DETERGENT / ANTI - OXI DANT ADDI TI VES FOR FUELS AND LUBRI CANTS 5 BACKGROUND OF
THE INVENTION 1. Field of the Invention This invention is related to fuels,
especi ally hydrocarbon fuels, and |ubricants, especially lubricating oils,
and, nore particularly, to a class of reduced ash detergent / anti- 10

oxi dant additives that are products of the reaction of acidic organic
conpounds, such as hydrocarbyl salicylic acids, basic organic conpounds,
such as organic nitrogen base conpounds, particularly those conprising an
N- hydroxy al kyl nmoiety, and boron conpounds, such as boric acid. 2.
Description of Related Art 15 Metal detergents represent a major source of
ash in fornul ated engine oils aline earth sulfonates, henates and

sal i cyl at e@ETEW&dIAWTBWWT%S FOR FUELSANDHL, UBRICANTS: gency
and al kali ne reserve. Detergents are necessary conponents of engine oils for
bot h gasoline and di esel engines. Inconplete conbustion of the fuel produces
soot that can lead to sludge deposits, as well as carbon and varnish
deposits. In the case of diesel fuel, 20 residual sulfur in the fuel burns
in the conbustion chanber to produce sul fur derived acids. These acids

produce corrosion and cor rﬂgcy@;mgwuoptm“m ogNd they also accelerate
the degradation of the oil. Neutral and overbased detergents are introduced

into engige oi ze these acidic conpounds, thereby preventing
t he formation gﬁzl%art#‘gw&%’?‘ne | deposits and dranatically increasing

engine life. This invention is related to fuels, especially hydrocarbon fuels, and lubricants,

especially lubricating oils, and, more particularly, to a class of reduced ash detergent / anti-

10 oxidant additives that are products of the reactioh of acidic organic compounds, such as
hydrocarby! salicylic acids, basic organic compounds, such as organic nitrogen base
compounds, particularly those comprising an N-hydroxy alkyl moiety, and boron
compounds, such as boric acid.
2, Description of Related Art

15 Metal detergents represent a major source of ash in formulated engine oils. Alkaline
earth sulfonates, phenates and salicylates are typically used in modern engine oils to provide
detergency and alkaline reserve. Detergents are necessary components of engine oils for
both gasoline and diesel engines. Incomplete combustion of the fuel produces soot that can
lead to sludge deposits, as well as carbon and varnish deposits. In the case of diesel fuel,

20 residual sulfur in the fuel burns in the combustion chamber to produce sulfur derived acids.
These acids produce corrosion and corrosive wear in the engine, and they also accelerate the
degradation of the oil. Neutral and overbased detergents are introduced into engine oils to

neutralize these acidic compounds, thereby preventing the formation of harmful engine



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

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

hydrocarbyl salicylic acid of a defined fornula. 5 U. S. Patent No. 5,688,751
di scl oses that two-stroke cycle engines can be effectively lubricated by
supplying to the engine a mxture of an oil of lubricating viscosity and a
hydr ocar byl - substi tuted hydroxyaromatic carboxylic acid or an ester,
unsubstituted am de, hydrocarbyl-substituted am de, amoni um salt,

hydr ocar byl am ne salt, or nonoval ent netal salt thereof in an anmount
suitable to reduce piston deposits in said engine. The m xture to supplied

to the engi j ns: : Eﬁq,gg Q rcent by wei ght of divalent netals.
U S. Pat e%étpeﬁg%gtdgdg%%félgs@f%c %?m;%t%{e%@'pr eparation of magnesi um borate

over based netald ¢ er, Vin nesi.u rat.e uni feor l.y .di sper sed
in an ext rerrel@‘sf Pﬁg&‘?\%oaljgiﬁgiéggglsggges%qﬁtglcﬁ%t °ﬁfa°3’ﬁ‘é°§§’g‘ﬁ?gf‘{f§¥@%d§%‘gé boric
acid. The_pr.eparation involves reactin a neutr .Su|l phgnat e of an al kal i ne
earth met fictigh %Wﬁkjﬁ@i?%‘?‘ﬁp%%&!@ whieh %?Rflﬁe%&ﬁ’k}“ﬁﬁﬂ’&mll Seasm%}a@a%

conditions in the presence of a dilution solvent followed by distillation to
renove abdlsopddtedaning salt ofgx hydrqcarbylsalioylic ecid of 2 defined fermularhe” bor at ed ni xture
is then cooled, filtered to recover magnesi um borated netal detergent,
whi ch5i s sai d U®. BatemttiNd. 56688551 distlosdsdbatitwarstaoke cycle spgines qag bpeffedivalynce,
very good hydrol ytic and oxidation stability, and good extreme pressure and

anti wear HRbfigéd byesuppBthgZo thengine aaiktuoof 26,0l ©f libfiRatihgsvibwsitpaml 4 ubri cati ng
oil conposition that contains from about 50 to 1000 parts per mllion of

mol ybdenugy s Qp8yistBatittdadrbxyaoRake carblic héid 8F A ester, unsubstituted amide,

hydrocarbyl-substituted amide, ammonium salt, hydrocarbylamine salt, or monovalent 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.
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sol ubl e and substantially free of reactive sulfur, about 1,000 to 20, 000
parts per mllion of a diarylamne, and about 2,000 to 40,000 parts per
mllion of a phenate. This conbination of 5 ingredients is said to provide

i mproved oxidation control and inproved deposit control to the [lubricating
oil. US. Patent No. 6,339,052 discloses a lubricating oil conposition for
gasoline and diesel internal conbustion engines includes a major portion of
an oil of lubricating viscosity;, fromO0.1 to 20.0 % w w of a component A,
which is a sulfurized, overbased cal ci um phenate 10 detergent derived from
distilled, hydrogenated cashew nut shell liquid; and from0.1 to 10.0 % w w
of a conponent B, which is an am ne salt of phosphorodithioic acid of a

speci fied forggl pateh@™No/ 8d 74,880 URASRIW libticaBRESil cdmﬁbsitﬂm tildiRokthing remur es of

the foregoing are |ncorporated herein by reference in their entirety.

detorgem £°Hp S Bt PUTERET TR e S dabina iR 0461 ?Anf A
el die of Z»h'f%a"@ow%%‘%ﬂ&“ drg 8?@8%53%#%%%@“86%{?%‘@@ %ﬁﬁw e
Pyl oxy. cRRBIRT, a0 8hat 20005 4GS peL B ioreata BiappoLhis com %%n%ﬁfi’?! i ng

cal i xarenes, and the acidic structures disclosed in U S. Patent Nos.
2, 9333 520ingEdse8 ivgsd toprodde Juproved, axidatig vonto] ginymevedaiepasit control tg the
5,281, 346; 5, 336, 278; 5,356, 546; and 5,458,793. Preferably, the basic
organic chmnammgoﬂs an organi c nitrogen base conpound, such
U.S. Patent No. 6,339,052 discloses a lubricating oil composition for gasoline and
diesel internal combustion engines includes a major portion of an oil of lubricating viscosity;
from 0.1 to 20.0 % 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.
The disclosures of the foregoing are incorporated herein by reference in their entirety.
SUMMARY OF THE INVENTION
15 According to the present invention, metal-free detergents and anti-oxidants are
prepared by reacting an acidic organic compound, a boron compound, and a basic organic
compound.
Preferably, the acidic organic compound is selected from the group consisting of alkyl
substituted salicylic acids, di-substituted salicylic acids, oil soluble hydroxy carboxylic acids,

20 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;



as one conprising an N-hydroxy al kyl noiety, preferably an N-hydroxy or

al koxy al kyl heterocycle, such as N hydroxy al kyl im dazolines, N alkoxy

al kyl im dazolines, or N5 hydroxy al kyl piperazines. Qther heterocyclics
can be pyrrolidine, piperidine, imdazolidine, pyrazolidine, and
derivatives of indole, carbazole, quinoline, and the like. G| soluble and
wat er sol ubl e al kanol am nes, including polyneric al kanol am nes, such as

t hose described in U S. Patent No. 3,692,680 can al so be used. The boron
conpound can, for exanple, be boric acid, a trialkyl borate in which the 10
al kyl groups preferably conprise froml to 4 carbon atons each, al kyl boric
acid, dialkyl boric acid, boric oxide, boric acid conplex, cycloal kyl boric

aci d, ary$290346; 5386478;35,356534624rdy3,4380193¢c acid, diaryl boric acid, or
substitution products of these with al koxy, alkyl, and/or alkyl groups, and

the like. The i Mo I QUid e i€%% 6f trﬁt?&éeﬁ'i)gé Yapd danliness
to an oil V\henﬁrg%gbey\?g}eug?ieg%ag?ng he plgnel éco er test a% gxglg’ Fé—:-nt
ant i oxi dant perf or.nmance n.ev t i [ di f nilal scanning
cal ori et ?Sf"? ﬁfg%'s.m ‘é‘%ﬁﬂ"‘?@% gﬁ?@?”ﬂ@’%‘?&@%ﬁ?%@‘éf n‘iriagk(re?w gfkgf rected to
a conposition c risi the reactjon pro of .acidic or iC
conpound, heé“ﬁ%&qn?‘lfbr?ﬁggwo’ﬁ'm "B%ﬁ’é?(ﬂglﬁ*f’ S\Eﬁi‘@‘y @%ﬂﬂf*‘?&?h‘f& °iﬂ]n anot her
aspect, the present invention is directed to a conposition conprising: (A
a | ubti cahxdroxyradkyl pipergines JQthephgterpeyslies @n bg pyaekiding pingrding, imidazelidiagi ¢
conpound, a boron
pyrazolidine, and derivatives of indole, carbazole, quinoline, and the like. Oil soluble and
water soluble alkanolamines, including polymeric alkanolamines, such as those described in
U.S. Patent No. 3,692,680 can also be used.
The boron compound can, for example, be boric acid, a trialkyl borate in which the
10 alkyl groups preferably comprise from 1 to 4 carbon atoms each, alkyl boric acid, dialkyl
boric acid, boric oxide, boric acid complex, cycloalkyl boric acid, aryl boric acid,
dicycloalkyl boric acid, diaryl boric acid, or substitution products of these with alkoxy, alkyl,
and/or alkyl groups, and the like.
The reaction product provides excellent detergency and cleanliness to an oil when
15 evaluated using the panel coker test and excellent antioxidant performance when evaluated
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, a boron compound, and a basic organic

compound.
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conpound, and a basic organic conpound. 5 In still another aspect, the
present invention is directed to a conposition conprising:. (A a

hydr ocarbon fuel, and (B) at |east one reaction product of an acidic organic
conpound, a boron conpound, and a basic organi c conpound. In yet another
aspect, the present invention is directed to a nethod for reducing the 10
formation of deposits in an internal conbustion engine which conprises
operating the engine wth a lubricating oil containing the reaction product
of an acidic organi c conpound, a boron conmpound, and a basic organic
conpound in an anmbunt effective to reduce the friction. DESCRI PTI ON OF THE
PREFERRED EMBODI MENTS This invention relates to lubricant or fuel

conposi ti ons, Iﬁ%ﬂ&%@s t, thprbCAnvention GOMRRRU 6 # BSmpSSBY doddphigingh addi ti ve
conpri sing boron, i ch provides I nproved detergency and oxidation stability

in an internal,,co } ine oil. The lubricant conposition conprises
(a) a mmjor a%ﬁnﬁgﬁﬁﬁgﬁtﬂ rrcant, e.g., lubricating oil and (b) a m nor

amount of an iti that is.the reaction.product of an .acjidic organic
conpound, a baBlc WAt raBaRATRGNE e B MERTE iRl SBHO8 Tha Act di c
Organi ¢ Conpounds The aci di ¢ organi ¢ conpounds enployed in the practice of
the preseiempopRdand 8 Rasic prgpriggompendar e not |imited to, al kyl substituted
salicylic acids, di-substituted salicylic acids, oil soluble hydroxy

car bdxyl i ¢ acilustill gagtheryaspest, shsi ptesent inyention éssdiresigH tei2 cerpasition campeisingxar enes,

(A)  ahydrocarbon fuel, and
(B) at least one reaction product of an acidic organic compound, a boron
compound, and a basic organic compound.
In yet another aspect, the present invention is directed to a method for reducing the
10 formation of deposits in an internal combustion engine which comprises operating the engine
with a lubricating oil containing the reaction product of an acidic organic compound, a boron
compound, and a basic organic compound in an amount effective to reduce the friction.
DESCRIPTION OF THE PREFERRED EMBODIMENTS
This invention relates to lubricant or fuel compositions, especially lubricant
15 compositions, comprising an additive comprising boron, which provides improved
detergency and oxidation stability in an internal combustion engine oil. The lubricant
composition comprises (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, a basic
organic compound, and a boron compound.

