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This invention has to do in‘a general way with 
mineral oil compositions and is more particularly 
related to compositions comprised of mineral oil 
and a minor proportion of an added ingredient 
which will improve the oil in one or more im 
portant respects. 

It is well known to those familiar with the art 
that mineral oil fractions re?ned for their various 
uses are in and of themselves usually de?cient 
in one or more respects, so that their practical 
utility is limited even in the particular ?eld for 
which they have been re?ned. For example, min 
eral oil fractions re?ned for use as lubricants 
have a tendency to oxidize under conditions of 
use with the formation of sludge or acidic oxida 
tion products; also the lighter fractions such as 
gasoline and kerosene tend to oxidize with the 
formation of color bodies, gum, etc. 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 such oil frac 
tions an additive ingredient which will have the 
effect of inhibiting oxidation, such ingredients be 
ing generally known to the trade as oxidation in 
hibitors or sludge inhibitors, gum inhibitors, etc. 

It is also the practice to add other ingredients 
to mineral oil fractions for the purpose of improv 
ing “oiliness” characteristics and the wear-reduc 
ing action of such mineral oils when they are used 
as lubricants, particularly when the oils are used 
for the purpose of lubricating metal ‘surfaces 
which are engaged under extremely high pres 
sures and at high rubbing speeds. 
Other ingredients have been developed for the 

purpose of depressing the pour/point of mineral 
oil fractions which have been re?ned for use as 
lubricants, such re?nement leaving a certain 
amount of wax in the oil, which, without the 
added ingredient, would tend to crystallize at 
temperatures which render theoil impracticable 
for use'under low temperature conditions. Addi 
tivejagents have also been developed for improv 
ing'jfthe'viscosity index of lubricating oil fractions. 
‘intliegcase of internal combustion engines, par 

'45 ticuI rly'those operating with .high cylinder pres 
sures,'there is a decided tendency for the ordinary 
lubricating oil fractions to form, under such con 
ditions of use, carbonaceous deposits which cause 
the piston rings to becomestuck in their slots 
and which ?ll the slots in the oil ,ring or rings, 

(Cl. 87—9) 
thus materially reducing the efficiency of the en 
gine. Ingredients have therefore been developed 
which, when added to the oil, will reduce the nat 
ural tendency of the oil to form deposits which 
interfere with the function of the piston rings. 

Aside from the corrosive action which attends 
the formation of acidic products of oxidation in 
mineral oil fractions of the lubricant range, it 
has been discovered that certain types of recently 
developed hard metal alloy bearing metals, such 10 
as cadmium-silver alloy bearings, are attacked 
by ingredients in certain types of oils, particularly 
oils of high viscosity index obtained by various 
methods of solvent re?ning. This corrosive ac 
tion on alloys of the above type has led to the 
development of corrosion inhibitors which may be 
used in solvent-re?ned oils to protect such bear 
ing metals against this corrosive action. 
In the lighter mineral oil fractions, such as 

those used for fuel purposes, particularly in in 
ternal combustion engines, it has been found that 20 
the combustion characteristics of the fuel may be 
controlled and improved by adding minor propor 
tions of various improving agents thereto. . 
The various ingredients which have been de-' 

veloped for use in mineral oil fractions to im- 5 
prove such fractions in the‘ various respects 
enumerated above are largely speci?c to their 
particular applications, and it has therefore been 
the practice to add a separate ingredient for each 30 
of the improvements which is to be effected. 

It is a primary object of the present invention 
to provide a mineral oil composition which has 
been improved in one or more of the various 
properties enumerated above by the incorpora- 35 
tion therein of a small quantity of a multifunc 
tional compound selected from that group or class 
of metal-organic compounds which may be des 
ignatedas vthe oil-soluble or oil-miscible metal 
salts of alkyl-substituted hydroxyaromatic car- 40 
kboxylic acids in which both the hydroxyl and the ‘ 
carboxyl hydrogens are substituted with metal,’ 
We have, discovered that metal oxyaromatic 

5 

15 

.-metal ca’rboxylate' salts of the general class above 
referred to may be added in small quantities to 
mineral oil fractions to form mineral oil composi 
tions or blends superior to the unblended fractions 
in one or more important respects, and the pres 

> ent invention, therefore, is broadly directed to 50 



2 
a mineral oil composition containing a compound 
falling into the general class referred to. 
The oil-improving agents contemplated by this 

invention are all characterized by the presence 
of an aromatic nucleus in which at least one nu 

' clear hydrogen has beenv substituted with a metal 
oxy group and another nuclear hydrogen is sub 
stituted with a carboxyl group in which the car 
boxyl hydrogen has been replaced with its equiv 
alent weight of metal. This characterizing group 
may be represented by the formula: 

T’ (OM) (COOM') 

in‘ which T’ represents an aromatic nucleus; 
(OM) represents at least one hydroxyl group the 
hydrogen of which is replaced by its equivalent 
weight of metal M; vand COOM' represents at 

' least one carboxyl group in which the hydrogen 
is replaced with its equivalent weight of a metal, 

7 M’, which may be the same as, or different from, 
the metal M. Both the (OM) group and the 
(COOM') group are attached to the nucleus T’. 
The metal salts of hydroxyaromatic carboxylic 

acids of the type'corresponding to the‘group-rep 
resented by the above formula which are other 
wise unsubstituted are not miscible with mineral 
oil, and it is therefore important'that the im 
proving agents containing the above‘ characteriz 
ing group have additional nuclear hydrogen re 
placed with substituents of a solubilizing nature. 
In other words, it is important that the aryl nu 
cleus carry asubstituent or substituents which 
will render the composition as a whole miscible 
with mineral oil fractions. By the terms "oil 
miscible” or “oil-soluble” as they are used herein 
we have reference to that property of remaining 
uniformly dispersed in the mineral, oil fraction 
either as a true solution or as a colloidal suspen 
sion during normal conditions of handling and 
use. 

The improving agents contemplated by this in 
vention are characterized by the presence of alkyl 
substituents in the aryl nucleus, and the improv 
ing agents preferred for use in viscous mineral 
oils are further characterized by the presence of 
alkyl or aliphatic substituents in the aryl nu 
cleus which will give other properties to the com-' 
position asa-whole in addition to oil-miscibility. 
We have found, for example, that where the aryl 
nucleus is substituted with one or more aliphatic 
groups corresponding to certain aliphatic hydro 
carbon compounds of relatively high molecular 
weight (herein referred to as' heavy alkyl 
groups), a compound or composition can be ob 
tained which will e?'ect marked improvement in 
the viscosity index and the pour point as well as 
other important properties of viscous mineral} 
oils. I 

As a general proposition, therefore, it may be 
said that the improving agents contemplated by 
this invention are metal salts of hydroxyaromatic 
carboxylic acid having the characterizing group 
T’(OM) (COOM') described above, in which ad 
ditional nuclear hydrogen is replaced with an oil~ 
solubilizing substituent such as a predominantly 
aliphatic material, such substituent comprising a 
sufficient proportion of the composition as a 
whole to render the same miscible with mineral 
oil fractions under normal conditions of handling 
and use. As a further generalization it may be 
said that at least one point on the aromatic nu 
cleus T’, and preferably two or more points on 
such nucleus, are substituted with aliphatic hy 
drocarbon radicals 'or groups, such aliphatic rad 
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2,197,884 
icals or groups preferably being'high molecular 
‘weight-derivatives or heavy alkyl groups. 

The simplest type of compound satisfying the 
above requisites may be represented by the for 
mula: ' ' 

I. R(T(OM) (COOM')) 
in which R represents at least one aliphatic hy 
drocarbon radical or group, such group or groups 
preferably corresponding to relatively high mo 
lecular weight aliphatic hydrocarbons and being 
attached to a mono or poly cyclic aromatic nu 
cleus T and in,which (OM) and (COOM') are as 
indicated above. 
In addition to the aliphatic or alkyl substitu 

ent R, the compounds or compositions contem 
plated herein as'mineral oil improving agents 
may have additional nuclear hydrogen replaced 
with other substituents which may or may not 
have a solubilizing effect upon the composition 
as a whole. Such a compound in its simplest 
form may be represented by the formula: 

II. R(T(OM) (COOM') Y) 

in which R, T, (OM) , and (COOM') have the 
same signi?cance indicated above and in which 
Y represents residual hydrogen which may be re 
placed by a radical from the group consisting of: 
chlorine, alkoxy, aroxy, aralkyl, alkaryl, aryl, 
nitro, and amino radicals or groups. Compounds 
of the above ‘general formula-type having mono, 
di, and tri cyclic nuclei are illustrated by the fol 
lowing speci?c formulae: ‘ 

R’ OM 

in which'at least one R’ represents an aliphatic 
radical or group, preferably a heavy alkyl, group, 
and in which the remaining R's represent resid 
ual hydrogen which may be replaced with hy 
droxy, chlorine, alkoxy, aroxy, aralkyl, alkaryl, 
aryl, nitro and amino radicals or groups. 
In the foregoing examples it will be observed 

that the aliphatic or allgvl substituent is a 
monovalent aliphatic hydrocarbon group, but, as 
will appear from the hereinafter described syn 
thesis of our oil-improving agent, part or all 
of the aliphatic hydrocarbon material may be 
comprised of polyvalent aliphatic hydrocarbon 
radicals or groups in which the several valences 
are attached to separate aromatic nuclear 
groups. Compounds of this type are included 
under the following general formula representa 
tion: . 

