LUBRI CATI NG COMPQOSI TI ON CONTAI NI NG KUTI FUNCTI ONAL BORATED HYDROXYLATED

AM NE SALT OF A HI NDERED PHENOLIC ACID 5 FI ELD OF | NVENTI ON

Mul ti - f unwoizorealsieddi ti ves which inpart inproved anti oxXiPAEMSPO111055430

| ubricating oil conpositions and frictional properties resulting in

i nproved fuel econonmy in an internal conbustion engine are disclosed. Mre
particularly the multiftnmetional additive is a borated oil sol uble

hydr oxyl ated am ne salt of a hindered phenolic acid. 10 BACKGROUND

| mprovenents in fuel econony for heavy duty diesel engines have generally
been achi eved either through new engi ne design or through new approaches to
| ubri cati ng olVBRErAAING GG ObUBYNCAR T PN mM At iFONGIsOH4p &I TR pref erred
over engi ne har dwaiaR{ChangesD dbEMNEE AHTSOE arfpdilDatitve? HIower iCcost> per unit in
fuel efficiency and possibility for 15 backward conpatibility wth ol der
engines. Oganic friction nodifiers, such as fatty acid esters, fatty acid
am des, fatty am nes, and the |ike, have been w dely used in passenger car
notor oils tpiHeducesvieTienergy | osses due to friction in the various parts
of the engine and to prevent engi ne wear thereby inproving fuel econony.
However, |UbEhﬁﬁ%h&%thh&ﬁ@ﬂﬁW@!E&QﬂSmQQRE@kaQﬁm£9Q§ﬁm@h9@ﬂh? friction
nDdlflers have not proven 20to be effective in diesel engines due to the

di fferent | upriegtivwmsd EsHeid PoRYUToeRbInE i giveyed lehygPiesy. Io To it ove f uel
efficiency i n-Neawy ALhy-digssl.cengt @%wi&rnﬂﬁ@mhmm@%ﬁqm Aadi g to devel op
new conponents which inprove the frlctlona properties of the lubricating
oi | conposi t Pofed psiolpirhvdgyigipg ameg sifi @ ¢lyslesd eippitackhal t s of hi ndered
phenol i ¢ carboxy acids. U S. Pat. No. 3,873,278 discloses an am ne
ca boxyl ate BaCKGkerinved fromtall oil fatty acid and a Cl2_18 al kyl or

al ketyyl am ne contai ni ng about 3-7 oxyet hyl ene groups which provide

antl-Sta||lngmnéﬁhkmkqhﬂgds@ﬂ&mnﬁQﬁfﬁﬁhpﬁmanﬂogﬁéﬁﬁﬁﬁnhvp&@@aﬂEI&%ﬂln mot or
fuels or gasoline, 5U S. Pat. No. 231, 883 di scl oses the use of

al koxyl at ed HPHFEbAREFroast Y PR %15? PERIPEYSY IPPERCka & pdeatapeit e

friction in afniBter NAbicAMMBSHANENYicReialyN peei@fmal evedfedbhie ml-koxy! at ed
am ne conpounds that are disclosed is N, N-bis(2- droxyethyl%pleylanlne

JU.S. Pat. NO™%85389 006 CaIPeR) B8y oot Pehaty We Corpes bl et & ni ng a

frictionis backward compatibitity with older engines. Organic friction modifiors, such as fatty acid
coters, fatly acid amdes, fatty amines, and the like, have been widely used in passenger

car motor oils to reduce the energy losses due to friction in the various parts of the

engine and to prevent engine wear thereby improving fuel economy. However,

hibricating oil compositions containing these organic friction modifiers have not proven

20 o be effective mn dicsel engines due to the different hubrications conditions found in

diese] engines.

To improve fuel efficiency in heavy duty dicsel engmes, there has been a drive to
develop new components which iraprove the frictional properties of the lubricating oil

composition,
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1.5, Pat. No 828,733 discloses copper salts of hindered phenolic carboxvhc

acids.



10r educi ng portion of a borated adduct of conpounds which includes

"Et honeens". Berated salts of tertiary am nes are disclosed as cutting
fluids i rwoloR/05Ras. No. 3, 186, 946. WO 94/ 19434 dipstluse@s/obabo i cat i ng
oi | conpositions containing al koxyl ated am ne salts of hydrocarbylsaliclic
aci ds, hydrocarbyl sul fonic acids, dihydrocarbyldithiophosphoric acids or

di hydrocar byl di t hi obenzoi ¢ acids trithiocyanuric 15acid which are stated to
i mprove frictional properties. See also U S, Pat. Nos. 5, 330, 666;

5,320, 767; 5, 320,766 ald3.57B08, HiBsesrespeetivelyjuie W 8yrivatipnNol &) 078, 893

discloses & Lubrigald g campsiilon Adaniabla. Lo, yseamaponer

transmtting Ui'd havi f ubricati ng oi ct'icon

a borated orWHmemaﬁedﬁahbeyhmtemganmnmnandhaddaﬁgaﬁm<m¢ﬁ®¢g&ﬂmﬂ phosphat e
ester 20effegti §&£&6!npart both arthWear and friction nodification. to the
conposi tion., S. Pat. No 7,691, 764 di scloses lubricating and fue

COMPOSI i pns_coNtak i AQTFLA g rd%%ioﬁegtt&rxge&ta%&{ﬁ%@%\‘?&o(faf Qmeseact on

product of an acidic organic 'co boron conmpound d an am ne. The
aci d or gani clubowpountiorekadipleifice WM vacmhyidlfﬂ@bambyﬂms atdvey lAnexaebld of SUMVAR

D scl osed i Sth@aﬂ!ﬁ'}'&l'ﬁ LHQI%Eé &)ﬁﬁ’)louvﬁgq Lo Jirgglsggsegg:l@l\{ QQ&hat ed oil soluble

hydr oxyl at ed am n€ salt of hi ndered phenolic acid. The borated am ne salt
provi des frléwﬂ@ﬂﬂhﬂﬁﬁ®?wmg;propertles and antioxidancy to lubricating oil
conpositions and suited for use |ubricating 300il conpositions for internal
combust i on engi nés3: g Sbr #E R0 dbnlesaspealing carpetiagotyning 2 Hétion

cont ai ni ng Sﬁh&aﬁﬁpdﬁ%nqlhb&@w@%&%mﬂ%g&Q%MMQQ@ﬂglﬁﬂgbﬂ-ﬁ&@ﬁ&ﬁ?d ohenolic
acid product prepared by a) reacting an oil sol uble droxylated am ne of
t he general Poptwth pais of tertiary amines are disclosed as cutting fluids in U.S. Pat. No. 3,186,946.

WO 94/19434 discloses lubricating o1l compositions containing alkoxylated
amine safts of hydrocarbylisaliclic acids, hydrocarbyisulfonic acids,
dibydrocarbyldithiophosphoric acids or dihydrocarbyldithiobenzoic acids trithiocyanuric

15 aecid which are stated to roprove frictional properties. See also 1S, Pal. Nos. 5,330,666;

5,320,767; 5,320,766; and 5,308,518; respectively.

LS. Pat. No 5,078,893 discloses 2 Jubricating composition adaptable for use as a
power transnuiting {huid having a lubricating o1, a friction modifying amount of a
borated or unborated alkoxylated amine and an amount of organic phosphate ester

20 effective to wrapart both antiwear and friction medification to the composition.

U.5. Pat. No. 7,691,764 discloses hubricating and fuel compositions containing
metal free detergents prepared from the reaction product of an acidic organic compound,
a boron compound and an amine. The acid organic compound exeraplified is a

hydrocarbyl salicylic acid.

SUMMARY

Disclosed 13 a multifunctional additve being a borated o1l soluble hydroxylated amine
salt of a hindered phenolic acid. The borated amine salt provides friction modifying
properties and antioxidancy 1o lubricating oil compositions and suited for use hubricating

30 oil compositions for internal combustion engimes. Accordingly one aspect 1s directed to
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wherein A at each occurrence is each independently C2-C6 al kyl ene group;
is methyl or an al kyl or al kenyl group havi ngcarbon atons; Y is hydrogen,
C -C6 al kwb 2gr2008p076r A-Oll; x is an integer of | or 2; &00/US2013/0585336 nt eger
of O or I; wth a boron containing conpound under reactive conditions and
10b) m xing the reaction product of step a) with a hindered phenolic acid
of the general fornmula wherein Qis an al kylene group of 2 to 6 carbon
atons, to thereby Ib:n: the boron containing salt of an oil soluble

hydr oxvl at eda berbmenamdngsahichderiedigpldndiokgatad ivdine 48! Parderdwharty suited

hi nder ed phepg acid e selected Wherein is selected from -

C 112C112-, %—i&é:ﬁ? (:JfI %&%b? -Cl'12C11(012CH2CL13) -, - CI'12CH20: 12-,

and-Cl 120 1| : CIIZCII2- e to avai abl|lt%/ part cul arIy suited are
4.11,C 1 2-, “@4?6?%{@3‘113‘5)}“ 16("3?‘?12@[—6(‘ @Fﬁ?“ e geeig gy ‘bgct t he 20pr oduct
prepared is directed tq the salt wherein x is one, Y is independently
selected WO 405,14 kS2034Y 055430 from hydrogen or A-OH, and nore
particularly ZFHZC]-I -Clh2C 1 (GHB) Ol 1.

Y

5 wherein
A at each occurrence is cach independently C)-Cs alloylenc group; Ris methyl or an
alkyl or alkeny! group having Cr-Coy carbon atoms; Y 18 hydrogen, C;-Cs alky! group or
A-OH: xis an integer of 1 or 2; and z is an integer of 0 or §; with a boron containing

compound under reactive conditions; and

18 b) mixing the reaction product of step a) with a hindered phenolic acid of the general

formula

<

OH

P
]

wherein Q is an alkylene group of 2 to 6 carbon atoms, to thereby form the boron

containing salt of an 01l soluble hydroxylated amine and a hindered phenolic acid.

Particularly suited hindered phenolic acids are selected wherein Q 1s selected from -
CHLCHy-,  -CHLCH(CH ), -CHCH(CTLCHy -, -CHLCH(CTLCHLCH)-, -

CHLCHLCH,-, and -CHL,CHLCHLCH,-. Dhue to availability particularly
soited are -CHCH,-, ~CHCH(CHS)-, ~CHRCH{CH,CHs)-. Inone aspect, the

20 product prepared is directed to the salt wherein x is one, Y is independently selected

98]
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Thus, in this aspect may further contain the proviso that when x is one,
then z is zero. In the sol ubl e hydroxyl ated am ne preferred Ris an al kyl
or al kenyWwogpsidtavi ng C6 to C24 carbon atons and m xt ecegdiStéenesaB) nore
particularly having Cl12 to C18 carbon atons .5and m xtures thereof. In

ot her aspect, when x is 2 is directed to borated oil sol uble hydroxyl ated
am ne wherein Ris nmethyl, alkyl or al kenyl group having C2-C24 carbon
atons; Y is hydrogen, Cl--C6 al kyl group or A-CH, and z is an integer of U
or 1. Wth paetigdibgmloy AsQilted mvandicQalp -0Bkiget hry| erdd].(pi OdyDeNne,

- CH2CH( CH3) ar .8 r h < C24 carbon
atons and m?%qbflé}q;rg%Q%%% éfgmﬁiﬁﬂg l;‘bbroctli iﬁ%ﬁ@l‘g% v 53% qu ‘r%:(?%ne aspect z
is zero. In anoth? spect. z is one. In this regard. Y is hydrogen or A-CH
with A bei ngebhiit e ‘%‘F%%W SRS P ER- 1‘1*1{3}%%@?” alir! P9 88 C Rer eof .
15The boron corpebnsloRayhRe ARy (R0 RSOk @R Ga6aPO WD, capat@nof
.boronating the oil sol u?l e hydroxyl ated am ne represented by Formula H.

Sui t abl e f)or%i’ﬁ“b‘b%ﬁd??&é‘ i ncl ude boron trioxide or any of the various forns
of boric acid including netaboric acid (HBO2), orthoboric acid (H3B03) and
tetraboric acid (112B407). Al kyl borates such as the nono-, di-- and tri--
Cl 6 al kyl borates may enployed. Particularly preferred is boric 20acid. A
further aSpeI}IoﬂIxeS a@bﬁ&@ﬁa@d it Disfdaeared Eﬁﬁ)@tdieﬂub&biﬁiﬁ% hﬁ@m@!ahcd@i@ﬂﬁﬂ&le’tdnons t hus
the oil of gbrlctl cos,,t%}(l nd. m.n rEDunt of a, grate 0l l soluble
hydr oxyl at ed“anfe"! O%ff SR RBSFEEE ph rr*oﬁaf ¢ AT TRy FidFther “tont ai n

ot her additiseg gr@gmt abrhte aaddiiddniesgcmay b C|Wd€pﬁﬂi‘[ﬁia@i§ﬂ;ﬂﬁﬂe\ ofi Gashl ess

et res T peBe Ul ek AT cu bl o UL PO R ot

conbusti on ergimae Mhi ﬁal‘lb@(}m{slaﬁﬁﬁloﬁﬁﬁaﬁ&ﬁbmgd he al&ﬂltc@lamarhyig@sntn,lﬂﬁ b@n engi ne
with a lubri catl ng rr%)05|tt| on c fal ni ng..an gf fGQCtYI vg)ﬁ% munt of the
bo ated oi |l ¥&F ”uBl ‘Wyé%‘i?@}cé BEF A WE THIT TG % A RISEEE  ghenot 't aci d of
havi ng t he genmemakifBidoayikee, I ChiSHaspactixiutchecandunt of the . borated

oi | sol ubl e hydroxyl ated am ne salt of a hindered phenolic acid is in
amount from0.05 wt%to about 5 w t'/G based upon the total weight
percent of the 5lubricating oil conposition. Particularly sui ted engi nes

are diesel DETAILLED. DESCRI he 3,5, tert - xyphenyl
SUbStl tut?ed g%i fiail()n COPlgOUﬁg nl“;]aérb&an (%BSIOL}QEC)BT_&%}H%‘&LIE 3 Ild k’i agﬂf%r%uoa 1"1}3

oil soluble nydx m‘vh‘md amine repres;.md by Formula 1L "5‘ mbin boron »ompounds
melude boron trioxide or any of the various forms of boric acid ineluding metaboric acid
(HBO,), orthoboric acid (F3BOs) and tetraboric acid (HLB405). Alkyi borates such as
the mono-, di- and tri- Cr.s alkyl borates may employed. Particularly preferred is boric

20 acid.

A further aspect is directed {o formulated lubricating oil compositions, thus the oil of
tubricating viscosity and minor amount of a borated oil soluble hydroxylated amine salt

of a hindered phenolic acid may further contam other additives, suitable additives may

[ ]
L

inclode one or more of ashless dispersant, a metal detergent, an anti-wear additive, and

an antioxidant.

Aunother aspect is directed to a method for reducing friction in an internal combustion

engine which comprises operating the internal combustion engine with a lubricating oil
4



10 wherein Qis an al kylene group of 2 to 6 carbon atons. The al kyl ene
group may be straight or branched chain, exenplarily including ethylene
group, prepybersigsoup (1- et hyl et hyl ene group, 2-i net hpCatusgdienss4ge oup) ,
trimethyl ene group, butylene group (1-ethylethylene group, 2-ethylethylene
group), 1.2- 13dinethyl ethyl ene group, 2, 2-dinethylethyl ene group,
1-nmethyl trinmethyl ene group, 2- nethyltrinmethylene group,
3-nmethyl trimethyl ene group, tetramethyl ene group, pentylene group, |
-ethyl - 1 - netdwylostiyéceneigr auflzciive ethylt o Rharbirhiyd e hypkténle dgrolapd 1" 1, 2-
trimethyl et h% ﬁ \an%rQ%@Ka%m%oﬁg%cﬁﬂ B%{ il pcﬂ %“l%h% 18&191 1?1 uﬁ% lé% &rddrethyl ene
group, 2- trinmet hyl ene" group, ene
1,1-dinethylmﬁmmn@hhyWemgi@hmbp ‘@@mxﬂad@mamhvamﬁﬁheﬁhyﬁﬁnmogrmmbﬁ
%: g: (Cji: rrrml;t II:llyl i mfﬁ‘frgﬁgﬁ Qi d%mll ql‘v‘q&/o E% %&L}%’Euﬁ?tﬁﬁwgﬁg pwr!.'_‘l‘gx’t 01 the
2-nethy|tétr@hﬂmhwtehemgmaugiE&$mehﬂyb$@ﬁﬁ@ﬂ@$hwﬁeﬁ@eqpmup 4-
nmet hyl t et ranet hyl ene group, pentanethyl ene group, hexyl ene group
(1-butyl et hyl ene group, 2-butylethylene group), 1-nethyl- 1-propylethylene
group, 1l-methyl-2- propylethyl ene group, 2-nethyl-2-propylethylene group,
1, 1-di et hyl eDEYhEH® DESURIPTIR- di et hyl et hyl ene group, 2-di et hyl et hyl ene
group, 1l-ethyl-1,2-dinethylethylene group, 1- ethyl-2,2-dinethylethylene
group, 2-ethylsis LrdlipRihyb el e nesan ey id &ﬁﬁ&}l‘mlha%mas repQidxBliby gt hyl ene
group, 1,1,2 2-tetranethyl ethyl ene group, 1-propyltrimet erne group,
2- propyltrln%¥%9$ene group, 3-propyltrinethyl ene group,
1-ethyl--1-nethy, | trinethyl ene group, 1-ethyl-2-nmethyltrinmethylene group,

N rinethyl ene group, 2- ethyl-I-nmethyl.trinmethyl.etie group,
2- et hyl- 2-i net hyl\#T et hyl ene group, 2-ethyl.-3- nethyltrinmethyl ene group,
3-et hyl - 1- met hykt iy net hyl ene group, 3-ethyl-2- 10 nethyltrinmethyl ene
group, 3-ethyl-3-nmethyl trimethylene group, 1,1,2- trinethyltrinethylene
group, 1,1,3-trinet ‘;Jnethyleﬁe group, 1,2,2- trinmethyltrinmethylen.e
group, 1,2, 3nti '1 h)! hy+epe—gnoup, 1,3,3- trinethyltrinethylene
group, 2,2,3-trine / nethylene group, 2,3,3-- trinethyltrinmethyl ene
group, 1-ethyltetrg@eRyl ene group, 2- ethyltetranethylene group,
153-ethy|tetra~ctA«Iene group, 4-ethylletranethyl ene group,
i fet hyl ene group, 1,2-dinmethyltetranethyl ene group,
1,3-dinei$yltetr;net‘erne group, 1,4- dinethyltetranethyl ene group,

