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taining fuels, especially those used in spark ignition type 
internal combustion engines, having improved solubility 
characteristics and stability against the adverse affects of 
deteriorative environments during compounding, blend 
ing and storage. It is also an object of this invention 

- to provide improved compositions comprising a hydro 
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When leaded fuels are utilized in internal combustion, 
engines, there is an accumulation of deposits in the com 
bustion chambers which results in a number of serious 
problems including deposit-induced autoignition or wild 
ping, spark plug fouling, reduction in exhaust valve life 
and the like. The magnitude of these problems is in 
tensi?ed each time the lead concentration in the fuel 
is raised to coincide with increase in compression ratio 
of internal combustion engines in passenger cars and 
trucks. v 

A method for modifying engine deposits and decreas 
ing their ill effects by utilizing phosphorus-containing 
materials has been proposed in the prior art. For example, 
it has been shown that certain organophosphorus-contain 
ing materials such as those obtained by the reaction of 
a phosphorus sul?de with an ole?nic hydrocarbon (Serial 
No. 374,151 noted above), and'the product obtained by 
reaction between a phosphorus sul?de and an active hy 
drogen-containing aromatic compound (Serial No. 
374,156 noted above), when used as fuel additives, re 
sulted in the diminution of deposit-induced engine prob 
lems. However, it was found that such phosphorus 
containing materials, while not in the strict sense of the 
word insoluble in gasoline, do, upon addition to gasolines, 
form incomplete solutions typi?ed by the creation of a 
haze or other indications of a colloidal dispersion. Fur 
thermore, it was also found that the phosphorus-contain 

‘ ing materials discussed above were not completely soluble 
in tetraethyllead-containing ?uids and on standing re 
sulted in the deposition of a heavy white sludge. It is 
seen, therefore, that a‘need exists for a composition of 
matter comprising phosphorus-containing materials pos 
sessing increased solubility and stability in order that they 
may be added to fuels and to ?uids containing organo 
lead compounds, scavengers and other components, with 
out any harmful effects. 

It is, therefore, an object of this invention to provide 
novel organophosphorus-containing materials possessing 
enhanced stability. and solubility characteristics. It is 
likewise, an object of the present invention to provide 
novel compositions of ‘matter comprising the product ob 
tained by the reaction between a phosphorus sul?de and 
a hydrocarbon, and a minor portion of a basic amine. 
Another object of this invention is to provide means of 
improving compositions such as antiknock ?uids .and 
fuels which contain organolead antiknock agents and 
organophosphorus compounds by incorporating a small 
amount of a basic amine therein. Another object of 
this invention is to provide improved organolead com 
positions such as anti-knock ?uidsand organolead-com 
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carbon fuel, an organophosphorus compound and a minor 
proportion of a basic amine. Another object is to provide 
improved fuel composition which, when used in spark-?red 
internal combustion engines, simultaneously alleviate spark 
plug fouling and increase exhaust valve life. Other im 
portant objects of this invention will be apparent from 
the discussion which follows. I 

It hasbeen found that the above and other objects of 
this invention are obtained by providing compositions of 
matter comprising the product obtained by reaction be 
tween a phosphorus sul?de and a hydrocarbon selected 
from the group consisting of an active hydrogen-con 
taining aromatic compound and an ole?nic‘ hydrocarbon, 
and a minor amount of a basic amine having a dissocia 
tion constant characteristic of a base of not less than 
about 1 ><10“9. 

I have also found that when organophosphorus com 
pounds which are not completely soluble in fuels, are 
added to such fuels in the form of the novel composi 
tions of matter of this invention, they are completely solu 
ble therein and no haze or precipitate forms even after 
prolonged storage. 

I have also discovered that the compositions of matter 
of my invention can be readily blended with organolead 
antiknock ?uids. Such organolead ?uids containing or 
ganophosphorus and amine components show no signs of 
decomposition of the organolead compound. This is in 
contrast to the case where organophosphorus compounds 
are added without any amine, whereupon a heavy white 
precipitate slowly settles out indicating that the phosphorus 
compound causes the organolead compound to slowly 
decompose. . 