in which T, (OM), and (COOM') have the same 
signi?cance indicated above; R.v represents at 
least one aliphatic or alkyl radical or group, such 
alkyl group or groups being attached by one 
valence only to at least one aromatic nucleus T, v 

1 representing the valence of the aliphatic 'radi-. 
cal R", which may be one to four; Yb represents 
a monovalent element or group selected from the 
class identified above in connection with Y; b 
represents the number of Y's and is equal to zero 
or a whole number corresponding to the valences 
on the nucleus T not satis?ed with-R", (OM), or 
(COOM') ; and n represents a whole, number’, 
from one to four and indicates the-total num 
ber of groups (T(OM) (COOM')Yb) present iri,__ 
the molecule represented by the formula which-‘7'. 
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aroma; 
are attached to the aliphatic group or groups rep 
resented by RV through the valences o. 
In the foregoing general formula representa 

tion III it will be seen that the compounds rep 
resented thereby include those. materials in which 
all of the aliphatic substituent is monovalent 
(12:1 and n=1) or in which all of the aliphatic 

3 substituent is polyvalent (v-and n, being equal to 
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two, three, or four); or since RV is de?ned as 
being at least one aliphatic radical or group and 
may, therefore include several such groups, it will 
be seen that this general Formula 111 is inclusive 
of compounds having aliphatic groups or radicals 
of different valences (from one to four) in the 
same molecule. \ Also it will be observed that since 
n may be any whole number from one to four, the 
number of aromatic nuclei T in the molecule may 
likewisevary from one to four. It will be seen, 
therefore, that the relationship between n and v 
in Formula III,‘ in itS_'b1‘O2-d6$t aspect, is such 
that when n is equal to one, u is equal to one; 
and when n is greater than one, the valence v 
of at least one of the R's is equal to n (in order 
to tie the several nuclei or T's together), the 
valence of any remaining R's beingany whole 
number equal to or less than 11. 
As stated above and as will appear more fully 

later from the description of their synthesis, 
these materials represented'by general Formula 
III may contain both monovalent and poly 
valent aliphatic substituents. Both the poly 
valent aliphatic substituent and the monovalent 
substituent, if both are present, may be intro 
duced in the nucleus as part of‘an alkylation re 
action, or all or part of the monovalent aliphatic 
substituent may be present in the nucleus of a 
hydroxy-aromatic starting material as low mo 
lecular weight aliphatic groups, such as methyl, 
ethyl, propyl groups, etc.‘ 7 ' 
Compounds of the general type last described 

above, which include polyvalent substituted ali 
phatic substituents and may also include both the 
monovalent and the polyvalent substituents, are 
included under the subgeneric formula represen 
tation: 

in which T, (OM), and _(COOM’) have the same 
signi?cance as indicated above; RV’ represents at 
least one polyvalent aliphatic radical orgroup 
having a valence v’ of two, three, or four; Yb’ 
indicates the same group of substituents as de 
scribed above for Y; Rc represents monovalent 
aliphatic radicals or groups; b' represents the 
number 'of Ygy’s and is equal to zero or a whole 
number corresponding to the valences on the 
nucleus T not satis?ed with RV’, (OM), 
(COOM'), and Re; 0 indicates the number of 
Rc’S and is equal to zero or a whole‘ number cor- , 
responding to the valences on’ the nucleus T not 
satis?ed with RV’, (OM), (COOM'), and Ye’; 
and n’ represents a whole number from two to 
four and indicates the total number of the groups 
('I‘(OM) (CO0M')Yb'Rc-) present in the molecule 
represented by the’formula'which are attached 
to the aliphatic group or groups represented by 
RV’ through the valenc‘esv'. 

In the abovégeneral-Formulae III and IV it_,.-‘: 
will be understoo'ri'ithat‘since RV and 13.1’, are ali 
phatic hydrocarbonfi radicals of the chain ~type 
and are eachg'attacl'ie?'by one valence onlyto each 
corresponding aromatic nucleus, the valence'v or 
v'lvof such'ra'd ' 

numberofaromatkrnuclei inf-l5 ule‘anddn 

If by Formula C there may also be more than one 
polyvalent RV group (represented by the‘chain) 
such‘ a.compound in which there areg?for ‘ex’. 
,ampleQ-two polyvalent RV groups being il1l1S’—-f 

~ tratéd'lby the following forwmularjn “which/the‘ 

all or radicals is pf; necessity. never. “ 
ithef number 11, which indicates ' the 

3 
Formula III is always equal to one when n equals 

, one. Otherwise an RV or an RV’. having a valence 
‘greater than the number (n or n’) of aromatic 
nuclei would either have some of its valences un 
satis?ed or else would form a condensed ring or 
rings byattachment at two or,m_ore points to 
one and the same aromatic nucleus. Such latter 
compounds, as already indicated from the de?ni 
tion of RV or RV’, are not considered as charac 
terizing the product of the present invention al 
though probably formed in some instances in 

10 

minor amounts as unobjectionable by-products by I 
certain of the methods of preparation herein dis 
closed. ’ 
A simple type of COIIIDOUIld coming under‘ gen 

eral Formula III in which 22 and n-is each equal 
to one and in which there is only one oil-solu 
bilizing aliphatic group RV may be illustrated 
by the following formula showing T for purposes 
of illustration _as a monocyclic nucleus: ' 

A. 
on COOM' 

Ya 

In the above formula the chain represents the 
oil-soiubilizing alkyl substituent. (RV), and Yb, 
(OM), and (COOM’) , have the same signi?cance 
as has been heretofore given to these groups. 
Since group RV has been de?ned as "‘at least 

'one”, it will be apparent that there may be more 
than one heavy alkyl substituent attached to the 
nucleus T. Such a compound, where v and n are 
each one and in which there are two such mono 

lowing formula: , 

in which the chains and the substituent char 
acters have the same signi?cance de?ned above. 
Compounds of the type satisfying the general 

Formula III and’ the subgeneric Formula IV in 
which RV (or RV’) is polyvalent and v (or v’) 

I and n- (or n’) are more than one and in which 
there is only one such polyvalent RV group may 
be illustrated by the following formula, in which 
the aryl nucleus T is again indicated for illus 
tration as being monocyclic: ‘ 

In the above formula :0, Re is a monovalent 

andj's’ithe same as monova'lent RV in Formula III. 
-_ Under this ‘same type of compound indicated 

15, 
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characterizing groups have the same signi?cance 
described above under Formula C. ’ 
D. . v 

H H H ' H H 
a no ---- -- c c c on 

n I a 
0M 000M’ 0M 000M’ OM 000M’ 

A XX 

Y.—— -—R. Yt"--— ——R‘. ‘Irv-R. 
H 11 

no 0 . c on 
H H H H H 

The possible molecular structure of compounds 
in which the aryl nucleus T is polycyclic will be‘ 
Obvious from the foregoing exemplary Formulae 
A to D_ inclusive, and the possible molecular 
structure of compounds in which 1) and n are 
equal to two and four will be readily understood 
from the exemplary Formulae C and D. 
Another possible molecular structure of com 

pounds coming under general Formula III is a 
compound having more than one polyvalent R". 
at least two of which have different valences. 
Such a compound may be typi?ed by the follow 
ing formula in which the symbols have the same 
signi?cance as in Formula . ' 

H H H H H 
no ----- --c. --------------- --c ------------ --------- "on 
H H 

0M COOM’ OMXL<COOM’ 
Yb——— -—-R. Yt—'— ——-R. Yb——‘ —'—R. 

H 
--------------- -- C—-----CH 

u H 

As to the possible number of RV’ (and -Rc_) 
groups going to make up a single molecule, this 
will vary with the extent to which it is desired to 
effect substitution of the nucleus with Oil-solubil 
izing aliphatic groups for obtaining the desired 

. properties in the product and is, of course, lim 
ited by the number of valences on the aromatic 
nucleus which are available for substitution. -As 

1 will be apparent to those skilled in the art, the 
maximum possible number of R" (and RC) 
groups which can be attached to a single aro 
matic nucleus will vary as the nucleus is mono or 
poly cyclic and also as the nucleus isotherwise 
substituted. It will also be apparent that avail 
able valences on the nuclei may all be attached 
to polyvalent aliphatic substituents. 

