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[57] ABSTRACT

A composition comprising:
(A) a first component selected from the group consist-
ing of:

(i) an oil-soluble ethylene backbone polymer having a
number average molecular weight in the range of
about 500 to about 50,000;

(ii) 2 hydrocarbyl-substituted phenol of the formula

(R*)o—AR—(CH), 1

wherein R* is a hydrocarbyl group selected from
the group consisting of hydrocarbyl groups of from
about 8 to about 30 carbon atoms and polymers of
at least 30 carbon atoms, Ar is an aromatic moiety
having O to 4 optional substituents selected from
the group consisting of lower alkyl, lower alkoxyl,
nitro, halo or combinations of two or more of said
optional substituents, and a and b are each indepen-
dently an integer of 1 up to 5 times the number of
aromatic nuclei present in Ar with the proviso that
the sum of a and b does not exceed the unsatisfied
valences of Ar;
(iii) mixtures of (i) and (ii); and

(B) as a second component, the reaction product of

(B)(I) a hydrocarbyl-substituted carboxylic acylating
agent with (B)(II) one or more amines, one or more
alcohols, or a mixture of one or more amines and/or
one or more alcohols, the hydrocarbyl substituent of
said agent (B)(I) being selected from the group con-
sisting of

(i") one or more mono-olefins of from about 8 to about
30 carbon atoms;

(ii') mixtures of one or more mono-olefins of from
about 8 to about 30 carbon atoms with one or more
olefin polymers of at least 30 carbon atoms selected
from the group consisting of polymers of mono-1-
olefins of from 2 to 8 carbon atoms, or the chlori-
nated or brominated analogs of such polymers; and

(iii") one or more olefin polymers of at least 30 carbon
atoms selected from the group consisting of
(a) polymers of mono-olefins of from about 8 to

about 30 carbon atoms;

(b) interpolymers of mono-1-olefins of from 2 to 8
carbon atoms with mono-olefins of from about 8
to about 30 carbon atoms;

(c) one or more mixtures of homopolymers and/or
interpolymers of mono-1-olefins of from 2 to 8
carbon atoms with homopolymers and/or inter-
polymers of mono-olefins of from about 8 to
about 30 carbon atoms; and

(d) chlorinated or brominated analogs of (a), (b), or

(©)-

111 Claims, No Drawings
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HYDROCARBYL SUBSTITUTED CARBOXYLIC
ACYLATING AGENT DERIVATIVE CONTAINING
COMBINATIONS, AND FUELS CONTAINING
SAME

This is a divisional application of U.S. Application
Ser. No. 404,845, filed Aug. 9, 1982. The disclosure of
said earlier application is incorporated herein by refer-
ence in its entirety.

FIELD OF THE INVENTION

This invention relates to additive combinations for
improving the cold flow characteristics of hydrocarbon
fuel compositions. More specifically, this invention
relates to additive combinations for depressing the pour
point of such fuel compositions and for dispersing or
suspending wax crystals that form when such fuel com-
positions are cooled.

BACKGROUND OF THE INVENTION

The pour point of an oil is defined as the lowest tem-
perature at which the oil will pour or flow when chilled
without disturbance under specified conditions. The
problems associated with pour point ordinarily have to
do with the storage and use of heavy oils such as lubri-
cating oils, but the recent increased use of distillate fuel
oils have revealed similar problems even with these
lighter, more fluid materials. Pour point problems arise
through the formation of solid or semi-solid waxy parti-
cles in an oil composition. In the storage of furnace oils
or diesel oils during the winter months, for example,
temperatures may decrease to a point as low as —15° F.
to —25° F. The decreased temperatures often cause
crystallization and solidification of wax in the distillate
fuel oil. Distribution of heating oils by pumping or si-
phoning is rendered difficult or impossible when tem-
peratures are around or below the pour point of the oil.
Furthermore, at such temperature, the flow of the oil
through the filters cannot be maintained, and the result
is a failure of the equipment to operate.

This difficulty has been remedied in some instances
by using lighter fractions as fuel oils, i.e., by lowering
the maximum distillation temperature at which a distil-
late fraction is cooled. It has also been suggested that
the distillate fuel oils be dewaxed such as by urea de-
waxing. Separately or in combination, these remedies
are, however, economically prohibitive. That is read-
justment of end points causes the loss of valuable blend-
ing material for distillate fuel stocks and dewaxing oper-
ations are expensive.

Another approach to the problem has involved a
search for a pour point depressant which will decrease
the pour point of the distillate fuel oil. Unfortunately,
pour point depressants which are normally effective in
lubricating oils and other heavy oils are generally inef-
fective in distillate fuel oil. Such pour point depressants
are also, in many instances, ineffective in dispersing or
suspending wax crystals that form in the fuel oil, and
often migrate along with other additives to the bottom
of the storage vessel with the wax crystals. This latter
problem is particularly true of copolymers of ethylene
vinyl acetate under various circumstances.

Ethylene containing copolymer additives for use as
pour point depressants for fuel oils are described in U.S.
Pat Nos. 3,037,850; 3,048,479; 3,069,245; 3,093,623;
3,126,364; 3,131,168; 3,159,608; 3,254,063; 3,309,181;
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2
3,341,309, 3,449,251;
3,627,838.

Additive combinations that include ethylene copoly-
mers that are useful as pour point depressant and/or
wax suspension or dispersion agents in fuel oils are
described in U.S. Pat. Nos. 3,638,349; 3,642,459,
3,658,493; 3,660,058; 3,790,359; 3,955,940; 3,961,916;
3,018,850; 4,087,255; 4,147,520; 4,175,926; 4,211,534;
4,230,811; and 4,261,703.

Hydrocarbyl-substituted carboxylic acylating agents
having at least 30 aliphatic carbon atoms in the substitu-
ent are known. The use of such carboxylic acylating
agents as additives in normally liquid fuels and lubri-
cants is discussed in U.S. Pat. Nos. 3,288,714 and
3,346,354. These acylating agents are also useful as
intermediates for preparing additives for use in nor-
mally liquid fuels and lubricants as described in U.S.
Pat. Nos. 2,892,786; 3,087,936; 3,163,603; 3,172,892;
3,189,544; 3,215,707; 3,219,666; 3,231,587; 3,235,503;
3,272,746; 3,306,907; 3,306,908; 3,331,776; 3,341,542;
3,346,354; 3,374,174; 3,379,515; 3,381,022; 3,413,104;
3,450,715; 3,454,607; 3,455,728; 3,476,686; 3,513,095;
3,523,768; 3,630,904; 3,632,511; 3,697,428; 3,755,169;
3,804,763; 3,836,470; 3,862,981; 3,936,480; 3,948,909,
3,950,341 and French Pat. No. 2,223,415. The prepara-
tion of such substituted carboxylic acid acylating agents
is known. Typically, such acylating agents are prepared
by reacting one or more olefin polymers which contain
an average of, for example, from about 30 to about 300
aliphatic carbon atoms, with one or more unsaturated
carboxylic acid acylating agents. The use of chlorine in
the preparation of such acylating agents has been sug-
gested as a means for improving the conversion of the
reaction of olefin polymers and unsaturated carboxylic
acid acylating agents. Methods for preparing substi-
tuted carboxylic acid acylating agents by this method
are disclosed in U.S. Pat. Nos. 3,215,707; 3,219,666;
3,231,587; 3,787,374 and 3,912,764.

Reactions of such substituted carboxylic acylating
agents with amines and/or alcohols to form additives
for use in fuels and/or lubricants are described in U.S.
Pat. Nos. 3,219,666; 3,252,908; 3,255,108; 3,269,946;
3,311,561; 3,364,001; 3,378,494; 3,502,677; 3,658,707,
3,687,644; 3,708,522; 4,097,389; 4,225,447; 4,230,588;
and Re. 27,582.

Although many pour point depressant/wax suspen-
sion additive system have been suggested, concerted
effort are constantly being made to fine new additives
or additive systems which are more economical and
more effective than the additives and additive systems
known in the art.

SUMMARY OF THE INVENTION

Additive combinations are provided in accordance
with the present invention which when added to fuel oil
compositions enhance the cold flow characteristics of
such compositions by decreasing the pour point of such
compositions and suspending and/or dispersing wax
crystals that form when such fuel o0il compositions are
cooled. The dispersion of the pour point depressant
component of such combinations as well as other addi-
tives in the fuel oil is also enhanced, i.e., the tendency of
such depressant and other additives to migrate to the
bottom of the storage vessel is greatly reduced.

Broadly stated, the present invention contemplates
the provision of a composition comprising
(A) a first component selected from the group consist-

ing of:

3,388,977; 3,565,947, and
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(i) an oil-soluble ethylene backbone polymer having a
number average molecular weight in the range of
about 500 to about 50,000;

(ii) a hydrocarbyl-substituted phenol of the formula

(R*)q—Ar—(OH), I

wherein R* is a hydrocarbyl group selected from
the group consisting of hydrocarbyl groups of from
about 8 to about 30 carbon atoms and polymers of
at least 30 carbon atoms, Ar is an aromatic moiety
having O to 4 optional substituents selected from
the group consisting of lower alkyl, lower alkoxyl,
nitro, halo or combinations of two or more of said
optional substituents, and a and b are each indepen-
dently an integer of 1 up to 5 times the number of
aromatic nuclei present in Ar with the proviso that
the sum of a and b does not exceed the unsatisfied
valences of Ar;

(iii) mixtures of (i) and (ii); and

(B) as a second component, the reaction product of

(B)(I) a hydrocarbyl-substituted carboxylic acylating

agent with (B)(II) one or more amines, one or more

alcohols, or a mixture of one or more amines and/or
one or more alcohols, the hydrocarbyl substituent of

(B)(I) being selected from the group consisting of

(i") one or more mono-olefins of from about 8 to about
30 carbon atoms;

(ii") mixtures of one or more mono-olefins of from
about 8§ to about 30 carbon atoms with one or more
olefin polymers of at least 30 carbon atoms selected
from the group consisting of polymers of mono-I-
olefins of from 2 to 8 carbon atoms, or the chlori-
nated or brominated analogs of such polymers; and

(iii") one or more olefin polymers of at least 30 carbon
atoms selected from the group consisting of
(a) polymers of mono-olefins of from about 8 to

about 30 carbon atoms;

(b) interpolymers of mono-l-olefins of from 2 to 8
carbon atoms with mono-olefins of from about 8
to about 30 carbon atoms;

(c) one or more mixtures of homopolymers and/or
interpolymers of mono-l-olefins of from 2 to 8
carbon atoms with homopolymers and/ or inter-
polymers of mono-olefins of from about 8 to and
30 atoms; and

(d) chlorinated or brominated analogs of (a), (b) or
(©).

Fuel oil compositions and additive concentrates com-

prising the foregoing additive combinations are also
provided in accordance with the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The term “hydrocarbyl” (and cognate terms such as
hydrocarbyloxy, hydrocarbylmercapto, etc.) is used
herein to include substantially hydrocarbyl groups (for
example, hydrocarbyloxy, substantially hydrocarbyl-
mercapto, etc.), as well as purely groups. The descrip-
tion of these group as being substantially hydrocarbyl
means that they contain no non-hydrocarbyl substitu-
ents or non-carbon atoms which significantly affect the
hydrocarbyl characteristics or properties of such
groups relevant to their uses as described herein. For
example, in the context of this invention, a purely hy-
drocarbyl Cap group and a Cyp alkyl group substituted
with a methoxy substituent are substantially similar in
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4

their properties with regard to their use in this invention

and would be hydrocarbyl.

Non-limiting examples of substituents which do not
significantly alter the hydrocarbyl characteristic or
properties of the general nature of the hydrocarbyl
groups of this invention are the following:

Ether groups (especally hydrocarbyloxy such as phe-
noxy, benzyloxy, methoxy, n-butoxy, etc., and partic-
ularly alkoxy groups of up to ten carbon atoms)

Oxo groups (e.g., -O- linkages in the main carbon chain)

Nitro-groups

Thioether groups (especially Cj-10 alky! thioether)

Thia groups (e.g., -S- linkages in the main carbon chain)

Carbohydrocarbyloxy groups (e.g.,

il
—C—0=hydrocarbyl)

Sulfonyl groups (e.g.,
|

- ﬁ-— hydrocarbyl)

Sulfinyl groups (e.g.,

1]
—S—hydrocarbyl)

This list is intended to be merely illustrative and not
exhaustive, and the omission of a certain class of substit-
uent is not meant to require its exclusion. In general, if
such substituents are present, there will not be more
than two for each ten carbon atoms in the substantially
hydrocarbyl group and preferably not more than one
for each ten carbon atoms since this number of substitu-
ents usually will not substantially affect the hydrocarbyl
characteristics and properties of the group. Neverthe-
less, the hydrocarbyl groups usually will be free from
non-hydrocarbon groups due to economic consider-
ations; that is, they will be purely hydrocarbyl groups
consisting of only carbon and hydrogen atoms.

The term “lower” as used in the present specification
and claims, when used in conjunction with terms such
as alkyl, alkenyl, alkoxy, and the like, is intended to
describe such radicals which contain a total of up to
seven carbon atoms.

The Component (A)(i): :

Component (A)(i) are homopolymers or interpoly-
mers of one or more ethylenically unsaturated mono-
mers and have a number average molecular weight in
the range of about 500 to 50,000, preferably about 500 to
about 10,000, and more preferably about 1,000 to 6,000.
In a particularly advantageous embodiment the number
average molecular weight is in the range of about 1,500
to 3,000, preferably 2,000 to 2,500.

The unsaturated monomers include unsaturated
mono- and diesters of the general formula:

Ry H
11
C=C
I
Rz R3
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wherein R is hydrogen or Cj to C¢ hydrocarbyl, prefer-
ably alkyl such as methyl; Ry is a —OOCRy4 or
—COOR4 group wherein R4is hydrogen ora C; to Cag,
preferably a Ci to Cie, and more preferably C to Cy,
straight or branched chain alkyl group; and R3is hydro-
gen or —COOR4. The monomer, when R; and Rj3 are
hydrogen and Rj is —OOCRj4 includes vinyl alcohol
ester of C; to C17 monocarboxylic acids, preferably C;
to Cs monocarboxylic acids. Examples of such esters
include vinyl acetate, vinyl isobutyratc, vinyl laurate,
vinyl myristate, vinyl palmitate, etc. When R; is
—COORy, such esters include methyl acrylate, methyl
methacrylate, lauryl acrylate, palmityl alcohol ester of
alpha-methyl-acrylic acid, Cj3 Oxo alcohol esters of
methacrylic acid, behenyl acrylate, behenyl methacry-
late tricosenyl acrylate, etc. Examples of monomers
where R is hydrogen and R; and R3 are —COOR4
groups, include mono and di-esters of unsaturated dicar-
boxylic acids such as mono C;3 Oxo fumarate, di-Cj3
Oxo fumarate, diisopropyl maleate; di-lauryl fumarate;
ethyl methyl fumarate; dieicosyl fumarate, laurylhexyl
fumarate, didocosyl fumarate, dieicosyl maleate,
didocosy! citraconate, monodocosyl maleate, dieicosyl
citrfaconate, di(tricosyl) fumarate, dipentacosyl citra-
conate, etc.

In a preferred embodiment one or more of the forego-
ing mono- or diesters are copolymerized with ethylene.
These copolymers generally have about 3 to 40, prefera-
bly 3 to 20, moles of ethylene per mole of such ester(s).
In a particularly advantageous embodiment the oil solu-
ble copolymers of ethylene and vinyl acetate with num-
ber average molecular weights in the range of about
1,000 to 6,000, preferably 1,500 to 3,000, and more pref-
erably about 2,000 to 2,5000. These ethylene/vinyl ace-
tate copolymers have vinyl acetate contents of about 20
to about 50 percent by weight, preferably about 30 to
about 40 weight percent. These copolymers also have
about 2 to 10, preferably 3 to 6, and more preferably
about 5 methyl terminating side branches per 100 meth-
ylene groups.

In another preferred embodiment, copolymers. of
vinyl acetate and dialkyl fumarate in about equal molar
proportions, and polymers and copolymers of acrylic
esters or methacrylic esters are provided. The alcohols
used to prepare the fumarate and the acrylic and me-
thyacrylic ester are usvally monohydric saturated
straight chain primary aliphatic alcohols of about 4 to
about 30 carbon atoms.

In general, the polymerizations involving ethylene
can be carried out as follows: Solvent and a portion of
the unsaturated ester, e.g., 0-50, preferably 10 to 30 wt.
%, of the total amount of unsaturated ester used in the
batch, are charged to a stainless steel pressure vessel
which is equipped with a stirrer. The temperature of the
pressue vessel is then brought to the desired reaction
temperature and pressured to the desired pressure with
ethylene. Then catalyst, preferably dissolved in solvent
so that it can be pumped, and additional amounts of
unsaturated ester are added to the vessel continously, or
least periodically, during the reaction time, which con-
tinous addition gives a more homogeneous copolymer
product as compared to adding all the unsaturated ester
at the beginning of the reaction. Also during this reac-
tion time, as ethylene is consumed in the polymerization
reaction, additional ethylene is supplied through a pres-
sure controlling regulator so as to maintain the desired
reaction pressure fairly constant at all times. Following
the completion of the reaction, the liquid phase of the
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pressure vessel is distilled to remove the solvent and
other volatile constituents of the reacted mixture, leav-
ing the polymer as residue.

Usually based upon 100 parts by weight of copolymer
to be produced, then about 100 to 600 parts by weight of
solvent, and about 1 to 20 parts by weight of catalyst,
will be used. :

The solvent can be any substantially non-reactive
organic solvent for furnishing a liquid phase reaction
which will not poison the catalyst or otherwise interfere
with the reaction. Examples of solvents which may be
used include Cs to Cjo hydrocarbons, which can be
aromatic such as benezene, toluene, etc.; aliphatic such
as n-heptane, n-hexane, n-octane, isooctane, etc.; cyclo-
aliphatic such as cyclohexane, cyclopentane, etc. Vari-
ous polar solvents may also be used such as hydrocarby!
esters, ethers and ketones of 4 to 10 carbon atoms such
as ethyl acetate, methyl butyrate, acetone, dioxane, etc.
may also be used. While any of the preceding solvents,
or mixtures thereof may be used, the aromatic solvents
are, generally speaking, less preferred since they tend to
give lower yields of polymer per amount of catalyst
than other solvents. A particularly preferred solvent is
cyclohexane.

The temperature used during the reaction will be in
the range of 70° to 130° C., preferably 80° to 125° C.

Preferred free radical catalysts are those which de-
compose rather rapidly at the prior noted reaction tem-
peratures, for example those that have a half life of
about an hour or less at 130° C. preferably. In general
this will include the acyl peroxides of C; to Cis,
branched or unbranched, carboxylic acids such as di-
acetyl peroxide (half life of 1.1 hours at 85° C.); dipro-
pionyl peroxide (half life of 0.7 hour at 85° C.); dipelar-
gonyl peroxide (half life of 0.25 hour at 80° C.); dilauro-
lyl peroxide (half life of 0.1 hour at 100° C.), etc. The
lower peroxides such as di-acetyl and di-propionyl per-
oxide are less preferred because they are shock sensi- .
tive, and as a result the higher peroxides such as dilaur-
oyl peroxide are especially preferred. The short half life
catalysts of the invention also include various azo free
radical initiators such as azodiisobutyronitrile (half life,
0.12 hour at 100° C.); azobis-2-methytheptonitrile and
azobis-2-methyl-valeronitrile.