20



5 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 substituted salicylic acids enpl oyed
in the practice of the present invention are comercially available or may
be prepared by nmethods known in the art, e.g., US. Patent No. 5,023, 366.
These salicylic acids are of the formula: 10 H COOH (R5a 15 wherein R is a
hydr ocar byl group, preferably of from1l to 30 carbon atons, and a is an
integer of I or 2. Were ais 2, the R groups are independently sel ected,
i.e., they may be the sane or different. As enployed herein, the term
"hydrocarbyl" includes hydrocarbon as well as substantially hydrocarbon

groups. "Substantially hydr oqq,@m,micq;}?ﬁm cempeugdPs that contain 20
het er oat om substituents that do not alter the predom nantly hydrocarbon

nature of the ﬁ{e%ﬁjsi% Igr %@%ﬁ;ﬁmg; eﬁgﬁ,ﬁg:ﬂ%ﬁ?&l{cgwggi‘{gﬁe;ﬁqgvgnﬂg% fol | ow ng:

(1) hydrocarbon su uents, e. I or alkenyl),
alicyclic, (£.,0. C al kyl cl pal . stit. L C.
subst i t uclEae e mepLOR Y o bR Tty Rl AR BRI it
substituents, an he like, .as . well. as cyclic substituents, wherein 5 the
g i s coiue o tpHEseidh spisvie SR ealikeiacs HIBE GORR e ety
exanpl e, any two indicated substituents may together forman_ alicyclic
r adi cal ) ; 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 substituted salicylic acids employed in the practice of the present invention are
commercially available or may be prepared by methods known in the art, e.g., U.S. Patent
No. 5,023,366. These salicylic acids are of the formula:
10
H
COOH

R,

15 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

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



(2) substituted hydrocarbon substituents, i.e., those substituents
cont ai ni ng non- hydrocarbon groups which, in the context of this invention,
do not alter the predom nantly hydrocarbon nature of the substituent; those
skilled in the art wll be aware of such groups 10 (e.g., hal o, hydroxy,
mercapto, nitro, nitroso, sulfoxy, etc.); (3) heteroatom substituents, i.e.
substituents that will, while having a predom nantly hydrocarbon character
within the context of this invention, contain an atom other than carbon
present in a ring or chain otherw se conposed of carbon atonms (e.g., al koxy
or alkylthio). Suitable heteroatons will be apparent to those of ordinary
skill in the art and include, for 15 exanple, sulfur, oxygen, nitrogen, and

such substi t uepkampRs ofhylirocaloil bfdibs inthii¥ the foIvaRg:l . 1 m dazolyl, etc.
Preferably, no m)rg than}glgbout g ir)mre pr ef er abl gyno nore than one, hetero

aroup. Voot pi OYERicRABR BloetfenfS i Rubfilic G AR ARRUE SORIEXEEZTTCY |
207 1 ¢ RECIPHRAETERAeni) bR dron oAz dPpphe T Midhlr by X o
7, gl S s e e L R S e R =
pentyl, hexyl, heptyl, octyl, nonyl, decyl, isoners of the foregoing, and
the |iSke; théwing/is complstedithrough snather pagiopof themeoleguiedihat iss forgxampla.ciny 4%o

met hoxy, ethoxy, propoxy, butoxy, pentoxy, hexoxy, heptoxy, octoxy, nonoxy,
decoxy, i dndieated substithents may together form an alicyclic radical);

I(2) substituted hydrocarbon substituents, i.e., those substituents containing non-
hydrocarbon groups which, in the context of this invention, do not alter the predominantly
hydrocarbon nature of the substituent; those skiljed in the art will be aware of such groups

10 (e.g., halo, hydroxy, mercapto, nitro, nitroso, sulfoxy, etc.);

(3) heteroatom substituents, i.e., substituents that will, while having a predominantly
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 skill in the art and include, for

15 example, sulfur, oxygen, nitrogen, and such substituents as, e.g., pyridyl, furyl, thienyl,
imidazolyl, etc. Preferably, no more than about 2, more preferably no more than one, hetero
substituent will be present for every ten carbon atoms in the hydrocarbyl group. Most
preferably, there will be no such heteroatom substituents in the hydrocarbyl group, i.e., the

hydrocarbyl group is purely hydrocarbon.
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foregoing, and the |ike; phenyl substituted with one or nore al kyl am no or
aryl am no groups; 10 naphthyl and al kyl substituted naphthyl; straight
chain or branched chain al kyl or al kenyl groups containing fromone to fifty
carbon atons, including, but not limted to, nethyl, ethyl, propyl, butyl,
pentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl, tridecyl,

tetradecyl, pentadecyl, hexadecyl, heptadecyl, octadecyl, oleyl, nonadecyl,
ei cosyl, heneicosyl, docosyl, tricosyl, tetracosyl, pentacosyl, 15
triacontyl, pentatriacontyl, tetracontyl, pentacontyl, isomers of the
foregoing, and the |ike; and cyclic alkyl groups, such as cycl opentyl,

cycl ohexyl, cycloheptyl, cyclooctyl, and cyclododecyl. It will be noted
that these salj ﬁXkbﬁm%&éicﬁ‘l?éd'a\S éRe?s cQﬁyle'E]'xQﬂEle%PRSHﬁﬁﬁb oot gd or 20
di substituted, Int a equal s , respectively. 8

Salicylic tal? ﬂd:al i xarenes, for exarrpl e those described in U S. Patent No.
6, 200, 936° Pt 8lsclosure of which is incorporated herein by reference in
its entirety, d as the acid conpounds of the present invention.
Such cal i xar eH%%‘ Ftl‘ﬂz‘ﬁ"g@ eMYyut are not limited to, 5 cyclic compounds

conprising munits of forrrula(la) Y s HO 10 COOR
phenyl substituted with one or'more alkyl groups, such as methyl, ethyl, propyl, butyl,

5 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,
propoxy, butoxy, pentoxy, hexoxy, heptoxy, octoxy, nonoxy, decoxy, isomers of the
foregoing, and the like;
phenyl substituted with one or more alkyl amino or aryl amino groups;
10 naphthyl and alkyl substituted naphthyl;
straight chain or branched chain alkyl or alkenyl groups containing from one to fifty
carbon atoms, including, but not limited to, methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl,
octyl, nonyl, decyl, undecyl, dodecyl, tridecyl, tetradecyl, pentadecyl, hexadecyl, heptadecyl,
octadecyl, oleyl, nonadecyl, eicosyl, heneicosyl, docosyl, tricosyl, tetracosyl, pentacosyl,
15 triacontyl, pentatriacontyl, tetracontyl, pentacontyl, isomers of the foregoing, and the like;
and
cyclic alkyl groups, such as cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl, and
cyclododecyl.
It will be noted that these salicylic acid derivatives can be either monosubstituted or

20 disubstituted, i.e., when a in the formula equals 1 or 2, respectively.



and n units of fornula (Ib): R 15 R4/ R2 3 joined together to forma
ring, wherein each Y is a divalent bridging group which may be the sane or
different in each unit; Ris Hor an alkyl group of 1 to 6 carbon atons; Rs
is Hor an 20 al kyl group of 1 to 60 carbon atons; and j is | or 2; R3is
hydrogen, a hydrocarbyl or a hetero-substituted hydrocarbyl group; either
R is hydroxy and R2 and R are independently 9 either hydrogen,

hydr ocar byl or hetero-substituted hydrocarbyl, or R and R are hydroxyl

and R is either hydrogen, hydrocarbyl or hetero-substituted hydrocarbyl; m
is froml to 8 n is at least 3, and m+ nis 4 to 20. Wen nore than one
salicylic acid unit is present inthe ring (i.e., npl), the salicylic 5
acid units (forrmula (la)) and phenol units (fornula (Ib)) are distributed
random y, although this does not exclude the possibility that in some rings

. ?ngﬁﬁeﬁﬁeﬁﬁé"%ﬁe@@%@é‘éﬁn S‘ﬁfb&wﬁﬁ'%?%#“ﬁ%dh%%??ﬂmm dabfse. 7n Y
one onbodf eSS o Fn bR eq forg Bﬁe&%ﬁ@?m e i b%?vaeia%%fdi rent

it is nmethyl. In one enbodi nent, is froml to 4. may optlonall%
sul fur ra@fidecompoynds ef-lilGPB‘JSF‘H 1’&‘&“?6“ -Sogh 6l “‘faFFé'eﬁH‘F’(“ée:%éW not igited 9e  anpunt
of sulfur incorporated in the nolecule is up to 50 nole % In one

5 cyclic compounds comprising m units of formula (la):
*
* Y
s)j
HO
10 COOR’

and n units of formula (Ib):

15

'

Jjoined 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
20 alkyl group of 1 to 60 carbon atoms; and j is 1 or 2; R? is hydrogen, a hydrocarbyl or a

hetero-substituted hydrocarby! group; either R' is hydroxy and R? and R* are independently



enbodi nent, the amount of sulfur is between 8 and 20 nole % and in one
enbodi nent the conpound is sulfur-free. 15 For conveni ence, these conpounds
are sonetinmes referred to as "salixarenes” and their netal salts as
"salixarates”. In one enbodinent, Yis CH2 ; R is hydroxyl; R2 and R are

i ndependently either hydrogen, hydrocarbyl or hetero-substituted
hydrocarbyl; R is either hydrocarbyl or hetero- substituted hydrocarbyl; R
is H R5 is an alkyl group of 6 to 50 carbon atons, preferably 4 to 20 40
carbon atons, nore preferably 6 to 25 carbon atons; and m+ n has a val ue of
at least 5, preferably at least 6, nore preferably at |least 8 where mis 1
or 2. Preferably, mis 1. 10 In another enbodi nent, RZ and R are hydrogen;

R3 is hy @it&&éﬂyawg mz@rfoeareﬂlo\f héteto¥dubstithted h?&&@a?b)tl NHR24ng R" BRMydiRYE. nore

preferably great 9 Tarbon atons; is hydrogen;, m+ nis from6 to

Supr amol E%u?a afvdfdien %fd%%?‘ Boh %@?'é ERI Ty RO ERA B .,
St oddart ,, he by t.h (}' Society of Chemstry, 1989. Calixarenes
havi ng a %83 t % d?%x‘(jpf group or groups include hormcal | xar enes,

et o, oot e e el e ree S e o
di scl osure of which is |ncorﬁorated herein by reference in its entirety, can
al so5 10 aoid unite (formula Kle))aoil ghenohpaitsr{(fsmula (Ikarp distriwited; randomly.cithowghc h
cal i xarenes include, but are not limted to, conpounds represented by
formul a (this does rio exclude the possibility that in some rings there may be several salicylic acid
units joined together in a row.
Each Y may independently be represented by the formula (CHR®), in which R® is
either hydrogen or hydrocarbyl and d is an integer which is at least 1. In one embodiment, R®
10 contains 1 to 6 carbon atoms, and in one embodiment it is methyl. In one embodiment, d is
from 1to 4. Y may optionally be sulfur rather than (CHR®), in up to 50% of the units, such
that the amount of sulfur incorporated in the molecule is up to 50 mole %. In one
embodiment, the amount of sulfur is between 8 and 20 mole %, and in one embodiment the
compound is sulfur-free.
15 For convenience, these compounds are sometimes referred to as "salixarenes" and
their metal salts as "salixarates".
In one embodiment, Y is CH, ; R' is hydroxyl; R? and R* are independently either
hydrogen, hydrocarby! or hetero-substituted hydrocarbyl; R? is either hydrocarbyl or hetero-
substituted hydrocarbyl; R° is H; R’ is an alkyl group of 6 to 50 carbon atoms, preferably 4 to

20 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 m is 1 or 2. Preferably, mis 1.

