DETERGENT / ANTI - OXI DANT ADDI TI VES FOR FUELS AND LUBRI CANTS 5 BACKGROUND OF
THE INVENTION | . 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-

10oxi 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 noiety, and boron compounds, such as boric acid.
2.Description of Related Art 15Metal detergents represent a major source of
ash in formul ated engine oils. Al kaline earth sul fonates, phenates and

sal i cyl at es DIEFIERGENTS ANTELRIIDANFARPHIMES FORITVELS AND ALBRIGANES gency
and al kal i ne reserve. Detergents are necessary conponents of engine oils
for both gasoline and diesel engines. Inconplete conbustion of the fuel
produces soot that can |ead to sludge deposits, as well as carbon and
varni sh deposits. In the case of diesel fuel, 20residual sulfur in the fue
burnssin the conmbustion chanber to produce sul fur derived acids. These

aci ds produce corrosi on angACKGROUND GFETHEINVENEIGNNe, and they al so
accel erate the degradation of the oil. Neutral and overbased detergents are

i ntroduced, i nt @8 0f e IAVentidn® Neutralize these acidic conpounds, thereby
preventing the formation of harnful engine

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 reactioﬁ of acidic organic compounds, such as
hydrocarbyl 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
carth 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



deposits and dramatically increasing engine life. U.S. Patent No.

5, 330, 666 di scloses a lubricant oil conposition useful for reducing
friction in an internal conbustion engi ne which conprises a |ubricating oi
basest ock and an al koxyl ated am ne salt of a hydrocarbylsalicylic acid of a
defined formula. 5U.S. Patent No. 5,688, 751 discloses that two-stroke cycle
engi nes can be effectively lubricated by supplying to the engine a m xture
of an oil of lubricating viscosity and a hydrocarbyl - substituted

hydr oxyar omati ¢ carboxylic acid or an ester, unsubstituted am de,

hydr ocar byl - substi tuted am de, amoni um salt, hydrocarbyl am ne salt, or
nonoval ent nmetal salt thereof in an anmount suitable to reduce piston
deposits kﬂ The m xture 10supplied to the engine contains |ess

than 0.06 p%‘?S?Le%?‘?@’9""3@?3&%?“°5?“{5‘ﬁ€5$‘8%sterret al s. U.S. Patent No.

5,854,182 disc the p a .on of gnesi um bor ate overbased netallic
det er gent havi pof'%&ﬁégpﬁﬁ&@i%s%?% %ﬂ;gﬁﬁr%o’élf’%'ﬂ@w ysafuh for ssducinge| v
fine partigcle size by using nmagnesium al koxi de and boric acid. The

pr epar at i SRCHORB AR idernal sempugiion epgine Phichsompriss adebrishtingoiibisastorkeandant h
metal w th magnesi um al koxi de and boric acid under 15anhydrous conditions
in the prakerdatedpminegplt of 2 hydrewsrbydsaticyliolatidwedd dbfinedifotrulhat i on to renmove

al cohol and part of dilution solvent therefrom The borated mi xture is then
cool ed, filter¥d. Patenio\ser88;itid néslosen thainabstokedyale eflgines garte effebively i s
said to exhibit excellent cleaning and dispersing performnce, very good

hydr ol yt i ibdnatedby sipplytrg te thexingineys, miatuce gfamcbileoftliRivatiRy Gscdiganiy anti wear
properties. 20 U S. Patent No. 6,174,842 discloses a lubricating oil

conposi t i bydrbdagtiyl-sabstinitedshylifoxyaohatié cBodyfic 3000r RREk, BRObMbd Afidel
nmol ybdenum from a nol ybdenum conpound that is oil-soluble and substantially

free of r daibey]-Substithbed ant1Qs) ; L f
di aryl amﬁ?@;ﬁg about 2, 000 ?ﬁ@%%%ﬁ?‘%@%%’?ﬁﬁﬁﬁﬁgﬁr?P“é“%%éﬁ’g%ai Thi s

o P SO S B R MBIAEARR oo
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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U.S. Patent No. 6,339,052 discloses a lubricating oil conposition for
gasoline and di esel internal conbustion engines includes a major portion of
an oil of lubricating viscosity; from0.1 to 20.0 %ww of a
component A, which is a sulfurized, overbased cal ci um phenate 10detergent
derived fromdistilled, hydrogenated cashew nut shell liquid; and fromO0.1
to 10.0 % ww of a conponent B, which is an amne salt of phosphorodithioic
acid of a specified fornula derived fromcashew nut shell |iquid. The _

di scl osures of the foregoing are incorporated herein by reference in their
entirety. SUWARY OF THE | NVENTI ON 15According to the present invention,
netal -free detergents and anti-oxidants are prepared by reacting an acidic

Pr ororably. T he SeraTE N6 R o R TR ot 953%%%13
cal eyl i o 2l 88 0o i meP RS RS e § rpbrteiun eamPREYI e
o el AR B 52k 67 oo 00 atami oo
4,828,733 ;dia(rsile:x)’r%i%’e,o a]h ;abou5t’2?080%’ tg 38,00(? bgr?s(sp’eg r7rx?l;lior? ,ofg a5 gﬁe?lig;. T?l?sdco?ﬁb?r?a%oxz 2? .
5 ingredients is said to provide improved oxidation control and improved deposit control to the
lubricating oil.
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
% wi/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,



Preferably, the basic organic conpound is an organic nitrogen base
conpound, such 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

i m dazol i nes, N-al koxy al kyl im dazolines, or N 5hydroxy alkyl

pi perazines. O her heterocyclics can be pyrrolidine, piperidine,

i m dazol i di ne, pyrazolidine, and derivatives of indole, carbazol e,
quinoline, and the like. Q1| soluble and water sol ubl e al kanol am nes,

i ncludi ng pol yneric al kanol am nes, such as those 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 10al kyl groups preferably

conpri se fim’ﬂ%;{ 9’3%?%.§%I6§5§%%8%@;783I kyl boric acid, dialkyl boric

aci d, boric oxide, ¢ ac I"&X, cl oal kyl boric acid, aryl boric
acid, or supstitution products

aci d, dicycl oal rhc.acid, diaryl baric
of these with ﬁi’%?gg gz’%? paYic otgaRis 8?'}1‘8‘?%@“5 Yt FEpUC nifiogen hase cppound, such
The reaction product prqvides excell ent detergency and cleanliness to an
oi | when f3 89%?%&%&‘%93%@&9& %gﬁ‘épmewk@rsfer@gt angiNdhydsexs or alkoxyaalkyloxi dant
perfornaniF mhﬁg ev Iuatg& usinﬂ ?ressune differential scanning calorimetry
(PDSC).  neteroc ?’éugwtlﬂ firgxy plkytipddazelines n-alkowp atkybimidszotinespot Nd t o a
conpogi tion conprising the reaction product of an acidic organic conpound,
a bordon cHhHeBheIkylpiprrazingss Otheshgtarsicyclics parcherpyrroiine) piparitiite) enidasbanik, t he
present invention is directed to a conposition conprising: (A a
| ubri cant pyrazqlidine, 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

3

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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(B) at |east one reaction product of an acidic organic conmpound, a boron

conpound, and a basic organi c conpound. 5In still another aspect, the
present invention is directed to a composition conprising: (A a
hydr ocar bon fuel, and (B) at |east one reaction product of an acidic

or gani ¢ conpound, a boron conpound, and a basic organic conpound. In yet
anot her aspect, the present invention is directed to a nmethod for reducing
the 10formati on of deposits in an internal conbustion engine which
conprises operating the engine _ with a lubricating oil containing the
reacti on product of an acidic organic conpound, a boron conpound, and a
basi ¢ organi c conpound in an anmount effective to reduce the friction.