The pressures employed can range between 500 to
30,000 psig. However, relatively moderate pressures of
700 to about 3000 psig will generally suffice with vinyl
esters as vinyl acetate. In the case of esters having a
lower relative reactivity to ethylene, such as methyl
methacrylate, then somewhat higher pressures, such as
3,000 to 10,000 psi have been found to give more opti-
mum results than lower pressures. In general, the pres-
sure should be at least sufficient to maintain a liquid
phase medium under the reaction conditions, and to
maintain the desired concentration of ethylene in solu-
tion in the solvent.

The time of reaction will depend upon, and is interre-
lated to, the temperature of the reaction, the choice of
catalyst, and the pressure employed. In general, how-
ever, % to 10, usually 2 to 5 hours will complete the
desired reaction.

Any mxture of two or more polymers of the esters set
forth herein can be used. These mixtures can be simple
mixtures of such polymers or they may be copolymers
which can be prepared by polymerizing a mixture of
two or more of the monomeric esters. Mixed esters
derived from the reaction of single or mixed acids with
a mixture of alcohols may also be used.
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The ester polymers are generally prepared by poly-
merizing a solution of the ester in a hydrocarbon sol-
vent such as heptane, benzene, cyclohexane or white oil
at a temperature of 60° C. to 250° C. under a blanket of
refluxing solvent or an inert gas such as nitrogen or
carbon dioxide to exclude oxygen. The polymerization
is preferably promoted with a peroxide or azo free radi-
cal initiator, such as benzoyl peroxide.

The unsaturated carboxylic acid ester can be copoly-
merized with an olefin. If dicarboxylic acid anhydride,
such as maleic anhydride, is used, it can be polymerized
with olefin, and then esterified with alcohol. The ethyl-
enically unsaturated carboxylic acid or derivative
thereof can be reacted with an alpha-olefin, for exam-
ple, Cs—-C3;, preferably Ci0-Ca6, and more preferably
C10-C;sg olefin, by mixing the olefin and acid, e.g., ma-
leic anhydride, usually in about equal molar amounts
and heating to a temperature of at least about 80° C,,
preferably at least 125° C., in the presence of a free-radi-
cal polymerization promoter, such as benzoyl peroixde
of t-butyl hydroperoxide or di-t-butyl peroxide. Other
examples of copolymers are those of maleic anhydride
with styrene, or cracked wax olefins, which copolymers
are then usually completely esterified with acohol, as
are the other aforesaid specific examples of the olefin
ester polymers.

The Hydrocarbyl-Substituted Phenol (A)(ii):

While the term “phenol” is used herein in the descrip-
tion of component (A)(ii), it is to be understood that
such term is not intended to limit the aromatic moiety of
the phenol group of component (A)(ii) to benzene. Ac-
cordingly, it is to be understood that the aromatic moi-
ety of component (A)(ii), as represented by “A” in the
formula I can be a single aromatic nucleus as a benzene
nucleus, a pyridine nucleus, a thiophene nucleus, a
1,2,3,4-tetrahydronaphthalene nucleus, etc., or a poly-
nuclear aromatic moiety. Such polynuclear moieties
can be of the fused type; that is, wherein at least one

- aromatic nucleus is fused at two points to another nu-

cleus such as found in naphthalene, anthracene, the

- azanaphthalenes, etc. Alternatively, such polynuclear

aromatic moieties can be of the linked type wherein at
least two nuclei (either mono- or polynuclear) are
linked through bridging linkages to each other. Such
bridging linkages can be chosen from the group consist-
ing of carbon-to-carbon single bonds, ether linkages,
keto linkages, sulfide linkages, polysulfide linkages of 2
to 6 sulfur atoms, sulfinyl linkages, sulfonyl linkages,
methylene linkages, alklene linkages, di-(lower alkyl)-
methylene linkages, lower alkylene ether linkages, al-
kylene keto linkages, lower alkylene sulfur linkages,
lower alkylene polysulfide linkages of 2 to 6 carbon
atoms, amino linkages, polyamino linkages and mixtures
of such divalent bridging linkages. In certain instances,
more than one bridging linkages can be present in Ar
between aromatic nuclei. For example, a fluorene nu-
cleus has two benzene nuclei linked by both a methy-
lene linkage and a covalent bond. Such a nucleus may
be considered to have 3 nuclei but only two of them are
aromatic. Normally, however, Ar will contain only
carbon atoms in the aromatic nuclei per se (plus any
lower alkyl or alkoxy substituent present).

The number of aromatic nuclei, fused, linked or both,
in Ar can play a role in determining the integer values
of a and b in formula I. For example, when Ar contains
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a single aromatic nucleus, a and b independently can be -

from 1 to 5. When Ar contains two aromatic nuclei, a
and b can each be an integer of 1 to 10. With a tri-

8

nuclear Ar moiety, a and b can each be an integer of 1
to 15. The value of a and b is obviously limited by the
fact that their sum cannot exceed the total unsatisfied
valences of Ar.

The single ring aromatic nucleus which can be the Ar
moiety can be represented by the general formula

ar(Q)m

wherein ar represents a single ring aromatic nucleus
(e.g., benzene) of 4 to 10 carbons, each Q independently
represents a lower alkyl group, lower alkoxy group,
nitro group, or halogen atom, and m is O to 4. Halogen
atoms include fluorine, chlorine, bromine and iodine
atoms; usually, the halogen atoms are fluorine and chlo-
rine atoms.

Specific examples of single ring Ar moieties are the
following:

Cr X 2
LI
£5.2n

H;
H;
: CHz'—CH2

wherein Me is methyl, Et is ethyl, Pr is n-propyl, and
Nit is nitro.

When Ar is a polynuclear fused-ring aromatic moi-
ety, it can be represented by the general formula

H;—CH;

ar ar m’, (Q)mm’

wherein ar, Q and m are as defined hereinabove, m’is 1
to 4 and represent a pair of fusing bonds fusing two
rings so as to make two carbon atoms part of the rings
of each of two adjacent rings. Specific examples of
fused ring aromatic moieties Ar are:
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Me = Me
H = H
N
MeO
Me Cl
H H
H H

When the aromatic moiety Ar is a linked polynuclear
aromatic moiety it can be represented by the general
formula

ar—(—Lng—ar—)—u{Q)mw

wherein w is an integer of 1 to about 20, preferably 1 to
about 8, more preferably 1, 2 or 3, ar is as described
above with the priviso that there are at least 2 unsatis-
fied (i.e., free) valences in the total of ar groups, Q and
m are as defined hereinbefore, and each Lng is a bridg-
ing linkage individually chosen from the group consist-
ing of carbon-to-carbon single bonds, ether linkages
(e.g. —O—), keto linkages (e.g.,

o)
Il
—C=)

sulfide linkages (e.g., —O—), polysulfide linkages of 2
to 6 sulfur atoms (e.g., —S2—e—), sulfinyl linkages

10
(e.g., —S(0O)—), sulfonyl linkages (e.g., —S(O)2—),
lower alkylene linkages (e.g.,

—CHjy=, =CHy=CHy—, -—CH—-CIJH-—,
X

etc.), di(lower alkyl)-methylene linkages (e.g., CR°2—),

0 lower alkylene ether linkages (e.g.,
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—CH30—, —CH30—CHy—, —CH;—CHy—0—,

—CH;CH;0CH;;CH;—, —-CH2C|IHOCH2C|3H—
R® R®

—CHz(llHO(I:HCHz—,
R° R°

etc.), lower alkylene sulfide linkages (e.g., wherein one
or more —O—"'s in the lower alkylene ether linkages is
replaced with an —S— atom), lower alkylene polysul-
fide linkages (e.g., wherein one or more —O—"s is re-
placed with a —S;—¢ group), amino linkages (e.g.,

—rlsz—, —rlq—, —CH3N=—, —CH;NCHy=, alk-N—,
H R®

where alk is lower alkylene, etc.), polyamino linkages
(e.g.,

—Tl‘l(alkll‘l)l —~10

where the unsatisfied free N valences are taken up with
H atoms or R® groups), and mixtures of such bridging
linkages (each R° being a lower alkyl group). It is also
possible that one or more of the ar groups in the above-
linked aromatic moiety can be replaced by fused nuclei

suchasar ar m'
Specific examples of linked moieties are:

H H
‘ HH ‘
H H
H . H
(o]
H H
H H
H H
CHj H
H H
H
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-continued

Qe
ESarony
iy

N
H
H H
1-1i0

Usually all these Ar moieties are unsubstituted except

. for the R*¥ and —O— groups (and any bridging group).

For such reason as cost, availability, performance,

- etc., the Ar moiety is normally a benzene nucleus, lower

alkylene bridged benzene nucleus. or a naphthalene

. nucleus.

The phenols of the present invention contain, directly

= bonded to the aromatic moiety Ar, at least one R*
- group which is a substantially saturated monovalent

hydrocarbon-based polymer of at least about 30 ali-
hatic carbon atoms or a hydrocarbyl group of about 8

2= to about 30 carbon atoms. The polymer can have an

= -average of up to about 750 aliphatic carbon atoms. Usu-

_ ally it has an average of up to about 400 carbon atoms.

In some instances the polymer has a minimum average
of about 50 carbon atoms. More than one such R* group
can be present, but usually no more than 2 or 3 such
group are present for each aromatic nucleus in the aro-
matic moiety Ar. The total number of R* groups pres-
ent is indicated by the value for “a” Formula 1.
Generally, the polymerized R* groups are made from
homo- or interpolymers (e.g., copolymers, terpolymers)
of mono- and di-olefins having 2 to 10 carbon atoms,
such as ethylene, propylene, butene-l, isobutene, butadi-
ene, isoprene, l-hexene, l-octene, etc. Typically, these
olefins are }-monoolefins. The polymerized groups can
also be derived from the halogenated (e.g., chlorinated
or brominated) analogs of such homo- or interpolymers.
The polymers can, however, be made from other
sources, such as monomeric high molecular weight
alkenes (e.g., l-tetracontene) and chlorinated analogs
and hydrochlorinated analogs thereof, aliphatic petro-
leum fractions, particularly paraffin waxes and cracked
and chlorinated analogs and hydrochlorinated analogs
thereof, white oils, synthetic alkenes such as those pro-
duced by the Ziegler-Natta process (e.g., poly(ethylene)
greases) and other sources known to those skilled in the
art. Any unsaturation in the polymerized R* groups
may be reduced or eliminated by hydrogenation ac-
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12
cording to procedures known in the art before the nitra-
tion step described hereafter.

The polymerized R* groups are substantially satu-
rated, that is, they contain no more than one carbon-to-
carbon unsaturated bond for every ten carbon-to-car-
bon single bonds present. Usually, they contain no more
than one carbon-to-carbon non-aromatic unsaturated
bond for every 50 carbon-to-carbon bonds present.

The polymerized R* groups are also substantially
aliphatic in nature, that is, they contain no more than
one non-aliphatic moiety (cycloalky, cycloalkeny! or
aromatic) group of six or less carbon atoms for every
ten carbon atoms in the R* group. Usually, however,
R* groups contain no more than one such non-aliphatic
group for every fifty carbon atoms, and in many cases,
they contain no such non-aliphatic group at all; that is,
the typical R* groups are purely aliphatic. Typically,
these purely aliphatic R* groups are alkyl or alkenyl
groups.

Specific examples of the substantially saturated hy-
drocarbon-based R* groups are the following:

a tetracontanyl group

a henpentacontanyl group

a mixture or poly(ethylene/propylene) groups of an
average of about 35 to about 70 carbon atoms

a mixture of the oxidatively or mechanically degraded
poly (ethylene/propylene) groups of an average of
about 35 to about 70 carbon atoms

a mixture of poly(propylene/l-hexene) groups of an
average of about 80 to about 150 carbon atoms

a mixture of poly(isobutene) groups have an average of
between 20 and 32 carbon atoms

a mixture of poly(isobutene) groups having an average
of 50 to 75 carbon atoms.

A preferred source of the group R* are poly(isobutene)s

obtained by polymerization of a Cs refinery stream

having a butene content of 35 to 75 weight percent and

isobutene content of 30 to 60 weight percent in the

presence of a Lewis acid catalyst such as aluminum

trichloride or boron trifluoride. These polybutenes con-

tain predominantly (greater than 80% of total repeat

units) isobutene repeating units of the configuration

e
—CH;—C—
CHj3

The Cg.3p mono-olefins useful in forming the R*
group can be internal olefins (i.e., when the olefinic
unsaturation is not in the “-1-” or alpha position) or
preferably l-olefins. These Cg.3p mono-olefins can be
either straight or branched chain, but preferably they
are straight chain. Exemplary of such Cg.30 mono-ole-
fins are I-octene, 1-dodecene, l-tridecene, l-tetradecene,
l-pentadecene, 1-hexadecene, l-heptadecene, l-octadec-
ene, l-nonadecene, l-eicosene, l-henicosene, 1-docosene,
I-tetracosene, l-pentacosene, l-hexacosene, l-octacosene,
I-nonacosene, etc. Hexadecene is preferred. Preferred
Cs.30 mono-olefins are the commercially available alpha
olefin mixtures such as Cis.1g alpha-olefins, C1,.1¢alpha-
olefins, Ci4-16 alpha-olefins, Cj4-13 alpha-olefins, Cis.13
alpha-olefins, Cje.20 alpha-olefins, Cjz.28 alpha-olefins,
etc. Additionally, Cjig+alpha-olefin fractions such as
those available from Gulf Oil Company under the name
Gulftene can be used.
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Mono-olefins which are useful in forming the R*
group can be derived from the cracking of paraffin wax.
The wax cracking process yields both even and odd
number Cg-20liquid olefins of which 85 to 90 percent are
straight chain l-olefins. The balance of the cracked wax
olefins is made up of internal olefins, branched olefins,
diolefins, aromatics and impurities. Distillation of the
Ce-20 liquid obtained from the wax cracking process
yields fractions (i.e., Cis.13 alpha-olefins) which are
useful in preparing the olefin polymers of this invention.

Other mono-olefins can be derived from the ethylene
chain growth process. This process yields even num-
bered straight chain l-olefins from a controlled Ziegler
polymerization.

Other methods for preparing the mono-olefins of this
invention include chlorination-dehydrochlorination of
paraffin and catalytic dehydrogenation of paraffins.

The above procedures for the preparation of mono-
olefins are well known to those of ordinary skill in the
art and are described in detail under the heading “Ole-
fins” in the Encyclopedia of Chemical Technology, Sec-
ond Edition, Kirk and Othmer, Supplement, Pages
632-657, Interscience Publishers, Div. of John Wiley
and Son, 1971, which is hereby incorporated by refer-
ence for its relevant disclosures pertaining to methods
for preparing mono-olefins.

The attachment of the R* group to the aromatic
moiety Ar of the phenols of this invention can be ac-
complished by a number of techniques well known to
those skilled in the art. One particularly suitable tech-
nique is the Friedel-Crafts reaction, wherein an olefin
(e.g., a polymer containing an olefinic bond), or haloge-
nated or hydrohalogenated analog thereof, is reacted
with a phenol. The reaction occurs in the presence of a
Lewis acid catalyst (e.g., boron trifloride and its com-

_ plexes with ethers, phenols, hydrogen fluoride, etc.,

aluminum chloride, aluminum bromide, zinc dichloride,
etc.). Methods and conditions for carrying out such
reactions are well known to those skilled in the art. See,
for example, the discussion in the article entitled, “Al-
kylation of Phenols” in “Kirk-Othmer Encylopedia of
Chemical Technology”, Second Edition, Vol. 1, pages
894-895, Interscience Publishers, a division of John
Wiley and Company, N.Y., 1963. Other equally appro-
priate and convenient techniques for attaching the R*
group to the aromatic moiety Ar will occur readily to
those skilled in the art.

As will be appreciated from inspection of Formula I
that the phenols of this invention contain at least one of
each of a hydroxyl group an a R* group as defined
above. Each of the foregoing groupps must be attached
to a carbon atom which is a part of an aromatic nucleus
in the Ar moiety. They need not, however, each be
attached to the same aromatic ring if more than one
aromatic nucleus is present in the Ar moiety.

In a preferred embodiment, the phenols of this inven-
tion can be represented by the formulas:
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-continued
H R*
O OH
H R*
n
OH
al N\ H</ \>H
R* H |, R* H
OH
X
H H
R‘

n

wherein n is 1 to 20, preferably 1 to 8, and more prefera-
bly 1, 2 or 3; and X is —O—, —CH3—, —S—, —S7.6—,
—CH,—O—CH>—, or

—c—.
Il
0

The Hydrocarbyl-Substituted Carboxylic Acylating
Agents (B)(I):

The hydrocarbyl-substituted carboxylic acylating
agents of the present invention are made by reacting
one or more alpha-beta olefinically unsaturated carbox-
ylic acid reagents containing two to about 20 carbon
atoms, exclusive of the carboxyl-based groups, with one
or more mono-olefins and/or olefin polymers contain-
ing at least 30 carbon atoms.

The alpha-beta olefinically unsaturated carboxylic
acid reagents may be either the acid per se or functional
derivatives thereof, e.g., anhydrides, esters, acylated
nitrogen, acyl halide, nitriles, metal salts. These carbox-
ylic acid reagents may be either monobasic or polybasic
in nature. When they are polybasic they are preferably
dicarboxylic acids. although tri- and tetracarboxylic
acids can be used. Exemplary of the monobasic alpha-
beta olefinically unsaturated carboxylic acid reagents
are the carboxylic acids corresponding to the formula:

R-—CH=(|:—COOH
]

wherein R is hydrogen, or a saturated aliphatic or ali-
cyclic, aryl, alkylaryl or heterocyclic group, preferably
hydrogen or a lower alkyl group, and R is hydrogen or
a lower alkyl group. The total number of carbon atoms
in R and R should not exceed 18 atoms. Specific exam-
ples of useful monobasic alpha-beta olefinically unsatu-
rated carboxylic acids are acrylic acid, methacrylic
acid, cinnamic acid, crotonic acid, 3-phenyl propenoic
acid, alpha,beta-decenoic acid, etc. Exemplary polyba-
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sic acids include maleic acid, fumaric acid, mesaconic
acid, itaconic acid and citraconic acid.

The alpha-beta olefinically unsaturated reagents can
also be functional derivatives of the foregoing acids.
These functional derivatives include the anhydrides,
esters, acylated nitrogen, acid halides, nitriles and metal
salts of the afore-described acids. A preferred alpha-
beta olefinically unsaturated carboxylic acid reagent is
maleic anhydride. Methods of preparing such func-
tional derivatives are well known to those of ordinary
skill in the art and they can be satisfactorily described
by noting the reactants used to produce them. Thus, for
example, derivative esters for use in the present inven-
tion can be made by esterifying monohydric or polyh-
dric alcohols or epoxides with any of the aforedescribed
acids. Amines and alcohols described hereinafter can be
used to prepare these functional derivatives. The nitrile
functional derivatives of the aforedescribed carboxylic
acid useful in making the products of the present inven-
tion can be made by the conversion of a carboxylic acid
to the corresponding nitrile by dehydration of the cor-
responding amide. The preparation of the latter is well
known to those skilled in the art and is described in
detail in The Chemistry of the Cyano Group edited by Zvi
Rappoport, Chapter 2, which is hereby incorporated by
reference for its relevant disclosures pertaining to meth-
ods for preparing nitriles.

