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This invention relates to the Stabilization of 
Organic materials normally susceptible to deteri 
oration. More particularly our invention relates 
to the inhibition of attack by oxygen and the 
prolongation of the useful life of oxygen-sensi 
tive materials. This invention is further dis 
closed in applicants' co-pending application, 
Serial Number 277,336. 

Hydrocarbon fuels for internal combustion 
engines may be broadly classified into three 
categories, according to the use for which they 
are intended; fuels for automotive Spark ig 
inition engines, fuels for aircraft Spark ignition 
engines, and fuels for compression ignition en 
gines. Although each such fuel is composed 
essentially of hydrocarbons, the stability char 
acteristics during the manufacturing process and 
Subsequent storage and use, particularly in the 
presence of oxygen, differs considerably for each 
type. For example, typical automotive fuels 
contain straight and branched chain aliphatics, 
olefins, naphthenes and some aromatics, while 
typical aircraft fuels contain smaller proportion 
of olefins. In recent years fuels for compres 
Sion ignition engines have Contained an increased 
proportion of cracked stocks, resulting in a high 
er olefin content and consequent increase in the 
susceptibility to gum formation. The effect of 
the deterioration of the fuel upon each type of 
engine may differ, but equivalent processes of 
deterioration occur in each fuel. For example, 
the formation of gum in fuels designed for use 
in spark ignition engines interferes with normal 
operation of the ignition System and valves, 
while the formation of such gummy materials 
in compression ignition engine fuels interferes 
with the normal operation of the fuel filters and 
injectors in Such engines. 
In general, the hydrocarbons present in auto 

motive gasolines are more Susceptible to degra 
dation than those comprising aircraft fuels. 
However, both automotive and aircraft fuels are 
commonly blended with tetraethyllead before 
use. Such blending imposes a further point of 
instability in the finished fuel, since the tetra 
ethyllead is susceptible to some deterioration by 
contact with oxygen during the blending, stor 
age and handling operations, with consequent 
formation of haze, loss of some antiknock value, 
and lessened performance in the engine. This 
point of attack is often overlooked and is Or 
dinarily unimportant in automotive fuels, as the 
protective measures necessary for the base stock 
are usually more than sufficient to protect the 
tetraethylead. If, however, a stabilizing in 
gredient were added which is capable of protect 
ing only the fuel, the attack upon the tetraethyl 
lead would then become apparent. In aircraft 
fuels the protection must center upon the anti 
knock additive, as the fuel itself is relatively 
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stable. Furthermore, this phase of the problem 
becomes relatively more important in aircraft 
fuels, since the tetraethyllead content of such 
fuels is generally several times that present in 
automotive fuels. 

Heretofore, the protection of fuels for internal 
Combustion engines effectively against the two 
above-described separate but related deleterious 
effects of contact with oxygen during the refin 
ing, manufacturing, blending, storage and han 
dling Operations has been accomplished only 
With difficulty. Furthermore, because of the 
Specifications imposed on such fuels by the rigid 
requirements of present day engines, particu 
larly aircraft engines, it is essential that any 
material used to protect such fuels against de 
terioration be effective in extremely small quan 
tities, on the order of one pound of additive per 
five thousand gallons of fuel, so that secondary 
problems do not arise through their use. 

Similarly, Synthetic and natural elastomers 
are SuSceptible to absorption of oxygen with con 
Sequent destruction of certain useful physical 
properties and with the introduction of certain 
properties which render articles manufactured 
from Such elastomers of limited utility. By ab 
Sorption of oxygen such elastomers deteriorate 
prematurely, lose tensile strength and flexibility, 
and become discolored and embrittled. While 
certain materials have been proposed for the 
protection of such elastomers from the delete 
rious action of oxygen, most of such protective 
Substances, as for example (3-naphthol, possess 
the Serious disadvantage, particularly with re 
Spect to light colored stocks, that their own 
degradation products are themselves colored and 
hence interfere with the color fastness of the 
Stocks being protected. 