2,2-din hyl t et ramet hyl ene group, 2,3- di ne thylte tr ame thyl ene group,
2,4-di Me thy.he.it nars Hhylene 86Lo8R 6 Gibod arondl Met hyl tetranet hyl ene group,
3, 4-dine thyltetranethylene group, 4, 4- 20d|nethyltetranethylene group,

1- met

hyl pent ?ﬁ:ee;[l@ n% @%ug ';noa)l?l Be \traiﬁ?unxaﬁo gcr%tf%am ymp ar%\« including cthylene

group, propylene group (1-methylethyiene group, 2-methylethylene group), trimoethylene
group, butylene group (1 -ethylethylene group, 2-ethylethylene group), 1,2-

15 dimethylethylene group, 2,.2-dimethylethylene group, l-methyltrimethylene group, 2-
methylrimethylene group, 3-methylirimethylene group, tetramethylene group, pentylene
group, |-cthyl-1-methylethylene group, 1-ethyl-Z-methylethylene group, 1,1,2-
trimethylethylene group, 1.2, 2-trimethylethylene group, 1-cthylirimethylene group, 2-
cthylirimethylene group, 3-ethyltrimethylene group, 1,1-dimethvltrimethylene group,

20 1,2-dimethyltvimoethylene group, 1,3-dimethylrmethyviene group, 2,3-
dimethyltnmethylene group, 3,3-dimethyltrimethylene group, 1-methyltetramethylene

group, 2-methyletramethylene groop, 3-methyltetramethylene group, 4-

methyhetramethylene group, pentamethylene group, hexylene group (1-butvlethylene



group, 3-nethyl pent anet hyl ene group, 4-nethyl pentanet hyl ene group, 5-

net hyl pent anet hyl ene group and hexanet hyl ene group. Mst preferred Qis 2-4
al kyl ene warbomsai’ons nore preferably ethyl ene and net hpCTatshelhasa3gr oups
that may be nmade available vith a mninmum of reaction process steps and or
commercially available. 25 The 5-tertbutyl-4-hydroxyphenyl. substituted
acid can be prepared in various manners known in the art arid comonly
prepared by reacting a 2,6 al kyl phenol with acrylic acid i.n. the presence
of a cat al ysgroug, @ﬁm@ktt‘i’w@:incafduy) wirtethyadpydpy EtheBhegrothémettiy Hiydr ol yzed) .

g': ?;?glj gd_ fgf?@%ﬁ#@?g 46_:??%;?6? gﬁ;{%ﬁ%p%gm{/}j( thvlvnc mouﬁs C’ dlf‘ﬁgleths} lene group, 1,2~
30(3,5-Di -t edit’fhbiwﬁwyit-w&l%rhuwap@knyb‘f[bdw’r#ykl)ﬁozp rﬂEctthHp?r dpeonktyacd doup, 1-
(3,5-Di-tert- | e utyri i

2-(3,5-Di -t of P}H %Slﬁmi“ﬁg%gia? %ﬁzlﬁég}z/;}? l_?_ bd\}{l;l A?L?végﬁ;‘}}qﬁ (:tug 450 thyl-1,2

Di-t er t bt yd_}m&bh[qutj}[y ly)qygrph(e Ayt @“fpemtna}qdqfibﬂam gibuandpropyltrimethylene group,

(2,5 -terts [, I : L ticularly
3-( 31 5 Di -t ef ?H%%;}{nmicn :h gz% Ig‘ylii%?c)hs hﬁ%;%g{? "E}Q,ﬁ 9 g M%Et&r@t%(l 111

3-(2,5- D| -t eg‘puibdt%i Zlmmddw?tomyﬁmihwﬂ)& b@tly‘r”ﬁ-meai&iﬁ@met hylene group, 2-
3-(3,5-Di-tert- : RYL:) BE 5.

3- (3, 5- -t e%t% @ﬂ%&kjuﬂ% {?3)%53%2;25#%;5 hggtg%glf %1%%12% % én e%r e preferred
are 3- (3 5- Dnuthseirmnﬁbmiqmémuhy“dﬁbw spHieryibcilptopiong. &- doitd; 3-

5(3,5-Di qger Lyl y anyl ). 2 Loni£ acid,

2-0,5-Di 1% er%n %yitryﬁ &1@%@%&% %_Q!t??enz%/)t %%%&Eq]g%g%%gﬁaﬂf

3-(3,5-Di -te‘frtmbui*yimi’hﬂhlydn@xyyi pAenpdhyibmypilae aoig. 1, %hd even nore
preferred ar . fert-b = 4=y henyl )Pt opionic acid and
343, 5- Di -terﬁmgéttjhf’yU%et 16cﬁ 5x y%” ) %G?M [n%%]& }%E Jé;lr%l c acid. 10The oil
sol ubl e hydr@wtla"ﬂ~emcfém1ﬁ&w&Zéﬁr ege»hﬂedndﬁy ittnhemfumrm a: wher ei n A at
each occurre K ] e GLOUR; t hyl or
an al kyl or P{éﬁmk “%ﬁgull‘&%g@f gg%g%! éﬂ% % n at o}rr%gH i“{s?}"’ﬁﬁ) Jﬁéﬁe, Cl- C6

al kyl 15g¢¥ ou%rﬁmﬁ'iiﬁm@ﬁ“wbcm bsman%ﬁm b‘g@m@ﬁ’km oruR; laimdetmiiegaraﬂiw}mceger of 0

or M xtures OIS OB}hq,““dliT‘fth‘v Hetramethylene group, 1,3-dimethylietramethylene group, 1,4-
dimethylictramethylene group, 2,2-dimethyltetramethylene group, 2,3-
dimethylictramethylene group, 2.4-dimethyltetramethylene group, 3,3-
dimethylictramethylene group, 3,4-dimethyltetramethylene group, 4.4-

20 dimethylictramethylene group, 1-methylpentamethylene group, 2-methylpentamethyicne
group, 3-methyipentamethylene group, 4-roethyipentamethylene group, 5-
methylpentamethylene group and hexamethylene group. Most preferred Q 15 2-4
alkylenc carbon atoms more preferably ethylene and methyl ethylene groups that may be

made available with a minimum of reaction process steps and/or coramercially available.

The 3,5-tertbutyl-4-hydroxypheny! substituted acid can be prepared m various manners
known in the art and commonly prepared by reacting a 2,6 alkylphenol with acrylic acid
in the presence of a catalyst, (more typically with acryhe ester thereby hydrolyzed).
Preferred substituted acids ave 3-(3,5-Di-tert-butyl-4-hydroxy-phenyl}-propionic acid, 3-
30 (3,5-Di-tert-butyi-4-hydroxy-phenyl}-2-methylpropionic acid, {3,5-Di-tert-butyl-4-
hydroxy-phenyD-butyric acid, 2-(3,5-Di-tert-butyl-4-hydroxy-benzyl-butric acid, (3,5-
Dh-tert-butyl-4-hydroxy-phenyh-pentanoic acid and (2,5-Di-tert-butyl-4-hydroxy-

6



am nes of the above fornula may be used, The A group, when enpl oyed nore
than occurrence in Formula Il, can be the sane or different but preferably
i s sel ectwo 2brom@shyl ene, propyl ene, or butyl ene, and moTAISpYI@fsssabl y
et hyl ene, 2-nethyl ethylene or 2-ethylethylene Typically A-OH is derived
20from an al i phati c epoxi de, exanples of useful epoxides include ethylene
oxi de, propyl ene oxide, 1,2-butene oxide and the |ike, M xtures of epoxides
may be enployed. Y is preferably hydrogen or A-0l-1 where A is described
above. The Cﬂ%ﬁﬂ&h@anhomiét%nsrarkywdxﬁ(ﬁQEmEﬂlmaﬁﬁdnéakenkmamkenyl gr oups
R may be of aights gr n . Fou | including
met hyl gr Oupg%é&r{] gltj] 3@ Lt?i iax % gpzﬁi ﬁb(ﬁ'!)xw ?h 1&%‘)/%111&10 erfl)i ??H’B ﬁ bﬁlyy)}l gr oup,
i sobutyl gro@pV¢SECWbmﬁytmgmompwdae&ibﬂi@iwgﬁmup4bs&mayghmybﬁwbmanched
perityl grou ), str | oL n¢hed.he; L, OUR, i " ranched
hept yl group?n?stirag }Jgiﬁggﬁcﬁgdgg%f§ﬁhmg4 SBOX‘ k% ?k (mgqéﬁt 1ied nonyl
7 group, bstranQhﬁﬂdmxbﬂaméheﬂpdeﬁyLrgﬂoﬂpmﬂ@uqamgﬁﬁ‘éﬁhbﬂahﬂﬁeﬁ undecyl
group, strai . br.anc toal.oht hr.anch trrdecyl
o oup, st 1 ai rrorSreep AN AR R s iR B o o BB e
pent adecyl gﬁo@pwngtramgmrMUﬂcbﬁaﬁ@h@mEw&xadedyWVgh@mbrV@ﬂmmmgwmﬂér
branched hep { adecyl group, 5straight
or branched %gﬂgg%“ﬁg&%#guaﬁhk Bﬂtjgggﬁagﬁgﬂ gg& .cosyl group, straight
or branched henei cosyl group, strarght or branched docosyl group, straight
or branched tricosyl group, and straight or branched tetracosyl group; and
al kenyl group exenplarily including vinyl group, property' group,
i sopropenyl gWUUbypﬁkrﬁﬁghﬂ&@?M@ﬁﬁ%éh@@tﬁu&@ﬁ?¢ﬁgﬁ@@p, strai ght or branched
pent enyl group, straight or branched hexenyl group, straight 10or branched
hept enyl grou strai gAt or ,branched octenyl group, straight or branched
nonenyl gr ouPTT s ity ?ﬁT“éﬁanc%é decenyl group, straight or branched
un. decenyl group{ straiight or branched dodecenyl group, straight or
branched tridecenyl grqup, straight ;or ggﬁnched tetradecenyl group,
straight or branched pentad. ecenyl group, strai ght or branched hexadecenyl
group, straight or branched heptadecenyl group, 15straight or branched
oct adeceny! group, strai ght or branched nonadecenyl group, straight or
branched eico r strai.ght. or br i cosenyl st rai ght
or branched ag ééﬁgf“ﬂo‘ﬂnsm§fré%hﬁgqmn ﬁcﬁé§P¥ Fiechedny * g % b and
strai ght or ﬁnam&hédzﬂehﬁamﬁ@émyho@rbup&bmnmmneiaspﬁtmma(n&ygmgia fatty
g: tg'nyfrg;?'oﬁg“% i Seiel agBa}é rm‘i@%%ro% 2‘;%ndn721%ﬁr?‘rlé}:t<e%enc¥lﬂn LS, aRant an, alkyl or
amines of the above [ormula may be used.

The A group, when emploved more than occurrence in Formula 1, can be the same or
g b
different but preferably is selected from ethylene, propviene, or butvlene, and more
p Y 3 > Propy ; 3 ;
preferably ethylene, 2-methyiethylene or 2-ethylethylene. Typically A-OH is derived
20 from an aliphatic epoxide, examples of useful epoxides include ethylene oxide,
propylene oxide, 1,2-butene oxide and the like. Mixtures of epoxides may be employed.

Y is preferably hydrogen or A-OH where A is described above.

The Ci-Cog carbon atoms alleyl or C2-Cos carbon atoms alkenyl groups R may be of

25 straight or branched chain: alkyl group exemplarily including methyi group, ethyl group,
n-propyl group, 1sopropyl group, n-buiyl group, isobutyl group, see-butyl group, tert-
butyl group, straight or branched pentyl group, straight or branched hexyl group, straight

or branched hepty] group, straight or branched octyl group, straight or branched nonyl

-
7
I



200r oil or froma derivative thereof such as the corresponding nitrite, by
hydr ogenation of the ester or nitrite group. Exanples of fatty al kyl and
al kenyl gwoupr/ismgbude nyrystyl (tetradecyl), palmtyl @EoheEsd@apsy43o stearyl

(octadecyl) and ol eyl (9-octadecenyl). In one aspect, when x is 1,
wherein A", R, Y and z are defined hereabove, the oil soluble
25hydroxyl ated amne is represented by the formula: NACH Forrmula Il In

a nore preferred aspect Y is independently selected from hydrogen or A-OH,
and nore par giogubartly o braCHRCHROHrop, strisGHR Clank {oChBYBI erdup, arapar td cul ar |y

pref erred asgggtha%{\@gai@c%&()%p A0S LA g, m%@‘i'%ﬁw;') Qn&ihﬁ 2 ﬁ%&%‘?ﬁ the ofl

ol ubl e hydr oxyl I's Fepresen above, with the
varl abl es defirnidy! bwves1a@m¢rh@m»®dmtmtdasv1§tm& %pmgmasbmbﬁaﬁ hasheényk i s one,

th D 5 Tanc hentadec oW, st i | octadéc
R T

from met hyl _sterghaddydnciord rahdderpy ﬁmgp,ou%havbmgd@i ciG24! garberrigt ons, further
def i ned herewgnn%bé)‘{c%mé@fﬁrapﬁ &lc0a0! Q/m@m Yoc % mﬁl)egﬁanﬁ “Mx%( 56 ected from

C6 to C24 carbon ato even nore era ‘sel ect ed
from C8 to ClBoxyagban xddatghser bkmc@ﬁeetas®etgr9u®ua@i®ev ived CRﬂQmHﬁhe same

TOLCLY. Thus i RROLLEM ALLYHLL B Q1 BURS A1y ZrelVl DML @ roups and

Ci 8 groups such as st Terc m Xt t her eo
Parti cul ar | ygiprsferigiadr Fame»htfmwnfeatltgyw@l klyaigﬂbm baﬂlnklmdyxbxegﬁoamp@ @@i@tt ed from

”VrySty' (]:l&e Eg%;@%e‘}é’ig? pc E’yg'ﬁo %%ng@e%ég% V\;}I)m‘c&ﬁ &§AL %Ln&%%aﬂﬁ& % and ol eyl

- octa spect fie ol ubl e
hydr oxyl at edramiigraug, steightes ertdgd 5y-»ts\ﬂgliﬁ19-r~rﬁmﬁmt or branched undecenyl

group, straight or branched dodeceny] group, straight or branched tridecenyl group,
straight or branched tetradecenyl group, straight or branched pentadecenyl group,
straight or branched hexadecenyl group, straight or branched heptadecenyl group,

15 straight or branched octadecenyl group, straight or branched nonadecenyl group, straight
or branched eicosenyl group, straight or branched heneicosenyl group, straight or
branched docosenyl group, straight or branched tricoseuyl group and straight or branched
tetracosenyl group. In one aspect R may be a fatty alkyl or alkenyl group. By “fatty
alkyl or alkyenyl” is meant an aliiyl or alkenyl group which is derived from an natural fat

20 oroil or from a derivative thereof such as the corresponding nitrile, by hydrogenation of
the ester or nitrile group. Exaroples of fatty alky! and alkeny! groups include moyrystyl

(tetradecyl), palmityl (hexadecyl), stearyl {octadecy?) and oleyl (9-octadecenyl).

In oneg aspect, when x is 1, wherein A, R, Y and z are defined hereabove, the oil sohuble

25 hydroxylated amine is represented by the formula:

N-AOH

Formula I

o]



N(CH2)3 -OWFormula wherein A at each occurrence is each independently
C2-C6 al kyl ene group; R is an al kyl 20or al kenyl group having Cl-C24 carbon
atons; Y we 2nppdisoggen. Cl- C6 al kyl group or A- OH and zPC3/usnoltoszager of O
or 1. Wierein the preferred groups are defined herein above. In one aspect,
the preferred groups are when z is zero: A can be the sanme or different but
preferably is selected fromethyl ene, propylene, or butylene, and nore
preferably 25 ethyl ene or 2-nmethyl ethylene or 2-ethylethylene; Ris C6-C24
al kyl or al kbryhorgpeipredngcevien inppadptie fdeataidrdanoblergan GA-GALbat ty al kyl
and al kenyl gro ~ i I I i are

2- et hyl hexy%ﬁag‘%ﬁ% gr%fclrvupmsei%é%i)a%l‘”é EHLEH% @dﬂhcigsa%%!f%aifﬂ %Igfg‘d&{?i%gf%i gr oups
and m xt ur eswhdrerieofic, z Fhus. p‘ar\tunem ap#wtwﬂéf@nin edwﬁv\gﬁwpwsmairle sel ected

fromthe gr O#:Em Q:Silb§ tﬂjmqgrmqfht[t %J t«[ %vq‘%c@{ V'm%rp t%ggﬁfacyualb{w ﬁlx*%‘ ec,g%tl\moc;t adecyl ,

ei . cosyl, decen én I
hydr oxyl a$ edthamomas tham:héunde\ kgt ﬁu@:nreerxsfb éhse:mﬂe& N ddhyier dirlaknyii xt ur es

ilable f 1 et hoyx!| at ed
oha Aare of RTANETNORE R AT e SRR AMER AT TRELEN S N0V e
"Et hor neen Ofclied bt hoindeedii8f ARdny! Btthbaome €h-(S/ dFibp atvEshoeen 1/ 12", and
L homeen (O Ay bk DESe GRMROUDAS, A AL B0LR. ALK FRs.oraess and Ris

respectively tearyl, a 'mxtu groups derived
caxbon atum\ and even more preferably independent IV sclected from Cg to Cig carbon

10 atorgs. Inone aspeet, R is derived from the same moiety. Thus, particularly suited
groups are 2-ethyl hexyl, Ciz groups and Cis groups such as stearvl and oleie groups and
mixtures thereof. Particalarly preforred are the fatty alkyl or alkenyl groups selected
from myrystyl {tetradecyl), palmityl (hexadecyl), steary! {octadecyl} and oleyl (8-

octadecenyl).

In another aspect, when x 18 2, the oil soluble hydroxylated amine is represented by the

/%AWOH)
R-{-T“(CHQ);aj':N\\( AWOH>
Y

formula:

Formula IV

wherein A at each occurrence is each independently C5-Cy alkylene group; R is an alkyl
20 or alkenyl group having C;-Cyy carbon atoms; Y is hydrogen, C;-Cs alkyl group ot A-
OH; and 2 is an integer of § or §. Wheremn the preferred groups are defined herein

above.

