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ABSTRACT

Sﬁall quantities of sulfor or organic sulfur compounds
frequently are present in a;iatioﬁ gasoline. The effect of
certain typical organic sulfuf compounds on the ASTM induection
period of aviation gasoline has been meééured. It was found
that the organic sulfur compoﬁnds examined had no adverse effect

upon the induction period of leaded aviation gasoline.



INSRODUCTION

As Authorization

le This study has been carried out jointly under the authority of Bureau
of Ships Project Order No. 396/L6 and Bureau of Aeronautics Project Order
No. 203/46. The invéstigation is part of a program of surveying conceivable
influences which might deleteriously affeet the storage stability of avia-
tion gasoline in an effort to explain occasional anomalous decrease in the
predicted storage life of fuels.

B. Statement of Problem

2. There are-a wide variety of organic sulfur compounds which may be
present in aviation gasoline, but the concentration of such substances is
usually very low. It has been stated(l) that these sulfur compounds have
an injurious effect upon the storage stability of the fuel. The pwrpose
of this investigation is to demonstrate the role of individual organic
sulfur compounds on the induction period of leaded aviation gasoline. It
is rcalized that there is'only a loose relationship between induction
period and storage stability of aviation gasoline; however, estimation of
the length of the induction period (or parallel relationship such as the
measure of gum and precipitate formation in the fuel after oxidation under
prescribed test conditions) is the only tool available for predicting in
the laboratory the anticipated storage life of a given gasoline.

~Co Known Facts Bearing on the Problem

3« The type and: quantity of organic sulfur compounds present in aviation
gasoline are dependent upon the production process and on the character of
crude from which the gasoline is prepared. Many of the processes used for
producing aviation gasoline components, such as sulfuric acid 2lkylation,
give stocks which are virtually free from sulfur compounds, If the straight
run gasoline (used for blending with other componehts) is distilled from
selected crudes and’ properly treated to remove sulfur éompounds, the fin-
ished aviation fuel should be very low in sulfur-bearing substances.

L« The following types of sulfur compéunds have been found in fuels of
the gasoline range: mercaptan, sulfide, disulfide, trisulfide, tetrasulfide,
thiophene, tetrahydrothiophene and thiophenols. These are illustrated by
type formula and a speéific example in.Table I. "RY is an alkyl group.

TABLE I
Type Type fOrmula Example
Mercaptan R- S -~ H Amyl mercaptan, Q; Hy, SH
Bulfide | | R -5 -R di-Amyl sulfide, CgHyqS
Thiophene " HHHH : 2?-&5%%;{1 thiophene, ICHB
C=C—0=C-5 C|H3S

1 '




I TABLE I (Cont'd.) =~ -
Eae_ i : _ gype_"F‘ormula Ebﬁa-mele

Tetrahydrothiophene ' 'GHQQHECHEGH§S' 2-Methyl tetrahydrothio-
: Co ' phene, GHBGuH?S
Disulfide - R-S = S-R di-Amyldisulfide, CgHyq-
; S=3-Cch
Trisulfide RSSS R di-Ethyll%risulfide
Tetrasul fide RSSSS R _ di-Amylytetrasulfide,
_ CgHy 1-8588-C
Thiophenol (Aryl CgHgSH p—éhlocresol. CHg CgH),SH
mercaptan) 2 .

All of these sulfur compounds except disulfide, trisulfides and tetrasulfide
are naturally occurring in the gasoline. The disulfides and trisulfides are
formed from mercaptan? Sy oxidation during doctor sweetening and disulfides
by copper sweetening. 2) The tetrgsulfides may result from carcless operation
of doctor sweetening and are uncommon. The thiophene type is the product of
high temperature treatment and is likewise seldom encountered in aviation
gasoline. Tetrahydro-thiophene compounds are found in California straight
run fuels. These compounds are simply cyclic sulfides and since they are

not readily available, no substances of this type were examined in this study.
It is expected that the behavior of the cyclic sulfides will be very similar
to the straight chain type. The reaction of straight chain sulfides will be
reported herein. ; '

5. = Sulfur compounds have been blamed for many of the difficultics encoun-

tered in gasoline storage and use. It is thought that haze and color fOfM%-
tion in gasoline is partly attributable to sulfur containing substances. 3
Corrosion of engine parts by sulfurous and sulfuric acids resulting from
combustion of sulfur compounds has been claimed but no conclusive correla-
tion between sulfur content and corrosion activity at the concentration
levels imposed by the restrict%gss of aviation gasoline specifications ever
seems to have been worked out. Of specific sulfur compounds the mercaptan
type has a very offensive odor and impairs the lead response of blending
stocks. Also a factor influencing lead response (rise in octane number as
a function of added tetraecthyl lead) is the quantity and identity of the
sulfur compounds present in the fuelj in general, the higher the concentra-
tion of sulfur compounds the poorer the lgad response with mercaptans and
polysulfides being the worst of fenders.(5)(2) For these reasons sulfur
compounds are removed from aviation gasoline (insofar as is economically and
practicably feasible) or are converted by chemical means to relatively
innocuous substances.

