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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-sensitive 
materials. This application is a continuation of 
co-pending application Serial No. 135,044, filed 
December 24, 1949. ... 
Hydrocarbon fuels for internal combustion en 

ines may be broadly classified into three cate 
gories, according to the use for which they are 
intended; fuels for automotive spark ignition 
engines, fuels for aircraft spark ignition en 
gines, and fuels for compression ignition engines. 
Although each such fuel is composed essentially 
of hydrocarbons, the stability characteristics dur 
ing the manufacturing process and subsequent 
storage and use, particularly in the presence of 
oxygen, differs considerably for each type. For 
example, - - - - - - - - - - - - - - 

straight and branched chain aliphatics, olefins, 
naphthenes and some aromatics, while typical 
aircraft fuels contain smaller proportion of oie 
fins. In recent years fuels for compression igni 
tion engines have contained an increased pro 
portion of cracked stocks, resulting in a higher 
olefin content and consequent increase in the 
susgeptibility to gum formation. The effect of 
the deterioration of the fuel upon each type of 
engine may differ, but equivalent processes of 
deterigration 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 come 
pression ignition engine fuels interfer 
normal operation of the fuel filters and injectors 
in such engines. - 3 - . . . . . . 

in general, the hydrocarbons present in auto 
motive gasolines are more susceptible to degrada 
tion 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 insta 
bility in the finished fuel, since the tetraethylead 
is susceptible to some deterioration by contact 
with oxygen during the blending, storage and 
handling operations, with consequent formation 
of haze, loss of some antiknock value, and less ened performance in the engine. This point of 
attack is often overlooked and is Ordinarily unim 
portant in automotive fuels, as the protective 
measures necessary for the base stock are usually 
more than sufficient to protect the tetraethyllead, 
If, however, a stabilizing ingredient Were added 

typical automotive fuels contain ; 

tion engine fuels interferes with the 
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Which is capable of protecting only the fuel, the 
attack upon the tetraethyllead would then be 
come apparent. In aircraft fuels the protection 

phase of the problem becomes re 
important in aircraft fuels, sing 
ethylead content of such fuels is gei '.4 . . . . ." * . V inerally sev -: . . . . 

times that present in automotive fuels. 
Heretofore, the protection of fuels for internal ion engines effectively against the 

gend 
g, storage and handling perations has been accomplished only with dif 

ficulty. Furthermore, because of the specifica 
tigns imposed on such fuels by the rigid requiré 
nients of present day engines, particularly ai 

Similarly, synthetic and natural elastomers are Susceptible to absorption of oxygen with conse 
quent gestriction of certain useful p . . . . . 
erties and with the introducti erties which rende 
such elastomers of limited util . . . . . . . of oxygen such elastomers deteriorate prem ly, lose tensile strength and flexibility, and become 
dis red a, d en t ed • an . . . . . ." 3. r'. . . . . ...'." 

rther examples of ma 
protected from the deleterio 
include A.ist. 

ials which must be from the deleterious effects of oxygen 
mineral oils, such as lubricating oils, 

time during the pro 
handing, storage and use when they become 
posed to and absorb oxygen with deleterious 