In one aspect, the preferred groups are when # is zero: A can be the same or different but
preferably is selected from ethylene, propylene, or bulylene, and more preferably

25 cthylene or 2-methylethyiene or 2-cthylethyiene; R is Cs-Cus alkyl or alkenyi group and
even more preferred 1o be a Ce-Chyy fatty alkyl and alkenyl groups defined above. Thus,
particularly suited groups are 2-ethyl hexyl, Cyz groups and Cip groups such as stearyl

and oleic groups and mixtures thereof. Thus particularly preferred R groups are selected

9



from soybean oil, a mxture of alkyl and al kenyl groups derived fromtallow
and a m xture of al kyl and al kenyl groups derived fromcoconut oil. In this
aspect pawOi20l#1d7§ 10suit ed conmpounds are sel ected frorCrhsS2¢gno06530

consi sting of bis-(2- hydroxyethyl)cocoal kyl am ne,

hi s- (2- h. ydroxyet hyl i ol eyl arni ne, bis-(2- hydroxyethyl)soyal kyl am ne"

bi s- (24i ydr oxyet hyl )tal | owal kvl am ne" his-(2- hydroxyet hyl)dod. ecyl am ne
and hi s-(2-hydroxyet hyl )octadecyl am ne, In another aspect when the amne is
propyl at ed aﬁdsrwﬁheam@mprmwyihen@mgndrupls pfaimddWR}msad@?ocl@ieaﬂ,eziab@icom‘rer cially
avai |l abl e as,.; < e e " and
"Propor neen i 5’%8& erroéﬁi"i(rj]g{C é%r oup I s g(r%)lpvl%gmﬁ‘ %’%E}Re&[ﬁg%d derived
fromtall ow “IPBgrtdeod] aartivp oswtreduabmmmsdsmabie WMMINOR%I -1| namnd N-

tall | k "1 - I f d
gfoug‘é"aarg i %@cl »Ui';aqc?}?'a%ﬂ% ;QEBE‘%@%]@ mg% dle Qxf‘ﬁ Qerou R?R pr ef;reaglr ;/ei .

selected fr o&m@bhﬂénmeenpfmpiyﬁ@ﬁéloriwptl ﬁULyI éden vankf o @tlmrreére$ abl.y
St pytene Of 2RI el 80 G Loy - SLMLELIVLERGIAR | op et kvt or

al kenyl group and even nor e ferred to be f a ”kenyl groups
defi ned abovgoeuFhus! ?barrit»p@meiy bigviprietdramduR grﬁ(dwp@daiﬂ@@@k@m dativtd om t he

group consi SMEQQQ %fcavdﬁéﬁ?r‘%'aﬁ{?%'era}%ﬁ%@%’ii%%%hm%@%@9?&?{yﬂ%%t%‘3 cyl, eicosyl,

tetradecenyl ctadecen ferab 12-18. I n one
aspect Y is mydtrog%ﬁkz«i@ld”@@nail Hylps geroup from cAecOb. oiivbrigis prreftgnalohlydsy i s

hydr ogen,gr ébmtgi_'»ong{o%& AP Jl\r'“.& §n~%¥nh¥&%’ﬁne§s‘?’i%m§$g€th oxyl ated, however

propyl at ed conpounds are al so comer ¢ avar | "Et hoduorreen T-12"
from AKZO N%Lﬁ@)quth%wso(ﬁyHimgﬂehl*é,hd}L%@WS“E&%H%3@1@@; and?R is derived from

tallow 30" ﬁ%@f&g%gﬁfb?»&{ %m@@fi« g%?%%%%g%xr&@lﬂiiné‘%g (ghere Y isAis

et hyl ene and Ved Trom t ol conpound may be any boron
cont ai ni ng cb)ﬁb@ﬂﬁﬁ&imp@blaeﬂ@fm@bmﬁhéld g cthihgoctridhoydotivb | e ayidr exydiat ed

amne represgpt, e{QC ByinkQ Rﬁx b Ritchibing AL %&%icai %%8 \la'nﬁ QQ{O“aﬁl ng the oil

sol ubl e hydrox ated amine’rep resent 6 Yet anot her aspect
is to 5bor onaﬂtmm«galtﬁhew@iubicsm Hrbbfeﬂﬁrwdﬁmy@lifa&féﬁ%m nenhruep?fegfemced by Fornul a

|V, Sui tabl echar g gormounds, i-nclud empargg&pguzg@)gfm%e QL various

forms of boric acid i |ng met abor 1 e "aci orlc acid
(H3B03) and frewidber Patiqud s@ited LoBAOMs are N-oleyl-1, U-uminobis-2-pr ﬁpcmnl and N-

tallowalkyi-1,1-imnobis-2-propanol.

20 In another aspect, the preferred groups are when z is one: A can be the same or different
but preferably is selected from ethylene, propylene, or butylene, and more preferably
cthylene or Z-methylethyvlene or 2-ethylethylene; R is Cg-Cyy alkyi or alkeny? group and
even more preferred to be fatty alkyl and alkeny] groups defined above. Thus
particularly preferred R groups are selected from the group consisting of tetradecyl,

25 pentadecyl, hexadecy! octadecyl, cicosyl, tetradecenyl or octadecenyl groups. And more
preferably R is Cios. Inone aspect Y 18 hydrogen, C-Ce alkyl group or A-OH. More
preferably Y is hydrogen or A-OH. Preferably A is cthylene and thus ethoxylated,
however propylated compounds are also commercially available. “Hthoduomeen T-127
from AKZ0 NOBLE 18 Y s hydrogen and A is ethylene and R 1s derived from tallow;

30 “Ethodoomeen T/13” and “Ethoduomeen T13/N” are where Y is ~AOH, A is cthylene

and R is derived from tallow.

16



Al kyl borates such as the nono-, di- and tri- Cl_6 al kyl 'borates may

enpl oyed. Thus suitable al kyl borates are the nono-, di- and tri-

met hyl borwibes12/ashe&snono-, di- and tri- 10et hyl borates; wPhE/UsR10/0554d6 - and
tri- propyl borates, and the nono-, di- and tri- butyl borates and m xtures
thereof. The particularly preferred boron conpound is boric acid and

especi ally othoboric acid. The oil sol ubl e hydroxyl ated am ne can be
borated by adding the boron reactant (e.g. 15boric acid) to at |east one of
the oil sol uble hydroxyl ated am ne reactants represented by Fornul ae I

[l or 1V, in a suitable reaction vessel and heating the resulting reaction

m xture to boronade:oh 3111'@&&&33@&%%@0%[’1@%&@ ReurAThRBie of BehLRE tH0N

tenperature i conducted at te tures p to about 250C,
preferably f ?li?ﬁ é’g‘bﬁg‘”‘%ﬁi@“ﬁ BURBGUE PP 'y r*rHr é““ﬁﬁ@f”éﬁ’“éib‘?ﬁ yOPRSREOUt 75C
to about 150e oilkérenit @\Fdl&@%@ﬁ%&ﬁﬂdf@ﬂﬂ?&@@ﬁk h@ntra@m ZetBodehOpticSisup to 24 to

48 hours or re, dependi upon t emper at ur reaction_pressure,
solvents Tf ¢t @E‘f"%g‘té&‘a‘?‘{*}gt ‘ﬂ‘f%fmg 6*%%%%&1*5 PherREdY | B}F‘:‘mi? conduct ed
under at nosphes:i &m&f@&&ﬁllkilﬁidh@&\@ﬂ&l’oxﬂi@@x i}@&ﬁﬁicc‘lﬁmﬂﬁ%ﬂ@e otnduetied under
ressure OI‘ vacC rt her nopr.e, e onal tl rrant 1.t a._s vent nma
Ee used. In Gel& e maﬁwra&d&iimﬁa %mﬂwr%hbﬁﬁﬁ% EthpEe §“6ﬁ5 vgﬁffgvbmy be
used, such asikhenzensoct Qlenehs- Xy anei- @.ﬂ@aiﬁ.ﬂ‘ﬂmﬂtc@&ﬁﬂempibym marsal oil.

Q her hydrocarbon al coho solve ts and ql tures .m also bﬁ enpl oyed.
CGeneral |y th%ll &Iﬁgﬁjﬂ“&‘f“é&“a 1 e “al WPty e g S e iRos 8 GEhE for t he

reacti onim X¢ihgiBorates; the wddtpl, @Rlhyuit b%pﬂﬁ(&@t%i Qi ﬂhSn@&ﬂQ&!Cerﬂduuntl | by- product
wat er ceases, to evolve fromthe 30reaction mxture indicati onpletlon of
the reacti on® " TRESFEHEVETEF “FHCS i@étﬁé@”ﬁ%’hf%a Y %{“é}doﬁvo%ﬁ &%y use of
an inert gasaciduehs@siany bihagenag@nt acting the surface of the reaction

m xture or by conducting the reaction at reduced pressure. It is preferably
that quantities of reactants of boron reactant to oil sol uble hydroxyl at ed
am ne is based upon nitrogen atons on the oil soluble hydroxylated amne to
atons of boragn U|val nt.s referably about
0,211 “hus S8 GlsPL iR PhRe sl Bt B e R Hany bor at ed
am ne conpl exes aaaragmlgnmm ondoftiteilabbibBéedk Sutcdatine NoQanidkegddn®d by
4,492,642; 4,622 1%8 4 892 ted oil soluble

hydr oxyl at ed’ A& %Ha 1 8E o4 Y eP%Gd%hénéf‘?“kméé}?dga%“‘b%té%%??%% by met hods
known t o thoséuskidoadhaicnhd diiechbl hydheylatbbirsibediieirtac8al wlpeatydy oxyl at ed

typically conducted at teroperatures up to about 256°C, preferably from about 50°C to
about 225°C, and more preferably from out 75°C to about 150°C. Time for the reaction
20 canbe from 2 to 4 hours up o 24 to 48 hours or more, depending upon the temperature,
reaction pressure, solvents ifused or catalyst i used. Typically the reaction is conducted
under atmospheric pressure however the reaction may be conducted under pressure or
vacumn. Furthermore, where conditions warrant it a solvent may be used. In general

any relatively non-polar, unreactive solvent may be used, such as benzene, toluene,

[ ]
L

xylene and 1,4-dioxane or mineral oil. Other hydrocarbon and alechol solvents and
mixtures may also be employed. Generally the hydroxvlated amine alone will serve as

the solvent for the reaction mixture.

Typically the reaction is conducted until by-product water ceases to evolve from the
30 reaction mixture fndicating completion of the reacticn. The removal of this water is

facilitated by either by use of an inert gas, such as nitrogen contacting the surface of the
o o = 2 E) =
11



10am ne may be a m xture of conponents and its structure is difficult to

depict, For illustrative purposes, a simlar preparative reaction schene of
an oi |l sovokbe/dsydsoxyl ated am ne salt of a hindered phen®ltiseoiansse s
illustrated as foll ows: 15 0 QCO0 wherein A and Q each independently

C2-C6 al kyl ene group; R is an al kyl or al kenyl group having C6-C24 carbon
atons; V is hydrogen, Cl1-C6 al kyl group or A-0l1l; x is an integer of 1 or
7. and z is an integer of 0 or I. The anount of acid (A) hindered phenolic
aci d, or basea(By rhgnatetly ainkusiof uﬂah@mhydn oadygteame%dumin‘@p cfablbdavari ed to

achi eve the &i m:ﬁ%f %gc!%( ?&gvg%ag%'a@iggﬁo 8 1 \othﬁ)?g ﬁw dro %yaﬁgl'a&?n %%a%wfaug 0

det er m ned by ase val ues as berati on.
The equi val entr Ogeatdiomlsarh A diZohhly bpdof g @m& tb atagrsf Bordn brnl\@ne aspect,

appr oxi mat el y, Bequ «”9%%3:?%01‘495 é&{prgflg%wg%&tﬁq L O%yi‘" BLeg bg{% afl oy

hi ndered phenolic aci i'n an aci dl base rHeu zation
type reacti omnb¥huspltther gyl valaenpor qstai jrognofomplexes are known o the art see U5

Pat. Nos. 4,474,671; 4,492.642: 4,622,158 and 4,892,670 and the like,

The borated o1l soluble hydroxylated amine salt of a lindered phenolic acid are prepared
by methods known to those skilled in the art. The borated oil soluble hydroxylated

1 amine may be a mixture of components and its structure 18 difficult to depict. For
illustrative purposes, a similar preparative reaction schere of an oil soluble hydroxylated

amine salt of a hindered phenolic acid is ilhistrated as follows:

0
chizizmm-i +RE(“‘?'<CH2)3%N'{AMC.’%-€} — -
Y B

15 i b -
wherein
A, and Q each mdependently C:-Cs alkylene group; R is an alky! or alkenyl group

having Ce-Chs carbon atoms; Y is hydrogen, Ci-Cy alkyvl group or A-OH: x is an integer
2 ) Yig &

of 1 or 2; and 7 is an integer of § or 1.
&



A-Bis 1:1-1.2. In one aspect, excess base is present Typically, the
berated oil soluble hydroxylated am ne salt of a hindered phenolic acid are
pr epar ed W9 20586751 ng (m xi ng and stirring) begi nning RCTAISRI1@MOE5466 r oom
tenperature where the addition of one 10conponent nay be sl owed so the
resul tant exot herm does not can)/ the tenperature above 100C, preferably

bel ow 80C, nore preferably bel ow 60C. The berated oil sol uble hydroxyl ated
am ne salt of a hindered phenolic acid nmay advant ageously be enployed in a
| ubricating &k aseonpostit Lor;indEng phiretiated oabisne)daltediog saBblemul ti f uncti onal
addi tive in {hat }’é{*&‘c N §P, %%’%d“@?cd%‘-!‘aﬁggl fl Y&k méﬁ?alé Qa% E‘thﬁé hga 11

provi des reduced” tional” characteristics and al so an

anti - oxi dancwmh&ﬁt&@ﬁémmﬂw@@v tHetr aiid and Boe eadia’e@s edﬂaértaﬁ dfitghe OQU@hIidnon of
boration to i Xyl at d n fcd phenollc
acid will inp tﬂts] %xl\lwa(%&tg fe;& }@Xd\ 8 %HI% if Of tﬁe%g)anF a*g@w\gjﬁmxggﬁ gyed in a

| ubricatihg muﬁm@@lrﬁp@smtqf on bpfta*ed@mﬁrm\éaew canmm*rdrhlraimdmer@mmmhm oi |l of
lubricating X#éﬁ%%la‘héé 1§ IRy ?cha\gRelﬂﬂgl )ﬁ&&ﬂg <§£§c%§rnh@%{éc§ BiBY - '?ht of the
total conposition erab mor e than ’6 m ner ampunt

berated oil #&dubl: e1 hyh,irowyipat‘adffanbmemsmsmoﬁS’Eataﬂibnbteb@dnmmibiac aci d.

For finished,] ) i .cal ] )k at ed. .ok bl e

hydr oxyl at edhxad#n%e&gg e 5,%1}’9 yedég%\ﬁ[er%g %réggf gé% T%I‘ mg"lier! (g%lrlﬁuabout
0,001 Wt %'t oayaibaumgﬂi@mm@igbamtdcw pnnmnhenmoattm wzﬁc dma@@ﬁm grne Pref erabl y

t he beratgd Q t alt. of .a.hindered nphenolic acid
is enpl oggd :C-)drygH aga}!rthﬁ%gc ?%g%féx%g &gﬁ%q}\fg abohS S Laan gg’ﬁé‘%vﬁn nor e
preferably faton 8601 pGletabi bodot °L, @i‘mﬂi“%rﬁésé@:kméﬁﬁf the total weight of
the lubricating oil conposition. 30The lubricating oil conpositions of this
i nvention can be used in the lubrication of essentially any internal

conposi tion engine, including autonobile and truck engines, two 13 cycle
engi nes, di esgl m@ﬂ% d?&%lubﬁ‘ﬁk@Bkﬁ&af&nﬁ&o%t%@ghﬁﬁécd Hﬁﬁéiﬂ%ﬁ% railroad

engi nes and the e. Also conte are lubricating oils“for gas fired
engi nes, al cohehtageeusy, b@r@mﬂfaﬁ@m)a ip@mﬁi@dnbwgmﬁfé@n dbapg: @ﬁémympwieﬁ ed
engines, if Ur blNes. ANthat Bk kenaRALL LEYLALLY lSRIHL iPlEs DeAYM.dut Y di esel
engi nes wherei n said l'ubricating 5 ‘conposi tions of this ihvention can
be enpl oyed povVidgFTedped | m@vn&é@@m’w\u&h@d\&mrﬁéﬂ\ﬁm%ﬁ%éﬂb@ﬁ@ﬁi@d oi |l soluble
hydr OXyl at ed . am-NEsRal & 13%&50%*&&'@{19'%(3?@& Qiﬂﬁtﬂﬂlo'f Sor@igndgo MRY%iREeyEde an

anti oxi dant benefit to the lubricating oil conposition. It desired, other
addi tives knbﬁf)‘ﬁyﬁmﬂﬁéﬁ@r‘*ﬁh wiEitsisred e Ue eid WE iPubYE darkn goadiblissest ock,

of the salt. When employed in a lubricating oil composition it comprises a major amount

20 of an oil of lubricating viscosity {major amount being greater than 50% by weight of the
total composition, preferably more than 60%) and a2 minor amount of the borated oil
soluble hydroxylated amine salt of a hindered phenolic acid. For fimshed lubricants,
typically the amount of borated oil soluble hydroxylated amine salt of a hindered
phenolic acid will be from about 8.001 wils to about 10 wi% based upon the total

25 composition. Preferably the borated o1l soluble hydroxylated amine salt of & hindered
phenolic acid is employed 1 a amount from 6,05 wis to about 5 wt %% and even more
preferably from aboat 8.1 wt % to 1.5 wt % based apon the total weight of the

fubricating o1l composition.

