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doned. 

This invention relates to certain new imidazolidines, 
bis-imidazolidines and related products which are useful 
as detergents in lubricating oil compositions. 

Under the conditions encountered in a large percentage 
of present-day automobile driving (i.e., the so-called stop 
and-go driving), automobile engines do not attain their 
most desirable and efficient operation temperatures. As 
a result, large quantities of oil-insoluble oxidation prod- 2 
ucts are formed which eventually find their way into the 
crankcase by flowing past the piston rings. Since most of 
these products are oil insoluble, they tend to deposit on 
the internal parts of the engine, resulting in further in 
efficient engine operation. 

In present-day practice, deposition of the oxidation 
products is minimized by incorporating into lubricating 
oils detergents which keep the oxidation products dis 
persed. Generally, the detergents in use today are metal 
containing compounds. The use of metal-containing de 
tergents, however, has not been totally satisfactory since 
such detergents form ash deposits in the combustion 
chambers of engines, fouling the spark plugs and creat 
ing other problems such as preignition. 

It has now been found that the problems associated 
with the use of metal-containing detergents can be avoided 
by the use of certain new non-metallic or ashless de 
tergents or dispersants, which are imidazolidines, repre 
sented by the structure 

R 

R-II- (H-H 
N-(CH-H-NH)-ch-I-N NH 

Cia-C R2 R1 C 
/ N. 

O R R3 

and bis-imidazolidines, represented by the structure 
O R1 

m- t 
R–H–C gh- E. 

N-(CH-CH-NH)-CH-CH-N NH 
/ N / 

CH- Ri R1 Q-R, 
C Z 2 

where R is an alkenyl radical having a molecular weight 
of from about 500 to about 2500, preferably about 800 
to about 1500, R is hydrogen or a lower alkyl radical; 
R and Rs are each selected from hydrogen, alkyl, alkenyl 
and haloalkyl; R is selected from hydrogen and lower 
alkyl; x is a whole number from 0 to 3; and Z is selected 60 
from alkylene and alkenylene containing one to sixteen 
carbon atoms. For convenience imidazolidines, as used 
herein, is intended to include both the mono- and bis 
imidazolidines. 
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2. 
The imidazolidines of this invention can be prepared by 

reacting 
(a) An alkenylsuccinic anhydride represented by the 

structure 

O 

R-CR-C 

O 

CFI-C 

O 

or the acid thereof, 
(b) A polyethylene amine, represented by the structure 
II.N-(CH-H NH)-CH GH NH-CH GH NH 

R R1 R 

and 
(c) A carbonyl-containing compound, that is, 

(i) an aldehyde or ketone represented by the structure 
O 

R-E-R, 
O 

; (ii) a dialdehyde or diketone represented by the structure 
O O 

R-e-Z-E-R, 
where R, R1, R2, R, Ra, X and Z have their aforede 
scribed significance. The mol ratios of (a): (b); (c) used 
will be about 1:1:1, respectively, to prepare mono-in 
idazolidines and about 2:2:1, respectively, to prepare bis 
imidazolidines. Normally (b) and (c) are reacted to pre 
pare an intermediate imidazolidine which is reacted with 
(a) to prepare the compounds of this invention. To 
provide a reaction medium and facilitate the removal of 
the water of reaction, a hydrocarbon solvent can be used, 
e.g., toluene or xylene. Also mineral oil can be used as 
a reaction medium, either alone or in combination with 
a hydrocarbon solvent. Suitable temperatures for prepar 
ing the imidazolidines at atmospheric pressure are of the 
order of 100-175 C. and vacuum can be used in the 
case of a mineral oil reaction medium to operate at about 
the same temperatures. 
The alkenylsuccinic anhydrides useful in preparing the 

imidazolidines of this invention can be prepared from an 
olefin or olefin polymer and maleic anhydride. Pref 
erably a polymer of a lower olefin, or copolymer of lower 
olefins, is used, for example, polymers of ethylene, propyl 
ene, butylene, isobutylene and mixtures thereof. Since 
the reaction between the olefin and maleic anhydride may 
not go to completion, the resulting alkenylsuccinic anhy 
dride can contain some unreacted olefin which can be al 
lowed to remain as a diluent with no harmful effects upon 
the performance of the compounds of this invention. 

Typical examples of polyethylene amines which can 
be used in preparing the compounds of this invention are 
di-ethylene triamine, di(methylethylene) triamine, tri 
ethylene tetramine, tri(methylethylene) tetramine, tri 
(ethylethylene) tetramine, tetraethylene pentamine, and 
pentaethylene hexamine. 

In the case of the carbonyl- and dicarbonyl-containing 
compounds useful in preparing the imidazolidines and 
bis-imidazolidines of this invention, the following are 
representative. 
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Mono-carbonyl containing: 
(a) Aldehydes-Formaldehyde, acetaldehyde, pro 

pionaldehyde, n-butyraldehyde, isobutyraldehyde, n-val 
eraldehyde, isovaleraldehyde, pivaldehyde, alpha-methyl 

agitator running, carbonyl-containing compound is slowly 
added. The resulting mixture is then heated at reflux 
for about two hours while removing water formed by the 
reaction. The reaction mixture is then cooled and poly 

butyraldehyde, caproaldehyde, tert. - butylacetaldehyde, 5 alkenylsuccinic anhydride in a solvent is added and the 
heptaldehyde, pelagonaldehyde, nonanal, capraldehyde, resulting mixture is heated at reflux for a sufficient time 
lauraldehyde, tridecanal, myristaldehyde, pentadecanal, to complete the reaction while simultaneously removing 
palmitaldehyde, heptodecanal, stearaldehyde, and the water formed by the reaction. Thereafter the solvent is 
like; substituted aldehydes such as chloroacetaldehyde, stripped to leave an imidazolidine, which will be a clear, 
chloral, butylchloral, trifluoroacetaldehyde, aldol, 2-hy- 10 medium-amber colored, viscous oil. 
droxypropionaldehyde and the like; and unsaturated alde- The preparation of a specific imidazolidine of this in 
hydes such as, methacrolein acrolein, crotonaldehyde, 3- vention using the above described procedure is illustrated 
butenal, 3- and 4-pentenal, 3-, 4- and 4-hexenal, 4- in the following example: 
octenal, 2-ethyl-3-hexenal, 3-decenal, and the like. E le I 