It will be understood that the oil-improving 
agents contemplated by this invention may be 
pure compounds satisfying the general Formula 
III described above with any one of the various 
mono and poly cyclic aromatic nuclei as T and 
the various. substituents RV (or RV and Y) de 
scribed, the only requisites being that at least 
one nuclear hydrogen be substituted with a 
metal-oxy (OM) group, at least one nuclear hy 
drogen be substituted with a (COOM') group, 
and at least one nuclear hydrogen be substituted 
with an oil-solubilizing aliphatic radical or group. 
However, in manufacturing the preferred oil 
improving product of the present invention by 
the preferred methodv of procedure, as will ap 
pear more fully later on, the ?nal oil-improving 
product obtained is normally or usually a mix-I 
ture of different compounds corresponding to 
different values of n and o and to different num- 
bers of aliphatic groups RV. 
As has been emphasized hereinabove, it is im-, 

portant that the oil-improving agents as repre 
sented by general Formulae III and IV have 

2,197,834. 

nuclear hydrogen in the aromatic nucleus T 
substituted with predominantly aliphatic ma 
terial which comprises a sufficient proportion of 
the composition as a whole to render the same 
miscible with the mineral oil fraction in which 
the improving agent is used under normal con 
ditions of handling and use. It appears from 
the results of our research that there is a critical 
range in the degree of alkylation of these improv 
ing agents below which the product or, agent will 
not satisfy the requirements for oil-miscibility. 
Expressing this in another way, it appears that 
the hydroxyaromatic constituent of the alkylated 
hydroxyaromatic compound from which the al 
kylated metaloxyaromatic-metal carboxylate salt 
is derived should not exceed a certain percentage 
of such alkylated hydroxyaromatic composition 
as a whole. This critical range of alkylation may 
be roughly expressed as the ratio by weight of 
(T(OH))n to Rv(T(OH))n. 
The degree of alkylation and the critical 

ranges within which operative and preferred 
compounds can be obtained may also be ex 
pressed as the number of carbon atoms con 
tained in the aliphatic substituents for each aryl 
nucleus in a given molecule or molecular struc 
ture. 
The criticalrange in the degree of alkylation 

of the aryl nucleus in the improving agents con 
templated herein may vary with: (a) the min 
eral oil fraction in which the improving agent 
is to be used; (12) the aryl nucleus T (mono or 
poly cyclic); (c) the hydroxyl content of the 
aryl nucleus from which the ?nal product is 

' obtained (mono or polyhydric); (d) the charac 
ter of aliphatic material comprising the sub 
stituent (straight or branched chain); (c) mono 
or poly substitution of the aryl nucleus; and (f) 
other substituents on the nucleus T, which may 
be of positive or negative or of neutral solubiliz 
ing activity. - . 

In general it may be said that a, polycyclic 
nucleus appears to require a higher degree of 
alkylation than a monocyclic nucleus; that a 
polyhydric nucleus requires a ,higher degree of 
alkylation than a monohydric nucleus; and that 
branched chain aliphatic substituents have a 
somewhat greater solubilizing action than straight 
chain solubilizing substituents. 
In view of the foregoing variables it would 

be impracticable and probably misleading to at 
tempt to give an expression and ?gure which 
would indicate accurately the proper ratio of 
hydroxyaromatic constituent to the‘ alkylated hy 
droxyaromatic constituent which would express 
a ‘degree of aliphatic substitution satisfying all 
cases, taking these variables into account. As a 
guide for preparing these improving agents, how 
ever, our research indicates that for a product 
having pour depressing and V. I. improving prop 
erties in addition to other valuable properties the 
ratio, expressed as: 

'r on .. VII. Fawn.” 
should not be greater than .17 when the weight 

.of the hydroxyaromatic nucleus or component. 
(T(OH))11, is expressed in terms of its chemically 
equivalent weight of phenol (CsHsOH). How 
ever, for mere oil-solubility with inhibition of 
oxidation we have found that this ratio may be 
raised by poly-substituting the nucleus with 
branched chain aliphatic groups. In general it 
may be said that in the preferred’ improving 
agents contemplated herein the ratio by weight 
of the hydroxyaromatic component in the prod 
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net to the corresponding alkylated hydroxy 
aromatic nucleus or component therein should 
not be greater than about seventeen parts by 
weight of the former to about 100 parts by weight 
of the latter, or about seventeen per cent, when 
the weight of the hydroxyaromatic nucleus or 
component is expressed in terms of its chemi 
cally equivalent weight of phenol. It will be 
observed that the ratio as represented by the 
Formula VII does not take into account any 
other substituent in the nucleus than the all 
phatic substituents and the hydroxyl group; but 
since the aliphatic substituent is primarily re 
lied upon in the agents contemplated herein as 
the solubilizing substituent, it is believed that the 
foregoing expression and limits will serve as a 
working guide for the preparation of oil-soluble 
materials and the preferred multifunctional ma 
terials. 
As stated above, the degree of alkylation may 

also be expressed by the number of carbon atoms 
contained in the aliphatic substituent for a given 
hydroxyaromatic nucleus T. As a general guide 
here it may be said that the aliphatic substitu 
ents represented by R" in the aboveigeneral For 
mula III should, for the preferred multifuctional 
materials contemplated herein, contain at least 
thirty carbon atoms for each aromatic nucleus T. 
The ratio of seventeen per cent, which we 

may term the “phenolic ratio”, represents what 
we consider a maximum ?gure for the preferred 
products contemplated herein, and in general it 
will be found that this ?gure will be lower, the 
actual ratio, of course, being dependent upon 
the variabie factors enumerated above. For ex 
ample, as will later appear, an improving agent 
of the preferred type in which the aliphatic sub 
stituent is derived from petroleum wax (a pre 
dominantly straight chain aliphatic hydrocarbon 
of at least twenty carbon atoms) and in which 
the aromatic nucleus was derived from phenol - 
otherwise unsubstituted may have a phenolic 
ratio, as expressed above, not substantially great 
er than about thirteen per cent. 
A further general guide for the synthesis of 

the preferred improving agents for viscous oils 
is to alkylate the aromatic nucleus so that it is 
polysubstituted with aliphatic hydrocarbon radi—_ 
cals or groups preferably of relatively high mole 
cular weight. 
As has been previously indicated, it is one of 

‘the primary objects of the invention to provide 
an oil-improving agent which will have mul 
tifunctional improving activity in a mineral oil. 
Our research indicates that compounds satisfy 
ing the requisites of general Formula III above 
may be blended in minor proportions with min 
eral oil fractions, particularly of the viscous or 
lubricating oil type, to effect marked improve 
ment in several important properties. The im 
provement effected may be varied somewhat with 
the aliphatic substituent, petroleum wax and all 
phatic hydrocarbons of similar characteristics 
such as ester wax, for example, giving products 
which effect a marked improvement in viscosity 
index and pour point in addition to other prop; 

The e?ec- . erties to be hereinafter pointed out. 
tiveness may also be varied with other substitu 
ents in the aryl nucleus-for example, alkoxy 
groups .may contribute to solubility--and the 
properties of the agents may also be varied with 
the character of the metal substituent in the car 
boxyl group. In general it appears that the oil 
miscible salt of. any metalsatisfying the re 
quisites of Formula III above will act to inhibit 

5 
oxidation in mineral oils and reduce the forma 
tion of harmful oxidation products. Certain of 
the metals, such, for example, as lead and zinc, 
may serve to increase the load-carrying capacity 
of lubricating oils. 
The procedure whereby the oil-improving 

agents contemplated by this invention can be 
prepared may be broadly described as follows: 

First the hydroxyl hydrogen in an alkylated 
hydroxy-aromatic compound is substituted with 
an alkali or alkaline earth metal to form an’ al 
kylated aryl oxide of the corresponding alkali or 
alkaline earth metal which is then carboxylated 
to form the alkali or alkaline earth metal salt 
of the alkaylated hydroxyaromatic carboxylic 
acid, the reactions being indicated by the fol 
lowing equation: 

in which Ms indicates an alkali or_alkaline earth 
metal, and the remaining characters have the 
same signi?cance described above in connection 
with general Formula III. If it is desired to ob 
tain a metal oxyaromatic carboxylate salt in 
which the carboxyl hydrogen is replaced with 
alkali or alkaline earth metal the product of the 
.above reactions may be used‘ as an intermediate 
starting material for reactionic) to be herein 
after described. 
When the desired product is one in which the 

carboxyl hydrogen is replaced with some metal 
other than an alkali or akaline earth metal, the 
next step in the process involves substitution of 
the alkali, or alkaline earth metal in the salt 
product of reaction (a) with the desired metal 
by a process of double decomposition, such re 
action being indicated by the following equation: 

in which M'X indicated an alcohol-soluble in 
organic or fatty acid salt of the desired metal 
M’. In this double decomposition reaction, some 
of the metal may replace a nuclear hydrogen in 
the aromatic ring; but if such compounds form, 
they are in the minority and, in any event, are 
not considered harmful to the product. 
To form the metal oxyaromatic-carboxylate 

salt from the hydroxyaromatic-metal carboxylate 
salt, the product from reaction (a) or (b) is re 
acted with an alcoholate or alkyl oxide of the 
desired metal, such reaction taking place accord 
ing to the following equation: 

in which “Alk(0M)”» indicates the alcoholate of 
the metal M which may be the same as or dif 
ferent, than the metal M’. 