Ammonium salt acylated nitrogen functional deriva-

" tives can also be made from any of the amines described
“ hereinafter as well as from tertiary amino analogs of 30
< -them (i.e., analogs wherein the —NH groups have been
=" replaced with —N-hydrocarbyl or —N-hydroxy hy-
" drocarbyl groups), ammonia or ammonium compounds

(e.g., NH4Cl, NH40OH, ect) by conventional techniques
= well known to those of ordinary skill in the art.
The metal salt functional derivatives of the foregoing

“-carboxylic acid reagents can also be made by conven-
- tional techniques well known to those of ordinary skill

= in the art. Preferably they are made from a metal, mix-
ture of metals, or a basically reacting metal derivative

“:such as a metal salt or mixture of metal salts where the

““metal is chosen from Group Ia, Ib, IIa or IIb of the
periodic table although metals from Groups IVa, IVb,
Va, Vb, Vla, VIb, VIIb and VIII can also be used. The
gegen ion (i.e., counter) of the metal salt can be inor-
ganic such as halide, sulfide, oxide, carbonate, hydrox-
ide, nitrate, sulfate, thiosulfate, etc., or organic such as
lower alkanoic, sulfonate, alcoholate, etc. The salts
formed from these metals and the acid products can be
“acidic,” “normal” or “basic” salts. An “acidic” salt is
one in which the equivalents of acid exceed the stoi-
chiometric amounts required to neutralize the number
of equivalents of metal. A “normal” is one wherein the
metal and acid are present in stoichiometrically equiva-
lent amounts. A “basic” salt (sometimes referred to as
“overbased,” “superbased” or ‘“hyperbased” salts) is
one wherein the metal is present in a stoichiometric
excess relative to the number of stoichiometric equiva-
lents of carboxylic acid compounds from which it is
produced. The production of the latter are well known
to those of ordinary skill in the art and are described in
detail in “Lubricant Additives” by M. W. Ranney,
pages 67-77, which is hereby incorporated by reference
for its relevant disclosures pertaining to methods for
preparing overbased salts.

The acid halide functional derivative of the afore-
described olefinic carboxylic acids can be prepared by
the reaction of the acids and their anhydrides with a
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halogenation agent such as phosphorus tribromide,
phorphorus pentachloride, or thionyl chloride. Esters
can be prepared by the reaction of the acid halide with
the aforesaid alcohols or phenolic compounds such as
phenol, naphthol, octyl phenol, etc. Also, amides and
imides and other acylated nitrogen derivatives can be
prepared by reacting the acid halide with the above-
described amino compounds. These esters and acylated
nitrogen derivatives can be prepared from the acid
halides by conventional techniques well known to those
of ordinary skill in the art.

The hydrocarbyl substituents of the acylating agents
(B)(I) are selected from the group consisting of

(i") one or more mono-olefins of from about 8 to about
30 carbon atoms;

(ii') mixtures of one or more mono-olefins of from
about 8 to about 30 carbon atoms with one or more
olefin polymers of at least 30 carbon atoms selected
from the group consisting of polymers of mono-l-
olefins of from 2 to 8 carbon atoms, or the chlori-
nated or brominated analogs of such polymers; and

(iii") one or more olefin polymers of at least 30 carbon
atoms selected from the group consisting of
(a) polymers of mono-olefins of from about 8 to

about 30 carbon atoms;

(b) interpolymers of mono-l-olefins of from 2 to 8
carbon atoms with mono-olefins of from about 8
to about 30 carbon atoms;

(c) one or more mixtures of homopolymers and/or
interpolymers of mono-l-olefins of from 2 to 8
carbon atoms with homopolymers and/or inter-
polymers of mono-olefins of from about 8 to
about 30 carbon atoms; and

(d) chlorinated or brominated analogs of (a), (b) or
(c). i

The olefin polymers are aliphatic in nature. The de-
scription of the olefin polymers as being aliphatic is
intended to denote that, of the total number of carbon
atoms in the polymer, no more than about 20% are
nonaliphatic carbon atoms; that is, carbon atoms which
are part of an alicyclic or aromatic ring. Thus, a poly-
mer containing, e.g., 5% of its carbon atom in alicyclic
ring structures and 95% of its carbon atom in aliphatic
structures would be an aliphatic polymer within the
context of this invention.

Exemplary of the C;.g mono-l-olefins which can be
used to prepare the above olefin polymers are ethylene,
propylene, l-butene, isobutene, l-pentene, 2-methyl-l-
butene, 3-methyl-l-butene, the l-hexenes, the l-heptenes,
the l-octenes and styrene. Preferred C;.g mono-l-olefins
are ethylene, propylene, l-butene, and especially isobu-
tene.

The Cg.30 mono-olefins useful in forming the above
hydrocarbyl substituents or in preparing the above ole-
fin polymers can be internal olefins (i.e., when the ole-
fins unsaturation is not in the “-1-” or alpha position) or
preferably l-olefins. These Cg.3p mono-olefins can be
either straight or branched chain, but preferably they
are straight chain. Exemplary or such Csg.30 mono-ole-
fins are l-octene, 1-dodecene, l-tridecene, I-tetradecene,
1-pentadecene, l-hexadecene, 1-heptadecene, l-octadec-
ene, 1-nonadecene, l-eicosene, I-henicosene,, 1-docosene,
I-tetracosene, I-pentacosene, l-hexacosene, 1-octacosene,
I-nonacosene, etc. Preferred Cg.30 mono-olefins are the
commercially available alpha olefin mixtures such as
Cis-13alphaolefins, C12-16alpha-olefins, Ci4-16alpha-ole-
fins, Cjs4.13 alpha-olefins, Cis.15 alpha-olefins, Cje.20
alpha-olefins, Cj;.28 alpha-olefins, etc. Additionally,
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Csopt alpha-olefin fractions such as those available from
Gulf Oil Company under the name Gulftene can be
used.

Mono-olefins which are useful in forming the hydro-
carbyl substituent or in the preparation of the above
olefin polymers can be derived from the cracking of
paraffin wax. The wax cracking process yields both
even and odd number Cs.0 liquid olefins of which 85 to
90 percent are straight chain l-olefins. The balance of
the cracked wax olefins is made up of internal olefins,
branched olefins, diolefins, aromatics and impurities.
Distillation of the Ce-20 liquid olefins obtained from the
wax cracking process yields fractions (i.e., Cis.1g alpha-
olefins) which are useful in preparing the olefin poly-
mers of this invention.

Other mono-olefins can be derived from the ethylene
chain growth process. This process yields even num-
bered straight chain l-olefins from a controlled Ziegler
polymerization.

Other methods for preparing the mono-olefins of this
invention include chlorination-dehydrochlorination of
paraffin and catalytic dehydrogenation of paraffins.

The above procedures for the preparation of mono-
olefins are well known to those of ordinary skill in the
art and are described in detail under the heading “Ole-
fins” in the Encyclopedia of Chemical Technology, Sec-
ond Edition, Kirk and Othmer, Supplement, Pages
632-657, Interscience Publishers, Div. of John Wiley
and Son, 1971, which is hereby incorporated by refer-
ence for its relevant disclosures pertaining to methods
for preparing mono-olefins.

The olefin polymers used in this invention can be
interpolymers of Cj.g mono-l-olefins with Cg.30 mono-
olefins. Therefore, a mixture of one or more olefins
selected from the group Cy, C3, C4, Cs, C¢, C7, and Cg
mono-l-olefins can be polymerized with a mixture of
one or more olefins selected from the group consisting
of Cg, Cg, C10, C11, Ci2, C13, C14, Cy5, Cis, €tc. up to

.about C3p mono-olefins. For example, an interpolymer
- is prepared by polymerizing one part of a mixture of

25% ethylene, 50% isobutylene and 25% l-octene with
one part l-dodecene. Another example would be an
interpolymer prepared by polymerizing one part of
isobutylene with five parts of a mixture of 31% Cis-1-
olefin, 31% Ci¢-l-olefin, 289 Cjs-1-olefin and 10% Cis-
l-olefin.

The olefin polymers can also be mixtures of (a) homo-
polymers and/or interpolymers of Cj.g mono-l-olefins
with (b) homopolymers and/or interpolymers of Cg.30
mono-olefins. For example, a mixture of one part of the
homopolymer of isobutene with two parts of an inter-
polymer of 20% of I-tetradecene, 30% of I-hexadecene,
30% of l-octadecene and 20% of l-eicosene is useful as
the olefin polymer of this invention. ,

As noted above, the olefin polymers used in this in-
vention can contain small amounts of alicyclic carbon
atoms. Such alicyclic carbon atoms can be derived from
such monomers as cyclopentene, cyclohexene, ethylene
cyclopentane, methylene cyclohexene, 1,3-cyclohex-
ene, norbornene, norboradiene and cyclopentadiene.

The olefin polymers used in this invention are also
substantially saturated in nature. That is, their mole-
cules contain no more than 10% olefinic or acetylenic
unsaturation. In other words, there is no more than one
olefinic or acetylenic carbon-carbon bond for every ten
monovalent carbon-carbon bonds in the molecules of
the polymers. Normally, the polymers are free from
acetylenic unsaturation. For purposes of this invention
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it is preferred that the olefin polymers are derived from
at least about 20% by weight or more of Cg.30 mono-
olefins.

The olefin polymers used in this invention contain at
least about 30 aliphatic carbon atoms; preferably, they
contain an average of up to about 3500 carbon atoms;
preferably an average of about 50 to about 700 carbon
atoms. In terms of molecular weight, the polymers used
in this invention have number average molecular
weights as determined by gel permeation chromatogra-
phy of at least about 420, more preferably, they have a
maximum number average molecular weight as deter-
mined by gel permeation chromatography of no more
than about 50,000; an especially preferred range for
number average molecular weights of the polymers
used in this invention is about 750 to about 10,000. A
particularly preferred range of number average molecu-
lar weights is from about 750 to about 3,000. The pre-
ferred weight average molecular weight as determined
by gel permeation chromatography is at least about 420
up to about 100,000, more preferably about 1,500 to
about 20,000.

The molecular weight of the polymers used in this
invention can also be defined in terms of inherent vis-
cosity. The inherent viscosity (nj) of these polymers
generally is at least about 0.03, preferably at least about
0.07 and being no more than about 1.5, preferably no
more than 0.2 deciliters per gram. These inherent vis-
cosities are determined at concentrations of 0.5 gram of
polymer in 100 ml. of carbon tetrachloride and at 30° C.

The olefin polymers of this invention are most conve-
niently obtained by the polymerization of the olefins
with Friedel-Crafts polymerization catalyst such as
aluminum chloride, boron trifluoride, titanium tetra-
chloride, or the like. The polymers could also be ob-
tained by the use of “Ziegler Type” catalysts. These
catalysts generally include a transition metal compound
such as the halide, oxide or alkoxide and an organo-met-
allic compound wherein the metal is of the Group I-III
of the Periodic Chart. Generally, titanjium tri- or tetra-
chioride or vanadium trichloride or oxychloride is com-
bined with a trialkyl or dialkyl aluminum halide such as
triethyl aluminum, triisobutyl aluminum or diethyl alu-
minum chloride.

Additionally, the olefin polymers of this invention
can be obtained by chain polymerization of the olefins
by the use of free-radical initiators. The free-radical
initiators commonly used. are organic peroxides. The
preferred organic peroxides are di-t-butyl peroxide and
benzoyl peroxide. Chain polymerization is well known
to those of ordinary skill in the art and is discussed more
fully in Schildknecht, C. E., Alky! Compounds and Their
Polymers, Wiley-Interscience, 1973, pp. 62-63, which is
incorporated by reference for its relevant disclosure
pertaining to methods of chain polymerization and free-
radical initiators useful in chin polymerization.

While not wishing to be bound by theory it is be-
lieved that it is essential that straight chain alkyl groups
on the average of from about 8 to about 30, preferably
from about 12 to about 24, carbon atoms comprise the
monomer hydrocarbyl substituent or comprise side
branches on the polymerized hydrocarbyl substituent to
effectively suspend or disperse the wax crystals that
form when the fuel compositions of the invention are
cooled. The foregoing polymerization techniques pro-
vide for the information of such side branches.

The hydrocarbyl substituted carboxylic acylating
agents of the present invention can be prepared by di-
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rectly contacting one or more alpha-beta olefinically
unsaturated carboxylic reagents with one or more
monoolefins and/or olefin polymers at a temperature in
the range of, for example, about 140° C. to about 300° C.
The processes for preparing hydrocarbyl-substituted
carboxylic acid acylating agents are well known to
those of ordinary skill in the art and have been de-
scribed in detail, for example, in U.S. Pat. Nos.
3,087,936; 3,163,603; 3,172,892; 3,189,544; 3,219,666;
3,231,587; 3,272,746; 3,288,714; 3,306,907; 3,331,776;
3,340,281; 3,341,542; 3,346,354; and 3,381,022 which are
incorporated herein by reference.

The hydrocarbyl-substituted carboxylic acylating
agent compositions of this invention can also be pre-
pared by reacting one or more alpha-beta olefinically
unsaturated carboxylic reagents with one or more
mono-olefins and/or olefin polymers in the presence of
chlorine or bromine at a temperature within the range
of about 100° C. to about 300° C. according to the tech-
niques disclosed in U.S. Pat. Nos. 3,215,707, 3,231,587,
and 3,912,764, which are incorporated herein by refer-
ence.

The chlorinated or brominated analogs of the above
olefin polymer can be prepared by conventional tech-
niques well known to those of ordinary skill in the art.
For example, the chlorinated analogs of the olefin poly-
mers can be prepared by contacting (i.e., reacting) a 1:1
mole ratio of the olefin polymer with chiorine at

.- 100°-200° C. Excess chlorine may be used; for example,
;1 about 1.1 to about 3 moles of chlorine for each mole of
... olefin polymer.

The mono-olefin and/or olefin polymer, or chlori-
nated or brominated analog of such polymer, is gener-
ally reacted at a ratio of one equivalent of mono-olefin
and/or olefin polymer, or chlorinated or brominated
analog of such polymer, (for purposes of this invention

... the equivalent weight of the olefin polymer is equal to
~_ its number average molecular weight, as determined by
... gel permeation chromatography) to from about 0.1 to

about 5 moles, usually 0.1 to about 1 mole, with the
unsaturated carboxylic reagent.
When the mono-olefin and/or olefin polymer and the

* unsaturated carboxylic reagents are reacted in the pres-

ence of chlorine or bromine, the ratios of the reactants
are the same as hereinabove-described. The molar ratio
of unsaturated carboxylic reagent to chlorine or bro-
mine is generally one mole of such reagent to about 0.5
up to about 1.3 mole, usually, from about 1 up to about
1.05 mole, of chlorine or bromine.

The Amines and/or Alcohols (B)(II):

The amines useful for reacting with the hydrocarbyl-
substituted carboxylic acylating agents (B)(I) of this
invention are characterized by the presence within their
structure of at least one

-~
H—N_

group. These amines can be monoamines or polyamines.
Hydrazine and substituted hydrazines containing up to
three substituents are included as amines suitable for
preparing carboxylic derivative compositions. Mixtures
of two or more amines can be used in the reaction with
one or more of the acylating agents of the present inven-
tion. Preferably, the amine contains at least one primary
amino group (i.e.,,—NH3). Advantageously, the amine is
a polyamine, especially a polyamine containing at least
two H—N groups, either or both of which are primary
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or secondary amines. The use of polyamines result in
carboxylic derivative compositions which are usually
more effective as dispersant/detergent additives, than
are derivative compositions derived from monoamines.
Suitable monocamines and polyamines are described in
greater detail hereinafter.

Alcohols which can be reacted with the hydrocarbyl-
substituted carboxylic acylating agents (B)(I) of the
present invention include monohydric and polyhydric
alcohols. Polyhydric alcohols are preferred since they
usually result in carboxylic derivative compositions
which are more effective as dispersant/detergents than
carboxylic derivative compositions derived fromm
monohydric alcohols. Alcohols suitable for use in this
invention are described in greater detail hereinafter.

The monoamines and polyamines useful in this inven-
tion are characterized by the presence within their
structure of at least one

-~
H—N__

group. Therefore, they have at least one primary (i.e.,
HoN—) or secondary amino (i.e., H—N=) group. The
amines can be aliphatic, cycloaliphatic, aromatic, or
heterocyclic, including aliphatic-substituted aromatic,
aliphatic-substituted  cycloaliphatic,  aliphatic-sub-
stituted aromatic, aliphatic-substituted heterocyclic,
cycloaliphatic-substituted aliphatic, cycloaliphatic-sub-
stituted aromatic, cycloaliphatic-substituted heterocy-
clic, aromatic-substituted aliphatic, aromatic-sub-
stituted cycloaliphatic, aromatic-substituted heterocy-
clic, heterocyclic-substituted aliphatic, heterocyclic-
substituted cycloaliphatic, and heterocyclic-substituted
aromatic amines and may be saturated or unsaturated. If
unsaturated, the amine is preferably free from acetyle-
nic unsaturation (i.e., —C=—=C-—). The amines may also
contain non-hydrocarbon substituents or groups as long
as these groups do not significantly interfere with the
reaction of the amines with the acylating reagents of
this invention. Such non-hydrocarbon substituents or
groups include lower alkoxy, lower alkyl mercapto,
nitro, interrupting groups such as —O— and —S—
(e.g., as in such groups as —CH>CH>—X—CH;CH—
where X is —O— or —S—).

With the exception of the branched polyalkylene
polyamines, the polyoxyalkylene polyamines and the
high molecular weight hydrocarbyl-substituted amines
described more fully hereafter, the amines used in this
invention ordinarily contain less than about 40 carbon
atoms in total and usually not more than about 20 car-
bon atoms in total.

Aliphatic monoamines include mono-aliphatic and
di-aliphatic substituted amines wherein the aliphatic
groups can be saturated or unsaturated and straight or
branched chain. Thus, they are primary or secondary
aliphatic amines. Such amines include, for example,
mono- and di-alkyl-substituted amines, mono- and di-
alkenyl-substituted amines, and amines having one N-
alkenyl substituent and one N-alkyl substituent and the
like. The total number of carbon atoms in these aliphatic
monoamines preferably do not exceed about 40 and
usually do not exceed about 20 carbon atoms. Specific
examples of such monoamines include ethylamine, di-
ethylamine, n-butylamine, di-n-butylamine, allylamine,
isobutylamine, cocoamine, stearylamine, laurylamine,
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methyllaurylamine, oleylamine, N-methyl-octylamine,
dodecylamine, octadecylamine, and the like. Examples
of cycloaliphatic-substituted aliphatic amines, aromatic-
substituted aliphatic amines, and heterocyclic-sub-
stituted aliphatic amines, include 2-(cyclohexyl)-ethyla-
mine, benzylamine, phenylethylamine, and 3-(furyl-
propyl)amine.

Cycloaliphatic monoamines are those monoamines
wherein there is one cycloaliphatic substituent attached
directly to the amino nitrogen through 4 carbon atom in
the cyclic ring structure. Examples, of cycloaliphatic
monoamines include cyclohexylamines, cyclopentyla-
mines, cyclohexenylamines, cyclopentenylamines, N-
ethyl-cyclohexylamine, dicyclohexylamines, and the
like. Examples of aliphatic-substituted, aromatic-sub-
stituted, and heterocyclic-substituted cycloaliphatic
monoamines include propyl-substituted cyclohexyl-
amines, phenyl-substituted cyclopentylamines, and
pyranyl-substituted cyclohexylamine.

