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ABSTRACT OF THE DISCLOSURE 
Oil-soluble metal salts of substituted succinic acid 

acylated aliphatic polyamines and processes for their 
preparation. These are exempli?ed by the alkali, alkaline 
earth, lead, cadmium, zinc, nickel and cobalt salts of 
polyisobutenyl-substituted succinic acid acylatea' alkylene 
polyamines. The salts are additives for lubricating com 
positions. 

This invention relates to new chemical compositions 
and to mineral oil compositions containing the same and, 
more particularly, it relates to a novel class of chemical 
compositions which act as dispersants, detergents and 
oxidation and corrosion inhibitors. Still more particu 
larly this invention relates to amide and imide derivatives 
of metal salts of substituted succinic acids. 
The prior art has shown a need for efficient dispersants 

to hold in suspension products caused by oxidation or 
deterioration of a motor oil during service life, as well 
as other insoluble particles so that they do not settle out 
and form varnish or sludge or interfere with the lubrica 
tion or functioning of the various mechanical parts. Also, 
dispersants are useful to hold in suspension additives for 
speci?c purposes which would otherwise be insoluble in 
the mineral oil. 

The prior art has shown also the need for ef?cient 
oxidation and corrosion inhibitors to prevent or reduce 
the deposition of lacquer or varnish~like coatings on the 
walls of the cylinders, piston rings, etc., and to prevent 
or reduce the corrosion of engine parts, bearings, etc. 
An example of a speci?c purpose served by a corrosion 
inhibitor is the prevention of copper-lead bearing 
corrosion. 

It is therefore an object of this invention to provide 
novel compositions of matter. 

It is also an object of this invention to provide com 
positions which are adapted for use as additives in hydro 
carbon oils. 

It is also an object of this invention to provide com 
positions which are useful as dispersants and oxidation 
inhibitors in lubricating compositions. 

It is also an object of this invention to provide com 
positions which are useful as dispersants and oxidation 
inhibitors in hydrocarbon oils. 

It is another object of this invention to provide a novel 
process for the preparation of compositions useful as 
dispersants and oxidation inhibitors. 

It is another object of this invention to provide im 
proved lubricating compositions. 

These and other objects of this invention are accom 
plished by providing an oil-soluble nitrogen-containing 
metal salt composition prepared by the process which 
comprises reacting, at a temperature within the range of 
from about 20° C. to about 250° C., (A) about two 
equivalents of a succinic compound selected from the 
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class consisting of hydrocarbon-substituted succinic acids 
and hydrocarbon-substituted succinic anhydrides wherein 
the hydrocarbon substituent has at least about 50 aliphatic 
carbon atoms, (B) about one equivalent of a basic metal 
reactant selected from the class consisting of alkali metal, 
alkaline earth metal, lead, cadmium, and zinc oxides, 
hydroxides, carbonates and lower alcoholates and the 
combination of an alkali metal hydroxide and an inor 
ganic metal salt selected from the class consisting of 
alkaline earth metal, lead, cadmium, zinc, nickel, and 
cobalt halides and nitrates, and (C) from one to about 
?ve equivalents of an amine selected from the class con 
sisting of alkylene polyamines and hydroxy alkyl-sub 
stituted alkylene polyamines. In the usual case from 
about one to about two equivalents of amine is used. 
The hydrocarbon-substituted succinic compounds of 

the oil-soluble nitrogen-containing metal salt composi— 
tions are readily obtainable from the reaction of maleic 
anhydride with a high molecular weight ole?n or a chlo 
rinated hydrocarbon or other high molecular weight by 
drocarbon containing an activating polar substituent, i.e., 
a substituent which is capable of activating the hydro 
carbon molecule in respect to the reaction with maleic 
anhydride or the acid thereof. Said reaction involves 
heating equivalent portions of the maleic anhydride and 
hydrocarbon, for example, at a temperature within the 
range of from about 100° C. to about 200° C. The re 
sulting product is a hydrocarbon-substituted succinic 
anhydride. The succinic anhydride may be hydrolyzed 
to the corresponding acid by treatment with water or 
steam. The hydrocarbon-substituted succinic acid is 
preferred, for the purposes of this invention, when the 
basic metal reactant is reacted before the polyamine and 
the corresponding succinic anhydride is preferred when 
the polyamine is reacted before the basic metal reactant. 
The principal sources of the hydrocarbon-substituted 

radical include the high molecular weight petroleum frac 
tions and ole?n polymers, particularly polymers of mono 
olc?ns having from 2 to about 30 carbon atoms. The 
especially useful polymers are the polymers of l-mono 
ole?ns such as ethylene, propene, l-butene, isobutene, 
l-hexene, l-octcne, Z-methyl-l-heptene, 3-cyclohexyl-l 
butene, and 2-methyl-5-propyl-1-hcxene. Polymers of 
medial ole?ns, i.e., ole?ns in which the ole?nic linkage 
is not at the terminal position, are like useful. Such 
medial ole?n polymers contemplated are those illustrated 
by Z-butene, S-pentene, and 4-octene, etc. 

Also useful are the interpolymers of the ole?ns such 
as those illustrated above with other interpolymerizable 
ole?nic substances such as aromatic ole?ns, cyclic ole?ns, 
and poly-ole?ns. Such interpolymers include, for exam 
ple, those prepared by polymerizing isobutene with sty 
rene, isobutene and butadienes, propene with isoprene, 
ethylene with piperylene, isobutene with chloroprene, iso 
butene with p-methyl styrene, l-hexene with 1,3-hexa 
diene, l-octene with l-hexene, l-heptene with l-pentane, 
3-methyl-l-butene with l-octene, 3,3-dimethyl-1-pentane 
with l-hexene, isobutene with styrene and piperylene, etc. 
The relative proportions of the mono-ole?ns to the 

other monomers in the interpolymers in?uence the sta 
bility and oil-solubility of the products of this invention. 
Thus, for reasons of oil-solubility and stability, the inter 
polymers contemplated for use in this invention should 
be substantially aliphatic and substantially saturated, i.e., 
they should contain at least about 80%, and preferably 
at least about 95%, on a weight basis of units derived 
from the aliphatic mono-ole?ns and no more than about 
5% of ole?nic linkages based on the total number of 
carbon-to-carbon covalent linkages. In most instances, 
the percent of ole?nic linkages should be less than 
about 2% of the total number of carbon-to-carbon 
covalent linkages. 
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Speci?c examples of such interpolymers useful in this 

invention include the ‘following (percent by weight): 
copolymer of 95% of isobutene with 5% of styrene, ter 
polymer of 98% of isobutene with 1% of piperylene and 
1% of chloroprene, terpolymer of 95% of isobutene with 
2% of l-butene and 3% of l-hexene, terpolymer of 60% 
of iso-butene with 20% of l-pentene and 20% of l-octene, 
copolymer of 80% of l-hexene and 20% of l-heptene, 
terpolymer of 90% of isobutene with 2% of cyclohexene 
and 8% of l-heptene, terpolymer of 90% of isobutene 
with 2% of cyclohexene and 8% of propene, and co 
polymer of 80% of ethylene and 20% of propene. 

Another source of the hydrocarbon substituent radicals 
includes saturated aliphatic hydrocarbons derived from 
highly re?ned high molecular weight white oils or syn 
thetic alkanes such as are obtained by hydrogenation of 
high molecular weight ole?n polymer illustrated above or 
high molecular weight ole?nic substances. 
The hydrocarbon substituent may contain polar sub 

sti'tuents provided, however, that the polar substituents 
are not present in proportions su?iiently large as to alter 
signi?cantly the hydrocarbon character of the radical. 
The polar substituents contemplated are those exempli?ed 
by chloro, bromo, keto, aldehydo, ethereal, and nitro, etc. 
The upper limit with respect to the proportion of such 
polar substituents in the radical is approximately 10% 
based on the weight of the hydrocarbon portion of the 
radical. 

Another important aspect of this invention is that the 
hydrocarbon substituent of the hydrocarbon-substituted 
succinic compound should be substantially saturated, i.e., 
at least about 95 percent of the total number of carbon 
to-carbon covalent linkages are saturated linkages. An 
excessive proportion of unsaturated linkages renders the 
molecule susceptible to oxidation, deterioration, and 
polymerization and results in products unsuitable for use 
in hydrocarbon oils in many applications. 
The size of the hydrocarbon substituent of the said 

succinic compound appears to determine the effectiveness 
of the additive of this invention as a dispersant in lubricat 
ing oils. It is critically important that said substituent 
be large, that is, that it have at least about 50 aliphatic 
carbon atoms in its structure. The molecular weight of 
the hydrocarbon substituent should be within the range 
of from about 700 to about 100,000. Ole?n polymers 
having a molecular weight of from 750 to 5,000 are 
preferred. However, higher molecular weight ole?n 
polymers having molecular weights from about 10,000 
to about 100,000 are also useful and have been found 
to impart viscosity index improving properties to the 
nitrogen-containing metal salt compositions of this inven 
tion. In many instances, the use of such higher molecu 
lar weight ole?n polymers is desirable. 
The most common sources of these substantially ali 

phatic hydrocarbon substituents are the polyole?ns such 
as polyethylene, polypropylene, polyisobutene, etc. A 
particularly preferred polyole?n is polyisobutene having 
a molecular weight of about 1,000. 
The hydrocarbon-substituted succinic acids and anhy 

