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represent a major source of ash in fornulated engine oils. Alkaline
I claim the benefit under Title 35, United States Code, § 120 of U.S. Provisional
5 Application Number 60/589,571, filed July 21, 2004, entitled FUEL AND LUBRICANT
ADDITIVE CONTAINING ALKYL HYDROXY CARBOXYLIC ACID BORON
ESTERS.
BACKGROUND OF THE INVENTION
10 1.  Field of the Invention
. This invention is related to fuels, especially hydrocarbon fuels, and:lubricants,

especially lubricating oils, and, more péffi'cﬁlariy, to a class of anti-oxidant additives "HéVihg
good lubricity, detergency, and rust protection that are the reaction products of acidic organic
compounds, such as hydrocarbyl salicylic acids and esters thereof with boron compouﬁds,

15 such as boric acid.
2. Description of Related Art

Metal detergents represent a major source of ash in formulated engine oils. Alkaline

earth sulfonates, phenates and salicylates are typically used in modern engine oils to provide
detergency and alkaline reserve. Detergents are necessary components of engine oils for

20 both gasoline and diesel engines. Incomplete combustion of the fuel produces soot that can
lead to sludge deposits as well as carbon and varnish deposits. In the case of diesel fuel,
residual sulfur in the fuel burns in the combustion chamber to produce sulfur derived acids.
These acids produce corrosion énd corrosive wear in the engine, and they also accelerate the

degradation of the oil. Neutral and overbased detergents are introduced into engine oils to

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



earth sul fonates, phenates and salicylates are typically used in nodern
engine oils to provide detergency and al kaline reserve. Detergents are
necessar ywoeowanests of engine oils for both gasoline amdrdisessloi®sgi nes.

I nconpl et e conbustion of the fuel produces soot that can | ead to sl udge
deposits as well as carbon and varni sh deposits. In the case of diesel
fuel, residual sulfur in the fuel burns in the conmbustion chanber to
produce sul fur derived acids. These aci ds produce corrosion and corrosive
wear in the engine, and, they also accelerate the degradation of the oil.
Neutral arfaB¥dGaly degeagiesigidsidear e introduced into engine oils to
neutralize these acidic conpounds preventing formation of harnful engine
deposits anddr ddst Patenti yo.i tk0s6i digs lasagyp hbricartt @il aomposipgr apafuiNer redudiy | 666
di scl oses a lubricant oil composition useful for reducing friction in an

i nternal cfeighorsin @nineagl oembintioh eaginp mihtdscompristy a mhticaigpgaiil basessarktand lenand
an al koxyl ated am ne salt of a hydrocarbylsalicylic acid of a defined

formul a. WiQxyRadesthinblRalt 8 SBRiréSarbylsiRgliOses of Madtideddosiuigke cycl e engines
can be effectively lubricated by supplying to the engine a m xture of an

an be et ect ! vs _ _ t gi ne _
oi I Olg 1 ubri Cagh.ggpxt%&%@'s;eyss?m Jgs ﬁaﬁ{métﬁglezgueﬂgﬁ& éam;e%xamg?tl c

carboxylic aci an ester, unsubstituted am drocat byl - subst it Ut ed
am de, amY)Lum alt, .am val. .
ubricated by stuppﬁl_yr(lj ; 10 4he ct:)r}/gllr?enelz rrrll(i:"xtgraelotf an Oil OWu%(l)n\égtlfgn%s%}tﬁhnd a

_ hydrocarbyl-substituted hydroxyaromatic carboxylic acid or an ester, unsubstituted amide,
‘hydrocatbyl-substituted amide, ammonium salt; hydrocarbylamine salt; o moriovalent metal
salt thereof in an amount suitable to reduce piston deposits in said engine. The mixture
10 supplied to the engine contains less than 0.06 percent by weight of divalent metals.

U.S. Patent No. 5,854,182 discloses the preparation of magnesium borate overbased
metallic detergent having magnesium borate uniformally dispersed in an extremely fine
particle size by using magnesium alkoxide and boric acid. The preparation involves reacting
a neutral sulphonate of an alkaline earth metal with magnesium alkoxide and boric acid under

15 anhydrous conditions in the presence of a dilution solvent followed by distillation to remove
alcohol and part of dilution solvent therefrom. The borated mixture is then cooled, filtered to
recover magnesium borated metal detergent, which is said to exhibit excellent cleaning and
dispersing performance, very good hydrolytic and oxidation stability, and good extreme
pressure and antiwear properties.

20



salt thereof in an anmount suitable to reduce piston deposits in said

engi ne. The m xture supplied to the engine contains |ess than 0.06 percent
by wei ghtwofoebiosadsent nmetals. U S. Patent No. 5,854, 1 82caivsedsnemsi he
preparation of magnesium borate overbased netallic detergent having
magnesi um borate uniformally dispersed in an extrenely fine particle size
by using magnesi um al koxi de and boric acid. The preparation involves
reacting a neutral sul phonate of an alkaline earth netal wth nagnesium
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excel l ent cl eani ng and di spersing perfornance, very good hydrolypic_and
oxi dati on &ublppnd gubsintialiobier eberative spifies shmue | A0 ta2d, D0 partypeopellivheg aU. S.
Patent No. 6,174,842 discloses a |lubricating oil conposition that contains
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i's said toppfieMind&il mproved oxidation control and inproved deposit control
to the | '

U.S. Patent No. 6,339,052 discloses a lubricating oil composition for gasoline and
diesel internal combustion-engines includesa major portion-of-an oil-of lubricating viscosity;
from 0.1 to 2(_).0 % w/w of a component A, which is a sulfurized, overbased calcium phenate
10 detergent derived from distilled, hydrogenated cashew nut shell liquid; and from 0.1 to 10.0
% w/w of a component B, which is an amine salt of phosphorodithioic acid of a specified
formula derived from cashew nut shell liquid.
Provisional Appln. Serial No. 60/539,590, filed January 29, 2004, discloses a
composition comprising the reaction product of an acidic organic compound, a boron
15 compound, and a basic organic compound.
SUMMARY OF THE INVENTION
According to the preseht invention, metal-free detergents and anti-oxidants are
prepared by reacting an acidic organic compound and a boron compound.
More specifically, a lubricant additive with good lubricity, detergency, rust protection
20 and antioxidant properties is prepared by first alkylating salicylic acid with, preferably, an

olefin having at [east six carbon atoms to produce an alkyl salicylic acid. The alkyl salicylic



| ubricating oil. U S. Patent No. 6,339,052 discloses a |lubricating oi
conposi tion for gasoline and diesel internal conbustion engines includes a
maj or porwbeoosaf229sd oil of lubricating viscosity; from @ci/useo@isdo w w of
a conponent A, which is a sulfurized, overbased cal ci um phenate detergent

derived fromdistilled, hydrogenated cashew nut shell liquid; and fromO.1
to 10.0 % ww of a conponent B, which is an amne salt of phosphorodithioic
acid of a specified fornula derived from cashew nut shell |iquid.

Provi sional Appln. Serial No. 60/539,590, filed Janyuar 9, 2004,. discl oses
a conposiaqibis reantgst Vith herie arad FERISEVGHR 15REPBPTOBI %(Hﬁzgeg% 121%91 anglRigant
conpound, a bqron conpound, and a basic organic conpound. SUMMARY OF THE
INVENTI;n&ﬁMnbwdﬂﬂgﬂhmbbhenmmémedpmmnvention, netal -free detergents and
anti-oxidants are prepared by reacting an acidic organic conpound and a
boron conpoundprelpiily SREGdillicGagdnye compould icRtdcteddebinh theezrvap fongidang of alkyl
lubricity, dctergency, rust protection and antioxidant properties is
prepared Qi feitsaBl it Rfds NE-saBi el sQicHhE doitd, il soRIVRS 1IBd@YoarBkylic acids,
5 salicylic acid calixarenes, sulfur-containing calixarenes, and the acidic structures disclosed in
U.S. Patent Nos. 2,933,520; 3,038,935, 3,133,944; 3,471,537; 4,828,733, 6,310,011;
5,281,346; 5,336,278; 5,356,546; and 5,458,793.
The boron compound-can; for example, be-boric acid, a trialkyl borate in which the
alkyl groups preferably comprise from 1 to 4 carbon atoms each, alkyl boric acid, dialky!

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

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

15 using pressure differential scanning calorimetry (PDSC).

More particularly, the present invention is directed to a composition comprising the
reaction product of an acidic organic compound and a boron compound.

In another aspect, the present invention is directed to a composition comprising:

(A)  alubricant, and

20 (B)  at least one reaction product of an acidic organic compound and a boron

compound.



ol efin having at |east six carbon atons to produce an al kyl salicylic acid.
The al kyl salicylicacid is reacted with boric acid to produce a reaction
product wbhogmagesfiuel and |ubricant solubility w th theczhseswensi oned
properties. Preferably, the acidic organic conpound is selected fromthe
group consisting of al kyl substituted salicylic acids, di-substituted
salicylic acids, oil soluble hydroxy carboxylic acids, salicylic acid

cal i xarenes, sul fur-containing calixarenes, and the acidic structures
disclosed in U S. Patent Nos. 2,933,520; 3,038,935; 3,133,944; 3,471,537,

4

4,828, 733; 6, 3hostihanpthes asget, eeressnisigpensipg.is direptl 9 Apompqaition £3@PTIYSE: The
boron conpound can, for exanple, be boric acid, a trialkyl borate in which
t he al kyl grou@s) pr ehgdrabarbocighrande from 1 to 4 carbon atons each, al kyl

boric acid, dialkyl boric acid, boric oxide, boric acid conplex, cycloalkyl
boric acid, ary®) bogijeasdehélicablidhyboadt k¥hn fidic or@@ictontioany knd@bbonaci d, or

substitution products of these wth al koxy, alkyl, and/or alkyl groups, and
the Iike. Jhe, gaction product provides excellent detergency and
cleanliness to an oil when eval uated using the panel coker test and

Trut ot o R AR R bR TRE Pt E il KRt % RtheRio 18 cucing
friction in an internal combustion engine which comprises operating the engine witha
lubricating oil containing an amount effective to reduce friction of the reaction product of an.
acidic organic compound and a-boron‘compound.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

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

15 The Acidic Organic Compounds

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

include, but are not limited to, alkyl substituted salicylic acids, di-substituted salicylic acids,
oil soluble hydroxy carboxylic acids, salicylic acid calixarenes, sulfur-containing calixarenes,

and the acidic structures disclosed in U.S. Patent Nos. 2,933,520; 3,038,935; 3,133,944;

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



More particularly, the present invention is directed to a conposition
conprising the reaction product of an acidic organic conpound and a boron
conpound.wbno@nredser aspect, the present invention is dipceatsesinores
conposi tion conprising: (A) a lubricant, and (B) at |east one reaction
product of an acidic organic conpound and a boron conpound.In still another
aspect, the present invention is directed to a conposition conprising: (A)
a hydrocarbon fuel, and (B) at |east one reaction product of an acidic
organi ¢ conpound and a boron compound. In yet another aspect, the present
invention is directed to a nethod for reducing friction in an internal
conbustion engi ne which conprises operating the engine with a |ubricating
oi | cont ai ni ngThe samtiti¢d efitglat dcids dnployediin ¢hd practce of thafprédeat ineantidnaine
product of an acidic organi c conpound and a boron conpound. DESCRI PTI ON COF

