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This invention relates to oil-soluble nitrogen- and boron 
containing compositions and to the process of preparing 
the same. The compositions of this invention are useful 
as additives in lubricants, especially lubricants intended 
for use in internal combustion engines, gears, and power 
transmitting units. 

‘One of the principal problems associated with present 
day automobile crankcase lubricants is that posed by 
the inevitable presence in the lubricant of foreign par 
ticles such as dirt, soot, water, and decomposition prod 
ucts resulting from breakdown of the lubricating oil. 
Even if there were none of this latter contaminant present 
the very nature of the design of the modern internal com 
bustion engine is such that a signi?cant amount of foreign 
matter will accumulate in the crankcase. Perhaps the 
most important of these contaminants is water because 
it seems to be responsible ‘for the deposition of a mayon 
naise-like sludge. It appears that if there were no water 
present the solid components of the mayonnaise-like 
sludge would circulate ‘with the oil and be removed by the 
oil ?lter. It will be readily appreciated that the. deposition 
of the sludge presents a serious problem with respect to 
the e?icient operation of the engine and that it is desirable 
to prevent such deposition of sludge-like material. 
The presence of water and the precursors of sludge 

in a lubricating oil is dependent largely upon the operat 
ing temperature of the oil. If the oil is operated at a 
high temperature the water, of course, will be eliminated 
by evaporation about as fast as it accumulates. In the ab 
sence of water as stated above the other foreign particles 
will be removed by the ?lter. At low oil temperatures, on 
the other hand, water will accumulate and so consequently 
will sludge. It is apparent that the environment in which 
a crankcase lubricant is maintained will determine to a 
large extent the ultimate performance of that lubricant. 
High operating temperatures are characteristic of a 

lubricant in an engine that is run at relatively constant 
high speed. Thus, in an engine that is run at 60 miles 
per hour for a long period of time it is very unlikely that 
there will be any accumulation of water and it is similarly 
unlikely that there will be any formation and deposition 
of sludge, but in ordinary stop~and-go driving such as 
is the case with taxicabs, delivery trucks, police cruisers, 
etc., the crankcase lubricant will be alternately hot and 
cold, an ideal environment for the accumulation of 
water. In such cases the formation of sludge is a serious 
problem. This problem has been with the automotive 
industry for many years and its solution has been ap 
proached by the use of known detergents such as metal 
phenates and sulfonates but without notable success. Al 
though such known detergents are very effective in solv 
ing the detergency problems associated with motor oils 
at high temperatures they have not been particularly ef 
fective in solving the problems associated with low tem 
perature operation or, to put it better, those problems 
which are associated with crankcase lubricants in engines 
which are operated at alternating high and low tempera 
tures. 
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'It is accordingly a principal object of this invention to 
provide novel compositions of matter. ‘ 

It is also an object of thisinvention to provide composi 
tions which are adapted for use as additives in hydro 
carbon oils. 

It is also an object of this invention to provide composi? 
tions which are effective as detergents in lubricating com 
positions. 

It is another object of this invention to provide a novel. 
process for the preparation of products which are eiTec-' 
tive as dispersants in lubricant compositions. 

It is another object of this invention to provide novel 
compositions which are effective dispersants in lubricant 
compositions intended for use in engines operated at 
alternating high and low temperatures. 

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

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

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

These and other objects are achieved in accordance 
with this invention by providing a process for preparing 
oil-soluble nitrogen- and boron-containing compositions 
comprising treating an acylated nitrogen composition 
‘characterized by the presence within its structure of (A) 
a substantially hydrocarbon-substituted succinic radical 
selected from the class consisting of succinoyl, suc 
cinimidoyl, and succinoyloxy radicals wherein the sub 
stantially hydrocarbon substitucnt contains at least about 
50 aliphatic carbon atoms and (B) a nitrogen-contain 
ing group characterized by a nitrogen atom attached di 
rectly to said succinic radical, with a boron compound 
selected ‘from the class consisting of boron oxide, boron 
halides, boron acids, and esters of boron acids in an 
amount to provide from about 0.1 atomic proportion 
of boron for each mole of said acylated nitrogen com 
position to about 10 atomic proportions of boron_for 
each atomic proportion of nitrogen of said acylated 
nitrogen composition. 
The substantially hydrocarbon substitucnt of the acyl 

ated nitrogen composition may contain polar groups 
provided, however, that the polar groups are not pres 
ent in proportions sufficiently large to alter signi?cantly 
the hydrocarbon character of the substituent. 
groups are exempli?ed by chloro, bromo, keto, ethereal, 
aldehydo, and ni-tro, etc. The upper limit with respect to 
the proportion of such polar groups in the substituent is 
approximately 10% based on the weight of the hydro 
carbon portion of the substituent. 
The sources of the substantially hydrocarbon substit 

uent include principally the high molecular weight sub 
stantially saturated petroleum fractions and substantially 
saturated ole?n polymers, particularly polymers of mono 
ole?ns having from 2 to 30 carbon atoms. The espe 
cially useful polymers are the polymers of l-mono-ole?ns 
such as ethylene, propene, l-butene, isobutene, l-hexene, 
l-octene, Z-methyl-l-heptene, 3-cyclohexyl-1-butene, and 
2-methyl~5-propyl-l-hexene. Polymers of medial ole 
?ns, i.e., ole?ns in which the ole?nic linkage is not at the 
terminal position, likewise are useful. They are illus 
trated by Z-butene, 3-pentene, and 4-octene. 

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 polyole?ns. Such interpolymers include, for example, 
those prepared by polymerizing isobutene with styrene; 
isobutene with butadiene; propene with isoprene; ethylene 
with piperylene; isobutene with chloroprene; isobutene 
with p-methyl styrene; l-hexene with 1,3-hexadiene; 1 
octene with l-hexene; l-heptene with l-pentene; 3-methyl 

The polar - 
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l-butene with l-octene; 3,3-dimethyl-1-pentene with 1 
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 stabil 
ity and oil-solubility of the ?nal products derived from 
such interpolymers. Thus, for reasons of oil-solubility 
and stability the interpolymers contemplated for use in 
this invention should be substantially aliphatic and sub 
stantially saturated, i.e., they should contain at least about 
80%, preferably at least about 95%, on a weight basis 
of units’ derived from the aliphatic monoole?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 percentage of ole?nic linkages should 
be less than about 2% of the total number of carbon-to 
carbon covalent linkages. 

Speci?c examples of such interpolymers include co 
polymer of 95 % (by weight) of 'isobutene with 5% of 
styrene; terpolymer 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 1-hexene; ter 
polymer of 80% of isobu-tene 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 propene; and copolymer of 
80% of ethylene and 20% of propene. . 
Another source of the substantially hydrocarbon radi 

cal comprises saturated aliphatic hydrocarbons such as 
highly re?ned high molecular-weight white oils or syn 
thetic alkanes such as are obtained by hydrogenation of 
high molecular weight ole?n polymers illustrated above 
or high molecular weight ole?nic substances. 
The use of ole?n polymers having molecular weight of 

about 750-5000 is preferred. Higher molecular weight 
ole?n polymers having molecular weights from about 
10,000 to about 100,000 or higher have been found to 
impart also viscosity index improving properties to the 
?nal products of this invention. The use of such higher 
molecular weight ole?n polymers often is desirable. 
The nitrogen-containing group of the acylated nitrogen 

compositions of this invention is derived from compounds 
characterized by a radical having the structural con?gura 
tion ' 

‘ ——N—H 

| 

The two remaining valences of the nitrogen atom of the 
above 

-—N~—H 
I 

radical preferably are satis?ed by hydrogen, amino, or 
organic radicals bonded to said nitrogen atom through 
direct carbon-to-nitrogen linkages. Thus, the compounds 
from which the nitrogen-containing group may be derived 
include principally ammonia, aliphatic amines, aromatic 
amines, heterocyclic amines, or carbocyclic amines. The 
amines may be primary or secondary amines and may 
also be polyamines such as alkylene amines, arylene 
amines, cyclic polyamines, and the hydroxy-substituted 
derivatives of such polyamines. 

Speci?c amines of these types are methylamine, N 
methyl-ethylamine, N-methyl-octylamine, N-cyclohexyl 
aniline, dibutylamine, cyclohexylamine, aniline, di(p 
methyl)amine, dodecylamine, octadecylamine, o-phenyli 
enediamine, N,N'-di-n-butylép-phenylenediamine, mor 
pholine, piperazine, tetrahydropyrazine, indole, hexahy 
dro-1,3,5-triazine, l-H-1,2,4-triazole, melamine, bis-(p 
aminophenyl)methane, phenyl-methylenimine, menthane 
diamine, cyclohexamine, pyrrolidine, 3-amino-5,6-diphen 

' yl-l,2,4-triazine, ethanolamine, diethanolamine, quinone 
diimine, 1,3-indandiimine, 2-octadecylimidazoline, 2-phen 
yl-4-methyl-imidazolidine, oxazolidine, and v2-heptyl-ox 
azolidine. 
A preferred source of the nitrogen-containing group 
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4 
consists of polyamines, especially alkylene amines con 
forming for the most part to the formula 

H—ITT (alkylene-III) “H 
A A 

wherein n is an integer preferably less than about 10, A 
is a substantially hydrocarbon or hydrogen radical, and 
the alkylene radical is preferably a lower alkylene radical 
having less than about 8 carbon atoms. Thealkylene 
amines include principally methylene amines, ethylene 
amines, butylene amines, propylene amines, pentylene 
amines, hexylene amines, heptylene amines, octylene 
amines, other polymethylene amines, and also the cyclic 
and the higher homologues of such amines such as piperé; 
azines and amino-alkyl-substituted piperaZine-s. They are 
exempli?ed speci?cally by: ethylene diamine, triethylene 
tetramine, propylene diamine, decamethylene diamine, oc 
tamethylene diamine, di(heptamethylene)triamine, tri 
propylene tetramine, tetraethylene pentamine, trimethyl 
ene diamine, pentaethylene hexamine, di(trimethylene) 
triamine, 2-heptyl-3-(2-aminopropyl)imidazoline, 4-meth 
yl-imidazoline, 1,3-bis(Z-aminoethyl)imidazoline, pyrim 
idine, 1-(2-aminopropyl)piperazine. 1,4-bis(2¢ amino 
ethyl)piperazine, and Z-methyl-l- (Z-aminobutyl) pipera 
Zine. Higher homologues such as are obtained by con 
densing two or more of the above-illustrated alkylene 
amines likewise are useful. 
The ethylene amines ‘are especially useful. They are 

described in some detail under the heading “Ethylene 
Amines” in “Encyclopedia of Chemical Technology” 
Kirk and Othmer, volume 5, pages 898—905, Interscience 
Publishers, New York (‘1950). Such compounds are pre 
pared most conveniently by the reaction of an alkylene 
chloride with ammonia. The reaction results in the pro 
duction of somewhat complex mixtures of alkylene 
amines, including cyclic condensation products such as 
piperazines. These mixtures ?nd use in the processof 
this invention. 
products may be obtained also by the use of pure alkylene 
amines. An especially useful alkylene amine for reasons 
of economy as well as effectiveness of the products de 
rived therefrom is a mixture of ethylene amines prepared 
by the reaction of ethylene chloride and ammonia and 
having a composition which corresponds to that of tetra 
ethylene pentamine. 

Hydroxyalkyl-substituted alkylene amines, i.e., alkylene 
amines having one or more hydroxyalkyl substituents on 
the nitrogen atoms, likewise are contemplated for use here 
in. The hydroxyalkyl-substituted alkylene amines are 
preferably those in which the alkyl group is a lower alkyl 
‘group, i.e., having less than about 6 carbon atoms. Ex 
amples of such amines include N-(2-hydroxyethyl)ethyl 
ene diamine, N,N'-bis(2-hydroxyethyl)ethylene diamine, 
1—(2-hydroxyethyl)piperazine, mono - hydroxypropyl 
substituted diethylene triamine, 1,4-bis(2-hydroxypropyl) 
piperazine, di-hydroxypropyl - substituted tetraethylene 
pentamine, N~(3-hydroxypropyl)tetramethylene diamine, 
and 2-heptadecyl-li(2-hydroxyethyl)imidazoline. 
Higher homologues such as are obtained by condensa 

tion of the above-illustrated alkylene amines or 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 amine accompanied with removal of 
ammonia and that condensation through the hydroxy 
radicals results in products containing ether linkages ac 
companied with removal of water. 

Other sources of‘ the nitrogen-containing group include 
ureas, thioureas, hydrazines, guanidines, amidines, 
amides, thioamides, cyanamides, etc. 
illustrating such compounds ,are: hydrazine, phenylhy 
drazine, N,N'-dihphenylhydrazine, octadecylhydrazine, 
benzoylhydrazine, urea, thiourea, N-butylurea, stearyl 
amide, oleylamide, guanidine, 1,3-diphenylguanidine, 
1,2,3-tributylguanidine, benzamidine, octadecamidine, N; 

On the other hand, quite satisfactory ' 

Speci?c examples ' 



3,254,025 
5 

N’ - dimethylstearamidine, cyanamide, dicyandiamide, 
guanylurea, aminoguanidine, etc. 
As indicated previously, the nitrogen-containing group 

in the acylated nitrogen ‘compositions of this invention is 
characterized by a nitrogen atom attached directly to the 
succinic radical. It will be appreciated, of course, that 
the linkage between the nitrogen atom and a succinoyl 
radical is representative of an amide or an imide struc 
ture, that the linkage between a nitrogen atom and a suc 
cinimidoyl radical is representative of an amidine struc 
ture, and that the linkage between a nitrogen atom and 
succinoyloxy radical is representative of an ammonium 
carboxylic acid salt structure. Thus, the acylated nitro 
gen compositions of this invention are characterized by 
amide, amide-salt, imide, amidine, or salt linkages and 
in many instances a mixture of such linkages. 
A convenient method for preparing the acylated nitro 

gen compositions comprises reacting a high molecular 
weight succinic acid-producing compound characterized 
by the presence within its structure of a high molecular 
weight oil-solubilizing group having at least about 50 ali 
phatic carbon atoms and at least one succinic acid-pro 
ducing group and illustrated by one having the structural 
‘con?guration - 

wherein R is a substantially hydrocarbon radical having 
at least about 50 aliphatic carbon atoms and X is se 
lected from the class consisting of halogen, hydroxy, 
hydrocarbon-oxy, and acyloxy radicals, with at least about 
one-half an equivalent amount of a nitrogen-containing 
compound characterized by the presence ‘within its struc 
ture of at least one radical having the structural con 
?guration. 

—N-H 
. I . 

