
252. COMPOSITIONS, 

. 53, 

10’ 

25 

30 

35 

45 

Patented Apr. 23, 1940 

UNITED STATES 

txaminel 

’ 'r 2,197,835 

PATENT‘ OFFICE 
2,197,835 

‘ MINERAL OIL COMPOSITION 

Orland M. Rei?, Woodbury, N. J., assignor to 
Socony-Vacuum Oil Company, Incorporated, 
New York, N. Y., a corporation of New York 

\ No Drawing. Application August 3, 1938, 
\ Serial No. 222,755 

12 Claims. 

This invention has to do in a general way with 
mineral oil compositions and is more particularly 
concerned with the production of a mineral oil 
fraction of the viscous type having an improving 
agent incorporated therein. 

It is a primary object of this invention to pro 
vide a mineral oil composition of the type above 
referred to which has been improved in several 
related and unrelated properties by a single im 
proving agent. The invention is predicated upon 
the discovery of a novel class of improving agents 
of multifunctional activity, which may be broadly 
described as oil-miscible metalorganic compounds 
or compositions characterized by the presence of 
a wax-substituted aryl nucleus. 

I have found that compounds or compositions 
falling into the above general class, when blended 
in a minor proportion with a mineral oil frac 
tion of the lubricant type, are eifective to depress 
the pour point, improve the viscosity index (V. 
I.) , and inhibit oxidation of the oil. By inhibit 
ing oxidation these improving agents act to retard 
the formation of sludge and acidic products of 
oxidation. They also have a peptizing action on 
such sludge as may eventually be formed. Thus 
the improving agents contemplated herein, may, 
for example, be used in internal combustion en 
gine lubricants to retard or prevent the sticking 
of piston rings, the corrosion of bearings (particu 
larly those formed of alloy metals normally sus 
ceptible to corrosion)','etc.,-and ~at'i'il'fe same time 
will act to’ deprgssthepour point and improue 
the viscosity index of "the "bfiljmr?foiigh the 
proper'choi'ce‘of metal substituents (lead, copper, 
tin, or zinc for example) the load-carrying 
capacity or lubricity of the oil may also be im 
proved. This so-called “extreme pressure” (E. 
P.) value of heavy lubricants may be even fur 
ther improved by the presence in these metalor 
ganic compounds of other substituents such as 
sulfur and chlorine. 
The use of these improving agents is not con 

?ned to lubricating oils, however, but they may 
be employed in any mineral oil fraction where 
one or more of the improved properties recited 
above is desired. 

1/‘ Although I do not wish to be bound by any 

50' 

theory as to the manner in which, the improving 
agents described herein function in a mineral 
oil fraction, it appears that pour point and V. I. 
improving properties are derived from the large 
complex molecular structure obtained fromthe 
wax or equivalent long chain aliphatic hydrocar 
lbon substituent and the associated aryl nucleus 
or nuclei and that the antioxidant ‘properties of' ' 

these compounds or compositions are contributed 
by the metal. The metallo substituent, however, 
also cooperates in some peculiar way with the 
waxfaryl constituent in the pour point depressing 
property of the latter. This is evidenced by the 
fact that metallo-wax-aryl compounds usually 
have a substantially greater pour point depress 
ing action than the corresponding wax-aryl com 
pounds without the metal. 
The broad requisites for the compounds or 

compositions contemplated by this invention as 
oillimproving agents are an aryl nucleus which 
has been substituted with wax or an equivalent 
long chain aliphatic group or radical derived from] 
some other compound or material in su?icient 
amount to render the compostion miscible with 
mineral oil under normal conditions of handling 
and use and a metal or metallo constituent which 
may be in the form of a metal atom ‘directly 
attached to the hydrocarbon radical or group or 
which may be present as a metallo complex, such 
as a metal-substituted hydroxy, thiohydroxy,'car-, 
boxy, or thiocarboxy group corresponding respec- I. » 
tively to an oxide, a mercaptide, a metal'car 
boxylate, or a metal salt of a thio acid such as 
thiolic or xanthic acid and the like. 
Compounds or compositions of the above gen 

eral character may also be broadly classi?ed into 
two groups, depending upon whether the metal 
or metallo complex (metallo-oxy, metal car 
boxylate, metal, etc.) is directly attached to the 
aryl nucleus which carries the wax substituent or 
is directly attached to a hydrocarbon substitu 
ent or substituted hydrocarbon substituent in 
the aryl nucleus. 
To facilitate the description and illustration 

of the general class of compounds or composi 
tions contemplated herein vas oil-improving. 
a nts, we may represent these compounds or 
compositions by the following general formula: 

in which (Wax) 
molecular radical orv group of a predominantly 
aliphatic hydrocarbon material characterized by 
a relatively long chain molecular structure .of at 
least ‘twenty carbon atoms, such as petroleum 
wax, ester wax, and the like, which radical ‘or 
group is present asa substituent attached toqan 
aryl nucleus T; n represents the number of “wax” 

is'equal to one ‘or. a‘, whole ‘number, correspon _‘ 
ing to the: number vof valences on the aryl nucleus 
T which are not 

indicates the characterizing. 

5o " 

,substituents attachedito a single nucleusT. and,f',;_ 

(satisfied by ‘residual hym a 
or other- substituents ;- T-representsiiram?atic I‘ 



6 

10 

15 

20 

25 

30 

85 

45 

50 

65 

60 

65 

70 

75 

2 
hydrocarbon radical such as, for example, one 
selected from the group comprising monocyclic 
or polycyclic aryl, alkaryl, hydroxy-aryl, halo 
gen-‘aryl, amino-aryl, nitro-aryl radicals or 
groupsf‘diaryl radicals in which the aryl nuclei 
are directly connected, diaryl radicals in which 
the aryl nuclei are connected through an ether, 
keto, or thio-ether linkage, etc; Z represents 
nitrogen, oxygen or sulfur or the related ele 
ments, selenium and tellurium, or a radical 
selected from the group consisting of: 

(- |‘--O—R—X—); (—~(]i—o-R-g-X-); (-X-(‘i-X— ; 
(—so:—); (-—R—;‘S0a—); (—cXN‘->; (—RGXN—-); (—CNN—); 

(—RCNN—); (—-N=N-); (NHNH-—) 
which will be hereinafter referred to as group 
A and in which It represents an aryl or an alkyl 
radical or group and X, X’ and X” represent 
oxygen or sulfur; 0 represents the number of 
“Z” constituents and is equal to zero or a whole 
number corresponding to valences on T not satis 
?ed with wax, residual hydrogen, or other sub 
stituents; M represents at least one hydrogen 
equivalent of a metal which is either directly 
attached to the aryl nucleus T or is attached 
indirectly to the aryl nucleus T through the atom 
or group represented by Z; 11 represents the 
number of M’s and is always equal to a whole 
number which, if c is a whole number, is equal 
to c, it being understood that when 0 equals zero, 
d must be a whole number so that the composi 
tion or molecule represented by the above For 
mula I must contain at least one chemically com 
bined hydrogen equivalent of a metal. 
In further ampli?cation of the foregoing gen 

eral Formula I, it will be seen that when 0 is 
equal to zero, the metallo substituent becomes the 
hydrogen equivalent of a metal (M’) directly 
attached to the nucleus T, in which event the 
compound is represented by the formula 
(wax) n-——T—-M'; also when 0 is a whole number 
and Z is oxygen or sulfur, the formula for the 
composition may be written: 

in which X’” represents oxygen, sulfur, selenium 
or tellurium and M" represents the hydrogen 
equivalent of a metal. Instead of including the 
isolated metal substituent M’, the (X"’M") sub 
stituent, and the substituents of group A all 
under the one representation (ZcMd) , as was done 
in general Formula I, I may also represent the 
group of compounds or compositions contem 
plated herein by the general formula representa 
tion: 

in which M'k indicates the hydrogen equivalent 
of a metal directly attached to the nucleus T; M” 
indicates the hydrogen equivalent of a metal 
indirectly attached to T through oxygen or sulfur 
(X"’) ; and M indicates the hydrogen equivalent 
of a metal indirectly attached to the nucleus T 
through Z’ which may be any one of the radicals 
listed above in group A. The subscripts I0, 1), 
and s indicate the number of M’, (Z'M) and 
(X"’M”) substituents, respectively, and are each 

2,197,835 
equal to zero or a whole number corresponding to 
the valences on T not satis?ed by (wax) 7r, residual 
hydrogen, or other substituents, at least one of 
the subscripts k, p, or 3 always being equal to a 
whole number. 
As has been previously pointed out, the wax 

substituent cooperates with the aryl nucleus to 
which it is attached in giving pour depressing 
and V. I. improving properties to the agents con 
templated herein. This substituent serves the 
additional function of solubilizing the compound 
or composition as a whole. It is important for 
the uses contemplated herein that these metalor 
ganic compounds be oil-miscible; that is, capable 
of remaining uniformly dispersed in mineral oil 
either as a true solution or a colloidal suspension 
under normal conditions of handling and use. 
In this regard there appears to be a critical zone 
or region in the degree of wax-substitution below 
which the compounds or compositions contem 
plated herein are not readily soluble in viscous 
mineral oil fractions. This degree of wax-sub 
stitution for an oil-soluble or oil-miscible metal 
organic compound of the general type described 
above may vary over relatively wide limits, de 
pending upon whether the aryl nucleus is mono 
or poly-cyclic and whether such nucleus carries 
other substituents, such as hydroxy, alkoxy, aroxy, 
halogen, nitro, amino radicals or groups, etc. 

