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rl‘his invention has to do in a general way with
mineral oil compositions and is more particular-

1y related to mineral oil compositions of the vis-

cous type used as lubricants, transformer oils and
the like to which an agent has been added for
the purpose of improving the oil in certain re-
spects. It is an object of this invention to pro-
vide a novel class of improving agents Tor use
in mineral oil fractions and further to provide
mineral 0il compositions containing such improv-
ing agents.

It is well known to those familiar with the
art that mineral oil fractions refined. for their
various uses are in and of themselves usually de-
ficient'in one or more respects so that their prac-

tendency to oxidize under their conditions of use
with the formation of products such as sludge,
acid and the like. Motor lubricants, for example,

- under the conditions of use encountered in an
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internal combustion engine oxidize to form car-
bonaceous deposits and lacquers which accumu-

Jate as sludge in the ¢rankcase and which deposit

upon the piston and around the piston Trings,
‘causing the rings to become stuck and the oil
slots therein to become plugged. In order to
prevent the formation of these products and

thereby extend the useful life of the oil fraction,

it is common practice to blend with the oil an
additive ingredient which will have the effect
of inhibiting the formatlon of these undesirable

‘products.

In this same regard certain oils, depending
upon their method of refining, such for example
as oils which have been refined by solvent-extrac-
tion methods to a high viscosity index, have a
tendency under the conditions of use encoun-
tered in. internal combustion engines and the
like to corrade- certain types of -alloy metals such
as the cadmium-silver alloys of the type used in
hard metal bearings. Other improving agents-are
added to oils of this type for the purpose.of in-
hibiting this cerrosive action.

It is also the. practice to add other 1ngred1-
ents to mineral oil fractions for the purpose of
improving their oiliness characteristics, particu-
larly when the oils are used for the purpose of
lubricating metal surfaces engaged under ex-
tremely high pressures and at high rubbing
speeds. Other ingredients have been developed
for. the purpose of depressing the pour point of
refined viscous mineral oil fractions, and still

(Cl. 87—9)

other ingredients are added to oil fractions of
this type to improve their viscosity index.

The various ingredients which have been de-
veloped for use in mineral oil fractions to im-

prove them in the several respects enumerated 5

above are largely specific in their particular ap-
plications, and it has therefore been the practice
to add a separate ingrediént for each of the im-
provements to be effected’

It is a primary object of this invention to pro-
vide- a- class of mineral o¢il-improving ‘agents
which aré multi-funectional in’their properties so
‘that by the use of a smgle such ingredient a min-
‘eral oil fraction may be improved: in two or. more
of the t’mrelated properties enumerated above.

to''provide ‘viscous':mireral - oil compositions
‘wherein: thi§ “multifunctional improvement -has
‘been-effected through ‘the use of one- of the com-
‘pounds or ‘condensation: products -contemplated
‘herein.:.. The compounds:or condensation prod-
‘ucts contemplated herein as mineral oil-improv-
ing agents may be broadly designated:as the
‘metal salts of alkylated or alkyl-substituted aro-
matic-aliphatic- carboxylic acids in which -the
alkyl substituent has at least 20 carbon atoms
and is attached to the aromatic nucleus. :
We are aware of the fact that it has previously
been proposed to add certain metal salts of cer-

tain organic acids to mineral oils for the pur-.

pose of effecting specific' improvements therein.
.For example, calcium phenyl stearate or a mix-
ture of calcium phenyl stearate and calcium stea-
rate-has been added to motor lubricants with a

view to decreasing .the tendency of such lubri- :

cants-to- cause ring-sticking.. Also, certain lead
-soaps of fatty acids.and naphthenic acids have
been: proposed as-addition agents for mineral oils
to improve - their ‘load-carrying. ability.-. These

_soaps or salts, however, are, as indicated above; .

.specific in their action and do not have the multi-
functional - properties. characterizing the metal-
organic compounds contemplated by the present
invention. 'These multifunctional properties, we
have discovered, are obtained by combining in a
single compound or condensation product a char-
acterizing aromatic nucleugs having one or more
heavy -alkyl substituenis containing at least 20
~carbon atoms and in addition having a hydrogen

atom of the aromatic nucleus substituted with an

aliphatic or cyclo-aliphatic metal carboxylate
group.

The aromatic nucleus characterizing the com-
pounds contemplated by this invention may be
either mono- or poly-cyclic, and it may contain

et e
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-tical utility-is-limited-even- in the- field-for-which -—It+is & ~still* furtherobject of- -this~invention
‘they have been refined. For example, mineral
-ofl fractions refined for use as lubricants have a

o

0

30

'S

0

45

55



10

15

35

40

50

55

60

70

2 2,198,275

substituents other than the two types mentioned
above. For example, the aromatic nucleus may
be a mono- or poly- cyclic aromatic hydrocarbon
nucleus in which at least one of the nuclear hy-
drogen atoms is substituted with a radical se-
lected from the group consisting of: hydroxyl,
alkoxy, aroxy, aralkyl, aryl, alkaryl, halogen, ni-
tro, amino and organic ester radicals and alkyl
groups containing less than 20 carbon atoms.
It is to be understood that the term aromatic as
used herein is intended in its broad sense to in-
clude aryl nuclei having substituents of the gen-
eral type classified above. Of these various sub-
stituted aromatic nuclei special preference is
given to compounds of the general type Indicated
above in which at least one hydrogen atom of
the characterizing aromatic nucleus is substi-
tuted with a hydroxyl radical.

In order to obtain the multifunctional proper-
ties which characterize the oil-improving agents
contemplated herein, we have found that the so-
called heavy alkyl substituent should contain at
least 20 carbon atoms. These high molecular

-weight aliphatic substituents may be derived

from pure or substantially pure gliphatic hydro-
carbon compounds or they may be derived from
a mixture predominantly comprised of these high
molecular weight aliphatic hydrocarbons con-
taining at least 20 carbon atoms. Such a mix-
ture is typified by petroleum waxes such as
paraffin wax, which because of its availability and
the ease with which- the compounds may  be
synthesized therefrom is considered as a preferred
source for the heavy -alkyl substituents in the
oil-improving agents contemplated herein. ]
Since the miscibility. or solubility of these oil-
improving agents, and particularly their mulfi-
functional properties, are controlled or governed
by the heavy alkyl substituent, the extent to
which the aromatic nucleus is substituted with
these heavy:alkyl groups becomes an:important
factor in obtaining products having the desired
properties. . This degree of substitution in the
aromatic nucleus will vary more or less depending
upon the aliphatic hydrocarbon group which car-
ries the carboxylate radical—that is, whether
such group is a short or long chain chain hydro-
carbon group—and will also vary depending upon
whether or not the aromatic nucleus is mono-
or poly- cyclic and whether such nucleus carries
ofther substituents. In general it may be said,
however, that the aromatic nucleus should have
at least one of the nuclear hydrogen atoms sub-
stituted with an aliphatic hydrocarbon group
containing at least 20 carbon atoms, and it is
preferable that the average composition of these
complex salts should be such that the aromatic
nucleus carries two or three heavy alkyl groups.
In case the aliphatic constituent in the alkyl
carboxylate radical is of high molecular weight—
that is, of the type derived from stearic acid—the
degree of heavy alkyl or wax-substitution may be
less than is required to give the same multi-
functional properties to a compound in which the
alkyl carbexylate group is derived from a low
molecular weight acid such as acetic acid.
Another important factor to be observed in
connection with the oil-improving agents con-
templated herein is that the heavy alkyl group,
particularly when such group is derived from
petroleum wax, may be either mono- or poly-
valent. In other words, such group may be in
the nature of a long free chain attached to the
aromatic nucleus or it may be a long aliphatic
chain to which several of the aromatic-aliphatic

P

carboxvlate groups are attached. In the event
several of these nuclei are attached to a single
paraffin wax hydrocarbon chain, for example, it
will be seen that the solubilizing: effect of the
aliphatic group is distributed among the several
nuclei, and we have found that a mineral oil-
improving agent of the desired properties is not
obtained if the composition is predominantly
comprised of compounds in which more than four
of the aromatic-alkyl carboxylate complexes are
attached to a smgle long chain hydrocarbon radi-
cal.

It is also to be understood that if the so-called
polyvalent high molecular weight aliphatic
hydrocarbon -groups are present, each aromatic
complex may carry several of such groups, which
in turn may be combined with other aromatic
complexes to form a condensation product of a
lattice type, wherein from 2 to 4 of the aromatic-
alkyl carboxylate nuclei are interconnected by
two or more aliphatic hydrocarbcn chams of 20
or more carbon atoms.

The alkyl carboxylate group,. whlch constltutes
the - other characterizing - substituent.-in the
aromatic nucleus of the mineral oil-improving

" agents contemplated herein, may. be either ali-

phatic or - cyclo-aliphatic and. may: he derived

from the corresponding organic acids of various
molecular weights. -.
understood that the term.alkyl or aliphatic, when

In this regard: it is:to be

used herein in connection with the .alkyl-car+
boxylate group, has:reference to both -aliphatic
and cyclo-aliphatic radicals, and that this alkyl

carboxylate group may-contain -at least one sub-
stituent -selected from:.the group.-consisting-of:--

alkyl, aralkyl, alkaryl, aryl, keto, ether, hydroxyl,
halogen, nitro, and amino- radicals. Also, this
alkyl carboxylate group may be mono- or poly-
basic; and in.the event it is poly-basic; it is to-be
understood--that. all of the carboxyl groups are
substituted with metal.