(b) Ketones.-Acetone, methyl ethyl ketone, methyl 15 xample 
propyl ketone, methyl isopropyl ketone, methyl butyl Into a conventional glass reactor fitted as described 
ketone, methyl isobutyl ketone, methyl sec-butyl ketone, above, there was charged 23.3 grams of tetraethylene 
methyl tert.-butyl ketone, methyl cyclobutyl ketone, pentamine (0.1234 mol) and about 80 ml. toluene. With 
methyl neopentyl ketone, methyl tert-amyl ketone, the agitator running 8.9 grams of n-butyraldehyde (0.1234 
methyl n-amyl ketone, methyl hexyl ketone, methyl cy- 20 mol) was then slowly charged and the resulting mixture 
clohexyl ketone, methyl n-heptyl ketone, methyl n-octyl heated at reflux for about two hours while removing water 
ketone, methyl nonyl ketone, methyl decyl ketone, di- formed by the reaction. 
ethyl ketone, di-n-propyl ketone, diisopropyl ketone, ethyl After cooling the reaction mixture from above, 169 
isopropyl ketone, ethyl n-propyl ketone, ethyl tert-butyl parts (0.1234 mol), of a polybutenylsuccinic anhydride, 
ketone, ethyl n-butyl ketone, tert-butyl isopropyl ketone, 25 in which the alkenyl group had an average molecular 
n-propyl isopropyl ketone, n-propyl tert-butyl ketone, weight of about 980, in 100 ml. of toluene, was slowly 
diisobutyl ketone, 2-decanone, and the like; substituted charged after which the resulting mixture was heated at 
ketones such as 3- and 4-methyl-2-hexanone, 3,4-di- reflux for about two hours while removing water formed 
methyl-2-pentanone, 3-ethyl-2-pentanone, and the like; by the reaction. 
Linsaturated ketones such as allyacetone, 2- and 3-methyl- 30 The toluene was then stripped, using vacuum, to leave 
1-penten-4-one, 1-hepten-4-one, 3-methyl-1-hexen-5-one, 197 parts of 1-8-(polybutenylsuccinimido)-3,6-diaza 
5-methyl-5-hexen-2-one, and the like. octyl-2-propylimidazolidine which analyzed 3.54% nitro 

Di-carbonyl containing: gen and had a base number of 2.03. 
(a) Aldehydes.-Glyoxal, malonaldehyde, succinalde- Additional examples of other imidazolidines of this in 

hyde, glutaraldehyde, adipaldehyde, pimelaldehyde, su- 85 vention and the materials used for their preparation are 
beraldeyhde, azelaldehyde, sebacaldehyde, brassalde- given in Table I, below. In the table only the alkenyl, 
hyde, brassylaldehyde, rocellaldehyde, and the like; un- or polyalkenyl, portion of the polyalkenylsuccinic anhy 
saturated di-aldehydes such as malealdehyde, glutaconal- dride and the average molecular weight of such portion 
dehyde, and the like. are given, DETA means diethylene triamine, TETA means 

(b) Ketones-Diacetyl, acetylacetone, acetonylace- 40 triethylene tetramine and TEPA means tetraethylene pent 
tone, 2,3-hexanedione, 2,4-heptanedione, 3-methyl-2,4- amine. 

TABLE I 

Alkenyl portion of 
Alkenylsuccinic Polyethylene Carbonyl-Containing Molar ratio 

Example Anhydride (mol wt. of Amine Compound Product, 
No. alkenyl group) 

(a) (b) (c) (a): (b); (c) 

2------------ Polybutenyl (980).---- TEPA-------- Formaldehyde-------- :1:1 1-typutenylsuccinimido)-3,6-diazaoctyl)imida 
2. le. 

3-----------------do----------------- TEPA.-------- Acetaldehyde--------- ::1 1-555utenylsuccinimido)-3,6-diazaoctyl)-2-meth 
yimidazolidine. 

4-----------------do----------------- TEPA.-------- Isodecylaldehyde------ 1::1 1-politanylsuccinimido)-3,6-diazaoctyl)-2-nonyl 
ZO e. 5------------ Polybutenyl (1190).---- DET.A.-------- Glutaraldehyde------- 2:2:1 TERS his 1-(8-(polybutenylsuccinimido)-3,6- 

diazaoctyl)-2-imidazolidine. 
6------------ Polybutenyl (980).---- TEPA.-------- Acetone--------------- :1:1 1-8-(polybutenylsuccinimido)-3,6-diazaoctyl-2-di 

methylimidazolidine. 
7-----------------do----------------- TEPA.-------- Cyclohexanone.------- 1:1:1 1-8-(polybutenylsuccinimido)-3,6-diazaoctyl-1,4- 

diazaspiro[4.5 decane. 
8----------------- do----------------- DET.A.-------- Acetylacetone--------- 2:2:1 2,2'-methylene bis1-((8-polybutenylsuccinimido)-3,6- 

diazaoctyl)imidazolidine. 
9------------- Polybutenyi (1315)---- DTEA-------- Glutaraldehyde------- 2:2:1 Trimethylene bis(1-(2-(polybutenylsuccinimido)ethyl)- 

2-imidazolidine). 10-----------------do----------------- TEPA.-------- n-Butyraldehyde.----- 1:1:1 -8-(polybutenylsuccinimido)-3, 6-diazaoctyl-2- 
ropylimidazolidine. 