Suitable aromatic amines include those monoamines
wherein a carbon atom of the aromatic ring structure is
attached directly to the amino nitrogen. The aromatic
ring will usually be a mononuclear aromatic ring (i.e.,
one derived from benzene) but can include fused aro-
matic rings, especially those derived from maphthylene.
Examples of aromatic monoamines include aniline, di(-
para-methylphenyl)amine, naphthylamine, N-(n-butyl-
)aniline, and the like. Examples of aliphatic-substituted,
cycloaliphatic-substituted, and heterocyclic-substituted
aromatic. monoamines are para-ethoxyaniline, para-
dodecylaniline, cyclohexyl-substituted naphthylamine,
and thienyl-substituted aniline.

Suitable polyamines are aliphatic, cycloaliphatic and
aromatic polyamines analogous to be above-described
monoamines except for the presence within their struc-
ture of another amino nitrogen. The other amino nitro-
gen can be a primary, secondary or tertiary amino nitro-
gen. Examples of such polyamines include N-aminopro-

_ pyl-cyclohexylamines, N-N'-di-n-butyl-para-phenylene

diamine, bis-(para-aminophenyl)-methane, 1,4-
diaminocyclohexane, and the like.

Heterocyclic mono- and polyamines can also be used
in making the substituted carboxylic acid acylating
agent derivative compositions of this invention. As used
herein, the terminology “heterocyclic mono- and
polyamine(s)” is intended to describe those heterocyclic
amines containing at least one primary or secondary
amino group and at least one nitrogen as a heteroatom
in the heterocyclic ring. However, as long as there is
present in the heteocyclic mono- and polyamines at
least one primary or secondary amino group, the hete-
ro-N atom in the ring can be a tertiary amino nitrogen;
that is, one that does not have hydrogen attached di-
rectly to the ring nitrogen. Heterocyclic amines can be
saturated or unsaturated and can contain various sub-
stituents such as nitro, alkoxy, alkyl mercapto, alkyl,
alkenyl, aryl, alkaryl, or aralkyl substituents. Generally,
the total number of carbon atoms in the substituents will
not exceed about 20. Heterocyclic amines can contain
heteroatoms other than nitrogen, especially oxygen and
sulfur. Obviously they can contain more than one nitro-
gen heteroatom. The five- and six-membered heterocy-
clic rings are preferred.

Among the suitable heterocyclics are aziridines,
azetidines, azolidines, tetra- and di-hydro pyridines,
pyrroles, indoles, piperadines, imidazoles, di- and tetra-
hydroimidazoles, piperazines, isoindoles, purines, mor-
pholines, thiomorpholines, N-aminoalkylmorpholines,
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N-aminoalkylthiomorpholines, N-aminoalkylpiper-
zines, N,N’-di-aminoalkylpiperazines, azepines, azo-
cines, azonines, azecines and tetra-, di- and perhydro-
derivatives of each of the above and mixtures of two or
more of these heterocyclic amines. Preferred heterocy-
clic amines are the saturated 5- and 6-membered hetero-
cyclic amines containing only nitrogen, oxygen and/or
sulfur in the hereto ring, especially the piperidines,
piperazines, thiomorpholines, morpholines, pyrroli-
dines, and the like. Piperidine, aminoalkyl-substituted
piperidines piperazine, aminoalkyl-substituted pipera-
zines, morpholine, aminoalkyl-substituted morpholines,
pyrrolidine, and aminoalkyl-substituted pyrrolidines,
are especially preferred. Usually the aminoalkyl substit-
uents are substituted on a nitrogen atom forming part of
the hetero ring. Specific examples of such heterocyclic
amines include N-aminopropylmorpholine, N-aminoe-
thylpiperazine, and N,N'-di-aminoethylpiperazine.

Hydroxyamines both mono- and polyamines, analo-
gous to those described above are also useful in this
invention provided they contain at least one primary or
secondary amino group. Hydroxy-substituted amines
having only tertiary amino nitrogen such as in tri-
hydroxyethyl amine, are thus excluded as an amine, but
can be used as an alcohol as disclosed hereafter. The
hydroxy-substituted amines contemplated are those
having hydroxy substituents bonded directly to a car-
bon atom other than a carbonyl carbon atom; that is,
they have hydroxy groups capable of functioning as
alcohols. Examples of such hydroxy-substituted amines
include ethanolamine, di-(3-hydroxypropyl)-amine, 3-
hydroxybutyl-amine, 4-hydroxybutylamine, diethanol-
amine,  di-(2-hydroxypropyl)-amine, = N-(hydroxy-
propyl)propylamine, N-(2-hydroxyethyl)-cyclohexyla-
mine, 3-hydroxycyclopentylamine, para-hydroxyani-
line, N-hydroxyethyl piperazine, and the like.

The terms hydroxyamine and aminoalcohol describe
the same class of compounds and, therefore, can be used
interchangeably. Hereinafter, in the specification and
appended claims, the term hydroxyamine will be under-
stood to include aminoalcohols as well as hydroxya-
mines.

Also suitable as amines are the aminosulfonic acids
and derivatives thereof corresponding to the formula:

i
(RcRbN‘)'x_('RaHﬁ'—R)y

wherein R is —OH, —NH;, ONHy, etc., R, is a polyva-
lent organic radical having a valence equal to x+y; Rp
and R, are each independently hydrogen, hydrocarbyl,
and substituted hydrocarbyl with the proviso that at
least one of Ry and R, is hydrogen per aminosulfonic
acid molecule; x and y are each integers equal to or
greater than one. From the formula, it is apparent that
each aminosulfonic reactant is characterized by at least
one

HN

-~
~

or HaN- group and at least one
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group. These sulfonic acids can be aliphatic, cycloal-
phatic, or aromatic aminosulfonic acids and the corre-
sponding functional derivatives of the sulfo group. Spe-
cifically, the aminosulfonic acids can be aromatic
aminosulfonic acids, that is, where R, is a polyvalent
aromatic radical such as phenylene where at least one

group is attached directly to a nuclear carbon atom of
the aromatic radical. The aminosulfonic acid may also
be a mono-amino aliphatic sulfonic acid; that is, an acid
where x is one and R, is a polyvalent aliphatic radical
such as ethylene, propylene, trimethylene, and 2-methy-
lene propylene. Other suitable aminosulfonic acids and
derivatives thereof useful as amines in this invention are
disclosed in U.S. Pat. Nos. 3,926,820; 3,029,250; and
3,367,864; which are incorporated herein by reference.

Hydrazine and substituted-hydrazine can also be used

«. as amines in this invention. At least one of the nitrogens

in the hydrazine must contain a hydrogen directly
bonded thereto. Preferably there are at least two hydro-
gens bonded directly to hydrazine nitrogen and, more
preferably, both hydrogens are on the same nitrogen.
The substituents which may be present on the hydrazine
include alkyl, alkenyl, aryl, aralkyl, alkaryl, and the like.

- Usually, the substituents are alkyl, especially lower

alkyl, phenyl, and substituted phenyl such as lower

« alkoxy-substituted phenyl or lower alkyl-substituted
- phenyl. Specific examples of substituted hydrazines are
-« methylhydrazine, N,N-dimethylhydrazine, N,N’'-dime-
" thylhydrazine, phenylhydrazine, N-phenyl-N'-ethylhy-

drazine, N-(para-tolyl)-N’-(n-butyl)-hydrazine, N-(para-
nitrophenyl)-hydrazine, N-(para-nitrophenyl)-N-
methylhydrazine, N,N’-di-(para-chlorophenol)-hydra-
zine, N-phenyl-N'-cyclohexylhydrazine, and the like.

The high molecular weight hydrocarbyl amines, both
monoamines and polyamines, which can be used as
amines in this invention are generally prepared by react-
ing a chlorinated polyolefin having a molecular weight
of at least about 400 with ammonia or amine. Such
amines are known in the art and described, for example,
in U.S. Pat. Nos. 3,275,554 and 3,438,757, both of which
are expressly incorporated herein by reference for their
disclosure in regard to how to prepare these amines. All
that is required for use of these amines is that they pos-
sess at least one primary or secondary amino group.

Another group of amines suitable for use in this in-
vention are branched polyalkylene polyamines. The
branched polyalkylene polyamines are polyalkylene
polyamines wherein the branched group is a side chain
containing on the average at least one nitrogen-bonded
aminoalkylene

H
(i.e., NHy=R—f~N——R,—)
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group per nine amino units present on the main chain,
for example, 1-4 of such branched chains per nine units
on the main chain, but preferably one side chain unit per
nine main primary amino groups and at least one ter-
tiary amino group.
These reagents may be expressed by the formula:

|
NHy—(R—N), Rfl\l RNH;

R

]

NH

| z

R

|

NH;

wherein R is an alkylene group such as ethylene, propy-
lene, butylene and other homologs (both straight
chained and branched), etc., but preferably ethylene;
and x, y and z are integers, x being, for example, from 4
to 24 or more but preferably 6 to 18, y being, for exam-
ple, 1 to 6 or more but preferably 1 to 3, and z being, for
example, 0-6 but preferably 0-1. The x and y units may
be sequential, alternative, orderly or randomly distrib-
uted.

The preferred class of such polyamines includes those
of the formula:

NHj (R—II\I);RN—(R—II\I H

R

|

NH3
wherein n is an integer, for example, 1-20 or more but
preferably 1-3, and R is preferably ethylene, but may be
propylene, butylene, etc. (straight chained or
branched).

The preferred embodiments are presented by the

following formula:

I i
NH>1-(CH;CH)N)5~— CHzCHz—II‘I—(CHzCHzN)z H

n

n=1-3).

The radicals in the brackets may be joined in a head-
to-head or a head-to-tail fashion. Compounds described
by this formula wherein n=1-3 are manufactured and
sold as Polyamines N-400, N-800, N-1200, etc. Poly-
amine N-400 has the above formula wherein n=1.

U.S. Pat. Nos. 3,200,106 and 3,259,578 are incorpo-
rated herein by reference for their disclosure of how to
make such polyamines and processes for reacting them
with carboxylic acid acylating agents.

Suitable amines also include polyoxyalkylene poly-
amines, e.g., polyoxyalkylene diamines and polyoxyal-
kylene triamines, having average molecular weights
ranging from about 200 to 4000 and preferably from
about 400 to 2000. Illustrative examples of these poly-
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oxyalkylene polyamines may be characterized by the
formulae:

NHy—Alkylene—O-Alkylene),,NH2

where m has a value of about 3 to 70 and preferably
about 10 to 35; and

R—{Alkylene—O—Alkylene—),NH3}3-4

wherein n is such that the total value is {rom about 1 to
40 with the proviso that the sum of all of the n’s is from
about 3 to about 70 and generally from about 6 to about
35, and R is a polyvalent saturated hydrocarbyl radical
of up to ten carbon atoms having a valence of 3 to 6.
The alkylene groups may be straight or branched chains
and contain from 1 to 7 carbon atoms, and usually from
1 to 4 carbon atoms. The various alkylene groups pres-
ent within the above formulae may be the same or dif-
ferent.

More specific examples of these polyamines include:

NHg(liH—CHz-(-OCHg(l:H');N}lz
CHj3 CH3

wherein x has a value of from about 3 to 70 and prefera-
bly from about 10 to 35 and:

CH> (OCH;CH3zNH>

CHj3
CH3;—CHy;—C—CHj)— (OCH2CH')J‘,NH2
CHj

CHy (OCH2CHYy NH>

CHj3

wherein x+y+z have a total value ranging from about
3 to 30 and preferably from about 5 to 10.

Preferred polyoxyalkylene polyamines include the
polyoxyethylene and polyoxypropylene diamines and
the polyoxypropylene triamines having average molec-
ular weights ranging from about 200 to 2000. The poly-
oxyalkylene polyamines are commercially available and
may be obtained, for example, from the Jefferson Chem-
ical Company, Inc. under the trade name “Jeff-amines
D-230, D-400, D-1000, D-2000, T-403, etc.”.

U.S. Pat. Nos. 3,804,763 and 3,948,800 are incorpo-
rated herein by reference for their disclosure of such
polyoxyalkylene polyamines and process for acylating
them with carboxylic acid acylating agents.

Preferred amines are the alkylene polyamines, includ-
ing the polyalkylene polyamines, as described in more
detail hereafter. The alkylene polyamines include those
conforming to the formula:

H—]I\I—(Alkylene-ll\l),,—R"
R" "

wherein n is from 1 to about 10; each R” is indepen-
dently a hydrogen atom, a hydrocarbyl group or a hy-
droxy-substituted hydrocarbyl group having up to
about 30 atoms, and the “Alkylene” group has from
about 1 to about 10 carbon atoms but the preferred
alkylene is ethylene or propylene. Especially preferred
are the polyamines where each R" is hydrogen with the
ethylene polyamines and mixtures of ethylene poly-
amines being the most preferred. Usually n will have an
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average value of from about 2 to about 7. Such alkylene
polyamines include methylene polyamines, ethylene
polyamines, butylene. polyamines, propylene poly-
amines, pentylene polyamines, hexylene polyamines,
heptylene polyamines, etc. The higher homologs of
such amines and related aminoalkyl-substituted pipera-
zines are also included.

Alkylene polyamines useful in preparing the carbox-
ylic derivative compositions include ethylene diamine,
triethylene tetramine, propylene diamine, trimethylene
diamine, hexamethylene diamine, decamethylene di-
amine, octamethylene diamine, di(heptamethylene)tria-
mine, tripropylene tetramine, tetraethylene pentamine,
trimethylene diamine, pentaethylene hexamine, di(-
trimethylene)triamine, N-(2-aminoethyl)piperazine, 1,4-
bis(2-aminoethyl)piperazine, and the like. Higher homo-
logs as are obtained by condensing two or more of the
above-illustrated alkylene amines are useful as amines in
this invention as are mixtures of two or more of any of
the afore-described polyamines.

Ethylene polyamines, such as those mentioned above,
are especially useful for reasons of cost and effective-
ness. Such polyamines are described in detail under the
heading “Diamines and Higher Amines” in The Ency-
clopedia of Chemical Technology, Second Edition, Kirk
and Othmer, Volume 7, pages 27-39, Interscience Pub-
lishers, Division of John Wiley and Sons, 1965, which is
hereby incorporated by reference for their disclosure of
useful polyamines. Such compounds are prepared most
conveniently by the reaction of an alkylene chloride
with ammonia or by reaction of an ethylene imine with
a ring-opening reagent such as ammonia, etc. These
reactions result in the production of the somewhat com-
plex mixtures of alkylene polyamines, including cyclic
condensation products such as piperazines.

Hydroxyalkyl alkylene polyamines having one or
more hydroxyalkyl substituents on the nitrogen atoms,
are also useful in preparing compositions of the present
invention. Preferred hydroxyalkyl-substituted alkylene
polyamines are those in which the hydroxyalkyl group
is a lower hydroxyalkyl group, i.e., having less than
eight carbon atoms. Examples of such hydroxyalkyl-
substituted polyamines include N-(2-hydroxyethyl-
Jethylene diamine, N,N-bis(2-hydroxyethyl)ethylene
diamine, 1-(2-hydroxyethyl)piperazine, monohydroxy-
propyl-substituted diethylene triamine, dihydroxypro-
pyl-substituted etraethylene pentamine, N-(3-hydrox-
ybutyl)tetramethylene diamine, etc. Higher homologs
as are obtained by condensation of the above-illustrated
hydroxy alkylene polyamines through amino radicals or
through hydroxy radicals are likewise useful as amines
in this invention. Condensation through amino radicals
results in a higher amine accompanied by removal of
ammonia and condensation through the hydroxy radi-
cals results in products containing ether linkages ac-
companied by removal of water.

The carboxylic derivative compositions produced
from the reaction of the hydrocarbyl-substituted car-
boxylic acylating agents of this invention and the
amines described hereinbefore yield acylated amines
which include amine salts, amides, imides and imidazo-
lines as well as mixtures thereof. To prepare carboxylic
derivatives from the acylating agents and amines, one or
more acylating agents and one or more amines are
heated, optionally in the presence of a normally liquid,
substantially inert organic liquid solvent/diluent, at
temperatures in the range of about 80° C. up to the



http://ww. Pat ent Gopher.com

4,565,550

27

decomposition point (the decomposition point is the
temperature at which there is sufficient decomposition
of any reactant or product such as to interfere with the
production of the desired product) but normally at
temperatures in the range of about 100° C. to about 300°
C,, provided 300° C. does not exceed the decomposition
point. Temperatures of about 125° C. to about 250° C.
are normally used. The acylating agent and the amine
are reacted in amounts sufficient to provide from about
one-half equivalent to about 2 moles of amine per equiv-
alent of acylating agent. For purposes of this invention
an equivalent of amine is that amount of the amine cor-
responding to the total weight of amine divided by the
total number of nitrogens present. Thus, octylamine has
an equivalent weight equal to its molecular weight;
ethylene diamine has an equivalent weight equal to
one-half its molecular weight; and aminoethylpipera-
zine has an equivalent weight equal to one-third its
molecular weight. Also, for example, the equivalent
weight of a commercially available mixture of polyal-
kylene polyamine can be determined by dividing the
atomic weight of nitrogen (14) by the %N contained in
the polyamine. Therefore, a polyamine mixture having
a %N of 34 would have an equivalent weight of 41.2.
The number of equivalents of acylating agent depends
on the number of carboxylic functions (e.g., carboxylic
acid groups or functional derivatives thereof) present in
the acylating agent. Thus, the number of equivalents of
acylating agents will vary with the number of carboxy
groups present therein. In determining the number of
equivalents of acylating agents, those carboxyl func-
tions which are not capable of reacting as a carboxylic
acid acylating agent are excluded. In general, however,
there is one equivalent of acylating agent for each car-
boxy group in the acylating agents. For example, there

... would be two equivalents in the acylating agents de-
.« rived from the reaction of one mole of olefin polymer
.+ -and one mole of maleic anhydride. Conventional tech-
;2. niques are readily available for determining the number
.. of carboxyl functions (e.g., acid number, saponification
+/ number) and, thus, the number of equivalents of acylat-

ing agent available to react with amine.

Because the acylating agents of this invention can be
used in the same manner as the high molecular weight
acylating agents of the prior art in preparing acylated
amines suitable as additives for lubricating oil composi-
tions, U.S. Pat. Nos. 3,172,892; 3,219,666; and 3,272,746
are incorporated herein by reference for their disclo-
sures with respect to the procedures applicable to react-
ing the substituted carboxylic acid acylating agents of
this invention with the amines as described above. In
applying the disclosures of these patents to the hydro-
carbyl-substituted carboxylic acylating agents of this
invention, the latter can be substituted for the high
molecular weight carboxylic acid acylating agents dis-
closed in these patents on an equivalent basis. That is,
where one equivalent of the high molecular weight
carboxylic acylating agent disclosed in these incorpo-
rated patents is utilized, one equivalent of the acylating
agent of this invention can be used. These patents are
also incorporated by reference for their disclosure of
how to use the acylated amines thus produced as addi-
tives in lubricating oil compositions. Dispersant/deter-
gent properties can be imparted to lubricating oils by
incorporating the acylated amines produced by reacting
the acylating agents of this invention with the amines
described above on an equal weight basis with the acyl-
ated amines disclosed in these patents.