DESCRI PTI ON OFy,T. | VENTS. This invention.relates . to
lubricant or fue é@%@gﬁsﬁgﬁ%&%‘gggﬁ 1%?“@5# fg’caacfﬂmpfg‘é‘(‘?ﬂ]ﬁ@??‘i‘?‘%s,
conprising an dit] %.conprising boron, which provides inproved

det er gency and“oxi d%ﬁ Sﬁa"é’taéfﬂi lity in an internal conbustion engine oil.
The | ubri cant %:E;énposi tion comt),ri ses (a). a mgjor amount of a |ubricant,
e.g., lubricattHg oftileashepereactign produst of ap acidic orsagis comporndsaboramt i s t he
reacti on product of an acidic organic conpound, a basic organic conpound,
and a bor BYRYRHAR@ basig orgprie capipaind. Or gani ¢ Corpounds

5 In still another aspect, the present invention is directed to a composition comprising:
(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 deposfts 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, €.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



The aci di ¢ organi ¢ conpounds enployed in the practice of the present

i nvention include, but are not limted to, alkyl substituted salicylic
acids, di-substituted salicylic acids, oil soluble hydroxy carboxylic
acids, salicylic acid calixarenes, sulfur-containing calixarenes, 5and 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 enployed in the
practice of the present invention are conmmercially available or nay be
prepared by nethods known in the art, e.g., U S. Patent No. 5, 023, 366.
These salicylic acids are of the formula: 10 15wherein R is a

hydr ocar byl group, preferably N to A0 carbon atons, and a is an
integer of 1 or 2. Were a isTg,gAtchiggg}gad’r’coéﬁ?pgwé‘?ﬂ ndependent |y sel ect ed,

i.e., they may the sane or different. . . As_enpl oyed herein, the
t erm "hydrocar ﬁ?'acﬁgﬁcqr%%%cmﬁ?ﬁgwegén thepractige Q{J‘E‘E PEESENL ARveption

hydr ocar ban oups. "Suybstantial ly hydrocarbon” describes groups that
contain 2(3%"&?‘& E@t%ﬁ?@gﬂg{qﬁﬂﬁéﬂ% sybsttutedsaligylic aside di-sphstipitesrehesisacidy,
hydrocarboq nF%Fre of the group, Exanples of hydrocarbyl groups include
the fol | ovikligtuble hydroxy carbrydicaeisisslicyigaeidicalizasenss, sulfor-contdinipp aslixarcpes, g. |

al kyl _or alkenyl), alicyclic (e.g., cycloalkyl, cycloal kenyl) substituents,
aronafi c Shhieiasidinttaictuzasshinetased in 4Si Patent Nos. 2,938520; 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.



alicyclic-substituted aromatic substituents, and the |ike, as well as
cyclic substituents wherein 5the ring is conpleted through another portion
of the nolecule (that is, for exanple, any two indicated substituents may
together forman alicyclic radical); (2) substituted hydrocarbon
substituents, i.e., those substituents containi ng non-hydrocarbon groups
which, in the context of this invention, do not alter the predom nantly
hydr ocarbon nature of the substituent; those skilled in the art will be
awar e of such groups 10(e.g., halo, hydroxy, nercapto, nitro, nitroso,

sul foxy, etc.); (3) heteroatom substituents, i.e., substituents that
wll, while having a predom nantly hydrocarbon character within the context

of this inventi i n..at om ot.her. than carbon present in a ring or
chain ot herw se%rpg%s%ﬁ&@?g%rgﬁt%ﬂ@g% de(t& %.H?nglgkoxy or al kyl t hi o).

Sui tabl e hetero will be apparent to those of ordinary skill in the art
and include, fo S%ﬁ%&ﬁ%ﬂ"é@%ﬁ‘l‘ }'e'oﬁgif’g'é'i‘ﬁ (e iyl emalkenyd, alisyplicsalgst i t uent s
as, e.g., gy\é{l%L fuarégll , thienyl, imdazolyl, etc. Preferably, no nore

t han aboutYs'oalish sydloalkenyl substitisnispprematiasubstifuents aramatics ahiphdticyend wi | | be
present for, every ten carbon atons in the hydrocarbyl group. Mst

pr ef er abl y2licydisrsubsijtpted promagic sulskitusats cand dheoliives aspwel] asummlbic substitubrgs wherein
hydrocar byl group, i.e., the hydrocarbyl group is purely hydrocarbon. 20

In the forthtnag teempletaddheogh enotikr posidmod theanolbaule (tiat dsyfdrexample Rinyitwe| ude,
but are not limted to, unsubstituted phenyl; phenyl substituted
wi th one dndigatecesubbtityéntgmey popethsuifomaa atigichiy kadicabhy! , propyl, butyl,
5pentyl, hexyl; heptyl, octyl, nonyl, decyl, isonmers of the foregoing, and
the |ike; (2)snbstivhted bjrddarbinambitithdhtH NE, MbseBbRitddntOohtaliAYRAS:- Such as
met hoxy, ethoxy, propoxy, butoxy, pentoxy, hexoxy, heptoxy, octoxy, nonoxy,

decoxy, i hgdecabal grotgs WKIER IR tiRGonRRELLHS inviek§on, do not alter the predominantly
hydrocarbon nature of the substituent; those skil}ed 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.

20



phenyl substituted with one or nore al kyl am no or aryl am no groups;
10napht hyl and al kyl substituted naphthyl; strai ght chain or
branched chain al kyl or al kenyl groups containing fromone to fifty
--earben-atont-including;-butnot-limted to, nethyl, ethyl, propyl, butyl,
pentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl, tridecyl,
tetradecyl, pentadecyl, hexadecyl, heptadecyl, octadecyl, ol eyl, nonadecyl,
ei cosyl, heneicosyl, docosyl, tricosyl, tetracosyl, pentacosyl,
15triacontyl, pentatriacontyl, tetracontyl, pentacontyl, isonmers of the
foregoing, and the |ike; and cyclic al kyl groups, such as

cycl opentyl, cycl ohexyl, cycloheptyl, cyclooctyl, and cycl ododecyl.

It will be not t hese.saljcylic acid deriyatives n he either
nonosubst i t ut e@q%%g%alﬁggﬁ’&t[)?@ﬁ?oé’é’,ﬁi‘? gyd,ro%ﬁ({gll, xﬁ"i‘ﬂ?%@d*‘%"a*’%l s 1 or
2, respectiyely. Salicylic acid calixarenes, for exanple those
descri bed’thm‘ffé%.to’Pat ent No. 6,200,936, the disclosure of which is

i ncorporated herein by reference inits entirety, can be used as the acid
conpounds of ﬂﬁ@mﬁPB@%HﬂwPﬂVention. Such cal i xarenes include, but are not

limted to, 50¥clic conpounds conprising munits of fornmula (la):
pheny! 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, eth(;xy,
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 alky! or alkenyl groups containing from one to fifty
————carbon-atoms;-ineluding;-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, isoﬁers 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 formula (Ib): 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; R5
is Hor an 20al kyl group of 1 to 60 carbon atons; and j is 1 or 2; R' is

hydr ogen, a hydrocarbyl or a hetero-substituted hydrocarbyl group; either

Rl is hydroxy and R2 and | e are independently either hydrogen, hydrocar byl
or hetero-substituted hydrocarbyl, or Wand R4 are hydroxyl and Rl 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 inthe ring (i.e., nmrl), the salicylic 5acid units (formul a
(la)) and phenol units (fornmula (Ib)) are distributed randomy, although
this does not exclude the possibility that in sone rings there nay be

several salicyld cid.uni.ts joiped together in, a. row Each Y may

i ndependent | y béé’ﬁf’balﬁra&je ]é?felﬁfif’ nganB)g %F‘%eéﬁq%?&iﬁrﬁ-\ﬂ%feémﬂé’?@a%ﬁt her
hydr ogen OL él%qrocairﬁf‘él, and d is an integer which is at least 1. In one
erbodi mentthe #EC9BEGRR Wrink Isineasperated hersi bitreferencaindtsientitat camboetedanthei t i s
methyl. In one enbodinent, dis froml to 4. Y may optionally be sulfur
rat her t ha§id(cemmeyedsiol thepressntipygnsions fuch aalixarenes inshudehbut ardwot dinoted to, of

sul fur, incorporated in the nolecule is up to 50 nole % In one enbodi nent,
t he afountcydic couipoundsicompeisingemuditsafdortla)e % and in one enbodi nent the

