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This invention relates to a process for the preparation 

of an oil-soluble product which is useful as a dispersing 
agent in lubricating compositions. The product is par 
ticularly useful in lubricating compositions intended for 
use in the crankcase of internal combustion engines. 
One of the principal problems associated with present 

day crankcase lubricants is that posed by the inevitable 
presence in the lubricant of foreign particles such as 
dirt, soot, water and decomposition products resulting 
from breakdown of the oil. Even if there was none of 
this latter contaminant present the very nature of the 
design of the modern internal combustion engine is such 
that a significant amount of foreign matter will accumu 
late in the crankcase. Perhaps the most important of 
these contaminants is water because it seems to be respon 
sible for the deposition of a mayonnaise-like sludge. It 
appears that if there were no water present the solid 
components of the mayonnaise-like sludge would cir 
culate with the oil and be removed by the oil filter. It 
will be readily appreciated that the deposition of the 
sludge presents a serious problem with respect to the 
efficient 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 operating 
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 
absence of water, as stated above, the other foreign parti 
cles will be removed by the filter. At low oil tempera 
tures, on the other hand, water will accumulate and 
so consequently will sludge. It is apparent that the en 
vironment 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 relative constant 
high speed. Thus in an engine that is run at 60 m.p.h. 
for a long period of time it is very unlikely there would 
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, as is the case with 
taxicabs, delivery trucks, police cruisers, etc., the crank 
case 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 approached by the use 
of known detergents such as alkaline earth metal phenates 
and sulfonates, but without notable success. Although 
such known detergents are very effective in solving the 
detergency problems associated with motor oils at high 
temperatures, they have not been particularly effective 
in solving the problems associated with low temperature 
operation, or to put it better, those problems which are 
associated with crankcase lubricants in engines which are 
operated at alternating high and low temperatures. 

It is accordingly a principal object of this invention 
to provide a novel process for the preparation of prod 
ucts which are effective as dispersants in lubricant com 
positions, 
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It is another object of this invention to provide novel 

products which are effective dispersants in lubricant com 
positions intended for use in engines operated at alternat 
ing high and low temperatures. 

It is another object of the invention to provide im 
proved lubricant compositions. 

These and other objects of the invention are achieved 
by the process of preparing an oil-soluble acylated amine 
suitable for use as a dispersant in lubricant compositions 
which comprises mixing a substituted succinic compound 
Selected from the class consisting of substituted succinic 
acids having the structural formula 

R-CHCOOH 
disc OOH 

and substituted succinic anhydrides having the structural 
formula 

R-CHCO 

1. sh,06 
in which structural formulas R is a large, substantially 
aliphatic hydrocarbon radical having at least about 50 
carbon atoms, with at least about one-half an equivalent 
amount of an ethylene amine, and heating the resulting 
mixture to effect acylation and remove the water formed 
thereby. 

It will be seen that the reaction of this process, involv 
ing an amidation of a dicarboxylic acid (or anhydride 
thereof) with a polyamine, can result in a simple acyclic 
diamide, a cyclic diamide, a polymeric amide or a com 
bination of any of these types of products. It will be 
noted also that the amide groups may react further to 
form inide groups and it is believed that a substantial 
amount of imide formation takes place in the process. 
Furthermore there is reason to believe that in certain in 
stances there is present in the product an appreciable pro 
portion of amine carboxylate salt. 
The size of the substituent of the succinic acid or an 

hydride is of major importance in the process because it 
allows the preparation of a product which satisfies the ob 
jects of the invention, i.e., one which is effective as a dis 
persant in low-temperature engine lubricants. It is criti 
cally important that this substituent be large, that it have 
at least about 50 carbon atoms in its structure. These 
substituent groups are substantially aliphatic hydrocarbon 
radicals, including both alkyl and alkenyl radicals. They 
are commonly derived from polyolefins such as polyethyl 
ene, polypropylene, polybutylene, etc., although they may 
be derived from any substantially aliphatic hydrocarbon. 
The substituted succinic acids and anhydrides which are 

contemplated as a reactant in the process are readily 
available from the reaction of maleic anhydride with a 
high molecular weight olefin or a chlorinated high molec 
ular weight olefin. The product from such a reaction is 
the corresponding alkenyl succinic anhydride The reac 
tion involves merely heating the two reactants at a tem 
perature of about 150-200° C. The reactions in each 
case are illustrated by the following equations. 