—_—
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Alcohols useful in preparing carboxylic derivative
compositions of this invention from the acylating agents
previously described include those compounds of the
general formula:

R1—(OH)p,

wherein R is a monovalent or polyvalent organic radi-
cal joined to the —OH groups through carbon-to-oxy-
gen bonds (that is, —COH wherein the carbon is not
part of a carbony! group) and m is an integer of from 1
to about 10, preferably 2 to about 6. As with the amine
reactants, the alcohols can be aliphatic, cycloaliphatic,
aromatic, and heterocyclic, including aliphatic-sub-
stituted cycloaliphatic alcohols, aliphatic-substituted
aromatic alcohols, aliphatic-substituted heterocyclic
alcohols, cycloaliphatic-substituted aliphatic alcohols,
cycloaliphatic-substituted aromatic alcohols, cycloali-
phatic-substituted heterocyclic alcohols, heterocyclic-
substituted aliphatic alcohols, heterocyclic-substituted
cycloaliphatic alcohols, and heterocyclic-substituted
aromatic alcohols. Except for the polyoxyalkylene alco-
hols, the mono- and polyhydric alcohols corresponding
to the formula R;—(OH),, will usually contain not
more than about 40 carbon atoms and generally not
more than about 20 carbon atoms. The alcohols may
contain non-hydrocarbon substituents of the same type
mentioned with respect to the amines above, that is,
non-hydrocarbon substituents which do not interfere
with the reaction of the alcohols with the acylating
reagents of this invention. In general, polyhydric alco-
hols are preferred.

Among the polyoxylalkylene alcohols suitable for use
in the preparation of the carboxylic derivative composi-
tions of this invention are the polyoxyalkylene alcohol
demulsifiers for aqueous emulsions. The terminology
“demulsifier for aqueous emulsions” as used herein is
intended to describe those polyoxyalkylene alcohols
which are capable of preventing or retarding the forma-
tion of aqueous emulsions or “breaking” aqueous emul-
sions. The terminology *“aqueous emulsion” is generic
to oil-in-water and water-in-oil emulsions.

Many commercially available polyoxyalkylene alco-
hol demulsifiers can be used. Useful demulsifiers are the
reaction products of various organic amines, carboxylic
acid amides, and quaternary ammonium salts with ethy-
lene-oxide. Such polyoxyethylated amines, amides, and
quaternary salts are available from Armour Industrial
Chemical Co. under the names ETHODUOMEEN T,
an ethyleneoxide condensation product of an N-alkyl
alkylenediamine under the name DUOMEEN T;
ETHOMEENS, tertiary amines which are ethyleneox-
ide condensation products of primary fatty amines;
ETHOMIDS, ethyleneoxide condensates of fatty acid
amides; and ETHOQUADS, polyoxyethylated quater-
nary ammonium salts such as quaternary ammonium
chlorides.

Preferred demulsifiers are liquid polyoxyalkylene
alcohols and derivatives thereof. The derivatives con-
templated are the hydrocarbyl ethers and the carbox-
ylic acid esters obtained by reacting the alcohols with
various carboxylic acids. Ilustrative hydrocarbyl
groups are alkyl, cycloalkyl, alkylaryl, aralkyl, alkyl-
aryl alkyl, etc., containing up to about forty carbon
atoms. Specific hydrocarbyl groups are methyl, butyl,
dodecyl, tolyl, phenyl, naphthyl, dodecylphenyl, p-
octylphenyl ethyl, cyclohexyl, and the like. Carboxylic
acids useful in preparing the ester derivatives are mono-
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or polycarboxylic acids such as acetic acid, valeric acid,
lauric acid, stearic acid, succinic acid, and alkyl or alke-
nyl-substituted succinic acids wherein the alkyl or alke-
nyl group contains up to about twenty carbon atoms.
Members of this class of alcohols are commercially
available from various sources; e.g., PLURONIC poly-
ols from Wyandotte Chemicals Corporation; POLY-
GLYCOL 112-2, a liquid triol derived from ethyleneox-
ide and propyleneoxide available from Dow Chemical
Co.; and TERGITOLS, dodecylphenyl cr nonylphenyi
polyethylene glycol ethers, and UCONS, polyalkylene
glycols and various derivatives thereof, both available
from Union Carbide Corporation. However, the demul-
sifiers used must have an average of at least one free
alcoholic hydroxyl group per molecule of polyoxyal-
kylene alcohol. For purposes of describing these poly-
oxyalkylene alcohols which are demulsifiers, an alco-
holic hydroxyl group is one attached to a carbon atom
that does not form part of an aromatic nucleus.

In this class of preferred polyoxyalkylene alcohols
are those polyols prepared as “block™ copolymers.
Thus, 2 hydroxy-substituted compound, R;—(OH),
(where qis 1 to 6, preferably 2 to 3, and R is the residue
of a mono- or polyhydric alcohol or mono- or polyhy-
droxy phenol, naphthol, etc.) is reacted with an alkyl-
ene oxide,

R3—CH——CH—Ry,
ANV

to form a hydrophobic base, R3 being a lower alkyl
group of up to four carbon atoms, R4 being H or the
same as R3 with the proviso that the alkylene oxide does
not contain in excess of ten carbon atoms. This base is
then reacted with ethylene oxide to provide a hydro-
philic portion resulting in a molecule having both hy-
drophobic and hydrophilic portions. The relative sizes

* of these portions can be adjusted by regulating the ratio

of reactants, time of reaction, etc., as is obvious to those
skilled in the art. It is within the skill of the art to pre-
pare such polyols whose molecules are characterized by
hydrophobic and hydrophilic moieties present in a ratio
rendering them suitable as demulsifiers for aqueous
emulsions in various lubricant compositions and thus
suitable as alcohols in this invention. Thus, if more
oil-solubility is needed in a given Iubricant composition,
the hydrophobic portion can be increased and/or hy-
drophilic portion decreased. If greater aqueous emul-
sion breaking capability is required, the hydrophilic
and/or hydrophobic portions can be adjusted to accom-
plish this.

Compounds illustrative of Ri—(OH), include ali-
phatic polyols such as the alkylene glycols and alkane
polyols, e.g., ethylene glycol, propylene glycol, tri-
methylene glycol, glycerol, pentaerythritol, erythritol,
sorbitol, mannitol, and the like and aromatic hydroxy
compounds such as alkylated mono- and polyhydric
phenols and naphthols, e.g., cresols, heptylphenols,
dodecylphenols, dioctylphenols, triheptylphenols, re-
sorcinol, pyrogallol, etc.

Polyoxyalkylene polyol demulsifiers which have two
or three hydroxyl groups and molecules consisting es-
sentially of hydrophobic portions comprising
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—(I:HCHQO'—
R

where R is lower alkyl of up to three carbon atoms and
hydrophillic portions comprising—CH>CH,0-—groups
are particularly preferred. Such polyols can be prepared
by first reacting a compound of the formula R 1—(OH),
where q is 2-3 with a terminal alkylene oxide of the
formula

Ry=-CH—CH;
ANV

and then reacting that product with ethylene oxide.
R1—(OH), can be, for example, TMP (trimethylolpro-
pane), TME (trimethylolethane), ethylene glycol, tri-
methylene glycol, tetramethylene glycol, tri-(beta-
hydroxypropyl)amine, 1,4-(2-hydroxyethyl)-cyclohex-
ane, N,N,N’,N’-tetrakis(2-hydroxypropyl)ethylene di-
amine, N,N,N’,N'-tetrakis(2-hydroxyethyl)ethylene di-
amine, naphthol, alkylated naphthol, resorcinol, or one
of the other illustrative examples mentioned herin-
before. )

The polyoxyalkylene alcohol demulsifiers should
have an average molecular weight of 1000 to about
10,000 preferably about 2000 to about 7000. The ethyl-
eneoxy groups (i.e.,,—CH;CH;0--) normally will com-
prise from about 5% to about 40% of the total average
molecular weight. Those polyoxyalkylene polyols
where the ethyleneoxy groups comprise from about
10% to about 30% of the total average molecular
weight are especially useful. Polyoxyalkylene polyols
having an average molecular weight of about 2500 to
about 6000 where approximately 10%-20% by weight
of the molecule is attributable to ethyleneoxy groups
result in the formation of esters having particularly
improved demulsifying properties. The ester and ether
derivatives of these polyols are also useful.

Representative of such polyoxyalkylene polyols are
the liquid polyols available from Wyandotte Chemicals
Company unde the name PLURONIC Polyols and
other similar polyols. These PLURONIC Polyols cor-
respond to the formula

HO-(CH2CHzo)x((l:Hcﬂzo)y(C}bCHzO)z—H
CHj3

wherein x, y, and z are integers greater than 1 such that
the —CH»CH0— groups comprise from about 10% to
about 15% by weight of the total molecular weight of
the glycol, the average molecular weight of said polyols
being from about 2500 to about 4500. This type of
polyol can be prepared by reacting propylene glycol
with propylene oxide and then with ethylene oxide.

Another group of polyoxyalkylene alcohol demulsifi-
ers illustrative of the preferred class discussed above are
the commercially available liquid TETRONIC polyols
sold by Wyandotte Chemicals Corporation. These poly-
ols are represented by the general formula:

H(C2H40)5(C3H60),
NCH,CH;N
H(C2H40)4(C3H60),

(C3Hg0)a(C2H40)sH

(C3Hg0)4(C2H40)pH
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Such polyols are described in U.S. Pat. No. 2,979,528
which is incorporated herein by reference. Those poly-
ols corresponding to the above formula having an aver-
age molecular weight of up to about 10,000 wherein the
ethyleneoxy groups contribute to the total molecular
weight in the percentage ranges discussed above are
preferred. A specific example would be such a polyol
having an average molecular weight of about 8000
wherein the ethyleneoxy groups account for 7.5%-12%
by weight of the total molecular weight. Such polyols
can be prepared by reacting an alkylene diamine such as
ethylene diamine, propylene diamine, hexamethylene
diamine etc., with propylene oxide until the desired
weight of the hydrophobic portion is reached. Then the
resulting product is reacted with ethylene oxide to add
the desired number of hydrophilic units to the mole-
cules.

Another commercially available polyoxyalkylene
polyol demulsifier falling within this preferred group is
Dow Polyglycol 112-2, a triol having an average molec-
ular weight of about 4000-5000 prepared from propy-
lene oxides and ethylene oxides, the ethyleneoxy groups
comprising about 18% by weight of the triol. Such
triols can be prepared by first reacting glyccerol, TME,
TMP, etc., with propylene oxide to form a hydrophobic
base and reacting that base with ethylene oxide to add
hydrophilic portions.

Alcohols useful in this invention also include alkylene

.. glycols and polyoxyalkylene alcohols such as polyoxy-
o ethylene alcohols, polyoxypropylene alcohols, polyox-

ybutylene alcohols, and the like. These polyoxyalkylene

- alcohols (sometimes called polyglycols) can contain up
= to about 150 oxyalkylene groups and the alkylene radi-

cal contains from 2 to about 8 carbon atoms. Such poly-
oxyalkylene alcohols are generally dihydric alcohols.
That is, each end of the molecular terminates with a
—OH group. In order for such polyoxyalkylene alco-

.- hols to be useful, there must be at least one such —OH

.. group. However, the remaining —OH group can be
' .esterified with a monobasic, aliphatic or aromatic car-
= boxylic acid of up to about 20 carbon atoms such as
*acetic acid, propionic acid, oleic acid, stearic acid, ben-

zoic acid, and the like. The monoethers of these alkyl-
ene glycols and polyoxyalkylene glycols are also useful.
These include the monoaryl ethers, monoalkyl ethers,
and monoaralkyl ethers of these alkylene glycols and
polyoxyalkylene glycols. This group of alcohols can be
represented by the general formula

HO—R40,Rp—OR¢

where R 4and R gare independently alkylene radicals of
2 to 8 carbon atoms; and Rc is aryl such as phenyl,
lower alkoxy phenyl, or lower alkyl phenyl; lower alkyl
such as ehtyl, propyl, tertbutyl, pentyl, etc.; and aralkyl
such as benzyl, phenylethyl, phenyllpropyl, p-ethyl-
phenylethyl, etc.; p is zero to about eight, preferably
two to four. Polyoxyalkylene glycols where the alkyl-
ene groups are ethylene or propylene and p is at least
two as well as the monoethers thereof as described
above are very useful.

The monohydric and polyhydric alcohols useful in
this invention include monohydroxy and polyhydroxy
aromatic compounds. Monohydric and polyhydric phe-
nols and naphthols are preferred hydroxyaromatic com-
pounds. These hydroxy-substituted aromatic com-
pounds may contain other substitutents in addition to
the hydroxy substituents such as halo, alkyl, alkenyl,
alkoxy, alkylmercapto, nitro and the like. Usually, the
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hydroxy aromatic compound will contain 1 to 4 hy-
droxy groups. The aromatic hydroxy compounds are
illustrated by the following specific examples: phenol,
p-chlorophenol, p-nitrophenol, beta-naphthol, alpha-
naphthol, cresols, resorcinol, catechol, carvacrol, thy-
mol, eugenol, p,p’-dihydroxy-biphenyl, hydroquinone,
pyrogallol, phloroglucinol, hexylresorcinol, orcin,
quaiacol, 2-chlorophenol, 2,4-dibutylphenol, propene-
tetramer-substituted phenol, didodecylphenol, 4,4'-
methylene-bis-methylene-bis-phenol, alpha-decyl-
betanaphthol, polyisobutenyl-(molecular weight of
about 1000)-substituted phenol, the condensation prod-
uct of heptylphenol with 0.5 moles of formaldehyde,
the condensation product of octylphenol with acetone,
di(hydroxyphenyl)oxide, di(hydroxyphenyl)sulfide,
di(hydroxyphenyl)-disulfide, and 4-cyclohexylphenol.
Phenol itself and aliphatic hydrocarbon-substituted phe-
nols, e.g., alkylated phenols having up to 3 aliphatic
hydrocarbon substituents are especially preferred. Each
of the aliphatic hydrocarbon substituents may contain
100 or more carbon atoms but usually will have from 1
to 20 carbon atoms. Alkyl and alkenyl groups are the
preferred aliphatic hydrocarbon substituents.

Further specific examples of monohydric alcohols
which can be used include monohydric alcohols such as
methanol, ethanol, isooctanol, dodecanol, cyclohexa-
nol, cyclopentanol, behenyl alcohol, hexatriaconntanol,
neopentyl alcohol, isobutyl alcohol, benzyl alcohol,
beta-phenylethyl alcohol, 2-methylcyclohexanol, beta-
chloroethanol, monomethyl ether of ethylene glycol,
monobutyl ether of ethylene glycol, monopropyl ether
of diethylene glycol, monododecyl ether of triethylene
glycol, monooleate of ethylene glycol, monostearate of
diethylene glycol, sec-pentyl alcohol, tertbutyl alcohol,
5-bromo-dodecanol, nitro-octadecanol, and dioleate of
glycerol. Alcohols useful in this invention may be unsat-
urated alcohols such as allyl alcohol, cinnamyl alcohol,
1-cyclohexene-3-0l and oleyl alcohol.

Other specific alcohols useful in this invention are the
ether alcohols and amino alcohols including, for exam-
ple, the oxyalkylene, oxyarylene-, amino-alkylene-, and
amino-arylene-substituted alcohols having one or more
oxyalkylene, aminoalkylene or amino-aryleneoxy-ary-
lene radicals. They are exemplified by Cellosolve, carbi-
tol, phenoxyethanol, heptylphenyl-(oxypropylene)s-
OH, octyl-(oxyethylene)3o-OH, phenyl-(oxyoctylene)s-
OH, mono-(heptylphenyloxypropylene)-substituted
glycerol, poly(styreneoxide), aminoethanol, 3-amino-
ethylpentanol, di(hydroxyethyl)amine, p-aminophenol,
trithydroxypropyl)amine, N-hydroxyethyl ethylenedi-
amine, N,N,N’,N'-tetrahydroxy-trimethylenediamine,
and the like.

The polyhydric alcohols preferably contain from 2 to
about 10 hydroxy radicals. They are illustrated, for
example, by the alkylene glycols and polyoxyalkylene
glycols mentioned above such as ethylene glycol, dieth-
ylene glycol, triethylene glycol, tetraethylene glycal,
dipropylene glycol, tripropylene glycol, dibutylene
glycol, tributylene glycol, and other alkylene glycols
and polyoxyalkylene glycols in which the alkylene radi-
cals contain 2 to about 8 atoms.

Other useful polyhydric alcohols include glycerol,
monooleate of glycerol, monostearate of glycerol,
monomethyl ether of glycerol, pentaerythritol, n-butyl
ester of 9,10-dihydroxy stearic acid, methyl ester of
9,10-dihydroxy stearic acid, 1,2-butanediol, 2,3-hex-
anediol, 2,4-hexanediol, pinacol, erythritol, arabitol,
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sorbitol, mannitol, 1,2-cyclohexanediol, and xylene gly-
col. Carbohydrates such as sugars, starches, celluloses,
and so forth likewise can be used. The carbohydrates
may be exemplified by glucose, fructose, sucrose, rha-
mose, mannose, glyceraldehyde, and galactose. fruc-
tose, sucross, rhamose, mannose, glyceraldehyde, and
galactose.

Polyhydric alcohols having at least 3 hydroxyl
groups, some, but not all of which have been esterified
with an aliphatic monocarboxylic acid having from
about 8 to about 30 carbon atoms such as octanoic acid,
oleic acid, stearic acid, linoleic acid, dodecanoic acid or
tall oil acid are useful. Further specific examples of such
partially esterified polyhydric alcohols are the mono-
oleate of sorbitol, distearate of sorbitol, monooleate of
glycerol, monostearate of glycerol, di-dodecanoate of
erythritol, and the like.

A preferred class of alcohols suitable for use in this
invention are those polyhydric alcohols containing up
to about 12 carbon atoms, and expecially those contain-
ing three to ten carbon atoms. This class of alcohols
includes glycerol, erythritol, pentaerythritol, dipenta-
erythritol, gluconic acid, glyceraldehyde, glucose,
arabinose, 1,7-heptanediol, 2,4-heptanediol, 1,2,3-hex-
anetriol, 1,2,4-hexanetriol, 1,2,5-hexanetriol, 2,3,4-hex-
anetriol, 1,2,3-butanetriol, 1,2,4-butanetriol, quinic acid,
2,2,6,6-tetrakis-(hydroxymethyl)cyclohexanol, 1,10-
decanediol, digitalose, and the like. Aliphatic alcohols
containing at least three hydroxyl groups and up to ten
carbon atoms are particularly preferred.

Another preferred class of polyhydric alcohols for
use in this invention are the polyhydric alkanols con-
taining three to ten carbon atoms and particuarly, those
containing three to six carbon atoms and having at least
three hydroxyl groups. Such alcohols are exemplified
by glycerol, erythritol, pentaerythritol, mannitol, sorbi-
tol, 2-hydroxymethyl-2-methyl-1,3-propanediol(trime-
thylolethane), 2-hydroxymethyl-2-ethyl-1,3-propanedi-
ol(trimethylopropane), 1,2,4-hexanetriol, and the like.

The amines useful in accordance with the present
invention may contain alcoholic hydroxy substituents
and alcohols that are useful can contain primary, sec-
ondary, or tertiary amino substituents. Thus, hydroxya-
mines can be categorized as both amine and alcohol
provided they contain at least one primary or secondary
amino group. If only tertiary amino groups are present,
the amino alcohol belongs only in the alcohol category.
Typically, the hydroxyamines are primary, secondary
or tertiary alkanol amines or mixtures thereof. Such
amines can be represented, respectively by the formu-
lae:

H;N—R'—OH
H
N—R'—OH
R
and
R
N
N—R'—OH
R

wherein each R is independently a hydrocarbyl group
of one to about eight carbon atoms or hydroxy-sub-
stituted hydrocarbyl group of two to about eight carbon
atoms and R’ is a divalent hydrocarbyl group of about
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two to about 18 carbon atoms. The group -R’-OH in
such formulae represents the hydroxyl-substituted hy-
drocarbyl group. R’ can be an acyclic, alicyclic or aro-
matic group. Typically, it is an acyclic straight or
branched alkylene group such as an ethylene, 1,2-pro-
pylene, 1,2-butylene, 1,2-octadecylene, etc. group.
Where two R groups are present in the same molecule
they can be joined by a direct carbon-to-carbon bond or
through a heteroatom (e.g., oxygen, nitrogen or sulfur)
to form a 5-, 6-, 7- or 8-membered ring structure. Exam-
ples of such hetrocyclic amines include N-(hydroxyl
lower alkyl)-morpholines, -thiomorpholines, piperi-
dines, oxazolidines, -thiazolidines and the like. Typi-
cally, however, each R is a lower alkyl group of up to
7 carbon atoms.