‘ As indicated above, petroleum wax is the pre 
ferred source of the wax substituent, but it is to 
be understood that other equivalent long chain 
aliphatic hydrocarbon compounds, such as ester 
waxes, may be employed. 
As sources for the aryl nucleus which carries 

the wax substituent I may employ any one of a 
multiplicity of mono- or poly- cyclic, substituted 
or unsubstituted aromatic compounds. 

In general it appears that any metal may be 
used in the compounds contemplated herein to 
provide compositions which have multifunctional 
mineral oil-improving properties. Metal sub 
stituents which are considered particularly use 
ful in these improving agents may be broadly 
classi?ed as the metals belonging to the silver, 
copper, tin, aluminum, iron, alkali and alkaline 
earth analytical groups, which include: silver, 
mercury, lead, and thallium; bismuth, copper, 
and cadmium; arsenic, antimony, and tin; iron, 
cobalt, nickel, and manganese; barium, calcium, 
strontium, and magnesium; and sodium, potas 
sium, and lithium, respectively. Other desirable 
metals include: titanium, cerium, thorium, vana 
dium, molybdenum, tungsten, uranium, and plati 
num. 

Exemplary types of compounds falling into the 
general class contemplated by this invention are 
illustrated in the following table in which the 
formulae given are for illustrative purposes only 
and show only the monocyclic nucleus which is 
unsubstituted except for the wax and a metal 
or a metallo complex substituent. 

Table I 

Type compound Illustrative general formula 

1. Wax-aryl-metallo com 
pounds .............. _- (a) (wax_),,— .M 
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Type compound Illustrative general formula. Type compound ’ Illustrative general formula 

0M’ 

(6) (Wax)n_"' —_MEI ‘ 
(b) (wax),.——- ——-R— —XM 

\/ 
/\ V 

10 2. Wax-aryl metal oxides.. (a) (wax)»—-— —--0M v A ' 1° 
7. Wax-aryl-ether metal (a) (wax),.— — -- —X"-R—M 

\/ compounds. ~ 

A \/ 
u (b) (mm; _ --—R—OM A 15 

V (b) _ (wax),.—- ——~X"—-R-XM 

/\ \/ 
3. Metal salts of wax-nryl (a) (wax),.—— ——SM /\ X’ 

20 thio acids. '43 20 
V (c) (wax),.— -- -—X”—R~—- —-XM 

/\ \/ 
(b) (wax),.—— — — —R—SM /\ , 

26 \/ (a) (Wax)n-- - ——-X”——g-—XM 25 

SH \/ 
/>< ”_R 

(0) (WM)»-— — 

30 \X 2n? ( > < > />< 30 
e x ,.— - 

R-C-XM wa 

SM G-XM 

as (a) (won-Q X, /\ (I? 35 
_ - - . ,,— -— —- ——C-—R—M R_(|§_XM 8 Wee); 2311!! 5:150 metal (a) (wax) 

SH ‘ \/ 

4o /\ (I? 40 
(e) (wax)n—— — (0) (WM),.-- - - —C-R—~XM 

\XX' H \/ 
C-XM 

45 SM /\ (l? ini 45 
/>( (c) (wax),,— -— - —C—-R—C—XM 

0') (WaX)n-- -— I ‘ V 

I‘? 50 ‘ _ 50 0 XM (IBMR 

/\ >5’ 
4. Metal] salts of wax-cry] (a) (wax)»-— — ———C—-XM (d) (W?X)»'- — 

ac s. 

55 ‘ \/ C_XM 55 

' /\ 2H1’ (b) (Wax)n—— --—R-—C~—XM O 

l 

60 V 9. Wax-aryl-ester metal (a) (wax)n—@—C-0~R—XM 60 or; compounds. 

. />< I"? 
5. Metal‘ salts of wax-hy- (a) (wax),,-—-— -————C-—~XM 

droxy-aromatic acids. (I? 
65 \/ (b) (wax)n— - - <-C—O--RM 65 

OM’ " 

/>< 1H1’ 
(b) (wax),.— — - —-——C—-XM ‘If 

70 \/ 0-0K 70 
OH />< 

_ __ x’ (c) (waX),.— — 

6. Metal salts of wax-hy- (a) (wax)»—— -—g——,8—XM _ X, 
droxyaromatic aliphat- v _~-' _ ' _ | 

lc aclds. ("l-KM 
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Type compound Illustrative general formula Type compound Illustrative general formula 

10. Metal salts of wax-aryl 
sullonic acids. 

11; Metal salts of wax-aryl 
DHllIlGS. 

12. Metal salts of win-aryl 
amides. 

(d) 

(e) 

(a) 

(1') 

(6) 

(b)1 

(b) 1.: 

(Ch 

(6): 

(0)1 

> , 

(Wam 

(wann 

(wax) " 

(wax).. 

0 

AI 

R1 

XM. > 

In the foregoing exemplary formulae (wax)n 
has the same signi?cance indicated above in con 
nection with general Formula I: X, X’ and X” 
represent oxygen, sulfur, or the related elements, 
selenium and tellurium; R represents an ali 
phatic or an aromatic group which may or may 
not be otherwise substituted. R’ of Formulae 11 
and 12 represents hydrogen, alkyl, or aryl radi 
cals, and —Mm in Formulae 1(0), 11(a)2, (b)2 
and (0)2 represents double compound metal salts 
formed by addition of inorganic salts to aro 
matic hydrocarbons and to aromatic amines. 

It will be observed from the foregoing illus 
trative examples that all of the disclosed com 
pounds are metalorganic compounds or compo 
sitions which are characterized by the presence 
of a wax-substituted aryl nucleus. The com 
pounds falling into the groups indicated by the 
numerals 2 to 12 inclusive may be considered as 
compounds in which the metal is present in the 
radical or group —WM in which M represents 
the hydrogen equivalent of a metal and in which 
W represents nitrogen, oxygen, sulfur, selenium 
or tellurium, or the radicals --SO3-— and 

in which X’ and X indicate oxygen or sulfur. In 
part of these typical compounds the radical 
—WM is directly attached to the aryl nucleus 
and in other of these compounds the radical 
—WM is attached to adaydrocarbon substituent 
R which may be either alkyl or aryl in nature. 
Compounds of the type represented by groups 

2 and 3 may be considered as wax-aryl metal 
organic compounds in which the metal is present 
in the radical —XM where X represents oxygen 
or sulfur or the related elements, selenium and 
tellurium, and compounds represented in groups 
4 to 9 inclusive, which contain either the —XM 
group or the 

X, 

group, may also be considered as compounds con 
taining metal in the radical -—-XM, since the 
compounds of these groups which contain the 
carboxy or thio acid radical will also contain 
the radical —XM discussed above because the 
radical —XM forms part of the metallo-car 
boxy or metallo- thio acid radical. Compounds 
in which the hydrogen of a carboxy or thio acid 
group is substituted with its equivalent weight 
of metal may be classi?ed as metalorganic com 
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pounds of the wax-aryl type in which the metal 
is present in the radical 