CHCO R-CI-scCCCO 
d-CIIscCII -- Yo -am-9 | Yo 

dio6 sitc6 
(HCO R-CEacCHCHCO 

R-CECHC -- Yo m-m- Yo 
birc6 bit,06 

It will be appreciated that the reactions may not go pre 
cisely as indicated in the above equations, especially with 
respect to the particular carbon atom of the olefin or 
chloride reactant which ultimately becomes attached to 
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the maleic acid or anhydride reactant, but other than this 
the equations are believed to be illustrative. Furthermore 
although the product of this reaction has been indicated 
as being an alkenyl succinic anhydride it is apparent that 
similar products can be prepared by this process in which 
the substituent is something other than an alkenyl group. 
For the purposes of this invention this substituent should, 
however, be a substantially aliphatic group and in most 
cases of course it will be an alkyl or alkenyl group. In 
some cases, however, it may well be desirable to employ 
a substituted succinic anhydride in which the substituent 
is derived from a copolymer of styrene and isobutylene, 
or of a substituted styrene and some other aliphatic olefin, 
In these latter cases the copolymer will be substantially 
aliphatic, that is, the composition of the copolymer will 
be predominantly aliphatic, i.e., more than about 90% of 
the monomeric units will be those of the aliphatic mono 
le. , 

As mentioned earlier the size of this substituent group 
appears to determine the effectiveness of the product of 
the process of the invention as a dispersant in motor oils. 
Substituted succinic anhydrides and their derivatives have 
been known for some time and it has likewise been known 
that these compounds are useful in lubricants, but their 
utility heretofore has been predicated upon their rust 
preventing properties, corrosion-inhibiting properties, vis: 
cosity-temperature characteristics, etc. The usefulness of 
compositions of this type as dispersants has never been 
realized and an important aspect of this invention resides 
in the discovery that by increasing the size of this particul 
lar substituent an entirely new property, i.e., disperSancy, 
can be incorporated into the composition. 
The most commonly used sources of these substantially 

aliphatic hydrocarbon substituents are the polyolefins. 
These are illustrated by polyethylene, polypropylene, poly 
isobutylene, etc. A particularly preferred polyolefin for 
this use is polyisobutylene. Thus the condensation of a 
polyisobutylene having a molecular weight of 750 with 
maleic anhydride yields an alkenyl succinic anhydride 
which upon further reaction with an ethylene amine pro 
duces an especially effective lubricating oil dispersant. 
Polyisobutylenes of this particular molecular weight are 
quite economically available and the effectiveness of 
products prepared from this material makes this starting 
material particularly desirable for use in a process of this 
invention. 
The substituted succinic anhydride ordinarily is reacted 

directly with the ethylene amine although in some circum 
stances it may be desirable first to convert the anhydride 
to the acid before reaction with diamine. In other cir 
cumstances it may be desirable to prepare the substituted 
succinic acid by some other means and to use an acid 
prepared by such other means in the process. In any 
event either the acid or the anhydride may be used in the 
process of this invention. 
The term “ethylene amine" is used in a generic sense 

to denote a class of polyamines conforming for the most 
part of the structure 

HN (chigan) l 
R 

in which r is an integer and R is a low molecular weight 
alkyl radical or hydrogen. Thus it includes for example 
ethylene diamine, diethylene triamine, triethylene tetra 
mine, tretaethylene pentamine, pentaethylene hexamine, 
etc. These compounds are discussed in some detail under 
the heading "Ethylene Amines" in "Encyclopedia of 
Chemical Technology,” Kirk and Othner, vol. 5, pages 
898-905, Interscience Publishers, New York (1950). 
Such compounds are prepared most conveniently by the 
reaction of ethylene dichloride with ammonia. This proc 
ess results in the production of somewhat complex mix 
tures of ethylene amines, including cyclic condensation 
products such as piperazines and these mixtures find use 
in the process of this invention. On the other hand quite 
satisfactory products may be obtained also by the use 7 
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4. 
of pure ethylene amines. An especially useful ethylene 
amine, for reasons of economy as well as effectiveness 
as a dispersant, is a mixture of ethylene amines prepared 
by the reaction ethylene chloride and ammonia, having a 
composition which corresponds to that of tetraethylene 
pentamine. This is available in the trade under the trade 
name "Polyamine H.' 