In like manner, the composition of this invention com 
prising an organophosphorus compound and abasic amine 
having a dissociation constant characteristic of a base of 
not less than about 1X10“9 can be blended with fuels 
containing organo antiknock ?uids. The presence of the 
amine in this composition prevents the destruction of the 
organolead compound by the phosphorus compound. 

. The resulting fuel is thus endowed with the bene?cial 
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properties of both the antiknock ingredients and of the 
phosphorus materials. ' 
The new compositions of matter of this invention are 

formed by the combination of a small amount of a basic 
amine having a dissociation constant characteristic of a 

‘ ‘base of not less than about 1><10-9 and the product 
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obtained by the reaction between such compounds as 
phosphorus pentasul?de (P285), (P4810), phosphorus 
heptasul?de (P487), and the like, and an ole?nic hydro; 
carbon or an active hydrogen-containing aromatic com 
pound, that is, a compound which contains at least one‘ 
aryl radical and a hydrogen atom activated thereby. 
An embodiment of this invention is the product obtained 

by the reaction ‘of a basic amine of the type ‘described 
previously with the reaction product ‘of a phosphorus sul 

‘ ?de andan ole?nic polymer having a molecular, weight 
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in the range of from about 100 to about 500. One ex 
ample of an ole?nic material that can be used is the hy 
drocarbon fraction of an ole?nic gasoline made by the‘ 

»polymerization of propylenes and butylenes by known 
“ methods from which have been removed all components, 
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enes.by.known methodsv ‘This polymer hasan. ayeragei; 

boiling below 250° F. The average molecular weight of 
such an ole?n is about 140. Another ole?nic polymer 
employed is. one obtained by polymerizing mixed butyl 



molecular weight of about 420. An illustrative example 
of the trihydrocarbon substituted methanes used in the 
preparation of the organophosphorus compounds em 
ployed in this invention is isopropylbenzene. 

The organophosphorus compounds discussed above are 
formed by using from about 0.2 to about 2.0 moles of 
phosphorus sul?de per mole of an ole?nic hydrocarbon 
or an active hydrogen-containing aromatic compound in 
the reaction. 

Although, as will be shown later, the effect obtained 
is not due to the mere addition of a base, it has never 
theless been found that the maximum bene?cial results 
are obtained when the dissociation constant, characteristic 
of a base, of the amine used is not less than about l>< 10~9. 
The amine or amines can be aliphatic, alicyclic or hetero 
cyclic, primary or secondary, containing about 5 to about 
36 carbon atoms. The aliphatic amines can be straight 
or branched chain as for example, amylamine, octyl 
amine, dibutylamine, the diamylamines both straight and 
branched chain, diisopropylamine, ethylpropylamine, iso 
propylbutylamine, dodecylamine, dioctadecylamine, and 
the like. Examples of alicyclic amines are piperidine and 
the like. The aromatic amines can be illustrated by such 
examples as pyridine, quinoline and the like. Any one 
of the above types of amines or a mixture of two or 
more of such amines can be used in my invention in corn~ 
bination with an organophosphorus sul?de reaction prod 
net or of mixtures of various such organophosphorus 
products to make my novel compositions of matter. 

I have also found that only a small proportion of 
amine need be present in my new composition of matter 
to obtain the bene?cial effects desired. For example, 
very good results are obtained when the amine is present 
in the weight ratio of from about 0.0129 to about 0.065 
nitrogen-to-phosphorus on the basis of the phosphorus in 
the phosphorus-containing reaction product. While the 
above is a preferred embodiment I can, in fact, use greater 
amounts of the amine or amines. However, the bene?cial 
effect observed relative to the proportion of amine added 
over and above the ratio of 0.065 nitrogen-to-phosphorus, 
rapidly diminishes so that the practical upper limit on the 
amount used is such that the nitrogen-to-phosphorus ratio 
is 0.129. 
That the bene?cial effects observed on employing the 