Further examples of materials which must be 
protected from the deleterious effects of oxygen 
include mineral oils, such as lubricating oils, 
Soaps, certain perishable foodstuffs, such as ani 
mal and vegetable oils and fats, and synthetic 
unsaturated organic materials. In general, such 
Organic Substances may require protection at 
any time during the processes of manufacturing, 
handling, storage and use when they become 
exposed to and absorb oxygen with deleterious 
effects. 

It is therefore an object of our invention to 
provide means for protecting such organic sub 
Stances which deteriorate in or are affected ad 
Versely by oxygen. It is a further object of our 
invention to provide a class of mixtures which 
provides the required protection against the 
formation of gummy oxidation and polymeriza 
tion products of unstable hydrocarbons on con 
tact with Oxygen at reduced levels of additive. An 
other object of our invention is to provide means 
for increased stabilization of hydrocarbon fuels 



3 
for internal combustion spark, and compression 
ignition engines during the manufacturing, haia 
dling and storage of such fuels prior to their use 
without increasing the total amount of staio 
lizing additive. 
invention to provide means for reducing the 
antioxidant requirement of unstable organic ma 
terials. A still further object of our invention 
is to provide hydrocarbon fuels containing tetra 
ethyllead which do not deteriorate in contact 
with oxygen with the resultant formation of gum, 
haze and tetraethylead oxidation products. It 
is also an object of our invention to provide fuels 

Likewise, it is an object of our 5 

O 

containing tetraethylead in which there is essen 
tially no loss in performance characteristics due 
to such deterioration of the tetraethyllead dur 
ing blending, storage and handling. Tikewise it 
is an object of our invention to provide means 
for preventing embrittlement, discoloration, loss 
of tensile strength and other harmful effects in 
elastomers during the milling, compounding, 
fabrication, storage, handling and use of such 
elastomer stocks. A further object of our inven 
tion is to provide means for protecting other 
perishable natural or synthetic organic materials 
from the adverse effects of contact with oxygen. 
Still further objects of our invention will appear 
from the description of our invention as here 
inafter disclosed. The above objects can be accomplished by 
practicing our invention which comprises adding 
to oxygen-sensitive organic materials a small 
proportion of a composition comprising aryl 
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3,667,682 
method of the American Society of Testing Ma 
terials for determination of the oxidation stab 
ility of gasoline (induction period method), 
ASTM designation: D525-46, as fully described 
in Fart III-A, ASTM Standards for 1946. AC 
cording to this method the induction period is 
the period during which there is no absorption of 
Oxygen by the test material as indicated by a 
drop in pressure, when placed in a testing bomb 
maintained at a temperature of 100° C. With an 
initial pressure of 100 pounds per square inch 
gauge of oxygen. The induction period increase 
(IPI) is the increase in the duration of this 
period caused by the addition of a protective 
Substance, and is a direct measure of the protec 
tion afforded by such additive. Thus, the longer 
the IPI the more effective is the stabilizer. On 
the contrary, certain substances exert a pro 
OXidant effect in which a negative.IPI is obtained, 
that is, the duration of the induction period, 
or period of no absorption of oxygen, is less than 
if the absence of the additive. 
It is well known in the art of protecting gaso 

line from oxidation that the susceptibility to 
Oxidation of gasoline varies significantly with dif 
ferent types of gasolines. Furthermore, it is 
likewise well known that the efficiency of any 
antioxidant, and, therefore, the minimum con 
centration required, will vary greatly from gaso 

Therefore, in order to show 
the general applicability of the compounds of 

amine antioxidant materials and substances 
derived from the class of mercaptains. 
We have made the discovery that certain or 

