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This invention relates, broadly, to organic 
nitrogen compounds and to corrosion-inhibiting 
compositions containing the same. It is more 
Specifically concerned with the reaction products 
obtained by reacting monocarboxylic acids, poly 
alkylenepolyamines having one more nitrogen 
atom per molecule than there are alkylene groups 
in the molecule, and alkenyl succinic acid an 
hydrides; and with corrosion-inhibiting composi 
tions comprising suitable vehicles containing 
these reaction products. 
As is well known to those familiar with the 

art, whenever machines and devices have been 
constructed in whole or in part of metals, par 
ticularly ferrous metals, the occurrence of Surface 
corrosion has presented serious problems. For 
example, farming implements are frequently 
stored under conditions where they are subject 
to rusting. Rusting also presents problems in 
the storage of infrequently used machinery, in 
the shipment of machined metal parts, Such as 
sewing machine parts and gun barrels, and in the 
use of structural steel members, such as bridge 
trusses. These difficulties have been Overcome 
in part by coating the exposed surfaces with 
paints, greases, oils and the like. In many cases, 
however, it has been disadvantageous to use 
these expedients since it is often necessary to 
remove such coatings completely before the ob 
ject is used. Accordingly, recourse has been 
had to corrosion-inhibiting compositions which 
can be applied to metal surfaces and which can 
be removed easily and cheaply. 

In the field of lubrication, the rusting of ferrous 
metal surfaces has been a Common occurrence. 
This has been a serious problem in steam 
turbines, particularly during the initial Operation 
of new installations. The rusting is most pro 
nounced at points where the clearance between 
bearing surfaces is very small, such as in the 
governor mechanism. This is usually caused by 
water entering the oil supply, as by condensation, 
and becoming entrained in the oil throughout the 
circulating system, thereby coming into contact 
with the ferrous metal surfaces. Manifestly, this 
constitutes a menace to the Operational life of 
the turbine. 
Many materials have been proposed as coating 

compositions or as addition agents for lubricating 
oils to inhibit rusting. In United States Letters 
Patents Nos. 2,124,628, 2,133,734 and 2,279,688, 
there were disclosed alkenyl succinic acids, and 
halogenated and/or sulfurized derivatives there 
of, as compounds useful in the prevention of 
corrosion. In these patents, the patentees 
stipulate that the acids must have at least 16 
carbon atoms, and preferably, 20 carbon atoms 
per molecule. 

It has now been found that a new type of cor 
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2 
rosion inhibitor can be produced from alkenyl 
succinic acid anhydrides having any number of 
carbon atoms in the alkenyl radical thereof. It 
has now been discovered that useful corrosion 
inhibitors can be produced by first reacting a 
monocarboxylic acid with a polyaikylenepoly 
amine to produce an intermediate product, and 
then reacting this intermediate product with an 
alkenyl succinic acid anhydride. 

Accordingly, it is a broad object of this in 
vention to provide novel corrosion inhibitors. 
Another object is to provide corrosion inhibitors 
produced from alkenyl succinic acids having any 
number of carbon atoms in the alkenyl radical. 
A specific object is to provide corrosion inhibitol's 
by reacting a monocarboxylic acid with a poly 
alkylenepolyamine to produce an internediate 
product, and then reacting this intermediate 
product with an alkenyl succinic acid anhydride. 
A more specific object is to provide Substantially 
neutral vehicles containing Such corrosion 
inhibitors. An important object is to pro 
vide mineral lubricating oils containing minor 
amounts of corrosion inhibitors of the type de 
scribed hereinbefore. Other objects and ad 
vantages of the present invention will become 
apparent to those skilled in the art from the 
following detailed description. 

Broadly stated, the present invention provides 
new compositions of matter obtained by react 
ing a monocarboxylic acid with a polyalkylene 
polyamine having one more nitrogen atom per 
molecule than there are alkylerie groups in the 
molecule, in a molar proportion varying between 
about one and about (ac-1) to one, respectively, 
wherein a represents the number of nitrogen 
atoms in the polyalkylenepolyamine molecule, to 
produce an intermediate product, and reacting 
an alkenyl succinic acid anhydride with the 
intermediate product, in a molar proportion vary 
ing between about (ac-1) to one, respectively; 
the sum of the number of moles of the mono 
carboxylic acid and of the alkenyl succinic acid 
anhydride reacted with each mole of Said poly 
alkylenepolyamine being no greater than ac. 
The present invention provides also a substan 
tially neutral vehicle containing between about 
0.003 per cent and about 50 per cent by weight 
of these compositions of matter. 

In general, the polyalkylenepolyamine react 
ants utilizable herein are those compounds hav 
ing the structural formula, H2NCRNH) ah, where 
in R is an alkylene radical, or a hydrocarbon 
radical-substituted alkylene radical, and 2 is an 
integer greater than one, there being no upper 
limit to the number of alkylene groups in the 
molecule. It is preferred, however, to use the 
polyethylenepolyamines, because of their greater 
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commercial availability. These compounds have 
the formula: 

HNCCHNH)2H 

wherein 2 is an integer varying between about 
two and about six. In naming the polyalkylene 
polyamine reactants, the nitrogen atoms are Con 
sidered to be attached to the terminal carbon 
atoms of the main carbon atom chain indicated 
in each compound name. For example, di- (i- 
methylamylene) triamine has the structural for 
Inla: 
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acid anhydride; B-chloropropionic acid; propion 
yl bromide; bronoacetic acid; butyric acid an 
hydride; isobutyric acid; a-bromobutyric acid; 
crotonic acid chloride; crotonic acid anhydride; 
isocrotonic acid; 3-ethylacrylic acid; valeric acid; 
acrylic acid anhydride; st-bromoisovaleric acid; 
allyacetic acid; hexanoic acid; hexanoyl chloride; 
caproic acid anhydride; sorbic acid; B-chloro 
acrylic acid; nitroSobutyric acid; aminovaleric 
acid; aminohexanoic acid; heptanoic acid; hepta 
noic acid anhydride; 2-ethylhexanoic acid; a 
bromoOctanoic acid; decanoic acid dodecanoic 

NCH-CH-CH-CH-C-NH-CE-CH 

In numbering the main carbon atom chain, the 
carbon aton attached to the terminal -NH2 
radical is designated as the carbon atom in the 
i-position. Similar alkylene groups recur 
throughout the molecule. Non-limiting exam 
ples of the polyalkylenepolyamine reactants are 
diethylenetriamine; triethylenetetramine; tetra 
ethylenepentamine; di- (methylethylene) tria 
mine; hexapropyleneheptamine; tri- (ethylethyl 
ene) tetramine; penta- (1-methylpropylene)-hex 
amine; tetrabutylenepentamine; hexa- (1,1-di 
methylethylene) -heptamine; di- (1-methylbutyl 
ene) triamine; pentalamylenehexamine; tri- (1,2,2- 
trimethylethylene) tetramine; di- (1-methylamyl 
ene) trianine tetra - (13 - dimethylpropylene) - 
pentamine; penta-(1,5-dimethylamylene) hex 
amine; di-(-methyl-4-ethylbutylene) -triamine; 
penta - (12 - dimethyl-1-isopropylethylene) hex 
amine; tetraoctylenepentamine; tri-(1,4-diethyl 
butylene) tetramine; tridecylenetetramine; tetra 
(1,4-dipropylbutylene) pentamine; didodecylene 
trianine; tetratetradecylenepentamine; penta 
(-methyl-4-nonylbutylene) hexamine, tri- (i.15 
dimethylpentadecylene)-tetramine; trioctadecyl 
enetetraamine; dieicosylenetriamine; di- (1,2-di 
methyl - 4 - nonyltetradecylene) triamine, di 
(18 - diloctylcitade yiene) trianine; penta, r (i- 
methyl- * - benzylethylene) hexamine; tetra- (i- 
methyl-3-benzylpropylene) pentamine; tri-(1- 
methyl-1 rhiyi-3 - propylpropylene) tetramine; 
and tetra- (-athyl-2-beinzylethylene) pentarine. 
The polyalkyiersepolyamines can be prepared 

by sever methods weil known to the art. One 
Wei acc3pted nethod comprises reacting anno 
nia, with an alkyl, or substituted alkyl, dihalide. 
For example, tetraethylenepentamine has been 
prepared by reacting annonia. With ethylene bro 
mide. 
Any monocarboxylic acid, or its acid anhydride 

or acid halide, can be reacted with the polyalkyl 
enepolyanine reactant to produce the interne 
diate products used in preparing the reaction 
products of the present invention. The aromatic 
and the heterocyclic monocarboxylic acids, as 
Well as the aliphatic monocarboxylic acids, are 
utilizable. Monocarboxylic acids containing Sub 
stituent groups, such as halogen atoms, are also 
applicable herein. However, the preferred Ono 
carboxylic acid reactants are the aliphatic mono 
carboxylic acids, i. e., the Saturated or unsatu 
rated, branched-chain or straight-chain, mono 
carboxylic acids, and the acid halides and acid 
anhydrides thereof. Particularly preferred are 
the aliphatic monocarboxylic acid reactants hav 
ing a relatively long carbon chain length, Such 
as a carbon chain length of between about 10 
carbon atoms and about 30 carbon atoms. Non 
limiting examples of the monocarboxylic acid re 
actant are formic acid; acetic acid; fluoroacetic 
acid; acetic anhydride; acetyl fluoride; acetyl 
chloride; propionic acid; propiolic acid; propionic 
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CH-CH-CH-NH 

acid, undecylenic acid; tetradecanoic acid; myris 
toyl bromide; hexadecanoic acid; palmitic acid; 
oleic acid; heptadecanoic acid; stearic acid; lin 
oleic acid; linolenic acid; phenylstearic acid; xyl 
ylstearic acid; a-dodecyltetradecanoic acid; ara 
chidic acid; behenic acid; behenolic acid; erucic 
acid; erucic acid anhydride; cerotic acid; Sela 
cholic acid; heptacosanoic acid anhydride; mon 
tanic acid; melissic acid; ketotriacontanoic acid; 
hexahydrobenzoic acid; hexahydrobenzoyl bro 
mide; furoic acid; chlorofuroic acid; thiophene 
carboxylic acid; picolinic acid; nicotinic acid; 
benzoic acid; benzoic acid anhydride; benzoyl 
iodide; benzoyl chloride; toluic acid; xylic acid; 
chloroanthranilic acid; toluic acid anhydride; 
chlorodinitrobenzoic acid, cinnamic acid, cin 
namic acid anhydride; aminocinnamic acid; Sali 
cylic acid; hydroxytoluic acid; iodosalicylic acid; 
naphthoyl chloride; and naphthoic acid. 
Test data tend to establish that the first mole 

cule of the monocarboxylic acid reactant which 
reacts with the polyethylenepolyamine reactant 
condenses with both a terminal nitrogen atom 
and the nitrogen atom adjacent thereto, with the 
formation of two molecules of Water, to form an 
imidazoline ring. The other molecules of the 
monocarboxylic acid reactant probably react with 
the remaining nitrogen atons to form acylated 
derivatives. No evidence has been found for the 
presence of more than One inidazoline ring per 
molecule of intermediate. The following example 
furnishes evidence of the inidazoline structure: 