THE PREFERRERFMBORIVYEMIS off fhia§ be PrepBiet @ m@hdisaGioha ih WRrdrcant, (F9NPAsit i ons
conprising an additive conprising '

No. 5,023,366. These salicylic acids are of the formula:

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

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

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

Examples of hydrocarbyl groups include the following:

(1) hydrocarbon substituents, i.e., aliphatic (e.g., alkyl or alkenyl), alicyclic (e.g.,
cycloalkyl, cycloalkenyl) substituents, aromatic substituents, aromatic-, aliphatic-, and
alicyclic-substituted aromatic substituents, and the like, as well as cyclic substituents wherein

20 the ring is completed through another portion of the molecule (that is, for example, any two

indicated substituents may together form an alicyclic radical);



boron, which provides inproved dctergency and oxidation stability in an
internal combustion engine oil. The lubricant conposition conprises (a) a
nej or anowotoefozaesubricant, e.g., lubricating oil and @oy/@2esneTessanount
of an additive that is the reaction product of an acidic organic conpound
and a boron conpound. The Acidic Organic Conpounds The acidic organic
conmpounds enpl oyed in the practice of the present invention include, but
are not limted to, alkyl substituted salicylic acigs, dIISUbFFItUteg
salicylic acids,, oil .soluble hydroxy carboxylic acids, salicylic aci

cal i x)altr enes, suft EHb-SE%’?ﬁdg?yﬁF(f‘? BoR SERSIUERISs 1. ahigse HIbSUUERLS gorfpiningnones
disclosed in U S Patent Nos. 2,933,520; 3,038,935; 3,133,944; 3,471, 537;

4, 828, 733:hygrosarbop graupssvipgy in tegonsxagahis teestiagsgloswealtanbe pred&8inaddy The
substituted salicylic acids enployed in the practice of the present _
i nvent i on hydeceboneaciradf the avtastihuehi; ehase skitlyd hethpae péll @@ abpre@itierlsrogpown in
the art, e.g., US. Patent No. 5,023,366. These salicylic acids are of the

formula: weer, ko, Rldrbsy, andhyhi®aakd) itrdb diPoxPreef grably of from1 to 30
carbon atons, andagiiglan iﬁ?eger of 1 or 2.9V%ere ais 2, the R1L groups

are i gdependentyngbashfdibstiuhts, ithe¥bstR%nREH N ISAREe Rividl § H&4S M anty

hydrocarbon character within the context of this invention, contain an atom other than carbon
present in a ring or chain.otherwise.composed of carbon atoms (e.g., alkoxy. or alkylthio).
Suitable-heteroatoms will ‘be apparent to those of ordinary skiil in the ~ar'£—-aaa~"ih¢1uae-, for -
example, sulfur, oxygen, nitrogen, and such substituents as, e.g., pyridyl, furyl, thienyl,

10 imidazolyl, etc. Preferably, no more than about 2, more preferably no more than one, hetero
substituent will be present for every ten carbon atoms in the hydrocarbyl group. Most
preferably, there will be no such heteroatom substituents in the hydrocarbyl group, i.e., the
hydrocarbyl group is purely hydrocarbon.

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

15 not limited to,

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

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

foregoing, and the like;



As enpl oyed herein, the term "hydrocarbyl" includes hydrocarbon as well as
substantially hydrocarbon groups. "Substantially hydrocarbon"” descri bes
groups t hao 20esnt2293@ het er oat om substituents that do not palrtusrodshersss
predom nantly hydrocarbon nature of the group. Exanples of hydrocar byl
groups include the follow ng: (1) hydrocarbon substituents, i.e., aliphatic
(e.g., alkyl or alkenyl), alicyclic (e.g., cycloal kyl, cycl oal kenyl)
substituents, aromatic substituents, aromatic-, aliphatic-, and
alicyclic-substjtuted aromatjc substituents, and the |ike, as well as
cyclic substi tﬁl%‘?ﬁyis 8?%‘%@%%8“? ?rﬁﬁoiesa?l%ﬁﬁ‘l“& SRy kAeing Braumst her porti on
of the nolecule (that is, for exanple, any two indicated substituents may
t oget her for m asphihyl@pd piky! subdiiwtgd)napPhykubst i t ut ed hydrocar bon
substituents, i.e., those substituents containing nonhydrocarbon groups
whi ch, in the swaigkocha@fortbidmshédwstaint alkyl, or dtkenglt gralifseiontaliténg® e g0sHena Mifdyy
hydr ocarbon nature of the substituent; those skilled in the art will be
aware of saBbn SloRPHClRing; Aimi a ' | e QP0

sul foxy, etc.); (3 heutf.qlerfg(’)glftg’r%ﬁksubtggiq{’?éqn}'zysl’,@liiﬁ’eﬁfog}sdﬂEg%’?ﬁ%ﬁ%’s}w?ﬂé{lep\}\%ll |,
whi | es havj e } ter . wihin the nt ext of
I M S R g

chain ot nELhas, SRIRIRSuR] 1, BRES heRbi2lB1 Ry, et Yericod, Bentacosh,

triacontyl, isomers of the foregoing, and the like; and
- eyclic-alkyl groups, such-as-eyclopentyl, cyclohexyl, eycloheptyl, cyclooctyl, and

cyclododecyl.

10 It will be noted that these salicylic acid derivatives can be either monosubstituted or
disubstituted, i.e., when a in the formula equals 1 or 2, respectively.

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

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

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

HO
20 COOR’



Sui tabl e heteroatons will be apparent to those of ordinary skill in the art
and include, for exanple, sulfur, oxygen, nitrogen, and such substituents
as, e.(q.,wpyeoeeipebyzsfuryl, thienyl, imidazolyl, etc. Preferaskoosomesssaore
than about 2, nore preferably no nore than one, hetero substituent will be
present for every ten carbon atons in the hydrocarbyl group. Most
preferably, there will be no such heteroatom substituents in the

hydr ocar byl group, i.e., the hydrocarbyl group is purely hydrocarbon. In
the formul a descri bed above, Rl is hydrocarbyl. Exanples of R include, but
are not | AR{ paBits of fogmelad®i t ut ed phenyl; phenyl substituted with one or
nore al kyl groups, such as nethyl, ethyl, propyl, butyl, pentyl, hexyl,
heptyl, octyl, nonyl, decyl, isomers of the foregoing, and the like; phenyl
substituted with one or nore al koxy groups, such as nethoxy, cthoxy,
propoxy, butoxy, pentoxy, hexoxy, hgptoxy, octoxy, nonoxy, decoxy, isoners
of the foregoing, and the |ike; phenyl substituted with one or nore alkyl
am no or aryl am no groups; naphth and‘ﬁL&yl substituted napht hyl;

5

joined-together to form a ring, wherein each Y is a divalent bridging group which may be the
same or different in each unit; R’ is H or an alkyl group of 1 to 6 carbon atoms; R® is H or an

10 alkyl group of 1 to 60 carbon atoms; and j is 1 or 2; R? is hydrogen, a hydrocarbyl or a
hetero-substituted hydrocarbyl group; either R' is hydroxy and R? and R* are independently
either hydrogen, hydrocarby! or hetero-substituted hydrocarbyl, or R and R* are hydroxyl
and R' is either hydrogen, hydrocarb.yl or hetero-substituted hydrocarbyl; m is from 1 to 8; n
is at least 3, and m + n is 4 to 20.

15 When more than one salicylic acid unit is present in the ring (i.e., m>1), the salicylic
acid units (formula (Ta)) and phenol units (formula (Ib)) are distributed randomly, although
this does not exclude the possibility that in some rings there may be several salicylic acid

units joined together in a row.



straight chain or branched chain al kyl or al kenyl groups containing from
one to fifty carbon atons, including, but not limted to, nmethyl, ethyl,
propyl, babybes/pesstyl , hexyl, heptyl, octyl, nonyl, decylcr/uspesoyiess
dodecyl, tridecyl, tetradecyl, pentadecyl, hexadecyl, heptadecyl,

oct adecyl, ol eyl, nonadecyl, eicosyl, heneicosyl, docosyl, tricosyl,

tetracosyl, pentacosyl, triacontyl, isoners of the foregoing, and the |ike;
and cyclic al kyl groups, such as cycl opentyl, cycloheﬁyl, cyf!ohﬁptyl,_d
cyclooctyl, and cyclododecyl. It will be noted that these salicylic aci

dgr i vatives ca@aﬁ% Yeanenirdeprydentiineg repigseadedohy dre sensutla €CHRY, iniwhich Rivsen a in

the formula equals 1 or 2, respectively. Salicylic acid calixarenes, for
exanpl e t lksber hydegen beblydrocathyd.an@dtiemt inger Gh200s &3East il hén cieserhiaslihentpR®
which is incorporated herein by reference in its entirety, can be used as

the acid compiesnds 6ebrbohatdngasnin dnevaitodRRent US Me@dli KAGRNGSHJINRHILs but
are not limted to, cyclic conpounds conprising munits of fornula (la):and

L 40,2 ol I YO el LR IRG i oty IR SR

a dival ent bridging group ich may be _ unit;
RO i S5 H Ol{ha@ﬂleaalnlfé{llnt 8f QYR i:)nfc01;|‘po§‘a(’c)ec16 inGRe g]%?ecglte%rgp to%so }nséleh%.orln gx?e

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

- Forconvenience; these-compounds aré sometimes referred to'as "salixarenes” and
their metal salts as "salixarates".

10 In one embodiment, Y is CH, ; R' is hydroxyl; R? and R* are independently either
hydrogen, hydrocarbyl or hetero-substituted hydrocarbyl; R is either hydrocarby! or hetero-
substituted hydrocarbyl; R is H; R’ is an alky] group of 6 to 50 carbon atoms, preferably 4 to
40 carbon atoms, more preferably 6 to 25 carbon atoms; and m + n has a value of at least 5,
preferably at least 6, more preferably at least 8, where mis 1 or 2. Preferably, m is 1.

15 In another embodiment, R? and R* are hydrogen; R’ is hydrocarbyl, preferably alkyl
of greater than 4 carbon atoms, more preferably greater than 9 carbon atoms; R is hydrogen;
m+nisfrom6to12;and mis 1 or2.

For a review of calixarenes, see Mornographs in Supramolecular Chemistry by C.
David Gutsche, Series Editor-J. Fraser Stoddart, published by the Royal Society of
20 Chemistry, 1989. Calixarenes having a substituent hydroxyl group or groups include

homocalixarenes, oxacalixarenes, homooxacalixarenes, and heterocalixarenes.