drides are especially preferred for use as the acid-produc 
ing reactant in this process for reasons of the particular 
effectiveness of the products obtained from such com 
pounds as additives in hydrocarbon oils. Said succinic 
compounds are readily available from the reaction of 
maleic anhydride with a high molecular weight ole?n 
polymer or a chlorinated ole?n polymer described herein 
above. The reaction involves heating equivalent portions 
of the two reactants at a temperature within the range of 
from about 100° to about 200° C. The product from 
such a reaction is an alkenyl succinic anhydride. The 
alkenyl group may be hydrogenated to an alkyl group. 
Also, the‘ anhydride may be hydrolyzed to the correspond 
ing acid by treatment with Water or steam. 
As indicated earlier, in lieu of the high molecular 

weight ole?n polymers or chlorinated hydrocarbons, other 
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4 
high molecular weight hydrocarbons containing an ac 
tivating polar substituent, i.e., a substituent which is 
capable of activating the hydrocarbon molecule in respect 
to reaction with maleic acid or anhydride, may be used 
in the above reaction for preparing the succinic com 
pounds. Such polar substituents are illustrated by sul 
tide, disul?de, nitro, mercaptan, bromine, ketone, and 
aldehyde radicals. Examples of such polar-substituted 
hydrocarbons include polypropene sul?de, di-polyiso 
butene disul?de, nitrated mineral oil, di-polyethylene 
sul?de, brominated polyethylene, etc. Another method 
useful for preparing the succinic acids and anhydrides 
involves the reaction of itaconic acid with a high molecu 
lar weight ole?n or a polar-substituted hydrocarbon at 
a temperature usually within the range of from about 
100° C. to about 200° C. 
The metals of the metal salts useful in this invention 

are those metals selected from the class consisting of 
alkali metals, alkaline earth metals, zinc, cadmium, lead, 
cobalt, and nickel. Examples of metal compounds con 
templated are the following: sodium oxide, sodium hy 
droxide, sodium carbonate, sodium methylate, sodium 
propylate, sodium pentylate, sodium phenoxide, potas 
sium oxide, potasium hydroxide, potassium carbonate, 
potassium methylate, potassium pentylate, potassium 
phenoxide, lithium oxide, lithium hydroxide, lithium car 
bonate, lithium pentylate, calcium oxide, calcium hy 
droxide, calcium carbonate, calcium methylate, calcium 
ethylate, calcium propylate, calcium chloride, calcium 
?uoride, calcium pentylate, calcium phenoxide, calcium 
nitrate, barium oxide, barium hydroxide, barium car 
bonate, barium chloride, barium ?uoride, barium methyl 
ate, barium propylate, barium pentylate, barium nitrate, 
magnesium oxide, magnesium hydroxide, magnesium car 
bonate, magnesium ethylate, magnesium propylate, mag 
nesium chloride, magnesium bromide, barium, iodide, 
magnesium phenoxide, zinc oxide, zinc hydroxide, zinc 
carbonate, zinc methylate, zinc propylate, zinc pentylate, 
zinc chloride, zinc ?uoride, zinc nitrate trihydrate, cad 
minum oxide, cadmium hydroxide, cadmium carbonate, 
carmium methylate, cadmium propylate, cadmium chlo 
ride, cadmium bromide, cadmium ?uoride, lead oxide, 
lead hydroxide, lead carbonate, lead ethylate, lead pentyl 
ate, lead chloride, lead ?uoride, lead iodide, lead nitrate, 
nickel oxide, nickel hydroxide, nickel carbonate, nickel 
chloride, nickel bromide, nickel ?uoride, nickel methyl 
ate, nickel pentylate, nickel nitrate hexahydrate, cobalt 
oxide, cobalt hydroxide, cobaltous bromide, cobaltous 
chloride, cobalt butylate, cobaltous nitrate hexahydrate, 
etc. The above metal compounds are merely illustrative 
of those useful in this invention and the invention is not 
to be considered as limited to such. 
The amines useful in this invention include alkylene 

polyamines and hydroxyalkyl-substituted alkylene poly 
amines. 
A preferred source of the amine group consists of 

alkylene polyamines conforming for the most part to 
the formula 

wherein n is an integer preferably less than about 10, 
A is a hydrocarbon radical or hydrogen radical or an 
amino hydrocarbon radical, and the alkylene radical is 
preferably a lower alkylene radical having less than about 
8 carbon atoms. Speci?c amines which are contemplated 
are exempli?ed by: ethylene diamine, triethylene tetra 
mine, propylene diamine, decamethylene diamine, octa 
methylene diamine, di(hepta-methylene)triamine, tri 
propylene tetramine, tetraethylene pentamine, trimethyl 
ene diamine, tetraethylene hexamine‘, di(trimethylene) 
triamine, 2-heptyl-3-(Z-aminopropyl)imidazoline, 1,3-bis 
(2 - aminoethyl)imidazoline, pyrimidine, l - (2 - amino 

propyl) piperazine, l,4-bis(2-aminoethyl) piperazine, and 
Z-mcthyl-l-(2~aminobutyl) piperazine. Higher homo 
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logues such as are obtained by condensing two or more of 
the above'illustrated alkylene amines are likewise useful. 

lHydroxyalkyl-substituted alkylene polyamines, i.e., 
alkylene polyamines having 1 or more hydroxyalkyl sub 
stituents on a nitrogen atom, are likewise contemplated 
for use within this invention. The hydroxyalkyl-sub 
stituted ‘alkylene polyamine-s are preferably those in which 
the alkyl group is a lower alkyl group, i.e., having less 
than about 6 carbon atoms. Examples of such amines 
include N-(Z-hydroxyethyl)-ethylene diamine, N,N'-bis 
(Z-hydroxyethyl)ethylene diamine, 1-(2-hydroxyethyl) 
piperazine, lower hydroxypropyl-substituted diethylene 
triamine, di-hydroxypropyl~substituted tetraethylene pent 
amine, and N-B-hydroxypropyl)tetramethylene diamine. 

Higher homologues such as are obtained by condensa 
tion of the above-illustrated alkylene amines are hydroxy 
alkyl-substituted alkylene amines through amino radicals 
or through hydroxy radicals are likewise useful. It will 
be appreciated that condensation through amino radicals 
results in a higher polyamine accompanied by removal 
of ammonia and that condensation to the hydroxyl radi 
cals results in products containing ether linkages accom 
panied by removal of water. 

The ethylene polyamines are especially useful in this 
invention. They are described in detail under the head 
ing “Ethylene Amines” in “Encyclopedia of Chemical 
Technology,” Kirk and Othmer, volume 5, pages 898 
905, Interscience Publishers, New York (1950). Such 
compounds are prepared by the reaction of an alkylene 
chloride with ammonia which results in the production 
of complex mixtures of alkylene polyamines, including 
cyclic condensation products such as piperazines. These 
mixtures ?nd use in the processes of this invention. On 
the other hand, quite satisfactory products may be ob 
tained also by the use of pure alkylene polyamines. An 
especially useful alkylene polyamine for reasons of econ 
omy as well as the effectiveness of the products derived 
therefrom, is a mixture of ethylene polyamines prepared 
by the reaction of ethylene dichloride and ammonia and 
having a composition which, in its elemental analysis, 
corresponds to that of tctraethylene pentamine. 
Another especially useful amine for reasons of econ 

omy as well as the effectiveness of the products derived 
therefrom is a mixture of poly(trimethylene) polyamines 
and the 1,3-trimethylene diamine derived from the re 
action of acrolein and ammonia. 
The process of this invention can be carried out either 

by (1) ?rst preparing the acylated amine of the hydro 
carbon-substituted succinic compound and then ‘reacting 
said acylated amine with the basic metal compound, or » 
by (2) ?rst preparing the mono-metal salt of the hydro 
carbon-substituted succinic compound and then reacting 
said mono-metal salt with an alkylene polyamine or hy 
droxyalkyl-substituted alkylene polyamine. In the ?rst 
method, it is preferred that the succinic compound be the 
succinic anhydride and that trace amounts of water, i.e., 
up to about 2.5% by weight, be present when the basic 
metal compound is an oxide. ‘In the second method, it 
is preferred that the succinic compound be the succinic 
acid. In all cases, it is preferred that nitrogen or some 
such inert gas be bubbled through the reaction mixtures 
to remove any water formed as a result of the acylation 

reaction. 
The ?rst method above involves (A) mixing a succinic 

compound selected from the class consisting of hydro 
carbon-substituted succinic acids and hydrocarbon-sub 
stituted succinic anhydrides wherein the hydrocarbon 
substituent has at least about 50 aliphatic carbon atoms, 
with at least about one equivalent of an amine selected 
from the class consisting of alkylene polyamines and by 
droxyalkyl-substituted alkylene polyamines, and heating 
the resulting mixture to elfect acylation and to form an 
acylated amine, and to remove the water formed thereby, 
and then (B) mixing said acylated amine with about one 
equivalent of a basic metal compound from the class con 
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sisting of alkali metal, alkaline earth metal, zinc, cad 
mium and lead oxides, hydroxides, carbonates and lower 
alcoholates, and heating the resulting mixture at a tem 
perature "within the range of from about 20° C. to about 
250° C. It is preferred that said acylation reaction be 
carried out at a temperature within the range of from 
about 80° C. to about 160° C. and for a period of time 
within the range of from about 3 hours to about 5 hours. 
The second variant of the process comprises reacting, 

