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This invention relates to the stabilization of 
aromatic amines during storage, either alone or 
when used as an anti-knock addition agent in a 
motor fuel. 
Aromatic amines such as aniline, toluidine, 

Xylidine, etc. are normally substantially colorless 
when freshly prepared or freshly distilled, but 
tend to darken in color during storage, the unde 
sirable result being greatly accelerated by storage 
at elevated temperatures. 

It is also known that motor fuels, especially 
cracked gasoline and Synthetic hydrocarbon fuel 
base stocks made by blending aromatics and acid 
treated cracked stocks with alkylates, hydro 
polymers, aromatic blending agents, etc., tend to 
deteriorate during storage with resultant discoli 
oration and gum formation. However, during the 
past fifteen years or so, a wide variety of differ 
ent types of chemical compounds has been studied 
for use as gum inhibitors in such fuels, and it has 
been found that many materials coming within 
two relatively large classes of chemical com 
pounds, namely alkylated phenols and amino 
phenols, have an oxidation inhibiting effect which 
serves to prevent such gum formation in motor 
fuels. On the other hand, neither of these two 
classes of compounds is of any value in stabilizing 
aromatic amines against discoloration and de 
terioration during storage, either alone, or in the 
presence of a major proportion of gaSoline base 
stock; in fact, amino phenols Such as normal 
butyl p-amino phenol, etc., generally accelerate 
the deterioration of the aromatic amines Such as 
xylidine. A few compounds have been found 
which have fairly good stabilizing effect on the 
aromatic amines but these are not as Satisfactory 
for some purposes as might be desired. 
One object of the present invention is to pro 

wide a different class of Stabilizer for the aro 
matic amines when used alone, and also to pro 
vide a more satisfactory stabilized motor fuel 
composition, 

Broadly, the invention comprises adding to the 
aromatic amine a small amount of a non-aro 
matic amine. This stabilizer is a Saturated or 
ganic amine and is preferably Selected from the 
class consisting of cycloaliphatic amines, alkyl 
amines, and alkylol armines. In all three of these 
groups of materials, the aaines may be primary, 
secondary or tertiary. For instance they may all 
be represented by the general formula, RinNH3-in, 
where R represents a cycloaliphatic, an alkyl, 
or an alkylol group, and in represents 1 to 3. 
Thus a primary amine coming within the general 
formula would have the subgeneric formula, 
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R-NH2, while a secondary amine would have the 
formula R2NH, and a tertiary amine would have 
the formula, R3N. In the case of secondary and 
tertiary amines, the several R groups inay be 
like or unlike and may be selected from any one 
of the three above mentioned types of compounds 
or from two or inore types. Instead of using pure 
compounds, one may use commercial products 
consisting essentially of the desired amines or. 
mixtures thereof, either together with minor 
amounts of harmless impurities, or even con 
taining a major proportion of substantially inert 
substance, which may for instance serve as a 
solvent. 

Specific examples of suitable cycloaliphatic 
amines for use in stabilizing aromatic amines, in 
clude cyclohexylamine having the formula 

methylcyclohexylanine CH3C6H16NH2, dimethyl 
cyclohexylamine (CH3)2C6Hg-NH2, ethylcyclo 
hexylamine C2H5C6H10-NH2, amylcyclohexyl 
amine C5H1 C6H10-NH2, dicyclohexylamine 

(C6H11)2-NH, etc. 
Among the alkyl amines which may be used as 

stabilizers, it is preferred to use those containing 
more than 5 carbon atoms per molecule, such as 
triethylamine (C2H5)3 N, dia, myl a mine 
(C5H11)2NH, dibutylamine (C4H9)2NH, dipropyl 
amine (C3HT) 2NH, monobutyl nonoamyl amine 
C4H9 (C5H11)NH, isooctyl (di- isobutyl) amine 
C8H17NH2, etc. 