The above process involves a reaction between the 
succinic acid-producing group with the nitrogen-contain 
ing radical to result in the direct attachment of the nitro 
gen atoms to the succinic radical, i.e., succinoyl, succin 
imidoyl, or succinoyloxy radical. The linkage formed 
between the nitrogen atom and the succinic radical may 
thus be that representative of a salt, amide, imide, or 
amidine radical. In most instances the product of the 
above process contains a mixture of linkages representa 
tive of such radicals. The precise relative proportions 
of such radicals in the product usually are not known 
as they depend to a large measure upon the type of the 
acid-producing group and the nitrogen-containing radical 
involved in the reaction and also upon the environment 
(e.g., temperature) in which the reaction is carried out. 
To illustrate, the reaction involving an acid or anhydride 
group with an amino nitrogen-containing radical at rela 
tively low temperatures such as :below about 60° C. re 
sults predominantly in a salt linkage 

O 

(i.e., —& —O—N-—) 
but at relatively high temperatures such as above about 
80° C. results predominantly in an amide, imide, or 
amidine linkage 

N_ 
_ H ll 

(i.e., —C—-N-— 0r —C—N—) 

In any event, however, the products obtained by .the 
above process, irrespective of the nature or relative 
proportions of the linkages present therein, have been 
found to be effective as additives in hydrocarbon oils 
for the purposes of this invention. 
The substantially saturated, aliphatic hydrocarbon 

substituted succinic acids and anhydrides are especially 
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6 
preferred for use as the acid-producing reactant of this 
process for reasons of the particular effectiveness of the 
products obtained from such compounds as additives in 
hydrocarbon oils. The succinic compounds are readily 
available from the reaction of maleic anhydride with a 
high molecular weight ole?n or a chlorinated hydrocarbon 
such as the ole?n polymer described herein-above. The 
reaction involves merely heating the two reactants at a 
temperature about 100°—200° C. The product from such 
a reaction is an alkenyl succinic anhydride. The alkenyl ‘ 
group may be hydrogenated to an alkyl group. The 
anhydride may be hydrolyzed by treatment with water 
or steam to the corresponding acid. Either the anhy 
dride or the acid may be converted to the correspond 
ing acid halide or ester by reaction with, e.g., phosphorus 
halide, phenols, or alcohols. 

In lieu of the ole?ns or chlorinated hydrocarbons, 
other hydrocarbons containing an activating polar sub 
stituent, 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 
illustrated reaction for preparing the succinic compounds. 
Such polar substituents may be illustrated by sul?de, di 
sul?de, nitro, —mercaptan, bromine, ketone, or aldehyde 
radicals. Examples of such polar-substituted hydrocar 
bons include polypropene sul?de, di-polyisobutene disul 
?de, nitrated mineral —oil, di-polyethylene sul?de, bromi 
nated polyethylene, etc. Another method useful for 
preparing the succinic acids and anhydrides involves the 
reaction of itaconic acid with a high molecular weight 
ole?n or a polar-substituted hydrocarbon at a temperature 
usually within .the range from about 100° C. to about 
200° C. 
The acid halides of the succinic acids can be prepared 

by the reaction of the acids or their anhydrides with a 
halogenation agent such as phosphorus tri-bromide, phos 
phorus pentachloride or thionyl chloride. The esters of 
such acids can be prepared simply by the reaction of 
the acids or their anhydrides with an alcohol or a phenolic 
compound such as methanol, ethanol, =octadecanol, cyclo 
hexanol, phenol, naphthol, octylphenol, etc. The ester 
i?cation is usually promoted by the use of an alkaline 
catalyst such as sodium hydroxide or sodium alkoxide or 
an acidic catalyst such sulfuric acid. The nature of the 
alcoholic or phenolic portion of the ester radical appears 
to have little in?uence on the utility of such ester as 

- reactant in the process described hereinabove. 
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The nitrogen~containing reactants useful in the above 
process are the compounds, described previously in this 
‘speci?cation, from which the nitrogen-containing group 
the acylated nitrogen compositions of this invention can 
be derived. 
The above process is usually carried out by heating a ' 

mixture of the acid-producing compound and the nitro 
gen-containing reactant at a temperature above vabout 
80° C., preferably within the range from about 100° C. 
to about ‘250° C. However, when an acid or anyhydride 
is employed in reactions with an amino nitrogen-contain 
ing reactant, the process may be carried out at a lower 
temperature such as room temperature to obtain products 
having predominantly salt linkages or mixed salt-amide 
linkages. Such products may be converted, if desired, 
by heating to above 80° C. to products having predomi 
nantly amide, imide, or amidine linkages. The use of 
a solvent such as benzene, toluene, naphtha, mineral oil, 
xylene, n-hexane, or the like is often desirable in the 
above process to facilitate the control of the reaction 
temperature. . ~ 

.The relative proportions of the acid-producing com 
pounds and the nitrogen-containing reactants to be used 
in the above process are such that at least about one-half 
of a stoichiometrically equivalent amount of the nitrogen 
containing reactant is used for each equivalent of the acid 
producing compound used. In this regard it will be 
noted that the equivalent weight of the nitrogen-contain 
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ing reactant is based upon the number of the nitrogen 
containing radicals. Similarly the equivalent weight of 
the ‘acid-producing compound is based upon the number 
of the acid-producing radicals de?ned by the structural 
con?guration 

0 

Thus, ethylene diamine has two equivalents per mole; 
amino guanidine has four equivalents per mole; a suc 
cinic acid or ester has two equivalents per mole, etc. 
The upper limit of the useful amount of the nitrogen 

containing reactant appears to be about two moles for 
each equivalent of the acid-producing compound used. 
Such amount is required, for instance, in the formation 
‘of products havingpredominantly amidine linkages. On 
the other hand, the lower limit of about one-half equiva 
lent of the nitrogen-containing reactant used for each 
equivalent of the acid-producing compound is based upon 
the stoichiometry for the formation of products having 
predominantly imide linkages or mixed acid-amide link 
ages. In most instances, the preferred amount of the 
nitrogen-containing reactant is at least about one equiva 
lent for each equivalent of the acid-producing compound 
used. < 

The following examples illustrate the processes useful 
for preparing the acylated nitrogen compositions useful 
in the process of this invention: 

EXAMPLE 1 

A polyisobutenyl succinic anhydride is prepared by the 
reaction of a chlorinated polyisobutylene with maleic 
anhydride at 200° C. The polyisobutenyl radical has an 
average molecular Weight of 850 and the resulting alkenyl 
succinic anhydride is found to have an acid number of 
113 (corresponding to an equivalent weight of 500). To 
a mixture of 500 grams (1 equivalent) of this polyiso 
butenyl succinic anhydride and 160' grams of toluene 
there is added at room temperature 35 grams (1 equiva 
lent) of diethylene triamine. The addition is made por 
tionwise throughout a period of 15 minutes, and an ini 
tial exothermic reaction caused the temperature to rise 
to 50° C. The mixture then is heated and a Water 
toluene azetrope distilled from the mixture. When no 
more water would distill the mixture is heated to 150° C. 
at reduced pressure to remove the toluene. The residue 
is diluted with 350 grams of mineral oil and this solution 
is found to have a nitrogen content of 1.6%. 

EXAMPLE 2 

The procedure of Example 1 is repeated using 30 grams 
(1 equivalent) of ethylene diamine as the ‘amine reac 
tant. The nitrogen content of the resulting product is 
1.4%. 

EXAMPLE 3 

The procedure of Example 1 is repeated using 55.5 
grams (1.5 equivalents) of an ethylene amine mixture 
having a composition corresponding to that of triethylene 
tetramine. The resulting product has a nitrogen content 
of 1.9%. 

EXAMPLE 4 

The procedure of Example 1 is repeated using 55.0 
grams (1.5 equivalents) of triethylene tetramine as the 
amine reactant.‘ The resulting product has a nitrogen 
content of 2.9%. 

EXAMPLE 5 

To a mixture of 140 grams of toluene and 400 grams 
(0.78 equivalent) of a polyisobutenyl succinic anhydride 
(having an acid number of 109 and prepared from maleic 
anhydride and the chlorinated polyisobutylene of Ex 
ample 1) there is added at room temperature 63.6 grams 
(1.55 equivalents) of a commercial ethylene amine mix 
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8 
ture having an average composition corresponding to that 
of tetraethylene pentarnine. The mixture is heated to 
distill the water-toluene azeotrope and then to 150° C. 
at reduced pressure to remove the remaining toluene. 
The residual polyamide has a nitrogen content of 4.7%. 

EXAMPLE 6 

The procedure of Example 1 is repeated using 46 
grams (1.5 equivalents) of ethylene diamine as the amine 
reactant. The product which resulted has a nitrogen 
content of 1.5%. 
' EXAMPLE 7 

A polyisobutenyl succinic anhydride having an acid 
number of 105 and an equivalent weight of 540 is pre 
pared by the reaction of a chlorinated polyisobutylene 
(having an average molecular weight of 1,050 and a 
chlorine content of 4.3%) and maleic anhydride. To 
a mixture of 300 parts by weight of the polyisobutenyl 
succinic anhydride and 160 parts by weight of mineral 
oil there is added at 65-95 ° C. an equivalent amount 
(25 parts by weight) of the commercial ethylene amine 
mixture of Example 5. This mixture then is heated to 
150° C. to distill all of the water formed in the reaction. 
Nitrogen is bubbled through the mixture ‘at this tempera: 
ture to insure removal of the last traces of water. The 
residue is diluted by 79 parts by weight of mineral oil 
and this oil solution found to have a nitrogen content 
of 1.6%. 

EXAMPLE 8 

A mixture of 2,112 grams (3.9 equivalents) of the 
polyisobutenyl succinic anhydride of Example 7, 136 
grams (3.9 equivalents) of diethylene triamine, and 1060 
grams of mineral oil is heated at 140-150‘7 C. for one 
hour. Nitrogen is bubbled through the mixture at this 
temperature for four more hours to aid in the removal 
of water. The residue-is diluted with 420 grams of min 
eral oil and this oil solution is found to have a nitrogen 
content of 1.3%. 

EXAMPLE 9 

To a solution of 1,000 grams (1.87 equivalents) of the, 
polyisobutenyl succinic anhydride of Example 7, in 500 
grams of mineral oil there is added at 85-95" C. 70 grams 
(1.87 equivalents) of tetraethylene pentamine. The mix 
ture then is heated at 150°*165° C. for four hours, blow 
ing with nitrogen to aid in the removal of water. The 
residue is diluted with 200 grams of mineral oil and the 
oil solution found to have a nitrogen content of 1.4%. 

EXAMPLE 10 
A polypropenyl succinic anhydride is prepared by the 

reaction of a chlorinated polypropylene (having a mo 
lecular weight of about 900 and a chlorine content of 
4%) and maleic anhydride at 200° C. The product has 
an acid number of 75. To a mixture of 390 grams (0.52 
equivalent) of this polypropenyllsuccinic anhydride, 500 
grams of toluene, and 170 grams of mineral oil there is 
added portionwise 22 grams (0.52 equivalent) the com 
mercial ethylene amine mixture of Example 5. The re 
action mixture is heated at re?ux temperature for three 
hours and water removed from an azeotrope with toluene. 
The toluene then is removed by heating to 150° C./20 
millimeters. 
nitrogen. 

The residue was found to contain 1.3% of 

EXAMPLE 1 l 

i A substituted succinic anhydride is prepared by react 
ing maleic anhydride with a chlorinated copolymer of 
isobutylene and styrene. The copolymer consists of' 94 

_ parts by weight of isobutylene units and 6 parts by weight 
of styrene units, has an average molecular weight of 1,200, 
and is chlorinated to a chlorine content of 2.8% by 
weight. The resulting substituted succinic anhydride has 
an acid number of 40. To 710 grams (0.51 equivalent) 
of this substituted succinic anhydride and 500 grams of 
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toluene there is added portionwise 22 grams (0.51 
equivalent) of the commercial ethylene amine mixture 
of Example 5. The mixture is heated at re?ux tempera 
ture for three hours to remove byv azeotropic distillation 
all of the water formed in the reaction, and then at 150° 
C./20 millimeters to remove the toluene. The residue 
contains 1.1% by weight of nitrogen. 

EXAMPLE 12 

A substituted succinic anhydride is prepared by react 
ing maleic anhydride with a chlorinated copolymer of 
isobutylene and isoprene. The copolymer consists of 
99 parts by weight of isobutylene units and 1% by weight 
of isoprene units. The molecular weight of the copoly 
mer is 28,000 and the chlorine content of the chlorinated 
copolymer is 1.95%. The resulting alkenyl succinic an 
hydride had an acid number of 54. A mixture of 228 
grams (0.22 equivalent) of an oil solution of this alkenyl 
succinic anhydride, 58 grams of additional mineral oil, 
500 grams of toluene, and 9.3 grams (0.22 equivalent) 
of the commercial ethylene amine mixture of Example 
5 is heated at 110°—120° C. for three hours, water being 
removed from an azeotrope with toluene. When all of 
the Water has thus been removed the toluene is distilled 
by heating to 150° C./20 millimeters. The residue is 
found to have a nitrogen content of 1.1%. 

EXAMPLE 13 

A polyisobutenyl succinic anhydride is prepared by the 
reaction of a chlorinated polyisobutylene with maleic 
anhydride. The chlorinated polyisobutylene has a chlo— 
rine content of 2% and an average molecular weight of 
11,000. The polyisobutenyl succinic anhydride has an 
acid number of 48. A mixture of 410 grams (0.35 
equivalent) of this anhydride, 15 grams (0.35 equivalent) 
of the commercial ethylene amine mixture of Example 5 
and 500 grams of toluene is heated at re?ux tempera 
ture for four hours to remove water from an azeotrope 
with toluene. The toluene then is removed by heating to 
150° C./20 millimeters. The nitrogen content of the 
residue is 1.3%. * 

EXAMPLE 14 

The procedure of Example 5 is repeated except that 
0.94 equivalent of the amine is used instead of 1.55 
equivalents. The nitrogen content of the product is 3%. 

EXAMPLE 15 

A polyisobutenyl-substituted succinic acid is. prepared 
by hydrolysis of the corresponding anhydride (prepared 
in turn by the condensation of a chlorinated polyiso-' 

To 1152 grams (1.5_ butylene and maleic anhydride). 
equivalents) of a 70% mineral oil solution of this poly 
isobutenyl succinic acid having an acid number of 62 
there is added at room temperature 59.5 grams (1.5 
equivalents) of the commercial ethylene amine mixture 
of Example 5. This mixture is heated at 150°-167° C. 
for 7 hours during which time a total of 19.5 grams of 
water is distilled from the mixture. The residue is diluted 
with 174 grams of mineral oil and then ?ltered at 150° 
C. The ?ltrate has a nitrogen content of 1.6%. 