* Y
5)j
HO
10 0
COOR
and n units of formula (Ib):
R!
*
.
15 *
R* R’
R’

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
20 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



conmpound is sulfur-free. 15For conveni ence, these conpounds are sonetines
referred to as "salixarenes" and their nmetal salts as "salixarates". In one
enbodinment, Yis CH2 ; R is hydroxyl; R? and R4 are independently either
hydr ogen, hydrocarbyl or hetero-substituted hydrocarbyl; le is either

hydr ocar byl or hetero- substituted hydrocarbyl; 116 is H R5 is an

al kyl group of 6 to 50 carbon atons, preferably 4 to 2040 carbon atons,
nore preferably 6 to 25 carbon atonms; and m+ n has a value of at |east 5,
preferably at |east 6, nore preferably at |east 8, where mis 1 or 2.
Preferably, mis 1, I n anot her enbodi nent, R2 and R4 are hydrogen

le is hydrocarbyl, preferably alkyl of greater than 4 carbon atoms, nore

pr ef erabl yiagr ﬁ%l‘Séeélt ﬂ@?oc%rﬁ@%pﬂﬁerggﬁﬁﬁlt téd%a’d?oc M)d[ Oggmf%cﬂ% 55% ok rom 6 to

12; and mis revi ew
Supr 2ol St %’?hﬁ‘t‘mg?{‘gX&chy%ﬁrg)@&ﬁ%?fy-saﬁst@ﬁsfﬁéﬁ&f'gta&r rmlft& §renes

having a su e ydr o group or groups include honocal i xar enes,
oxacallxaVéﬁégt h@ﬁgﬂgé&ﬁﬁﬁﬁgpenes and het erocal i xar enes.

Sulfur-contalqwn%%callxarenes for exanple those described in U S. Patent
No. 6, 268, 320, WhFmgrethpmanfsaligH icgpidmitiispreseabingbe Hegd.chard)ihosalicgier ence

in |ts enti retty can_al
acid unifs (formula (Ia)) 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,
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 1 to 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, hydrocarbyl or hetero-substituted hydrocarbyl; R? is either hydrocarbyl or hetero-
substituted hydrocarbyl; R® is H; R’ is an alky! 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



10be used as the acid conpounds of the present invention. Such calixarenes
i nclude, but are not limted to, conpounds represented by fornula (I1):

20 wherein in formula (I1): Y is a divalent bridging group, at |east one
of said bridging groups being a sulfur atom R3 is hydrogen or a

hydr ocar byl group; either Wis hydroxyl and R2 and | e are independently

ei ther hydrogen or hydrocarbyl, or 13.2 and 13.4 are hydroxyl and Wis

ei ther hydrogen or hydrocarbyl; and n is a nunber having a val ue of at
least 4. 5 In fornmula (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 bridging group, when not a sulfur atom can be a dival ent

hydr ocar bon gr t 4 ' e . r r up,,of 1 to
18 carbon at orrghlen& rC@nYB%h énf‘reirg ragg% rﬁr%tﬂg'&}r?%&{ ﬁd mﬁ‘%a@f%ﬁ ﬁg(yI The
het er oat o nt t hat ty.i has a
val ue of a gfggéé?] %ﬂ 4 cﬁFbe é‘lt%{%ﬁ )7“01‘“? %rﬁ{effb yogri%irzthax}%?aéﬁ?ﬂ S 5‘§/ﬁy44 g‘?} I'n
one enbodi 6,0f, the_ Y groups are sulfur atonms, in another
enbodlnentng 398nh6&bu29n4ﬁﬂsi Gfoups are sul fur atoms, and in a third
enbodi nent, one of the Y groups is a, sulfur atom Preferably, t he amount of
sul fur i ncor pofQt REFViGY ?%I‘EQFP‘%?aﬁéﬁ@”P&mB@% ineSupramolgcalon Chetiserydy Guch t hat
between 5 _and 50% of the groups Y in formula (I1) are sulfur atons. Mre
pr ef ePabl Pavt%@“t%uﬁ‘f“eéfﬁ%stm"? draspwStodiast pibdisheg! bartle RoyalSbeietof | n one
enbodi ment, when Y is not a sulfur atom it is a divalent group represented
by the fordbamastwd%&f)d Galixgyrnesthating ajsabstituehtdrydiopgll grgemongroapshiyelndec ar by |
group and d is an

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

20
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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, 1 to 6 carbon atons. Exanples
i nclude nethyl, ethyl, propyl, butyl, 20pentyl, hexyl, heptyl, octyl,

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

hexadecyl , heptadecyl, octadecyl, isonmers or the foregoing, and the |ike.
Preferably, dis froml to 3, nore preferably 1 io 2, and npbst

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 -S-, interrupts a chain of
carbon atons, an exanple being an al koxy-al kyl group of 2 to 20 carbons.

ool yol ef | n" gt %E%*ﬁ%?ﬁy@%"? i V?I%w%ﬂ@glgé‘éboﬁlgp%‘? ne§E i Hige bR e
I b I f
Gty onel B a@%ﬂ@? BpER HehSrasg gk marhxégq%ﬁe,|m@e”rp%daimxmad&mecw

Het er oat o presen an again be -0-, or ~S-. These hydrocar byl
groups pr p‘ﬁ‘gwylelﬁ’ér hytgTogaR Bbhydsecariyl, OﬁBr andR eqre hydsoyyl and ROis6 car bon
at ons. 10E|ther R‘ i's hydroxyl and R2 and 114 are independently either

hydr ogen ofitheRA¥dergsn By hydregaried; aada ira nameerguing s ykluaafiatieast 4. ei t her
hydrogen or hydrocarbyl. In one enbodinment, R is hydrogen, R2 and IV are
hydroXyl , and M8 fermuisg @DeY ldﬁ/diwdgmrbndgmggmup@aa yifuriatont héthftle proviao (Hat 3t and
t he callxarene is a resorcinarene. The hydrocarbyl groups preferably have 1
to 24 car Heast eneoYrgroupus @syfiehtonabThe divdent bidging froup,atieitot 4 &€l fur atom, can
15het er oat ons, when present, can be -0-, -NH, or -S-. In one enbodi nent, Y

is either bswcﬁmemhyc(r&azm) group\bradieal@it hitero-sabitertd RfdraaeibdmBarbsp H0HAgEN and
the other is hydrogen or hydrocarbyl; R2 and R4 are |ndependently elther

hydr ogen @arbby dioasparaih a prdferired bysiaasa Vo6 dartiof afoms2MtheSelefoa@dmd %ﬁga
preferably 1 to 4, nore preferably, 1. Preferably, R2 and |V are rogen

8, L5 LI, S oy S sl s,
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



and one of R or Ir is hydrogen and the other is either hydrogen or alkyl,
pref erably hydrogen. The foregoing sul fur-containing calixarenes
typically have a nolecul ar wei ght bel ow 1880. Preferably, the nolecul ar

wei ght of the sulfur-containing calixarene is from460 to 51870, nore
preferably from460 to 1800, nost preferably 460 to 1750. Aci ds
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
di scl osures of which are incorporated herein by reference in their _
entirety, can also be used as the acid conpounds of the present invention.
10More specifically, such acids include but are not limted to, conpounds

f the f i - r-T-Ar- e e| s hydrocar bon
or hal ogerlOHS s & PR 1o & wilne e r:?ﬂ_lﬂédgh Reltaore i

d I to.th I de 5 '-tetra-substitute
e B WA L5 S0

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.