%! 
—-C-—XM 

in which X’ and X each represent oxygen or sul 
fur. It is to be understood that metal attach 
ments to R (where R is aryl) such as —M or 
—WM (where W represents nitrogen, oxygen, se-' 
lenium, tellurium, or (—SO3——) , (—CX'X—) , etc., 
can also be made on the wax-aryl nucleus, further, 
where R is aryl in the formulae of Table I, it 
may,be wax-substituted. 
In connection with the illustrative examples 

given in Table I, it is to be understood that the 
aryl nucleus may be polycyclic (a nucleus derived 
from naphthalene, anthracene, diphenyl, etc); 
also that there may be other substituents in the 
nucleus than the “wax” and metal or metallo 
complex. In this same regard it should be under 
stood that the “wax” substituent (aliphatic group 
containing at least twenty carbon atoms) may be 
polyvalent in nature, in which event each of the 
polyvalent “wax” radicals or groups will be at 
tached to a plurality of aryl nuclei, each of which 
aryl nuclei has at least one metal or metallo 
complex substituent, and each of which may have 
attached to it one or more monovalent “wax” 
substituents and may, in addition, have other 
substituents, such ' as aliphatic hydrocarbon 
groups containing less than twenty carbon atoms, 
hydroxy, alkoxy, aroxy, alkaryl, aralkyl, aryl, 
halogen, cyanogen, nitro, nitroso, amino, keto, 
ester, aldehyde, amide, thiamide or thiaroxy radi 
cals or groups, etc. 
Where nuclear substituents are present con 

taining methylene groups such as alkyl, keto, 
ether, ester, acid radicals, etc., the same may also 
carry substituents such as halogen, hydroxy, 
amino, nitro, cyanogen, etc. Metal compounds 
containing thiaroxy substituents are an import 
ant class. By the reaction of wax-aryl com 
pounds, the metal salts of which are illustrated 
in Table I, with sulfur dichloride, hydrochloric 
acid gas is evolved with the formation of the aryl 
thio ether compound, By reaction with sulfur 
monochloride the disul?des are formed. 
Formula I above illustrates the essential req 

uisites of the compounds or compositions con 
templated herein, namely, a “wax”-substituted 
aryl nucleus and a metallo complex in chemical 
combination therewith; and if it is borne in mind 
that (waxhl may be ‘one or more monovalent or 
polyvalent aliphatic hydrocarbon groups of at 
least twenty carbon atoms or‘ a mixture of such 
groups, that T may be otherwise substituted, and 
that (ZcMd) represents at least one hydrogen 
equivalent of a metal or a metallo complex con 
taining one such equivalent of a metal, this 
formula is a fairly accurate representation of the 
?eld of compounds or compositions contemplated 
herein. To illustrate more completely and more 
accurately the ?eld of invention, taking into con 
sideration the polyvalent “wax” type of wax-aryl 
metalorganic composition and also taking into 
consideration the possibility of other substitu 
ents in the aryl nucleus, I have devised the fol 
lowing general formula: 

5 
in which T has the same signi?cance described 
above under Formula I; (ZcMd) represents at 
least one metallo atom or one metallo complex 
of the type described in connection with Formula 
I; RV represents at least one aliphatic or alkyl 
hydrocarbon (“wax”) group having at least 
twenty carbon atoms, such “wax” group or 
groups being attached by one valence only to at 
least one aromatic nucleus T; 12 represents the 
valence of the “wax” radical R", which I have 
found for best results in obtaining oil-miscible 
products should be one to four; Yb represents a 
monovalent element or group, such as residual‘ 
hydrogen, which may be replaced with an ali 
phatic radical or group containing less than 
twenty carbon atoms, hydroxy, alkoxy, aroxy 
alkaryl, aralkyl, aryl, halogen, cyanogen, nitro, 
nitroso, amino, keto, ester, aldehyde, amide, thi 
amide or thiaroxy radicals or groups, etc.; 1) 
represents the number of Yb’s and is equal to zero 
or a whole number corresponding to the valences 
on the nucleus T not satis?ed with RV or (ZcMd) ; 
and e represents a whole number from one to 
four and indicates the total number of groups 
(T- (Yb) - (ZcMd)) present in the molecule repre 
sented by the formula which are attached to the 
aliphatic group or groups represented by R". 
In the foregoing general Formula II it will be 

seen that the compounds represented thereby in 
clude those materials in which all of the ‘.‘wax” 
substituent (RF) is monovalent (0:1 and e=1) 
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30 

or in which all of the “wax” substituent is poly- ~ 
valent (v and e being equal to two, three or four) ; 
or since R.v is de?ned as being “at least one” and 
may therefore include several such groups, it will 
be seen that this general Formula II is inclusive 
of compounds having aliphatic groups or radicals 
of di?erent valences (from one to four) in the 
same molecule. Also, it will be observed that 
since e may be any whole number from one to 
four, the number of aromatic nuclei T in the 
molecule may likewise vary from one to four‘. It 
will be seen, therefore, that the relationship be 
tween e and v in Formula II in its broadest as 
pect is such that when e is equal to one, 12 is 
equal to one, and when e is greater than one, 
the valence v of at least one of the Rv’s is equal 
to e in order to tie the several nuclei or T’s to 
gether, the valence of any remaining Rv’s‘ being 
any whole number equal to or less than c. 
The more simple types of compounds coming 

under general Formula II in which 12 and e is 
each equal to one and in which there is only one 
“wax” substituent RV may be illustrated by the 
following formula showing T for purposes of 
illustration as a monocyclic nucleus: 

A. 
(ZcMd) 

In the above Formula A the chain represents 
an aliphatic hydrocarbon group of at least twenty 
carbon atoms (R‘’) herein referred to as the 
“wax” substituent. ' 

Since group RV has been de?ned as “at least 
one,” it will be apparent that there may be more 
than one heavy alkyl (“wax”) substituent, at 
tached to the nucleus T. Such a compound, 
where v and e are each equal toone' and in_' 1011 
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6 
there are two such monovalent R" groups, may 
be represented by the following formula: 

B. 
(2M4) 

H H H 11 
HO ---- --C—— —‘—C ---- --OH 
H H H H 

in which the chain and substituent characters . 
have the same signi?cance de?ned above. 
Compounds of the type satisfying general 

Formula II in which Rv is polyvalent and v and e 
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 nu 
cleus T is again indicated for illustration as being 
monocyclic: 

C. 
(Z=M.1) (Z¢Ma) (Z=Md) 

>< 
Yr-i- Yr- Yb_— ‘ 
H \/ \l/ H 

H0 ---- "o ------------ --o ------------ --c ---- —-CH 

H H H H H 

Under this same type of compound indicated 
by Formula C there may also be more than one 
Rv (“wax”) group (represented by the chain), 
such compound in which there are, for example, 
two polyvalent R’.V groups being illustrated by 
the following formula in which the characters 
have the same signi?cance described above under 
Formula C: 

D. 
H H H H 

HC--C -------------------------------------- "OH 

I (ZJWJ) (ZBMJ) (zcMd) 

H 
HG ------------------ "C ------------------ "CH 

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 struc 
ture of compounds in which 1; and e are equal 
to two and four will be readily understood from 
the exemplary Formulae C and D. 
Other possible molecular structures of com 

pounds coming under general Formula II are 
those having a plurality of RV groups of different 
valences. Such a compound may be typi?ed by 
the following Formula E in which the symbols 
have the same signi?cance as in the formulae 
above. 

E. 
H H H H 

11% ---- —-C ------------ --C ------------ --C ---------- -—CH 

/L<(Z=Md) I><(ZZM.1) I (ZCMd) 
H H Y5— I Y's-p I Y1,—~—— -——-C‘-_-"CH 

\/ \/ n H 
H y I II 

no ~~~~ --o ------------ --o ---- ~01! 

H II II It 

As to the number of R" (“wax") groups going 
to make up a single molecule, this will vary with 
the extent to which it is desired to effect substitu 
tion of the nucleus with the “wax” derivatives for 
obtaining the desired properties in the product 

aromas 
and is, 01’ course, limited by the number of re 
placeable hydrogens on the aromatic nucleus 
which are available for substitution. As will be 
apparent to those skilled in the art, the maxi 
mum number of RV groups which can be at 
tached to a single aromatic nucleus will vary as 
the nucleus is mono- or poly- cyclic and also as 
the nucleus is otherwise substituted. It will also 
be apparent that replaceable hydrogens on the 
nuclei may all be substituted with polyvalent 
“wax” substituents. 

It will be understood that the oil-improving 
agents contemplated by this invention may be 
pure compounds satisfying the general Formula 
II above with a mono- or poly» cyclic nucleus as T 
and with or without one or more of the various 
Yb substituents. However, in manufacturing the 
preferred oil-improving products of this inven 
tion by procedures in which wax-substitution is 
eiTected with a chlorinated wax by the Friedel 
Crafts reaction, the ?nal oil-improving product 
is normally or usually a mixture of di?erent com 
pounds corresponding to different values of c and 
v and to different numbers of “wax” groups R". 

Since the wax-aryl metalorganic compounds 
or compositions described herein are contemplat 
ed for use as oil-improving agents, it is im 
portant that the wax substituent comprise a 
su?icient proportion of the composition as a 
whole to render the same miscible with mineral 
oil fractions under normal conditions of handling 
and use. The amount of wax substituent to 
accomplish this will, as stated above, vary under 
different conditions; but, as a general guide, 
it appears that best results are obtained if the 
percentage of wax contained in the Wax-aryl con 
stituent calculated as a wax-aromatic compound 
otherwise unsubstituted is not substantially less 
than eighty per cent. 