EXAMPLE 16 

A mixture of 1056 grams (2.0 equivalents) of the 
polyisobutenyl succinic anhydride of the preceding exam 
ple (in which the polyisobutenyl group has a molecular 
Weight of 850), 89 grams (2.0 equivalents) of di-(1,2— 
propylene) triamine (having a nitrogen content of 31.3 % ), 
370 grams of mineral oil and 100 grams of toluene is 
heated at re?ux temperature (180°—190° C.) for 5 hours. 
A total of 18 grams of Water is collected from'the Water 
toluene azeotrope. The residue is heated to 150° C./20 
mm. to remove any last traces of water which might have 
remained. The nitrogen analysis of this residue is 1.9%. 
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EXAMPLE 17 

A polyisobutylene having an average molecular weight 
of 50,000 is chlorinated to a chlorine content of 10% 
by weight. This chlorinated polyisobutylene is reacted 
with maleic anhydride to produce the corresponding poly 
isobutenyl succinic anhydride having an acid number 
of 24. To 6,000 grams (2.55 equivalents) of this anhy 
dride there is added portionwise at 70—105° C. 108 grams 
(2.55 equivalents) of the commercial ethylene amine mix 
ture of Example 5 over a period of 45 minutes. The 
resulting mixture is heated for four hours at 160-180° 
C. While nitrogen is bubbled throughout to remove water. 
When all of the water has been removed the product is 
?ltered and the ?ltrate found to have a nitrogen content 
of 0.6% . 

EXAMPLE 18 

A mixture of 1 equivalent of a polyisobutene-substi 
tuted succinic anhydride having an acid number of 98 
(prepared according to the procedure described in Exam 
ple 1) and 1 equivalent of an acrolein-ammoni-a (molar 
rat-i0 of 1:1) interpolymer having a nitrogen content of 
23% by weight is diluted with 40% by its weight of a 
mineral 'oil. The resulting mixture is heated to 155° C. 
and nitrogen is bubbled through the mixture at this tem 
perature for 5 hours. The residue is found to have a 
nitrogen content of 1.35% . ' 

EXAMPLE 19‘ 

A cyanoethyl-substituted ethylene amine is prepared 
by mixing 212 grams of acrylonitrile with 216 grams of 
an ethylene amine mixture consisting of 75% by weight 
of triethylene tetramine and 25% by weight of diethylene 
triamine at room temperature and heating the mixture at 
110°—130° C. for 5 hours and then to 125° C./30 mm. 
To a mixture of 1110 grams of the polyisobutene-substi 
tuted succinic anhydride of Example 1 and 825 grams 
of mineral oil there is added at 60° C., 143 grams drop 
wise of the above cyanoethyl-substituted ethylene amine 
(having a nitrogen content of 31.8%). The mixture is 
heated at 150°-160° C. for 5 hours while being purged 
with nitrogen. A total of 6 cc. of water is removed 
by distillation. The residue has a nitrogen content of 
1.66%. 

EXAMPLE 20 

To a mixture ‘of 430 grams of the polyisobutene-substi 
tuted succinic anhydride of Example 1 and 355 grams 
or" mineral oil there is added at 60°-80° C. 108 grams 
of N-aminopropyl morph-oline throughout a period of 1 
hour. The mixture is heated at 150°-155° C. for 5 hours. 
The residue is found to have a nitrogen content of 2.3%. 

EXAMPLE 21 

To a mixture of 430 grams of the polyisobutene-sub 
stituted succinic anhydride of Example 1 and 304 grams 
of mineral oil there is added at 60°-80° C. 33 grams of 
dipropylene triamine. The mixture is then heated at 
150°—155° C. for 5 hours until no more water distills. 
The residue is found to have a nitrogen content of 1.45% . 

EXAMPLE 22 

To a mixture of 1000 grams of the polyisobutene-sub 
stituted succinic anhydride of Example 1 and 500 grams 
of mineral oil there is introduced at 150°-160° C. be 
neath its surface a su?icient quantity of ammonia for 
formation of an imide within a period of 1 hour. The 
mixture is diluted with 169 grams of mineral oil, heated 
to 150° C. and ?ltered. The ?ltrate is found to have a 
nitrogen content of 0.77%. 

EXAMPLE 23 

A mixture of 286 grams of polyisobutene-substituted 
succinic anhydride of Example 1, 96 grams of N,N-di 
butyl ethylene diamine and 252 grams of mineral oil is 
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prepared at 60° C. and‘ heated at 150°-165° C. for 5 
hours while being purged with nitrogen. The residue is 
found to have a nitrogen content of 2.24%. 

EXAMPLE 24 

A mixture of 417 grams of polyisobutene-substituted 
succinic anhydride of Example 1, 30 grams of N-(2 
arninoethyl)trimethylene diamine and 293 grams of min 
eral oil is prepared at 60 °—80° C. for 5 hours while being 
purged with nitrogen. The residue is found to have a 
nitrogen content of 1.51%. 

EXAMPLE 25 
A mixture of 430 grams of the polyisobutene-sub 

stituted succinic anhydride of Example 1, 64 grams of 
1,1-(dirnethylaminoethyl)-4-methyl-piperazine and 324 
grams of mineral oil is prepared at 60° C. and then 
heated at 150°-155° C. while being blown with nitrogen. 
The residue is found to have a nitrogen content of 1.81% . 

EXAMPLE 26 

A mixture of 416 grams of polyisobutene-substituted 
succinic anhydride of Example 1, 124 grams of N-phenyl 
piperazine and 356 grams of mineral oil is prepared at 
60° C. and then heated at 150°-155° C. for 5 hours 
while being purged with nitrogen. No water is removed 
by such heating. The residue is found to have a nitrogen 
content of 2.07% . 

EXAMPLE 27 

A mixture of 1110 grams of polyisobutene-substituted 
succinic anhydride of Example 1, 105 grams of anthra 
nilic acid and 844 grams of mineral oil'is heated at 100° 
C. for 2 hours. Themixture is cooled and is mixed with 
72 grams of a mixture consisting of 75% by weight of 
triethylene tetrarnine and 25% by weight of diethylene 
triamine' at 60°-80° C. The resulting mixture is heated 
at 150°-155° C. for 5 hours while being purged with 
nitrogen._ The residue is found to have a nitrogen con 
tent of 1.72%. 

EXAMPLE 28 

A diisobutenyl-substituted ethylene amine is prepared 
by reacting 590 grams of diisobutenyl chloride and 264 
grams of a mixture consisting of 75 % by weight of tri 
ethylene tetramine and 20% by weight of diethylene tri 
amine in the presence of 264 grams of potassium hy 
droxide (85% purity) and 2200 grams of isopropyl alco 
hol at 85 °~90° C. A mixture of 528 grams of polyiso 
butene-substituted succinic anhydride of Example 1, 101 
grams of the above diisobutenyl-substituted ethylene 
amine and 411 grams of mineral oil is heated at 150° 
160° C. while being purged with nitrogen until no more 
water distills. The residue has a nitrogen contentrof 
1 .98 % . 

EXAMPLE 29 
A mixture of 45 grams of di-(po1ypropoxy)cocoamine 

having a molecular weight of 2265, 22 grams of poly 
isobutene-substituted succinic anhydride of Example 1 
and 44 grams of mineral oil is heated at 150°-155° C. 
for 7 hours. The residue is found to have a nitrogen 
content of 0.25%. 

- EXAMPLE 30 

A mixture of 1000 grams of the polyisobutene-sub 
stituted succinic anhydride of Example 1, 159 grams of 
menthane diamine and 500 grams of mineral oil is pre-_ 
pared at 70°-100°~ C. and heated at 150°-190° C. while 
being blown with nitrogen until no water distills. The 
residue is diluted with 258 grams of mineral oil and the 
solution is found to have a nitrogen content of 1.32%. 

EXAMPLE 31 

A polypropylene-substituted succinic anhydride having 
an acid number ‘of 84 is prepared by the reaction of a 
chlorinated polypropylene having 'a chlorine content of 
3% and molecular weight of 1200 with maleic anhydride. 
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A mixture of 813 grams of the polypropylene-substituted 
succinic anhydride, 50 grams of a commercial ethylene 
amine mixture having an average composition corre 
sponding to that of tetraethylene pentamine and 566 
grams of mineral oil is heated at 150° C. for 5 hours. 
The residue is found to have a nitrogen content of 1.18%. 

EXAMPLE 32 

A mixture of 206 grams of N,N'-disecondary-butyl 
‘p-phenylene diamine, 1000 grams of the polyisobutene 
substituted succinic anhydride of Example 1 and 500 
grams of mineral oil is prepared at 85° C. and heated 
at 150°-200° C. for 9.5 hours. The mixture is diluted 
with 290 grams of mineral oil, heated .to 160° C. and 
?ltered. The ?ltrate is found to have a nitrogen content 
of 1.29%. 

EXAMPLE 33 

To 1000 grams of the polyisobutene-substituted suc 
cinic anhydride of Example 1 and 500 grams of mineral 
oil there is added 17.6 grams of hydrazine at 70°—80° 
C. The reaction is exothermic. The mixture is heated at 
140°—150° C. for 1 hour whereupon 9 grams of water 
is collected as the distillate. To the residue there is then 
added 40 grams of an ethylene amine mixture having 
an average composition corresponding to that of tetra 
ethylene pentamine at 70°-80° C. The mixture is then 
heated at 150°-160° C. while being purged with nitrogen 
until no more water is removed by distillation. The 
residue is diluted with 200 grams of mineral oil, heated 
to 160° C. and ?ltered. The ?ltrate has a nitrogen con 
tent of 1.16%. . 

EXAMPLE 34 

To a solution of 1000 grams of the polyisobutene-sub 
stituted succinic anhydride of Example 1 in 500 grams 
of mineral oil there is added 28 grams of 1,1-dirnethyl 
hydrazine at 50°—60° C. The mixture is heated at 60° 
95° C. for 3 hours and then mixed with 40 grams of an 
ethylene amine mixture having an average composition 
corresponding to that of tetraethylene pentamine at 85° 
95° C. The mixture is then heated at 150°-185° C. for 
6 hours whereupon 14 grams of water is’ collected as the 
distillate. The residue is diluted with 197 grams of min 
eral oil, heated to 160° C. and ?ltered. The ?ltrate has 
a nitrogen content of 1.53% . 

EXAMPLE 35 
A mixture of 1000 grams of the polyisobutene-substi 

tuted succinic anhydride of Example 1, 333 grams of 
1,2-di(3-aminopropoxy)ethane and 500 grams of mineral 

_ oil is heated at 140°—170° C. for 5 hours whereupon 18 
grams of water is collected as the distillate. The residue 
is ‘diluted with 380 grams of mineraloil, heated to 160“ 
C. and ?ltered. The ?ltrate has a nitrogen content of 
2.3%. . 

EXAMPLE 36 

A mixture of 1000 grams of the polyisobutene-substi 
tuted succinic anhydride of Example 1, 418 grams of di(3 
aminopropoxy ethyl)ether and 500 grams of mineral oil 
is heated at 150°~170° C. for 4 hours. A total of 17 
grams of water is collected as the distillate. The residue 
is diluted with 433 grams of mineral oil heated to 160° C. 
and ?ltered. The ?ltrate has the nitrogen content of 
2.18%. 

EXAMPLE 37 

A mixture of 1000 grams of the polyisobutene-substi 
tuted succinic anhydride of Example 1 and 361 grams of 
a technical tertiary-alkyl primary amine wherein the ter 
tiary-alkyl radical contains 12-14 carbon atoms and 500 
grams of mineral oil is heated at 15S°-250° C. for 13 
hours while being purged with nitrogen. The residue is 
then heated to 150° C./1 mm. diluted with 337 grams 
of mineral oil, heated to 1160“ C. and ?ltered. The 
?ltrate has a nitrogen content of 0.87%. . 
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EXAMPLE 38 

A mixture of 1000 grams of the polyisobutene-substi 
tuted succinic anhydride of Example 1, 254 grams of 
aminoguanidine bicarbonate and 500 grams of mineral 
oil is prepared at 80° C. and heated at l30°—165° C. for 
5 hours. The residue is mixed with 223 grams of mineral 
oil, heated to 150° C., and ?ltered, The ?ltrate has the 
nitrogen content of 3.38%. 

EXAMPLE 39 

A mixture of 1000 grams of the polyisobutene-substi 
tuted succinic anhydride of Example 1, 178 grams of 
2-amino-pyridine and 500 grams of mineral oil is heated 
at 140°—175° C. for 10 hours while being purged with 
nitrogen. A total of 16 grams of Water is collected as 
the distillate. The residue is diluted With 273 grams of 
mineral oil and ?ltered. The ?ltrate has a nitrogen con 
tent of 2.55%. - 

EXAMPLE 40 

A mixture of 1000 grams of the polyisobutene-substi 
tuted succinic anhydride of Example 1, 103 grams of 2,6 
diamino-pyridine and 500 grams of mineral oil is heated 
at 140°—180° C. for 11 hours while being purged with 
nitrogen. A total of 16 grams of water is collected as 
the distillate. The residue is diluted with 223 grams 
of mineral oil, heated to 1:50" C. and ?ltered. The ?ltrate 
has a nitrogen content of 2.15%. 

EXAMPLE 41 

A mixture of 1000 grams of polyisobutene-substituted 
succinic anhydride of Example 1, 159 grams of cyano 
guanidine and 233 grams of toluene is heated‘ at the re 
?ux temperature for 14 hours while 7.15 grams of Water 
is removed by azeotropic distillation. The mixture is 
diluted with 740 gramsof mineral oil and toluene is then 
removed by heating the mixture to 150° C. The residue 
is ?ltered and the ?ltrate has the nitrogen content of 
4.74%. ' 

EXAMPLE 42 

A mixture of 1632 grams of polyisobutene-substituted 
succinic anhydride of Example 1, 207 grams of a con 
densation product of acrolein with ammonia (molar ratio 
of 1:1) having a nitrogen content of 20%, 604 grams 
of mineral oil and 1750 grams of toluene is heated at the 
re?ux temperature for 3 hours. A total of 31 grams of 

Toluene is then re 
moved by heating the :mixture to 150° C./20 mm. The 
residue is found to have a nitrogen content of 1.89%. 

EXAMPLE 43 

A nitrogen-containing compound is prepared by mixing 
100 grams of cyanoguanidine with 500 grams of ethylene 
amine mixture having an average composition correspond 
ing to that of tetraethylene pentamine and heating the 
mixture at 70°—80° C. for 3 hours to obtain a homo 
geneous mass and ?ltering the mass. A mixture of 1000 
grams of the polyisobutene-substituted succinic anhydride 
of Example ll, 96 grams of the above ?ltrate and 164 
'grams of toluene is heated at the re?ux temperature for 
10 hours. Toluene is then removed by heating the mix 
ture to 150° C./20 mm. The residue is diluted with 
400 grams of mineral oil and ?ltered. The ?ltrate has 
a nitrogen content of 3.43%. 

EXAMPLE 44 

To a mixture of 544 grams of the polyisobutene-substi 
tuted succinic anhydride of Example 1, 283 grams of 
mineral OH and 281 grams of toluene there is added 30 
grams of urea at 45° C. The resulting mixture is heated 
at 130°~135° C. for 11 hours whereupon 2.5 cc, of water 
is removed as the distillate. The residue is then heated 
to 140° C./20 mm. and ?ltered. The ?ltrate has a nitro 
gen content of 1%. 
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EXAMPLE 4s 

A mixture of 1088 grams of the polyisobutene-substi 
tuted succinic anhydride of Example 1, 106 grams of 
dipropylene triamine, 500 grams of toluene is heated at 
the re?ux temperature for 4 hours until no more Water 
distills. The residue is then heated to 150° C./20 mm. 
and diluted with 392 grams of mineral oil. The oil solu 
tion is found to have a nitrogen content of 1.74%. 