Specific examples of suitable alkylolamines, in 
clude monoethanolamine HOC2H4-NH2, dieth 
anolamine (HOC2H4)2NH, etc. 
Mixed saturated organic amines may be used 

such as diainyi - no in O cyclohexy a lini in e 
(C5H11)2NC6H11, diamyl- monoethan olamine 
(C5H11) 2N-C2H4OH, etc. 
In the various above described non-aromatic 

amines containing aliphatic groups, these ali 
phatic groups may be either straight chained or 
branch chained and they may be attached to the 
amino nitrogen aton either through a primary 
(i. e. terminal) carbon atom or through a sec 
ondary or tertiary carbon aton (i. e. One which 
is in turn connected to two or three carbon atons 
respectively). 
Although the invention is intended to apply 

broadly to the stabilization of any type of aro 
matic amines, including aniline and alpha or beta 
naphthylamine, it is believed particularly appli 
cable to alkarylamines, especially those having 
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from 1 to 3 alkyl carbon atoms. The invention 
has been found very successful for the stabiliza 
tion of xylidine, either the pure separate isomers 
or mixtures thereof or relatively crude or par 
tially or highly refined commercial products Con 
taining the same, as for instance a commercial 
xylidine product made by hydrogenation of ni 
troxylene. Xylidine has the general chemical 
formula (CH3)2C6H3NH2. The two methyl groups 
in these xylidines may have various positions 
around the ring, in relation to the position of the 
amino group, e. g., 2,3-; 3,4-; 2,6-; 2,4-; or 2.5-. 
Other alkarylamines which may be stabilized in 
clude the toluidines, ortho, meta, or para, or mix 
tures thereof, the several ethyl anilines, cumidine 
(which is isopropyl aniline), etc. Dialkylated or 
trialkylated arylamines are preferred. Although 
the invention is particularly applicable to Such 
alkarylamines, it may also be used for stabilizing 
aniline, naphthylamine, and various derivatives 
thereof with either or both of the hydrogens of 
the amino group Substituted by hydrocarbons, 
i. e. either alkyl or aryl groups, e. g. N-mono 
methyl aniline, N-dimethyl aniline, N-monoethyl 
aniline, N-dimethyl toluidine, N-dimethyl Xyli 
dine, N-monomethyl Xylidine, etc. Thus although 
the invention is particularly applicable to alkary 
primary amines, other amines. Such as Secondary 
and tertiary may also be used. Also, alkaryl pri 
mary and secondary diamines may be used, such 
as N,N'-dibutyl paraphenylene-diamine, etc. 
The invention applies to aromatic amines made 
by any process, but particularly to those made by 
hydrogenation-reduction from the corresponding 
nitro aromatic compounds by the use of finely 
divided iron and hydrochloric acid. 
The various above described aromatic amines, 

after being stabilized by having added thereto a 
small amount of a non-aromatic amine as de 
Scribed above, may be used alone for example as 
a dye intermediate, where discoloration of the 
aromatic amines is particularly objectionable, or 
they may be used together with a diluent such as 
a hydrocarbon solvent, e.g. a naphtha, or a gaso 
line for use as a notor fuel. The alkaryl amines, 
e.g. Xylidine, are particularly valuable for their 
anti-knock properties in motor fuels, especially 
for aviation engines, either with or without a 
metallo-organic anti-knock agent such as the 
various lead alkyls e. g. tetraethyl lead, tetra 
methyl lead, dimethyl diethyl lead, etc. The sta 
bilized aromatic amines may also be diluted with 
alcohols, isopropyl ether, or other organic sol 
vents or high octane blending agents to form the 
mixtures suitable for de-icing and knock sup 
pression in aircraft engines. Such hydrocarbon, 
alcohol, or other organic diluent may be present 
in amounts ranging from only a few per cent up 
to 10, 20 or even 100 times the volume of the 
aromatic amine. 
The amount of the stabilizer to be used will 