ganic mercaptains, themselves incapable of pro 
tecting organic materials from deterioration in 
the presence of oxygen, have the property of 
greatly increasing the effectiveness of previous 
ly known antioxidants of the arylamine type. 
Such mercaptains we refer to hereinafter as syn 
ergists. The mercaptains - of our invention in 
clude those which contain hydrocarbon radicals, 
Selected heterocyclic radicals, and certain 
functionally substituted hydrocarbon radicais. 
Among the hydrocarbon radicals which we have 
found to be effective substituents of the mercap 
tans of our invention are alkyl, aryl and aralkyi. 
AS examples of heterocyclic radicals effective in 
Our mercaptains we include the furfuryl group 
and the inidazolidine group. The functionally 
Substituted hydrocarbon radicals of our syn 
ergistic mercaptains include -carbalkoxy groups, 
aS in the alkylthioglycolates. 
We have found that the replacement of a por 

tion of the arylamine antioxidant of a stabilized 
composition with an equal weight of our syner 
gistic mercaptains, themselves incapable of pro 
Viding oxygen stabilization, results in a stab 
ilized composition which is more resistant to 
attack by Oxygen. Furthermore, to attain a 
Specified degree of oxygen stability... the required 
amount of our arylamine-mercaptain mixture is 
less than the required amount of the arylamine 
antioxidant alone. For convenience in referring 
to known antioxidants hereinafter the following 
letters are assigned thereto: 
N,N'-di-Sec.-butyl-p-phenylenediamine- A. 
N-n-butyl-p-aminophenol------------------- B 
N-isobutyl-p-aminophenol ---------------- C 
N,N'-di-f3-naphthyl-p-phenylenediamine. D 

The absorption of oxygen by hydrocarbon 
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Our invention to the solution of this problem, and 
at the same time not present in detail the large 
amount of data. So obtained, we have listed in Tables I and II representative induction period 
increases obtained with a variety of test gaso 
lines. The gasolines used in obtaining the data 
presented herein were all commercial blending 
Stocks or finished gasolines and included the 
following types: An average-response gasoline 
containing 20 per cent olefins and 14 per cent 
aromatics, the remainder being paraffins and 
naphthenes; a gasoline containing approxi 
mately 38 per cent olefins, 33 per cent aromatics, 
and the remainder paraffins and naphthenes; a 
gasoline containing .18 per cent olefins and 24 
per Cent aromatics; a high-sulfur gasoline con 
taining 0.21 per cent Sulfur; and a gasoline con 
taining 28 per cent olefins and 18 per cent aro 
naticS With medium sulfur content. 
The ASTM method employed to illustrate the 

activity of the compounds of our invention as in 
Tables I and II is a reliable indication of the 
efficiency of a stabilizing material within the test 
limits of plus 10 minutes and minus 10 minutes. 
Materials exhibiting an effect near these limits 
are essentially inert. To obtain the results shown 
herein, 6 milligrams of the additive was dissolved 
in 100 milliliters of the gasoline. Where the so 
ubility characteristics of the material were such 
that this concentration could not be obtained, a 
Small amount of a solubilizing agent, such as 
ethyl or isopropyl alcohol, was added in amount 
up to 2 per cent of the gasoline. 

TABLE, 

Effect on induction period increase of gasolines 
T -- 

Synergist PI 

Amyl mercaptan----- -5 
Dodecyl nercaptain. -65 
Furfuryl mercaptain-- -20 
2-mercapto-imidazolidine--------- --20 
Isopropylthioglycolate-----------------...... -70 

fuels can be measured directly by the standard 75 - r - - - - - - 
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From Table I it is clear that the synergizing 
components of the antioxidant mixtures of our 
invention are essentially inert or act as pro-Oxi 
dants. Other mercaptains of Our invention. Which 
do not exhibit an antioxidant effect when emi 
ployed alone in gasoline include allyl mercaptain, 
t-butyl mercaptain, benzyl mercaptain, 2-mer 
capto-4-methyl-inidazolidine, ethyl thioglyco 
late and butyl thioglycolate. 
The effectiveness of the mercaptains of our 

invention as Synergists is shown in Table II, 
Wherein the mercaptains were added to the test 
gasoline in admixture with known antioxidants. 
We have listed in Table II the increase in the 
induction period of the So-treated gasoline at a 
total Concentration of 6 milligrams of the syner 
gistic mixture per 100 milliliters of gasoline, and 
the increase in the induction period of the test 
gasoline treated with the arylamine antioxidant 