at a temperature within the range of from about 60° C. 
to about 250° C., (A) one equivalent of a mono-metal 
salt of a hydrocarbon-substituted succinic acid in which 
the hydrocarbon substituent has at least about 50 ali 
phatic carbon atoms and the metal of said metal salt is 
selected from the class consisting of alkali metals, alkaline 
earth metals, zinc, cadmium, nickel, cobalt, and lead, 
with (B) at least about one equivalent of an amine se 
lected from the class consisting of alkylene polyamines 
and hydroxyalkyl-substituted alkylene polyamines. 
The mono-metal salt may be prepared by heating at a 

temperature within the range of from about 80° C. to 
about 130° C., two equivalents of a hydrocarbon-substi 
tuted succinic acid with about one equivalent of a basic 
metal reactant selected from the class consisting of alkali 
metal, alkaline earth metal, lead, cadmium, and zinc 
oxides, hydroxides, carbonates and lower alcoholates, for 
a period of time of from about 1 hour to about 5 hours. 
The temperature can be as low as 20° C., although usually 
it should be within the range above. Also, it is preferred 
that the reaction of the mono-metal succinate with the 
amine is best carried out at a temperature within the 
range of from about 80° C. to about 160° C. It usually 
requires from about 3 to about 5 hours. 
The mono-metal succinate may be prepared by double 

decomposition of an alkali metal succinate with an in 
organic metal salt selected from the class consisting of 
alkaline earth metal, lead, cadmium, zinc, nickel and co 
balt halides and nitrates. 
The use of a solvent such as toluene, mineral oil, etc., 

is sometimes desirable. 
The mono-metal succinates are illustrated by the struc 

tural formula: 

if (I!) 
R-(‘J-C-O-M 
II—C|1—'C—OII H (l 

where R is a hydrocarbon substituent having at least 
about 50 aliphatic carbon atoms and M is one equivalent 
of an alkali metal, alkaline earth metal, lead, cadmium, 
zinc, nickel or cobalt. 
The lower alcoholates referred to in this invention are 

alcoholates containing from one to about 16 carbon atoms. 
Examples of said alcoholates include methylates, ethylates, 
propylates, butylates, hexylates, etc. 
The following examples illustrate the process of this 

invention: 
Example 1 

A polyisobutenyl succinic anhydride is prepared by the 
reaction of a chlorinated polyisobutylene (having an 
average chlorine content of 4.3 weight percent and an 
average of 70 carbon atoms) with maleic anhydride at 
about 200° C. The resulting polyisobutenyl succinic an 
hydride has an acid number of 103. To a mixture of 
3,264 grams (6 equivalents) of this polyisobutenyl suc 
cinic anhydride, 2,420 grams of mineral oil and 75 grams 
of water, there is added at 80° to 100° C., 122.1 grams 
(3 equivalents) of zinc oxide. The addition is made por 
tionwise over a period of 30 minutes. The mixture is 
maintained at a temperature of 90°-100° C. for a period 
of 3 hours. Thereupon, the mixture is heated to 150° 
C. and maintained at this temperature until it is essen 
tially dry. The mixture is cooled to 100° C. and there 
is added 245 grams (6 equivalents) of an ethylene poly 
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amine mixture having an average composition corre 
sponding to that of tetraethylene pentamine and an equiv 
alent weight of 40.8. The addition is made portionwise 
over a period of 30 minutes whereupon the mixture is 
heated to a temperature of 150°—160° C. and maintained 
at this temperature for 5 ‘hours. Throughout the 5-hour 
period, nitrogen is bubbed through the mixture to re 
move water formed as a result of acylation. The residue 
is ?ltered. The resulting ?ltrate has a zinc content of 
1.63% and a nitrogen content of 1.39%. 

Example 2 

To a mixture of 3,330 grams (6 equivalents) of a poly 
isobutenyl succinic anhydride (having an acid number 
of 101 and prepared, as in Example 1, from maleic an 
hydride and chlorinated polyisobutylene having an aver 
age chlorine content of 4.3 weight percent and an average 
of 71 carbon atoms), 2,386 grams of mineral oil and 75 
grams of water, there is added, at 80—°90° C., 122 grams 
(3 equivalents) of zinc oxide. The addition is made por 
tionwise over a 30-minute period. The mixture is main 
taind at a temperature of 90°-105° C. for 4 hours. 
Thereupon, 122 grams (3 equivalents) of the amine mix 
ture described in Example 1 is added portionwise over 
a period of 30 minutes while the temperature of the mix 
ture is maintained at 105°—110° C. The mixture is 
heated at 205°-215° C. and maintained at this temper 
ature for 4 hours. Throughout the 4-hour period, nitro 
gen is bubbled through the mixture to remove water 
formed as a result of acylation. The residue is ?ltered. 
The resulting ?ltrate has a zinc content of 1.64% and a 
nitrogen content of 0.72% . 

Example 3 

To a mixture of 3,750 grams (6 equivalents) of a 
polyisobutenyl succinic anhydride (having an acid num 
ber of 89.8 and prepared, as in Example 1, from maleic 
anhydride and chlorinated polyisobutylene having an 
average chlorine content of 4.3 weight percent and an 
average of 81 carbon atoms), 2,632 grams of mineral 
oil and 75 grams of water, there is added, at 80°—100° 
C., 60 grams (3 equivalents) of magnesium oxide. The 
addition is made portionwise over a 10-minute period. 
The mixture is maintained at a temperature of 100° 
105° C. for 3 hours. Duuring the ?rst part of this 3-hour 
period, 50 grams of water is added. Thereupon, 113 
grams (3 equivalents) of an amine mixture such as 
described in Example 1 (but with an equivalent weight 
of 37.8) is added portionwise over a period of 30 min 
utes while the temperature of the mixture is maintained 
at 98°—100° C. The mixture is heated at 210°—215° C. ‘ 
and maintained at this temperature for 4 hours. Through 
out the 4-hour period, nitrogen is bubbled through the 
mixture to remove water resulting from acylation. The 
residue is ?ltered. The ?ltrate has a magnesium content 
of 0.55%, based on sulfate ash, and a nitrogen content 
of 0.64%. 

Example 4 

To a mixture of 3,360 grams (6 equivalents) of a poly 
isobutenyl succinic anhydride (having an acid number 
of 101 and prepared, as in Example 1, from maleic an 
hydride and chlorinated polyisobutylene having an aver 
age chlorine content of 4.3 weight percent and an aver 
age of 67 carbon atoms), 2,285 grams of mineral oil 
and 81 grams of water, there is added, at 80°-95° C., 
110 grams (2.9 equivalents) of calcium hydroxide. The 
addition is made portionwise over a 30-minute period. 
The mixture is maintained at a temperature of 90° 
105° C. for 4 hours. Thereupon, 114 grams (3 equiv 
alents) of an amine mixture such as described in Ex 
ample 1 (but with an equivalent weight of 37.8) is added 
portionwise over a period of 30 minutes while the tem 
perature of the mixture is maintained at 105°—110° C. 
The mixture is heated to 200°~230° C. and maintained 
at this temperature for 4 hours. Throughout the 4-hour 
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period, nitrogen is bubbled through the mixture to re 
move water resulting from acylation. The residue is 
?ltered. The ?ltrate has a calcium content of 3.4%, 
based on sulfate ash, and a nitrogen content of 0.71%. 

Example 5 
To a mixture of 3,210 grams (6 equivalents) of a 

polyisobutenyl succinic anhydride (having an acid num 
ber of 105 and prepared, as in Example 1, from maleic 
anhydride and chlorinated polyisobutylene having an aver 
age chlorine content of 4.3 weight percent and an aver 
age of 68 carbon atoms), 2,325 grams of mineral oil 
and 100 grams of water, there is added, at 80°~95° C., 
122 grams (3 equivalents) of zinc oxide. The addition 
is made portionwise over a period of 15 minutes. The 
mixture is maintained at a temperature of 100°—110° C. 
for 4 hours. Thereupon, 209 grams (3.17 equivalents) 
of a mixture of poly(trimethylene)polyamines [com 
prising mostly N,N-di(3-aminopropyl)-N'(3-aminopro 
pyl)-1,3-propane diamine and having an average molecu~ 
lar weight of 180 and a base number of 852] is added 
portionwise over a period of 30 minutes while the tem 
perature of the mixture is maintained at 110°—130° C. 
The resulting mixture is heated at 150°-160° C. and 
maintained at this temperature for 3.5 hours. Through 
out this 35-hour period nitrogen is bubbled through the 
mixture to remove water resulting from acylation. The 
residue is ?ltered. The ?ltrate has a zinc content of 
1.69% and a nitrogen content of 0.67%. 