30 The lubricating oil compositions of this invention can be used in the lubrication of
cssentially any internal composition engine, including automobile and truck engines, two
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10Such additives include dispersants, detergents, antiwear agents, extrene
pressure agents, antioxidants, rust inhibitors, corrosion inhibitors, pour
poi nt depvosmnissq75vi scosity index inprovers, other fri eCrars2oodsibBers and
the like. Not limting exanples of such are herein below The oil of

| ubricating viscosity for use in the lubricating oil conpositions of this
15i nvention, also referred to as a base oil, is typically present in a

maj or anount, e.g., an anount of greater than 50 wt, % preferably greater
t han about 7Qm%ﬁmm@s M@meaghe$ewﬁ@hynﬁ¢Unmabeumﬁﬂﬂnﬁmaabduhdggcﬁdmﬁ. % and
most pref er al v, { LQm ARoHb B8 ., 0 ARANE A8y o BaREC ER, (N, total vel ght
of the conposi I on. pressi on dse 0|F as used herel hshal | be
under st ood t meireah) melaéengsm?&(sF@ torerpperdedohgbas entstoekdtbwhikch is a

"1 ubri cant 79 ?{@C{?ﬁ% t*111t<t]ea‘;£eal«'\/sd‘;,8§,r 8 ?&%gﬁ%g *Qy w‘?‘emﬂq Qg ﬁb@% & tur er to the
sane speC|f|ca i ong ndependent d-s ce or nanufacturer's

| ocation)3 thamnwsusetssﬁﬁhehwnm Warbaﬁap}bmiep 5rsprswe[e¢ifwmtmy end wamiclat hat i s
identified b +.p t [ r..both. The
base oil fOr%g?g&ﬂhgﬁgﬂﬁﬁéﬂH%%mde%%géggk 1%IE%%IJ%Q %%%?SSF€g%vered base
oi | of | ubrieatiingdant B@@stltbyﬁctj@exda*uw Gﬂamnubsatwmg | ubricating oil
conpositions for any and all such applications, e.g., engine oils, nmarine
cylinder oils; finctional fluids such as hydraulic oils, gear oils,
transm ssion fluids, etc. Additionally, the base oils for use herein can
optionall'y CQ@“&'CE‘ u\fﬂg?g htx.%' Kdo%%(ml«%}%'i&\{% Fddef 1dhe }UBQI’EYIH;&i! Sasestack.
alkyhnethacrylates ol efinic copolyners, e.g., an eth yﬁene propyl ene
copol ynmeifor Sg 1§ti<§/!?“e?ﬁ gchgr ddbeers meynerm’an deafecqticRe PEATI THERTBIr €S
t hereof. 30 A§109§G§m§ kdsl %1@1@11& , Jﬁlb(en@i' 1%1%1 gc*,wt(r%@ﬁi& s!i%u@@ig{se‘g»c@;@’m&&e
viscosity of base oil 1s dependent upon the ication. "Accordingly,
t he V|sc05|tymb®w& %h%én@wbnﬁ@hwU§@dﬁeﬁ@¢nﬁmﬂﬁmﬁﬁﬁwm$m#1¢yuﬁemge f rom about
2 to about 2Q00,¢8KL i stokes (cSt) at 100 Centigrade (C). Cenerally,
i ndividual ly t Base oiIs used as engine oils will have a kinematic
viscosity ra C of about cSt bout ferably about 3
¢St 1o about ?9@ B 8P g e L s By Rt B0 B Bous 13 oSt and
will be $ele@meﬂmmnmﬁkﬁhdﬂdodeﬂenﬂmn@ Q@&ﬂh@nﬁﬁﬁmffﬂmeﬂﬂmﬂﬁecandlthe

additives in the fir Lo g h grade of en oi
S e T T T b B B Rt PRy R R D 3 by T B O
OW 20, OW 30froddédD R0 B\AWBEQ 99 OWW: B0 andMbst D28y Mﬂ‘i3ﬁhu SWs40qut SYWH 04, 5V\60

| OW 10W 20, 10, 10W.50, 15W. 15\ 20 0 or 15W40. Gls
10used as ge%qﬁ“%\ﬁéqtp“ mig 11agteOf ﬂ*‘s“S%E?Stmoé‘\s%} CERGiTRG ™ i’nm BBt EE to about

2000 cSt at 4006 uBaseostoeks aray shek veiafdacbucedossiig ias haribet y of

differ em?@ pr 8}%%%%3? *nd‘n 1S plcgmwg by q%ga mamifacturer to the same specifications
(independent of feed source or manufacturer's locationy; that meets the same
manufacturer's specification; and that is identified by a unique formula, product
identification number, ot both, The base oil for use herein can be any presently known or

later-discovered base oif of lubricating viscosity used m formulating fubricating o1l

[ ]
L

compositions for any and all sach applications, e.g., engine oils, marine cyhnder oils,
functional fluids such as hydraulic oils, gear oils, transraission fluids, cie. Additionally,
the base oils for use herein can optionally contain viscosity index mmprovers, e.g.,
polymeric alkylmethacrylates; olefinic copolymers, e.g., an ethylene-propylens
copolymer or a styrenc-butadiene copelymer; and the like and mixtures thereof

30

Asg one skilled in the art would readily appreciate, the viscosity of the base oil is

14



not limted to, distillation, solvent refining, hydrogen processing,

ol i goneri zation, 15 esterification, and rerefining, Rerefined stock shal
be subst amDi2aldos1675ee from material s i ntroduced throughPeRISk@EasF4BNY,
contam nation, or previous use. The base oil of the lubricating oi
conpositions of this invention may be any natural or synthetic |ubricating
base oil. Suitable hydrocarbon synthetic oils include, but are not limted
to, oils prepared fromthe polynerization of ethylene or fromthe

pol yneri zat i &pegknlpoh &f ipgictienphovidel20potymes st skshoddrpal yadiphaol ef i n
o v e BRI L PERLROR, SYRLNGSHS I OGRINLES, LRk Re,f@LRon ToNOXI de
and hydrogen gases s 'na Fis o sch process. a

sui tabl e bas@;oﬁ:d:ncrdﬁv,ombwﬁlhdtv *‘f(rdnquﬂses*dlds tlt;lm oili fvilbimy ¢ aheamgh"f ract | on

e.g., little jf any [ actk ) Sidy \ er at 100
C 75The bas‘g%ul&’a‘ ﬁ%“}? P@O Q! cif\(/a{é rO[rand Qut ydclsicf% fu biggbcﬁg Lb i( Kﬂogpm heti G

| ubricatihg 6i¢%, wd rmfbb{tftjcte@y et €oft t&hovabl S baisxell(’or Belwcnﬁlouuhsdvbase st ocks
obt ai ned by on. of . synt . Q,% S
hydrocrackedh%ggg&%% ?Bﬂgh'éc% Qgh!%d 6E%g§k?ﬁlﬁ c&@ﬁ “gﬁﬁgﬁhg%lvent
extracting) ghé dicomat qntnandhﬁvotfamzfodnqzmmsmpsh@ﬁngta‘new‘érm@m*bsuraﬂfatmi e base
oi I s include [ P, t 00k 7 5l A WY @aneh \bqas, defi ned

30 in AP ‘{Rl ciﬁ%ﬁv‘%og& {?f ﬁ@ ﬁl ﬁ%ogﬁ) ddgngi}\k %, D\é/c%rr%ér ﬂl@ 8. Group
|V base 0|Isﬁén@Wpﬁﬂyaﬂpﬁ§bB%ﬂﬁﬁé4QE%@»ﬁhcﬁhupVVZsté -8 $rsl 5l Gde al

ot her ba§51 Ohs! ﬁas ok, xjnﬂ »d]?g%g &)%9’ 9%9?1!)% ﬁ'(l)if!’i b(hlu? £5tQh Bb\ﬁulc\@(ﬁ@ ke - at Goup I, H

and |V base ol are pre erred for use his I'nvention, these base 0|Is
may be prepai®diby conbi ni ng one or nore of Goup I, Il, Ill, IV and V base
stocks or base oils. Useful natural oils include nineral | ubricating oils
such as, for exanple, liquid petroleumoils, solvent-treated or

apid-treatedBm%ﬁ@dahn%ubnmma@@n@d9ﬁ¢§aw¢kbhéd§@ﬁafm9%$%sﬁmmé@aﬂhénic 5or
m. xed par af fh{%'ii%ﬁd@?gvh? %plﬂgn xéﬁ&%%hﬁgfng%v 1%'27L1¥&g Esngsn}ﬁ(f\g%ﬁlca%q 0§ha| e, ani mal

oils, vegetable oil g., rapesee castor oils an ard oil), and
t he IikeiSUBemmﬂt@ynbhétm@ﬁﬁm@Rmﬁémwngmwaﬁbpﬂé*amemybatﬁ@nQMﬁmvhl|nlted

to, hydrocarponsQLd ‘%ﬁﬁl@klgmn@f&'tﬁﬁbzclto u%}:{ 1ﬁgurh¥ 9&5’&9&{‘ Tgéixﬁ S¥6hnas

pol yrmeri zed and 1 nterpo ynerlze enes,.
pol ypr opy! enkéricagpopydaernesiigolpityd 1@1*@@@@'@{ Wﬁ’ gﬁm@hvorvmhﬁmédm""xtmg

pol ybutyl eneﬁuvg@l%ﬁgﬁihﬁxﬁ{%%%i( T‘;E%IUX {HrsQHR0ER) are BQ &%(;Jsﬁdueﬁﬁs’}ﬁ?a}'eda”d the

| i ke and m xtures thereo enzenes such as ecy benzen
t et radecyl beﬁz@rﬂe@wi%@nemyrﬁw béﬁh}éﬂ@@r rehi (I-pot it ibsioy b)) L-pehrseneryvidand t he

i ke; poFy paﬁnm&éqggp@ LRGN o b ?sf&hﬁnyﬂly%ﬁm@b&ym gd; pol yphenyl s,

and the [ike te enyl ethers and 1 ted Fenyl sul fides
and t he derlmaﬁdwsu%ma&gg Ha‘nmﬁmmlh@@@ﬁ@me‘he@ff13%11 cttfh‘e,wrrikepﬂ"@t her usef ul

syntheti ¢ | UboLeatlngaahi:s, LAaluds, oPNL N8 ARbildMikedulOnl | s made by

pol yneri zing ol efins of less than 5 carbon atons such’ as “ét hyl ene,
propyl ene, bltyberes littie, ifany, Lab\z oif ft 'ag tion of viscosity 20 oSt or higher at 100° C.

25 The base o1l may be derived from natural lubricating oils, synthetic Jubricating oils or
mixtures thereof. Suitable base oil 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 comoponents of the
crude. Suitable base oils include those in all APY categornies 1, 1L, HI, IV and V as defined

30 in API Publication 1509, 14th Edition, Addendum §, December 1998, Group IV base oils
are polyalphaolefins (PAO). Group V base oils include all other base oils not included in
Group L, 11, HE, or IV. Although Group I, Il and TV base oils are preferred for use in this
invention, these base oils may be prepared by combining one or more of Group L, 11, HE,

15



20i sobut ene, pentene, and m xtures thereof Methods of preparing such
polymer oils are well known to those skilled in the art. Additional useful
synt het i cwbydr2asar7son oils include liquid polynmers of alphaisediefdszaso havi ng
the proper viscosity. Especially useful synthetic hydrocarbon oils are the
75hydrogenated liquid oligoners of C6 to Cl12 al pha ol efins such as, for
exanpl e, 1-decene triner, Another class of useful synthetic l|ubricating
oils include, but are not limted to, alkylene oxide polyners, i.e.,
horopol ymer s}V imit\ébpobiyrkershasands. deri vati ves t hereof where the 30t erm nal
hydr oxyl groups have been nodified by, for exanple, esterification or
etherification. These oils are exenplified by the oils prepared through
polynerizatfﬁﬁﬁdmmathMmuhwmiwﬁﬂdﬂﬂpmbgyﬁeme1@%K ewﬁmﬁeﬁaMhyhﬂénmlpheny
ethers of th o] | k IS, h ropyl ene

gl ycol et her &%é.?lﬂlﬁ) nb/@i&)i% 0 XL}@Q‘ t&iﬁlﬂ%gr?} iTbr cgtng dﬁs %gtth %% ai?g‘ﬁorszqigl% tenyl .

et her of polyeﬁhyh@méﬁgbyaﬁwmhmvungoas@mﬁatﬂ%ap&mengtcmﬁm5©@>to 1000

di et hyl ether_, en I | e r weight of 1,000 to
1,500, etc. )£%8£%¥81¥@ g¥’ g%%r%&8 ;?%M%Egeggmgﬁé%g%? such as, for
exanple the acetic esters, nlxed C3 to C8 fatty acid esters, or the Cu oxo
aci d di est eryQ mk%ﬁi%gmm@ ofts ¥k ADAUNEL, 6L SR, Ol aMEELU| ifR het i ¢

| ubricating ol ot ters of di carboxylic
acids e.g., bﬂ@h@hmgmécﬂmmaémcemnwdlaqw&n ahkwmdsmﬁmﬂﬂn@mﬁiﬁbsmsaﬁkenyl
succi ni ¢ aci ds.y, . ac ) [ cic acid,
furnaric §C|ﬂ§“§ﬁﬁé %Oﬁﬁggﬁtaggkgﬁgnhg% ﬁ% %ﬁ?ﬁh%ﬂ%gﬁg%ngcggs al ky

mal oni ¢ aci dmiv@l*\kﬁeﬁybfﬂwﬁl Feniesjaptids; m@tﬁ@ poliOwiceéncs, vrdredily apd al cohol s,
&0 maty! ARG fEKALERNOL o ARASC K AL EODRkI, A ShpY! hEXY] 2 cohol ,
et hyl ene glyco di et yco nDno t her ropyTene gl'ycol, etc.

Speci fic exaﬁp@eﬁmo&nﬁhé§éﬁé@@€®§bmﬂ@mud@d@mﬁutwhﬁaﬂwpéwam&<

di (2-ethyl he g £, t el . diyi sooctyl
azei ate, i RaLee eRRe s, AR LA G Rt PRRRTR AR 8
d|e|cosyﬂ5seﬁéﬁapé&thekﬂﬁéﬁﬁyﬂh@xyhhﬁwagﬁémb@hdh@n@b%ﬁb—aﬁn@iﬁfner t he
15conpl ex estger fornmed by reacting one nole of sebacic acid with two noles
of tetraethylene glycol and two noles of 2-ethyl hexanoic acid and the |ike.

Other useful synthetic lubricating oils include, but are not himited to, o1ls made by
polymerizing olefing of less than 5 carbon atoms such as ethylene, propyiene, butylenes,
20 isobuiene, pentene, and mixtures thercofl Methods of preparing such polymer oils are

well known to those skilled 1n the art.

Additional useful synthetic hydrocarbon oils include higuid polymers of alpha olefins

having the proper viscosity. Especially useful synthetic hydrocarbon oils are the

o]
A

hydrogenated Bguid oligomers of Cs to Cyz alpha olefing such as, for example, [-decene

trimer.

Another class of usefisd synthetic lubricating oils mclude, but are not limited to, atkylene
oxide polymers, 1.e., homopolymers, interpolvmers, and derivatives thereof where the
30 terminal hydroxyl groups have been modified by, for example, esterification or
ctherification. These oils are exemplified by the oils prepared through polymerization of
cthylene oxide or propylene oxide, the alkyl and phenyl ethers of these polyoxyalkylene
polymers (e.g., methyl poly propylene giveol ether having an average molecular weight

16



Esters useful as synthetic oils also include, but are not limted to, those
made from carboxylic acids having fromabout 5 to about 12 carbon atons
wi t h al cowol2e12/es1ay5, 20net hanol , et hanol, etc., pol yol spPamdSpalipsi43et hers
such as neopentyl glycol, trimethylol propane, pentaerythritol,

di pentaerythritol, tripentaerythritol, and the like. Silicon-based oils
such as, for exanple, polyalkyl-, polyaryl-, polyal koxy- or

pol yaryl oxy-sil oxane oils and silicate oils, conprise another useful class
of synt het i cof75i0gbdipleaylictig: of o ﬂ@b@ﬁﬁtﬁﬁhewanph@sﬂbﬁWEhéSéQWhmlude but
are not |lim tet S t inhd cat
tetra-(2-et hE(ﬁ)ﬁeéxl%l})i ﬁ &?t?%ﬂ% éif:lllg aﬁj?cﬁ?ﬁm 1% eiéé?/@?\“ gl.){t of O!JL tcval ﬁ)@
tetra-(p- terﬁ»buﬁy¢mhawymysahﬂcate&whémwbﬂﬁd%ﬂemhyﬁﬂ®kpém@0my}ﬁwslonane,
pol y(met hyl )1% cg%an)efg fa.ipv L}@(JQ@II% éfrtQ@hie P(?écup%g@@?%¥t Q’ng Jﬂ@ ,chlﬁe 30The

| ubricating o1l nd“reretined oils,
ei ther natural, synthetlc or nlxtures of two or nore of any of these of the
type discl Os§dt aq?x?](,elcﬁls b&*{a‘@m%@{;% cﬂ&qmgkn{o mié‘ﬁ%@ 1938 m(?i?ot%nqe(gio EeC“y from
a natural or synthetic ar sands’ brtume n)

wi thout furt hsefrs ﬁtmalﬁfhxvs‘at»lﬁoiﬁ» o] 88 pﬁ@dﬁt LS mu@ambh&s sofciunneds ﬂé@‘«'bl S

I ncl ude, but SLf’irlgia ggﬁs is a[nic a%gi gg]&naewl%h?albgmcoek d 9195 Q‘l p?(glfqg‘ \E%q;{’ib d

retorting operations, um ol [ I rect ron1di§ |IIat|on
or an ester mndim@w@nﬂédmﬁrﬁ@@MMywﬁﬁaﬁnénnést@mdin&@ﬁﬂ@mkmn@@ésgm each of
whi ch is,the rt t f are simlar to

t he unref%’nenﬁygggkﬁ&%ﬁ%&ﬂ{ilcl quhﬂgggkqggpﬂ“ﬁ§%3¥§§g?2%§$n one or nore
purlflcatlonﬂbﬂéwsiﬁgﬂmhpﬁﬁw@ﬂdmeidn&ﬂbnegpm@p@nwfwspﬂFhé8@ﬁp@ﬁﬁ$1cat|on
techni ques age. kawn, ho | tfhg& s n%f&% il B&!g&a@ﬁgz%@ Kb g@L e 0L exanpl e,
sol vent extractlons secon istillation extraction,
filtration, ba[s'b@maltaimo@imwwd&?ﬁw giatdony! azdewaiisndpeylerdate. Rercef pirbdatoi | s are
obt ai ned by Ma% At H{'%ta‘éﬁﬁféu&? IE%QE:;H& opfh‘?@e»%é?éx% dm»‘];@gj 15081&@*19%%1&!;5%9 to obtain
refined oils ch rerefined oils are also known 10as reclai med o

repr ocessed an%éuem@rﬁmngﬁwap@fad@kmmdna%mepmad®s§édobyktethnlques
directed to {eﬁné?k\b@inegf ﬁﬂg&%%ﬁbé @!&Q Ll ac@ Sakdeywn products.
Lubricating ol | base d derived - the hydroi someri zati on of wax may
al so be used, either alone or in conblnatlon with the aforesaid natural

and/ or synt hgtic, 2338 ARSLACKS wSHERRK, L SQIREALELOJ Bpaguced by the
hydr0|soner|zat|on of natural or synthetic waxes or m xtures thereof over a
hydr oi somer i elbdxplc wats dbyisg from abaap radbutvidxasomrient yigh deghols. ¢he sl ack waxes
recover edy by L3 alyen w@woggﬁn@gqm; %(@Luc%'a's | SopSUDIARLL GRS are

typically the wax proguced ischer-T
propane, pentacrythritol, d}pelﬁmrw‘h itol, ipenmcrvthﬂmi and the like,

Silicon-based oils such as, for example, polyaikyl-, polyaryl-, polyalkoxy- or

polvarvloxy-siloxane oils and silicate oils, comprise another useful class of synthetic

o]
A

lubricating oils. Specific examples of these melude, but are not limited to, tetraethyl
silicate, tetra-isopropyl silicate, teira-{2-cthylhexylsilicate, tetra-{d-methyl-
hexyljsiticate, tetra~(p-tert-butylphenybsilicate, hexyl-(4-methyl-2-pentoxy)disiloxane,

poly{methyDsioxanes, poly{methyiphenylsiloxanes, and the hike.