vary according to the intended duration of storage 
and the temperature of storage, as well as accord. 
ing to the particular aromatic amine being sta 
bilized and the particular stabilizer used, and will 
also depend upon whether the aromatic amines 
are to be stored alone or whether they are first 
to be added to a substantially larger volume of 
Some diluting liquid such as the gasoline motor 
fuel base stock and then the resulting blend 
stored. Generally, however, if the aromatic 
amines are to be stored alone, or substantially 
alone, i. e. with less than one volume of diluent 
per Volume of aromatic amines, then the amount 
of Stabilizer to be used should be about 0.01% 
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4 
to 0.5% by weight, and usually about 0.05% to 
0.3% by weight of stabilizer will be best for com 
mercial stabilization purposes. On the other 
hand, if the arolinatic amines are added in a Coil 
centration of 0.1% to 3% or even up to 5% by 
volume to a gasoline base stock or other diluting 
liquid, the amount of the non-aromatic amine 
stabilizer to be used should be about 0.01% to 
0.5% by weight, preferably about 0.05% to 0.3% 
by Weight, on the amount of aromatic amine 
present, or about 0.0002% to 0.01%, preferably 
about 0.001% to 0.006%, by weight based on the 
total motor fuel or other blended composition. 
Intermediate amounts of stabilizer may be re 
quired for instance for stabilizing an aromatic 
amine anti-knock agent concentrate in gasoline, 
for instance a 20% by volume solution of xylidine 
in a refined gasoline base Stock, which may then 
later be added in desired proportion to a larger 
amount of motor fuel base stock to make a fin 
ished motor fuel blend containing Xylidine in the 
desired proportion of for instance about 0.5% to 
2%. 
In carrying out the invention, it is preferred to 

add the stabilizer to the aromatic amine as soon 
as the latter has been prepared, e.g. reduced from 
the corresponding aromatic nitro compound, or 
immediately after distillation, the latter being 
preferably carried out under an inert atmosphere 
such as nitrogen so that a water-white distillate 
is obtained for stabilization. 
The objects, advantages, and details of the 

invention will be better understood from a con 
sideration of the following examples and experi 
mental data. 
Although amino phenol type inhibitors, such as 

n-butyl para amino phenol, are accepted for use 
in normal aviation gasoline containing no xyli 
dine, they have proven detrimental to the color 
of xylidine and to the color of aviation gasoline 
blended with Xylidine, as indicated by the follow 
ing tests, where the amount of color degradation 
is indicated by the relative reduction from 100% 
transmission of light of 550 millimicron wave 

5 length, before the test, to the various percentages 
indicated after the completion of 4 hours' heat 
ing at 158 F. or after 6 months’ storage in a hot 
desert climate (approximate average temperature 
about 90° to 100°F. or higher). 

Per Cent Trans 
mittance at 550 

mmu after 4Four's 
at 156 °F. 

Inhibitor Added (0.2--by wt.) 

Xylidine---------------------- 
Xylidine--inhibitor Al 
Xylidine--inhibitor B. 
Xylidine-inhibitor C. 

Color after 6 

Desert-Per Cent 
Transmittance 
at 550 Inmu 

Base Fuel--0.0032% i inhibitor B- 90.9 
Base Fuel--2% xylidine--0.0032%. 1 inhibitor C. 31, 3 

1 Concentration of 1 lb.f5,000 gal. 
Inhibitors A, B and C used in the above test 

are all commercial products marketed for inhib 
iting gum formation in motor fuels, especially 
in aviation gasoline (not containing aromatic 
amines). 
is believed to be 2,4-dimethyl, 6-tertiary butyl 
phenol, The active ingredient in both inhibitors 

Months' Storage in 

The active ingredient in inhibitor A: 
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B and C is n-butyl p-amino phenol, the -essen 
tial difference between the two being the nature 
of the -alcoholic solvent present. 