Instead of grouping the various possible metal 
substituents under one radical (ZcMd) as was 
done in general Formula II, this same type of 
formula may be employed, indicating the possible 
metal-bearing substituents with the radicals 
M’k, (Z’M)p and (X"’M")s, which have the same 
signi?cance described above in connection with 
general Formula I’. This modi?cation of gen 
eral Formula II may be written as follows: 

Illustrative procedures which may be followed 
in synthesizing typical compounds or products 
falling into the various “type compound” classi? 
cations of Table I will now be described. It is 
again emphasized that while Table I shows only 
monocyclic aromatic derivatives, both mono- and 
poly- cyclic compounds are contemplated herein; 
and that where the term “wax” is used, I have 
reference to any equivalent aliphatic hydrocar 
bon having at least twenty carbon atoms or 
organic compositions predominantly comprised 
of such high molecular weight aliphatic hydro 
carbons. 

TYPE CoMPoUNn 1 

Wax-aryl-metallo compounds illustrated under 
Example 1, Table I, may be prepared by (a) the 
Grignard reaction or (b) reaction of wax-aryl 
compounds with alkali metals in the presence of 
aliphatic ethers. 
The Grignard reaction may be used for the 

synthesis of various metal compounds other than 
those of the alkali group. It is well known that 
aromatic halogen derivatives with the halogen in 
the nucleus or side chain react in dry ethereal 
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2,197,835 
or hydrocarbon solution with magnesium metal 
to form organo magnesium compounds, such as 
R—MgBr and RCHz-MgCl, for example, where 
R is aryl. These metallo compounds, known as 
Grignard reagents, can be used in the synthesis 
of other metal compounds by reaction with a 
halide of the desired metal whereby double de 
composition takes place to form magnesium hal 
ide and the desired metallo derivatives. 
For the synthesis of Type 1 compounds illus 

trated as (a) and (b) in Table I, wax benzene is 
to be ?rst prepared, followed by chlorination at 
low temperature in the dark to e?ect chlorina~ 
tion of the nucleus in synthesis of 1(a) or by 
chlorination at about 200° F. in the presence of 
light or carriers such as iodine to produce chlori 
nation of the wax or lower alkyl group in the 
synthesis of compounds of the 1(b) type. 
The formation of the “Grignard reagent” (wax 

aryl-magnesium compounds) is to be carried out 
in the same manner for Type compounds 1(a) 
and 1(b), followed by reaction with a halide of 
the desired metal to form the wax-aryl-metallo 
compound. 

Alkali metal compounds of Type 1 

Wax naphthalene, for example, is reacted with 
alkali metal in a proportion of one atomic weight 
of alkali metal for each mole of wax naphthalene 
in the presence of an aliphatic ether such as 
dimethyl ether, the mixture being agitated at a 
temperature below the boiling point of the ether 
until solution of the alkali metal takes place. 

TYPE COMPOUND 2 

Typical compounds or products belonging to 
representative members of the general class of 
wax-aryl metalorganic compositions typi?ed by 
the formulae of group 2 in Table I together with 
illustrative methods for synthesizing these prod 
ucts will be described in the‘following examples: 
A para?in wax melting at approximately 120° 

F. and predominantly comprised of aliphatic hy 
drocarbon compounds having at least twenty car 
bon atoms in their molecules was chlorinated by 
melting the wax and bubbling the chlorine there 
through until it had absorbed about sixteen per 
cent chlorine, such-product having an average 
composition between a monochlor wax and a 
diohlor wax. A uantity of this chlorwax con 
taining three atomic proportions of chlorine was 
then- reacted with one molecular proportion“ of 
phenol (CcHsOI-I) in the presence of aluminum 
chloride to form a wax-phenol having a phenol 
content in the neighborhood of about thirteen 
per cent. After puri?cation to remove all unre 
acted phenol this wax-phenol was reacted with 
?nely divided metallic sodium at a temperature 
of 500° F. with rapid stirring and in the presence 
of a non-oxidizing gas to form a wax-substituted 
sodium phenate. Wax-substituted potassium 
phenate may be prepared by following the same 
procedure, using a temperature of 400” F., the re 
action being completed in a one-hour period. 
Examples of the reacting proportions which may 
be used in the synthesis are as follows: 

Parts by weight 
(a) Wax-phenol (13.2% c o m b i n e d 

phenol) ________________________ __ 500 

Sodium or equivalent amount of po 
tassium ________________________ __ 16 

(b) Wax-naphthol (15.7% c o m b in e d 
naphthol) ______________________ __ 500 

Sodium or equivalent amount of po 
tassium ________________________ __ 12% 

exam m6! 

Wax-substituted aryl oxides of the alkali or 
alkaline earth metals and metals from the silver, 
copper, aluminum, tin, and iron analytical groups 
can also be prepared by the reaction of the wax 
hydroxyaromatic compound (wax-phenol) with 
an alcoholate of the desired metal, the reaction 
mixture being heated to about 300° F. during a 
one-hour period. The alcohol is distilled off dur 
ing the reaction, thereby obtaining a wax-substi 
tuted aryl metal oxide as the ?nished product. 
Anhydrous methyl and ethyl alcohols are con 
sidered preferable for preparing the alcoholates 
for use in this reaction. 
The wax-aryl lead oxide (wax-substituted lead 

phenate) can be readily prepared by reacting 
wax-phenol with litharge in the presence of a 
non-oxidizing gas and heating the mixture with 
stirring to a temperature of about 500° F. during 
a one-hour period. 

It will be observed that the phenol content of 
the wax-phenol used in the preparation of wax 
phenates was given above as being in the neigh 
borhood of thirteen per cent. I have found that 
as a general proposition where wax-phenols hav 
ing a phenol content substantially greater than 
thirteen per cent are employed in the prepara 
tion of the wax phenates (wax-substituted aryl 
metal oxides), products of the desired solubility 
in viscous mineral oils do not appear to be 
readily obtained. It may be said, therefore, as 
a general proposition that the preparation of 
wax-substituted aryl metal oxides according to 
the procedures outlined above should be carried 
out with wax-substituted hydroxyaromatic com? 
pounds in which the ratio of hydroxyaromatic 
compound to wax-substituted hydroxyaromatic 
material is not substantially greater than the 
chemical equivalent of thirteen per cent phenol. 

TYPE COMPOUND 3 

The type compound represented by Formula 
3(a) is to be prepared by the reaction of a wax 
aromatic compound with sulfur monochloride to 
form a disul?de, followed by reduction to form 
the mercaptan. 
Naphthalene, for example, is to be reacted with 

a chlorwax of about sixteen per cent chlorine 
content in the presence of anhydrous aluminum 
chloride. By use of the aluminum chloride cata 
lyst in a concentration of about ten per cent 
by weight in respect to naphthalene, a triwax 
naphthalene can be prepared by heating the re 
action mixture to about 300° F. and holding at 
this temperature during a one-hour period. 

Reaction mixture 
, Grams 

Chlorwax ____________________________ __ 200 

Naphthalene __________________________ __ 45.6 

A1C13 _________________________________ __ 4 

The reaction product is to be puri?ed by wash 
ing with water to remove the aluminum chloride, 
thereafter separating the water and drying the 
mixture to obtain the ?nished wax naphthalene. 
The. operation of water-washing can be facili 
tated by the use of diluents such as benzol and 
using alcohol to break the emulsions. The dilu 
ent will also be an aid in drying the product, as 
complete removal of water will be effected during 
the distillation of the diluent. 
The wax naphthalene is then to be reacted with 

sulfur monochloride in the following proportions 
at about 150° F. to form the disul?de: 

V Moles 

Wax naphthalene; ________________________ __ 2 

Sulfur monochloride SzClz _________________ __ 1 
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8 
The disul?de is to be reduced to the mercaptan 

by treating with reducing agents such as tin or 
iron in the presence of hydrochloric acid, stir 
ring the mixture vigorously to facilitate the re 
ducing action by improved contacting of the mix 
ture with nascent hydrogen. 
The product may then be neutralized with 

aqueous sodium hydroxide solution to form the 
sodium mercaptide. The mixture can be dried 
to give the ?nished alkali metal salt; or the 
aqueous mixture can be reacted with aqueous 
solution of a polyvalent metal salt, stirring the 
mixture at about 175° F. during a one-hour 
period to obtain the polyvalent metal mercaptide. 
The product is to be puri?ed by water-washing 
to remove reaction salts, followed by separation 
of the water and drying to give the ?nished 
product. 