It has been noted that at least one half of a chemical 
equivalent amount of the ethylene amine per equivalent 
of substituted succinic anhydride must be used in the 
process to produce a satisfactory product with respect to 
dispersant properties and generally it is preferred to use 
these reactants in equivalent amounts. Amounts up to 
2.0 chemical equivalents (per equivalent of substituted 
succinic anhydride) have been used with success, although 
there appears to be no advantage attendant upon the use 
of more than this amount. The chemical "equivalency” 
of the ethylene amine reactant is upon the nitrogen con 
tent, i.e., one having four nitrogens per molecule has four 
equivalents per mole. 
The reaction of the process involves a splitting out of 

water and the reaction conditions are such that this water 
is removed as it is formed. Presumably the first princi. 
pal reaction that occurs, following salt formation, is the 
formation of a half amide 

R-C-ECO 
N R-CICOO 
O -- INR - - - 

/ CHCONIIR 
ECO 

followed then by salt formation 

R-CHCOOH R-CHCOOH, NR 
&H,CONHR &ICONHR 

and involving finally dehydration of this salt to form the 
product 

-- INR --> 

- -- 
R-CHCOOHNIR R-CEICONER 

&H,C ONHR &ICONHR 
The first two of these reactions appear to take place 

spontaneously (when a substituted succinic anhydride is 
used) upon mixing, but the third requires heating. Tem 
peratures within the range of about 80° C. to about 200 
C. are satisfactory, and within this range it is preferred to 
use a reaction temperature of from about 100 C. to about 
160 C. A useful method of carrying out this step is to 
add some toluene to the reaction mixture and to remove 
the water by azeotropic distillation. As indicated be 

--- -- HO 

fore there is also some imide-formation. 
Specific examples of the process by which the products 

of this invention may be prepared are as follows. 
EXAMPLE 

A polyisobutenyl succinic anhydride was prepared by 
the reaction of a chlorinated polyisobutylene with maleic 
anhydride at 200° C. The polyisobutenyl radical had an 
average molecular weight of 850 and the resulting alkenyl 
succinic anhydride was 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 
was added at room temperature 35 grams (1 equivalent) 
of diethylene triamine. The addition was made portion 
wise throughout a period of 15 minues, and an initial 
exothermic reaction caused the temperature to rise to 50 
C. The mixture then was heated and a water-toluene 
azeotrope distilled from the mixture. When no more 
water would distill the mixture was heated to 150° C. at 
reduced pressure to remove the toluene. The residue was 
diluted with 350 grams of mineral oil and this solution 
was found to have a nitrogen content of 1.6%. 

EXAMPLE 2 

The procedures of Examplc 1 was repeated using 3 
grams (i equivalent) of ethylene diamine as the amine 
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reactant. The nitrogen content of the resulting product 
was 1.4%. 

EXAMPLE 3 
The procedure of Example 1 was 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 had a nitrogen con 
tet of 1.9%. 

EXAMPLE 4 

The procedure of Example 1 was repeated using 55.0 
grams (1.5 equivalents) of triethylene tetramine as the 
amine reactant. The resulting product had a nitrogen 
content of 2.2%. 

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 was added at room temperature 63.6 
grams (1.55 equivalents) of an ethylene amine mixture 
having an average composition corresponding to that of 
tetraethylene pentamine and available from Carbide and 
Carbonunder the trade name "Polyamine H.' The mix 
ture was heated to distill the water-toluene azeotrope and 
then to 150° C. at reduced pressure to remove the remain 
ing toluene. The residual polyamide had a nitrogen con 
tent of 4.7%. 