The hydroxyamines can also be ether N-(hydroxyl-
substituted hydrocarbyl)amines. These are hydroxyl-
substituted poly(hydrocarbyloxy) analogs of the above-
described hydroxy amines (these analogs also include
hydroxyl-substitited oxyalkylene analogs). Such N-(hy-
droxyl-substituted hydrocarbyl) amines can be conve-
niently prepared by reaction of epoxides with afore-
described amines and can be represented by the formu-
lae:

H;N—(R'O)—H
H
N-R'O¥%H

AN
N-+R'O%H
R/

wherein x is a number from 2 to about 15 and R and R’
are as described above.

Polyamine analogs of these hydroxy amines, particu-
larly alkoxylated alkylene polyamines (e.g., N,N-(die-
thanol)-ethylene diamine) can also be used in accor-
dance with the present invention. Such polyamines can
be made by reacting alkylene amines (e.g., ethylenedi-
amine) with one or more alkylene oxides (e.g, ethylene
oxide, octadecene oxide) of two to about 20 carbons.
Similar alkylene oxide-alkanol amine reaction products
can also be used such as the products made by reacting
the afore-described primary, secondary or tertiary alka-
nol amines with ethylene, propylene or higher epoxides
in a 1:1 or 1:2 molar ratio. Reactant ratios and tempera-
tures for carrying out such reactions are known to those
skilled in the art.

Specific examples of alkoxylated alkylene polyamines
include N-(2-hydroxyethyl)ethylene diamine, N,N-
bis(2-hydroxyethyl )-ethylene diamine, 1-2-hydroxye-
thyl)piperazine, mono(hydroxypropyl)-substituted di-
ethylene triamine, di(hydroxypropyl)-substituted tetra-
ethylene pentamine, N-(3-hydroxybutyl)-tetramethy-
lene diamine, etc. Higher homologs obtained by con-
densation of the above-illustrated hydroxy alkylene
polyamines through amino radicals or through hydroxy
radicals are likewise useful. Condensation through
amino radicals results in a higher amine accompanied by
removal of ammonia while condensation through the
hydroxy radicals results in products containing ether
linkages accompanied by removal of water. Mixtures of
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two or more of any of the aforedescribed mono- or
polyamines are also useful.

Particularly useful examples of N-(hydroxyl-sub-
stituted hydrocarbyl)amines include mono-, di-, and
triethanol amine, diethylethanol amine, di-(3-hydroxyl
propyl) amine, N-(3-hydroxy! butyl) amine, N-(4-
hydroxyl butyl) amine, N,N-di-(2-hydroxyl propy!)
amine, N-(2-hydroxyl ethyl) morpholine and its thio
analog, N-(2-hydroxyl ethyl) cyclohexyl amine, N-3-
hydroxyl cyclopentyl amine, 0-, m- and p-aminophenol,
N-(hydroxy! ethyl)piperazine, N,N'-di(hvdroxyl ethyl)
piperazine, and the like. Preferred hydroxy amines are
diethanolamine and triethanolamine.

Further amino -alcohols are the hydroxy-substituted
primary amines described in U.S. Pat. No. 3,576,743 by
the general formula

R,—NH»

where R, is a monovalent organic radical containing at
least one alcoholic hydroxy group, according to this
patent, the total number of carbon atoms in R, will not
exceed about 20. Hydroxy-substituted aliphatic primary
amines containing a total of up to about 10 carbon atoms
are particularly useful. Especially preferred are the
polyhydroxy-substituted alkanol primary amines
wherein there is only one amino group present (i.e, a
primary amino group) having one alkyl substituent con-
taining up to 10 carbon atoms and up to 6 hydroxyl

groups. These alkanol primary amines correspond to
= Rg—NHj wherein R, is a mono-O or polyhydroxy-sub-
* stituted alkyl group. It is desirable that at least one of

the hydroxyl groups be a primary alcoholic hydroxyl

" group. Trismethylolaminomethane is a particularly

preferable hydroxy-substituted primary amine. Specific
examples of the hydroxy-substituted primary amines

. include 2-amino-l-butanol, 2-amino-2-methyl-1-
.. propanol, p-(beta-hydroxyethyl)-analine, 2-amino-I-
"% propanol, 3-amino-l-propanol, 2-amino-2-methyl-1,3-

* propanediol, 2-amino-2-ethyl-1,3-propanediol, N-(beta-
" hydroxypropyl)-N'~(beta-aminoethyl)-piperazine, tris(-

hydroxymethyl)amino methane (also known as trisme-
thylolamino methane), 2-amino-l-butanol, ethanol-
amine, beta-(beta-hydroxy ethoxy)-ethyl amine, gluca-
mine, glusoamine, 4-amino-3-hydroxy-3-methyl-1-
butene (which can be prepared according to procedures
known in the art by reacting isopreneoxide with ammo-
nia), N-3-(aminopropyl)-4-(2-hydroxyethyl)-piperadine,
2-amino-6-methyl-6-heptanol, 5-amino-l-pentanol, N-
(beta-hydroxyethyl)-1,3-diamino propane, 1,3-diamino-
2-hydroxypropane, N-(beta-hydroxy ethoxyethyl)-
ethylenediamine, and the like. For further description of
the hydroxy-substituted primary amines contemplated
as being useful as amines and/or alcohols, U.S. Pat. No.
3,576,743 is incorporated herein by reference for its
disclosure of such amines.

The carboxylic derivative compositions produced by
reacting the acylating reagents of this invention with
alcohols are esters. Both acidic esters and neutral esters
are contemplated as being within the scope of this in-
vention. Acidic esters are those in which some of the
carboxylic acid functions in the acylating reagents are
not esterified but are present as free carboxyl groups.
Obviously, acid esters are easily prepared by using an
amount of alcohol insufficient to esterify all of the car-
boxyl groups in the acylating reagents of this invention.

The acylating agents of this invention are reacted
with the alcohols according to conventional esterifica-
tion techniques. It normally involves heating the acylat-
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ing agent of this invention with the alcohol, optionally
in the presence of a normally liquid, substantially inert,
organic liquid solvent/diluent and/or in the presence of
esterification catalyst. Temperatures of at least about
100° C. up to the decomposition point are used (the
decomposition point having been defined hereinbefore).
This temperature is usually within the range of about
100° C. up to about 300° C. with temperature of about
140° C. often being employed. Usually, at least about
one-half equivalent of alcohol is used for each equiva-
lent of acylating agent. An equivalent of acylating rea-
gent is the same as discussed above with respect to
reaction with amines. An equivalent of alcohol is its
molecular weight divided by the total number of hy-
droxyl groups present in the molecule. Thus, an equiva-
lent weight of ethanol is its molecular weight while the
equivalent weight of ethylene glycol is one-half its mo-
lecular weight. The amino-alcohols have equivalent
weights equal to the molecular weight divided by the
total number of hydroxy groups and nitrogen atoms
present in each molecule.

Many issued patents disclose procedures for reacting
high molecular weight carboxylic acid acylating agents
with alcohols to produce acidic esters and neutral es-
ters. These same techniques are applicable to preparing
esters from the acylating agents of this invention and
the alcohols described above. All that is required is that
the acylating agents of this invention are substituted for
the high molecular weight carboxylic acid acylating
reagents discussed in these patents, usually on an equiv-
alent weight basis. The following U.S. Patents are ex-
pressly incorporated herein by reference for their dis-
closure of suitable methods for reacting the acylating
reagents of this invention with the alcohols described
above: U.S. Pat. Nos. 3,331,776; 3,381,022; 3,522,179;
3,542,680; 3,697,428; 3,755,169.

Suitable substantially inert, organic liquid solvents or
diluents may be used in the reaction processes of the
present invention and include such relatively low boil-
ing liquids as hexane, heptane, benzene, toluene, xylene,
etc., as well as high boiling materials such as solvent
neutral oils, bright stocks, and various types of synthetic
and natural lubricating oil base stocks. Factors govern-
ing the choice and use of such materials are well known
to those of skill in the art. Normally such diluents will
be used to facilitate heat control, handling, filtration,
etc. It is often desirable to select diluents which will be
compatible with the other materials, which are to be
present in the environment where the product is in-
tended to be used.

As used in the specification and appended claims, the
term “‘substantially inert” when used to refer to sol-
vents, diluents, and the like, is intended to mean that the
solvent, diluent, etc., is inert to chemical or physical
change under the conditions in which it is used so as not
to materially interfere in an adverse manner with the
preparation, storage, blending and/or functioning of the
compositions, additives, compounds, etc., of this inven-
tion in the context of its intended use. For example,
small amounts of a solvent, diluent, etc., can undergo
minimal reaction or degradation without preventing the
making and using of the invention as described herein.
In other words, such reaction or degradation, while
technically discernible, would not be sufficient to deter
the practical worker of ordinary skill in the art from
making and using the invention for its intended pur-
poses. “Substantially inert” as used herein is, thus,
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readily understood and appreciated by those of ordi-
nary skill in the art.

As previously described, substantially inert organic
liquid solvents or diluents may be used in this reaction.
The compositions of this invention can be recovered
from such solvent/diluents by such standard proce-
dures as distillation, evaporation, and the like, when
desired. Alternatively, if the solvent/diluent is, for ex-
ample, a base suitable for use in a functional fluid, the
product can be left in the solvent/diluent and used to
form the lubricating, fuel or functional fluid composi-
tion as described below. The reaction mixture can be
purified by conventional means (e.g, filtration, centrifu-
gation, etc.), if desired.

The aforesaid invention is illustrated by the following
specific examples. In these examples, as well as else-
where in the specification and appended claims, all
percentages and parts are by weight (unless otherwise
stated expressly to the contrary) and the molecular
weights are number average molecular weights (Mn) as
determined by gel permeation chromatography (GPC).

EXAMPLE 1

A mixture of 660 parts of n-hexane and 25 parts of
aluminum chloride is cooled to —20° C. To this mixture
is added a mixture cooled to —15° C. of 1090 parts of
isobutylene and 1090 parts of a commercial Cy¢-1g alpha-
olefin available from Gulf OQil Company. The solutionis
added slowly over a two-hour period and the reaction
mixture is maintained at — 10° C. After the addition is
complete the reaction mixture is held at —10° C. for
two hours and then allowed to warm up to room tem-
perature. At room temperature 40 parts of aqueous
ammonium hydroxide solution is added to the reaction
mixture and then stirred for two hours. The reaction
mixture is filtered through diatomaceous earth and the
filter pad is washed with toluene. The filtrate is stripped

© at 250° C. under vacuum to yield the residue as the

desired polymer product (n;,;=0.064 (0.5 grams/100
ml. CCly, 30° C.). :

EXAMPLE 2

A mixture of 1600 parts of the polymer prepared in
Example 1 and 153 of maleic anhydride is heated to 195°
C. At 195° to 205° C., 119 parts of chlorine is bubbled
into the reaction mixture over a 7.5-hour period. The
reaction is then blown with nitrogen for 1.5 hours at
200° C. The residue is the desired acylating agent
(ASTM D-94 saponification number=156).

EXAMPLE 3

A mixture of 700 parts (0.7 equivalent) of the acylat-
ing agent prepared in Example 2,175 parts of xylene and
56 parts (1.3 equivalents) of a commercially available
mixture of ethylene polyamines containing about 34%
nitrogen, having an average of 3-10 nitrogen atoms per
molecule is heated at reflux for seven hours. During the
reflux period 11 parts of water is removed from the
reaction mixture by the use of a Dean-Stark trap. Min-
eral oil (492 parts) is added and the mixture is filtered to
yield an oil-containing solution of the desired acylated
nitrogen product.

EXAMPLE 4

A mixture of 1336 parts of methylene chloride and 40
parts of aluminum chloride is cooled to —10° C. To this
mixture is added a solution cooled to —10° C. of 1000
parts of isobutylene and 1000 parts of a commercial
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Cie-18 alpha-olefin available from Gulf Oil Company.
The solution is added slowly over a two-hour period
and the reaction mixture is maintained at -—10to 5° C.
After the addition is complete, 60 parts of aqueous am-
monium hydroxide solution is added to the reaction
mixture and then aliowed to warm up to room tempera-
ture. The reaction mixture is filtered through diatoma-
ceous earth and the filter pad is washed with methylene
chloride. The filtrate is stripped at 220° C. under vac-
uum to yield the residue as the desired polymer product
(n;np=0.126).

EXAMPLE 5

A mixture of 1390 parts of the polymer prepared in
Example 4 and 120 parts of maleic anhydride is heated
to 195° C. At 195°-205° C., 96 parts of chlorine is bubbled
into the reaction mixture over a 7.5-hour period.
The reaction mixture is blown with nitrogen for two
hours at 190° C. to remove unreacted maleic anhydride.
The residue is the desired acylating agent (ASTM D-94
saponification number=71.4).

EXAMPLE 6

A mixture of 1250 parts (1.6 equivalents) of the acyl-
ating agent prepared in Example 5, 104 parts of a com-
mercially available mixture of ethylene polyamines
containing about =% nitrogen and having an average
of 3-10 nitrogen atoms per molecule, and 200 parts of
xylene is heated at reflux for seven hours. During the
reflux period 17 parts of water are removed from the
reaction mixture by the use of a Dean-Stark trap. To the
reaction mixture is added 888 parts of mineral oil and it
is filtered to yield an oil solution of the desired acylated
nitrogen compound.

EXAMPLE 7

A mixture of 630 parts of commercial Cisp4 olefins
available from Ethyl Corporation, 660 parts of n-
heptane and 10 parts of aluminum choloride is cooled
to 0° C. by means of a dry ice-acetone bath. At 0-5°C,,
1260 parts of gaseous isobutylene is bubbled into the
reaction mixture. During the isobutylene addition,
three additional two-gram portions of aluminum chlo-
ride are added. After the addition is complete, 20 ml. of
methanol, followed by 30 ml. of ammonium hydroxide
is added. The reaction mixture is stirred for two hours,
then filtered and stripped to 250° C. under vacuum to

-yield the desired polymer (ny,,=0.067).

EXAMPLE 8

At 205° C. and over a 2.5-hour period, 85 parts of
chlorine is bubbled into the mixture of 1084 parts of the
polymer prepared in Example 7 and 106 parts of maleic
anhydride. The reaction mixture is then stirred at 205°
C. for 3.5 hours, followed by nitrogen blowing for 1.5
hours at 205° C. to remove HCl and other volatiles. The
residue is the desired acylating agent (ASTM D-%4
saponification number =88).

EXAMPLE 9

A mixture 891 parts (1.4 equivalents) of the acylation
agent prepared in Example 8 and 95.4 parts of penta-
erythritol is heated at 210° C. for 7.5 hours with water
being removed continuously by nitrogen blowing. To
the reaction mixture is added 787 parts of mineral oil
and it is then filtered to yield an oil-containing solution
of the desired ester product.
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EXAMPLE 10

A mixture of 900 parts of a commercial Cj¢.13 alpha-
olefin available from Gulf Oil Company and 100 parts
of styrene is added to a mixture of 20 parts of aluminum
chloride and 198 parts of n-hexane at 20° C. The reac-
tion mixture is maintained at 20° C. during this addition
and then allowed to stir for one hour after the addition
is complete. To the reaction mixture is added 30 parts
ammonium hydroxide. The reaction mixture is filtered
and stripped of solvents. The desired copolymer is ob-
tained by distilling the reaction mixture at 240° C. and
0.05 ml. of mercury. The desired polymer has an inher-
ent viscosity equal to 0.052.

EXAMPLE 11

At 195°-205° C., 38 parts of chiorine is bubbled into
the mixture of 440 parts of the polymer prepared in
Example 10 and 43 parts of maleic anhydride over a
seven-hour period. The reaction mixture is then blown
with nitrogen at 195° C. for two hours. The residue is
the desired acylating agent.

EXAMPLE 12

A mixture of 412 parts (0.34 equivalent) of the acylat-
ing agent prepared in Example 11, 100 parts of xylene
and 35 parts (0.81 equivalent) of a commercially avail-
able mixture of ethylene polyamine containing about
32% nitrogen and having an average of 3-10 nitrogen
atoms per molecule is heated at reflux for eight hours.
The reaction mixture is stripped to 175°C., then 294

- parts of mineral oil is added. The reaction mixture is

filtered to yield the desired product as an oil-containing
solution of the desired acylated nitrogen product.

EXAMPLE 13
A mixture of 600 parts of commercial Cig.2¢ olefin

available from Ethyl Corporation and 660 parts of n-
" heptane is cooled to 0° C. in a dry ice-acetone bath. To

the mixture is added 19 parts of aluminum chloride,
followed by the addition of 1200 parts of gaseous isobu-
tylene. After the addition is complete the reaction mix-
ture is stirred for eight hours at 0°-5° C. Then eight
parts of methanol and 30 parts of aqueous ammonium
hydroxide are added and the reaction mixture is stirred
for two hours. The reaction mixture is filtered through
diatomaceous earth and then stripped to 280° C. under
vacuum to yield the desired polymer (n;,,=0.066).

EXAMPLE 14

A mixture of 993 parts of the polymer prepared in
Example 13 and 98 parts of maleic anhydride is heated
to 190° C. At 200°-205° C., 71 parts of chlorine is bub-
bled into the reaction mixture over a seven-hour period.
The reaction mixture is then blown with nitrogen for
one hour at 200° C. The residue is the desired acylating
agent having an ASTM D-94 saponification number of
78.

EXAMPLE 15

A mixture of 998 parts (1.38 equivalents) of the acyl-
ating agent prepared in Example 14 and 123 parts of
pentaerythritol is heated at 210° C. for 7.5 hours with
water being removed continuously by nitrogen blow-
ing. To the reaction mixture is added 890 parts of min-
eral oil and itr is then filtered to yield and oil-containing
solution of the desired ester product.
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EXAMPLE 16

A mixture of 1500 parts of the ester product prepared
in Example 15, 14 parts of a commercially available
mixture of ethylene polyamine containing about 32%
nitrogen and having an average of three to ten nitrogen
atoms per molecule, and 200 parts of xylene is heated at
reflux for ten hours. The reaction mixture is filtered to
yield the desired ester-amide product.

EXAMPLE 17

At 120° C., 268 parts of di-t-butyl peroxide is added
slowly to 5357 parts of commercially available Cjs.13
alpha-olefin. The reaction mixture is maintained at 130°
C. for 24 hours. The reaction mixture is then stripped at
205° C. under vacuum to yield the desired polymer
(n»4=0.085).

EXAMPLE 18

A mixture of 1000 parts of the polymern prepared in
Example 17, 500 parts of polybutene (Mn=1000) pre-
pared according to conventional procedures using alu-
minum chloride catalyst and 98 parts of maleic anhy-
dride is heated at 210°-240° C. for 16 hours. During the
last two hours of the heating period unreacted maleic
anhydride is removed by nitrogen blowing. The residue
is the desired acylating agent.

