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The present invention is directed to the stabilization 
of hydrocarbon oils, and particularly of petroleum middle 
distillates, against discoloration and the formation of 
sediment during storage. More particularly, the inven 
tion concerns the stabilization of hydrocarbon fuel oils 
during storage by incorporating into those oils addition 
agents that inhibit degradation of the fuel oils and which 
at the same time serve to disperse any sediment-produc 
ing materials that may have formed in the fuel oil. The 
addition agents of this invention are of particular value 
because‘they do not form ash or residues when the fuel 
oils are burned. 
The hydrocarbon fuel oils with which this invention 

is particularly ‘concerned broadly comprise petroleum 
distillates that are commonly employed in various burner 
systems, as fuels for diesel engines, as jet fuels and as 
domestic or industrial heating oils. Such fuel oils may 
beigene'ra'lly characterized as those that consist of a major 
proportion of hydrocarbons boiling'in the range of from 
about 350° F. to about 900° F. Fuel oils tend to deteri 
orate on storage, particularly'when they contain cracked 
hydrocarbon stocks, as they now commonly do. It has 
been, found that if 10 percent or more of the fuel oil 
composition comprises cracked stocks, the formation of 
sludge or sediment during storage may be markedly in 
creased, leadingto the plugging or fouling of oil lines, 
?lters and burner nozzles. ' 
Attempts have been made in the past to overcome the 

sediment-forming problem by incorporating addition 
agents in the fuel oils. Many of these additives, how 
ever, particularly metal salts such as metal naphthenates, 
metal sulfonates and metal salts of alkyl phenol sul?des, 
have been objectionable in that they leave an ash residue 
on combustion. 

' It is a primary object of this invention to improve the 
stability of petroleum hydrocarbon fuel oils against the 
formation and precipitation of sediment while at the 
same time minimizing the formation of ash when such 
fuels are burned. It is an additional object of the in 
vention to improve the color stability of such fuel oils. 

. It is still a further object of this invention to provide 
improved addition agents, and improved methods of ' 
preparation of the same, for accomplishing the objects 
stated above. 

. ; In accordance with the present invention, the sediment 
forming tendencies of petroleum hydrocarbon oils, and 
particularly of fuel oils, can be markedly reduced by in 
corporating therein minor proportions, of the order of 
from about 0.001%‘to' about 0.2%, of a polymeric ma 
terial containing an amidine ‘group. The polymeric ma 
terials of this inventionlare‘preferably prepared by co 
'polymerizing‘a mixture of three types of monomeric 
materials, namely, a long chainalcohol ester of a conju 
gated unsaturated dibasic acid, a vinyl ester of a short 
chain fatty acid and an N-vinyl amide, and then reacting 
the resulting copolymer with a primary amine, preferably 
a tertiary alkyl primary amine. Suitable vinyl esters in 
clude vinyl acetate and vinyl propionate. The dibaéic 
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acid ester may be a maleate, fumarate, itaconate, aconi 
tate, or the like. 7 - p 

The dibasic acid ester component of the copolymer is 
preferably an ester of fumaric acid or of mixed fumaric 
and maleic acids and a long chain alcohol of from about 
8 to 24 carbon atoms such as octyl (C8), laury1_(C12), 
tridecyl (C13), arachidyl (C20), behenyl (C22), or tallow 
(C1648) alcohols produced by the hydrogenation of tal 
low acids. J " 
The N-vinyl amide component of the copolymer is 

characterized by the general structures: 

I 

and 

H?==CH2 

where, in the ?rst formula, R is selected from the group 
consisting of hydrogen and alkyl groups of 1 to. 18 car 
bon atoms and R’ is'an alkyl group of from 1 to 18 
carbon atoms, and, in the second formula, 11 is an integer 
from 2 to 4. Preferably R and R’ are alkyl groups of 
1 to 8 carbon atoms. a The second formula given above 
represents compounds of the ?rst formula wherein R and 
R’ have been replaced by a single divalent hydrocarbon 
radical of from 2 to 5 carbon atoms to give an internal 
or cyclic amide. ,. . e . . 7‘ 