EXAMPLE 6 

The procedure of Example 1 was repeated using 46 
grams (1.5 equivalents) of ethylene diamine as the amine 
reactant. The product which resulted had a nitrogen 
content of 1.5%. 

EXAMPLE 7 

A polyisobutenyl succinic anhydride having an acid 
number of 105 and an equivalent weight of 540 was pre 
pared by the reaction of a chlorinated polyisobutylene 
(having an average molecular weight of 1,050 and a chlo 
rine content of 4.3%) and maleic anhydride. To a mix 
ture of 300 parts by weight of the polyisobutenyl succinic 
anhydride and 160 parts of weight of mineral oil there 
was added at 65-95 C. an equivalent amount (25 parts 
of weight) of Polyamine H (identified in Example 5). 
This mixture then was heated to 150° C. to distill all of 
the water formed in the reaction. Nitrogen was bubbled 
through the mixture at this temperature to insure removal 
of the last traces of water. The residue was 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 equivalent) of the poly 
isobutenyl succinic anhydride of Example 7, 136 grams 
(3.9 equivalents) of diethylene triamine, and 1,060 grams 
of mineral oil was heated at 140-150° C. for one hour. 
Nitrogen was bubbled through the mixture at this tem 
perature for four more hours to aid in the removal of 
water. The residue was diluted with 420 grams of min 
eral oil and this oil solution was found to have a nitro 
gen 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 was added at 85-95 C. 70 
grams (1.87, equivalents) of tetraethylene pentamine. 
The mixture then was heated at 150-165 C. for four 
hours, blowing with nitrogen to aid in the removal of 
water. The residue was diluted with 200 grams of min 
eral oil and the oil solution found to have a nitrogen con 
tent of 1.4%. 
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EXAMPLE 10 

A polypropyenyl succinic anhydride was prepared by 
the reaction of a chlorinated polypropylene (having a 
molecular weight of about 900 and a chlorine content of 
4%) and maleic anhydride at 200° C. The product had 
an acid number of 75. To a mixture of 390 grams (0.52 
equivalent) of this polypropenyl succinic anhydride, 500 
grams of toluene, and 170 grams of mineral oil there was 
added portionwise 22 grams (0.52 equivalent) of Poly 
amine H. The reaction mixture was heated at reflux 
temperature for three hours and water removed from an 
azeotrope with toluene. The toluene then was removed 
by heating to 150° C./20 millimeters. The residue was 
found to contain 1.3% of nitrogen. 

EXAMPLE 11 
A substituted succinic anhydride was prepared by re 

acting maleic anhydride with a chlorinated copolymer of 
isobutylene and styrene. The copolymer consisted of 
94 parts by weight of isobutylene units and 6 parts by 
weight of styrene units, had an average molecular weight 
of 1,200, and was chlorinated to a chlorine content of 

The resulting substituted succinic al 
hydride had an acid number of 40. To 710 grams (0.51 
equivalent) of this substituted succinic anhydride and 
500 grams of toluene there was added portionwise 22 
grams (0.51 equivalent) of Polyamine H. The mixture 
was heated at reflux temperature for three hours to re 
move by azeotropic distillation all of the water formed 
in the reaction, and then at 150° C./20 millimeters to 
remove the toluene. The residue contained 1.1% by 
weight of nitrogen. 

EXAMPLE 12 

A substituted succinic anhydride was prepared by re 
acting maleic anhydride with a chlorinated copolymer 
of isobutylene and isoprene. The copolymer consisted 
of 99 parts by weight of isobutylene units and 1% by 
weight of isoprene units. The molecular weight of the 
copolymer was 28,000 and the chlorine content of the 
chlorinated copolymer was 1.95%. The resulting al 
kenyl succinic anhydride had an acid number of 54. To 
a mixture of 228 grams (0.22 equivalent) of an oil so 
lution of this alkenyl succinic anhydride, 58 grams of ad 
ditional mineral oil, 500 grams of toluene and 9.3 grams 
(0.22 equivalent) of Polyamine H was heated at 110 
120° C. for three hours, water being removed from an 
azeotrope with toluene. When all of the water had thus 
been removed the toluene was distilled by heating to 
150° C./20 millimeters. The residue was found to have 
a nitrogen content of 1.1%. 