compositions of the invention are not merely the result 
of a neutralization of acidic groups in the organophos 
phorus compounds is evidenced by the fact that neutraliza 
tion of said organo-phosphorus compounds with an alkali 
bicarbonate and removal of the water soluble salts does 
not improve the resulting product with respect to stability 
and solubility as will be shown hereinbelow. On the 
other hand, the mere addition of approximately 2 per 
cent of an amine, of the kind described above, to a re 
action product of a phosphorus sul?de and an ole?n or 
an active hydrogen-containing aromatic compound, 
renders the resulting material soluble in ?uids and fuels 
which can contain organolead compounds, and in which 
there can also be present other components such as 
scavengers, dyes and solvents such as kerosene and the 
like which are of the nature of those employed in anti 
knock ?uids. To illustrate, it has been found that when 
a phosphorus sul?de-ole?n reaction product, which has 
been treated with a bicarbonate wash, is dissolved in a 
?uid or fuel containing an organolead compound and al 
lowed to stand for a short period of time, there settles out 
a heavy white sludge, which is probably due to some re 
action between the phosphorus sulfur-containing com 
pound and the organolead compound, resulting in a de 
composition of the latter. On the other hand, when a 
small amount of an amine is added to the phosphorus 
sulfur-containing compound either before or shortly after 
adding the latter to the organolead composition, it is no 
ticed that no sludge settles out even after standing a con 
siderable length of time. This is true of the amine addi~ 
tion regardless of whether the phosphorus sulfur~contain-v 
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ing compound has or has not been treated with a bicar 
bonate wash. These observations appear to indicate that 
the added amine reacts with certain functional groups 
in the phosphorus and sulfur-containing organic product 
to form a type of chemical bond or electron con?gura 
tion different from that in other super?cially related base 
neutralized products. That the phenomena observed, 
namely, the solubilization of the'phosphorus sulfur-con 
taining product and the prevention of sludge formation, is 
not due to the solvent action of the amine per se, was evi 
denced by the fact that the addition of the amine after 
the sludge had formed did not result in the re-dissolving 
of said sludge. 

In order to demonstrate the bene?cial effect of employ 
ing a small amount of an amine in conjunction with the 
phosphorus sulfur-containing organic compound in solu 
tions containing organolead compounds together with 
scavengers, dyes and the like, such as organolead anti 
knock ?uids and fuels, a number of tests were conducted 
both with and without the amine being present. The 
results of these tests are contained in the examples given 
below. 
The term “theory” is used in the examples in denot 

ing the amount of halogen and of phosphorus present. 
A “theory” of a halogen is de?ned as the theoretical 
amount of halogen required to react with the lead pres 
ent to form lead dihalide. One theory of phosphorus is 
de?ned as that amount of phosphorus required to com 
bine with a given amount of lead to form Pb3(PO4)2. 

Alternatively, a “theory” of a halogen is de?ned as 
that amount of halogen being present which corresponds 
to an atom ratio of 2:1 halogen-to-lead. Similarly, a 
“theory” of phosphorus is that amount of phosphorus 
which corresponds to an atom ratio of 2:3 phosphorus 
to-lead. 
The following examples more speci?cally illustrate the 

methods of blending and the beneficial effects obtained 
by my new compositions of matter. 

Example I 
To 49 parts by weight of the product obtained by the 

reaction of P2S5 with a hydrocarbon fraction of an ole?nic 
gasoline made by the polymerization of propylenes and 
butylenes by known methods and from which the com 
ponents boiling below 250° F. have been removed, is 
added one part of dodecylamine. The two components 
are then subjected to agitation by means of stirring until 
a homogeneous mixture is obtained. This constitutes one 
method of making the new compositions of matter of my 
invention. 
While in the above example no heat is required for 

the reaction of the amine with the organophosphorus 
compound, it may sometime be found advantageous to 
apply heat while agitating the mixture in order to hasten 
or aid the reaction. This will, of course, depend on the 
particular amine and the organophosphorus compound 
employed. 

Example II 

To 40 parts by weight of a petroleum hydrocarbon 
fuel available as an article of commerce is added one 
part of the composition of Example I. The mixture is 
agitated by means of stirring until a homogeneous solu 
tion results. No haziness is observed in the fuel blended 
in this manner and standing for a period of thirty days 
does not result in the formation of any precipitate, thus 
illustrating the bene?cial effect of the compositions of 
matter of this invention. 