As to the metal substituent 1n the ca.rboxyl
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group of the compounds contemplated herein, it -

appears that any metal may be used to provide a
salt having additional properties -or :improved
properties, as compared with the corresponding
acid. The metals contemplated herein may-be
broadly classified .as metals of groups one . to
eight inclusive of the periodic system which are
capable of forming- carboxylate salfs. .-These
metals comprise the following: the alkali- metals:
lithium, sodium,: potassium,. :rubidium- and
caesium; the alkaline earth-group: beryllium,
magnesium, calcium, strontium and barium; the
metals . zinc, cadmium, mercury,. scandium,
yttrium, lanthanum; alummum galhum indium,
thallium, titanium, ‘zirconiam, cenum, thorium;
germanium, tin and lead; vanadium, columbium
and tantalum; arsenic, antimony and blsmuth
chromium, molybdenum, tungsten and uranium;
rhenium, mabganese, iron, cobalt’ and ‘nickel;
ruthenium, rhodium and palladlum, ‘osmium,
iridium and platinum. L o
~ Some of the rare earth metals are ‘given in the
foregoing. Other rare earth metals suitable for
the formation of metal salts of aryl aliphatic
acids are those now commercially available as
the cerium and ytérium group: namely, a mix-
ture of praseodymium, neodymium, samarium,
europium, gadolinium, terbium, dysprosium, hol-
mium, erbium, thallium and lutecium. -
Although, as indicated above, any of the fore-
going metals may be used to provide a mineral
oil-improving agent falling into the general class
contemplated herein, we have found that the
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salts of the alkali metals tend to form emul-
sions, and for this reason preference is given to
salts of the polyvalent metals. The multifunc-
tional properties of the compounds may also be
varied by the selection of metals. All of the met-
als appear to impart antioxidant properties to
the condensation products and by the use of met-
als such as lead and zine, for example, improved
oiliness characteristics may be obtained.

From the foregeoing discussion and from the de-
scription of the preferred synthesizing proce-
dures which will appear hereinafter, it will be
seen that the specific molecular composition of
the mineral oil-improving agents contemplated
herein may vary over relatively wide limits, de-
pending upon whether the aromatic nucleus is
mono- or poly- cyclic, whether it carries substitu-
ents other than the heavy alkyl group or groups
and the alkyl carboxylate group, whether the

condensation of the aromatic nucleus with the

heavy alkyl substituent is effected with a pure
compound or a mixture of aliphatic hydrocarbon
compounds, etec. The composition will also vary,
depending upon the aliphatic carboxylate group
and whether such group is substituted or unsub-
stituted. In general, however, all of the com-
pounds contemplated herein as mineral oil-
improving agents, whether such compounds be
existant in a pure state or in admixture with
other compounds of a similar nature, may be
represented by the following general formula:

I RV(T(Z.COOM) ¥b)n

In the above general formula T represents a
mono- or poly- cyclic aromatic nucleus; Z rep-
resents an organic radical, or more specifically
an aliphatic or ¢ycloaliphatic hydrocarbon
group, which is substituted for one of the nuclear
hydrogen atoms in the aromatic nucleus T;
COOM represents at least one carboxylate group
in which the carboxyl hydrogen is replaced with
its equivalent weight of a metal M. This car-
boxylate group is attached to the-aliphatic or
cyclo-aliphatic radical represented by Z. The
character RY represents at least one aliphatic
hydrocarbon radical of at least 20 carbon atoms
having a valence v of from 1 to 4 and atiached
by one valence bond only to at least one aromatic
nucleus T. Yp represents a monovalent radical
attached to T, such radical being selected from
the group consisting of residual hydrogen and
hydroxyl, alkoxy, aroxy, aralkyl, aryl, alkaryl,
halogen, nitro, amino and organic ester radicals
and monovalent alkyl radicals containing less
than 20 carbon atoms. The charactier b in the
symbol Y represents the number of Yy radicals
and is equal to zero or a whole number corre-
sponding to the replaceable hydrogen atoms on
the nucleus T not substituted with R¥Y and
(Z.COOM). The subscript n represents a whole
number from 1 to 4.

In the foregoing general formula representa-
tion of the oil-improving agents contemplated
herein it will be seen that the compounds repre-
sented thereby include those materials in which
all of the high molecular weight multifunctional-
imparting substituent (R¥) is monovalent (v=1
and n=1) or in which all of this heavy alkyl sub-
stituent is polyvalent (v and 7 being equal to 2,
3 or 4); also, since RV is defined as being at least
one aliphatic radical having at least 20 carbon

atoms and may therefore include several such ’

groups, it will be seen that this general formula
js inclusive of compounds containing these heavy
alkyl radicals of different valences (from 1 to 4)
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in the same molecule. Furthermore, it will be
observed that since 7 may be any whole number
from 1 to 4, the number of aromatic nuclei T in
the molecule may likewise vary from 1 to 4. It
will be seen, therefore, that the relationship be-
tween 7 and v in its broadest aspect,is such that
when 7 is equal to 1, v is equal to 1; and when 7
is greater than 1, the valence v of af least one
of the R"'s is equal to » in order to tie the sev-
eral nuclei or T’s together, the valence of any
remaining R"’s being any whole number equal to
or less than 7.

Typical compounds coming under the foregoing
general formula and characterized by both mono-
and poly- cyclic aromatic nuclei may be repre-
sented by the following formulae, wherein at
least one R’ represents an aliphatic. hydrocarbon
radical containing at least 20 carbon atoms and
in which the remaining R’’s represent radicals

radicals selected from the group consisting of '

hydrogen, alkoxy, hydroxyl, aroxy, aralkyl, aryl,
alkaryl, halogen, nitro, amino and organic ester
radicals and alkyl radicals containing less than
20 carbon atoms.
IL ‘
R’ .
| ] |
R’ 7.CO0OM R*

R" R’ R’

A compound of the foregoing type represented
in another way may be expressed by the formula:
I Z.COOM

H H_
——C-----CH
E H

Y
in which the chain represents the heavy alkyl

group of at least 20 carbon atoms and in which
Yo represents substituents as defined above un-

der general Formula L

Of the compounds carrying a Yo substituent,
as has been previously pointed out, particular
preference is given to those in which this sub-
stituent is a hydroxyl group, such preferred group
of compounds having a mono-cyclic nucleus and
a mono-wax substituent being indicated by the
following general formula:

v Z.COOM

HO

The foregoing Formulae II to IV inclusive rep-
resent the simplest types of alkyl-substituted aro~
matic-aliphatic carboxylates which are contem-
plated herein as mineral oil-improving agents.
In all of these general formulae it will be ob-
served that the heavy alkyl multifunctional-im-
parting substituent is monovalent, and in the
general Formulae IIT and IV it will be observed
that the aromatic nucleus carries only one such
substituent.
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" Since the group RY has been defined in the gen-
eral formula as at least one and since, as pointed

out above, it is preferable in most cases that the

aromatic nucleus be poly-substituted with these
heavy alkyl groups, it will be seen that a com-
pound of the type represented by Formula III
above may in the case of poly-substltutlon be
represented by the general formula:

v Z.COOM’
H H H H
HC------C—|— —|—C------CH
- H H H H
Ys

in which the chains and the substituent char-
acters have the same significance defined above.

It has been poinited out that the condensation
products contemplated herein may be comprised
of several (2, 3 or 4) of the aromatic nuclear com-
plexes attached to one or more of the long chain
aliphatic hydrocarbon radicals. -Compounds of
this general nature are represenfed by the gen-
eral Formula I above wherein v and n become 2,
3 or 4. ' A compound of this type in which there
is only one RY group and in which v is equal to 3
may be represented by the formula:

VI Z.COOM 7.COOM Z.COOM
Yn—m Yb—m
o v ‘ \/ _
HG------ Qmmmmmm e nn Cremmmemmm e e C------ CH
b H H H

A’ compound of this type in which the several

aromatic nueclear complexes-are interconnected by -

several of the heavy alkyl radicals may be repre-
sented by.the following formula:

RS : H H H
HC el c C------ 6!
= B
Y;«b-z.coom Yu-|— —fz.cooMm Y,,—l— ’~z COOM
H | H
HCG------ C C memennes C------ CH
H B H H I
The possible molecular structure of compounds
in which the aryl nucleus T is poly-cyclic will be

obvious from the foregoing. illustrative formulae.
The possible molecular structure of compounds in
which v and n are equal to 2 and 4 will be read-
ily understood from the Formulae VI and VIIL.
Relative to the Formulae VI and VII it will be
understood that the several nuclear complexes
may each or all carry monovalent heavy alkyl
groups in addition to the wax group or groups
connecting them to other nuclear complexes; also
the compound may be comprised of one heavy
alkyl group attached to say two of the nuclear
complexes and another heavy alkyl group at-
tached to three or four of the nuclear complexes.
As to the possible number of these hea.vy alkyl
or R¥ groups going to make up a single molecule,
this will vary with the extent to which it is de-
sired to effect substitution of the nucleus with
these multifunctional-imparting substituents. It
is important, of course, as indicated above, to
have the heavy alkyl or wax substituent present
in sufficient amount to impart multifunctional
properties to the compound, but it is also desir-
able that the amount of heavy alkyl substituent
in the product be not substantially greater than
necessary to impart the desired pour-depressing

2,198,275

and V. I. improving properties because a great

predominance of the heavy alkyl material in the .

compound will act to reduce the effectiveness of
the alkyl carboxylate group in a given quantity
of product.