10



Y RR2 \ Rn 20 11 wherein in formula (I1): Y is a divalent bridging
group, at |east one of said bridging groups being a sulfur atom R is
hydrogen or a hydrocarbyl group; either R is hydroxyl and R2 and R are

i ndependently either hydrogen or hydrocarbyl, or R and R are hydroxyl and
R is either hydrogen or hydrocarbyl; and n is a nunber having a val ue of
at least 4. 5 1In formula (Il1), Y is a divalent bridging group or a sulfur
atomwith the proviso that at |east one Y group is a sulfur atom The

di val ent bridgi ng group, when not a sulfur atom can be a divalent

hydr ocar bon group or dival ent hetero-substituted hydrocarbon group of | to

18 carbon atons, and in a preferred enbodinent, | to 6 carbon atons. The
het eroat oms caf Rither Embodiient, ROand IB-are liydr@geﬂrRq 1§h?&86ar5)kla1§refei/db!}ffélk 1y has a
val ue of at |east 4, preferabfyfrom4to nor e pre erably, to 8. In

on® oo RRer g g Befs @%PE%*%EB‘Z%%%EM BB o SRR

enbodi nment, , one,. of the,Y roup a sul fur atom Preferably, the anount of
sul fur ifth P%?%H’e%oqf?i T’ﬁ ff’&z;rene is between 5 and 50 nole % such that

bet ween 5 and 350% of . t he S Y| for ul fur, at . More
preferably, thEOLAREHIGH ‘?ff"gé’fﬁf&ﬁﬁ’ I%’ \M%l(; ')8"’82?6“[; AETETEAY n one
enbodi nent, when Y is not a sul fur atom it is a divalent group represented
by the fBawd Gutgcherssyies Editom). ErasereStoddani publisher by thrRevabSodietiplir ocar by
group and d is an

Chemistry, 1989. Calixarenes having a substituent hydroxyl group or groups include

homocalixarenes, oxacalixarenes, homooxacalixarenes, and heterocalixarenes.
Sulfur-containing calixarenes, for example those described in U.S. Patent No.
6,268,320, the disclosure of which is incorporated herein by reference in its entirety, can also
10 be used as the acid compounds of the present invention. Such calixarenes include, but are

not limited to, compounds represented by formula (II):

15
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integer that is at least one. R6 is preferably a hydrocarbyl group group of
1 to 18 carbon atons, nore preferably, | to 6 carbon atons. Exanpl es

i nclude nmethyl, ethyl, propyl, butyl, 20 pentyl, hexyl, heptyl, octyl,

nonyl, decyl, undecyl, dodecyl, tridecyl, tetradecyl, pentadecyl,

hexadecyl , heptadecyl, octadecyl, isonmers or the foregoing, and the |ike.
Preferably, dis 12 from1l to 3, nore preferably I to 2, and nost
preferably, d is 1. As defined above, the term "hydrocarbyl groups”

i ncl udes hetero-substituted hydrocarbyl groups, and are preferably those in
whi ch the heteroatom typically -0-, -NH, or -5-, interrupts a chain of
carbon atons, an exanple being an al koxy-al kyl group of 2 to 20 carbons. 5

R is hydygggth B%ﬁnd?é/f’l@??ﬂf Quiva&mmgiﬁgrq}aﬁ, 8¥asb Ene st shidaide i3 Bréups

pol yol efin, for exanp pol yet hyl ene,” pol ypropyl ene, pol ybutyl'ene, or

pol yi sobutyl en r feTa I8 . h 2

et hyl ene/ %ﬁ)’%@gglg‘g’ a(t:og%,o j%&‘ﬁg@‘é’%{?‘gé%g?ﬁ%é@kbﬁﬁﬁgﬁ d%(}g'@wxyl %nr(]lc}{ gggadecyl.
Het er oat onrg, i.f present,.ca ain be -0-. -NH, - S-.. . These hydrocar byl
groups pr @Wdﬁﬁ‘é}@%{)@y githeg ?’Q%%%eé‘r%g‘xdrgf%%: 0'% %83} QFJ}YQB‘TVFWW d%6 carbon
atons. 10 Either R is hydroxyl and R2 and R! are independently either

hydr ogen &Hherhydrogenerdydrocarbyizandip i amumbephayingavalue of dyleast 4.5 e t her
hydrogen or hydrocarbyl. In one enbodinent, R is hydrogen, R2 and R are
hydr ofyl , and R formulai(tl)&f islaydivadent hridging group orasubiar atom witle theromiscethgtiat) and
the calixarene is a resorcinarene. The hydrocarbyl groups preferably have I

to 24 car least dieONBroupis Esubfueitemaldhy divaleat tritigirar droup, athennot alsudfui stom, can
het er oat ons, when present, can be -0-, -NH, or -S-. In one enbodinent, Y is

he ot her T O e et et her

carbon atoms, and in a preferred embodiment, 1 to 6 carbon atoms. The heteroatoms can be
-0-, -NH-, or -S-. n is an integer that typically has a value of at least 4, preferably from 4 to

10 12, more preferably, 4 to 8. In one embodiment, n-2 to n-6 of the Y groups are sulfur atoms,
in another embodiment n-3 to n-10 of the Y groups are sulfur atoms, and in a third
embodiment, one of the Y groups is a sulfur atom. Preferably, the amount of sulfur
incorporated in the calixarene is between 5 and 50 mole %, such that between 5 and 50% of
the groups Y in formula (II) are sulfur atoms. More preferably, the amount of sulfur is

15 between 8 and 20 mole %.

In one 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
integer that is at least one. R is preferably a hydrocarbyl group group of 1 to 18 carbon
atoms, more preferably, 1 to 6 carbon atoms. Examples include methyl, ethyl, propyl, butyl,

20 pentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl, tridecyl, tetradecyl, pentadecyl,

hexadecyl, heptadecyl, octadecyl, isomers or the foregoing, and the like. Preferably, d is

12



hydrogen or hydrocarbyl, R is hydrocarbyl; nis 6; and e is at |east 1,
preferably | to 4, nore preferably, 1. Preferably, R2 and R are hydrogen
and R is hydrocarbyl, preferably al kyl of 20 greater than 4, nore
preferably greater than 9, nost preferably greater than 12 carbon atons; 13
and one of R or Rs is hydrogen and the other is either hydrogen or alkyl,
preferably hydrogen. The foregoing sul fur-containing calixarenes typically
have a nol ecul ar wei ght bel ow 1880. Preferably, the nol ecul ar wei ght of the
sul fur-containing calixarene is from460 to 5 1870, nore preferably from 460
to 1800, nost preferably 460 to 1750. Acids described in U S. Patent Nos.
2,933,520; 3,038,935; 3,133,944; 3,471,537; 4,828,733; 5,281, 346;

> 339, 27Som g%, pick prefe yﬁ,r V8%, afidfhobt pickbhali1d is! N CA fldcHnb @ BtV Sthe ferm 1 €

aLe inpgrporate A efence I _ entirety, capfalso be useg as
bt daCi ncl ARy e irgﬁuq‘%% ﬁ%?r@%ubs&ﬁ%%*ﬁ@%@caéé’vl %@%éﬁgﬁ%m‘iﬁgﬁ%f“c

HO- Ar - ?- Ar.- 5 in.R, i R2 i

Pydr oear bUIRSS WA e Beteroeiamb Ritally QPR OF reaeaipr & S8t atbgR A

simlar to these include 3,5 63,5 -tetra-substituted 4,4'- dihydroxynet hyl
car boxyl i &n exsample beirg ansalkaxyralieyl geaumet 3 to 20 carbons.

5 R? is hydrogen or a hydrocarby! group, which may be derived from a polyolefin, for
example polyethylene, polypropylene, polybutylene, or polyisobutylene, or a polyolefin
copolymer, for example an ethylene/propylene copolymer. Examples of R? include dodecyl
and octadecyl. Heteroatoms, if present, can again be -O-, -NH-, or -S-. These hydrocarbyl
groups preferably have 1 to 20 carbon atoms, more preferably, 1 to 6 carbon atoms.

10 Either R' is hydroxyl and R? and R* are independently either hydrogen or
hydrocarbyl, or R? and R* are hydroxyl and R is either hydrogen or hydrocarbyl. In one
embodiment, R' is hydrogen, R? and R* are hydroxyl, and R? is either hydrogen or
hydrocarbyl in the formula (II) and the calixarene is a resorcinarene. The hydrocarbyl groups
preferably have 1 to 24 carbon atoms, more preferably 1 to 12 carbon atoms. The

15 heteroatoms, when present, can be -O-, -NH-, or -S-.

In one embodiment, Y is either sulfur or (CR’R®),, where either one of R” and R® is
hydrogen and the other is hydrogen or hydrocarbyl; R? and R* are independently either
hydrogen or hydrocarbyl, R? is hydrocarbyl; n is 6; and e is at least 1, preferably 1 to 4, more
preferably, 1. Preferably, R? and R* are hydrogen and R? is hydrocarbyl, preferably alkyl of

20 greater than 4, more preferably greater than 9, most preferably greater than 12 carbon atoms;

13



14 HHO X / \ ~Rx 5 X X X X wherein X and X are independently sel ected
fromthe group consisting of hydrogen, hydrocarbyl, halogen, Ris

pol ynmet hyl ene or branched or unbranched al kylene, and x is 0 or 1, i.e.,
when xis zero, R is absent, and when xis 1, Ris present, and R is hydrogen
or 10 hydrocarbyl. 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 sinmlar to

t he above and are al so contenplated for use in the practice of the present
invention, as are those of the fornrula 1 R 15 HO R3 R4 x 12 wherein R
and R2 are hydrogen, hydrocarbyl groups containing | to 18 carbon atons, or
tertiary al kyl or aral kyl groups containing 4 to 8 carbon atons (but both R

and R2 cagpPbnddt R7SPRPIHyaEpen akdPtha Othef3d ethé? hydgREGAMIA] | prefefibBct ed from the

group consi sting of hydrogen, hydrocarbyl groups, aral Kyl groups, and
cycl oal kyhy%ggéﬁps, and x = 0 to 24. 15 G| soluble hydroxy carboxylic acids
i ncluding,”but not limted to, 12-hydroxy stearic acid, alpha hydroxy

carboxylic aci 48 ARG oliiSul ot Ahing cABkalife P AU HhvER nidiufs Whight below
1880. Preferably, the molecular weight of the sulfur-containing calixarene is from 460 to
5 1870, more preferably from 460 to 1800, most preferably 460 to 1750.
Acids described in U.S. Patent Nos. 2,933,520; 3,038,935; 3,133,944, 3,471,537,
4,828,733; 5,281,346, 5,336,278; 5,356,546; 5,458,793, and 6,310,011, the disclosures of
which are incorporated herein by reference in their entirety, can also be used as the acid

compounds of the present invention.

