxyl ated fatty acid amnes or fatty acid am des,
andnanealkoxxlatess @s wsd harein shiplk pe ynderptogd 19 mean an gtkipsy unit
enbodi ment, the al koxyl ated ami ne or amide includes an
alatteslyddatia dn daygerdinkage &f thgmesd ok threohaleicnle, whergjn the alkoxy unit
di et hanol amme or oftri et hanol am ne, or al kanol am de,
orcaacoatalook yd atcad 66 elioxsradienlgfpreferabe froon! fir daut 80 alkoxy
an al kanol am ne or al kanolamde with a C -C7 fatty
aahdicals ted mofé erdfeably famnd teabeut X0oalkosyeradivaispimiandom or
the reaction product herein can be, for exanple,
block sequences, and wherein each alkoxy radical can be the same or different,”
e.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 to 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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glycerol fatty acid esters, i.e., glycerides derived
fromnatural sources such as, for exanple, beef tallow

wo@pRdo7/o8awd oil, palmoil, castor oil, cottonserdr/vs1006/048124
corn oil, peanut oil, soybean oil, sunflower oil,
olive oil, whale oil, nenhaden oil, sardine oil
coconut oil, palmkernel oil, babassu oil, rape oil

soya oil and the like with coconut oil being preferred
for use herein. [0042] The glycerol fatty acid esters
will contain fromabout C4 to about Cr5and preferably

COfelafolalR®ng, ofalkandBRiide, 624n hikbkylafel ri®ati ¢! Sf a fea&ion

sever al fatty acid noi eties, the number and type

VA ofhh BiKRSIaRENE &ealf?énotlzi}ﬁldgwlth Eelloy, a4l 1@5% erd The

cl'ass of conpounds contal ning a | ong hydrocarbo arn
Z@ﬁﬁs%?&?%? By SERR ﬁ*ﬁé@%@ﬁﬁﬁ%ﬁ BRI E R A tmpie,
t b h

Trffortany abd RUES T elvbelidfs JHUER TNy F Budeps sygh oo for
d bl . b h . .
o eeeeﬁg%ateﬁwm E%?%g@‘?ém%b%ﬁ%% hetprseed ot gypypi
aC|d chaj n. Preferabl , aFId turate
Ex%ﬁzfﬁlil a?yltﬁqgéxe o FURY tgl\é&qn qi ﬁnt@en 1aden oil, sardine
%Lstolelc aci_d, paln1tole|c acid, oleic
li

capamaIt gil; pelmdeeangliodl, pabassu il @bt el sopa §sltaaf151@6elake with

fatty acids include caproic acid, caprylic acid,

c fioeprutadl keing prpfereedsier yse hgfeinstic acid, palnmitic

acid, stearic acid, arachidic acid, behenlc aci d,

|1 [§A%¥er i ¢ aEheiglyaerel farey 40'Fd<@8t‘f1‘8@413]00ﬂ@p? figmrabani Geto about

exanpl es of suitable al koxyl ated am nes include: (a)

arCakkdrigfenbly contaieabaysitesenbent Gy fganmidibsténsy i sgveral fatty

wherein R18 is hydrogen or a substituted or

uresubmpietigs.dtie hyaibacardtybe hayinggwith dm sbute afibeidil 3Batty acids

carbon atons and preferably fromabout 8 to about 30

caarbarlaas ofregmpounds containing a long hydrocarbon chain and a terminal
carboxylate group and are characterized as unsaturated or saturated depending
upon whether a double bond is present in the hydrocarbon chain. Therefore, an
unsaturated fatty acid has at least one double bond in its hydrocarbon chain
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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R19 in each of the x (R190 groups is independently a
strai ght or branched C2-C al kylene; R20 is a bond or a
waamsst4st ed or unsubstituted hydrocar byl ene hBeT/H§2006/048124
from2 to about 6 carbon atons; R2 1 and R22 are each
i ndependent|y hydrogen, substituted or unsubstituted

hydr ocar byl having from 1l to about 30 carbon atons,
-(R23)n-(R190O yR24, or R2 1 and R22 together with the
nitrogen atomto which they are bonded are joined
together to forma heterocyclic group; R23 is

Sufpelsst ut ed R@F%&u&m StahesHIRLASHE BWoR PRt &ORL RE N i de:

from1l to about 6 carbon atons, R24 is hydrogen or a

l'i near ga{) gﬁ;aﬁfb‘%&%@érﬁ%'e {%rgéé‘ﬁtém Béheld1 Po2RaKt 4

car bon n“is 0 or 1, and x I's an average nunber
from1l to about 60, preferably from1l to ggput 30 and
e

nore preferably fkqul_{ o@pout _20. Suitra

hydr ocar byl (hydrocar byken xgrgbp§_ﬂmhlude, but are
not limted to, |linear or branched al kyhgeal kyl ene),
I i near or branched al kenyl (aIkenerne),RIinear or

b h l.k I | k I I I : Kyl

O DRE kb ot BHER o ok A7 Shcod ¥ o
s Dl AR SRRaBbt b S Bahoho Do woms:
R19,,.n each_ of the x (R19Q groups is independently a
stRailgRector! he 2 (En &y grours igindppepdentlpa sfrazghd ORh?nﬁ’)P/f‘él Co-Cy

each indepgndently hydrogen or a linear or branched
d% Im%

al ¥pylepg:dip iha of ¢ Yibsttuied rymspbyiteisd bydrosediisne hadng

X 1s an average nunber fr9p11 t g about 30.(b) an

al feomy? torabguidricarbon ejsmess 8t el BY age peshaindénsndently: hydrogen,

wherein R25 is a substituted or unsubstituted

hyshbsidtatdgydr ursubstiguttd bpdrocarbyldimying B0mchiorboub3® pabematoms,

preferably from about 8 to about 30 carbon atons; R26

i (BB OYRE", or RR26() RYrtogrtiseriveith thtepeogtentom ta which they

strai ght or branched C2-C
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 is an average number from 1 to about 60, preferably from 1 to
about 30 and more preferably from 1 to about 20. Suitable hydrocarbyl
(hydrocarbylene) groups include, but are not limited to, linear or branched alkyl
(alkylene), linear or branched alkenyl (alkenylene), linear or branched alkynyl
(alkynylene), aryl (arylene), aralkyl (aralkylene) groups and the like. Preferably,
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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al kyl ene; R27 is hydrogen or a straight or branched
al kyl group having from1 to about 6 carbon atons; R28
WO 200a/084bst i t ut ed or unsubstituted hydrocar byl P¢EUS2996/048124

from1l to about 30 carbon atons, e.g., a linear or
branched al kynyl, aryl, or aral kyl group having from1

to about 30 carbon atonms, and x is an average nunber
from1l to about 60. Preferably, R25 is a straight or
branched al kyl, straight or branched al kenyl, straight

or branched al kynyl, aryl, or aral kyl groups (c) a

di al koxgH)ahedkARNe] LHAREeSHEEREdDy SaRed Fornhimul a:

wherein R29 is a linear or branched al kyl, |inear or
branched al kenyl, l|inear or branched al kynyl, aryl, or
aral kyl group having from abou @66®m%bout 30 carbon
atons, R30 in each of RA®—x O “&nd the y (R300

groups is independently a straj Et or branched C -C

al kylene, R3 1 is independentlﬁg ydrogen, or a linear

or branched al kyl group having from1 to about 4
cawherminaR 0ris a avlestitutadh dr ynsabstituteddyydrmberttyll hadng fiver hgeabout
nunber from1l to about 40. Preferably, R29 is a

st3Geaghon etontsramd ghvefiirabl kfrbmabost 8 & gfiiut 80 chrbanatvaek; R in
al kenyl group having from about 8 to about 30 carbon
ateeh of BR0x (RO goupk id independRIBA) steaightt dtbranchRBORC,
groups isindependently a straight or branched C2-C

al diryleng RR%s Hydrogdnnstendiaiien bl Yran¥ 4R, gro®p hin@from 1 to

ethyl, and x and y are independently an average nunber

f rayBul 6 carbdl AWM« R>* MoI @ibbii @t Ain¥ubdndfed BydotdrBPHaving
or branched al kyl group having from about 8 to about

2566 PRMLBLLI® carBP atothsEREN aWneh 6t Brak B8 Ayl abyiory
(R300 groups is independently ethylene or propyl ene,

Ry ikl B edodd @B@fﬁ%@?ﬁtﬂlﬁ th ¥%tﬁ@@rha$rd’b0é{g?$1%¥,l and3Nd % a@%gé/

are i hdependently an average nu rom1l to about

LGy g 1 Qo BH G H0A P r¥ferdBRy) B2 isPh LitdiRor BFanRh@NGREM
al kyl group havi ng
straight or branched alkenyl, straight or branched alkynyl, aryl, or aralkyl groups.