In synthesizing the 011 -improving agents con-
templated herein the general procedure involves
first condensing a high molecular weight aliphatic
hydrocarbon material with the desired aromatic
compound, which, as aforesaid, may carry other
substituents such as a hydroxyl group. In this
condensation reaction pure or substantially pure
high molecular weight aliphatic compounds may
be employed; or, as has also been previously in-
dicated, the aliphatic material may be a mix-
ture predominantly comprised of aliphatic com-
pounds having at least 20 carbon atoms, such a
mixture being typified by paraffin wax. - The con-
densation may be effected by first halogenating
the aliphatic material and condensing same with
the aromatic material by means of Friedel-Crafts
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catalytic reaction. This condensation may also -

be carried out with high molecular weight un-
saturated aliphatic hydrocarbons or with high

molecular weight alcohols, using sulfuric acid or !

aluminum chloride as catalyst. Also, the high
molecular weight alcohol may be converted to an
alkyl halide and condensed with the aromatic
material by means of the Friedel-Crafts reaction.
Since paraffin wax is considered to be the pre-
ferred source for the heavy aliphatic substituent
we may hereinafter refer to this alkylated aro-
matic condensation product as a wax-aryl com-
pound. By this term-it is to be understood that
we include wax-aromatic compounds in which

-the .aromatic nucleus- contains -another-or- other

substituents such as the hydroxyl group..

After obtaining the wax-aromatic condensa-
tion product, such product is condensed with an
aliphatic or cyclo-aliphatic carboxylic acid to ob-
tain an alkylated aromatic-alkyl carboxylic acid
which can then be neutralized with an salkali

to form the alkali salt from which salts of the

polyvalent metals are obtained by a metathesis
reaction.
Specific procedures which may be followed in

effecting the condensation between the wax-

aromatic compound and the aliphatic acid are as
follows:

(@) Condensation of alkylated aromatic or hy- .

droxyaromatic compounds with unsaturated ali-
phatic acid such as oleic acid, using a so-called
kationoid catalyst such as sulfuric acid, zinc
chloride, aluminum chloride, etc., to effect the

addition of the unsaturated acid to the aryl .

nucleus.

(b) Condensation of an alkylated aromatic or
hydroxyaromatic hydrocarbon with halogenated
aliphatic or cyclo-aliphatic acids, such.as chlor-
acetic, chlorstearic- and chlornaphthenic acids,
by means of the Friedel-Crafts reaction using an-
hydrous  aluminum chloride " as the preferred
catalyst,

(¢) In the case of acids of the type contem-
plated herein which contain a hydroxyl sub-
stituent in the aromatic nucleus, such acids may
be prepared by a rearrangement of the corre-
sponding alkylated aryl ether aliphatic acids in
the presence of a kationoid catalyst such as
HCI gas.

(d) Hydroxyaryl-aliphatic acids can be con-
verted to the corresponding ether aryl-aliphatic
acids by methylating the hydroxyl group by re-
action with alkylating agents like dimethyl sul-
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fate or alkyl halides or by reaction with arylating
agents such as aryl halides.

In the event a compound is desired in which
the aromatic nucleus contains as a substituent
halogen, nitro, or amino groups, it is preferred

to introduce such groups intg the compound after

the condensation with the aliphatic acid has been
completed. In such case the introduction .of
these substituents into the aromatic nucleus will
usually be accompanied by similar substitufion
in the heavy alkyl substituent and in the aliphatic
acid group.

Examples of the aromatic compounds which
may be used as starting materials for the alkyla-
tion er wax-condensation reaction for obtaining
either a product in which the aromatic nucleus
is otherwise unsubstituted or a product in which
the aromastic nucleus carries 2 hydroxyl group
are as follows: benzene, naphthalene and an-
thracene (either substituted or unsubstituted) ;

phenol, resorcinol, hydroquinone, catechol, cresol,:

‘hydroxy~-diphenyl, benzylphenol, alpha- and
beta-naphthol and beta-methylnaphthol, anthra-
nol, phenyl-methylnaphthol, ete.; and aryl ethers
such- as diphenyl ether and naphthyl ether, or
mixed alkyl-aryl or aralkyl-aryl ethers such as
anisole, naphthylmethyl ether and benzylphenyl
ether. Preference in general, as has been pre-
viously indicated, is to the mono- and poly-cylic
aromatic (preferably naphthalene) and to the
mono-hydroxyphenols otherwise unsubstituted,
particular preference ‘being given to phenol and

As sources; for the heavy alkyl multifunctional-
imparting substituent we prefer -to use, as has

~alpha~-: and. beta-naphthol. -

‘been : previously. indicated, a mixture of high
molecular weight aliphatic hydrocarbons such as -
.characterize petroleum wax, particular preference

heing given to paraffin- wax.

.Other sources of the heavy alkyl substituent
are high molecular weight unsaturated aliphatic
hydrocarbons such as polymerized iso-butylene,
dodecylene, tetra-decylene, octa~-decylene, melene,

.ete., and: high melecular weight alcohols, such as

myricyl -alechol, ceryl alcohol, etc. .
-As -has been previously indicated, the alkyl
carboxylate substituent may be derived from any
aliphatic or cyclo-aliphatic. mono- or poly-basic
carboxylic acid, illustrative sources of which are
scetic, benzoie, butyric, valeric, heptylic, nonylic,
palmitic and stearic acids, which typify saturated
.acids, -and ‘must be used as the corresponding
chlor-acid ‘in which substitution takes place at
the alpha. carbon atom of . the aliphatic. acid

-group. Other aliphatic acid substituents may be

obtained by using unsaturated carboxylic acids of
the oleic series, CnHon—202, in which case sub-
stitution: on the nucleus takes place at the double
bond in the unsaturated acid. Halogenated
cyclo-aliphatic acids such as chlor-naphthenic
acid may be used to obtain compounds in which
the alkylated .aromatic .group carries & cyclo-
aliphatic substituent. The term “alkyl” or “ali-
phatic” when used herein in connection with the
aliphatic carboxylate substituent is intended as
inclusive of both aliphatic and cyclo-aliphatic
acid groups or radicals.

The details in the procedure which may be fol-
lowed in synthesizing salts of alkylated aromatic-
aliphatic carboxylic acids of the type contem-
plated herein will be best understood from the
following examples of specific procedures used in
synthesizing the metal salts of wax-phenol
stearic acid and wax-naphthalene stearic acid.
It is to be understood in this connection that

VIUSO 110101 Glive

these examples are for illustration only and that
the procedure may be varied by varying the spe-
cific reactants and the proportions thereof.

EXAMPLE 1

PREPARATION OF WAX-SUBSTITUTED  HYDROXYPHENYL
STEARIC ACID SALTS

(@) Alkylation of phenol

A paraffin wax melting at approximately 120°
F. was melted and heated to about 200° F., after
which chlorine gas was bubbled therethrough
until the wax had absorbed from 16 to 20 ‘per
cent of chlorire, such product having an average
composition between a mono-chlor-wax and a
di-chlor-wax or corresponding roughly to a di-
chlor-wax. A quantity of the chlor-wax thus ob-
tained containing 3 atomic proportions of chlorine
was heated to a temperature varying from just
above its melting point to not substantially over
156° I, and 1 mol of phenol was admixed there-
with. To this mixture at a temperature of about
150° F. was added a quantity of anhydrous
aluminum chloride corresponding to about 3 per
cent of the weight of the chlor-wax in the mix-
ture. The rate of addition of -the aluminum
chloride should be sufficiently slow o avoid violent
foaming, and during such addition it is prefer-
able to maintain the temperature in the neighbor-
hood of 150° F. -After adding the aluminum
ehloride the temperature is raised, preferably to
a point not over 350° F. until the emission of
HCI gas has substantially ceased, thus indicating
a completion of the alkylation or wax-substitu-

. tion of the phenol. The product thus obtained,
where the quantity of chlor-wax containing three -

atomic.proportions of chlorine was- reacted with
ane mol of phenol, may be roughly designated as
a tri-wax-phenol. -A more accurate description
of the product, however, is obtained through the
use of the parenthetical symbol (3-16), which in-
dicates that chlor-wax of 16 per cent chlorine
condent was used in the reaction and that a quan-
tity of such chlor-wax containing 3 atomic pro-
portions -of ¢hlorine was reacted with one mol of
the phenol. This type of indication will be used
herein to indicate the degree of wax-substitution
of the aryl nucleus; that is, the parenthetical ex-
pression (A-B) will be employed, wherein A indi-
cates the number of atomic proportions of the
chlor-wax reacted with one mol of the aromatic
‘compound (3 in the abeve case) and wherein B
indicates the chlorine content of the wax or
chlorinsted heavy aliphatic hydrocarbon which is
employed in the reaction (16 per cent in the
above case). Employing this designation, then,

“the product of the foregoing reaction will be in-

dicated as wax-phenol (3—16), and the_ corre-
sponding aliphatic acid derivative of this con-
densation product will be indicated, for example,
‘as. the nickel salt of wax-substituted (3-16)
‘hydroxyphenyl-stearic acid or the nickel salt of
.wax-phenol-stearic acid -(3-16).