Example 6 

To a mixture of 3,330 grams (6 equivalents) of a 
polyisobutenyl succinic anhydride (having an acid num 
ber of 89.8 and prepared, as in Example 1, from maleic 
anhydride and a chlorinated polyisobutylene having an 
average chlorine content of 4.3 weight percent and an 
average of 81 carbon atoms), 2,386 grams of mineral 
oil and 75 grams of water, there is added, at 80°~85° C., 
122 grams (3 equivalents) of zinc oxide. The addition 
is made portionwise over a 30-minute period. The mix 
ture is maintained at a temperature of 90°-100° C. for 
4.5 hours. Thereupon, 122 grams (3 equivalents) of the 
amine mixture described in Example 1 is added por 
tionwise over a period of 30 minutes while the tem 
perature of the mixture is maintained at 105°~110° C. 
The mixture is heated to 205°-215° C. and maintained 
at this temperature for an additional 4.5 hours. Through 
out this 4.5-hour period, nitrogen is bubbled through 
the mixture to remove water resulting from acylation. 
The residue is ?ltered. The ?ltrate has a zinc content of 
1.64% and a nitrogen content of 0.72% . 

Example 7 

To a mixture of 1,028 grams (2 equivalents) of a 
polyisobutenyl succinic anhydride (having an acid num 
ber of 109 and prepared, as in Example 1, from maleic 
anhydride and a chlorinated polyisobutylene having an 
average chlorine content of 4.3 weight percent and an 
average of 65 carbon atoms), 707 grams of mineral oil 
and 1,500 grams of benzene, there is added at 60° C., 
41 grams (1 equivalent) of an amine mixture such as 
described in Example 1 (but with an equivalent weight 
of 41). The addition is made portionwise over a 30 
minute period. The mixture is maintained at a tem 
perature of 85°—90° C. for 7 hours. Throughout this 
7-hour period, nitrogen is bubbled through the mixture 
to remove water resutling from acylation. To 1,034 
grams of the above mixture and 52 grams of water, there 
is added 80°—90° C., 52 grams (0.67 equivalent) of 
barium oxide. The addition is made portionwise over 
a 30-minute period. The mixture is maintained at a tem 
perature of 80°-90° C. for 2 hours. Thereupon, the 
mixture is heated to 150° C. and stripped of the last 
traces of water. The residue is ?ltered. The ?ltrate has 
a barium content of 3.9% and a nitrogen content of 
0.76%. 
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To a mixture of 3,740 grams (7.2 equivalents) of a 
polyisobutenyl succinic anhydride (having an acid num 
ber of 108 and prepared, as in Example 1, from maleic 
anhydride and chlorinate polyisobutylene having an 
average chlorine content of 4.3 weight percent and an 
average of 66 carbon atoms) and 2,610 grams of mineral 
oil, there is added at 60°—80“ C., 220 grams (5,4 equiv 
alents) of an amine mixture such as described in Ex 
ample 1 (but with an equivalent weight of 40.7). The 
addition is made portionwise over a 1-hour period. The 
mixture is maintained at a temperature of 150°-155° 
C. for 5 hours. Throughout this 5-hour period, nitro 
gen is bubbled through the mixture to remove water 
resulting fram acylation. To 2,180 grams of the above 
mixture, 8 grams of mineral oil, and 25 grams of water, 
there is added at 80° C., 25 grams (0.68 equivalent) 
of calcium hydroxide. The addition is made portion 
wise over a 1-hour period. The mixture is maintained 
at a temperature of 80°-90° C. for two hours where 
upon the mixture is heated to 150° C. and stripped of 
the last traces of water. The residue is ?ltered. The 
?ltrate has a calcium content of 0.54% and a nitrogen 
content of 1.2%. 

Example 9 
To a mixture of 2,072 grams (4 equivalents) of a 

polyisobutenyl succinic anhydride (having an acid num 
ber of 108 and prepared, as in Example 1, from maleic 
anhydride and chlorinated polyisobutylene having an 
average chlorine content of 4.3 weight percent and an 
average of 66 carbon atoms) and 1,425 grams of mineral 
oil, there is added at 60°-S0° C., 81 grams (2 equiv 
alents) of an amine mixture such as described in Ex 
ample 1 (but with an equivalent weight of 40.7). The 
addition is made portionwise over a 30-minute period. 
The mixture is maintained at a temperature of 150° 
155° C. for 5 hours. Throughout this 5-hour period, 
nitrogen is bubbled through the mixture to remove water 
resulting from acylation. To 2,240 grams of the above 
mixture and 40 grams of water, there is added at 60° 
C., 39 grams (0.96 equivalent) of zinc oxide. The ad 
dition is made portionwise over a 30-minute period. The 
mixture is maintained at a temperature of 80°-90° C. 
for 4 hours whereupon the mixture is heated to 150° C. 
and stripped of the last traces of water. The residue is 
?ltered. The ?ltrate has a zinc content of 1.3% and a 
nitrogen content of 0.84%. 

Example 10 

To a mixture of 3,620 grams (7 equivalents) of a poly 
isobutenyl succinic anhydride (having an acid number of 
108 and prepared, as in Example 1, from maleic anhy 
dride and chlorinated polyisobutylene having an average 
chlorine content of 4.3 weight percent and an average of 
66 carbon atoms) and 2,490 grams of mineral oil, there is 
added at 60°—80° C., 143 grams (3.5 equivalents) of an 
amine mixture such as described in Example 1 (but with 
an equivalent weight of 40.7). The addition is made por 
tionwise over a 1-hour period. The mixture is main 
tained at a temperature of 150°-155° C. for 5 hours 
throughout which period nitrogen is bubbled through the 
mixture to remove water resulting from acylation. To 
2,170 grams of the above mixture, 84 grams of water, 
and 46 grams of mineral oil, there is added at 60°~80° C., 
84 grams (1.1 equivalents) of barium oxide. The addi 
tion is made portionwise over a 30-minute period. The 
mixture is maintained at a temperature of 80°-90° C. for 
2 hours whereupon the mixture is heated to 150° C. and 
stripped of the last traces of water. The residue is ?l 
tered. The ?ltrate has a barium content of 3% and a 
nitrogen content of 0.76%. 

Example 11 

To a mixture of 3,540 grams (6 equivalents) of a poly 
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10 
isobutenyl succinic anhydride (having an acid number of 
95 and prepared, as in Example 1, from maleic anhydride 
and a chlorinated polyisobutylene having an average 
chlorine content of 4.3 weight percent and an average of 
76 carbon atoms), 2,538 grams of mineral oil and 75 
grams of water, there is added at 80° C., 208 grains (3 
equivalents) of potassium carbonate. The addition is 
made portionwise over a 30-minute period. The mixture 
is maintained at a temperature of 95°-l05° C. for 4 hours 
whereupon 120 grams (3 equivalents) of an amine mix 
ture such as described in Example 1 (but with an equiva 
lent weight of 40) is added portionwise over a period of 
30 minutes while the temperature of the mixture is main 
tained at 110°—1 15° C. The mixture is heated to 170° 
185° C. and maintained at this temperature for 4 hours. 
Throughout this 4-hour period nitrogen is bubbled through 
the mixture to remove water resulting from acylation. 
The residue is ?ltered. The ?ltrate has a potassium con 
tent of 1.56 percent and a nitrogen content of 0.70 percent. 

Example 12 
To a mixture of 4,200 grams (6 equivalents) of a poly 

isobutenyl succinic anhydride (having an acid number of 
80 and prepared, as in Example 1, from maleic anhydride 
and chlorinated polyisobutylene having an average chlo 
rine content of 4.3 weight percent and an average of 92 
carbon atoms) and 2,930 grams of mineral oil, there is 
added at 80° C., 390 grams of 1-(2-hydroxyethyl)pipera 
zine. The addition is made portionwise over a 30-minute 
period and the resulting mixture is maintained at a tem 
perature of 180°—205° C. for 5 hours. Throughout the 
5-hour period, nitrogen is bubbled through the mixture 
to remove water resulting from acylation. To the above 
mixture, combined with 35 grams of water, there is added 
at 30° C., 159 grams (3 equivalents) of sodium carbonate. 
The addition is made portionwise over a 45-minute period. 
The temperature is maintained at 70°—80° C. for 3 hours 
whereupon the mixture is heated to 150° C. and stripped 
of the last traces of water. The residue is ?ltered. The 
?ltrate has a sodium content of 0.88 percent and a nitro 
gen content of 1.1 percent. 

Example 13 

To a mixture of 524 grams (1 equivalent) of a polyiso 
butenyl succinic anhydride (having an acid number of 
107 and prepared, as in Example 1, from maleic anhy 
dride and chlorinated polyisobutylene having an average 
chlorine content of 4.3 Weight percent and an average of 
66 carbon atoms), 365 grams of mineral oil and 20 grams 
of water, there is added at 80°-100° C., 21 grams (0.5 
equivalent) of lithium hydroxide. The addition is made 
portionwise over a 15-rninute period. The mixture is 
maintained at a temperature of 100°—110° C. for 4 hours 
whereupon 20.4 grams (0.5 equivalent) of an amine mix 
ture such as described in ‘Example 1 is added portionwise 
over a 30-minute period while the temperature of the mix 
ture is maintained at 110°-135° C. The mixture is heated 
to 150°-160° C. and held there for 3.5 hours. Through 
out the 35-hour period, nitrogen is bubbled through the 
mixture to remove water resulting from acylation. The 
residue is ?ltered. The ?ltrate has a lithium content of 
0.25 percent and a nitrogen content of 0.80 percent. 