30 The lubricating oil 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
heremabove. Unrefined oils are those obtained divectly from a natural or synthetic source
{(e.g., coal, shale, or tar sands bitumen) without further purification or treatment,
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20process. The ashl ess di spersant conpounds enployed in the |ubricating oil
conposition of the present invention are generally used to maintain in
suspensi omoi2oalsuofe materials resulting from oxi dati onPdufiseg 1030t hus
preventing sludge floccul ati on and precipitation 750r deposition on netal
parts. The lubricating oil conposition of the present invention may contain
one or nore ashless dispersants. N trogen-containing, ashless (netal-free)
di spersants are basic, and contribute to the total base nunber or TBN (as
can be measuEedby oAGTF TED2 896 iciode, Butlatehiol Batiddig, aoibhlic cdnpesed dipntdt 0 whi ch
they are addgd 0 term
"Total Base ﬁl H%J@Q bgt” 41‘%‘%\{ Qgglc%b{u g%lh%%’g:a%&r%?llﬁn%&%m SJe})rz?t%gunt of base
equi val ent t@imtmmdginaﬂb fofr KQisleriBimtiong: Og@r%awa@rfcfs«ahmlve heiNpad withdugher  TBN
nunbers refl LI Q 2 r.e ; al kalinity.
TBN was det e!ra%hrgp Rt%s%nﬁwﬂggmlﬁéggggg% ﬂ?mq {ﬁ {L %é% $ %r%ﬁvﬁt general |y
conpri sess ar furtber tregiof unbjne Opmbiy‘ mﬁ@tihyﬁtr;p@amrMH'ﬂba@cdf(rbmnepﬂqaarimgﬁaﬂmct i onal
ar oups yhat RLA6ARADYEOL ASS0EHALLNT MU PRL L] GhigRLE DR lpRer sed. Many
types of ashfess dis ergants are kn n'the ar resent ve exanpl es
of ashl ess dfféxm@’r@am‘@m nebube; dibiptiar, ecithatbabg mmkemntf“dm*a}m mesatial cohol s,
am des, or eglg &Ieg%a& @n@té e&a%kﬁé?ﬁchﬁg« ugﬁ&ﬁbyp{?&éﬁﬁg{w@&@J&RO”es vi a

bri dgi ng groups hies I sper sant of resent” 1 nvention nmay be, for
exanpl e, sel potads ok tmﬂtossmaélm abtagrafetigd teist&aﬂsrcrfa?“mm@k@stm,mo‘am des

| m des, and 9%9&%%@% wé%@% %'ﬁﬁambé’gfa%@Jn%nprﬁ&'@%hb% W6 aono and

di car boxy ic acids or e|r des; i ocar: boxy Tate derivatives of

| one: chai n #ydicdtarctons of 1}“@ng@hmsrama¢ii bhré@pm Q@HW ocar bons having a

pol yam ne attached directly thereto' and -Manni ch condensati on products

| b:wed by condensing a long chain substituted phenol with formal dehyde and
pol yal kyl enelpulstaemilivese sQakhbxiytd feondits ppdrgiantgizaie of sae tepplsppoduct s of
carboxylic acuhauhlng:e gl%qtgmﬁsz i AP 88y o G8L &L LG COMPT Sing
at | east about '3 refera I'east about 54 carbon atoms with

ni t r ogen !Zonttadkni gh @m@mnds of ssmttbﬂuansi tarthplgsiioiscorgentive ofmpdradxy conpounds
(such as aliphat.ic. comounds..dmneludi oLy ALLE ypol yhydri c al cohol s,
or aromatic %orrttgéu‘vﬁdksrrlpnc{]u1 ﬁsﬁ% gﬁIlfle{nég?s%(s){nggncélliﬁﬁt "ﬁ%ﬁg} and/ or basic
inorganic materials. These reaction products include irnides, am des, and
esters. 20 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

280 proeess.

The ashless dispersant compounds employed in the hubricating oif composition of the
=] i
present invention are generally used to maintain in suspension insoiuble materials

resulting from oxidation during use, thus preventing sludge flocculation and precipitation

o]
A

or deposition on metal parts. The lubricating oil composition of the present invention
may conlain one or more ashless dispersants. Nitrogen-containing ashless (metal-free}
dispersants are basic, and contribute to the fotal base number or TBN (as can be
measured by ASTM D2896) of a lubricating oil composition to which they are added,
without introducing additional sulfated ash. The term "Total Base Number”™ or "TBN" as
30 used herein refers to the amount of base equivalent to milligrams of KOH in one gram of
sampic. Thus, higher TBN nurabers reflect more alkaline products, and therefore a
greater alkahinity. TBN was determined using ASTM D 2896 test. An ashless dispersant
generally comprises an oil soluble pelymeric hydrocarbon backbone having functional

18



Succi ni m de dispersants are a type of carboxylic dispersants. They are
produced by reacting hydrocarbyl -substituted succinic acylating agent with
or gani ¢ hwonroryostcospounds, or with am nes conprising at PCeamskolonss4dydr ogen
atom attached to a nitrogen atom, or with a m xture of the hydroxy
conpounds and ami nes. The term "succinic acylating aget t" refers to a

hydr ocar bon-substituted succi.n.ic acid or a succinic acid-producing
conmpound, the latter enconpasses the acid itself Such materials typically

i ncl ude hydr poarbydt asubsbictolitediging ciithipertiales dd¢ daphydr Midestypester s

(1 ncl udi ng hgh%&gﬁgg&§% ﬁ@gmﬂﬂ$£9%%m 30Succi tuc- based di spersants have a

wi de variety o “chém cal "structures.  One class of succinic-based

di spersants are bissuccini m des having a hydrocarbyl group attached to the
mal ei ¢ noi et g&ﬁM‘ L&A agﬁg Mol QUL c%ékp??@fé”ﬂ% 0G| Q/ar@no%%ﬁé?& ar Oyl group, such
as a pol yol efi'n-derive roup. Typically the ﬁy rocar byl group 1s an al kyl
group, suth dschaislgnidpobyssopinryploigroupehelld e payinvdloykbexpressedngt he

hydr ocar by| L OMPR R GRS (%r})te?slaig 0?@19 '#cxc%@ i t\/’t?ﬂfl%g %%Erﬁéqg' c%%ﬁ 98’1:@195‘9&“ , and

t hese atons f’be present 1n aliphatic torms. € polyam'nes are al kyl ene
pol yam nes whereilrottifle saih leyloenenige-oups. aoohmonldys. and ethyinend I(og28744) gr oup,

Exanpl es of suyccinim de.di ts..hachude st hoge, deserd.bed in, for

Sexanpl o, U &R g8 BT RELe BRSSO DORG BRRELDSS. ' The

pol yal kenes fucombotyitchdaihgivsudpStig denttydroovpss.derg cden pNddtiare typical ly
hormpC)ly rs ‘-r! ak L ; i Q.— 'rl‘ ra.Ql. ,-,, 3 Qiels ‘.-f 2t0
about 16 Sar Bans gl DA SBGUBR Sl RS IREL A AL TRANERSAB. Sl ch
are react ed wotirtstthenci®syenkning doyd @tinpgbsagedtrsctodvio fomelieydastdoxyl i ¢

di spersant conp@sitlon can.be 1T1 G| amnes or polyam nes. Certain

f undanent al ?g%%éh%?ggﬁggﬁﬁinides and the related material s enconpassed by
the termof art "succinimde" are taught in U S Pat. Nos. 3,172, 892;
3,219,666 and, 3,272.046, the ca Qf Ml LS. ngor parated by reference
herein. The ?%gﬁt%éméﬁ%%?ﬁi%fﬁ%g&?g%%%%é¥g%%%ﬁh?ﬁ£%%%£§$§@§%g%hclude many
of the and deyiyidie cstandi@modivnegnspdobebonin ed majpablysolebe sbwl fed. The
predom nant &{rﬁ@‘éﬁm\u‘%wﬁxﬁ&icl} §m"§'&ir§l‘x&$&4 3]0%0@?\\1@}995 c&rﬁﬁé}to%r@ it Q@Lﬁo v'e en
general Iy accepted as nean}ng‘the P o& ct of a reactionof an al'kenyl
substi tut ed sugeimiscsuak pchliphatianbypirindeindiding gomibydrieged peiohtdacni ng conpound.
Preferred Suﬁ%h@!s%r%ﬁﬁmaiip @&@;Hﬁﬁdwqficitcnl% ggheg’(gmrn%f)ﬁlmis%,vaﬁi!izloﬁtl%!sicl ty, are those

succi ni m des
inorganic materials. These reaction products include imides, amides, and esters.

20
Succinimide dispersants are a type of carboxylic dispersants. They are produced by
reacting hydrocarbyl-substituted succinic acvlating agent with organic hydroxy
compounds, or with amines comprising at ieast one hydrogen ator attached to a nitrogen

ator, or with a moixture of the hydroxy compounds and amines. The term "succinic

o]
A

acylating agent” refers to a hydrocarbon-substituted succinic acid or a succimie acid-
producing compound, the latter encompasses the acid itself. Such materials typically
inchude hydrocarbyl-substituted succinic acids, anhydrides, esters {including half esters)

and halides.

30 Succinic-based dispersants have a wide variety of chemical structures. One class of
succinic-based dispersants are bissuccinimides having a hydrocarbyl group attached to
the maleic moiety wherein each group is independently a hydrocarbyl group, such as a
polyolefin-derived group. Typically the hydrocarbyl group is an alkyl group, such as a

1%



20prepared from a hydrocarbyl succinic anhydride, wherein the hydrocarbyl
group contains from about 24 to about 350 carbon atons, and an et hyl ene

am ne. baopbexsof’set hyl ene am nes i ncl ude et hyl ene di arCmalS2@ilasiige ene
triamne, triethylene tetram ne, tetraethylene pentam ne and the |ike.
Particularly preferred are those succini mdes prepared from pol yi sobut enyl
succi ni ¢ anhydri de of about 70 to about 128 carbon atons 25and
tetraet hyl ene pentanmine or triethylene tetram ne and m xtures thereof

Succi nmi de dpdpersghtsuardemefiehr adresod ds lydohabyincept breycomenmbddty cont ai n
nitr Ogen | .ar 9(? tlo){ib«lnrt] 5&(? gar){ %ra{:g nosf anld 11 cgg atgrﬂg' &Eyl ?{' &ééeﬁ%ﬂ élgﬁlhgtl?coi%glh . tIQ‘e . am de
functionality may bé in & tormof amne salts. am dés. im dazolines as
wel | as mi xt prigsnitdiereediyicho ppyeparseyiar30$u ey niadrde. dinspetsanttyiane or nore
succi ni ¢ aci g prody !ﬁ%mg?%%@%m%‘jﬁeddm%%m?f inggﬁe%h(%rend&%%?e%rﬁ gleated and
typically watéer i"s fenov cf, optionally In the presence of a ’substantially

i nert organi exhiphuiid. 80l Nvent.l di.30ehil34.Fhend @&ctI30Nn tenperature can range
fromabout 80 C. up to the deconposition tenperature of the m xture or the
product, which typically fails between about 1000 C. to about 300 C.

Addi ti onal détaidwiand fexanptiede ofbsigroe edupses: §ovedrreparchlhyg t he succi ni m de

di spersants SNE L RIEseNL. Anvent on.inel wde .those described in, for

exanpl o U &g BREEAE R NEE b E R DGR G SRS TEL Ryl 58

6, 165, 235 anchri®n4409s008. 158y Labf exramritess T gperssentisumaycial s thacl ude

ami ne di %@er&%‘i}h&’acx{k@!q@ﬂg&s o FGRGH QMR %‘sﬁ%i‘éan?t:mf@% &J;/ }(a%'t% hi gh nol ecul ar

wei ght al i phatic halidés“and am nes, prefer y po ene pol yam nes,
Exanpl es of wsuehoens pepadisspessant s i ncl ude those descri bed 10in, for
exanple, U 'S, Pat, Nos. 3,275,554, 3,438,757, 3,454,555 and 3, 565, 804.
Sui t abl e ashiess: dhspessanhs MR chilbiidend i ediuaeniMun wehohsper sant s, "

whi ch are reaction products, of alkyl %2 nal s ip V\%}i cp thg al%ttyl group
. ’ art tene 2 ave tapeit 10 LI Pat. Nas. 5.0 725003 3 1¢ ad? T
contains at I“BAStTHEGTEEC cAF BEH 4t by 1?% W al detiydes (88 LI al 1 y
f or mal dehyde} »andicamt pesen( e5p8ai ialdeyrpdapoby aliyice Rainpeyam nes). Exanpl es
of such ;ﬁsp,er sant s, | ncl (gqle those described in,. for ‘%xangl e,,U.Q Pat. Nos.
3,036,003 3,8%67E5S. “3PEPI0WIBTEAY 3I6EE BEY O &t & %ﬁ?%@gaﬁfspersant s
nmay al so be geststhicaheddashl Bssddiisperdsanks: Sty B8 cpostrdit@ahetd
succi ni m des, e g. E)osit-treatgent processes i nvol ving borate_or ethyl ene
and Thi¥ etm has been generally accepted as meaning the product of a reaction of an
alkeny] substituted succinic acid or anhydride with a nitrogen-containing comapound.
Preferred succinimides, because of thetr commercial availability, are those succinimides
20 prepared from a hydrocarbyl sucemic anhydride, wherein the hydrocarby? group contains
from about 24 1o about 350 carbon atoms, and an ethylene amine. Examples of ethylene
amines inchude ethylene diamine, diethylene triamine, triethylene tetramine,
etracthylene pentamine and the ke, Particularly preferred are those succinimides
prepared {rom polvisobutenyl suecinic anhydride of about 70 to about 128 carbon atoms

25  and tetracthyiene pentamine or tricthylenc tetramine and mixtures thercof,

Succimimide dispersants are referred to as such since they normally contain nitrogen
largely in the form of imide functionality, although the amide functionahty may be in the
form of amine salts, amides, imidazolines as well as mixtures thercofl To prepare a

30 succinboide dispersant, one or more succinic acid-producing compounds and one or
more amines are heated and typically water 1s removed, optionally in the presence of a

substantially ert organic liguid solvent/diluent. The reaction temperature can range

26



20car bonate as disclosed in, for exanple, US, Pat. Nos. 4,612,132 and
4,746, 446; and the like as well as other post-treatnent processes. The

car bonat ewOnestsd’al kenyl succinimde is a pol ybut ene sectiuseoemiosasderi ved
from pol ybut enes having a nol ecul ar wei ght of about 450 to about 3000,
preferably from about 900 to about 2500, nore preferably from about 1300 to
about 2300, and nost preferably from about 2000 to about 2400, as well as
75m xtures of these nolecular weights. Preferably, it is prepared by
reacting, unﬂ@nahﬁ&&@ﬂb@p@bﬁdﬁ&bmmsﬁmmtﬂﬁmiﬂM@@ﬁhvamﬁmbthtgméxguccinic
acid derivatj, ;{% ‘ygﬂaﬁmﬁ t%&'&é‘%ﬁ%o@?ﬁ&i ¢ & a%%’}b@wp«hdd}{ﬂ%d d% 1@jgunsat urat ed
aci di c reagen ) d a pol yam ne i‘sélosed in U S.
Pat. No. 5, 746/9L2! trhedoonieptserof thmlwa*yﬁmiaﬂedwm@np@t’éﬁpe(%dmere| n by
reference. 39, Subaf).8. 830l a8, di APGr sante MRYpRlse bernbyEiG, which are
i nterpolyners o of |I|Z|n decyl acty vi nyl
decyl ether aaalﬁ%ghlhbiédﬁﬁéﬁzmemghﬁﬁbmeflns mnth nnnoners contalnlng
pol ar substitutes. Exanples of polyneric dispersants include those
described in, for exanple, U S. Pat, Nos. 3,329 658; 3,449, 250 and

3. 666. 730. i&mabbméﬁ@sﬁ@@ﬁ@nb@dwnbmﬁubﬁnmh@e9$@$®n$ﬂﬂnweﬂ¢w@nmnan ashl ess
di spersant f catl G0 | £140 et:hyl ene,
carbonate-tr ? i%%%%%%lﬁ##?%&/% vQ@Mﬁhp}%hgg%po gfg%edfgggﬁsgroup havi ng
a nunber avepdgéwmmhe@@ﬁam~mbn@mﬂm®¢wab@mbkzsoﬂymmheﬂ@®$®§¢@amﬁ@g) for use
[0 the | dbr! G2k BBl L SOPROSHL L ons. af s e or eaentss LpyeRiden are preferably
non- pol yneric’ are nono- b|SSUCC|n|n1des Genérally, the

ashl ess dlspersant is pr esent |n the lubricating 0|I conp05|t|on in an
amount. rang! 86t amabaYhe: 3ok BuBRoME: Al Mt b, A PLEELAR! y T om
about 4 to ag\gH \/@S 8&56 nba}sleggo%f 1tﬁ AMot&al IL\/véjigpﬁﬁS o VL ubr| cating

oi | conpositn@ﬂmnvhéwaiom@aépmmﬂ@Fwéﬂéimc@hﬁaﬁmmﬁgndei@ﬁg@n@mgéﬁpound

empl oyed i1 LGyl i aLLANG, L L RERTROSI 08 Ohy LRE-ALGRERE, | nventi on

functions bat" a detergent to reduce or
15 poly a.ik‘vhm poly armm»,) Examples of such dispersants inchude those described i, for

example, U.S. Pat. Nos. 3,036,003, 3,586,629, 3,581,598 and 3,980.569.