EXAMPLE 

Pure diethylenetriamine (0.5 mole) (51.5 
grams) and caprylic acid (0.5 mole) (72 grams) 
Were heated and Stirred at 140-150° C. for 11.5 
hours, under a benzene reflux. During the course 
of the reaction, 9.4 milliliters (1.08 moles) of 
Water Were removed from the reaction vessel by 
azeotropic distiliation with benzene. The reac 
tion mixture was topped free of benzene. Then, 
a 100-gram portion of the product was vacuum 
distilled. Fraction 3 (25.5 grams), which boiled 
at 146-149 C. under 1.8 millimeters pressure, had 
the following analysis corresponding to the em 
pirical formula of the imidazoline compound: 

Calcu 
lated Found 

Percent C------------------------------------ 682: 68.08 
Per cent H------------------------------------ 85 2.03 
Percent N------------------------------------ 19.91 1978 
Molecular Weight----------------------------- 21 202 

A Sample of 2-methylimidazoline (M. P. 104.5- 
05 C.) was prepared in accordance with the 
method of Ladenberg, Ber..., 27, 2952 (1894). This 
Was used as a reference compound. 
An infrared spectrum was obtained on a highly 

refined white oil dispersion of the reference com 
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pound. Another infrared spectrum was obtained 
for liquid fraction 3. The similarity of the two 
spectra indicated the presence of the imidazoline 
ring in fraction 3. On the basis of the results of 
chemical analyses and of infrared absorption 
Spectra, it is postulated that fraction 3 has the 
following structure: 

CH-CH 

N N-CHCH-NH, 
S/ 
C 

In a similar manner, it can be postulated that 
a polypropylenepolyamine reactant will react to 
form a A-tetrahydropyrimidine ring. For ex 
ample, the reaction between equimolar quantities 
of dipropylenetriamine and caprylic acid can pro 
duce the product: 

ce gá, C 
N -chschich NH, 
S/ 
C 

On the other hand, polyalkylenepolyamine re 
actants having longer alkylene chain lengths 
probably will not form ring compounds. The re 
action products will be acylated, however. 

Accordingly, in Order to produce an intermedi 
ate product which has at least one nitrogen atom 
free to react chemically with the alkenyl succinic 
acid anhydride reactant to produce mixtures of 
reaction products representing the complete 
chemical interaction of the reactants, rather 
than physical mixtures of alkenyl succinic acid 
anhydride with intermediate products and/or the 
reaction product representing the complete 
chemical interaction of the reactants, it is essen 
tial that no more than (ac-2) moles of monocar 
boxylic acid reactant be reacted with each mole 
of polyalkylenepolyamine reactant, a represent 
ing the number of nitrogen atoms in the polyal 
kylenepolyamine molecule. Thus, the proportion 
of monocarboxylic acid reactant to polyalkylene 
polyamine reactant Will vary between about 1:1, 
respectively, and about (ac-2):1, respectively, 
when the reaction products, representing the 
complete chemical interaction of the reactants, 
of this invention are desired. It is especially pre 
ferred to produce intermediate products having 
two unreacted nitrogen atoms. To produce such 
intermediate products, the maximum proportion 
of monocarboxylic acid reactant to polyalkylene 
polyamine will be (C-3) : 1, respectively. 
When the number of moles of monocarboxylic 

acid reactant is only one less than the number 
of nitrogen atoms in the polyalkylenepolyamine 
reactant, i. e., (ac-1) moles, the intermediate 
product apparently will not have any nitrogen 
atoms free for further reaction with the alkenyl 
Succinic acid anhydride reactant. It has been 
discovered, however, that such intermediate prod 
lucts can be combined with the alkenyl succinic 
acid anhydride reactant to produce products, 
probably physical mixtures, which are neverthe 
less utilizable in accordance with the present in 
vention. Therefore, the proportion of monocar 
boxylic acid reactant to polyalkylenepolyamine 
reactant varies, broadly, between about 1:1, re 
Spectively, and about (ac-1):1, respectively. 

For example, when tetraethylenepentamine is 
utilized as the polyalkylenepolyamine reactant, 
One, two, three, or even four moles of a mono 
Carboxylic acid reactant can be reacted with each 

O 

20 

6 
mole thereof, to produce intermediate products 
suitable for the purposes contemplated herein. 
If five moles of monocarboxylic acid reactant are 
used, there may be an unreacted mole of mono 
carboxylic acid reactant, and such an interme 
diate product is not contemplated to be within 
the scope of the present invention. It must be 
strictly understood therefore, that the interme 
diate products of this invention are not pure, 
definite chemical compounds. The available facts 
indicate that the reaction involved is much more 
Complex. Evidence, has been found for the for 
mation of the imidazoline ring or the A-tetra 
hydropyrimidine ring is formed. However, the 
precise manner of reaction of the other moles of 
the monocarboxylic acid reactant is purely con 
jectural. This is substantiated by the fact that 
Some residual acidity is always present in the 
intermediate product. In view of the foregoing, 
it will be understood that any designation as 
signed to these products, other than a definition 
comprising a recitation of the process of produc 
ing them, is not accurately descriptive of them. 
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The temperature at which the reaction between 
the monocarboxylic acid reactant and the poly 
alkylenepolyamine reactant is effected is not too 
Critical a factor. Since the reactions involved 
appear to be an amide-formation reaction and 
a condensation reaction, the general temperature 
conditions for such reactions, which are well 
known to those skilled in the art, are applicable. 
Nevertheless, it is usually preferred to operate 
at temperatures varying between about 130° C. 
and about 160° C. It must be strictly understood, 
however, that the reaction between the mono 
carboxylic acid reactant and the polyalkylene 
polyanine reactant can be effected at tempera 
tures substantially lower than 130° C. and sub 
stantially higher than 160° C., and that this in 
vention is not to be limited to the preferred ten 
perature range. 
Water is formed as a by-product of the reaction 

between the monocarboxylic acid reactant and 
the polyalkylenepolyamine reactant. In order to 
facilitate the removal of this water, to effect a 
more complete reaction in accordance with the 
principle of Le Chatelier, a hydrocarbon solvent 
Which forms an azeotropic mixture with water 
can be added to the reaction mixture. Heating 
is continued with the liquid reaction mixture at 
the preferred reaction temperature, until the re 
moval of water by azeotropic distillation has sub. 
stantially ceased. In general, any hydrocarbon 
Solvent which forms an azeotropic mixture with 
Water can be used. It is preferred, however, to 
use an aromatic hydrocarbon solvent of the 
benzene Series. Non-limiting examples of the 
preferred solvent are benzene, toluene, and 
Xylene. The amount of solvent used is a variable 
and noncritical factor. It is dependent on the 
size of the reaction vessel and the reaction tem 
perature selected. Accordingly, a sufficirnt 
amount of Solvent must be used to support the 
azeotropic distillation, but a large excess must 
be avoided since the reaction temperature will be 
lowered thereby. Water produced by the reac 
tion can also be removed by operating under 
reduced pressure. When operating with a reac 
tion vessel equipped with a reflux condenser pro 
vided with a water takeoff trap, sufficient re 
duced pressure can be achieved by applying a 
slight vacuum to the upper end of the condenser. 
The pressure inside the system is usually reduced 
to between about 50 and about 300 millimeters. 
If desired, the water can be removed also by dis 
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tillation, while operating under relatively high 
temperature conditions. 
The time of reaction between the monocar 

boxylic acid reactant and the polyalkylenepoly 
amine reactant is dependent on the weight of the 
charge, the reaction temperature selected, and 
the means employed-for-removing the water from 
the reaction mixture. In practice, the reaction 
is continued until the formation of Water has 
substantially ceased. In general, the time of re 
action will vary between about six hours and about 
ten hours. . m 
Any alkenyl succinic acid anhydride or the 

corresponding acid is utilizable for the produc 
tion of the reaction products of the present in 
vention. The general structural formulae of 
these compounds are: 

Anhydride 
O 

R-C-C 

l 
Acid 

O 

O 

O 
2 

R-CH-C 
N 
OE 

OB 

So 
wherein R is an alkenyl radical. The alkenyl 
radical can be straight-chain or branched-chain; 
and it can be saturated at the point of unsatura 
tion by the addition of a substance which adds 
to olefinic double bonds, such as hydrogen, Sul 
ful, bromine, chlorine, or iodine. It is obvious, 
of course, that there must be at least two carbon 
atoms in the alkenyl radical, but there is no real 
upper limit to the number of carbon atoms there 
in. However, it is preferred to use an alkenyl 
succinic acid anhydride reactant having between 
about 8 and about 18 carbon atoms per alkenyl 
radical. In order to produce the reacticn prod 
ucts of this invention, however, an alkenyl Suc 
cinic acid anhydride or the corresponuing acid 
must be used. Succinic acid anhydride and Suc 
cinic acid are not 
ample, the reaction product produced by reacting 
an intermediate product with succinic acid anhy 
dride is an amorphous, dark, insoluble mass. 
Although their use is less desirable, the alkenyl 
succinic acids also react, in accordance with this 
invention, to produce satisfactory reaction prod 
ucts. It has been found, however, that their use 
necessitates the removal of water formed during 
the reaction and also often causes undesirable side 
reactions to occur to some extent. Nevertheless, 
the alkenyl succinic acid anhydrides and the 
alkenyl succinic acids are interchangeable for 
the purposes of the present invention. Accord 
ingly, when the term "alkenyl succinic acid anhy 
dride,' is used herein, it must be clearly under 
stood that it embraces the alkenyl succinic acids 

2 

as well as their anhydrides, and the derivatives 
thereof in which the oleinic double bond has been 
saturated as set forth hereinbefore. Non-limit 
ing examples of the alkenyl succinic acid anhy 
dride reactant are ethenyl succinic acid anhy 
drides; ethenyl succinic acid; ethyl Succinic acid 
anhydride; propenyl succinic acid anhydride; Sul 
furized propenyl succinic acid anhydride; butenyl 
succinic acid; 2-methylbutenyl Succinic acid anhy 

utilizable herein. For ex 

5 

25 

30 

40 

s 

8 
dride; 1,2-dichloropentyl succinic acid anhydride; 
hexenyl succinic acid anhydride; hexyl succinic 
acid, Sulfurized 3-methylpentenyl succinic acid 
anhydride; 2,3-dimethylbutenyl Succinic acid 
anhydride; 3,3-dimethylbutenyl succinic acid; 
1,2-dibromo-2-ethylbutyl succinic acid; heptenyl 
Succinic acid anhydride; 1,2-diiodooctyl succinic 
acid; octenyl Succinic acid anhydride; 2-methyl 
heptenyl succinic acid anhydride, 4-ethylhexenyl 
Succinic acid; 2-isopropylpenteny Succinic acid 
anhydride; noneyl succinic acid anhydride; 2 
propylhexenyl succinic acid anhydride; decenyl 
Succinic acid; decenyl Succinic acid anhydride; 5 
methyl-2-isopropylhexenyl Succinic acid anhy 
dride; 1,2-dibromo-2-ethylocteny Succinic acid 
anhydride; decyl succinic acid anhydride; un 
deceny. Succinic acid anhydride; 1,2-dichloro 
undecyl succinic acid; 3-ethyl-2-t-butylpentenyl 
succinic acid anhydride; dodecenyl succinic acid 
anhydride; dodecenyl succinic acid; 2-propyl 
nonenyl succinic acid anhydride; 3-butyloctenyl 
succinic acid anhydride; trideceny Succinic acid 
anhydride; tetradecenyl succinic acid anhydride; 
hexadecenyl succinic acid anhydride; sulfurized 
Octadecenyl Succinic acid; Octadecyl Succinic acid 
anhydride; 1,2-dibromo - 2 - methylpentadecenyl 
Succinic acid anhydride; 8-propylpentadecyl Suc 
cinic acid anhydride; eicoseny Succinic acid 
anhydride; 12 - dichloro - 2 - methyinona decenyl 
Succinic acid anhydride; 2-octylidodecenyl Suc 
cinic acid; 1,2-diiodotetracoseny Succinic acid 
anhydride; hexacosenyl succinic acid; hexacoSenyl 
succinic acid anhydride; and hentriacontenyl suc 
cinic acid anhydride. 
The methods of preparing the alkenyl succinic 

acid anhydrides are well known to those familiar 
with the art. The most feasible method is by the 
reaction of an olefin. With maleic acid anhydride. 
Since relatively pure olefins are difficult to obtain, 
and when thus obtainable, are often too expensive 
for commercial use, alkenyl Succinic acid anhy 
drides are usually prepared as mixtures by react 
ing mixtures of olefins With maleic acid anhy 
dride. Such mixtures, as Well as relatively pure 
anhydrides, are utilizable herein. 