EXAMPLE 46 

A mixture of 1000 grams of the polyisobutene-substi 
tuted succinic anhydride of Example 1, 174 grams of 
phenylbiguanide and 270 grams of toluene is heated at 
the re?ux temperature for 6.5 hours whereupon 25 grams 
of Water is removed by distillation. The residue is diluted 
with 500 grams of mineral oil and heated to 160° C./20 
mm. to distill off toluene. The residue is diluted further 
with 265 grams of mineral oil, heated to 150° C. and 
?ltered. The ?ltrate has a nitrogen content of 3.4%. 

EXAMPLE 47 

A mixture of 920 grams of the polyisobutene-substi 
tuted succinic anhydride of Example 1, and 249 grams of 
bis-(dimethylaminopropyl)amino is heated at the re?ux 
temperature until no more Water distills. The residue 
has a nitrogen content of 4%. 

EXAMPLE 48 

A mixture of 1000 grams of the polyisobutene-substi 
tuted succinic anhydride of Example 1, 363 grams of 
aminopropyl o'ctadecylamine and 1314 grams of mineral 
oil is heated at 2000° C. for 24 hours. The residue is 
?ltered. The ?ltrate has a nitrogen content of 1.02%. 

EXAMPLE 49 

A mixture of 1000 grams of the polyiso‘butene-sub 
stituted succinic anhydride of Example 1, and 258 grams 
of di-n-butylamine is heated at 185° C. for 12 hours 
and then to 200° C./ 25 mm. The residue‘ is diluted with 
1157 grams of mineral oil and ?ltered. The ?ltrate has 
a nitrogen content of 0.8%. 

EXAMPLE 50 

A mixture of 297 grams of the polyisobutene-sub 
stituted succinic anhydride of Example 1, 25 grams of 
melamine and 200 grams of mineral oil is heated at 
190°—250° C. for 9 hours and then at 290°—295° C. for 7 
‘more hours. The residue is mixed with 50 grams of 
water, heated at re?ux for 7 hours, dried and ?ltered. 
The ?ltrate has a nitrogen content of 2%. 

EXAMPLE 51 

A mixture of 100'grams of the polyisobutene-sub 
stituted succinic anhydride of Example 1 and 67 grams 
of vmineral oil is heated to 50° C. To this mixture there 
is added 59 grams of an 85% aqueous solution of hy 
drazine hydrate. The mixture is heated at 100°—110° C. 
‘for 1.25 hours, diluted with toluene, and heated at 
107° C. until no more Water distills. Toluene is re 
moved ‘by distillation. The residue has a nitrogen content 
of 0.8%. I 

EXAMPLE 52' . 

A mixture of 1.0 equivalent of the dimethyl ester of 
the polyisobutene-substituted succinic anhydride of Ex 
ample 1 and 1.0 equivalent of N,N-dibutyl thiourea is 
dissolved in ?ve times its volume of xylene. The result 
ing mixture is heated at the re?ux temperature until no 
more Water is removed ‘by azeotropic distillation. The 
mixture is heated further and the xylene is removed by 
distillation. The residue is the acylated nitrogen com 
pound. 

EXAMPLE 53 

A product is obtained by the procedure of Example 
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1, except that pyrrolidine (1 equivalent) is used in lieu 
of the ethylene diamine used. 

EXAMPLE 54 _ 

A product is obtained ‘by the procedure of Example 1, 
except that hexahydro-1,3,5-triazine (1 equivalent) is 
used in lieu of the ethylene diamine used. 

EXAMPLE 55 

A product is obtained by the procedure of Example 
1, except that 1,3,4-dithiazolidine (1 equivalent) is used 
in lieu of the ethylene diamine used. 

EXAMPLE 56 

A product is obtained by the procedure of Example 1, 
except that hexamethylene tetramine (2 equivalents) is 
used in lieu of the ethylene diamine used. 

EXAMPLE 57 

A product is obtained by the procedure of Example 1, 
except that triphentylene tetramine (3 equivalents) is 
used in lieu of the ethylene ‘diamine used. 

EXAMPLE 5 8 

An equi-molar mixture of the polyisobutene-su'bstituted 
succinic anhydride of Example 1 and N-octyl thiourea is 
diluted with an equal volume of xylene. The resulting 
mixture is heated at the re?ux temperature for 30 hours. 
The residue is an xylene solution of the product. 

EXAMPLE 59 

A product is obtained by the procedure of Example 5 8 

15 

20 

25 

30 

except that oleylamide is used in lieu of the thiourea ' 
used. 

EXAMPLE 60 

A product is obtained by the procedure of Example 
58 except that 1,3-diphenyl guanidine is used in lieu of 
the thiourea used. 

EXAMPLE 61 

A product is obtained by the procedure of Example 
58 except that octadecamidine is used in lieu of the 
thiourea used. 

EXAMPLE 62 

A product is obtained by the procedure of Example 
58 except that guanylurea is used in lieu of the thiourea 
used. 

EXAMPLE 63 

To a mixture of 396 grams of the polyiso'butene-sub 
stituted succinic anhydride of Example 1 and 282 grams 
of mineral oil there was added 34 grams of N-methyl 
trimethylene diamine at 60° C. within a period of one 
hour. The mixture was blown with nitrogen at 150— 
155° C. for 5 hours. The residue was found to have a 
nitrogen content of 1.41%. 

EXAMPLE 64 

A mixture of 308 grams of mineral oil, 400 grams of 
the polyisobutene-substituted succinic anhydride of Ex 
ample 1, and 70 grams of N-(Z-ethylhexyl)trimethylene 
diamine was prepared at 60° C. The mixture was heated 
to 250° C. and was then blown with nitrogen at 150° 
155° C. for 5 hours. The residue had a nitrogen content 
of 1.4%. 

EXAMPLE 65 

A mixture of 386 grams of mineral oil, 528 grams of 
the polyisobutene-substituted succinic anhydride of Ex 
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ample 1, and 88.5 grams of 1,4-'bis(2-hydroxypropyl)-2 
methyl piperazine was prepared at 60° C. Themixture 
was heated at 180°¢-276° C./40 mm. for 14.5 hours. 
The residue had a nitrogen content of 1.12%. 

EXAMPLE 67 

To a mixture of 314 grams of mineral oil and 430 
grams of the polyisobutene-substituted succinic anhydride 
of Example 1 there was added at 60° C.’ 49 grams ‘of 
1-(2-hydroxyethyl) piperazine. The mixture was heated 
to 150° C. and blown with nitrogen at this temperature 
for 5 hours. The residue had a nitrogen content of 
1.38%. 

EXAMPLE 68 

A mixture of 382 grams of mineral oil, 528 grams of 
the polyisobutene-substituted succinic anhydride of Ex 
ample 1, and 53 grams of 1-methyl-4-(3-aminopropyl) 
piperazine was prepared at 60° C., heated to 150° C., ' 
and blown with nitrogen at 150°—l55° C. for 5 hours. 
The residue ‘has a nitrogen content of 1.57%. 

EXAMPLE 69 

To a mixture of 800 grams of the polyisobutene-sub 
stituted succinic anhydride of Example 1 and 175 grams 
of toluene there was added 77 grams of a commercial 
mixture of alkylene amines and hydroxy alkyl-substituted 
alkylene amines consisting of approximately 2% (by 
weight) of diethylene triamine, 36% of 1-(2-aminoethyl) 
piperazine, 11% of 1-(2-hydroxyethyl)piperazine, 11% 
of N-(Z-hydroxyethyl)ethylenediamine, and 40% of 
higher homologues obtained as a result of condensation 
of the above-indicated amine components. 
ing mixture was heated at the re?ux' temperature for 16.5 
hours whereupon 12 cc. of water was collected as the 
distillate. The residue was then heated to 160° C./25 
mm. and diluted with 570 grams of mineral oil. The 
?nal product was found to have a nitrogen content of 
1.57%. . 

EXAMPLE 70 

A product is obtained by the procedure of Example 69 
except that an equimolar mixture of ammonia ‘and 
bis(2-hydroxyethyl)amine is used in lieu of the thio 
urea used. ' 

EXAMPLE 71 

A product is obtained by the procedure of Example 
69 except that benzidine is used in lieu of the thiourea 
used. 

EXAMPLE 72 

An acylated nitrogen composition is prepared accord 
ing to the procedure of Example 1 except that they re 
action mixture consists of 3880 grams, of the polyiso 
butenyl succinic anhydride, 376 grams of a mixture of 
triethylene tetramine and diethyl triamine (75:25 weight 
ratio), and 2785 grams‘ of mineral oil. The product 

. is found to have a nitrogen content of 2%. 
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:ample 1, and 59 grams of N-(Z-hydroxyethyl)trimethyl- ' 
enediamine was prepared at 60° C. The mixture was 
blown with nitrogen at 15()°—155° C. for 5 hours. The 
residue had a nitrogen content of 1.56%. - 

EXAMPLE 66 

A mixture of 185 grams of mineral oil, 330 grams of 
;the polyisobutene-substitutegl succinic anhydride of Ex 
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EXAMPLE 73 

vAn acylated nitrogen composition is prepared accord 
ing to the procedure of Example 1 except that the reaction 
mixture consists of 1385 grams of the polyisobutenyl suc 
cinic anhydride, 179 grams of a mixture of triethylene 
tetramine and diethylene triamine (75:25 weight ratio), 
and 1041 grams of mineral oil. The product is found to 
have a nitrogen content of 2.55%. 

EXAMPLE 74 

An acylated nitrogen composition is prepared accord 
ing to the procedure of Example 31 except that the 'poly 
isobutene-substituted succinic anhydride of Example 1 
(1 equivalent or 1.5 equivalents of the amine reactant) 
is substituted for the polypropylene-substituted succinic 
anhydride used. 

The result- ' 
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EXAMPLE 75 

An acylated nitr-ogen composition is prepared according 
to the procedure of Example 31 except that the polyiso 
butene-substituted succinic anhydride of Example 1 
(1 equivalent for 2 equivalents of the amine reactant) is 
substituted for the polypropylene-substituted succinic an 
hydride used. 

EXAMPLE 76 

An acylated nitrogen composition is prepared accord 
ing to the procedure of Example 4 except that the com 
mercial ethylene amine mixture (1.5 equivalent per equiv 
alent of the anhydride) of Example 7 is substituted for 
the triethylene tetramine used. - 

EXAMPLE 77 

An acylated nitrogen composition is prepared accord 
ing to the procedure of Example 31 except that the poly 
isobutene-substituted succinic anhydride of Example 1 
(l-equivalent for 1 equivalent of the amine reactant) is 
substituted for the polypropylene-substituted succinic an-i 
hydride. The composition is found to have a nitrogen 
content of 1.5%. 
The boron compounds useful in reaction with the 

acylated nitrogen compositions include boron oxide,>boron 
oxide hydrate, boron tri?uoride, boron tribromide, boron 
trichloride, HBF4, boron acids such as boronic acid 
(e.g., alkyl-B(OH)2 or aryl-B(OH)2), boric acid (i.e., 
H3BO3), tetraboric acid (i.e., H2B4O7), metaboric acid 
(i.e., HBOz), and esters of such boron acids. The use 
of complexes of a boron trihalide with ethers, organic 
acids, inorganic acids, or hydrocarbons is a convenient 
means of introducing the boron reactant into the reac 
tion mixture. Such complexes are known and are ex 
empli?ed by boron-tri?uoride-diethyl ether, boron tri 
?uoride-phenol, boron tri?uoride-phosphoric acid, boron 
trichloride-chloroacetic acid, boron tribromide-dioxane, 
and boron tri?uoride-methyl ethyl ether. 

Speci?c examples of boronic acids include methyl bo 
ronic acid, phenyl-boronic acid, cyclohexyl boronic acid, 
p-heptylphenyl boronic acid and dodecyl boronic acid. 
The boron acid esters include especially mono-, di-, 

and tri-organic esters of boric acid with alcohols or 
phenols such as, e.g., methanol, ethanol, isopropanol, 
cyclohexanol, cyclopentanol, l-octanol, 2-octanol, do 
decanol, behenyl alcohol, oleyl alcohol, stearyl alcohol, 
benzyl alcohol, 2-butyl cyclohexanol, ethylene glycol, 
propylene glycol, trimethylene glycol, 1,3-butanediol, 
2,4-hexanediol, 1,2-cyclohexanediol, 1,3-octanediol, glyc 
erol, pentaerythritol, diethylene glycol, carbitol, Cello 
solve, triethylene glycol, tripropylene glycol, phenol, 
naphthol, p-butylphenol, o,p-diheptylphenol, n-cyclohex 

-ylphenol, 2,2-bis-(p-hydroxyphenyl)propane, polyisobu 
tene (molecular weight of 1500)-substituted phenol, eth 
ylchlorohydrin, o-chlorophenol, m-nitrophenol, 6-bromo 
octanol, and 7-keto-decanol. Lower alcohols, 1,2-gly 
cols, and 1,3-glycols, i.e., those having less than about 
8 carbon atoms are especially useful for preparing the 
boric acid esters for the purpose of this invention. 