10



al kyl group of 1 to 60 carbon atons; and j is 1 or 2; R3 is hydrogen, a
hydr ocar byl or a hetero-substituted hydrocarbyl group; either RL is hydroxy
and R2 angtoRdocanessundependent|y either hydrogen, hydrocachyls2ems/017684

het er o- substituted hydrocarbyl, or R2 and R4 are hydroxyl and R is either
hydr ogen, hydrocarbyl or hetero-substituted hydrocarbyl; mis from1l to 8;
nis at least 3, and m+ nis 4 to 20. Wen nore than one salicylic acid
unit is present in the ring (i.e., nmpl), the salicylic acid units (formula
(la)) and phengl units (formula (Ib)) are distributed randomy, although
this does not SXHlpepntaipag salixargncs;foyerample thesedessribedigd).Snkatentidyy be
several salicylic acid units joined together in a row Each Y may

i ndependeht26§,388, thegiselosurt of wihichtih énch ot dhdr GG )refferemcivii iederBbetl scagiatsoer
hydrogen or hydrocarbyl and d is an integer which is at least 1. In one
enbodi menbe ufdd a8 Al & dordpdundS of the pesseitiovantioAN SuécalRBreRAIACILAE But kb 1S
methyl. In one enbodinent, d is froml1lto 4. Y may optionally be sul fur

rat her thgg (B dcd % | &5, such that the anount of

sul fur inco”éorateaa?ﬁb#ﬁggﬁ%ﬁ%g%?%b%gﬁggm%gBSO nmole % In one enbodi nent,
t he unt of sulfur is between 8 and 20 nole % and in one enbodi nent the
conpound is sul fur-free.

10

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

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

11



For conveni ence, these conpounds are sonetinmes referred to as "salixarenes”
and their netal salts as "salixarates". In one enbodinment, Yis CH2 ; Rl is
hydr oxyl ;wB20@nd293¢ are i ndependently either hydrogen, krgdnseasbylicsor

het er o- substituted hydrocarbyl; R3 is either hydrocarbyl or

het er osubstituted hydrocarbyl; RO is H R5 is an alkyl group of 6 to 50
carbon atons, preferably 4 to 40 carbon atons, nore preferably 6 to 25
carbon atons; and m+ n has a value of at least 5 preferably at |east 6,
more preferably at |east 8, where mis 1 or 2. Preferably, mis 1. In

anot her enBodNRemr -SRon i ikggerrthatiypica lydms aralieofay it dapiefidrablpfiefret abl y
al kyl of greater than 4 carbon atons, nore preferably greater than 9 carbon
atons; RS 12smbneqrelgebly, hid 8n In end ermbodiment, 4-2;toartlofNtht & droQps ate sl aboriLVi eW
of calixarenes, see Monographs in Supranol ecul ar Chem stry by C. David

Gut sche, Sedrotser Blibb@imeht nBrd$er0 SR YagbupstOLiIBR bRy gﬁéﬁfﬁ zﬁ%yra' Soci ety

of Chem stry, 1989. Calixarenes having a substituent hydroxyl group or

0T ouPS & EhBIGRATRGALE HENCRSRs RXAGA XBRCIRSE Y RRAEA KL ARES, and

het cr ocal i xar enes ur-co ni n I Xar enes, T1or exaf 1= e

described.in U.S.,Patent. No. 6 8, 32 di s¢cl osure ich is

i ncorépor af“éar%éai%q Watb?/ c3lpEng ﬁ%:éeq}vﬁeq %) gncieﬂf W’Lﬁ% S‘@Eﬁh*’éﬁ’gw’een > and 50% of
the groups Y in formula (II) are sulfur atoms. More preferably, the amount of sulfur is

‘between 8 and 20 mole %.

~ Inone.embodiment; when Y-is not a sulfur atom'it is-a divalent group represented-by
the formula (CHR®), in which R® is either hydrogen or a hydrocarbyl group and d is an
10 integer tlﬁat is at least one. R®is preferably a hydrocarbyl group group of 1 to 18 carbon
atoms, more preferably, 1 to 6 éarbon atoms. Examples include methyl, ethyl, propyl, butyl,
pentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl, tridecyl, tetradecyl, pentadecyl,
hexadecyl, heptadecyl, octadecyl, isomers or the foregoing, and the like. Preferably, d is
from 1 to 3, more preferably 1 to 2, and most preferably, d is 1. As defined above, the term
15 "hydrocarbyl groups" includes hetero-substituted hydrocarbyl groups, and are preferably
those in which the heteroatom, typically -O-, -NH-, or -S-, interrupts a chain of carbon atoms,
an example being an alkoxy-alkyl group of 2 to 20 carbons.
R’ is hydrogen or a hydrocarbyl group, which may be derived from a polyolefin, for
example polyethylene, polypropylene, polybutylene, or polyisobutylene, or a polyolefin

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

12



be used as the acid conpounds of the present invention. Such calixarenes

i nclude, but are not limted to, conpounds represented by fornula (I1):
wher ei n iwof0eemzbm4(11): Y is a dival ent bridgi ng grouppcatusc@ast7edne of
said bridging groups being a sulfur atom R3 is hydrogen or a hydrocar byl
group; either Rl is hydroxyl and R2 and R4 are independently either
hydrogen or hydrocarbyl, or R2 and R4 are hydroxyl and Rl is either
hydrogen or hydrocarbyl; and n is a nunber having a value of at least 4. In
formula (11), Yis a di val ent brrdgrng group or a sulfur atomwth the
provi so t [#8f oged¢cyhskietorpatomsy iugsents can agairf b -Qrt OWhi-, PheS-diThaseetdrdmaitydi ng
group, when not a sulfur atom can be a dival ent hydrocarbon group or

di val ent Ilgedups preferablyitau¢ &db DY darbemntonn, goruefefably, tiao b&afhanhesmat ons, and
in a preferred enbodinent, 1 to 6 carbon atons. The heteroatons can be-O,

-NH-, or -S-. IFithsr Hnls'hSle%Q?raridrI&tanHW'aF@ilnhé’pehaélt@ @by @o‘?ﬁgﬂeﬂt .| east 4,
preferably from4 to 12, nore preferably 4t In on iment, n-2 to

n-6 of th% Xrogﬁrg {?u‘%‘dsﬁl efr&'ﬁy@rte 'n é]&)t pﬁiﬂ{‘g%@‘?fgh}nﬁp&(gﬂ@’ygf%ﬁ% ;I'(O of

the Y groups are r atons, h € o
rou IS Ifur Pref t e anD i ncorporated in
?he 2§|.x§?@ﬂénﬁgt 4“%? nﬂF@y%?XX hﬁﬁ“b@ﬁﬁﬂgﬂeBoénd 50% of
f I are sul fur atonms. More preferably, the anmount
E)P © 58{ ]9 3Piygrolca{]rbylom the forrglula)(II) and the calixarene is a resorcmarepne The hydrocarbyl groups

preferably. have 1 to 24 carbon atoms, more preferably 1 to 12 carbon atoms. The
heteroatoms;, when-present;-can be~0=, <NHs, or 8=
In one embodiment, Y is either sulfur or (CR'R®),, where either one of R” and R? is
10 hydrogen and the other is hydrogen or hydrocarbyl; R and R* are independently either
hydrogen or hydrocarbyl, R is hydrocarbyl; n is 6; and ¢ is at least 1, preferably 1 to 4, more
preferably, 1. Preferably, R* and R* are hydrogen and R? is hydrocarbyl, preferably alkyl of
greater than 4, more preferably greater than 9, most preferably greater than 12 carbon atoms;
and one of R” or R? is hydrogen and the other is either hydrogen or alkyl, preferably
15 hydrogen. |
The foregoing sulfur-containing calixarenes typically have a molecular weight below
1880. Preferably, the molecular weight of the sulfur-containing calixarene is from 460 to

1870, more preferably from 460 to 1800, most preferably 460 to 1750.

13



between 8 and 20 nole % In one enbodi ment, when Y is not a sulfur atomit
is a divalent group represented by the formula (CHR6)d in which R6 is
ei t her hysloegem2eyz4a hydrocarbyl group and d is an int eger/ushas/oimsat | east
one. R6 is preferably a hydrocarbyl group group of 1 to 18 carbon atons,
nore preferably, 1 to 6 carbon atons. Exanpl es include nethyl, ethyl,
propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl,
dodecyl, tridecyl, tetradecyl, pentadecyl, hexadecyl, heptadecyl,

oct adecyl, isoners or the foregoing, and the |like. Preferably, dis froml
to 3, nmore pr eh&icableycrfbeﬁdn U,S.d’laténmsiss. 2038f520ab)0§8,9815;i35138,9445 3 def EaRd
above, the term "hydrocarbyl groups" includes hetero-substituted

hydr ocar bylgg 1199828 1am 3r86Ppef £850546; 5hiB8E 9B Nantihd, $11, 6 e (R &I QAL
typically -O, - -8 "interrupts a chain of carbon atoms, an exanple

bei ng an g, kc?l)@fe ﬁ’lclé%{(])raQ%cPHeqelﬂfbg% dfepengg in tﬁgl? ggt?reﬁaﬂ :?ﬁscp yd {IS%gor the achl

hydrocarbyl roma exanpl e
polyethylene YPRI,Op Iene butyl ene, or polyisobutylene, or a
polyoleflﬁ‘Bgﬁgﬁﬁﬂgpwl¥ Q&%ﬁﬁé an et hyl ene/ propyl ene copol yner. Exanpl es
of R3_include dodecyl and octadecyl Het eroatons, if present, can again be
“0, INH, or More sisticallpyselbaafniprluge.duparegiosisviap e chapeundsiod 0 car bon

atons, nore preferably, 1 to 6 carbon atons.
formula:

HO—Ar— AréoH'

——N;c—o—ém

10 COOH

wherein R, is hydrocarbon or halogen, R, is hydrocarbon, Ar is substituted or unsubstituted
aryl. Useful compounds similar to these include 3,5,3',5'-tetra-substituted 4,4'-

dihydroxymethyl carboxylic acids, acids of the formula

15
COOH
X OH | HO X
o
X' C X'
,
R
X X' X' X
20
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Either R is hydroxy land R2 and R4 are independently either hydrogen or
hydrocarbyl, or R2 and R4 are hydroxyl and Rl is either hydrogen or

hydr ocar byb 2bes/pe4enbodi ment, Rl is hydrogen, R2 and Récansdwgaiwsyl, and
R3 is either hydrogen or hydrocarbyl in the formula (I1) and the calixarene
is a resorcinarene. The hydrocarbyl groups preferably have 1 to 24 carbon
atons, nore preferably 1 to 12 carbon atons. The heteroatons, when present,
can be -O, -NH, or -S-. In one enbodinent, Y is either sulfur or