In general, the alkeny. Succinic acid anhydride 
reactant is reacted with the intermediate prod 
duct in a proportion of between about (ac-1) and 
about one mole of alkenyl Succinic acid anhydride 
reactant for each mole of polyakylenepolyamine 
reactant used in the preparation of the inter 
mediate product, a representing the number of 
nitrogen atoms in the polyalkylenepolyamine 
reactant molecule. The Sum of the number of 
moles of monocarboxylic acid reactant and of 
alkenyl succinic acid anhydride reactant re 
acted with each mole of polyalkylenepolyamine 
reactant, in accordance with this invention, must 
not exceed the number of nitrogen atoms in the 
polyalkylenepolyamine reactant molecule. Ac 
cordingly, the maximum number of moles of 
alkenyl succinic acid anhydride reactant used is 
the difference between the number of nitrogen 
atoms in the polyalkylenepolyanine reactant 
molecule and the number of moles of monocar 
boxylic acid reactant used per mole of polyalkyl 
enepolyamine reactant. As mentioned herein 
before, however, the first molecule of the mono 
carboxylic acid reactant appears to react with 
two nitrogen atoms. Accordingly, in order to 
achieve a reaction product which does not in 
volve a physical mixture of the intermediate 
product and/or the reaction product, represent 
ing the complete chemical interaction of the 
reactants, with the alkenyl Succinic acid an 
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hydride reactant, the sum of the number of 
moles of the monocarboxylic acid reactant and 
of the alkenyl Succinic acid anhydride reactant 
reacted with each mole of polyalkylenepolyamine 
reactant must not exceed One less than the num 
ber of nitrogen atoms in the polyalkylenepoly 
amine molecule. In order words, the proportion 
of alkenyl succinic acid anhydride reactant to 
polyalkylenepolyamine reactant will vary be 
tween (ac-2) : 1, respectively and 1:1, respec 
tively. For example, when two moles of decanoic 
acid are reacted with One mole of tetraethylene 
pentamine to produce an intermediate product, 
one or two moles, but not more than two moles, 
of an alkenyl Succinic acid anhydride is reacted 
with this intermediate product to produce a re 
action product representing the complete chemi 
cal interaction of the reactants. However, three 
moles of an alkenyl Succinic acid anhydride 
reactant can be reacted with this intermediate 
product to produce a product which comprises a 
physical mixture. Such a product is contem 
plated herein. 
The reaction between the alkeny. Succinic acid 

anhydride reactant and the intermediate prod 
uct takes place at any temperature ranging from 
ambient temperatures and upwards. This re 
action is apparently an amide formation reaction 
effected by the well known addition of the 
anhydride group to an amino or imino group. 
This addition proceeds at any temperature, but 
temperatures of about 100° C. or lower are pre 
ferred. When an alkenyl succinic acid is used, 
water is formed. Therefore, in this case, the 
reaction temperature preferably should be higher 
than about 100 C. 
The reaction between the alkenyl succinic acid 

anhydride reactant and the intermediate product 
proceeds Smoothly in the absence of Solvents, at 
atmospheric pressure. However, the occurrence 
of undesirable side reactions is minimized when 
a solvent is employed. Use of a solvent is prefer 
able when the reaction product is to be used in a 
steam turbine lubricating oil. Since a small 
amount of water is usually formed also when 
an alkenyl succinic acid anhydride is used in the 
reaction, the solvent employed is preferably one 
which will form an azeotropic mixture with 
water. These Solvents have been discussed fully, 
hereinbefore, in conjunction with the reaction 
between the monocarboxylic acid reactant and 
the polyalkylenepolyamine reactant. The same 
solvents and the same methods of using them are 
applicable to the reaction between the inter 
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peratures below 100° C. for a reaction time of 
less than one hour. In order to ensure complete 
reaction, however, it is preferred to continue 
heating for several hours. For example, when 
benzene is used as the Solvent at a temperature of 
100-110° C., heating is continued for about five 
hours. When Water is formed during the re 
action, as when an alkenyl Succinic acid is used, 
the completion of the reaction is indicated by a 
substantial decrease in the formation of water. 
In general, the reaction time will vary between 
Several minutes and about ten hours. 

Certain reaction products of this invention 
will be very viscous, or even solid, rendering 
handling very difficult from a commercial stand 
point. Likewise, otherwise satisfactory antirust 
agents of this invention may be undesirably 
emulsive. These difficulties can Often be allevi 
ated by producing the reaction products in a 
mineral oil solution or dispersion. The mineral 
oil can be added to the reaction mixture of the 
intermediate product and alkenyl succinic acid 
anhydride reactant, before they are reacted with 
each other. In an alternate procedure, the re 
action product can be produced by the methods 
mentioned hereinbefore, and then the mineral 
oil can be added to the reaction product while 
it is still hot. If a solvent is used, it is imma 
terial whether the solvent is removed before or 
after the addition of the mineral oil. Dependent 
On the type of reaction product involved and of 
final product desired, the mineral oil can be used 
in any amount, thereby producing leaction prod 
ucts containing from about one per cent by 
weight of oil up to as much as 99 per cent by 
Weight of oil. 
Without any intent of limiting the scope of 

the present invention, it is postulated that the 
reaction products, representing the complete 
chemical interaction of the reactants, contem 
plated herein, are condensation products of the 
polyalkylenepolyamine reactant having at least 
One free carboxylic acid group. For example, 
When one mole of acetic acid is reacted with one 
mole of triethylenetetramine to produce an in 
termediate product which is reacted with two 
moles of hexenyl succinic acid anhydride, it is 
postulated that at least the following three re 
action products and isomers thereof are possible. 
Theoretically all three could be present in vary 
ing amounts. 

CH-CH 

N-CH-CH2-N-CB-CH-N 
mediate product and the alkenyl succinic acid 55 g (-o (-o 
anhydride reactant. For example, Satisfactory CH (H, E. 
products of this invention have been prepared at C(EI). CH H) CB 
temperatures varying between about 100° C. and p(H) C.H., (H) CH 
about 110° C., using an aromatic hydrocarbon COOH OOH 
solvent of the benzene Series. 60 O 
The time of reaction is dependent on the size GH-H, &-ch, 

of the charge, the reaction temperature selected, N N-CH-CH-N-CH-CH-N^ 
and the means employed for removing any water n c^ -O N C- CH 
from the reaction mixture. Ordinarily, the addi- e -ch) cha tion of the anhydride reactant is substantially CH O 
complete within a few minutes. The more emul- &(H) CH 
Sive reaction products can be produced at tem- OOH 

sh-gh, s CB-CB 
N N-CH-CH-N-CH-CH-NH-C-CH-CH-E-NH-CH-CH-N-CH-CH S/ N2 

C sO CE scO C 

&H, (H, bH, &H, 
C (HOCs11 (cH)ch, 
O OB OOH 
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The reaction products probably contain other 
substances. Accordingly, and in the interest of 
brevity, the reaction products are best defined 
by reciting the reactants and the number of 
moles of each which are used in the reaction. 
For example, the reaction product produced by 
reacting one mole of oleic acid with one mole of 
triethylene tetramine to produce an intermedi 
ate product which is then reacted with two moles 
of deceny succinic acid anhydride may be de 
fined as the reaction product of oleic acid 
(I)--triethylenetetramine (I)--decenyl succinic 
acid anhydride (II). 

In addition to the products described in the 
illustrative examples, set forth hereinafter, non 
limiting examples of the reaction products con 
templated herein are those produced by reacting 
the following combinations of reactants: formic 
acid (IV)-tetra-(1-ethyl-2-benzylethylene)pen 
tamine (I)-lethenyl succinic acid anhydride 
(I); acetic acid anhydride (I) --tri-(1-methyl 
1-phenyl-3-propylpropylene) tetramine (I) --eth 
enyl succinic acid (II); acetyl fluoride (I)--tri 
ethylenetetramine (I) --hexenyl succinic acid 
anhydride (I); fluoroacetic acid (II)--tetra 
(1-methyl-3-benzylpropylene) pentamine (I)-- 
ethyl succinic acid anhydride (ITI); propionic 
acid (I)--penta - (1 - methyl-2-benzylethylene)- 
hexamine (I) --propenyl succinic acid anhydride 
(V); propiolic acid (I) --dis (1,18-dioctylocta 
decylene) triamine (I) --Sulfurized propenyl Suc 
cinic acid anhydride (I); 3-chloropropionic acid 
(II)--di - (1,2-dimethyl-14-nonyltetradecylene) - 
triamine (I)--butenyl Succinic acid (I); bro 
moacetic acid (I)--dieicosylenetriamine (I) --2- 
methylbutenyl succinic acid anhydride (II); 
isobutyric acid (III) --trioctadecylenetetramine 
(I)--1,2-dichloropentyl succinic acid anhydride 
(I); a-bromobutyric acid (I)--tri-(1,15-dimeth 
ylpentadecylene) tetramine (I) --hexenyl suc 
cinic acid (I); isocrotonic acid chloride (I)--pen 
ta. - (1 - methyl-4-nonylbutylene) hexamine (I) -- 
hexylsuccinic acid anhydride (IV); g-ethyl 
acrylic acid (II)-tetradecylenepentamine () -- 
sulfurized 3-methylpentenyl Succinic acid an 
hydride (II) ; valeric acid (I) --didodecylene 
triamine (I)-2,3-dimethylbutenyl succinic acid 
anhydride (I); a-bromoisovaleric acid (III) -- 
tetra-(1,4-dipropylbutylene) pentamine (I) --3,3- 
dinnethylbuteny Succinic acid (I) ; allyacetic 
acid (II)--tridecylene-triamine (I) --1,2-dibro 
mo-2-ethylbutyl succinic acid (I); hexanoyl 
bromide (I) --tri-(1,4-diethylbutylene) tetramine 
(I) --heptenyl succinic acid anhydride (I); 
sorbic acid (IV) --tetraoctylenepentamine (I) -- 
1,2-diiodoactyl succinic acid (I) ; 3-chloroacrylic 
acid (I)-penta- (1,2-dimethyl-1-isopropylethyl 
ene) hexamine (I) --octenyl succinic acid an 
hydride (W); nitrosobutyric acid (I)--di-(1- 
methyl - 4-ethylbutylene) triamine (I) --2-meth 
ylheptenyl succinic acid anhydride (II); amino 
Valeric acid (V) --penta-(1,5-dimethylamylene)- 
hexamine (I) --4-ethylhexenyl succinic acid (I); 
aminohexanoic acid (II)-tetra-(1,3-dimethyl 
propylene) pentamine (I)-2- isopropylpentenyl 
succinic acid anhydride (III); heptanoic acid 
anhydride (I) --di- (1 - methylamylene) trianine 
(I) --noneyl succinic acid anhydride (II) ; 2 
ethylhexanoic acid (III)--tri- (1,2,2-trimethyl 
ethylene) tetramine (I) --2-propyl-hexenyl suc 
cinic acid anhydride (I); a-bromooctanoic acid 
(I) --pentaamylene-hexamine (I) --deceny suc 
cinic acid anhydride (IV); decanoic acid (I)-- 
di - (1 - methylbutylene) triamine (I)--decenyl 
succinic acid (I); dodecanoic acid (V) --hexa 