6. Only one report is found in the literature treating the effect of sulfur
compounds on the stability of gascline. This is a study by Gruse and Stevens
of the influence of sulfur compounds upon the induction period of lead-free
di-isobutylene blends containing 0.,025% sulfur, as various sulfur compounds.(é)



Theae authors found that mercaptan and polysulfides are deleterious 'bo
the induction period of this fuel while the sulfides and disulfides appear
to be without consequence. The present investigation is conducted on
‘highly leaded, olefin-free aviation gaseline; moreover, data in the zbove
mentioned work does not permit construction.of concentration versus induc-
tion time curves; therefore no direct comparison of the results of the
present study to that of Gruse and Stevens appears possibie.

D¢ Thecretical Considerations

dy There are no reports in the published literature concerning the
effect of sulfur compounds on stability of leaded aviation gasoline.%

On the basis of the known chemistry of sulfur compounds certain expecta=-
tions may be evolved. The merc%ptana are good reducing agents and on the
basis of the work of Dennison(? mercaptans may be expected to reduce the
peroxides, and thus lengthen the induction period. Other sulfhydryl com=
pounds such as thiophenol, thiocresols, etc., are expected to give similar
results, As far as could be found, there is no basis for any predictions
concerning the effects, good or bad, of any of the other sulfur compounds
listed in Table I.

E, Narrative of Original Werk Done at the Laboratory

(2) Preparation of Gasolines and Sulfur Compounds

8+ One gasoline used in this study was prepared by mixing 5 parts each

of isooctane, straight run gasoline (Shell mixed), straight run gasoline
(Texas), and sutfuric acid alkylate; 2 parts single pass Houdry gasoline;
and 3 parts of aromatic mixture consisting of 1:3:2:1 of benzene, toluene,
Xylene, cumene, This blend was leaded to L.3 ec TEL/gallon with 1-T ﬁgia-
tion fluid and mixed thoroughly, Analysis by the lamp sulfur nethod(

and showed 0,0016% sulfur. The concentration of olefins in the finished
blend was negligible, i.e., less then 1%. A portion of this study was car-
ricd out using instead of the blend abowe, a second gasoline identified as
33R (115/1L5) secured from the Naval Air Station, Patuxent, Maryland. Again,
the sulfur content is low (0.001%,or less) and olefins nil, This gasoline
is hereinafter referred to as 33R while the blend described above is iden~-
tified by the symbol NRLM,

9+ The sulfur compounds used in this work were the best procurable from
the Eastman Kodak Company. They include n~Amyl mercaptan (CcHy1SH), iso-
Amyl mercaptan (CgH11SH), di-isoAmyl Sulfide [ (CgHyy)2S], n-éi—amyl Disul-
fide [(C ) 8-8 (c H,5 )], p=Thia cresol (GH c I-I SH), n=Propyl sulfone
[(CH GHSQ%h 25021, limyl sulfite [(CgH i a] and n-Amyl sulfone
u1§ 11) 25023 The two mercaptans were d} tilled before use and the di-
sulfide was fractionated under vaeuum, p-Thio crescl was purified by
recrystallization. A small batch of di-isoamyl sulfoxide was prepared by
method of Gozdar and Smiles.(9) All the sulfur compounds were weighed out
into a known volume of xylene and the proper aliquot of this soclution is

ﬁoEe}l’?rivate communications fyrom certain industrial laboratories indicate

that the influence of traces of sulphur dioxide, alkyl sulfates and sul=-
furic acid has been found negligible.

w3 v



added to each sample of gasoline to give the desired concentration of
sulfur. The inhibitor was added to the gasoline in the same manner; an
aminophenol type inhibitor (UOP #l;) wds used throughout this work. The
concentration of inhibitor was adjusted so that the length of the induc-
tion period was about ten hours. All subsequent induction periods using
the particular sulfur compound were made with the same inhibitor content.
In consequence, it is noted that the initial induction periods of the
finished gasoline samples used in the several series of runs, as exhibited
in plates I - VI, are not identical but vary somewhat with chance variations
. In the concentration of inhibitor added to adjust the initial induction
period to approximately 10 hours.

(b) Measurement of Induction Period

10. After each sample of gasoline is made up to the desired concentration
of sulfur compound and inhibitor, length of the induction period is measured.
‘The end of the induction period is signified by the commencement of oxygen
absorption by the sample and identified as a two pound pressure drop in

one hour or less. The technique for making these measurements is described
in reference (11); no iron catalyst was used. In general it has been found
that the results from induction period measurements arec reproducible to +5%
and nearly all of the results presented in this report gave this degree of
accuracy. Each induction period value is the average of six determinations.