(CR7R8) C, where either one of R7 and R8 is hydrogen and the other is

hydr ogen ovheteyl XcedrXakg inB@peadehtiRbckred ifrude e planpt dopsisiinghef hyldyapeagen or
hydrocarbyl, R3 is hydrocarbyl; nis 6; and e is at least 1, preferably 1

to 4, nor ﬂrme&ﬁp@hhmﬁe@k iEpefyaledblishe JrBrabaHed ¥ beanBNEl ABABKARL RS 0 &t
hydrocar byl , preferably al kyl of greater than 4, nore preferably greater

t han 9, S > ; d. or R8
is hydrogghi%%ﬁétrﬁ%?sg)teﬁoé?{rﬁgg&:&?\%’tﬁg?%}l%?gg({a’ﬁg%rﬁ gﬁ%@fm}@gr ésﬂg’r zri(%fe?%ﬁydrogen.
The foreg?zli é]\l;% sgl lf ur-containing calixarenes typically have a nol ecul ar

wei ght bel"OW°T¥8Y: Preferably, the nol ecul ar weight of the

sul fur-containing calixarene is from460 to
5 The acids and salts described in U.S. Patent Nos. 5,281,346; 5,336,278; 5,356,546;

5,458,793; and 6,310,011 are similar to the above and are also contemplated for use in the

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

HO
10

N
)
F—O—F
/
AN
@)
T

-

wherein R, and R, are hydrogen, hydrocarbyl groups containing 1 to 18 carbon atoms, or
15 tertiary alkyl or arylalkyl groups containing 4 to 8 carbon atoms (but both R, and R, cannot
be hydrogen) R, and R, are indepeﬁdently selected from the group consisting of hydrogen,
hydrocarbyl groups, arylalkyl groups, and cycloalkyl groups, and x = 0 to 24.
Oil soluble hydroxy carboxylic acids including, but not limited to, 12-hydroxy stearic
acid, alpha hydroxy carboxylic acids and the like can also be employed as the acidic

20 compound of the present invention.
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1870, nore preferably from 460 to 1800, nost preferably 460 to
described in U S. Patent Nos. 2,933,520; 3,038,935; 3,133, 944;

1750. Aci ds
3,471, 537;

4, 828, 733w0o2n@dk2346; 5, 336, 278; 5, 356, 546; 5,458,793; 20w/ 32850110841, the
di scl osures of which are incorporated herein by reference in their

entirety, can also be used as the acid conpounds of the present
More specifically, such acids include, but are not limted to,
the formula: HO Ar-C - Ar-OH COCH wherein R, is hydrocarbon or
i s hydrocarbon, Ar is substituted or unsubstituted aryl Usef ul

I nventi on.
conpounds of
hal ogen, R2

conpounds

simlar to these include 3,5,3", The BeremCempoundut ed 4, 4' - di hydr oxynet hyl
carboxylic acids, acids of the fornulamhereln X and X' are independently
sel ected from Tfheb@onmpnmomsi @i fog exdmply,dredgein acidy al trixdiay bytate mabldgiethe R i s

pol ymet hyl ene or branched or unbranched al kyl ene, and x is O or

1, i.e.,

when x i salkgF @ouf’ préfeddhefdmprdRdroM €fo X carbod atoRRsieacI) raﬁél‘?ﬂ@mc é’d"&i cﬂlilkylS

hydrogen or” hydrocarbyl.” The acids and salts descri bed

5, 281, 346p4rp gt‘?’cﬁ Wit ox%e?I?cﬁlcSa%ﬁi complex, cycloalkyl boric acid, aryl boric acid,

Pat ent Nos.

5 dicycloalkyl boric acid, diaryl boric acid, or substitution products of these with alkoxy, alkyl,

and/or alky] groups, and the like. Boric acid is preferred.

- The reaction of the boron compound with the acidic compounds of the present

- invention can‘be-effected-in-any suitable-manner: - -

In one method the acidic compound and boron compound are refluxed in the presence

10 of suitable solvents including naphtha and polar solvents, such as water and methanol. After

sufficient time the boron compound dissolves. Diluting oil can be added as needed to control

viscosity, particularly during removal of solvents by distillation.

An alcohol, including aliphatic and aromatic alcohols, or a mercaptan, including

aliphatic and aromatic mercaptans, can be included in the reaction charge. Preferred aliphatic

15 alcohols include methanol, ethanol, propanol, butanol, pentanol, hexanol, heptanol, octanol,

nonanol, decanol, undecanol, dodecanol, tridecanol, tetradecanol, pentadecanol, hexadecanol,

heptadecanol, octadecanol, nonadecanol, eicosanol, isomers thereof, and the like.

Preferred

aromatic alcohols include phenol, cresol, xylenol, and the like. The alcohol or aromatic

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

20 mercaptans include butyl mercaptan, pentyl mercaptan, hexyl mercaptan, heptyl mercaptan,

16



5,458,793; and 6,3 10,01 1 are simlar to the above and are al so
contenplated for use in the practice of the present invention, as are those
of the fowoub&ebsiaein R, and R2 are hydrogen, hydrocar pglrigeespsiess
containing 1 to 18 carbon atons, or tertiary alkyl or arylalky 1groups
containing 4 to 8 carbon atonms (but both R and R2 cannot be hydrogen) R3
and R4 are independently selected fromthe group consisting of hydrogen,
hydr ocar byl groups, arylal kyl groups, and cycl oal kyl groups, and X O0to
24. Q| SO|UF|6 hydr oxy ?arbox lic acids includin but not Ilnlted to,

12- hydr oxy°¥ %@anetaaclil(aly BCHR Ry By eTsantiye wPiisey] mera@ptaandpdend merraptaan
al so be enpl oyed as the acidic conpound of the present invention. The Boron
Conpounds aiththeikeows welhpothivpherod, thfooreselx thigdyéenob@ntdirei likeaci d, a trial kyl”
borate in which the alkyl groups preferably conprise from1l to 4 carbon

atons each, al Kyt pheiscatraqus oﬂih@|dktél‘% Of Arfti-@GHht 2BV Es PthéBresd@iven@G d
conpl ex, cycloal kyl boric acid, aryl boric acid, dicycloalkyl boric acid,

di aryl bobieh @G uRtersiodds tHIWEVEL T Qﬁé)ﬂ'yféh%d 8&&)&%% W G d:?llai]&gx){l kyfl kyl,

and/or al kyl groups, and the i ké. Boric acid i's pre erre daction of
the b? ron sﬁ%%@ %89 \/\\Ms reac{era 1ﬂlcf)oriccac?cf) %@y glpde%trometrlc angﬂysm 1ndt10ated that the

structure of the reaction product was:

6' 33
10
HO O

Those skilled in the art will thus understand that the foregoing leads to the following

15 generalized structural formula for this particular aspect of the present invention:
(0]
o]
RZ
PR

20 O o)

(R,),
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invention can be effected in any suitable manner. In one nethod the acidic
conpound and boron conpound are refluxed in the presence of suitable

sol vent s wocbesizeg4napht ha and pol ar sol vents, such as watrars2@se1wes hanol .
After sufficient tinme the boron conpound dissolves. Diluting oil can be
added as needed to control viscosity, particularly during renoval of
solvents by distillation. An al cohol, including aliphatic and aromatic

al cohols, or a nmercaptan, including aliphatic and aromatic nmercaptans, can
be |ncluded in the reaction charge. Preferred aliphatic al cohols include

met hanol , vEiFRRiR& is pretsmbhos hy<heﬁaahxi|gr<>tﬁeme£%bly atkyk fcreferaby, roon 1 t@2Q anol |

nonanol , decanol, undecanol, dodecanol, tridecanol, tetradecanol,
pent adecarratbon Iaemaﬂ;l adsmoinxegheqzﬁ hdel@zﬂmkc a B, dtd:dt;@lmhps an@'mal_dpaﬂemly, selected,
ei cosanol, isoners thereof, and the like. Preferred aromatic alcohols

i ncl ude phen@hey 1B4y59the Kb 6N@ifereat)dR} B @n indeBendEhBy 3d1€AEDHy (36 caathy2 FRSUPS
phenol noiety may be substituted with al koxy groups or thloalkoxy groups

Pref er'ed pREEABRLARS, ABRkP P! TBDSARLAGonRCRIY K, TRGROLRD: o RAXY!

mer capt an, heptyl r'capt ar, oct mer capt an, noh

mer capt an, [ dodecyl mercaptan, and the like, as mell as
t hi op enoﬁﬂa?ﬁﬁgéggg) ?%¥h°@§y and the |like. The precise structures

of the deter ent tI-OXI ant addlt ves of the present invention
g %learly, e use of gternatlve startllng materials, as dgscrlbed above, will lead to

different, but analogous, structures that are within.the scope of.the present invention.
- The additives of the present invention are-especially useful ‘as componerits in'many
different lubricating oil and fuel compositions. The additives can be included in a variety of
10 oils with lubricating viscosity including natural and synthetic lubricating oils and mixtures
thereof. The additives can be included in crankcase lubricating oils for spark-ignited and
‘compression-ignited internal combustion engines. The compositions can also be used in gas
engine lubricants, turbine lubricants, automatic transmission fluids, gear lubricants,
compressor lubricants, metal-working lubricants, hydraulic fluids, and other lubricating oil
15 and grease compositions. The additives can also be used in motor fuel compositions.
It is preferred that the compositions of the present invention be included in the oil,

fuel, or grease in a concentration in the range of from about 0.01 to about 15 wt%.
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are not fully understood. However, in one preferred enbodinent, in which a
Cl6 al kyl salicylic acid was reacted with boric acid, nmass spectronetric
anal ysi s wodbeankesst hat the structure of the reaction proaustoosmsicsahose
skilled in the art will thus understand that the foregoing |l eads to the
foll owi ng generalized structural fornula for this particular aspect of the
present invention:wherein RL is preferably a hydrocarbyl group, preferably
al kyl, of, preferably, from1 to 50 carbon atons; a is an integer of 1 or 2
(where a is 2, the R groups are independently selected, i.e., they may be
the sanme or different); R is amﬁenﬂé‘péhhl@mqlé:iﬁgeﬂ ect ed hydrocar byl group,
preferably al kyl, preferably of from1l to 50 carbon atons; and R3 is

hydrogen or al Kk additieésssfahis invehtion cam bk tsed 8 cpartisiteplaciiment @readeketgertthe use
of alternative starting nmaterials, as described above, will lead to

di f f er ent cuRetlyanal OPR&ScanAldotselidb @ doRMinaoR wWihidihdt IhbEcaSCaREHRE Gy

present invention. The "additives of the present invention are especially

£ Ul . . . . | f uel
conposi 1 SAZaRE. Sud MoffBOHs St & RRhgcr HspMRG b BBy arae 1
vi scosity includi at ur al synth oi |l s and

Xt L o5 PHSHISEALE LR b L B R R ke A Sarlg
oils for spark-ignited and _ i ) )
- swell agents, demulsifiers, Viscosity Index (VI) improvers, metal passivators, and pour point
. depressants. See, for example, U.S. Patent No. 5,498,809 for.a description of useful
fubricating oil composition additives; the-disclosure of which is incorporated herein by
reference in its entirety.