EXAMPLE 19

A mixture of 500 parts of the polymer prepared in
Example 17, 400 parts of polypropylene (Mn=_830)
which is commercially available from Amoco Chemi-
cals Corporation under the name AMOPOL C-60 and
75 parts of maleic anhydride are reacted according to
the procedure described in Example 18.

EXAMPLE 20

The procedure for Example 3 is repeated except the
acylating agent prepared in Example 2 is replaced on an
equal weight basis by the acylating agent prepared in
Example 18.

EXAMPLE 21

The procedure for Example 9 is repeated except the
acylating agent prepared in Example 8 is replaced on an
equal weight basis by the acylating agent prepared in
Example 20.

EXAMPLE 22

A mixture of 1200 parts of the ester prepared in Ex-
ample 15, 19 parts of aminopropyl morpholine and 175
of xylene is heated at reflux for eight hours. A Dean-
Stark trap is used to remove water during the reflux
period. The reaction mixture is then stripped of solvent
and filtered to yield the desired product.

EXAMPLE 23

A mixture of 900 parts (0.9 equivalent) of the acylat-
ing agent prepared in Example 2, 175 parts of xylene
and 46 parts of N,N-dimethylaminopropyl amine is
heated at reflux for seven hours. During the reflux per-
iod water is removed from the reaction mixture by the
use of a Dean-Stark trap. To the reaction mixture is
added 640 parts of mineral oil, then filtered to yield an
oil-containing solution of the desired acylated nitrogen
product.
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EXAMPLE 24

A mixture of 670 parts of methylene choloride and 20
parts of aluminum broniide is cooled to ~—5° C. To this
mixture is added dropwise over a period of six hours a
mixture of 100 parts of Cg alpha-olefin, 100 parts of Ci2
alpha-olefin, 100 parts of Ci4 alpha-olefin, 100 parts of
Ci6 alpha-olefin, and 100 parts of Cyg alpha-olefin. The
reaction mixture is then warmed to room temperature
and stirred for 18 hours. The catalyst is then destroyed
by the addition of 50 parts of isopropanol, then diluted
with 600 parts of toluene and filtered. The filtrate is
washed four times with water, one time with 10% so-
dium hydroxide solution and one more time with water;
then dried over sodium sulfate; fitered and stripped to
240° C. under vacuum to yield the desired polymer
(n;z1=0.075).

EXAMPLE 25

The procedure for Example 2 is repeated except the
polymer prepared in Example 1 is replaced on an equal
weight basis by the polymer prepared in Example 24.

EXAMPLE 26

The procedure for Example 3 is repeated except the
acylatingagent prepared in Example 2 is then replaced
on an equivalent basis by the acylating agent prepared
in Example 25.

EXAMPLE 27

A mixture of 1719 parts of the chloride of the poly-
mer product of Example 1, prepared by the addition of
119 parts of gaseous chlorine to 1600 parts of the poly-
mer prepared in Example 1 at 80° C. in two hours, and
153 parts of maleic anhydride is heated to 200° C. in 0.5
hour. The reaction mixture is held at 200°-225° C. for
six hours, stripped at 210° C. under vacuum and filtered.
The filtrate is the desired polymer substituted succinic
acylating agent.

EXAMPLE 28

The procedure for Example 3 is repeated except the
acylating agent prepared in Example 2 is replaced on an
equivalent basis by the acylating agent prepared in Ex-
ample 27.

EXAMPLE 29

A mixture of 1000 parts of n-hexane and 190 parts of
aluminum chloride is cooled to a temperature of —5° to
—10° C. 6390 parts of a commercial Cjs.1g alpha-olefin
is added dropwise to the mixture over a period of four
to six hours. The mixture is maintained at a temperature
of —5°to —10° C. for one hour with stirring. 170 parts
of an aqueous solution of sodium hydroxide is added
dropwise to the mixture to deactivate the catalyst. The
mixture is filtered. The filtrate is stripped to yield the
residue as the desired polymer product (njr,=0.060 (1.0
grams/100 ml. CCly, 30° C.)).

EXAMPLE 30

A mixture of 4862 parts of the polymer prepared in
Example 29 and 292 parts of maleic anhydride is heated
to 180° C. At 180° C. to 200° C., chlorine is bubbled into
the mixture over an eight-hour period. The mixture is
then blown with nitrogen for one hour at 180° C. The
residue is the desired acylating agent.
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EXAMPLE 31

A mixture of 4352 parts of the acylating agent pre-
pared in Example 30 and 1088 parts of diluent oil are
heated to 160° C. 92.2 parts aminopropylmorpholine
and 33.0 parts diethylenetetramine are premixed and
then added to the reaction mixture dropwise under a
thin stream of nitrogen. The mixture is maintained at
160° to 170° C. for a total of two hours including the
period provided for amine addition. The mixture is
filtered and the filtrate is the desired product.

EXAMPLE 32

A mixture of 2175 parts methylene chloride and 90
parts aluminum chloride is cooled to —5° C. A mixture
of 3000 parts of a commercial I-dodecene available from
Gulf Oil Company, 31.2 parts t-butyl chloride and 2175
parts methylene chloride is premixed and added drop-
wise to the mixture of methylene chloride and alumi-
num chloride over a period of five hours. After the
addition is complete, the reaction mixture is maintained
at —5° C. for one hour. 100 parts sodium hydroxide is
added to the reaction mixture dropwise to deactivate
the catalyst. The reaction mixture is filtered and
stripped. The residue is the desired polymer product
(ninp=0.18(0.5 grams/100 ml. CClg, 30° C.)).

EXAMPLE 33

A mixture of 1700 parts of the polymer prepared in
Example 32 and 55 parts of maleic anhydride is heated
to 170° C. At 170° to 190° C., chlorine is bubbled into
the reaction mixture over a period of nine hours. The
reaction mixture is then blown with nitrogen for one
hour at 190° C. The residue is the desired acylating
agent.

EXAMPLE 34

A mixture of 975 parts of the acylating agent pre-
pared in Example 33 and 1218 parts of diluent oil are
heated to 160° C. A mixture of 20.5 parts aminopropyl-
morpholine and 10.7 parts of pentaethylenehexamine is
premixed and added to the reaction mixture over a
period of 30 minutes under a thin stream of nitrogen.
After addition of the amines, the reaction mixture is
heated at 160° C. for one hour under a thin stream of
nitrogen. The reaction mixture is filtered. The filtrate is
the desired product.

EXAMPLE 35

At 120° C., 268 parts of di-t-butyl peroxide is added to
5357 parts of a commercially available Cys.1g alpha-ole-
fin. The reaction mixture is maintained at 130° C. for 24
hours. The reaction mixture is then stripped at 205° C.
under vacuum to yield the desired polymer
(miny=0.085).

EXAMPLE 36

A mixture of 1329 parts of an acylating agent made
from a 1:1 molar ratio of maleic anhydride and a com-
mercial Cjg.24 alpha-olefin available from Ethyl Corpo-
ration, 220 parts xylene and 363 parts of trishydroxy-
methylaminomethane is heated to 135° C. and main-
tained at that temperature for four hours. The reaction
mixture is heated to 180° C. for one-half hour during
which time 85 parts of water are removed. The reaction
mixture is stripped at 165°-180° C. and 22-32 mm Hg. to
remove the xylene and about six parts of water. The



http://ww. Pat ent Gopher.com

4,565,550

43

reaction mixture is filtered using diatomaceous earth to
yield the desired product.

EXAMPLE 37

A mixture of 788 parts of an acylating agent made
from a 1:1 molar ratio of maleic anhydride and a2 com-
mercial Cjg.24 alpha-olefin available from Ethyl Corpo-
ration, and 33 parts kerosene is heated to 25° C. 210
parts of diethanolamine is added to the reaction mixture
at 25° C. to 61° C,, the addition being exothermic. The
reaction mixture is heated to 150° C. over a five-hour
period while removing water, and then held at 150° C.
for six hours until the acid number drops below 40. A
nitrogen sparge is used to maintain reflux. The reaction
mixture is filtered in diatomaceous earth to obtain the
desired product.

EXAMPLE 38

A mixture of 863 parts of an acylating agent prepared
from a 1:1 molar ratio of maleic anhydride and a
commercial Cises alpha-olefin available from Ethyl
Corporation, and 863 parts of an aromatic solvent are
heated to 25° C. 210 parts of diethanolamine is added to
the reaction mixture, the addition being exothermic.
The reaction mixture is heated to 150° C. and main-
tained at that temperature until the acid number drops
to 30. A nitrogen sparge is used to maintain reflux. The
reaction mixture is filtered with diatomaceous earth to
obtain the desired product.

EXAMPLE 39

A mixture of 5365 parts of a commercial Cj¢.18 alpha-

- olefin available from Gulf Qil Company and 108 parts

of di-t-butyl peroxide is heated to 130° C. for 4 hours. 54
parts of di-t-butyl peroxide are added to the reaction
mixture which is maintained at 130° C. 54 part samples

of di-t-buty! peroxide are added to the reaction mixture

seven more times at two-hour intervals between each

_ .. addition. The reaction mixture is heated to 150 C. for

one hour. The resulting product is a polymer of Cj6-18
alpha-olefins (n;z;=0.063 (0.5 grams/100 ml. CCla, 30°
C).

EXAMPLE 40

A mixture of 1800 parts of the polymer prepared in
Example 39 and 211 parts of maleic anhydride is heated
to 190° C. The reaction mixture is maintained at
190°-235° C. for 20 hours. The reaction mixture is
blown with nitrogen at 230° C. to remove unreacted
maleic anhydride.

EXAMPLE 41

A mixture of 4800 parts of polyisobutylene with a
number average molecular weight of 300 and 1568 parts
of maleic anhydride are heated at 220° C. to 240° C. for
30 hours. The reaction mixture is vacuum distilled at
300°-320° C. and 0.4-0.7 mm. Hg. to yield the desired
product.

EXAMPLE 42

A mixture of 800 parts of the product of Example 40,
89 parts of the product of Example 41, 92.4 parts of
ethylene polyamine with a nitrogen content of 32.2%,
and 264 parts xylene are heated at the reflux of xylene
for 5 hours. Xylene is gradually removed until the te-
merature reaches 170° C. The temperature is maintained
at 170° C. for two hours. The mixture is diluted with
toluene. A solvent refined 100 neutral oil is added and
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the mixture is filtered to yield an oil-containing solution
of 60% of the desired nitrogen-containing product.

The normally liquid fuel compositions of this inven-
tion are generally derived from petroleum sources, e.g.,
normally liquid petroleum distillate fuels, though they
may include those produced synthetically by the Fisch-
er-Tropsch and related processes, the processing of
organic waste material or the processing of coal, lignite
or shale rock. Such fuel compositions have varying
boiling ranges, viscosities, cloud and pour points, etc.,
according to their end use as is well known to those of
skill in the art. Among such fuels are those commonly
known as diesel fuels, distillate fuels, heating oils, resid-
ual fuels, bunker fuels etc., which are collectively re-
ferred to herein as fuel oils. The properties of such fuels
are well known to skilled artisans as illustrated, for
example, by ASTM Specifications D #396-73, available
from the American Society for Testing Materials, 1916
Race Street, Philadelphia, Pa. 19103.

The fuel compositions of the invention may be pre-
pared by merely dispersing components (A) and (B) in
an appropriate fuel oil at the desired level of concentra-
tion. Generally, depending on the fuel oil used, such
dissolution may require mixing and some heating. Mix-
ing may be accomplished by any of the many commeri-
cal methods, ordinary tank stirrers being adequate.
Heating is not absolutely necessary, but mild heating,
e.g., at 25°-95° C., greatly accelerates dispersion. The
ratio of component (A) to component (B) is generally in
the range of about 10:1 to about 1:10, preferably about
10:1 to about 1:1, and most preferably about 2:1 to about
1:1. The level of addition of component (A) in such fuel
oil compositions is generally in the range of about 25 to
about 1500 parts per million, preferably about 25 to
about 1000 parts per million. The level of addition of
component (B) is such so as to be within the above-
indicated ratio ranges of addition components (A) to
(B). When mixtures of components (A)(i) and (A)(ii) are
used, the total amount of component (A) is within the
above-indicated ratios and levels of addition. If such
mixtures are employed, the ratio of (A)({) to (A)(ii) is in
the range of about 10:1 to about 1:10.

Alternatively, components (A) and (B) may be
blended with suitable solvents to form concentrates that
can be readily dissolved in the appropriate fuel compo-
sitions at the desired concentrations. Practical consider-
ations involved in handing such as flash point must be
considered in selecting the solvent. Since the concen-
trates may be subjected to cold temperatures, flow at
these low temperatures is also a necessary consider-
ation. Flow characteristics are dependent upon the
particular components (A) and (B) and their concentra-
tion. Substantially inert normally liquid organic diluents
such as mineral oil, naphtha, benzene, toluene, xylene or
mixtures thereof are preferred for forming such additive
concentrates. These concentrates usually contain about
10% to about 90% by weight, preferably about 10% to
about 50% by weight of the composition of this inven-
tion and may contain, in addition, one or more other
additives known in the art.

As indicated previously, the compositions of the pres-
ent invention are particularly suitable for imparting
pour point depressant and wax crystallization dispersion
or suspension properties to fuel oils. Accordingly, the
compositions of the invention extend the versatility of
such fuel oils at lower service temperatures. The pour
point depressant and wax suspension additives of the
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invention are particularly useful in heating oils and
diesel fuels.

To illustrate the usefulness of the products of the
invention as pour point depressants and wax suspension
agents the products of Examples 36 and 38 were com-
bined with a commerically available ethylene vinyl
acetate copolymer solution (EVA) and mixed in a com-
merical fuel oil. The resulting fuel oil compositions
were subjected to cold filter plugging point (CFPP)
tests using “Cold Filter Plugging Point of Distillate
Fuels™ test No. IP 309/76 and to pour point depression
tests using ASTM D 97-66. The EV A that was used was
a commerically available ethylene vinyl acetate copoly-
mer solution containing 42% by weight aromatic sol-
vent and 58% copolymer. The copolymer had a vinyl
acetate content of 36% by weight, a number average
molecular weight of 2200 and approximately five
methyl groups per 100 methylene groups. The base fuel
that was used was No. 2 fuel oil supplied by Mobil Oil
Company of France. Storage was for seven days at 0°
C. (2° C. below the cloud point). Sample (1) contained
no additive. Each of Samples (2), (3) and (4) contained
500 parts per million of the ethylene vinyl acetate co-
polymer solution, and the indicated levels of addition of
the products of Examples 36 or 38. The results of these
tests are indicated in Table I below.

In Table I the data under the column headings “Ini-
tial” are test data taken on samples before storage. The
data under the column headings “Top 33% v” are test
data taken after the seven day storage of the test sam-
ples taken from the top 33% by volume of the storage
container. The data under the column headings “Btm
339% v” are test data taken after the seven day storage
period of test samples taken from the bottom 33% by
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These patents are expressly incorporated herein by
reference for their disclosure of suitable esters and
methods for their preparation. v

In still another embodiment of this invention, the
inventive additives are combined with Mannich con-
densation formed from substituted phenols, aldehydes,
polyamines, and substituted pyridines. Such condensa-
tion products are described in U.S. Pat. Nos. 3,649,659;
3,558,743; 3,539,633; 3,704,308; and 3,725,277, which
are incorporated herein by reference for their disclosure
of the preparation of the Mannich condensation prod-
ucts and their use in fuels.

While the invention has been explained in relation to
its preferred embodiments, it is to be understood that
various modifications thereof will become apparent to
those skilled in the art upon reading this specification.
Therefore, it is to be understood that the invention
disclosed herein is intended to cover such modifications
as fall within the scope of the appended claims.

We claim:

1. A composition comprising a major amount of a
normally liquid fuel and a minor amount of:

(A) a first component selected from the group con-

sisting of:

(i) an oil-soluble ethylene backbone polymer hav-
ing a number average molecular weight in the
range of about 500 to about 50,000;

(ii) 2 hydrocarbyl-substituted phenol of the formula

(R*)y—Ar—(OH), M

wherein R* is a hydrocarbyl group selected from
the group consisting of hydrocarbyl groups of
from about 8 to about 30 carbon atoms and poly-
mers of at least 30 carbon atoms, Ar is an aro-

volume of the storage container. - 35
TABLE I
Level of CFPP Result*, (°C.) Pour Point**, (°C.)
Addition EVA Top Btm Top Btm
Sample  Additive (PPM) (PPM) Initial 33% v 33% v Initial 33% v 33%v
63} None None None 0 —1 +3 -6 —6 —6
) Product of 240 500 —10 -7 -7 -19 -25 -19
Example 36
(3) Product of 320 500 -7 . —6 —6 —-17 —16 —-19
Example 38
4) Product of 240 500 -8 -7 —6 —-22 -19 =22
Example 38

*Cold filter plugging point in °C. using 1P 309/76.
**Pour point in °C. using ASTM D97-66.

The fuel compositions of this invention can contain,
in addition to the products of this invention, other addi-
tives which are well known to those of skill in the art.
These can include cetane improvers, anti-oxidants such
as 2,6-di-tertiary-butyl-4-methylphenol, rust inhibitors,
such as alkylated succinic acids and anhydrides, bacte-
riostatic agents, gum inhibitors, metal deactivators, and
the like.

In one embodiment of the present invention, the
afore-described compositions are combined with ashless
dispersants for use in fuels. Such ashless dispersants are
preferably esters of a mono-or polyol and a high molec-
ular weight mono-or polycarboxylic acid acylating
agent containing at least 30 carbon atoms in the acyl
moiety. Such esters are well kownn to thoses of skill in
the art. See, for example, French Pat. No. 1,396,645;
British Pat. Nos. 981,850 and 1,055,337; and U.S. Pat.
Nos. 3,255,108; 3,311,558; 3,331,776; 3,346,354;
3,579,450; 3,542,680; 3,381,022; 3,639,242; 3,697,428
3,708,522; and British Patent Specification 1,306,529.
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matic moiety having 0 to 4 optional substituents
selected from the group consisting of lower al-
kyl, lower alkoxyl, nitro, halo or combinations of
two or more of said optional substituents, and a
and b are each independently an integer of 1 up
to 5 times the number of aromatic nuclei present
in Ar with the proviso that the sum of a and b
does not exceed the unsatisfied valences of Ar;
(iii) mixtures of (i) and (ii); and
(B) as a second component, the oil-soluble reaction
product of (B) (I) a hydrocarbyl-substituted car-
boxylic acylating agent with (B) (I} one or more
amines, one or more alcohols, or a mixture of one
or more amines and/or one or more alcohols, the
hydrocarbyl! substituent of said agent (B) (I) being
selected from the group consisting of
(i) one or more mono-olefins of from about 8 to
about 30 carbon atoms;
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(ii") mixtures of one or more mono-olefins of from
about 8 to about 30 carbon atoms with one or
more olefin polymers of at least 30 carbon atoms
selected from the group consisting of polymers
of mono-l-olefins of from 2 to 8 carbon atoms, or
the chlorinated or brominated analogs of such
polymers; and

(iii") one or more olefin polymers of at least 30
carbon atoms selected from the group consisting
of

(a) polymers of mono-olefins of from about 8 to
about 30 carbon atoms;

(b) interpolymers of mono-l-olefins of from 2 to
8 carbon atoms with mono-olefins of from
about 8 to about 30 carbon atoms;

(c) one or more mixtures of homopolymers and-
/or interpolymers of mono-l-olefins of from 2
to 8 carbon atoms with homopolymers and/or
interpolymers of mono-olefins of from about 8
to about 30 carbon atoms; and

(d) chlorinated or brominated analogs of (a), (b),
or (c).