1----------- Polybutenyl (980).----- DETA------------- do----------------- 1:1:1 15this desiimido)ethyl)-2-propylimidazoli. 
ne. 

2.--------------- do----------------- DET.A.-------- 2-propenal.------------- 1:1:1 1-polybutenylsuccinimido)ethyl)-2-vinylimidazoli. 
9. 

13---------------- do----------------- TETA-------- 2-methyl-2-propenal- :: 1-folybutenylsuccinimido)-8-azapentyl)-2-[beta 
alyl)imidazolidine. 

14----------------do----------------- TEPA.------- 2-butenal.-------------- 1:1:1 1-8-(polybutenylsuccinimido)-3,6-diazaoctyl-2-pro 
penylimidazolidine. 

hexanedione, 2,5-hexanedione, 2,3-octanedione, and the 
like. 
A detailed general procedure for preparing the imida 

zolidines of this invention is as follows: 
Into a conventional glass reactor, fitted with an agita 

tor, raw material inlet, product outlet, reflux condenser, 
Dean-Stark trap, heating means and thermometer, con 
taining polyethylene amine and solvent and with the 75 

Lubricating oils which can be used as the base oils to 
which the new compounds of this invention are added 
are not limited as far as detergent effects are concerned, 
and, accordingly, can be lubricating oils which are of a 
naphthenic base, paraffinic base, and other hydrocarbon 
bases, as well as lubricating oils derived from coal prod 
licts and synthetic oils, such as alkylene polymers, alkyl 
ene oxide polymers, dicarboxylic acid esters, alkylated 
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benzenes, silicate esters, silicon polymers, and the like, 
are suitable. 
The imidazolidines and bis-imidazolidines of this in 

vention can be used in lubricating oils in amounts of from 
about 0.05% to about 25% by weight. Additive con 
centrates of 60-95% are also contemplated. It has been 
found, however, that in finished formulations, for most 
applications, amounts of from about 0.25% to about 10% 
by weight are sufficient. In addition, the compounds of 
this invention can be used in fuel oils and in various light 
products, such as gasoline, wherein they also function as 
detergents or dispersants. 
The effectiveness of the imidazolidines of this inven 

tion to impart low temperature detergent properties is 
illustrated by the results of a detergency test, referred 
to as the "Lacquer Deposition Test,” which involves pass 
ing burned gasoline fumes through a sample of a formu 
lation in a suitable container under controlled conditions 
after which the sample is aged in an over. The amount 
of deposit is then determined by washing away the oil 
with hexane. A control formulation is run simultane 
ously. The amount of deposits present when the test 
detergent is used as compared to the amount of deposits 
present when no test detergent is used is reported as the 
percent reduction in deposition. Utilizing the above test, 
the results presented in Table II, below, were observed. 
This particular test is quite useful since it correlates quite 
well with the results obtained in the Lincoln MS and 
L-38 (CRC) tests. 

TABLE I 
LDT, percent 

Additive-percent by weight: reduction 
Product of Example 1-2. ----------------- 100 
Product of Example 2-2 ----------------- 92 
Product of Example 3-2. ----------------- 94 
Product of Example 4-2. ----------------- 100 
Product of Example 5-2----------------- 69 
Product of Example 6-2. ----------------- 90 
Product of Example 7-2. ----------------- .94 
Product of Example 8-2. ---------------- 98 
Product of Example 9-2 ----------------- 69 
Product of Example 10-1 -------------- 99 
Product of Example 11-2 ------------- 98 

Although the imidazolidines of this invention are ex 
cellent ashless detergents, as shown by the foregoing re 
Sults, it has been found that in the presence of high sul 
fur content fuels of the type commonly used in diesel 
engines, in which lubricant temperatures are relatively 
high, their functionality as detergents suffers to the ex 
tent that good L-1 or L-1, Supplement I, tests are not 
generally obtainable. It has been found, however, that 
utilizing the same reactants as are used to prepare the 
imidazolidines of this invention, but in molar ratios other 
than 1:1:1, or 2:2:1 in the case of the bis-imidazolidines, 
products can be prepared which not only possess essen 
tially the same low-temperature detergent properties ex 
hibited by the imidazolidines of this invention but which 
also possess improved high-temperature detergent prop 
erties. Thus, it has been found that by interacting (a) 
an alkenyl-Succinic anhydride, (b) a polyethylene amine 
and (c) a carbonyl-containing compound, as aforede 
scribed, in mol ratios for monocarbonyl-containing com 
pounds of (b): (c) of from about 1:0.75 to 1:1.2, pref 
erably about 1:1, and mol ratios of (a): (b) of from 
above 1: 1, respectively, to about 1.6:1, respectively, pref 
erably from about 1.1:1 to 1.4:1, respectively, and for 
bis-carbonyl compounds of mol ratios of (b); (c) of from 
about 2:0.75 to 2:1.2, respectively, and of (a): (b) of 
from above 1:1 to about 1.6:1, respectively, preferably 
from about 1.1:1 to 1.4:1, respectively, products are 
formed whose structures are unknown, but which can be 
used as ashless detergent additives in all types of engines 
and even in the presence of high-sulfur content fuels at 
fairly high operating temperatures. 