12 
(1,1-dimethylethylene) heptamine (I)--5-meth 
yl-2-isopropylhexenyl succinic acid anhydride 
(II); undecylenic acid (II)-tetrabutylenepen 
tamine (I) --1,2-dibromo-2-ethyloctenyl Succinic 

5 acid anhydride (II); tetradecanoic acid (III) -- 
penta. - (1-methyl-propylene) hexamine (I)--oc 
tenly succinic acid anhydride (I); hexadeca 
noic acid (I)--tri(ethylethylene) tetramine (I) -- 
decyl succinic acid anhydride (III); palmitic 

10 acid (VI) --hexapropyleneheptamine (I) --un 
decenyl succinic acid anhydride (I); oleic acid 
(I)--di- (methylethylene) triamine (I) --12 - di 
chloroundecyl succinic acid (I); heptadecanoic 
acid (IV)-tetraethylenepentamine (I)--3-eth 

15 yl-2-t-butylpentenyl succinic acid anhydride (I); 
stearic acid (I) --hexapropyleneheptannine (I)-- 
dodecenyl succinic acid anhydride (VI); linoleic 
acid (IV) --hexa - (1,1-dimethylethylene) hepta 
mine (I)--dodecenyl succinic acid (I); linoleic 

20 acid (I)--triethylene-tetramine (I) --2-propyl 
noneyl succinic acid anhydride (III); phenyl 
stearic acid (I) --diethylenetrianine (I) --3- 
butyloctenyl succinic acid anhydride (I); xylyl 
stearic acid (II) --di- (methylethylene) trianine 

25 (I)--tridecenyl succinic acid anhydride (I); 
a-dodocytetradecanoic acid ()--diethylenetri 
amine (I)-tetradecenyl succinic acid anhydride 
(I); arachidic acid (II)-tetra-(1,3-dimethyl 
propylene) pentamine (I) --hexadeceny. Succinic 

30 acid anhydride (III); behenic acid (I)-tetra 
butylenepentamine () --Sulfurized octadenecyl 
succinic acid anhydride (I); behinolic acid 
(III)-tetraethylene - pentamine () --Octadecyl 
succinic acid anhydride (II); erucic acid an 

35 hydride (I) --hexaethyleneheptamine (I) --1,2- 
dibromo-2-methylpentadecenyl succinic acid an 
hydride (V); melissic acid (I) --diethylenetri 
anine (I) --8-propylpentadecyl succinic acid an 
hydride (I); hexahydrobenzoic acid (II)--tri 

4? ethylenetetramine (I) --eicosenyl succinic acid 
anhydride (II); hexahydrobenzoyl chloride (I) -- 
dipropylenetiriamine () --decenyl succinic acid 
anhydride (I); furoic acid (I) -di-(1-methyl 
butylene) triamine (I) --12 - dichloro-2-methyl 

45 nonadecyl succinic acid anhydride (II); chloro 
furoic acid (V) --penta-(1-methylpropylene)- 
hexamine (I)-2-octylidodeceny succinic acid 
(I); thiophenecarboxylic acid (I) --diethylene 
triamine (I) --1,2-diiodotetracoSenyl succinic 

50 acid anhydride (I); picolinic acid (ITI)--penta 
amylenehexamine (I) --hexacoSeny Succinic 
acid (II); nicotinic acid (I) --tetraethylenepen 
tamine (I) --hexacosenyl succinic acid anhydride 
(IV); benzoic acid (III) --tetraoctylenepenta 
mine () --hentiriacontenyl succinic acid anhy 
dride (II); benzoyl iodide (I)--triethylenetetra 
nine (I) --octenyl succinic acid anhydride 
(II); toluic acid anhydride (I)--diethylene-tri 
amine (I) --hentriacontenyl succinic acid () ; 

0 xylic acid (II) --penta-(1,2-dimethyl-1-isopro 
pyiethylene) hexamine (I) --hexadecenyl Succinic 
acid anhydride (IV); chloroanthranilic acid 
(I)--tetraethylenepentamine (I)--8 - propylpen 
tadecenyl succinic acid anhydride (III); chlo 

65 ronitrobenzoic acid (I)--diethylenetriamine 
(I)--decenyl succinic acid anhydride (II) ; cin 
namic acid (IV) --hexapropyleneheptannine (I) -- 
hentriaconteny Succinic acid anhydride (II) ; 
aminocinnamic acid (II) --triethylenetetramine 

70 (I) --hexenyl succinic acid anhydride (II); Sali 
cylic acid (II)--triethylenetetramine (I)--tetra 
decenyl succinic acid anhydride (II) ; hydroxy 
toluic acid (I)--tri-(1,2,2,-trimethylethylene)- 
tetrainine (I) --heptenyl Succinic acid anhydride 

75 (II); iodoSalicylic acid (II)-hexapropylene 
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heptamine (I) --Octenyl succinic acid anhydride 
(W); and naphthoic acid (I)--tetraethylenepen 
tamine (I) --hexacosenyl succinic acid anhy 
dride (V). k 
The following specific examples are for the 

purpose of illustrating the present invention, 
and of demonstrating the advantages thereof. 
It must be strictly understood that this invention 
is not to be linited to the particular reactants 
and molar proportions employed, or to the Opera 
tions and manipulations described therein. A 
wide variety of other reactants and molar pro 
portions, as set forth hereinbefore, can be used, 
as those skilled in the art will readily under 
Stand. 
The alkenyl succinic acid anhydrides used in 

the following specific examples, except in Ex 
ample 75, are commercial mixtures of alkenyl 
succinic acid anhydrides in which the number of 
carbon atoms in the alienyl radical varies be 
tween specified limits. The C6-8ASAA is a mix 
ture of hexenyl, heptenyl, and octeny Succinic 
acid anhydrides; Ca-10ASAA is a mixture of 
octeny nonenyl, and decenyl Succinic acid an 
hydrides; and C10-12ASAA is a mixture of de 
ceny, undecenyl, and dodecenyl succinic acid 
anhydrides. These products are predominantly 
mixtures of relative pure anhydrides. Sone 
times, however, they contain minor amounts of 
the corresponding alkenyl succinic acids, but 
these are utilizable as set forth hereinbefore. 

EXAMPLE 2 
Oleic acid (I)--triethylenetetramine (I)-- 

C10-12ASAA (II) 
One mole (282 grams) of oleic acid and one 

mole ? 146 grams) of triethylenetetramine were 
placed in a reaction vessel provided with a 
mechanical stirrer, a thermometer, and a reflux 
takeoff, i. e., a condenser device adapted to re 
move water from an azeotropic mixture thereof, 
as it is evolved from the reaction mixture. The 
reflux takeoff was filled with benzene, and the 
stirred reactants were heated to about 100° C. 
Benzene was added to the reaction mixture until 
refluxing occurred with the reactants at about 
145° C. The reaction was continued at this ten 
perature for about 8 hours, during which period 
of time 33 milliliters of an aqueous layer (pri 
marily water) were collected. The solvent (ben 
Zene) was renoved from the reaction mixture at 
a pot temperature of 145° C. under reduced pres 
Sure. This intermediate product had an N. N. 
(neutralization numberal number of mg. KOH 
equivalent to one gram of product) of 4.0. 

Forty-one grams of this intermediate product 
and 0.2 moles (58.8 grams) of C10-12ASAA Were 
placed in a reaction vessel provided with a nine 
chanical stirrer, thermometer, and reflux take 
off. Upon stirring, the reaction mixture became 
viscous, and some heat was evolved. Benzene 
was added to the reaction mixture, and heat was 
applied so that refluxing occurred With the re 
actants at about 105 C. After five hours, the 
benzene was removed by distillation at a pot 
temperature of 105° C. under reduced pressure 
The resultant reaction product had an N. N. of 
55.2. Pertinent data for the product are set forth 
in able . 

EXAMPLE 3 
Oleic acid (II)--tetraethylenepentainine 

C10-12ASAA (II) 
oleic acid (1.5 moles) (423.6 grams) and 

tetraethylenepentannine (0.75 mole) (141.8 
grams) were placed in a reaction vessel pro 

(I) -- 

5 

O 

5 

20 

25 

30 

45 

50 

55 

80 

5 

14 
vided with a mechanical stirrer, a thermometer, 
and a reflux takeoff in which a drying tube filled 
with anhydrous calcium chloride was fitted to 
the top of the condenser. The reactants were 
heated to 140° C., and benzene was added to the 
System until refluxing occurred at a pot tem 
perature of 140-145 C. After 10A hours of re 
action, 33 milliliters of water had been collected. 
Benzene was removed under reduced pressure 
at a pot temperature of 145° C. The resultant 
intermediate product had an N. N. of 12.9. 

Thirty-six grams of this intermediate product 
and 29.4 grams (0.1 mole) of C10-12ASAA were 
heated to 140° C. in a reaction vessel equipped 
With a mechanical stirrer, a thermometer, and 
a reflux takeoff. Benzene was added and the 
rate of heating was adjusted to permit refluxing 
at a pot temperature of 140-145° C. for 8% 
hours. Then the benzene was removed at a pot 
temperature of 140-145° C. under reduced pres 
Sure, leaving a reaction product having an N. N. 
of 61.3. Pertinent data for this product are set 
forth in Table W. 

EXAMPLE 4 

Oleic acid (II)-tetraethylenepentamine () -- 
Cs-10ASAA (II) 

Thirty-six grams of the intermediate product 
of Example 3 and 25.8 grams (0.1 mole) of 
C-10ASAA were heated in a reaction vessel 
equipped as described hereinbefore under a ben 
zene reflux at a pot temperature of 140-150° C. 
for 8 hours. Some water (0.3 milliliter) was col 
lected. Benzene was removed under reduced 
pressure at a pot temperature of 140-150° C. 
The resultant product had an N. N. of 48.7. 
Pertinent data for this product are set forth in 
Table W. 