It is therefore an obj 
vide means for protecti 
Whi rate in 
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combustion spark, and compression ignition en 
gines during the manufacturing, handling and 
storage of such fuels prior to their use without 
increasing the total amount of Stabilizing addi 
tive. Likewise, it is an object of our invention to 
provide means for reducing the antioxidant re 
quirement of unstable organic materials. A 
still further object of our invention is to provide 
hydrocarbon fuels containing tetraethylead 
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 containing 
tetraethylead in which there is essentially no 
loss in performance characteristics due to Such 
dieterioration of the tetraethylead during blend 
ing, storage and handling. Likewise it is an 
object of our invention to provide means for pre 
venting embrittlement, discoloration, loss of ten 
sile strength and other harmful effects in elas 
tomers during the milling, compounding, fabrica 
tion, storage, handling and use of Such elastomer 
stocks. A further object of our invention 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 hereinafter 
disclosed. The above objects can be accomplished by prac 
ticing our invention which comprises adding to 
oxygen-sensitive organic materials a Small pro 
portion of a composition comprising hydroxy 
arylamino antioxidant materials and Substances 
derived from the class of esters of thioglycolic 
acid. We have made the discovery that esters of 
thioglycolic acid themselves incapable of protect 
ing organic materials from deterioration in the 
presence of oxygen, have the property of greatly 
increasing the effectiveness of hydroxyarylanino 
antioxidants. Such esters we refer to hereinafter 
as synergists. The Synergistic thioglycolic esters 
of our invention include those wherein the esteri 
fying radical is a hydrocarbon. Such radicals 
comprise aryl and aliphatic radicals. Ihus, 
among the aryl esters we contemplate, for ex 
ample, phenyl, a-naphthyl, B-naphthyl, and other 
polynuclear aromatic radicals as well as Substi 
tuted alry radicals, such as tolyl, Xylyl, ethylphen 
yl, cumy, tetralin, methylnaphthyl and the like. 
Among the aliphatic thioglycolic esters which 
provide synergism in accordance with our inven 
tion we include alkyl esters such as methyl, 
propyl, isopropyl, n-butyl, Sec.-butyl, isobutyl, the 
isomeric amyl, hexyl, heptyl, octyl, nonyl and the 
like up to and including about eighteen carbon 
atom alkyl radicals such as lauryl, Stearyl and 
the like; alkenyl esters such as vinyl, allyl, meth 
allyl, crotyl, phtyl, oleyl, undecenyl, and the 
like; cycloalkyl esters, such as cyclobutyl, Cycio 
pentyl, cyclohexyl, methylcyclohexyl and the 
like; and aralkyl esters, such as benzyl, phenethyl, 
2-phenylpentyl and the like. The lower alkyl 
esters are among our preferred Synergists. 
The hydroxy arylamino antioxidant compo 

nents of our synergistic mixtures are well known, 
and include those employed in many antioxidant 
applications such as foodstuffs, fats, oils, greases, 
soaps, petroleum products, natural rubbers, Syn 
thetic hydrocarbon rubbers, Such as the butyl, 
styrene and butadiene rubbers, as well as those 
of the chloroprene, thiokol, acrylonitrile, and sili 
cone types, and plastics, for example, the vinyl, 
cellulosic, polyethylene types, etc. iypical hy 
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4. 
droxy arylamino antioxidants include p-amino 
phenol, N-n-butyl-p-aminophenyl, 1-amino-4- 
hydroxy-naphthalene, N-isobutyl - p - aminophe 
nol, N-isopropyl-p-aminophenol, 1-N-butylami 
no-4-hydroxy-naphthalene, N-phenyl-p-amino 
phenol, N-cyclohexylamino-p-aminophenol, N 
(p-hydroxyphenyl)-p-phenylenediamine and the 
like. Where the hydroxy arylamino antioxidant 
can be considered as a naphthalene derivative 
we prefer to employ modifications wherein the 
hydroxy and amino groups are on the Same aro 
matic nucleus. In general we prefer to employ 
the aminophenol type of antioxidant With our 
thioglycolic ester Synergists. 
We have found that the replacement of a por 

tion of the hydroxy arylamine antioxidant of a 
stabilized composition with our Synergistic thio 
glycolates, themselves incapable of providing oxy 
gen stabilization, results in a stabilized composi 
tion which is remarkably resistant to attack by 
oxygen. Furthermore, to attain a Specified degree 
of oxygen stability the required amount of Our 
hydroxy arylamino-thioglycolic ester mixture is 
less than the required amount of the hydroxy 
airyiamine antioxidant alone. 
The absorption of oxygen by hydrocarbon fuels 

can be measured directly by the standard method 
of the American Society of Testing Materials for 
determination of the Oxidation Stability of GaSO 
line (induction Period Method), ASTM designa 
tion: D.525-46, as fully described in Part III-A, 
ASM Standards for 1946. According 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 103 pounds per Square inch gauge of oxygen. 
The Induction Period. Increase (TPI) is the in 
crease in the duration of this period caused by 
the addition of a protective Substance, and is a 
direct measure of the protection afforded by Such 
additive. Thus, the longer the IPI the more 
effective is the stabilizer. On the contrary, cer 
tain 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 in the absence 
of the additive. 