. The metal substituents 
and the hydroxyl group of 

in the carboxyl group 

metals belonging to the silver, copper; tin,- alu-' 
minum, iron, alkali and alkaline earth analytical 
groups, which include: silver, mercury, lead, and 
thallium; bismuth, copper, and cadmium; ar 
senic, antimony, and tin; iron, cobalt, nickel, 
and manganese; barium, calcium, strontium, and 
magnesium; and sodium, potassium, and lithium, 
respectively. Other desirable metals include: 
titanium, cerium, thorium, vanadium. molyb 
denum,‘ tungsten, uranium, and platinum. 
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the improving agents " 

described herein may be broadly classi?ed as the’ 
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The general reactions described and illustrated 

above, have shown an alkylated or an aliphatic 
substituted hydroxyaromatic compound as the 
starting material. Compounds of this nature, 
which satisfy the requirements of high alkyla 
tion for the preferred improving agents discussed 
above, or mixtures of such compounds can be 
readily prepared by alkylating a mono or poly 
cyclic, mono or poly hydric, substituted or un 
substituted hydroxyaromatic compound with ali 
phatic compounds or predominantly aliphatic 
materials. 
The starting material for the hydroxyaromatic 

constituent in the alkylation reaction to obtain ' 
an alkylated hydroxyaromatic product 

RV(T(OH)Yb)n 

in which Yb, if present, is residual hydrogen, 
may be a mono or poly cyclic hydroxyaromatic 
compound otherwise unsubstituted; or such com 
pounds containing alkyl substituents; or in cer 
tain special cases (to be. hereinafter described) 
the starting material may be an alkyl-aryl ether 
or an aralkyl-aryl ether. For obtaining an 
alkylated hydroxyaromatic product containing a 
“Y” substituent, in addition to or in place of 
residual hydrogen, the starting material for the 
hydroxyaromatic constituent may be a mono or 
poly cyclic hydroxyaromatic compound in which 
part of the nuclear hydrogen is substituted with 
a member or members of the group consisting of 
chlorine, hydroxy, alkoxy, aroxy, aryl, alkaryl, 
and aralkyl groups. ‘ 

Examples of the hydroxyaromatic compounds 
which may be used as starting material for the 
alkylation reaction are: phenol, resorcinol, hy 
droquinone, catechol, cresol, xylenol, hydroxydi 
phenyl, benzylphenol, phenyl-ethyl-phenol, 

4Q phenol resins, methyl-hydrcxydiphenyl, guaiacol. 
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alpha and beta naphthol, alpha and beta methyl 
naphthol, tolyl naphthol, xylyl naphthol, benzyl 
naphthol, anthranol, phenyl methyl naphthol, 
phenanthrol, anisole, beta naphthyl methyl 
ether, chlorphenol, and the like. ‘Preference in 
general is to the monohydroxy phenols otherwise 
unsubstituted, particular preference being given 
to phenol and alpha and beta naphthol. 
The alkylation of the hydroxyaromatic com 

pound may be accomplished in various ways, such 
as by a Friedel-Crafts synthesis, using a halo 
genated aliphatic hydrocarbon, or by reaction 
with unsaturated high molecular weight aliphatic 
compounds or higher alcohols in the presence of _ 
H2504 as a catalyst. I 

We have found the Friedel-Crafts type of 
alkylation reaction to be particularly adapted to 
the step of preparing the alkylated hydroxyaro 
matic compounds from which the improving 
agents described herein are synthesized because it 
affords a convenient means for controlling the de 
gree of alkylation and- obtaining the desired 
“phenolic ratio” for use in the preferred mineral 
oil compositions contemplated by this invention. 
In this reaction an appropriate mono or poly 

chlorine-substituted‘aliphatic compound or ma 
terial, is reacted with‘ the desired hydroxyaro 
matic compound in the presence of a catalytic 
amount of aluminum chloride. Pure or substan 
tially pure mono or poly chlorine-substituted ali 
phatic compounds may be used.' However,- as 
will be readily understood by those skilled in the 
art, since it is usually very di?icult to prepare or 
obtain high molecular. weight aliphatic hydrocar 
bons in a pure or substantially pure state and 

‘ gree of alkylation” of the product. 

2,197,834 
since it is equally di?icult to prepare the chlorine 
(or other halogen) substitution products of such 
hydrocarbons in a pure or substantially pure 
state, we prefer to employ a mixture of such hy 

- drocarbons, such as a suitable petroleum fraction, 5 
as the starting material for our preferred im 
proving agents, converting it into a mixture of 
differentchlorine (or other halide) substitution 
products by any suitable method for use in the 
alkylation step. In general it may be said that l" 
the high molecular weight aliphatic hydrocarbons 
contemplated by this invention as preferred 
sources for the alkyl or aliphatic suhstituent R" 
in Formula III above may be pure or mixed com 
pounds typi?ed by .those which characterize the ll 
heavier products of petroleum, such as heavy 
petroleum oils of the lubricant type, petrolatum, V 
and crystalline petroleum wax or other com 
pounds or materials which will result in relative 
ly long chain aliphatic substituents. Special L’" 
preference is given to petroleum wax of melting 
point not substantially less than about 120° F. 
Such specially preferred aliphatic hydrocarbon 
materials commonly have molecular weights of 
about 250 and have at least twenty carbon. atoms :3 
in their molecules. 
As stated above, the Friedel-Crafts synthesis 

affords a convenient means of controlling the “de 
This is ac 

complished by- controlling: (a) the chlorination :10 
of the aliphatic hydrocarbon and (b) the react 
ing proportions of the chlorinated aliphatic hy 
drocarbon and the hydroxyaromatic compound 
used in the Friedel-Crafts reaction. As is well 
known to those skilled in the art, the replacement 3.3 
of nuclear hydrogen in the hydroxyaromatic 
compound with an aliphatic group is, in the 
Friedel-Crafts synthesis, effected by reaction of 
such nuclear hydrogen with chlorine in the 
chlorinated aliphatic compound, the substitution in 
being effected with evolution of HCl. It will thus 
be seen that the number of chlorine substituents 
in a chlorinated aliphatic compound corresponds 
to the number of valences (22 in general Formula 
III) which will be satis?ed by or attached to 45 
hydroxyaromatic nuclei in the product of the 
reaction. For example, in a reaction where a 
quantity of pure monochlor-aliphatic hydrocar 
bon containing say three atomic proportions of 
chlorine is reacted with‘ one molecular proportion 50 
of hydroxyaromatic compound, the resulting 
alkylated product, R"(T( OH) Yb) 1],, is one in which 
22 and n are equal to one and there are "three 
aliphatic groups Rv attached to one nucleus T. 
On the other hand, assuming a reaction in which 55 
a quantity of pure trichlor-aliphatic hydrocar-_ 
bon containing three atomic proportions of 
chlorine is reacted with one molecular proportion 
of hydroxyaromatic compound, the product would 
be one in which 1; and n of general Formula III 60 
are each equal to three, and the solubilizing action 
‘of a single aliphatic group would be distributed 
among three nuclear hydroxyaromatic groups. It ‘ 
is due to this latter condition that we consider 
it preferable that the number of valences “v”_ 65 
(in Rv of Formulae III, etc.) bemaintained with 
in the range of from‘ one to four hereinabove 
specified. In other words, it appears that the 
required oil-solubilizing and oil~improving action 

’ of the aliphatic substituent R", particularly where 70 
the aliphatic substituent is a wax derivative and 
the agent is to be used for multifunctional activity 
in viscous oils, is not obtained with materials pre 
dominantly comprised of a compound or com 
pounds RY(T(OM) (CO0M')Yb)a (Formula III) 75 
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ally combined or used up in the alkylation syn; ,, \ in which 12 andn are greater than four. Hence, 
for ‘use in the Friedel-Crafts reaction the chlori 
nated high molecular weight aliphatic material 
should be a compound, or should be predominant 
ly comprised of compounds in which the chlorine 
content is not greater than a tetrachlor com 
pound. _ 

As will be readily. apparent to those skilled in 
the art, the chlorination of an aliphatic material 
such as a liquid petroleum fraction or a crystalline 
petroleum wax will normally or usually result in 
a mixture of mono- and poly-chlor-aliphatic hy 
drocarbon compounds. Consequently, the prod 
uct of a Friedel-Crafts reaction between such 
chlorinated material and a hydroxyaromatic 
compound will be a mixture of di?erent com 

, pounds corresponding to different values of v 

20 

25 

and n in the formula Rv(T(OH)Yb)n and the 
?nal metal-oxyaromatic carboxylic acid salt de 
rived therefrom according to the reaction of 
Equation 0 above will likewise be a mixture of 
compounds corresponding to di?erent values of 
n and v in general Formula III. It will be under 
stood, therefore, that the speci?c values for v 
and n in the above formula, as well as the formula 
itself, relate to the different speci?c compounds 
present in such a mixture which characterize it‘ 
as a product of the present invention. 
However, in the case of a pure compound cor 

responding to general Formula III or in mixtures ' 

thereof, We have, as previously stated, discovered 
that for a satisfactory product, the *ratio by 
weight of hydroxyaromatic component (T(OH) )n 
to the corresponding alkylated hydroxyaromatic 
nucleus or component (RV(T(.OH)_ )1.) should not 
be greater than a certain critical maximum ratio 
which varies with constituents, conditions of use, 
and properties desired, as discussed in detail 

. hereinabove. 
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The above-mentioned ratio'of hydroxyaromatic 
component to the corresponding alkylated hy 
droxyaromatic component \ ' 

in which the hydroxyaromatic component is cal 
culated as phenol and which is therefore herein 
referred to as the phenol content or "phenolic 
ratio”, is usually calculated from the weight of 
the hydroxyaromatic compound used up in the 
alkylation reaction and from the total weight of 
alkylated compound resulting from such alkyla 
tion reaction, as will be readily understood by 

those skilled in the art. ' ' For example, when the Friedel-Crafts synthesis 

is used for alkylation, the aliphatic hydrocarbon‘ 
material is ?rst chlorinated until the weight of 
chlorine absorbed indicates that " the average 
composition of the chlorinated product comes- 
ponds roughly to say a dichlor-aliphatic hydro 
carbon. Such a product will, of course, contain 
some mono- and tri-chlor compounds and prob 
ablysome tetrachlor compounds. ' 
proportions (based on atomic proportions of chic 
rine to one mole of hydroxyaromatic compound) 
are then selectedso' that the theoretical product 
of the Friedel-Crafts reaction will give the ap 
proximate phenolic ratio desired.v After the 
Friedel-Crafts reaction and puri?cation of the 
product the weight of aliphatic material in the 
chlorinated aliphatic starting‘material is sub 