0 

5 

alone at the same concentration of 6 milligrams 20 per 100 milliliters of gasoline. 
ABLE 

5 
table. Further examples of the compounds of 
our invention which produce a Synergistic effect 
With antioxidant materials include ally mercap 
tan, benzyl mercaptain, 3-propyl-2-mercapto 
inidazolidine and octyl thioglycolate. 
We have demonstrated the efficiency of the 

Synergistic mixtures of our invention in pre 
venting undue formation of gum in automotive 
gasolines by storing such gasolines containing 
then for long periods, and determining from time 
to time the gum content of the fuel. The quan 
tity of gun SO-formed was compared with that 
formed in the presence of known antioxidants 
and in the untreated gasoline. Two commercial 
notor gasolines, consisting of 27 and 38 per cent 
olefins and initially containing 0.6 and 0.8 milli 
gram of gun per 100 milliliters, were employed. 
For each demonstration duplicate amber quart 
bottles were filled with one pint of the gasoline 
With or Without an additive. The bottles were 
Stoppered and Stored in the dark at a temper 

Effect on induction period increase of gasoline 

Percent of P with 
Synergist in mg/100 m. 

Anti 
oxi 

IP With 6 
mg/100 ml. 

dant Imixture of antioxidan 

Amyl nercaptain-- - A 33 250 
t-Butyl mercaptain - A. 25 30 
Dodecyl mercaptain - A 25 300 
Dodecyl mercaptain-- A. 50 235 
Furfuryl Imercaptain.------ A. 33 250 
2-mercapto-imidazolidine. A 33 250 
Ethylthioglycolate------- A. 25 300 
isopropylthioglycolate---- B 33 340 

9----. Isopropylthioglycolate---- C 33 335 
10----. Butyl thioglycolate------- A. 25 365 

t of synergistic 
mixture 

365 
485 
470 
325 
370 
380 
480 
405 
410 
550 

By reference to Table II the increase in pro 
tection afforded to an unstable gasoline at the 
same total weight of additive, achieved by re 
placing a portion of the known antioxidant ma 
terial by the mercaptains of our invention, is apparent. 
cent of antioxidant A. With an equal Weight of 
t-butyl mercaptain increases the induction period 

40 

Thus, for example, replacing 25 per 

45 

ature of 110 F. Every four weeks the bottles and 
their content.S. Were cooled to room temperature 
and the Stoppers were removed for two hours to 
permit access to the air. Every 8 weeks a sample 
of the fuel mixture was removed and the dis 
solved gum therein was determined by the so 
called 'air-jet evaporation' method, ASTM des 
ignation: D381-46, fully described in ASTM 

increase of the fuel Over 60 per cent. Stated Standards for 1946, Part III-A. 
TABLE II 

Effect on gum in motor gasoline 

Increase in gumontent, Ing./100 
Conc., rng. No. Additive 100ml. f 

8 16 24 32 
weeks weeks weeks weeks 

(Gasoline #1) 
1------ Antioxidant A (50%)--2- 3 1.2 1.0 3.8 3.7 mercapto-imidazolidine 

(50%). 
2------ Antioxidant A-------------- 1.5 2.5 2, 3 5.3 7.3 
3------ None------------------------------------ 3.1 15.0 109.4 407.9 

(Gasoline #2) 
4------ Antioxidant A (50%) -- ethyl 3.0 2.3 3.5 4.6 5.2 thioglycolate (50%). 
5------ Antioxidant A.-------------- 1.5 1.0 2.5 6.9 7.3 
6------ None.------ ------------------------------ 8. 43.1 131.6 326, 

differently, 6 milligrams of Synergistic mixture 
No. 2 in Table II is equivalent to almost 10 
milligrams of antioxidant A, although t-butyl 
mercaptain alone is not an antioxidant. Thus, to 
obtain an IPI of 300, as in No. 2, only 3.8 milli 
grams of our mixture would be required, con 
taining 2.85 milligrams of antioxidant A and 0.95 
milligrams of t-butyl mercaptain. Similar con 