Example 14 

To a mixture of 523 grams (1 equivalent) of a polyiso 
butenyl succinic anhydride (having an acid number of 
107 and prepared, as in Example 1, from maleic anhy 
dride and chlorinated polyisobutylene having an average 
chlorine content of 4.3 weight percent and an average of 
66 carbon atoms) and 370 grams of mineral oil, there is 
added at 70° C., 21 grams (0.5 equivalent) of an amine 
mixture such as described in Example 1 (but with an 
equivalent weight of 40.5). The addition is made portion 
wise over a 15-minute period whereupon 10 grams of 
water, and then 20 grams (0.5 equivalent) of zinc oxide, 
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are added while the mixture is maintained at 80° C. The 
mixture is heated ?rst at 100°~110° C. for 4 hours, then 
at l50°—l60° C. for 6 hours. Nitrogen is bubbled into 
the mixture throughout the 6-hour period to remove water 
resulting from acylation. The residue is ?ltered. The 
?ltrate has a zinc content of 0.84 percent and a nitrogen 
content of 0.80 percent. 

Example 15 
To a mixture of 5.44 grams (1 equivalent) of a poly 

isobutenyl succinic anhydride (having an acid number of 
103 and prepared, as in Example 1, from maleic anhydride 
and chlorinated polyisobutylene having an average chlo 
rine content of 4.3 weight percent and an average of 70 
carbon atoms) and 380 grams of mineral oil, there is 
added at 20°-25° C., 43 grams (0.5 equivalent) of mag 
nesium methylate. The addition is made portionwise over 
a 30-minute period. The mixture is maintained at a tem 
perature of 60°-75° C. for 3 hours whereupon 20.4 
grams (0.5 equivalent) of an amine mixture such as de 
scribed in Example 1 is added portionwise over a 30-min 
ute period while the temperature is maintained at 75° C. 
The mixture is heated at 160°—175° C. for 4 hours. 
Throughout this 4-hour period, nitrogen is bubbled into 
the mixture to remove water resulting from acylation. 
The residue is ?ltered. The ?ltrate has a magnesium con 
tent of 0.85 percent and a nitrogen content of 0.72 per 
cent. 

Example 16 

To a mixture of 609 grams (1 equivalent) of a polyiso 
butenyl succinic anhydride (having an acid number of 
92 and prepared, as in Example 1, from maleic anhydride 
and chlorinated polyisobutylene having an average chlo 
rine content of 4.3 weight percent and an average of 79 
carbon atoms) and 426 grams of mineral oil, there is 
added at 35°—40° C., 20.8 grams (0.5 equivalent) of an 
amine mixture such as described in Example 1 (but with 
an equivalent weight of 41.6). The addition is made 
portionwise over a 30-minute period and the mixture is 
maintained for 5 hours thereafter at a temperature of 
l65°—180° C. Throughout this 5-hour period nitrogen 
is bubbled into the mixture to remove water resulting 
from acylation. Thereupon, 63 grams (0.5 equivalent) 
of potassium pentylate is added over a 30-minute period 
while the temperature of the mixture is maintained at 
60°—65° C. The mixture is maintained at a temperature 
of 85 °~95° C. for 3.5 hours. The mixture then is heated 
to 150° C. and stripped of the water and alcohol. The 
residue is ?ltered. The ?ltrate has a potassium content of 
1.1 percent and a nitrogen content of 0.65 percent. 

Example 17 
To a mixture of 982 grams (2 equivalents) of a poly 

isobutenyl succinic anhydride (having an acid number 
of 114 and prepared, as in Example 1, from maleic an 
hydride and chlorinated polyisobutylene having an aver 
age chlorine content of 4.3 weight percent and an average 
of 62 carbon atoms), 605 grams of mineral oil and 20 
grams of water, there is added at 95”—98° C., 50 grams 
(1 equivalent) of calcium carbonate. The addition is 
made portionwise over a 45-minute period and the mix 
ture is maintained for 7.5 hours thereafter at a tem 
perature of 120°-145° C. Then 67 grams (1 equivalent) 
of an amine mixture such as described in Example 5 
is added portionwise over a 30-minute period while the 
temperature of the mixture is maintained at 1l5°-l25° C. 
The mixture is heated to 165°-l75° C. and maintained 
at this temperature for 4 hours. Throughout this 4-hour 
period nitrogen is bubbled into the mixture to remove 
water resulting from acylation. The residue is ?ltered. 
The ?ltrate has a calcium content of 0.9 percent and a 
nitrogen content of 0.71 percent. 

Example 18 

To a mixture of 3,150 grams (6 equivalents) of a 
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polyisobutenyl succinic anhydride (having an acid number 
of 107 and prepared, as in Example 1, from maleic an 
hydride and chlorinated polyisobutylene having an aver 
age chlorine content of 4.3 weight percent and an average 
of 66 carbon atoms), 284 grams of mineral oil and 100 
grams of water, there is added at 80°—l00° C., 122 grams 
(3 equivalents) of zinc oxide. The addition is made por 
tionwise over a period of 15 minutes. The mixture is 
maintained at a temperature of 100°-110° C. for 4 
hours whereupon 198 grams (3 equivalents) of an amine 
mixture such as described in Example 5 is added portion 
wise over a period of 30 minutes. The mixture is heated 
to 150°-l60° C. and held there for 3.5 hours. Through 
out this 3.5-hour period, nitrogen is bubbled into the 
mixture to remove water resulting from acylation. The 
residue is ?ltered. The ?ltrate has a zinc content of 1.77 
and a nitrogen content of 0.75%. 

Example 19 

To a mixture of 524 grams (1 equivalent) of a polyiso 
butenyl succinic anhydride (having an acid number of 
107 and prepared, as in Example 1, from maleic anhydride 
and chlorinated polyisobutylene having an average chlo 
rine content of 4.3 weight percent and an average of 66 
carbon atoms), 500 grams of toluene and 10 grams of 
water, there is added at 80° C., 20 grams (0.5 equiva 
lent) of sodium hydroxide. The addition is made por 
tionwise over a period of 15 minutes. The mixture is 
maintained at a temperature of 80°-85° C. for 1 hour 
and the mixture then is dried by heating at 110°-115° C. 
for 1 hour. Then 59.3 grams (0.5 equivalent) of nickel 
chloride hexahydrate is added portionwise over a period 
of 30 minutes, at 80°~90° C. This temperature is main 
tained for 6 hours, then the mixture is heated at 115° 
120° C. for 6 hours. The mixture is ?ltered and the 
?ltrate treated with 306 grams of mineral oil and 17.8 
grams (0.44 equivalent) of an amine mixture such as 
described in Example 1. The resulting mixture is heated 
at 150°—160° C. for 3.5 hours, during which time nitrogen 
is bubbled through the mixture to remove water result 
ing from acylation. The residue is ?ltered. The ?ltrate 
has a nickel content of 0.69 percent and a nitrogen con 
tent of 0.82 percent. 

Example 20 

To a mixture of 990 grams (2 equivalents) of a poly 
isobutenyl succinic anhydride (having an acid number of 
113 and prepared, as in Example 1, from maleic an 
hydride and chlorinated polyisobutylene having an aver 
age chlorine content of 4.3 weight percent and an average 
of 62 carbon atoms), 694 grams of mineral oil and 20 
grams of water, there is added at 30° C., 69 grams (1 
equivalent) of potassium carbonate. The addition is made 
portionwise over a period of 15 minutes. The mixture is 
heated at 85°—95° C. for 1 hour and then dried by heat 
ing at l35°-145° C./50 mm. for 1 hour. Thereupon, 
160 grams (1 equivalent) of cobaltous nitrate hexahydrate 
is added portionwise over a period of 45 minutes while 
the temperature of the mixture is maintained at 90°—95° 
C. The mixture then is heated at l30°—150° C. for 9 
hours and ?ltered. The ?ltrate is treated with 66 grams 
(1 equivalent) of an amine mixture such as described in 
Example 5. The addition is made portionwise over a 30 
minute period while the temperature is maintained at 
l20°—125° C. The mixture is then heated at 175°~185° 
C. for 4 hours throughout which period nitrogen is 
bubbled into the mixture to remove water resulting from 
acylation. The residue is ?ltered. The ?ltrate has a cobalt 
content of 1.34% and a nitrogen content of 0.66%. 

Example 21 

To a mixture of 1,180 grams (2 equivalents) of a 
polyisobutenyl succinic anhydride (having an acid num 
ber of 95 and prepared, as in Example 1, from maleic 
anhydride and chlorinated polyisobutylene having an 
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average chlorine content of 4.3 weight percent and an 
average of 76 carbon atoms) and 826 grams of mineral 
oil, there is added at 25° C., 54 grams (1 equivalent) 
of sodium methylate. The addition is made portionwise 
over a 15-minute period and the mixture then is main 
tained at a temperature of 85 °—90° C. for 1 hour. There 
upon, 109 grams (1 equivalent) of nickel bromide is 
added portionwise over a period of 30 minutes at 95° 
105° C., after which the mixture is heated at l45°—160° 
C. for 8 hours. The mixture is ?ltered and the ?ltrate 
treated with 66 grams (1 equivalent) of an amine mixture 
such as described in Example 5. The addition is made 
portionwise over a 30-minute period while the tempera 
ture is maintained at 80—85° C. The mixture then is 
heated at 150°—160° C. for 3.5 hours throughout which 
period nitrogen is bubbled into the mixture to remove 
water resulting from acylation. The residue is ?ltered. 
The ?ltrate has a nickel content of 1.12% and a nitrogen 
content of 0.56%. 