‘tracted from the weight of the alkylated or 

76 

aliphatic-substituted product to obtain the weight 
of hydroxyaromatic material ((T(OH) )n) actu 

The reacting _ 

7 

thesis. From this value and the weight of the 
alkylated product (RV(T(OH))1.) the phenolic 
.ratio or phenol content can be readily calculated. 
If there are other substituents (Yb) on the hy 
droxyaromatic nucleus in addition to the mono 
or poly- valent aliphatic groups, .a deductionv 
should: be made for them before calculating the 
phenolic ‘ratio, an operation which will be ap 
parent to those skilled in the art. 
In the foregoing description of the Friedel 

Crafts alkylation reaction we have referred to a 
. hydroxyaromatic compound as a starting ma 
terial. This same reaction may be used with an 
alkyl-aryl ether or an aralkyl-aryl ether which 
undergoes a substantial rearrangement during' 
Friedel-Crafts alkylation to form an alkylated 
hydroxyaromatic compound in which the alkyl 
group of the ether replaces one of the nuclear 

_ hydrogen atoms. 
In the event it is desired to obtain a product 

RV(T(OM) (COoM')Yb)1|. which contains an al 
koxy group as the substituent Yb, it is preferable 

. that the alkylation be e?ected with a hydroxy 
aromatic compound containing such alkoxy or 
aroxy group as a substituent and a high mole 
cular weight unsaturated aliphatic hydrocarbon 
(such as polymerized’ isobutylene, dodecylene, 
tetradecylene, octadecylene, melene, etc.) or a 
higher alcohol (such as cetyl alcohol, myricyl 
alcohol, ceryl alcohol, octadecyl alcohol, etc.) 
using H2504 as a catalyst. By this procedure, 
the hydroxyaromatic ether can be alkylated 
without substantial rearrangement taking place. 
As an alternative procedure, polyhydric phenols 
can be alkylated by reaction with alcohols or 
unsaturates or by Friedel-Crafts reaction follow 
by substitution of one hydroxy with a low mole 
cular weight alkyl group. In carrying out this 
latter procedure, the alkylated polyhydric phenol 
is treated with an alkali alcoholate to introduce 
alkali metal into the OH group followed by 
treating with the desired alkyl halide, ‘whereby 
the substitution is effected. 
When it is desired to obtain a nitro or amino 

group as the substituent “Yb” in general Formula 
~ III, the hydroxyaromaticv compounds ‘are‘alky 
lated when free of nitro or amino groups, and 
such alkylation is followed by nitration’ of the 
alkylated compound to introduce the nitro sub 
stituent. The amino group can be obtained by 
reduction of the nitro group. 

-PREPABATION or ’ MEI‘ALOXYABOMATIC-METAL CAR 
BOXYLATE SALTS FROM WAX-SUBSTITUTED Pmnwor. 

‘(1) Alkylation of phenol 

A para?in wax melting at approximately 120 F. 
and predominantly comprised of compounds hav 
ing at least twenty carbon atoms in their mole 
cules is melted and heated to about 200° ,F., after 
which chlorine is bubbled therethrough until the 
wax has absorbed from sixteen per cent to twenty 
per cent of chlorine, such product having an 
average composition between a monochlor wax 
and a dichlor wax or corresponding roughly to a 
dichlor wax. Preferablythe chlorination is con 
.tinued until about one-sixth the weight of the 
"chlqrwax” formed is ‘chlorine. A quantity of 
chlorwax thus obtained, containing three (or 
four, with twenty per cent chlorine in the chlor 
wax) atomic proportions of chlorine, is heated 
to‘ a temperature varying from‘ just above its 
melting point to not over 150° F., and one mole 
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8 
of phenol (CBH?OH) is admixed therewith. The 
mixture is heated to about 150° F., and a quantity 
of anhydrous aluminum chloride corresponding 
to about three per cent of the weight of chlorwax 
in the mixture is slowly added to the mixture with 
active stirring. The rate of addition of the 
aluminum chloride should be sufficiently slow to 

_. avoid violent foaming, and during such addition 

l0. 
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35 
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the temperature should be held at about 150° F. 
After the aluminum chloride has been added, the 
temperature of the mixture may be increased 
slowly over a period of from ?fteen to twenty-five 
minutes to a temperature of about 250° F. and 
then should be more slowly increased to about 
350° F. To control the evolution of HCl gas the 
temperature of the mixture is preferably raised 
from 250° F. to 350° F'. at a rate of approximately 
one degree per minute, the whole heating opera 
tion occupying approximately two hours from the 
time of adding the aluminum chloride. If the 
emission of H01 gas has not ceased when the 
?nal temperature is reached, the mixture may 
be held at 350 F. for a short time to allow com 
pletion of the reaction. But, to avoid possible 
cracking of the wax. the mixture should not be 
heated appreciably above 350° F., nor should it 
be held at that temperature for any extended 
length of time. . 

It is important that all unreacted or non 
alkylated hydroxyaromatic material (phenol) re-. 
maining after the alkylation reaction be removed. 
Such removal can be effected generally by water 
washing, but it is preferable to treat the water 
washed product with super-heated steam, there 
by insuring complete removal of the unreacted 
material and accomplishing the drying of the 
product in the same operation. 
The wax-substituted phenol thus obtained 

may be characterized by the general formula 
Rv(T(OH)Yh)n, in which Rv represents at least 
one aliphatic group or radical characteristic of 
para?in wax having a valence v of from one 
to four; T represents a monocyclic aromatic 
nucleus; Yb represents residual hydrogen, 1) be 
ing a number corresponding. to the number of 
valences on the nucleus T not satis?ed by R‘7 and 
(OH) ; and n as a number from one to four cor 
responding to the valences v on the aliphatic 
group or groups Rv which are satis?ed by the 

I nuclear group or groups T (OH) Yb. At this step 
of the process, 12 in the above general formula 
should always beat least one, since residual hy 
drogen in the nucleus is important to the car~= 
boxylation step to be hereinafter described. 

_ A wax-substituted phenol prepared‘ according 
to the above procedure, in which a quantity of 
chlorwax containing three atomic proportions of 
chlorine (sixteen per cent chlorine in the chlor 
wax) is reacted with one mole of phenol, may, for 

go ibrevity herein, be designated as “wax-phenol 
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(3-16)!’ Parenthetical expressions oi.‘ this type 
(A-B) will be used. hereinafter in connection 
with the alkylated hydroxyaromatic compounds 
to designate (A) the number of atomic propor 
tions of chlorine in chlor-aliphatic material re 
acted with one mole of hydroxyaromatic com 
pound in the Friedel-Crafts reaction, and (B) the 
chlorine content of the chlor-aliphatic material. ' 
In the above example A=3 and 3:16. This 
same designation will also apply to the metal— 
oxyaromatic-metal carboxylate derivatives. 
Wax-phenol (3-16) as obtained by the above 

procedure had a phenol content or a "phenolic 
ratio" of about thirteen per cent and wax phenol 
(4-20) had a “phenolic ratio” of about 12.5 per 

2,191,834 
cent. Our research indicates that this phenolic 
ratio in the neighborhood of thirteen per cent 
may be considered as representing about the max 
imum for satisfactory miscibility and multi 
functional activity in viscous oils of the metal 
oxyaromatic-metal carboxylate derivatives of 
alkylated hydroxyaromatic compounds in which 
the alkyl substituent is derived ‘from wax and the 
hydroxyaromatic constituent is derived from 
phenol (CsHsOH). 

(2) Formation of wax-substitute alkali or alka 
line earth metal ph nate 

As an example of this step in the preparation 
of our oil-improving agents, wax-substituted 
sodium phenate can be prepared by the reaction 
of wax-phenol with metallic sodium in the pres 
ence of a non-oxidizing gas. The reaction mix‘ 
ture is heated at 500° F. during a two-hour period 
with rapid stirring to produce ?nely divided 
sodium and thereby accelerate the reaction. The 
proportions of reactants which were used in pre 
paring a wax-substituted alkali metal phenate' 
according to the above procedure were: 

Grams 
Wax-phenol (13.2 per cent combined phe 

nol content) _________________________ __ 500 
Sodium or equivalent amount of potassium" 16 

Wax-substituted phenates of the alkali and al 
kali earth metals may also be prepared by re 
acting a wax-phenol with the desired alcoholate 
or alkyl metal oxide of an alkali or alkaline earth 
metal. For this purpose anhydrous methyl and 
ethyl alcohols are usually most suitable for use 
in preparing the alkyl metal oxides. As an ex 
ample, 500 grams of wax-phenol (346) of 13.2 
per cent combined phenol content was reacted 
with sixteen grams of sodium in the form of the 
ethyl sodium oxide by heating the mixture to 
about 300° F. during a one-hour period and allow 
ing the alcohol released in the reaction to distill 
off, thereby obtaining the wax-substituted sodium 
phenate as the ?nal product. 