EXAMPLE 5 

Oleic acid (II)-tetraethylenepentantine () -- 
C6-8ASAA (II) 

Thirty-six grams of the intermediate product 
of Example 3 and 22.3 grams (0.1 mole) of 
C6-8ASAA were heated to 144° C. in a reaction 
vessel provided with a mechanical stirrer, a 
thermometer, and a reflux takeoff. Benzene was 
added, and refluxing was maintained for 8 hours 
with the reactants at 140-150° C. Water (0.3 
milliliter) was collected. Benzene was removed 
under reduced pressure at a pot temperature of 
140-150° C. The resultant product had an N. N. 
of 58.4. Pertinent data for this product are set 
forth in Table W. 

EXAMPLE 6 
oleic acid (I-4-diethylenetramine (I- 

C10-12ASAA (I) 
Oleic acid (0.1 mole) (28.2 grams) and di 

ethylenetiriamine (0.1 mole) (10.3 grams) were 
heated to 140° C. in a reaction vessel provided 
with a mechanical stirrer, a thermometer, and 
a reflux takeoff. Benzene was added to the Sys 
tem so that refluxing took place at 140-145 C. 
After nine hours of reaction, nine milliliters of 
an aqueous liquid were collected and the reaction 
was considered complete. The benzene was re 
moved by distillation under reduced pressure. 
The intermediate product thus produced had an 
N. N. of 5.4. 
About 18.3 grams of this intermediate product 

and 0.05 mole (14.7 grams) of C10-12ASAA were 
heated to 105 C. in a reaction vessel provided 
as described hereinbefore. Benzene was added 
so that refluxing was maintained for five hours 
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at a pot temperature of 105-110° C. Water (0.5 
milliliter) was collected. The benzene WaS re 
moved by vacuum distillation at a pot tempera 
ture of 105-110° C. The resultant reaction prod 
uce had an N. N. of 46.8. Pertinent data for 
this product are set forth in Table VIII. 

EXAMPLE 7 
Oleic acid (I)--triethylenetetramine () -- 
Co-2ASAA (II) in a 50-percent oil solution. 
A reaction product was produced in the Same 

manner as the product described in Example 2, 
with the exception that 99.8 grams of mineral 
lubricating oil A (defined hereinafter) was added 
to the intermediate product and the C10-12ASAA 
prior to reacting them. The resultant homo 
geneous mineral oil solution contained about 50 
per cent by weight of the reaction product and 
it had an N. N. of 26.5. Pertinent data for 
this product are Set forth in Table I. 

EXAMPLES 8 THROUGH 19 
Oleic acid (I)--triethylenetetramine (I) -- 

various ASAA'S (I-III) 
Oleic acid was reacted with triethylenetetra 

mine, in a molar proportion of 1:1, as described 
in Example 2, to produce an intermediate prod 
uct. Portions of this product were reacted with 
C6-8ASAA, Ca-10ASAA, or C10-12ASAA in various 
molar proportions of ASAA to triethylenetetra 
mine and under varied reaction conditions. 
Pertinent data for these products are set forth 
in Table I. 

EXAMPLES 20 THROUGH 27 
Various acids (I)-triethylenetetramine (I) -- 

C10-12ASAA (II) 
Each of a variety of monocarboxylic acids was 

reacted with triethylenetetramine in a molar 
proportion of 1:1, as described in Examples 2 
through 7. The resultant intermediate products 
were each reacted with C10-12ASAA, in a molar 
proportion of triethylenetetramine to ASAA of 
1:2, respectively, as Set forth in the data given 
in Table II. 

EXAMPLES 28 THROUGH 32 
Various acids (II-III)--triethylenetetramine 

(I)--C10-12ASAA (I-II) 
Each of a variety of Inonocarboxylic acids was 

reacted with triethylenetetramine, as described in 
Examples 2 through 7, in various molar propor 
tions. Portions of the resultant intermediate 
products were reacted with C10-12ASAA in various 
molar proportions of ASAA to triethylenetetra 
mine and under varied conditions, as defined in 
Table. 

EXAMPLES 33 THROUGH 42 
Various acids (I)--tetraethylenepentamine (I)-- 

C10-12ASAA (I-IV) 
Each of a variety of acids was reacted with 

tetraethylenepentamine, as described in Exam 
ples 2 through 7, in a molar proportion of 1:1. 
The resultant intermediate products were reacted 
with C10-12ASAA within a wide range of molar 
proportions of ASAA to tetraethylenepentamine, 
in accordance with the data set forth in Table 
W. 

EXAMPLES 43 THROUGH 57 
Oleic acid (II)--tetraethylenepentamine (I)-- 

arious ASAAS (I-III) 

An intermediate product was produced in ac 
Cordance with the procedure Set forth in Ex 
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ample 2, by reacting oleic acid with tetraethylene 
pentamine, in a molar proportion of 2:1, respec 
tively. Portions of this product were reacted 
with C6-8ASAA, Ca-10ASAA, Or C10-12ASAA in va 
rious molar proportions of ASAA to tetraethyl 
enepentamine, as set forth in Table W. 

EXAMPLES 58 THROUGH 63 

Various acids (II)-tetraethylenepentamine (I) -- 
C10-12ASAA (II-III) 

Each of a variety of monocarboxylic acids, and 
a mixture of two of these acids, were reacted 
with tetraethylenepentamine in a molar propor 
tion of 2:1, respectively in accordance with the 
procedures described in Examples 2 through 7. 
Portions of the resultant intermediate products 
were reacted with C10-12ASAA in molar propor 
tions of tetraethylenepentamine to ASAA vary 
ing between 1:2, respectively, and 1:3, in accord 
ance with the data Set forth in Table VI. 

EXAMPLES 64 THROUGH 68 
Various acids (III-IV)--tetraethylenepentamine 

(I)--C10-12ASSA (I-II) 
Each of a variety of monocarboxylic acids, 

and a mixture of two of these acids, were reacted 
with tetraethylenepentamine, in molar propor 
tions varying between 3:1, respectively, and 4:1, 
by the procedures described in Examples 2 
through 7. The resultant intermediate products 
were reacted with C10-12ASAA in molar propor 
tions of tetraethylenepentamine to ASSA vary 
ing between about 1:1 respectively, and :2, aS 
defined by the data given in Table VII. 

EXAMPLES 69 THROUGH 74 

Various acids (I-II) --diethylenetriamine () -- 
C10-12ASSA (I-II) 

Each of a variety of monocarboxylic acids was 
reacted with diethylenetriamine, by the proce 
dures described in Examples 2 through 7, jn 
molar proportions of 1:1, respectively, to 2:1, re 
spectively. Portions of the resultant interme 
diate products were reacted with C10-12ASAA, 
in molar proportions of diethylenetriamine to 
ASAA varying between 1:1, respectively, and 1:2, 
respectively. Pertinent data for these products 
are set forth in Table VI. 

EXAMPLE 75 

Oleic acid (I)--triethylenetetramine (I)--triso 
butenyl succinic acid anhydride (II) in a 50 
per cent oil solution. 
Single-distilled oleic acid (red oil) (2 moles) 

(564 grams) and triethylenetetramine (1.5 
moles) (29 grams) were placed in a reaction 
vessel which was provided with a stirrer, a ther 
mometer, and a reflux takeoff trap. The re 
flux takeoff was filled with benzene and the 
Stirred reactants were heated to 140° C. Then, 
30 milliliters of benzene were added to the re 
action mixture Such that refluxing occurred with 
a pot temperature of 140-142° C. The reaction 
was continued for ten hours, during which time 
57 milliliters of an aqueous layer (primarily wa 
ter) WaS collected. The Solvent was removed 
from the reaction mixture by distillation at a 
pot temperature of 145" C., and under about 20 
millimeters pressure. This intermediate product 
had an N. N. of 5.5 and an average molecular 
Weight of about 484. 
About 0.466 moles (225.7 grams) of this is 'er 
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mediate, 1.074 moles (285.7 grams) of triisobu- 53.7. This product contained about 50 per cent, 
tenyl succinic acid anhydride (produced in ac- by weight, of the active antirust agent. 
Cordance with U. S. Patent No. 2,380,699), and Blends of 0.004 per cent and 0.008 per cent of 
500 grams of mineral oil B (defined hereinafter) this reaction product in a leaded, catalytically 
were placed in a reaction vessel. The reaction 6 cracked gasoline completely inhibited rusting of 
vessel was equipped with a thermometer, a stir- the metal specimens in the ASTM rust test, using 
rer, and an outlet tube which, in turn, was con- distilled Water at 80° F. This is a modification 
nected to a manometer, a trap, and a vacuum of this test used to evaluate antirust agents in 
pump. The reactants were heated, with stirring, light products. Blends of 0.002 per cent in the 
to 100° C. and the pressure in the reaction ves- 0 same gasoline stock permitted about 5 per cent 
sel was reduced to 50 millimeters. The reaction of the metal Surface to rust. Pertinent test data, 
was continued under these conditions for three for this product in lubricating oils are set forth 
hours. The reaction product had an N. N. of in Table IX. 

TABLE 
Pertinent data for the products: Oleic acid (I)--triethylenetetramine (I)--various ASAA'S (I-III) 

Rust Test, Emulsion 
E. E. Reaction Conditions 1 Prod P MS SS: d Testeak, opor- ropor- OC- er etal REste in. Ex. "E" Amine i? ASAA is -- - - - - ie. Sent oil AC Acid to ASAA to N. N. Concin. 
Amine Annine Temp., Time, Water Sea Dist. Dist. 1% 

oC. Hrs. Remower Water Water Water NaC 

8 Oleic--------- TETA 1:1 C10-1--- 1:1 105 5 Benzene. 23.0 0.05 A 
9 1:1 C10-12--- 2.71 40 3 Xylene- 52.5 85 A 

10 1:l C10-12.-- 2.5:1 105 5 Benzene. 92.6 0.05 A 
1. 1:1 C10-12--- 2:1 40 8---do 30.3 0.05 A 
2 1:1. C10-12- 2: 140 2 O 34.3 0.05 A 
13 1:1 C10-12--- 2: 105 5 ---do 57.6 0.05 A 

0.03 - B 
0.02 B 
0.0 B 

14 1:1 Cs-10--- 2:1 145 8 ---do----- 36.5 0.05 A 
15 ----- do----------do-...-- l:l Co-3-...- 2:1 140 8---do----- 29.3 39; A. 
16 ----- do----------do----- 1:1 C10-12--- 2: 105 • 1 ---do----- 74.4 0.05 A 

1:1 C10-12--- 2:1 105 3 ---do----- 56.5 0.05 A 
1:l C10-12--- 2: 86-87 5 ---do----- 66.3 0.05 A. 
1:1 C10-12--- 2:1 105 5 ---do----- 55.2 0.05 A 

0.03 A. 
1:1 C10-12--- 2: 105 5 ---do----- 26.5 0. A 2 

(Reacted in equal wt. of oil A) ------- 0.06 A. 25 
1:l C10-1--- 2:1 105 5 None.---- 50.1 0.05 A 20 

Cond for reaction of ASAA with intermediate product, 
Triethylenetetramine. - 

3 Tested withoutpxidation inhibitors. 
' Tested bothE. will Eg: ineral oil B 5 Product produced in a e Weigat of allera Oil B. 

roduct p Q g TABLE II 

Pertinent data for the products: Various acids (I)-triethylenetetramine (I)--C10-1ASAA (II) 

Rust Test, Emulsion 
E. Reaction Conditions 1 Prod P Mii Sisted TestFreak, ropor- ropor- roc- er e S Ex. Monoty Amine tin, ASAA tign, -uct. Cent Oil 