TYPE COMPOUND 4 

Example 1 

Wax-aromatic acids of type 4(a) wherein X 
and X’ represent oxygen are to be prepared from 
wax-aromatic hydrocarbons by different pro 
cedures: ' 

1. By formation of a ketone followed by oxida 
tion of the keto group to a carboxyl radical by 
reaction with oxidizing agents such as alkali 
hypochlorites or permanganates. 

2. By direct oxidation of, an alkyl group to 
COOH. 

3. By chlorination of the aromatic nucleus of 
the wax-aromatic hydrocarbon, followed by re~ 
action with sodium and C02. 
The preferred procedure consists in formation 

of a keto product, followed by oxidation. A tri 
wax benzene is to be formed by the Friedel-Crafts 
reaction described in example of Type compound 
3 in formation of wax naphthalene. Without 
puri?cation of the Friedel-Crafts reaction prod 
uct, acetyl chloride, for instance, is to be intro 
duced in an amount to form a mono- or di- keto 
product, heating the mixture with stirring at 
about 150° F., using a chlorinated solvent such 
as ethylene chloride to reduce the viscosity of 
the mixture. 
The ketone may then be puri?ed by washing 

with water to remove the aluminum chloride, 
followed by refluxing with sodium hypochlorite 
for several hours and stirring vigorously to effect 
the oxidation of the keto group to carboxyl. The 
use of a hydrocarbon diluent such as benzol will 
be desirable in this reaction to reduce the viscos 
ity of the mixture. The free acid may then be 
obtained by neutralizing the mixture with min 
eral acid. The wax aryl acid thus formed is 
neutralized with an alcohol solution of sodium 
hydroxide to form the sodium salt. 
The polyvalent metal salts can then be pre 

pared by double decomposition of. the sodium 
salt with an equivalent amount of the desired 
polyvalent metal salt in aqueous or non-aqueous 
medium according to procedures herein outlined. 
When the alkali metal salts are to be isolated 

rather than used as intermediates in the forma 
tion of the salts of polyvalent metals, they may 
be prepared by neutralization of the wax acid 
with alcoholic solution of alkali hydroxide, dis 
tilling the water of reaction and alcohol to give 
the ?nished product. 

Example 2 

Wax-aryl aliphatic acids, the salts of which 
are illustrated in Type compound 4(1)) of Table I, 

2,197,885 
wherein X and X’ represent oxygen, have been 
prepared by the reaction of a wax-aromatic hy 
drocarbon with an unsaturated aliphatic acid 
such as oleic acid; or with a chloraliphatic acid 
such as chlorstearic acid. 
A wax naphthalene, for example, prepared by 

procedure described under Type compound 3, is 
condensed with oleic acid, for instance, by use of 
anhydrous aluminum chloride as a catalyst, using 
an amount of aluminum chloride su?icient to 
neutralize the carboxyl group, and heating the 
mixture at about 300° F. to bring about the for 
mation of the aluminum salt of the wax-aryl 
aliphatic acid. The free acid is then obtained 
by washing the mixture with aqueous hydro 
chloric acid to decompose completely the alumi 
num salt. 
The polyvalent metal salts are prepared by 

neutralizing the free acid with aqueous sodium 
hydroxide solution (20% NaOH) and then re 
acting with an equivalent of an aqueous solution 
of a salt of the desired metal, stirring the mixture 
at about 175° F. during a one-hour period to 
complete the formation of the polyvalent metal 
salt. The product is puri?ed by water-washing 
to remove reaction salts, separating the water 
and drying to obtain the ?nished product. 
The reaction of double decomposition between 

the alkali metal salt and the salt of the desired 
polyvalent metal can also be carried out in non 
aqueous medium. In this case the wax-aryl acid 
is neutralized with alcoholic alkali hydroxide or 
with a sodium alcoholate (alcoholate prepared 
preferably from amyl or lower alcohol). The 
reaction mixture is heated to about 300° F. and 
held at this temperature about one hour, allow 
ing the alcohol to distil to give the ?nished alkali 
metal salt. The mixture is then treated with an 
alcohol-soluble salt of the desired polyvalent 
metal in an amount equivalent to the alkali metal 
salt, thereafter adding about ten per cent by vol 
ume of amyl alcohol and re?uxing at about 240° 
F. during a one-hour period to complete the re 
action. ' 

The polyvalent metal salt can be puri?ed by 
?ltering, centrifuging or water-washing to re 
move the reaction salts. 

Chlorinated or hydrocarbon solvents such as. 
tetrachlorethane, Stoddard solvent and toluene 
may be used during the preparation and puri?ca 
tion of the salts to reduce the viscosity of the 
mixture, in which case the diluent is ?nally dis 
tilled to give the ?nished product. 
Because of emulsions formed in the prepara 

tion of alkali salts in aqueous medium, it is pre 
ferred to prepare such compounds by the reac 
tion of the wax aryl acids with alkali alcoholates 
(alcoholates formed preferably from amyl or low 
er alcohols), heating the reaction mixture to 
about 300° F. during a one-hour period and al 
lowing the alcohol to distil to obtain the ?nished 
salt. 
The alcoholate method, as described under the 

preparation of wax-aryl metal oxides of poly 
- valent metals (Type compound 2), may also be 
used in preparing the carboxylates of polyvalent 
metals of type compounds illustrated in Table 1. 

Example 3 

Thio acids such as thiolic acid; the salts of 
which are represented by Type formula 4(a), 
wherein X’ represents oxygen and X represents 
sulfur, are to be prepared by the reaction of wax 
aryl acid chlorides with sodium sul?de, followed 
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'm'by neutralization of the alkali salt with mineral 
acid. ~ 

Triwax benzene, for instance, is to be converted 
to wax benzoic acid by procedure outlined in 
preparation of Type compound 4(a), followed by 
reaction with thionyl chloride to form the acid 
chloride. The acid chloride will then be reacted 
with an aqueous or alcoholic solution of sodium 
monosul?de to form the sodium salt of wax 
thiolic acid, from which the salts of polyvalent 
metals can be formed by double decomposition 
with an equivalent amount of a salt of the de 
sired metal in aqueous or non-aqueous medium, 
using procedure herein outlined. 

TYPE COMPOUND 5 

Example 1 

A wax-phenol or a wax-substituted hydroxy 
aromatic compound having a combined phenol 
content in the neighborhood of from thirteen per 
cent to sixteen per cent is prepared and converted 
into the wax-aryl metal oxide or the wax phenate 
of an alkali metal in the same manner described 
under Type compound 2 above, after which it is 
carboxylated according to the Kolbe synthesis 
(passing CO2 through the compound or a solu 
tion thereof at elevated temperature (350° F.) 
and either atmospheric or superatmospheric 
pressure) to form the alkali metal salt of the 
wax-substituted hydroxyaromatic carboxylic 
acid. This salt constitutes one of the products 
or improving agents contemplated by this inven 
tion and the corresponding salts of other metals 
may be formed from the alkali metal salt by a 
process of double decomposition with the alcohol 
soluble inorganic or fatty acid salt of the desired 
metal. Products of this synthesis are typical of 
the Type compounds 5(a) in Table I. 

Example 2 

With a wax-substituted hydroxyaromatic car 
boxylic acid of the type obtained in Example 1 
as a starting material the metal salts wherein 
both the hydroxyl and the carboxyl groups are 
substituted with metal may be obtained by react 
ing the hydroxyaromatic salt of Type compound 
5(a) with an alcoholate of the desired metal, 
thereby replacing the hydroxyl hydrogen with 
such metal. Salts of this last-mentioned type 
may be obtained in which the metal substituent 
in the hydroxy group is the same metal as or a 
different metal from the metal substituent in the 
carboxy group. Salts of this type, which I may 
term wax-substituted metaloxyaromatic-metal 
carboxylate salts, are typical of Type compound 
5(b) in Table I. 

TYPE COMPOUND 6 

Example 1 

A wax-phenol having a combined phenol con 
tent of about thirteen per cent is reacted withan 
unsaturated aliphatic acid such as oleic acid in 
the presence of anhydrous aluminum chloride. 
By use of an amount of aluminum chloride equiv 
alent to both the hydroxyl group of the phenol‘ 
and the carboxyl group of the acid, addition of 
the oleic acid to the phenol nucleus will take 
place upon heating the reactants together at 
about 300° F. during a one-hour period. 
The free wax-hydroxyaryl aliphatic acid is 

then obtained by washing the product with aque 
ous hydrochloric acid to remove the aluminum. 
Without drying the mixture the acid can be con 
verted to polyvalent metal salts by diluting with 

examine: 

9 
about two parts of benzol and neutralizing with 
aqueous sodium hydroxide solution (20% NaOH), 
thereafter forming the polyvalent metal salt by 
double decomposition with an equivalent amount 
of the desired metal salt in aqueous solution. 
The reaction of double decomposition can be 
completed by stirring the mixture about an hour 
at 175° F., thereafter water-washing the product 
to remove completely the reaction salts and dis 
tilling the benzol to obtain the ?nished product. 
Products of this example are typical of Type 

compound 6 (a) in Table I. 