(3) Carboxylation to form alkali or alkaline earth 
metal salt ofwax-phenol carboxylic acid 

A product of the foregoing step, such as the 
wax-substituted sodium phenate, is heated to a 
temperature of about 350° F., and CO2 is in— 
troduced at a rate su?icient to maintain this tem 
perature. The pressure is gradually raised to 
about 500 pounds per square inch to complete 
the reaction at this temperature during a one 
hour period. The reaction may be illustrated 
with unsubstituted sodium phenate by the fol 
lowing equations: 

' OCOONa 

By rearrangement the carboxy group is trans 
ferred to the ring, giving the sodium salt of the 
phenol carboxylic acid: 

OCOONa OH 

O ' OCOONa —-> 

Other carboxylating reactions may be used in 
this step of the process, such as the reaction of 
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the alkali metal wax~phenate with carbonyl chlo 
ride or carbon tetrachloride; but since the acid 
salt formed in the presence of C02 is obtained 
in high yield and in a pure state, this is the pre 
ferred carboxylation procedure. 
Because of the high viscosity of the mixture it 

' is advantageous to dilute the wax-substituted 
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phenol initially with one or two parts of mineral 
oil. When a diluent has been used, carbon di 
oxide can be introduced at room temperature; 
and the temperature of the reaction in this case 
may be regulated by the amount of external heat 
mg. ‘ , - 

The product of this step, where the starting 
material was wax-substituted sodium phenate, 
is the sodium salt of wax-substituted phenol car 
boxylic acid. 

. (4) Formation of the salts ofpther metals 
With an alkali or alkaline earth metal salt, 

such as the sodium salt of the foregoing step, as 
the starting material, the corresponding salts of 
the other metals can be prepared by double de 
composition of the ?rst-mentioned salt with an 
alcohol-soluble inorganic or fatty acid salt of the 
desired metal. “The use of alcohol as a solvent 

‘ for the salt is desirable to insure proper solution 
and reaction, the reaction being conveniently 
carried out by heating the» mixture at' 1'75 F. 
during a two-hour period.-v 
The reaction product of this double decomposi 

tion or the alkali or alkaline earth metal salt 
obtained in the previous step is used as an inter 
mediary for obtaining the ?nalmetaloxyaromat 
ic-metal Jcarboxylate salt contemplated by‘ this 
invention. I v 

The reaction mixture employed in this double 
decomposition reaction may, for example, con 
sist of one mole 'of'the sodium salt/of wax-sub 
stituted phenol carboxylic acid and one mole 
equivalentvof the inorganic or fatty acid salt of 
the desired metal in alcohol solution. One part 
by volume of Stoddard solvent may be employed 
as a diluent for the mixture. I . 

(5),,Formation of the metalomyaromatic-metal 
' carboxylate type of salt‘ 

As illustrated by equation (0) above the salts 
of Formula III are obtained by replacing-the 
hydroxyl hydrogen with the desired metalgwhich 
may be the same as or different from the metal 
on the carboxyl group. _ 

The substitution of the hydroxyl hydrogen in 
the salt of the hydroxyaromatic (phenol car 
boxylic) acid obtained in steps (3) or (4) de 
scribed above is obtained by reacting such salt 
‘with an alcoholate or alkyl oxide'of the desired 

I metal; The alkyl oxides may be conveniently 

to 
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formed by double decomposition of alkyl sodium 
oxide with an alcohol-soluble‘ salt (such as a 
chloride) of the desired metal’ to form the metal 
'alcoholate and the inorganic sodium salt. A 

The alkyl-substituted hydrox'yaromatic acid 
salt may be added to the alkyl metal oxide mix 
ture without separating the salt (chlo 
ride) from the pure allgl'metal oxide. The 
/mixture is heated during a. one-hour period at 
300° F., allowing the alcohol‘to distill to com 
pletethe formation of the metaloxyaromatic 
metal carboxylate salt. (Formula m). The prod-‘ 
uct thus obtained is separated from the inor 
ganic reaction ‘salts, which are insoluble, by set 
tling, ?ltering, or centrifuging, without resorting 
to water-washing. If desired, the reaction mix-. 
,ture prior 'to separation, may be diluted with 

9 
aid the separation of the salt, such separation 

\ being followed by distillation of the diluent to ' 
“,obtain the ?nished material. 
" It is to be understood that the foregoing pro 
cedure is merely illustrative of the methods 
which may be employed in synthesizing the vari 
ous metaloxyaromatic-metal carboxylate salts of 
alkylated hydroxyaromatic acids contemplated by 
this invention; that polycyclic hydroxyaromatic. 
compounds may be used instead of phenol and 
that other aliphatic compounds or predominant 
ly aliphatic materials may be used as the source 
of the solubilizing alkyl or aliphatic substituent 
(RV) in general Formula 111. , 
As will appear from\the foregoing description, 

the oil-improving agents‘ contemplated by this 
invention are characterized by the general For 
mula III (R"(T(OM) (COOM')Yb)n) described, 
hereinabove, such compounds or products may 
also be characterized as oil-miscible alkylated or 
alkyl-substituted hydroxyaromatic carboxylic 
acids in which the, hydroxyl and carboxyl hydro 
gens have been substituted-with their equivalent 
weight of metal; also as the metal salts of al 
kylated metaloxyaromatic carboxylic acids?it be 
ing understood that the terms “alkyl” and “al 
kylatecl” are used herein in a broad sense to 
include polyatomic or polyvalent, as ‘well as 
monovalent aliphatic radicals or groups.‘ 
To demonstrate the'effectiveness of compounds 
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or products of the type described above in the ‘ 
mineral oil compositions contemplated by this ‘ 
invention, we have conducted several compara 
tive tests, the results of which are listed below, 
with representative mineral oils alone and with 
the'same'oils blended with the i'mproving‘agents 
contemplated by this invention. 
‘ The improving agents used in these tests in- , 

j’ cludecl salts of the type above described in which 
both the‘ carboxyl and hydroxyl hydrogens were 
substituted with the same metal and salts in 
which the carboxyl and hydroxyl hydrogens were. 
substituted with dilferent metals. Salts of the 
former type are designated as “di” salts, for’ 
‘example dicobaltous salt of wax phenolic acid 
or di-cobaltous (phenate-carboxy) salts of wax. 
phenolic acid. In referring tosalts of the latter 
type the hydroxyl metal substituent is indicated 
with the su?ix (0M) and the carboxyl metal 
substituent is indicated with the su?ix (COOM') . 
Thus, for example, a salt of wax-substituted 
phenol carboxylic acid in which the hydroxyl 
hydrogen is substituted with copper and the car- _ 
boxyl hydrogen is'substituted with sodium will 
be referred to and indicated in the tables as the 
cupric (0M)-sodium ‘(COOM') salt of wax phe 
nol carboxylic acid._ __ 

' Slocum Inmnrrron 
This series ‘of tests was conducted with mineral 

lubricating oil having a Saybolt viscosity of 244 
seconds at 130° F. (The test involved subjecting 
the oil and various oil blends to accelerated oxi 
dizing conditions in the presence of metal at a 
temperature of 350° F. over an extended period 
of time, the amount of sludge formed during 

55 

60 

85 

such test being expressed as the tar number. . 
The improvingagents used were prepared ac 

' cording to the procedure outlined hereinabove. 
The comparative results obtained are indicated 
in the'table below, in which it will be observed 
that the metaloxyaromatic-metal carboxylate 
salts are effective to substantially stabilize the 
oil against the formation of sludge under these 

75 a. suitable solvent such as a light mineral oil ‘to,’ highly accelerated oxidizing conditions. 
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Table 1 

Tar numbers on oil blends 
Inhibitor blended evaluated at 350° F_ 
with motor oil of ' 
Saybolt viscosity 
1;! 244 sec. @ 130° weight 10 11 

Start 7days days days 14 days 

None _____________________ __ 0 1s 

0uPric(OM)-so— d um(COOM') 
salt of wax phenol 
carboxylic acid... 

Dis it or 

I boxy cacld ____ -. $4 0 0 
Cobaltous (0M)~ 
m a n g a n o u s 
(COOM’) salt of 
wax henol car 
hoxyl c acid .... -_ 

Distannous salt of 
wax henol car 
boxy 0 acid .... ._ 

Dicohaltous salt of 
wax phenol car 
boxyl c acid .... __ 

Dii'erric salt of wax 
phenol carboxyl 
c acid ......... .. $4 0 0 

Viscous 

0 Trace 

Trace XXX 0 

0 Trace .................... __ 

0 Viscous 

Poon Pomr DEPRESSION 

In addition to the property of inhibiting sludge 
formation the metal oxyaromatic-metal car 
boxylate salts of wax-substituted hydroxyaro 
matic acids are effective pour point depressants, ' 
as indicated by the results tabulated below. 
These results were obtained from blends of min 
eral lubricating oil having a. Saybolt Universal 
viscosity of 244 seconds at 130° F. and contain— 
ing metal salts of the metaloxy-metal carboxylate 
type derived from wax-substituted phenol and 
prepared according to the procedure outlined 
above. The pour point of the oil alone was 
20° F., and as is clearly indicated by Table II 
below, the salts contemplated by this invention 
are effective in very small amounts to reduce 
the pour point as much as 40° F. 

Table II 

A. S. T. M. pour 
Depressant blended with motor oil of Saybolt tests on 0'1 blends 

viscosity of 244 sec. @ 130° F. 