5 R? is hydrogen or a hydrocarbyl 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 hydrocarby! 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 ¢ 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



wherein X and X' are independently selected fromthe group consisting of
hydrogen, hydrocarbyl, halogen, R is polynethylene or branched or
unbranched al kyl ene, and x is O or 1, i.e., when x is zero, Ris
absent, and when x is 1, Ris present, and R is hydrogen or 10hydrocarbyl.
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 simlar to the above and are al so
contenplated for use in the practice of the present invention, as are those
of the fornula R2 wherein RI and R2 are hydrogen, hydrocarbyl groups
containing 1 to 18 carbon atons, or tertiary al kyl or aral kyl groups
containing 4 to 8 carbon atons (but both RI and R2 cannot be 20hydrogen) R3
and R4 ar dgntsl; ydrogen
hycr ocar by e LR Y RO ER A e AR s Bt AR e R, Bt 2 090 24,
solubl ?é oxy car boxylic acids |nclud|ng, but not limted to,
12 hydroxy aric acid, alpha hydr oxy carboxylic acids and the |ike can

al so be enpl o stea dic co sent inventian. e Basic
Or gani c Conprrp oﬁ g oregomg su ~containi gcaP xarenes %yplcaﬁy ve a molecular wteght bep

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—-?—-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



5As 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 Nhydroxy al kyl noiety, preferably an N hydroxy or
N-al koxy al kyl heterocycle, such as Nhydroxy al kyl im dazolines, N alkoxy
al kyl im dazolines, and N-hydroxy al kyl piperazines. O her heterocyclics
that are within the scope of the invention include, but are not limted to,
10pyrrolidi nes, piperidines, imdazolidines, pyrazolidines, and derivatives
of indole, carbazole, quinoline, and the |like. Both water sol uble and oil
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 also be used. Such pol yneric
al kanol am nes can be prepared by reacting a suitable amine with an
epi chl or ohydrin conpound. U.S. Patent a}!:\@OHS 189, 652 di scl oses such a
reacti on wherein the 15am nexused @ a rg@gct ant xs selected fromprimary
al i phatic am nes containing fxyom ¥2 tol_40 atons and N-aliphatic
pol yam nes i ncl udi ng N al kyl Y i amf&& gpanes in which the al kyl
contains at |least 12 carpon-@ 3
N-al i phati c di am nobut anes,
al i phatic group contains fro
organi ¢ nitrogen base conpo ?
present invention include, but are™not |Xnited #0, 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 entirety. Such conpounds i ncl ude,
for exa AL | - i perazi nes, Shydr oxyal kyl - N -al kyl
pi per az m}?fel N- hygr)gé%g{]{%ﬁc%nﬁ% ?g?c&gll {E‘iﬂ’ E%i gepLrngising adhydrogen,
hydr oxya =M - I xahydropyri m di nes, N-hydroxyal kyl - N -cycl oal kyl
hexahydr E‘%‘?ﬁ’f"%"%ﬁ%@%ﬂ% B35 1gn5 or Rranghed ar unbranehed mbiylent dad e or
N- hydr oxyal ky].- Ncy.cl oal kyl 'hexahydropyri dazi nes,
N- hydr oxz’gi[el?y‘%eﬁixéé A8 ’ﬁ%ﬂ,bsmtwémanw R ¥ presieity hnd R tia hodrogé&s,
N-h (ﬂr oxp&ag{/k‘%/l -N -cycl oal kyl -i m dazol i di nes, N-hydroxyal kyl -pyrrolidine,

ydr VA aWI"- pyrazolidi ne, N-hydroxyal kyl -hydrogenated 1,2, 3,-triazol e,
N- hydr oxyal ky] - hydrogenated 1, 2,4,-triazole, N hydroxyal kyl -hydrogenat ed
i ndol e, N-hydrasidsiepd i desseibed dJ.SaPhean dos, 5,8 134 szsy@bk%'-'q%%ggenat ed
qui nol i Eél N- hydr oxyal kyl hydr ogenat ed acri di ne, N-hydroxyal’kyI™-Hydt ogenat ed
phenazi me*>&I%x gnd @51 0.0 L-arqryichilac@rtby dbovatnd @t 8o e¥ftbhblattidd! €% the
N- hydr oxyal kyl - N' - hydr ocar byl -saturated cyclic

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

s 20 O her
ds thgt are yseful\in the practice of the

] R
15 HO Flig _ /"
C fal
ST W
R, —]
L X R2

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.
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15di azi nes, and N- al koxyal kyl - N - hydrocar byl -saturated cyclic diazines,
wherei n the hydrocarbyl noieties are preferably sec-al kyl or cycloal kyl .
The Boron Conpounds The boron conpound can, for exanple, be boric acid, a
trial kyl borate in which the al kyl groups preferably conprise from1l to 4
carbon atons each, al kyl boric acid, dialkyl boric acid, boric oxide, boric
aci d conpl ex, cycloal kyl boric acid, aryl boric acid, 5dicycloal kyl boric
acid, diaryl boric acid, or substitution products of these wth al koxy,

al kyl, and/or al kyl groups, and the like. Boric acid is preferred.

The reaction of the boron conpound with the acidic and basi c conpounds of
the present invention can be effected in any suitable manner. In one nethod

th cidic co d,hor on, conpound. . refluxed in,pr nce of
L0surtabl o sol DRSO EbRRSarRRY RfeGR TR BHA nkfiSink i Wit & SRS emrier and
met hanol . _After ficient tine the boron co nd di ssol ves whereupon the
aninic co A%)ﬁﬁ’éa?’g&g’l%‘éad&gﬁy Iﬁ\Pﬁl‘di i‘f‘dég? [é’&ﬁtcaﬁé[?fgg’glemf Iyleéﬁs thsacidisr mat !Oon of
desired deterg$$‘1éﬁpDi | uting oill can be added as needed to control

vi scosi t yCOUR SPICYeI iFeRdP enoval  of sol vents by distillation. An

al cohol, including aliphatic and aromatic al cohols, or a nercaptan,
i ncl udi ng The Basic Organic Compounds

5 As noted above, the basic organic compound employed in the practice of the present
invention is preferably an organic nitrogen base compound, such as an one comprising an N-
hydroxy alkyl moiety, preferably an N-hydroxy or N-alkoxy 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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15al i phatic and aromati c nmercaptans, can be included in the reaction
charge. Preferred aliphatic al cohols include nethanol, ethanol, propanol,
but anol , pentanol, hexanol, heptanol, octanol, nonanol, decanol, undecanol,
dodecanol , tridecanol, tetradecanol, pentadecanol, hexadecanol,

hept adecanol , octadecanol, nonadecanol, eicosanol, isoners thereof, and the
like. Preferred aromatic al cohols include phenol, cresol, xylenol, and the
| i ke. The al cohol or aromatic 20phenol noiety nay be substituted with

al koxy groups or thioal koxy groups. Preferred nercaptans include butyl

mer capt an, pentyl nercaptan, hexyl nercaptan, heptyl nercaptan, octyl

nmer capt an, nonyl nercaptan decyl nercaptan, undecyl nercaptan, dodecyl

mer capt an, and | n hi ocr eso oxyl enol ,

and the |ike. 9%@563? c?:snelég eﬁﬁoc%eucfo} ‘m‘&)sqﬁﬁ a&ee\{sgfuéght?xepraghﬁq Otgh‘? H‘é

addi tives e. nt _inv 1.0 re nat full erstood, However, in
one prefer"gr?‘fa lor}rﬁ'g[ﬁ'%?fg’ Eare'nﬂg(;\ﬂlt%‘ﬂt th@iﬁ%ﬂl?&??{ %Q%n géﬂ?l“i 033446488 r eact ed
wi th hydr I i ne a conmercial product) and boric acid,
mass spec%ﬁé?ga %ggg%ygﬁeglﬁc W@%P%Wh‘f’hé‘ie IPW@%‘EtFng?rGW@YdﬁfefW ingheit i on
product was; VWen a C16 dial kyl salicylic acid was

enpl oyed iCRUEHe Sugh eqmrayndy ingludefpy exampion Nrlysraxaalkph-piperhainesodk ng st r uct ur al

f ormul a:
5 hydroxyalkyl-N'-alkyl 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,