10 More specifically, such acids include, but are not limited to, compounds of the
formula:
R,
HO—Ar—(f——Ar—OH
I
COOH
15

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

14



conpound of the present invention. The Basic O ganic Conmpounds 5 As noted
above, the basic organic conpound enployed in the practice of the present
invention is preferably an organic nitrogen base conpound, such as an one
conprising an N- hydroxy al kyl noiety, preferably an N hydroxy or N-al koxy
al kyl heterocycle, such as N hydroxy al kyl im dazolines, N alkoxy alkyl
i m dazol i nes, and N-hydroxy al kyl piperazines. Oher heterocyclics that are
wi thin the scope of the invention include, but are not |limted to, 10
pyrrolidines, piperidines, imdazolidines, pyrazolidines, and derivatives of
i ndol e, carbazole, quinoline, and the like. Both water soluble and oi
sol ubl e al kanol am nes, including polyneric al kanol am nes, such as those
described in U S. Patent No. 3,692, 680, can al so be wused. Such polyneric
al kanol am nes can be prepared by reaqf a suitable amine with an

a

epi chl or ohydri n conpound. : 652 di scl oses such a
reaction wherein the 15 amne used as is selected fromprimry
al i phati c am nes contai ni ng oi8y i
pol yam nes i ncl udi ng és
contains at least 12 c
N-al i phatic di am nobut anes, 5 and the like in which the
al i phatic group contains frg to 20 c#rbomatoms. 20 16 O her organi c
ni t rdgen base conpounds thaf are Meful ¥'n the Yractice of the present
invention include, but are not limted to, those disclosed in U S. Patent
Nos. 3,446,808, 3,673,186; 3,787,416; the disclosures of which are
i ncorporated herein by reference in their

wherein X and X' are independently selected from the group consisting of hydrogen,

i which the alkyl
hyl enedi am nes,

hydrocarbyl, halogen, R is polymethylene or branched or unbranched alkylene, and x is 0 or
1, i.e., when X is zero, R is absent, and when x is 1, R is present, and R' is hydrogen or
10 hydrocarbyl.
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

15 HO

w

Q(')
A—O—3
=
NN
O
v}

&

wherein R, and R, are hydrogen, hydrocarbyl groups containing 1 to 18 carbon atoms, or
tertiary alkyl or aralkyl groups containing 4 to 8 carbon atoms (but both R, and R, cannot be
20 hydrogen) R; and R, are independently selected from the group consisting of hydrogen,

hydrocarbyl groups, aralkyl groups, and cycloalkyl groups, and x = 0 to 24.

15



entirety. Such conpounds include, for exanple, N hydroxyal kyl -pi perazines,
5 hydroxyal kyl - N -al kyl pi perazi nes,

N- hydr oxyal kyl - N - cycl oal kyl - pi perazi nes, N hydroxyal kyl - N -al kyl
hexahydr opyri m di nes, N hydroxyal kyl -N -cycl oal kyl hexahydr opyri m di nes,
N- hydr oxyal kyl - N - al kyl hexahydropyri dazi nes, N hydroxyal kyl -N - cycl oal kyl
hexahydr opyri dazi nes, N hydroxyal kyl - pi peridi nes, N-hydroxyal kyl -N -al kyl -
i m dazol i di nes, N hydroxyal kyl -N -cycl oal kyl -i m dazol i di nes,

N- hydr oxyal kyl -pyrrolidine, 10 N hydroxyal kyl - pyrazol i di ne,

N- hydr oxyal kyl - hydrogenated 1, 2,3,-triazole, N hydroxyal kyl- hydrogenat ed
1,2,4,-triazole, N hydroxyal kyl - hydr ogenat ed i ndol e, N-hydroxyalkyl

hydr ogenat ed l; & i

N- hydr oxyal kylgﬂr%ﬁ% @d' h;éﬂ; %ﬂ}’%ﬂlchﬁ mcwﬁﬂyéé?oxya?&lﬁat@ eﬁ’g Stgaric
phenazi ne K i

N- hydr ox )?S'Idk@?ﬁ%%dﬁéga rcgrngﬂ cha(ét%‘h&g{e 1%@%%@&&9‘:1@%@9%% %éfsi‘ezé and

N al koxyal k k%spocarb I -sat urated cyclic diazines, wherein the

hydr ocart99 é"tf f&%ﬂ@“ﬁ EOPapl y sec-al kyI or cycl oal kyl. 17 The Boron
Conpounds The boron conmpound can, for exa be boric acid, a trialkyl
borate in which the alkyl gdbeBs s'ﬁ@'ﬂé‘?'&a)(’}“m Bf$ise from1l to 4 carbon
atons each, al kyl boric acid, dialkyl boric acid, boric oxide, boric acid
conplsex, cycl dalnoted above, thezhasid organiglcompoiuns emploueds‘m dieqyaﬂtioabf(tiab ptesenitc aci d,
diary) boric acid, or substitution products of these wth al koxy, alkyl,
and/ or alikyehtied 3 peferably@dnlobganid d@ogeBdasecompoand, Sudly ssfaaione domprising aneldt i on of

t he boron conpound with the acidic and basic conmpounds of the present
i nvent i onygRRy BikyFhbiRE! Fidfdrabl By NSHydkox) bENCEEXS alkyl heterocycle, such as N-
hydroxy alkyl imidazolines, N-alkoxy alkyl imidazolines, and N-hydroxy alkyl piperazines.
Other heterocyclics that are within the scope of the invention include, but are not limited to,
10 pyrrolidines, piperidines, imidazolidines, pyrazolidines, and derivatives of indole, carbazole,
quinoline, and the like. Both water soluble and oil soluble alkanolamines, including
polymeric alkanolamines, such as those described in U.S. Patent No. 3,692,680, can also be
used. Such polymeric alkanolamines can be prepared by reacting a suitable amine with an
epichlorohydrin compound. U.S. Patent No. 3,189,652 discloses such a reaction wherein the
15 amine used as a reactant is selected from primary éliphatic amines containing from 12 to 40
carbon atoms and N-aliphatic polyamines including N-alkyl-1,3-diamino-propanes in which
the alkyl contains at least 12 carbon atoms and N-aliphatic ethylenediamines, N-aliphatic
diaminobutanes, -pentanes, -hexanes, and the like in which the aliphatic group contains from

12 to 40 carbon atoms.

20
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In one nethod the acidic conpound and boron conpound are refluxed in
presence of 10 suitable solvents including naphtha and pol ar sol vents such
as water and nethanol. After sufficient tine the boron conpound dissol ves
wher eupon the am nic conpound is added slowy to effect neutralization and
formati on of desired detergent. 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 mercaptan,
including 15 aliphatic and aromatic nmercaptans, can be included in the
reaction charge. Preferred aliphatic alcohols include nmethanol, ethanol,

propanol , butanol, pentanol, hexanol, heptanol, octanol, nonanol, decanol,
undecanol , dodggap 8iganit hitfi)%@n@ﬁé%le coﬁnﬁéﬁtﬂﬁl fahae Iusefaﬁntu%iﬁﬁ@rte lof ﬂi&%%@ﬁc anol ,
heptadecanol oct adecanol , nonadecanol, eicosanol, isomers thereof, and the

like. Pre 1Pa{lw{a?eﬁe nggelﬁ%et 5% %’s@logaﬁﬂqy.s %d(; i) t| tuﬂaﬂgl and the

like. The a or "aronma nol ety my wth

al koxy gr t erred t.a cl ude butyl
ner capt ang%ziﬂ?éfl ﬁo‘@ég@%ﬁ’saﬁﬁg Of%l}' éﬂ?orpl%r%?@?eo%$ frzsﬂce in I Ct y |
mer capt an, nonyl mer capt an, nmerca undecyl  nmer capt dodecyl
mer capt an ENtrgRg Pﬂb"qni‘l?@é“dsd@ I°"al-’:?>‘a’F‘ﬁlD oﬁﬁ@ﬁ%ﬂxrﬁkﬁr qu t hi oxyl enol ,
and the like. The &eem se structures of the det ergent / anti-oxi dant

addi t § ves hydroxyalkybNealkyik piperazingsi NrhydeaxgalkytN'royrloglkylnpiperazinessN- However, in
one preferred enbodinment, in which a Cl6 alkyl 5 salicylic acid was react ed

wi t h hydr bydrexyajityl-'-elkgl heorhlm}dmpyiinﬁdi@es, Nehpdenxyalkyl-Nraydloalkyl and boric acid,

mass spectronetric analysis indicated that the structure of the reaction

product  weghydtopyrimidines, N-hydroxyalkyl-N'-alkyl hexahydropyridazines, N-hydroxyalkyl-N'-
cycloalkyl hexahydropyridazines, N-hydroxyalkyl-piperidines, N-hydroxyalkyl-N'-alkyl-
imidazolidines, N-hydroxyalkyl-N'-cycloalkyl-imidazolidines, N-hydroxyalkyl-pyrrolidine,

10 N-hydroxyalkyl-pyrazolidine, N-hydroxyalkyl-hydrogenated 1,2,3,-triazole, N-hydroxyalkyl-

hydrogenated 1,2,4,-triazole, N-hydroxyalkyl-hydrogenated indole, N-hydroxyalkyl-
hydrogenated carbazole, N-hydroxyalkyl-hydrogenated quinoline, N-hydroxyalkyl-
hydrogenated acridine, N-hydroxyalkyl-hydrogenated phenazine, N-oxyalkyl-N'-
hydrocarbyl-saturated cyclic diazines, N-hydroxyalkyl-N'-hydrocarbyl-saturated cyclic

15 diazines, and N-alkoxyalkyl-N'-hydrocarbyl-saturated cyclic diazines, wherein the

hydrocarbyl moieties are preferably sec-alkyl or cycloalkyl.