It is Well known in the art of protecting gaSO 
line from oxidation that the Susceptibility to oxi 
dation of gasoline varies significantly with dif 
ferent types of gasolines. Furthermore, it is like 
Wise well known that the efficiency of any anti 
oxidant, and, therefore, the minimum concen 
tration required, will vary greatly from gasoline 
to gasoline. Therefore, in order to show the gen 
eral applicability of the compounds of our in 
vention to the Solution of this problem, and at 
the same time not present in detail the large 
amount of data. So obtained, We have obtained 
representative Induction Period Increases with a 

The gasolines used in 
obtaining the data presented herein Were all corn 
mercial blending Stocks or finished gasolines and 
included the following types: An average-re 
sponse gasoline containing 20 per cent olefins and 
14 per cent aromatics, the remainder being parr 
affins and naphthenes; a gasoline containing ap 
proximately 38 per cent olefins, 33 per cent aro 
matics, and the remainder paraffins and naph 
thenes; a gasoline containing 18 per cent olefins 
and 24 per cent aromatics; a high-sulfur gaso 
line containing 0.21 per cent Sulfur; and a gaso 
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line containing 28 per cent olefins and 18 per cent 
aromatics with medium sulfur content. 

in general, the synergistic component of our 
Ovel antioxidant compositions is ineffective as 

an antioxidant. When tested by the above-men 
tioned ASTM method we obtain results rang 
ing from zero IPf or insignificant values, such 
aS 10 to 20 minutes, to negative values of IPI. 
That is, the Synergistic component may actually 
be an oxidizing material, or a pro-oxidant. 
Typical of Such results is that obtained with iso 
propyl thioglycolate, which at a level of 6 milli 
grams per 100 milliliters of test gasoline actually 
reduced the induction period of the untreated 
fuel by 70 minutes. 
Other thioglycolate esters of our invention 

which do not exhibit an antioxidant effect when 
employed alone in gasoline include methylthio 
glycolate, n-butyl thioglycolate, isobutyl thio 
glycolate, cyclohexyl thioglycolate, phenyl thio 
glycolate, amylthioglycolate, benzylthioglycolate, 
allyl thioglycolate, lauryl thioglycolate, n-do 
decyl thioglycolate, and a-naphthylthioglycolate. 
The effectiveness of typical Synergistic mix 

tures of our invention is shown by adding to the 
test gasoline a total concentration of 6 milli 
grams of the Synergistic mixture per 100 milli 
liters of gasoline, and comparing the increase in 
the induction period of the test gasoline obtained 
with that obtained with the arylamine antioxi 
dant alone at the same total concentration of 6 
milligrams per 100 milliliters of gasoline. Thus, 
employing a mixture comprising 2.0 milligrams 
of isopropyl thioglycolate and 4.0 milligrams of 
N-n-butyl-p-aminophenol per 100 milliliters of 
gasoline an IPI of 405 minutes was obtained, 
while in a similar determination using 6.0 milli 
grams of N-n-butyl-p-aminophenol an IPI of 
Only 340 minutes was obtained. Thus, replacing 
one-third of the antioxidant with a pro-oxidant 
actually increased the effectiveness of the re 
maining antioxidant by thirty-three per cent. 
Similar results were obtained with a mixture 
comprising 33 per cent isopropyl thioglycolate 
and 67 per cent N-isobutyl-p-aminophenol at a 
total concentration of 6 milligrams per 100 milli 
liters of gasoline. The IPI of the so-treated fuel 
was 410 minutes, while using 6 milligrams of N 
isobutyl-p-aminophenol alone per 100 milliliters 
of gasoline produced an IPI of only 335 minutes. 
Like results are obtained by employing equal 
parts of N-n-butyl-p-aminophenol and ethyl 
thioglycolate, 33 per cent cyclohexylthioglycolate 
and 67 per cent N-cyclohexyl-p-aminophenol, 25 
per cent phenyl thioglycolate and 75 per cent 1 
(methylamino)-4-hydroxy naphthalene, equal 
parts of allyl thioglycolate and N-(4-hydroxy 
phenyl)-p-phenylenediamine, and 30 per cent 
steary thioglycolate and 70 per cent N-isopropyl 
p-aminophenol. 
We have demonstrated the efficiency of the 