As shown in Table III by incorporating the 
mercaptains of our invention, which by them 
selves are not antioxidants, into gasoline con 
taining materials known to be antioxidants, a 
substantial reduction in the amount of gum 
formed during storage was obtained compared to 
the gasoline containing the antioxidant alone. 
In this comparison, Our Synergists Were used in 

siderations apply in each of the examples of the 75 addition to known antioxidants, and resulted in 
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improved storage stability of the fuel. As a fur 
ther embodiment we have replaced part of the 
antioxidant material With Our SynergistS, there 
by obtaining equivalent protection but utilizing 
for the purpose a Smaller quantity of the anti 
OXidant. 
To illustrate the protection afforded to hydro 

carbon Solutions of tetraethylead by the corn 
pounds of our invention we conducted a Series 
of tests in which hot-acid isooctane containing 
4.6 milliliters of tetraethylead per gallon was 
heated at a temperature of 100° C. in a stainless 
steel bomb with oxygen added to an initial pres 
Sure of 100 pounds per Square inch gauge. Un 
der these conditions the pressure in a bomb Con 
taining cally isooctane and a tetraethylead anti 
knock mixture underwent a sharp drop after four 
hours, indicating absorption of oxygen by the 
fuel mixture. Various amounts of known anti 
oxidants and our synergistic mixtures were there 
upon added until it was determined at what 
minimum concentration the pressure in the bomb 
did not drop during a period of 16 hours at a 
temperature of 100° C. Thus, the effective con 
centration shown in Table IV is the minimum 
quantity of additive required, expressed as milli 
grams per 100 milliliters of fuel, to afford at least 
a four-fold increase in the stability of the fuel. 

TABLE IV 

Stabiliadition of isooctane containing 
tetraethylead 

Effective conc, 
No. Additive mg-f100 ml. 

l------------------ Antioxidant A (67%)--2-mer- 0.2 capto-imidazolidine. 
2------------------ Antioxidant A.---------------- 0.4 
3------------------ 2-Alercapto-imidazolidine------ >2, 3 

By reference to Table IV it is clear that by 
replacing one-third of the arylamine antioxidant 
by a synergist of our invention, the mixture is 
effective at one-half the concentration required 
for the antioxidant alone. This result is ob 
tained with a synergist which, when employed 
alone, fails to protect the fuel at over eleven times 
the effective concentration of the mixture of Our 
invention. 
A further class of organic SubstanceS Sensi 

tive to oxygen comprises the elastomers, natural 
and synthetic. To illustrate the utility of the 
synergistic mixtures of our invention in protect 
ing such cubs sances we selected a natural rub 
ber compounded into a typical tire-tread formula. 
One requisite of such stocks is that the desir 
able properties incorporated therein by careful 
Selection of the compounding ingredients and 
cure time shall be maintained during extended 
periods of storage or use in the presence of 
oxygen. Comparison of various rubber stocks is 
best carried out on stocks initially having the 
same state of cure. The most reliable means for 
determining the state of cure is by the T-50 test, 
ASTM designation: D599-40T, described in the 
ASTMI standards for 1946, Part II-B. This test 
measures the temperature at which a test piece 
recovers its elasticity when it is stretched at 
room temperature, frozen at a sufficiently low 
temperature to cause it to lose its elastic prop 
erties, and then gradually warmed. In practice 
the temperature noted is that at which the Sam 
ple recovers to 50 per cent of the original elon 
gation and is, therefore, referred to as the T-50 
value. In the examples that follow Stocks for 
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testing and comparison were cured for a time 
sufficient to have a T-50 value of -1. C., so that 
a valid comparison of the properties could be 
made. The accelerated aging was conducted by 
the procedure of ASTM designation: D572-42, de 
Scribed in the ASTM Standards for 1946, Part 
III-B, for a period of 96 hours at a temperature 
of 70° C., with an initial oxygen pressure in the 
test bomb of 300 pounds per Square inch gauge 
on specimens showing the following composition: 