17



H33C16 10 I I~ 0O/ C17H33 Wien a C16 dial kyl salicylic acid was enployed in
the reaction, the analysis indicated 15 the followng structural formula: O
H33C16 N B O~ i 20 C16H33 C17H33 19 Those skilled in the art will thus
understand that the foregoing |leads to the followi ng generalized structural
formula for this particular aspect of the present invention: 0 5 NI N ozll
ONRZ (R-)8 wherein R is preferably a hydrocarbyl group, preferably
al kyl, of, preferably, from1l to 50 10 carbon atons, nore preferably 12 to
30 carbon atons, nost preferably 14 to 18 carbon
The Boron Compounds
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, dialkyl
boric acid, boric oxide, boric acid complex, cycloalkyl boric acid, aryl boric acid,
5 dicycloalkyl boric acid, diary! boric acid, or substitution products of these with alkoxy, alkyl,
and/or alkyl groups, and the like. Boric acid is preferred.
The reaction of the boron compound with the acidic and basic compounds of the
present invention can be effected in any suitable manner.
In one method the acidic compound and boron compound are refluxed in presence of
10 suitable solvents including naphtha and polar solvents such as water and methanol. After
sufficient time the boron compound dissolves whereupon the aminic compound is added
slowly to effect neutralization and formation of desired detergent. 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
15 aliphatic and aromatic mercaptans, can be included in the reaction charge. Preferred aliphatic
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

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

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

18



atons, ais an integer of | or 2 (where ais 2, the R groups are
i ndependently selected, i.e., they may be the sane or different), and RZ is
an i ndependently sel ected hydrocarbyl group, preferably alkyl or alkenyl,
preferably of froml to 50 carbon atons, nore preferably 12 to 30 carbon
atons, nost preferably 14 to 18 carbon atons. 15 Clearly, the use of
alternative starting materials, as described above, will lead to different,
but anal ogous, structures that are within the scope of the present
invention. The additives of the present invention are especially useful as
conmponents in many different lubricating oil and fuel conpositions. The
additives can be included in a variety of oils with lubricating viscosity
i ncl udi ng RaA er?éapﬁﬁ,%o%ynh&e%pt&, ldedyl inerdaptasl uRdecy Mftapial!dodesyl &lkrdap@neof -
The additives can be included in crankcase lubricating oils for
spar k- i gnihtheAlld, o QUPLRRp Aol Hbdresby BbEBR, HaTUI on engines. The
Y s I'i gas e glneq

conpositions can al's ubricants, turbine

U cant s, aUL L SRR ST S S oSSR

| ubricating oil _and grease conpositions. The additives _can also be used in
mot or  f uelarepatieii wndsrstood; However, wrqoe pesderred pmbodimentip 3dueh ahs alkyl t ne
present invention be included in the oil, 5 fuel, or grease in a

concent r atsalieylic acidiveas reastgd vath Hydomyetbl oleigingidazoding s gemmsroil grodusiy and t h

O her Additives The additives of this invention can be used as either a
parti al orbotiomagidcmessrspegrtametrieranalysis indicatbetthat dleerstructure efith¢ yeactimcprodieey can

al so be used in conbination with other lubricant additives typically found
in fuels ap@d: notor oils, such as dispersants, anti-wear agents, 10 extrene
pressure agents, corrosion/rust inhibitors, antioxidants, anti-foamants,

friction
0

H33C1 6

) /I\ /\/N,k/>
o o N\

Cl7H33

When a C4 dialkyl salicylic acid was employed in the reaction, the analysis indicated

15 the following structural formula:

: 0
H3SC1B o
N
'IB /\/E>
o o N
20 \
C16H33

C17H33
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nodi fiers, seal swell agents, demulsifiers, Viscosity Index (VI) inprovers,
net al passivators, and pour point depressants. See, for exanple, U S.

Pat ent No. 5,498,809 for a description of wuseful |ubricating oi
conposition additives, the disclosure of which is incorporated herein by
reference inits entirety. 15 Exanples of dispersants include

pol yi sobut yl ene succi ni m des, polyisobutylene succinate esters, Mnnich
Base ashl ess di spersants, and the |ike. Exanples of detergents include
neutral and overbased al kali and al kaline earth netal salts of sulfonic
acids carboxylic acids, alkyl phenates and al kyl salicylic acids. Exanples
of antioxidants include al kyl ated di phenyl am nes, N al kyl ated 20

phenyl enedi am 1Tgsse sRilRA Y the aR AN K uRBrStand Mhiché Breigbi ﬁgnemélto freToRdWiRg | ani ne,
di ret hyl qui nolines, trinethyldihydroquinolines and oligoneric conpositions

derived t nones
hydroxyla?ggﬁ{%gggpgﬁéng%gggégﬂémgﬁ kﬂ%ﬁgg E?ggh%n&ﬁggﬁﬁﬁ#%proplonates
nmetal lic dithiocarbamates, 1,3, 4- dlnercaptothladiazole and derivatives, oi
sol ubl e copper conpounds, and the like. The follow ng are exenplary of such
additives and are commercially a -|Iable from5 Cronpton Corporation:

Naugal ube(r) 438, Naugal ube 438L, Naugalube 640, Naugal ube 635, Naugal ube
680, Naugal ube AMS, Naugaltbe APAN, Naugard PANA, Naugal ube TMQ  Naugal ube
531, Maugal ube 431, Naug BHT, ugal ube 403N Naugal ube 420, anong
ot hers. Exanpl es of ant add|t| es that can used in conbination with
the additives of 10 th et |n ntlon ncIu or no- bor at es,

or gano- phosphi tes, organg ' 6 ani

wherein R! is preferably a hydrocarbyl group, preferably alkyl, of, preferably, from 1 to 50

10 carbon atoms, more preferably 12 to 30 carbon atoms, most preferably 14 to 18 carbon
atoms, 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), and R? is an independently selected hydrocarbyl group,
preferably alkyl or alkenyl, preferably of from 1 to 50 carbon atoms, more preferably 12 to
30 carbon atoms, most preferably 14 to 18 carbon atoms.

15 Clearly, the use of alternative starting materials, as described 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 components in many
different lubricating oil and fuel compositions. The additives can be included in a variety of
oils with lubricating viscosity including natural and synthetic lubricating oils and mixtures

20 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
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sul fur-contai ni ng conpounds, sulfurized olefins, sulfurized fatty acid
derivatives (esters), chlorinated paraffins, zinc dialkyldithiophosphates,
zinc diaryl dithi ophosphates, phosphosul furized hydrocarbons, and the |ike.
The follow ng are exenplary of such additives and are comrercially
avai | abl e from The Lubrizol Corporation: Lubrizol 677A, 15 Lubrizol 1095,
Lubrizol 1097, Lubrizol 1360, Lubrizol 1395, Lubrizol 5139, and Lubri zol
5604, anong others. Exanples of friction nodifiers include fatty acid esters
and am des, organo nol ybdenum conpounds, nol ybdenum

di al kyl di t hi ocar bamat es, nol ybdenum di al kyl di t hi ophosphat es, nol ybdenum
disul fide, tri-nolybdenum cluster dial kyl dithiocarbamates, 20 non-sul fur

nol ybdenughgadmeHmss, Gitbing Nbrichits autbiftié @hdstidsieh fAlids, g¥aTirivaits Of such
additives and are conmercially available fromR T. Vanderbilt Conpany, Inc.:

Mol yvan Agom ségpilifﬁﬁ%gks, %lW{ﬂ'ﬁng%ﬁcg{PQ,ﬁy@ﬁul ds,%i{; Xgﬁgﬁ%ﬁﬁﬁn%hyvan

855, anong ot hers. oW ng-are so” exenplary o ves and
are comrercial ly avail.abl e from.Asghi K DA - LUBE 100,
SAKURA. L U %gg,é CORRUIAY Y °§g@ﬁ§%§ﬂkﬁﬁg{%§§%ﬁé§ @kﬂﬁﬂ%ﬂ " 321,
SAKURA- LUBE 474, SAKURA-LUBE 5 60Q,. SAKURA- LUBE 700, anpn hers. . The
following are QI‘%B""&%’@M%E&P compesitipns Qgtldlﬁ RrgsgRINKGHIon Og 1 i thgofly
avai | abl e from Akzo Nobel Chem cals GrbH Ketjen-O« 77M Ketjen-Ox 77TS,
armongs ot héyel, or greagsdargnoacestration inthe rangmefdfram akoub B10) 40 ppuh Aé Wi%nd t he | ke.
Exanpl es of rust inhibitors are pol yoxyal kyl ene pol yol, benzotriazole
derivatives, and the |ike. ExanbsewitbfOthéwoAdditivepr overs i nclude ol efin
copol ymers and di spersant ol efin copolynmers, and the like. An
The additives of this invention can be used as either a partial or complete replacement
for a detergent currently used. They can also be used in combination with other lubricant
additives typically found in fuels and motor oils, such as dispersants, anti-wear agents,
10 extreme pressure agents, corrosion/rust inhibitors, antioxidants, anti-foamants, friction
modifiers, seal 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 lubricating oil composition additives, the disclosure of which is incorporated herein by
reference in its entirety.
15 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

20 phenylenediamines, phenyl-a-naphthylamine, alkylated phenyl-a-naphthylamine, dimethyl

quinolines, trimethyldihydroquinolines and oligomeric compositions derived therefrom,
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exanpl e of a pour point depressant is polynethacrylate, and the I|ike.
Lubri cant Conpositions Conpositions, when they contain these additives, are

typically blended into a base oil in anpbunts such that the additives
therein are effective to provide their normal attendant 15 functions.
Representative effective anobunts of such additives are illustrated in TABLE

1. 23 TABLE 1 Additives Preferred Weight % More Preferred Weight % V. 1.

| mprover 1-12 1-4 5 Corrosion Inhibitor 0.01-3 0.01-1.5 Oxidation Inhibitor

0.01-5 0.01-1.5 Dispersant 0.1-10 0.1-5 Lube G| Flow Inprover 0.01-2

0.01-1.5 Detergent/Rust Inhibitor 0.01-6 0.01-3 10 Pour Point Depressant

0.01-1.5 0.01-0.5 Anti-foam ng Agents 0.001-0.1 0.001-0.01 Anti-wear Agents

0.001-5 O-hﬂmrea-pienﬁeglalkgméd h&aﬁﬂ,gmn&, BydtoBlatedithiddiphehyl@thed®di fiers 0.01-3
ase I

0.01-1.5 15 Lubricating al ance Bal ance When other additives are

enpl oyed, .iyy B REGIBR! Ml Giordlds1AUIMG ARNoREEARRELY, 10 prepare additive

concentr at conprising co rated sol utions or dispersions of the subject
1,3,4-dimercaptothiadiazole and derivatives, oil soluble copper compounds, and the like.

The following are exemplary of such additives and are commercially available from

5 Crompton Corporation: Naugalube® 438, Naugalube 438L, Naugalube 640, Naugalube 635,
Naugalube 680, Naugalube AMS, Naugalube APAN, Naugard PANA, Naugalube TMQ,
Naugalube 531, Naugalube 431, Naugard® BHT, Naugalube 403, and Naugalube 420, among
others.