Example III 
To 32 parts by weight of conventional antiknock ?uid 

containing 19.7 parts of tetraethyllead, 0.5 theory of 
bromine as ethylene dibromide and 1.0 theory of chlo~ 
rine as ethylene dichloride, together with kerosene and 
a dye, is added 0.2 theory of phosphorus in the form of 
the composition of Example I. The mixture is thor 
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oughly stirred until a homogeneous solution is obtained. 
The composition of my invention dissolves in the anti— 
knock ?uid without any haze formation and Standing 
for a period of thirty days does not produce any precipi 
tate. 

Example IV a 

To 300 parts by weight of a‘petroleum hydrocarbon 
fuel available as an article of' commerce is added 1 part 
of the composition of Example III. On stirring until 
a homogeneous mixture results, it is found that no cloudi 
ness appears and allowing the solution to stand for more 
than thirty days does not result in the formation of any 
precipitate. 

Example V 
One part of P2S5-ole?n reaction product was added 

to 2700 parts by weight of a petroleum hydrocarbon 
fuel of the gasoline boiling range ‘which contained, 8 
parts of conventional antiknock ?uid. The mixture was 
thoroughly stirred but the 'organophosphorus compound 
would not go into solution, remaining in the form of a 
cloudy dispersion which’ slowly settled out. To this 
mixture was next added 2% by weight of dodecyl amine, 
based on the amount of the organophosphorus substances 
present. The mixture was again thoroughly agitated‘ 
and it was found that a clear solution resulted with no 
sediment formation even after standing for 10 days. 

Example VI 
‘ To 40 parts by weight of a petroleum hydrocarbon fuel 

available as an article of commerce was added one part 
of the product obtained by the reaction of P285 with a 
hydrocarbon fraction of an ole?nlc gasoline made by 
the polymerization of propylenes and butylenes from 
which the components boiling below 250"‘ F. had been 
removed. Immediately upon addition a haze formed.v 
and a precipitate separated slowly. To this, solution‘~ 
was then added 2% of dodecylamine based upon the 
weight of the phosphorus sul?de-ole?n reaction _prod-, 
uct. The addition of the amine dissipated the haze or 
precipitate from the solution and it did not reappear 
even after standing‘ for a period of over 20 days. This 
illustrates the remarkable. effectiveness of a very small‘ 
amount of an amine on the solubility of the phosphorus 
containing compound. 

Example VII 

vTo 32 parts of conventional antiknock ?uid contain 
ing 19.7 parts of tetraethyllead, 0.5 theory of bromine’ 
as ethylene dibromide and 1.0 theory of chlorine as 
ethylene dichloride, together with kerosene and a dye, 
was added 0.1 theory of phosphorus as the P2S5-ole?n 
reaction product which had been treated with a potas 
sium bicarbonate wash. On ?rst addition the solution 
was clear but on standing, a heavy'white precipitate 
settled out. After allowing this solution to stand for 
three days, 2% of dodecylamine, based upon the weight 
of the organophosphorus compound present, was added. 
The resulting solution was subjected to agitation but the 
white precipitate would not go into solution. 

. ExampleV'III . . . 

To 32 parts of conventional tetraethyllead antiknock 
?uid described in Example VII was added 0.2 theory of 
phosphorus as the P2S5-ole?n reaction‘ product. 5-On ‘?rst 6 
addition the solution was turbid. Two percent of do- ' 
decylamiue, based upon the weight of the organophos 
phorus compound present, was then added. Upon the 
addition of the amine the solution became clear and on 
standing for 8 days there was no appearance of any 
cloudiness or of any white precipitate being formed. 
An alternative method to the above order of addi 

tion is to add the organophosphorus compound and the 
amine simultaneously to the ?uid or fuel. 
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6 . 
Example IX 

To 32 parts of tetraethyllead ?uid described in Exam 
ple VII was added 0.2 theory of phosphorus as the ole 
?n reaction product which had been treated with a po 
tassium bicarbonate wash. The solution was clear on 
?rst addition but upon standing for 30 minutes it be 
came cloudy. Two percent of dodecylamine based 
upon the weight organophosphorus compound was then 
added. The cloudiness disappeared and on standing 
for ?ve days there was no evidence of any white precipi 
tate or sludge being formed. . 