O 
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The amount of excess alkenylsuccinic anhydride used 

(relative to the polyethylene amine) is important since 
large excesses above about 60% cause an increase in 
lacquer deposits on the piston in the L-1 test resulting in 
a product which is therefore unacceptable. Accordingly, 
the amount of excess alkenylsuccinic anhydride should 
range from more than 0% up to about 60%. Engine test 
experience with the various products encompassed by 
this part of our invention has shown that the amount of 
such excess is preferably from about 10% to about 40%. 
The amount of excess on deficiency of carbony-con 

taining compound (relative to the polyethylene amine) 
can vary from a mol ratio of 1:1.2 to 1:0.75, respective 
ly, as mentioned above. However, mol ratios of about 
1:1 are preferred since a loss of detergency is experienced 
at ratios significantly different than 1:1 and, beyond the 
range of ratios mentioned, the resulting products are 
commercially unsatisfactory detergents. In general the 
temperatures used for preparing the reaction products 
of this invention should be in the range of 100° to 175 
C. and preferably 115-150° C. at atmospheric pressure. 
Lower temperatures can be used if the reaction is con 
ucted under vacuum. As in preparing the imidazolidines, 

a hydrocarbon solvent or mineral oil or a combination 
thereof can be used as reaction medium. The raw ma 
terials (a), (b) and (c) can be reacted in indifferent 
order and in portions as is more fully illustrated in the 
following examples. The preparation of products using 
(a) an alkenylsuccinic anhydride, (b) polyethylene amine 
and (c) carbonyl-containing compound in various mol 
ratios is illustrated in the following non-limiting exam 
ples wherein parts are parts by weight. In carrying out 
the reaction refluxing of reactants is continued until the 
formation of by-product water stops. 

Example 15 
in this example the mol ratio of reactants (a): (b); (c) 

was 1.1:1:1, respectively. 
into a suitable reaction vessel, fitted as previously de 

scribed, and containing 32.9 parts of tetraethylene pent 
amine (0.1738 mol) in toluene, there was charged 6.25 
parts of n-butyraldehyde (0.0869 mol). A slight temp 
perature rise was noted 262 parts of polybutenylsuccinic 
anhydride in toluene was then slowly added (the aver 
age molecular weight of the alkenyl group was 980 and 
therefore 0.1912 mol was added). Again some heat 
evolution was noted. After completing the anhydride 
addition, an additional 6.25 parts of n-butyraldehyde was 
charged and the resulting mixture was then heated at 
reflux (about 120-135 C.) for about three hours while 
continuously removing water formed in the reaction. 
The reaction system was then placed under vacuum 

and the toluene stripped (maximum temperature was 
about 140 C.) to leave 301 parts of product which 
analyzed 2.25% nitrogen and had a base number of 1.23. 

Example 16 
In this example the reactants and mol ratio of reactants 

was the same as in Example 15, but a different prepara 
tion procedure was used. 

into the reaction vessel containing 32.7 parts of tetra 
ethylene pentamine (0.173 mol) there was slowly added 
12.48 parts of n-butyraldehyde (0.173 mol) followed by 
the slow addition of 259 parts of polybutenylsuccinic 
anhydride (0.189 mol) in toluene. The resulting mix 
ture was then heated at reflux for about two hours while 
removing water formed in the reaction. After removal 
of toluene there remained 300 parts of product which 
analyzed 3.19% nitrogen and had a base number of 
1.84. 

Example 17 

In this example the mol ratio of reactants (a): (b); (c) 
was 1.1:1:1, respectively. 

Into the reaction vessel containing 7.6 parts of tetra 
ethylene pentamine (0.146 mol) and 70 m. of toluene 
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there was slowly added 5.26 parts of n-butyraldehyde 
(0.073 mol) followed by the slow addition of 277 parts 
of polybutenylsuccinic anhydride in toluene (the alkenyl 
group had an average molecular weight of 1345 and 
therefore 0.1607 mol was added) and an additional 5.26 
parts of n-butyraldehyde. The resulting mixture was 
then heated at reflux for about three hours while reihov 
ing water formed in the reaction. Thereafter the toluene 
was stripped to leave 309 parts of product which analyzed 
2.22% nitrogen and had a base number of 1.39. 

Example 18 
In this example the same procedure was followed and 

the same reactants were used as in Example 17, but the 
mol ratio of (a): (b); (c) was changed to 1.2:1:1, re 
spectively. 

Into the reaction vessel containing 26.8 parts of tetra 
ethylene pentamine (0.1415 mol) in toluene was slowly 
added 5.1 parts of n-butyraldehyde, followed by 293 parts 
of polybutenylsuccinic anhydride in toluene (0.1698 mol) 
and then 5.1 parts of n-butyraldehyde. The resulting 
mixture was then heated at reflux for three hours while 
removing water formed in the reaction. Thereafter the 
toluene was stripped to leave 325 parts of product which 
analyzed 2.76% nitrogen and had a base number of 1.31. 

Example 19 
In this example the reactants were used in a mol ratio 

of (a): (b); (c) of 1.2:1:1, respectively. 
Into the reaction vessel containing 28.3 parts of tetra 

ethylene pentamine (0.1493 mol) in toluene was slowly 
added 3.28 parts of acetaldehyde (0.0746 mol), followed 
by 309 parts of polybutenylsuccinic anhydride in toluene 
(the average molecular weight of the alkenyl group was 
1315, and therefore 0.1792 mol was added) and then an 
additional 3.28 parts of acetaldehyde. The resulting 
mixture was then heated at reflux (123 C.) for three 
hours while removing water formed in the reaction. 
Thereafter the toluene was removed to leave 337 parts 
of a product, which after dilution with 168 parts of min 
eral oil, analyzed 1.57% nitrogen. 