(c) a dialkoxylated amine represented by general formula:

30 31
/(R O)XR

(R3°O) yR31

R¥P—N

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*O) groups is independently a
straight or branched C,-C4 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*°0O) groups is
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fromabout 8 to about 22 carbon atons, R30 in each of

the x (R300 and the y (R300) groups is independently
weedylograes or propyl ene, R3 1 is independentl|y PgTUSZPO6I048124

or nethyl, and x and y are independently an average

nunber from1 to about 5. [0044] Preferred

comerci ally avail abl e al koxyl at ed am nes i ncl ude

t hose avail abl e from Akzo Nobel under the Ethoneen

tradenane, e.g., Ethonmeen ¢/ 12, C/ 15, C 20, C 25,

Sv/i12, Sv/ 15, T/ 12, T/ 15, T/ 20 and T/25. Preferred

CORHBendBhtY a S¥ALhOdY 1Rahk@ XY Gl AKy1848, #ESis! iﬂ@ééiélﬂ@ently
0

t hose avai l'abl e from Akzo Nobel under the Amm

t rAdenaNE _ ‘ s
o\%, T el g ot gﬂg XAQ}@ olregq\%g‘l.‘d i) fg]aviéﬁgg%mber from

geﬁgzlf Aot 0E Moﬁ«@%ﬁé&@%};ﬁ%l{mﬁ atig{eQPoP&HRér%i %}1&%41 Lhodpaving

acl di ¢ conpoun Xyl ated amne a

A A5 D AR YR IEIRY, B2 e
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After a sufficient tinme, the boron conpound dissolves

whost bOrE Yeran et sigraki J‘Ba?ﬁ Flaneas gy branghadplipyl grawgp having
am de is added slowy to effect neutralizatigp and
r@yandythe y

f GrPRIEAbORE B0 ehoatt P2 gaibeR etdness R3t tuksech of fhede®

dilyging oil can be added as needed to contr ol

vi @ d2) gxpupp trinsiengndently efluylpngor mapylgne.dt soindensndenly

distillation. The reaction can typically be conducted

byhyéspgrnaonneigyl hed Kk @nd vame ndgperslendyrpe pueragenwhbdrfoym 1 to

about 200C to about 100C and preferably from about

504Qut 6. about 75C for a tine period
[0044] Preferred commercially available alkoxylated amines include those
available from Akzo Nobel under the Ethomeen tradename, e.g., Ethomeen C/12,
C/15, C/20, C/25, SV/12, SV/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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rangi ng fromabout 1 to about 4 hours. [0046] If
desired, the reaction can be carried out in an
W@b@alosl494 e. g., aliphatic and aronatic al cohol BCT/U82086/048124
nmercaptan, e.g., aliphatic and aromatic nercaptans,
can be included in the reaction charge. Suitable
al i phatic alcohols include, but are not limted to,
nmet hanol , et hanol, propanol, butanol, pentanol,
hexanol , heptanol, octanol, nonanol, decanol,
undecanol , dodecanol, tridecanol, tetradecanol,
P erekiaetE aaliRting REXAH e aN8d adRiadRCIMo] vREdSHTEFAHOhlarly

nonadecanol , eicosanol, isoners thereof, and the |ike.

Slﬂui*i%@g@m@(lﬁ@tsbﬁfeﬁﬂs GORRdiA1akiBR! AR reitondal tyifitally be

limted to, phenol, cresol, xylenol, and the like. The

al el oy M (BB F0RLarfROA ki Bg_s of HBR! 4t £6C o

oxy groups “or thioal koxy grou uita
n%rb&‘riltp{ Gtie dnﬁcrﬁ!rgfé?dké}pﬁgn%az{b%up ﬁ(5°d #one]lbtogg 734 fop lé'lttl)fljl% tTriod
mer capt an,” ‘penty rcaptan, hexyl Tercaptan, hep %
ner capt an ctyl, .meycapt,an, nonyl nercaptan, decyl
né@%ag%iﬁﬁl%%&%éj?ah%?ééﬁ?ﬁﬁ, dodecyl nercaptan, and
t ke, as . t hi ogphenol , thiocresol,
PRI anor - 1farred e RGO Ao o phaleohol, e
ugge st ood %y thosF ﬁéilled in the art P&gt th& .
f ‘Qb%‘i“i@“"r 016 AlBRYG A2 RFTCAPRBrE- & AliRhatisgpt apmatic
m xture of coppounds. The reaction product mxture
nEBECARIEND, £21 By Hichided in thejrepgtioneehgrge. Suitablealiphaiiq glpehols
cqnponents. Accqrdingly, the reaction product m xture
c dRclBde. &b prsyast ligted do, rethpgoly gthanal gpropanad; hutanol, pentanol,
conposition or fuel conposition of the present )
i hggarlokentayei aomehaoanol lyvres) mdgganglodeipanmidridecanol,
reacti on products of the present invention are useful
adetsafigcanolepentadecaiol hexadergnali heptadgsardlt o@adecanol, nonadecanol,
General ly, the lubricating oi
eicosanol, isomers thereof, and the like. Suitable aromatic alcohols include, but
are not limited to, phenol, cresol, xylenol, and the like. The alcohol or aromatic
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.
[0047] 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 lubrication

oil composition or fuel composition of the present invention.
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conpositions of this invention include as a first
conponent an oil of lubricating viscosity. The oil of

WO ediogabd ng vi scosity for use herein can be aPgT/US2006/048124
presently known or |ater-discovered oil of lubricating
viscosity used in formulating |ubricating oi
conpositions for any and all such applications, e.g.,
engine oils, marine cylinder oils, functional fluids
such as hydraulic oils, gear oils, transm ssi on
fluids, e.g., automatic transm ssion fluids, etc.,

turbine | ubri canyBRICKTRING SILTCEONPACTETIONS,
conpressor | ubricants, nmetal -working lubricants, and

ot fppug| ubri cathe '?Qacﬁbh pﬁi&c&r&"ﬁ@ MR Dehii O dre useful as
Additionally, the oil ubrlca¥|ng viscosity for use

heﬁcfdltnvé\sQH llﬂmdaﬂﬂgbl%oﬁ@&ﬁbﬁi ‘F&n‘ée?ﬁl a)zfr lﬂgﬁéatmg oil

| nprovers, e.g., ates

ol &Irf@(l)s(i"t1on%poqltl¥1n?1§\§ehtlgn %‘u a% as atfh 1¥ ene%/ regtpéln (%Pg’{‘ ancatmg

I ene Copo

t hlveIS%OrS”tymﬁ’W“' S GHEE visehity B v i e iy
ol

apwq%h bt 1) otrkelipe SERER byRee “ri?v’%{ufa?ws

i.cat vi scosi .ty for use herein w.ll, ordinari

ECﬁﬁfrtﬁf? 55%90%9 fabwt ansldbsuch PP Leations e(a%s?ragl%& oils,
1OOCEnt| ra rally, individually the ojls
usB@rige °igélff§19ﬁ eﬂ%.ﬁl%ctwnm flpigy such asihydratic Ol g5ap8ils,y

range at _1000C of about 2 cSt to about 30 cSt,

pri&ausmaByion BBl ©-8. atpmpetc Sppypistign dlgids, gisd tyrbine lubricants,

preferably about 4 cSt to about 12 cSt and will be

s efree pigtogrenginerpilsdeqrepresror Mprisants raelgbsiorkiag drtaicgsts, and

and the additives in the finished oil to give the o

deatherlybyjcatife @it anshgrierss conposisiogs., Additigpailsdhé eid oblybricating

conposition having an SAE Viscosity G ade of OW OW 20,

OWiSensitoferidse IOwis 0an G @GRy SWtaBiVig@sity index improvers, e.g.,
polymeric alkylmethacrylates; olefinic copolymers, e.g., an ethylene-propylene
copolymer or a styrene-butadiene copolymer; and the like and mixtures thereof.
[0049] 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 (C). Generally,
individually the oils used as engine oils will have a kinematic viscosity range at
100°C of about 2 cSt to about 30 cSt, preferably about 3 ¢St to about 16 ¢St, 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 0il composition having an SAE

Viscosity Grade of OW, OW-20, 0OW-30, 0W-40, 0W-50, 0W-60, 5W, 5W-20,

5W-30, 5W-40, 5W-50, SW-60, 10W, 10W-20, 10W-30, L0W-40, 10W-50, 15W,
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5W 30, 5W40, SW50, 5We60, 10w 10w 20, 10W 30,

10w 40, 10W50, 15W15W 20, 15W30 or 15W40. G ls
wais@d/oss9gear oils can have viscosities rangi nBCT/I82006/048124

about 2 cSt to about 2000 cSt at 1000C. [0050] Base

stocks may be manufactured using a variety of

di fferent processes including, but not limted to,

distillation, solvent refining, hydrogen processing,

ol i gomeri zation, esterification, and rerefining. Reref

ned stock shall be substantially free frommaterials

| NisKPBAC e B UBEWIRN UDAES btk al GearlCSIRt ARThAGE I RBosi®és ranging

previ ous use. The base oil of the lubricating oi

C GrIQ abotaNSK b aﬁ&ﬂtéob@wf‘ét'l@m@ay be any natural or
synthetic |ubricating base oil. Suitable hydrocarbon

ﬁg%ﬁﬁé'dc ¢ ?'olrhnésteﬁgﬁg% ﬁﬁ%&%a ot ulsfn%‘ L iehPor (?Hleﬁent

rlzalono ene or rom

@?%&gséén}??luéiﬁ%haolng hmltglrl 1&%%111%?108 rs%Y\}e Fre@i%lnyﬁg/ﬁrogen

as po I'n
dr ocar bo nt hesi s ures carpan
a aocr%?ﬂpg,gg}goéh Lizatiary 8 geﬁgl?mnq.r oere ed s?é;clccl shall
proce u1ta Ie qéhl ubr, ting
b§c§8§?tf“§z“"}?§’ et atecit e duSed toroh mimIGRE S,y
fractian; ., little, if any (gbe oi | fractgon of £
v .Cge@mwl% LPreypus gpe- oTh%Pag*ﬁ@.ﬂ tthe liyaeatinge i?mwé“ons °
oi ] of lubricating viscosity nmay be derived fro
nablar"amtlea M3y iy nstyral orsypthgle fubricating E%ﬁﬁ%'g Sd%liagle
m xtures thereof. Suitable oils_ includes base
sthdé;@aéwmém@@tlwb inghdde; buftare potdimidgdhton atls prepased fram the
sl ack wax, as well as hydrocracked base stocks
pedTeerizaion of gthyteng ok fiem theaohanerizetian o6 I wdefins to provide
extracting) the aromatic and pol ar conponents of the
c pettenersgiictad polydlphaolefyl oA raalseor fiora hydaeparbon synthesis
categories I, Il, 111, IV and V as defined in API
Pulsbéeclatdsosingx@fhon monoxide and hydrogen gases such as in a Fisher-
Tropsch process. For example, a suitable oil of lubricating viscosity is one that
comprises little, if any, heavy fraction; e.g., little, if any, lube oil fraction of
viscosity about 20 ¢St or higher at 100°C.
[0051] The oil of lubricating viscosity may be derived from natural
lubricating oils, synthetic lubricating oils or mixtures thereof. Suitable oils
includes base stocks obtained by isomerization of synthetic wax and slack wax, as
well as hydrocracked base stocks produced by hydrocracking (rather than solvent
extracting) the aromatic and polar components of the crude. Suitable oils include
those in all API categories I, II, III, IV and V as defined in API Publication 1509,
14th Edition, Addendum I, Dec. 1998. Group IV base oils are polyalphaolefins
(PAO). Group V base oils include all other base oils not included in Group I, 11,