Examples of anti-wear additives that can be used in combination with the additives of

10 the present invention include organo-borates, organo-phosphites, organo-phosphates, organic
sulfur-containing compounds, sulfurized olefins, sulfurized fatty acid derivatives (esters),
chlorinated paraffins, zinc dialkyldithiophosphates, zinc diaryldithiophosphates,
phosphosulfurized hydrocarbons, and the like. The following are exemplary of such
additives and are commercially available from The Lubrizol Corporation: Lubrizol 677A,

15 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,

20 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,
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additives of this invention (in concentrate anounts herei nabove descri bed),
together with one or nore of said other additives (said concentrate when
constituting an additive mixture being 20 referred to herein as an

addi ti ve- package) whereby several additives can be added sinultaneously to
the base oil to formthe lubricating oil conposition. Di ssolution of the
additive concentrate into the lubricating oil can be facilitated by sol vents
and by m xing acconpanied by mld heating, but this is not essential. The
concentrate or additive-package wll typically be fornulated to contain the
additives in proper anounts to provide the desired 25 concentration in the
final formulation when the additive-package is conbined with a 24

predet er mvigo Ao Widlyrh 887 5%10l VR BS61 Molai 822 N1BIySMPE S, bndfiglbihieiCSTHR! ¢ he

present inve to sm anount s ase oil - or other

2ad ci ”b' S%%fiq‘i’éééé‘rﬁ%&ﬁle%%‘rﬁp%“atoﬁeﬁétﬁ‘@%itwgféia{ %%%@nﬁ%fka%l&%ﬁ%h}@eﬁéEafmt s of,

[ 2,5 15
about 5 vDepl Raao Kb oAb AE B35 $Ak BBA LyBbr 3SRkl A 0h8 Mo it "60°
percent by weight additives in the appropriate proportions with the
Femai nder SORURAGAGE 310G, SAGURAYBE Ba}. SAKUR 81eUBR A T4 SAKHRALURE| oy about

| to 20 wei ght percent of the additive-package with the renainder being
base 6il . 600,|SAKURALUBEJ0, snemngetitcay ckhedaliowdng et disorexemplamnofesueh ot her wi se
i ndi cated) are based 10 on the active ingredient (Al) content of the

addi tive, additiv&randRfcomigertiallphvailable flomoAkzYobeh GHérhiculs-GrabH a&tjendx
formul ation, which will be the sumof the Al weight of each additive plus

the wei ghty70f K&JeBlO0TITHamdhg b@Bs; | n general, the lubricant conpositions
of the invention contain the additives in a
An example of an anti-foamant is polysiloxane, and the like. Examples of rust
inhibitors are polyoxyalkylene polyol, benzotriazole derivatives, and the like. Examples of
10 VI improvers include olefin copolymers and dispersant olefin copolymers, and the like. An
example of a pour point depressant is polymethacrylate, and the like.
Lubricant Compositions
Compositions, 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

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

23



concentration ranging fromabout 0.05 to about 30 weight percent. A
concentration range for 15 the additives ranging fromabout 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. Ol concentrates of the additives can contain from about
to about 75 weight percent of the additive reaction product in a carrier or
diluent oil of lubricating oil wviscosity. 20 25 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

| ubricating oil base stock fraction having a kinematic viscosity at 100C of
about 2 to about 200 cSt, nore preferably about 3 to about 150 cSt, and
nost preferably about 3 to about 100 cSt. The 5 lubricating oil base stock
can be de[lvea fromnatural 1UDr CFARPEQ 1S, synthetic Tubricating oils,

or m xtutEs ;f%fg'sﬁve§ut£?PL BV WYY, U Word PRRRLYed Welght 7 '25°
hydr ocr acked baskM@PY¥¥s profluced by I° drocrac<i ng (rathér than sbl vent
extragtinp) t&?ro@foﬂwlﬁ;?ora”d ppl ar. cot;@p_g)ngnts of the gloydes Naturpl

Iubricat| S—rhcrude—anr e orTrs,  SsucH as—Hard UII, VEY etabtepil s
(e.g., 10 cartidation|ishibiterst of oi [ GQA| ower olls) o@{oﬂdl%um gilk, nineral
oi I's, andjoils grideyap from|coal orggphgle. Many synt _heb_ll_cg, lubricapts are

known i n fheart—and these af e usef a5 d pasel rubricating or i fpr
| ubri cati 1gL‘€b¢rQ'ihE‘owmo‘@6n aining '-Nﬁ'zquhj ect| additi08d-1.55,, veys| of

synt heti c| | pbieigemisst Bihibiepn} ai ned igot-pe publ i fati ons,@HTHETI C | UBRI CANTS
by R, C

10 Pour Point Depressant 0.01-1.5 0.01-0.5
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
15 Lubricating Base Oil Balance Balance

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

20 referred to herein as an additive-package) whereby several additives can be added
simultaneously to the base oil to form the lubricating oil composition. Dissolution of the
additive concentrate into the lubricating oil can be facilitated by solvents and by mixing
accompanied by mild heating, but this is not essential. The concentrate or additive-package
will typically be formulated to contain the additives in proper amounts to provide the desired

25 concentration in the final formulation when the additive-package is combined with a
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15 @underson and A. W Hart, published by Reinhold (N Y., 1962), LUBRI CATI ON
AND LUBRICANTS, E. R Braithwaite, ed., published by Elsevier Publishing
Co., (N Y., 1967), Chapter 4, pages 166 through 196, "Synthetic

Lubricants”, and SYNTHETI C LUBRI CANTS by M W Ranney, published by Noyes
Data Corp., (Park Ridge, N J., 1972). These publications are incorporated
herein by reference to establish the state of the art in regard to 20
identifying both general and specific types of synthetic |ubricants which
can be used in conjunction with the additives of the present invention. 26
Thus, useful synthetic lubricating base oils include hydrocarbon oils
derived fromthe polynerization or copolynerization of olefins, such as

pol ypr opyl &enﬁi@%%&@?@gto%%%ﬁﬂgm %eswﬁeesﬁgfekéaqhu@& eg@%t HiVRhion and

t he hal ohydrocar such as chlorr’nat’e pol ybut yl en er useful
synthetic base oils inglude thqgse based.upon alkyl benzenes, .such 5 as
dodecyl beﬁ%aﬁee,ﬁfgfor sér-‘%ie%?‘w Qﬁ’ﬁ%e,OIEQ‘TC?WGE&’EP%@%%’?‘(?B&?]%%va}]%tﬁffl S, such
as bi phenyls _and terphenyls, Another known class qof synthetic oils useful
as base oidpsirapisradditiyesstorprn pdditivs-packages coniaping pet§HRErEdient HhcRlegii€ed upon
al kyl ene oxi de polyners and int ergol {rrers, and those oils obtained by the
modi fi cat ianwunts of, iypicadlyrfrem labent dr v abejit G0 percent, pigtesably Gpmrabput 15(tp about by t he
10 esterification or etherification of the hydroxy groups). Thus, useful
base 6i | s 7ampercetit; adraore prefenablydtopnabour 25percdny tocabeutt(l phecent bypweight ene oxi de
or fromthe copolynmers of ethylene oxide and propyl ene oxide. Useful oils
i ncl ude t hadifivds)ih t uppopyibtegirdiitions iwithiiBe RalajHier beigribasablly The finglxi des, such
as nethylpolyisopropyrene glycol ether, diphenyl ether of polyethylene

gl ycol an%xﬁhﬁtmlé gﬁittgﬁeawem@pyﬂoﬁﬂﬁt@iwmgm PRRRh{ ¥ thé/sfitie-paekdg® Svifhf

synthetic base oi
the remainder being base oil.

All of the weight percentages expressed herein (unless otherwise indicated) are based
10 on the active ingredient (AI) content of the additive, and/or upon the total weight of any
additive-package, or formulation, which will be the sum of the AI weight of each additive
plus the weight of total oil or diluent.
In general, the lubricant compositions of the invention contain the additives in a
concentration ranging from about 0.05 to about 30 weight percent. A concentration range for
15 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
75 weight percent of the additive reaction product in a carrier or diluent oil of lubricating oil
viscosity.

20
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15 derived fromthe esterification of the term nal hydroxy group of the

pol yneri zed al kyl ene oxides with nono- or polycarboxylic acids. Exenplary
of this series are the acetic acid esters or mxed C3 -Cg fatty acid esters
of the C13 oxo acid diester of tetraethylene glycol. Another suitable class
of synthetic lubricating oils conprises the esters of dicarboxylic acids
with a variety of alcohols. Esters useful as synthetic oils also include 20
t hose nade from Csto Cl12 nonocar boxylic acids and pol yol s and pol yol ethers.
O her esters wuseful as synthetic oils include those nade from copol yners of
a-ol efins and dicarboxylic 27 acids which are esterified with short or
medi um chain |l ength al cohols. The followng are exenplary of such additives

and are comrerﬁi%énkal,mduam@om@me%mvmwar@hwﬁlqahs:aﬁe‘ipeﬂulsﬁ&dﬁagl ubes
115, 135, 165, 1300, 2300, 2700, 305, 445, 502, 522, and 6300, anong ot hers.

5 Sili COnbﬁ%ﬁgﬁﬁt&ikg.%e?%aﬁ:%&i?ﬁs??ﬂo&'ﬂslﬁﬁ* hatui%?l)xyﬁ&lmetic 1 'c%ti;ﬂg or

p]?l yarylhoxy- oxane o I |hcate ol fs, colrrp I se anot Iuse ISﬁI gl ass
i ﬁﬁiyﬁt eli%*g?lg it @%&?ﬁ%ﬁ%ﬂ%&mﬁ?ﬁ?ﬁﬁ g 'a‘?oa*?s ?3?'@%& 5?@%%%%‘; of ur ans,
Gt of | ned PrefarRbly apput oo peau § %S ot gy bes 6 A 0 B | ned o | s

are obtained directly froma natural source or synthetic source (e.g.,

coal , Sshallébricating qil bagastogk eanherderivgd fom natorad lubsicatingrails; yathetie lubricatingat nent .
Exanpl es of unrefined oils include a shale oil obtained directly froma
ret orti ngodper atiktores theregfe Suitdbde lwbnéating bil hasesstbclis imebude paderstovksldlstained byt i on,
or an ester oil obtained directly froman esterification process, each of
which is ftidaferig@Rel ofisyriiidtic Waxrdndevax) dsaadlinaiydrobeitkettshsebtbcksaréduced by
hydrocracking (rather than solvent extracting) the aromatic and polar components of the
crude. Natural lubricating oils include animal oils, such as lard oil, vegetable oils (e.g.,
10 canola oils, castor oils, sunflower oils), petroleum oils, mineral oils, and oils derived from
coal or shale.
Many synthetic lubricants are known in the art and these are useful as a base
lubricating oil for lubricating compositions containing the subject additives. Surveys of
synthetic lubricants are contained in the publications, SYNTHETIC LUBRICANTS by R. C.
15 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 Lubricants", and SYNTHETIC LUBRICANTS
by M. W. Ranney, published by Noyes Data Corp., (Park Ridge, N.J., 1972). These
publications are incorporated herein by reference to establish the state of the art in regard to

20 identifying both general and specific types of synthetic lubricants which can be used in

conjunction with the additives of the present invention.
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15 simlar to unrefined oils, except that refined oils have been treated in
one or nore purification steps to inprove one or nore properties. Suitable
purification techniques include distillation, hydrotreating, dewaxing,