In Example 20 through 25, following, the same re 
actants were used and the mole ratio of reactants was 
the same but different procedures were used. The re 
actants were (a) polybutenylsuccinic anhydride in which 
the alkenyl group had an average molecular weight of 
980, (b) tetrathylene pentamine and (c) n-butyraldehyde. 
The mol ratio of reactants (a): (b); (c) was 1.2:1:1, re spectively. 

Example 20 
Into a reaction vessel containing 35.5 parts of (b) 

(0.188 mol) in toluene there was slowly added 6.75 parts 
of (c) (0.094 mol), then 309 parts of (a) in toluene 
(0.2254 moi), and finally an additional 6.75 parts of (c). 
The resulting mixture was then heated at reflux for about 
three hours while removing water formed in the reaction. 
After removal of the toluene there remained 351 parts of 
a product which analyzed 3.23% nitrogen and had a base 
number of 1.63. 

Example 21 
into a reaction vessel containing 17.7 parts of (b) 

(0.0937) mol) there was slowly added 154 parts of (a) 
in toluene (0.1125 mol) followed by the addition of 6.75 
parts of (c) (0.0937 mol). The resulting mixture was 
then heated at reflux for three hours after which toluene 
was removed to leave 140 parts of product. After dilu 
tion with 70 parts of mineral oil the product analyzed 
1.96% nitrogen and had a base number of 0.96. 

Example 22 
Into a reaction vessel containing 17.0 parts of (b) 

in toluene there was slowly added 3.24 parts of (c) and 
the resulting mixture was then heated at reflux for two 
hours while removing water formed in the reaction. The 
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S 
reaction mixture was then cooled to 30° C. and 148 parts 
of (a) in toluene (0.1080 mol) was added followed by 
the slow addition of 3.24 parts of (c). The resulting 
mixture was then heated at reflux for two hours while 
removing water formed in the reaction. Thereafter the 
toluene was removed to leave 168 parts of product which 
analyzed 3.18% nitrogen and had a base number of 1.64. 

Example 23 
Into a reaction vessel containing 20.1 parts of (b) 

in toluene (0.1065 mol) there was slowly added 175 parts 
of (a) in toluene (0.1278 mol) and the resulting mix 
ture was then heated at reflux for two hours while re 
moving water formed in the reaction. The reaction mix 
ture was then cooled to 20° C., 7.68 parts of (c) (0.1065 
mol) was then added and the resulting mixture heated at 
reflux for two and one-half hours while removing Water 
of reaction. Thereafter the toluene was removed to leave 
199 parts of product which analyzed 2.95% nitrogen and 
had a base number of 1.68. 

Example 24 
Into a reaction vessel containing 18.75 parts of (b) 

in toluene (0.09925 mol) there was slowly added 7.15 
parts of (c) (0.09925 mol) and the resulting mixture 
was then heated at reflux for two hours while removing 
water formed in the reaction. After cooling the reaction 
mixture to 80° C., 163 parts of (a) in toluene (0.1190 
mol) was added and the resulting mixture heated at re 
flux for two hours while removing water formed in the 
reaction. Thereafter, toluene was removed to leave 186 
parts of product which analyzed 1.69% nitrogen. 

Example 25 
into a reaction vessel containing 18.9 parts of (b) in 

toluene (0.10 mol) there was slowly added 7.21 parts of 
(c) in benzene (0.10 mol), followed by the slow addi 
tion of 164 parts of (a) in toluene (0.12 mol). The re 
sulting mixture was then refluxed for three hours while 
removing water formed in the reaction. Thereafter the 
benzene and toluene were removed to leave 187 parts of 
product which analyzed 3.25% nitrogen and had a base 
number of 1.68. 

Example 26 
In this example the reactants and procedure were the 

same as in Example 15 but the mole ratio of (a): (b); (c) 
was 1.4:1:1, respectively. 

Into a reaction vessel containing 26.5 parts of (b) in 
toluene there was slowly added 5.0 parts of (c) (0.0701 
mol) followed by the addition of 269 parts of (a) in 
toluene (0.1964 mol) and then 5.0 parts of (c). The re 
sulting mixture was then heated at reflux for four hours 
while removing water of reaction (5.5 mol). Thereafter 
the toluene was removed to leave 299 parts of product, 
which after dilution with 149 parts of mineral oil, analyzed 
1.78% nitrogen and had a base number of 0.92. 

Example 27 
In this example, Example 26 was repeated except that 

the mol ratio of (a): (b): (c) was 1.5:1:1, respectively. 
Thus 3.1 parts of (c) (0.0423 mol), 16.0 parts of (b) 
(0.0846 mol), 174 parts of (a) (0.127 mol) and 3.1 
parts of (c) were added to the reaction vessel, in that 
order, and heated to provide 193 parts of product which 
analyzed 2.60% nitrogen and had a base number of 1.30. 

Example 28 
In this example the mol ratio of reactants (a): (b); (c) 

was 1.2:1:1, respectively. 
Into a reaction vessel containing 11.72 parts of tetra 

ethylene pentamine (b) in toluene (0.0619 mol) there was 
added 2.23 parts of n-butyraldehyde (c), followed by the 
addition of 84.7 parts of polybutenylsuccinic anhydride 
(a) in toluene (the alkenyl group had an average molecu 
lar Weight of 1368 and therefore 0.0619 mol was added) 
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and 2.23 parts of n-butyraldehyde (c). The resulting mix 
ture was then heated at reflux for three hours while remov 
ing water formed in the reaction and cooled to 80 C, 21 
parts of the same polybutenylsuccinic anhydride in tolu 
ene (0.0122 mol) was then added and the resulting mix 
ture heated at reflux for one and one-half hours while 
removing water formed in the raction. Thereafter the 
toluene was removed to provide 117 parts of product 
which, after diluted with mineral oil to give a 66% solu 
tion, analyzed 2.0% nitrogen. 