Example 22 
To a mixture of 1,245 grams (2 equivalents) of a 

polyisobutenyl succinic anhydride (having an acid num 
ber of 90 and prepared, as in Example 1, from maleic 
anhydride and chlorinated polyisobutylene having an av 
erage chlorine content of 4.3 weight percent and an aver 
age of 81 carbon atoms), 871 grams of mineral oil and 
25 grams of water, there is added at 80° C., 56 grams 
(1 equivalent) of potassium hydroxide. The addition is 
made portionwise over a 30-minute period, after which 
the mixture is held at 85°—95° C. for 1 hour, then dried 
by heating at l35°-140° C. for 1 hour. Thereupon, 
104.2 grams (1 equivalent) of barium chloride is added 
portionwise over a period of 30 minutes, with the tem 
perature at 80°-90° C. The mixture then is heated at 
130°—140° C. for 9 hours, and ?ltered. To the ?ltrate 
there is added 41 grams (1 equivalent) of an amine mix 
ture such as described in Example 1 (but with an equiva 
lent weight of 41). The addition is made portionwise 
over a 30-minute period, with the temperature at 110° 
140° C. The mixture then is heated at 160°-465° C. 
for 4 hours, throughout which period nitrogen is bubbled 
into the mixture to remove water resulting from acyla 
tion. The residue is ?ltered. The ?ltrate has a barium 
content of 2.7% and a nitrogen content of 0.61%. 

Example 23 

To a mixture of 1,046 grams (2 equivalents) of a 
polyisobutenyl succinic anhydride (having an acid num 
ber of 107 and prepared, as in Example 1, from maleic 
anhydride and chlorinated polyisobutylene having an av 
erage chlorine content of 4.3 weight percent and an 
average of 66 carbon atoms) and 732 grams of mineral 
oil, there is added at 60° C., 82 grams (1 equivalent) of 
sodium propylate. The addition is made portionwise 
over a period of 15 minutes and the mixture then is 
heated at 80°-90° for 1.5 hours. Thereupon, 122 grams 
(1 equivalent) of zinc nitrate trihydrate is added portion 
wise over a period of 30 minutes while the temperature 
of the mixture is maintained at 90°-100° C. The mix 
ture then is heated at 100°-105° C. for 9 hours and 
?ltered, whereupon 66 grams (1 equivalent) of an amine 
mixture such as described in Example 5 is added. The 
addition is made portionwise over a 30-minute period 
with the temperature at l10°~l20° C. Finally, the mix 
ture is heated at 150°—160° C. for 4 hours while nitrogen 
is bubbled into the mixture to remove Water resulting 
from acylation. The residue is ?ltered. The ?ltrate has 
a zinc content of 1.4% and nitrogen content of 0.62%. 

Example 24 

To a mixture of 400 grams (0.81 equivalent) of a 
polyisobutenyl succinic anhydride (having an acid num 
ber of 113 and prepared, as in Example 1, from maleic 
anhydride and a chlorinated polyisobutylene having an 
average chlorine content of 4.3 weight percent and an 
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14 
average of 62 carbon atoms) and 84 grams of toluene, 
there is added 19.5 grams (0.445 equivalent) of an 
amine mixture such as described in Example 1 (but with 
an equivalent weight of 43.8). The mixture is heated 
at 120° C. for 2.5 hours and then is cooled to 90° C., 
whereupon 5 grams of water, and then 34 grams (0.44 
equivalent) of barium oxide are added. The mixture 
then is heated at 90°-100° C. for 2 hours and 298 grams 
of mineral oil added. The temperature is raised to 160° 
C. and nitrogen bubbled through until the mixture is 
dry. The residue is ?ltered. The ?ltrate has a barium 
content of 3.05 percent and a nitrogen content of 0.94 
percent. 

Example 25 

To a mixture of 1,200 grams (2.42 equivalents) of a 
polyisobutenyl succinic anhydride (having an acid num 
ber of 113 and prepared, as in Example 1, from maleic 
anhydride and a chlorinated polyisobutylene having an 
average chlorine content of 4.3 weight percent and an 
average of 62 carbon atoms) and 888 grams of mineral 
oil, there is added 58 grams (1.325 equivalents) of an 
amine mixture such as described in Example 1 (but with 
an equivalent weight of 43.8). The mixture is heated at 
110°-12t)° C. for 2 hours and then cooled to 85° C. 
Next, 25 grams of water, then 102 grams (1.33 equiva 
lents) of barium oxide are added. The mixture then 
is heated at 90°-100° C. for 2 hours, then nitrogen is 
bubbled through at 160° C. until the mixture is dry. 
The residue is ?ltered. The ?ltrate has a barium con 
tent of 3.0 percent and a nitrogen content of 0.93 percent. 

Example 26 

To a mixture of 397 grams (0.8 equivalent) of a poly 
isobutenyl succinic anhydride (having an acid number of 
113 and prepared, as in Example 1, from maleic an 
hydride and a chlorinated polyisobutylene having an av 
erage chlorine content of 4.3 Weight percent and an 
average of 62 carbon atoms) and 100 grams of toluene, 
there is added at 54°-70° C., 12 grams (0.4 equivalent) 
of ethylene diamine. The addition is made portionwise 
over a 15-minute period and the mixture then heated to 
115° C. where the azeotrope of toluene and water (re 
sulting from acylation) is collected. The residue is 
heated at 138° C. for 1 hour. To 204 grams thereof, 
mixed with 200 grams of mineral oil and 4 grams of 
water, there is added at 70° C., 7.7 grams (0.01 equiva 
lent) of barium oxide. This mixture is heated to 150° 
C. over a 1-hour period and held at 145°—150° C. for 2 
hours. The residue is ?ltered. The ?ltrate has a barium 
content of 0.4 percent and a nitrogen content of 0.79 per 
cent. 

Example 27 

To a mixture of 400 grams (0.81 equivalent) of a poly 
isobutenyl succinic anhydride (having an acid number of 
113 and prepared, as in Example 1, from maleic anhy 
dride and a chlorinated polyisobutylene having an aver 
age chlorine content of 4.3 weight percent and an aver 
age of 62 carbon atoms) and 84 grams of toluene, there 
is added 19.5 grams (0.41 equivalent) of an amine mix 
ture such as described in Example 1 (but with an equiva 
lent weight of 43.8). The mixture is heated at 120° C. 
for 2.5 hours, then cooled to 90° C. and to this mixture, 
5 grams of water, and then 12.5 grams (0.45 equivalent) 
of calcium oxide are added. The mixture is heated at 
90°-100° C. for 2 hours and then diluted with 285 grams 
of mineral oil. The mixture is then treated with nitrogen 
at 160° C. to remove the toluene and water, then ?ltered. 
The ?ltrate has a calcium content of 0.89% and a nitro 
gen content of 1.03%. 
When used as lubricant additives, the compositions of 

this invention are usually present in lubricating oils in 
amounts ranging from about 0.5% to about 20% by 
weight. The optimum amount of said composition de 
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pends to a large extent upon the type of service to which 
the lubricating composition is to be subjected. 

For example, lubricating compositions for use in gaso 
line internal combustion engines may contain from about 
0.8 to about 4% by weight of the product of the inven 
tion whereas lubricating compositions for use in differ 
ential housings and diesel engines may contain as much 
as 15% or even more of the additive. 

This invention contemplates also the use of other addi 
tives with the products of this invention in lubricating 
compositions. Such additives include, for example, de 
tergents of the ash-containing type, detergents of the ash 
less-containing type, oxidation inhibiting agents, corrosion 
inhibiting agents, viscosity index improving agents, pour 
point depressing agents, extreme pressure agents, color 
stabilizers and anti~foam agents. 
The ash-containing detergents are exempli?ed by oil 

soluble neutral and basic salts of alkali or alkaline earth 
metals with sulfonic acids, carboxylic acids, or organic 
phosphorus acids characterized by at least one direct car 
bonito-phosphorus linkage such as those prepared by 
the treatment of an ole?n polymer (e.g. polyisobutene 
having a molecular weight of 750—5,000) with a phos 
phorizing agent such as phosphorus trichloride, phos 
phorus heptasul?de, phosphorus pentasul?de, phospho- * 
rus trichloride and sulfur, white phosphorus and a sul 
fur halide, or phosphorothioic chloride. The most com 
monly used salts of such acids are those of sodium, po 
tassium lithium, calcium magnesium, strontium, and bar 
mm. 