Example 2 

Type compounds 6(b) of Table I wherein both 
the hydroxyl and carboxyl group are substituted 
with metal can be obtained by reacting the metal 
salt of Example 1 with an alcoholate of the de 
sired metal, whereby the hydroxyl hydrogen is 
replaced with metal. Salts of this type can be 
prepared in which the metal substituent of the 
carboxyl group is unlike the metal substituent 
in the hydroxyl group. Compounds of this type 
are termed wax-substituted metaloxyaromatic 
metal carboxylate salts of wax-hydroxy-aryl ali~ 
phatic acids. 

TYPE CoMPoUNn 7 
Example 1 

Wax-sodium phenate is prepared from wax 
phenol of about sixteen per cent combined phenol 
content according to the procedure described in 
the preparation of Type compound 2. Sodium 
chloracetate is then prepared by slowly adding 
to an alcohol solution of chloracetic acid, a 
standard alcoholic solution of sodium hydrox 
ide, keeping the temperature of the reaction 
mixture below 100° F. The sodium chlor 
acetate is then added to‘ the wax-sodium phenate, 
the reaction mixture being held at a temperature 
of 150° F. during a two-hour period. By diluting 
the mixture with an appropriate diluent such as 
Stoddard solvent the mixture can be centrifuged 
or ?ltered to remove reaction salts, thereafter re 
moving the diluent by distillation to obtain the 
sodium salt of a wax-phenyl ether acid as the 
?nal product. Corresponding salts of other 
metals may be prepared by reacting the sodium 
(or other alkali metal or an alkaline earth metal) 
salt‘o'f the ether acid with an alcohol-soluble in 
organic or fatty acid salt of the desired metal at 
a temperature of 175° F. over a two-hour period. 

It will be understood, of course, that the sodi 
um or other alkali metal salts of other chlor 
organic acid may be used in the ?rst. step of 
this procedure to obtain other ether acid salts or 
oxy-alkyl acid salt substituents on the aryl 
nucleus. _ ' 

Products of this example are typical of Type 
compound 7(a) in Table I. 

Example 2 

The salts of aryl-xanthic acids illustrated by 
Type formula ‘7(a), wherein X" is oxygen and 
X’ and X represent sulfur, can be prepared from 
the reaction product of wax-alkali phenates with 
carbon disul?de. 
A triwax-phenol, for example, formed by the 

reaction of phenol with chlorwax of nineteen per 
cent chlorine content, is reacted with sodium 
ethylate, the mixture being heated to 300° F. and 
held at this temperature about an hour to form 
the wax-sodium phenate. By reaction or the 
phenate with carbon disul?de in a pressure bomb, 
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heating at about 200° F. during a one-hour pe 
riod, the wax-aryl sodium xanthate is formed. 
The product of this reaction is soluble in mineral 
oil. 
Any of the wax-alkali-aryl xanthates can be 

formed by this reaction by the modi?cation of 
preparing the wax phenates of the desired alkali 
metal. The polyvalent metal salts can be pre 
pared by double decomposition of the alkali salt 
with a salt of the desired polyvalent metal, the 
reaction being carried out in aqueous or non 
aqueous medium. 

Example 3 

Another example of Type formula 7(d) , Where 
in X", X’ and X represent oxygen, is found in 
the reaction of a wax-alkali phenate with CO2. 
This product is an intermediate in the forma 
tion of the alkali salts of wax-phenolic acids il 
lustrated by Type formula 5(a). 
In the reaction of wax-sodium phenate with 

CO2, the wax phenate is first converted into a 
product (identi?ed as the intermediate repre 
sented by 7(cl)), which is highly resilient when 
cool but which changes upon further reaction to 
a more ?uid product, the latter being identi?ed 
as the sodium salt of wax-phenolic acid. The 
intermediate product is usually designated as 
an alkali-aryl carbonate, but conducts itself in 
a manner similar to the aryl ether acids in re 
arranging to give hydroxyaromatic acids of Type 
formulae 5(a) and 6(a). 

TYPE COMPOUND 8 

Example 1 

Metal salts of keto acids can be prepared from 
wax acids formed by the condensation of wax 
aromatic or wax-substituted mixed aromatic 
hydrocarbons with anhydrides of dibasic acids, 
of aliphatic, cycloaliphatic or aromatic type. Ex 
amples of mixed aromatic hydrocarbons are 
phenols, aromatic ethers, and heterocyclic com 
pounds. 
Naphthalene, for example, is condensed with 

chlorwax of about sixteen per cent chlorine con 
tent by procedure above outlined and condensed 
with phthalic anhydride in the presence of 
aluminum chloride, using the following propor 
tions: 

Moles 
Wax-naphthalene _______________________ __ 1 

Phthalic anhydride _____________________ __ 1 

Aluminum chloride _____________________ __ 2 

The wax-naphthalene and phthalic anhydride 
are mixed together and dissolved by addition of 
a chlorinated solvent such as tetrachlorethane, 
thereafter adding the aluminum chloride in small 
portions at a time at' room temperature. The 
reaction temperature is then raised to 200° F. 
and the mixture stirred for several hours to 
complete the reaction. 
In the formation of the polyvalent metal salts, 

the reaction mixture is washed with water con 
taining suf?cient mineral acid to remove the 
aluminum and neutralized with aqueous sodium 
hydroxide solution; an equivalent amount of an 
aqueous solution of a salt of the desired polyva 
lent metal is then added, the reaction and puri 
?cation being carried out by procedures herein 
outlined. ‘ 

Example 2 

In Example 1, which illustrates a method of 
preparation of Type compound 8(0), the aro 

2,197,835 
matic nucleus to which the carboxylate radical 
is attached is not wax-substituted. Type com~ 
pound 8(d) is an example of a wax-substituted 
aromatic nucleus to which the carboxylate radi 
cal is directly attached. In preparing this lat 
ter type of product wax-benzene, for instance, is 
to be converted to a diketo product by reaction 
with an acid chloride such as acetyl chloride, 
as described under preparation of compounds of 
Type 4 (a). Mixed ketones are to be formed also 
by use of both aliphatic and aromatic acid chlo 
rides. The diketo product is to be partially oxi 
dized to give the desired keto acid from which 
the metal salts may be prepared. R of Formula 
8 ((1) will be alkyl when an aliphatic acid chloride 
only is used in formation of the diketo product; 
R will be aryl when a mixed aliphatic-aromatic 
diketo product is formed in the synthesis of keto 
acids. 

TYPE COMPOUND 9 

Example 1 

Wax-aryl ester metal compounds represented 
by Formula 9 (a, b, c) are to be prepared from 
the reaction products of wax-aromatic acids with 
alcohols. Compounds 9 (a, b) are to be prepared 
from esters formed by the reaction of monobasic 
wax aryl acids with mono- or di- hydric alcohols; 
Compound 9 (c) from acid esters of wax-aryl 
dibasic acids and monohydric alcohols. 
Compound represented by 9 (c), for example, 

is to be prepared by the reaction of a wax aryl 
dicarboxy acid with sufficient aliphatic or aro 
matic monohydric alcohol to form the acid ester, 
thereafter neutralizing with sodium hydroxide 
solution to form the alkali salt, followed by reac 
tion with a salt of the desired polyvalent metal 
in aqueous or non-aqueous medium by procedures 
herein outlined to form the polyvalent metal salt. 

Example 2 

The wax-aryl ester metal compounds represent 
ed by Formula 9 (d, e, 1‘) have been prepared 
from the reaction products of wax-phenols and 
wax phenolic acids with aliphatic or aromatic 
acid chlorides. Compounds 9 (d, e) are prepared 
from esters formed by the reaction of wax~mono 
and poly- hydric phenols with monobasic acid 
chlorides; Compound 9 (I) from acid esters of 
wax phenolic acids and monobasic acid chlorides. 
Compounds represented by 9 (j), for example, 

may be prepared by the reaction of wax phenolic 
acid with acetyl chloride, for instance, to form 
the acid ester. The acid ester is then neutralized 
with alcoholic alkali hydroxide to form the alkali 
salt as one product of this invention. The salts 
of polyvalent metals are then prepared by double 
decomposition of the alkali salt with a salt of the 
desired metal in aqueous or non-aqueous medium 
to form the polyvalent metal salt. 