EXAMPLE 13 
A polyisobutenyl succinic anhydride was prepared by 

the reaction of a chlorinated polysiobutylene with maleic 
anhydride. The chlorinated polyisobutylene had a chlo 
rine content of 2% and an average molecular weight of 
11,000. The polyisobutenyl succinic anhydride had a 
acid number of 48. A mixture of 410 grams (0.35 equiv. 
alent) of this anhydride, 15 grams (0.35 equivalent) of 
Polyamine H and 500 grams of toluene was heated at re 
flux temperature for four hours to remove water from 
an azeotrope with toluene. The toluene then was re 
moved by heating to 150° C./20 millimeters. The nitro 
gen content of the residue was 1.3%. 

EXAMPLE 14 
The procedure of Example 5 was repeated except that 

0.94 equivalent of Polyamine H was used instead of 1.55 
equivalents. The nitrogen content of the product was 
3%. 

EXAMPLE 1.5 
A polyisobutenyl-substituted succinic acid was pre 

pared by hydrolysis of the corresponding anhydride (pre 
pared in turn by the condensation of a chlorinated poly 
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isobutylene and maleic anhydride). To 1,152 grams 
(i.5 equivalents) of a 70% mineral oil solution of this 
polyisobutenyl succinic acid having an acid number of 
62 there was added at room temperature 59.5 grams 
(1.5 equivalents) of Polyamine H. This mixture was 
heated at 150-167 C. for 7 hours during which time a 
total of 19.5 grams of water was distilled from the mix 
ture. The residue was diluted with 174 grams of min 
eral oil and then filtered at 150° C. The filtrate had a 
nitrogen content of 1.6%. 

EXAMPLE 16 

A mixture of 1,056 grams (2.0 equivalents) of the 
polyisobutenyl succinic anhydride of the preceding ex 
ample (in which the polyisobutenyl group has a molecu 
lar weight of 850), 89 grams (2.0 equivalents) of di 
(1,2-propylene) triamine (having a nitrogen content of 
31.3%), 370 grams of minera oil and 100 grams of 
toluene was heated at reflux temperature (180-190° C.) 
for 5 hours. A total of 18 grams of water was collected 
from the water-toluene azeotrope. The residue was 
heated to 150 C./20 mm. to remove any last traces of 
water which might have remained. The nitrogen analysis 
of this residue was 1.9%. 

EXAMPLE 1.7 

A polyisobutylene having an average molecular weight 
of 50,000 was chlorinated to a chlorine content of 10% 
by weight. This chlorinated polyisobutylene was re 
acted with maleic anhydride to produce the correspond 
ing polyisobutenyl succinic anhydride having an acid 
number of 24. To 6,000 grams (2.55 equivalents) of 
this anhydride there was added portionwise at 70-105 C. 
108 grams (2.55 equivalents) of Polyamine H over a 
preiod of 45 minutes. The resulting mixture was heated 
for four hours at 160-180° C. while nitrogen was bubbled 
throughout to remove water. When all of the water had 
been removed the product was filtered and the filtrate 
found to have a nitrogen content of 0.6%. 

EXAMPLE 1.8 

An alkenyl succinic anhydride in which the alkenyl 
group has less than 50 carbon atoms was prepared from 
a polyisobutylene having an average molecular weight 
of 375. This polymer was chlorinated to a chlorine con 
tent of 9.7% and then reacted with maleic anhydride. 
The resulting polyisobutenyl succinic anhydride had an 
acid number of 190 and an equivalent weight of 300. 
The procedure of Example 1 was followed using 1.0 
equivalient of this polyisobutenyl succinic anhydride and 
1.0 equivalent of Polyamine H. The resulting product 
then was diluted with mineral oil to a 58% solution 
therein; the nitrogen content was 3.2%. 