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.
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Those skilled in the art will thus understand that the foregoing |leads to
the followi ng generalized structural formula for this particul ar aspect of
the present invention: wherein R is preferably a hydrocarbyl group,
preferably al kyl, of, preferably, from1l to 50 10carbon atons, nore
preferably 12 to 30 carbon atons, nost preferably 14 to 18 carbon atons, a
is an integer of 1 or 2 (where ais 2, the R groups are independently
selected, i.e., they may be the sane or different), and R2 is an
i ndependently sel ected hydrocarbyl group, preferably alkyl or al kenyl,
preferably of from1 to 50 carbon atons, nore preferably 12 to 30 carbon
atons, nost preferably 14 to 18 carbon atons. 15Clearly, the use of
alternative starting material s, ?5 aﬁscrd'abed above, will lead to different,
but anal ogous, structures that af&® Wi YWOPRMYope of the present
i nventi on. ghe additives of the ?rgsgnt i nvention are especially
useful as corpdh&RPONICRMAA G@nsfoEFample. fp PPricacidg talkylheepte mehich the
conpositiops, The additives can be included in a variety of oils with
| ubri cat i ﬁ@ybg@eb%wrﬁﬁﬁfﬁbm@mrﬁ@ frap Luto4 caghea atopr egek,jabkyl ﬁm acad, idiedkydi | s and
m xtures 20t hereof'. The additives can be included in crankcase |ubricating
oi |'s for bpasid.deric exidgrhpric onidreomplesncyictpalkyblbricracist Al berdmdwidst i on engi nes.
The conpositions can- also be used in gas engine |lubricants, turbine
| ubr i Zant dicyeloalbyldroric acid adismy] baricoaeid; brsubistitutieraprotudty ofcthext svithcadicgxly By
| ubricants, netal -working lubricants, hydraulic fluids, and other
| ubri cat i amy/on dlkydgcbups,@ad ¢hedikep Borit acid$s préfemedddi ti ves can al so be used in
not or fuel conpositions.

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



It is preferred that the conpositions of the present invention be included
inthe oil, 5fuel, or grease in a concentration in the range of from about
0.01 to about 15 wt% Use with OQther Additives The additives of this
invention can be used as either a partial or conplete replacenent for a
detergent currently used. They can al so be used in conbination with other

| ubricant additives typically found in fuels and notor oils, such as

di spersants, anti-wear agents, 1lOextrene pressure agents, corrosion/rust

i nhi bitors, antioxidants, anti-foamants, friction nodifiers, seal swell
agents, denulsifiers, Viscosity Index (VI) inprovers, netal passivators,
and pour point depressants. See, for exanple, U S. Patent No. 5,498,809 for
a descri pt} f i i i i ti dditi,ves.. the

i soi osur <o lreiR, Honol Hkestiihy e RherodrRE BRICLH IR, TR hiiEman
15Exanpl es_of.. di.spersants.,incl ude, pol yi.sobut yl ene suceci ni m des,
polyisobut?ﬁgh%h%%éiﬁﬁﬁﬁﬁﬂﬁgﬁg? ﬂhﬁﬁﬁ%ﬂc “ﬁﬁ%ﬂoa@ﬁﬁgggkﬁispersants, and t he
| i ke. Exanples qf detergents include neutral apd overbased al kali. and

al Kai i ne. ear t h TRAEITCEAROEUES o (o5 TEEnt Ang Ry 1oE o the Fecsenjimypnion
phenates and al kyl salicylic acids. Exanples of antioxidants include

al kyl at ed @f Bwefﬁiir updepstecd. flogyevgn. it e prefpredgmbasdimentninvgiich a C alkyl

phenyl - a- napht hyl am ne, al kyl ated phenyl - a- napht hyl am ne, di net hyl

qui nol3i nessaligxlicgidiyasdeasiedroiduisoriyeids! deid inidezaine (rcomarepasliprodies adér i ved
therefrom hindered phenolics, alkylated hydroqui nones, hydroxyl ated

t hi odi pherbpric @cidemass satdispimetiéranialysis reticaltesl, thattheopruopirootthe ssactioat @béhict

di t hi ocarbamates, 1, 3, 4-di nmercapt ot hi adi azol e and derivatives, oil sol uble
copper compmunds, and the |iKke.

Iasotys

C!7H33

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

15 the following structural formula:

. 0
Hsacm
o N
l ,/’\\\///l[:jj>>
O/ ~N o N
20 \
C16H33

C17H33
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The follow ng are exenplary of such additives and are commercially
avai l abl e from 5Cronpton Corporation: Naugal ube(r) 438, Naugal ube 438L,
Naugal ube 640, Naugal ube 635, Naugal ube 680, Naugal ube AMS, Naugal ube APAN,
Naugard PANA, Naugal ube TMQ Naugal ube 531, Naugal ube 431, Naugard(r) BHT
Naugal ube 403, and Naugal ube 420, anong ot hers. Exanples of anti-wear
additives that can be used in conbination with the additives of 10the
present invention include organo-borates, organo-phosphites,

or gano- phosphat es, organi c sul fur-containing conpounds, sulfurized ol efins,
sul furized fatty acid derivatives (esters), chlorinated paraffins, zinc

di al kyl di t hi ophosphat es, zinc diaryldithiophosphates phosphosul fiirized

ond are commer ot 5’8%%%'?‘??”%%@ il B f?ﬁ‘@e&ga'@ E? T eink 104 iOlut%E filfves ' °°
677A, 15L 097 60, L 1395,
Lubri zol g%ﬁé%'ﬁ%eﬁcf ﬁ%ﬁlrg éfifl@ %%Pé?%ogggﬁiﬂngg‘r"lﬁﬁzt?@rl ction

nodi fiers 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 di su®fide, tri-nolybdenum cluster

di al kyl di t hi ocar bamat es, 20non-sylif ur nol ybdenum conpounds and the |i ke.
The fallowi ng are exenpl ary W additives and are conmercially

avail a8ble from R T. Vang Conpagy, Inc.: Mol ,

SN

2
R,

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 | 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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Mol yvan L, Mlyvan 807, Mlyvan 856B, Ml yvan 822, Mlyvan 855, anpng
others. The followi ng are al so exenplary of such additives and are
comercially available from Asahi Denka Kogyo K. K.: SAKURA-LUBE 100,