Methods for preparing the esters of boron acid are 
known and disclosed in the art (such as “Chemical Re 
views” pages 959-1064, Volume 56).> Thus, one meth 
od involves the reaction of boron trich-loride with 3 
moles of an alcohol or a phenol to result in a tri-organ'ic 
borate. Another method involves the reaction of boric 
oxide with an alcohol or phenol. Another method in 
volves the direct esteri?cation of tetra boric acid with 
3 moles of an alcohol or a phenol. Still another method 
involves the direct esteri?cation of boric acid with a 
glycol to form, e.g., a cyclic alkylene borate. 
The reaction of the acylated nitrogen compositions 

with the boron compounds can be e?ected simply by 
mixing the reactants at the desired temperature. The 
use of an inert solvent is optional although it is often 
desirable, especially when a highly viscous or solid re 
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actant is present in the reaction mixture. The inert sol 
vent may be a hydrocarbon such as benzene, toluene, 
naphtha, cyclohexane, n-hexane, or mineral oil. The 
temperature of the reaction may be varied within wide 
ranges. Ordinarily it is preferably between about 50° C. 
and about 250° C. In some instances it may be 25° 
C. or even lower. The upper limit of the temperature 
is the decomposition point of the particular reaction mix 
ture. 
The reaction is usually complete within a short pe 

riod such as 0.5 to 6 hours. After the reaction is com 
plete, the product may be dissolved in the solvent and 
the resulting solution puri?ed by .centrifugation of ?ltra 
t-ion if it appears to be hazy or contain insoluble sub 
stances. Ordinarily the product is suf?ciently pure so 
that further puri?cation is unnecessary or optional. 
A desirable mode of carrying out the process for the 

preparation of the oil-soluble, nitrogen- and boron-con 
taining compositions consists in preparing a solution or 
slurry of the boron reactant such as boric acid in a hy 
drocarbon solvent such as mineral oil or toluene and 
adding the acylated nitrogen reactant to this solution 
or slurry. The principal advantage of this particular 
method is the more ef?cient utilization of the boron re— 
actant in the proces. Another advantage is that the re 
sulting mineral oil solution of the product is more readily 
?lterable in the event that ?ltration becomes necessary 
to remove haze or insoluble contaminants. The yield of 
the desired product is higher than that characteristic of 
the alternative methods of adding the boron reactant to 
the acylated nitrogen reactant. 
The reaction of the acylated nitrogen compositions with 

the boron compounds results in a product containing boron 
and substantially all of the nitrogen originally present in 
the nitrogen reactant. ‘It is believed that the reaction re 
sults in the formation of a complex between boron and 
nitrogen. Such complex may involve in some instances 
more than one atomic proportion of boron with one atomic 
proportion of nitrogen and in other instances more than 
one atomic proportion of nitrogen with one atomic pro 
portion of boron. The nature of the complex is not 
clearly understood. Evidence appears to indicate that 
the complex results from a direct linkage between boron 
and nitrogen and that in most instances, the radicals 
originally present on the boron and the nitrogen atoms 
do not take part directly in the complex formation. How_ 
ever, in the case of a \boron acid as the ‘reactant, the re 
action is often accompanied with the ‘formation of water. 
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Inasmuch as the precise stoichiometry of the complex 
formation is not known, the relative proportions of the 
reactants to be used in the process are based primarily 
upon the consideration of utility of the products for the 
purposes of this invention. In this regard, useful products 
are obtained from reaction mixtures in which the re 
actants are present in relative proportions as to provide 
from about 0.1 atomic proportions of boron for each 
mole of the acylated nitrogen composition used to about 
10 atomic proportions of boron for each atomic propor_ 
tion of nitrogen of said acylated nitrogen composition 
used. The preferred amounts of reactants are such as 
to provide-from about 0.5 atomic proportion of boron 
for each mole of the acylated nitrogen composition to 
about 2 atomic proportions of boron for each atomic pro 
portiongof nitrogen used. To illustrate, the amount of 
a boron compound having one boron atom per molecule 
to be used with one mole of an acylated nitrogen com 
position having ?ve nitrogen atoms per molecule is with 
in the range from about 0.1 mole to about 50‘ moles, 
preferably from about 0.5 to about 10 moles. 

The-following examples are illustative of the process 
for preparing the nitrogen- and boron-containing com 
positions of this invention. ‘ ' 

Example A 

To 600 grams (1 atomic proportion of nitrogen) of 
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the acylated nitrogen composition prepared according 
to the process of Example 77 there is added 45.5 grams 
(0.5 atomic proportion of boron) of boron tri?uoride 
diethyl ether complex (1:1 molar ratio) at 60°—75° C. 
The resulting mixture is heated to 103° C. and then at 
110° C./30 mm. to distill off all volatile components.‘ 
The residue is found to have a nitrogen content of 1.44% 
and a boron content of 0.49%. 

Example B 

A mixture of 62 grams (1 atomic proportion of boron) 
of boric acid and 1645 grams (2.35 atomic proportions 
of nitrogen) of the acylated nitrogen composition ob 
tained by the process of Example 72 is heated at 150° C. 
in nitrogen atmosphere for 6 hours. The mixture is 
then ?ltered and the ?ltrate is found to have a nitrogen 
content of 1.94% and a boron content of 0.33%. 

Example C 
' An oleyl ester of boric acid is prepared by heating 
an equi-rnolar mixture of oleyl alcohol and boric acid 
in toluene at the re?ux temperature While water is re 
moved azeotropically. The reaction mixture is then 
heated to 150° C./20 mm. and the residue is the ester 
having a boron content of 3.2% and a saponi?cation 
number of 62. A mixture of 344 grams (1 atomic pro 
portion of boron) of the ester and 1645 grams (2.35 
atomic proportions of nitrogen) of the acylated nitrogen 
composition obtained by the process of Example 72 is 
heated at 150° C.‘ for 6 hours and then ?ltered. The 
?ltrate is found to have a boron content of 0.6% and 
a nitrogen content of 1.74%. 

Example D 
A mixture of 344 grams (1 atomic proportion of 

boron) of the oleyl ester of boric acid of Example C and 
1112 grams (2.86 atomic proportions of nitrogen) of 
the acylated nitrogen composition obtained by the process 
of Example 73 is heated at 150° C. for 6 hours and 
?ltered. The ?ltrate is found to have a nitrogen con 
tent of 1.94% and a boron content of 0.81%. 

Example E 
Tri-isobutylborate is prepared by heating a mixture of 

620 grams (10 moles) of boric acid, 2220 grams (30 
moles) of isobutyl alcohol, and 800 grams of toluene 
at the re?ux temperature while water formed during ester 
i?cation is being removed by azeotropic distillation. The 
reaction mass is then heated at 100° C./20 mm. to distill 
off toluene and the borate is recovered by distillation at 
105 °—110° C./20 mm. The distillate is found to have 
a boron content of 5.2%. A mixture of 57 grams (0.27 
atomic proportion of boron), 13 grams of mineral oil, 
and 1045 grams (1.56 atomic proportions of nitrogen) 
‘of the product obtained by the process of Example 74 
is heated at 150°-160° C. for 3 hours and then blown 
with nitrogen at 170° C. (no volatile substance is 
formed). The mixture of then heated to 150° C./ 20 mm. 
and the residue is found to have a boron content of 
0.39% and a nitrogen content of 1.98%. 

Example F 

Boron‘tri?uoride (34 grams, 0.5 atomic proportion of 
boron) is bubbled into 1400 grams (1.5 atomic propor 
tion of nitrogen) of the product prepared according to 
the process of Example 77 at 80° C. Within a period 
of 3 hours.‘ The resulting mixture is blown with nitrogen 
at 70°—80° C. for 2 hours and diluted with 23 grams 
of mineral oil. The residue is found to have a boron 
content of 0.42%, a ?uorine content of 1.58%, and a 
nitrogen content of 1.41% . 

Examplev G 

A mixture of 31 grams (0.5 atomic proportion of 
boron) of boric acid and 1175 grams (1.75 atomic pro 
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portions of nitrogen) of the acylated nitrogen composi 
tion prepared by the process of Example 74 is heated at 
150° C. for 3 hours and ?ltered. The ?ltrate is found to 
have a boron content of 0.43% and a nitrogen content of 
1.85%. 

Example H 

A complex of phosphoric acid with 3 moles of boron 
tri?uoride (67.3 grams, 0.62 atomic proportion of boron) 
is added dropwise to a mixture of 1344 grams (1.92 
atomic proportions of nitrogen) of the acrylated nitrogen 
composition of Example 74 and 432 grams of mineral 
oil. An exothermic reaction occurs. The mixture is 
heated at 80°-90° C. for 0.5 hour and mixed with 520 
cc. of benzene. The resulting solution is washed with, 
successively, 500 cc. of Water, a mixture of 500 cc. of 
.Water and 250 cc. of isopropyl alcohol, 50 cc. of a satu~ 
rated sodium chloride solution, and a mixture of 750 cc. 
of water and 250 cc. of isopropyl alcohol. The washed 
product is heated to 150° C./38—68 mm. within a period 
of 6 hours, cooled, and ?ltered. The ?ltrate is found to 
have a nitrogen content of 1.34% and a boron content 
of 0.1%. 

Example I 

A mixture of 12 grams (0.38 mole) of sulfur, 124 
grams (2 atomic proportions of boron) of boric acid, and 
1018 grams (2 atomic proportions of nitrogen) of the 
acylated nitrogen composition of Example 75 is heated 
at 150° C. for 2 hours and, ?ltered. The ?ltrate is 
found to have a nitrogen content of 2.4%, a boron con 
tent of 1.68%, and a sulfur content of 0.5%._ 

Example J 

The process of Example I is repeated except that 
thiourea (38 grams, 0.5 mole) is substituted for the 
sulfur used. The product is found to have a nitrogen 
content of 3.3%, a sulfur content of 1.44%, and a boron 
content of 1.75%. ' 

Example K 

A mixture of 55 grams (0.39 atomic proportion of 
boron) of boron tri?uoride-diethyl ether complex (1:1 
molar ratio) and 480 grams (0.77 atomic proportion of 
nitrogen) of the product of Example 76 is heated at 80° 
90° C. for 0.5 hour and then to 120° C./30 mm. The 
residue is found to have a nitrogen content of 2.08% and 
a boron content of 0.76%. 

Example L 

A mixture of 372 grams (6 atomic proportions of 
boron) of boric acid and 3111 grams (6 atomic propor 
tions of nitrogen) of the acylated nitrogen composi 
tion obtained by the process of Example 75 is heated at 
150° C. for 3 hours and then ?ltered. The ?ltrate is. 
found to have a boron content of 1.64% and a nitrogen 
content of 2.56%. 

Example M 

Boron tri?uoride (272 grams, 4 atomic proportions of 
boron) is bubbled slowly into a mixture of 1790 grams 
of mineral oil and 5370 grams (7.3 atomic proportions 
of nitrogen) of the acylated nitrogen composition pre 
pared by the process of Example 74. The mixture is 
then blown with nitrogen for 0.5 hours. The product, 
weighing 7426 grams (99% of theoretical yield), is found 
to have a nitrogen content of 1.38% and a boron content 
of 0.54%. 

' Example N 

Boric acid (124 grams, 2 atomic proportions of boron) 
is added to the acylated nitrogen composition (55 6 grams, 
1 atomic proportion of nitrogen) obtained according to 
the procedure of Example 75. The resulting mixture is 
heated at 150° C. for 3.5 hours and ?ltered at that tem 
perature. The ?ltrate is found to have a boron compound 
of 3.23% and a nitrogen content of 2.3%. 
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Example 0 
A mixture of boric acid and the acylated nitrogen com 

position prepared according to the procedure of Example 
17 in relative proportions such as to provide 1 atomic 
proportion of boron per atomic proportion of nitrogen 
is diluted with twice its volume of xylene and the result- , 
ing mixture heated at 150° C. for 3 hours and ?ltered. 
Xylene is removed by heating the ?ltrate to 150° C./ 0.25 
mm. The residue is found to have a boron content of 
0.42% and a nitrogen content of 0.44%. 

Example P 

A mixture of boric acid and the acylated nitrogen com 
position obtained according to the procedure of Example 
44 in relative proportions such as to provide 1 atomic 
proportion of boron per atomic proportion of nitrogen is 
heated at 150° C. for 3 hours and ?ltered. The ?ltrate 
is found to have a boron content of 0.2%. 

Example Q 
A mixture of boric acid and an acylated nitrogen com 

position obtained by the procedure of Example 41 in rela 
tive proportions such as to provide 1 atomic proportion 
of boron per atomic proportion of nitrogen is heated at 
150° C. for 3 hours and ?ltered at this temperature. The 
?ltrate is found to have a boron content of 3.1% and a 
nitrogen content of 4.1% . 

Example R 

A mixture of boron tri?uoride-diethyl ether complex 
and a polyisobutene-substituted succinimide derived from 
a polyisobutene having an average molecular weight of 
1000 in relative proportions such as to provide 1 atomic 
proportion of boron per atomic proportion of nitrogen 
is heated at 150° C. for 3 hours and ?ltered at this tem 
perature. 

Example S > 

A mixture of boric acid and the acylated nitrogen 
composition obtained by the procedure of Example 37 in 
relative proportions such as to provide 1 atomic propor 
tion of boron per atomic proportion of nitrogen is heated 
at 150° C. for 3 hours and ?ltered. 

Example T 

A mixture of boric acid and the acylated nitrogen 
composition obtained according to the procedure of Ex 
ample 25 in relative proportions such as to provide 1 
atomic proportion of boron per atomic proportion of ni 
trogen is heated at 150° C. for 3 hours and ?ltered. 

Example U 

A slurry of 409 parts (6.6 atomic proportions of boron) 
of boric acid and 740 parts of a mineral oil is prepared 
and heated to 140° C. To this slurry there is added an 
oil solution of the acylated nitrogen composition (6 atomic 
proportions of nitrogen) obtained according to the pro 
cedure of Example 75 in 3.5 hours at 130°—140° C. The 
resulting mixture is blown with nitrogen at 150 °— 158° C. 
for 7 hours. The ‘product is then mixed with a diatoma 

_ ceous ?lter aid and ?ltered. The ?ltered product, repre 
senting 96% of the theoretical yield, is collected after a 
period of 2.2 hours of ?ltration. It has a lboron content 
of 1.89% (theory, 1.97%) and a nitrogen content of 
2.47% (theory, 2.54%). In a separate experiment it has 
been found that reversing the order of the addition of the 
boric acid and the acylated nitrogen reactant in the above 
:process lowers the yield to 88% of the theoretical quan 
tity and results in a product having a boron content of 
1.59% and a nitrogen content of 2.43%. The time re 
quired for completing the ?ltration has been found to be 
15.4 hours. 
The nitrogen- and boron-containing products of this 

invention are useful for a wide variety of purposes in 
cluding pesticides, plasticizers, rust-inhibiting agents for 
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treatment of metals, corrosion-inhibiting agents, extreme 
pressure agents, anti-wear agents, and detergents. 
A principal utility of such products is as additives in 

lubricants. It has been discovered in accordance with this 
invention that when used for such purpose the effectiveness 
of the nitrogen- and boron-containing products to impart 
a speci?c property to, a lubricant is closely related to the 
size of the substantially hydrocarbonsubstituent in the 
succinic radical of the acylated nitrogen composition from ' 
which such products are derived. More particularly it has 
been found that products in which the substantially hydro 
carbon substituent contains more than about 50 aliphatic 
carbon atoms are effective to impart oxidation-inhibiting, 

' corrosion-inhibiting, and detergent properties to a lubri 
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cant. It has also been found that the detergent properties 
of the products diminish sharply with a decrease in the 
size of the substantially hydrocarbon substituent having 
less than about 50 aliphatic carbon atoms so that prod 
ucts having less than about 35 aliphatic carbon atoms in 
this susbtituent are ineffective as detergent additives in 
lubricants. . 