2. The composition of claim 1 wherein the hydro-
carbyl substituent of (B) (I) is one or more homopoly-
mer and/or interpolymer of mono-olefins of from about
12 to about 30 carbon atoms.

3. The composition of claim 1 wherein the hydro-

* carbyl substituent of (B) (I) is one or more homopoly-
%+ mer and/or interpolymer of mono-olefins of from 18 to

24 carbon atoms.
4. The composition of claim 1 wherein the hydro-

“ carbyl substituent of (B) (I) is one or more homopoly-

mer and/or interpolymer of mono-olefins of from 15 to
18 carbon atoms.

5. The composition of claim 1 wherein the hydro-
carbyl substituent of (B) (I) is one or more mono-l-ole-

- fins of from about § to about 30 carbon atoms.

6. The composition of claim 1 wherein the hydro-
carbyl substituent of (B) (I) is one or more polymers of

mono-l-olefins of from about 8 to about 30 carbon

atoms.

7. The composition of claim 1 wherein the hydro-
carbyl substituent of (B) (I) is one or more mono-olefins
of from 18 to 24 carbon atoms.

8. The composition of claim 1 wherein the hydro-
carbyl substituent of (B) (I) is one or more mono-olefins
of from 15 to 18 carbon atoms.

9. The composition of claim 1 wherein the hydro-
carby! substituent of (B) (I) is one or more polymers of
mono-l-olefins of from 15 to 18 carbon atoms.

10. The composition of claim 1 wherein the hydro-
carbyl substituent of (B) (I) is one or more polymers of
mono-l-olefins of from 18 to 24 carbon atoms.

11. The composition of claim 1 wherein the mono-
olefins of (i’) or (ii') are selected from the group consist-
ing of the following alpha-olefin fractions: C;s.15 alpha-
olefins; Ci2.1¢ alpha-olefins; C14.1¢ alpha-olefins; Ci4.18
alpha-olefins; Cj¢.13 alpha-olefins; Ci6-20 alpha-olefins;
Ca22.28 alpha-olefins; and C3p+alpha-olefins.

12. The composition of claim 1 wherein the olefin
polymers of (ii") or (iii") are polymers of mono-olefins
selected from the group consisting of the following
alpha-olefin mixtures: Cys.15 alpha-olefins; Cj2-16 alpha-
olefins; Ci4.1¢ alpha-olefins; C14-18 alpha-olefins; Cig.18
alpha-olefins; Ci6.20 alpha-olefins; and C22-28 alpha-olefins;
and Cjptalpha olefins.
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13. The composition of claim 1 wherein the mono-i-
olefins of (ii’) or (iii") are sélected from the group con-
sisting of ethylene, propylene, 1-butene and isobutylene.

14. The composition of claim 1 wherein the mono-l-
olefin of (ii") or (iii") is isobutylene.

15. The composition of claim 1 wherein the hydro-
carbyl substituent of (B) (I) is formed from one or a
mixture of more than one olefins selected from the
group consisting of Ca, C3, C4, Cs, Cg, C7and Cg mono-
l-olefins polymerized with one or a mixture of more
than one olefins selected from the group consisting of
Cs, Cy, Ci0, C11, Ci12, C13, Ci4, Ci15, C16, C17, Ci3, Ci,
Ca0, Ca1, C22, Ca3, Ca4, Cas, Ca6, Ca7, C8, Ca9 and Csp
mono-olefins.

16. The composition of claim 1 wherein the hydro-
carbyl substituent of (B) (I) has an average of from 30 to
about 3500 carbon atoms.

17. The composition of claim 1 wherein the hydro-
carbyl substituent of (B) (I) has an average of from
about 50 to about 700 carbon atoms.

18. The composition of claim 1 wherein the hydro-
carbyl substituent of (B) (I) has a number average mo-
lecular weight in the range of about 420 to about 20,000.

19. The composition of claim 1 wherein the hydro-
carbyl substituent of (B) (I) has a weight average molec-
ular weight in the range of about 420 to about 100,000.

20. The composition of claim 1 the hydrocarbyl sub-
stituent of (B) (I) has an inherent viscosity in the range
of about 0.03 to about 1.5 deciliters per gram.

21. The composition of claim 1 wherein said acylating
agent (B) (I) is derived one or more alpha- beta olefini-
cally unsaturated carboxylic reagents containing two to
about 20 carbon atoms exclusive of the carboxyl-based
groups.

22. The composition of claim 21 wherein said carbox-
ylic reagent is monobasic.

23. The composition of claim 21 wherein said carbox-
ylic reagent is polybasic.

24. The composition of claim 21 wherein said carbox-
ylic reagent is represented by the formula

R—-CH=?—-COOH
Ry

wherein R is hydrogen or a saturated aliphatic or heter-
ocyclic group, R is hydrogen or a lower alkyl group
and the total number of carbon atoms in R and R does
not exceed 18 carbon atoms.

25. The composition of claim 21 wherein said carbox-
ylic reagent is a dibasic carboxylic acid or a derivative
of such dibasic carboxylic acid.

26. The composition of claim 21 wherein said carbox-
ylic reagent is a mono-, di-, tri- or tetracarboxylic acid,
or a derivative of such acid selected from the group
consisting of anhydride, ester, acylated nitrogen, acid
halide, nitrile, ammonium salt and metal salts.

27. The composition of claim 21 wherein said carbox-
ylic reagent is selected from the group consisting of
acrylic acid, methacrylic acid, fumaric acid, maleic
acid, lower alkyl esters of such acids, maleic anhydride,
and mixtures of two or more of any of these.

28. The composition of claim 21 wherein said carbox-
ylic reagent is maleic anhydride.

29. The composition of claim 1 wherein component
(B) (I1) is a monoamine or a polyamine.
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30. The composition of claim 1 wherein component
(B) (I) comprises at least one amine characterized by the
presence within its structure of at least one

/\

group.

31. The composition of claim 1 wherein component
(B) (1) is hydrazine or a substituted hydrazine.

32. The composition of claim 1 wherein component
(B) (I) has at least one primary amino group.

33. The composition of claim 1 wherein component
(B) (II) is a polyamine amine group containing at least
two

e
H—N\

groups, either or both of which are primary or second-
ary amines.

34. The composition of claim 1 wherein component
(B) (IT) is a monohydric or polyhydric alcohol.

35. The composition of claim 1 wherein component
(B) (II) is an aliphatic monoamine of up to 40 carbon
atoms.

36. The composition of claim 1 wherein component
(B) (II) is a cycloaliphatic monoamine. '

37. The composition of claim 1 wherein component
(B) (II) is an aromatic monoamine.

38. The composition of claim 1 wherein component
(B) (II) is an aliphatic, cycloaliphatic or aromatic poly-
amine.

39. The composition of claim 1 wherein component
(B) (II) is 2 hydroxyamine. _

40. The composition of claim 1 wherein component
(B) (II) is a aminosulfonic acid.

41. The composition of claim 1 wherein component
(B) (II) is a hydrocarbyl mono- or polyamine prepared
by reacting a chlorinated polyolefin having a molecular
weight of at least 400 with ammonia or amine.

—
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42. The composition of claim 1 wherein component

(B) (II) is a branched polyalkylene polyamine.

43. The composition of claim 1 wherein component
(B) (II) is polyoxyalkylene diamine of polyoxyalkylene
triamine, said diamine and said triamine having an aver-
age molecular weight in the range of about 200 to about
4200.

44. The composition of claim 1 wherein component
(B) (II) is an alkylene polyamine of the formula

H—T—(Alkylene-lil)rR”
R" R”

wherein n is a number from 1 to 10, each R” is indepen-
dently a hydrogen atom, a hydrocarbyl group or a hy-
droxy-substituted hydrocarbyl group having up to 30
carbon atoms, and the Alkylene group has from 1 to 10
carbon atoms. .

45. The composition of claim 1 wherein component
(B) (II) is ethylene polyamine.

46. The composition of claim 1 wherein component
(B) (II) is a hydroxyalkyl alkylene polyamine having
one or more hydroxyalkyl substituents on the nitrogen
atoms.
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47. The composition of claim 1 wherein component
(B) (II) is represented by the formula

R1—(OH)p,

wherein Rjis a monovalent or polyvalent organic radi-
cal joined to the —OH groups through carbon-to-oxy-
gen bonds and m is an integer of from 1 10.

48. The composition of claim 1 wherein component
(B) (IT) is a polyoxyalkylene alcohol wherein a hydroxy
substituted compound, which is represented by the
formula

R2—(OH), 1)

wherein q is an integer of from 1 to 6 and R; is the
residue of a mono- or polyhydric alcohol or mono- or
polyhydroxy pheno! or naphthol, is reacted with an
alkylene oxide, which is represented by the formula

R3—CH——CH=—Ry, )
N\ /

wherein R3 is an alkyl group of up to four carbon atoms
and R4 is hydrogen or an alkyl group of up to four
carbon atoms with the proviso that the alkylene oxide
(2) does not contain in excess of ten carbon atoms, to
form a hydrophobic base, said hydrophobic base then
being reacted with ethylene oxide to provide said poly-
oxyalkylene alcohol.

49. The composition of claim 1 wherein component
(B)(I) is a polyoxyalkylene alcohol of up to about 150
oxyalkylene groups, the alkylene radical containing
from 2 to 8 carbon atoms.

50. The composition of claim 1 wherein component
(B)(II) is represented by the formula

HO—R40pR53—OR(

wherein R4 and Rpare independently alkylene radicals
of 2 to 8 carbon atoms, Rcis aryl, lower alkyl or arylal-
kyl, and p is zero to eight.

51. The composition of claim 1 wherein component
(B)(II) is a monohydroxy aromatic compound or a poly-
hydroxy aromatic compound.

52. The composition of claim 1 wherein component
(B)(I) is a hydroxy-substituted primary amine of the
formula

R;—~NH>

where R, is a monovalent organic radical containing at
least one hydroxy group, the total number of carbon
atoms in Rg not exceeding about 20.

53. The composition of claim 52 wherein the total
number of carbon atoms in R, does not exceed 10.

54. The composition of claim 52 wherein R, is a
mono- or polyhydroxy-substituted alkyl group.

55. The composition of claim 1 wherein component
(B)II) is selected from the group consisting of (a) pri-
mary, secondary and tertiary alkanol amines which can
be represented correspondingly by the formulae:

H
N—R'—OH
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-continued

H

N-=—R’—0OH
R
R

AN

N—R'—OH

R

(b) hydroxyl-substituted oxyalkylene analogs of said
alkanol amines represented by the formulae:

H
/

\ka'omﬂ
p TS

\N-(-R'O-)TBH
R/ )

wherein each R is independently a hydrocarbyl group
of one to about 8 carbon atoms or hydroxyl-substituted
hydrocarbyl group of 2 to about 8 carbon atoms and R’
is a divalent hydrocarbyl group of two to about 18
carbon atoms, and (c) mixtures of two or more thereof.

56. The composition of claim 1 wherein component
(A)(i) is a homopolymer or interpolymer of an ethyleni-
cally unsaturated alkyl esters of the formula:

R H
11
C=C
| |
Ry R3

wherein R is hydrogen or Cj to C¢ hydrocarbyl; R is
a —OOCR4 or —COOR4 group; R3 is hydrogen or
—COORg4; and Ry is hydrogen or a C; to Csp alkyl
group.

57. The composition of claim 1 wherein component
(A)(i) has a number average molecular weight in the
range of about 1000 to about 6000.

58. The composition of claim 1 wherein component
(A)()) has a number average molecular weight in the
range of about 1500 to about 3000.

59. The composition of claim 56 wherein component
(A)(i) is an interpolymer of ethylene and one or more of
said alkyl esters.

60. The composition of claim 1 wherein component
(A)() is a copolymer of ethylene and vinyl acetate.

61. The composition of claim 60 wherein the vinyl
acetate content of component (A)(1) is in the range of
about 20 to 50 percent by weight.

62. The composition of claim 60 wherein the vinyl
acetate content of component (A)(i) is in the range of
about 30 to about 40 percent by weight.

63. The composition of claim 60 wherein component
(A)() has about 2 to about 10 methyl terminating side
branches per 100 methylene groups.
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64. The composition of claim 60 wherein component
(A)(i) has about 3 to about 6 methyl terminating side
branches per 100 methylene groups.

65. The composition of claim 60 wherein component
(A)() has about 5 methyl terminating side branches per
100 methylene groups.

66. The composition of claim 1 wherein component
(A)() is a copolymer of ethylene and vinyl acetate, said
copolymer having about 30 to about 40 percent by
weight vinyl acetate, a number average molecular
weight in the range of about 1500 to about 3000, and
about 3 to about 6 methyl terminating side branches per
100 methylene groups.

67. The composition of claim 66 wherein said number
average molecular weight of (A)(i) is about 2000 to
about 2500.

68. The composition of claim 66 with component
(A)(@) having about 5 methyl terminating side branches
per 100 methylene groups.

69. The composition of claim 56 wherein Rj and R3
are each hydrogen and Rj is —OOCR4.

70. The composition of claim 56 wherein R; and R3
are each hydrogen and R; is —COOR4.

71. The composition of claim 56 wherein R is hydro-
gen and Rz and Rj are both —COORgy.

72. The composition of claim 1 wherein component
(A)() is selected from the group consisting of homopol-
ymers and/or interpolymers of vinyl acetate, vinyl iso-
butyrate, vinyl laurate, vinyl myristate, and/or vinyl
palmitate.

73. The composition of claim 1 wherein component
(A)(i) is a homopolymer and/or interpolymer of one or
more monomers selected from the group consisting of
methyl acrylate, methyl methacrylate, lauryl acrylate,
C13 Oxo alcohol ester of methyacrylic acid, behenyl
acrylate, behenyl methacrylate and/or tricosanyl acry-
late.

74. The composition of claim 1 wherein componnet
(A) (i) is a homopolymer and/or interpolymer of one or
more esters selected from the group consisiting of
mono-C13-Oxo fumarate, di-Ci3-Oxo maleate, dieicosyl
fumarate, laurylhexyl fumarate, didocosyl fumarate,
dieicosyl maleate, didocosyl! citraconate, monodocosyl
maleate, dieicosyl citraconate, di(tricosyl)fumarate and
dipentacosyl citraconate.

75. The composition of claim 1 wherein component
(A)(i) is a copolymer of vinyl acetate and dialkyl fumar-
ate.

76. The composition of claim 75 wherein the alcohol
used to prepare said dialkyl fumarate is a monohydric
saturated straight chain primary aliphatic alcohol of 4 to
30 carbon atoms.

77. The composition of claim 1 wherein component
(A)() is a polymer of acrylic ester or methacrylic ester
or a copolymer of acrylic ester and methacrylic ester.

78. The composition of claim 77 wherein the alcohol
used to prepare said acrylic and/or methacrylic ester is
a monohydric saturated straight chain primary aliphatic
alcohol of 4 to 30 carbon atoms.

79. The composition of claim 1 wherein R* has an
average of up to about 750 aliphatic carbon atoms.

80. The composition of claim 1 wherein R* is a purely
hydrocarbyl substituent.

81. The composition of claim 1 wherein R* is alkyl or
alkenyl.

82. The composition of claim 1 wherein R* is made
from homopolymerized or interpolymerized Cs.10 ole-
fins.
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. 83. The composition of claim 82 wherein said Cy-10
olefins are selected from the group consisting of Cy-jo
1-olefins and mixtures thereof. R

84. The composition of claim 83 wherein said 1-ole-
fins are selected from the group consisting of ethylene,
propylene, butylenes, and mixtures thereof.

-85. The composition of claim 1 wherein R* is a sub-
stituent having an average of at least about 30 aliphatic
carbon atoms and is derived from homopolymerized or
interpolymerized C;-19 1-olefins.

86. The composition of claim 85 wherein said 1-ole-

fins are selected from the group consisting of ethylene,

propylene, butylenes, and mixtures thereof.

87. The composition of claim 1 wherein R* is said
hydrocarbyl group of about 8 to about 30 carbon atoms
and is made from one or more mono-1-olefins of from
about 8 to about 30 carbon atoms.

88. The composition of claim 1 wherein R* is said
hydrocarbyl group of about 8 to about 30 carbon atoms
and is made from one or more mono-olefins of from 18
to 24 carbon atoms.

89. The composition of claim 1 wherein R* is said
hydrocarbyl group of about 8 to about 30 carbon atoms
and is made from one or more mono-olefins of from 15
to 18 carbon atoms.

90. The composition of claim 1 wherein R* is said
hydrocarby! group of about 8 to abut 30 carbon atoms
and is made from one or-more mono-1-olefins of from 15
to 18 carbon atoms.

91. The composition of claim 1 wherein R* is said
hydrocarbyl group of about 8 to about 30 carbon atoms

- and is made from one or more mono-1-olefins of from 18

to 24 carbon atoms.

92. The composition of claim 1 wherein R* is said
hydrocarbyl group of about 8 to about 30 carbon atoms
and is made from hexadecene or 1-hexadecene.

93. The composition of claim 1 wherein component
(A)(ii) can be represented by the formula
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wherein n is from 1 to about 20.

94. The composition of claim 93 wherein n is from 1
to about 8.

95. The composition of claim 93 wherein n is 1,2 or 3.

96. The composition of claim 1 wherein component
(A)(ii) can be represented by the formula

H R* , H R*
wherein n is from 1 to about 20.
97. The composition of claim 96 wherein n is from 1
to about 8.
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98. The composition of claim 96 wherein n is 1, 2 or
3.
99. The composition of claim 1 wherein component
(A)(ii) can be represented by the formula

wherein n is from 1 to about 20.

100. The composition of claim 99 wherein n is from 1
to about 8.

101. The composition of claim 99 whereinnis 1, 2 or
3. .

102. The composition of claim 1 wherein component
(A)(ii) can be represented by the formula

n

wherein n is from 1 to about 20, and x is —O—,
—CHy—, ~8§—, —8;_¢—, —CH,—O—CHy—, or

—C—.
I
o]

103. The composition of claim 102 wherein n is from
1 to about 8.

104. The composition of claim 102 whereinnis 1, 2 or
3.

105. A composition comprising a major amount of a '
normally liquid fuel and a minor amount of:

a copolymer of ethylene and vinyl acetate, said co-
polymer having about 30 to about 40% by weight
vinyl acetate, a number average molecular weight
in the range of about 1500 to about 3000, and about
3 to about 6 methyl terminating side branches per
100 methylene groups; and

the reaction product of Cj2-30 substituted succinic
anhydride and an amine selected from the group
consisting of diethanol amine, triethanol amine and
trismethylolamineomethane.

106. The composition of claim 105 wherein the sub-
stituent on said succinic anhydride as from 18 to 24
carbon atoms. )

107. The composition of claim 105 wherein the num-
ber average molecular weight of said ethylene/vinyl

- acetate copolymer is in the range of about 2000 to about

65

2500.

108. The composition of claim 105 wherein said
ethylene/vinyl acetate copolymer has about 5 methy!
terminating side branches per 100 methylene groups.

109. The composition of claim 1 wherein the ratio of
(A) to (B) is in the range of about 10:1 to about 1:10.

110. The composition of claim 1 wherein the ratio of
(A) to (B) is in the range of about 10:1 to about 1:1.

111. The composition of claim 1 wherein the ratio of

(A) to (B) is in the range of about 2:1 to about 1:1.
* * L * *