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

Examples of antioxidants include alkylated diphenylamines, N-alkylated

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

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

Crompton Corporation: Naugalube® 438, Naugalube 438L, Naugalube 640, Naugalube 635,
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conpression-ignited internal conmbustion engines. The conpositions can al so
be used in gas engine lubricants, turbine l[ubricants, automatic

t ransmi sswonoddozbads, gear | ubricants, conpressor | ubri caotrajs2esoatssywor ki ng
| ubricants, hydraulic fluids, and other lubricating oil and grease
conpositions. The additives can al so be used in notor fuel conpositions. It
is preferred that the conpositions of the present invention be included in
the oil, fuel, or grease in a concentration in the range of from about 0.01
to about 15 wt% Use with Ot her Additives The additives of this invention

can be usdBugsiube @&(T,Na&galﬁl&pAMSehﬁﬁ%alﬁlﬁHABAN@N&ﬁQﬂdﬂPAM,WmfghMbélEFMQ, They
can al so be used in conbination with other lubricant additives typically

can ol . t . | O
ound in NaGESuBNSE ITRGLAEalObd 531, NHGEhFEB AT REGENILR 4o§lma§@agﬁg i4g§,idglaa§fg§f

agents, extreme pressure agents, corrosion/rust inhibitor

W scosi ty TRBx (V1) i mprovers.  metal passi vat ors. ahd pour point.

of uset ul | br FaHTP IS obF I BERTHRI b PolboLa bbb CORBIER R Madube SGhuaR ol | s

incorporated herein by reference in its entirety. Exanples of dispersants

i ncl u§ e pHieyrespuinytivs indedd eremalearatcpoirganoaihatntienorgano-phosphates, organic
sulfur-containing compounds, sulfurized olefins, sulfurized fatty.acid derivatives (esters),
chlorinated paraffins, zinc. dialkyldithiophosphates, zinc diaryldithiophosphates,
phosphosulfurized- hiydrocarbons, and the like. The following are‘exemplaryof such
additives and are commercially available from The Lubrizol Corporation: Lubrizol 677A,

10 Lubrizol 1095, Lubrizol 1097, Lubrizol 1360, Lubrizol 1395, Lubrizol 5139, and Lubrizol

5604, among others.

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

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

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

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

20



succi nate esters, Mnnich Base ashl ess dispersants, and the |ike. Exanples
of detergents include neutral and overbased al kali and al kaline earth netal
sal ts of wolbemi2evzaci ds carboxylic acids, alkyl phenategcans2a@iskyiocss
salicylic acids. Exanples of antioxidants include al kyl ated di phenyl am nes,
N-al kyl at ed phenyl enedi am nes, phenyl - a-napht hyl am ne, al kyl at ed

phenyl - a- napht hyl am ne, di nmet hyl quinolines, trimethyldi hydroquinolines and
ol i goneric conpositions derived therefrom hindered phenolics, alkylated
hydr oqui nones, hydroxyl ated thi odi phenyl ethers, alkylidenebi sphenol s,

t hi opr opi GAditi¥es af’rﬁ*e%rawm’@e@iﬁt“m%@%@%ﬁ%eﬁ(ZON@ehcmm@al@&pnbﬂhKa@hna@ml e and
derivatives, oil soluble copper conpounds, and the like. The follow ng are
exenplary75NL§ﬁdhmaadWﬂT&emumgwﬂune comercially avail abl e from Cronpton
Cor porati on: Naugal ube(r) 438, Naugal ube 438L, Naugal ube 640, Naugal ube

635, Naugal ube 680cxahpuost dabetiAbBnariias! [\gaym@aﬁm thbAg 2 Edari ofhﬁvga' ube
TMQ Naugal ube 531, Naugal ube 43 1, ugard(r) BHT, Naugal ube 403, and

Naugal ube |
used in ca‘?r%‘.""ﬁ’é??%ﬂ%%ﬂa“ ien AT S8l deGRlve SRl WY, s ngliie”
organg- bor\ﬁ ptovers a08a® &OP R ch)go?)?rhers e Hlspé% %Bgﬁtn%gpolym rasnar?d the like. An

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

Lubricant Compositions

-Eompositions; when they-contain these additives; are-typically blended-into a-base oil

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

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

25
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sul fur-contai ni ng conpounds, sulfurized olefins, sulfurized fatty acid
derivatives (esters), chlorinated paraffins, zinc .

di al kyl diwbi2amnesghat es, _zi nc di aryl di t hj ophpsphat es, plrospiseasloizesi zed
hydrocarbons, and the like. The followi ng are exenplary of such additives
and are comercially available from The Lubrizol Corporation: Lubrizol
611A, Lubrizol 1095, Lubrizol 1097, Lubrizol 1360, Lubrizol 1395, Lubri zol
5139, and Lubrizol 5604, anong others. Exanples of friction nodifiers
include fatty acid esters and am des, organo nol ybdenum conpounds,

nol ybdenum di al Wieripthps %@ér%&ﬁ@te@@bwdl i i rherdesicabl ﬂ(ﬁlth@ghmoommsqanat@s
nol ybdenum di sul fi de, tri-nolybdenum cluster dial kyl dithiocarbanates,
non-sul fu rprcnﬂrg/hﬂibnwnomoemuaws dsmarising bendenhtested Jdletidmlor dispergionas 6f ﬂﬁé%mb@tr y
of such additives and are comrercially available fromR T. Vander bi I t

Conpany, lddditivedvbf %Vsﬂﬁveﬁtloh/@lln)éﬁﬂ&nk-rateMmohﬁﬁmegggabob@hé/sgﬁﬁbog5t@§e
822, Mdlyvan 855, anpbng others. The followi ng are al so exenplary

%iﬂb%kﬁi%“‘i"é%‘“?iﬁ?féﬁ‘ BB (B i bR @%ﬁ%gﬁ%ﬁ%ﬁ%ﬁﬁbmg
SAKUR'%‘ LUI%e erred g‘d he?élélgsRﬁ‘n LéJcEEvellgé%:’l(agsee\'\(N @féblilgg\%ral additives can be added

_simultaneously to the base oil to form the lubricating oil c_ompo_sit_ion. Dissolution of the

_ additive concentrate into the lubricating oil can be facilitated by solvents and by mi_xing

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

the remainder being base oil.
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600, SAKURA-LUBE 700, anong others. The follow ng are al so exenplary of
suchadditives and are commercially avail able from Akzo Nobel Chem cals
GrbH:  Ketwernoddn27hl Ketjen-Ox 77TS, anong others. An exanplseoosiolzss
anti-foamant is polysiloxane, and the |ike. Exanples of rust inhibitors are
pol yoxyal kyl ene pol yol, benzotriazol e derivatives, and the |ike. Exanples
of VI inprovers include olefin copolyners and di spersant ol efin copol yners,
and the |like. An exanple of a pour point depressantwihs polhyrre.thac_ryl a’:]e,
and the |ike. Lubrjcant Conpositions Conpositions, en they contain these
addi tives, are 4”@5%@swegfg?gP@Wﬂ@agqswareasesg@@ﬂb{qnlqswtéﬁwm ndipgted) e desadne
additives therein are effective to provide their normal attendant

f unct i ons.onRbprEenngrediort (1Y eutdny of thendditise, ahdoun oporatliditdthMmesightref any
illustrated in TABLE 1. Wen ot her additives are enployed, it may be

desi r abl e, additivepackagsadr foenestiar; Whidhowipirtenhe surdlihk iAlave SMGF R R ve
conprising concentrated solutions or dispersions of the subject additives

of this inp@nht Right br ©RNSANRE UALGtamount s herei nabove described), together
with one or nore of said other additives (said concentrate when

add:  Pve- packadepoid: M) MM GrRRsERet SLEE LD ARG NP anbcer y o
the Dase gLl fub 1 RS PSR 2%, Shd SBTRES b2l 2 E59LL0R Sl
the additives ranging from about 0.1 to about 10 .weight percent based on the total weight of
-the oil composition is preferred. - A ‘more preferred concentration range-is from-about 0.2 to
about 5 weight percent. Oil concentrates of the additives can contain from about 1 to about
10 75 weight percent of the additive reaction product in a carrier or diluent oil of lubricating oil
viscosity. |
In general, the additives of the present invention are useful in a variety of lubricating
oil base stocks. The lubricating oil base stock is any natural or synthetic lubricaﬁng oil base
stock fraction having a kinematic viscosity at 100° C of about 2 to about 200 ¢St, more
15 preferably about 3 to about 150 ¢St, and most preferably about 3 to about 100 ¢St. The
lubricating oil base stock can be derived from natural lubricating oils, synthetic lubricating
oils, or mixtures thereof. Suitable lubricating oil base stocks include base stocks obtained by
isomerization of synthetic wax and wax, as well as hydrocracked base stocks produced by
hydroéracking (rather than solvent extracting) the aromatic and polar components of the

20 crude. Natural lubricating oils include animal oils, such as lard oil, vegetable oils (e.g.,
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additive concentrate into the lubricating oil can be facilitated by

sol vents and by m xi ng acconpanied by mld heating, but this is not

essent i alwobbh&/oaentrate or additive-package will typipcalusgoosdifess nul at ed
to contain the additives in proper amounts to provide the desired
concentration in the final formulation when the additive-package is
conbined with a predeterm ned anount of base |ubricant. Thus, the subject
additives of the present invention can be added to small anobunts of base
oil or other conpatible solvents along with other desirable additives to

f or m addi cancda pids kayeilsonmdpwengjlsygietroEuimejise thieemal ®ils rand alils detivedeframount s
of, typically, fromabout 2.5 to about 90 percent, preferably from about 15
to about ¢&lpesiegnt, and nore preferably from about 25 percent to about 60
percent by weight additives in the appropriate proportions wth the

remai nder bei ng/[a@@%mb&c 1uim@anftg aélknwﬁ deh@tah%a m@a&mf‘aﬁ&éy d;sm)' oy about

1 to 20 wei ght percéent of ditive-package wt he renaln belng

base of | Akicaind hEs wubq{zgn&ggcepg& ARG eS8 resstgm%ergﬁ@déﬁ 0 SRR hprw se

i ndi cat ed are

and/ of upon the total ht of , an jtive- formul ati on, which
Wi ll e t REVASHE IBFridants ag o gt inghe @Qﬁﬁ%ﬁ. §§I>'5%ﬁﬁef&§%t% B by (ot al
oil or diluent.