(b) Condensation of unsaturated aliphatic acids
with - waz-substituted hydroxyaromatic com-
pounds :

Reaction Mixture:

Molecules
Wax-phenol (3-16) -
Oleic 8010 e i
AICIE e e e 1

The wax-phenol of the type obtained accord-
ing to the foregoing procedure and the oleic acid
are mixed together, after which the aluminum
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chloride is added gradually with stirring at a
temperature of about 150° F. The slow addi-
tion of the aluminum chloride is necessary to
control the evolution of HCI gas. The reaction
temperature is then raised to about 250° F., the
mixture being held at this temperature dur-
ing a two-hour period to'complete the reaction.
The reaction product is then washed with di-~
lute hydrochloric acid to remove the aluminum
chloride catalyst, followed by water-washing un-
til neutral. This is followed by steam-treatment
to remove any unreacted aliphatic acid. The
water-washing is carried out preferably in the
presence of a diluent such as benzol or Stod-
dard- solvent, thereafter distilling the solvent,
whereby any entrained water is removed. This
is followed by introduction of superheated steam
at a temperature of about 390° F. The opera-
tion of steam-treating is facilitated by vigorous
stirring, the steam being passed through the
mixture until the distillate shows a negligible
neutralization number, indicating that all un-
reacted aliphatic acid in the product has been
removed. When the steam treatment is finished,
which may require about 10 hours, steam vapors
are removed from the condensation product by
blowing with a non-oxidizing gas such as nitro-
gen, thereby yielding an anhydrous product. The
product of this reaction is wax-substituted
(3-16) hydroxy-phenyl stearic acid and distin-
guishes from the corresponding stearic acid ob-
tained from chlor-stearic acid in that the sub-
stitution of the stearic acid group has been ef-
fected at an intermediate point in the chain.

Following the foregoing procedure and using a
poly-carboxylic acid such as maleic acid a di-
carboxylic product is obtained, in this particu-
lar case the preduct being a wax- substltuted hy-
droxy succinnic acid.

Wax-hydroxy-phenyl stearic acid and waxy-
hydroxy-phenyl acetic acid have been prepared
following the foregoing procedure by employing
instead of the unsaturated acid in the oleic mix~
ture one mol of a chlor-acid in the two cases men-
tioned, the acids being chlor-stearic acid and
chlor-acetic acid respectively.

(¢) Conversion of the waz-hydroxy-aryl aliphatic
acids to the corresponding salts

In preparing the metal salts from the acids
obtained according to the foregoing procedure
the acids are first converted to the alkali metal
salts, from which the polyvalent metal salts are
obtained by a double decomposition.

Because of the tendency of alkali metal salts
to emulsify it is advantageous to prepare such
salts in a non-aqueous medium. The alkylated
hydroxyaromatic-aliphatic carboxylic acid is
treated with an alkali alcoholate, preferably pre-
pared from one of the lower alcohols such as amyl
or butyl or with an alecohol solution of the alkali
hydroxide, in -an amount sufficient to neutralize
the carboxyl group. The mixture is preferably
heated to a temperature of about 300° F. for ap-
proximately an hour, allowing the alcohol to dis-
till, thus obtaining the finished product. If the
alkali hydroxide is used in place of the metal
alcoholate, the water of reaction is removed with
the alcohol during the distilling operation.

As has been previously pointed out, the tend-
ency of the alkali metal salts to emulsify makes
the salts of polyvalent metals preferably to those
obtained from the alkali metals. The polyvalent

metal carboxylates are formed by double decom-.

position of the alkali metal salt with a salt of

2,108,275

the desired metal. The reaction can be car-
ried out in aqueous or non-aqueous solution, but
a non-aqueous medium is preferred where the
aromatic nucleus of the acid has been alkylated
with heavy alkyl groups such as those derived
from petroleum wax.

When the reaction is carried out in aqueous
medium, the preferred procedure consists in neu-
tralizing the acid with an aqueous solution of
sodium hydroxide, using phenolphthalein as an
indicator, thereafter adding an equivalent amount
of an aqueous solution of a salt of the desired
metal, stirring the mixture at room tempera-
ture during a l%-hour period to insure comple-
tion of the reaction. A solvent such a Stoddard
solvent or benzol can be used in the reaction.
The product is water-washed and any diluerit re-
moved by distillation to obtain the finished
product.

‘When preparing the salts in non-aqueous me-
dium the preferred method involves first neu-
tralizing the acid with an alcoholate solution of
sodium hydroxide, using an amount of alkali
equivalent to the carboxyl constituents in the
acid, and thereafter adding an equivalent amount
of alcohol-soluble salt of the desired metal. In
making the cobalt salt, for example, cobalt chlo-~
ride may be used. The inorganic salt can be
added directly, followed by the addition of about
10 per cent of butyl alcohol or amyl alcohol
(fusel oil) and refluxing for about one hour at
a temperature of about 250° F. to complete the
double decomposition. . The product can be puri-
fied by water-washing or filtering to remove.the

" alkall salt of reaction, thereafter obtaining the

finished product by distilling to rémove the al-
cohol or other diluent.

As an alternative procedure the carboxylate
salt can be formed in non-aquecus medium by
reacting the acid with an alcoholate of the de-
sired metal in an amount equivalent to the car-
boxyl constituent and heating for about one hour
at 300° F. to complete the reaction.. The purifi-
cation of the product can be carried out by fil-

tration or by water-washing. If a diluent is used

in the purification process, it is removed by dis-
tillation to obtain the finished product.
EXAMPLE 2
PREPARATION »
STEARIC AcCID SALTS

In example 1 above we have described an
illustrative procedure for obtaining salts of wax-
substituted hydroxy-aryl-aliphatic -acids. The

preparation of salts of wax-substituted aromatic- -

aliphatic carboxylic acids which are otherwise
unsubstituted is illustrated by the following pro-
cedure which may be followed in preparing such
salts wherein the aromatic nucleus is a naphthyl
group.

(a) Alkylatzon of naphthalene

Paraffin having an A. S. T. M. melting point

-of about 126° ¥. is chlorinated at a temperature

of from about 175 to 200° F. until the desired
chlorine content (as high as 20 per cent of chlo-

‘rine) is obtained. The wax is chlorinated prefer-

ably to a chlorine content of about 16 per cent.
A quantity of this chlor-wax which contains
about 3 atomic proportions of chlorine is heated
to a temperature of about 150° F., and 1 mole-
cular equivalent of naphthalene is added thereto.
Aluminum chloride is then added gradually to
this mixture in the form of a slurry in a halo-
genated solvent such as ethylene chloride and
tetrachlor-ethane. The condensation can be
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“lower temperatures a

effected at the reflux temperature of the ethylene
chloride, using about 3 per cent aluminum chlo-
ride based on the chlor-wax. :

A suitable procedure also consists in adding
the aluminum chloride to the mixture at about
950° F. in the absence of diluents or solvents.
When a diluent or solvent is not used, this higher
temperature for the addition of aluminum chlo-
ride is desirable to prevent foaming of the mix-
ture because of HCl evolution. In order to ob-
tain products having the most effective pour-de-
pressing action it is desirable to form & tri- or
tetra- substituted product. That is one in which
the chlorine content of the wax and the propor-
tions of wax and aromatic hydrocarbon are such
that the aryl nucleus has 3 or 4 of its replaceable
hydrogens substituted with the high molecular
weight aliphatic hydrocarbon radicals.

(b) Condensation of waz-substituted naphthalene
with aliphatic acids

In the condensation reaction with unsaturated
or halogenated aliphatic or cyclo-aliphatic acids
the Friedel-Crafts mixture obtained according
to the foregoing reaction may be employed with-
out removal of the aluminum chloride catalyst.
The aliphatic acid is added to the mixture, fol-
lowed by addition of sufficient aluminum chloride
at a temperature of from 150° to 250° F. to give

at least 1 mol of aluminum chloride in the mix-

ture for each mol of aliphatic acid. The con-
densation reaction is carried to completion by
heating the mixture to approximately 250° F.
during a 1-hour period. At reaction tempera-
tures lower than 250° F. it is desirable to add
diluents such- as halogenated solvents like ethyl-
ene dichloride or tetrachlor-ethane or hydrecar-
bon solvenis stich as Stoddard solvent. Af these
higher concentration of
catalyst or a longer reaction period is necessary,
but the condensation can be carried out suitably
at temperatures as low as the boiling point of eth-
ylene dichloride (182° F.). AR :

To illustrate this last-mentioned condensation
procedure, 1 mol of wax-substituted naphthalene
(3-19) and 1 mol of oleic acid are mixed together
and heated to a temperature of about 150° F.
1 mol of aluminum chloride is then added to the
reaction mixture with stirring to avoid too rapid
evolution of HC], and the temperature is raised
to about 250° F., where it is held during a 1-hour
period to complete the reaction. The reaction
mixture is purified in the same manner employed
for the purification of the wax-hydroxyaromatic-
stearic acid described in Example 1. Poly-basic
alkylated aromatic-aliphatic acids can be. ob-
tained by using unsaturated poly-basic acids
such as maleic acid in the foregoing procedure,
which gives an alkylated aryl succinic acid.