The lubricating oils in which the Icompositions of this 
invention are useful as additives may be of synthetic, ani 
mal, vegetable, or mineral origin. Ordinarily mineral 
lubricating oils are preferred by reason of their availabil 
ity, general excellence, and low cost. For certain applica 
tions, oils belonging to one of the other three groups may 
be preferred. For instance, synthetic polyesters oil such 
as didodecyl adipate and di-Z-ethylhexyl sebacate are 
often preferred as jet engine lubricants. Normally the 
lubricating oils preferred will 'be ?uid oils, ranging in 
viscosity from about 40 Saybolt Universal Seconds at 100° 
F. to about 200 Saybolt Universal Seconds at 210° F. 
The concentration of the nitrogen- ‘and boron-contain 

ing compositions as additives in lubricants usually ranges 
from about 0.1% to about 10% by weight. The optimum 
concentrations for a particular application depend to a 
large measure upon the type of service to which the lubri 
cants are to be subjected. Thus, for example, lubricants 
for use in gasoline internal combustion engines may con— 
tain from about 0.5 to about 5% of the additive, whereas 
lubricating compositions for use in gears and diesel en 
gines may contain as much as 10% or even more of the 
additive. ' 

This invention contemplates also the presence of other 
additives in the lubricating compositions. Such additives 
include, for example, supplemental detergents of the ash 
containing type, viscosity index improving agents, pour 
point depressing agents, anti-foam agents, extreme pres 
sure agents, rust-inhibiting agents, and supplemental oxi 
dation and corrosion-inhibiting 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 
carbon-tophosphorus linkage such as those prepared by 
the treatment of an ole?n polymer (e.g., polyisobutene 
having a molecular weight of 1000) with a phosphorizing 
agent such as phosphorus tn'chloride, phosphorus hepta 
sul?de, phosphorus pentasul?de, phosphorus tn'chloride 
and sulfur, white phosphorus and a sulfur halide, or phos— 
phorothioic chloride. The most commonly used salts of 
such acids are those of sodium, potassium, lithium, cal 
cium, magnesium, strontium, and barium. ' 
The term “basic salt” is used to designate the metal salts 

wherein the metal is present in stoichiometrically larger 
amounts than the organic acid radical. The commonly 
employed methods for preparing the basic salts involves 
heating a mineral oil solution of an acid with a stoichio 
metric excess of a metal neutralizing agent such as the 
metal oxide, hydroxide, carbonate, bicarbonate, or sul?de 
at a temperature about 50° C. and ?ltering the resulting 
mass. The use of a “promoter” in the neutralization step 
to aid the incorporation of a large excess of metal like 
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wise is known. Examples of compounds useful as the 
promoter include phenolic substances such as phenol, 
naphthol, alkylphenol, thiophenol, sulfurized alkylphenol, 
and condensation ‘products of formaldehyde with a phe 
nolic substance; alcohols such as methanol, 2-propanol, 
octyl alcohol, Cellosolve, carbitol, ethylene glycol, stearyl 
alcohol, and cyclohexyl alcohol; ‘amines such as aniline, 
phenylenediamine , phenothiazine, phenyl-beta-naphthyl 
amine, and dodecylamine. A particularly effective 
method for preparing the basic salts comprises mixing an 
acid with an excess of a basic alkaline earth metal neu 
tralizing agent, a phenolic promoter compound, and a 
small amount of water and carb-onating the mixture at an 
elevated temperature such as 60°—200° C. 
The preparation of a basic sulfonate detergent is il-_ 

lustrated as follows: A mixture of 490 parts (by weight) 
of a mineral oil, 110 parts of water, 61 parts of heptyl 
phenol, 340 parts of barium mahogany sulfonate, and 
227 parts of barium oxide is ‘heated at 100° C. for 0.5 
hour and then to 150° C. Carbon dioxide is then 
bubbled into the mixture until the mixture is substan 
tially neutral. The mixture is ?ltered and the ?ltrate 
found to have a sulfate ash content of 25%. 
The preparation of a basic barium salt of phosphorus 

acid is illustrated as follows: A polyisobutene having a 
molecular weight of 50,000 is mixed with 10% by weight 
of phosphorus pentasul?de at 200° C. for 6 hours. The 
resulting product is hydrolyzed by treatment with steam 
at 1460” C. to produce an acidic intermediate. The acidic 
intermediate is then converted to a basic salt by mixing 
‘with twice its volume of mineral oil, 2 moles of barium 
hydroxide and 0.7 mole of phenol and carbonating the 
mixture at 150° C. to produce a ?uid product. 

Furthermore, the oil-soluble, nitrogen-and boron-con 
taining compositions of this invention have the unique 
effectiveness in enhancing the extreme pressure and cor 
rosion-inhibiting properties of a certain class of additives 
employed to impart these properties to a lubricant. More 
speci?cally, the additives which are so bene?ted are metal 
dithiocarbamates, xanthates, the Group II metal phos 
phorodithioates and their epoxide adducts, hindered 
phenols, sulfurized cycloalkanes, di-alkyl polysul?des, 
sulfurized fatty esters, phosphosulfurized fatty esters, 
alkaline earth metal salts of alkylated phenols, dialkyl 
phosphites, triaryl phosphites, and esters of phosphoro 
dithioic acids. Thus, it has been found that these addi 
tives become more effective in the presence of the nitro 
gen-and boron-containing compositions of this invention 
despite the fact that the latter by themselves may not im 
part any signi?cant extreme pressure or oxidation-in 
hibiting properties to the lubricant under the particular 
service conditions. For this ,reason, combinations of the 
nitrogen- and boron-containing compositions of this in 
vention with any of the above-mentioned additives are 
especially desirable for use in lubricants which must have 
superior extreme pressure and oxidation~inhibiting char 
acteristics. 
The Group II metal phosphorodithioates are the salts 

of acids having the formula 

R2 SH 

in which R1 and R2 are substantially hydrocarbon radi 
cals. The metals for forming such salts are exempli?ed 
by barium, calcium, strontium, zinc, and cadmium. The 
barium and zinc phosphorodithioates are especially pre 
ferred. The substantially hydrocarbon radicals in the 
phosphorodithioic acid are preferably low or medium mo 
lecular weight alkyl radicals and alkylphenyl radicals, 
i.e., those having from about 1 to about 30 carbon atoms 
in the alkyl group. Illustrative alkyl radicals include 
methyl, ethyl, isopropyl, isobutyl, n-butyl, sec-butyl, the 
various amyl alcohols, n-hexyl, methylisobutyl carbinyl, 
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24 
heptyl, 2-ethylhexyl, diisobutyl, isooctyl, nonyl, behenyl, 
decyl, etc. Illustrative lower alkylphenyl radicals include 
butylphenyl, amylphenyl, di-amylphenyl, octylphenyl, 
etc. Cycloalkyl radicals likewise are useful and these 
include chie?y cyclohexyl and the lower alkyl-cyclohexyl 
radicals. Other substantially hydrocarbon radicals like 
wise are useful such as tetradecyl, octadecyl, eicosyl, 
butylnaphthyl, hexylnaphthyl, octylnaphthyl, cyclohexyl 
phenyl, naphthenyl, etc. Many substituted hydrocarbon 
radicals may also be used, e.g., chloropentyl, dichloro 
phenyl, and dichlorodecyl. 
The availability of the phosphorodithioic acids from 

which the Group II metal salts of this invention are pre 
pared is Well known. They are prepared by the reac 
tion of phosphorus pentasul?de with an alcohol or phenol. 
The reaction involves four moles of the alcohol or phenol 
per mole of phosphorus pentasul?de, and may be car 
ried out within the temperature range from about 50° C. 
to about 200° C. Thus the preparation of 0,0-di-n-hexyl 
phosphorodithioic acid involves the reaction of phos 
phorus pentasul?de with four moles of n-hexyl alcohol 
at about 100° C. for about 2 hours. Hydrogen sul?de 
is liberated and the residue is the de?ned acid. The 
preparation of the zinc or barium salt of this acid may 
be effected by reaction with zinc oxide or barium ox 
ide. Simply mixing and heating these two reactants is 
su?icient to cause the reaction to take place and the re 
sulting product is su?iciently pure for the purposes of 
this invention. ' 

Especiallyuseful Group II metal phosphorodithioates 
can be prepared from phosphorodithioic acids which in 
turn are prepared by the reaction of phosphorus penta 
sul?de with mixtures of alcohols. The use of such mix 
tures enables the utilization of cheaper alcohols which 
in themselves do not yield ‘oil-soluble phosphorodithioic 
acids. Thus a mixture of isopropyl and hexyl alcohols 
can be used to produce a very effective, oil-soluble metal 
phosphorodithioate. For the same reason mixtures of 
simple phosphorodithioic (i.e., acids prepared from one 
alcohol) acids can be reacted with zinc oxide or barium 
oxide to produce less expensive, oil-soluble salts. 
Another class of the phosphorothioate additives con 

template-d for use in the lubricating compositions of this 
invention comprises the adducts of the metal phosphoro 
dithioates described‘ above with an epoxide. The metal 
phosphorodithioates useful in preparing such addu-cts are 
for the most part the zinc phosphorodithioates. The 
epoxides may be alkylene oxides or arylalkylene oxides. 
The arylalkylene oxides are exempli?ed by styrene ox 
ide, p-ethylstyrene oxide,_ alpha-methylstyrene oxide, 
3-beta-naphthyl-1,3-butylene oxide, m-dodecylstyrene ox 
ide, and p-chlorostyrene oxide. The alkylene oxides in 
clude principally the lower alkylene oxides in which the 
alkylene radical contains 6 or less carbon atoms. Exam 
ples of such lower alkylene oxides are ethylene oxide, 
propylene oxide, 1,2-bu'tene oxide, trirnethylene oxide, 
tetramethylene oxide, butadiene monoepoxide, 1,2-hex 
ene oxide, and propylene epichlorohydrin. Other epox 
ides useful herein include, for example, butyl 9,10-epoxy 
stearate, epoxidized soya bean oil, epoxidized tung oil, 
and epoxidized copolymer of styrene with butadiene. 
The adduct may be obtained by simply mixing the 

phosphorodithioate and the epoxide. The reaction is 
usually exothermic and may be carried out within wide 
temperature limits from about 0° C. to about 200° C. 
Because the reaction is exothermic itis best carried out 
by adding one reactant, usually the epoxide, in small in 
crements to the other reactant in order to obtain con 
venient control of the temperature of the reactiton. The 
reaction may be carried out in a solvent such as benzene, 
mineral oil, naphtha, or n-hexane. 
The chemical structure of the adduct is not known. 

More than one mole, sometimes as many as four moles, 
of the epoxide can be made to combine wit-h the phos 
phorodithioate to form products useful herein. However, 
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adducts obtained by the reaction of one mole of phos 
phorodithioate with from about 0.25 mole to about 1 
mole of a lower alkylene oxide, particularly ethylene 
oxide and propylene oxide, have been found to be espe 
cially useful and therefore are preferred. 
The hindered phenols are those in which the carbon 

atoms at both ortho positions to the phenolic group con 
tain substantially large substituents so as to cause 
hinderance of the phenolic group. The common sub 
stituents are the secondary and tertiary alkyl radicals 
such as isopropyl, tert-butyl, tert-pentyl, sec-pentyl, cy 
clohexyl, and tert-octyl radicals. They likewise may be 
aryl radicals or large polar radicals such as bromo or 
nitro radicals. Examples of the hindered phenols in— 
clude 2,6-di-sec-butylphenol, 2,4,-di—tert-butylphenol, 2,6 
di-tert-octyl-4-sec~pentylphenol, 2 - tert-pentyl-G-tert-hex 
ylphenol, 2-tert-butyl-6-cyclohexyl-6-heptylphenol, 4,4’ 
bis-methylene-(2,6-di-tert-butylphenol), 4,4’ - methylene 
bis(Z-tert-butyl-6-sec-butylphenol), 2,4 - dimethyl-6-tert 
butylphenol, 2,6-di-tert-butyl-6-methylphenol, and bis 
(3,5-di-tert-butyl-4#hydroxybenzyl) sul?de. 
The sulfurized esters of the fatty acids are obtained by 

the treatment of the esters with a sulfurizing agent such 
as sulfur or a sulfur halide, e.g., sulfur monochloride or 
sulfur dichloride. The esters are exempli?ed by methyl 
oleate, methyl stearate, allyl stearate, isopropyl myristate, 
cyclohexyl ester of tall oil acid, ethyl palmitate, isooctyl 
laura‘te, diester of ethylene glycol with stearic acid, tetra-' 
ester of pentaerythritol with stearic acid, etc. Likewise 
useful are esters of higher alcohols or commercial alcohol 
mixtures such as octadecyl alcohol and sperm oil alcohol, 
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and phenols such as phenol, naphthol, p-cresol, and o,p- ' 
dihexylphenol. The sulfurization is effected most con 
veniently at temperatures between 100° C. and 250° C. 
More than one atom of sulfur can be incorporated into 
the ester by the use of an excess of the sulfurizing agent. 
For the purpose of this invention sulfurized esters having 
as many as 4 or 5 atoms of sulfur per molecule have been 
found to be useful. Examples include sulfurized sperm 
oil having a sulfur content of 5%, sulfurized tall oil hav 

_ ing a sulfur content of 9%, sulfurized methyl oleate hav 
ing a sulfur content of 3%, and sulfurized stearyl stearate 
having a sulfur content of 15% . ’ 

Still another class of the fatty compounds consists of 
the phosphosulfurized fatty acid ester mentioned above. 
They are obtained by the treatment of the esters with a 
phosphorous sul?de, such as phosphorous pentasul?de, 
phosphorous sesquisul?de, or phosphorous heptasul?de. 
The treatment is illustrated by mixing an ester with from 
about 05% to 25% of a phosphorous sul?de at a tem 
perature within the range from 100° C. to 250° C. The 
product contains both phosphorous and sulfur but the 
precise chemical constitution of such a product .is not 
clearly understood. These and other methods for pre 
paring the sulfurized esters and phosphosulfurized esters 
are known in the art. 
The polysul?des include principally aliphatic and cyclo~ 

aliphatic disul?des, trisul?des, tetrasul?des, pentasul?des, 
or higher polysul?des. The term “polysul?de” designates 
a compound in which two‘ substantially hydrocarbon radi 
cals are joined to a group consisting of at least 2 sulfur 
atoms. It is represented for the most part by any of the 
structural formulas below: 

wherein R3 and R4 are alkyl or cycloalkyl radicals and n 
is an integer usually less than 6. The nature of the 
linkage between the sulfur atoms is not clearly under 
stood. It is believed, however, that such linkage may be 
described by a single covalent bond, a double bond, or a 
coordinate covalent bond. The polysul?des containing at 
least about 6 carbon atoms per molecule have greater oil 
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26 
solubility and are generally preferred. Speci?c examples 
of such polysul?des are diisobutyl trisul?de, diisopentyl 
trisul?de, di-n-butyl tetrasul?de, dicyclopentyl disul?de, 
di-methylcyclohexyl tetrasul?de, di-2-ethylhexylpentyl di 
sul?de, dipentyl trisul?de, di-beta-pinyl pentasul?de, cy 
clohexyl cyclopentyl trisul?de, idipara?in wax trisul?de, 
di-terpenyl disul?de, didodecyl trisul?de, dibehenyl tri 
sul?de, and diisobutyl hexasul?de. Other polysul?des, 
including polar-substituted sul?des, are exempli?ed by 
di ( omega-bromopentyl) trisul?de. ' 
The preparation of the polysul?de may be accom— 

plished by any of the various processes which are known 
and disclosed in the art including, for example, the reac 
tion of a chlorohydrocarbon with an alkaline metal poly 
sul?de, the reaction of a mercaptan with sulfur and/ or 
sulfur halide, the reaction of saturated and unsaturated 
hydrocarbons with sulfur and/or sulfur halides, the reac— 
tion of a hydrocarbon monosul?de with sulfur, etc. 