III, or IV. Although Group II, III and IV base oils are preferred for use in this
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14t h Edition, Addendum |, Dec. 1998. G oup |V base
oil s are pol yal phaolef ns (PAO. Goup V base oils

wo p@bosie9al | ot her base oils not included in QOUPS1006/048124
[1, 111, or IV Although Goup Il, Ill and IV base oils
are preferred for use in thisinvention, these
preferred base oils may be prepared by conbi ni ng one

or nore of Goup I, IIl, Ill, IV and V base stocks or
base oils. [00521 Useful natural oils include mneral
| ubricating oils such as, for exanple, liquid

PehvaktRINRké PrefGRIMSRE ofls Gl pREparéd By EdrRBin@tk one or more of
m ner al Iubrlcat|ng oiI's of the paraffinic, naphthenic

Ofodeﬁanﬂﬁ qfvféda' vwg&ma@mr«oawms oi | s derived

from coal or 'shale, animal oils, vegetable oils (e.g.,

Ial‘@ﬁgfl[Ed oi | @ u%tgfal Qilﬁﬁwﬂ&r{l Efh1 mﬂrl)catlﬁé]glﬁ h&n as, for

0053] synt etic Iu ricating ofl

haﬁ%(a%g )i l{?#lid uﬁétg)l'ﬁ&g 15 r‘go gt ArRat eEijﬁnﬁg %9@9 nq nletsal ‘Nbglcatmg

Pocarbon oIl s Such as pol ymer |
oL PR L{éﬁﬁg}’%'g%fér@%% S ER B D, o
oo e;?{vieﬁif{o& GBSt SR o ¥éetaa>ﬁ§5?%§e§4-1 fRResgiq oils, castor
ddH ur%ﬁéﬁ@@ eoﬂi@%bﬁéggggrggﬁieﬁggh 3?nony|benzenes
8 0 Ok B PR
and the |ike; alkylated diphe %agethers and al kyl at ed

di pwlspgarben pily andchaleraubstigntad hydraearhen olnsHBEs erized and

hormol ogs thereof and the |like. [0054] O her useful

syintaipelymeriaed plefing. e apalsbutplenes @olyprapYianes.gepylene-

limted to, oils nmade by polynerizing olefins of |ess

t higabBytea bopnl rmerss cldatihatad pelyhytyéames, nolyipshesages), poly(1-

but yl enes, isobutene, pentene, and m xtures thereof.
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.

[0054] 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, isobutene, pentene, and mixtures thereof.
Methods of preparing such polymer oils are well known to those skilled in the art.
[0055] Additional 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 C¢ to Cy2 alpha olefins

such as, for example, 1-decene trimer.
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Met hods of preparing such polynmer oils are well known

to those skilled in the art. [0055] Additional useful
wa@wlogt4v£ hydrocarbon oils include |iquid pol peEUS2008/048124

al pha ol efins having the proper viscosity. Especially

useful synthetic hydrocarbon oils are the hydrogenated

liquid oligoners of Cto 2 alpha olefins such as, for

exanpl e, 1-decene triner.[0056] Another class of

useful synthetic lubricating oils include, but are not

limted to, alkylene oxide polyners, i.e.

hdoopsll ymer sAnbtheeclpsy offasefl sﬁnﬂetﬁﬂnbl\l@dtin‘gétﬁlshh@ﬁ@@fbut are
where the term nal hydroxyl groups have been nodified

byhot figditc@ta @ikl en®64iE Ff)lyﬁf&é 9. tﬂbm@f)b@mefrs:aﬁﬂesmymers and
These oils are exenpliftied by the oils prepare

t rHe?i%PvééQhé’r@@f \'vKé\%'tHé‘te%uﬁi H%/ 8k ﬁ&hﬁsena% bRESRWIST& by,
oxi de, the al kyl and phenyl her's of 'these

PObY %lgyés?e?ﬁicﬁmny BEEtRerifcaion. Eé%yc%llspé?é XXg‘hﬁlﬁl%%(PWﬂle oils

gl'ycol et her having an average no ecu ar wei |
na g AP SR B B B8 gy
R e i epppyien
B0 i BB SR M St B i of
glgpim%yl%o@s% R PR L Pl SFO5 e oo,
Igf cat ng 0| s include, but are not limted to, the
%41 erda footsaRylene %ibfm}éﬂa&m@ a mplecplar yeighe Pﬁabout 1,000 to
succi njc_acid, alkyl succinic acids, alkenyl succinic
acdPgut L&) %fcmano-aaz@mlxca&qxahc stipsthereayugh as, for
sebaC|c acid, fumaric acid, adipic acid, linoleic acid

di Fkamplaricosetic aﬁ,tmsmvsﬂw Cartataificid efteraior the Keneyp acid diester

mal oni c acids, etc., with a variety of alcohols, e.g.,
b Lﬁfyq:traethylene glycol.

.[0057] Yet another class of useful synthetic lubricating oils include, but
are not limited to, the esters of dicarboxylic acids e.g., phthalic acid, succinic acid,
alkyl succinic acids, alkenyl succinic acids, maleic acid, azelaic acid', suberic acid,
sebacic acid, fumaric acid, adipic acid, linoleic acid dimer, malonic acids, alkyl
malonic acids, alkenyl malonic acids, etc., with a variety of alcohols, e.g., butyl
alcohol, hexyl alcohol, dodecyl alcohol, 2-ethylhexyl alcohol, ethylene glycol,
diethylene glycol monoether, propylene glycol, etc. Specific examples of these
esters include dibutyl adipate, di(2-ethylhexyl)sebacate, di-n-hexyl fumarate,
dioctyl sebacate, diisooctyl azelate, diisodecyl azelate, dioctyl phthalate, didecyl
phthalate, dieicosyl sebacate, the 2-ethylhexyl 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.
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al cohol , hexyl al cohol, dodecyl al cohol, 2-ethyl hexyl
al cohol, ethylene glycol, diethyl ene glyco
woreowaestaes , propyl ene glycol, etc. Specific exmpUsm0e©H48124
these esters include dibutyl adipate,
di (2- et hyl hexyl ) sebacate, di-n-hexyl fumarate, dioctyl
sebacate, diisooctyl azelate, diisodecyl azel ate,
di octyl phthal ate, didecyl phthal ate, dieicosyl
sebacate, the 2-ethyl hexyl diester of linoleic acid
di mer, the conplex ester fornmed by reacting one nole

offoesByaci ¢ agdieks Whéfll 4\ 9niRkiEDi10hisbehdlads Byl HeR0dliNERY to,

and two nol es of 2-ethyl"hexanoic acid and the

| ke OQRF o E LR yHS &M hAgn g%mnt ogg 5 ?%éb;m?lrl %%arbon atoms

i nclude, but are not limted

car:ho ' Cl [N bout tqQ.a t

o SHEON e %, BB AunddU U8 BYaR drd SRR b syt o

et c. | yol s ,and |yol ethers such. as.neopentyl

oS e, e ot pathe; Plnd bRyt peaRe htol

di pentaerythrito ripentaerythritol, and the |ike.

[ “%W%Pgﬂn@ﬁggghkﬁils such as, for exanple,

p | kyl -, pol yaryl -,  pol yal koxy- or

pﬂ"ﬁﬂ yi oxy-§fl9%&-3 d gilp suchas, qu example: gelvalkylopplypd-

anot her useful class of synthetic |ubricating oils.

spabatkexyeRapplyeyioxy-silegare pitrcandgilicatr pily cempgse another useful

limted to, tetraethyl silicate, tetra-isoprop

sFlasg af yntheticrgbricatiagieylsh 8rgaific sxamplas ef these include, but are not

tet[a-(4-nethﬁl-hexyl)siIicate, . '

t bprited(tp, tetrrethyl giligab éeiya-lsepiopybsibicattdsiyd-(3-dthyHehyl) silicate,

2- pent oxy) di si | oxane, pol y(nethyl)sil oxanes,

p&itsac (femisthiybhexylds)lidate seire@-tearzhtyipbenyilJsdicast, hexyly(dimethyl-

ot her useful synthetic lubricating oils include, but

alepentixy)disildede] mly(metuylibiles sresspalf/(npdthglpharnydsioxanes, and

containing acids, e.g., tricresyl phosphate, trioctyl

phosliiteat $ll gétetinrlusefal emtiodticdebraceingiis plhdledd, Buddrk thot limited

etc., polyneric tetrahydrofurans and the |ike.
to, liquid esters of phosphorous containing acids, e.g., tricresyl phosphate, trioctyl
phosphate, diethyl ester of decane phosphionic acid, etc., polymeric
tetrahydrofurans and the like.
[0060] 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 bitumen)
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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[0060] The oil of lubricating viscosity nay be derived
fromunrefined, refined and rerefined oils, either
WO 10a/081494 synt heti ¢ or m xtures of two or norePOf/USINY6/048124
of these of the type disclosed herei nabove. Unrefined
oils are those obtained directly froma natural or
synthetic source (e.g., coal, shale, or tar sands
bitunmen) without further purification or treatnent.
Exanpl es of unrefined oils include, but . are not
limted to, a shale oil obtained directly from
r e1rOhdrlifd PRRE htifBRiontteBRE Gtk AHkRIWn RPIMBEGESKNI in the art and
ditectly fromdistillation or an ester oil obtained
di. N, : ' . .
T S e L A R R
ar I t efi s _e t ¢ av -
DSy, Hidefon, B iEh ko Plal B 86 Bng, 46 10 ¥peg s e
to,inprove, one or r.eproperties. ..Thes urificatjon
¢ StRa L Bt ars RIS g PRSeeCTmiler Fe hofé baed G Bplafpptined
i ncJ ude,, for_exanple, solvent extractions, secongdal
(b1 Sk FORONGEITE Bk 2BRdoRRes SR GHE G PDRRSGhoS and often
percol ation, hydrotreating, dewaxing, etc. Rerefned.. .
oi & adghtiongilvapraeesses by fechriangs dieestedoioirempnals seentgeditives
simlar to those used to obtain refined oils. Such
r efgfoiliredyidodvngpredu¢tso known as recl ai ned or
reprocessed oils and often are additionally processed
b;ﬁgﬂ@dh ni quebulticatiogoil hage steptirivefl fegpe the hydavisomerization of
and oil breakdown products. [0061] Lubricating oil
bakex mapelke bdarsed;cther dame breintppthdnatismeritlx Hiei aderesrdfid watxral
may al so be used, either alone or in conbination with
t remdafr syethaticbasztstocks. 8nchl wax sspntenattiod ib peslus¢dlbkthe
Such wax isonerate oil is produced by the
hyldrlerisonaizatiatiod matwkal va s yithéticowasasnirheixienhessf over a
m xtures thereof over a hydroisonerization catalyst.
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