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. 20 These re-refined oils are also
known as recl aimed or reprocessed oils and often are 28 additionally
processed by techniques for renoval of spent additives and oil breakdown
products. Lubricating oil base stocks derived fromthe hydroi sonerization of

wax may al so behyd)agdul sPhthbred luBlictiag Bhseloils irRTdde Migdhoodtbun bills defivedfromakeai d
natural and/or syntheticC base stocks. 5 Such wax isonerate oil .is produced

by the hyqpol hZRb i 1 WOBOI SropAXRS pOlyisBbutylehcdt her eof
over a hygpgﬁggn@{#;og%{)é)%@ér{ aﬁ{)/ﬁg’{é?& K@hj%ﬁ V\gx Zlgmg?rle t %}g‘?‘é al % t he sl ack
waxes recovered by.the solvent de i f ni 2Ol | 8 . { C waxes are
bt cal |y ProReneaRpby Bat e gert it By S ROER B as PHBHREM £ 1T g
i sonerate product is typicall sybj ected t ol vent. dewaxi and
fracti onaIPPBh“WEn?-eQH’\?éPSC&a PV%U%“CH?&&%? sdﬂ%'“‘%a@???é’aéeds‘ﬂgeiaﬁﬁyggﬁew’ss%%i ty
range. Wax isonerate is also characterized by possessing ver )41 hi gh vi scosity
i ndi cés, @ededegylbgnzans;itairg-decylbenzenesangd these baserbupas ol yphemyls, suh asdiphenylss or
hi gher and, follow ng dewaxing, a pour point of about -20 C or |lower. The
advant ageanditetphlehgs.i nportant features of the present invention will be nore
apparent fromthe foll ow ng exanpl es. 15 EXAMPLES
Another known class of synthetic oils useful as base oils for the subject lubricant
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.c., by the
10 esterification or etherification of the hydroxy groups). Thus, useful base oils are obtained

from polymerized ethylene oxide or propylene oxide or from the copolymers of ethylene

oxide and propylene oxide. Useful oils include the alkyl and aryl ethers of the polymerized

alkylene oxides, such as methylpolyisopropylene glycol ether, diphenyl ether of polyethylene

glycol and diethyl ether of propylene glycol. Another useful series of synthetic base oils is

15 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 C,, oxo acid diester of tetraethylene glycol.
Another suitable class of synthetic lubricating oils comprises the esters of
dicarboxylic acids with a variety of alcohols. Esters useful as synthetic oils also include

20 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
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Det er gency Performance- Panel Coker Test The detergency efficacy of crankcase
oils can be assessed in terns 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 100C. For a period of 6 hours, this
heated oil is 20 splashed by whi skers on the Al -steel panel, the tenperature
of which is maintained at 310C. After conpletion of the test, any deposits
on the panel are weighed. A decrease in the weight 29 of deposits as
conpared with a simlar conposition |acking the detergent additive indicates
i nproved detergency, Antioxidant Performance--Pressure Differential Scanning
Calorimetry (PDSC) PDSC (DuPont Model -91011090B) can be used for relative
ant i oxi danjidp Whidh F8et&tified varAdhdalor Biediin dHam IeRR aRbAAIONThd fl1bWing afet hod, a
test sanple (10 ng) taken in a sanple boat is subjected to heating from

100- 300C ae&erhgﬁf GisfictPiddiifes B argichgfn%rcz%l‘}%(/aiﬁ%pe fGth AQY HoBel Ry & The

onset of oxi on tenperature 1s opt as a criterion for assessnent of

Cermor ot uriPA REVEHRRS 115r o PSEhE ZAERIDP SRR, P SPhaha Rend gk 7"

Wal ker and W Tsang, "Characterization 10 of Lubrication Gls by
Di f f er ent i9erScanni ng Cal orinetry”, SAE Technical Paper Series, 801383
(Cct. 20-23, 1980). Exanple I A quantity of 40 grams _of al kyl (Cl4-C18)
salicylic acid S:h@natmmllsosmhﬁlpom&hi relyarylt, pelyalkguy-pererelyarylexya
mechani cal stiffer and a condenser. Fifty granms of naphtha was added 15
al ong wi t IsildgangoilsBnd§ilites eiln comprise agothersusefiul vlassenf sptbetiBQulgricatisg ails. net hanol .
M xi ng was
Other synthetic lubricating oils include liquid esters of phosphorus-containing acids,
polymeric tetrahydrofurans, poly a-olefins, and the like.
The lubricating oil may be derived from unrefined, refined, re-refined oils, or
10 mixtures thereof. Unrefined oils are obtained directly from a natural source or synthetic
source (e.g., coal, shale, or tar and bitumen) without further purification or treatment.
Examples of unrefined oils include a shale oil obtained directly from a retorting operation, a
petroleum oil obtained directly from distillation, or an ester oil obtained directly from an
esterification process, each of which is then used without further treatment. Refined oils are
15 similar to unrefined oils, except that refined oils have been treated in one or more puﬁﬁcation
steps to improve one or more properties. Suitable purification techniques include distillation,
hydrotreating, dewaxing, solvent 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 similar to those used to obtain the refined oils.

20 These re-refined oils are also known as reclaimed or reprocessed oils and often are
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started, 15 granms of boric acid was added, and then the m xture was heated
to 70C. At that tenperature, 48.5 grans of a hydroxy ethyl alkyl

i m dazol i ne was added and the reaction tenperature was increased slowy to
210 Cto renove volatiles. A clear brown viscous liquid was recovered that
had a total alkalinity value of 46. The product was subjected to 20 testing
as shown bel ow. 30 Panel Coker Five percent of the above product was added
to an SAE 50 base oil, mxed, and subjected to the nodified panel coker
test. At the end of the test, the panel was weighed resulting in 6.5
mlligrams of deposits. 5 Pressure Differential Scanning Calorinetry The
sanpl e of Exanple | was subjected to PDSC testing and found to have an

i nduct i 0n_aaaiﬂsnafnm%?ss%B&Eli&ﬁmlaaesllfé%wﬁ%fsgﬁt L fififivedand sil RERGwEXanpl e 2

(Conpar ative Exa anpl’'e 1 was repeated except that the al kyl
i m dazol i ngodﬁt?d was an am no ethyl alkyl imdazoline. The final product
was a fl uiP y liquid with poor oil solubility. Exanple 3 (Conparative

SRR EN IR RTINS e R
perfor rmn%?ed? reict)hdelrJ gliorr:g o%rc%nxtb?n%go& ?v(i)th t}?g allfcl)riesgaricia1 xrlgstmg{ anccl%rbsgx?tggtiecal%gg stgcﬁ(g? sit.
5 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
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
10 viscosity range. Wax isomerate is also characterized by possessing very high viscosity
indices, generally having a VI of at least 130, preferably at least 135 or higher and, foll(.>wing
dewaxing, a pour point of about -20° C or lower.
The advantages and the important features of the present invention will be more
apparent from the following examples.
15 EXAMPLES
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
sample is taken in sump and heated at 100°C. For a period of 6 hours, this heated oil is

20 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
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20 31 Exanple 4 (Conparative Exanple) In this exanple, the alkyl salicylic
acid of Exanple 1 was replaced with an alkyl aromatic sulfonic acid. The
product recovered was clear, but had extrenely poor detergency 5 as
measured by 243 mlligrans of deposits in panel coker test. The PDSC result
was al so poor with an induction time of only 34.8 mnutes. Exanple 5 In
this exanple, the anmount of al kyl im dazoline was reduced to close to the

t heoretical amount of 33 grans required to neutralize the salicylic acid.
Excel | ent detergency 10 was found wi th panel coker deposits of 3.4
mlligrams. In view of the many changes and nodifications that can be nade
W t hout departing from principles underlying the invention, reference
shoul d be dafdesositoas dompapsderittealsiolilar coanpokition dacking dier detaxgehit additve intieatec ope of
the protection to be afforded the invention. 15 32 CLAIMS What is clained
is: 1. A GRpRASd HétergeSyPr i sing the reaction product of an acidic organic
conpound, a boron conpound, and a basic organi c conpound, wherein the

o b 71 LT SR DSl s @150
PDSC (DuPont Model-910/1090B) can be used for relative antioxidant performance
5 evaluation of the composition. In this method, a test sample (10 mg) taken in a sample boat
is subjected to heating from 100-300°C at the rate of 10°C per minute under 500 psi oxygen
pressure. The onset of oxidation temperature is adopted as a criterion for assessment of
antioxidant performance. In general, an increase in onset of oxidation temperature indicates
improvement in antioxjdant performance. See J. A. Walker and W. Tsang, "Characterization
10 of Lubrication Oils by Differential Scanning Calorimetry", SAE Technical Paper Series,
801383 (Oct. 20-23, 1980).
Example 1
A quantity of 40 grams of alkyl (C,,-C,,) salicylic acid was added to a small reaction
flask equipped with a mechanical stirrer and a condenser. Fifty grams of naphtha was added
15 along with 40 grams of base oil, 15 grams of water and 30 grams of methanol. Mixing was
started, 15 grams of boric acid was added, and then the mixture was heated to 70°C. At that
temperature, 48.5 grams of a hydroxy ethyl alkyl imidazoline was added and the reaction
temperature was increased slowly to 210° C to remove volatiles. A clear brown viscous

liquid was recovered that had a total alkalinity value of 46. The product was subjected to

20 testing as shown below.
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(A) al kyl substituted salicylic acids, (B) di-substituted salicylic acids,
(C oil soluble hydroxy carboxylic acids, (D) salicylic acid calixarenes,
(E) sulfur-containing calixarenes, (F) acids of the formula: R
HOAr-CAr-OH | Rz | COOH wherein R is hydrocarbon or halogen, R2 is
hydr ocarbon, and Ar is substituted or wunsubstituted aryl, (G acids of the
formula: COOH X OHI HOX (R,~X I X R XX X wherein X and X are
i ndependently selected fromthe group consisting of hydrogen, hydrocarbyl,
and hal ogen, R is pol ynethyl ene or branched or unbranched al kyl ene, x is O
Panel Coker
Five percent of the above product was added to an SAE 50 base oil, mixed, and
subjected to the modified panel coker test. At the end of the test, the panel was weighed
resulting in 6.5 milligrams of deposits.
5 Pressure Differential Scanning Calorimetry
The sample of Example 1 was subjected to PDSC testing and found to have an
induction time of >180 minutes at 165°C when the test was stopped.
Example 2
(Comparative Example)
10 Example 1 was repeated except that the alkyl imidazoline used was an amino ethyl
alkyl imidazoline. The final product was a fluid hazy liquid with poor oil solubility.
Example 3
(Comparative Example)
Example 1 was repeated but the boric acid was not added. The final product was

15 fluid, bright and clear with very poor panel coker performance producing more than 150

milligrams of carbonaceaous deposit.

20
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or 1, and R is hydrogen or hydrocarbyl, 33 (H) acids of the formula: R, R3
HCOHol ~~ R4 x RZ wherein R and R2 are independently selected from
the group consisting of hydrogen, hydrocarbyl groups, tertiary al kyl
groups, and tertiary aral kyl groups, provided that both R and R2 are not
hydrogen, R, and R4 are independently selected fromthe group consisting of
hydr ogen, hydrocarbyl groups, aral kyl groups, and cycl oal kyl groups, and x
is fromO to 24, inclusive; and (1) salts of the foregoing acids. 2. A
conposition conprising: A a lubricant, and B) at |east one reaction product
of an acidic organic conpound, a boron conmpound, and a basic organic
conpound, wherein the reaction product is a netal free detergent and
wherein the acidic organic conpound Egamgledcted fromthe group consisting
of :

(Comparative Example)

In this example, the alkyl salicylic acid of Example 1 was replaced with an alkyl

aromatic sulfonic acid. The product recovered was clear, but had extremely poor detergency
5 as measured by 243 milligrams of deposits in panel coker test. The PDSC result was also
poor with an induction time of only 34.8 minutes.
Example §

In this example, the amount of alkyl imidazoline was reduced to close to the

theoretical amount of 33 grams required to neutralize the salicylic acid. Excellent detergency
10 was found with panel coker deposits of 3.4 milligrams.

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

for an understanding of the scope of the protection to be afforded the invention.