(c) Discussion of Results

11. It is noted from plates I and IT that the two amyl mercaptans have a
gingular effect on the induction period of aviation gasoline. At low con-
centrations a small increase in concentration of mercaptan gives an increase
in the induction period. Both the "NRIM blend and 33R fuels show this be-
havior. This increasc in induction pericd is thought due to the reducing
action of the mercaptans upon incipiently formed peroxides. Such destruction
of peroxides would break the chain of reactions leading to gum formation and
precipitation, and thus give a longer induction period.

12. As the concentration of mercaptan is inereased, a value is reached above
which the induction period declines, This decline is not to be expected on
the basis of the above theory. It is not due to some catalytic activity of
the oxidation products. of the mercaptans as work upon possible oxidation
products (discussed later in this report) shows. It has been shown that
mercaptans have anti-oxidant action in lubricating oil and in rubber, and

it is probable that the mercaptan is acting here as an inhibitor rather

than as a reducing agent for the peroxides. Blake and Davis have shown(10)
that there are inhibitors which show the same effect as the mercaptan shows,
nameély, that there is a concentration above which the inhibitory power of the
anti-oxidant declines. If the mercaptan is an inhibitor, that fact would
account for leveling off the concentration—induction time curve at the initial
induction period of the mercaptan free gasoline. If the oxidation products
of the mercaptans have a pro-oxidant activity, this curve should decline
further rather than level out at about 10 hours induction period.

oo B



- 13. It was decided to study the effect of some of the possible oxidation

' products of the mercaptan upon the mercaptan containing gasoline. To do
this di-isoamyl disulfide was added to the gasoline (33R) containing iso-
amyl mercaptan (0.003%S) at the point of optimum concentration for induc-
tion period improvement. (See plate I). The disulfide was added in
quantities to give 0.03, 0.0k and 0,05% sulfur. The induction periods

came out at 58, 5L and LO hours respectively showing that the disulfide

has a slight effect in neutralizing the influence of mercaptan on induction
time, but not enough to account for the decline in activity of the mercaptan
noted in paragraph 12 above. This same effect was observed for the sulfone
and sulfoxide which were studied in the same manner. It is thus concluded
that these possible oxidation products of the mercaptan are not responsible

 for the decline in inhibitory power which is observed with increase in mer-
captan concentration.

1. From a practical point of view the effect of the high concentration of
-the mercaptans is not important because any mercaptan (in gasoline range)
above the concentration of 0.003% sulfur is very noticeable by odor and
gasoline containing such high mercaptan content would be rejected as being
Wsour. With this limitation it is concluded that the mercaptans, in the
concentrations in which they occur in aviation gasoline, do not adversely
affect the induction period of the leaded aviation gasolinec. o :

15. The sulfides and disulfides are shown to have practically no effect
upon the induction period of the gasoline. The data demonstrating this
are presented in plate III and plate IV. Thiophene likewise does not
influence the induction period of leaded aviation gasoline.

16. p-Thiocresol (plate V) has the same effect as the alkyl mercaptan;
ises, it lengthens the induction period in small concentrations; in this
case, however, the effect remains constant rather than declining in the
range of higher concentrations. '

17. 1In an effort to discover if other possible oxidation products of mer-
captans had any accelerating effeet upon oxidation of leaded gasoline,
n-propyl sulfone, n-amyl sulfite, n-amyl sulfone and iso amyl sulfoxide were
examined by the above methods and, as is shown in plate VI, are found to
play no role which results in change of the induction period.

18. In the operation of the doctor sweetening process, excess sulfur is some-
times left dissolved in the gasoline. To show what effect this sulfur might
have -on the induction period of gasoline, a known quantity of roll sulfur
was dissolved in xylene and the proper aliquot of this solution is added to
the gasoline to produce the desired concentration of sulfur in gasoline.
Table II shows the results of the induction period measurements upon the
sulfur containing gasoline.



TABLE II

Roll Sulfur ir Aviation Gasoline

Sulfur Concentration Induction Period (Hours)
None 11

0,010 grams/100 ml. 11

0,020 n o 11

0,040 N uon 11

0.050 wou . 11

It is concluded from this data that elemental sulfur has no influence upon
the induction period of the aviation gasoline.



CONCLUSIONS

19. It has been shown with a series of experiments' upon different types
of sulfur compounds that these sulfur: compounds do not have any adverse
influence upon the induction period of aviation gasoline in the concentra-
tions in which the sulfur compounds occur in leaded aviation gasoline. .
Mercaptans in low concentrations zppear to lengthen induction time, an
effect which becomes less noticeable as concentration increases. However,
reasons more cogent than induction period improvement, i.e., foul odor,
corrosion of certain metals and lowered lead response, militate against
the usc of mercaptans for increasing the oxidation resistance of gasclines.
The influence of a2 wide variety of other sulfur compounds and clemental
sulfur is found to be entirely neutral. '
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