26



[0062] Natural waxes are typically the slack waxes
recovered by the solvent dewaxing of mneral oils;

W@ wletdvL waxes are typically the wax producerCbySione048124
Fi scher-Tropsch process. [0063] The oil of lubricating
viscosity for use in the lubricating oil conpositions
may be present in a major anount, e.g., an anmount of
greater than 50 wt. % preferably greater than about
70 wt. % nore preferably fromabout 80 to about 99.5
w. % and nost preferably from about 85 to about 98
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[ 0064] The reaction produc of the present invention
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o) I

i nvention can be used as a nplete or partia

;ngh ggcﬁgﬁ&‘fer%ﬂy &&H‘Lﬁ%& 5 Lot %Vtéia}:g@rsf\é\g.% O2bE 3R YR total

gents-currently ‘used in
for mul at.i.,ons, and. can, be in.conbi nati on with ot her
Qi et L ST ot or of s, Generally,
t actio rodycts of . rthe present, i.nventjon wll be
B0l T B o et s el S pmiFS bR h i peeotne
effective anmount ranging fromabout 0.1 to about 15 .
wiubregating gt SPEBPSItiPRSIA SbaRte REHorfRnCcY, When pass inggmfination
w. % and nore preferably fromabout 0.5 wt. %to .
abgth otherfypesspf angioidaty or dditizenrseddn gHtfopnulptiens, synergistic
| ubricating oil conposition. ng651 I'f desired, other
adaflior pdditi ke perbermpase sEectaimay berpbtaipedyihsespect to improved
| ubricating oil conpositions to enhance perfornance.
waatoxidenty sntiveensi fretioosl and dstesgdnel ang pigh temperature engine
antioxidants or additives used in oil fornulations,
s yinposifi ropartian dPunh cthieti adiditevep eaii be amnpresefthdotosvmaenlatse
obtai ned wth respect to inproved anti oxi dancy,
amiscorered additiees wsedlin forchudeingrlgbricatingrudl dunggdositions. The
t enper at ure engi ne
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 irhprovers,
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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deposit properties. Such other additives can be any
presently known or | aterdiscovered additives used in

wo eoomosabd ng | ubricating oil conpositions. ThePCT/US2006/048124
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, enulsifiers, VI inprovers, pour
poi nt depressants, and the |ike. See, for exanple,
U. @oeFpt ent  NRampled 880BEP ahtixi@antiemehidphilothied diphedymines,

| ubricating oil conposition additives, the disclosure

of NV Akelt @éﬁg@%@&&ﬂh@ﬁ ph@ﬁ)gid'épml‘llyla%igé,?dri}%?%tjeeﬁ' phéisyl-

entirety. The "additives can be enploye

! %ﬁ@éﬂ&e?&ihe&%ﬁﬁﬂ@oﬁhg@?ﬁﬁ%th&mh)&{?&} in#l%’éc)%laﬁd ioﬂgomen‘c

acc nce wt nown practrce.” [ 0066 anpl e
of _di i nel | v tylen Lhim dei.
e FhEBH PR AR P Rl T P RO BRI A G Bones,
di spersant .and, th i ke. . lLes,of .defergents X
" EREOERE P REndd elieht U AR Py RastS TR BP R g, petatic
and_ashl ess sul furized al kyl. phenat e nmet.al |'i
SRR 4 v EeteeoiiadrRRE A deriBliPes ofl sPfile copper
sal i cyl at.es, tallic and ashl ess saligenin . ..
deFMBANGEind Bk, R PRTREEIIRSE PRAmR I OF SEchrddig are those
anti oxi dants incl ude ahgﬁ:ated diEhenylanines,. )
N- eampgprstadly ayadaRle Ransuchsqutces pheReniusa bREaFrtion and include,
al kyl at ed phenyl naght hyl am ne, di nmet hyl quinoli nes,
t rioRexaYPlgi Nyesabthe 138 Navsalnke 418Lg Hirbenlebe AP Avaucabis 635,
derived therefrom hindered phenolics, alkylated
hyRiaeggalibed$0s Napgantnd: Vi, dvpugaiube iAdHENy Naugand PANA, Naugalube
al kyl i denebi sphenol s, thiopropionates, netallic
di TMiQ d¥auigalvhe 631, Naupalnbei4dds Napgard h BN, davizalubn 403,
derivatives, oil soluble copper
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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conmpounds, and the |ike. Representative exanpl es of

such additives are those comrercially available from
w@ewh/osaw ces as Chentura Corporation and i ncl BdEUS1006/048124

exanpl e, Naugal ube(r) 438, Naugal ube 438L, Naugal ube

640, Naugal ube 635, Naugal ube 680, Naugal ube AMNS5,

Naugal ube APAN, Naugard PANA, Naugal ube TMQ Naugal ube

531, Naugal ube 431 , Naugard(r) BHT, Naugal ube 403,

Naugal ube 420 and the |ike. [0068]- Exanpl es of

anti-wear additives that can be used in conbination

W dlBstéh @ adglithi ocRshagfatdshRom IS tholyBi&liink 6empAdldydad the like.
organo borates, organo phosphites, organo phosphates,

Or Rigstksentdiive lé&axﬁﬁl“é"s 3 MdhricasR Q4kFors 544 thed c%ﬁﬂnerc:ally
ol efins, sulfurized fatty acid derlvatlves (esters),

Cc a (M al a
CHNATLBRR ReT "%&3"5 P R N R E ARy van

phosp?ﬁ’osuio?’lrﬁé’!ozw r bcar%% %ﬁsf\@ﬁ an %55 and the like; Asahi
R
ciﬁm%eﬁ%iﬁé?to'yﬁ%isﬁ%”% AkErRtde Rt %%@&%porﬁ?ﬁéa
9
A3 ey A AT 5 B SRR A AT S uRA-
PR 53R B ool Sl el R bos it B ke gy from
oL Sh el G LA 261 55515 O, L P
di al kyl di t hi ocar bamat es, rml ybdenum
[ §$q<yl di t hi ophosphat es, nol ybdenum di sul fi de,
tr| - ol ybdenunctl uster di al kyl di t hi ocar bamat es,
ndf930 f ur ndmyBaERIARiEmsETvem et wsielysilpasane, and the like.
R(ég);em?sent ative exanples of such friction nodifiers are-
Rlenaerust ishibjtomaie pabloayilkplen®pdlyol/beaeatiazole derivatives,

Conpany, Inc. such as Molyvan A, Ml yvan L,
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
polymethacrylate, and the like.

[0071] As noted above, suitable anti-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:

RIS(I\SH

R19

29



Mol yvan 807, Mol yvan 856B, Mol yvan 822, Ml yvan 855,
and the |ike; Asahi DenkaKogyo K K. such as

WGATRSHR4BE 100, SAKURA- LUBE 165, SAKURA- LUBEPGD0S2006/048124
SAKURA- LUBE 310G SAKURA- LUBE 321, SAKURALUBE 474,
SAKURA- LUBE 600, SAKURA-LUBE 700, and the |ike; and
from Akzo Nobel Chem cals GvH such as Ketjen-Ox 77M
Ketjen-Ox 77TS, and the |like. [0070] An exanple of an
anti-foam agent is polysiloxane, and the |iKke.
Exanpl es of rust inhibitors are pol yoxyal kyl ene

povyatin BénrdR'l azahe sdes ovdirfenes an@Bh b Bndar bebranched alkyl,
Exanpl es of VI inprovers include ol efin copol yners and

di SRRasEM arglk§l, ialla®@P6r sbBtiHteddBsthitfally HRiroAbyA %@dg@il e

of a pour point depressant is polynethacrylate,” an

ek 087 RSO LA Sl s

Pra%f@éa%hlﬂéve,t&xeaxj% ORALRY B cg{b%ﬂ&%orﬁg.?#?i"ghbgpagﬁglg gge

of at |east 3 carbon atons. d_artlcu a ] Iuse
. car

S R 5%@%3%@#@P#&%&%@tﬁw@sgg dids

i f .at .l t, 3 rbon atons. e .. .

COTHE Dl A P 3 By R R . i
' be .i.l | d [ t )

¢ S st o, R Brinbea et Biedediteines l"elkcajrfo%g?eerﬁ@wal-

be 1] b d al kyk, 1 kyl,,

AP TA "3) e Sfarglbith wieBe Ko bed K raiony seude

hydr ocar byl radi cal derivatjives of any of the above

G STERDY QAL b Y s RN Brhe* R deBivh GpethyRex edisobetyl,

each have, on average, at |east 3 carbon atons. B

" d3ApehAndgey]. [dpdempdy isadasy), hexadegpla aetadenyl. durdphenyl, o,p-

cont ai ni ng substituent ?[oups, e.g., 1to 4
dipentylphenyl, octylphenyl, polyisobutene-(molecular weight 350)-substituted

phenyl, tetrapropylene-substituted phenyl, beta-octylbutylnaphthyl, cyclopentyl,
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.