EXAMPLE 19 

Another alkenyl succinic anhydride in which the 
alkenyl group has less than 50 carbons was prepared 
by alkylation of maleic anhydride with tetrapropylene. 
Equivalent amounts of this tetrapropenyl succinic an 
hydride and triethylene tetramine in toluene were heated 
at reflux temperature until substantially all of the water 
was removed. The toluene then was removed by heating 
at 55% C. under reduced pressure and the residue was 
dissolved in chlorine oil to a 60% solution. This oil 
solution was found to have a nitrogen content of 4.8%. 
The dispersant qualities of the products prepared by 

the process of this invention are most striking when used 
in mineral oil lubricants. These products are miscible 
in such lubricants in all proportions, and normally they 
are employed in concentrations ranging from about 0.1% 
to about 5% by weight of the total lubricant composition. 
The optimum concentration ordinarily depends upon the 
nature of the particular base mineral oil stock and the 
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type of service to which the lubricant is to be subjected. 
The optimum amount will lie within the narrower range 
of from about 0.5% to about 3%. 
As noted before, the addition to a lubricating com 

position of the products of this invention results in a 
marked improvement in the dispersant qualities of the 
lubricant, and a mineral oil solution containing only a 
small percentage of a product of this invention is a 
satisfactory lubricant in many commercial applications. 
Most commercial lubricants, however, are subjected to a 
wide variety of difficult environments and it is necessary 
for the satisfactory performance of these lubricants to 
employ more than one type of additive. Thus although 
the products of this invention are notably effective in the 
improvement of dispersant properties, particularly for 
low temperature operations, it frequently is necessary 
to use this dispersant product in combination with other 
types of additives such as metallic dispersants, corrosion 
and oxidation inhibitors, extreme pressure agents, vis 
cosity improvers, pour point depressants, foam inhibitors, 
etc. 
An especially useful combination of additives for use 

in crankcase lubricants is the combination of the type 
of additive prepared by the process of this invention 
and a metallic dispersant. Such metallic dispersants in 
clude for example the alkaline earth metal sulfonates, 
carboxylates and phenates. The alkaline carth metai 
sulfonates are especially useful in this combination and 
they include specifically the neutral and basic barium 
alkylaromatic sulfonates, calcium mahogany sulfonates 
and calcium alkyl-aromatic sulfonates. The term "basic 
sulfonates" is used to denote those compositions which 
contain a stoichiometrically excessive amount of metal, 
usually as the metal carbonate, with respect to the Sul 
fonate anion of the composition. 
Another very useful combination of additives com 

prises the type of additive prepared by the process of this 
invention and a corrosion inhibitor. Such corrosion in 
hibitors include the metal phosphorodithioates, the vari 
ous olefin-phosphorus sulfide reaction products and phe 
nolic compounds. A particularly satisfactory metai phos 
phorodithioate is the zinc dialkyl phosphorodithioate in 
which the alkyl groups are C-C, and a similarly very 
useful olefin-phosphorus sulfide reaction product is a 
turpentine-phosphorus pentasulfide condensation product. 
The utility of the dispersant additives of this inven 

tion is shown by the results of an evaluation of the crank 
case lubricants used in taxicabs which had been operated 
for over 50,000 miles each. In this test ten 6-cylinder 
1958 Chevrolet cars (with no oil filters) were operated 
as a fleet of taxicabs. In each case the crankcase lubri 
cant was a sulfur-refined Mid-Continent petroleum oil 
having a viscosity of 185 SUS/100 F. and a viscosity 
index of 112, and containing 5.9% by volume of a poly 
alkylmethacrylate viscosity index improver and 0.59% by 
volume of a zinc dialkyl phosphorodithioate (the alkyi 
groups being isobutyl and a mixture of primary amyl). 
Crankcase oil drains were taken from each car at oil 
change intervals of about 3,000 miles of service and these 
drains combined. A 30-cc. sample of each of the com 
bined drains was mixed with 1% by weight of the disper 
sant additive to be tested and 2% by weight of water. 
This mixture then was homogenized, placed in a 100-cc. 
graduated cone-shaped centrifuge tube and centrifuged 
for two hours at 1500 r.p.m. The various dispersants 
were evaluated by noting the volume of deposited sedi 
ment in terms of cubic centimeters and also the turbidity 
of the supernatant oil layer. It is apparent that the more 
effective dispersants will give test results which show a 
minimum of deposited sediment and a relatively hazy 
supernatant oil layer. 
The clarity of the supernatant oil layer was determined 

by the amount of light transmitted through it from a 
3-volt, 0.75 watt incandescent bulb. 
The results of these tests are shown in Table . 
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Table I 