Suitable ashless dispersants may also be posi-treated ashless dispersants such as post-
treated succiminmdes, e.g., post-treatment processes involving borate or ethylene

28 carbonate as disclosed in, for example, U.S, Pat. Nos, 4,612,132 and 4,746,446; and the
like as well as other post-treatmoent processes. The carbonate-treated alkeny! succinimide
is a polybutene succinimide derived from polybutenes having a molecular weight of
about 430 to about 3000, preferably from about 900 to about 2500, more preferably from

about 1300 to about 2300, and most preferably from about 2000 to about 2400, as well as

25 mixtures of these molecular weights. Preferably, it is prepared by reacting, under reactive
conditions, a mixtare of a polybutene succinic acid derivative, an unsaturated acidic
reagent copolymer of an unsaturated acidic reagent and an olefin, and a polyamine, such
as disclosed in ULS. Pat. No. 5,716,912, the contents of which are incorporated herein by
reference.

30

Suitable ashless dispersants may also be polymeric, which are interpolymers of oil-
solubilizing monomers such as decy! methacrylate, vinyl decyi ether and high molecular
weight olefing with monomers containing polar sobstitutes. Examples of polymeric

3
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deposits and as an acid neutralizer or rust inhibitor, thereby reducing
wear and corrosion and extending engine life. Detergents generally conprise
a pol ar hwadowasiw7song hydrophobic tail, with the pol ar Phgas$2@00pFBEi Ng a
metal salt of an acid organic conpound. 20 The lubricating oil conposition
of the present invention nmay contain one or nore detergents, which are
normal ly salts, and especially overbased salts. Overbased salts, or
overbased materials, are single phase, honbgeneous New oni an systens

char act eri zedisjpyseats metudt thosntcenbed in, excesgicoll .5t Fat Nwhi. eH.68ut. &0 pr esent
according to, the st.oichionmetry 750f the netal and the particular acidic
organi c corrpound{ reacted with the netal. The overbased materials are
prepared by reacting an acidic naterial (typicall y art inorganic acid or
;g:"’g[ccg; ggﬁé‘{: ﬁm@%éad @‘d&ﬁ% %Sm%@;F?%Qﬂm%@%x‘%% WL dﬁgg‘gi& R %?nggs “Of]'eng an
inert, or ganlubn@@hg/ehton(m\ucw asn phylercatarigikie- twaphblbﬁaummmbdsrehesuﬂb@drien e) in
bggfglrezglr‘glea&?; @ob% 081,1 #%fﬂﬁ‘ég%@%%xg%% o Rloge Lu}E'R%L%h%ge %m%g% 2flh Irgg‘s)ter

i ncl ude car bdmyﬂrﬂact(%m dx11$¥wllﬂﬁmﬁm9a3@hcd®povfmsphm mssecbn‘teanm #ig aci ds,
phenol o, a11 SusbHT Aol HRely Rishekahl iy el o organtc compounds are
(such as hydrocarbyl -substituted benzenesulfonlc acids), and

hydrocar l?(yl '@er’?'}llvt Ml g&%lcxx i 1%%&1%9\ ch%nﬁ%ﬁpé)?é}!'eﬁ‘t(?m%% Sk gf"fpits €.9.,
salicyla es, can be prepared ing an aromgti ¢ carboxylic acid with
an appropri a%@)lmerdaiiiligbwp@bmﬂd gm’ﬁhudé? V‘an%owﬂ@eufmbihydm@kﬁmé o Newt& al  or
overhased PrOMUChRCIRY b IS DEOOLAl NGy, MELRAS e! | known, 1n the art.
The aromatic nol'ety o the aromatic carb can contain one or nore
het eroat ons such as nitrogen and oxygen Pref erably the noi ety contains
only carbon 10atong..., Mt RLEfRIARLY, LMgﬁgqme%aqo@mmg@ offp iy IO €
carbon atons, suc as” a enzene Drm e aromati'c car it acid may
contain ohe orvmsifier dilonmtics: inoh et fest*msmw &St cbtm; coirto poines xbe«mz\ene rings,
optional l'y fh'%gq t@x(?(g tatﬂeag fi?lguﬁdhgk O}Mu§qm Q&Q%ﬁ&&g m?uﬁ 1] g&l@urﬁwrs dges
Representative exanples of aromatic car e salicylic

aci ds and sudfigricadis dericvidt Desszetthersotly sucmlsagphiydﬁrx@@mtbw substituted
oxanpl 6. a gy Searbol - Sba TY e S Gy | e e a8 kBt To those
skilled in thénmﬁrl@@ Sal i cyI | c acids are typicall y’ pr epar ed

20
The lubricating oil composition of the present invention may contain one or more
detergents, which are normally salts, and especially overbased salts. Overbased salts, or
overbased materials, are single phase, homogeneous Newtonian systems characierized by

a metal content in excess of that which would be present according to the stoichiometry

o]
A

of the metal and the particular acidic organic compound reacted with the metal. The
overbased materials are prepared by reacting an acidic matenial (typically an inorganic
acid or lower carboxylic acid such as carbon dioxide) with a mixture comprising an
acidic organic compound, o a reaction medimn comprising at least one inert, organic
solvent (such as mineral oil, naphtha, toluene, xylene) in the presence of a stoichiometric

30 excess of a metal base and a promoter.

Useful acidic organic compounds for making the overbased compositions include
carboxylic acids, sulfonic acids, phosphonus-contaiming acids, phenols and mixtores

3
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by carboxyl ation, for exanple, by the Kol be-Schm tt process, of phenaxides.
In that case, salicylic acids are generally obtained in a diluent in

adm xt ur ewai2ote/@m7ancar boxyl at ed phenol. 20 Metal salt sPofi/ysh@nobzzand

sul furized phenols are prepared by reaction with an appropriate netal
conpound such as an oxi de or hydroxi de. Neutral or overbased products may
be obtai ned by nmethods well known in the art. For exanple, sulfurized
phenol s may be prepared by reacting a phenol with sulfur or a

sul fur- contaﬂmkn@P&Bm@hpdunddSWQm»msomy@mdg@ﬂLsmh@ﬁd@ﬁhQUhﬁhnkmﬁd@halide or
sul fur dihal | w E S.ﬂ%{)glc OQ{m upté‘%q}'l Ga‘th aa\’rh di[)uﬁ?t% li”éebimgted Sgﬁ%gﬂﬂﬁ J N which 2
or nore phenol's are bri r-con alnlﬁg ridges

conpounds useﬁ®$dﬂ@1mhmnﬂmk$heﬁmvhmba8@ddSaIts are general ly any C}oup | or
30G oup Il nmetal conpounds in the Periodic Table of the Elenents. G oup
metal s of the netal base include Goup la alkali netals (e.g., sodium
potassi unj | Cehouige &serguelsl o.assalrdup. ¢ bﬁreteamsd is;ur@hmiag acgpperc. G oup |
netals are p [JJ d Sl el

rererably comronor TR ehe SR b ARG IR 2

G oup Il netHhSMb¢ﬁwm@wwépaﬁwbasaﬂm©1Md@mﬁrébpwﬁwﬁahkdﬂmn@naamtm“netaIs

2 0iy anRanesio SRl WAL A0RLITLRRNIUTY PRk o 8%, Goup 1D TEtal s
such as zinc or m um fera fe™ tal's are magnesi um

cal ci um barh@mvm@mszwhwwnnureamﬁ@@@mabmyﬁﬁhgﬂegnmna@mmmawcbwmwoand nmost
prefer abhy CAbGL U BFXBIPLES, Al LAGIRURIAARAALASHELACNLS, LnGlHflg, but are
not limted to, um sul f onat es cl um ph lenat es C|un1sallcylates
cal ci um st eamatces Tarrdomittcambesy |t hed eof cotuerbas etrdeter ‘gemtigicsubtiabl e for
use in the | pbrl6atingeQihe SOUROSILHONSLLANE PIESENL chANENE;ON Mmay be |ow
over based (e %(%fgaﬁxggefgégégﬁggteﬁggﬁﬁmﬁgé%ﬁf( %% S%)efl’ b about 100) .

10The TEN ofMkﬂ@hﬂaﬁg@mﬁﬁvéwbaﬁseﬁmuéﬁ@tgem@nnaﬁmbéfﬁm@ﬂv@bénﬁm@ﬂro about
50, or from « 10-3kaut. 30}, Loy L

Al ternativel 3%?(%%h%%gvéir%ig§§d}né§9}érr Jefr?ilfl%%gh % {‘}%hg&tﬁ@%&?{r{v{%%m Cm%l‘l cating
oi | conposi t donstiof thelvel. froessention sniemrigohr ﬁa:ylpbﬁea hidytradyesdpsigeidd (e. g., an
overbased detergent;having.a, TEN aheye, @byt 109) i dhe. JENOf S

hi gh- overbas%ﬁ %%té@gent ngygbg ‘?o%¥a bout %g%g )amﬁéut“4 %8 %B%Efrom
about 200 { ob bty BED; fooexdminbatie i 250t ratest ofaBeoxhac. dwhover based

cal ci um sul f onateidel eraente i ANl sahaul (A land. il gh- over based

sul furized ca C|un1p enate W out 400 are two exenpl ary

over based detwrgerntyedenddse in the Iubrlcatlng oi |l conpositions of the
present bpvention. The lubricating oil conpositions of the present

invention may contain nore than one overbased detergent, which may be al
Metal salts of phenols and sulfurized phenols are prepared by reaction with an

appropriate roetal compound such as an oxide or hydroxide. Neutral or overbased
producis may be obtained by methods well known in the art. For example, sulfurized

phenols may be prepared by reacting a phenol with sulfur or a sulfur-containing

o]
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compound such as hydrogen sulfide, suifir monohalide or sulfur dihahde, to form
products that are mixtures of compounds in which 2 or more phenols are bridged by

selur-containing bridges.

The metal compounds uselul in making the overbased salts are generally any Group for
30 Group H metal compounds in the Pertodic Table of the Elements. Group Tmetals of the
metal base include Group la alkali metals (e.g., sodivm, potassivm, lithium) as well as
Group 1b metals such as copper. Group [ metals are preferably sodium, potassium,
hthivm and copper, more preferably sodium or potassivm, and particularly preferably

3
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20l ow- TEN detergents, all high-TEN detergents, or a m xture thereof For
exanple, the lubricating oil conpositions of the present invention may

cont ai n awDi2otosm@sal - cont ai ni ng detergent which is an @cemnsasiedsaBkal i ne
earth nmetal sulfonate detergent having a TBN of about 150 to about 450 and
a second netal -contai ning detergent which is an overbased al kaline earth
nmetal sul fonate detergent having a TEN of about 10 to about 50, 75 Suitable
detergents for the lubricating oil conpositions of the present invention

al so i ncl udesdihybGrellh Ihetiel gemt sicsiishe ashidf OroupXaniphie): cpiiematiefsal i cyl at es,
sul fonat e/ phenat es al i Sulfona ph tes/salicylates,
and the 1|i kel% %}( {hp é‘%m?g%i%ru?d“ 5 é% \?a%as%f ndl Oilr}d%(géiﬁéécgqgélgg?ﬁsbed in, for
exanpl e, U. S@ddﬁ’atm iWssbiﬁ,,tiﬂ’SGWSﬁE W&E‘Qﬁia’nﬁg@w B06429 bi78y, camdc.6, 429, 179.
Generally, t t-al -cont ai.ni deter I esel nthelubricating oi |
conposition %%ﬁmg?ﬂiaﬁ%ﬁ%pm%al%?%éggr%mﬁgﬁ%ﬁ{p‘?ﬁg @t%ﬁla out 3 'vt. % and
preferably fromabout 0.5 to 24 about 2 wt. 9% based on the total weight of
t he |ubricatj il -conpo R t oungds. e edlnthe
| ubricating %{L?ﬂp?wﬁ ghsg?? %éﬁ L8 I%CEQ%C sentf i n\a}igtn ni%élﬁp‘“r’eg%éie Bplﬁ 38%6 éndency of
base stocks t@nﬂdepeqnnm,a% eumnaisefi‘M‘;eﬁeiqu@mé'sdefﬁ@M voraibiror. Cambdbea!

evi denced by, It 8. 0 L dat; , SHeh.. fo! I h |ike
deposits on ‘T&ie}genlg\ Sgﬁ%g%‘rfggé‘g& %% %&%ng%c(grstﬁém%% %%ﬁ)%%n\{ﬁ e{)ltx?idatl on

i nhi bi tors i met adewhivaiereth phenot: baStQ@tﬂrg@s&U:dg ﬁﬂi‘ubﬁlie&' phlonHies and

sul furized p?@“ﬁ%}l@?fsmxa‘il\ W &UPD%%]J@ P&%dm% %‘?%!naﬂuﬁl% %olﬁy#ﬁ ubski tuted
phenyl and naph am nes and Ke a m Xt ures ereo ui tabl e

di phenyl am neboantq toxbadant. or ivoro ke  btabart 80 ngteraiindly. eid? dvegrbastOnonoal kyl at ed
di phenyl am ng... di al d L; : ts m ne, and
the |ike andgdrﬁlxét %rslé}s“ ?%gr Le%fipﬁgﬂ%egg}igglti f’%;/re}lgglkig% %%I% F&gﬁéénf}l am ne

ant i oxi dant suined kigesdtayddds. phwk@m:umkkmm@a‘tiyg di BHehylcahsnéfl).

octyl di phenykamdi 506ty} dl 9@9@%&%@ DRRV AL ARROY! MBI 430, or
di - nonyl di phenyl am ne, “But'yl -t oc ‘cf hen 1'am ne, and ke and

m xtures!$ heﬁeieﬁbtmé@nebkalltﬁw ot fh«eﬂ mummmu %&Qnﬁdund‘«mmw@m in the
l'ubricating gid. .6 st Lon., R Wt araRgl 09 Lam i3 4,10 about 4
w. % and pé{éferﬁﬁ?&“‘%ﬁrémé oﬁ?ﬂ P?%Dtolab(;ar{}‘f &%bd gr?la%ase %ni t he total
wei ght of t hetchgibrith atfiBigplobdut é@j}pg@gﬂ;qqxgmphw m/crinxcd detergents for use in the

Iubricating oil compositions of the present invention. The lubricating oil compositions of
the present mvention may contain more than one overbased detergent, which may be all

20 low-TBN detergents, all high-TBN detergents, or a mixture thercofl For example, the
hibricating ot compositions of the present invention may contain a first metal-containing
detergent which is an overbased alkaline earth metal sulfonate detergent having a TBN
of about 150 to about 450 and a second metal-containing detergent which is an

overbased alkaline carth metal sulfonate detergent having a TBN of about 10 to about 50,

o]
A

Suitable detergents for the lubricating oil compositions of the present invention also
inchude "hybrid" detergents such as, for example, phenate/salicylates, sulfonate/phenates,
sulfonate/salicylates, sutfonates/phenates/salicylates, and the Yike. Examples of hybrid
detergents include those described in, for example, U.S, Pat. Nos, 6,153,565; 6,281,179;

30 6,429,178, and 6,429,179,

Generally, the metal-containing detergent s present in the hubricating oil composition in
an amount ranging from about 0.25 to about 3 wi. %, and preferably from about 6.5 to

3
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20The anti-wear agent conpounds enployed in the lubricating oil conposition
of the present invention include nol ybdenum cont ai ni ng conpl exes such as,
for exanpwe,2or/asmi7gbdenum ni t r ogen-cont ai ni ng conpl ex. BathiScanprazes are
known in the art and are described, for exanple, in U'S. Pat. No. 4,263
152, the content of which is incorporated by reference herein. 75

Ceneral ly, the nol ybdenunt nitrogen-containing conplex can be nade with an
organi ¢ sol vent conprising a polar pronoter during a conplexation step and
procedur es fd@muptepar brgd suth tcdnpldxeshargidesorni egpsifiey exanpl e, e.g.,
in -LS. Pat. Nos. 4,259, 194; 4,259,195; 4, 261, 843; 4,263, 152; 4, 265, 773;
4,283, 295; 4,285, 822; 4,369,119; 304, 370, 246; 4,394, 279; 4,402, 840; and

6, 962, 896 andbhdsngoxifat empﬁﬁqnblf?h"@b)tvi’djn tRUBrice@ty c@rroMNpositROG5/1020941 1, t he
contents of x\tgpén%cm%rie@ '1[“3%5 y%g %9\@ X)C}\SQL %Eteﬂﬁﬁgh Q/k@ wﬁA@h shown in these
ref erences, ro en-con ex’ can further be

sul furi zed. dt@emmlahugn bctch@@f&ﬂ@ b’r tl\)earodagsewﬁtw@i@mmuﬁcks sadg: priesent- in t he

| ubri cati ng ) any i fr. 5 to about 5
w nd prof EPOPOTHE L0 PyRY AR LAROAPA S RENAREINER 1 e 2

wei ght of t hecldbindratdphgnodi, bsbbenpbsiubicohenasPred eifatited pamaieﬂ@fi\varmunt of

ant i wear ageﬁ&)&tita{c@?hﬁ&! ﬂ_ﬁr‘ﬂy\édﬁp‘ﬁ%{f&x teg tuplls z?h%ﬁﬁmtiﬁ 1& aﬁ&iﬁgq‘ikg Bldt he

| ubri cant conposi I’Il

di hydr ocar byinehiterks »bgmisqshiaibie dyragryber Hp‘reewwﬁmtsnnmm ﬁ*‘@ﬁmﬂmlitcti@ 2.0 nass

per cent t c 0 desi t he

di hydr ocg{?lby{nglp( p%o$§h39£8§§n§%kgﬁoyewg§# E‘S%ﬁ’g&?f %pr%ﬁg%?lggl y 0.5 to

0,7, mass A, mdnhftihie:dbdubw@a:t hergoloRéprdougivposintilon! dPhaeiemalsl y, zinc

dlalkylthlopo Thi i ~anhd antiwear

properties tlc}j%ﬁ%f‘ ‘%@yﬁ@“ﬂ@gggﬁ“ L?gg y%rggg ﬁggﬁn?%vﬁ %gsggﬂﬁgpr epar ed

i n accor dance-asiidipienownint.echrifigiasiabyne fililmtwlﬁlghmfhgna divHitophosphori ¢

acid, usually, action of, / L,;phenol with P,,Ss and then

neut raI i zi nggt wip%ﬂ% ﬁ%norgha(;lg ﬁ%?"icgl}g% C\q%hgﬁ sui tabl e zinc conpound.