ihe above tests indicate-clearly that inhibitors 
A, B and C are actually detrimental in that, they 
accelerate the color degradation of the xylidine 
per se in an acceelerated storage test, as well as 
When present in an aviation gasoline base stock, 
consisting essentially of a blend of virgin naph 
'tha, acid-treated catalytically cracked naphtha, 
hydropolyner, alkylate blending agent, isopen 
tane, aromatic blending stocks and stperfrac 
tionated isohexane. 
In making the above described tests, the per 

cent light trainSaittance was determined by use 
of Coleman Universal Spectrophotometer, model 
11, according to Standard procedure, 
Other amino phenol type inhibitors which are 

known to be detrimental to the color of xylidine 
or to aviation fuels containing Xylidine, are iso 
butyl p-amino phenol and the phenylene di 
annineS. 

For Some unknown reason, a different class of 
Well known inhibitors for gasoline, i. e. the al 
kylated phenol inhibitors, have been found com 
mercially acceptable for use in aviation gaso 
lines containing xylidine. This merely means 
that these alkylated phenol inhibitors protect the 
gasoline against gun formation without actually 
accelerating the color degradation of the xylidine 
or other aromatic amines present. However, as 
shown by the following test, such alkylated phe 
nols are not effective in preserving the color of 
the xylidine. 

Time for Reduc 
tion to 10% 
Transmittance 
at 550 innuhours 
at 58° F. 

Technical Xylidine.----------------------- 46 
Technical--0.2 wt. percent inhibitor O.--- 43 
Technical--0.2 wit percent inhibitor El -- 0. 
Technical--0.2 wt. percent inhibitor F. ----- 38 

These tests show that whereas xylidine itself 
required 46 hours for a color degradation from 
100% to 10% transmittance, the use of 0.2% of 
Various alkylated phenol inhibitors did not Sub 
Stantially change that time. The active ingredi 
ents in these three inhibitors respectively are: 
in inhibitor D an alkyl phenol (detailed struc 
ture not known), in inhibitor E 2,4 dimethyl 
6-tertiary butyl phenol, and in inhibitor F a 
reaction product of p-cresol with isobutene be 
lieved to be a 2,6-di-tertiary butyl p-cresol. 
Other alkylated phenols which are known to 

be satisfactory for inhibiting gum formation in 
aviation gasoline, and which are either known 
Or believed to be without Serious detrimental ef 
fect on the color of Xylidine, are the alkyl phe 
nols derived from petroleum. 

Eacample I 

In contrast to the various tests listed above, 
it has been found according to the present in 
vention, that non-aromatic amines, especially 
saturated cycloaliphatic amines, alkyl amines and 
alkylol amines, are far Superior to the amino 
phenols and alkylated phenols for use in aro 
matic amines either alone or in the presence of 
a motor fuel base Stock, because these saturated 
amines not only are not detrimental to the color 
of the aromatic amines but actually have a posi 
tive and beneficial effect in preventing the color 
degradation of the aromatic amines during stor 
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6 
age. The following table shows the favorable re 
Sults obtained with 0.2% by weight of -dimethyl 

: Cyclohexylainine in some commercial xylidine 
made by reducing nitro-xylene by finely divided 
iron and hydrochloric acid, as compared to the 
Sarine COIncentration of inhibitor E) (referred to 
above) and compared to a sample of the same 
Xylidine without any inhibitor or stabilizer. 

Time for Reduc 
|tion to 10% 
Transmittance 
at 550 Inahours 
at 58°E. 

Xylidine--------------------------------------- 52 
Xylidine--0.2 wt.% inhibitor D-------- 52 
Xylidline--O.2it.% dinnethylcyclohexylamine 08 

"These tests show that 0.2% by weight of di 
methyl cyclohexylamine more than doubles the 
Storage stability of the particular sample of xyli 
dine being tested, and that under the same con 
ditions inhibitor D has no stabilizing effect what 
SOeWe. 