Drain Oil Deposits Dispersancy 
Test Result 

Additive Tested (1% by weight 
of diluent free chemicals) 

Centimeters Turbidity of Oil 
of Sediment Layer 

None------------------------------ 0, 3 Clear-translucent. 
Prior art Product of Example 18--- 0.3 Ido. 
Product of Example 5------------- 0, 0 Opaque. 
Product of Example 3-- - 0.3 Do. 
Product of Example 1 -- 0.1 D0. 
Product of Example 2 - 0.1 Heavy haze, 
Product of Example 6 - 0.0 Do. 

The dispersant properties of the compositions of this 
invention may be illustrated also by the results of an oxi 
dation-dispersancy test which is useful as a screening test 
for determining the effectiveness of the dispersant addi 
tive under light-duty service conditions. In this test a 
350-cc. sample of a lubricating oil containing the disper 
sant additive is placed in a 2' x 15' borosilicate tube. 
A 13%' x 578 SAE 1020 steel panel is immersed in the 
oil. The sample then is heated at 300 F. for 48 hours 
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let Powerglide engine for 144 hours under recurring 
cycling conditions, each cycle consisting of: 
2 hours at an engine speed of 500-25 r.p.m. under 

zero load at an oil sump temperature of 100-125 
F.; 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 at an oil sump ten 
perature of 160-170 F.; air-fuel ratio of 16:1; 

2 hours at an engine speed of 2500-25 r.p.m. under a 
load of 40 broke-horsepower at an oil Sump tempera 
ture of 240-250 F.; air-fuel ratio of 16:1. 
After completion of the test, the engine is disamantled 

and various parts of the engine are examined for engine 
deposits. The lubricant dispersant addition agent is then 
rated according to (1) the extent of piston ring-filling, 
(2) the amount of sludge formed in the engine (on a 
scale of 80-0, 80 being indicative of no sludge and C. 
being indicative of extremely heavy sludge), and (3) 

while air is bubbled through the oil at the rate of 10 liters . 
per hour. The oxidized sample is cooled to 120 F., 
homogenized, allowed to stand at room temperature for 
24 hours and then filtered through two layers of No. 1 
Whatman filter paper at 20 mm. Hg pressure. The 
weight of the precipitate, washed with naphtha and dried, 
is taken as a measure of the effectiveness of the dispersant 
additive, i.e., the greater this weight of precipitate the less 
effective the dispersant. 
Two modifications of the above procedure may be 

employed; both make the test more severe; one consists 
of extending the test from 48 hours to 96 hours, and the 
other involves adding 0.5% of water, based on the weight 
of the test sample, to the oxidized oil before homogeni 
zation. 
The lubricating oil employed in this test (Table II) 

was a Mid-Continent ccnventionally refined petroleum oil 
having a viscosity of about 200 SUS/100 F., and con 
taining 0.001% by weight of iron naphthenate (to pro 
mote oxidation). 

Table II 

Oxidation-Dispersancy 
Test Result, Ing. of deposit? 
1100 m. of oil tested 

Additive Tested (1.5% by weight of diluent 
free chemical) 

None.------------------------------------------ 44 
None.---- - - 275 (b) 
None------------------------------ - - 1,000 (a,b) 
Prior art product of Example 18--- - - 738 
Prior art product of Example 19.--------------- 1,060 (b) 
Product of Example ---- - 0.7 (b) 
Product of Example 2 - 0.7 (b) 
Product of Example: 1.0 (b) 
Product of Example - 2 (b) 
Product of Example 5-- - 1.5 (b) 
Product of Example 6---- - 0.7 (b) 
Product of Example 9---- - 0.5 (b) 
Product of Example 10... 3, 2 (b) 
Product of Example 11. - i0.2 (b) 
Product of Example 12- - 19.5 (b) 
Product of Example 13- - 2.7 (b) 
Product of Example 4 - 0.3 
Product of Example 14 - ... 2 (b) 
Product of Example 14--- --- 1.7 (a,b) 
Product of Example 15--- - - - 1.3 (b) 
Iroduct of Example 16------------------------- 0.9 (b) 