Gunderson and A. W. Hart, published by Reinhold (N.Y ., 1962), LUBRICATION.AND

LUBRICANTS, E. R, Braithwaite, ed.,.published by Elsevier Publishing Co., (N.Y., 1967),

Chapter 4; pages 166 through-196, "Synthetic Fubricants”; and SYNTHETIC LUBRICANTS
by M. W. Ranney, published by Noyes Data Corp., (Park Ridge, N.J., 1972). These
10 publications are incorporated herein by reference to establish the state of the art in regard to
identifying both general and specific types of synthetic lubricants which can be used in
conjunction with the additives of the present invention.
Thus, useful synthetic lubricating base oils include hydrocarbon oils derived from the
polymerizatioﬁ or copolymerization of olefins, such as polypropylene, polyisobutylene and
15 propylene-isobutylene copolymers; and the halohydrocarbon oils, such as chlorinated
polybutylene. Other useful syrithetic base oils include those based upon alkyl benzenes, such
as dodecylbenzene, tetra-decylbenzene, and those based upon polyphenyls, such as biphenyls
and terphenyls.
Another known class of synthetic oils useful as base oils for the subject lubricant
20 compositions are those based upon alkylene oxide polymers and interpolymers, and those oils

obtained by the modification of the terminal hydroxy groups of these polymers, (i.e., by the
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I'n general, the lubricant conpositions of the invention contain the
additives in a concentration ranging fromabout 0.05 to about 30 wei ght
percent. wocoswmepdsnation range for the additives rangi ngcfrrusproabonss 0.1 to
about 10 wei ght percent based on the total weight of the oil conposition is
preferred. A nore preferred concentration range is fromabout 0.2 to about
5 weight percent. G| concentrates of the additives can contain from about
1 to about 75 weight percent of the additive reaction PrOdﬁCt hg_?_carrlfr
or diluent oi. f lubricatin il viscosity. In general, the additives o
the pr eseﬁfte{lh?ﬁg‘ﬁf‘i%ﬁthgflgcﬂ?g‘fq(ﬁl the by GOXYaFTPwRS)- dhus, tisfhichese pds e pblainsd
stocks. The lubricating oil base stock is any natural or synthetic

| ubri cat i AYMbPelymaEeedsatdrne exade oramopidenernyxide ¢ framrtitel cpulysmesofteghydénel 00 C
of about 2 to about 200 cSt, nore preferably about 3 to about 150 cSt, and

most pr ef exalblapd atnpylen8 okilealibeful 209inckde thehdky uhd keakihe Fithe RAFReFiACK
can be derived fromnatural lubricating oils, synthetic lubricating oils,

or m xtur akyldpeorRles, sobh hekbiylpdBhidopaipyRGe @lycoPaié:;, §%)H%§( f:{hggl){\‘;ﬁﬁ'é?@gne

stocks obtained by isonerization of syntheti'c wax an

BRI et S R G D
derived from the esterification of the terminal hydroxy group of the polymerized alkylene -
oxides with mono- or polycarboxylic acids. Exemplary.of this series are the acetic acid.
esters or mixed C, -C; fatty acid esters of the Cj; oxo-acid-diester of tetraethylene glycol.

Another suitable class of synthetic lubricating oils comprises the esters of
10 dicarboxylic acids with a variety of alcohols. Esters useful as synthetic oils also include
those made from C; to C,, monocarboxylic acids and polyols and polyol ethers. Other esters
useful as synthetic oils include those made from copolymers of a-olefins and dicarboxylic
acids which are esterified with short or medium chain length alcohols. The following are
exemplary of such additives and are commercially available from Akzo Nobel Chemicals
15 SpA:KfﬁmﬂubesllS,135J65J300,2300,2700,305;445,502,522,mui6300,mnong
others.
Silicon-based oils, such as the polyalkyl-, bolyaryl-, polyalkoxy-, or polyaryloxy-
siloxane oils and silicate oils, comprise another useful class of synthetic lijbricating oils.

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

20 polymeric tetrahydrofurans, poly a-olefins, and the like.
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crude. Natural lubricating oils include animal oils, such as lard oil,
vegetable oils (e.g.,canola oils, castor oils, sunflower oils), petroleum
oi |'s, m ngoabosuizbsss and oils derived fromcoal or shal epcWasgomsynteBet ic

| ubricants are known in the art and these are useful as a base lubricating
oil for lubricating conmpositions containing the subject additives. Surveys
of synthetic lubricants are contained in the publications, SYNTHETIC

LUBRI CANTS by R C. Gunderson and A. W Hart, publi sheddby Rei)lnholhdd(g. Y.,
1962), LUBRI CATI ON AND LUBRI CANTS, E. R Braithwaite, ed., published by

El sez/i er Publ i ﬂi? epriegting ‘elﬁmw.b,e degeer) frormpygisfised. efinpdgtesrelipgl eily eugh 196,
“Synthetic Lubricants", and SYNTHETI C LUBRI CANTS by M W Ranney, published
by Noyes BDux@resdhgseof. ((Paefinericilgare oigained diveyly fines eatprabbowed oosysthatie

i ncorporated herein by reference to establish the state of the art in

regard tosowtenteid.ydoal shalé forganed ditumes) witlksit firthet ppeficadibn oY tbAiflehC
| ubricants which can be used in conjunction with the additives of the

present i Bx@RpicOBf utkbiSed MRThAULISY LSl Sbthinba hﬁ@étiyrfgo,#a%&oﬁidg%gm%mdae
hydr ocarbon oils derived fromthe polynerization orf copolynerizati on of

olel'5s, BUfdlefi SAYLKRILRKIERP roBOdi¥IRORHN! o BSREN oBLARY LEAST RORYLY! €ne
pol ynersS; and the halohydrocarbon oils,” such™as chlori
esterification process, each of which is then used without further treatment. Refined oils are
similar to unrefined oils, except that refined oils have been treated in one or more purification
steps to improve-one or-more-properties. Suitable purification techniques-include distiliation;
hydrotreating, dewaxing, solvent extraction, acid or base extraction, ﬁ‘ltration, percolation,
10 and the like, all of which are well-known to those skilled in the art. Re-refined oils are
obtained by treating refined oils in processes similar to those used to obtain the refined oils,
These re-refined oils are also known as reclaimed or reprocessed oils and often are
additionally processed by techniqués for removal of spent additives and oil breakdown
products.
15 Lubricating oil base stocks derived from the hydroisomerization of wax may also be
used, either alone or in combination with the aforesaid natural and/or synthetic base stocks.
Such wax isomerate oil is produced by the hydroisomerization of natural or synthetic waxes
or mixtures thereof over a hydroisomerization catalyst. Natural waxes are typically the slack
waxes recovered by the solvent dewaxing of mineral oils; synthetic waxes are typically the

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

subjected to solvent dewaxing and fractionation to recover various fractions having a specific
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pol ybutyl ene. Ot her useful synthetic base oils include those based upon

al kyl benzenes, such as dodecyl benzene, tetra-decyl benzene, and those based
upon pol wbenyw@293such as bi phenyls and terphenyls. Anotherusknsomnmess ass of
synthetic oils useful as base oils for the subject |ubricant conpositions
are those based upon al kyl ene oxi de polynmers and interpolyners, and those
oils obtained by the nodification of the term nal hydroxy groups of these
polymers, (i.e., by theesterification or etherification of the hydroxy
groups). Thus, useful base oils are obtained from polymerized ethylene

oxi de or pHEPFHeREELX VIS igmarate s alprechapiséirizad by podsessing, Yeanbighwisgesignd
propyl ene oxide. Useful oils include the alkyl and aryl ethers of the

pol yner i zdudie¢sk géreradlychavitess Vol leest 1), hseffqrably ias lepstdpy loe hizher anciofolletvigs |
di phenyl ether of polyethylene glycol and diethyl ether of propylene

gl ycol . AretviringUspdutlpositiof @so@f2®ymbhielvee base oils is derived fromthe
esterification of the term nal hydroxy group of the polynerized al kyl ene

oxi des wi th nmongg a@@arﬁﬁ%eﬁggﬁ Bcgﬁﬁ&gﬁ?lﬂ%ﬂﬁes mgg;ke%% il(?\;enﬁiﬁ}é %vaigg L§ge are the

acetic acid esters or atty acrd ers o 0X0 acid

dies;grof2%8%%$Fﬁgxkﬁg@ugé%%%%agﬁﬁpther suitabl e class of synthetic

| ubricatin s conprirs &rs of di carboxylic acids with a variety
: s synthetic oils also include
of gl cohols. Esters useful as sy EXANMPLES

. Detergency Performance--Panel Coker Test
- “The detergency efficacy of crankcase-oils can-be assessed in terms of deposit forming
tendency on a rectangular Al-steel panel in a Panel Coker test. In this test, 200 ml of the test
10 sample is taken in sump and heated at 100° C. For a period of 6 hours, this heated oil is
splashed by whiskers on the Al-steel panel, the temperature of which is maintained at 310° C.
After completion of the test, any deposits on the panel are weighed. A decrease in the weight
of deposits as compared with a similar composition lacking the detergent additive indicates
improved detergency.
15 Antioxidant Performance--Pressure Differential Scanning Calorimetry (PDSC)
PDSC (DuPont Model-910/1090B) can be used for relative antioxidant performance
evaluation of the composition. In this method, a test sample (10 mg) taken in a sample boat
is subjected to heating from 100-300° C at the rate of 10° C per minute under 500 psi oxygen
pressure. The onset of oxidation temperature is adopted as a criterion for assessment of
20 antioxidant performance. In general, an increase in onset of oxidation temperature indicates

improvement in antioxidant performance. See J. A. Walker and W. Tsang, "Characterization
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t hose made from C5 to Cl12 nonocar boxylic acids and pol yols and pol yol
ethers. Qther esters useful as synthetic oils include those made from
copol ynmerwoahocarzedzef i ns and di carboxylic aci ds which ar eceaise@sioetsyi t h
short or mediumchain | ength al cohols. The follow ng are exenplary of such
additives and are commercially avail able from Akzo Nobel Chem cals SpA:
Kctj enl ubes 115, 135, 165, 1300, 2300, 2700, 305, 445, 502, 522, and 6300,
anong others. Silicon-based oils, such as the polyal kyl -, polyaryl-,

pol yal koxy-. or polyaryl oxysiloxane oils and silicate oils, conprise
anot her u9ELubricatian ilstbydyibierratinkSqanping Salarimeetsi’| SAE Genbnical\apereieries,

| ubricating oils include liquid esters of phosphorus-containing acids,
pol yneri c 80&IF3A0ctdr20F 2, 4880). pol y a-ol efins, and the |ike. The |ubricating
oil may be derived fromunrefined, refined, re-refined oils, or mxtures
thereof. Unrefined oils are obtained giangsielly froma natural source or
synthetic source (e.g., coal, shale, or tar and bitunen) w thout further

puri 11 cation_oboy EEAEbticyREAR! s Alicd I AhiASH Rl fadkalidIE §iephal e of |

obtained directly omar rting operation, a petrolse ai ned
G rectly. AR Lo Sy her B PR SR
treatment 'grall:i%f(i ae ,6;g.p|h§.o?erﬁ?1 was.added followed by 43.5 grams of methane sulfonic acid. The
mixture was heated to 120° C under the nitrogen blanket for 24 hours at which time.the
~ ~catalyst wastemoved: The product tiad-an acid value of 143 milliequivalents of KOH/gram -
and a yield of about 90 % alkyl salicylic acid.
10 Example 2
41 grams of the alkyl salicylic acid from Example 1 was added to a three-necked flask
equipped with a stirrer and a thermometer. This was followed by the addition of 30 grams of
methanol, 15 grams of water, 40 grams of solvent refined base oil, and 50 grams of naphtha.
The mixture was heated to 30° C and 15 grams of boric acid was added. Over the next 2
15 hours, the mixture was heated to 215° C to remove solvents. The resulting product was clear
and fluid and had an acid value of 82.8 milliequivalents of KOH/gram of sample.
Testing:
A) The product of Example 2 was evaluated in a panel coker test to assess the
deposit forming tendency of an oil treated with 5 wt % of material. At the end of the test, 1.2