The basic salts are those salts containing larger amounts 
of metal than present in stoichiometric organic acid radi 
cal salts. The most common method for preparing said 
basic salts involves heating a mineral oil solution of an 
acid with a stoichiometric excess of a metal neutralizing 
agent in the present of a “promoter.” The most com 
mon metal neutralizing agents are- those of metal oxide, 
hydroxide, carbonate, bicarbonate or sul?de. Examples 
of promoters include phenolic compounds, alcohols, gly 
cols, and amines. A particularly effective method for pre 
paring the basic salts comprises mixing an acid with an 
excess of a basic alkaline earth metal neutralizing agent, 
a phenolic promoter compound, and a small amount of 
water and carbonating the mixture at an elevated tem 
perature such as 60°-200° C. 
Extreme pressure agents and oxidation-inhibiting and 

corrosion-inhibiting agents are exempli?ed by chlori 
nated aliphatic hydrocarbons, organic sul?des and poly 
sullides, phosphosulfurized hydrocarbons, phosphorus 
esters including dihydrocarbons and trihydrocarbon 
phosphites, metal thiocarbamates and metal phosphor 
odithioates. 
Pour point depressing agents are illustrated by poly 

mers of ethylene, propylene, or isobutene and poly(al~ 
klymethacrylatcs). Anti-foam agents include polymeric 
alkyl siloxanes, poly(alkylmethacrylates), and the con 
densation product of alkylphenol with formaldehyde and 
an amine. 
The following examples are illustrative of lubricating 

compositions of this invention (all percentages are by 
weight): 

Example A 
SAE 30 mineral lubricating oil containing 3.1% of the 

product of Example 1, 0.075% of phosphorus as the zinc 
salt of a phosphorodithioic acid prepared by the reaction 
of phosphorus pentasul?de with a mixture of 65% (mole) 
of isobutyl alcohol and 35% (mole) of mixed primary 
amyl alcohols, and 0.003% of a poly-(alkyl siloxane) 
anti-foam agent. 

Example B 

SAE 10 mineral ‘lubricating oil containing 3.1% of 
the product of Example 1, 5.5% of a co-polymer of alkyl 
methacrylate and N-vinyl pyrrolidone, and 0.075% of 
phosphorus as the zinc salt of a phosphorodithioic acid 
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prepared ‘by the reaction of phosphorus pentasul?de with 
a mixture of 65% (mole) of isobutyl alcohol and 35% 
(mole) of mixed primary-amyl alcohols. 

Example C 
SAE 30 mineral lubricating oil containing 2.1% of the 

product of Example 2, 11% of a basic calcium sulfonate 
obtained by carbonating a mineral oil solution of a cal 
cium polydodecyl-benzene sulfonate and an excess of cal 
cium hydroxide in the presence of an aqueous alcohol, 
0.08% of anthranilic acid, 2% of a basic barium sulfonate 
obtained by carbonating a mineral oil solution of a barium 
petroleum sulfonate and an excess of barium hydroxide 
in the presence of a phenolic compound, 2% of a cal 
cium salt derived from the condensation of a heptylphenol, 
calcium hydroxide and para-formaldehyde carried out in 
the presence of a base and in a mineral oil solution, 
0.002% of a poly-(:alkyl siloxane) anti-foam agent. 

Example D 
SAE 30 mineral lubricating oil containing 3.1% of the 

product of Example 2, 0.075% of phosphorus as the zinc 
salt of a phosphorodithioic acid prepared by the reaction 
of phosphorus pentasul?de with a mixture of 65% (mole) 
of isobutyl alcohol and 35% (mole) of mixed primary 
amyl alcohols, and 0.003% of a poly-(alkyl siloxane) anti 
foam agent. 

Example E 
SAE 20 mineral lubricating oil containing 3.3% of the 

product of Example 2, 0.075 % of phosphorus as a zinc 
salt of a phosphorodithioic acid prepared by the reac 
tion of phosphorus pentasul?de with a mixture of 65% 
(mole) of isobutyl alcohol and 35% (mole) of mixed 
primary-amyl alcohols, and 0.003% of a poly-(alkyl 
siloxane) anti-foam agent. 

Example F 
SAE 30 mineral lubricating oil containing 15% of the 

product of Example 3, 0.12% of phosphorus as a zinc 
salt of a phosphorodithioic acid obtained by the reaction 
of phosphorus pentasul?de with iso-octyl alcohol, and 
0.003% of a poly-(alkyl siloxane) anti-foam agent. 

Example G 
SAE 30 mineral lubricating oil containing 2.1% of the 

product of Example 5, 11% of a basic calcium sulfonate 
obtained by carbonating a mineral oil solution of a cal 
cium polydodecyl-benzene sulfonate and an excess of 
calcium hydroxide in the presence of an aqueous alcohol, 
0.075 % of anthranilic acid, 2.1% of a basic barium sul 
fonate obtained by carbonating a mineral oil solution of 
a barium petroleum sulfonate and an excess of barium 
hydroxide in the presence of a phenolic compound, 2% 
of a calcium salt derived from the condensation of a 
heptylphenol, calcium hydroxide ‘and para-formaldehyde 
carried out in the presence of a base and in a mineral oil 
solution, and 0.002% of a poly-(alkyl siloxane) anti 
foam agent. 

Example H 
SAE 20 mineral lubricating oil containing 1.4% of the 

product of ‘Example 6, 0.075% of phosphorus as the zinc 
salt of a phosphorodithioic acid prepared by the reaction 
of phosphorus pentasul?de with a mixture of 65 % (mole) 
of isobutyl alcohol and 35% (mole) of mixed primary 
amyl alcohols, 1.2% of a barium detergent prepared by 
neutralizing with barium oxide, in the presence of a 
phenolic compound, the hydrolyzed reaction product of a 
polypropylene with phosphorus pentasullide, and 0.003% 
of a poly-(alkyl siloxane) anti-foam agent. 

Example I 
SAE 20 mineral lubricating oil containing 3% of the 

product of Example 24. 0.0075 % of phosphorus as the zinc 
salt of a phosphorodithioic acid prepared by the reaction 
of phosphorus ‘pentasulfide with a mixture of 65% (mole) 
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of isobutyl alcohol and 35% (mole) of mixed primary-1 
amyl alcohols, and 0.003% of a poly-(alkyl siloxane) anti: 
foam agent. 
The above lubricating compositions are merely illustra 

tive and the scope of the present invention is not to be 
considered as limited by them, but is intended to include 
the use of all of the additives previously illustrated as 
well as others within the broad concept of the invention 
described herein. 
The utility of the dispersant additives of the invention is 

shown by the results and evaluation of a modi?ed version 
of the CRC-EX-3 engine test (ordinarily this engine test 
lasts for 96 hours; the modi?ed version lasts for 144 
hours). The test is recognized in the lubricating ?eld 
as an important test by which lubricants can be evaluated 
for use under light duty service conditions. In this par 
ticular test, a lubricant is used in the crankcase of a 1954, 
6-cylinder Chevrolet Powerglide engine for 144 hours 
under recurring cycling conditions. Each cycle con 
sists of the following: (A) 2 hours at an engine speed of 
500-325 r.p.m. under 0 load at an oil sump temperature 
of 100°-125° \F., and an air-fuel ratio of 01:1;(B) 2 
hours at an engine speed of 2500:25 r.p.m. under a load 
of 40 brake-horsepower at an oil sump temperature of 
160°-l70° F., and an air-fuel of 16:1; (C) 2 hours 
at an engine speed of 2500125 r.p.m. under a load of 40 
brake-horsepower at an oil sump temperature of 240° 
250° -F., and an air~fuel ratio of 16:1. 
At the end of the test, the engine is dismantled and 

inspected for sludge and varnish in accordance with the 
CRC deposit rating system. The rating is based on (1) 
the extent of piston ring-?lling, (2) the amount of sludge 
formed in the engine (on a scale of 80-0, 80 being in 
dicative of no sludge and 0 being indicative of extremely 
heavy sludge), and (3) the total amount of engine de 
posits, i.e., sludge and varnish, formed in the engine (on 
a scale of 100-0, 100 being indicative of no deposts and 
0 being indicative of extremely heavy deposits). The 
utility of the invention as a dispersant is shown by the 
following results: 

TABLE I 

Percent Total 
Lubricant Tested Piston Sludge Deposit 

Rlng- Rating Rating 
Filling 

(1) Example E ________________________ ._ 77.9 06. 7 
(2) Example H ____________ __ ___ l 77. 3 95.1 
(3) Example I ........................ .. 2 71. 7 90. 0 

Further illustration of the usefulness of the products 
of this invention as dispersants in motor oils is gained 
from testing in a 5%" bore, single-cylinder Caterpillar 
Diesel test engine equipped with the EX 7999 High Speed 
Changeover Group and operated at a constant speed and 
B.t.u. input. This test is recognized in the ?eld as an 
important test to determine the effect of an engine oil 
on ring sticking, wear, and the accumulation of piston 
deposits in a 480-hour endurance run. The lubricant is 
changed at 120-hour intervals; the test lasts 480 hours. 
The conditions of the testing operation are as follows: 

Speed _____________ __ 1800-310 r.p.m. 

Load ______________ __ 40 B.H.P. 

Fuel (0.4% sulfur) ___. 5850iB.t.u./min., 0.3 lbs./min. 
Oil sump temperature __ 205i5° F. 
Intake air temperature _ 255:5n F. 
Intake air pressure ____- 53.0:03" Hg abs. 