Eacample II 
Another series of tests was inade similar to 

those of Example I except that a different sam 
pe of conneccia Xylidine was used, and in this 
Casa three different non-aromatic airlines were 
used as stabilizers, with the following results: 

Time for. Reduc 
tion to 10% 
Transmittance 
at 50mmu hours 
at 58°F. 

Xylidine--------------------- 9 
Xylidine--Triethylamine 50 
Xylidine--Cyclohexylamin 50 
Xylidine--Mono-ethanolamine------ 47 

These tests show that whereas the sample of 
Xylidine required only 19 hours' storage at 158 
F. for a reduction from 100% to 10% transmit 
tance of light at 550 mmu wave length, addition 
of 0.2% by Weight of triethylamine increased 
the time to 50 hours, cyclohexylamine increased 
it also to 50 hours, and mono-ethanolamine in 
creased it to 47 hours, thus in all three cases 
more than doubling the storage stability of the 
Xylidine. 

Eacample III 
To show that the non-aromatic amine used 

for stabilizing the xylidine, and the alkylated 
phenol used for stabilizing the gasoline base 
Stock, are compatible with each other, several 
blends were prepared and tested for color de 
terioration after subjection to the Modified Army 
Gun Oxidation test with the following results: 

Average Overall Per cent 
Transmittance (400-600 
mmut) after Modified Army 
Gun Oxidation, Expressed 
as Per cent of the Trans 
mittance of the Base Fuel 
after Same Oxidation Pro 
cedure 

Gasoline-19, xylidine -------------. 85 
Gasoline-inhibitor D------- 9. 
Gasoline--inhibitor-dime yley 
clohexylamine--------------------- 95 

These tests show that when fresh (unstored) 
Xylidine is added to a gasoline base stock, an 
aikylated phenol such as inhibitor D, referred 
to previously, which is useful for stabilizing the 
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gasoline against gum formation, is compatible 
with both the gasoline base stock and the xylidine 
in that it does not accelerate color deterioration, 
and in fact even makes a slight improvement in 
the color, and that the further addition of di 
methylcyclohexylamine to the blend in order to 
stabilize the xylidine during storage, does not 
alter the compatibility of the several ingredients 
of the final blended composition, as indicated 
by a color test after the Modified Army Gium 
Oxidation test. It should be understood of course, 
that fresh Xylidine added to a gasoline contain 
ing alkylated phenol inhibitor Would be stable 
Without dimethylcyclohexylamine, but Xylidine 
which had been stored for a time would require 
the dimethylcyclohexylamine throughout the 
storage period to yield a stable fuel when added 
to a gasoline containing an alkylated phenol. 
The mixture prepared by blending xylidine plus 
dimethylcyclohexylamine stabilizer with a gaso 
line to which an alkyl phenol inhibitor had been 
added would therefore possess permanent prop 
erties, i. e. storage stability, superior to those 
of a fuel containing only Xylidine, gasoline, and 
the alkylated phenol. 

It is not intended that this invention be limited 
to the particular materials, which have been re 
cited merely for the sake of illustration, but only 
by the appended claims in which it is intended to 
claim all novelty inherent in the invention as 
well as all modifications coming within the scope 
and spirit of the invention. 
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What is claimed is: . . . 
1. Method of stabilizing xylidene against dis 

Coloration during storage, which comprises 
adding to the xylidene 0.01 to 0.5% by weight 
of a monocyclohexylamine. 

2. A color stabilizing xylidene containing 0.01 
to 0.5% by weight with respect to the xylidene 
of a monocyclohexylamine. 

3. A color stabilized xylidene containing 0.01 
to 0.5% by weight with respect to the xylidene 
of dinnethyl cyclohexylamine. 

4. A color stabilized xylidene containing 0.01. 
to 0.5% with respect to the xylidene of cyclo 
hexylamine. 

CHARLES E. STARR, JR. 
FRANCIS T. RATIFF. 
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