Wax-naphthalene alpha-stearic acid -can be
obtained by using the foregoing procedure and
a reaction mixture consisting of 1 mol of wax-
substituted naphthalene, 1 mol of chiorstearic
acid, and 2 mols of aluminum chloride.

(¢) Metal salis of waz-aryl-aliphatic acids

The metal salts of wax-substituted naphthyl-
stearic acid and other aliphatic acid derivatives
are obtained according to the procedure de-
seribed above under subheading (¢) in Example 1.

EXAMPLE 3

oF WAX-SUBSTITUTED ETHER ARrYL
ATIPHATIC ACID SALTS

Compounds of this type in which the substitu-
ent Y in general Formula T is an alkoxy or an

PREPARATION
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aroxy group can be prepared by condensation of
alkylated (such as wax-substituted) aryl ethers
with unsaturated aliphatic acids such as oleic
acid, using so-called kationoid catalysts, to obtain
the acid source for the salts.
phatic acids or halogenated cyclo-aliphatic acids
such as chlorstearic and chlornaphthenic acids
can be used in place of unsaturated aliphatic acids,
using AlICI3 as catalyst for the reaction.

These acids and salts can also be prepared from
hydroxy—aryl-aliphatic acids of the type derived
by the procedure of Example 1 by alkylating the
hydroxyl group. The alkali salt of the hydroxy-
aryl-aliphatic acid is treated with an alkyl sulfate
such as dimethyl sulfate or with alkyl or aryl
halides to form the ether derivative.

These general procedures are more fully illus-
trated in the following examples.

(@) Condensation of wax-substituted diphenyl
ether with aliphatic acid

A wax-substituted diphenyl ether (3-16) was
prepared following the general procedure of Ex-
ample 1 (@), using one molecular proportion of
diphenyl ether and a quantity of chlorinated par-
affin wax (16 per cent chlorine content) con-
taining 3 atomic proportions of chlorine.

One mol of this wax-phenyl ether was mixed
with one mol of oleic acid and a mol of AICI:
gradually added to the mixture with stirring at
a temperature of about 150°
was carried to completion by raising the tem-~
perature of the mixture to ahout 250° F'. and hold-
ing at this point during a one-hour period.

‘Upon cooling to about 150° F. the reaction mix- :

ture was -treated—with-water- and- kept- ‘acidic
with aqueous HCI to remove all’ traces of alum-
inum, thereafter water-washing the mixture un-
til the washings become neutral to litmus. The
operation of water-washing can be facilitated by
use of a diluent such as Stoddard solvent, The
finished product is obtained by removal of the
diluent by distillation, whereby the removal of
entrained water is also effected.

When high molecular weight aliphatic acids
such as oleic acid or high molecular weight cyclo-
aliphatic acids such as naphthenic acid are used
in the condensation reaction, the use of super-
heated steam is required for removal of unre-
acted aliphatic acid.. This treatment is carried
out by running steam into the mixture at a
temperature of about 200° C. after removal of
the AICL: by water-washing. The steam-treat-
ing is carried out until the distillate shows neg-
ligible acidity. - - - :

The condensation of halogenated aliphatic
acids with diaryl ethers is carried out by the same
procedure outlined above for the unsaturated
acids. : : s

The foregoing condensation procedures may be
carried out with the isclated alkylated or wax-
substituted aryl ether or with the uripurified prod-

et from the Friedel-Crafts chlor-wax-aryl ether

condensation without isolating the intermediate
product. ‘

(b) Preparation of ether aryl aliphatic acids from
hydroxy aryl aliphatic acids

One mol of wax-hydroxyphenyl stearic acid
(3-16) was dissolved in butyl alcohol and two
atomic proportions of metallic sodium were added.
The reaction mixture was heated at approxi-
mately 170° F. for % hour to form the disodium
salt of wax-hydroxyphenyl stearic acid. The
reaction mixture was cooled to reom temperature

.Halogenated ali- -

¥. The reaction
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stirring for one hour the mixture was heated at
approximately 180° F. for two hours to complete
the reaction.

Any ester formed in the reaction was saponi-
fied by adding aqueous NaOH and refluxing for-
several hours. The mixture was then acidified
with aqueous HCI to give free wax-substituted
ether aryl aliphatic acid, which was then washed
free of mineral acid. (The addition of Stoddard
solvent facilitates the water-washing.) The
finished product was obtained by removal of any
diluent (including entrained water) by distilla-
tion. The product of the procedure was ‘“‘waXx-
methoxy-phenyl stearic acid (3-16)”.

(¢) Preparation of metal salts of wax-ether aryl
aliphatic acid salts

The metal salts of the acids obtained by the
procedures of this example are prepared by fol-
lowing the same general procedure described
above under Example 1.

EXAMPLE 4

oF WAX-SUBSTITUTED KESTER ARYL
ALIPHATIC ACID SALTS

Compounds of this type are those in which the
substituent ¥» in general Formula I is an organic
ester group. They may be prepared from wax-
substituted hydroxyaromatic aliphatic acids of
the type described in Example 1 by reaction with
4 mono- or di-basic acid chloride, using AICl: as a
catalyst. ‘This reaction yields what we may term
the ester (corresponding to the acid chloride) of
the wax-hydroxyaromatic aliphatic carboxylic
acid, such for example as the phthalyl ester of

PREPARATION

wax-hydroxyphenyl- -stearic- ac’idw (3-16).. The -

corresponding salts are obtained by following the
general procedure described in Example 1.

To demonstrate the effectiveness  of the com-
pounds or condensation products contemplated
herein as mineral oil-improving agents we have
conducted several comparative tests with repre-
sentative mineral oils alone and with the same oils
blended with the improving agents contemplated
herein. ‘The results of such test are discussed and
listed below. v

EXAMPLE 5
Pour PoinT DEPRESSION

Metal salts of the alkylated or wax-substituted
aromatic acids typified by the foregoing examples
are effective pour point depressants, as indicated
by the results tabulated in Tables.I and II below,
in which the oils were motor oils having an
A.S. T. M. pour point of 420° F.

Table I
Depressant blended with motor oil of 8ay- | pg,
DY D ¢ r cent |A. 8. T. M. ..
ggligzlgfcoi% 01{‘ '45 sec. at 210° F.andpour | = {7, o5 pour tests
Nickel-carboxylate salt of wax-substituted | Per cend °F.
(3-19) hydroxyphenyl stearic acid. ... ... 1 -20
Do 520 —15
DOce-o 142 +6
Table 11
Depressant blended with motor oil of Say-
bolt viscosity of 67 seconds at 210° F. and | Per cent JA. 8. T. M
pour point of +20° F. in oil pour tests
Per cent °F.
Cobalt-carboxylate salt of wax-substituted
(3-16) hydroxyphenyl stearicacid . _____. 14 -20
Nickel-carboxylate salt. of wax-substituted
(3-19) hydroxyphenyl stearicaeid._._...__ Y -
Cobalt-carboxylate salt of wax-substituted
(3-16) hydroxyphenyl stearicacid...__.__. 1% -5

2,198,275
and one mol of dimethyl sulfate added. After

Depressant blended with motor oil of Say-
bolt viscosity of 67 seconds at 210° F. and
pour point of -+20° F.

Per cent
- inoil

Nickel-carboxylate salt of wax-substituted | Per cent
(3-19) hydroxyphenyl stearicacid ... ... . 1% -5
Cobalt-carboxylate salt of wax-substituted
(3%6) hydroxyphenyl aceticacid__._..._-- ;;é
O e e 4 mmm e %
Nickel-carboxylate salt of wax-substituted
(2-19) naphthyl stearicacid. .. ____....__. 1
Cobalt-carboxylate salt of wax-substituted
(2-19) naphthyl stearic acid -
Nickel-carboxylate salt of wax-substituted
(3-19) naphthyl stearic acid
Cobalt-carboxylate salt of phthalyl ester of
wax-substituted (3-16) hydroxyphenyl
stearic acid.
Vanadyl-carboxylate salt of wax-substituted
(3-14) hydroxyphenyl stearic acid
Stannous-carboxylatesalt of wax-substituted
(3-14) hydroxyphenyl stearicacid. ... b4

14 —25
% -2
—15

Table 111

Depressant blended with motor oil of Say-
bolt viscosity of 164.5 sec. at 100° F. and
pour point of 4+-20° F.

Per cent
in oil

’ Per cent “F.
Cobalt-carboxylate salt of wax-substituted
(3-16) phenoxyphenyl stearic acid_________
Cobalt-carboxylate salt of wax-substituted
(3-16) phenoxyphenyl alpha-stearic acid__ .| :
Cobalt-carboxylate salt of wax-substituted
(3-16) phenoxyphenyl capric acid.._ -
Cobalt-carboxylate salt of wax-substi
(3-16) methoxyphenyl stearic acid_ ._...._.
Cobalt-carboxylate salt of wax-substituted
(3-16) chlorphenoxyphenyl carpic acid. .-

RN SRS SN
<

EXAMPLE 6
. VIscosITY INDEX IMPROVEMENT .