Acid Acid to ASAA to N. N. Concin. 
Amine Anine Temp., Time, Water Sea Dist. Dist. 1% 

oC. Hrs. Renower Water Water Water NaC 
: U---arm--------------------a -- 

Dodecanoic TETA- 1: 2:1 105 3 Benzene 6.3 0.05 A 
3. gies:- TETA3 1: 2: 105 3 ---do----- 64.8 30.05 A 
22 Octadecanoic. TETA- 1:1. 2:1 105 5 59.6 0.05 A 
23 Palmitic.----- TETA3 1:1 2:1 05 5 49.7 0.05. A 
24 Octanoic----- TETA3 : 2: 05 5 40.9 80,05 A 
25 | Hexanoic----TETA- :1 2: 05 5 54.3 3 0.05 A 
26 Propionic----TETA- 1:1. 2:1 105 5 52.2 30.5 A 
27 Formic------ TETA2 1:1. 2:1 105 5 18.0 30.05. A 

llll-- - - - 1 Conditions for reaction of ASAA with intermediate product. 
EEE il ti Dispersion in mineralo TABLE I 

Pertinent data for the products: various acids (II-III)-triethylenetetra mine (I)--C10-12ASAA(I-II) 
--------------- 

Rust Test, Emulsion Molar Molar Reaction Conditions Per Cent Test, Break, 
Propore Propor- Prod. Per Metal Rusted Min. E.Monooxylie Amine tin, ASAA tion, -- uct, Cent Oil 

Acid Acid to ASAA to N. N. Concin. 
AI nine Amine Temp., Time, Water Sea Dist. Dist. 1% 

oC. Irs. Renower Water Water Water NaCl 

2:1 C10-1.-- 2:1 100-105 5.5 Benzene 83.6 0.05 A. 
2: 10-12--- 1.8:1 20-25 3 ---do----- 50. 0.05 A. 
2:1 C10-12.-- 1: 05 3.5 ---do----- 46.0 0.05 A. 
3:1 0-12--- 1: 105 5 ---do----- 67.6 0.05 A. 

32 Hexanoic------- do----- 2. 102.-- 1: 104-06 5 ---do----- 109.0 0.075 A 

1. Conditions for reaction of ASAA with intermediate product, a Triethylenetetramine. 
3 Tested without oxidation inhibitos. 
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TABLEW 
Pertinent data for the products: Various acids I--detraethylenepentamine I-Cio-uASAA (I-IV) 

Rust Test, Emulsion 
Molar Moat Reaction Conditions Per Cent Test, Break, 
Propor- Propor- Prod, Per Metal Rusted Min. 
tion, ASAA tion, uct Cent Oil 
S. Af Timel water | N. Conch. Sea Dist. Dist. 1% ine Aline emp. Ime, r e8. S. St. oC. rs, Remover water Water Water N81 

Ce. Ce. 
1:1 Ci---- 1: 145-50 10.6 0.05 A 100 ------- 9 20 

30.8 A. 80 O 
1:1 C10---- 2:1 110-115 61.8 0.05 A 0 ------- 38 37 
1:1 C10---- 2.5:1 110 94.5 0.05 A 0 ------- l 19 
1:1 Cic-la--- 3: 105 106.0 80.05 A 
1:1 C10-is--- 3:1 40 80.0 0.05 A 
1:1 C10-1-...- 2.8:1 40-145 5.8 8. g A. 
l:l C10-is--- 3: 10 114.0 0.05. A 
1:1 C-10- 3:1 110 14.0 0.05 A 
1:1 Cis-la--- 4:1. 100-105 152.5 0.05. A 
1:l C10-1l--- 2:1 105-10 69.3 8. : A. 

3 Conditions for reaction of ASAA with intermediate product. 
Triethylenepentamine. 

8 Dispersion in mineral oil. 

TABLE W 
Pertinent data for the products: Oleic acid (II)--tetraethylenepentamine (I)--various ASAA'S (I-III) 

Rust Test, Emulsion 
S. E. Reaction Conditions 1 Prod P Mi Sisted TesBreak, - ropors Oc- er e in. 

Monopyle tion, ASAA tion, uct, Cent Oil 
Acid to ASAA to N. N. Concn. 
A nine Amine Temp., Time, Water Sea Dist. Dist. 1% 

oC. Ers. Remover Water Water Water NaC 

43 2:1 Ci-in. 1:1140-145 || 8 || Benzene. 19.6 0.05 A 5 
0.40 A O 

8-----do----------do----- 2:1 C10---- 2: 40 8 61.3 0.05 A O 
4 - 2:li C-10--- 2: 140 8 ---do- 48.7 0.05. A 0. 
5 2:1 C----- 2: 140 8 ---do----- 58.4 0.05 A 0 
44- 2:1 C10-1--- 2:1 140 6 Xylene-- 72.9 0.05 A O 
45 - 2:l C10-1--- 2: 140 6 Benzene- 64.2 0.05 A 0 
46 2:l C10---- 2: 140 6 ---do----- 65.2 0.05 A O 
47 2:1 C10-1l--- 2:1 140 6 ---do----- 89.2 0.05 A O 
48 -----do------- 2:1 C10-la--- 2: 145 4 Vacuum- 80.9 8. 8 A. 8 
49 -----do----------do----- 2:1 C10---- 2: 145-150 9 Benzene 50.5 6.65 A. 0. 
50 - 2:1 C-10--- 2:1 145-150 9 -...-do----- 52.6 0.05 A 0 
51 2:1 C-8---- 2:1 45-50 9 ---do----- 56.5 0.05 A 
52 2:1 C10---- 2.5:1 145 4 Vacuum- 91.0 0.05 A 0. 
63 - 2:1 C10-1--- 2.74:1 45 4 ---do----- 82.0 0.05 A O 
54 -----do----------do----- 2:l C10---- 3: 170-175 6 Toluene. 39.2 8. 35 0 

0. 
55 -----do----------do----- 2:1 C10-1--- 3:1 143 6 Xylene. 90.0 8. 9: A. 8 
56 -----do----------do----- 2:1 C10-1--- 3: 140 3 Benzene. 90.4 6.05 A O 
57 -----do---------- do----- 2:1 C10-1- 3:1 140 3 ---do----- 88.2 0.05 A 0. 

1 Conditions for reaction of ASAA with intermediate product. Tetraethylenepentamine. Redistilled C10-1 ASAA. 

TABLE WI 
Pertinent data for the products various acids (II)-tetraethylenepentamine (I)-CoASAA(II-III) 

Rust Test, Ernulsion 
E. E. Reaction Conditions 1 Prod P Mi GE Test, Break, por- ropor- OC- er etal Rusted Min, 

Ex. Monotrytic Alaine tion, ASAA tion, - uct, Cent Oil - 
Acid to ASAA to N. N. Concin. 
A nine Amine Temp., Time, Water Sea Dist. Dist. 1% 

oC, . Renover Water Water Water NaCl 

58 Octadecanoic, TEPA- 2:l C-13--- 31 140 2-3 Wacuum- 84.0 0.05 A 
59 Dodecanoic----- do----- 2:1 C10---- 2:1 140 8 Benzene- 89.2 8. A. 

0. 
60 -----do----------do----- 2:l C10-1-...- 3. 40 3 ---do----- 98.2 8. A. 
6 Decanoic.------- do----- 2:1 C10-12--- 2:1 140-45 8 ---do----- 54.3 0.05 A. 

0.15 
62 Octanoic-------- do----- 2:l C10-la--- 2. 110 5 ---do----- 86.0 0.10 A 
63 Paolet ---do----- 2:l C10-1-. 21 145-50 8---do----- 39.0 0.05 A 

C------- 

Conditions for reaction of ASAA with intermediate product. Tetraethylenepentamine. 
Tested without oxidation inhibitors. 
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TABLE WI 
Pertinent data for the products: various acids (II-IV)-tetraethylenepentamine (I)--00-ASAA (I-II) 

Rust Test, Emulsion 
s E. Reaction Conditions Prod P Mi S; d Test, Break, ropor- ropora O er etta Ruste Min. 

Ex.Moniye Amine EASAA is uct, Cent Oil - 
Acid to ASAA to N. N. Concm. 
Amine Amine Temp., Time, Water Sea Dist. Dist. 1% 

OC. Remover Water Water Water NaCl. 

Cc, Cc, 
64 Oleic----...-- TEPA 3:1 C10-i--- 1:1 145-150 6 Benzene. 35.8 0.05 A 0 ------- 36 40 
65 -----do---------- do----- 3:1 C10---- 2:1 145-150 6 ---do----- 61.1 0.05. A 0 ------- 77 55 
66 Dodecanoice----. do----- 3:1 ---- 2: 40 8.--do----- 55.8 8: A. 20 0 27 5 

o i0 i--------------------- 
671 - Oleic-2----do----- 3:1 Co-la--- 2: 40 10 ---do----- 68.2 0.05. A 0 O 7 43 

Redecan O16 
68 Oleic------------ do----- 4:l C10-1-. 2:1 105 5 ---do----- 77.0 0.05 A 0. 0. 77 76 

i Conditions for reactions of ASAA with intermediate product. Tetraethylenepentamine. 

TABLE VIII 
w Pertinent data for the products: tarious acids (I-II)--diethylenetria mine (I)--C-ASAA (I-II) 

Rust Test, Emulsion 
E. S; Reaction Conditions Prod P Misi SS: d Testeak, ropor- ropor- OC- er e uste in. 

Ex. Monoprylic Amine tion, ASAA tion, uct, Cent Oil --- 
c Acid to ASAA to N. N. Concin. 

Amine Amine Temp., Time, Water Sea Dist. TDist. 1% 
oC. Ers. Remover Water Water Water NaCl 

69 2:1 C10-12--- : 05-0 5 Benzene. 80.5 0.05 A. 
70 l: C10-12.-- 2: 105 5 ---do----- 32.0 0.05 A 
7. : C-13-... 1.6:1 140 2-3 Wacuum. 20.0 8. A. 
72 l: C0-13--- i. 6: 4G 5 Xylene-- 30.1 ES5 A. 
73 i:l C10-12--- 2: 140 6 ---do----- 58.8 6.05 A 
6 : 0-2--- : 105 5 Benzene. 46.8 0.05 A 
74 Dodecahoice.---- do----- : 1-8--- 2: 05 5 ---do----- 14. 0.05 A 

Conditions for reaction of ASAA with intermediate product. Diethylenetrianine. 
3 Tested without oxidation inhibitors. 
di Dispersion in mineral oil. 

TABLE X - able for use in steam turbines. Unless otherwise 
Test data for product of Ecample 75 in oil indicated in the tables, the test oil contained 0.2 

- per cent by weight of 2,6-di-t-butyl-4-methyl 
Rast Test Emulsion phenol and 0.1 per cent; by Weight of phenyl 

Per Cent Metal Test, - - 
Rusted Break, Min. 45 a-naphthylamine, both well-known antioxidants. 