Parts by weight 
Smoked sheet -------------------------- 100.00 
Carbon black -------------------------- 45.00 
Zinc oxide ----------------------------- 5.00 
Stearic acid --------------------------- 3.00 
Pine tar oil ---------------------------- 2.00 
Sulfur -------------------------------- 3.00 
Mercapto-benzothiazole ---------------- 0.65 
Stabilizing ingredient ------------------ 1.00 

159.65 

io demonstrate the protection afforded to the 
rubber by the mixtures of Our invention, the ten 
Sile Strength and the ultimate elongation of 
Stocks prepared with the addition of a synergistic 
mixture of our invention Were determined before 
and after aging. These properties were com 
pared with the same properties determined on an 
identical rubber stock protected by the arylannine 
antioxidant alone, and finally with a stock not 
protected by an inhibitor. Both of these prop 
erties were determined by means of the test pro 

35 

40 

cedure of ASTM designation: D412-41, fully de 
scribed in ASTM Standards for 1946, Part III-B. 
The tensile strength is the tension load per unit, 
CrCSS-Secticinal area, required to break a test 
Specimen, while the ultimate elongation is the 
elongation at the moment of rupture of a test 
Specimen. A decrease in the values for either of 
these properties upon aging represents a de 
Crease in the usefulness of the article fabricated 
therefrom, so that the degree to which these 
properties are retained is a direct measure of 

- the utility of the protective substance. 
5 
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TABLE W 
Effect on aging properties of rubber 

Percent of original 
retained after aging 

No. Antioxidant 
Tensile Ultimate 
Strength Elongation 

1--------- Antioxidant D(67%)--2-mer- 53.7 83.0 capto-imidazolidine (33%). 
2--------- Antioxidant D---------------- 43.8 S9.4 
8--------- None-------------------------- 2.5 55.0 

By referring to Table V it is apparent that 
both Nos. 1 and 2 are effective in promoting re 
tention of the tensile strength and ultimate elon 
gation over the control which contained no pro 
tective additive (No. 3). However, by replace 
ment of one-third of the known antioxidant by 
the Synergistic material of our invention, not 
Only was protection maintained, but an increase 
in retention of the original physical properties 
resulted. 
The quantities of the mixtures of our invention 

incorporated in the materials to be stabilized are 
not critical and depend largely upon the type of 
filaterial being Stabilized and the conditions un 
der which the exposure to oxygen occurs. For 
example, with gasolines, tetraethylead, mineral 
oils and similar materials the mixtures of our 
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invention are preferably employed in concen 
trations between the limits of approximately 0.1 
and 15 milligrams per 100 milliliters of material 
to be stabilized. For other materials, such as for 
example elastoners, both natural and synthetic, 
Somewhat largeir amounts of the Stabilizers Of Our 
invention are preferred and can be tolerated. 
Thus, in Such inaterials We employ between ap 
proximately 0.1 and 2 parts of synergistic mix 
ture per 100 parts of oxidizable material. Thus, 
Our mixtures can be satisfactorily employed in a 
Wide range of concentrations, and we do not in 
tend that our invention be restricted to the Spe 
cific quantities mentioned herein. 

Furthelinore, we do not mean to be restricted 
by the ratios of synergistic mercaptain to aryl 
amine antioxidant employed in the specific emi 
bodiments of our invention disclosed herein by 
way of examples. Such ratios will be determined 
in part by the nature of the material to be sta 
bilized, in part by the Specific arylamine emi 
ployed and in part by the specific synergistic 
mercaptain. In general, however, we prefer to 
employ between about 30 and 100 parts by Weight 
of mercaptain to 100 parts by weight of aryl 
annine. 
We have disclosed a number of preferred em 

bodiments of our invention and illustrated sev 
eral means whereby protection can be afforded 
to organic materials sensitive to attack by oxy 
gen. Our invention is not intended to be limited 
to the specific embodiments of our invention 
herein or to the means described herein for ob 
taining the advantages possible in employing our 
Synergistic mixtures, as other methods of prac 
ticing our invention will be apparent to those 
Skilled in the art. 
We clain: 
1. A synergistic antioxidant composition effec 