[0073] 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 Cs to

C30 alcohols, Cg to C3p aromatic alcohols, etc. The metals useful to make the
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substituent groups per radical noiety such as, for

exanpl e, ether, ester, thio, nitro, or hal ogen, that
waoleonosi4pmt erial |y af fect the hydrocarbon charBCT/882006/048124

the radical. [0072] Specific exanples of suitable R18

and R19 radicals include isopropyl, isobutyl, n-butyl,

see-butyl, p-hexyl, heptyl, 2-ethyl hexyl, diisobutyl,

i sooctyl, decyl, dodecyl, tetradecyl, hexadecyl,

oct adecyl, butyl phenyl, o, p~ dipentyl phenyl,

octyl phenyl, polyi sobut ene-(nol ecul ar wei ght

35phesphbetshiteinethdehbmtydre nbElimARt RPGrener ehsd, idrbtetl metals,
phenyl , beta-octyl butyl napht hyl, cycl opentyl,

cy aluadifa] leadte) Yholybdnah BR@BXhese QoBhl M RERE With zinc being
br omophenyl, napht henyl, 2- nethyl cycl ohexyl, benzyl,

Chy brRe metfiN | EX8RFE O metdl ORPFIUBROBRY Lan be reg\ftlf(:gl/ Iwith the

ni trophenyl, dichl orodecyl and xenyl radi cals.
i ' . about: )

ancoary A ok AR RSl At AR A

: [ I f d RS
O e S Rl SO PR bRAL, YR L pBlTe o0 TR Bespyiare
o o A T PR SRRISGACL IS SR Sur BB e,
L S T e T
tenperature ranging fro bog%¥200C t o about 2000C,
A bBTEN S CEieohagies U Bosiaids, MIRERRINM RPN BiSemASH csium

of ph horus .pentasyl fide. Hydrogen sul fide can be
| | B‘E‘V‘%f%&”ﬁ:&e%‘ Rrsagﬁ'ieoﬁ*a%%&gna ehaxidaycaleipnp gxige, calcium

al qgols, henols, or both can be enpl oyed, e.g., )

i RYdipede alsiamcaieenaea peiven Fethylate celsgura povmtate, calcium

al cohal s, etc. The metals useful to nmake thephosphate.

s aP§Ylalge Piga @xidey zing hydreside, gimccadonate, Zino propylate stbstium

Goup Il netals, alumnum |ead, tin, nolybdenum

nafjdnatentiepbnidroxidan ¢adingive bxides dadziinm lydiawgde, cadmium
carbonate, cadmium ethylate, barium oxide, barium hydroxide, barium hydrate,
barium carbonate, barium ethylate, barium pentylate, aluminum oxide, aluminum
propylate, lead oxide, lead hydroxide, lead carbonate, tin oxide, tin butylate,
cobalt oxide, cobalt hydroxide, cobalt carbonate, cobalt pentylate, nickel oxide,
nickel hydroxide, nickel carbonate and the like and mixtures thereof.
[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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the preferred netal. Exanples of netal conpounds that
can be reacted with the acid include |ithium oxide,
wo 2aoiosmwhydr oxi de, |ithium carbonate, |ithi unPCT/US2006/048124
pentyl ate, sodi um oxi de, sodi um hydroxi de, sodi um
car bonat e, sodium nethylate, sodium propyl ate, sodi um
phenoxi de, potassi um oxi de, potassium hydroxi de,
pot assi um car bonate, potassi um nethyl ate, silver
oxi de, silver carbonate, nagnesi um oxi de, magnesi um
hydr oxi de, nmagnesi um carbonate, magnesi um ethyl ate,

Ne@oes) um pr Thy beiparatioh @i @sdtal Phpkyioexditheoat€sdik ellnown in the
oxi de, cal ci um hydroxi de, cal cium carbonate, cal ci um

Me4ry S, 8.2, ARKCPMERONER ) @3‘31816@'39'7 a5 P04 | 69; eandé'm 804;
oxi de, zinc hydroxi de, zi nc’cafbonate, Zinc propyl ate;

St ﬂh@ A eI HRLRY 0B SohiH 418 '%fe‘ﬁ?ﬂ IE%)?% Sl %y refAmCH mAqgg HRful as

cadm um hydr oxi de, cadm u onate, cadm u

etagax Qb da?twey gl QHB‘#:@ ’deﬂ%ti}&é@o?ﬁﬂﬁﬁﬁh?sﬁpogg%&18 hm mpounds

Bari im carbonate
o 8 'ag%%a%f@%*‘%@flﬁméxbﬁ RS 'Eh"e"é‘lsﬁ‘osfr%gfewﬁm s
e bor‘f’gp"f‘ff‘ey"%eé%%‘f 0B B “oxi de, i ckel
AT oA S LS Rl Wl
ormﬁes;a;fagsoétswz;%%as&én% RAER L 0
acetate or acetic aC|d used in cqglunctlon wth

OHE? -41™0 PRORECAWE Y9 Based wRan the stal weight ofhe lubwicating oil
result in an_inproved product. For exarrgé\(ln t he use of
p

uFomposkiton: Bey srayheprepared in eccordag v toghniquehee. 2.,
requi red anount of zinc oxide facilitates the
f dunidest Bamiis adithiaphespbent eriddisubilp by ecdcdor 6T amhlgohol and/or a
preparation of nmetal phosphorodithioates is well known
i rohenel with P,Ss and then neutralizing the dithiophosphoric acid with a suitable
zinc 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 dihydrocarbyl dithiophosphates (ZDDP) are oil soluble

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

the following formula:
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be represented by TABLEI
Additives Preferred Weight % More Preferred Weight %

V.1. Improver

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 about 0.01 to about 1.5
Dispersant about 0.1 to about 10 about 0.1 to about 5

Lube Oil Flow Improver about 0.01 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 0.01 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 about 4

Friction Modifiers

about 0.01 to about 3

about 0.01 to about 1.5

Lubricating Base Oil

Balance

Balance
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the follow ng fornul a:wherein R18 and R19 have the
af brestated neani ngs. [0079] The | ubricating oi

W@ oivpo8i4pd ons of the present invention, when tPERUS2006/048124
contain these additives, are typically blended into a
base oil in amounts such that the additives therein
are effective to provide their nornmal attendant
functions. Representative effective anounts of such
additives are illustrated in Table 1. TABLE I[0080]
When ot her additives are enployed, it may be
deHl088bl e, alWheugthenatditives assanployed) ipmepae desichbid, altBough
concentrates conprising concentrated sol utions or
di sqatesesay, of peparedidditive@ondentiates cBRBEHLRR BhOHHGIS Blutions
the present invention, together with one or nore other

adeli dipesionksf &Woﬁﬁ&ﬂ@th@a%ﬁ%ﬁci&ﬁf%dﬁ&é‘ oPBeFRERH: invention,

simul taneously to the base oi o formthe I'ubricating

0i {ogEMEPAHthidrdr nkdrs %@Heﬁ"Eﬁcﬁﬂv&fwﬁé}_@?)agéijeﬂg\c’lﬁditives can be added
concentrate into the lubricating oil” can be

f agivh ' cOMmpo .11c;n. issolution
SR AR i R o s

o T s PURchopRn e BB 80 R84 RotiTaRREI TR
[ .ovi d he. [ I
| PRI oY R ket B 67 e Rl gro

CQ%E&REH with a predeterm ned anount of base
| ubrrcant. Thus, the subject additives of the present

in jon cap,be added to al |l anmpunts_of base oil or

ot [X@?Hc onpat i bf EORGYAIHY aair’r‘%‘h'ﬁ'ﬂﬂflfarged’f ijdyrigally befrmulated to
addi ti.ves to form additive-packages containing active

| IR B SVES T PERReT FEORMS IMPVie the JgTiEA Copoertiatien in the
about 2.5 to about 90 percent, preferably from about

1 5f%%36 fomnlation when therpdditiyecpagikase ip cembingd witlt 2 predetstnined

25 percent to _ .
amount of base lubricant. Thus, the subject additives of the present invention can

be added to small amounts of base oil or other compatible solvents along with
other desirable additives to form additive-packages containing active ingredients
in collective amounts of, typically, from about 2.5 to about 90 percent, preferably
from about 15 to about 75 percent, and more preferably from about 25 percent to
about 60 percent by weight additives in the appropriate proportions with the
remainder being base oil. The final formulations can typically employ 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 additive, and/or
upon the total 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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about 60 percent by weight additives in the

appropriate proportions wth the remai nder bei ng base
w@Rdo7/091ae4 fi nal formul ati ons can typically enpPOyUSiDOe048124