0% 346% %% 

°F. 
None ____ __' ___________________________________ __ +20 __________ __ 

Cupric (OM)-sodium (COOM’) salt of wax 
hcnol carboxylic acid ____________________________ -_ —10 —20 

Disodium salt of wax phenol carboxylic acid--. . .... ._ —-10 ~20 
Cobaltous (0M)-lnanganous (COOM’) salt of 
wax phenol carboxylic a —5 —15 

—25 
—20 
—20 

OPERATION Tns'r 

In addition to the foregoing tests we have. also 
made tests of an oil and an oil blend containing 
a representative improving agent of the type 
contemplated by this invention to determine the 
comparative behavior of the unblended oil and 
the improved oil under actual operating condi 
tions. The test was carried out'in a single cyl 
inder C. F. R. engine. The engine was operated 
continuously over a time interval‘ of twenty 
eight hours, with the cooling medium held at a 
temperature of about 390° F., at a speed of 1200 
R. P. M., which is equivalent to a road speed of 
about twenty-?ve miles per hour. The oil tem 
perature was held at about 150° E, during the 
test. 
The oil used in this test was a lubricating oil 

stock of 120 seconds 'Saybolt Universal viscosity 

2,197,834 
at 210° F., and the conditions observed at the end 
of the test were (a) the extent to which the 
piston rings were stuck, (b) .the extent to which 
the slots in the oil rings were ?lled with deposit, 
(0) the amount of carbonaceous deposits in the 
oil, and (d) the acidity or neutralization number 
(N. N.) of the,oil at the end of the test. The 
“oil” indicated as “A” in Table III below is the 
unblended oil and oil “B” is the same oil con 
taining 14% of dicobaltous (phenate-carboxy) 
salt of wax phenolic acid. 

Table III 

Ring condition ' 

Percent slots Carbon T on Degreesstuck ?ned (101mm NA. 
. y 

V1!2|!34534V5 l v 

A ________ __ 90 360 360 360 s60 20 so 5 18.08 2.!» 
B ________ __ so 0 4s 0 0 o 0 0 5.39 0.3 

From the foregoing results it will be apparent 
that metal oxyaromatic-metal carboxylate salts 
of the type contemplated by this invention are 
effective oil-improving agents and are character 
ized by the fact that they have, through the 
presence of the metal substituents, multi-func~ 
tional activity. Although we do not wish to be 
bound in any regard by any theory as to the 
function which the metal substituents have, it is 
believed that such substituents act by promoting 
the preferential oxidation of the alkylated hy 

or 

10 

droxyaromatic acid molecule, thereby taking up _ 
active oxygen and acting as a direct antioxidant; 
also by acting as a peptizing agent on any sludge 
that is formed in the oxidation of the voil; and 
in the event an alkali or alkaline earth metal is 
presentas one or‘ all of the metal substituents 
the salts act by neutralizing strong acids in the 
oil, particularly sulfur acids, such as may be 
formed by oxidation. The improved properties 
obtained and the degree of improvement in a 
particular property may be varied with the metal 
substituents, the aryl constituents, and the de 
gree of alkylation of the aryl nucleus. 
As to the degree of alkylatlon, it is important 

that the aryl nucleus be sufficiently alkylated to 
provide a ?nal product which is “soluble” or 
“miscible” in the particular mineral oil fraction 
with which it is to be blended, that is, one which 

' will remain uniformly dispersed in the oil in 
su?icient amount to eifect the desired improve 
ment, under normal conditions of storage and 
use. 

The amount of improving agent usedvmay be 
varied, depending upon the mineral oil or the 
mineral oil fraction with which it is blended and I 
the properties desired’in the ?nal oil composi 
tion. The metal oxyaromatic-metal carboxylate 
salts of the type described herein may be used 

' in amounts ranging from one-sixteenth per cent 
to ten per cent, and, in general, compositions of 
the desired improved properties may be'obtained 
with these improving agents in amounts of from 
one-sixteenth per cent to two per cent. 

It is to be understood that while we have de 
scribed certain preferred procedures which may 
be‘ followed in the preparation of themetal oxy 
aromatic-metal carboxylate salts of alkylated hy 
droxyaromatic acids used as improving agents in 
the mineral oil compositions contemplated by this 
invention and have referred to various repre 
sentative constituents in these improving agents, 

50 

75 



9,197,884 . 

such procedures and examples have been used 
for illustrative purposes only. The invention, 
therefore, is not to be considered as_limited by 
the speci?c examples given but includes within 
its scope such changes and modi?cations as fair 
ly come within the spirit of the appended claims. 
We claim: . 

1. An improved mineral oil composition com 
prising a mineral oil having‘ admixed therewith 
a minor proportion of-an oil-miscible metaloxy 
aromatic-metal carboxylate salt in which part of 
the hydrogen of the aromatic nucleus has been ' 
replaced with a mineral oil solubilizing sub 
stituent. 

2. An improved mineral oil composition com 
prising a mineral oil having admixed therewith 
a minor proportion of an oil-miscible metaloxy 
aromatic-metal carboxylate salt in which part 
of the hydrogen of the aromatic nucleus has been 
substituted with predominantly aliphatic organic 
material, said last-mentioned substituent com 
prising a su?icient proportion of the substituted 
metaloxyaromatic-metal carboxylate salt to ren 
der such salt miscible with said oil under nor 
mal conditions of handling and use. 

3. An improved mineral oil composition com 
prising a mineral oil having admixed therewith 

'‘ in minor proportion: an oil-miscible wax-sub— 
stituted metaloxyaromatic compound having at 
least one hydrogen atom on the aryl nucleus sub 
stituted with a carboxyl group in which the car 
boxyl hydrogen is replaced with its equivalent 
weight of metal. ‘ 

4. An improved mineral oil composition com 
prising a mineral oil having admixed therewith a 
minor proportion of an oil miscible metal salt of 
an alkyl-substituted hydroxyaromatic carboxylic 
acid in which both the hydroxyl hydrogen and 
the carboxyl hydrogen are substituted with metal. 

5. An improved mineral oil composition com 
prising a mineral oil having admixed therewith a 
minor proportion of an oil-miscible metal salt 
of an alkyl-substituted hydroxyaromatic car- ' 
boxylic acid in which both the hydroxy hydro 
gen and the carboxyl hydrogen are substituted 
with the same metal. 

6. An improved mineral oil composition com-v 
prising a mineral‘ oil having admixed therewith 
a minor proportion of an oil-miscible metal salt 
of‘ an alkyl-substituted hydroxyaromatic car 
boxylic acid in which the hydroxyl hydrogen and 
the carboxyl hydrogen are substituted with dif 
ferent metals. ' _ 

7. An improved mineral oil composition com 
prising a mineral oil having admixed therewith 
a minor proportion of an oil-miscible metal salt 
of an alkyl-substituted hydroxyaromatic car 
boxylic acid in which both the hydroxyl hydro 
gen and the carboxyl hydrogen are substituted 
with metal and in which the alkyl substituent 
comprises a high molecular weight hydrocarbon 
derivative. 

8. An improved mineral oil composition com 
prising a mineral oil having admixed therewith 
a minor proportion of an oil-miscible metal salt 
of an alkyl-substituted hydroxyaromatic car 
boxylic acid in which both the hydroxyl hydro 
gen and the carboxyl hydrogen are substituted 
with metal and in which the alkyl substituent is 
derived from an aliphatic hydrocarbon having at 
least twenty carbon atoms. _ 

9. An improved mineral oil composition com 
prising a mineral oil having admixed therewith 
a minor proportion of an oil-miscible metal salt 
of an alkyl-substituted hydroxya‘romatic car 

11 
boxylic acid in which both the hydroxyl hydro 
gen and the carboxyl hydrogen are substituted 
with metal and in which the alkyl substituent 
is derived from petroleum wax. 

10. An improved mineral oil composition com 
prising a mineral oil having admixed therewith 

’ a minor proportion of an oil miscible metal salt 
of an alkyl-substituted hydroxyaromatic car 
boxylic acid in which both the hydroxyl hydro 
gen and the carboxyl hydrogen are substituted 
with metal, the alkyl substituent in said salt be 
ing a high molecular weight aliphatic hydrocar 
bon derivative and the aryl nucleus being poly 
substituted with said aliphatic derivative. 

11. Animproved mineral oil composition com 
prising a mineral oil having admixed therewith a 
minor proportion of an oil-miscible metal salt of 
an alkyl-substituted hydroxyaromatic carboxylic 
acid in which both the’ hydroxyl hydrogen and 
the carboxyl hydrogen are substituted with metal, 
the alkyl substituent in said salt being derived 
from an aliphatic hydrocarbon having at least 
twenty carbon atoms and the aryl nucleus there 
of being poly-substituted with said aliphatic de 
rivative. 

12. An improved mineral oil composition com 
prising a mineral oil having admixed therewith 
a minor proportion of an oil-miscible metal salt 
of an alkyl-substituted hydroxyaromatic car 
boxylic acid in which both the hydroxyl hydro 
gen and carboxyl hydrogen are substituted with 
metal, the alkyl substituent in said salt being a 
derivative (‘of petroleum wax and the aryl nucleus 
thereof being poly-substituted with said wax 
derivative. 

13. An improved mineral oil composition com 
prising a mineral oil having admixed therewith 
a minor proportion of an oil-miscible metal salt 
of an alkyl-substituted phenol-carboxylic acid in 
which both the hydroxyl hydrogen and the car 
boxyl hydrogen are replaced with metal. 

14. An improved mineral oil composition com 
prising a mineral oil having admixed therewith 
a minor proportion of an oil-miscible metal salt 
of an alkyl-substituted phenol-carboxylic acid in 
which both the hydroxyl hydrogen and the car 
boxyl hydrogen are replaced with metal, the alkyl 
substituent in said salt being a high molecular 
weight aliphatic hydrocarbon derivative. 