SAKURA- LUBE 165, SAKURA-LUBE 300, SAKURA-LUBE 310G SAKURA- LUBE 321,

SAKURA- LUBE 474, SAKURA-LUBE 5600, SAKURA-LUBE 700, anpbng others. The
following are al so exenplary of Such additives and are comercially

avail abl e from Akzo Nobel Chemicals GrbH Ketjen-Ox 77M Ketjen-Ox 77TS,
anong others. An exanple of an anti-foamant is polysiloxane, and the IiKke.
Exanpl es of rust i nhi bitors are pol yoxyal kyl ene pol yol, benzotriazole
derivatives, and the liKke. Exanples of 10VI inprovers include olefin

copol yner Sengﬁ'xg IHrRBRE Stat'%ﬁneQ})ﬁﬁdaH %MWaﬁsm%ﬁgﬁhnﬁsk%eﬁpﬁbé&n yample of a

pour point depressant s po yrret acrylate, an ant
Cyp oal |y BBty RS %%*%E?gr.‘?nﬁ” rtw“ﬁo D8R Rl e o Fial ©
Repr E's2n?;afe’d?%Biﬁcﬁtoéé%mn%r?ﬁszLﬁ%Eltwse'g%@Pf%Ezgﬁr'ﬁﬁ%ﬂeS&S? | (PSP aRed | n TABLE
1. TABLE 1 A? dxls })} erredl?i;zﬁftl?er cro?r(xjpo\sl}%lo s of tﬁ/g present invention be included in the oil,
5 fuel, or grease in a concentration in the range of from about 0.01 to about 15 wt%.
Use with Other Additives
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-e.-naphthylamine, dimethyl

quinolines, trimethyldihydroquinolines and oligomeric compositions derived therefrom,
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Mre Preferred Wight % V.l. Inprover 1-12 1-4 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

Gl Flow Inprover 0.01-2

hindered phenolics, alkylated hydroquinones, hydroxylated thiodiphenyl ethers,
alkylidenebisphenols, thiopropionates, metallic dithiocarbamates,
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,

22



0.01-1.5 Detergent/Rust Inhibitor 0.01-6 0.01-3 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 0.001-1.5 Seal Swell Agents 0.1-8

Molyvan L, Molyvan 807, Molyvan 8568, 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,
SAKURA-LUBE 310G, SAKURA-LUBE 321, SAKURA-LUBE 474, SAKURA-LUBE
5 600, SAKURA-LUBE 700, among others. The following are aiso exemplary of such

additives and are commercially available from Akzo Nobel Chemicals GmbH: Ketjen-Ox
77M, Ketjen-Ox 77T8S, among others.

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 VIimprovers 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



0.1-4 Friction Mddifiers 0.01-3 0.01-1.5 Lubricating Base Q|
When ot her additives are enpl oyed,
to prepare additive concentrates conprising

Bal ance

al t hough not necessary,

Bal ance
It may be desirabl e,

concentrated solutions or dispersions of the subject additives of this

I nvention (in concentrate anounts herei nabove descri bed),
nore of said other additives (said concentrate when constituting an

or

t oget her

wi th one

additive m xture being 20referred to herein as an additive-package) whereby

sever a

| ubricating oil
the lubricating oil

conposi tion.

acconpani ed by mld heating,

addi tive-package wi ||

additives can be added sinultaneously to the base oi

to formthe

Di ssolution of the additive concentrate into

can be facilitated by solvents and by m xi ng
but this is not essential.
typlcally be fornmulated to contain the addltlves in

The concentrate or

proper ampunts TO provi Ge e UEbI erBﬁiblmu,em ratTom T the—ftmat
= crete Aree—
aroun: "of [oese AT LRI gl G o N e ST ™
I nventi onjcan B@r; WREY®E 0 smpl | amourt® of baseloil or otder conpafi bl e
sol vegts al ortquzgsgog Iﬂﬁxﬂﬁér desirabl e @gpbt ives to form 6%' t 5 ve- packages
cont al ni ng—actT.ve Tnyredrent-mcottecti-ve—aroints—ofs ' pHeadd-y~ f rom
about 2.5[to @Hdationdohibidgrcent . pref Q.BbPy from about 18. Ol 5ibout 5[5
percent, pand nnqﬂqﬁﬁﬁﬁprably from abputp25 percent to agqué 60 pergent by
wei ght Lube Oil Flow Improver 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-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

24



additives in the appropriate proportions with the remai nder being base oil.
The final formulations can typically enploy about 1 to 20 wei ght percent of
the additive-package with the renai nder being base oil. Al'l of
t he wei ght percentages expressed herein (unless otherw se indicated) are
based 10on the active ingredient (Al) content of the additive, and/or upon
the total weight of any additive-package, or formulation, which wll be the
sum of the AT weight of each additive plus the weight of total oil or
diluent. In general, the |ubricant conpositions of the invention contain
the additives in a concentration ranging fromabout 0.05 to about 30 wei ght
percent. A concentration range for 15 the additives ranging fromabout 0.1
to about 10 i ght percent. based.on the total weight of the oil conposition
is prefer r%&de@mdé‘“ﬁ%?@rhaéﬁlu Be8kn {'BBFPba%@gdltlgequf S nagssingengion o
about 5 meiggt @frcent. O | concentrates of the additives can contain from
about 1 t F2HBEaddeddo Sppll pmopnts ebhvse pif of othersampaiible seluends along pithatet i n a
carrier or diluent oil of lubricating oil viscosity. 20 I n general,
the addi t idpeitabls addijiveptafornndditivepackages spsainingfagtive mgredieatsiie tolleofive

| ubricating oil base stocks. The lubricating oil base stock is any natural
or synt hetampunigiset trpiedllygfrom|abbates ®tabowt Fmodent prefiarabln Grom doneNBdoiabout
viscosity at 100C of about 2 to about 200 cSt, nore preferably about 3 to
about 5150 76 gercentnshdmete ppefedablyahiny alano2d pdcdn® todbout 60 canBby wEipht

S5l ubricating oil base stock can be derived fromnatural lubricating oils,
synt het i c aliditivésdathengpmpkiate ppspoffiofs Withthd ReHagier bethd baRbA, MUPKhQat i ng oi |
base stocks include base stocks obtained by isonerization of synthetic wax
and wax, aamwtibna&nhyﬂeagre%;di@daﬁaaﬁﬁtm&ght%&@me%dhwéga%ﬁa%% ;g
(rather than solvent extracting) the aromatic and pol ar conpdnent’s of the

crude. NathéfrahaintdtHefdiafioipi | s i nclude animal oils, such as lard oil,
vegetable oils (e.g., 10canola oils, castor oils, sunflower oils),

petrol eum oi | SAII@fﬂﬁr\@éiglﬁipLﬂ%entg&q le)xJeésse&i ﬂériei\ﬁefgnlasoo%erwise 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 Al 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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coal or shale. Many synthetic lubricants are known in the art and
these are useful as a base lubricating oil for |ubricating conpositions
contai ning the subject additives. Surveys of synthetic lubricants are
contained in the publications, SYNTHETI C LUBRI CANTS by R C 15Gunderson
and A W Hart, published by Reinhold (N Y., 1962), LUBRI CATI ON AND

LUBRI CANTS, 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 20identifying both general
and specific t i.C bricants ich can,be used in .conjunction
with the addi t?ﬁ@gg“eg%l’ ‘?‘%ga‘ip}rﬁ{éés?e"rﬁ‘ﬁipﬁ%ﬁéﬁ‘t‘f"éeﬁ].“’“ ard usefll iy, ,le?r ATeaGRE het i
| ubricating, base qgils, include hydrocarbgon oils derived fromthe

pol yner i za(g‘ Base 8‘?8550 q&‘/‘ﬁ}@ﬁ?’?ﬁfbﬁ ASCotocs ey atural pr sy ett?dP{’}]}!ﬁaH{é%/P’éh@F

pol yi SObUtc%‘l}Cg e an fopyl.ene- | sobut,éll ene copol yners; and the

hal ohydr o CRen Ravi nepatioigsesifyat d B0 Gt torpboutd0Rest, trast ul

synt hetic base oils include those based upon al kyl benzenes, such 5as
dodecy! berFelablyabytsd ta aboytd P £8h and mast praferably ishewsd tapbentgd0 ¢hhdigl s, such
as bi phenyl s _and terphenyls. Anot her known cl ass of synthetic oils
usef uP as lBisatieg ¢ikbdse stock earshetdesived from matizel fubrisatingsoilsi symshetic dubirioating based
upon al kyl ene oxi de polynmers and interpolyners, and those oils obtained by
t he nodi f iodlatdronxwfestireedie Snitatdd lubsichting pil basuypecks incliiie basqxadeksebtained by . |,
by the l1lOesterification or etherification of the hydroxy groups). Thus,

usef ul bassnerizaticarof spithaicrvek dndovaxpasl welkdsilyatbericked e sotsdRodicePbyPPy | ene
oxide or fromthe copol yners of ethylene oxide and propyl ene oxide. Useful