- The oil=<improving-agents-contemplated herein
are also effective to improve the viscosity index
(V.1.) of viscous mineral oil fractions. This prop-
erty is demonstrated by the data contained in
Tables IV and V below,; in: which the viscosity
index was obtained in the conventional manner
from the Saybolt viscosity of the oil and the oil
blend at 100° F. and 210° F. The oil used was
a viscous mineral oil of the lubricant type.

Table IV
V.L IMPROVEMENT

L Saybolt visc.
Cone. by -

Compound blended with motor
oil - weight

100° F. | 210°F. | V. L.

None 41.8
Cobalt-carboxylate salt of wax-
substituted (3-16) hydroxy-
henyl aipha-stearic acid____.. 1
Nickel-carboxylate -salt. of wax-
substitnted (3-19) hydroxy- | -
-phenyl stearic aeid ... 1
Cobalt-carboxylate salt of wax-
substituted ~(3-16) hydroxy-
phenyl acetic acid.
Cobalt-carboxylate salt of wax-
substituted (2-19) naphthyl .
stearicacid- . - coo.oeeoean ) %
Nickel-carboxylate salt of wax-
substituted (2-18) naphthyl
stearic acid
Cobalt-carboxylate salt of wax-
substituted (3-19) naphthyl
stearlcacid. - o cooeeaeaee 1
Nickel-carboxylate salt of wax-
substituted (3-19) naphthyl
stearic aCid- oo oo
Cobalt-carboxylate salt of wax-
substituted ~ (3-16) naphthyl
succinie acid
Vanadyl-carboxylate salt of wax-
substituted (3-14) hydroxy-
phenyl stearic acid.... ... 1
Stannous-carboxylate salt of wax-
substituted (3-14) hydroxy-
phenyl stearicacid_ ....._..-- 1

| 142.3 76.1

149.5 o5
1.4 |
151.1
‘_15&1
15L1] 429
160.5 | 43.8
1| 150.8] 42.8
164.1| 43.6 | 88

153.4 42.7 | 82.8

150.7 42.5 | 8l.4
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Table V the improving agents contemplated herein are
multifunctional in their behavior and that they
Saybolt vise. may be added to a mineral oil to improve the
Compound blenﬁled with motor Cvgexax,c-hbty same in various unrelated properties. The
@ et e B j20° F.|v.1.  amount of improving agent used may be varied, &
depending upon the mineral oil fraction with
Per cent which it is blended and the properties desired in
e nrbarsinte Falt of W | T 140.9 | 41.8| 789  the final composition. For example, these agents
substituted .(3—1_6) phenoxy- may be used in amounts ranging from about 5
vé’il:é‘ﬁ?ﬁ?%%‘ﬁyﬁi‘t‘i‘gmam;‘ 1] 15.0] 427| 8.3 per cent to about 10 per cent, and in general 10
substituted (3-16) phenoxy- ) mineral oil compositions of the desired improved
Sty Stearie o iioTwax 1| 15.7| 426| 825 properties may be obtained with these improving
substituted (3-16) phenoxy- agents in amounts of from % per cent to 1 per
| oRhemstearicad i 1| MRT) 28] RO cent, -
substituted  (3-16) phenoxy- It is to be understood that while we have here- 15
Py Capric At it of W 1} 149.5| 25| 8.4 in described certain preferred procedures which
substituted ~ (3-16) methoxy- may be followed in the preparation of wax-sub-
oDhenyl stearie ool it of war 1| 18.7| 481} 9.8  otityted aromatic-aliphatic carboxylic acid salts
substituted ~ (3-16) phenoxy- . and have referred to various representative re-
ot eaprio aotd- oo L 1| ue.9] 201 885 actants which may be employed in providing the 20
ngglllgi;zllrgs%zétyl&tew ai?ébsﬁi | - constituents for such salts, such procedures and
tuted (3-16) hydroxyphenyl ; reactants ha:ve bee_n used for 111u§trative purposes
stearieaeid. - .oooooooooee- 1] 153.5] 428} 847 only. ‘'The invention, therefore, is not to be con-
sidered as limited by the specificexamplesgivenbut
EXAMPLE 7 includes within its scope such changes or modi- 25
OpEEATIGN TEST fications as fairly come within the spirit of the
" . appended claims.
In addition to the foregoing tests we have also We claim:
made tests on oils and oil blends containing rep- 1. An improved mineral oil composition com-
resentative improving agents of the type contem-  priging a viscous mineral oil fraction having ad- 30
plateq heren} to determine the effectiveness of ixed therewith a minor proportion of a metal
these improving agents upon the known tendency galt of an alkyl-substituted aromatic-aliphatic
of an oil to cause ring-sticking and sludge depo-  carpoxylic acid in which the alkyl substituent is
sition during operation in an infernal comblUs- attached to the aromatic nucleus and is derived
tiop engine. . . e from an aliphatic hydrocarbon having at least-38
This test was carried out in a single cylinder twenty carbon atoms.
CFR engine which was operated continuously 2. An improved mineral oil composition com-
at a speed of 1200 R. P. M. over a time interval  prising a viscous mineral oil fraction having ad-
of 28 hours. The temperature of the cooling me-  ixeq therewith a minor proportion of a metal
dium for the engine was held at approximately  sa14 of an alkyl-substituted aromatic-aliphatic 40
390° F. and the oil femperature was held at 150°  corpoxylic acid in which the alkyl substituent is
F. during the test. The oil used was a lubricat-  ,tt50hed to the aromatic nucleus and is derived
ing 01} stock of. ;1._20 sec. Saybolt viscosity at 210° F,, from an aliphatic hydrocarbon having at least
?;IS% ;x‘e‘forzgl)“zﬁi zgizmeioa;&%; eﬁi %fisgg; twenty carbon atoms, the said aromatic nucleus-
rings were stuck; (b) the extent to which the coxsltazimiilatr: gsggtx(r)lrilr? hyldroi;cyl subst%ggent. 4
slots in the oil rings were filled with carbonacequs priéing a viIs)cous minerzrlaoi? fr;gﬁlg’gséég?ngw;;:
?If %%s;t;ii.c)ag]:‘lie (a (;1;1 O&t gii((;?ffj? C;?gi%‘g;}g;ﬁgg mixed therewith a minor proportion of a mixture
number (’N. N of the oil. The results from of metal salts of alkyl-sybstitgted aromatic-ali-
these tests for representative compounds of the phatic carboxylic acids in which the alkyl sub- 50
type described above are set forth in Table VI stituents are attached‘to the a?omatlc quclei, said
below . alkyl substituents being rad1(_:al§ derived f'rom
) Table VI petroleum wax and being predominantly radicals
of at least 20 carbon atoms.
Ring condition 4. An improved mineral oil composition com- 65
prising a viscous mineral oil fraction having ad-
o Percent ) mixed therewith a minor proportion of a mixture
oit* Degrees stuck dots | Deposits| N.N.  of metal salts of alkyl-substituted aromatic-ali-
) filled phatic carboxylic acids in which the alkyl sub-
j stituents are attached to the aromatic nuclei, said 60
12|38 ¢)5)3 )49 alkyl substituents being derived from petroleum
o0 360| 360 ol 10 10| 5 2.5 13 Wax and being predominantly radicals of at least
o o o o o o 0 512 0.7 20 carbon atoms, the said aromatic nuclei each
ol a0l 360 oy 50 6 10 1081 2B containing at least one hydroxyl substituent. 65
360| 360| 360} 3601 75 507 10 13.5 L9 5. An improved mineral oil composition com-
L e prising a viscous mineral oil fraction having ad-
+0il Al=Blagk. ] mixed therewith a minor proportion of a metal
Oil A2=0il Ai-+3{% cobalt-carboxylate salt of wawsubstituted - salt of an alkyl-substituted aromatic-aliphatic
ol T p) nephilis stearicacid carboxylic acid in which the alkyl substituent is 70
Oil B2=0il B14+-14% of vanadyl-carboxylate salt of wax-substituted attached to the aromatic nucleus and is derived
o (3-14) hydroxyphenyl stearicacid. from an aliphatic hydrocarbon having at least
8& Sz;ggr&‘—*-l% cobaltous-carboxylate salt of wax-substituted twenty carbon atoms, the said aromatic nucleus
(3-16) phenoxypheny! stearic acid. containing at least one substituent selected from
the group consisting of hydroxy, alkoxy, aroxy, 75

From the foregoing data it will be observed that
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10

aralkyl, aryl, alkaryl, halogen, nitro, amino and
organic ester radicals and alkyl radicals contain-
ing less than twenty carbon atoms.

6. An improved mineral oil composition com-
prising a viscous mineral cil fraction having ad-
mixed therewith a minor proportion of a mixture
of metal salts of alkyl-substituted aromatic-ali-
phatic carboxylic acids in which the alkyl sub-
stituents are attached to the aromatic nuclei, said
alkyl substituents being derived from petroleum
wax and being predominantly radicals of at least
20 carbon atoms, the said aromatic nuclei each
containing at least one substituent selected from
the group consisting of hydroxy, alkoxy, aroxy,
aralkyl, aryl, alkaryl, halogen, nitro, amino and
organic radicals and alkyl radicals containing
less than 20 carbon atoms.