FSet Oil - The test method used to distinguish the rust 
sea Dist. Dist. ing characteristics of lubricating oil blends was 

water War War Se; the ASTM test D665-4-4T for determining "Rust 
Preventing Characteristics of Steam Turbine 

50 Oils in Presence of Water,' in which synthetic 
sea water was used as well as distilled water. 

B The Synthetic sea Water contained 25 grams of 
B Sodium chloride, 11 grams of magnesium chlo 
f ride hexahydrate, 4 grams of sodium sulfate, and 
B 55 1.2 grams of calcium chloride per liter. Ir. his 

test a cylindrical polished steel Specimen is Sus 

In order to demonstrate the Outstanding prop 
erties of the reaction products of this invention, 
typical rust test data and emulsion test data, 
were obtained for mineral lubricating oil blends 
containing the reaction products described in 
the examples. Pertinent data are set forth in 
Tables I through IX. 

Mineral oil. A used in these tests was a blend 
of solvent-refined, Mid-Continent residual stock 
With a solvent-refined Mid-Continent (ROdessa) 
distillate stock. It had a specific gravity of 
0.872, a flash point of 445 F., and a Saybolt Uni 
versal viscosity of 407.7 seconds at 100 F. Min 
eral oil B was a furfural-refined, Mid-Continent 
(Rodessa) distillate stock. It had a specific grav 
ity of 0.860, a flash point of 405 F., and a Say 
bolt Universal viscosity of 155 seconds at 100 F. 
Both of these mineral lubricating oils are suit 

60 

5 

70 

pended and Soaked in 300 cubic centimeters of 
the oil under test at 140 F. for thirty minutes. 
Thirty cubic centimeters of synthetic sea water 
(or distilled Water) are added and the mixture is 
stirred at 1000 R. P. M. After 48 hours, the Steel 
Specimen is removed and examined for evidence 
of rust on the portion of the Specimen which 
hangs in the oil. In the tables, rust test results 
are given in terms of per cent of eXposed metal 
surface which has rusted. The complete rusting 
which is evident when uninhibited base oils are 
tested is taken as 100 per cent. 
The emulsion test used is the emulsion test for 

lubricating oils, Federal Stock Catalog, Section 
IV, part 5. Federal Specifications WV-L-791b, 
February 19, 1942. In test method 320.13, 40 
cubic centimeters of oil and 40 cubic centimeters 
of emulsan, in a 100-cubic centimeter cylinder 
are stirred with a paddle at 1500 R. P. M., for 5 

  



2,568,876 
23 

minutes, at 130° F. Separation of the emulsion 
is observed while the cylinder is kept at 130 F. 
The figures in the tables show the number of 
minutes at which there is no continuous layer of 
emulsion between the oil and the emulsant, or 
the number of cubic centimeters of emulsion 
persisting at the end of thirty minutes. 
From the data set forth in the tables, it will 

be apparent that good antirust characteristics 
are imparted to lubricating oils which contain 
the reaction products of the present invention. 
To be completely acceptable for use in a tur 
bine oil, an additive, preferably, should not in 
part undesirable emulsion characteristics there 
to. It will be apparent from the emulsion test 
data, given in the tables that, as a class, the re 
action products of this invention do not impart 
undesirable emulsion characteristics to the oil. 
Some products, however, do produce emulsive 
oils. Several demulsifying agents are known, 
however, and incorporation of such agents in 
these emulsive oils improves the emulsion char 
acteristics thereof. 

EXAMPLE 76 
The rusting characteristics of a mineral lu 

bricating oil containing the product of Example 
11 (Table I) were further tested, along with the 
oxidation characteristics thereof, by means of 
the ASTM test method D943-47T. In accord 
ance with this test, the oil and distilled water are 
placed in a large test tube, which is maintained 
at 203 F. A polished copper-iron catalyst coil 
is inserted into the oil, but it does not extend into 
the water layer. Oxygen gas is passed through 
the water and oil at the rate of three liters per 
hour throughout the 1000-hour test period. Test 
oil B contained by weight 0.05 per cent of the 
product og Example 11, 0.2 per cent 2,6-di-t- 
butyl-4-methyl-phenol, and 0.1 per cent phenyl 
a-naphthylamine was not oxidized in this test as 
evidenced by an N. N. of 0.02. The catalyst coil 
showed no trace of rust. When the oil is tested 
without the antirust additive the catalyst coil 
rusts within as short a period of time as twenty 
four hourS. 

EXAMPLE 77 
Prevention of atmospheric corrosion 

In order to evaluate the new reaction products 
as coating compounds for the prevention of at 
mospheric corrosion, a test was run as follows: 
Two polished steel specimens were coated with 
the product of Example i3 (Table I) by dipping 
them in a two per cent by weight Solution of the 
product in benzene. Likewise, two additional 
specimens were coated with the product of Ex 
ample 3 (Table V). A fifth specimen was left un 
coated, as the control. These Specimens were 
suspended in the chemical laboratory, exposed 
to the various vapors and fumes ordinarily found 
therein. After 15 days of such exposure, none of 
the specimens showed visible signs of corrosion. 
Then each specimen was immersed in distilled 
water for about 30 seconds, by raising a separate 
beaker of distilled water under each one. The 
control specimen showed a light surface rusting 
about five minutes after this treatment. The 
coated specimens remained free of corrosion. 
After one hour, the immersion process was re 
peated. Seven days thereafter, the coated Speci 
mens were still free of any trace of corrosion. 
The control specimen, on the other hand, WaS 
Severely corroded. 
In the foregoing specific illustrative examples, 
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24 
the effectiveness of the reaction products for the 
prevention of rust in lubricated systems and for 
the prevention of atmospheric corrosion has been 
demonstrated. In addition to the use in turbine 
oils or as coating agents, these reaction products 
are utilizable for numerous purposes. They can 
be added to a wide variety of vehicles to produce 
improved compositions. They can be dissolved 
in the vehicle, or they can be dispersed therein, 
in the form of suspensions or emulsions. 
The vehicles can be liquids or plastics, the basic 

requirement being that they must be spreadable 
over metal Surfaces. Spreading may be accom 
plished by immersion, flooding, spraying, brush 
ing, trowelling, etc. Additionally, the vehicle 
should be substantially neutral. It can be oleagi 
nous, i. e., substantially insoluble in water, or it 
can be aqueous. Aqueous vehicles include aque 
ous Solutions of liquid, such as alcohol-water 
mixtures and the like. Oleaginous vehicles can 
be hydrocarbon materials, such as mineral oils 
and hydrocarbon Solvents, or non-hydrocarbon 
materials, Such as fatty oils and fats. 

Non-limiting examples of Suitable vehicles for 
the additives of this invention are mineral lu 
bricating oils of all grades; gasolines and other 
light petroleum products, such as fuel oil; water; 
alcohols, such as ethanol, isopropanol, butanol, 
cyclohexanol, methylcyclohexanol, octanol, dec 
anol, dodecanol, hexadecanol, octadecanol, oleyl. 
alcohol, benzyl alcohol, etc.; phenols; glycols, 
Such as ethylene glycol, propylene glycol, butylene 
glycol, glycerol, etc.; ketones, such as acetone, 
methyl ethyl ketone, dipropyl ketone, cyclohex 
anone, etc.; keto alcohols, such as acetol; ethers, 
such as d'ethyl ether, dipropyl ether, diethylene 
dioxide, dichloro diethyl ether, diphenyl oxide, 
diethylene glycol, triethylene glycol, ethylene 
glycol monobutyl ether, etc.; natural esters, such 
as ethyl acetate, butyl propionate, cresyl acetate, 
dodecyl acetate, ethyl maleate, butyl stearate, tri 
decyl phosphate, tributyl trithiophosphate, tri 
amyl phosphite, etc.; petroleum waxes, such as 
slack wax and paraffin wax; natural waxes, such 
as carnauba wax, japan wax, beeswax, etc.; 
natural fats and oils, such as sperm oil, tallow, 
Cottonseed oil, castor oil, linseed oil, tung oil, Soy 
bean oil, oiticica oil, tar oil, oleo oil, etc.; hydro 
carbons and halogenated hydrocarbons, such as 
butanes, chlorinated hexanes, octanes, bromi 
nated decanes, dodecanes, Freon, eicosane, ben 
Zene, toluene, Xylene, cumene, indene, alkyl 
naphthalenes, etc.; greases; asphalts; chlorinated 
petroleum fractions, such as chlorowax; and 
paints, varnishes and the like. 
As those skilled in the art will readily appre 

ciate, the applications of the compositions of the 
present invention are many. Lubricating oils 
of all types usually permit corrosion of metal 
surfaces. This poses a problem in the lubrica 
tion of all types of engines, particularly steam 
turbines. Lubricating oils containing the reac 
tion products of this invention are effectively 
inhibited against Such corrosion. Diesel fuels 
containing these additives will have less tendency 
to corrode injection nozzles. Steam cylinder oils 
and cutting oils can be inhibited against cor 
rosive tendencies by the addition thereto of these 
new additives, particularly the more emulsive 
types. Greases can be inhibited likewise. Ad 
ditionally, the more emulsive products of this 
invention can be substituted in whole or in part 
for the emulsifying agentS commonly used in 
Compounding greases, cutting oils, Steam cylin 
der oils, etc. Hydraulic Systems can be pro 
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tected against corrosion by using hydraulic fluids 
containing the additives of the present invention. 
The storage of infrequently used machinery, 

and the shipment and storage of metal shapes 
and metal parts, such as machined Sewing ma 
chine parts or gun parts, present corrosion prob 
lems. Such corrosion can be prevented by treat 
ing them with slushing oils containing the addi 
tives of this invention, by coating them with Or 
ganic solvent solutions or dispersions of these 
additives, such as the benzene solutions described 
hereinbefore, or by treating the surfaces thereof 
with dispersions of these additives in water. Cor 
rosive tendencies of coolants and antifreeze so 
lutions or mixtures, such as those used as cool 
ants in internal combustion engines, can be re 
duced by addition thereto of the reaction prod 
ucts of this invention. Such antifreezes include 
water, alcohol-water, glycols, glycol-water, etc. 
When gasoline and other fuels are stored in 
drums or tanks, Water often enters the storage 
space, as by "breathing,' and corrodes the inner 
surfaces thereof. This can be prevented through 
the use of the additives contemplated herein. 

Relatively more permanent corrosion-preven 
tive coatings can be produced by the application 
to metal Surfaces of paints, and the like, con 
taining the additives of this invention. We 
hicles utilizable for this purpose are paints, var 
nishes, lacquers, drying oils, asphalt roofing con 
positions, and the like. 
The amount of the reaction products which 

are added to a vehicle to produce a composition 
in accordance with this invention varies between 
about 0.001 per cent and about 50 per cent by 
weight, depending On the specific use contem 
plated and on the specific reaction products se 
lected. Generally, it is sufficient to use an 
amount varying between 0.01 per cent and about 
10 per cent. However, Smaller amounts, as low 
as about 0.001 per cent, will be effective in some 
cases. Likewise, amounts up to as much as about 
50 per cent are required when the vehicle con 
tains resinous bodies, or when the reaction prod 
uct is also used as an emulsifier, Such as in a 
steam cylinder oil. 
Other Substances in addition to the reaction 

products of this invention can be added to the 
compositions contemplated herein to impart 
other desirable properties thereto. For exam 
ple, there may be added antioxidants, pour point 
depressants, W. I. improvers, antidetonants, ce 
tane number improvers, emulsifiers, thinners, 
driers, etc. 