15. An improved mineral oil composition com 
prising a mineral oil having admixed therewith 
a minor proportion of an oil-miscible metal salt 
of an alkyl-substituted phenol-carboxylic acid 
in which both the hydroxyl hydrogen and the 
carboxyl hydrogen are replaced with metal, the 
alkyl substituent in said salt being a high molec 
ular weight aliphatic hydrocarbon derivative and 
the aryl nucleus thereof being poly-substituted 
with said aliphatic derivative. - 

16. 'An improved mineral oil composition lccm~ 
prising a mineral oil having admixed therewith 
a minor proportion of an oil-miscible metal salt 
of an alkyl-substituted phenol-carboxylic acid in 
which both the hydroxyl hydrogen and the car 
boxyl hydrogen are replaced with metal, the alkyl 
substituent in said salt being a derivative of pe 
troleum wax. 

17. An improved mineral oil composition com 
. prising a mineral oil having admixed therewith a 
minor proportion of an oil-miscible metal salt 
of an alkyl-substituted phenol-carboxylic acid in 
which both the hydroxyl hydrogen and the car 
boxyl hydrogen are. replaced with metal, the al 
kyl substituent in said salt being a derivative of 
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12 
petroleum wax and the aryl nucleus thereof being 
poly-substituted with said wax derivative. 

18. An improved mineral oil composition com 
prising a mineral oil having admixed therewith 
a minor proportion of a metal salt of a carboxyl 
ated-alkylated phenol in which the hydroxyl hy 
drogen and the carboxyl hydrogen are substi 
tuted with metal, the alkyl substituent being’ 
derived from petroleum wax and the proportion 
by weight of phenol in the parent alkylated-phe 
no] constituent being in the neighborhood of 
thirteen percent. _ > 

19. An improved mineral oil composition com 
prising a mineral oil having admixed therewith 
a minor proportion of a metal salt of a carboxyl 
ated-alkylated hydroxyaromatic compound 
which the hydroxyl hydrogen and the carboxyl 
hydrogen are substituted with metal, the alkyl 
substituent thereof being a derivative of petro 
leum wax and the proportion by weight of the 
hydroxyaromatic constituent in the parent al 
kylated - hydroxyaromatic constituent being 
chemically equivalent to not more than about 
seventeen per cent phenol. 

20. An improved mineral oil composition com 
prising a mineral oil having admixed therewith 
a minor proportion of an oil-soluble metal salt 
of an allgyl-substituted hydroxyaromatic carbox 
ylic acid in which the hydroxyl hydrogen and 
the carboxyl hydrogen are substituted with metal, 
said metal substituents being selected from met 
als of the silver, copper, tin, aluminum, iron, 
alkaline earth and alkali analytical groups. 

21. An improved mineral oil composition com 
prising a mineral oil having admixed therewith 
a minor proportion of a product of the type ob~ 
tained by: chlorinating petroleum wax until 
about one-sixth of the reaction product is chlo 
rine; reacting the chlorinated Wax with a hy 
droxyaromatic compound in the proportion of 
one molof the latter to an amount of the chlorin 
ated wax containing about three atomic pro 
portions of chlorine to form a wax-substituted 
hydroxyaromatic compound; substituting the hy~ 
droxyl hydrogen thereof with metal to form a 
wax-substituted aryl metal oxide of. said metal; 
carboxylating said metal oxide to form a. metal 
salt of a wax-substituted hydroxyaromatic car 
boxylic acid; and substituting the hydroxyl hy 
drogen of said salt with a metal. 

22. An improved mineral oil composition com 
prising a viscous mineral oil fraction having ad 
mixed therewith a minor proportion, from about 
one-sixteenth to about ten per cent of an oil 
miscible alkyl -substituted metaloxyaromatic 
metal carboxylate salt.' - . - » 

23. An improved mineral oil composition com 
prising a viscous mineral oil fraction having ad 
mixed therewith a minor proportion, from about 
one-sixteenth to about ten per cent of an oil 
miscible alkyl - substituted metaloxyaromatic 
metal carboxylate salt in which the‘ alkyl sub 
stituent is derived from an aliphatic hydrocarbon 
having at least twenty carbon atoms. 

24. An improved mineral oil composition com 
prising a viscous mineral oil fraction having ad- ' 
mixed therewith a minor proportion, from about 
one-sixteenth to about ten per ,cent of an oil 
miscible alkyl - substituted metaloxyaromatic 
metal carboxylate salt in which the alkyl substit 
uent is derived from petroleum wax. 

25. A composition of matter comprising a min 
eral oil fraction and in admixture theréwith a _ 
minor proportion of an oil miscible metalorganic 
compound having the general formula: 

2,197,884 

in which: T represents an aromatic nucleus; 
(OM) represents at least one hydroxyl group in 
which the hydroxyl hydrogen is replaced with its 
equivalent weight of a metal M, said group being 
attached to the nucleus T; (COOM') is attached 
to the nucleus T and represents at least one car 
boxyl group the hydrogen of which is replaced by 
its equivalent weight of a metal M’; 1'1’.v represents 
at least one aliphatic group having a valence V 
of one to four, and is attached by one valence 
only to at least one nucleus T; Y represents a 
monovalent radical selected from the group con 
sisting of residual hydrogen, and chlorine, alkoxy, 
aroxy, aralykl, alkaryl, aryl, nitro and amino 
radicals; b represents the number of TS and is 
equal to zero or a whole number corresponding to 
the valences on the nucleus T not satis?ed by R". 
(OM), or (COOM’); and n is a whole number 
from one to four; the substituent RV comprising a 
su?icient proportion of the metalorganic' com 
pound to render same miscible with said oil under 
normal conditions of handling and use. 

26. A composition of matter comprising a min 
eral oil fraction and in admixture therewith a 
minor proportion of an oil-miscible metalorganic 
compound having the general formula 

R"(T(OM) (COOM') Yb) n 

in which: T represents an aromatic nucleus; 
(OM) represents at least one hydroxyl group in 
which the hydroxyl hydrogen is replaced by its 
equivalent weight of a metal M, said group being 
attached to the nucleus T; (COOM') is attached 
to the nucleus T and represents at least one car 
boxyl group the hydrogen of which is replaced by 
its equivalent weight of a metal M’; RV repre 
sents at least one aliphatic group having a valence 
v, of one to four, and attached by one valence only 
to at least one nucleus T; Y represents a mono 
valent radical selected from the group consisting 
of residual hydrogen, and chlorine, alkoxy, aroxy, 
aralkyl, alkaryl, aryl, nitro, and amino radicals; 
b represents the number of Y’s and is equal to zero 
-or a whole number corresponding to the valences 
on the nucleus T not satis?ed by R", (OM) or 
(COOM') and n is a whole number from one to 
four; the total number of carbon atoms in all 
of the aliphatic groups taken together in said 
metalorganic compound being not less than about 
thirty for each nucleus T. 

27. A composition of matter comprising a min 
eral oil fraction and in admixture therewith a 
minor proportion of an oil-miscible metalorganic 
compound having the general formula: 

R"(T(OM) (COOM') Yb) n 

in which: T represents an aromatic nucleus; 
(OM) represents at least one hydroxyl group in 
which the hydroxyl hydrogen is replaced with 
its equivalent weight of metal M, said group being 
attached to the nucleus T; (COOM') is attached 
-to the nucleus T and represents at least one car 
boxyl group the hydrogen of which is replaced by 
its equivalent weight of a metal M’; R‘7 represents 
at least one aliphatic group having a valence v, 
of one to four, and attached by one valence only 
to at. least one nucleus T; Y represents a mono 
valent radical selected from the group consisting 
of residual hydrogen, and chlorine, alkoxy, aroxy, 
aralkyl, alkaryl, aryl, nitro, and amino radicals; 
b represents the number of Y’s and is equal to 
zero or a whole number corresponding to the 
valences on the nucleus T not satis?ed by R", 
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mama's 
from one to four; the equivalent ratio of T(OH) , 
to Rv(T(OI-I))n in said metalorganic compound 
being not greater than the chemical equivalent of 
twenty per cent phenol. . 

28. A composition of matter comprising a min 
eral ‘oil fraction and in admixture therewith‘ a 

~ minor proportion of an oil-miscible metalorganic 
compound having the general formula: 

R‘" (T(OM) (COOM’) YbRe) n 

in which: T represents'an aromatic nucleus; 
,(OM) represents at least one hydroxyl group in 
which the hydroxyl hydrogen is replaced with its 
,lequivalent weight of metal M, said group being 
attached to the nucleus T; (COOM’)v is attached 

- to the nucleus T and represents at least one car 
boxyl group the hydrogen‘ of which is- replaced 

- by its equivalent weight of metal M’; RV’ repre 
sents at least one polyvalent aliphatic hydro 

carbon group of at least twenty carbon atoms hav 
-.Y~.ing_a valence 'v' of from two to four; Yb’ repre 
sents a monovalent radical selected from the 
group consisting of residual hydrogen, chlorine, 
alkoxy, aroxy, alkaryl, aralkyl, aryl, nitro,_ and 
amino radicals; 12' represents the number of Yb”s 
and is equal to zero or a whole number corre 
sponding to the valences'on the nucleus '1‘ not 
satis?ed‘ by RV’, (OM), (COOM’) and Re; 
R0 represents monovalent aliphatic radicals; 0 
represents the number of Rc’s and is equal to 
zero or a whole number corresponding 130 the 
valences on the nucleus T not satis?ed by R", 
(OM), (COOM’)‘ and Yb; and n is a whole num 
beer from two to four. ' 

ORLAND M. REIFF. 
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