7. An improved mineral oil composition com-
prising & viscous mineral oil fraction having ad-
mixed therewith a minor proportion of an aro-
matic condensation product comprising an aro-
matic nucleus in which at least one nuclear
hydrogen atom. is substituted with a radical se-
lected from the group consisting of aliphatic and
cyclo-aliphatic corboxylic acid radicals wherein
the carboxyl hydrogen is replaced with its equiv-
alent weight of metal; and in which at least one
other nuclear hydrogen atom of said character-
izing aromatic nucleus is substituted with. an
aliphatic hydrocarbon radical of at least twenty
carbon atoms.

8. An improved mineral oil' composition com-
prising a viscous mineral oi! fraction having ad-
mixed therewith a minor proportion of a mixture

‘of aromatic condensation products comprising

aromatic nuclei in each of which at least one
nuclear hydrogen atom is substituted. with a
radical selected from the group consisting of ali-
phatic and cyclo-aliphatic carboxylic-acid:radicals
wherein the carboxyl hydrogen. is replaced with
its equivalent weight of metal; and- in- each of
which- at least one ather nuclear hydrogen atom
of said characterizing aromatic nucleus is sub-
stituted with an aliphatic hydrocarbon radical
derived from petroleum wax, the radicals derived
from petroleum wax being predominantly radicals
of at least 20 -carbon atoms.

9. An improved mineral oil composition com-
prising a viscous mineral oil fraction having ad-
mixed therewith a minor proportion of an aro-
matic condensation product comprising an- aro-
matic nucleus in which- at least one nuclear hy-
drogen atom is substituted with a.radical selected
from the group consisting of aliphatic and cyclo-
aliphatic carboxylic acid radicals: wherein the
carboxyl hydrogen is replaced. with its equivalent
weight of metal; and in which-at least one:other
nuclear hydrogen atom of said- characterizing
aromatic nucleus.is-substituted with an aliphatic

: hydrocarbon radical of at least twenty carbon

atoms, and at least one other hydrogen atom of
said characterizing aromatic nucleus being sub-
stituted with a radical selected from the group
consisting of hydroxy, alkoxy, aroxy, aralkyl,
aryl, alkaryl, halogen, nitro, amino and organic
ester radicals and alkyl radicals containing less
than twenty carbon atoms.

10. An improved mineral oil compssition com-
prising. a viscous mineral oil fraction having ad-
mixed therewith a minor proportion of an aro-
matic condensation product comprising an aro-
matic nucleus in which at least one nuclear hy-
drogen atom is substituted with a radical seiected
from the group consisting of aliphatic and cyclo-
aliphatic carboxylic acid radicals wherein the
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carboxyl hydrogen is replaced with its equivalent
weight of metal; and in which at least one other
nuclear hydrogen atom of said characterizing
aromatic nucleus is-substituted with an aliphatic
hydrocarbon radical of at least twenty carbon
atoms,. and 2t least one other hydrogen atom of
said characterizing aromatic nucleus being sub-
stituted with a hydroxyl radical.

11. An improved mineral oil composition com-
prising & viscous mineral oil fraction having ad-
mixed therewith a minor proportion of a mixture
of aromatic condensation products comprising
aromatic nuclei in each of which at least one
nuclear hydrogen atom is substituted with a rad-
ical selected from the group consisting of ali-
phatic and cyclo-aliphatic carboxylic acid radi-
cals wherein the carboxyl! hydrogen is replaced

with its equivalent weight of metal; and in each.

of which at least cne other nuclear hydrogen
atom of said characterizing aromatic nucleus is
substituted with an aliphatic hydrocarbon radical
derived from petroleum wax, and at least oue
other hydrogen atom of said characterizing aro-
matic nucleus is substituted with a hydroxyl rad-
ical, the radicals derived from petroleum wax
being predominantly radicals of at least 20 car-
bon atoms.

12! An improved mineral oil composition com-
prising a viscous mineral oil- fraction having ad-
mixed therewith a minor proportion of an aro-
matic condensation compound consisting of an
aromatic nucleus in which at least one nuclear
hydregen atom is substituted with a radical se-
lected: from the group consisting of aliphatic and
cyclo-aliphatic carboxylic acid radicals wherein
the- carboxyl hydrogen is substituted with its
equivalent weight of metal, the radical of said
first mentioned group- containing. at least. one
substituent selected from the group consisting of
alkyl, aralkyl, alkaryl, aryl, keto, ether, hydroxyl,

halogen, nitro and amino radicals; and in which

at least one other hydrogen atom of the said
aromatic nucleus is substituted with an aliphatic
hydrocarbon radical containing at least twenty
carbon atoms.

13. An improved mineral oil composition com-
prising a viscous mineral oi]l fraction. having ad-
mixed therewith a minor proportion of an aro-
matic condensation compound consisting of an
aromatic nucleus in which at least one nuclear
hydrogen atom is substituted with a radical se-

lected from the group consisting of aliphatic and’

cyclo-aliphatic carboxylic acid radicals wherein
the carboxyl hydrogen is substituted with its
equivalent weight of metal, the radical of said
first mentioned group containing at least one
substituent selected from the group consisting of
alkyl, aralkyl, alkaryl, aryl, keto, ether, hydroxyl,
halogen, nitro .and amino radicals; and in which
at least one other hydrogen atom of the said aro-
matic nucleus is substituted with an aliphatic
hycdrocarbon radical containing at least twenty
carbon atoms, at least one other hydrogen atom
of sald aromatic nucleus being substituted with a
radical selected from the group consisting of hy-
droxy, alkoxy, aroxy, aralkyl, aryl, alkaryl, halo-
gen, nitro, amino and organic ester radicals and
alkyl radicals containing less than twenty carbon
atoms.

14. An improved mineral oil composition com-
prising a viscous mineral oil fraction having ad-
mixed. therewith a minor proportion of an aro-
matic condensation compound consisting of an
aromatic nucleus in which at least one nuclear
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hydrogen atom is substituted with a radical se-
Jected from the group consisting of aliphatic and
cyclo-aliphatic carboxylic acid, radicals wherein
the carboxyl hydrogen is substituted with its
equivalent weight of metal, the radical of said
first mentioned group containing af least one
substituent selected from the group consisting of
alkyl, aralkyl, alkaryl, aryl, keto, ether, hydroxyl,
halogen, nitro and amino radicals; and in whichag
least one other hydrogen atom of the said aromatic
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. nucleus is substituted with an aliphatic hydrocar-
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bon radical containing at least twenty  carbon
atoms; at least one other hydrogen atom of said
characterizing aromatic nucleus being substituted
withh a hydroxyl radical.

15. An improved mineral oil composition com-
prising a viscous mineral oil fraction having ad-
mixed therewith a minor proportion of the metal
salt of an alkyl-substituted aryl-stearic acid in
which the alkyl substituent contains at least
twenty carbon atoms and is attached to the aryl
nucleus.

16. An improved mineral oil composition com-
prising a viscous mineral oil fraction having ad-
mixed therewith a minor proportion of the metal
salt of an alkyl-substituted aryl-succinic acid in
which the alkyl substituent contains at least
twenty carbon atoms and is attached to the aryl
nucleus.

17. An improved mineral oil composition com-
prising a viscous mineral oil fraction having ad-
mixed therewith a minor proportion of the metal
salt of an alkyl-substituted aryl-acetic acid in
which the alkyl substituent contains at least

- twenty carbon atoms ‘and is-attached to the aryl

nucleus.

18. An improved mineral oil composition com-
prising a viscous mineral oil fraction and in ad-
mixture therewith a minor proportion of a metal
salt of an alkyl-substituted aromatic-aliphatic
carboxylic acid in which the alkyl substituent
contains at least twenty carbon atoms and is at-
tached to the aromatic nucleus and in which the
metal element of said salt is a polyvalent metal.

19. An improved mineral oil composition com-
prising a viscous mineral oil fraction and in ad-
mixture therewith a minor proportion of an oil-
miscible metaloreanic compound having the gen-
eral formula RYVT(Z.COOM)Yp)n, in which: T
represents an aromatic nucleus; Z represents an
organic radical attached to the nucleus T; COOM
represents at least one carboxyl group attached
to the radical Z, the carboxyl hydrogen thereof
being replaced by its equivalent weight of a metal
M; Rv represents at least one aliphatic hydro-
carbon radical of at least twenty carbon atoms
having a valence v of from one to four and at-
tached by one valence bond only to at least one
nucleus T; Yo represents a monovalent radical
attached to T and selected from the group con-
sisting of residual hydrogen and hydroxy, alkoxy,
aroxy, aralkyl, aryl, alkaryl, halogen, nitro, amino
and organic ester radicals and alkyl radicals con-
taining less than twenty carbon atoms; b repre-
sents the number of Yu’s and is equal to zero or
s whole number corresponding to the replaceable
hydrogens on the nucleus T not substituted with
RY and (Z.COOM); and 7 is a whole number
from 1 to 4.