Example X 

To 32 parts of conventional antiknock ?uid contain 
ing 19.7 parts of tetraethyllead, 0.5 theory of bromine 
as ethylene dibromide and 1.0 theory of chlorine as 
ethylene dichloride, the theories of halogen being based 
upon the amount of lead present in the form of tetra 
ethyllead, and kerosene together with a dye, was added 
0.1 theory of phosphorus as the P2S5-ole?n reaction prod 
uct. The solution became turbid immediately upon the 
addition of the organophosphorus compound. -To this 
solution was then added 2% dodecylamine based upon 
the weightof the organophosphorus compound present. 
The turbidity disappeared from the solution. The 
mixture was allowed to stand for 10 days during which 
time no change was noted in its appearance. No white 
precipitate was formed. 
The foregoing examples illustrate the fact that a small 

amount of the amine is essential to render the organo 
phosphorus compounds of the type discussed previously 
in this application, soluble and stable in fuels and in con 
ventional organolead antiknock ?uids. Example VII, 
given above, illustrates that treating a P2S5-ole?n reac 
tion product with a bicarbonate wash does not, on addi 
tion of the product to the antiknock ?uid, render the 
solution stable. However, Examples II, III, IV, V, VI, 
VIII, IX and X illustrate the fact that regardless of 
whether or not the organophosphorus compound was 
treated with a bicarbonate solution, the addition of a 
small amount of a basic amine not only makes the or 
ganophosphorus compound soluble in fuel and in con 
ventional organolead antiknock ?uid but the amine im 
parts a stabilizing in?uence which inhibits reaction with, 
and decomposition of the organolead compound and 
thus‘ prevents the formation of the white precipitate. 
,It is also seen from the examples given above that 

there are several ways in which the new compositions 
of my invention can be utilized. For instance, the amine 
can be added to the organophosphorus compound be 
fore the. addition to the fuel or ?uid as in Examples II 
and III, or'?rst one component can be added and then 
the other as in Examples V, VI, VIII, IX and X. 
Another alternative is to add the two components simul 
taneously. . 

Fuel compositions described in Examples IV and V 
were each used as a fuel in a standard six-cylinder auto 
motive engine. It was found that a great reduction in 
spark plug fouling as well as a substantial increase in 
exhaust valve life wasv achieved, as compared to e?ects 
observed when the improved organophosphorus-amine 
compositions of this invention were not included in the 
fuel. 

Although the antiknock ?uid used in the examples ~ 
above was one containing tetraethyllead, the effect with 
other organolead compounds is the same. ‘Examples of 
other organolead compounds that can be used are tetra 
phenyllead, tetrapropyllead, tetrabutyllead, tctramethyl 
lead, diethyldirnethyllead, methyltriethyllead, and the like, 
as well as mixtures of such compounds. 
The amount of organolead antiknock agent blended 

' with the fuels will depend on the use for which it is 

75 
required. For instance, it will vary from about 1.58 to 
about 3.17 grams of lead per gallon in the form of tetra~ 
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ethyllead when used in automobile engines, and up to 
as high as about 6.4 grams of lead per gallon when 
used in fuels for aviation engines. However, concen 
trations slightly above and below those recited can be 
used if conditions so require. 

In all the compositions wherein the organophosphorus 
and amine compositions of the present invention are uti 
lized, the amount of phosphorus present is from about 
0.1 to about 0.35 theory, based on the amount of lead 
present, which is equivalent to an atom ratio of from 
about 0.2:3 to about 0.7 :3 phosphorus-to-l'ead. When 
no lead is present the organophosphorus compound can 
be employed in the fuel in amounts equivalent to from 
about 0.016 to about 0.23 gram of phosphorus per gallon 
of fuel. The amine as stated previously is employed in 
the weight ratio of from about 0.0129 to about 0.129 
nitrogen-to-phosphorus on the basis of the phosphorus 
present as the organophosphorus compound. 
The improved combined organophosphorus and amine 

product of this invention can be effectively utilized by 
supplemental injection in the-internal combustion en 
gines and in dual fuel systems for the effectiveness de 
sired from such use, as described in my co-pending ap 
plications mentioned hereinbefore. Likewise, concen 
trated fuels containing varying amounts of organolead 
antiknock compounds and combined organophosphorus 
and amine products of my invention for internal com 
bustion engines can be utilzed in this manner. 
The organophosphorus-amine of this invention can be 