Among the N-vinyl. amides that may be employed in 
practicing this invention are included N-vinyl-N-methyl 
acetamide, N-vinyl oleamide, N-vinyl pyrrolidone, N 
vinyl-N-isopropyl-Z-ethyl hexoic amide, N-vinyl piper 
idone, ~N-vinyl-?-methyl pyrrolidone, and 'N-vinyl-e 
valerolactam; ' ' ' ' - - _ , i 

Preferably the copolymers are prepared from mixtures 
of the monomers in‘ the proportion of about 1 to ‘1.5 
moles of vinyl ester, about 0.5 to'0.7 mole of dibasic 
acid ester and about 0.5 to 0.3 mole of the N-vinyl amide. 
Preferably the amounts of the latter two components 
should add up to about 1 mole for the l to 1.5 moles of 

The'polymerization is conducted in a solu 
tion of benzene or other solvent, e.g., xylene, toluene, 
etc.‘ (50 percent by weight) at temperatures of ‘60° to 
212° F. and may be promoted by gamma radiation or by 
use of a peroxide type catalyst such as benzoyl peroxide, 
a hydroperoxide or ‘an azo catalyst such’ asalpha-alphai 
azo-bis-iso-butyronitrile. 'The polymerization is,‘ corn, 
ducted until a product of 100-0 to 100,000 but preferably 
2000 to 20,000 Staudinger molecular-weight is produced. 
The copolymer product after boiling off the solvent is 

then reacted with a tertiary alkyl primary amine. The 
amines employed in this invention are preferably those 
having from about 4 to about 20 carbon atoms. Among 
the amines that may be used are tertiary octyl primary 
amine, tertiary dodecyl primary amine, and a commercial 
mixture of tertiary alkyl primary amines of 12 to 15 car 
bon atoms, marketed under the name Primene 81R. 
The copolymer product is reacted with the amine by 

mixing the product withfrom '1 to .3 moles, preferably 
1.25-2.5 moles, of amine per mole of amide groupiinythe 
copolymer, the mixture being dissolved in somesuitable 
nonéaqueous solvent boilin'g'in the range of about 212° 
F. to- ‘about 350° F., e.g. toluene, xylene. The mix is 
then re?uxed at a temperature of 212-350" F., prefer 
ably 230—300° F., for a period of 1—10 hours, preferably 
2-6 hours, in a nitrogen atmosphere in the presence of 
a dehydrating agent such as 1—10% (based on the poly 



3 
met) of fused zinc chloride or aluminum chloride for 
example. Alternatively, or in conjunction with the de 
hydrating agent, the re?uxing can be conducted in an 
apparatus provided with a water separator. The product 
is‘ ?ltered, the solvent and; excess amine are-removed-by 
evaporation in a vacuum and the polymer isaredissolved 
in the desired‘ solvent. In the; reaction, the; amine group 
reacts with the amide- group of the polymer‘, forming 
water. andv an azomethine group >C=N—R. The water 
is removed by distillation’ or- by; absorption: by the de— 
hydrating agent. ' . 

The following, examples will serve to'illustrate: this in 
vention. ‘ 

EXAMPLE: 1 

Vinyl acetate, tallow‘ fumarate and‘ N-vinyl pyrroli 
idone in the mole ratio of 1~.4/’.635/ .365 were dissolved 
in su?icient benzene to make a 50 percent solution by 
weight. 1.0 percent of benzoyl peroxide was added and 
polymerization was conducted at‘ 110° F. for 20 hours 
in the presence of gamma radiation at a dose rate of 
1 mr./hr. Then 0.7 mole of tertiary octyl amine (which 
was an excess) was added along with a quantity of 
xylene equal in weight to the? polymer mix. The blend 
was re?uxed for 4.5 hours in a nitrogen atmosphere in 
the presence of 8.8 percent anhydrous zinc chloride, 
based on the polymer. This solution was then ?ltered, 
the solvent and excess amine were removed under re 
duced pressure, and the polymer was‘ dissolved in 50'per4 
cent of. its weight of benzene. It was established'by‘in 
frared spectroscope thatthe amidine grouping’was'pres 
ent in the polymer. ' ' 