The piston is evaluated at l20-hour intervals for percent 
top groove ?lling and deposits on lands, grooves, groove 
sides, ring sides, skirt, crown, and under the piston crown 
(on a scale of 100-0, 100 being indicative of no deposits 
and 0 being indicative of extremely heavy deposits). The 
utility of this invention as a dispersant is shown by this 
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test with Example C, which showed a rating of 1% top 
groove ?lling and a total deposit rating of 94 for the 120 
hour period; 9% top groove ?lling and a total deposit rat 
ing of 90.5 for the 360-h0ur period; and 8% top groove 
?lling and a total deposit rating of 90 for the 480-hour 
completed cycle. 
The utility of the composition invention as an oxida 

tion and corrosion inhibitor is shown by the results of 
an oxidation and bearing corrosion test (Tentative Stand 
and Method 3405-T of Federal Test Method Standard 
No. 791). This test involves the continuous operation 
of a single-cylinder CLR Oil Test Engine under con 
stant speed, air-fuel ratio, and fuel ?ow conditions for a 
total of 40 hours. Before the test, the engine is thorough 
ly cleaned, pertinent measurements of engine parts are 
taken and a complete set of new piston rings and new 
copper-lead connecting rod test bearing inserts are in 
stalled. The lubricant is evaluated with respect to sta 
bility or resistance to oxidation, copper-lead bearing cor 
rosion, and a deposition of varnish and/or sludge on 
engine parts. The test does not evaluate the dispersant 
and detergent characteristics of the lubricant. The lubri 
cant is used in the crankcase of a single cylinder, 3.8" 
bore, 3.75" stroke, and 45.5" displacement engine for 40 
hours under the following conditions: 

Speed, r.p.m. _________________ __ 3150:25. 

Air-fuel ratio _________________ __ 14.0:05 to 1. 
Oil sump temperature __________ __ 290° F.:2° F. 
Fuel ?ow, lbs/hr _______________ .. 4.75:0.25. 
Load _______________________ __ Adjust to provide 

proper fuel ?ow 
at speci?ed air 
fuel ratio. 

After completion of the test, the piston is rated for 
piston skirt varnish (on a scale of 10-0, 10 being in 
dicative of no varnish and 0 being indicative of maxi 
mum amount of varnish) and the copper-lead bearing 
is evaluated for weight loss (a loss of less than 50 milli 
grams is indicative of a superior lubricant). The utility 
of the composition of this invention as a corrosion and 
oxidation inhibitor is shown by this test with Example D 
and shows a piston skirt varnish rating of 9.9 and a 
copper-lead bearing weight loss of 18.6 milligrams. 

Further illustration of the usefulness of the products 
of this invention as corrosion and oxidation inhibitors 
is shown by the results of a rust test, i.e., modi?ed ASTM 
procedure 13665-54. This test indicates the ability of 
lubricating oils to aid in preventing the rusting of ferrous 
parts should water or other corrosives become mixed 
with the oil. The test involves immersing a steel rod 
in 300 ml. of a test lubricant containing 5 milliliters of 
“acidi?ed" water (prepared by dissolving 10 grams of 
glacial acetic acid and 10 grams of concentrated sulfuric 
acid per liter of water), agitating the lubricant at 140° 
F., removing the rod after 5 hours of testing and cleaning 
it by dipping in benzene and then in acetone, drying the 
rod, coating the rod with a clear lacquer to ?x the rust, 
and inspecting the rod for rusting. The duration of this 
test is 5 hours and, as indicated above, the rod is then 
evaluated for rust (on a scale of 10-0, 10 being indica 
tive of no rust and 0 being indicative of extremely heavy 
rusting). The utility of the compositions of this inven 
tion with respect to the above test is shown by testing 
Example B which scored 10. 
To further illustrate the utility of the compositions of 

this invention as additives in lubricating compositions, 
an oxidation and detergency test is run in which a 350 
cc. sample of a lubricant containing 1.5% by weight 
of the solvent-free additive is placed in a 2 x 15 (inches) 
borosilicate tube. A 1% x 5% (inches) SAE 1020 steel 
panel is immersed in the above oil composition. There 
upon, the sample is heated at 300° F. for 96 hours while 
air is bubbled through the sample at the rate of 10 liters 
per hour. The oxidized sample is cooled to 120° F., 
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homogenized with 0.5% of water and allowed to stand 
at room temperature for 24 hours. Thereupon, the sam 
ple is ?ltered through two layers of No. 1 Whatman 
?lter paper 20 mm. Hg pressure. The precipitate 
is Washed with naphtha and dried and is then weighed. 
The resulting weight is taken as a measure of the effec 
tiveness of the additive to inhibit oxidation and disperse 
the sludge formed during the test. The greater the 
weight of the precipitate the less effective the additive. 
The base oil of the lubricant sample employed in this 
test is a Mid-Continent, conventionally re?ned mineral 
oil having a viscosity of about 180 SUS at 100° F. The 
results of the test are indicated in the following table 
(Table II). 

TABLE II 
Product of Sludge (mg. per 100 

this invention: cc. of sample) 
None ____________________________ __ 800-1200 

Product of Example 3 ______________ __ 27.4 
Product of Example 7 ______________ __ 10.4 
Product of Example 9 _____________ __ 6 
Product of Example 11 ____________ __ 102 

What is claimed is: 
l. A process for preparing an oil-soluble nitrogen-con 

taining metal salt composition comprising reacting, at a 
temperature within the range of from about 20° C. to 
about 250° C., (A) about two equivalents of a succinic 
compound selected from the class consisting of hydro 
carbon-substituted succinic acids and hydrocarbon-substi 
tuted succinic anhydrides wherein the hydrocarbon substit 
uent has at least about 50 aliphatic carbon atoms, with 
(B) about one equivalent of a basic metal reactant selected 
from the class consisting of alkali metal, alkaline earth 
metal, lead, cadmium and zinc oxides, hydroxides, car 
bonates and lower alcoholates and the successive combina 
tion of an alkali metal hydroxide and an inorganic metal 
salt selected from the class consisting of alkaline earth 
metal, lead, cadmium, zinc, nickel, and cobalt halides 
and nitrates, and subsequently with (C) from one to 
about ?ve equivalents of an amine selected from the class 
consisting of alkylene polyamines and hydroxyalkyl 
substituted alkylene polyamines having up to about eight 
carbon ‘atoms in the alkylene radical and up to about six 
carbon atoms in the hydroxyalkyl substituent. 

2. A process for preparing an oil-soluble nitrogen-con 
taining metal salt composition comprising reacting, at a 
temperature within the range of from about 60° C. to 
about 250° C., (A) one equivalent of a mono-metal salt 
of a hydrocarbon-substituted succinic acid in which the 
hydrocarbon substituent has at least about 50 aliphatic 
carbon atoms and the metal of said metal salt is a metal 
selected from the class consisting of alkali metal, alkaline 
earth metal, zinc, cadmium, nickel, cobalt and lead, with 
(B) from about one to about ?ve equivalents of an amine 
selected from the class consisting of alkylene polyamines 
and hydroxyalkyl-substituted alkylene polyamines having 
up to about eight carbon atoms in the alkylene radical and 
up to about six carbon atoms in the hydroxyalkyl sub 
stituent. 

3. A process for preparing an oil-soluble nitrogen-con 
taining metal salt composition comprising (A) mixing 
about two equivalents of a succinic compound selected 
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from the class consisting of hydrocarbon-substituted suc 
cinic acids and hydrocarbon-substituted succinic anhy 
drides wherein the hydrocarbon substituent has at least 
about 50 aliphatic carbon atoms, with [from] about one 
[to about ?ve] equivalent[s] of an amine selected from 
the class consisting of alkylene polyamines and hydroxy 
alkyl-substituted alkylene polyamines having up to about 
eight carbon atoms in the alkylene radical and up to about 
six carbon atoms in the hydroxyalkyl substituent, and heat 
ing the resulting mixture at a temperature su?icient to 
etlect acylation and to form an acylated amine, and to re 
move the water formed thereby, and then (B) mixing 
said acylated amine with about one equivalent of a basic 
metal compound selected from the class consisting of 
alkali metal, alkaline earth metal, zinc, cadmium and 
lead oxides, hydroxides, carbonates and lower alcohol 
ates, and heating the resulting mixture at a temperature 
within the range of from about 20° C. to about 250° C. 

4. The process of claim 2 wherein the mono-metal 
salt of a hydrocarbonsubstituted succinic acid is pre 
pared by the double decomposition of an alkali metal 
succinate ‘and an inorganic metal salt selected from the 
class consisting of alkaline earth metal, lead, cadmium, 
zinc, nickel, and cobalt halides and nitrates. 

5. The process of claim 2 wherein the hydrocarbon 
substituent of the succinic compound is a radical derived 
from a polyisobutene having a molecular weight within 
the range from about 700 to about 100,000. 

6. The process of claim 2 wherein the amine is a 
polyethylene polyamine. 

7. A lubricating composition comprising a major pro 
portion of a lubricating oil and from about 0.5% to 
about 20% by weight of the product of the process of 
claim 1. 

8. A lubricating composition comprising a major pro 
portion of a lubricating oil and from about 0.5% to 
about 20% by weight of the product of the process of 
claim 2. 

9. A process for preparing an oil-soluble nitrogen 
containing zinc salt composition comprising reacting (A) 
a mono-zinc salt of a polyisobutylene substituted succinic 
acid in which the molecular weight of the polyisobutylene 
radical is about 1,000, with (B) one to two equivalents 
‘of an alkylene polyamine, having up to about 8 carbon 
atoms in the alkylene radical at a temperature within 
the range of from about 80° C. to about 250° C. 

10. A lubricating composition comprising a major pro 
portion of a lubricating oil and from about 0.5 % to about 
20% by Weight of the product of the process of claim 9. 

11. The product of the process of claim 1. 
12. The product of the process of claim 9. 
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