Example 29 
In this example the mol ratio of (a): (b); (c) was 

2.4:2:1, respectively. 
Into a reaction vessel containing 22.8 parts of tetra 

ethylene pentamine (b) in toluene (0.1205 mol) there was 
slowly charged 12.1 parts of glutaraldehyde (0.0301 mol) 
(c) followed by the addition of 245 parts of polybutenyl 
Succinic anhydride (the alkenyl group had an average 
molecular weight of 1368 and therefore 0.1447 mol was 
added) in toluene (a) and then an additional 12.1 parts 
of glutaraldehyde. The resulting mixture was then heated 
at reflux for three hours, while removing water formed 
in the reaction. Thereafter toluene was removed to pro 
vide 269 parts of product which analyzed 1.76% nitrogen. 

Example 30 
In this example the mol ratio of reactants (a): (b): (c) 

was 1.2: 1:0.8, respectively. 
Into a suitable reaction vessel containing 31.3 parts of 

tetraethylene pentamine (0.1655 mol), there was added 
5.9 parts of n-butyraldehyde (0.0827 mol) after which 
272 parts of polybutenylsuccinic anhydride in toluene was 
added (the alkenyl group had an average molecular 
weight of 980 and therefore 0.1985 mol was added) fol 
lowed by 3.98 parts of n-butylaldehyde (0.0551 mol). The 
resulting mixture was then heated at reflux for three hours 
while removing water formed in the reaction. Thereafter 
the toluene was removed to leave 309 parts of product 
which, after dilution with 154 parts of mineral oil, ana 
lyzed 1.94% nitrogen and had a base number of 1.12. 

Example 31 
In this example the mol ratio of reactants (a): (b); (c) 

was 1.2:1:1, respectively. 
Into a suitable reaction vessel containing 14.2 parts of 

tetraethylene pentamine (0.0749 mol) in 70 ml. of toluene, 
there was added, with stirring, 4.35 parts of acetone 
(0.0749 mol). No temperature increase was noted. Af 
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ter heating the reaction mixture to about 100° C., 150 
parts of polybutenylsuccinic anhydride in toluene were 
added (the alkenyl group had an average molecular 
Weight of 1368 and, therefore, 0.090 mol was added). 
The resulting mixture was refluxed for about 24 hours 
while removing water formed in the reaction. Thereafter 
the toluene was removed to leave 166 parts of product, 
which after dilution with 83 parts of mineral oil, analyzed 
1.79% nitrogen and had a base number of 0.95. 

Example 32 
In this example the mol ratio of reactants (a): (b); (c) 

was 1.2:1:0.5, respectively. 
Into a suitable reaction vessel containing 13.98 parts 

of tetraethyl pentamine (0.0738 mol) in 70 ml. of toluene, 
there was slowly charged 7.14 parts of glyoxal (0.0369 
mol) and the temperature of the resulting mixture slowly 
rose to about 51° C. 150 parts of the same polybutenyl 
succinic anhydride used in Example 28 (0.0885 mol) was 
then added and the resulting mixture heated at reflux for 
several hours. After removal of the solvent, the residue 
was blended with mineral oil and filtered. The blended 
product analyzed 1.27% nitrogen and had a base number 
of 0.50, 

Example 33 
In this example the mol ratio of reactants (a): (b) : (c) 

was 1.2:1:1, respectively. 
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Into a suitable reaction vessel containing 13.98 parts of 
tetraethylene pentamine (0.0738 mol) in toluene, there 
was slowly added 10.85 parts of chloral (0.0738 mol) 
which was followed by the addition of 150 parts of the 
same polybutenylsuccinic anhydride used in Example 28 
(0.0885 mol) in toluene and the resulting mixture heated 
at reflux until no additional water of reaction could be re 
moved. The toluene was then stripped under vacuum and 
the product diluted with sufficient oil to give 66.6% solu 
tion. The diluted product analyzed 1.75% nitrogen and 
had a base number of 0.69. 

Example 34 
In this example the mol ratio of reactants (a): (b); (c) 

was 1.2:1:0.5, respectively. 
Into a suitable reaction vessel containing 13.98 parts 

of tetraethylene pentamine (0.0738 mol) in toluene, there 
was slowly added 3.17 parts of 2,3-butanedione (9.9369 
mol) followed by the rapid addition of 150 parts of 
a polybutenylsuccinic anhydride in which the alkenyl 
group had an average molecular weight of 1368 (0.0885 
mol) in toluene. The reaction mixture darkened slightly 
but remained clear. After refluxing the reaction mixture 
for 2/2 hours to remove by-product water, the toluene 
was stripped and the product diluted with sufficient mineral 
oil to give a 66.6% solution. The diluted product ana 
lyzed 1.56% nitrogen and had a base number of 0.174. 

Example 35 
In this example the mol ratio of reactants (a): (b); (c) 

was 1.2: 1:0.5, respectively. 
In the manner of Example 34, 13.98 parts of tetra 

ethylene pentamine (0.0738 mol), 4.2 parts of 2,5-hex 
anedione (0.0369 mol) and 150 parts of polybutenylsuc 
cinic anhydride (0.0885 mol) were heated together to 
form the desired reaction product. 