1 to 20 wei ght percent of the additive-package with

t he remai nder being base oil. [0082] Al of the weight

percent ages expressed herein (unless otherw se

i ndi cated) are based on the active ingredient (Al)

content of the additive, and/or upon the total weight

of any additive-package, or formulation, which will be

t hpossm of t iegderibihg Mibridatieg 6 caml@bsitives ¢f the pkdient invention

wel ght of tot % oil or diluent.[0083] In general, the

| ubil Rt alecadhltmmo& cbhRNEattn dahSinRREE Bb okt Ve Hdut 30
can contain the additives in a concentration ranging

from gﬂp%?éﬂzerg AOcdiflefPRith ARz ok Y addREVes Phngidk from about 0.1 to

conc tion range for the additives ranging from

%%Jt (PO %ve t%?x%léht l}a%e h %{Lt tolA¥ (N%gxltt opﬁx%qg é(%?tlcz&x is

e Ol COﬁ'pOSItI IS pre err

o;gregé?'re f g{ xrn%ge H{%rf‘errendt go%%:en Tatlora] e In% ﬁfglfnoggci%?%lg ﬁo abgut 5
VRO f g%f?g E?%ig%e{n 8 «foﬁgenir R TP cdatain

rier or. diluent_oil Iubr oi | viscosi

C obBmaoeRE! fi atahy s RisieifpetsinbelBn ettt %ﬁfﬁrswro%@ent oil
the Iubrlcatlng oi | conpositions contalnlng t he
r AP BERUREILEEOSEY: this i nvention as an addltlve
whi ch provi des deposit protection in addition_t
oxiﬂ&ﬁﬂf on- cof PB FFERntIRYedioniagMantagrausly pre vides ﬁh@ l'&rrcatmg oil
conpositions can al so provide such protection while
haSampRpsitingcppiaining 8 reestiongreduciteidbitdpyridiongs gn additive
| ess than about 0.1% preferably |ess than about 0.08%
anwhisbmeoyides dapapit prategiontin addisibn ta oxideBon-pyireweryprotection.
Accordingly, the lubricating oil conpositions of the
pr Ebehbricatweawil opmpesitiérs qapratso 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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environnental |y desirable than the hi gher phosphorous
| ubricating oil conpositions generally used in
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oi | conpositions. The reaction product for use herein
may al so protect against oxidation both in the
presence of transiti oFURL a@OMBOSITIINS f or exanpl e,
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products of the present i nvention are al so useful as

andAstflid fo¥ el QBmEHﬁﬁo&sogﬁosah LifABFon ﬁogtﬁer as a friction
modi fi er. [0086] The fuel 'can be any fuel, e.g., notor
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ape inprover. The cetane nunber of the fuel can be
é’fg‘@afes;rir‘o sbfuglidiare dreetsne aumbpnofetionst 4 ereferapbaatove 45,
When the fuel is gasoline, it can be derived from
stanginaere-neefgrably 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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catal ytically cracked or thermally cracked
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gasoline fuels typically boil in the range of about
80- 4500F. and can contain straight chain or branched
chain paraffins, cycloparaffins, olefins, aromatic
hydr ocarbons, and any m xture of these. [0088]
General ly, the conposition of the fuel is not critica
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of the reaction product aof the present, invention
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fuel additives may be incorporated into the fue
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for use in the fuel additive and fuel conpositions
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addi tive used in fornulating fuel conpositions. The

f wdfitivgd indlwdss burere noldimised toadetergsnts) petanesighproyers, octane

detergents, cetane inprovers, octane inprovers,

e Minpsoans, eadssi@r educens, iaotioxidants, cacdarrflads, ietil disactivatas, lead

deactivators, |ead
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.
[6091] The additives described herein may also be formulated as a fuel
concentrate, using an inert 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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scavengers, rust inhibitors, bacteriostatic agents,
corrosion inhibitors, antistatic additives, drag

w0 e@aosags agent s, demnul sifiers, dehazers, antiPCTURY06/048124
addi tives, dispersants, conbustion inprovers and the
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preparati on of the various fuel conpositions herein.
The additives may be enployed in the fuel conpositions
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practice. [0091] The additives described herein may

al &Rl rtl‘i@inﬂb@ﬂ ﬁh@a&dﬂ?‘}e WINEEH kY bél8bdd 58 more wt.
inert stable ol eoph| ic organic solvent boiling in the

r %gﬁd%{@?ﬁgﬁagr ocar alScQ.xt 3B QML o4 P%Erabl?’h&h'aﬂg@ﬂ wt.9% to

an aro on solvent s preferred, e.g.

SO' Spg(gﬁ %Qnﬁ%n 8;19&“ @aB6ut f@’\;vﬁ RE 1§ 5bout 25 wt. %, based

oi'ling aro aronati c thinner

. saﬁ%k fﬁbw'efsﬁﬂséﬁf&*elacb°“gm oho 8 arbon ctom. 9.
R ﬁﬂ%ﬁ@%&@@a@@#ﬁﬁ 278 0 finftd . iosen-

concentrate, the anmpunt_ of th
or P TE et e o for PR s APt By arasPE Aingg
exceed abqut % preferably fronlabou

YalRR#D ﬂ@umtlmty@@ﬁéw%wél%?@a amimsisyhydraear gﬁ‘oﬂ{bstmted

mﬁ. % to about 25 wt. % based on the total weight of
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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.

[0094] Useful hydrocarbyl-substituted poly(oxyalkylene) amines (also

referred to as polyether amines) are generally hydrocarbyl-substituted
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pol yal kyl phenoxyal kanol s, pol yal kyl phenoxyam noal kanes
and post-treated derivatives of the foregoing

WO Rao7o8Km cont ai ni ng conpounds and the |i ke anpPiCT/US2006/048124
m xtures thereof. [0093] Useful aliphatic
hydr ocar byl - substi tuted am nes whi ch may be enpl oyed
in the present invention are typically straight or
branched chai n hydrocar byl - substituted am nes havi ng
at | east one basic nitrogen atom and wherein the
hydr ocar byl group has a nunber average nol ecul ar
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1 to about. 30 carbon atons, the nunber of_ oxyal kyl ene
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oxybutylene units or mixtures of oxypropylene and oxybutylene units.
[0095] An additional type of hydrocarbyl-substituted
poly(oxyalkylene)amine are hydrocarbyl-substituted poly(oxyalkylene)
aminocarbamates 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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Such hydrocar byl -substituted pol y(oxyal kyl ene) am nes

are described, for exanple, in U S Patent Nos. 5,1
wQa200308149nd 6, 217, 624, the contents of which aP€r/UuS2006/048124

i ncorporated by reference herein. A preferred type of

hydr ocar byl - substi tuted pol y(oxyal kyl ene) nonoam ne is

an al kyl phenyl pol y(oxyal kyl ene) nonoanm ne wherein the

pol y(oxyal kyl ene) noi ety contai ns oxypropylene units

or oxybutylene units or m xtures of oxypropyl ene and

oxybutyl ene units. [0095] An additional type of
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[0097] Useful Mannich reaction products are generally obtained from the
Mannich condensation of a high molecular 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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reacting a hydrocarbyl -substituted succinic anhydride
Wi th an am ne or pol yam ne having at |east one

w0 e@cosmes hydr ogen bonded to an am ne nitrogenPEr/OR2006/048124
Preferred hydrocarbyl -substituted succini mdes include
pol yi sobut enyl and pol yi sobut anyl succi ni m des, and
derivatives thereof. Exanples of
hydr ocar byl substituted succinim des are descri bed, for
exanple, 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, NMhdnibH 2caction pRydutisahe Racabéd, Xor exbndB6,id 1S, Rdient Nos.
contents of each of which are incorporated by
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and the ik al d de reactant j.s generally an
al IREY2pd &ﬁ%ﬁe@ghméf da&mm@? rricgetisRich phdpugnample, BHT,

parafornaldeh e and formali and acet al dehyde. A
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condensi n pol yi sobut yl phenol w th fornml dehyde and
di @pmlewg 2, 9-ditarnkutylyhé? wctyl-Bhrropanoic) 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; fatty 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 include, 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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pol yi sobutyl group has an average nol ecul ar wei ght of

about 1, 000. Exanpl es of Manni ch reaction products are
waleacstaed, for exanple, in U S, Patent Nos. 4pCBUS258048124

and 5,697,988, the contents of each of which are

i ncorporated by reference herein. [0098] Additiona

exanpl es of the foregoing additives are described, for

exanple, 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] Exanples
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amnic types, e.g., diphenylan ne,
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acids; fatty acid an1ne salts; partial carboxylic acid
eéwwae?neﬁo%xfﬁyaﬁrbx | polyaspiars. Nakeh baseai cepokynicanyhich contain
succi nic_acids; partial esters thereof and
niatGRERgEN LAt prter With gneler mers adgitionah pelap fungfign tingluflingamine,

and m xtures thereof.
amide, imine, imide, hydroxyl, carboxyl, and the like, e.g., products 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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[00101] Exanples of friction nodifiers include, but

are not limted to, borated fatty epoxides; fatty
w@b@spkises, fatty epoxides, , glycerol esterspPChUSENEHS124

gl ycerol esters; and fatty im dazolines as disclosed

in US Patent No. 6,372,696,the contents of which are

i ncorporated by reference herein; and the |ike and

m xtures thereof. [00102] Exanples of antifoam ng

agents include, but are not limted to, polyners of

al kyl nmethacryl ate; polynmers of dinethylsilicone and
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di spersants include, but are not limted to,
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function, including am ne, am de, imne, imde,

hydr oxyl, carboxyl, and the |like, e.g., products

prepared by copol ynerization of |ong chain alkyl

acrylates or nethacryl ate | oners of the above
function; and the |ike an?%w&gg t hereof. The
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pr WoLFk) Y, the s pRaskaqpippsd avithgpyediapippbsfgrer and condenser
succirﬂdg des derived from ani mati on of polyal kyl ene o
sules Mded RArarams abalky) sakicylas 9eif Kaniaiaing A0 grafos Of alkyl salicylic
[00104] The foll ow n non-Iinitin% exanpl es are

i 139 phchp4 gamsrofingphihassbient)i Neshtli0gams 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 oil 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 5

percent of the reaction product of Example 1.
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EXAMPLE 1 [00105] To a small flask equi pped with
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grans of actual alkyl salicylic acid). Next, 20 grans
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m xture was heat ed €DMMPXRATIREOEXAMPER®BYE Vol atil es
and a clear brown viscous liquid was recovered that
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To a SA was bl ended 2 percent of the

r e gglieﬁsoeﬁ sg‘?%@'ﬂ%?l@%‘é E;(x;ci:mﬂvg vplatiles. A clear brown viscous liquid was

recovered that had a total alkalinity value of 46.

COMPARATIVE EXAMPLE B
Preparation of a lubricating oil composition

[00110] 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.