Modification 'a': 96 hours testing. 
Modification “b': 0.5% of water used in the test. 
Further illustration of the usefulness of the products 

of this invention as dispersants in motor oils was gained 
from a modified version 1 of the CRC-EX-3 Engine Test. 
This test is recognized in the field as an important test by. 
which lubricants can be evaluated for use under light 
duty service conditions. In this particular test the lubri 
cant is used in the crankcase of a 1954 6-cylinder Chevro 

1 Ordinarily this test lasts for 96 hours. 
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the total amount of engine deposits, i.e., sludge and 
varnish, formed in the engine (on a scale of 100-0, 00 
being indicative of no deposits and 0 being indicative of 
extremely heavy deposits). The results are summarized 
in Table III. 

Table III 

Percent Tota 
Lubricant Tested Piston Sludge Deposit 

Ring- Rating. Rating 
Filling 

i. Lubricating oil-2.33% by weight of 
Product of Example 7---------------- 76.9 95.7 

2. Lubricating oil--2.33% by weight of 
Product of Example 8.--------------- 0. 73.1 91.3 

Other modes of applying the principle of the invention 
may be employed, change being made as regards the de 
tails described, provided the features stated in any of the 
following claims, or the equivalent of such, be em- . 
ployed. 
We therefore particularly point out and distinctly claim 

as our invention: 
1. The product prepared by the process which com 

prises mixing a substituted succinic compound selected 
from the class consisting of substiuted succinic acids have 
ing the structural formula 

R-CHCOOH 

&H cooH 
and substituted succinic anhydrides having the structurai 
formula 

R-CH-CO 
Yo 
M 

CH,Co. 
in which structural formulas R is a large substantially 
aliphatic hydrocarbon radical having at least about 50 
carbon atoms, with at least about one-half an equivalent 
amount of an ethylene polyamine per equivalent of sub 
stituted succinic compound, and heating the resulting 
mixture to effect acylation and remove the water formed 
thereby. 

2. The product prepared by the process which com 
prises mixing a substituted succinic anhydride having the 
structural formula 

R-C-CO 

wherein R is a large, substantially aliphatic hydrocarbon 
radical having at least about 50 carbon atoms, said sub 
stituted succinic anhydride having been prepared by the 
reaction of maleic anhydride with a high molecular weight 
olefin; with at least about one-half an equivalent amount, 
per equivalent of substituted succinic anhydride, of an 
ethylene polyamine, and heating the resulting mixture 
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within the temperature range of from about 80 C. to 
about 200° C. to effect acylation and to remove the water 
formed thereby. 

3. The product prepared by the process which com 
prises mixing a substituted anhtydride having the struc 
tural formula 

R-CH-CO 

/ 
CO 

wherein R is a large, substantially aliphatic hydrocarbon 
radical having at least about 50 carbon atoms, said sub 
stituted succinic anhydride having been prepared by the 
reaction of maleic anhydride with a chlorinated high 
molecular weight olefin; with at least about one-half an 
equivalent amount, per equivalent of substituted succinic 
anhydride, of an ethylene polyamine, and heating the 
resulting mixture within the temperature range of from 
about 80 C. to about 200 C. to effect acylation and to 
remove the water formed thereby. 

4. The product of the process of claim 1 wherein the 

O 

5 

20 

12 
5. The product prepared by the process which corn 

prises mixing a substituted succinic anhydride having the 
structural formula 

R-CH-CO 

wherein R is a polyisobutenyl radical having at least 
about 50 carbon atoms, with at least about one-half an 
equivalent of an ethylene polyamine per equivalent of 
substituted succinic anhydride, and heating the resulting 
mixture within the temperature range of from about 80° 
C. to about 200 C. to effect acylation and to remove 
the water formed thereby. 

6. The product of the process of claim 1 wherein the 
ethylene polyamine is triethylene tetramine. 
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