The phosphites useful herein are the di- and tri-hydro 
carbon esters of phosphorous acid. Examples of the 
phosphites are: dibutyl phosphite, diheptylphosphite, di_ 
cyclohexylphosphite, tri-(pentylphenyDphosphite, tris 
(dipentylphenyl)phosphite, didecyl phosphite, di-stearyl 
phosphite, tris-(hexa-propylene-substituted phenyl)p-hos 
phite, tri-hexyl phosphite, di-heptyl phenyl phosphite, and 
tri (m-chloro-p-heptylphenyl) phosphite. ‘ 

The'alkaline earth metal salts of the alkylated phenols 
include principally the salts of magnesium, barium, cal 
cium, and strontium with phenolic substances containing 
an alkyl substituent having at least about 7 carbon atoms. 
The phenols are exempli?ed by alkyl phenols, alkyl naph 
thols, sulfurized alkyl phenols, and the condensation prod- _ 
ucts'of alkyl phenols with an aldehyde. Speci?c exam 
ples include magnesium octylphenate, barium polypro 
pylene-substituted phenate in which the polypropylene 
substituent has a molecular weight of 500, calcium salt of 
alpha-dodecyl-beta-naphthyl, barium salt of bis(heptyl 
.phenol)sul?de, calcium salt of bis(nonylphenol)sul?de, 
calcium salt of the condensation product of two moles of 
heptylphenol with formaldehyde, barium dodecylphenate, 
and strontium polyisobutene-substituted phenate in which 
the polyisobutene substituent has a molecular weight of 
350. 
The esters of the phosphorodithioic acids include the 

aryl ‘and the alkyl esters of the phosphorodithioic acids 
described hereinabove. A particularly useful group of the 
esters is obtained by the addition of the phosphorodithioic 
acids to an ole?nic compound such as an alkene or an 
aralkene. They are obtained, for example, by the addi 
tion of diisopropylphosphorodithioic acid with styrene, 
propene, isobutene, cyclohexene, 1—octene, methyl cyclo 
hexene, isoprene, butadiene, dipentene, or the like. 

Combinations of the nitrogen- and boron-containing 
compositions of this invention with other additives can be 
obtained simply by mixing these additives or adding them 
to a lubricating oil at concentrations appropriate to pre 
pare either concentrates or ?nal lubricants. In many in 
stances they can be prepared by the alternative ‘process 
in which the acylated nitrogen composition from which 
the boron- and nitrogen-containing compositions are de 
rived are ?rst mixed with the other additives and the 
boron reactant is then added to the mixture under the 
conditions as described previously for the process of this 
invention. Such a process is illustrated as follows: A 
mixture of 1430 parts (by weight) of the acylated nitro 
gen composition obtained by the process of Example 75 
and 370 parts of zinc dioctylphosphorodithioate is heated 
to 100° C. To this mixture there is added 200 parts of 
boric acid at 110°—115° C. within a period of 15 minutes. 
The resulting mixture is blown with nitrogen at 115 " 
125° C. for 3 hours and ?ltered. The ?ltered product is 
found to have a phosphorus content of 1.3% (theory, 
1.34%), a boron content of 1.52% (theory, 1.8%), a 
zinc content of 1.44% (theory, 1.47%), and a nitrogen 
content of 2% (theory, 2%). 
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Another alternative method comprises mixing the phos 
phorodithioate with the boron reactant and then treating 
the mixture with the acylated nitrogen composition. Still 
other alternative methods may be employed. They may 
involve, for instance, the preparation of the acylated nitro 
gen compositions in the presence of the phosphorodithio 
ates and then treating the entire mixture with the boron 
reactant, or ?rst preparing a mixture of the phosphoro 
dithioate with the boron reactant (such as boric acid) 
and a nitrogen reactant (such as triethylene tetramine) 
and then treating the entire mixture with a succinic acid 
producing compound (such as a polyisobutene-substituted 
succinic anhydride). 

These and other alternative methods may be illustrated 
more speci?cally as follows: (1) a ?uid mixture of min 
eral oil, zinc dioctylphosphorodithioate and the polyiso~ 
butenyl succinic anhydride of Example 1, and an ethylene 
amine mixture having an average composition corre-‘ 
sponding to that of tetraethylene pentamine is heated at 
120°-130° C. to, distill off water and the resulting mixture 
is treated with boric acid at 110°-135 ° C. and then ?ltered 
to give an oil solution of the additives, (2) a ?uid mixture 
of mineral oil, Zinc dioctylphosphorodithioate, an ethylene 
amine mixture having an average composition correspond 
ing to that of tetraethylene pentamine, and the polyiso 
butenyl succinic anhydride of Example 1 is heated to 
120°-140° C. and then treated with boric acid at 110° 
135° C. and ?ltered to give an oil solution of the additives, 
(3) a ?uid mixture of mineral oil, zinc dioctylphosphoro 
dithioate, the polyisobutenyl succinic anhydride of Exam 
ple 1, boric acid, and an ethylene amine mixture having 
an average composition corresponding to that of tetra 
ethylene pentamine is heated at ll0°—130° C. to distill off 
water and then ?ltered to give an oil solution of the addi 
tives, and (4) a ?uid mixture of mineral oil, zinc dioctyl 
phosphorodithioate, an ethylene amine mixture having an 
average composition corresponding to that of tetraethylene 
pentamine, and boric acid is heated to 75°_ C. and then 
mixed with the polyisobutenyl succinic anhydride of Ex 
ample 1 at 110°-140° C. and then ?ltered to give an oil 
solution of the additives. 
The lubricating compositions may also contain metal 

detergent additives in amounts usually within the range of 
about 0.1% to about 20% by weight. In some applica 
tions such as in lubricating marine diesel engines the lu 
bricating compositions may contain as much as 30% of a 
metal detergent additive. They may also contain extreme 
pressure addition agents, viscosity index improving agents, 
and pour point depressing agents, each in amounts Within 
the range from about 0.1% to» about 10%. ' 
The following examples are illustrative of the lubricat 

ing compositions of this invention (all percentages are bv 
weight): 

EXAMPLE I 

‘ SAE 20 mineral lubricating oil containing 0.5% of the 
product of Example A. 

EXAMPLE II 

SAE 30 mineral lubricating oil containing 0.75% of the 
product of Example B and 0.1% of phosphorus as the 
barium salt of di-n-nonylphosphorodithioic acid. 

EXAMPLE III 

SAE 10W~30 mineral ‘lubricating oil containing 0.4% 
of the product of Example C. 

EXAMPLE IV 

SAE 90 mineral lubricating oil containing 0.1% of the 
product of Example D and 0.15% of the zinc salt of an 
equimolar mixture of di-cyclohexylphosphorodithioic acid 
and di-isobutyl phosphorodithioic acid. 

EXAMPLE V 

SAE 30 mineral lubricating oil containing 2% of the 
product of Example M. p / . 
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. n-pentyl alcohol. 
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EXAMPLE VI 

SAE 20W—30 mineral lubricating oil containing 5% of 
the product of Example M. 
- EXAMPLE VII 

SAE 10W-30 mineral lubricating oil containing 1.5% 
of the product of Example E and 0.05% of phosphorus 
as the zinc salt of a phosphorodithioic acid prepared by 
the reaction of phosphorus pentasul?de with a mixture of 
60% (mole) of p-butylphenol and 40% (mole) of 

EXAMPLE VIII 

SAE 50 mineral lubricating oil containing 3% of the 
product of Example F and 0.1% of phosphorus as the 
calcium salt of di-hexylphosphoro-dithioate. 

EXAMPLE IX 

SAE 10W-30 mineral lubricating oil containing 2% of 
i the product of Example G, 0.06% of phosphorus ‘as zinc 
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di-n-octylphosphorodithioate, and 1% of sulfate ash as 
barium mahogany sulfonate. 

EXAMPLE X 

SAE 30 mineral lubricating oil containing 5% of the 
product of Example H, 0.1% of phosphorus as the Zinc 
salt of a mixture of equimolar amounts of di-isopropyl 
phosphorodithioic acid and di-n-decylphosphorodithioic 
acid, and 2.5% of sulfate ash as a basic barium detergent 
prepared by carbonating at 150° C. a mixture comprising 
mineral oil, barium di-dodecylbenzene sulfonate and 1.5 
moles of barium hydroxide in the presence of a small 
amount of Water and 0.7 mole of octylphenol as the 
promoter. - 

EXAMPLE XI 

SAE 10W-30 mineral lubricating oil containing 6% 
of the product of Example I, 0.075% of phosphorus as 
zinc di-n-octylphosphorodithioate, and 5% of the barium 
salt of an acidic composition prepared by the reaction of 
1000 parts of polyisobutene having a molecular weight 
of 60,000 with 100 parts of phosphorus pentasul?de at 
200° C. and hydrolyzing the product with steam at 150° C. 

EXAMPLE XII 

SAE 10 mineral lubricating oil containing 2% of the 
product of Example J, 0.075% of phosphorus as the 
adduct of zinc di-cyclohexylphosphorodithioate treated 
with 03 mole of ethylene oxide, 2% of a sulfurized sperm 
oil having a sulfur content of 10%, 3.5% of a poly-(alkyl 
methacrylate) viscosity index improver, 0.02% of a poly 
(alkyl methacrylate) pour point depresant, 0.003% of 
a poly-(alkyl siloxane) anti-foam agent. 

EXAMPLE XIII 

SAE 10 mineral lubricating oil containing 1.5% of the 
product of Example K, 0.075% of phosphorus as the 
adduct obtained by heating zinc dinonylphosphoro 
dithioate with 0.25 mole of 1,2-hexene oxide'at 120° C., 
a sulfurized methyl ester of tall oil acid having a sulfur 
content of 15%, 6% of a polybutene viscosity index 
improver, 0.005% of a poly-(alkyl methacrylate) anti 
foam agent, and 0.5 % of lard oil. 

EXAMPLE XIV 

SAE 20 mineral lubricating oil containing 1.5% of the 
product of Example L, 0.5% of di-dodecyl phosphite, 2% 
of the sulfurized sperm oil having a sulfur content of 
9%, a basic calcium detergent prepared by carbonating a 
mixture comprising mineral oil, calcium mahogany 
sulfonate and 6 moles of calcium hydroxide in the pres 
ence of an equi-molar mixture (10% of the mixture) 
of methyl alcohol and n-butyl alcohol as the promoter 
at the re?ux temperature. 

EXAMPLE XV 

SAE 10 mineral lubricating oil containing 2% of the 
product of Example N, 0.07% of phosphorus as Zinc 
di-octylphosphorodithioate, 2% of a barium detergent 
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prepared by neutralizing with barium hydroxide the 
hydrolyzed reaction product of a polypropylene (molecu 
lar Weight 2000) with 1 mole of phosphorus pentasul?de 
and 1 mole of sulfur, 3% of a barium sulfonate detergent 
prepared by carbonating a mineral oil solution of ma 
hogany acid, and a 500% stoichiometrically excess amount 
of barium hydroxide in the presence of phenol as the 
promoter at 180° C., 3% of a supplemental ashless de 
tergent prepared by copolymerizing a mixture of 95% 
(Weight) of decyl-methacrylate and 5% (weight) of di 
ethylaminoethyl-acrylate. 

EXAMPLE XVI 

SAE 80 mineral lubricating oil containing 2% of the 
I product of Example M, 0.1% of phosphorus a-s zinc di 
n-hexylphosphorodithioate, 10% of a chlorinated para?in 
Wax having a chlorine content of 40%, 2% of di-butyl 
tetrasul?ed, 2% of sulfurized dipentene, 0.2% of oleyl 
amide, 0.003% of an antifo-am agent, 0.02% of a pour 
point depressant, and 3% of a viscosity index improver. 

EXAMPLE XVII 

SAE 10 mineral lubricating oil containing 3% of the 
product of Example 0, 0.075% of phosphorus as the zinc 
salt of a phosphorodithioic acid prepared by the reaction 
of phosphorus pentasul?de with an equimol-ar mixture 
of n-butyl alcohol and dodecyl alcohol, 3% of a barium 
detergent prepared by carbonating a mineral oil solution 
containing 1 mole of sperm oil, 0.6 mole of octylphenol, 
2 moles of barium oxide, and a small amount of water 
at 150° C. 

EXAMPLE XVIII 

SAE 20 mineral lubricating oil containing 2% of the 
product of Example P and 0.07% of phosphorus as zinc 
di-n-octylphosphorodithioate. 

EXAMPLE XIX 

SAE 30 mineral lubricating oil containing 3% of the 
product of Example Q and 0.1% of phosphorus as zinc 
di-(isobutylphenyl)~phosphorodithioate. 

EXAMPLE XX 

SAE 50 mineral lubricating oil containing 2% of the 
product of Example R. 

EXAMPLE XXI 

SAE 90 mineral lubricating oil containing 3% of the 
product of Example S and 0.2% of phosphorus as the re 
action product of 4 moles of turpentine with 1 mole of 
phosphorus pentasul?de. 
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EXAMPLE XXIV 

SAE 90 mineral lubricating oil containing 5% of the 
product of Example U and 1% of the calcium salt of 
the sulfurized phenol obtained by the reaction of 2 moles 
of heptylphenol with 1 mole of sulfur. 
The above lubricant-s are merely illustrative and the 

scope of invention includes the use of all of the additives 
previously illustrated as well as others within the broad 
concept of this'invention described herein. v 
The effectiveness of the nitrogen- and boron-containing 

compositions as additives in lubricants to impart oxida 
tion-inhibiting, corrosion-‘inhibiting, and detergent prop 
erties is illustrated by the results obtained from an Inh-ibi_ 
tion-Detergency Test in which a 350 cc. sample of a 
lubricant containing 0.001% of iron naphthenate and 
1.5% by weight of the additive to be tested is heated at 
300° F. for 48 hours in a 2 x 15" borosilicate tube. A 
clean copper-lead bearing is immersed in the lubricant 
along with an SAE 1020 steel test panel. Air is bubbled 
through the lubricant at the rate of 10 liters per hour. 
The oxidized sample is allowed to cool to 122° F. where 
upon 0.5% (by volume) of water is added and dispersed 
into the sample. The sample is allowed to stand for 15 
hours at room temperature and then ?ltered through dry 
No. 1 Whatman paper (double thickness) under slightly 
reduced pressure. The precipitant is washed With naphtha 

_ to constant Weight and reported as milligrams of sludge 
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per 100 ml. of oil. The bearing is scrubbed with naphtha, 
dried, and weighed, and the bearing Weight change is re 
ported in milligrams. The viscosity at 100° F. and 210° 
'F of the lubricant before and after thetest is noted. Thus, 
the quantity of sludge is an indication of the ability of 
the additive to prevent the ‘formation of harmful deposits; 
the bearing weight change is an indication of the corro 
siveness of the lubricant; and the viscosity change of the 
lubricant is an indication of the oxidation resistance of 
the lubricant. The lubricant base employed in the test 
is a Mid-Continent, conventionally re?ned mineral oil hav 
ing a viscosity of about 200 Saybolt Universal Seconds 
at 100° F. The results of the test are summarized in 
Table I below. 