EXAMPLE 4 Preparation of a lubricating oil conposition

[00108] To a Castrol Magnatec GIX baseline engine oil
wor®7iosrmled 5 percent of the reaction productP@f/US2006/048124

Exanpl e 1. COWARATI VE EXAMPLE A [00109] A quantity of

40 grans of alkyl (G -C 8) salicylic acid was added

to a small reaction flask equi pped with a nechani cal

stirrer and a condenser. Fifty grans of naphtha was

added along with 40 grans of base oil, 15 grans of

wat er and 30 grans of nethanol. M xing was started, 15

grans of boric aci doeasrARAGUVEREXANMEDE The m xture
was heated to 700C. At that tenperature, 48.5 grams of

a fopdizxy et apmpatdtie Exﬁir@?@ﬁl'&d%@eﬁ‘@aﬁe@ﬁ%%’e 56k 4d3@ was not

reaction tenperature was increased slowy to 2100C to

I &JHRE. 1Bk 3kl FHdué &As@tﬁ{i?,bcgr%g{g a¥d sequs liquid was

recovered that had a tota ['Tnity val ue of 46.
COVPARATI VE EXAMPLE B Preparation of a lubricating oil
conposition [00110] To a SAE 50 base oil was bl ended 5

t of th i ti Ex | e
R Prassare b 11 o cCoMPREATICE BkAMIPPEES | Ve, SE3TD)
T | | 1 bi.ected. PDSC t esti
THGoREITP °, Ol 0B s RISHERAC il 8¢ Capraivive E3tmple A

t 1650 1. the test d. ARATI VE
%&WE&@? ?Yngé']ea“@grs?ﬁ%{PW%tsq %&Eﬁgﬁm‘-& e predusidpentesrd was
exc?gde.t that the al kyl

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 tl_1e 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 D 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 Example 4 and Comparative
Example F were evaluated using a Thermo-Oxidation Engine Oil Simulation Test

(TEOST) as described below.
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i m dazol i ne used was an am no ethyl alkyl im dazoline.
The final product was a fluid hazy |iquid with poor

wori07s8140bi | i t y. COMPARATI VE EXAMPLE D [ 00113] PCT/US2006/048124
Conparative Exanple A was repeated but the boric acid
was not added. The final product was fluid, bright and
cl ear. COMPARATI VE EXAMPLE E [00114] In this exanple,
the al kyl salicylic acid of Conparative Exanple A was
replaced with an al kyl aromatic sul fonic acid. The
product recovered was cl ear. COVPARATI VE EXAMPLE F
Preparation of ®dterbéngAdrfogmande-PaRBIOSHldr arRs] 00115] A
| ubricating oil conposition was fornmed from Castro

Ma@ai BC GTXTha%Rlckfifc§ B dABy BF Lrakddic BAs ESASE & ;
prg,gug?]cof Exanpl g%&ﬁESTI NG [0r0116] “To dgﬁrrgnss?resgfgm terms

16T e HERE Rl PANLEN SRR 4 Pl orer o
8 OGNk OPRIE AT B SRy . rore
RO SIS e P SR, e
RS B B A0 S G S 8
e 5 e DS 2 408 S SRS o

using a Therno-Oxidation Engine G| Sinulation Test
congpared w?th a similar compositionglacking 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 Differentiél 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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(TEOST) as descri bed bel ow. Det er gency

Per f or mance- Panel Coker Test [00117] The detergency
wetdorosiays of crankcase oils can be assessed | NPCEURBO@048124

deposit form ng tendency on a rectangul ar Al -steel

panel in a Panel Coker test. In this test, 200 m of

the test sanple is taken in sunp and heated at 1000C.

For a period of 6 hours, this heated oil is splashed

by whi skers on the Al -steel panel, the tenperature of

which is maintained at 3100C. After conpletion of the

t eBéchnialP &P Seiits .80!1133315)@.3@03123,ﬂ%oww&@ults%fthis test are set
decrease in the weight of deposits as conpared with a

Si favthaelPes it Bon | acki ng the detergent additive

i ndi cates i nproved detergency. The results of this

test are set forth below in Table 2. TABLE 2 Panel

Coker Test Results Antioxi dpRiy ey formance- Pressure

D fferential Scanning r C) [00118] PDSC
(DuPont Model -91 0/ 1 o%gg%gﬁ tb%eséggg for relative

anti oxi dant performnance eval uatijon @imthe gonposition.
In this method, a tlegk./Canipl Bx(10 @wjhuteaken in a

sanpl e boat is subjemtaeblt @ heati ng 3420m 100- 3000C at
the rate of 100C pegrcémpute Aindeér 589gpsi dxygen
pressure. The onset| @m@XEdaiion temagyatune is

adopted as a criterion Tor assessment of anti oxi dant
performance. In general, an increase in onset of

oxi dat AR HieNRehLak idi.cat b ' .

ant i oxi dantlgper %‘g’r{r}g&t‘%ge. ggg 0?&%@&%@%?%%%“?““ Test
T " Char 1 &L fordriiRr Egl . .
DiS[? P glrgé nti al ?%%:g%lr% ﬁ%&h g;éfng)re et rj;h%%{é% eclt|¥§ %éfnelggﬁl)e r
Seyg . htq,} 523, .1980) ... The results of this .
t ggsl%n%za}tleoﬁgﬁee??égr h %(e)%g‘\)/vwlals] pﬁ:rg%n)éeds,t.o d%termme t‘i‘xe deposﬁ@ormmg

tendencies of the motor engine oil. The improved thermal deposit control of the

additives of this invention in stabilizing 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 results. 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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TABLE 3 PDSC Test Results M d-Hi gh Tenperature
Ther no- oxi dative Engine G| Sinulation Test [00119]

wab@7hd9H gh Tenperature Ther no- oxi dati ve EngPe@EURR006/048124

Si mul ation Test (MHT TEOCST) was perforned to determ ne
the deposit form ng tendencies of the notor engine
oil. The inproved thernmal deposit control of the
additives of this invention in stabilizing the engine
oil formulation has been clearly denonstrated by the
IVHT TEOST. This test determ nes the mass of deposit
formed on a specially constTABLEM steel rod by

conti nuously stressiNBOSTMHAt Tést Conditisaage of 8.5 m

of ti|eBdst Phdamipg@er ther|ndttiml dative and catal ytic

conditions. The instrynent used was manufactured by

Tannakestdurafigd has a ty%ft%fsrepeat ability of O. 15

(X+1% JTQ- gll'aﬁ.lrél X T9 Zﬁéecnb‘dll of —t WO OT—TTDT €

r epdat U test results. e TEOST test conditions are
list e%hnhpﬂeiabl e 4. The 8. ng{nﬁhﬁre@dﬁﬁmg ofbilded @si gﬁf catalyst)

Obt I ICU TC UCLLCI T he—ox qu.Ll \JII aL u.bl ! : ty nf Lllb
oil. ]Fglé’fj‘f'fa&eof thl% %l%} are set forth in Table

5. Tﬁﬁh&w‘kat aijHD Tsfio oAt 1 ons TABLE 5 TEOST
Results [00120Q 1t willl be understood that various

modi|f¢@alFons may be rfeid selgbleaixai santaimingFeliRh: pod Sd

her eim—Therefore the above descriptiom stoutd—Tnot—be
construed as limting, but nerely as exenplifications
of preferred enbodinents. 1 pigs

TEOST Results

Ex./Comp. EXx. | mg deposits
Example 4 1.3
Comp. Ex. F 32.

[00120] It will be understood that various 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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For exanple, the functions described above and

i npl emented as the best node for operating the present
wo paoefsidon are for illustration purposes only.PC/ig2006/048124

arrangenents and net hods nay be inplenented by those

skilled in the art without departing fromthe scope

and spirit of this invention. Mireover, those skilled

inthe art will envision other nodifications wthin

the scope and spirit of the clains appended

hereto. WHAT | S CLAIMED I'S: 1. A reaction product of an

acWHAT 08 A IMEDII8ound, a boron conmpound, and an

al koxyl ated am ne and/or al koxyl ated am de. 2. The

reacti on Arregétfdn &Ed@t@fﬁh deidiRERIID cdRBo@d, diforon compound,
organi c conpound is selected fromthe group consisting

Ofand(cd)alRb:KNAted Hiidld Méﬁ'&% érla‘fé/d é.rgi d%c' ds, (b)

di -substituted salicylic aci sol ubl e
hydr oxy carboxylic acids, (d) sallcyllc acid

cal i xarenes, (e) sulfur- containing cal i xar enes, (f)

d
\iﬁler ZI (r? Riggréa% b |rd gcg:{a?ék@ﬁég} ﬁrmm t@aﬂf? qrgagc compound

ogen
hylg Lacakt 5’ Bm Y group con51st1ng 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:

Rll

HO—Ar C— Ar — OH

RlZ
COOH
wherein R"! is a hydrocarbon or halogen, R'? is a hydrocarbon, and Ar is

substituted or unsubstituted aryl,

(2) acids of the formula:
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substituted or unsubstituted aryl, (g) acids of the
formul a: wherein X and Xlare i ndependently hydrogen,

woy@rosapbyl , and hal ogen, R13 is pol ynet hyl eneCDUS2006/048124

branched or unbranched al kylene, x is O or land Ris
hydr ogen or hydrocarbyl; (h) acids of the formnul a:
wherein R15 and R16 i ndependently are hydrogen, a
hydrocar byl group containing 1 to about 18 carbon
atons, or tertiary alkyl or aral kyl groups containing
4 to 8 carbon atons with the proviso that only one of
R15 and R16 can be hydrogen; e@obrR! 7 i ndependently
are hydrogen, a hydrocar byl ngup, aral kyl groups, and
cycl oal kyl groupsx and x iéEp 2y and (i) salts of
the foregoing acids 3. @& ' i

al kyl boric af i yor C
boric acid conplex cycl

aci ds, dicycl oal kyl/bori % acidL, ,
and substitution ' oduct sokr t hr!4 osggoi ng wixt h al koxy
groups, al kyl groups, al kyl groups, and conbi nati ons

RS h SR g

Sf’ﬁfﬁ' Blrbe or R PR WaT KR b LN arbrogen

gh?eﬁgdsaturated or unsaturated pol yal koxyl at ed
saturated or unsaturated pol yal koxyl at ed

aryIan1HS quﬁ%%;ga:thereof.
_ _ R]S
HO\C En o OH
S| L\ /
R
- - x R'6

wherein R'° and R'® independently are hydrogen, a hydrocarbyl group containing
1 to about 18 carbon atoms, or tertiary alkyl or aralkyl groups containing 4 to 8
carbon atoms with the proviso that only one of R'®> and R'® can be hydrogen; each
R'7 independently are hydro gen, a hydrocarbyl group, aralkyl groups, and
cycloalkyl groups, and x is 0 to 24; and

(i) salts of the foregoing acids.