Example 36 
In this example the moratio of reactants (a): (b): (c) 

was 1.2:1:1, respectively. 
In the manner of Example 34, 14.2 parts of tetraethyl 

ene pentamine (0.075 mol), 9.6 parts of ethyl amyl ke 
tone (0.075 mol) and 150 parts of polybutenylsuccinican 
hydride (0.090 mol) were heated at reflux to provide 168 
parts of product, which after dilution with 84 parts of 
mineral oil, gave a solution analyzing 1.81% nitrogen 
and having a base number of 0.90. 
The Lacquer Deposition Test results obtained with the 

materials of Examples 15-36, all at 1% concentration, 
are presented in Table III, below. 

ABE I 
LDT, 

Additive percent reduction 
Product of Example 15 --------------------- 98 
Product of Example 16--------------------- 98 
Product of Example 17 --------------------- 97 
Product of Example 18--------------------- 96 
Product of Example 19 --------------------- 91 
Product of Example 20 --------------------- 98 
Product of Example 21 --------------------- 95 
Product of Example 22 --------------------- 98 
Product of Example 23--------------------- 90 
Product of Example 24--------------------- 97 
Product of Example 25 --------------------- 96 
Product of Example 26 --------------------- 97 
Product of Example 27 --------------------- 97 
Product of Example 28--------------------- 91 
Product of Example 29 --------------------- 93 
Product of Example 30 --------------------- 67 
Product of Example 31 --------------------- 98 
Product of Example 32 --------------------- 89 
Product of Example 33--------------------- 90 
Product of Example 34--------------------- 89 
Product of Example 35 ------------------- 90 
Product of Example 36 --------------------- 97 
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It is evident from the foregoing results that the products 
prepared by the interaction of (a) polyalkenylsuccinic 
anhydride, (b) polyethylene amine and (c) carbonyl-con 
taining compound are efficient and outstanding detergents 
for use in lubricating oil compositions. As evidence of 
the fact that the amount of excess polyalkenylsuccinican 
hydride should not be over about 60%, various different 
products prepared by the interaction of reactants (a), 
(b) and (c) were evaluated in a test, referred to as a Thin 
Film Oxidation Test, which is a high temperature test 
designed to measure, among other things, stability and oxi 
dation resistance of a lubricating oil formulation. This 
test, which correlates with the results obtained in the 
L-1 and L-1, Supplement I, tests as to stability and oxi 
dation resistance of a lubricating oil formulation is run 
as follows: 
An aluminum cylinder is dipped in and out of a Sam 

ple of the test oil fourteen times a minute. The alumi 
num cylinder has a specially prepared surface to insure 
uniformity and repeatability of deposit formation. The 
test cylinder, 2.75 inches long, is dipped 1.5 inches into the 
oil sample. The sample of test oil is maintained at a 
temperature of 100° C. During the course of the test 
the surface temperature of the aluminum cylinder is raised 
from 100 to 360° C. in 30 minutes by means of an in 
ternal heater. The test is terminated as soon as the alu 
minum cylinder reaches the maximum temperature. The 
cylinder is allowed to cool, washed with a light hydro 
carbon solvent and rated for deposits of carbon and lac 
quer. These ratings are combined and a series of test 
samples rated, on a relative basis, from 1 to 7, with 1 
being the best rating (least deposits). 
The average results obtained for products prepared 

from varying the ratic of alkenylsuccinic anhydride to 
polyethylene amine, i.e., (a): (b) from 1 : 1 (imidazoli 
dine) to 1.5:1, respectively are presented in Table IV, be 
low. The ratio of polyethylene amine to carbonyl-con 
taining compound, (b): (c) was held at 1:1. The same re 
actants were used for each preparation in this series. 

TABLE IW 

Mol ratio of alkenylsuccinic anhydride 
to polyethylene amine (a): (b): Rating 

1:1 ------------------------------------- 6.3 
1.1:1 ------------------------------------ 5.5 
1.2:1 ------------------------------------ 3.6 
1.5:1 ------------------------------------ 6.0 

By comparison of the results presented in Tables II, 
III and IV, it is evident that the products prepared by the 
interaction of an (a) alkenylsuccinic anhydride, (b) 
polyethylene amine and (c) carbonyl-containing com 
pound, within the prescribed mol ratios, are not only out 
standing detergents for low temperature operations, but 
are also useful as detergents under high temperature con 
ditions as typified by the conditions prevalent in diesel 
engines. 
The present invention contemplates also the use of the 

imidazolidines and reaction products in combination with 
each other and with other additives in finished lubricat 
ing oil formulations. Such other additives include, for 
example, other non-metallic detergents, viscosity index im 
provers, pour point depressants, anti-foam agents, oxida 
tion and corrosion inhibitors, and the like. It is also con 
templated that metal-containing detergents, such as zinc 
dialkyl phosphorodithioates, and alkaline earth metal salts 
of sulfonic or olefin-P2S5 reaction products can be in 
cluded in formulations containing the products of this 
invention. 

While this invention has been described with respect to 
various specific examples and embodiments, it is under 
stood that the invention is not limited thereto and that 
it can be variously practiced within the scope of the fol 
lowing claims. 
The embodiments of the invention in which an exclusive 

property or privilege is claimed are defined as follows: 
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2 
1. A compound selected from the group consisting of 
(a) a 1 - polyalkenylsuccinimidoimidazolidine repre 

sented by the structure 
O R 

R-CI- (H-H 
DN-(CH-H-NH)-CH-II-N NH 

CE-C R1 R1 C 
/ N 

O R2 R3 
and 

(b) an alkylene bis(1-polyalkenylsuccinimidoimidazoli 
dine) represented by the structure 

O R1 

d R-CH-C CH-CH 
N 
N-(CH-CH-NH)-CH2-CH-N NI 

/ N/ 
C-C R Ri g-R, 

y Z -2 
where R is an olefinic hydrocarbon polymer having a 
molecular weight of from about 500 to about 2500; R1 is 
selected from the group consisting of hydrogen and a 
lower alkyl radical; R2 and R3 are each selected from the 
group consisting of hydrogen, alkyl, alkenyl and halo 
alkyl said alkyl, alkenyl or haloalkyl each having from 
1 to 18 carbon atoms; R4 is selected from the group con 
sisting of hydrogen and lower alkyl; x is a whole number 
from 0 to 3; and Z is selected from the group consisting 
of alkylene and alkenylene and contains from one to 
sixteen carbon atoms. 