synergistic mixtures of our invention in prevent 
ing undue formation of gum in automotive gaSo 
lines by storing such gasolines containing then 
for long periods, and determining from time to 
time the gum content of the fuel. The quantity 
of gum so-formed was compared with that 
formed in the presence of known antioxidants 
and in the untreated gasoline. Two commercial 
motor gasolines, consisting of 27 and 38 per cent 
olefins and initially containing 0.6 and 0.8 milli 
grams of gum 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 
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6 
stoppered and stored in the dark at a temperature 
of 110F. Every four weeks the bottles and their 
contents 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 dissolved gum 
therein was determined by the so-called 'air-jet 
evaporation' method, ASTM designation: D381 
46, fully described in ASTM Standards for 1946, 
Part III-A. Thus, by incorporating our thio 
glycolate esters, which by themselves are not 
antioxidants, into gasoline containing 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 comparsion, our syn 
ergists were used in addition to known antioxi 
dants, and resulted in improved storage stability 
of the fuel. As a further embodiment we have 
replaced part of the antioxidant material with 
Our Synergists, thereby obtaining equivalent pro 
tection but utilizing for the purpose a smaller 
quantity of the antioxidant. 
Our Synergists likewise afford protection to 

hydrocarbon Solutions of tetraethyl lead as shown 
by a Series of tests in which hot-acid isooctane 
containing 4.6 milliliters of tetraethyl lead per 
gallon was heated at a temperature of 100° C. in 
a stainless steel bomb with oxygen added to an 
initial pressure of 100 pounds per square inch 
gauge. Under these conditions the pressure in 
a bomb containing only isooctane and a tetra 
ethylead antiknock mixture underwent a sharp 
drop after four hours, indicating absorption of 
Oxygen by the fuel mixture. Warious amounts of 
known antioxidants and our synergistic mixtures 
are thereupon, added until it is determined at 
What minimum concentration the pressure in the 
bomb does not drop during a period of 16 hours 
at a temperature of 100° C. By using our mix 
tures, nearly a two-fold ir crease in effectiveness 
can be obtained, comparet to the hydroxy aryl 
amine antioxidant alone at a reduced concentra 
tion of total additive. 
A further class of organic substances sensitive 

to oxygen comprises the elastomers, natural and 
synthetic. To illustrate the utility of the syner 
gistic mixtures of our invention in protecting 
Such Substances a natural rubber compounded 
into a typical tire-tread formula is convenient. 
One requisite of such stocks is that the desirable 
properties incorporated therein by careful selec 
tion of the compounding ingredients and cure 
time shall be maintained during extended periods 
of storage or use in the presence of oxygen. Com 
parison 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 ASTM 
standards for 1946, Part III-B. This test meas 
ures the temperature at which a test piece re 
covers its elasticity when it is stretched at room 
temperature, frozen at a sufficiently low tempera 
ture to cause it to lose its elastic properties, and 
then gradually Warmed. In practice the tem 
perature noted is that at which the sample re 
COvers to 50 per cent of the original elongation 
and is, therefore, referred to as the T-50 value. 
In these tests stocks for testing and comparison 
are cured for a time sufficient to have a T-50, 
value of -1. C., so that a valid comparison of 
the properties can be made. The accelerated 
aging is conducted by the procedure of ASTM 
designation:... D572-42, described in the ASTM 
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are retained is a direct measure of the utility of the protective substance. When the following 
typical mixtures of the synergists of our invention 
are SO-tested as much as a 100 per cent increase 
in the tensile strength and a 50 per cent increase 
in the ultimate elongation is obtained: 33 per 
cent isopropyl thioglycolate, 67 per cent 4-hy 
droxy-a-naphthyl amine; 25 per cent a-naphthy 
thioglycolate, 75 per cent N-(p-hydroxyphenyl)- 
p-phenylenedianine; 30 per cent cyclohexylthio 
glycolate, 70 per cent N-butyl-1-amino-5-hy 
droxy naphthalene; and 33 per cent ethyl thio 
glycolate, 67 per cent N-n-butyl-p-aminophenyl. 
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 material being stabilized and the conditions 
under Winich the exposure to oxygen occurs. For 
example, With gasolines, tetraethyl lead, mineral 
oils, lubricating oils, diesel fuels, and similar ma 
terials the mixtures of our invention are pref 
erably employed in concentrations 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 elastomers, 
both natural and Synthetic, soaps, fats and 
greases, somewhat larger amounts of the stabi 
lizers of our invention are preferred and can be 
tolerated. Thus, in such materials we employ 
between approximately 0.1 and 2 parts of syner 
gistic mixture per 100 parts of oxidizable material. 
For plastics, foodstuffs, etc., we prefer to employ 
between about 0.05 and 1 part of synergistic 
mixture per 100 parts of perishable material. 
Thus, our mixtures can be satisfactorily employed 
in a wide range of concentrations, and we do not 
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inhibit such deterioration, said antioxidant mix 
ture consisting essentially of a hydroxy aryl 
amine antioxidant and an ester of thioglycolic 
acid. 