20 milligrams of deposit was found, whereas an SAE 50 base oil evaluated without additives

produced more than 150 milligrams of deposit.
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simlar to unrefined oils, except that refined oils have been treated in
one or nore purification steps to inprove one or nore properties. Suitable
puri fi catwonossarebssisques i nclude distillation, hydrotrearicmgis2eswarnsng,

sol vent extraction, acid or base extraction, filtration, percolation, and
the like, all of which are well-known to those skilled in the art.
Re-refined oils are obtained by treating refined oils in processes simlar
to those used to obtain the refined oils. These re-refined oils are also
known as reclai med or reprocessed oils and often are additionally processed
by techni ques for rdmgwliyl salicyhiensid gflxampled veaselsiqvalwatediia hwrpapelogiset s .
Lubricating oil base stocks derived fromthe hydroi sonerization of wax may
al so be u#estianeprodecedd9diemiligrams obdtpiondt i on with the af oresai d natural
and/ or synthetic base stocks. Such wax isonmerate oil is produced by the

hydr oi soneri zad)on @STMDIEATI Rhs S0 kdIeal fatd'RY PPodREL HF Bl (26 | FhanBRfiryover a
hydr oi soneri zation catal yst. Natural waxes are typically the slack waxes

recoveredpgmmﬁﬂﬁcéﬁlygﬂ%% PRk ghaﬁmg%ﬂﬁ{ bofli | b%ﬁ¥ﬂ&&?bf iﬁ?éﬁiﬁ eﬁﬁg

typically the wax pro by the Fischer-"Tropsc I ocess.
| soneg at e

oS 1 BT ASR Eabht, A S R PSSR 0 ety o
\r/?ggg si Y\séli ftomr:refh%tp%ociillsctfg IpcS:r or(r:ngggg \_(z:vgse s,ri;n%lgrdtot)tgll gi? Sfa?tglse?ciidr: gwh\{(?hr g/adhai \%Qar scar
of 415.um and was.superior to non-additized diesel fuel, which produced a wear scar of 610 ..
D) Example 2 was tested in an ASTM D665 rust test and its performance
10 compared to a commercial calcium dinonyl naphthalene sulfonate (Nasul 729 from King
Industry). Ata treat of 0.75 % in oil, the boron ester passed 48 hours while the commercial
sulfonate failed the test with numerous rust spots.
In view of the many changes and modifications that can be made without departing

from principles underlying the invention, reference should be made to the appended claims

15 for an understanding of the scope of the protection to be afforded the invention.
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i ndi ces, generally having a VI of at |east 130, preferably at |east 135 or
hi gher and, foll ow ng dewaxi ng, a pour point of about -20 C or |ower. The
advant agewoaneb/2bs4i nport ant features of the present ineemtisewswiisss be nore
apparent fromthe foll ow ng exanpl es. EXAMPLES Det er gency Performance- Panel
Coker Test The detergency efficacy of crankcase oils can be assessed in
ternms of deposit form ng tendency on a rectangular Al -steel panel in a
Panel Coker test. In this test, 200 m of the test sanple is taken in sunp
and heated at 100 C. For a period of 6 hours, this heated oil is splashed
by whiskers on the Al -steel panel, th&li&W8rature of which is maintained
at 310 C. After conpletion of the test, any deposits on the panel are

wei ghed. AVldedy daigeediist t he wei ght of deposits as conpared with a simlar
conposition | acking the detergent additive indicates inproved detergency.
Ant i oxi dant Peisf @niRigRmRo Mm@:u'fferential Scanni ng Cal orinetry (PDSC)
PDSC (DuPont WMbdel -910/1090B) can be used for rel ative anti oxi dant

per f or mance (A)  alubricant, and

5 (B)  at least one reaction product of an acidic organic compound and a boron
compound.
2. The composition of claim 1 wherein theacidic organic compound-is selected fromthe

group consisting of alkyl substituted salicylic acids, di-substituted salicylic acids, oil soluble
10 hydroxy carboxylic acids, salicylic acid calixarenes, sulfur-containing calixarenes, and acids

of the structures

COOH
X OH | HO X
[
X' C— X'
15 I
R
X X X' X

wherein X and X' are independently selected from the group consisting of hydrogen,
hydrocarbyl, halogen, R is polymethylene or branched or unbranched alkylene, and x is 0 or
20 1, and R' is hydrogen or hydrocarbyl.

or
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eval uation of the conposition. In this nethod, a test sanple (10 ng) taken
in a sanple boat is subjected to heating from 100-300 C at the rate of 10 C
per m nutwouonekarn29g@0 psi oxygen pressure. The onset of exirdabesn17684
tenperature is adopted as a criterion for assessnent of antioxi dant
performance. In general, an increase in onset of oxidation tenperature

i ndi cates inprovenent in antioxidant perfornmance. See J . A Wil ker and W
Tsang, "Characterizationof Lubrication Qls by Differential Scanning

Cal orinmetry", SAE Technical Paper Series, 801383 (Cct. 20-23, 1980).
Exanmple 1 207 grams of salicylic acid was added to a three-necked fl ask
equi pped with a thernoneter, a stirrer, and a source of nitrogen to bl anket
the reaction vessel. Next, 354 grans of a Cl6 al pha ol efin was added
followed by 43.5 grans of nethafe sul fdnic acid.RThe m xture was heated to
120 C under the nitrogen hignkel frr 24 ' i
was renoved. The product had _an acl'd va A3 milliequival ents of
KOH gram and a yield of aboylf 90 % al Ky @di d. Exanple 2 4 1
grans of the al kyl salicyli@ ac{d grom was added to a

t hr ee- necked fl ask A R,

5

tertlary alkyl or arylalkyl groups contalmng 4 to k3 carbon atoms prov1ded that both K and
R, are not hydrogen) R and R are 1ndependently selected from the group conSIStmg of

hydrogen, hydrocarbyl groups, arylalky! groups, and cycloalkyl groups, and x = 0 to 24.

10
3. The composition of claim 1 wherein the boron compound is selected from the group
consisting of boric acid, a trialkyl borate, alkyl boric acid, dialkyl boric acid, boric oxide,
boric acid complex, cycloalkyl boric acid, aryl boric acid, dicycloalkyl boric acid, diaryl
boric acid, and substitution products of these with alkoxy, alkyl, and/or alkyl groups.

15
4. The composition of claim 3 wherein the boron compound is boric acid.

20
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equi pped with a stirrer and a thernoneter. This was foll owed by the
addition of 30 grans of nethanol, 15 grans of water, 40 grans of sol vent
refined bweeowd2293and 50 granms of naphtha. The m xture was/Useaseissp 30 C
and 15 granms of boric acid was added. Over the next 2 hours, the m xture
was heated to 215 C to renove solvents. The resulting product was clear and
fluid and had an acid value of 82.8 mlliequival ents of KOH gram of sanple.
Testing: A) The product of Exanple 2 was evaluated in a panel coker test to
assess the deposit formng tendency of an oil treated with 5 wt % of
material. At the end of the test, 1.2 mlligrams of deposit was found,

wher eas anf- SAE 1hg compesitipn oblaimy i wdgrein theseactianigiaduvies ophedtroetdrenor e t han
150 mlIligrams of deposit.B) The alkyl salicylic acid of Exanple 1 was al so
eval uated in the panel coker test and produced 191.1 mlligrans of deposit
C) ASTM D-6079 was used to eval uategt he product of Exanple 1 for lubricity
performance in a |l ow sul fur diesel fluel containing about 13 ppm sul fur.
Testing was done at 150 ppm of the Cld of Exarrple lin a Iow sul fur fuel
and resulted in a wear sca ]
was simlar to tall oil fa

5

(R1)a

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

hydrogen or alkyl.
6. The composition of claim 1 wherein the lubricant is a lubricating oil.

15 7. The composition of claim 6 wherein the acidic organic compound is selected from the
group consisting of alkyl substituted salicylic acids, di-substituted salicylic acids, oil soluble

hydroxy carboxylic acids, salicylic acid calixarenes, sulfur-containing calixarenes, and acids

of the structures
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of 415 mm and was superior to non-additized diesel fuel, which produced a
wear -scar of 610 mm D) Exanple 2 was tested in an ASTM D665 rust test and
its perfowomoemeeoapared to a commercial cal ci um di nonylpcragbidsahsse
sul fonate (Nasul 729 from King Industry). At a treat of 0.75 %in oil, the
boron ester passed 48 hours while the commercial sulfonate failed the test
W th nunmerous rust spots. In view of the many changes and nodifications
that can be nade wi t hout departing from principles underlying the
i nvention, reference should be nade to the appended clains for an
under standi ng of the scope of the protection to be afforded the
i nvention. CLAIMS What is clainmed is: 1. A conposition conprising: (A a
| ubricant, and (B) at |east one reacti opoprpduct of an acidic organic
conpound and a boron conpoundX 2. Ti¥lc itionXof claim1 wherein the
acidic organic conpound is selected fro }

X

X C X'

“wheréin X aiid X' re indepenidently selected from the gioup consistifig of hydfogen.
hydrocarbyl, halogen, R is polymethylene or branched or unbranched alkylene, aﬁd x. is 0 or
1, and R' is hydrogen or hydrocarbyl.