0i I's i ncl hgdrotracking ¢ytherthish slvent &lithelify) te drbiRatROINPAr 266 pSiedflél R OXi des,
such as net hyl pol yi sopropyl ene gl ycol ether, diphenyl ether of polyethylene

gl yeol andrdb.eNttital afofedir oiRTAMN RIS Qhch ABINGE vHRRIN oiRQE LSS Of
e

synthetic base oils is 15derived fromthe ‘esterification o ér mi nal
hydroxy Gestieh &ifs, da3fr BN, ¥idIdwes 4ild)! Rl &I ' 5 49

pol ycar boxyl i c asciads.r Eieﬁnﬁ ary B@’Mos seﬁgé%%%rraeqﬁoﬁl%eagg%g?F%’Vg’giﬁ&
or m xed lbgﬁafeatty acid esters of the C13 oxo acid diester of
tetraet hyl ene glycol.

mest ers

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 byR. 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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Anot her suitable class of synthetic lubricating oils conprises the esters
of dicarboxylic acids with a variety of alcohols. Esters useful as
synthetic oils also include 20t hose nade from C5 to Cl2 nonocarboxylic

aci ds and pol yols and polyol ethers. O her esters useful as synthetic oils
i ncl ude those nade from copol yners of a-olefins and dicarboxylic acids
which are esterified with short or nmediumchain | ength al cohols. The

foll owi ng are exenplary of such additives and are conmercially avail abl e
from Akzo Nobel Chemi cals SpA: Ketjenlubes 115, 135, 165, 1300, 2300, 2700,
305, 445, 502, 522, and 6300, anmong others. 5Silicon-based oils, such as

t he pol yal kyl -, polyaryl -, polyal koxy-, or polyaryloxy- siloxane oils and

silicate oils, .gonpri anot.her, useful class of thetic Jubricating oils.
Ot her synt het i cfl}‘ﬁ‘b‘fsfa@gﬂ“ﬂ&tt%?‘l‘@c ﬂ’l‘bﬂu}ﬁ’dﬁoﬁ‘ﬁ inetode %Z‘{‘]%‘ia °(5‘f°’]|3%‘3""ed trom the
phosphor us-cont ai ni ng aci ds, polynerjc tetrahydrofurans, poly a-olefins,
and the | iRobmefjzation gfqopalymagizaiion okgleling suetas\nolypranyieneodrisabutyleneand ned,
re-refined oils, or 10m xtures thereof. Unrefined oils are obtained
directly fromflenerisbupdsnesopelymersy ansthe halehydrasathon eilg,sueh as ddrainatedhal e, or
tar and bitunmen) wi thout further purification or treatnent. Exanples of

unr ef i ned Redybytylene! Qleer asefhlzslyathoii¢ basbbils imelidelthoscbdsyd fipmralkyl betzenés, ngh
operation, a petroleumoil obtained directly fromdistillation, or an ester
oi | obt ai medodiicylbendeye,ftetoriaplbestese,iaht datse based upaesslyphenylh, sath W bighenjls t hen
used without further treatnment. Refined oils are 15simlar to unrefined

oi |'s, excepdtdrplenylsef i ned oils have been treated in one or nore
purification steps to inprove one or nore properties. Suitable purification

techni ques i nclandehetlinsdvir d1adksio® Syntherdofts QA28 Base GRNER tATsubiet NBREant _
extraction, acid or base extraction, filtration, percolation, and the |iKke,

al | of whicehipévifondRld thkRWaBed poh RASRns Skidk ?glg}n@rstalﬁﬂ ilﬂéx,tpf)grg?eir% Q{n%fﬂgﬂz Qs s

are obtained by treating refined ol'ls inp esses sim ose used to

%211 LB L an AUTUFA AT O OB S

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 tetracthylene 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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additionally processed by techniques for renoval of spent additives and oi
br eakdown products. Lubricating oil base stocks derived fromthe

hydr oi soneri zati on of wax nay al so be used, either alone or in conbination
with the aforesaid natural and/or synthetic base stocks. 5 Such wax
isonerate oil is produced by the hydroi sonerization of natural or synthetic
waxes or m xtures thereof over a hydroisonerization catalyst. Natural waxes
are typically the slack waxes recovered by the sol vent dewaxi ng of m nera
oils; synthetic waxes are typically the wax produced by the Fi scher-Tropsch
process. The resulting isonmerate product is typically subjected to sol vent
dewaxi ng and fractionation to recover various fractions having a specific

10vi it t I t d

hi gh vi scols! Wﬁa. cesteh?érlivr@ sfigr ﬁrar?f B "f‘ealeﬁsc TR TR NRE P, b
at | east 135 or, ﬁ? follow n x our nt of about -20 C
or | ower. plaq-ﬁ E]\?a I eSAnd 2ra erpn "r“f ﬁ}?le %SNQ)‘?C 1 Chemisalssent

i nvention g\f% re apparent fromthe foll ow n% exarrpl es. 15EXAMPLES
Det er gency rIT: E%” é?l%ﬁ%b?@@rz}p@s?mo 305 44550261225 end 3P0 eAmangacy of

crankcase or | s can be assessed in terns of deposit form ng tendency on a
rect angul aft hets.. st eel 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 heatiliepnobdsed sils2 GunhlaadhequolyalkyWhpaljays, rolyailvayAbor palpaylopgnel , the
tenperature of which is maintained at 310C. After conpletion of the test,
any deposisloxane dikengsitiedte ailg compritecniothér ubefil elassof spnthéitc MBii@Hihg oilff
deposits as conpared with a simlar conposition |acking the detergent

addi ti ve iOtiercsyhthstic bricating odle irthgie niqyid eftetsi SPphEpRAbrBRbARIMIY WeREs; Pr essur e

Differential Scanning Calorinmetry (PDSC)
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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PDSC ( DuPont Model - 910/ 1090B) can be used for relative anti oxi dant
performance 5eval uation of the conposition. In this nethod, a test sanple
(10 ng) taken in a sanple boat is subjected to heating from 100-300C at the
rate of 10C per m nute under 500 psi oxygen pressure. The onset of

oxi dation tenperature is adopted as a criterion for assessnent of
anti oxi dant performance. In general, an increase in onset of oxidation
tenperature indicates inprovenent in antioxidant performance. See J. A

Wal ker and W Tsang, "Characterization 10of Lubrication G ls by
Differential Scanning Calorinmetry", SAE Technical Paper Series, 801383

(Cct. 20-23, 1980). Exanple 1 A quantity of 40 grans of alkyl
(Cl4-C18) saticylic acid s .added.to a s | reacgtion flask equi pped with
a mechani ¢ ‘%‘1”?"1‘54 Rrocese l\?g'latg‘btﬁ’df@ﬁ%‘?r .fe‘ﬁ?%af?} qug,@ﬁgwe%ggmlhge WHdded