Further illustration of the usefulness of the additive of 
this invention in lubricants is'gained from a modi?ed 
version (the modi?cation consists of extending the test 
period from the usual 96 hours to 144 hours) of the 
CRC-EX-3 engine test. This test is recognized in the 
?eld as an important test by which lubricants can be 
evaluated vfor use under light-duty service conditions. 

TABLE I 

_ Viscosity increase, Bearing Sludge 
percent Weight (milligrams 

Additive (1.5% by weight of change per 109 ml. 
diluent-free chemical) (milligrams) of lubricant) 

100° F. 210° F. 

None. _______________________ __ 13. 2 3. 1 —53. 5 1, 145 
The acylated nitrogen composi 

tions from which the N- and 
B-containing additives are 
derived ____________________ __ 30 10 —200 10 

Product of Example F. _ 1. 3 0.9 ——13. 9 1. 
Product of Example A. - _ 11. 1 2. 8 +0. 9 2. 
Product of Example K__ _ 8. 9 2. 1 +3. 3 2. 
Product of Example N __ __ 11.2 4. 1 -—1. 6 18. 
Product of Example Q _______ __ 15. 2 3. 2 —1. 7 0 

EXAMPLE XXII 

SAE 90 mineral lubricating oil containing 3% of the 
product of Example S and 0.2% of 4,4'-methylene-bis(2,6 
di-tert-ibutylphenol). 

EXAMPLE XXIII 

SAE 30 mineral lubricating oil containing 2% of the 
product of Example U and 0.1% of phosphorus as phenyl 
ethyl di-cyclohexylphosphorodithioate. 
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In this particular test the lubricant is used in the crank 
case of a 1954 6-cylinder Chevrolet Powerglide engine 
operated for 144 hours under recurring cycling condi 
tions, each cycle consisting of 2 hours at an engine speed 
of 500:25 r.p.m. under 0 load and at an oil sump tem 
perature of 100°-125° F. and air fuel ratio of 10:1; 2 
hours at an engine speed of 2500:25 r.p.m. under a load 
of 40 brake-‘horsepower and at an oil sump temperature 
of 150-170° F. and air-‘fuel ratio of 16:1; and 2 hours at 
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an engine speed of 2500:25 r.p.m. under a load of 40 
brake-horsepower and at an oil sump temperature of 
240°-—250° F. and air-fuel ratio of 16:1. 

After completion of the test the engine is dismantled 
and various parts of the engine are examined for deposit. 
The lubricant is then rated according to (l) the extent 
of piston ring-?lling, (2) the amount of sludge formed 
in the engine (on a scale of 80-0, v80 being indicative 
of no sludge and 0 being indicative of extremely heavy 
sludge), and (3) the total amount of deposits, i.e., sludge 
and varnish, formed in the engine (on a scale of 100-0, 
100 being indicative of no deposit and 0 being indicative 
of extremely heavy deposits). The lubricant used in the 
test comprises an SAE 20 mineral oil containing 1.41% 
by weight of the product of Example L. The lubricant 
is found to pass the test with the following results: ring 
?lling, 1%; sludge rating, 75.3; total deposit rating‘, 93.4. 
The efficacy of the nitrogen- and boron-containing com 

positions as additives in lubricants for use under condi 
tions of high speed and high temperature operation is 
shown by the results of an engine test carried out in ac 
cordance .with US. Army Ordinance tentative speci?ca 
tion AXS-1551. This is known as the Caterpillar CRC 
L-1 engine test and the particular test to which the lubri 
cant is subjected is a modi?cation of test, the modi?cation 
consisting of the use of a fuel having a sulfur content of 
1% (signi?cantly higher than that of the speci?ed fuel). 
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In this test the lubricant is used in the crankcase of the ' 
4-stroke diesel engine having a 5%" x 8" stroke and a 
compression ratio of 15 to 1 which is operated for 480 
hours under the following conditions; speed, 100 r.p.m.; 
B.t.u. input per minute, 2900-3000; load, 20 brake-horse 
power; Water jacket outlet temperature, 175 °-l80° F.; 
and oil temperature, 145°-150° The-lubricant is 
evaluated in terms of (1) the piston cleanliness rating on 
a scale of 0—100'(100 being perfectly clean and 0 repre 
senting maximum deposit) and (2) percent ring ?lling. 
A lubricant comprising an SAE 10W-30 mineral oil con 
taining 2% by weight of the product of Example L is 
found to pass this test with the following result: ring ?ll 
ing, 19%; piston cleanliness, 96.0. 
The effectiveness of the nitrogen- and boron-containing 

compositions of this invention as additives in lubricants 
for internal combustion engines is evaluated further by 
the CRC-L-4-545 engine test. This test involves the 
operation of a 6-cylinder gasoline automobile engine for 
36 hours under the following conditions: engine speed, 
3150 r.p.m.; engine load, 30 rbrake-horsepower; jacket 
coolant temperature, outlet 200° F., inlet 190° F.; oil 
sump temperature, 265° F.; and air-fuel ratio, 14.5 :1. 
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The lubricant is rated in terms of the weight loss of bear 
, 

ings, the cleanliness of the pistons and the overall varnish 
and sludge deposits on the various parts of the engine. 
By this test, a lubricant comprising an SAE 10W-30 min 
eral oil containing 2.08% by weight of the product of 

' Example L is found to pass the test with the following 
results: piston cleanliness rating of 9.5 (10 being per 
fectly clean), over-all varnish and sludge rating of 96.7 
(100 being perfectly clean), and an average weight loss 
per bearing of 2.5 milligrams. 

The utility of the nitrogen- and boron-containing com 
positions of this invention as additives in lubricants for 
use in two-cycle internal combustion engines illustrated 
by the results of an engine test in which a 7-ho-rsepower 
chain saw engine (‘McCulloch model No. 1-80) is 0p 
erated for 25 hours under the following recurring cycling 
conditions, each cycle consisting of 15 minutes at zero 
load and 1800-2200 r.p.m. and 5 minutes at adjustable 
load and 5000 r.p.m. The lubricant comprises an SAE 
30 mineral oil containing 7% by volume of the product 
of Example M and is incorporated in the fuel mixture 
consisting of 20 parts by volume of a leaded gasoline 
having an octane number of 95 and 1 part by volume of 
the lubricant. The lubricant is found to give by this‘ test 
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a piston varnish rating of 7.0 (on a scale of 0-10, 10 
being indicative of no varnish and 0 being indicative of 
extremely heavy varnish) and a crankcase cover varnish 
rating of 10.0 (on the same scale as above) whereas the 
base oil, i.e., SAE 30 mineral oil,‘ gives a piston varnish , 
rating of 2.5 and a crankcase cover varnish rating of 8. 
The e?icacy of the nitrogen- and boron-containing 

compositions to enhance the extreme pressure properties 
of other additives is shown by the results of a test carried 
out in accordance with US. Army Ordnance speci?cation 
AXS-l569 for testing axle lubricants. This test involves 
the following procedure: A Chevrolet passenger car is 
mounted with its rear wheels on rollers and, after a short 
break-in period (12 minutes at 25 m.p.h. in high gear),_ 
the engine is accelerated with full throttle to 40 m.p.h. 
Upon reaching 40 m.p.h. the throttle is closed completely 
allowing the speed to drop to 10 m.p.h. This cycle is 
repeated 4 times. The engine is gradually accelerated in 
high gear to 60 m.p.h. and at thisv point the throttle is 
opened ‘wide and the engine accelerated to 80 m.p.h. 
whereupon the throttle is closed completely allowing the 
speed to drop to 60 m.p.h. This “drive and coast” step 
is repeated 10 times. The rear axle lubricant is then as 
signed a rating based upon the apparent condition of 
the gear surfaces on a scale from 1 to 5 (1 indicating no 
scoring and 5 indicating 100% scoring). The lubricant 
used in the test comprises an SAE 90 mineral lubricating 
oil containing the additives. The results are summarized 
in Table II below. 

TABLE II 

Lubricant (percent by weight): 
SAE 90 mineral lubricating oil+0.9% of zinc 

di(4-methyl-2-pentyl)phosphorodithioate _____ 5 
SAE 90 mineral lubricating oil+0.9% of zinc 

di(4-methyl - 2 - pentyl)phosphorodithioate and 
2.5% of the product of Example L ________ __ 1 

SAE 90 mineral lubricating oil+3.5% of the prod 
uct of Example L ______________________ __ 5 

The ef?cacy of the nitrogen- and boron-containing com 
positions of this invention to enhance the corrosion-in 
hibiting properties of other additives are shown by the 
results (Table III) of the following test: A test lubricant 
comprising 300 grams of an SAE 30 mineral lubricating 
oil containing the additives and having immersed therein 
bearing piece (copper-lead face, 28 grams) and blown 
with air at the rate of 1 cubic foot per hour at 300° F. 
At the end of the test the loss in weight of the bearing 
piece is determined; the smaller the loss, the less cor 
rosive the lubricant. 

_} __ _ _ TABLE III 

Additive in lubricant 
(percent by volume) Bearing piece loss (mg.) 
3.8% of 4,4'-bis-methylene(2,6-di-tert-butylphe 

nol) _________________________________ __ 27 

0.8% of 4,4’-bis-methylene(2,6-di-tert-butylphe 
nol ____________ -1. ___________________ __ 26 

0.8% of 4,4'-bis-methylene(2,6-di-tert-butylphe 
. nol)+3%' of the product of Example L _____ 4 
0.8% of 4,4'-bis-methylene(2,6-di-tert-butylphe 

nol) -|—2% of the product of Example L ____ __ 1 
0.8% of 4,4'-bis-methylene(2,6-di-tert-butylphe 
nol)+1% of the product of Example L _____ 0 

What is claimed is: . 
1. A lubricating composition comprising a major pro 

portion of a lubricating oil and a minor proportion of 
an oil-soluble nitrogen- and boron-containing composition 
prepared by the process comprising forming an acylated 
nitrogen intermediate by the reaction at a temperature 
within the range of from about 80° C. to about 250° C. 
of an aliphatic ole?n polymer-substituted succinic acid 
producing compound having at least about 50 aliphatic 
carbon atoms in the polymer substituent with at least 
about one-half equivalent of an amine, for each equiv 
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alent of the acid-producing compound used, selected from 
the class consisting of alkylene amines and hydroXy-sub 
stituted alkylene amines, and reacting at a temperature 
between about 50° C. and about 250° C. said acylated 
nitrogen intermediate with a boron compound selected 
from the class consisting of boron oxide, boron halides, 
boron acids, and esters of boron acids in an amount to 
provide from about 0.1 atomic proportion of boron for 
each mole of said acylated nitrogen intermediate to about 
10 atomic proportions of boron for each atomic propor 
tion of nitrogen of said acylated nitrogen intermediate. 

2. The lubricating composition of claim 1 wherein the 
polymer substituent of the succinic acid-producing com 
pound is derived from a polyisobutene having an aver 
age molecular Weight within the range from about 700 
to about 5000. 

3. The lubricating composition of claim 1 wherein the 
amine is a polyethylene polyamine. 

4. The lubricating composition of claim 1 wherein the 
boron compound is boric acid. 

5. A lubricating composition comprising a major pro 
portion of a lubricating oil and a minor proportion of 
an oil-soluble nitrogen- and boron-containing composi 
tion prepared by the process comprising forming an 
acylated nitrogen intermediate by the reaction at a tem 
perature within the range of from about 80° C. to about 
250° C., of an aliphatic ole?n polymer-substituted suc 
cinic acid-producing compound wherein the substituent 
has a molecular weight of from about 750 to about 100, 
000 and is derived from a polymer of a lower l-ole?n 
having from 2 to 4 carbon atoms with at least about one 
half equivalent of an alkylene polyamine for each equiv 
alent of the acid-producing compound used, and react 
ing at a temperature between about 50° C. and about 
250° C., said acylated nitrogen intermediate with a boron 
compound selected from the class consisting of boron 
oxide, boron halides, boron acids, and esters of boron 
acids in an amount to provide from about 0.1 atomic 
proportion of boron for each mole of said acylated nitro 
gen inter-mediate to about 10 atomic proportions of boron 
for each atomic proportion of nitrogen of said acylated 
nitrogen intermediate. 

6. The lubricating composition of claim 5 wherein the 
polymer substituent of the succinic acid-producing com 
pound is derived from a polyisobutene having an average 
molecular weight within the range of from about 700 to 
about 5000. 

7. The lubricating composition of claim 5 wherein the 
amine is a polyethylene polyamine. 

8. The lubricating composition of claim 5 wherein the 
boron compound is boric acid. 

9. The lubricating composition of claim 5 wherein the 
boron compound is boron tri?uoride. 

10. A lubricating composition comprising a major pro 
portion of a lubricating oiland a minor proportion of an 
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oil-soluble nitrogen- and boron-containing composition 
prepared by the process comprising forming an acylated 
nitrogen intermediate by the reaction at a temperature 
within the range of from about 80° C. to about 250° C. 
of an isobutene polymer substituted succinic anhydride ' 
wherein the substituent has a molecular weight of from 
about 750 to about 5000 with at least about one-half 
equivalent of an ethylene polyamine having from 2 to 
about 6 amino groups for each equivalent of the succinic 
anhydride used, and reacting at a temperature between 
about 50° C. and about 250° C. said acylated nitrogen 
intermediate with boric acid in an amount to provide 
from about 0.1 atomic proportion of boron for each 
mole of said acylated nitrogen intermediate to about 10 
atomic proportions of boron for each atomic proportion 
of nitrogen of said acylated nitrogen intermediate. 

11. The lubricating composition of claim 10 wherein 
the isobutene polymer substituent is derived from poly 
isobutene. ' 

12. The lubricating composition of claim 11 wherein 
the amount of the boric acid used is such as to provide 
from about 0.5 atomic proportion of boron for each 
mole of the acylated nitrogen intermediate to about 2 
atomic proportions of boron for each atomic proportion 
of nitrogen of said acylated nitrogen intermediate. 

13. A lubricating composition as in claim 1 charac 
terized further by the presence therein of a minor pro 
portion of a metal detergent selected from the class con 
sisting of carbonated basic metal salts of sulfonic acids, 
carboxylic acids and phosphorus acids. 

14. A lubricating composition as in claim 1 charac 
terized further by the presence therein of a minor pro‘ 
portion of a corrosion inhibitor selected from the class 
consisting of Group II metal phosphorodithioates, re- ‘ 
action products of a Group II metal phosphorodithioate 
with an epoxide, and hindered phenols. 

15. A lubricating composition as in claim 1 charac 
terized further by the presence therein of a minor pro 
portion of a zinc diakyl phosphorodithioate. 
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