TYPE COMPOUND 10 

Metal salts represented by Type formulae 10 (a) 
and 10 (0), wherein R. is aryl, are to be pre 
pared from the sulfonic acids resulting from the 
sulfonation of wax-aromatic hydrocarbons, wax 
phenols or wax-aryl ethers. 
Compounds represented by Type formulae 10 

(b) and 10(0), wherein R is alkyl, are to be pre 
pared by the halogenation of wax-aromatic com 
pounds whereby the side chain is substituted, fol 
lowed by reaction with alkali sul?te to form 
the wax-aryl-aliphatic sulfonates. 
The polyvalent metal salts are to be prepared 

by the reaction of the alkali salt with an in 
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5 A general method for the formation of oom- Metal compounds wherein a valence of a poly 
pollnds of Type 11 Consists in the formation of valent metal is satis?ed by a hydroxyl group con 
metal salts of aromatic amines resulting from smote basic metal compounds_ The method of 
the nitration and following reduction of WaX- formation consists in the use of one extra equiva~ 
aromatic hydrocarbons, wax-hydroxyaromatio lent of alkali hydroxide in the neutralization of 

10 hydrocarbons, and wax-aromatic ethers. Nitra- _ the free wax acid, followed by treating with an 10 
tion of the nucleus followed by reduction Will amount of polyvalent metal salt equivalent to the 
give arylamines; reduction of nitro groups present a1ka1i hydroxide added, 
in side chains will result in the formation of wax 

- - - DOUBLE COMPOUNDS FROM WAX-ABOMATIO Colu 
aryl'ahpha’tlc ammes' room) WITH BIETAL HALIDE AN ‘ METALS 

15 Metal compounds of the (a, b, c)1 type can be S ~ 8 D 15 
formed from the alkali metals, substituting one It has been previously pointed out that double 
or both of the hydrogens of the amino group compounds can be formed with metal halides and 
with metal. aromatic amines (Type compounds 11(CL)2, (1292, 
Metal compounds of the (a, b, 0)2 type are and (0)2. Likewise, double compounds can be 

20 formed from inorganic salts such as ZnClz, COClz, formed by an “addition” reaction of wax-aro- 20 
HzPtClc, HAuCla, etc., wherein straight addition matic compounds with metallic halides such as 
to the amino group takes place to form double stannic chloride, aluminum chloride, etc. The 
compounds. V Grignard reagents above described are examples 
By the well-known procedure of diazotization, of addition compounds formed by the reaction of 

25 the wax-arylamines are to be converted to the aryl halides with metals. Further, the alkali 25 
diazo compounds which may be represented by metals form‘ metal salts with aromatic com 
the group (—N=N—) . Because of the alkaline pounds by an addition reaction, giving derivatives 
nature of the diazo compounds, double salts can of the double compound type. It is to be under 
be formed by reaction With inorganic metal salts stood, therefore, that the present invention con 

30 (--N=N-MHe). templates waX-aryl metallo compounds of both 30 
By reactions well-known to the art, the product the “addition” and “substitution” type as multi 

resulting from the reaction of diazotization may functional mineral oil-improving agents. 
be converted to compounds of the general formula Numerous compounds or compositions falling 
(——N=NA) wherein A may be (—OH); (—SH); within the broad general class contemplated 

35 (—SOBH); (—CX'XH) from Which metal Salts herein have been synthesized and tested in min- 35 
can be derived (—N=NXM) ; (—N=N'SO3M) ; eral oil fractions of the viscous or lubricant type 
(_N=N-CX’XM). and all of them have been found to be possessed 
By reduction of the product of diazotizetion of multifunctional oil-improving properties in 

(eryl diaZonium chloride) in acid medium the that they all have been de?nitely proved to effect 
40 Wax-81371 hydrazines are to be formed, having improvement in at least two of the following 40 

(-—-N'I-INH—) as a characterizing group- The by- properties, namely, pour point, viscosity index, 
ClPaZlneS are known to form Salts of the type of and inhibition of oxidation. All of the composi 
the erylemines- tions which have been tested for all three prop 

TYPE COMPOUND 12 erties have been found to be improving agents 

45 Wax-aryl amides, the metal salts of which are h.” all three‘ Tllese ploducps may. be used in 45 
illustrated by Type formulae 12, are to be pre_ viscous mineral oil fractlons in varying amounts 
pared from wax-aryl and wax-aryl ether acids rangmg from one‘slxteenth Per cent-Etc ten per 
by the general method of formation of the acid cent’ dependmg upon th? 01]’ condltlqn of use’ 
chlorides followed by treating with ammonia. etc., and Table II below is representative of the 

50 The thiamides can be formed from the amides by numer 011s wax‘aryl-metano compositions which 50 
reaction with P2S5_ have been prepared and tested to demonstrate the 
The amides and thiamides are known to be efficacy of the general class of compounds and 

tautomeric in form, whereby two types of metal compositions contemplated by this invention. 
salts (a, b, oh and 2 are possible. In one type 

55 (a, b, c) 1 the amino hydrogen is substituted with Table II ' _ v 55 
metal; in the (a, b, (2)2 type the substitution Cuprio Salt of Wax-phenol oarboXyllo eold 
with metal takes place in the OH or SH group‘, Aluminum salt of Wax-phenol carboxylic acid 
leaving the nitrogen valence (R’) satis?ed with Zino Salt of waX-phenol oal‘boxyllo ?eld 
hydrogen’ alkyl, or aryl radica1s_ Chromic salt of wax-phenol carboxyllc acid 

(30 Amidines of the general formula (___CNN_) Ferric salt of wax-phenol carboxylic acid 50 
are to be prepared from the amides or thiamides Cobaltous Salt of Wax-Phenol oarboXylio aoid 
by replacement of oxygen or sulfur with NH or MangaIlOv-S Salt of Wax-phenol 'oal‘bofxyllo acid 
NR (R being alkyl, aryl, OH, etc.) using methods Calcium salt of wax-phenol carboxyllc acid 
familiar to the art. Where hydrogen is substi- Magnesium Salt of WaX-Phenol carboXylio acid . , 

G5 tuted with an OH group amidoximes are formed \VPQtaSSlUm salt of Wax-phenol carboxylic acid 65‘ 
(_CNNOH)_ Salts of the amine type can be Sodium salt of wax-phenol carboxylic acid 
prepared from the amidines' Cobalt salt of wax~pheno1 carboxylic acid 

, Sodium salt of Wax-beta naphthol carboxylic acid 
NEUTRAL’ ACID AND BASIC METAL SALTS OF “AX' Sodium salt of wax-alpha naphthol carboxylic 

70 ARYL COMPOUNDS acid 70' 

In the foregoing discussion, methods have been Wax-lead phenate a 
given for the preparation of neutral metal salts, Wax-stannous phenate 
but it is to be understood that acid and basic Wax-aluminum phenate 
metal salts of compounds represented by Type Wax-zinc phenate 

l5 formulae 2-12 are also contemplated. Wax-calcium phenate 15;‘ 

organic salt of the desired metal in aqueous solu 
tion by procedures above outlined. 

TYPE COMPOUND 11 

Metal compounds wherein one or more acid 
groups, such as phenolic —OH, mercaptan, —SH, 
carboxy or thiolic groups, etc., remain unsubsti 
tuted are considered as acid metal salts. 
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Wax-potassium phenate nitrogen, sulfur, oxygen, selenium, tellurium, 
Wax-sodium phenate (—SO3——), (-—CXN—), (-—CNN—), and 
Wax-sodium beta naphtholate X, 
Wax-sodium alpha naphtholate (_(I§_X_) 
Wax-sodium phenate-sodium carboxylate salt 
Wax-cupric phenate-sodium carboxylate salt 
Wax-Cobaltous phenate-manganous carboxylate 

salt 
Wax-cobaltous phenate-cobaltous 

salt 
Wax-stannous phenate-stannous carboxylate salt 
Wax-stannous phenate-cobaltous carboxylate salt 
Wax-ferric phenate—ferric carboxylate salt 
Zinc salt of wax-phenyl-methyl carboxy ether 

acid 
Cobaltous salt of wax-phenyl-methyl carboxy 

ether acid 
Dicobaltous salt of dicarboxy wax phenolic acid 
Cobaltous salt of wax-naphthyl-stearic acid 
Cobaltous salt of , wax-hydroxy-phenyl stearic 