15
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(A) al kyl substituted salicylic acids, (B) di-substituted salicylic acids,
(C oil soluble hydroxy carboxylic acids, (D) salicylic acid calixarenes,
(E) sulfur-containing calixarenes, 34 (F) acids of the formula: R
HOAr-CAr-OH | RZ | COOH wherein R is hydrocarbon or halogen, R2 is
hydr ocarbon, and Ar is substituted or wunsubstituted aryl, (G acids of the
formula: COOH X OHHO X (Rx X, I X, --O0RL XX X

CLAIMS

What is claimed is:
1. A composition comprising the reaction product of an acidic organic compound, a
boron compound, and a basic organic compound, wherein the composition is a metal free
detergent and wherein the acidic organic compound is selected from the group consisting of:

(A) alkyl substituted salicylic acids,

(B)  di-substituted salicylic acids,

(C)  oil soluble hydroxy carboxylic acids,

(D)  salicylic acid calixarenes,

(E)  sulfur-containing calixarenes,

(F acids of the formula:

R,

HO—Ar—C—Ar—OH

R,

COOH
wherein R, is hydrocarbon or halogen, R, is hydrocarbon, and Ar is substituted or
unsubstituted aryl,

(G) acids of the formula:

COOH
X OH ' HQ X
(R)x
X (lj X
!
X X X X

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

or 1, and R' is hydrogen or hydrocarbyl,
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wherein X and X' are independently selected fromthe group consisting of
hydr ogen, hydrocarbyl, and hal ogen, R is polynethylene or branched or
unbranched al kylene, x is O or 1, and R is hydrogen or hydrocarbyl, (H)
acids of the formula: Rk R3 H//CC OH C/ | R4 x RZ wherein R and R2
are independently selected fromthe group consisting of hydrogen,

hydr ocar byl groups, tertiary alkyl groups, and tertiary aral kyl groups,
provided that both R, and R2 are not hydrogen, 35 R3 and R4 are

i ndependently selected fromthe group consisting of hydrogen, hydrocarbyl
groups, aral ky) .groups, .gnd. cycl oal kyl groups, and x is fromO to 24,

i ncl usi ve; andg}{)l) @%%togaﬁfdfof‘%@af oregoi ng acids. 3. A conposition
conprising: A a hydrocarbon fuel, and R,

—

- R,

AT ™

R,

wherein

R, and R, are independently selected from the group consisting of hydrogen, hydrocarbyl

groups, tertiary alkyl groups, and tertiary aralkyl groups, provided that both R; and R; are

not hydrogen,

R; and R4 are independently selected from the group consisting of hydrogen, hydrocarbyl
groups, aralkyl groups, and cycloalkyl groups, and

x is from 0 to 24, inclusive; and

¢))] salts of the foregoing acids.

2. A composition comprising:

A) a lubricant, and

B) at least one reaction product of an acidic organic compound, a boron
compound, and a basic organic compound, wherein the reaction product is a metal free
detergent and wherein the acidic organic compound is selected from the group consisting of:

(A)  alkyl substituted salicylic acids,

(B)  di-substituted salicylic acids,

(C)  oil soluble hydroxy carboxylic acids,

(D)  salicylic acid calixarenes,

(E)  sulfur-containing calixarenes,
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B) at | east one reaction product of an acidic organic conpound, a boron
conpound, and a basic organi c conpound, wherein the reaction product is a
netal free detergent and wherein the acidic organic conpound is selected
fromthe group consisting of: (A) alkyl substituted salicylic acids, (B)
di -substituted salicylic acids, (C) oil soluble hydroxy carboxylic acids,
(D) salicylic acid calixarenes, (E) sulfur-containing calixarenes, (F)
acids of the formula: R HOA-GCAr-OH | Rz COOH wherein R is

hydr ocar bon or hal o%gg g}Qfl ‘ggdrocar bon, and Ar is substituted or
unsubst i t ut ed of & 1QEPYE of the formula: COOH X OH1 HO X (R x X

| X R,
HO—Ar—C—Ar—OH
R,

COOH
wherein R; is hydrocarbon or halogen, R, is hydrocarbon, and Ar is substituted or

unsubstituted aryl,

(G) acids of the formula:

COOH
X OH \ HO, X
(R)x
x é x
it
X X X X

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

(H) acids of the formula:

R,
wherein
R; and R; are independently selected from the group consisting of hydrogen, hydrocarbyl

groups, tertiary alkyl groups, and tertiary aralkyl groups, provided that both R, and R, are
not hydrogen,
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R XX X wherein X and X are independently selected fromthe group
consi sting of hydrogen, hydrocarbyl, and hal ogen, R is polynethylene or
branched or unbranched al kylene, x is 0 or 1, and R is hydrogen or
hydrocarbyl, (H) acids of the formula: R, R3_H\~-COMHZ//C~~R4 x RZ
wherein R, and R2 are independently selected fromthe group consisting of
hydr ogen, hydrocarbyl groups, tertiary al kyl groups, and tertiary aralkyl
groups, provided that both R and R2 are not hydrogen, R3 and R4 are

i ndependenpt | el ected fromth r consi sting of. hydrogen, hydrocar byl

o oupe. aRaFly e oUBEreRE SR r et P P IR CORIRE LG TAGHED TS oy

i ncl usi vegroapd afallyl $RubS afll cidIGalkRRARs NAdaci ds. 4. The conposition of any
one of clains 1-3,” wherein the boron conpound is selected fromthe group
consi st i ny iofforn@rtp 24.da¢ldsive;anél kyl borates, al kyl boric acids, dialkyl boric

(D salts of the foregoing acids.

3. A composition comprising:

A) a hydrocarbon fuel, and

B) at least one reaction product of an acidic organic compound, a boron
compound, and a basic organic compound, wherein the reaction product is a metal free
detergent and wherein the acidic organic compound is selected from the group consisting of:
(A) alkyl substituted salicylic acids,
(B)  di-substituted salicylic acids,
(C)  oil soluble hydroxy carboxylic acids,
(D)  salicylic acid calixarenes,
(E) sulfur-containing calixarenes,
(F) acids of the formula:

R,

HO—Ar—C—Ar—OH
R,

COOH
wherein R, is hydrocarbon or halogen, R, is hydrocarbon, and Ar is substituted or

unsubstituted aryl,
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acids, boric oxide, boric acid conplex, cycloal kyl boric acids, aryl boric
aci ds, dicycloalkyl 37 boric acids, diary) boric acids, and substitution
products of the foregoing with al koxy groups, alkyl groups, alkyl groups,
and conbi nations thereof. 5. The conposition of any one of clainms 1-3,
wherein the basic organic conpound is an organic nitrogen base conpound
conprising an N-hydroxy al kyl noiety. 6. The conposition of any one of
claims 1-3, wherein the basic organic conpound is selected fromthe group
consi sting of N hydroxyal kyl - pi perazi nes, N hydroxyal kyl -N - al kyl

pi per azi nes, N“ﬁidr@%%ﬁﬁﬁ%iﬁﬁwgbycloalkyl-piperazines,

N- hydroxyal kyl - N -al kyl  hexahydropyri nggbpes, N hydroxyal kyl - N -cycl oal kyl
hexahydr opyri m di nes, N hydroxyal kyl -N -al | <yl hexahydropyri dazi nes,

N- hydr oxyal kyl - N - cycl oal ky¥k d X

N- hydr oxyal kyl - pi peri di nes, al yl-N‘ i m dazol i di nes,
N- hydr oxyal kyl - N - cycl oal kyl - Iﬁes, i oxyal kyl - pyrrolidi ne,
N-hydr oxyal kyl - pyrazol i di ne, oxyal kyl -hydrogepated 1,2,3,-triazole, N

hydr oxyal kyl - hydr ogenaXed T -triazote, N ) W - hydr ogenat ed

i ndol e, N- hydroxyal kyl - hydr d caf bazolg ydr oxyal kyl - hydr ogenat ed
qui nol i ne, N hydroxyal kyl - hydrog&nat edrhcr i dfne,
N- hydr oxyal kyl - hydr ogenat ed phenazhNne, N oxyal kyl -\N' - hydr ocar byl - sat ur at ed
cyclic diazines, N hydroxyakkyl-N -Kydrocarbyl - sat&rated cyclic diazines,
and N-al k | - N, -hydro - sat ' [, -8Zl 7.

conposi ti gﬁ%%f'kéénfl}%n)g %% 1@?&{ ?%ienﬁ?gﬁ%@%gq”\%%ﬂé% %r%egérgg%{‘% (% %g‘%ﬁﬁ’&w isin
t he rangaéydfocdrbglimabbaldgdd, Blis tpolyaizthyient r \bkan¥hdibsechbeanchébalkplend, xweioght of

t he conposition. 8. The con%ogition of any one of clains 2 and 3, wherein
the react i%h P PY]qrages or hydrocarbyl,

(H)  acids of the formula:
R,

//C C \ / OH

R,

wherein

R| and R; are independently selected from the group consisting of hydrogen, hydrocarbyl
groups, tertiary alkyl groups, and tertiary aralkyl groups, provided that both R; and R, are
not hydrogen,

R; and R4 are independently selected from the group consisting of hydrogen, hydrocarbyl
groups, aralkyl groups, and cycloalkyl groups, and

x is from 0 to 24, inclusive; and

q)) salts of the foregoing acids.
4. The composition of any one of claims 1-3, wherein the boron compound is selected

from the group consisting of boric acid, trialkyl borates, alkyl boric acids, dialkyl boric

acids, boric oxide, boric acid complex, cycloalkyl boric acids, aryl boric acids, dicycloalkyl
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netal -free detergent and anti-oxidant. 38

boric acids, diaryl boric acids, and substitution products of the foregoing with alkoxy

groups, alkyl groups, alkyl groups, and combinations thereof.

5. The composition of any one of claims 1-3, wherein the basic organic compound is

an organic nitrogen base compound comprising an N-hydroxy alkyl moiety.

6. The composition of any one of claims 1-3, wherein the basic organic compound is
selected from the group consisting of N-hydroxyalkyl-piperazines, N-hydroxyalkyl-N'-
alky! piperazines, N-hydroxyalkyl-N'-cycloalkyl-piperazines, N-hydroxyalkyl-N'-alkyl
hexahydropyrimidines, N-hydroxyalkyl-N'-cycloalkyl hexahydropyrimidines, N-
hydroxyalkyl-N'-alkyl hexahydropyridazines, N-hydroxyalkyl-N'-cycloalkyl
hexahydropyridazines, N-hydroxyalkyl-piperidines, N-hydroxyalkyl-N'-alkyl-
imidazolidines, N-hydroxyalkyl-N'-cycloalkyl-imidazolidines, N-hydroxyalkyl-pyrrolidine,
N-hydroxyalkyl-pyrazolidine, N-hydroxyalkyl-hydrogenated 1,2,3,-triazole, N-
hydroxyalkyl-hydrogenated 1,2,4,-triazole, N-hydroxyalkyl-hydrogenated indole, N-
hydroxyalkyl-hydrogenated carbazole, N-hydroxyalkyl-hydrogenated quinoline, N-
hydroxyalkyl-hydrogenated acridine, N-hydroxyalkyl-hydrogenated phenazine, N-
oxyalkyl-N'-hydrocarbyl-saturated cyclic diazines, N-hydroxyalkyl-N'-hydrocarby!l-

saturated cyclic diazines, and N-alkoxyalkyl-N'-hydrocarbyl-saturated cyclic diazines.

7. The composition of any one of claims 2 and 3, wherein the reaction product is in the

range of from about 0.01 to about 15 wt % based on the total weight of the composition.

8. The composition of any one of claims 2 and 3, wherein the reaction product is a

metal-free detergent and anti-oxidant.
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