15al ong with,40 grans of base oil, 15 grans of water and 30 grans of

nmet hanol . Wf’?(‘?cr’?g was started, 15 grams of boric acid was added, and then
the m xture was heated to 70C. At that tenperature, 48.5 grans of a hydroxy
ethyl al kyl i niloksieatingoilkase steeksderivrd frave thedwdroisomerigativaradwax enayadso be
increased slowmy to 210 C to renove volatiles. A clear brown viscous
liquid vvasusﬁ‘é@ﬁf;@rﬂémetonm cdralrinationoyith thehfordsaid inetyral ahd/er syhthé6ic bahatopkoduct
was subjected to 20testing as shown bel ow. Panel Coker Fi ve percent
of thé abdinehwaydieoteratasil aduteduced bp the BhlromOmbr stioniolf natiak 6fsyndiRtc sdfdsect ed
to the nodified panel coker test. At the end of the test, the panel was
vei ghed r esuligturey thenedf oSerd hydr@saneizatortapdst. t NatulPhasauietyPichiiehe Blat !
Scanning Cal orinmetry The sanple of Exanple 1 was subjected to PDSC

testing anehxtooshced Byaueseliert ASWSADSE thindfl 6lls; SybRbtB WAL Ese Hpichip hehen
the test was stopped.
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 m] 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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Exanpl e 2 (Conparative Exanple) 10Exanple 1 was repeated except that the
alng inidgzorPne used masngn ;nino ethyl alkyl imdazoline. The final
product was a fluid hazy liquid with poor oil solubility. Exanple 3 _
(Conpar ati ve Exanpl e) Exanple 1 was repeated but the boric acid
was not added. The final product was 15fluid, bright and clear with very
poor panel coker performance producing nore than 150 mlligrans of

carbonaceaous deposit. 20 Exanple 4 (Conparative Exanple) In this
exanple, the alkyl salicylic acid of Exanple 1 was replaced with an al kyl

of deposits as compared with a similar composition lacking the detergent additive indicates
improved detergency;,
Antioxidant Performance--Pressure Differential Scanning Calorimetry (PDSC)
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 antiox?dant 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. F ifty 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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aromatic sulfonic acid. The product recovered was clear, but had extrenely

poor detergency 5as neasured by 243 mlligranms of deposits in panel coker
test. The PDSC result was al so poor with an induction tine of only 34.8
m nutes. Exanple 5 In this exanple, the anpbunt of al kyl im dazoline

was reduced to close to the theoretical amount of 33 grams required to
neutralize the salicylic acid. Excellent detergency 10was found w th panel
coker deposits of 3.4 mlligrans. In view of the many changes and
nodi fications that can be nade w t hout departing from principles underlying
the invention, reference should be made to the appended clains for an
under st andi ng of the scope of the protection to be afforded the invention.
15 CLAIMS What is clained is: 1.Ac%g98§%%%pn conprising the reaction
product of an acidic organi c conpound, a on conpound, and a basic

organi ¢ compou ri*dWe 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.
S 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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wherein the conposition is a netal free detergent, wherein the acidic
organi ¢ conpound is selected fromthe group consisting of: (A alkyl
substituted salicylic acids, (B) di-substituted salicylic acids, (C oil
sol ubl e hydroxy carboxylic acids, (D) salicylic acid calixarenes, (E)

sul fur-containing calixarenes, (F) acids of the fornul a: C0011 wherein
R1 i s hydrocarbon or hal ogen, R2 is hydrocarbon, and Ar is substituted or
unsubstituted aryl, (Gacids of the formula:

Example 4
(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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wherein X and X' are independently selected fromthe group consisting of
hydr ogen, hydrocarbyl, and hal ogen, R is polynethyl ene or branched or
unbranched al kylene, x is 0 or 1, and Rl is hydrogen or hydrocarbyl,
(H)aci ds of the formula: wherein RL and R2 are independently sel ected
fromthe group consisting of hydrogen, hydrocarbyl groups, tertiary alkyl
groups, and tertiary aral kyl groups, @rAaiMs8ed that both Rl and R2 are not
hydrogen, R3 and R4 are independently selected fromthe group consisting of
hydr ogen, Kygitocaaimed igr oups, aral kyl groups, and cycl oal kyl groups, and x
is fromO to 24, inclusive; and (l)salts of the foregoing acids; and
wherein th baS|c LC.C i.S selec rom. roup _consj sting of
Nhydr oxyal Ey - pi perzfglgﬂ!élgco S?nérqﬂe AP P erﬁuchi r}amélc 8?%9? §§lpound
N—hydroxyab@yhe&hpmm@pkﬁauhybogmpemampmﬁm N—hydroxyalkyl N al kyl
hexahydr opyri m di nes, N-hydroxyal kyl N -cycl oal kyl hexahydr opyri m di nes,
N-hydr oxyal kyl -Merch i6%lcoRBSaAAE ARkl 32 hggendNDy dr oxyal kyl - N - cycl oal ky!
hexahydropyrlda2|nes N—hydroxyalkyl pi peri di nes,

Nhyd | kyl d
A AR AR 8&‘511&%%%&?‘: @mwsﬁ%lsctefkﬂ%ﬁ%wavwnswg o i di ne.

N- hydr oxyal kyl raz oxyal kyl - hydrogenated 1, 2, 3,-triazol e,
N—hydroxyalkyl(ﬁidroakﬂ Q@h&&g CﬂF”% ol e, N hydroxyal kyl hydr ogenat ed
i ndol e, N—hydr al k r,0 enated C rbazole, N- hydr oxyal kyl hydr ogenat ed
qui nol i ne, 3% oxy%ﬁ%@%qﬁyg VOGURAKS acri di ne, N hydroxyal kyl hydr ogenat ed
phenazi ne, N-o Ikyllsolu € carbg tunfted cyclic diazines,
Nhydr oxyal kyl - hyd?oca#ﬁ% §%PU?I¥53 T ¢ di azi nes, and
N al koxyal kyl - ydraca lelsaturated cyclic d|a2|nes 2. The
conposi tion of c a|n1 Y RHEF S Y HE bor on conmpound is selected fromthe
group consi sti of boric acid, trialkyl borates, alkyl boric acids,
di al kyl boric ds, SUBFPUtNNG AIXBEPEL aci d conplex cycl oal kyl boric
acids, aryl boric aC|ds di cycl oal kyl boric acids, diaryl boric acids, and
substitution pﬂ@ducﬁ@“@@fﬂﬁé¥$6H%90|ng with al koxy groups, alkyl groups,
al kyl groups, and conbi nati ons thereof.

R,

HO—— Ar—C——Ar—OH
COOH

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

unsubstituted aryl,

(G) acids of the formula:
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3. The conmposition of claim 1, wherein the basic organic conpound is an
organi ¢ nitrogen base conpound conprising an N-hydroxy al kyl noiety.

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:

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,

R3 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; and

wherein the basic organic compound is selected from the group consisting of N-
hydroxyalkyl-piperazines, N-hydroxyalkyl-N'-alkyl 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'-hydrocarbyl-saturated cyclic diazines, and N-alkoxyalkyl-N'-
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hydrocarbyl-saturated cyclic diazines.

2. The composition of claim 1, wherein the boron compound is selected from the
group consisting of boric acid, trialkyl borates, alkyl boric acids, dialkyl boric acids, boric
oxide, boric acid complex, cycloalkyl boric acids, aryl boric acids, dicycloalkyl boric
acids, diaryl boric acids, and substitution products of the foregoing with alkoxy groups,

alkyl groups, alkyl groups, and combinations thereof.

3. The composition of claim 1, wherein the basic organic compound is an organic

nitrogen base compound comprising an N-hydroxy alkyl moiety.
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