acid 
Cobaltous salt of wax-naphthoyl benzoic acid 
Wax-phenyl sodium xanthate 

All of the products enumerated in the above 
table can be broadly identi?ed as oil-miscible 
metalorganic compounds or compositions which 
are characterized by the presence of a wax-sub 
stituted aryl nucleus. In some of these products 
the metal is present as a metallo-complex di 
rectly attached to the aryl nucleus, and in others 
it is present in a side chain (ether acid, aryl 
aliphatic acid, etc.) substituent. All of the com 
pounds listed above satisfy and come under gen 
eral Formulae I, I’ and II, II’. It is to be under 
stood that certain of these compounds or com 
positions may be preferred for use in certain 
mineral oil fractions and certain of the com 
pounds or compositions may be preferred to 
others, depending upon the conditions or prop 
erties which are to be improved, but it is, as stated 
above, a characteristic of all of these products or 
compositions that they have multifunctional oil 
improving properties which may vary in magni 
tude, etc., with the oil and the constituents of 
the compounds. Some of the compounds or com 
positions or sub-groups of compounds or com 
positions may be preferred to others from the 
standpoint of cost, ease of synthesis, odor, color, 
etc., but it is not my intention in the present ap 
plication to draw any preferential differentia 
tion or distinction between the various sub 
groups, since they are being made the subject 
matter of additional applications. It is empha 
sized, therefore, that the invention is not limited 
by the specific examples or illustrative pro 
cedures described above but includes within its 
scope such variations and modi?cations as fairly 
come within the scope of the appended claims. 

I claim: 
1. A mineral oil composition comprising: a 

‘mineral oil fraction and in admixture therewith 
a minor proportion of an oil-miscible metal 
organic compound characterized by the presence 

carboxylate 

"of a wax-substituted aryl nucleus. 

70 

75 

2. A mineral oil composition comprising: a 
mineral oil fraction and in admixture therewith 
a minor proportion of an oil-miscible metal 
organic compound characterized by the presence 
of a wax-substituted aryl nucleus, at least part 
of the metal in said compound being present in 
the radical —WM in which M represents the 
hydrogen equivalent‘ of a metal and W represents 
a radical selected from the group consisting of 

in which X’ and X represent oxygen or sulfur. 
3. A mineral oil composition comprising a min 

eral oil fraction and in admixture therewith a 
minor proportion of an oil-miscible metalorganic 
compound characterized by the presence of a 
wax-substituted aryl nucleus, at least part of 
the metal in said compound being present in the 
radical —XM in which M represents the hydro 
gen equivalent of a metal and X represents ele 
ments from the group consisting of sulfur and 
oxygen. 

4. A mineral oil composition comprising a min 
eral oil fraction and in admixture therewith a 
minor proportion of an oil-miscible metalorganic 
compound characterized by the presence of a 
wax-substituted aryl nucleus, at least part of 
the metal in said compound being present in the 
radical 

in which M represents the hydrogen equivalent 
of a metal and X’ and X represent elements 
from the group consisting of oxygen and sulfur. 

5. A mineral oil composition comprising a min 
eral oil fraction and in admixture therewith a 
minor proportion of an oil-miscible metalorganic 
compound characterized by the presence of a 
wax-substituted aryl nucleus, at least part of 
the metal in said compound being present in the 
radical —ZM attached to said wax-substituted 
aryl nucleus and in which M represents the 
hydrogen equivalent of a metal and Z represents 
a radical selected from the group consisting of 
nitrogen, sulfur, oxygen, selenium, tellurium: 

O 

in which R represents a hydrocarbon group and 
X, X’, and X" represent radicals selected from 
the group consisting of oxygen and sulfur. 

6. A mineral oil composition comprising a 
viscous mineral oil fraction and in admixture 
therewith an oil-miscible metalorganic com 
pound which is characterized by the presence of 
a wax-substituted aryl nucleus, said metalorganic 
compound being present in an amount suf?cient 
to improve the oil in at least two of the following 
respects: improvement of pour point; improve 
ment of viscosity index; and inhibition of oxida 
tion. 

'7. A mineral oil composition comprising a 
viscous mineral oil fraction and in admixture 
therewith from about one-sixteenth per cent to 
about ten per cent of an oil-miscible metalorganic 
compound which is characterized by the presence 
of a wax-substituted aryl nucleus. 

8. A mineral oil composition comprising a vis 
cous mineral oil fraction and in admixture there 
with from about one-sixteenth per cent to about 
ten per cent of an oil-miscible metalorganic com 
pound which is characterized by the presence of 
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an aryl nucleus having part of its nuclear hydro 
gen substituted with petroleum wax. 

9. A mineral oil composition comprising a min 
eral oil fraction and in admixture therewith a 
minor proportion of a metalorganic compound 
which is characterized by the presence of a wax 
substituted aryl nucleus and in which said wax 
substituent-comprises a su?icient proportion of 
said compound to render same miscible with said 
oil fraction under normal conditions of handling 
and use. 

10. A mineral oil composition comprising a 
mineral oil fraction and in admixture therewith 
a minor proportion of an oil-miscible metalor~ 
ganic compound characterized by the presence of 
a wax-substituted aryl nucleus, at least part of 
the metal in said compound being present in the 
radical -WM in which M represents the hydro 
gen equivalent of a metal and W represents a 
radical selected from the group consisting of sul 
fur, oxygen, and the radical 

x! 

(—g-X—) 
in which X’ and X represent‘ element§selected 
from the group consisting of oxygen and sulfur, 
said radical —-WM being a substituent in said 
aryl nucleus. 

11. A mineral oil composition comprising a 
mineral oil fraction and in admixture therewith 
a minor proportion of a metalorganic compound 
having the general formula: 

wherein: T represents an aromatic nucleus; 
(ZcMd) represents a metallo substituent which is 
attached to said aromatic nucleus and wherein: 
Z represents a radical selected from the group 
consisting of nitrogen, sulfur, oxygen, selenium, 
tellurium, and 

in which R. represents a hydrocarbon group and 
X, X’ and X" represent elements selected from 
the group consisting of om'gen and sulfur; M 
represents the hydrogen equivalent of a metal; 
0 is equal to zero or a whole number; and d is 
a whole number which, when 0 is a whole num 
ber, is equal to 0; Yb represents a monovalent 
radical selected from the group consisting of all‘ 
phatic hydrocarbon radicals having less than 

13 
twenty ‘carbon atoms, hydroxy, alkoxy, aroxy, 
aralkyl, alkaryl, aryl, halogen, cyanogen, nitro, 
nitroso, amino, keto, ester, aldehyde, amide, thi 
amide, and thiaroxy radicals; 1) represents the 
number of Yb’s and is equal to zero or a whole 
number corresponding to the valences on T not 
satis?ed by Rv or (ZcMd) ;/ R,v represents at least 
one aliphatic group of at least twenty carbon 
atoms having a valence v of one to four and at 
tached by one valence only to at least one nu 
cleus T; and e is a whole number from one-to 
four. 

12. A mineral oil composition comprising a 
mineral oil fraction and in admixture therewith 
a minor proportion of a wax-aryl metalorganic 
compound having the general'formula: 

in which T represents an aromatic hydrocarbon 
radical selected from the group consisting of 
monocyclic and polycyclic aryl, aralkyl, hydroxy 
aryl, halogen-aryl, amino-aryl, nitro-aryl, and 
diaryl radicals; (wax) represents aliphatic hy 
drocarbons characterizing wax attached to the 
aryl nucleus T; n represents the number of wax 
groups and is equal to a whole number corre 
sponding to valences on T not satis?ed by re 
sidual hydrogen or other substituents; M’ repre 
sents the hydrogen equivalent of a metal directly 
attached to the nucleus T; (X"'M") represents, 
a metallo complex directly attached to the nu 
cleus 'I‘ in which M" is the hydrogen equivalent 
of a metal and X’” represents an element from 
the group consisting of oxygen, sulfur; selenium, 
and tellurium; (Z’M)represents a metallo complex 
attached to the nucleus T and wherein M is the 
hydrogen equivalent of a metal and Z’ repref 
sents a radical selected from the group consist 
ing of: 

(—-NHNH—-), (-oNN-), (-RoNN-); 
in which R represents a hydrocarbon group, and 
X, X’ and X" represent elements selected from 
the group consisting of oxygen, sulfur, selenium, 
and tellurium; and k, p, and s are subscripts in 
dicating the number of M’, (Z'M) and (X"'M”) 
substituents respectively and each is equal to zero 
or a whole number corresponding to the valences 
on the nucleus T not satis?ed by residual hydro 
gen or other substituents, at least one of the sub 
scripts lc, p, or s always being equal to a whole 
number. - 
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