M xt ures idf al cohols may be used 15i ncl udi ng m xtures of primry and

secondary al . Y] des . . t

restricted tﬁgmﬁhl§ 3 %@1&% &Lp o ghg%ps%gggth%}uw?&s}g g%: igﬁ}of'l?&gl ]%gt anol ,

met hyl is obu%munmﬂﬁnmbbm omww@t? h%imlt pentansat ;zuetldw“v fipapdnttdnol about met hyI

butanol , and; 21 oRLOY oy LR ARARG) mlhﬁmfayq%og@g losigl,Qups can be a primary,

secondary or "Hi Xt ures t ereo t he cofrpounds nmay contains prinmary

and/ or secondary al kyl groups derl ved 20from primary or secondary carbon

at ons. 6 COVRS mm"‘&%@ag%ﬁ%&ﬁ&%d uﬂ%%@‘d 11?1‘,195,% 1%1§QE¥ &;pcjsﬁ? B{ tﬁfo nmor e

preferably 75 or nore, nost pre erabl 0 secondary al kyl

groups; an ewaspiiav qngmamz@ﬁprﬁavien@rx%ﬁmm@gu%xﬁe‘i@aﬁﬁaw ﬁalckyﬁp groups and 15

mass % pri Q od QM ut an- 2- ol
nB'ElYiw@Ji@lﬁ}ﬁlﬁ il F@%@Ji}ﬁg% 159( PGDII‘D YH@d&:S fﬂr ‘?ﬂlb%gu P dr@ ?

and 15 nass % I'so- oct and I's a r|ve rom
deri ved fr ontlsseighed, for cxampic in U.S. Pat. No. 4 03 152, the content of which is incorporated

i)y reference heremn,

Generally, the molybdenum/nitrogen-containing complex can be made with an organic
solvent comprising a polar promoter during a complexation step and procedures for
prepartog such complexes are described, for example, e.g., in U.S. Pat. Nos. 4,259,194;
4,259,195, 4,261,843; 4,263,152; 4,265,773, 4,283,295; 4,285,822; 4,369,119;

30 4,370,246; 4,394,279; 4,402,840; and 6,962,896 and U.S. Patent Apphication Publication
No. 20605/02091 1 1, the contents of which arc incorporated by reference herein. As shown
n these references, the molybdenumy/nitrogen-containing complex can further be
sulfurized.

75
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25but anol and net hyl i sobutyl carbi nol and nost preferably wherein the
sec-butanol is 75 nole percent. The netal dihydrocarbyl dithi ophosphate
provi des wo=p12ds1476t al |, of the phosphorus content of ®Phe/USatiosssé ng oi
conposition. Amounts are present in the lubricating oil conposition to
provi de a phosphorus content, expressed as mass % el enental 30phosphor us,
of 0.10 or less, preferably 0.08 or less, and nore preferably 0.075 or

| ess, such as in the range of 0.025 to 0,07. The lubricating oi
conpositions of the present invention can be conveniently prepared by

si nply bl endj n r y | L d > Le sol ubl e
hydroxylatedbd%$%% sa%#19¥$q“ﬁ'w {Oggi %gn% trﬁ%cﬁﬁaggggﬁghéﬁpgh&%
additives namab@nmhﬁmﬁEHWSM@hﬂQSWEbheﬂash$eS§ dn@pe&s@hﬂﬂﬂmﬂxmﬁhSw one

met al - cont ai il &’Ft%&%{t‘h @ﬂ»th%!ﬁf@t iaaingn {‘%ghod"%%r oGS5 ”t optionall'y

with other ac Ives rica cos . The borat ed
oil soluble hydr xylated am ne salt of a hlngg g I|c acj d, ashless
di spersant, hetHPLEORTE HIWG: YSTEYGeme s afE H’WP Téﬁ@?@ G agent may

aljzo be pr Eb%@g&i@d}uﬁ}%bﬁa&%ﬁ@&ﬁtﬁ@tGb@ﬁmiaaﬁ%&g@mhgb \[&;l ouls ot herbI N

addi tives, | esired, in ropriate ratios 10t acilitate endi ng
of a lubri ca?%lﬁao%w%éPP%mﬁwm&dﬁ%aﬁtrﬁl%gmffh?én%ég?%ldﬂg&ﬁ%aéw%rﬁ Y of

addi tives. Theichoratedophdrosabiibbeidiy te axyrbatede anaecsatdithdbhaphinder ed

phenolic acid, ashl spersant, at |east ope cont ai ni ng detergent,
anti oxi dant SSHPRNE &&eaﬁ)pgéﬁﬂv‘Wégﬁﬂ%ﬁdéawvntﬁpgﬁgLﬁﬁﬁﬁ-ﬁ using a
concent r agi ofndfosividi. @hﬁféihﬁy .43{@@mﬂ@mmﬁm@@dzbnmm@:@ ghkeetvi@and are both
soluble in the ojl an ble with other addltlveg in the éSdeS|red
fini shed | ubPFEaLHE™ e Ff‘ﬁéﬁ‘%ﬁ‘v ﬂectqybfm THOEPPHEY AN EE “GERIET Y neans

that the pr E&QEE}E:;)&C@FT@WG}@SYK@S&1%?\/%hs|3w1aﬁ:gibﬁ[uﬁgbxoﬂiﬂst o 0kiblbd Gibidp! 1b¢hﬁorapp| i cabl e
treat rate aéd? do n % cause ot her addi rechplta nor nal
Ja=10)

[ t
condi ti ons. FROB PGB 1P R %Ft“ I’ﬁﬂT ? Py ARG ﬁlrmé i ven
conmpound of Jilum;ms@hmngavm Wit Igﬁgwﬁw]ﬂ}hiﬂﬂm@)aﬂidb@ﬁﬂ@tﬁ@ binediskyythBase havi ng
ordi nary  ski | 5|n roout i ol u |L ty testin Opr ocedur es.
o oxand o, IHHRE I HET OB SHaPTHl JECHR UBPYERE) HE F T Bonposi 1§ on at
anbi ent condintiu@) Su: (ﬁ@@iﬂhs&ﬁ*eﬁlm the* @5»’&/{5{“}15106{}13@@'{&&Sjuﬁﬁtﬂoiby bewkkdier act ual
precipitation ron1th ion or e for atio |, oudy"
Cor ut | on- i A" A HEHCE P51 FERoR B FRSal LbPE Hk 296 01 & 2 #8tne
| ubricating @mﬁymDﬂﬁﬂﬁmLFD&&&@%V&&EQ@ﬁ@Sﬁﬂb&ﬁﬂ%&ﬁym&mn&ﬁy(ﬁh&@@@@ntaln
ot her conventional additives, for artin iliar q gtlons to(give a
finished | ub Xf:éattai ﬁé ¢ f‘(mpounds may (‘Om 108 primary an /or secondary alkyl groups detive
20 from primary or secondary carbon atoms. Moreover, when employed, there is preferably
at least S0, more preferably 75 or more, most preferably 85 to 100, mass % secondary
alkyl groups; an example is a ZBDP having 85 mass % secondary alkyl groups and 15
mass % primary alkyl groups, such as a ZDDP made from 85 mass % butan-2-0} and 15
mass % iso-octanol. Even more preferred is a ZDDP derived from derived from sec-
25 butano! and methyliscbutylcarbing! and most preferably wherein the sec-butanol i3 75

mole percent.

The metal dihydrocarbyldithiophosphate provides most if not all, of the phosphorus
content of the lubricating oil composition. Amounts are present in the lubricating ol
composition to provide a phosphorus content, expressed as roass % elemental

30 phosphorus, of 0.10 or less, preferably 0.08 or less, and more preferably 6.075 or less,

such as in the range of £.025 to 0.07.
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conposition in which these additives are dispersed or dissolved. For

exanpl e, the lubricating oil conpositions can be blended with friction

nodi f i er sworo0et051078i bi t ors, dehazi ng agents, denul sifyi RgTaFeM1H5543%®t al
deactivating agents, pour point depressants, 30antifoam ng agents,

co-sol vents, package conpatibilisers, corrosion-inhibitors, dyes, extrene
pressure agents and the |ike and m xtures thereof A variety of the
additives are known and comercially avail able. These additives, or their
anal ogous conpounds, can be enployed for the pr epar ation of the | ubri cating
oi | conposit S A, bhlendi g gr es.
Exanpl es of ‘gf&fﬁ RS a“‘]riﬁ(g éog;é E%qgﬁi iﬁ% %I elrng&llﬁnlc 6, %@%CM’ tﬁo’t 4 it ed
to, al koxyl abﬁedmﬁiathﬂWtdlagmmiesmgbbzria!bxev@ltlrf%\fhtgﬂdémdwmdésvi shlabit pyphodphi t es,
fatty epOX|d tt te ,f f Lty L mstal
salts of fat in%m L X }%mf Eghm %c?qmgl}g Rvi “ 'E?Eéyr%%}ﬁgggoégt ed gl ycer ol
esters; ahd fhamh}esﬂs ﬁmrd’aszml émirast tas i@l&@:ﬁ%&ﬂh @atﬁ*gtdﬁt aRatcidaNend 61872696, the
contents of C inco r rekn I nodi fiers
obt ai ned froxn%%t E%%[@ }wov{r:ﬁlgr"%gu%g\% %‘1(5‘35(?[&gg}ghg%rﬁfsé?ﬂ%li’h%tbe%%dto C24,

and nost pr efiésduille/vags! dt’é agRO salf diathyndaci ﬂhzetshfeémdanﬂk as dhpeismt

nitrogen--co ONPOLLL ef om.10t.he ar, neisti.n.g of
armont o and a8 R T SRR
friction nodificetracanpdseagencGrposatedd: iddittvhe il dabreil catlicngpropriiatciongosi ti on in
an anmount,r s, 2 esired! oD@l

| ubri catltl%ga%q{[“@%g%om o%’qg%%‘é ? %B}&Q]?&o%}ﬁgﬁ&t%d 856d CQ}m{B“ Q?EL O w. %
and nore pr efsirtabd. i bomedpoutuble thy}abéumm@ S8t i hindere)l phgpplidgidexanpl es of
o SO L BRR BOLHAR. o Bl oA Saioh i ER, 0, DO0ANL G ROLyQKYal k! ene
agents, e.g,, polyoxyethyle a uryf yoxyet yl'ene hi gher al cohol
et her, pol yoxaretdiybleried n@hwfvm‘h@nﬁl‘ s@g he«pm Cl]!i@hyi@%yeﬂdiﬁyh@n@‘@iﬁlmbwht@nyl
ether, pol yoxyaf hyh ,{h%d%ta%lh SheRLYY u‘%‘&%& cgn@&?&}{% JM a%ﬁw‘é!i{?%ic et her,

pol yoxyet hyl ene sor “bitol nonost ear at e oxyet ene sorbito

nmonool eatl®, andediolisret hplianes gl yoolpaiiobi ol Ghtietanst se&aqtm%y meind thahide ot her
fatty acids; digarhaxylic agi o L, :S08R8 L, d.an alts; metal
salts of heaV gesu P%ﬁ?éﬁ ac?g!; ggjglrg% ?lﬂ%%? d‘x%/lfp}g %%ltﬁgleis(tegfrp‘ @?m%ol yhydrl c
al cohol ; phospkoric sédter & prgiiBictndhais! a'mdémy‘i Seitpblioni ¢ aci ds; parti al
esters ther egfand b 096 £0R 3l RM‘P( hyalinRgid; %rﬁiméazmnhet' c

a. |l karyl sul fonates, e€,q, ony n a en. e onates; and the
li ke and ni xbadeessmtnhépedpse kEXIaﬂplldé@ty@ixﬁiantthef’t@a.»sm rt e gity welgde, but are
not |imibed £a,.:pal YApL LIk DR EDNR 0 G B ROA IR S o Ao

di met hyl s?l |%:on e ang!E Pﬁmﬁ ix y % mEth argei}sgut gr%}g% t, qg)'il'%g %ﬁg?oflé%ti ng
conposi tion @flbl@ﬂﬁeﬂfm@‘s‘i@ﬁ%mlitﬁO‘é(ntfi‘ an Yrhspodl swagordttaicihadagiigcosi ty i ndex

precipitation from the oil composition or the formulation of 4 "cloudy” solation which

cvidences formation of msohuble wax particles.

o]
A

The hibricating oil compositions of the present invention may also contain other
conventional additives for imparting avxiliary functions to give a fimshed hubricating oil
composition in which these additives are dispersed or dissolved. For example, the
hubricating ot compositions can be blended with friction modifiers, rust inhibitors,
dehazing agents, denmulsifying agents, metal deactivating ageunis, pour pomnt depressants,
30 antifoaming agents, co-solvents, package compatibilisers, corrosion-inhibitors, dyes,
exireme pressure agenis 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 hubricating oil compositions of the invention by
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i nprover. Exanples of the viscosity index inprovers include poly-(alkyl

nmet hacryl ate), ethyl ene-propyl ene copol yner, styrene-butadi ene copol yner,
and pol yiwopoexs107vi scosity index inprovers of the di specsamstotypas¢havi ng
i ncreased di spersancy) or nultifunction type are al so enpl oyed. These
viscosity index inprovers can be used singly or in conbination. The anount
of viscosity index inprover to be incorporated into an engine oil varies

with desired viscosity of the conmpounded engine oil, and generally in the
range of about :Qubbitwliayoutd2& W . % per total anmount of the engine oil, 5
EXAMPLES The invention is further illustrated by the foll ow ng exanpl es

which are not to be considered as limtative of its scope. Exanple 1
10Salt of beFateds2f 2ibplpate-ftikyhexylcjardnidiy adivet framglto,ahdsyued

3,5-di-lert Ly ydrexypn aegi.d r f borated

2,2 ((2-et hyﬁﬁ‘e in)i%i%gn%& %é gﬁ:ano ?\pggl%%!h%h e ﬁg)‘%{;ﬁ f% d%?“‘?rbl equi v.)
was dissoﬁveUMMHiﬂkﬁﬁhmﬁydhomumanﬁAdbﬁa(QNWG@W@Qmﬂhatﬂanka@hmﬁms sol ution
was added C. Br4 L u I to OC and
trlphenylphogﬁ ?%éagi %ggj'f&g éﬂ\éigm1;“1@“{51%d;Fc{ii% by%%n%Qgﬁg‘gglutlon was
allowed to sﬁm??¢hrmap®ﬁm%wﬁam®hyn2®ﬁnmnmﬁﬁs1?an@wummsﬁa@de¢0@n¢\the
product extr ed S it 2/1 /Qro a e ic extracts
wer e coIIectgﬁ&'%%?géggdt m%ﬁ%§ﬁfi-f 118 eggkg%geﬁggbéﬁgigggd under vacuum
to afford 3- fiofcowrh-afetinyle) hiex anésst@afdBr orogonethyitchexapend folepid froequi v. )
was di sso)ve ntr.atiQr -uti on was
added dlgﬁhaﬁoﬁﬂhﬁ \ggﬁ%nqg&gg%f%d%whﬁgﬁgﬁﬁﬁg%g%%gﬂe%ﬁ%ﬁﬁg%éhggtcataIyt|c
KI (0.02.5 rhal ﬁwe&qiumﬁiﬂ)u cfihie dogmketadas tiiltiredingiotikompwatoenn gooled: r ef | ux
condenser ang,.} ﬂ%@&#&ﬂ&ﬂ} ¥as L&k huxad, T ek, &% i ed: ’Q{g\sﬁﬁ Lution was
subsequent |y coofed to roomtenperature and teré onitrile was
renoved underlva@bUnxnﬁmgt%@u@@bmnééuﬁf%mnﬁfﬁmsgg&méﬂAﬂm“@@hyl1@cetate and
washed with wa fg and, 25brine. The organic extract was collected, dried
over thSO4 tered'and concentrat ed

Examples of rust inhibitors include, but are not Hmited to, nonionic polyoxyalkylene
agents, e.g., polyoxyethyiene lauryl cther, polyoxyethylene higher alcohol ether,
polvoxyethylene nonylphenyl ether, polyoxyethyiene octylphenyl ether, polyoxyethylene
octyl stearyl ether, polyoxyethylene oleyl ether, polyoxyethylene sorbitol monostearate,
20 polyoxyethylene sorbitol monooleate, and polyethyiene glycol monooeleate: stearic acid
and other fatty acids; dicarboxylic acids; metal soaps; fatty acid amine salis; moetal salts
of heavy sulfonic acid; partial carboxylic acid ester of polyhydric aleshol; phosphoric
esters; (short-chain} alkenyl succinic acids; partial esters thereof and nitrogen-containing

derivatives thereof; synthetic alkarylsulfonates, ¢.g., metal dinonylnaphthalence

o]
A

sulfonates; and the like and mixtures thereof,

Examples of antifoaming agents inchude, but are not limited to, polymers of alkyl

methacrylate; polymers of dimethylsilicone and the like and mixtures thereof.

30 The lubricating composition of the present invention may also conlain a viscosity mdex
improver. Examples of the viscosity index improvers include poly-(alkyl methacrylate},
cthylene-propylene copolymer, styrene-butadienc copolymer, and polyvisoprene.
Viscosity index improvers of the dispersant type (having increased dispersancy) or

~G
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under vacuumto afford the product. The

2,2' ((2-Ethyl hexyl)azanedi yl)di ethanol. (1 no!. equiv.), as prepared above,
was di ssowoedizes1d76l une at a 1M concentration. To this gorasSzan/ 030 added
boric acid (1 nol, Equiv.) The flask was fitted with a water coiled reflux
condenser and the solution was 29 refluxed for 18 hours, The solution was
cool ed and concent, ated under vacuumto elim nate toluene and water. One
nol . equi val ent of the borated 2,24(2- Ethythexypazan. ediyl)diethanol (1
not . equi v.) muipifepanddpabose agsdodil Si$ofevedodin idice Ingrovret hahevat a 1M
concentratiop. o this solution was. added 3, 5-di-tert-butyl-4- ..

Shydr oxyphenyiay Sph o SRR (18 AUCEESD) RAnb R Miadned 19 ) (1 om
Al fa . Aesar . atAfrgee ol 8adowits detilee vdicshy ortonenipanelcdeasicenovddeunddr vacuum
to afford the ,salt.. Exanple .2, . al,t of borated bis(2-hydroxyet hyl
odecyl ani ne %ﬁ%%ﬁgifgégg?ggﬁ%ﬁffﬁ@‘%Oﬁﬁﬁ?%?ﬁ%ﬁgﬁsﬂﬁgﬁ%ééﬁP% aci d

Bi s( 2- bydr oxyet hyl ) dodecyl am ne (1 nol. equiv.), was prepared according to
t he procedure described in Exanple 1 except that 1-dodecanol was used

rat her than 2-ethyl 1- hexanol . The Bi s(2-hydroxyet hyl)d. odecyl am ne was

di ssol ved i nEX6MIgHE at a 1M concentration to which was added boric acid (1
no!. equiv,). The reaction flask was 15fitting with a water coiled refl ux
condenser anthdihensed W08 Wasatce bl uxadidvot: d8mpfloussich dhacsisebat i on was
cool ed and concgntrated under. vacuumto elimnate toluene and water. The
_borated bi s{ZBYa BYJUERVT 'd5aEEYI ani ne was di ssol ved in di chl or onet hane
at a 1M concentration. To this solution was added 3,5-di-tert-butyl-4-
hydr oxyphenyEgr@ bnic acid (1 nol. equiv.). After 18 hours, the

di chl or onet hane was 20renoved under vacuumto afford the sa.lt. Exanple 3
Salt of borafad:ibbs(c2 2y dE-oxybthyh)abayih dmbael and, BdEedbuty 4t - but y1- 4-
h.ydroxyphen%$sroE%%g%gﬁg§|d‘%SBls(2-hydroxyethyDoIeylarnlne (1 rnol.