used in antiknock ?uids and fuels containing various 
halide scavengers such as ethylenedibromide, ethylene 
dichloride, mixed dibromotoluenes, trichlorobenzenes, 
and in general such organic halide scavengers as those 
disclosed in US. 1,592,954; 1,668,022; 2,364,921; 
2,398,281; 2,479,900; 2,479,901; 2,479,902; 2,479,903; 
and 2,496,983. Likewise, the adjuvants of this invention 
can be used in conjunction with other motor fuel addi 
tives such as antioxidants, organolead stabilizers, organic 
dyes, solubilizers, and indeed with other catalytically 
active materials frequently employed in fuel. 
Having fully described the nature of the present in 

vention, the need therefor, and the best mode devised 
for carrying it out, it is not intended that this invention 
be limited except within the spirit and scope of the ap 
pended claims. 

I claim: 
1. An antiknock ?uid composition for use as an ad 

juvant for hydrocarbons of the gasoline boiling range 
and which consists essentially of an organolead anti 
knock agent, a halohydrocarbon scavenger for said agent 
and a product obtained by reaction between 

(a) a phosphorus sul?de selected from the group con 
sisting of P255 and P487, . 

(b) a reactant selected from the group consisting of 
ole?nic hydrocarbons and a trihydrocarbon-substituted 
methane having a methane hydrogen activated by an 
aryl group, and 

(c) an amine containing about 5 to about 36 carbon 
atoms and having a dissociation constant characteristic 
of a base of not less than about 1><10-9; said product 
having a weight ratio of nitrogen to phosphorus of 
from about 0.0129 to about 0.129 based on the phos 
phorus contained in said product, 

said product being in said composition in amount such 
that the phosphoruszlead atom ratio is from about 0.2:3 
to about 07:3. 
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2. An antiknock ?uid consisting essentially of tetra-‘ 
ethyllead, a scavenging agent for said tetraethyllead, said 
scavenging agent being selected from the group con 
sisting of ethylene dichloride, ethylene dibromide and 

- mixtures thereof, and a reaction product of 

(a) a phosphorus sul?de selected from the group con 
sisting of P2S5 and P487, 

(b) an ole?nic hydrocarbon polymer having a molecular 
weight in the range of from about 100 to about 500, 

(c) an amine containing about 5 to about 36 carbon 
atoms and having a dissociation constant characteristic 
of a base of not less than about 1><10'9; 

said product being in said composition in amount such 
that the phosphoruszlead atom ratio is from about 0.2:3 
to about 0.713; and said amine being present in said 
reaction product in amount such that the weight ratio 
of nitrogen to phosphorus is from about 0.0129 to about 
0.129 based on the phosphorus contained in said product. 

3. The composition of, claim 1 wherein said amine is 
dodecyl amine. 

4. Hydrocarbon fuel of the gasoline boiling range 
adapted for use in spark ignition internal combustion 
engines, said fuel containing the composition of claim 
1 in an amount such that the composition provides from 
about 1.58 to about 6.4 grams of lead per gallon of the 
fuel. 

5. The composition of claim 2 further characterized 
in that said polymer used to form said product is ob— 
tained by the polymerization of propylenes and butylenes 
and has an average molecular weight of about 140. 

6. Hydrocarbon fuel of the gasoline boiling range 
adapted for use in spark ignition internal combustion 
engines, said fuel containing the composition of claim 
2 in an amount such that the composition provides from 
about 1.58 to about 6.4 grams of lead per gallon of the 
fuel. 

7. Hydrocarbon fuel of the gasoline boiling range 
adapted for use in spark ignition internal combustion 
engines, said fuel containing the composition of claim 3 
in an amount such that the composition'provides from 
about 1.58 to about 6.4 grams of lead per gallon of the 
fuel. 

8. Hydrocarbon fuel of the gasoline boiling range 
adapted for use in spark ignition internal combustion 
engines, said fuel containing the composition of claim 
5 in an amount such that the composition provides from 
about 1.58 to about 6.4 grams of lead per gallon of the 
fuel. 
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