4. The composition of claim 1 wherein said 
hydroxy alkylamine antioxidant is 4-hydroxy 
a-naphthyl amine and said ester of thioglycolic 
acid is isopropylthioglycolate. 

5. The composition of claim 1 wherein said 
hydroxy alkylamine antioxidant is N-(p-hy 
droxyphenyl)-p-phenylenediamine and said es 
ter of thioglycolic acid is a-naphthyl thiogly 
colate. 

6. The composition of claim 1 wherein said 
hydroxy alkylamine antioxidant is N-butyl-1- 
annino-5-1ydroxynaphthalene and said ester of 
thioglycclic acid is cyclohexylthioglycolate. 

7. The composition of claim 1 wherein said 
hydroxy alkylamine antioxidant is N-n-butyl-p- 
aninophenol and Said ester of thioglycolic acid 
is ethyl thioglycolate. 

8. A petroleum hydrocarbon fuel for internal 
combustion engines normally subject to deteri 
Oration in the presence of oxygen, containing as 
a principal antioxidant ingredient a synergistic 
mixture consisting essentially of a hydroxy aryl 
anine antioxidant and an ester of thioglycolic 
acid, said ester being present in amount between 
about 30 and 100 parts per 100 parts of said 
hydroxy arylamine and said synergistic mixture 
present in amount between about 0.1 to 15 milli 
grams per 100 milliliters of said hydrocarbon 
fuel. . . . 

9. The composition of claim 8 wherein said 
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hydroxy arylamine antioxidant is N-n-butyl-p- 
aminophenol and said ester of thioglycolic acid 
is isopropylthioglycolate. 

10. The composition of claim 8 wherein Said 
hydroxy arylamine antioxidant is N-isobutyl-p- 
aminophenol and said ester of thioglycolic acid 
is isopropylthioglycolate. 

11. The composition of claim 8 wherein said 
hydroxy arylamine antioxidant is N-n-butyl-p- 
aminophenol and said ester of thioglycolic acid 
is ethylthioglycolate. 

12. 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 a hydroxy arylamine antioxidant and 
an ester of thioglycolic acid, Said ester being 
present in amount between about 30 and 100 
partS per 100 parts of Said hydroxy arylamine 
antioxidant by Weight and Said Synergistic mix 
ture being present between about 0.1 and 2 parts 
by Weight per 100 parts of said elastomer. 

13. The composition of claim 12 wherein said 
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ester is isopropylthioglycolate and said hydroxy 
arylamine is 4-hydroxy-a-naphthylamine. 

14. The composition of claim 12 wherein Said 
ester is a-naphthyl thioglycolate and said hy 
droxy arylamine is N-(p-hydroxyphenyl)-p- 
phenylenediamine. 

15. The Composition of claim 12 wherein said 
ester is ethyl thioglycolate and said hydroxy 
arylamine is N-n-butyl-p-aminophenol. 

16. The composition of claim 12 wherein said 
ester is cyclohexylthioglycolate and said hydroxy 
arylamine is N-butyl-1-amino-5-hydroxynaph 
thalene. 

EUGENE. F. H.L. 
MARGARET L. OSIP. 
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