. QXY 3G, act
equi v.) was S ol"tléne at a 1M

Preparation of borated 2,2'-((2-ethylhexvhazanediyldiethanol:

2-Eithyl-1-hexanol (1 mol. equiv.) was dissolved 1n tetrahydrofuran at a 2M
concentration.  To this solution was added CBry (1.25 mol. equaiv.). The solution was
15 cooled to 0°C and triphenylphosphine (1.25 mol. equiv) was added slowly. The solution
was allowed to stir for approximately 20 ninutes. Water was added and the product
extracted three times with dichloromethane. The organic extracts were collected, dried

over Na;5Qy, filtered, and concentrated under vacuum to afford 3-(bromemethylthexane.

3-(Bromomethylhexane (1 mol. equiv.} was dissolved m acetonitrile at a 2M
20 concentration, To this sohution was added diethanclaming (3 mol. equiv.y, KpCO: (2.5
mol. equiv.) and catalvtic K {0.025 mol. equiv.}. The flask was fitted with a water
cooled reflux condenser and the solution was refluxed for 18 hours. The sohution was
subsequently cooled to room temperature and fliered. Acetonitrile was removed under
vacuom. The crude product was dissolved in ethyl acetate and washed with water and
25 brine. The organic extract was collected, dried over Na,SQ,, filtered and concentrated

under vacoum fo afford the product.

The 2,2'-((2-Ethyhexyhazancdiyldicthano! (1 mol. equiv.), as prepared above, was

dissolved in tolune at a | M concentration. To thas solution was added borie acid {1 mol.

Equiv.) The flask was fitted with a water coiled reflux condenser and the solution was
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concentration. Bis(2-hydroxyethyl)oleylamne was avail able comrercially
from AZKO NOBEL as "ETHOVEEN 0/12". To this solution was added boric acid
(1 11101.wequizsye7sThe flask was fitted with a water coiPCewSe@filiossd3o
condenser and the solution was refluxed for 18 hours. The solution was
cool ed and concentrated under vacuumto elimnate toluene and water. One
nol . equiv. of the borated bis(2-hydroxyethyl)ol eyl am ne conpound was
di ssol ved in dicloronethane at a 1M concentration. To this solution was
added 3, 5- di =tflerdd-fputiyit=4- Rydrdxipp renydolrd opld onietraed dededvacmeoh jo equi v. ) .
After 18 hou Qr.9 nder,. yacuumto afford the
cal 1. 5 Exangud B EheRLATIONRE SRRERIPEE R RS 12
3,5-di- t er t buyymmmm;yjmm@nw prmbpqomﬁ eraeicd above was dissolved in
5-di-tert-bufyl- yRhe! i o L8 (s MR 22OV, as di ssol ved
n tol uene a%h).(}% (%" %g%ﬁ?rjgt]&qu&??% ﬂ tﬁ}%%iqi ?{m WER qﬁ(li dﬁd%d ]b?c‘)%ty\%éam d (3
mol . equi¥. )hwﬁhﬁpmﬁa@kmi@magdﬁlm@bdﬁmwlhw@dﬁaLan@Umm@ﬂmnéﬁ%mw&nondenser
and the sol ”KW 8\/1\{%‘-51 Ef Jh%i un ngicjtw8z. € QEH ?d undu \a%ﬁ!nlfqg a?l% ci/\fﬁ %OO| ed and
concentrat ed er vacuum I mna uene. e resul hg sol uti on was
anal yzed by IR and NWVR spectra whi ch |nd|cated there was no chem cal
reaction and the reactants were the starting materials. In the NVR the CH
peak of the 5-di-tert-butyl-4-hydroxyphenyl propionie acid was clearly
evident; fromaRiads spectra, the broad acid peak was al so present. In
concl usion there was no chem cal reaction and the solution nerely contained
a physical nixtafmeraall bhdhydi@kitduioycyAmidands 0% ygpRremupropi oni ¢ acid and
boric acH?. " Eval uation of Friction Performance 20 Performance Exanple
A - Baseline V@%WBVW%@”@FV§&F§AE viscosity grade) baseline lubricating oi
conp05|t|on was prepared using the follow ng additives: approximtely 10 wt
)1 .: of aﬁh{int»@r%‘v%\ﬁvﬁaﬁ%y}@@u@éi mhigide): Wi BEPBPticendpt i B¢ porti on have
been post -t r at&the @sclbad HERaQf1e | @Weﬁ\‘ﬁff baggdand hi Qg@m@f}é@ﬁlte@/@@fﬂ»pal ci um
and magnesi um sul fonates; a borated cal ci um 25sul fonate, a high overbased
cal ci um phenktesangli dee BisdrRyraay e hi Spfroeibar evasakrsend io iieranet 4 Aél udi ng 0. 5
w, %of a h!‘ﬂ@%@)nqg%m}h s %QBOMI 8% %)ovwcqm( - PheQfacAofliRPEAY! am ne a
viscosity index inprover, a pour point depressant and a foaminhibitor to a
maj ority of Blge vl 2 pich e il cPEpTsaT It N0 Examptsec B cEBmaPrars ve)

A 1 ubri cati ng,Qiolyi6OTROSb ik 9l efe@@anggte@%@ﬂx a@bfunti Qb RAlbRGLOg Basel | ne
formul ati on of Performnce Exanpl e A\Mtf] . %of a borated gl ycero

monool eat e a%ht%ma(iedoms?gll (Eloxw%bgdoaﬁacw amma ‘vx a? g}s»@fn gm cf\hq%ngmg ane a,! ubricating

oi | conpositions wer 50 pre
1M concentration. To this sohition was added 3,5 di-tert- but\«i 4-

hydroxyphenylpropionic acid (1 mol. equiv.). After 18 hours, the dichloromethane was

20 removed under vacuurm to afford the salt.

Example 3

Salt of borated bis(2-hydroxyethylolevlamine and 3,5-di-tert-butyl-4-

hydroxyphenylpropionic acid

25 Bis(Z-hydroxyethyDolevlamine (1 mol. equiv.} was dissolved intoluene ata 1M
concentration. Bis(Z-hydroxyethyholeylamine was available commercially from AZKO
NOBEL as “ETHOMEEN 0/127. To this solution was added boric acid {1 mol. equiv.).
The flask was fitted with a water coiled reflux condenser and the solution was refluxed

for 18 hours. The solution was cooled and concentrated under vacuum to eliminate
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baseline formul ati on of Exanple Awith 1 wt. %of one salt as prepared in
Exanpl es 1-3. The lubricating oil conpositions presented in the exanples
wer e . 5W80 20i1$1(7SAE. vi scosity grade). The conpositi orsTdsgeniobido above
were tested for friction performance in a Mni- 10 Tracti on Machi ne (MIM
bench test. The MMis manufactured by PCS instrunents and operates with a
ball (0.75 inches 8620 steel ball) |oaded against a rotating disk (52100
steel). The conditions enploy a | oad of approxinmately 10-30 Newtons, a
speed of apprbxinatietar:. 10@62@@10vqmi 'méfhahoreieeabit; @rperaturdosflaappr oxi mat el y

125-150C. In_t ch. Lies erf r u X t he
conpari son o?ong‘r?%mf\?{l (‘{15‘ar‘éﬂlzihgn éLFI 1% Cg sef\céﬁg %t% ﬁe@ggu(gr@g ngenerat ed
wi th t he basa&ldehdsfdoremdivgt-dondangdhthérrspoond @t rmcﬁefcikwcumﬁer gemerat ed with
the baselinef q{cﬁ'?z%%dﬂ%&g&%'&%ﬁ%&&’n "V&&mm% Ki%(!x k.o, modifier, Lower total

area val ues corr ictio Of vance of the oil. Table 1
Frictional properties PerformanceFricti on |Vbd| fierStri beck Exanpl eArea
Performante Ex. A Nonel28 Performance EX, B Borated gl ycerol nonool eatel40
Performance Ex. 1 Salt of borated 2,24(2-123 ethyl hexyl)azanediyi)di et hanol
and 3, 5- Di -t Bxaninig 4 L-oiphgdradxyphenyl propi onic acid WO

2012/ 051075PCT/ US2011/ 055430 Performance Ex, 2 Salt of borated

bi s( 2- hydr oxgebhyd)dodecyd-ankneldds-andoxyphenylpropionic acid

3,5-Di -tert-butyl -44hydr oxyphenyl propi oni c

S-di-tert-butyi-4-hydroxyphenylpropionic acid (1 mol. equiv.) was dissolved in toluene
at 1M concentration. To this solution was added boric acid {3 mol. cquiv.). The flask
10 was fitted with a water coiled reflux condenser and the solution was refluxed for 18
hours. The solution was cooled and concentrated under vacuum to chiminate toluenc.
The resulting solution was analyzed by IR and NMR spectra which indicated there was
no chemical reaction and the reactants were the starting materials. In the NMR, the OH
peak of the 5-di-tert-butyl-4-hvdroxyphenylpropionic acid was clearly evident; from IR
15 spectra, the broad acid peak was also present. In conclusion there was no chernical
reaction and the solation merely contained a physical mixture of 5-di-tert-butyl-4-

hydroxyphenylpropionic acid and boric acid.

Evaluation of Friction Performance
20 Performance Example A — Bascline A

A SW-31 oils (SAE viscosity grade)} baseline lubricating o1l composition was prepared
using the following additives: approximately 10 wt % of a mixture
polyalkylsaccinimunde which optionally a portion have been posi-treated, a mixture of
fow aoverbased and high overbased caleum and magnesiam sulfonates, a borated calciom
25 sulfonate, a high overbased calcium phenate, zine dialkyldithiophosphate, an antioxidant
meluding 0.5 wit. % of 8 hindered phenolic ester and 0.3 wt. % of a diphenylamine a
viscosity mdex improver, a pour point depressant and a foam inhibitor (o a majority of a

Group H bascoil,
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acid Performance Ex, 3 Salt of borated bis(L.-hydroxyethylioleylam ne and84
3,5-Di-tert-bl, 41-4-hydroxyphenyl propionic acid The results denonstrate
that | ubrwoabizngi@ws! conpositions of the present inventipom/usesmisisat e
superior friction performance to lubricating oil conpositions over base
line as well as those containing a commonly enpl oyed borated gl ycerol

nonool eate friction 5nodifier, WHAT IS CLAIMED I'S: 1. A boron contai ning
salt of an oil soluble hydroxylated am ne and a hi ndered phenolic acid
product prepBrrédminge EagmpleBcCimgrancioi | sol ubl e hydroxyl ated am ne of the

general formula I1: wherein A at each occurrence is each independently
C2- C6 al kyl ene growpiicddng Silifﬁﬁﬂ&:yiho‘@ﬁd@gnqﬂ]éﬁ%lv nsg;ttra{ﬂsoetﬂybd«gerUp havi ng
C2- C24 carbon atoms; Y i.s hydrogen, CI1-C6 al kyl group or A-OH X is an

i nteger of 10GFuIBLongHFerjormas ﬂar?Xﬁiﬁie%&e\‘r“’bf Wb‘fw Caporajdely caohgPyiRIcésnt ai ni ng
10conpound undedikeaativyeacomnd 4dogns;, and b) m xing the reaction product of
step a) with a hindered phenolic acid of the general fornula

5 Additional labricating il compositions were also prepared by top-treating the
bascline formulation of Example A with 1 wt. % of one salt as prepared in Examples 1-3,
The lubricating oil compositions presented in the examples were SW-30 oils (SAE

viscosity grade).

The compositions described above were tested for friction performance in a Mint-

10 Traction Machine (MTM) bench test. The MTM is manufactared by PCS Instraments
and operates with a ball {0.75 inches 8620 steel ball) loaded against a rotating disk
{52100 stech). The conditions eroploy a load of approximaately 10-30 Newtons, a speed of
approximately 10-2000 mnv/s and a temperature of approxamately 125-150°C. In this
bench test, friction performance is measured as the comparison of the total area under the

15 second Stribeck curve gencrated with the baseline formudation and the second Stribeck
curve generated with the bascline formulation top-freated with a friction modifier. Lower

total area values correspond to better friction performance of the oil.

Table 1 - Frictional properties

Performance Friction Modificr Stribeck
Exarople Area
Performance Ex. A None 128
Periormance BEx. B Borated glycerol monooleate 140
Performance Ex. 1 Salt of borated 2,2'-((2- 123

ethythexyliazanediylidiethanol and 3,5-Di-tert-
butyl-4-hydroxyphenylpropionic acid



wherein Qis an al kylene group of 2 to 6 carbon atons, to thereby formthe
boron 15containing salt of an oil soluble hydroxyl ated am ne and a hi ndered
phenol i ¢ Wwo0i2d12/@&107Fhe product prepared by C aim 1l wherePaTits2&1@l0658@d from
--CH2CH2-" - CH2CH(C113)-, -CH2CH(CH2C1I 3)-, -CH2CH(CH2C1l 2CH3) -,

- CH2Cl1l1 2C112-, and - CH2CH2CH2C1- 12-. 3. The product prepared by Caim
1 wherein x is one, 204, The product prepared by Caim3 Werein z is zero.
5. The product prepared by Claim3 wherein z is one. 6. The product
prepared by aim5 wherein Y is hydrogen or -ACH 34 7. The product
prepared by Caim6 wherein Ais selected fromthe group consisting of

ethyl ene, prbPYIEHE &ivd: Pkt drtesitdiive ?dr“%’?t‘“ﬁl’%{gdﬁ’gﬁﬁ%@t prépared by O aim
1 wherein Ris an alicyi 6 AP k&t PGroup dravitg e8red° c24 carbon at oms and
m xtures thereof 59. The B¥8duct prepared by Caim8 wherein Ris an al kyl
or al kenyl group having Cl2 to C1 8 carbon atons and m xtures thereof.

10. The product prepared by daiml wherein x is two, 11. The product
prepared by GhaimumkdEwrer 8hlnoZokBedz DhydroxyethloleylB@npi@ducts pr epar ed by
Claim 10 wherein z is onej3sli®l3-bilkes-pydcighenpiapanatcly C aim 10 wherein Y
is hydrogen or 14. The product prepared by Caim10 wherein Ris an alkyl
or al kenyl group having C6 to C2d. carbon atons and m xtures thereo 15.
boric acid.

Sfeooedd cocckgashoodaipfoce

The results demonstrate that lubricating oil compositions of the present nvention
demoustrate superior friction performance fo lubricating oil compositions over base Hine
as well as those containing a commonly employed borated glyeerol monooleate friction

modifier.

(9
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1516. A lubricating oil conposition conprising an oil of lubricating
viscosity and the product prepared by Claiml, 17. A nethod for reducing
friction wo are/ismi7ér nal conbusti on engi ne whi ch conpri sesTases1asiago t he
i nternal conbustion engine with a lubricating oil conposition containing an
effective anmount of product prepared by Caim1. 2018, The nethod of Caim
17, wherein the anount of product prepared by Cdaiml is in anount from
0.0.5 % to about 5 wt Pio' based upon the total weight percent of the
| ubricati ng BiHATOPosiMEIbDIE: 19. The nethod of C aim 18, wherein the
i nternal conmbustion engine is a diesel engine. 25

1. A boron containing salt of an o1l soluble hydroxylated amine and a hindered phenolic

acid product prepared by:

a) reacting an oil sohuble hydroxylated amine of the general formula I

R N-{CHp)
5 Y
wherein

A at each occurrence is cach independently C5-Cq alloylenc group; Ris methyl or an
alkyl or alkenyl group having 5-Cy, carbon atoms: Y is hydrogen, C-Cy alkyl group or
A-OH; x1s an integer of 1 or 2; and 2 1s an integer of § or 1; with a boron containing

10 compound under reactive conditions; and

b} mixing the reaction product of step a} with a hindered phenolic acid of the general
formula

Q C OH

wherein 3 is an alkylene group of 2 to 6 carbon atoms, to thereby form the boron
15 containing salt of an oil soluble hydroxylated amine and a hindered phenolic acid.

2. The product prepared by Claim 1 whercin ( is selected from -CHoCHo-, -
CHLCH(CH -, -CHLCH(CHCHs)-, -CHyCH(CHCHLCH;)-, -CHRCHRCHb-, and -
CHLCHCHCH-.

3. The product prepared by Claim 1 wherein x is onc.

20 4. The product prepared by Clairn 3 wherein 2 is zero.

W]

. The product prepared by Claim 3 wherein 2 18 one.
6. The product prepared by Claim S wherein Y is hydrogen or -AGH.
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7. The product prepared by Claim 6 wherein A 1s sclected from the group consisting of
cthylene, propylene and mixtures thereof.

#. The product prepared by Claim 1 wherein R is an alkyl or alkenyl group having Ce o
J u o
24 carbon atoms and mixtores thereot.

ih

9. The product prepared by Claim 8 wherein R 1s an alky! or alkenyl group having Cy; to
Cig carbon atoms and mixtures thereof

16. The product prepared by Claim 1 wherein x is two.
1. The product prepared by Claim 18 wherein z 1s zero.
12. The product prepared by Claim 10 wherein z is one.

10

—t
[5]

. The product prepared by Claim 10 wherein Y 1s hydrogen or -ACH.

14, The product prepared by Claim 18 wherein R is an alkyl or alkeny! group having Cg
to Cyy carbon atoms and mixtures thereof.

15. The product prepared by Claim 1 wherein the boron containing compound is boric
acid.

15 16. A lubricating oil composition comprising an oil of lubricating viscosity and the
ped @ fe
product prepared by Claim 1

17. A method for reducing friction in an internal combustion engine which comprises
operating the internal combustion engine with a lubricating o1l composition containing
an cffective arount of product prepared by Claim 1.

20 18, The method of Claim 17, wherein the amount of product prepared by Claim | 15 1o
amount from 0.05 wi% to about 3 wt % based upon the total weight percent of the
hibricating ol composition.

19. The method of Claim I8, wherein the internal combustion engine is a diesel engine.