EXAMPLE 2 a 

A commercial fuel oil was’ selected’ for stability tests 
using the oil itself as well as a blend of the oil con 
taining the additive described in the foregoing‘ example. 
The oil was a blend of 50 percent virgin distillate- and 50 
percent cracked stock. Typical inspections for this type 
of oil are as follows: ' 

Gravity, API 
Color (Tag Robinson) ___________________ __ 
Flash, ° F. I 

Sulfur (percent) _________________________ -._ 

Aniline point, ° F. ______ __> _______________ __ 

Dist. I.B.P. (°F.) _______________________ __ 

10% _ 

50% 
90% 581 
F.B.P. 660 

The base fuel and the additive-blend were subjected 
to a stability test which consisted in storing thefuel oil 
for a period of 16 hours while maintaining the tempera 
ture at 210° F. At the end of the 1.6 hours the fuel oil 
was ?ltered and the amount ‘of ‘sediment that had been 
formed during the storage period was quantitatively de 
termined. 

Table I sets forth the data obtained in these tests: 

Table l 
AOOELERA'I‘ED STORAGE STABILITY TEST 

_ 30-33 

10 
130 
1.0 
1-36 
315 
392 
479 

Insoluble Sedi 
ment Formed 
After 16 Hours 

210° F., 
tug/600 g. Oil 

Additive 1 

12. 
1. 

None. _ 

"0.01% of Product of Example 1 _______________________ -_ 

‘It will be noted from the data in Table 1 that they 
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1 polymer was very effective in reducing the sediment 
forming tendency of the fuel oil. 

It is not intended that this invention be limited to the 
speci?c examples presented by way of illustration. The 
scope of the invention is limited only by the appended 
claims. 
What is claimed is: 
1. A stabilized hydrocarbon fuel oil composition con 

sisting of a major proportion of hydrocarbons boiling in 
the range of from about 350° F. to about 900° F., and 
a minor proportion of a reaction product of a tertiary 
alkyl primary amine with a copolymer of. a vinyl'ester of 
a short chain fatty acid, a long chain alcohol'ester of a 
conjugated unsaturated dibasic acid, and an N-vinyl 
amide selected from the structural formulas consisting 
of: 

wherein R is selected from the group consisting of hy 
drogen and alkyl groups of 1 to 18 carbon‘ atoms and 
R’ is an alkyl group of from-1 to 18 carbon atoms, and 
wherein n is an integer from 2 to 4, wherein the amount 
of vinyl ester utilized is in the range from about 1 to 1.5 
moles, wherein the amount of dibasic acid present is in 
the range from about 0.5 to 0.7 mole and wherein the 
amount of N-vinyl amide is present in a concentration 
from about 0.5 to 0.3 mole, said reaction product being 
present in said hydrocarbon oil composition in an 
amount su?icient to inhibit the formation of sediment 
in the said oil. 

2. The composition as de?ned by claim 1 wherein the 
concentration of the reaction productv in the hydrocarbon 
oil composition is within the range of about 0.001% and 
about 0.2%. 

3. The composition as de?ned by claim 1’ wherein the 
amine has from 4 to about 20 carbon atoms. 

4. The composition as de?ned by claim 1 wherein the 
reaction product is obtained from the reaction. of from 
1 to 3 moles of amine per mole of amido group in the 
copolymer. 

5. The composition as de?ned by claim 1 wherein said 
reaction product is prepared from tertiary octyl amine 
and a copolymer of vinyl acetate, tallow. furnarate and 
N-vinyl pyrrolidone. 
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