10 or

HO

w

)
C (l: \ / OH

O
=

'

L x R
15 ’

wherein R, and R, are hydrogen, hydrocarby! groups containing 1 to 18 carbon atoms, or
tertiary alkyl or arylalkyl groups containing 4 to 8 carbon atoms, provided that both R, and
R, are not hydrogen), R, and R, are independently selected from the group consisting of

hydrogen, hydrocarbyl groups, arylalkyl groups, and cycloalkyl groups, and x = 0 to 24.
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group consisting of alkyl substituted salicylic acids, di-substituted
salicylic acids, oil soluble hydroxy carboxylic acids, salicylic acid

cal i xar enge,206042b931 - cont ai ni ng cal i xarenes, and aci ds ofctrhsasnuekur es
wherein X and X are independently selected fromthe group consisting of
hydr ogen, hydrocarbyl, hal ogen, R is polynethylene or branched or
unbranched al kyl ene, and x is 0 or 1, and R is hydrogen or hydrocarbyl.
orwherein R1 and R2 are hydrogen, hydrocarbyl groups containing 1 to 18
carbon atons, or tertiary alkyl or arylalkyl groups containing 4 to 8
carbon ataonms, provided that both R and R2 are not hydrogen), R3 and R4 are
i ndependerdt | y é@ﬁé@ﬁ@ﬂ“ﬂﬁ%ﬁf@h@‘@N@@&“&ﬁﬁéﬁﬁﬁiQﬁpmwmﬁyﬂﬁbﬁﬁﬁfﬁhwdﬁnﬁambyl
groups, arylal kyl groups, and cycl oal kyl groups, and x = 0 to 24. 3. The
conposi t i eAnystingl afibori¢ avitles eiatkyl herabm plby| baripeit) diallsy | detie atiddbdricarvidéhe
group consisting of boric acid, a trialkyl borate, alkyl boric acid,

di al kyl bobiic aaidicdmphar e@l@mﬂ@on@%uCarﬂ%dﬂlcca@mphﬁ,yelomyi &ﬁlc‘@éld QFA’%}'/IC aci d,
aryl boric acid, dicycloal kyl boric acid, diaryl boric acid,

subst i t ut ipgRc REACHHRLSL: Mﬁ%a od B @k RO iy oups. 4 .
The conp05|tfoﬁ of cl a|n$ er%%nggﬁéﬁgépb% $%yaogn &%F%&&h%% I'd. 5. The
conpo§|t|on of claim1 wherein the réaction product is of the structure:

9. The cofmposition of claim 8 wherein the boron compound is boric acid.
10.”  The composition of claim 6 wherein the reaction product is of the structure:
0
10
o}
B 2
o o
(R1)a
R,0” 0
15
wherein R, is a hydrocarbyl group; a is an integer of 1 or 2, wherein if a is 2, the R, groups
are independently selected; R, is an independently selected hydrocarbyl group; and R, is
hydrogen or alkyl.
20

34



wherein R, is a hydrocarbyl group; ais an integer of 1 or 2, wherein if a
is 2, the R groups are independently selected; R2 is an independently

sel ect ed wopdoepedzyl group; and R3 is hydrogen or al kyl pc@usidvs/ocmsposition
of claim1l wherein the lubricant is a lubricating oil. 7. The conposition
of claim6 wherein the acidic organic conmpound is selected fromthe group
consisting of alkyl substituted salicylic acids, di-substituted salicylic
acids, oil soluble hydroxy carboxylic acids, salicylic acid calixarenes,

sul fur-containing calixarenes, and acids of the structureswherein X arid X
are independent cted fromthe group consisting of hydrogen,
hydrocarb?ﬂ; hé+§%§ﬁ%s??Q%?W§gPV¥bthyIene or branched or unbranched

al kyl ene, and x ,is 0 or, 1, and Rl is hydrogen or hydrocarbyl. or wherein R
and R2 are hydﬂé@enﬁlﬁyﬁ¥ﬁéﬁmﬁyﬂ’@Fbups containing 1 to 18 carbon atons, or
tertiary al kyl or arylal kyl groups containing 4 to 8 carbon atons, provided
that both R anfB)R2 aalesstot réagtipn gedpct d3nandicegarie compependdntboyorsel ect ed
fromthe group consisting of hydrogen, hydrocarbyl groups, aryl al kyl

groups, ardmpgohdal kyl groups, and x 0 to 24.8. The conposition of claim®6
wherein the boron conpound is selected fromthe group

5
12. .:The'c‘ompOSitio‘n of claim 11 whgrein the acidic organic compound is selected from
thegroupconSIStmgofalkyl sybsﬁ;f;iféafsal‘iey'?l'ié?*a‘ai‘d“s; di-substituted salicylic acids, oil
soluble hydroxy carboxylic acids, salicylic acid calixarenes, sulfur-containing calixarenes,
and acids of the structures

10

Xl ? Xl

15
wherein X and X' are independently selected from the group consisting of hydrogen,
hydrocarbyl, halogen, R is polymethylene or branched or unbranched alkylene, and x is 0 or
1, and R' is hydrogen or hydrocarby].
or
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consisting of boric acid, a trialkyl borate, alkyl boric acid, dialkyl
boric acid, boric oxide, boric acid conplex, cycloal kyl boric acid, aryl
bori c aciwo 2deésteedseal kyl boric acid, diaryl boric acid, pamarssessiicsuti on
products of these with al koxy, alkyl, and/or alkyl groups. 9. The
conposition of claim8 wherein the boron conpound is boric acid. 10. The
conposition of claim®6 wherein the reaction product is of the structure:
wherein R, is a hydrocarbyl group; a is an integer of 1 or 2, wherein if a
is 2, the RL groups are independently selected; R2 is an independently

sel ected hydrocarbyl group; and R3 is hydrogen or alkyl.11. A conposition
conprising: (A) a hydrocarbon fuel, and (B) at |east one reaction product
of an acidic organi c conpound and a borpn conpoqu 12. The conposition of
claim 11l wherein the aCIdlﬁ organl ~conpound is .elected fromthe group
consi sting of alkyl substi 8 s -substituted salicylic
acids, oil soluble hydroxy c -bf Hoie acid cal i xar enes,
sul fur-contai ni ng calixarengm P K i tructures

‘wherein R, and R, are hydrogen, hydrocarbyl groups containing 1 to 18 carbon atoms, or
tertiary alkyl or arylalkyl groups contaiiing 4 to'8 carbon atonis, provided that both R and
R are not hydrogen), R, and R, are independently selected from the group consisting of
hydrogen, hydrocarbyl groups, arylalkyl groups, and cycloalkyl groups, and x = 0 to 24.

10 |
13. The composition of claim 3 wherein the boron compound is selected from the group
consisting of boric acid, a trialky! borate, alkyl boric acid, dialky! boric acid, boric oxide,
boric acid complex, cycloalkyl boric acid, aryl boric acid, dicycloalkyl boric acid, diaryl
boric acid, and substitution products of these with alkoxy, alkyl, and/or alkyl groups.

15

14. The composition of claim 13 wherein the boron compound is boric acid.
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wherein X and Xlare independently selected fromthe group consisting of
hydr ogen, hydrocarbyl, halogen, R is pol ynethylene or branched or

unbr anchestoabésyl2e93e¢, and x is Cor 1, and R is hydrogenponr/usgesocasby! .
orwherein R, and R2 are hydrogen, hydrocarbyl groups containing 1 to 18
carbon atons, or tertiary atkyl or arylalkyl groups containing 4 to 8
carbon atons, prbvided that both RL and R2 are not hydrogen), R3 and R4 are
i ndependently selected fromthe group consisting of hydrogen, hydr ocar byl
groups, arylal kyl groups, and cycl oal kyl groups, and x 0 to 24. 13. The
conpositi of gl ted fromthe
comost 1 98, of (kabMuE HBFLEU 7 ROLAE WRBHP Gl PRSP,

di al kyl boric acid, boric oxide, borlc aC|d conpl ex, cycIoaIkyI bori c aci d,
aryl boric acid, dicycloal kyl boric acid, diaryl boric acid, and
substitution products of these with @l koxy, alkyl, and/or alkyl groups. 14.
The conposition of claim 13 wherein tlhe boron conpound is boric acid. 15.
The conposition of claim 11 wherein {jhe reaction product is of the

i i an integer of 1 or 2,
$el ected; R2 is an

3, and 20gen or al kyl .

(R1)a

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

hydrogen or alkyl.

16. A method for reducing friction in an internal combustion engine which comprises
operating the engine with a lubricating oil containing an amount effective to reduce friction

15 of the reaction product of an acidic organic compound and a boron compound.

17. The method of claim 16 wherein the acidic organic compound is selected from the
group consisting of alkyl substituted salicylic acids, di-substituted salicylic acids, oil soluble
hydroxy carboxylic acids, salicylic acid calixarenes, sulfur-containing calixarenes, and acids

20 of the structures
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16. A nmethod for reducing friction in an internal conbustion engi ne which
conprises operating the engine with a lubricating oil containing an anount
ef fecti vewbaoseadesse friction of the reaction product of pamsesdiot7684 gani c
conpound and a boron conpound. 17. The nethod of claim 16 wherein the
acidic organic conpound is selected fromthe group consisting of alkyl
substituted salicylic acids, di-substituted salicylic acids, oil soluble
hydr oxy carboxylic acids, salicylic acid calixarenes, sulfur-containing
cal i xarenes, and acids of the structureswherein X and Xlare independently
selected fromthe group consisting of hydrogen, hydrocarbyl, halogen, Ris
pol ynet hyl ene or branched or unbranched al kylene, and x is 0 or 1, and Rl
i s hydrogen or hydrocarbyl. qr wherein 3 are hydrogen, hydrocar byl

groups containing 1 to 18 carkon at $Hs \ i al kyl or aryl al kyl
groups containing 4 to 8 carbol_a pviged yhat both R and R2 are not
hydrogen), R3 and R4 are indepg om the group consisting
of hydrogen, hydrocarbyl X ‘ y ang' cycl oal kyl groups,
and x = 0 to 24.18. The nethod im 16 W /A the boron conpound is
sel ected fromthe group consisyrng\of BRric Aci a trialkyl borate, alkyl

bori csacid, dial kyl boric aci

wherein X arid X' are independently selected from the group consisting of hydrogen,
hydrocarbyl, halogen, R is polymethylen'e or branched or “urhil")rancv:hed alkylene, and xri.s 0 6r ”
I, and R' is hydrogen or hydrocarbyl.

10 or

HO

~
@]
e
=
N\
O
T

15 ’
wherein R, and R, are hydrogen, hydrocarbyl groups containing 1 to 18 carbon atoms, or
tertiary alkyl or arylalkyl groups containing 4 to 8 carbon atoms, provided that both R, and
R, are not hydrogen), R, and R, are independently selected from the group consisting of
hydrogen, hydrocarbyl groups, arylalkyl groups, and cycloalkyl groups, and x = 0 to 24.
20
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boric acid conplex, cycloalkyl boric acid, aryl boric acid, dicycloalkyl
boric acid, diaryl boric acid, and substitution products of these with

al koxy, albybes@pasor al kyl groups. 19. The nmethod of clpairusi@swimssei n t he
boron conpound is boric acid. 20. The nethod of claim 16 wherein the
reaction product is of the structure: wherein R is a hydrocarbyl group; a
is an integer of 1 or 2, wherein if ais 2, the Rl groups are independently
selected; R2 is an independently sel ected hydrocarbyl group; and R3 is

hydr ogen or al kyl .

18.  The method of'claim 16 wherein the boron compound is selected from the group
consisting of boric acid, a trialkyl borate, alkyl boric acid, dialkyl boric acid, boric oxide,
boric acid complex, cycloalkyl boric acid, aryl boric acid, dicyclodlkyl boric acid, diaryl

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

5
19.  The method of claim 18 wherein the boron compound is boric acid.
20.  The method of claim 16 wherein the feaction product is of the structure:
0
10
o)
RZ
PN
o) o)
(Rya
R,0 0
15

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

hydrogen or alkyl.
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