3. The reaction product of Claim 1, 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
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5. The reaction product of Claim1, wherein the
al koxyl ated amne is selected fromthe group

weongiost4bng of (a) an al koxyl ated am ne repr esPOT/E8200§048124
general formula: wherein R18 is hydrogen or a
substituted or unsubstituted hydrocarbyl having from1
to about 30 carbon atons; R19 in each of the x (R190
groups is independently a straight or branched C2-C
al kyl ene; R20 is a bond or a substituted or
unsubsti tuted hydrocarbyl ene having from2 to about 6
cabboR fole@big With dikaRy gfdids,alieyl §a6ikbs] ARPPEBIEE) ahi combinations
hydr ogen, substituted or unsubstituted hydrocar byl
hayephff rom 1 to about 30 carbon atons,
-(R23)n-(R1I90O yR24, or R2 1 and R22 together with the
nitrogen atomto which they are bonded are joined
together to forma heterocyclic group; R23 is

bsti t yt [ . hyd - byl t ai ni
from 1 fo Hpocnc Byt Bt EBit” RESRE LR Tyt
P985 oA AR il e B PSR GoP Mt
a8l e e b G g, s o
BT 50 DA LA BNy SFURERIY ShFOHout 8
to boEt 30 carhon_ atons; R26 in each of the x (R260
grB@ﬁ?-P§ﬂ?WH@5€W@€ﬁFP9dg“§FF%V§ﬁF°Er branched C2- C4
al kyl ene; R27 is hydrogen or a straight or branched

al kyl group having from1l to about 6 carbon atons; R2S
Is a substituted or unsubstituted hydrocarbyl having
from 1 foThpseaction peedusbef GQlasmd, whersinktheqlieaxyiated agme is
number from 1l to about 60; (c) a dial koxylated am ne

r epplecieshiren the grpapaoasisting of)| a:

(a) an alkoxylated amine represented by general formula:

R2l
R! 80_.—(R1 90) R __ N prd

* AN

R22

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,-Cy 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*),-(R'°0),R*, 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
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wherein R29 is a linear or branched al kyl, [inear or

branched al kenyl, |inear or branched al kynyl, aryl, or
wa@re@bkyl49gr oup having from about 6 to about 30PCHUBIING/048124

atons, R30 in each of the x (R300) and the y (R300

groups is independently a straight or branched C2-C4

al kyl ene, R3t is independently hydrogen, or a |inear

or branched al kyl group having from1l to about 4

carbon atons and x and y are independently an average

nunber from 1l to about 40; and m xtures thereof.6. The

r edes hwout groachontatérhs, @ igionorls, andd A ehmatdifzeahdtet A9 to about

am ne conprises an al koxyl at ed derivative of a

reegtion product of an alkanolamine with a C-C7 fatty

acid ester. 7. The reaction product of Claima1,

wher ei n(Hhg m&&%éﬁgﬁgeggbﬁgem}pg déf}g%.&gg\pri ses

an et hoxyI at ed tty acid am ne or

| ubricating oil conposition co ing: (a) an oil of
| ubricating viscosity, and (b)nc %f;f{yctive amount of

at | east one reaction W&dug Kined in dains

1-7. 9. The lubricating oil C sition of Caim 8,
wherein the at |east one oil offTubricating viscosity

Is sel ect ed fromthe group consisting of engine oils,

t rwhenginsBT Gm a silostitiged by einsabbtitotetl ydetscartiyl haking fisiho 0 to about
engine oils, gear oils, marine cylinder oils,

cohpcabeo atogisl ad prdé:raibg;efrairﬂ ot 8165 hisABBo camdn Atothd) IRES in
thereof. 10. The lubricating oil conposition of C ains

8 @t of thd xi(RY0) groppis intlagndtntlyeasiaigheor biiched 0, Ty
oil additive selected fromthe group consisting of

andlkylera R A gelidso geheirer GRRHS or bHSithéd Akl ér@ﬁﬁhavmg from 1 to
dehazi ng agents, denul sifying agents, neta
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;

>

(c) a dialkoxylated amine represented by general formula:

R3OO) 31
R29____ N/( >:<R

\(R3°(» yR31

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; and mixtures thereof.
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deactivating agents, friction nodifiers, pour point
depressants, antifoam ng agents, co-solvents, package
W@ ooopasi4bi | i sers, corrosion-inhibitors, ashl esBCT/US2006/048124
di spersants, dyes, extreme pressure agents and
m xtures thereof.11. The lubricating oil conposition
of Clains 81 0, further conprising at |east one
| ubricating oil additive selected fromthe group
consi sting of an al kyl ated di phenyl am ne, al kyl at ed
hi ndered phenolic, alkylated substituted or

unsubst ist atedeftRNRPréNREbACINM, 1, MHeydiRtiRralRbtyl S0 bR
copper conpound, alkyl ated sul fur containing conpound

K neyvAp#isesiafR@Edx yPatbfladrivative bRRkddcti¥n dRsHuRt ot 4 ARanolamine with
thereof. 12. The lubricating oil conposition of Calm

11 opre) eatly 3§ e@tbkyl ated sul fur contai ni ng conpound
known to I rpart oxidation stability is selected from

the group consi sting of phenothiazines, sulfurized
ol efins, thiocarbamates, sul fur bearing hindered

phenol i gs i dial kyl di thj osphat.es a I Xt ures

Pher eof /- 13% RSttt SRS oSl inpandor
8-12.. havi ng a phospho content. of less than 0.1

wefghte C;S’é‘?péjgﬁf ?’P‘iﬁ‘.og&a{eaﬁﬁ%%ﬁ‘ AGIBE P ¥BKEent r at e
conprising about 10 wt. % o about 90 wt. % of at | east

one reaction product as defined in lainms 1-7, and

about 90 wt. % o about 10 wt. % of _an organic dil uent.

15. A f el LbRcaie A orpRRRiesFgPEsingnert st abl e

ol eophilic organic solvent boiling in the range of

about 159@p ailetinbricatingyiscasity.#88ut 5 to about 70 wt.

% of the reaction product as defined in Clainms 1-7.
16. A (R an&ff?ﬁggtp @mgﬁntaf@b}qagq Qg reaction product as defined in

Claims 1-7.

9. The lubricating oil composition of Claim 8, wherein the at least one oil
of lubricating viscosity is selected from the group consisting of engine oils,
transmission fluids, hydraulic fluids, trunk piston engine oils, gear oils, marine

cylinder oils, compressor oils, refrigeration lubricants and mixtures thereof.

10. The lubricating oil composition of Claims 8 and 9, further comprising
at least one lubricating oil additive selected from the group consisting of anti-wear
agents, detergents, rust inhibitors, dehazing agents, demulsifying agents, metal
deactivating agents, friction modifiers, pour point depressants, antifoaming
agents, co-solvents, package compatibilisers, corrosion-inhibitors, ashless

dispersants, dyes, extreme pressure agents and mixtures thereof.
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(a) a hydrocarbon fuel, and(b) an effective anount of

at | east one reaction product as defined in O ains
wa2007/04i494 The fuel conposition of C aim 16, wWheCEUR20D6@48124

fuel is selected fromthe group consisting of notor

fuel s, kerosene, jet fuels, marine bunker fuel,

natural gas, hone heating fuel and m xtures thereof.

18. The fuel conposition of Clainms 16 and 17, further

conprising at |east one fuel additive selected from

the group consisting of detergents, cetane inprovers,

oct ane iNPTRY Ribvicailg 61 cOMpbAHLE BF SlaiMe 8L K ifEl#Mr Somprising at
carrier fluids, netal deactivators, |ead scavengers,

I UhstioRB Iitricatifig oDaalRIVeQSlealel oD BR touss QSRS an
inhibitors, antistatic additives, drag reducing

agq E&lﬁtedQﬁﬁﬂénggaﬁ}ﬁé,sdlkﬁﬂaa5%&re%gﬁ%%ﬂ%g§ bidRuted or

di spersants, ust1 on | nprover f _ .
. i ormation o
R O N
' i. h [ ith.th hrij.cati
o RYRES S ARCL el B REewhishiis 4K 6655 ey and

met hod fqgr reducing the formati on of deposits in an
iﬁpggwgfagﬁﬁgﬂstion engi ne whi ch conprises operating

the engine with the fuel conposition as defined in
Clains 16-18. '

12. The lubricating oil composition of Claim 11, wherein the alkylated
sulfur containing compound known to impart oxidation stability is selected from
the group consisting of phenothiazines, sulfurized olefins, thiocarbamates, sulfur

bearing hindered phenolics, zinc dialkyldithiophosphates and mixtures thereof.

13. The lubricating oil composition of Claims 8-12, having a phosphorous

content of less than 0.1 weight percent.

14. A lubricating oil concentrate comprising about 10 wt. % to about 90
wt. % of at least one reaction product as defined in Claims 1-7, and about 90 wt.

% to about 10 wt. % of an organic diluent.

15. A fuel concentrate comprising an inert stable oleophilic organic
solvent boiling in the range of about 150°F to about 400°F and about 5 to about 70

wt. % of the reaction product as defined in Claims 1-7.

16. A fuel composition comprising:

(a) a hydrocarbon fuel, and
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(b) an effective amount of at least one reaction product as defined in

Claims 1-7.

17. The fuel composition of Claim 16, wherein the fuel is selected from
the group consisting of motor fuels, kerosene, jet fuels, marine bunker fuel,

natural gas, home heating fuel and mixtures thereof.

18. The fuel composition of Claims 16 and 17, further comprising at least
one fuel additive selected from the group consisting of 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 mixtures thereof.

19. A method for reducing the formation of deposits in an internal
combustion engine which comprises operating the engine with the lubricating oil

composition as defined in Claims 8-13.

20. A method for reducing the formation of deposits in an internal

combustion engine which comprises operating the engine with the fuel

composition as defined in Claims 16-18.
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