2. A 1-polyalkenylsuccinimidoimidazolidine of claim i 
where R is polybutenyl of an average molecular Weight 
of from about 800 to about 1500. 

3. A 1-polyalkenylsuccinimidoimidazolidine of claim 
where R is polybutenyl of an average molecular Weight 
of from about 800 to about 1500, R2 is hydrogen and R3 
is alkyl having 1 to 18 carbon atoms. 

4. A 1-polyalkenylsuccinimidoimidazolidine of claim 
where R is polybutenyl of an average molecular weight 
of from about 800 to about 1500, and R2 and R3 are 
alkyl having 1 to 18 carbon atoms. 

5. A 1-polyalkenylsuccinimidoimidazolidine of claim 1 
where R is polybutenyl of an average molecular weight 
of from about 800 to about 1500, R1 is hydrogen, x is 2, 
R2 is hydrogen and Rs is alkyl having 1 to 18 carbon 
atOnS. 

6. 1-8-(polybutenylsuccinimido)-3,6-diazaoctyl - im 
idazolidine in which the polybutenyl group has an average 
molecular weight of about 980. 

7. 1-8-(polybutenylsuccinimido)-3,6-diazaoctyl) - im 
idazolidine in which the polybutenyl group has an average 
molecular weight of about 1350. 

8. An alkylene bis(1-polyalkenylsuccinimidoimidazoli 
dine) of claim where R is polybutenyl of an average 
molecular weight of from about 800 to about 1500, R1 is 
hydrogen and Z is alkylene. 

9. An alkylene bis(1-polyalkenylsuccinimidoimidazoli 
dine) of claim 8 where x is 2 and R4 is hydrogen. 

10. The product prepared by the interaction, at tem 
peratures of the order of 100° C. to 175 C., of 

'(a) an olefinic hydrocarbon polymer-substituted suc 
cinic anhydride in which said polymer has an average 
molecular weight of from about 500 to about 2500; 

(b) a polyethylene amine, represented by the structure 
FIN-(CH2 (H NEI)-CH2 g NH-CH-CH-NH 

where R is hydrogen or a lower alkyl radical and 
X is a whole number from 0 to 3; and 

(c) a carbonyl-containing compound having from 1 to 
about 18 carbon atoms selected from the group con 
sisting of an aldehyde and a ketone represented by 
the structure 

O 

R-E-R, 
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and a dialdehyde and a diketone represented by the 
Structure 

O O 

R.--z--R, 
where R2 and R3 are each selected from the group 
consisting of hydrogen, alkyl, alkenyl and haloalkyl, 
R4 is selected from the group consisting of hydrogen 
and lower alkyl, and Z is selected from the group 
consisting of alkylene and alkenylene; - 

the mol ratio of (a): (b) being from above 1:1, respective 
ly, to about 1.6:1, respectively, and the mol ratio of 
(b); (c) being, in the case of said aldehyde and ketone, 
from about 1:0.75, respectively, to about 1:1.2, respec 
tively, and in the case of said dialdehyde and diketone, 
being from about 2:0.75, respectively, to about 2:1.2, 
respectively. 

11. The product of claim 10 where the olefinic hydro 
carbon polymer has an average molecular Weight of from 
about 800 to about 1500. 

12. The product of claim 10 where the olefinic hydro 
carbon polymer is a butylene polymer of an average 
molecular weight of from about 800 to about 1500, x is 3 
and the carbonyl-containing compound is an aldehyde. 

13. The product prepared by the interaction, at tem 
peratures of the order of 100° C. to 175 C., of 

(a) a butylene polymer-substituted succinic anhydride 
in which the butylene polymer has an average molec 
ular weight of from about 800 to about 1500; 

(b) tetraethylene pentamine; and 
(c) an aldehyde represented by the structure 

O 

R-(-H 
where R2 is alkyl having 1 to 18 carbon atoms; 

the mol ratio of (a): (b): (c) being from about 
1.1-1.4:1:1, respectively. 
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4. 
14. The product of claim 13 where R is propyl. 
15. The product of claim 4 where the mol ratio of 

(a): (b): (c) is about 1.2:1:1, respectively. 
16. A composition comprising a major amount of a 

lubricating oil and from about 0.05% to about 25% by 
Weight of a compound of claim . 

17. A composition comprising a major amount of a 
lubricating oil and from about 0.05% to about 25% by 
Weight of a compound of claim 5. 

18. A composition comprising a major amount of a 
lubricating oil and from about 0.05% to about 25% by 
weight of a product of claim 10. 

9. A composition comprising a major amount of a 
lubricating oil and from about 0.05% to about 25% by 
weight of the product of claim 5. 

29. The product prepared by the interaction, at tern 
peratures of the order of 100° C. to 175° C., of 

(a) a butylene polymer-substituted succinic anhydride 
in which the butylene polymer has an average molec 
ular weight of about 1350; 

(b) tetraethylene pentamine; and 
(c) butyraldehyde; 

the mol ratio of (a): (b); (c) being about 1.2:1:1, respec 
tively. 
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