Further examples of the preparation of the 
intermediate products of this invention and of 
their utility other than as intermediates for pro 
ducing the antirust agents of this invention are 
Set forth in two copending applications of the 
present inventors. One application, Serial Num 
ber 115,948, filed September 15, 1949, relates to 
an emulsifiable oil comprising an oil and a small 
amount of the reaction product of a polyalkyl 
enepolyamine with a monocarboxylic acid con 
taining between about fourteen carbon atoms 
and about thirty carbon atoms per molecule. 
The application, Serial Number 122,353, filed 
October 19, 1949, is concerned with gasolines 
containing the reaction product of a polyalkyl 
enepolyamine with an aliphatic monocarboxylic 
acid having between about eight and about thirty 
carbon atoms per molecule. The reaction prod 
uce, per se, is claimed in the latter application. 
Although the present invention has been de 
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26 
understood that modifications may be resorted 
to without departing from the spirit and scope 
thereof, as those skilled in the art will readily 
understand. Such variations and modifications 
are considered to be within the purview and 
Scope of the appended claims. 
We claim: 
1. A corrosion-inhibiting composition which 

comprises a substantially neutral vehicle con 
taining between about 0.001 per cent and about 
50 per cent by weight of the reaction product 
obtained by reacting a monocarboxylic acid with 
a polyalkylenepolyamine having one more ni 
trogen aton per molecule than there are alkyl 
ene groups in the molecule, in a molar propor 
tion varying between about one and about (ac-1) 
to one, respectively, wherein a represents the 
number of nitrogen atoms in the polyalkylene 
polyamine molecule, to produce an intermediate 
product, and reacting an alkenyl succinic acid an 
hydride with said intermediate product, in a 
molar proportion varying between about ac-1) 
and about one to one, respectively; the sum of 
the number of moles of said monocarboxylic acid 
and of Said alkenyl succinic acid anhydride re 
acted with each mole of said polyalkylenepoly 
amine being no greater than ac, 

2. The composition of claim 1, wherein said 
monocarboxylic acid is an aliphatic monocar 
boxylic acid. 

3. The composition of claim 2, wherein said 
polyalkylenepolyamine is a polyethylenepoly 
amine having between two and six ethylene 
groups per rinolecule. 

4. The composition of claim i, wherein said 
vehicle is an oleaginous vehicle. 

5. The composition of claim i, wherein said 
Vehicle is an aqueous vehicle. 

6. The composition of clain , wherein said 
vehicle is a hydrocarbon vehicle. 

7. The composition of claim 1, wherein said 
vehicle is a mineral lubricating oil. 

8. The composition of claim , wherein said 
vehicle is a non-hydrocarbon vehicle. 

9. The composition of claim 1, wherein said 
vehicie is a fatty oil. 

10. The reaction product obtained by react 
ing a nonocarboxylic acid with a polyalkylene 
polyamine having one more nitrogen atom per 
molecule than there are alkylene groups in the 
molecule, in a molar proportion varying between 
about one and about (ac-1) to one, respectively, 
wherein a represents the number of nitrogen 
atoms in the polyalkylenepolyamine molecule, to 
produce an intermediate product, and reacting 
an alkeny. Succinic acid anhydride With Said 
intermediate product, in a molar proportion vary 
ing between about (ac-1) and about One to One, 
respectively; the sum of the number of moles 
of said monocarboxylic acid and of said alkenyl 
succinic acid anhydride reacted with each mole 
of said polyalkylenepolyamine being no greater 
than ac. 

ii. The reaction product obtained by react 
ing a monocarboxylic acid with a polyaikylene 
polyamine having one more nitrogen atom per 
molecule than there are alkylene groups in the 
molecule, in a molar proportion varying between 
about one and about (ac-2) to one, respectively, 
wherein a represents the number of nitrogen 
atoms in the polyalkylenepolyamine molecule, to 
produce an intermediate product, and reacting 
an alkenyl succinic acid anhydride with said 
intermediate product, in a molar proportion vary 

scribed with preferred embodiments, it is to be 75 ing between about (a-2) and about one to one, 
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respectively; the sum of the number of moles 
of said monocarboxylic acid and of said alkenyl 
succinic acid anhydride reacted with each mole 
of said polyalkylenepolyamine being no greater 
than (ac-1). 

12. The reaction product obtained by react 
ing an aliphatic monocarboxylic acid with a 
polyethylenepolyamine having one more nitro 
gen atom per molecule than there are ethylene 
groups in the molecule and having between about 
two and about six ethylene groups per molecule, 
in a molar proportion varying between about one 
and about (ac-1) to One, respectively, wherein C 
represents the number of nitrogen atoms in the 
polyethylenepolyamine molecule, to produce an 
intermediate product, and reacting an alkenyl 
succinic acid anhydride, having between about 8 
and about 18 carbon atoms per alkenyl radical, 
with said intermediate product, in a molar pro-, 
portion varying between about (ac-1) and about 
one to one, respectively; the sum of the number 
of moles of Said aliphatic monocarboxylic acid 
and of said alkenyl succinic acid anhydride re 
acted with each mole of said polyethylenepoly 
amine being no greater than ac. 

13. The reaction product obtained by reacting 
an aliphatic monocarboxylic acid with a poly 
ethylenepolyamine having one more nitrogen 
atom per molecule than there are ethylene groups 
in the molecule and having between about two 
and about six ethylene groups per molecule, in 
a molar proportion varying between about one 
and about (ac-2) to one, respectively, wherein ac 
represents the number of nitrogen atoms in the 
polyethylenepolyamine molecule, to produce an 
intermediate product, and reacting an alkenyl 
succinic acid anhydride, having between about 
8 and about 18 carbon atoms per alkenyl radi 
cal, with said intermediate product, in a molar 
proportion varying between about (ac-2) and 
about one to one, respectively; the Sum of the 
number of moles of said aliphatic monocarboxylic 
acid and of said alkenyl Succinic acid anhydride 
reacted with each mole of said polyethylenepoly 
amine being no greater than (ac-1). 

14. The reaction product obtained by reacting 
an aliphatic monocarboxylic acid with a poly 
ethylenepolyamine having one more nitrogen 
atom per molecule than there are ethylene groups 
in the molecule and having between about two 
and about six ethylene groups per molecule, in a 
molar proportion varying between about one and 
about (ac-1) to one, respectively, wherein a rep 
resents the number of nitrogen atoms in the poly 
ethylenepolyamine molecule, to produce an inter 
mediate product, and reacting an alkenyl Succinic 
acid anhydride having between about ten carbon 
atoms and about twelve carbon atoms per alkenyl 
radical with said intermediate product, in a molar 
proportion varying between about (ac-1) and 
about one to one, respectively; the sum of the 
number of moles of said aliphatic monocarboxylic 
acid and of Said alkenyl Succinic acid anhydride 
reacted with each mole of Said polyethylene 
polyamine being no greater than ac. 

15. The reaction product obtained by reacting 
oleic acid with triethylenetetramine, in a molar 
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acted with each mole of said triethylenetetramine 
being no greater than four. 

16. The reaction product obtained by reacting 
oleic acid with triethylenetetramine, in a molar 
proportion of about, one to one, respectively, to 
produce an intermediate product, and reacting 
trisobutenyl succinic acid anhydride with said 
intermediate product, in a molar proportion of 
about two to one, respectively. 

17. The reaction product obtained by reacting 
dodecanoic acid with tetraethylenepentamine, in 
a molar proportion varying between about one 
and about four to one, respectively, to produce 
an intermediate product, and reacting an alkenyl 
Succinic acid anhydride having between about 
ten carbon atoms and about twelve carbon atoms 
per alkenyl radical with said intermediate prod 
uct, in a molar proportion varying between about 
four and about one to one respectively; the sum 
of the number of moles of said dodecanoic acid 
and of Said alkenyl succinic acid anhydride re 
acted with each mole of said tetraethylenepent 
amine being no greater than five. 

18. The reaction product obtained by reacting 
dodecanoic acid with tetraethylenepentamine, in 
a molar proportion of about two to one, respec 
tively, to produce an intermediate product, and 
reacting an alkenyl succinic acid anhydride hav 
ing between about ten carbon atoms and about 
twelve carbon atoms per alkenyl radical with said 
intermediate product, in a molar proportion of 
about three to one, respectively. 

19. The reaction product obtained by reacting 
Oleic acid with triethylenetetramine, in a molar 
proportion varying between about one and about 
three to one, respectively, to produce an inter 
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proportion varying between about one and about 
three to one, respectively, to produce an inter 
mediate product, and reacting triisobutenyl suc 
cinic acid anhydride with said intermediate prod 
uct, in a molar proportion varying between about 
three and about one to one, respectively; the sum 
of the number of moles of said oleic acid and of 
Said trisobutenyl Succinic acid anhydride re 
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mediate product, and reacting an alkenyl suc 
cinic acid anhydride having between about ten 
carbon atoms and about twelve carbon atoms per 
alkenyl radical with said intermediate product, 
in a molar proportion varying between about 
three and about one to one, respectively; the sum 
of the number of moles of said oleic acid and of 
said alkenyl succinic acid anhydride reacted with 
each mole of said triethylenetetramine being no 
greater than four. 

20. The reaction product obtained by reacting 
oleic acid with triethylenetetramine, in a molar 
proportion of about three to one, respectively, to 
produce an intermediate product, and reacting 
an alkenyl succinic acid anhydride having be 
tween about ten carbon atoms and about twelve 
carbon atoms per alkenyl radical with said inter 
mediate product, in a molar proportion of about 
one to one, respectively. 

2i. A mineral oil containing between about 0.01 
per cent and about 10 per cent by weight of the 
reaction product obtained by reacting oleic acid 
with triethylenetetramine, in a molar proportion 
of about one to one, respectively, to produce an 
intermediate product, and reacting triisobutenyl 
Succinic acid anhydride with said intermediate 
product, in a molar proportion of about two to 
One, respectively. 

22. A mineral oil containing between about 0.01 
per cent and about 10 per cent by weight of the 
reaction product obtained by reacting dodecanoic 
acid with tetraethylenepentamine, in a molar 
proportion of about two to One, respectively, to 
produce an intermediate product, and reacting 
an alkenyl Succinic acid anhydride having be 
tween about 10 carbon atoms and about 12 carbon 
atoms per alkenyl radical with said intermediate 
product, in a molar proportion of about three to 
one, respectively, 
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23. A mineral oil containing between about 0.01 REFERENCES CTED 
per cent and about 10 per cent by weight of the The following references are of record in the 
reaction product obtained by reacting oleic acid file of this at 
with triethylenetetramine, in a molar propor- O paten 
tion of about three to one, respectively, to produce 5 UNITED STATES PATENTS 
an intermediate product, and reacting an alkenyl Number Name Date 
Succinic acid anhydride having between about 10 2,194,419 Chwala ----------- Mar. 19, 1940 
carbon atoms and about 12 carbon atoms per 2,355,837 Wilson ------------ Aug. 15, 1944 
alkenyl radical with said intermediate product, 2,374,354 Kaplan ------------ Apr. 24, 1945 
in a molar proportion of about one to one, re- 0 2,473,577 De Groote et al. ---- June 21, 1949 
Spectively. 2,475,409 Smith et al. --------- July 5, 1949 

RALPH. W. WHTE. 2,490,744 Trigg et al. ---------- Dec. 6, 1949 
HENRY D. NORRS. 2,540,800 Trigg -------------- Feb. 6, 1951 
PHLP S. ANOS, 