tive in inhibiting oxidation in oxygen-sensitive 
organic materials, Said composition consisting es 
Sentially of a lower alkyl-p-phenylene diamine 
and a Sulfur compound Selected from the group 
Consisting of alkyl mercaptains containing from 
4 to 12 carbon atoms, furfuryl mercaptain, the 
lower alkyl esters of thioglycolic acid, 2-mercapto 
imidazolidine and lower alkyl 2-mercapto im 
idazolidines, Said Sulfur compound being present 
in annount by weight between about 25 per cent 
and about 50 per cent of Said Synergistic anti 
OXidant compound. 

2. The composition of claim 1 in which the 
arylamine antioxidant is N,N'-di-sec.-butyl-p- 
phenylenedianline. 

3. The conposition of claim 2 in which the 
Sulfur compound is an alkyl mercaptain contain 
ing from 4 to 12 carbons. 

4. A Synergistic antioxidant composition ef 
fective in inhibiting oxidation in oxygen-sensi 
tive Organic materials consisting eSSentially of 
100 parts of N,N'-di-sec.-butyl-p-phenylenedia 
mine and between about 30 and 100 parts of 
t-butyl mercaptain. 

5. The composition of claim 2 in which the 
Sulfur compound is furfuryl mercaptain. 

6. The composition of claim 2 in which the 
Sulfur compound is a lower alkyl ester of thio 
glycolic acid. 
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7. A synergistic antioxidant composition effec 

tive in inhibiting Oxidation in Oxygen-sensitive 
organic materials consisting essentially of 100 
parts of N,N'-di-Sec.-butyl-p-phenylenediamine 
and between about 30 and 100 parts of ethylthio 
glycolate. 

8. The composition of claim 2 in which the Sul 
fur compound is a lower alkyl 2-mercapto im 
idazolidine. 

9. A Synergistic antioxidant composition ef 
fective in inhibiting oxidation in oxygen-sensi 
tive Organic materials consisting essentially of 
100 parts of N,N'-di-Sec.-butyl-p-phenylenedia 
mine and between about 30 and 100 parts of 
3-propyl-2-mercapto imidazolidine. 

10. A Synergistic antioxidant composition ef 
fective in inhibiting oxidation in oxygen-sensi 
tive organic materials consisting essentially. Of 
100 parts of N,N'-di-sec.-butyl-p-phenylenedia 
mine, and between about 30 and 100 parts of 
2-mercaptoimidazolidine. 

11. A composition consisting essentially of at 
least one hydrocarbon that normally tends to 
deteriorate in the presence of oxygen, and an 
effective amount of a synergistic antioxidant 
mixture of an arylamine antioxidant and a sulfur 
compound, as defined by claim 1, said sulfur 
COinpound being present in amount between 
about 30 and 100 parts per 100 parts of said aryl 
anine antioxidant by Weight. 

12. A petroleum hydrocarbon fuel for internal 
combustion engines, normally subject to deterio 
ration in the presence of oxygen, containing as 
a principal antioxidant ingredient a Synergistic 
antioxidant mixture consisting essentially of an 
arylamine antioxidant and a Sulfur compound 
as defined in claim 1, said Sulfur compound being 
present in amount between about 30 and 100 parts 
per 100 parts of said arylamine antioxidant, and 
Said Synergistic mixture present in amount be 
tween about 0.1 to 15 milligrams per 100 milli 
liters of Said hydrocarbon fuel. 

13. A fuel for internal combustion engines 
containing petroleum hydrocarbons Stable to 
Oxygen, an antiknock additive substance comi 
prising tetraethylead, the presence of which 
tends to increase the deterioration of the result 
ing fuel blend in the presence of oxygen, and as 
a principal antioxidant ingredient the synergistic 
mixture of claim 1, in amount between about 0.1 
to 15 milligrams per 100 milliliters of said fuel 
composition. 

EUGENE F. HILL. 
MARGARET L. WELP. 
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