20. An improved mineral oil composition com-
prising a viscous mineral oil fraction and in ad-
mixture therewith a minor proportion of an oil-
miscible metalorganic compound having the gen-
eral formula RY(T(Z.COOM)Y¥p)z, in which: T
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represents an aromatic nucleus; 7 represents an
alkyl radical selected from the group consisting
of aliphatic and cyclo-aliphatic hydrocarbon rad-
icals, said alkyl radical Z being attached to the
nucleus T; COOM represents at least one car-
boxylate group containing a metal M and at-
tached to the alkyl radical Z; RY represents at
least one aliphatic hydrocarbon radical of at least
twenty carbon atoms and having a valence v
of from one to four and attached by one valence
bond only to at least one aromatic nucleus T; Ybv
represents a monovalent radical attached to T
and selected from the group consisting of residual
hydrogen and hydroxy, alkoxy, aroxy, aralkyl,
aryl, alkaryl, halogen, nitro, amino and organic
ester radicals and alkyl radicals containing less
than twenty carbon atoms; b represents the num-
ber of Yu's and is equal to zero or a whole number
corresponding to the replaceable hydrogens on the
nucleus T not substituted with RV and (Z.COOM) ;
and 7 is a whole number from 1 to 4.

91. An improving agent for mineral oils com-
prising the metal salt of an alkyl-substituted aro-
matic-aliphatic carboxylic acid in which the alkyl
substituent contains at least twenty carbon atoms
and is attached to the aromatic nucleus.

29. An improving agent for mineral oils com-
prising the metal salt of an alkyl-substituted aro-
matic-aliphatic carboxylic acid in which the alkyl
substituent contains at least twenty carbon atoms
and is attached to the aromatic nucleus, the said
aromatic nucleus containing at least one substit-
uent selected from the group consisting of hy-
droxy, alkoxy, aroxy, aralkyl, aryl, alkaryl, halo-
gen, nitro, amino -and-organic ester radicals—and-
alkyl radicals containing Jess than twenty carbon
atoms. -

93. An improving agent for mineral oils com-
prising a metalorganic condensation product con-
sisting of ‘an aromatic nucleus in which at least
one nuclear hydrogen atom is substituted with a
radical selected from the group consisting of
aliphatic and cyclo-aliphatic carboxylic acid rad-
jeals wherein the carboxyl hydrogen is replaced
with its equivalent weight of metal, and in which
at least one other nuclear hydrogen atom of said
characterizing aromatiz nucleus is substituted
with an aliphatic hydrocarbon radical of at least
twenty carbon atoms.

24. An improving agent for mineral oils com-~
prising a mixture of metalorganic condensation
products consisting of aromatic nuclei in each of
which at least one nuclear hydrogen atom is sub-
stituted with a radical selected from the group
consisting of aliphatic and cyclo-aliphatic car-
boxylic acid radicals wherein the carboxyl hy-
dregen is replaced with its equivalent weight: of
metal, and in each of which at least one other
nuclear hydrogen atom of said characterizing
aromatic nucleus is substituted with an aliphatic
hydrocarbon radical derived from petroleum wax,
the radicals derived from petroleum wax being
predominantly radicals of at least 20 carbon
atoms.

95. An improving agent for mineral oils com-
prising a metalorganic condensation product con-
sisting of an aromatic nucleus in which at least
one nuclear hydrogen atom is substituted with a
radical selected from the group consisting of
aliphatic and cyclo-aliphatic carboxylic acid rad-
icals wherein the carboxyl hydrogen is replaced
with its equivalent weight of metal, and in which
at least one other nuclear hydrogen atom of said
characterizing aromatic nucleus is substituted
with an aliphatic hydrocarbon radical of at least
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twenty carbon atoms; at least one other hydrogen
atom of said characterizing aromatic nucleus
being substituted with a radical selected fromn the
group consisting cf hydroxy, alkoxy, aroxy, aral-
kyl, aryl, alkaryl, ‘halogen, nitro, amino and or-
ganic ester radicals and alkyl 1ad1ca;s containing
less than twenty carbon atoms.

26. An improving agent for mineral oils com-
prising a metalorganic condensation product con-
sisting of an aromatic nucleus in which at least
one nuclear hydrogen atom is substituted with a
radical selected from the group consisting of ali-
phatic and cyclo-aliphatic carboxylic acid radi-
cals wherein the carboxyl hydrogen is substifuted
with its equivalent weight of metal, the radical of
said first mentioned group containing at least one
substituent selected from the group consisting of
alkyl, aralkyl, alkaryl, aryl, keto, ether, hydroxy,
halogen, nitro and amino radicals; and in which
at least one other hydrogen atom of the said
characterizing aromatic nucleus is substituted
with an aliphatic hydrocarbon radical containing
at least twenty carbon atoms.

27. An improving agent for mineral oils com-
prising a metalorganic condensation product con-
sisting of an aromatic nucleus in which at least
one nuclear hydrogen atom is substituted with a
radical selected from the group consisting of ali-
phatic and cyclo-aliphatic carboxylic acid radicals
wherein the carboxylic hydrogen is substituted
with its equivalent weight of metal, the radical
of said first mentioned group containing at least
one substituent selected from the group consist-
ing of alkyl, aralkyl, alkaryl, aryl, kefo, ether,

‘hydroxyl,-halogen, nitro and amino-radicals;-and-

in which at least one other hydrogen atom of
the said characterizing aromatic nucleus is sub-
stituted with an aliphatic hydrocarbon radical
containing at least twenty carbon atoms; at least
one other hydrogen atom of said aromatic nucleus
being substituted with a radical selected from the
group consisting of hydroxy, alkoxy, aroxy, aral-
kyl, aryl, alkaryl, halogen, nitro, amino and or-
ganic ester radicals and alkyl radicals containing
less than twenty carbon atoms.

28. An improving agent for mineral oils com-
prising a mixture of metal organic condensation
products consisting of aromatic nuclei in each of

which at least one nuclear hydrogen atom is sub-

stituted with a radical selected from the group
consisting of aliphatic and cyclo-aliphatic car-
boxylic acid radicals in which the carboxyl hy-
drogen is replaced with ifs equivalent weight of
metal, and in each of which at least one other

‘nuclear hydrogen atom of said aromatic nucleus

is substituted with an aliphatic hydrocarbon rad-
ical derived from petroleum wax; at least one

=
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other nuclear hydrogen atom of said aromatic’
nucleus being substituted with an hydroxyl rad-
jcal, the radicals derived from petroleum wax
being predominantly radlcals of at least 20 car-
bon atoms.

29. An improving agent for mineral oils com-.
prising a metalorganic compound having the gen-
eral formula RY(T(Z.CQOM) Yb) 2, in which T rep-
resents an aromatic nucleus; Z represents an or-
ganic radical attached to the nucleus T; COOM
represents at least one carboxyl group attached
to the radical Z, the carboxyl hydrogen thereof
being replaced by its equivalent weight of a
metal M; RY represents at least one aliphatic hy-
drocarbon radical of at least 20 carbon atoms
having a valence » of from 1 to 4 and attached
hy one valence bond only to at least one nucleus’
T: Yp represents a monovalent radical attached -
to T and selected from the group consisting of
residual hydrogen and hydroxy, alkoxy, aroxy,
aralkyl, aryl, alkaryl, halogen, nitro, amino and
crganic ester radicals and alkyl radicals contain-
ing less than twenty carbons atoms; b represents
the number of Y»'s and is equal to zero or a whole
number corresponding to the replaceable hydro-
gens on the nucleus T not substituted with RY
and (Z2.COOM) ; and n is a whole number from
1 to 4.

30. An 1mprov1ng agent for mmera.l 01ls com-
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prising a metalorganic compound having the gen- 30~

eral formula R¥(T(Z.COOM)Yb)a, in which: T
represents an.aromatic nucleus; Z represents an
alkyl radical selected from'the groups consisting
of aliphatic and cyclo-aliphatic hydrocarbon rad-

T; COOM represents at least one carboxylate:
group containing a metal M and attached to the
alkyl radical-Z; RV répresents at least one ali--
phatic hydrocarbon radical of at lIeast 20 carbon
atoms having a valence v of from 1 to 4 and at-
tached by one:valence bond only to.at least-one
nucleus T; Yo represents a monovalent radical
attached to T and selected from the group con-
sisting of residual hydrogen and hydroxy, alkoxy,
aroxy, aralkyl, aryl, alkaryl, halogen, nitro, amino
and organic ester radicals and alkyl radicals con-
taining less than twenty carbon atoms; b repre-
sents the number of Yv’s and is equal to zero or
a whole number corresponding to the replaceable

45

hydrogens on the -nucleus T not substituted with 50

RY and (Z.COOM); a,nd 7 is'a whole number from
1 to 4.
ORLAND M. REIFF.
FERDINAND P..OTTO.
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: CERTIFICATE OF CORRECTION. _
patent No. 2,198,275. ' - April 23, 1940.

ORLAND M. REIFF, ET AL.

It 1s hereby certified that error. appears in the printed specification
of the above numbered patent requifing correct1onasIbllowsi Page 1, sec-
ond column, line 6, for the word “in" read --to--; page 2, first column,

1ine L7, for *chain chain™ reed --chain--; page 6, first column, lins 38-
39, for “hydroxy" read--hydroxy—aryl--§ 1ine 4O, for twaxy-" read --wax- --=;
1ine T2, for "preferably" read --prefersble--=; page 10, first column,. line
' 25, for “corboxylic" read --carboxylic--; page 11, first column, line Lo,

- ¢laim 19, for that'portion of the‘formuia reading “RVT“regd-—RV(T——; and

_that the said Letters Patent should bq_fead with this correction thereln

that the same may conform to the record of the case in the Patent Office.
Signed and sealed thié 25th day of March, A. D. 1941,

_ B Henry Van Arsdale,
(Seal) . Acting Comiissionér of Patents.




